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Box No. I Basis of the report

1. With regard to the language, this report is based on:
the international application in the language in which it was filed.

which is the language of a translation

D atranslation of the international application into
furnished for the purposes of:

D international search (Rules 12.3(a) and 23.1(b)).
D publication of the international application (Rule 12.4(a)).

D international preliminary examination (Rules 55.2(a) and/or 55.3(a) and (b)).

2. With regard to the elements of the international application, this report is based on (replacement sheets which have been furnished
to the receiving Office in response to an invitation under Article 14 are referred to in this report as “originally filed” and are not

annexed to this report):

the international application as originally filed/furnished, or

[
the description:

pages

as originally filed/furnished.

pages* 1-144 received by this Authority on 2021/06/09

the claims:

Nos. as originally filed/furnished.

Nos.* as amended (together with any statement) under Article 19

Nos.* 1-196 received by this Authority on 2021/06/09
the drawings:
pages

[N

as originally filed/furnished.

pages* 40/40 received by this Authority on 2021/06/09
D a sequence listing - see Supplemental Box Relating to Sequence Listing.

3. The amendments have resulted in the cancellation of:

the description, pages

Ll
the claims, Nos. 197228
Ll

the drawings, sheets/figs

[

the sequence listing (specifv):

4. D This report has been established as if (some of) the amendments annexed to this report and listed below had not been made,
since either they are considered to go beyond the disclosure as filed, or they were not accompanied by a letter indicating the
basis for the amendments in the application as filed, as indicated in the Supplemental Box (Rules 70.2(c) and (c-bis)):

the description, pages

LIC]

the claims, Nos.

the drawings, sheets/figs

L]

the sequence listing (specifv):

5. D This report has been established:

(Rules 66.1(d-bis) and 70.2(e)).

1 O

Rule 91(Rules 66.4bis and 70.2(e)).
6. With regard to top-up searches (Rules 66.1¢er and 70.2(f)):
A top-up search was carried out by this Authority on 2021/07/14

taking into account the rectification of an obvious mistake authorized by or notified to this Authority under Rule 91

without taking into account the rectification of an obvious mistake authorized by or notified to this Authority under

D Additional relevant documents have been discovered during the top-up search.

D No top-up search was carried out by this Authority because it would serve no useful purpose.

7. D Supplementary international search report(s) from Authority(ies)

has/

have been received and taken into account in establishing this report (Rule 45bis.8(b) and (c)).

* If item 4 applies, some or all of those sheets may be marked “superseded.”
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Box No. ITI Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially
applicable have not been examined in respect of:

D the entire international application.
claims Nos. See Supplemental Box

because:

D the said international application, or the said claims Nos.
relate to the following subject matter which does not require an international preliminary examination (specify):

D the description, claims or drawings (indicate particular elements below) or said claims Nos. are
so unclear that no meaningful opinion could be formed (specify):

D the claims, or said claims Nos. are so inadequately supported by
the description that no meaningful opinion could be formed (specify):

no international search report has been established for said claims Nos._See Supplemental Box

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the International
Preliminary Examining Authority in the form and manner acceptable to it; or the sequence listing furnished did not comply
with the standard provided for in Annex C of the Administrative Instructions.

D furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex C
of the Administrative Instructions, and such listing was not available to the International Preliminary Examining Authority
in the form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided for
in Annex C of the Administrative Instructions.

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rules 13zer.1(a)
or (b) and 13zer.2.

See Supplemental Box for further details.
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Reasoned statement under Article 35(2) with regard to novelty, inventive step and industrial applicability;

Box No. V citations and explanations supporting such statement

1. Statement

Novelty (N) Claims (See below.) YES
Claims None NO

Inventive step (IS) Claims (See below.) YES
Claims None NO

Industrial applicability (IA) Claims (See below.) YES
Claims None NO

2. Citations and explanations (Rule 70.7)

1. Statement

Novelty (N) Claims 1-4, 7-17, 19-24, 27-30, 33, 34, 41-47, 50-57, 63-69, 72-74, 76, 78, 80, 85-96, 98-100,
102-104, 107, 108, 110, 111, 127, 128, 131, 186-190

Inventive step (IS) Claims 1-4, 7-17, 19-24, 27-30, 33, 34, 41-47, 50-57, 63-69, 72-74, 76, 78, 80, 8§5-96,
98-100, 102-104, 107, 108, 110, 111, 127, 128, 131, 186-190

Industrial applicability (IA) Claims 1-4, 7-17, 19-24, 27-30, 33, 34, 41-47, 50-57, 63-69, 72-74, 76, 78, 80,
85-96, 98-100, 102-104, 107, 108, 110, 111, 127, 128, 131, 186-190

Reference is made to the following documents:

D1: HOE, HUI HUANG et al. "Electrosynthesis of glycerol carbonate from glycerol and potassium carbonate
on nickel electrodes”, ECS Transactions, 07 July 2017 (Publication date), Vol. 77, No. 11, pages 1393-1408
D2: US 2005-0173242 A1 (ELGRESSY, GABI) 11 August 2005

D3: WO 2005-033378 A1 (COMMISSARIAT A L'ENERGIE ATOMIQUE) 14 April 2005

D4: KR 10-2005-0071554 A (GEN3 PARTNERS, INC.) 07 July 2005

D5: JP 2006-101876 A (GREEN KANKYO TECHNOLOGY:KK) 20 April 2006

Do6: US 5792328 A (GIVON, MENACHEM) 11 August 1998

I. Novelty and Inventive Step (PCT Article 33(2) and (3))

The subject matter of claim 1 differs from that of these prior art documents D1-D6 in that a reactor for an
electrochemical reaction comprises an electrode moving in such a manner that its position remains, and the
size of the surface area of a first portion that is immersed in an electrolyte solution and a second portion that

is not immersed in the electrolyte solution remains while the surface area of the electrode is deposited with
products formed from an electrochemical reaction and a removal device disposed in contact with the electrode
for removing the deposited products from the electrode. And it is not obvious to a person skilled in the art over
the documents D1-D6, when taken individually or in any combination.

Claims 2-4, 7-17, 19-24, 27-30, 33, 34, 41-47, 131 and 186-190 refer to claim 1. Therefore, claims 1-4, 7-17,
19-24, 27-30, 33, 34, 41-47, 131 and 186-190 are novel and involve an inventive step.

The subject matter of claim 50 differs from that of these prior art documents D1-D6 in that a process for an
electrochemical reaction for producing polymers comprises: establishing a voltage differential between a
reaction electrode and a counter electrode; mixing at least one reactant in an electrolyte solution; polymerizing
the reactant, the resulting polymer depositing on the reaction electrode; and removing the deposited products
from the reaction electrode. And it is not obvious to a person skilled in the art over the documents D1-D6, when
taken individually or in any combination.

Claims 51-57, 63-69, 72-74, 76, 78, 80, 85-96, 98-100, 102-104, 107, 108, 110, 111, 127 and 128 are directly
or indirectly dependent on claim 50. Therefore, claims 50-57, 63-69, 72-74, 76, 78, 80, 85-96, 98-100, 102-104,
107, 108, 110, 111, 127 and 128 are novel and involve an inventive step.

II. Industrial Applicability (PCT Article 33(4))
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Reasoned statement under Article 35(2) with regard to novelty, inventive step and industrial applicability;

Box No. V citations and explanations supporting such statement

Claims 1-4, 7-17, 19-24, 27-30, 33, 34, 41-47, 50-57, 63-69, 72-74, 76, 78, 80, 85-96, 98-100, 102-104, 107,
108, 110, 111, 127, 128, 131 and 186-190 are industrially applicable.
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of: Box No. IIT

® claims Nos. 5, 6, 18, 25, 26, 31, 32, 35-40, 48, 49, 58-62, 70, 71,75, 77, 79, 81-84, 97, 101, 105, 106, 109,
112-126, 129, 130, 132-185, 191-196

® no international search report has been established for said claims Nos. 5, 6, 18, 25, 26, 31, 32, 35-40, 48,
49, 58-62, 70,71, 75,77, 79, 81-84, 97, 101, 105, 106, 109, 112-126, 129, 130, 132-185, 191-196 (PCT Rule
66.1(e))
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Electrochemical Production of Polymers

Technical Field

The technical field generally relates to production methods of polymers and chemicals compounds.
Specifically, it comprises of electrochemical device design, addition polymerization, condensation
polymerization and concerted chemical process, specific process implementation, process control

method and operation procedure.

Background

The conventional 1-8 Polymer production consists of feeding the 1-6 Reactants to be mixed and sent
into 1-2 Conventional Reactor where reactions happen with the application of high 1-11 Heat and 1-12
Pressure, as outlined in Figure 1. The 1-8 Polymer forms as solid suspension and would be separated out
of the liquid phase, for washing and further 1-4 Processing, while the residual reagents would be
recovered for any valuable by-product. For instance, the continuous production of polylactide from
lactic acid [1], which involves use of 1-13 Catalyst for polymerization in combination with removal of
water or a solvent carrier. On the other hand, the polyethylene production [2] involves the use of 1-13
Catalyst, comprised of aluminium and transition metal compounds, to produce the 1-8 Polymerin a

polymerization reactor, followed by polymer and solvent recovery system.

The design flaw of conventional 1-8 Polymer production, however, is that it requires the use of high 1-11
Heat and 1-12 Pressure, while often involves the use of hazardous reagents such as 6-3 Phosgene and
expensive 1-13 Catalysts. For instance, the 1-8 Polymer production process [3] uses heating to drive the
condensation polymerization between aromatic dicarboxylic acid, diacetate of 2,2-bis(4-
hydroxyphenylipropane (also known as "6-2 Bisphenol A’} and acetate of p-hydroxybenzoic acid.
Nevertheless, this-can be improved because the reaction of polymerization is fundamentally not energy-
intensive. In terms of general mechanism of polymerization reaction kinetics outlined in Figure 2, the
rate of reaction is mostly limited by the kinetic bottle neck for 2-1 Initiation, that led to such high 1-11
Heat and 1-12 Pressure, while the rest of the reaction steps involve 2-2 Propagation step and 2-3

Termination step that happens rapidly for the fundamentally low energy requirement.
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Alternatively, polymerization reaction can be driven by the use of 3-1 Electricity instead of 1-11 Heat.
Such alternative, an electrochemical reaction, involves connecting electrical supply to electrodes dipped
in an 1-7 Electrolyte as shown by Figure 3. The 1-7 Electrolyte is usually a conducting liguid mixture of
1-6 Reactants where 6-6 Conducting ions is present but ¢an be conducting 30-6 Membrane soaked with
liquid mixture of 1-6 Reactants. The electrode consists of a conducting material where electrochemical
reaction happen on the surface; where the electrode connected to positive terminal of power supply is
called 3-2 Anode which is where oxidation reactions happen, and the electrode connected to the
negative terminal of 3-1 Electricity supply is called 3-3 Cathode which is where reduction reactions
happen. While not essential for reaction to happen, a third electrode, called 3-4 Reference Electrode, is

often included to provide a 3-4 Reference Electrode voltage measurement.

When solid products result from electrochemical reaction, it tends to stick on the surface of electrode as
3-5 Solid Deposit, which often would requires 9-8 Solid Removal to maintain the performance of the
electrochemical cell. 9-8 Solid Removal from electrode is of interest because it has application for
electrochemical metallurgy and battery where metals of interest are formed as 3-5 Solid Deposit on the
electrode and need to be recovered/isolated for further 1-4 Processing. Conventionally for metal
products, the 3-5 Solid Deposit could be removed manually, while some robotic arms system [4] has also
been designed to strip the metallic 3-5 Solid Deposit plated on 3-3 Cathode, by mimicking human arm
movement, especially in mining industry such as the electrowinning plant. The 9-8 Solid Removal is also
stripped mechanically in batches of deposited sheets, organized in a production line, in metal recovery

processes, such as recovery of zinc [5].

However, such electrochemical polymerization has been limited to a niche of conductive 1-8 Polymers
like the polypyrroles and polythiophenes. For instance, polypyrroles, or its derivatives, has been
produced electrochemically [6] as deposits from monomers in the prasence of a 6-6 Conducting ions
such as 68-3 Dissolved Salt, connected to electrical supply. A similar analogue is the electrochiemical
production of polythiophene, orits substituted derivatives {7], under non-agueous organic solvent and
applied electrochemical potential, especially in a more cost-effective and energy-efficient manner.
Fundamentally, the 1-8 Polymer to produced electrochemically is limited to a few types of 1-8 Polymers
that have unsaturated bonds to provide conductivity as in Table 1, such as aromatic rings and double

bonds or even triple bonds:
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Table 1 The limited types of conductive 1-8 Polymers containing unsaturated bonds produced by

electrochemical method due to the limitation of non-conductive product blocking the electrode

1-8 Polymers Molecular structure

Polypyrrole [6]

Polythiophene [7]

This is because the similar batch electrode stripping method used for conductive metal deposits, would
not work if the 3-5 Solid Deposit formed (on 3-2 Anode or 3-3 Cathode depending on reaction) is non-
conductive, since non-conductive 3-5 Solid Deposit would block the electrode surface and the
electrochemical reaction halts due to lack of conductivity. As a result, the alternative electrochemical
production of non-conductive 1-8 Polymer has not received attention, yet the majority of present-day
1-8 Polymers such as polyethylene are non-conductive. Fortunately, such fundamental limitation is
being overcome by a novel simple yet elegant design feature of 7-1 Device that removes the 1-8
Polymer formed, continuously from the electrode, as demonstrated by Figure 4. The novel 7-1 Device
opens up the door to produce non-conductive -8 Polymers by electrochemical method, and gives rise
to a potential business model that combines 1-8 Polymer production with 5-2 Chemical wastes
valorization, as demonstrated by Figure 5. This is due to the electrochemical polymerization allows the
use of 5-3 Commodity Chemicals from some types of 5-2 Chemical wastes that are otherwise
unreactive, to participate in reaction to be converted into valuable 1-8 Polymers and secondary 5-5
Feedstock Chemicals such as fuels, which is a novel idea instead of the cost to dispose of the 5-2
Chemical wastes. A more complete, vet still not exhaustive list of the 5-3 Commodity Chemicals would
be covered in subsequent sections. To hame a few, possible 5-2 Chemical wastes and 5-3 Commaodity

Chemicals include but are not limited to:
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1. Waste sludge/solvent (toxic):

¢ Ethylene glycol
*  Propylene glycol

2. Petrochemical waste {toxic)
« Halohydrin

3, Common waste/feedstock:

*  6-1Urea
4, Biomass:
*  Ethanol

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

The electrochemical methods also offer a variety of advantages compared to the traditional limitations

of conventional 1-8 Polymer production, as illustrated by an example in Figure 6, including:

»  Milder 1-11 Heat and 1-12 Pressure which reduces cost (capital cost for these equipment and

operating cost for the energy input)

» Less dependence of 1-13 Catalyst which is often costly and with some environmental impacts

* Integration with existing 5-4 Renewable Energy instead of using fossils fuels to drive reaction

*  Compatibility with downstream polymer 1-4 Processing since the products are the same, which

allows fast and easy implementation since a conventional plant can be purchased and just have

the 1-2 Conventional Reactor changed to 35-1 Electrochemical Reactor, instead of

redesigning/rebuilding the entire system

*  The interest of 9-8 Solid Removal from metallurgy industry offers opportunity of income from

6-4 License

More importantly, the use of electrochemical method reduces the need to use reactive yet

hazardous/toxic 5-3 Commodity Chemicals that has negative environmental impacts, such as replacing

the costly yet toxic 6-3 Phosgene used conventionally in 6-7 Polycarbonates production, and the

replacement of the corrosive 6-8 Hydrochloric acid to 6-9 Ammonia which is less hostile but fetch higher

selling price.
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Summary

As outlined by Figure 7, the invention of electrochemical 1-8 Polymer production involves major
elements: 7-1 Device, 7-2 Chemistry involving 7-3 Addition Polymer and 7-4 Condensation Polymer, 7-5

Process, 7-8 Procedure, 7-6 Piping and 7-7 Control,

The 7-1 Device involves a novel design of 9-8 Solid Removal device that can continuously
remove 3-5 Solid Deposit formed onto electrode, regardless of conductivity. It involves the use of
circular/cyclic motion of electrode surface in contact of a device to remove 3-5 Solid Deposit on
continuous process basis, without having to remove the electrode. While many other arrangements are
possible, the major 4 variants are 9-1 Cylinder Electrode, 9-2 Conveyor Belt Electrode, 9-3 Rotating Disk
Electrode and 9-4 Spiral/Screw Electrode. It also involves the use of the 7-1 Devices, including jack-up

feature, 9-7 Motion Transmission, 9-13 Support and Solid Transport-9 Solid Transport.

The 7-3 Addition Polymer results from an electrochemical addition reaction, in which no by-
product is formed. For example, some 7-3 Addition Polymers include 1-8 Polymers where the backbones
are generally carbon atoms (usually those polyvinyl 1-8 Polymers such as polyethylene, polystyrene and
polyvinyl chloride). In some embodiments, the polymerization reaction happens by intramolecular
elimination to form alkene, which subsequently undergo addition reaction in situ (right in the reagent)
to form the polymeric products. It has variants of homopolymer where only one type of starting
feedstock in used, or copolymer where different starting feedstock can be mixed together to make 1-8

Polymer with more complex structure.

The 7-4 Condensation Polymer results from an electrochemical condensation reaction. For
example, some 7-4 Condensation Polymers include 1-8 Polymers where the backbones contain
heteroatom such as oxygen atom {polyether and 33-8 Polyester) or nitrogen atom (33-9 Polyamides as
in protein and nylon). It involves intermolecular elimination where the monomer molecules end up
joining together. It comprises mainly of condensation where simple elimination happens, and
transesterification where more complex condensation and/or exchange reactions happen. It could also

involve ring-opening of cyclic monomer molecules to form a long chain 1-8 Polymer.

AMENDED SHEET IPEA/KR



PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

The process outlines the general electrochemical production process 34-1 Concept in industrial
setting and the 34-5 Block Flow Diagram. While aukiliary polymer process equipment can be designed to
fit the 35-1 Electrochemical Reactor, the process could instead involve 34-3 Retrofitting existing
conventional 1-8 Polymer production process by designing the electrochemical 7-1 Device to fit the
existing auxiliary 1-8 Polymer process equipment and replace existing 1-2 Conventional Reactor unit. In
some cases, the chemical 1-5 Recovery unit can be replaced by simpler version or even involving 34-2

Recovery elimination, if the chemical by-product becomes less hazardous.

The 7-6 Piping involves the specific industrial process implementation, including 40-1 Process
Flow Diagram and Auxiliary Units, 40-2 Piping Types, 40-3 Pumps/Compressor, 40-4 Heater/Cooler, 40-5
Utility, 40-6 Valves to facilitate the industrial implementation of the process. It involves the process flow
where the units are connected. It also builds beyond the process section by further detailing the specific

implementation, such as the reservoir tanks.

The 7-7 Control consists of the indicators and controllers, as well as the 7-7 Control strategy
used to keep the process in continuous operation. It comprises a combination of 48-2 Feedforward,
48-3 Feedback, 48-4 Ratio, 48-5 Split Range, 48-6 Override Select, 48-7 Indicator/Alarm process control
method applied to keep the process reliable against disturbances. In some implementation, the 7-7
Control is designed such that any disturbance would eventually be transferred to the tankievels, which

has huge tolerance,

The 7-8 Procedure provides the operation techniques to 59-2 Deployment the 7-1 Devices
rapidly and reliably. It involves the modular elements where 59-1 Stacking of each 35-1 Electrochemical
Reactor is involved and the distribution of feedstock. Other than 59-2 Deployment of 35-1
Electrochemical Reactor, it provides procedural explanation of 34-3 Retrofitting, 59-3 Maintenance and

34-4 Waste Management.

Finally, the industrial production process involves the concerted use of the above elements in

combination.
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Brief Description of Drawings

Figure 1 Conventional Polymer production process with Conventional Reactor as the key component
Figure 2 Representative explanation of why the conventional chemical process requires high Heat and
Pressure to create radicals to initiate the reaction

Figure 3 HHlustration of bench-scale electrochemical polymerization, or any general electrochemical
reaction where solid deposit is resulted

Figure 4 Mechanism of continuous solid removal

Figure 5 General chemical business model of elerGreen Industry

Figure 6 Demonstration of advantages offered by the novel electrochemical process

Figure 7 Breakdown of the features of inventions of elerGreen Process

Figure 8 Hlustration of Reading Engineering Drawing using the Notation and Symbols

Figure 9 Breakdown of the variants of the novel electrochemical Device design

Figure 10 Basic Working Principles of Solid Removal (Cylinder Electrode)

Figure 11 Unit cell of the Electrochemical Reactor (Cylinder Electrode)

Figure 12 Basic Working Principles of Solid Removal (Conveyor Belt Electrode)

Figure 13 Unit cell of the Electrochemical Reactor (Conveyor Belt Electrode)

Figure 14 Basic Working Principles of Solid Removal (Rotating Disk Electrode)

Figure 15 Unit cell of the Electrochemical Reactor (Rotating Disk Electrode)

Figure 16 Basic Working Principles of Solid Removal (Spiral/Screw Electrode (Spiral/Screw Electrode)
Figure 17 Unit cell of the actual Electrochemical Reactor (Spiral/Screw Electrode)

Figure 18 Breakdown of Device

Figure 19 Motion generation

Figure 20 Motion transmission

Figure 21 Solid Removal and Solid Transport

Figure 22 Reaction Vessel

Figure 23 Support

Figure 24 Gas Removal device

Figure 25 Stacking Solid Removal device

Figure 26 Conducting brush

Figure 27 Waxing
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Figure 28 Variants of drainage/channel for Solid Transport

Addition and/or Condensation

Figure 29 Breakdown of the electrochemical production of Addition Polymer

Figure 30 Variants of Conducting lons

Figure 31 Variants of Cosolvent

Figure 32 Variants of Additives

Figure 33 Breakdown of the major possibilities of electrochemical production of Condensation Polymer
Figure 34 Breakdown of concerted process

Figure 35 General variant of the novel electrochemical polymer production process, where the
conventional reactor is replaced by Electrochemical Reactor, where the by-products would still be
recovered using similar recovery unit

Figure 36 A variant of the novel electrochemical polymer production process, where the recovery unit is
not needed when the by-products are easier to deal with

Figure 37 Retrofitting feature

Figure 38 Waste Management

Figure 39 General Block flow Diagram

Figure 40 Breakdown of Piping

Figure 41 General Praocess Flow Diagram for Industrial Implementation

Figure 42 Conventional Reactor Path

Figure 43 Electrochemical Reactor Path

Figure 44 Solvent Extraction path

Figure 45 Sorption path

Figure 46 By-product as Low Key

Figure 47 By-product as High Key

Figure 48 Breakdown of Process Control

Figure 49 Detailed Piping & Instrumentation Diagram (P&ID) for the Electrochemical polymer Production
Process

Figure 50 Legend for the P&ID

Figure 51 Cascade Control Example

Figure 52 Feedforward Example
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Figure 53 Feedback Example

Figure 54 Ratio Control Example

Figure 55 Split Range Control Example

Figure 56 lllustration of Split Range Control interlock
Figure 57 Override Select Control Example

Figure 58 indicator and Alarm Example

Figure 59 Breakdown of Operating Procedure
Figure 60 Stacking of electrodes

Figure 61 Stacking of cells (2x1)

Figure 62 Stacking of cells (2x2)

Figure 63 Stacking of cells (2xn)

Figure 64 Example Deployment of cells in Stacking
Figure 65 Stacking of cells (2xn), outward facing
Figure 66 Stacking of cells (nxn), hanging electrode

Figure 67 Deployment procedure of cell

Figure 68 Experimental Setup with gas flow rate measurement

Figure 69 Experimental Setup without gas flow rate measurement

Figure 70 Sample Observation

Figure 71 ldentification of products

Figure 72 Conversion against cumulative charge
Figure 73 Mole reacted against cumulative charge
Figure 74 Current against Applied Voltage

Figure 75 Gas Flow Rate against Current
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Detailed Descriptions

1. Chemical Terminology

The electrochemical polymerization reaction can be represented by the following general equation as
Equation 1:

Conducting fons
Electricity

A+B————P+H

Equation 1

Before proceeding to describe the invention in further detail, some symbols to be used in later section is

outlined as terminology in Table 2.

Table 2 The specific terminology/symbols and the corresponding representation in the description

Symbol Meaning
__% Any Substitute group:
w Halides, Carbon backbone, -OH, Amines, efc
R Any carbon backbone:
i Aliphatic {Alkyl) or Aromatic
Any group except carbon backbone:
—Q - Carbonate, Amine, Ether, Ester, etc

Any species that can provide mobile ions for conduction:
Salt (Sodium chloride/table salt), organic salt {sodium
Conducting lons palmitate/common soap), ionizable molecule (Hydrochloric acid),
or ion exchange membrane

Number of repeating units,

n .
can be from 1 (monomer) to very big numbers

First, the substitute group is represented with a chemical bond and a wavy curve with number, where

the number simply is the index number of the substitute group.

The carbon backbone, be it aliphatic {alkyl) or aromatic (aryl), is represented with R,, and any nearby

chemical bond that applies, n is simply the index number of the carbon backbone group.
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The substitute group besides carbon backbone is often the active site of reaction, and would be

represented with Q and any nearby chemical bond that applies.

For simplicity, conducting ions refer to any species that can provide maobile ions for conduction,
including salt (Sodium chloride/table salt), organic salt (sodium palmitate/common soap), ionizable
molecule (Hydrochloric acid), or ion exchange membrane. it is used in the electrochemical system to
provide electrical conductivity to facilitate electrochemical reaction. For industrial implementation the
conducting ions is commonly used in the variants of 68-3 Dissolved Salt, which can be 30-5 Inorganic
such as sodium chloride (table salt) or 30-4 Organic salt (sodium palmitate), depending on polarity of the

system.

Lastly, the number n would be used in many chemical equations as subscript of a bracket, which simply
means the number of repeating units in the 1-8 Polymer. It can range from 1 {monomer) to a big

number up to ten of thousands or even more.

2. Label of Drawings

The labelsin the drawings are designated according to their order of first appearance in the drawings.

1. Figure 1 Conventional Polymer production process with Conventional Reactor as the key
component
1-1 Preparation
1-2 Conventional Reactor
1-3 Solid Separation
1-4 Processing
1-5 Recovery
1-6 Reactants
1-7 Electrolyte
1-8 Polymer
1-9 Clean polymer
1-10 Polymer product
1-11 Heat
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1-12 Pressure
1-13 Catalyst
1-14 Spent electrolyte
1-15 By-product
2. Figure 2 Representative explanation of why the conventional chemical process requires high Heat
and Pressure to create radicals to initiate the reaction
2-1 Initiation
2-2 Propagation step
2-3 Termination step
3. Figure 3 lllustration of bench-scale electrochemical polymerization, or any general
electrochemical reaction where solid deposit is resulted
3-1 Electricity
3-2 Anode
3-3 Cathode
3-4 Reference Electrode
3-5 Solid Deposit
4. Figure 4 Mechanism of continuous solid removal
4-1 Moving electrode
4-2 Removal Device
5. Figure 5 General chemical business model of elerGreen Industry
5-1 elerGreen Process
5-2 Chemical wastes
5-3 Commodity Chemicals
5-4 Renewable Energy
5-5 Feedstock Chemicals
6. Figure 6 Demonstration of advantages offered by the novel electrochemical process
6-1 Urea
6-2 Bisphenol A
6-3 Phosgene

6-4 License
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6-5 Applied Voltage
6-6 Conducting ions
6-7 Polycarbonates
6-8 Hydrochloric acid
6-9 Ammonia
7. Figure 7 Breakdown of the features of inventions
7-1 Device
7-2 Chemistry
7-3 Addition Polymer
7-4 Condensation Polymer
7-5 Process
7-6 Piping
7-7 Control
7-8 Procedure
8. Figure 8 lllustration of Reading Engineering Drawing using the Notation and Symbols
8-1 Feed Tank A
8-2 Stream 1A
8-3 Control valve V-01A
8-4 Flow rate Indicator Transmitter 01A
8-5 Flow Rate Indicator Controller 01A
9. Figure 9 Breakdown of the variants of the novel electrochemical Device design
9-1 Cylinder Electrode
9-2 Conveyor Belt Electrode
9-3 Rotating Disk Electrode
9-4 Spiral/Screw Electrode
9-5 Mechanical
9-6 Motion Generation
9-7 Motion Transmission
9-8 Solid Removal
9-9 Solid Transport
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9-10 Multiple Blades

9-11 Conveyor

9-12 Channel

9-13 Support

9-14 Movable

9-15 Built-In

9-16 Accessories

9-17G

as Removal

9-18 Conducting Brush

9-19 Waxing

9-20 Vessel

10

. Figure 10 Basic Working Principles of Solid Removal (Cylinder Electrode)

10-1 Counter Electrode

11
i2

. Figure 11 Unit cell of the Electrochemical Reactor (Cylinder Electrode)

. Figure 12 Basic Working Principles of Solid Removal (Conveyor Belt Electrode)

12-1 Pulley

13
14

15.
16.

17.
18.
19.

. Figure 13 Unit cell of the Electrochemical Reactor (Conveyor Belt Electrode)

. Figure 14 Basic Working Principles of Solid Removal (Rotating Disk Electrode)

Figure 15 Unit cell of the Electrochemical Reactor (Rotating Disk Electrode)

Figure 16 Basic Working Principles of Solid Removal {Spiral/Screw Electrode (Spiral/Screw
Electrode)

Figure 17 Unit cell of the actual Electrochemical Reactor (Spiral/Screw Electrode)

Figure 18 Breakdown of Device

Figure 19 Motion generation

19-1 Motor/engine

19-2G

ears

19-3 Shaft

20

. Figure 20 Motion transmission

20-1 Chain drive
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21. Figure 21 Solid Removal and Solid Transport
21-1 Flap
21-2 Washing fluid
21-3 Blade adjustment
21-4 Washing fluid inlet
21-5 Washing fluid outlet
22. Figure 22 Reaction Vessel
22-1 Electrolyte inlet
22-2 Electrolyte outlet
22-3 Side Windows
23. Figure 23 Support
23-1 Hydraulic jack
23-2 Arm
23-3 Wheels
23-4 Frame Body
24. Figure 24 Gas Removal device
24-1 Ventilation outlet
24-2 Cap
24-3 Cover
24-4 Weight
24-5 Sleeves {washing piping)
24-6 Sleeves (tank pipes)
24-7 Sleeves (electrode frames)
25. Figure 25 Stacking Solid Removal device
26. Figure 26 Conducting brush
26-1 Accessory support
27. Figure 27 Waxing
27-1 Wax Layer

28. Figure 28 Variants of drainage/channel for Solid Transport

28-1 Arc {Default)
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28-2 Rectangular 9-12 Channel
28-3 Triangular 9-12 Channel
28-4 Perpendicular Flap (Default)
28-5 Acute Flap

28-6 Obtuse Flap

29, Figure 29 Breakdown of the electrochemical production of Addition Polymer

29-1 Homopolymer
29-2 Copolymer
29-3 Alcohol group
29-4 Variants

30, Figure 30 Variants of Conducting lons

30-1 Dissolved ions
30-2 Metallic
30-3 Non-metallic
30-4 Organic
30-5 Inorganic
30-6 Membrane
31, Figure 31 Variants of Cosolvent
31-1 Cosolvent
31-2 Designer Molecule
31-3 Crown ether
31-4 Solvent
32. Figure 32 Variants of Additives
32-1 Additives
32-2 Redox
32-3 Others

PCT/MY2020/050012
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33. Figure 33 Breakdown of the major possibilities of electrochemical production of Condensation

Polymer
33-1 Condensation

33-2 Palyether
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33-3 Monoalcohol: Furan and phenol resins
33-4 Cellulose
33-5 Polysulfide
33-6 Polyamine
33-7 Transesterification
33-8 Polyester
33-9 Polyamide
33-10 Polyanhydride
33-11 Palyimide
33-12 Polyurethane
33-13 Ring opening
33-14 Heteroatoms: Polysiloxanes Polysulfone, Polyphosphate, polynitrate
33-15 Polysiloxanes
33-16 Polysuifone
34. Figure 34 Breakdown of concerted process
34-1 Concept
34-2 Recovery elimination
34-3 Retrofitting
34-4 Waste Management
34-5 Block Flow Diagram
35. Figure 35 General variant of the novel electrochemical polymer production process, where the
conventional reactor is replaced by Electrochemical Reactor, where the by-products would still be
recovered using similar recovery unit
35-1 Electrochemical Reactor
36. Figure 36 Avariant of the novel electrochemical polymer production process, where the recovery
unit is not needed when the by-products are easier to deal with
36-1 Discharge
37. Figure 37 Retrofitting feature
37-1 Bypass
34-4 Waste Management
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38. Figure 38 Figure 38 Waste Management
38-1 Waste Extraction
39. Figure 39-General Block flow Diagram
40. Figure 40 Breakdown of Piping
40-1 Process Flow Diagram and Auxiliary Units
40-2 Piping Types
40-3 Pumps/Compressor
40-4 Heater/Cooler
40-5 Utility
40-6 Valves
41, Figure 41 General Process Flow Diagram for Industrial Implementation
42. Figure 42 Conventional Reactor Path
42-1 Conventional Reaction Stream
42-2 Conventional Solid Stream
42-3 Conventional Mixture Stream
43. Figure 43 Electrochemical Reactor Path
43-1 Electrochemical Reaction Stream
43-2 Electrochemical Solid Stream
43-3 Electrochemical Mixture Stream
44. Figure 44 Solvent £xtraction path
44-1 Solvent Extraction Stream
45, Figure 45 Sorption path
45-1 Sorption Stream
46. Figure 46 By-product as Low Key
46-1 Top-to-tank Stream
46-2 Bottom-to-solvent Stream
47. Figure 47 By-product as High Key
47-1 Top-to-solvent Stream

47-2 Bottom-to-tank Stream
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48. Figure 48 Breakdown of Process Control
48-1 Cascade
48-2 Feedforward
48-3 Feedback
48-4 Ratio
48-5 Split Range
48-6 Override Select
48-7 Indicator/Alarm
48-8 Prompt Response
48-9 Precision
48-10 Reliability
48-11 Multiples
48-12 Different Response Needed
48-13 Flexibility and Safety

48-14 Reservoir for Disturbance

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

49. Figure 49 Detailed Piping & Instrumentation Diagram (P&ID) for the Electrochemical polymer

Production Process
50. Figure 50 Legend for the P&ID
51. Figure 51 Cascade Control Example
52. Figure 52 Feedforward Example
53. Figure 53 Feedback Example
54. Figure 54 Ratio Control Example

55. Figure 55 Split Range Control Example

56. Figure 56 Hlustration of Split Range Control interlock

57. Figure 57 Override Select Control Example
58. Figure 58 Indicator and Alarm Example
59. Figure 59 Breakdown of Operating Procedure
59-1 Stacking
59-2 Deployment

59-3 Maintenance
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60. Figure 60 Stacking of electrodes
60-1 Alternating
60-2 Aggregate
60-3 Insulator
60-4 Wire/Electrical connection
61. Figure 61 Stacking of cells {2x1)
61-1 Personnel
61-2 Monitoring side
61-3 Maintenance side
61-4 Stacking side
62, Figure 62 Stacking of cells {2x2)
63. Figure 63 Stacking of cells (2xn)
64. Figure 64 Example Deployment of cells in Stacking
65. Figure 65 Stacking of cells (2xn), outward facing
66. Figure 66 Stacking of cells {nxn), hanging electrode
66-1 Surrounded unit
67. Figure 67 Deployment procedure of cell
67-1 Deploy Reactor Vessel
67-2 Deploy Electrode Support
67-3 Adjust Electrode Position
67-4 Deploy Solid Transport
67-5 Install Gas Removal
68. Figure 68 Experimental Setup with gas flow rate measurement
68-1 Material A
68-2 Material B
68-3 Dissolved Salt
68-4 Hot plate with stirrer
68-5 Magnetic stir bar
68-6 Conical flask
68-7 Bubble flowmeter
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68-8 Stopper

68-9 Tubing

68-10 First mark

68-11 Subsequent mark

69.

Figure 69 Experimental Setup without gas flow rate measurement

69-1 Beaker

70.

Figure: 70 Sample Observation

70-1 Working Electrode

70-2 Liquid polymer
70-3 Gas bubbles

71,
72.
73.
74.
75.

Figure 71 Identification of products

Figure 72 Conversion against cumulative charge
Figure 73 Mole reacted against cumulative charge
Figure 74 Current against Applied Voltage

Figure 75 Gas Flow Rate against Current

3. Engineering Drawing Symbols

PCT/MY2020/050012
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Symbols are also used for engineering drawings especially Process Flow Diagram (PFD) as well as Piping

and Instrumentation Diagram (P&ID). First of all, the pieces of equipment are represented with codes in

Table 3:

AMENDED SHEET IPEA/KR



22

Table 3 List of Equipment in Process Flow Diagram

PCT/MY2020/050012
PEA/KR 09 Jun. 2021

Code Equipment Description

T-01A Feed Tank A Material A Storage
T-018B Feed Tank B Material B Storage
D-00A Cosolvent Drum Cosolvent Storage
D-00B Additive Drum Additive Storage
M-02 Mixing Tank Feed Mixer

CR-03A Conventional Reactor Conventional Method
CF-03B Filter Conventional Filter
ER-04 Electrochemical Reactor Retrofit Bypass

T-05B Washing Fluid Tank Recirculation Reservoir
WP-05A Washer Polymer Washing
SP-06 Settler Polymer Sedimentation
DP-Q7 Dryer Polymer Dryer

MP-08 Molding Machine Polymer Processing
PP-09 Polymer Packing Packing and Storage
SB-10A Sorption Unit By-Product Sorption
SR-10B Sorbent Regenerator Sorbent Recovery
XB-11 Solvent Extractor By-Product Extractor
D-12 Solvent Drum Solvent Reservoir
DB-13 Distillation Column By-Product Distillation
TB-14 By-Product Tank By-Product Storage
T-15 Reservoir Tank Electrolyte Reservoir
D-16 Cooling Fluid Drum Cooling Reservoir

The auxiliary units, that is the smaller pieces of equipment to facilitate the 7-5 Process, are also

identified with codes in Table 4:
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Table 4 Identification of Auxiliary Units

PCT/MY2020/050012
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AUXILIARY UNIT IDENTIFICATION

LETTER DESCRIPTION
B BLOWER
C CHECK VALVE
H HEATER
P PUMP
Q COMPRESSOR
S SWITCH VALVE
v VALVE
X HEAT EXCHANGER

Because there are different types of 40-6 Valves being used in the 7-5 Process, the 40-6 Valves are

distinguished with different symbols as follows in Table 5:

Table 5 Symbols of different types of valves

VALVE SYMBOLS
SYMBOL TYPE
b CHECK VALVE
_{T_ CONTROL VALVE
- ON/OFF VALVE
i PRESSURE RELIEF VALVE
ke SWITCH VALVE

To provide better understanding of the 7-5 Pracess, the streams of interest are identified with their

respective number and .composition as the following Table 6:
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Table 6 Stream Numbering and Composition

LINE LABELING
EXAMPLE:

STREAM No. &
COMMODITY <
SYMBOL COMMODITY
MATERIAL A
MATERIAL B
GAS
BY-PRODUCT
POLYMER
SALT/SOLUTE
COOLING FLUID
AR
ABSORBENT
WASHING FLUID
SOLVENT
CO-SOLVENT
ADDITIVE

RIS I B I B I R = A o I Y 5 I

There are also different lines types to represent different 40-2 Piping Types as following Table 7:

Table 7 Representation of 40-2 Piping Types with different lines
PIPING, CONNECTION & BOUNDARY 5YMBOLS
MAIN PROCESS LINE
SUPPORTING PROCESS LINE
--------------- INSULATED PIPELINE

MECHANICAL LINE

INSTRUMENT SIGNAL

For P&ID, the process 7-7 Control elements are represented as per following Table 8;
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Table 8 Process 7-7 Control element identification

INSTRUMENT IDENTIFICATION

SYMBOL TYPE LOCATION

SHARED OPERATOR
DISPLAY/CONTROL | CONTROL ROOM

PROGRAMMABLE | OPERATOR
LOGIC CONTROL | CONTROL ROOM

OPERATOR

a [ - 3

(<] | OVERRIDE SELECT CONTROL ROOM

* | ~ OPERATOR
SPLITRANGE | - onTROL ROOM

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

While the specific parameters of interest and the handling of the parameter are designated by codes of

following Table 9:

Table 9 Letter codes for process 7-7 Control elements

IDENTIFICATION LETTERS
LETTER FIRST SUCCEEDING

A ANALYSIS

C CONTROL
E VOLTAGE

F FLOW RATE

! CURRENT INDICATE
L LEVEL

P PRESSURE

R RATIO

S SPEED

T TEMPERATURE TRANSMIT
\ WEIGHT

Y RELAY

JA POSITION
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Handling of parameters include control, indicate, transmit, and relay. Control means the parameter is
assigned a set point value of interest, while the controller makes sure the actual measurement is close
to the set point value within certain margin, by controlling a piece of equipment that would affect the
measurement. Indicate means displaying the value of 7-5 Process parameter, either via on site meter,
contral panel in operator room, or both. Transmit means the parameter value of interest would be sent
to a subsequent process control element indicated by direction of arrow. Finally, relay, for the purpose
of the 7-5 Process of interest, means to send 7-5 Process parameter of interest to a subsequent process
control element, in a similar way as Transmit, the only difference is that Relay is used for a calculated
variable such as ratio between 2 flow rates, instead of the actual flow rate measurement value that

represents a physical quantity,

An example to read to engineering drawing is illustrated in Figure 8. The 8-1 Feed Tank A, for 68-1
Material A storage, is designated T-01A. 8-2 Stream 1A, consisting mainly of 68-1 Material A, exits T-01A.
At 8-2 Stream 1A, there is an inline control valve designated 8-3 Control valve V-01A. There is also a 8-4
Flow rate Indicator Transmitter O1A, FIT 01A, to measure the flow rate, indicate the measurement on
site while transmitting the measurement as signal to control system. 8-4 Flow rate Indicator Transmitter
01A, FIT 01A sends signal, as indicated by the direction of arrow, to 8-5 Flow Rate Indicator Controller
01A, FIC 01A, where the control set point of flow rate is indicated and controlied. 8-5 Flow Rate
Indicator Controller 01A, FIC 01A subsequently controls (as indicated by the direction of arrow) 8-3
Control valve V-01A to reach the desired set point value of flow rate, that is, making sure the 8-4 Flow
rate Indicator Transmitter 01A, FIT 01A is close to the set point value of 8-5 Flow Rate indicator
Controller 01A, FIC 01A within certain acceptable margin, where the margin depends on the controller
software setup as well as hardware especially measurement accuracy and the control valve sensitivity.
From instrument identification, both 8-4 Flow rate Indicator Transmitter 01A, FIT 01A and 8-5 Flow Rate
Indicator Controller 01A, FIC 01A have shared display/control, meaning they respectively show the

measurement value at both on site meter and control panel at operator control room.
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Continuous 9-8 Solid Removal 7-1 Device on Electrode

The 7-1 Device comes in several variants namely, 9-1 Cylinder Electrode, 9-2 Conveyor Belt Electrode,
9-3 Rotating Disk Electrode, 9-4 Spiral/Screw Electrode, as outlined in Figure 9. They all have some
features in common including 9-5 Mechanical, 9-6 Motion Generation, 9-7 Motion Transmission, 9-8
Solid Removal, 9-9 Solid Transport, 9-13 Support, 9-20 Vessel and 9-16 Accessories especially 9-17 Gas

Removal. These similar general parts and mechanism would be further detailed in the said variants.

An electrochemical reaction cell consists of 3-1 Electricity supply connected to electrodes dipped inan
1-7 Electrolyte. The 1-7 Electrolyte is usually a conducting liquid mixture containing 6-6 Conducting ions
but can be conducting 30-6 Membrane soaked with liquid. The electrode consists of a conducting
material where electrochemical reaction happen on the surface; where the electrode connected to
positive terminal of 3-1 Electricity power supply is called 3-2 Anode which is where oxidation reactions
happen, and the electrode connected to the negative terminal of 3-1 Electricity supply is called 3-3
Cathode which is where reduction reactions happen. While not essential for reaction to happen, a third
electrode, called 3-4 Reference Electrode, is often included to provide a 3-4 Reference Electrode voltage

measurement,

When solid products result from electrochemical reaction, it tends to stick on the surface of electrode as
3-5 Solid Deposit, which often would require 9-8 Solid Removal to maintain the performance of the
electrochemical cell. 9-8 Solid Removal from electrode is of interest because it has application for
electrochemical metallurgy and battery where metals of interest are formed as'3-5 Solid Deposit on the

electrode and need to be recovered/isolated for further 1-4 Processing.

On the other hand, if the 3-5 Solid Deposit formed (on 3-2 Anode or 3-3 Cathode depending on reaction)
is non-conductive, it blocks the electrode and the electrochemical reaction halts due to lack of
conductivity. This warrants the need to remove the non-conductive 3-5 Solid Deposit rapidly as it is

being produced, preferably in continuous fashion.

To address this challenge, the novel 7-1 Device setup is designed to continuously remove the 3-5 Solid
Deposit by relative motion between electrode and a 4-2 Remaval Device, for example, a blade to

remove the 3-5 Solid Deposit from the electrode. The 9-8 Solid Removal can happen in the top (gas/air)
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phase or bottom (liquid/1-7 Electrolyte) phase. In the gas phase, there is substantially lower friction, and
no need to filter the 3-5 Solid Deposit away from liquid/1-7 Electrolyte. On the other hand, the relative
motion between electrode and the 4-2 Removal Device in the liquid/1-7 Electrolyte phase also serves to
stir the 1-7 Electrolyte for mixing, removing the need for stirrer in the 1-7 Electrolyte/liquid phase. Note
also that the 1-7 Electrolyte tank does not have to be rectangular in shape, for instance it can be
cylindrical especially when the electrodes are 9-1 Cylinder Electrode, to save 35-1 Electrochemical

Reactor/reagent volume (and hence cost).

The 7-1 Device can be multiple repeating units, in 3-2 Anode-3-2 Anode-3-3 Cathode-3-3 Cathode
(cluster stack), or in 3-2 Anode-3-3 Cathode-3-2 Anode-3-3 Cathode (alternating stack) order, to scale up

the production output.

While the arrangement can come in many forms, the major arrangements of interest are: 9-1 Cylinder

Electrode, 9-2 Conveyor Belt Electrode, and 9-3 Rotating Disk Electrode.
The invention offers the following advantages:

« Shallower 9-20 Vessel because no longer need to allow 3-5 Solid Deposit to settle, resulting in
fower cost from lower 35-1 Electrochemical Reactor size and reagent volume

*  Faster and cheaper 1-3 Solid Separation: Less friction to remove the 3-5 Solid Deposit in air/gas
phase than in the viscous 1-7 Electrolyte phase, while removing the need for 3-5 Solid Deposit to
be filtered from liquid phase; or the facilitation of mixing in the liquid/1-7 Electrolyte phase and
eliminating the need for a stirrer.

*  Continuous process removing the need to shut down the 35-1 Electrochemical Reactor for 3-5
Solid Deposit separation

= Simple design without much of the complex 19-2 Gears setup and 9-5 Mechanical arrangements

which would be costly/difficult to manufacture

9-1 Cylinder Electrode

9-1 Cylinder Electrode is the simplest variant of the design as shown in Figure 10, which consists of a
conductive cylinder material as the electrode. The 9-1 Cylinder Electrode is positioned horizontally and

partially dipped into the 1-7 Electrolyte.
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The electrochemical reaction would happen in the liquid/1-7 Electrolyte phase when 3-1 Electricity is
applied, and the rotation of the 9-1 Cylinder Electrode would move the 3-5 Solid Deposit up into the
gas/air phase where a 4-2 Removal Device is used to remove the 3-5 Solid Deposit from the surface, for
example, by friction brought about by the relative movement of the 9-1 Cylinder Electrode surface and

the 4-2 Removal Device.

In some embodiments, the 7-1 Device comprises a rigid material, for example, a plate made of the rigid
material that can be slanted down to outside of the electrochemical cell. This allows the 3-5 Solid
Deposit to gradually slide down the plate to outside of the cell for downstream 1-4 Processing. As an
alternative, the 4-2 Removal Device can also be merged into single unit with 9-9 Solid Transport as a
9-11 Conveyor belt with rigid sharp edges or an abrasive surface, positioned against and in contact with
the surface of electrode, where the 3-5 Solid Deposit removed would be moved outside of the
electrochemical cell in automated, continuous fashion. For example, the rigid edges may be

perpendicular to the tangential surface of the electrode.

Another advantage is that the 3-5 Solid Deposit removed is largely dry without much liquid (though
some liguid may stick on it but not much and can be washed easily), which accelerates the 1-3 Solid

Separation time and removes the need to filter the 3-5 Solid Deposit from liquid phase.

There may-or may not be residual 3-5 Solid Deposit dropping into the tank-and would be filtered out if
needed. However, the 9-8 Solid Removal in the air/gas phase already removes the majority of the 3-5
Solid Deposit and thus greatly reduces the throughput needed for backup filtering. As an alternative,

filter is often not needed and the 3-5 Solid Deposit is only recovered during 59-3 Maintenance.

9-2 Conveyor Belt Electrode

9-2 Conveyor Belt Electrode is another variant as shown in Figure 12, well-suited for industrial scale
adaptation. The working principle of 9-8 Solid Removal is a cyclic movement very similar to the 9-1
Cylinder Electrode, but it instead applies 9-11 Conveyor belt setup with 12-1 Pulley, which offers some

more features:
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1) Bigger area in the liquid phase, dipping well into the 1-7 Electrolyte to electrochemical reaction
output, and allows a more compact reagent tank. For example, the lower 12-1 Pulley and a large
portion of the 9-2 Conveyor Belt Electrode can be submerged in the liquid/1-7 Electrolyte phase.

2) Bigger area in the gas/air phase, allowing the 7-1 Device to be more reliable, with less worry of
the liquid/1-7 Electrolyte leakage to the 19-2 Gears and shaft for 9-2 Conveyor Belt Electrode
movement, and the electrical wiring setup of electrede.

3) Greater height in the gas/liquid phase allocates more space for more reliable design of the 7-1
Device for removing the 3-5 Solid Deposits, such as a 9-11 Conveyor belt for delivery of scrubbed

3-5 Solid Deposit

It can also be driven by 12-1 Pulley which is merely a very narrow version of 9-11 Conveyor beli.

9-3 Rotating Disk Electrode

9-3 Rotating Disk Electrode is another variant of the 7-1 Device as shown in Figure 14, where a
conducting rigid disk, partially immersed in the 1-7 Electrolyte/liquid phase, serves as the electrode. The
9-3 Rotating Disk Electrode rotates by shaft action with a 4-2 Removal Device placed against and in

contact with the surface to remove 3-5 Solid Deposit on electrode surface.
It offers the following features:

1} Large surface area
2) Easy to construct and manufacture

3) Compact design

Again, note that the 9-20 Vessel can be cylindrical to reduce the 35-1 Electrochemical Reactor space.
The 9-3 Rotating Disk Electrode can also be made spiral instead of parallel disk as alternative that allows

the products to be screwed to outside of 35-1 Electrochemical Reactor continuously.

Note that in any cases, even though it is a good idea to have the same shape of 10-1 Counter Electrode
with electrode for easy manufacturing and setup. For the 7-1 Device to work the conductivity just has to

be established, and the 10-1 Counter Electrode does not have to be the same shape as the electrode.
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9-4 Spiral/Screw Electrode

9-4 Spiral/Screw Electrode is another variant of the 7-1 Device as shown in Figure 16, where a
conducting rigid screw, partially immersed in the 1-7 Electrolyte/liquid phase, serves as the electrode.
The screw rotates by shaft action with a 4-2 Removal Device placed against and in contact with the

surface to remove 3-5 Solid Deposit on electrode surface.
It offers the following features:

1) Large surface area
2) Compact design

3) Efficient 1-7 Electrolyte movement.and 9-8 Solid Removal

Again, note that the 9-20 Vessel can be cylindrical to reduce the 35-1 Electrochemical Reactor space.
The 4-2 Removal Device can also be a screw or spiral-shaped, to fit the surface of the 9-4 Spiral/Screw

Electrode, to maximize the contact surface for more efficient 9-8 Solid Removal.

Note thatin any cases, even though it is a good idea to have the same shape of 10-1 Counter Electrode
with electrode for easy manufacturing and setup. For the 7-1 Device to work the conductivity just has to

be established, and the 10-1 Counter Electrode does not have to be the same shape as the electrode.

General Mechanism

General and 9-2 Conveyor Belt Electrode

The general mechanism is best explained first using the 9-2 Conveyor Belt Electrode as in Figure 13 and

Figure 18.

9-5 Mechanical comprises 9-6 Motion Generation and 9-7 Motion Transmission. 9-6 Motion Generation
involves the transformation of energy source, usually but not limited to 19-1 Motor/engine such as
chemical energy for engine or electrical energy for motor, into mechanical energy for motion. In some
embodiments, 9-6 Motion Generation also involves connection to 9-7 Motion Transmission by

connection of 19-2 Gears and 19-3 Shaft to 19-1 Motor/engine.
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9-7 Motion Transmission involves distributing, or directing, the 9-5 Mechanical motion to the designated
place, for this case to generate electrode motion. Sometimes, the distribution is separated to 2 or more
stages: primary and secondary. As illustrated by Figure 19, Primary 9-7 Motion Transmission functions to
transmit the 9-5 Mechanical movement from 9-6 Motion Generation source, usually an 19-1
Motor/engine, to an interim 9-5 Mechanical part, including but not limited to 19-3 Shaft, 19-2 Gears,
12-1 Pulley, or 20-1 Chain drive, In some implementations, 20-1 Chain drive is used for reliability of

device because it has minimal susceptibility to slipping for maximal scrubbing strength,

As illustrated by Figure 20, secondary 9-7 Motion Transmission functions to transmit 9-5 Mechanical
motion, from the said interim 9-5 Mechanical part, to the electrode. it is usually performed by means

including but not limited to 19-3 Shaft, 19-2 Gears, 12-1 Pulley, or 20-1 Chain drive.

For uniform 9-5 Mechanical energy distribution, multiple primary and secondary distribution can be
employed in parallel. For instance, the 9-2 Conveyor Belt Electrode can come in double primary
distribution, on top and bottom, On the other hand, the 9-2 Conveyor Belt Electrode could have
between double to quadruple secondary distribution: double on top and bottom {9-2 Conveyor Belt
Electrode), and for case of double 20-1 Chain drive, quadruple: top and bottom (9-2 Conveyor Belt

Electrode), left and right (20-1 Chain drive).

As illustrated by Figure 21, 9-8 Solid Removal comprises removing the 3-5 Solid Deposit from the
electrode, and 9-9 Solid Transport of the removed 3-5 Solid Deposit away from the 35-1 Electrochemical
Reactor. Electrode stripping could be performed in numerous ways, including but not limited to: 9-5
Mechanical abrasion (by means of 4-2 Removal Device), ultrasound, or fluid jets. There is also 21-3 Blade
adjustment device to adjust the blade angle, usually but not limited to a spring system. In some
implementation, especially the 9-2 Conveyor Belt Electrode and 9-1 Cylinder Electrode, extra 4-2
Removal Device can be deployed at the inner side of the electrode, to increase product output by
increasing the surface area. This however comes at the price of more complexity and reduced reliability
of operation thus should be assessed on case-by-case basis. In some implementations, 9-10 Multiple
Blades are stacked as iliustrated in Figure 25 to increase scrubbing power and 9-8 Solid Removal

efficiency.
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9-9 Solid Transport could be performed in several ways, including but not limited to: 9-11 Conveyor belt
or fluid motion.in 9-12 Channel. For 9-11 Conveyor belt, 3-5 Solid Deposit scrubbed from electrode are
continuously carried away from the 35-1 Electrochemical Reactor space via 9-11 Conveyor belt motion.
For fluid motion in 9-12 Channel, 3-5 Solid Deposit scrubbed from electrode are continuously carried
away by fluid flowing in an open 9-12 Channel. The fluid is usually but not limited to a liquid, and
commonly water is chosen for the low cost. The fluid itself, especially liguid, would also act as 21-2
Washing fluid to ease subsequent washing stage. As shown in Figure 28, the open 9-12 Channel may also

come with a protruded 21-1 Flap to prevent 3-5 Solid Deposit from spilling out of the 9-12 Channel.

There are some variants to the default design of the 9-12 Channel. The open 8-12 Channel, while often
made of 7-6 Piping cut in vertical cross section to form 28-1 Arc (Default), can also be made up into 28-2
Rectangular 9-12 Channel shapes, or 28-3 Triangular 9-12 Channel shapes, or even arbitrary shapes as
long as it forms a ridge for fluid to flow. The 21-1 Flap by default is 28-4 Perpendicular Flap {Default) for
ease of fabrication, but can also be slanted as 28-5 Acute Flap or 28-6 Obtuse Flapper to match the
trajectory of spillage.

There is also the basic 9-20 Vessel at the part at the bottom, as shown in Figure 22. There is 10-1
Counter Electrode attached to the reaction 9-20 Vessel. In some implementations, the 10-1 Counter
Electrode is joined to the 9-20 Vessel for ease of fabrication. The 9-20 Vessel holding 1-7 Electrolyte
liquid has 22-1 Electrolyte inlet and 22-2 Electrolyte outlet. In some implementations, to reduce energy
cost from pumping, the 22-1 Electrolyte inlet and 22-2 Electrolyte outlet are arranged according to

gravity, such that 1-7 Electrolyte enters from the top and exits at the bottom.

Figure 23 illustrates the 9-13 Support for 9-2 Conveyor Belt Electrode which is a 3-14 Movable variant.
The 9-13 Support consists of a 23-4 Frame Body to hold the electrode system in place. The bottom of
the 23-4 Frame Body is usually equipped with 23-3 Wheels or rails for convenient disassembly from the
tank for installation and 59-3 Maintenance. The 23-2 Arm of the 23-4 Frame Body has features of
adjustable heights, usually but not limited to 23-1 Hydraulic jack. The adjustable height provides means
to retract the electrode system from the 9-20 Vessel, without having to drain 1-7 Electrolyte from the
9-20 Vessel. This provides convenient and fast 59-3 Maintenance process, shall the electrode requires
service and 59-3 Maintenance, since it is slow and tedious to empty the 9-20 Vessel to be opened, with

potential implications to other unit operations.
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On the 23-2 Arm is attached a 19-1 Motor/engine to provide 9-5 Mechanical energy to drive the 9-6
Motion Generation. Other than electrical motor, it can also be an engine (combustion) or any other

means to provide 9-5 Mechanical movement.

The 7-1 Device also comprises of 9-16 Accessories especially 9-17 Gas Removal as illustrated in Figure
24. 9-17 Gas Removal is implemented for cases when undesirable gas, usually flammable or toxic,
evolved in sufficient amount. An example is the water splitting reaction from electrolysis, which
produces flammable hydrogen gas. In some cases, toxic 6-9 Ammonia gas as 1-15 By-product in liquid
form, may vaporize into fumes. 9-17 Gas Removal consists of closed or open variants. Closed 9-17 Gas
Removal is simply to make the 7-1 Device space gas-tight and direct the gas into designated stream,
such as condenser or burner. Open 9-17 Gas Removal is a setup similar to fumehood, that uses chimney
effect to suck gases. Open 9-17 Gas Removal is used when the gas doesn’t need to be isolated while
closed 9-17 Gas Removal is used when the gas needs to be isolated. in some implementation, 9-17 Gas

Removal could be omitted if the gas evolution is minimal.

The other9-16 Accessories include 9-18.Conducting Brush and 9-19 Waxing. it has also been a challenge
to maintain electrical contact when the electrode is constantly in motion. However, electrical contact is
established by a conductive solid in contact with the electrode. In some implementation, it is through
the 4-2 Remouval Device of 9-8 Solid Removal. In some implementation, additional electrical contact
other thanthe 4-2 Removal Device are provided as illustrated in Figure 26, such as a 9-18 Conducting
Brush, usually but not necessarily be made of carbon in graphite form; is attached via 26-1 Accessory
support. In some implementation, the electrode is continuously coated with a thin layer of slippery
material such as 9-19 Waxing attached via similar 26-1 Accessory support, as illustrated in Figure 27, to
ease electrode stripping with a 27-1 Wax Layer. In some implementations, the 9-19 Waxing is done using
a piece of wax solid in friction with the electrode surface. In some other implementations, the 9-19

Wanxing is done using a more sophisticated 9-19 Waxing dispenser.

9-1 Cylinder Electrode

For 9-1 Cylinder Electrode variant, the recommended 7-1 Device setup is shown in Figure 11. It hasa
cylindrical 9-20 Vessel, where the 1-7 Electrolyte is held. The 1-7 Electrolyte enters from 22-1 Electrolyte

inlet and then exits from 22-2 Electrolyte outlet. To reduce resistance, the 10-1 Counter Electrode is a
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conductive cylindrical surface attached to the inner wall of the 9-20 Vessel, For convenience of
operation, the sides of the 9-20 Vessel, while serving as 9-15 Built-In variant of 9-13 Support and frame,

can be made transparent to allow 2 of 22-3 Side Windows to monitor any change in the 9-20 Vessel.

The 9-5 Mechanical comprises 9-6 Motion Generation and 9-7 Motion Transmission. 9-6 Motion
Generation for this case involved 19-1 Motor/engine to drive 2 of 19-2 Gears and 2 of 19-3 Shaft

systems to drive the 9-1 Cylinder Electrode.

9-8 Solid Removal comprises removing the 3-5 Solid Deposit from the 9-1 Cylinder Electrode, using the
4-2 Removal Device. There is a 21-3 Blade adjustment to adjust the angle of the blade to control the

scrubbing action.

The 9-9 Solid Transport involve an open 9-12 Channel containing a stream of 21-2 Washing fluid flowing
between the 2 ends of the 9-12 Channel: 21-4 Washing fluid inlet and 21-5 Washing fluid outlet. There is

a 21-1 Flap to prevent spills of the 3-5 Solid Deposit as it is scrubbed off the electrode.

9-17 Gas Removal involves a 24-2 Cap with 24-1 Ventilation outlet connected to fumehood. There are
sleeves left to suck the ambient air into, namely the 24-5 Sleeves (washing piping) and 24-7 Sleeves

(electrode frames).

9-3 Rotating Disk Electrode

For 9-3 Rotating Disk Electrode variant, the recommended 7-1 Device setup is shown in Figure 15. It has
a cylindrical 9-20 Vessel similar to 9-1 Cylinder Electrode variant, where the 1-7 Electrolyte is held. The
1-7 Electrolyte enters from 22-1 Electrolyte inlet and then exits from 22-2 Electrolyte outlet. To reduce
resistance, the 10-1 Counter Electrode is a conductive disk surface sandwiched to the other side of the
9-3 Rotating Disk Electrode, separated by a piece of 60-3 Insulator. In some implementation, the 10-1
Counter Electrode can also be made of conductive material attached to the inner wall of the 9-20 Vessel
for ease of manufacturing, albeit with some increased resistance and hence lower energy efficiency. For
convenience of operation, the sides of the 9-20 Vessel, while serving as 9-15 Built-In variant of 9-13
Support and frame, can be made transparent to allow 2 of 22-3 Side Windows to monitor any change in

the 9-20 Vessel,
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The 9-5 Mechanical comprises 9-6 Motion Generation and 9-7 Motion Transmission. 9-6 Motion
Generation for this case involved 19-1 Motor/engine to drive 2 of 19-2 Gears and 2 of 19-3 Shaft
systems to drive the 9-3 Rotating Disk Electrode. 9-8 Solid Removal comprises removing the 3-5 Solid
Deposit from the 9-3 Rotating Disk Electrode. There is a 21-3 Blade adjustment to adjust the angle of the

blade to control the scrubbing action.

The 9-9 Solid Transport involve an open 9-12 Channel containing a stream of 21-2 Washing fluid flowing
between the 2 ends of the 9-12 Channel: 21-4 Washing fluid inlet and 21-5 Washing fluid outlet. There is
a 21-1 Flap to prevent spills of the 3-5 Solid Deposit as it is scrubbed off the electrode.

9-17 Gas Removal involves a 24-2 Cap with 24-1 Ventilation outlet connected to fumehood. There are
sleeves left to suck the ambient air into, namely the 24-5 Sleeves (washing piping) and 24-7 Sleeves
(electrade frames).

9-4 Spiral/Screw Electrode

For spiral/screw electrode variant, the recommended 7-1 Device setup is shown in Figure 17. It has a
partial cylindrical 9-20 Vessel, where the 1-7 Electrolyte is held. The 1-7 Electrolyte enters from 22-1
Electrolyte inlet and then exits from 22-2 Electrolyte outlet. To reduce resistance, the 10-1 Counter
Electrode is a conductive disk surface sandwiched to the other side of the 9-4 Spiral/Screw Electrode,
separated by a piece of 60-3 Insulator. In some implementation, the 10-1 Counter Electrode can also be
made of conductive material attached to the inner wall of the 9-20 Vessel for ease of manufacturing,
albeit with some increased resistance and hence lower energy efficiency. For convenience of operation,
the sides of the 9-20 Vessel, while serving as 9-15 Built-In variant of 9-13 Support and frame, can be

made transparent to allow 2 of 22-3 Side Windows to monitor any change in the 9-20 Vessel.

The 9-5 Mechanical comprises 9-6 Motion Generation and 9-7 Motion Transmission. 9-6 Motion
Generation for this case involved 19-1 Motor/engine to drive 2 of 19-2 Gears and 2 of 19-3 Shaft
systems to drive the 9-4 Spiral/Screw Electrode. 9-8 Solid Removal comprises removing the 3-5 Solid
Deposit from the 9-4 Spiral/Screw Electrode, using 4-2 Removal Device. In the figure it was a screw
rotating together, either same or opposite rotation direction, in contact with the 9-4 Spiral/Screw

Electrode, to scrub off
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the 3-5 Solid Deposit by abrasion. In some implementations, it can be stationary blades fixated to the
9-20 Vessel, or 9-13 Support.

There is a 21-3 Blade adjustment to adjust the angle of the blade to control the scrubbing action.

The 9-9 Solid Transport involve an open 9-12 Channel containing a stream of 21-2 Washing fluid flowing
between the 2 ends of the 9-12 Channel: 21-4 Washing fluid inlet and 21-5 Washing fluid outlet. There is
a 21-1 Flap to prevent spills of the 3-5 Solid Deposit as it is scrubbed off the electrode.

9-17 Gas Removal involves a 24-2 Cap with 24-1 Ventilation outlet connected to fumehood. There are
sleeves left to suck the ambient air into, namely the 24-5 Sleeves (washing piping) and 24-7 Sleeves

(electrode frames).
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Electrochemical Production of 7-3 Addition Polymer

As the first part of 7-2 Chemistry, 7-3 Addition Polymer is a class of 1-8 Polymer formed by addition
reaction, in which no 1-15 By-product is produced. Some exemplary 7-3 Addition Polymer comprises

carbon backbone without heteroatoms, such as:

*  Polyvinyl: Polyethylene (PE), Polypropylene (PP}, Polystyrene (PS), Polyvinyl Chloride (PVC), etc

* Polyalkanes in general, such as polybutadiene (rubber)

As outlined in Figure 29, the electrochemical production of 7-3 Addition Polymer can be classified into
29-1 Homopolymer and 29-2 Copolymer. In some embodiments, 29-1 Homopolymer results from
elimination-addition polymerization from starting 29-3 Alcohol group as illustrated in Equation 2, or

other 29-4 Variants such as sulfides and amines.

Elimination-Addition Polymerization:

Applied Voltage Polymerization

Conducting lons

Equation 2

Note that the polymerization can also be initiated from the second step, if unsaturated compounds,

which includes unsaturated hydrocarbons such as alkenes or alkynes are used as the starting materials.

29-2 Copolymer, on the other hand, can be produced when different starting groups are mixed together.
It can be different 29-3 Alcohol groups, or even between functional groups such as alcohol and sulfides,
when these different species are present in the same system of 1-7 Electrolyte during the

electrochemical reaction.
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As outlined by Figure 30, the 6-6 Conducting ions can come from either a 30-6 Membrane or 30-1
Dissolved ions. The 30-6 Membranes include but not limited to 1-7 Electrolyte membrane for
electrolyzer and fuel cells, such as the proto exchange 30-6 Membrane {commonly used for acidic and
neutral aqueous system), or polymer ion exchange 30-6 Membranes (commonly used for alkaline
aqueous.system). An example of such 30-6 Membrane is the Nafion membrane, a class of proton
exchange 30-6 Membrane commonly used for hydrogen fuel cell. The 30-1 Dissolved ions can be come
from 30-2 Metallic ions such as Lithium ions of lithium chioride, LiCl.or 30-3 Non-metallic ions. The 30-3
Non-metallic ions are usually categorized into 30-4 Organic and 30-5 Inorganic variants. The 30-4
Organic variants include surfactants such as stearate ions of sodium stearate (commonly used for soap)
or some deep eutectic sait or ionic liquid, such as choline chloride as common component of eutectic

31-4 Solvent, or 1-butyl-3-methylimidazolium hexafluorophosphate ([BMIM]PF6 as common ionic liguid.

Depending on the situation, 31-1 Cosclvent may be needed, with variants outlined in Figure 31. 31-1
Cosolvent can include 30-4 Organic and 30-5 Inorganic variants. The 30-4 Organic variants are either
31-2 Designer Molecule, especially 31-3 Crown ether used to dissolve metallic ions into organic phase
(such as 15-Crown-5 to dissolve sodium ions in organic phase), or just common 31-4 Solvent such as
acetone that has miscibility or solubility in both organic and polar phase. 30-5 Inorganic variants include
6-9 Ammonia and water as common solvent that is also sometimes produced as 1-15 By-product in the

reaction.

The 32-1 Additives consists of 1-13 Catalyst eutlined in Figure 32, classified into 32-2 Redox and 32-3
Others. It can include 32-2 Redox catalyst especially electron shuttle, that works by facilitating electron
transfer of either oxidizing and reducing reaction steps, such as triarylamines and pyridines. 32-3 Others
include catalyst that works by interfering with non-redox reaction steps of the reaction, include
coordination 1-13 Catalyst such as a mixture of titanium tetrachloride (TiCl,) and triethylaluminium
(Al(C,Hs)3) that facilitating propagation step by providing a place for monomer molecule to assemble
via coordination bond with transition metal. While the 32-1 Additives is usually a homogenous catalyst

in fluid form, it can also consist of solid catalysts suspension in some implementations.
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29-3 Alcohol group

The major variant is alcohol as starting material, which results in a case of dehydration-polymerization

where water is formed as 1-15 By-product as shown by Equation 3.

Homopolymer

HO H  —H,0

L 4

In situ

Applied Voltage Polymerization

Conducting lons

Equation 3
The examples include the following commeon 1-8 Polymer illustrated in Table 10:

Table 10 Common examples and starting materials

1 2 Products

H H Polyethylene {PE)

H CH3 Polypropylene {PP)

H Phenyl Group Polystyrene (PS)

H OH Polyvinyl Alcohol (PVOH)

H Cl Polyvinyl Chloride (PVC)

H Nitrile Polyacrylonitrile {PAN)

H COOH Polyacrylate (PAK)

H Vinyl Polybutadiene {synthetic rubber
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29-4 Variants: Sulfides

Similar to 29-3 Alcohol group reaction, sulfides can also react electrochemically to form 7-3 Addition
Polymer, but with the formation of hydrogen sulfide as 1-15 By-product as shown by Equation 4 and
Equation 5:

Homopolymer

e p TS

k 4

In situ

‘Applied Voltage Polymerization

Conducting lons

Equation 4
Copolymer
HE H Ha H _ZHES
H + H s 4 .
@ @
Applied Voltage In situ
Conducting lons Co-Palymerization
Equation 5

29-4 Variants: Amines

Simitar to alcohol and sulfide reaction, amines can also react electrochemically to form 7-3 Addition

Polymer, with the formation of amines as 1-15 By-product as shown in Equation 6 and Equation 7:
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Homopolymer

In situ

Applied Voltage Polymerization

Conducting lons
Equation 6

Note that if the substitute group 3 above is a hydrogen atom, 6-9 Ammonia instead of amine would be

formed.

Copolymer

N + ?*i\ /H N?:ﬂz _ + — B .
I e SRR A St a®

wAppﬁi@d Voltage in situ
Conducting lons Co-Polymerization

Equation 7
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29-2 Copolymer
HO s HO . T2H0 |
* + — .
""m/ & g i ) @
Applied Voltage In situ
Conducting lons Co-Polymerization
Equation 8

As mentioned previously, 29-2 Copolymer can be formed if different types of starting alcohols are
present in the 1-7 Electrolyte system as shown in Equation 8. Different types of starting group, such as

alcohol with sulfide or amine, would also result in similar 29-2 Copolymer end-product.
Some examples of 29-2 Copolymer are included in Table 11:

Table 11 Common copolymer examples and starting materials

1 2 3 4 Products

H H H Ci vinyl chloride-ethylene plastic {VCE)

H H H COOH Ethylene-acrylic acid plastic (EAA)

H Cl H 0OC=0CH3 Polyvinyl chloride acetate (PVCA/VCVAC)
H H H OH Ethylene-vinyl alcohol plastic (EVOH)

Note also that the 29-2 Copolymer can form if there are 3 or more types of starting chemicals, for
instance the common Acrylonitrile butadiene styrene (ABS) resin, a type of valuable and widely used

engineering plastic as per Table 12:

Table 12 Sample starting material for complex 29-2 Copolymer of ABS resin

1 2 3 4 5 6 Products

H Phenyl | H H H Nitrile Acrylonitrile butadiene styrene (ABS)

Note that the 29-2 Copolymer order of each unit can be arbitrary.
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The following Table 13 is the more specific reactions of addition polymerization:

Table 13 Specific reactions of addition polymerization

Substituents

of branch

1-8 Polymer P

1-6 Reactants

68-1 Material A

68-2 Material B

Alkyl

PE Polyethylene

Ethanol

i

Ethene

CH
/ 2
I?C/

PP Polypropylene Propan-2-ol -
CH3 Ok

H,C CH;

n-propanol
OH
H3C/\/l

Propene

7

H,C CH,
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PMP

poly-4-methylpenten-1

4-methylpentan-2-ol

CH,  CH,

-

H.C OH
4-methylpentan-1-ol

H,C
(&}

;

CH,
4-methylpent-1-ene

HC cH,

R

GH,

PMS

Poly-a-methylstyrene

2-phenyl-1-propanol

@1/”?
(o]
o)

Z

2-phenyl-2-propanol

HG

=]
&
&

2-phenylpropene

CH,

I l I
[y
)

PiB

polyisobutylene

isobutanol

H.C

H OH
Tert-butanol

D

HG
HO CH,
HC
Isobutene
HG
CH,

T

His
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Thermoplastic
elastomers

(TPE)

PB polybutene

Butan-2-ol

CH,

HBC\/L
OF

n-butanol
e N

n-butene

CH.
HacN/ ?

PBD  1,2-polybutadiene

3-Buten-1-ol

HQCMQH
3-Buten-2-ol

CHs

HZC\)\
OH

1,3-butadiene

H.C N CH,

Aryl

PS Polystyrene

2-phenylethanol

Q

)

1-Phenylethanol

7\

or

Phenylethene

ol

CH,

PVOH poly(vinyl alcohol)

OH

£

Ethylene glycol

Ok
Ho’/\\»/
1,1-Ethanediol
HO

>—"CH3

HO
Ethenol
HO

CH,
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PVA

polylvinyl acetate)

2-Hydroxyethyl acetate

o

HO\/\G /tk

1-Hydroxyethyl acetate

CH,

CH, ©

HO o CH,

Vinyl acetate

0
/f\o/i'kCHg

Nitrogen atom

Poly-N-vinylcarbazole

M

Carbazole-9-ethanol

O
e

Carbazole-9-ethan-2-ol

o
>——CH3
HO

Carbazole-9-ethene

oy

CH,

AMENDED SHEET IPEA/KR



48

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

PVP

Poly-N-vinylpyrrolidine

Polyvinylpyrrolidone (PVP), also

commonly called polyvidone or

povidone

1-(2-Hydroxyethyl)-2-

pyrrolidone

pe

OH
1-(1-Hydroxyethyl)-2-

pyrrolidone

vmyl }-2-pyrralidone

CH;

Halide

PVC Polyvinyl Chloride

2-Chloroethanol

IQH
Cl

1-Chloroethanol

CH,

HO
Chloroethene

|
AV

PVDC poly(vinylidene
chloride)

2,2-Dichloroethanol

Ci

Cl OH
1,1-Dichloroethanol
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C]
HQ%-CHS
d

1,1-dichloroethene

|

>_:c|-|2

Cl

o3

PVDF  poly{vinylidene fluoride) | 2,2-Difluoroethanaol

F F
F OH

1,1-Difluoroethanol

F
HQ%—CHa
F

1,1-difluoroethene

F
%CHQ

¢

PVF  poly(vinyl fluoride) 2-Fluoroethanol

s
F

1-Fluoreethanol

F

CH,
HO
Fluroethene

F
\:———CH

2
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PTFE

poly tetrafluoroethylene

1,2,2,2-

Tetrafluoroethanol
F F
4
\>-—<vOH
/
F F

Tetrafluoroethene

F F
: Y
F F

PCTFE

ene

polychlorotrifluoroethyl

2-chloro 1,1,2-
trifluoroethanol
- F
HO
F Ci
1-Chloro-1,2,2-

trifluoroethanol

F -
>———<«OH
F &
Clorotriflurgethene

F F

F Cl

Acrylonitrile

PAN

N

I

polyacrylonitrile

3-Hydroxypropionitrile

/S
NE=

1-Hydroxypropionitrile

AMENDED SHEET IPEA/KR



51

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

N

\

>‘CH3

HO

2-propenenitrile

Acrylate

PAK  polyacrylate

PAA  poly(acrylic acid)

Lactic acid
CHy

HO
OH

0
3-Hydroxypropionic acid

HO GH

R

Acrylic acid

HO
e,

O

PBAK poly(butyl acrylate)

n-Butyl lactate

CH,
HBCWQ
OH
G

Butyl 3-

hydroxypropanoate

n-butyl acrylate

HSCWO
™
O

Hac\/\v/o OH
\3]/\/
3]
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PMMA

GH,

PMMA poly(methyl

methacrylate)

methyl 2-hydroxy-2-
methyl-propionate
Methy! 2-
hydroxyisobutyrate
Methyl 2-methyllactate

CH,
OH
. |
N CH;
0

Methyl 3-hydroxy-2-

methylpropanoate

SC/ #

Methyl methacrylate

/%3

Addition (4 PVB  polylvinyl butyral) Butyraldehyde
b CHs Palyvinyl Acetat
carbon olyvinyl Acetate Hyo/\\/"\q&\@
backbone) j\
0 o 0 CH,
n
PVFM  poly(vinyl formal) PVA Formaldehyde
o > Polyvinyl Acetate HC=20

0
O/[LCHB
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Special PDAP poly(diallyl phthalate) Di(hydroxypropyl)
phthalate
7\
SMAH  Styrene-maleic 1-Phenylethanol
OH
anyhydride plastic gv
Maleic anhydrlde
2- hydroxysuccnmc
anhydrlde
Styrene maleic anhydride (SMA) \/_r
33-13 Ring PDCPD Tricyclo[5.2.1.0%%]dec-4-
opening polydiclopentadiene en-8-ol

polymerization
(similar to

addition)

o

Tricyclo[5.2.1.0*%]dec-3-

en-8-ol

MO i
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Dicyclopentadiene

9y
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Electrochemical Production of 7-4 Condensation Polymer

As outlined in Figure 33, 7-4 Condensation Polymer is a class of 1-8 Polymer formed through

condensation polymerization as the second part of 7-2 Chemistry. It includes but is not limited to:

e 33-2 Polyether (including cellulose, furan, phenclic and related resins)
e 33-5 Polysulfide

e 33-6 Polyamine

s 33-8 Polyester

s 33-9 Polyamide

s 6-7 Polycarbonates

e 33-10 Polyanhydride

o 33-11 Polyimide

s 33-12 Polyurethane

¢ 33-13 Ring opening

e 33-14 Heteroatoms: Polysiloxanes Polysulfone, Polyphosphate, polynitrate

The electrochemical production of 7-4 Condensation Polymer comprises 33-1 -Condensation and
transesterification. 33-1 Condensation involves intermolecular elimination of active groups to join
molecules together, while transesterification involves more complex elimination often with carbonyl

groups.

33-1 Condensation: 33-2 Polyether

The simplest reaction is the electrochemical 33-1 Condensation of diol to form 33-2 Polyether, with

water formation as 1-15 By-product as shown in Equation 9:

Homopolymer
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. Applied Voltage |
Diol

Conducting lons
Equation 9

Similar to 7-3 Addition Polymer production, copolymerization between different types of diols are

possible if present in same system as shown in Equation 10:

Copolymer

R, —(n+ m)H,0

1 ————

" HO/R Son * MHOT o |
Applied Voltage *

Diol Diol Conducting lons

Equation 10

Note that the copolymer order of each unit can be arbitrary. The specific reactions of interest is detailed

in Table 14:

Table 14 Examples of 33-2 Polyethers

Substituents of | 1-8 Polymer P 1-6 Reactants
branch 68-1 Material A 68-2 Material B
33-2 Polyether Acetal (POM) Methanol
R
Formaldehyde
POM  poloxymethylene; HCz==0
polyacetal; polyormaldehyde
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Methanedoil (Presence
from Formaldehyde in
water)

Methylene glycol

PPOX poly(propylene oxide)

Propylene oxide

0

CH,

Propylene glycol

CH,

HG

Polypropylene giycol
O

PEOX poly(ethylene oxide) Ethylene oxide
/E \/3\ i

Ethylene glycol
Polyethylene glycol (PEG),

OH
polyethylene oxide (PEQ) or o SN
polyoxyethylene (POE)

PPE  poly(phenylene ether) Phenol

" PPO

” OH

Hydroquinone
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H(}—@—-QH

Or copolymerization of
hydroguinone with

Resorcinol

PK polyketone Cyclopropanone
o)

A

Reuterin

3-Hydroxypropanal

o N

33-1 Condensation: 33-3 Monoalcohol: Furan and phenol resins

When the carbon backbone is certain cyclic aromatic compounds, such as furan and phenol, 33-1
Condensation can still happen with single alcohol group as shown in Equation 11 and Equation 12. The

end product is either 33-2 Polyether or polyalkane groups.

Furan resin

—nH,0

Applied Voltage

Furfuryl alcohol Conducting lons

Equation 11
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Phenolic resin

-nH,

T

Applied Voltage

Phenol Conducting lons

Equation 12

Note that for the above cases, there is no adjacent hydrogen atom for intramolecular
dehydration/elimination, so the intermolecular reaction is the only reaction available. Table 15

describes the furan and phenolic resin reaction of commercial interest:

Table 15 Examples of Furan and phenolic resins

Substituents of | 1-8 Polymer P ' 1-6 Reactants

branch 68-1 Material A 68-2 Material B
Condensation FF Furan-formaldehyde resin | Furan

(Furan) Furfural resin 0

\

Formaldehyde

Polyfurfuryl HC==0

Furfural
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33-1 Condensation: 33-4 Cellulose

Notably, the carbon backbone can comprise a sugar or its derivative, for which case the end product of
33-2 Polyether formation is-actually a 33-4 Cellulose resin, often of useful application as biodegradable

1-8 Polymer. For instance, the starting material can be glucose as shown in Equation 13:

Homopolymer

OH 7
L HO7~L7~04"
n L M{}W, ‘ g O
- OH OH ¢
Glucose Applied Voltage - OH dn

(or other types of sugars) Conducting lons

Equation 13

Similar reaction applies for derivatives of sugars such as glucose with some —OH group esterified with

acetate group as shown in Equation 14:

Derivatives: such as 33-4 Cellulose acetate

AcO 0 N
Jl\ CHy
—nH,0 07 “CH, om{
HO ‘ ~ » 00 Ho P
Applied Voltage @:{ HCo O
AcO , oy |
. Conducting lons & o
Substituted Glucose - -
Equation 14

33-4 Cellulose copolymers are also possible if different sugars are mixed in the same system during the

reaction.
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33-1 Condensation: 33-5 Polysulfide

Similar to 33-2 Polyether, 33-5 Polysulfides can be produced electrochemically from disulfide as shown

in Equation 15:

Homopolymer

"“"nHzO
T »
n HS/R NsH

Disulfide Applied Voltage ™=

Conducting lons

Equation 15

Copolymers are also possible when different disulfides are mixed together in the same system as shown

in Egquation 16:

Copolymer
R —(n+m)H,S
! 2
‘ +
o Nen M s N
Applied Volt
Disulfide Disulfide | PPME age
Conducting lons
Equation 16

The notable polysulfide reaction is described in Table 16:
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Table 16 Examples of 33-5 Polysulfides

Substituents of 1-8 Polymer P 1-6 Reactants

branch 68-1 Material A 68-2 Material B

33-5 Polysulfide | PPS  poly{phenylene sulfide) Thiophenol -

Polyphenylene sulfide

33-1 Condensation: 33-6 Polyamines

Similar to 33-2 Polyether and 33-5 Polysulfides, 33-6 Polyamines can be produced electrochemically

from diamine as shown in Equation 17:

Homopolymer

H
N. NH
"{/ RR({ Applied Voltage

N Conducting lons
Diamine g

Equation 17

Copolymers can be produced when different types of diamines are mixed in the same system as shown

in Equation 18,
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Copolymer

—1

¥

NH, ) )

oy —nT
H T H T M
n ‘ + n M MH
o m\ﬁf W S Ry
' Applied Voltage
Diamine Diamine Conducting lons
Equation 18

33-7 Transesterification: 33-8 Polyester

33-8 Polyester can be produced from 33-7 Transesterification, which is in some sense very similarto
33-1 Condensation. The simplest variant is the reaction between alcohol and carboxylic acid group in the
same molecule of hydroxyl acid as shown in Equation 19:

Homopolymer:

¥

o j:j Applied Voltage ™=
Fydroxy acic Conducting lons
Equation 19

Note that the hydroxyl acid reaction to form 33-8 Polyester is very useful for many biodegradable 1-8
Polymer production such as polylactic acid from lactic acid, and polyacrylate from acrylic acid.

The next variant is the reaction between alcohol and carboxylic acid groups in different molecules, such
as between diol and diacid as shown in Equation 20:
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" HQ/R on

Diol

64

—(7H~ myH,0
e
1o

Apphed Voltage

Diacid

Conducting lons

Equation 20

The specific reactions under the polyester class is detailed in Table 17:

Table 17 Examples-of 33-8 Polyesters

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

Substituents of

branch

1-8 Polymer P

1-6 Reactants

68-1 Material A

68-2 Material B

33-8 Polyester
Homopolymer
(Intramolecular
condensation)

Polyacid

PHB  polyhydroxybutyric
acid or polyhydroxybutyrate

Atype of

polyhydroxyalkanoates

3-hydroxybutyric acid
B-Hydroxybutyric acid

CH, Q

PLA  polylactic acid or poly | Lactic acid
lactide Ot
P - OH
o :
p T~ @
G
et 1
ly(glycolic acid) Glycolic acid

OH
HOW

O
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PHA  polyhydroxyalanoic

or polyhydroxyalkanoates

2-hydroxy propanoic acid
CH, ©

HO DOH

3-hydroxy propanoic acid
0

HO\/\/L
OH

PAR  polyarylate

Poly-4-hydroxybenzoate

4-Hydroxybenzoic acid

je
OH

- -
A
L~
- d
Regular PET Terephthalic acid Ethylene glycol
] - - HO o .
condensation o o /\/,oz«,
o7 0 OH
¢)
1
. ® e N
PBT (Polybutylene Terephthalic acid 1,4-Butanediol

terephthalate)

Veans

HO o
£
o : OH

(BD)
Tetramethylene

glycol

/\\/\/C}H
i

PBN  poly{butylene

napthalate)

s

Naphthalene-2,6-
dicarboxylic acid

2,6-
Naphthalenedicarboxylic

acid

1,4-Butanediol
(BD)
Tetramethylene

glycol

//\\\//\\/QH
HO

AMENDED SHEET IPEA/KR



66

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

Polyethylene naphthalate
PEN  poly{ethylene

naphthalate)

o

Naphthalene-2,6-
dicarboxylic acid

2,6-
Naphthalenedicarboxylic

acid

Ethylene glycol

O
" g//\\//

PCL

..

polycaprolactone

g-Caprolactone

6-Hydroxyhexanoic acid

b-Hydroxycaproic acid

HO) /\/\)L
™~ (2]

PCT  poly(cyclonhexylene

dimethylene terephthalate)

W<gael!

Terephthalic acid
1,4-Benzenedicarboxylic

acid

HG : 9]
C OH
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PCCE  poly{cyclohexlyene
dimethylene

cyclohexanedicarboxylate)

1,4-

Cyclohexanedimethanol

z OH
HO

PEC  polyester PBS polybuthylenesuccinate | Succinic acid 1,4 Butanediol
carbonate or o 9 Tetramethylene
poly{butylene NN WY\/[LWH glycol

[a] '

. n o O
succinate/carbonat N N
e)

PEC
polyestercarbonate
PES poly(ethylene Succinic acid Ethylene glycol
succinate) 2 OH
FL | HO//\V/
o Ok
0 &
0 NS
8}
. n
PTT  poly(trimethylene Terephthalic acid 1,3 Propanediol

terephthalene)

HO : Q
. OH

HQ’/\/\ ~oH
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Miscellaneous Lce Liquid-crystal 1-8

Polymer

Example

4-Hydroxybenzoic acid
p-hydroxybenzoic acid

(PHBA)

O

7

OH
b-Hydroxy-2-naphthoic

acid

HE,
O‘ OH

]

33-7 Transesterification: 33-9 Polyamide

33-9 Polyamide is a class of useful 1-8 Polymer materials, it includes bioclogical proteins and materials

such as nylon and Kevlar. In very similar pattern as 33-8 Polyester, it involves reaction between amine

and carboxylic acid groups to be produced. The simplest variant is the amino acid polymerization where

amine and carboxylic acid groups are in the same molecule as shown in Equation 21:

Homopolymer:

—'HHEO

" fé\ﬁ/R "‘T »

O

Amino acid

Applied Voltage

Conducting lons

Equation 21
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Another variant is the esterification of amine and carboxylic acid groups in different molecules, between

diamine and diacid as shown in Equation 22:

Regular Condensation:

0 O
—(n+m)H,0

o )L /U\\\ : \{ /R > /‘L /g
NH R OH

N |
"r,/ “re” HO 2 Applied Voltage
Diamine Diacid Conducting lons
Equation 22

The polyamide reaction of interest is described in Table 18:

Table 18 Examples of 33-9 Polyamides

Substituents 1-8 Polymer P 1-6 Reactants
of branch 68-1 Material A 68-2 Material B
339 Nylon Terephathalic acid p-Phenylenediamine

Polyamides PARA  poly(aryl amide) HG, O | {PPD)
(PA) PAA > < > 2
. - o OH

7
HN NH,
s
i,
&l

- tin

33-7 Transesterification: 6-7 Polycarbonates

6-7 Polycarbonates can also be produced electrochemically by reaction between diol and carbonyl
compounds as shown in Equation 23. This is a very useful reaction because the carbonyl compoeunds can
include (but not limited to) 6-1 Urea which is abundantly cheap, yet not super toxic, carbonic acid from

carbon dioxide sequestration, and dimethyl carbonates from industry as 5-3 Commaodity Chemicals. It
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also produces alcohols as 1-15 By-product which is often recovered as useful fuels or valuable 5-5

Feedstock Chemicals.

Homopolymer

— 3‘1{/ “’MM
o
- a(/ H
n /R“\ + n - "
HO OH ,
Applied Voltage
Diol Carbonyl Compounds  conducting lons

(eg: Urea, Carbonic acid
Dimethyl carbonates, )

Equation 23
When different diols are present, copolymeric carbonates can be produced as shown in Equation 24:

Copolymer

— g?(/OM”

0
o — ;f:‘?{f \H
. ] g
n H@/R Son t m%/R’m% + (m+n) \)k?) B
“ Applied Voltage

Diol Diol

Carbonyl Compounds Conducting lons °

Equation 24

Polycarbonate reaction of interest is described in Table 19:
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Table 19 Examples of 6-7 Polycarbonates

Substituents of | 1-8 Polymer P 1-6 Reactants
branch 68-1 Material A 68-2 Material B
6-7 PC Bis-phenol A {BPA) 6-1 Urea
Polycarbonates | 6-7 Polycarbonates g )CL

HN “NH,

H
0 Carbonic acid
Q
| A
HO OH

6-3 Phosgene, or
Carbonyl dihalides
O

33-7 Transesterification: 33-10 Polyanhydride

33-10 Polyanhydride can be produced electrochemically from diacid and acid anhydride as shown in

Equation 25. The by-products are carboxylic acid or its derivatives.

A S, Ly

Diacid Acid Anhydride  Applied Voltage

Conducting lons

Equation 25

33-7 Transesterification: 33-12 Polyurethane

33-12 Polyurethane can be produced electrochemically from reaction between diol and diisocyanate

and shown in Equation 26.
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n 1 RE e
aib/A\N/R \Nﬂ\w ' n%—iﬁ/ \QH

o
ﬁﬁ’\SJL\C}/R?\ o

Applied Voltage n

Diisocyanate Diol
Conducting lons

Equation 26

The specific polyurethane reaction of interest is described in Table 20:

Table 20 Examples 0f 33-12 Polyurethanes

Substituents. | 1-8 Polymer P 1-6 Reactants
of branch 68-1 Material A 68-2 Material B
33-12 WE/QT%\/\( 4,4'-Methylene diphenyl | Ethylene glycol
Polyurethane o ‘ diisocyanate OH
n HON
qn,\v/;ﬂ P i N\m}y/f‘
S 3!

33-7 Transesterification: 33-11 Polyimide

33-11 Polyimide can be produced from reaction dianhydride and diamine, or dianhydride with
diisocyanate. Dianhydride-diamine reaction is more common because diamine is more abundant as

shown in Equation 27:

0 ) P o
R 0 R, P
—H,0 >/ \/{
: R,
2] o 3 3 N T
‘ + NN NH, '
RA Applied Voltage }\R!
o E O o ’

A

Diamine 9
Conducting lons
Dianhydride

Equation 27

AMENDED SHEET IPEA/KR



PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

73

On the other hand, the dianhydride-diisocynate reaction produces carbon dioxide which can be readily

separated as gas for 1-5 Recovery as shown in Equation 28.

; o
no A Y -n {0,

G + n S mN /f?g\w m&)
R# Applied Voliage
o o

Diisocyanate )
Dianhydride Conducting lons

Equation 28

The polyimide reactions of interest is further detailed in Table 21:

Table 21 Examples of 33-11 Polyimides

Substituents of 1-8 Polymer P 1-6 Reactants
branch
68-1 Material A 68-2 Material B
Pi 33-11 PMI Methacrylic Methacrylic
Polyimide anhydride anhydride
Polymethacrylimide
0 o
| GH, H, CHy G,
i ™ |t ° o 4 b
R, .
o1 " Yo Isocyanic acid
L T Methylami
ethylamine
NP X
NH,
Haﬂ/
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PMMI Methacrylic Methacrylic
anhydride anhydride
Poly-N-methylmethacrylimide
CH; CH, G, jf\
wc/ujr IHI\QH ;—t:)kﬂ/ \g CH,
Bimethylamine Methyl isocyanate
HC
/ﬁw\ N
H.C CH,

33-7 Transesterification: 33-13 Ring opening

Ring-opening reaction is a useful way to produce 1-8 Polymer from cyclic compounds as illustrated in
Equation 29. The cyclic compounds are often heteroatom rings, containing groups such as carbonyl

(C=0), Carbonate, Ether, Ester, amine, amide, sulfide, or other groups with atoms other than Carbon

atom.
Q can be any of:
* Carbonyl o R
+ Carbonate N _R —
» Ether T Applied Voltage
© Ester Conducting lons
* Amine

Heteréamm

Cyclic compounds

Equation 29
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Note that while the equation began with the shortest ring possible which is a triangle ring, the ring can
be larger by using larger ring. In some embodiments, the resulting 1-8 Polymer comprise carbon
backbones. Some notable examples include 33-13 Ring opening of cyclic carbonates which are staple of

6-7 Polycarbonates production as shown in Equation 30 and Equation 31:

Examples: Cyclic Carbonates

/Uf\ o @
n P |
| o)

+ Applied Voltage 0

5-membered-ring |

Conducting lons
Carbonates &

Equation 30

RPN

Applied Voltage

6-membered-ring o
Carbonates Conducting lons

Equation 31

The ring-opening polymerization reaction of interest is detailed in Table 22:
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Substituents of 1-8 Polymer P 1-6 Reactants
branch 68-1 Material A 68-2 Material B
Ring-opening PPC  carbon dioxide and Propylene 1,2 carbonate | -

propylene copolymer

ow/g ,
CH, © .

Polypropylene 1,2 carbonate

(PPC)

CH,

Polypropylene 1,3 carbonate

]

Propylene 1 3 carbonate

o

Polyethylene carbonate (PEC)

Poly glycerol 1,3 carbonate

OH

B &,

Glycerol 1, 3 carbonate

&

b
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33-7 Transesterification - 33-14 Heteroatoms: Polysiloxanes Polysulfone,
Polyphosphate, polynitrate
The 33-1 Condensation and/or 33-7 Transesterification also works when the adjacent atom is 33-14
Heteroatoms: Polysiloxanes Polysulfone, Polyphosphate, polynitrate instead of carbon atom. For
instance, siloxanes can undergo 33-1 Condensation (similar to 33-2 Polyether) to form 33-15

Polysiloxanes as shown in Equation 32:

33-15 Polysiloxanes

Y —nH,0
n , ; b
HO. bt
\\R{‘ﬂ %M““QH
Applied Voltage
Siloxanes Conducting lons
Equation 32

As another example, diol can undergo 33-7 Transesterification with sulfonyl compounds (similar to

carbonyl compounds) to form 33-16 Polysulfones as shown in Equation 33.

33-16 Polysulfones

o
-n '7( ~y

s
O P “%H

R, fi 7-« ! /E}
n / . + n N/ s \R/
HO OH O S o 1
Applied Voltage
Diol Sulfonyl compounds _
Conducting lons
Equation 33
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Polyphosphonates are also possible if the heteroatom is phosphorus, as shown in Equation 34:

Polyphosphonates

] Applied Voltage
Diol Phosphonyl compounds .
Conducting lons

Equation 34

Other possibility include polynitrate, among others. The heteroatomic variants of interest are tabulated

in Table 23:

Table 23 Examples of 33-14 Heteroatoms: Polysiloxanes Polysulfone, Polyphosphate, polynitrate
polymerizations

Substituents | 1-8 Polymer P 1-6 Reactants
of branch 68-1 Material A 68-2 Material B
33-16 PSU  polysulfone Bisphenol S 2,2-Bis{4-
Polysulfone i o Bis(4-hydroxyphenyl) hydroxyphenyl)
e W if
\?/)\ =L sulfone propane
! o o,

i

i

o]

T N = s
| l ] CH, *
- Ho x & OH
Y L

Gk

Polyarylsulfon | PPSU  poly(phenylene sulfone) Bis{4-hydroxyphenyl) 4,4'-Biphenol

e (PSU) I O “J.| sulfone o @_@Ww

~
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O

AR S

/i : N
O O

33-15 Si silicone plastic Dimethylsilanediol
Polysiloxanes CH, <!3H3
gL /””&M
o ™o Ho” | “oH
CHy CH,
Polyaryl BHDB-polyphosphonate 4,4’- Phenylphosphonic
phosphonate P bishydroxydeoxybenzoi
./ﬂv‘ N n (BHDB)
. .
I
P
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Chemical 7-5 Process

As outlined in Figure 34, the 7-5 Process generally involves 34-1 Concept, 34-2 Recovery elimination,

34-3 Retrofitting, 34-4 Waste Management and finally 34-5 Block Flow Diagram.

34-1 Concept

The first variant of the electrochemical 1-8 Polymer production 5-1 elerGreen Process, illustrated by
Figure 35, is that very similar to the conventional 7-5 Process, but instead with the 1-2 Conventional
Reactor requiring significant 1-11 Heat, 1-12 Pressure and 1-13 Catalyst, replaced by 35-1
Electrochemical Reactor that uses 3-1 Electricity and 6-6 Conducting ions. While 1-11 Heat and 1-12
Pressure is generally not needed, it can still be added to the 35-1 Electrochemical Reactor as necessary
depending on the type of reaction, and even in that case often with substantially lower temperature and

1-12 Pressure than the conventional 7-5 Process.

The general variant, Variant 1, can be used when the 1-15 By-product is valuable but harmful when 36-1
Discharge to environment is involved, such as amines and alcohols. For this case, 1-5 Recovery unit is
used to recover the valuable {though harmful if released to environment) 5-5 Feedstock Chemicals for

sale instead of discharging/disposal, at the cost of more complex 7-5 Process.

34-2 Recovery elimination

Another variant, Variant 2, illustrated by Figure 36, is a simpler case than Variant 1, in that the 1-15 By-
product is not recovered and simply discharged at 36-1 Discharge. This can be used when the 1-15 By-
product are neither harmful nor valuable, such as water in many cases of reaction. This allows the cost

to be even lower due to the elimination of 1-5 Recovery which incurs capital and operating costs.

34-3 Retrofitting

While many other greentech 7-5 Process involves rebuilding the entire different 7-5 Process, the novel
electrochemical 1-8 Polymer production 5-1 elerGreen Process involves replacing the core 1-2
Conventional Reactor with 35-1 Electrochemical Reactor, while retaining (if not minimally adjust) the

complementary operation units or existing industrial standards as illustrated by Figure 37,
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The compatibility with conventional system allows buying a regular plant and just renovate the 1-2
Conventional Reactor into 35-1 Electrochemical Reactor, in contrary to building.a wholly different
chemical plant from scratch. As a result, the pitfalls of over-budget as in many greentech can be
avoided, while the acquisition of conventional plant itself also serves to allow the project to take much
shorter time to implement, besides offering a stream of income to serve the bonds/loans used for
acquisition, besides making use of the established market share since the products remains the same

after renovation, just substantially lower cost.

The way to perform the 34-3 Retrofitting is to insert the 35-1 Electrochemical Reactor as 37-1 Bypass
into a 1-2 Conventional Reactor system. This can be achieved by constructing the 35-1 Electrochemical
Reactor on site, connecting parallel piping 37-1 Bypass system as alternative, troubleshooting the

alternative system and finally decommissioning the conventional system.

For purpose of 34-3 Retrofitting, a novel setup for distillation column has also been involved, to switch
between solvent a top of distillation column to solvent at bottom, via simple connection of 7-6 Piping

and switch valves.

34-4 Waste Management

Another variant, involving add-on of 34-4 Waste Management unit, is illustrated in Figure 38. For 34-4
Waste Management, 38-1 Waste Extraction eguipment would be needed. A simple variant is installing
the 38-1 Waste Extraction equipment upstream to extract the active ingredients (that are usually the
substances that makes the 5-2 Chemical wastes toxic) from 5-2 Chemical wastes. Alternatively, the 38-1
Waste Extraction can be a separate chemical 7-5 Process, even in another plant, with the isolated active
ingredient shipped to the 1-8 Polymer production facility and stored in a regular material storage tank.
The 38-1 Waste Extraction equipment consists of regular separation 7-5 Process equipment including
but not limited to solvent extractor and distillation column, though the exact type and specification of
38-1 Waste Extraction equipment to be used depends on the 5-2 Chemical wastes and active ingredient

of interest on a case-by-case basis of chemical engineering.

To illustrate the 34-1 Concept, an example is 38-1 Waste Extraction of ethylene glycol from paint sludge

and spent antifreeze 34-4 Waste Management. Ethylene glycol would cause neurological damage,
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vomiting and death upon ingestion, and is hazardous to environment when it is discharged together
with paint sludge and spent antifreeze. However, ethylene glycol itself, when concentrated in industrial
grade, is a material to produce polyethylene glycol (of industrial and medical use), besides being a 5-5
Feedstock Chemicals of interest for chemical industry and could be easily sold for money. Ethylene
glycol could be isolated from paint sludge using distillation column or other separation processes such as
membrane filtration. For the purpose 1o integrate such 34-4 Waste Management into the 1-8 Polymer
production 7-5 Process, the separation equipment together with 5-2 Chemical wastes storage tank, can
be installed upstream, before the storage tank, to continuously isolate ethylene glycol to be stored in
material storage tanks. Alternatively, the 34-4 Waste Management can be implemented in another plant
site {can be same owner or just be owned by another entity including but not limited to supplier and
34-4 Waste Management client) designated for 34-4 Waste Management plant and have the isolated

ethylene glycol shipped by chemical truck to the polymer 7-5 Process site.

34-5 Block Flow Diagram

As detailed in Figure 39, the general 7-5 Process consists of multiple blocks: Materials, 1-1 Preparation,,

Synthesis, 1-3 Solid Separation, 1-4 Processing and 1-5 Recovery.
Materials:

Materials block consists of 1-6 Reactants tanks, Feed Tank A, while other 1-6 Reactants such as Feed
Tank B or even Feed Tank C, D, E, F, are possible. 68-1 Material A is usually supplied by a chemical tank
truck into an inlet, usually but not necessarily at the top of Feed Tank A. Feed Tank A has a drain, usually
at the bottom, to drain the tank for purposes such as 59-3 Maintenance, cleaning and decommissioning.
68-1 Material A exits from Feed Tank A, by an outlet usually but not necessarily at the bottom, into

Mixing Tank.

In some implementations, for polymerization reaction involving more than one monomer, other
materials are needed, warranting the need for other feed tanks in parallel to Feed Tank A. For the case
of 68-2 Material B, it is usually supplied by another chemical tank truck into an inlet, usually but not
necessarily at the top of Feed Tank B. Feed Tank B, like Feed Tank A has a drain, usually at the bottom,

to drain the tank for purposes such as 59-3 Maintehance, cleaning an decommissioning. 68-2 Material B
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exits from Feed Tank B, by an outlet usually but not necessarily at the bottom, into Mixing Tank. If other
materials such as Materials C, D, E, F et cetera are needed, especially for copolymerization, then Feed
Tank C, D, E, F et cetera would be added in parallel accordingly, similar to addition of Feed Tank B in

parallel.

1-1 Preparation:

1-1 Preparation consists of a mixing tank, a heater and a pump. The mixing tank mixes the 1-6 Reactants,
Materials Aand B, aswell as C, D, E, F, and so on if applicable, with the 1-7 Electrolyte, which consists of
unreacted 68-1 Material A and B, as well as C, D, E, F, and so on if applicable, 6-6 Conducting ions {such
as 68-3 Dissolved Salt), and if applicable, 32-1 Additives and 31-1:Cosolvent. The mixer consists of
stirring, usually but not limited to mechanical means by stirring vane driven by motor or engine. In some
implementations, the motor or engine need not be connected physical to the vane by shaft, instead can
induce vane movement through indirect influence such as magnetic field similar to a 68-5 Magnetic stir
bar, in some cases the magnetic field change can be induced by inductor system such that not even
motor/engine is needed. In some implementations, stirring can be done without mechanical method of
motor or engine, such as using ultrasound to vibrate the molecules, or by multiple corners and barrier to
create turbulence in a static mixer for the species to mixed uniformly, or by bubbling gas into the liquid

phaseto induce mixing.

The mixed 1-7 Electrolyte, comprised of 68-1 Material A and 68-2 Material B, C, D, E, F as applicable,
solute/68-3 Dissolved Salt, as well as 32-1 Additives and 31-1 Cosolvent as applicable, then exits the
mixer by an outlet, usually but not necessarily located at bottom of the mixing tank. It is then heated
using the heater and fed into the 40-3 Pumps/Compressor. in some implementations, the heater can be
replaced by other means of heating such as a heat exchanger that heats the stream up via conduction
and convection with another fluid with higher temperature, usually but not limited to hot steam, hot
water or heating oil. In some implementations when cooling is needed, the heater can be replaced by a
cooling unit instead. In some implementations where neither heating nor cooling of 1-7 Electrolyte is

necessary, heating and/or cooling unit can be eliminated.

The 1-7 Electrolyte then enters a 40-3 Pumps/Compressor to increase the fluid 1-12 Pressure up to the

needed level for subsequent chemical reaction. While compressor is usually used, it can be replaced by a
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pump, such as a centrifugal pump for cost reduction purpose when the 1-12 Pressure needed is not
high. In some implementations, the 40-3 Pumps/Compressor can exchange position with
heating/cooling unit upstream, that is, the 40-3 Pumps/Compressor can be placed before heater,
instead of the default setup of the heater before 40-3 Pumps/Compressor. In some implementations
where 1-12 Pressure is not involved, the 40-3 Pumps/Compressor unit can be eliminated. The mixture

with the appropriate temperature and 1-12 Pressure subsequently enters into the Synthesis block.

Synthesis:

The Synthesis block begins with a switch valve to direct the 1-7 Electrolyte to 2 possible paths:

a. Conventional option

The 1-7 Electrolyte then enters a 1-2 Conventional Reactor with adjustable temperature and 1-12
Pressure, where the 1-6 Reactants in the mixture reacts to form 1-8 Polymer, usually as suspension in
the mixture, and the 1-15 By-product chemical. Depending on specific 7-5 Process need, the 1-2
Conventional Reactor may come with a heating/cooling fluid jacket or thermal insulation for
temperature 7-7 Control and safety, as well as reinforced/fortified 1-2 Conventional Reactor wall and/or
1-12 Pressure relief valve or rupture disk for 1-12 Pressure safety. The 1-2 Conventional Reactor can
involve stirring with vanes driven by motor/engine, in some implementations, the mechanical
transmission may not involve direct shaft contact, instead can be non-contact influence such as
magnetic field for 68-5 Magnetic stir bar. In some implementations, the movement can be brought
about via changing magnetic field by inductor system rather than magnet fixed to motor/engine. In
some implementations, mixing can be induced non-mechanically such as ultrasound to vibrate
molecules, or multiple corners/obstacles to create turbulence in stream flow. In some implementations,
absence of mixing may be beneficial to reaction efficiency by reducing dilution of 1-6 Reactants, for such

purpose a plug flow 1-2 Conventional Reactor is used instead.

The 1-14 Spent electrolyte, with the 1-8 Polymer and the 1-15 By-product is then enters a filter to
separate the 1-8 Polymer from the mixture. In some implementation, the filter can be replaced by other
means of solid-liquid separation such as a cyclone. The solid 1-8 Polymer exits the filter, or the solid-

liquid separation unit, and passes through a switch valve that merges with the electrochemical path into
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the 1-3 Solid Separation block. The liquid phase of 1-14 Spent electrolyte, containing the 1-15 By-
product chemical, exits the filter, or the solid-liquid separator unit, from another outlet, and passes

through another switch valve that merges with the electrochemical path.

b. Electrochemical option

The electrochemical path consists of the novel 35-1 Electrochemical Reactor, where the 1-6 Reactants in
the mixture reacts to form 1-8 Polymer and 1-15 By-product. The 35-1 Electrochemical Reactor comes
with adjustable operating current, 6-5 Applied Voltage, blade position, electrode speed, and if applicable
temperature and 1-12 Pressure. Depending on specific 7-5 Process need, the 35-1 Electrochemical
Reactor may come with a heating/cooling fluid jacket or thermal insulation for temperature 7-7 Control
and safety, as well as reinforced/fortified 9-20 Vessel wall and/or 1-12 Pressure relief valve or rupture
disk for 1-12 Pressure safety. While stirring is provided by default for 35-1 Electrochemical Reactor via
the relatively movement of electrode against the 1-7 Electrolyte, the 35-1 Electrochemical Reactor can
involve stirring with vanes driven by motor/engine. in some implementations, the mechanical
transmission may not involve direct shaft contact, instead can be non-contact influence such as
magnetic field for 68-5 Magnetic stir bar. In some implementations, the movement can be brought
about via changing magnetic field by inductor system rather than magnet fixed to motor/engine. In
some implementations, mixing can be induced non-mechanically such as ultrasound to vibrate
molecules, or multiple corners/obstacles to create turbulence in stream flow. In some implementations,
absence of mixing may be beneficial to reaction efficiency by reducing dilution of 1-6 Reactants, for such
purpose a plug flow 35-1 Electrochemical Reactor is used instead. Depending on specific 7-5 Process
need, a 9-17 Gas Removal can be installed onto the 35-1 Electrochemical Reactor, especially the
specialized 9-17 Gas Removal designed for this purpose previously described, can be used to remove gas
evolved as further 1-15 By-product of electrochemical reaction, such as hydrogen and oxygen from

water splitting when substantial water is present in the 1-7 Electrolyte.

The 3-5 Solid Deposit of 1-8 Polymer is removed from electrode continuously by the 9-8 Solid Removal
of the 35-1 Electrochemical Reactor, and subsequently transported out of the 35-1 Electrochemical
Reactor. While for the 9-9 Solid Transport is designed to be a stream of 21-2 Washing fluid in an open

fluid 9-12 Channel to collect the 1-8 Polymer solid powder and carry it to subsequent 1-3 Solid
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Separation block, in some implementations such 9-9 Solid Transport is performed mechanically by a
9-11 Conveyor belt. The 1-8 Polymer soaked with some residual 1-14 Spent electrolyte, with or without
the 21-2 Washing fluid, then converges with 1-2 Conventional Reactor path at a switch valve. The
merged stream is then fed into the 1-3 Solid Separation block where it is washed with water, or a

relevant 21-2 Washing fluid, and then further processed to 1-10 Polymer product.

1-3 Solid Separation:

The 1-3 Solid Separation block consist of a Washer, usually but not limited to a stirred mixing tank with
stirrer driven by motor/engine. In some implementations, the motor and engine need not be connected
physical to the vane by shaft, instead can induce vane movement through indirect influence such as
magnetic field similar to a 68-5 Magnetic stir bar, in some cases the magnetic field change can be
induced by inductor system such that not even motor/engine is needed. In some implementations,
stirring can be done without mechanical method of motor or engine, such as using ultrasound to vibrate
the molecules, or by multiple corners and barrier to create turbulence in a static mixer for the species to
mixed uniformly, or by bubbling gas into the liguid phase to induce mixing. The 21-2 Washing fluid with
1-8 Polymer suspension and trace 1-14 Spent electrolyte, is fed into the washer where the 1-14 Spent
electrolyte dissolves into the 21-2 Washing fluid, again from the 1-8 Polymer solid. The suspension

diluted with 21-2 Washing fiuid is then passed on a downstream Settler.

The Settler is a large vessel that allows the mixture of 21-2 Washing fluid with trace dissolved 1-14 Spent
electrolyte and suspended 1-9 Clean polymer to stay stationary, to separate the 1-9 Clean polymer1-8
Polymer suspension by gravity. In some implementations, such polymer separation can be performed by
other means such as centrifugation, filtration or cyclones. The spent 21-2 Washing fluid exits the Settler
via an outlet, usually but not necessarily at the top, while the 1-9 Clean polymer sediment exits the
Settler via another outlet, usually but not necessarily at the bottom, considering the usual case of 1-9
Clean polymer being heavier than the 21-2 Washing fluid and settles at the bottom. In some
implementations where 1-9 Clean polymer is lighter than the fluid, the 1-9 Clean polymer solid would be
skimmed by an outlet at the top while the 21-2 Washing fluid would be drained at the bottom instead.
The spent 21-2 Washing fluid is recirculated to the washing fluid tank while the 1-9 Clean polymer

sediment is passed to the dryer to dry the remaining 21-2 Washing fluid from 1-9 Clean polymer.
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The dryer is usually a spray dryer that dries by spraying the sediment to increases surface area and
residence time in a heated chamber to allow vaporization of 21-2 Washing fluid. In some
implementations, it can be other types of dryer such as centrifugal dryer or rotary dryer. They all work in
a mechanism to provide high surface area and elevated temperature to allow the remaining fluid to
vaporize away form the 1-9 Clean polymer solid. The 21-2 Washing fluid is collected as vapor stream at
the outlet, usually but not necessarily at the top, while the 1-9 Clean polymer solid falis to the bottom of
the drying chamber and is continuously fed to the next unit of molding machine to further process into
1-10 Polymer product. The gas outlet is subsequently condensed and recirculated to the washing fluid

tank.

Note that the 1-3 Solid Separation block has a supporting washing fluid tank to enable recirculation and
recycling of 21-2 Washing fluid to save cast and reduce environmental footprint, It serves as reservoir to
supply both 35-1 Electrochemical Reactor and washer with the 21-2 Washing fluid, while collecting

spent fluid from both Settler and Dryer.

1-4 Processing:

The 1-4 Processing block begins with the molding machine which works by melting the 1-9 Clean
polymer powder, and then shape the 1-9 Clean polymer into desired shapes of 1-10 Polymer product.
Depending on the type of 1-10 Polymer product, different molding techniques are employed. For long
cylindrical shapes such as plastic straw and strings, extrusion molding is usually used. For closed hollow
bodies such as bottles, blow molding is used. For some sophisticated shapes such as figurine and toys,
injection molding is used. The 1-9 Clean polymer powder moved through the machine is usually but not

limited toscrew drive or 9-11 Conveyor belt.

The finished 1-10 Polymer product is subsequently passed onto the polymer packing unit to arrange into
a package. For instance, plastic straws would be counted and assembled by machine into a defined
package, such as a pack of 100, before the packaging such as a bag holding the assemble, is sealed by
machine. The packages are subsequently arranged into a batch, either manually by workers or
automatically by machine, and stored before each batch of truck arrival to truck the product away for

delivery and sales.
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1-5 Recovery:

The 1-5 Recovery block, begins with a switch valve to direct the 1-14 Spent electrolyte to 2 possible

paths, depending on the type of 1-15 By-product:

a. Sorption Unit

If the 1-15 By-product is both low-value and benign, such as water, then a sorption unit can be used to
strip off 1-15 By-product from 1-14 Spent electrolyte and dispose, while recycling the 1-7 Electrolyte.
The sorption unit usually consists of a sorbent that isolates 1-15 By-product from the 1-14 Spent
electrolyte, by either adsorption, absorption, or chemisorption. In the often case that the 1-15 By-
product turns out to be water, which is both low-value and benign, the sorption unit can be a desiccator
where water is absorbed by some drying agents such as calcium sulfate or magnesium sulfate. The
desiccator can then be recovered afterwards, usually but not limited to heating, to release absorbed

water as vapor to be discharged to environment with minimal impact.

In some implementations, the sorption unit can be replaced by other conventional device to strip 1-15
By-product of 1-14 Spent electrolyte, including blow/spray dryer where the stream is sprayed against

hot air such that the 1-15 By-product vaporizes away.

b. By-product 1-5 Recovery

If the 1-15 By-product is some 5-5 Feedstock Chemicals to be recovered, such as 6-9 Ammonia or some
alcohols, which has both resale value and adverse impact to environment, the by-product 1-5 Recovery,
though usually being more costly than sorption unit is used to recover the 1-15 By-product for resale

instead of 36-1 Discharge.

The by-product 1-5 Recovery path begins with a solvent extractor where the 1-14 Spent electrolyte, with
the 1-15 By-product to be isolated, is fed into the solvent extractor, while a solvent with selective
solubility to the 1-15 By-product flow into another inlet. While in many cases, the incoming solvent and
incoming 1-14 Spent electrolyte are usually in countercurrent flow figuration for better isolation
efficiency, in some other implementations a crossflow or parallel flow is used to suit the specific

situation.
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The solvent extractor usually also involves mixing between 1-14 Spent electrolyte and solvent phase via
stirrer driven by motor/engine. In some implementations, the motor and engine need not be connected
physical to the vane by shaft, instead can induce vane movement through indirect influence such as
magnetic field similar to a 68-5 Magnetic stir bar, in some cases the magnetic field change can be
induced by inductor system such that not even motor/engine is needed. In some implementations,
stirring can be done without mechanical method of motor or engine, such as using ultrasound to vibrate
the molecules, or by multiple corners and barrier to create turbulence in a static mixer for the species to
mixed uniformly, or by bubbling gas into the liquid phase to induce mixing. In some other
implementations, turbulence is created between 1-14 Spent electrolyte and solvent phase, by insertion
of barriers or 7-6 Piping setup to collide 1-14 Spent electrolyte and solvent flow against each other, to

enhance mixing.

The resulting solvent, enriched with the 1-15 By-product, then exits the solvent extractor into a
distillation column to separate the 1-15 By-product from the solvent. The distillation column is usually a
column, or a tower, with either distillation packing or distillation trays/plates. There is a reboiler at the
bottom to provide the necessary 1-11 Heat for distillation, and a condenser at the top. While the
reboiler is usually a heater, in some implementations the reboiler is other means of heating such as heat
exchanger with hot steam, hot water or hot oil as heating fluid. While the condenser is usually a heat

exchanger with a cooling fluid such as water, in some implementations it can also be a cooler instead.

However, where the solvent and 1-15 By-product come out of the distillation column depends on their
boiling point relative to each other warranting a very unique distillation column setup at 5-1 elerGreen
Process, where there is flexible 7-6 Piping of top and bottom. First of all, the top outlet of the column
produces the enriched low key component, namely the species with the lower boiling point while the
bottom outlet produces the enriched high key component, namely the species with the higher boiling
point. While in many cases the solvent is the low key component exiting at the top and 1-15 By-product
is the high key component exiting from the bottom, in some other cases it is the opposite, namely the

solvent exiting from the bottom while the 1-15 By-product exiting at the top.

At the top outlet, there is a switch valve that directs the top to either of 2 paths:
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a. Ifthe top is 1-15 By-product, the top is directed to a switch valve leading to the 1-15 By-product
tank

b. If the top is solvent, itis directed to another switch valve leading to solvent extractor.

At the bottom outlet also, there is yet another switch valve that directs the bottom to either of 2 paths:

a. If the bottom is 1-15 By-product, the bottom is directed to a switch valve leading to the 1-15 By-
product tank

b. Ifthe bottom is solvent, it is directed to another switch valve leading to solvent extractor,

The 1-15 By-product is then stored in a container, usually a tank, for sale. The 1-15 By-product tank is
regularly piped to a chemical tank truck to be delivered for sales. The solvent is then recycled to the

solvent extractor for continuous 1-5 Recovery process.

Also depending on efficacy of separation of 1-15 By-product, the 1-15 By-product 1-5 Recovery can also
be ather separation unit operations, such as dialysis, filtration, precipitation, based on the properties

and interactions of 1-15 By-product and 1-7 Electrolyte. The 1-7 Electrolyte stripped of 1-15 By-product,
for either path of sorption unit or by-product 1-5 Recovery, then merges at another switch valve before

being recycled back to the mixing tank.
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Implementation and 7-6 Piping

As outlined in Figure 40, the 7-6 Piping consists 0f40-1 Process Flow Diagram and Auxiliary Units, 40-2
Piping Types, 40-3 Pumps/Compressor, 40-4 Heater/Cooler, 40-5 Utility and finally 40-6 Valves.

40-1 Process Flow Diagram and Auxiliary Units

40-1 Process Flow Diagram and Auxiliary Units for the 7-5 Process implementation is detailed in Figure
41. The following are the pieces of equipment for implementation of the chemical 7-5 Process:

The 7-5 Process begins with the Feed Tank A, T-01A. The Feed Tank A has a feed inlet, usually but not
necessarily on the top of the tank, where supplier trucks can deliver 68-1 Material A by a 7-6 Piping. The
tank also has a drain, usually but not necessarily at the bottom of the tank, to drain off 68-1 Material A
for contingency purposes such as 59-3 Maintenance and troubleshooting. Stream 1A, containing mostly
component A, exits T-01A to enter Mixing Tank, M-02, and its flowrate is controlled by an inline valve, V-

01A.

In some implementations, another feedstock such as 68-2 Material B is needed. In this case, there is
another Feed Tank B, T-01B, in parallel to the Feed Tank A, T-01A. Similar to Feed Tank A, the Feed Tank
B has a feed inlet, usually but not necessarily on the top of the tank, where supplier trucks can deliver
68-2 Material B by a 7-6 Piping. The tank also has a drain, usually but not necessarily at the bottom of
the tank, to drain off 68-2 Material B for contingency purposes such as 59-3 Maintenance and
troubleshooting. Stream 1B, containing mostly component B, exits T-01B to enter Mixing Tank, M-02,

and its flowrate is controlled by an inline valve, V-01B,

In some implementations, especially the complex copolymerization reactions, even more types of
feedstock such as material C, D, E, and even F is needed. For these cases, the 7-5 Process simply involves
addition of these feed tanks in parallel to Feed Tank A, T,01A. The 7-6 Piping and connection structure is
similar to those in Feed Tank A and Feed Tank B, just by replacing the species and label with C, D, E, F,

andso on.
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The first auxiliary support unit is Cosolvent Drum, D-Q0A. The 31-1 Cosolvent, uniike the feedstocks,
depletes in more gradual way, thus storage drum, which is smaller and cheaper than a tank, is used.
While an inlet can be installed to deliver the 31-1 Cosolvent by supplier tank, it may not be required due
to the smaller holdup. Like the tanks, the drum also has a drain, usually but not necessarily at the
bottom of the drum, to drain off 31-1 Cosolvent for contingency purposes such as 59-3 Maintenance
and troubleshooting. Stream OA, containing mostly component Y, the 31-1 Cosolvent; exits D-00A to

enter Mixing Tank, M-02, and its flowrate is controlled by an inline valve, V-00A.

Another auxiliary support unit is Additive Drum, D-00B. The 32-1 Additives, like the 31-1 Cosolvent and
unlike the feedstocks, depletes in more gradual way, thus storage drum, which is smaller and cheaper
than a tank, is used. While an inlet can be installed to deliver the 32-1 Additives by supplier tank, it may
not be required due to the smaller holdup. Like the tanks, the drum also has a drain, usually but not
necessarily at the bottom of the drum, to drain off 32-1 Additives for contingency purposes such as 59-3
Maintenance and troubleshooting. Stream OB, containing mostly component Z, the 32-1 Additives, exits

D-00B to enter Mixing Tank, M-02, and its flowrate is controlled by an inline valve, V-00B,

The mixing tank, M-02, has inlets from Stream 1A, 1B, 0A, and 0B as previously described. In addition,
there is another inlet, Stream 2R as recycled 1-7 Electrolyte stream, where the details would be
described in electrolyte 1-5 Recovery, There is mechanism to mix the Stream 1A, 1B, 0A, 0B and 2R,
usually but not necessarily by mechanical means such as a stirrer driven by motor-or engine. In some
implementations, the mixing can be done non-mechanically and/or non-stirring such as by bubbling the

vessel using air, or using ultrasound to induce liguid mixing by molecular vibration.

Mixed 1-7 Electrolyte exits the mixing tank, M-02, as Stream 2, containing components A, B, S, Yand Z,
where component S is the 68-3 Dissolved Salt/solute. The temperature of Stream 2 is controlled by an
inline heater, H-02. In some implementations, the heater can be replaced by other means to control
temperature of a stream, such as heat exchanger, or even cooling unit if reduction in temperature is
desired. On the other hand, the 1-12 Pressure of Stream 2 is controlled by an inline compressor, Q-02,
with its flow rate controlled by an inlet valve, V-02. In some implementations, the compressor can be
replaced by a pump to reduce cost. The flow direction of Stream 2, whether flowing to the 1-2

Conventional Reactor, CR-03A, or the 35-1 Electrochemical Reactor, ER-04, is then determined by an
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inline switch valve, S-03A, which is usually but not necessarily designed such the flow are mutually
exclusive, meaning Stream 2 can only flow to either 1-2 Conventional Reactor, CR-03A, or 35-1
Electrochemical Reactor, ER-04, one at a time but not both at the same time. In some implementations,
the switch valve can be replaced by a three-way valve to enable parallel operation of conventional and
eleetrochemical units, especially when 34-3 Retrofitting is involved, to minimize operation disruptions,
which would lead to interruption of revenue generation, in 34-3 Retrofitting conventional polymer

plants.

For 42-1 Conventional Reaction Stream as highlighted in Figure 42, after passing through switch valve S-
03A, Stream 2 enters the 1-2 Conventional Reactor CR-03A, where polymerization reaction is induced
under 1-11 Heat and 1-12 Pressure to form 1-8 Polymer P and 1-15 By-product H. Depending on the 7-5
Process conditions, 7-5 Process safety measures may be imposed on the 1-2 Conventional Reactor, such
as pressure-resistant 1-2 Conventional Reactor wall, and cooling fluid {usually but not necessarily water)
jacket to avoid overheating. There may also be a 1-12 Pressure relief valve that opens to release avoid
bursting when the 1-12 Pressure becomes too high for any reason. While the 1-2 Conventional Reactor
is a stirred tank 1-2 Conventional Reactor where mixing is induced mechanically by stirrer driven by
motor/engine, mixing can be induced by other methods such as ultrasound to induce molecular

vibration and bubbling gas into the liquid mixture.

The reacted mixture, Stream 3A, containing residual 68-1 Material A, B, 68-3 Dissolved Salt/solute S,
31-1 Cosolvent Y, 32-1 Additives Z, as well as formed 1-8 Polymer P and 1-15 By-product H, then exits
1-2 Conventional Reactor CR-03A. The 1-12 Pressure may drop substantially upon exiting the 1-2
Conventional Reactor, thus is bumped up again by a pump P-03A, while the flow of Stream 3A is
controlled by a valve V-03A. The Stream 3A then enters a filter, CF-03B, via 42-2 Conventional Solid
Stream, where the solid 1-8 Polymer P is filtered from the reacted mixture. The remaining of the
mixture, Stream 3B, then exits the filter CF-03B as 42-3 Conventional Mixture Stream to pass through

switch valve S-03B.

For the alternative 43-1 Electrochemical Reaction Stream as highlighted in Figure 43, after passing
through switch valve S-03A, Stream 2 enters the 35-1 Electrochemical Reactor ER-04 instead, where

polymerization reaction is induced under 6-5 Applied Voltage (under 1-11 Heat and 1-12 Pressure if
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necessary, though usually not needed) to form 1-8 Polymer P and 1-15 By-product H. Depending on the
7-5 Process conditions, 7-5 Process safety measures may be imposed on the 35-1 Electrochemical
Reactor, such as cooling fluid (usually but not necessarily water) jacket to aveid overheating. There may
also be a 9-17 Gas Removal to collect gas evolved from secondary reactions, such as hydrogen and
oxygen gases from water splitting, usually when water is a significant component of the mixture. While
mixing can be brought about by the relative movement of the electrode surface against the 1-7
Electrolyte fluid itself, additional mixing can be imposed by mechanical stirrer driven by motor/engine,

or non-mechanically by ultrasound or bubbling gas.

For the 35-1 Electrochemical Reactor, the 9-17 Gas Remaoval setup begins with intake of ambient air in
Stream 4L, comprised of mostly air U into the 35-1 Electrochemical Reactor volume, and gas outlet of
the 35-1 Electrochemical Reactor as Stream 4H, comprises of mostly air U and some evolved gas G from
the reaction. A blower B-04 is used to drive Stream 4H by blowing action to fumehood, while driving

Stream 4L by suction action from ambient air.

The formed 1-8 Polymer P is recovered in the gas phase of the 35-1 Electrochemical Reactor, to be sent
into washing stage via 43-2 Electrochemical Solid Stream. There is an 21-4 Washing fluid inlet from the
Washing Fluid Tank T-05B to flow into the 35-1 Electrochemical Reactor ER-04, controlled by valve V-04,
to flush the removed 3-5 Solid Deposit of 1-8 Polymer P as suspension in the 21-2 Washing fluid, which
exits the 35-1 Electrochemical Reactor ER-04 via 21-5 Washing fluid outlet and passes through switch
valve 5-04 as Stream 4. Stream 4, comprised of mostly 21-2 Washing fluid (usually but not limited to
water} and the solid 1-8 Polymer P suspension, then enters into Washer WP-05A. The conventional path
on the other hand, would also pass through the switch valve S-04 to converged into the same washing

stage as electrochemical path.

At the Washer WP-05A, other than the inlet Stream 4 previously mentioned, there is also an inlet of
21-2 Washing fluid Stream 5B, comprised of mostly 21-2 Washing fluid W, with flow rate controlled by
an inline valve V-05B. While the washer is usually but not limited to a mixer with the stirrer driven by
motor/engine, mixing can also be induced by other methods such as ultrasound to induce molecular
vibratien and bubbling gas into the liquid mixture. The washing action is induced by the mixing between

solid suspension of 1-8 Polymer P and the 21-2 Washing fluid W, where the adsorbed or absorbed 1-14
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Spent electrolyte dissolved from the 1-8 Polymer P particle into the 21-2 Washing fluid W. The outlet is
Stream 5A, comprised of suspended 1-8 Polymer P but with only trace {acceptable level)
adsorbed/absorbed 1-14 Spent electrolyte, and 21-2 Washing fluid with trace 1-14 Spent electrolyte

dissolved, with the flow rate controlled by an inline valve V-05A.

Stream 5A subsequently enters the Settler SP-06 to further separate the solid 1-9 Clean polymer P from
the 21-2 Washing fluid W. The settler is usually but not necessarily a vesse! with large holdup to aliow
the 1-9 Clean polymer P suspension to settle to the bottom of the tank, thus separating the 1-9 Clean
polymer P from 21-2 Washing fluid W by gravity. In a usual but not necessary setup, the 21-2 Washing
fluid W outlet is at top of the tank while the 1-9 Clean polymer P outlet is at the bottom-of the tank,
corresponding to their region of enrichment by gravity. In some implementations, some 32-1 Additives
as coagilation agents are used. The 21-2 Washing fluid W, as Stream 6B, is subsequently recirculated
back into the Washing Fluid Tank T-05B. For Stream 6B, the flow rate is controlled by an inline valve V-
06B, and a pump P-068 is usually needed to burmp up the 1-12 Pressure because the 21-2 Washing fluid
1-12 Pressure is low for being at the top of the tank. The 1-9 Clean polymer P, thickened by the settling
action, is then passed as Stream 6A into the Dryer DP-07, with flow rate controlled by an inline valve V-

06A.

At Dryer DP-07, the Stream 6A; comprised of mostly 1-9 Clean polymer P suspension and some 21-2
Washing fluid, is heated and sprayed in the drying chamber. The heating can be performed before the
spraying, or by blowing hot gas/air in the drying chamber, or both. The drying chamber simply refers to
the volume of the dryer vessel where sufficient height is usually allocated for the 21-2 Washing fluid W
to evaporated from the 1-9 Clean polymer particle P as the mixture falls through the drying chamber.
The drying chamber has an outlet, usually but not necessarily at the top of the chamber, to collect
vapours of evaporated 21-2 Washing fluid Stream 78, with flow rate controlled by an inline valve V-07B.
Stream 7B subsequently is condensed into liquid form at condenser X-07B, usually but not limited to a
heat exchanger {can be a cooler instead in some implementations). The condensed Stream 7B, like
Stream 6B, is subsequently recirculated back into the Washing Fluid Tank T-05B. The dried 1-9 Clean
polymer P is collected at the bottom as 1-9 Clean polymer powder, to be delivered mechanically as

Stream 7A to the molding machine.
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At the molding machine MP-08, Stream 7A, comprised of mostly dry 1-9 Clean polymer P powder, is
conveyed mechanically, usually but not limited to continuously fashion, into the die of the molding
machine. The molding machine applies 1-11 Heat to melt the 1-9 Clean polymer powder P to form it in
desired shape of 1-10 Polymer product. Depending of the desired shape, different molding techniques
can be used. For instance, blow molding for bottle or closed container, extrusion molding for long
cylindrical shapes such as plastic strings and straws, and injection molding for non-hollow shapes: Note
that these are the general guideline but not totally restrictive, such as in some instances of short
cylindrical shapes, both extrusion and injection molding ae applicable. The formed 1-10 Polymer
product, made of 1-8 Polymer P, is then conveyed mechanically as Stream 8 into the Polymer Packing

unit PP-09,

At Polymer Packing PP-09, the formed 1-10 Polymer product is arranged and packaged, usually but not
limited to means of automated mechanical arms (cheaper options could be to hire workers to arrange
and package manually). The pack of 1-10 Polymer product is then stored as a batch of inventory waiting

to be trucked to be sold.

An auxiliary unit is the Washing Fluid Tank T-05B, serving as the reservoir for 21-2 Washing fluid
recirculation. In case of water as 21-2 Washing fluid, it has an inlet, usually but not necessarily located at
top of the tank, of 40-5 Utility water as Stream 5H, with the flow rate controlled by an inline valve V-
05H. It also has a discharge outlet Stream 5L, usually but not necessarily located at the bottom of the
tank, with flow rate controlled by an inline valve V-05L and backflow prevented by check valve C-O5L.
The 21-2 Washing fluid is supplied from the Washing Fluid Tank T-05B into the Washer WP-05A via
Stream 5B as previously mentioned. Recirculation from Stream 6B and Stream 7B, is also involved to

reduce cost and environmental impacts of the 7-5 Process.

There is also another auxiliary unit, which is the cooling fluid system from the centralized cooling fluid
drum D-16. 40-5 Utility fluid is fed into the cooling fluid drum D-16 as Stream 16C, with flow rate
controlied by an inline valve V-16C. Like the tanks, the drum also has a drain, usually but not necessarily
at the bottom of the drum, to drain off cooling fluid for contingency purposes such as 59-3 Maintenance
and troubleshooting. The first outlet is Stream 7C, with flow rate controlled by an inline valve V-07C into

the condenser X-07B to provide cooling action for condenser. The second outlet is
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Stream 13D, with flow rate controlied by an inline valve V-13D, into the condenser X-13C to provide
cooling action for condenser. Both streams 7C and 13D then merged into one Stream 16A into the heat
exchanger X-16A, before being recirculated back to the cooling fluid drum D-16. The heat exchanger X-
16A serves to cool the fluid, usually by means of cooling with air. The ambient air is blown as Stream
16B, with flow rate controlled by an inline valve V-16B, and the heated air effluent is discharged back to

the ambient air.

The 1-14 Spent electrolyte, Stream 3B, containing residual 68-1 Material A, B, 68-3 Dissolved Salt/solute
S, 31-1 Cosolvent Y, 32-1 Additives Z, and 1-15 By-product H, then exits 35-1 Electrochemical Reactor ER-

04 to pass through switch valve S-03B via 43-3 Electrochemical Mixture Stream.

From either conventional or electrochemical path, Stream 3B then enters a pump P-03B to have its 1-12
Pressure bumped up {because usually the 1-12 Pressure drops to very low after exiting either of 1-2
Conventional Reactor or 35-1 Electrochemical Reactor), with its flow controlled by valve V-03B. The flow
direction of Stream 3B, whether flowing to the sorption unit SB-10A or the solvent extractor XB-11, is
then determined by an inline switch valve, S-10A, which is usually but not necessarily designed such the
flow are mutually exclusive, meaning Stream 3B can only flow to either the sorption unit SB-10A or the
solvent extractor XB-11, one at a time but not both at the same time. In some implementations, the
switch valve can be replaced by a three-way valve to enable parallel operation of serption unit and
solvent extractor, especially when 34-3 Retrofitting is involved, to minimize operation disruptions, which

would lead to interruption of revenue generation, in 34-3 Retrofitting conventional polymer plants.

For 45-1 Sorption Stream as highlighted in Figure 45, after passing through switch valve S-10A, Stream
3B enters the sorption unit SB-10A, where the 1-15.By-product H is isolated from the 1-14 Spent
electrolyte, and onto the sorbent, usually via either absarption or adsorption. The sorbent is simply a
solid of suitable material, including but not limited to silica or alumina to absorb/adsorb water. The
sorbent can either be replaced in batches during 59-3 Maintenance, or be replaced in continuous
operation. The recovered 1-7 Electrolyte exits sorbent unit SB-10A and then passes through the switch

valve S-10B to Stream 11B.

For continuous operation, the sorbent is attached onto a 9-11 Conveyor belt unit in and out between

the sorbent unit SB-10A and the sorbent regenerator SR-10B. Stream 10A, containing mostly the sorbent
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V and the absorbed/adsorbed 1-15 By-product H, is fed into the sorbent regenerator SR-10B. The
sorbent regenerator SR-10B usually but not necessarily work by heating the sorbent material strongly to
release the adsorbed 1-15 By-product H. The released 1-15 By-product H is then released into ambient
air if it is benign, such as water vapour. In some implementation, the released 1-15 By-product H is first
scrubbed, such as when it is 6-9 Ammonia, before being released to ambient air. Stream 10B, consisting

of mostly recovered sorbent V, is then recycled into the sorption unit SB-10A.

For 44-1 Solvent Extraction Stream as highlighted in Figure 44, after passing through switch valve S-10A,
Stream 3B enters the solvent extractor XB-11, where the 1-15 By-product H is isolated from the 1-14
Spent electrolyte, and onto the solvent phase. The solvent phase enters as Stream 13B, that consists of
mostly solvent X. There is an inline pump P-13B to bump up the 1-12 Pressure before entering solvent
extractor XB-11, with the flow rate controlled by a valve V-13B. The solvent phase exits as Stream 11A,
comprised of mostly the solvent X and the 1-15 By-product H, with the flow rate controlled by valve V-
11A. The recovered 1-7 Electrolyte exits solvent extractor XB-11 and then passes through the switch

valve S-10B to Stream 11B.

For solvent extractor, there is a n auxiliary support unit, the solvent drum D-12 to regulate the solvent
holdup level. The solvent, unlike the feedstocks, depletes in more gradual way, thus storage drum,
which is smaller and cheaper than a tank, is used. While an inlet can be installed to deliver the solvent
by suppliertank, it may not be required due to the smaller holdup, Like the tanks, the drum also hasa
drain, usually but hot necessarily at the bottom of the drum, to drain off solvent for contingency
purposes such as 59-3 Maintenance and troubleshooting. Stream 12A from solvent drum D-12,
comprised of mostly solvent X, enters the solvent extractor XB-11, with flow rate controlled by valve V-
12A, while backflow is prevented by check valve C-12A. The excess solvent as Stream 12B, comprised of
mostly solvent X, with flow rate controlled by valve V-12B and backflow prevented by check valve C-128B,

exits the solvent extractor XB-11 and enters solvent drum D-12.

At the solvent extraction path, there is also a distillation column DB-13 downstream of the solvent
extractor XB-11 to purify the 1-15 By-product H while recycling the solvent X. Stream 11A, comprised of

mostly solvent X and 1-15 By-product H, enters distillation column DB-13 from solvent extractor XB-11.
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The distillation column consists of a tower of material, usually but not limited to either distillation

packing or distillation trays.

At the bottom of the distillation column DB-13, there is a reboiler H-13L, usually a heater {but not
necessarily, can be a heat exchanger instead} to heat up the column with the fluid inside. The bottom
stream is split into 2 streams, one enters the reboiler H-13L while another passes through a switch valve
S-13L. Stream 13Lis heated by the reboiler H-13L so it could subsequently pass the 1-11 Heat into
distiliation column DB-13, with the flow rate controlled by valve V-13L. Another stream passes through
the switch valve S-13L subsequently is directed into either of the 2 paths, to switch valve S-13B or to
switch valve S-13A. When it is directed to switch valve $-13B, it would be recycled to the solvent
extractor XB-11, as Stream 13B, where the 1-12 Pressure would be bumped up by pump P-13B and flow
rate controlled by valve V-13B as previously mentioned and illustrated by 46-2 Bottom-to-solvent
Stream in Figure 46. When it is directed to switch valve $-13A, it would enter the by-product tank TB-14
as Stream 13A to be stored, with flow rate controlled by valve V-13A, illustrated by 47-2 Bottom-to-tank

Stream in Figure 47.

At the top of the distillation column DB-13, there is a condenser X-13C, usually a heat exchanger (but
not necessarily, can be a cooler instead) to cool down the column with the fluid inside. The top stream,
Stream 13C, comprised of mostly 1-15 By-product, after passing through the condenser X-13C, is split
into 2 streams, one re-enters the distillation column DB-13 while another passes through a switch valve
§-13H. Stream 13H has its flow rate controlled by valve V-13H before being recycled to the distillation
column DB-13. Another stream passes through the switch valve S-13H subsequently is directed into
either of the 2 paths, to switch valve S-13B or to switch valve S-13A. When it is directed to switch valve
S-13B, it would be recycled to the solvent extractor XB-11, as Stream 13B, where the 1-12 Pressure
would be bumped up by pump P-13B and flow rate controlled by valve V-13B as previously mentioned
and illustrated by 47-1 Top-to-solvent Stream in Figure 47. When it is directed to switch valve S-13A, it
would enter the by-product tank TB-14 as Stream 13A to be stored, with flow rate controlled by valve V-

13A, illustrated by 46-1 Top-to-tank Stream in Figure 46.

The by-product path ends with the By-Product Tank, TB-14. The By-Product Tank TB-14 has an outlet,

usually but not necessarily on the bottom of the tank, where the 1-15 By-product H can be loaded via
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7-6 Piping onto a truck for sale. The outlet also serves as a drain to drain off 1-15 By-product for

contingency purposes such as 59-3 Maintenance and troubleshooting.

The recovered 1-7 Electrolyte, after passing through switch valve 5-10B, then combines with Stream 15B
from Reservoir Tank T-15 to merge into Stream 11B. The Reservoir Tank T-15 serves to regulate the the
level of the mixer M-02. The tank also has a drain, usually but not necessarily at the bottom of the tank,
to drain off 68-1 Material A for contingency purposes such as 59-3 Maintenance and troubleshooting.
Stream 15B exits the Reservoir Tank T-15, usually (but not necessarily) from bottom of the tank, with
flow rate controlled by an inline valve V-15B and backflow prevented by check valve C-15B. The inlet of
the tank is Stream 15A, usually (but not necessarily) from the top of the tank, with flow rate controlled

by V-15A and backflow prevented by check valve C-15A.

The Stream 11B, after being merged to form, has the 1-12 Pressure bumped up (because 1-12 Pressure
would likely drop to very low after consecutive unit operations) by a pump P-11B, with its flow rate
controlled by valve V-11B. After that, Stream 11B would split into Stream 15A to be recycled into
Reservoir Tank T-15, and Stream 2R to be recycled into the mixing tank M-02. Stream 2R would have its
flow rate controlled by valve V-02R, with backflow prevented by check valve C-02R. This closes the
recycle loop of 1-7 Electrolyte to ensure cost efficiency and low environmental footprint of the 7-5

Process.,
40-2 Piping Types

In streams where the temperature is high or low, thermal insulation is implemented. It is usually a layer
of material with low thermal conductivity, wrapped around the outer wall of the relevant pipe section.
For the process of interest, insulation is used for Stream 2 between H-02 to 35-1 Electrochemical
Reactor ER-04 and CR-03A, Stream 13C between DB-13 to S-13H, Stream 13H between X-13C to DB-13,
Stream 13L between DB-13, H-13L and S-13L.

On the other hand, the equipment can also be insulated. CR-03A, DP-07, DB-13, MP-08, SB-10A, SR-10B
may need to be insulated. In some implementation, 35-1 Electrochemical ReactorER-04 can be
insulated. Note that the above is an embodiment of the process, while the rest of the equipment can

also be insulated as necessary when it involves higher temperature operation.
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Mechanical line is used when there is transfer of solids involved, in powder or well-defined shapes. In
some implementations, the mechanical line is a 9-11 Conveyor belt setup to transfer powder or solid
continuously. In some implementations, the mechanical line can comprise of a worm drive or robotics.
The rate of such transfer largely depends on the rate of which the mechanical line is driven, such as the
rate of rotation of the' wheels of the 9-11 Conveyor belt. For the process of interest, mechanical line is
used for Stream 7A and Stream 8, respectively consist of 1-9 Clean polymer powder and 1-10 Polymer

product. On the other hand, Stream 10A and Stream 10B also consists of mechanical lines.

40-3 Pumps/Compressor

For the electrochemical production 5-1 elerGreen Process, 40-3 Pumps/Compressor are generally

deployed when high 1-12 Pressure or flow rate at a stream is desired.

For 7-5 Process safety in many 40-3 Pumps/Compressor, 2 of 40-6 Valves are placed to a pump; one
valve upstream before the 40-3 Pumps/Compressor and ancther one downstream after the 40-3
Pumps/Compressor. The valve is usually the valve being controlled, while the valve before is usually in
full-open form. The controlled valve has to be at after the pump because controlling the valve before
the pump could lead to insufficient fluid while pumping, resulting in cavitation that would damage the
pump. In some implementation, the said upstream valve can be omitted to save process cost without

significantly jeopardizing the process safety.

In some implementations, compressor is used in place of a pump, especially when the 1-12 Pressure
needs to be high. For instance, the 1-12 Pressure of Stream 2 is controlled by an inline compressor, Q-

02. In some other implementations, the compressor can be replaced by a pump to reduce cost.

Pump is used as P-03A, P-03B, P-06B, P-11B, P-13B. P-03A is used to bump up pressure of stream 3A,
which may have dropped substantially upon exiting the either of Conventional Reactor or 35-1
Electrochemical Reactor. P-03B is used to bump up pressure of stream 3B, because usually the 1-12
Pressure drops to very low after exiting either of 1-2 Conventional Reactor or 35-1 Electrochemical
Reactor). P-06B is used to bump up the 1-12 Pressure of stream 6B because the 21-2 Washing fluid 1-12
Pressure is usually low for being at the top of the tank. P-11B is used to bump up pressure of Stream

11B, because 1-12 Pressure would likely drop to very low after consecutive unit operations). P-13B is
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used to bump up the 1-12 Pressure before entering solvent extractor XB-11, to provide the necessary

pressure to pass through the many stages solvent extractor that would incur huge pressure drop.

In some implementation, additional pumps can be added to streams where increasing pressure or flow

rate is needed. This is due to process safety consideration that when the pressure of a liquid is below its
boiling point at any part of the streams, the part wouid undergo cavitiation, where the liquid vaporizes.

Cavitation is undesirable because the vaporization and condensation of liquids in the streams wold lead
to pressure fluctuation that damages the system, such as pipes and 40-6 Valves being deformed or

ruptured after being commissioned for long period of time.

Blower is the type of pump used to drive stream consisting of gas. Blower is used in B-04 and B-16B, to
respectively suck air together with evolved gas to the 9-17 Gas Removal, and to blow the air to air-cool

the cooling fluid stream for recycling.

40-4 Heater/Cooler

1-11 Heat.can come in different forms: heater, steam, heat exchanger. Heater can come in various form,
including but not limited to electric heater and combustion heater. In some implementations,

alternative can include solar or geothermal heater.

For the process of interest, heater is used as H-02, and H-13L, to respectively pre-heat Stream 2 for 1-2
Conventional Reactor CR-03A and heat up Stream 13L to facilitate distillation. H-13L is also commonly
known as a reboiler, because it is located at the bottom of the distillation column DB-13, to heat up the
mixture for distillation. In some implementation, any of H-02 and H-13L can be replaced by heat

exchanger with heating fluid to perform similar heating function.

There is also a built-in heater for DP-07 to heat up Stream 6B to facilitate drying of the 1-9 Clean
polymer and SR-10B to heat the sorbent to remove by-product from the sorbent. In some
implementations, the heater can be replaced by other means to control temperature of a stream, such
as heat exchanger. In some implementation, any of 1-2 Conventional Reactor CR-03A or 35-1

Electrochemical Reactor ER-04 can come in built-in heating unit.
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Steam is also commonly employed as heating means, especially in some regions of cold climate where
steam heating is supplied as household 40-5 Utility. While conventional steam heating 40-5 Utility is

possible, in some implementations the steam heating is used in process-specific heat exchanger.

Heat exchanger, on the other hand, can be used for either heating or cooling, depending respectively on
whether the heat exchange fluid is hotter or cooler than the stream. The cooling fluid is usually but not
limited to 40-5 Utility water due to its low cost and low environmental footprint. In some
implementation, the cooling fluid can be other fluid such as ammaonia or heating oil, depending on
process requirements. For the process of interest, heat exchangers X-07B, X-13C, and X-16A are used as
cooler to condense respectively Stream 7B, Stream 13C, and Stream 16A. For X-07B, the cooling fluid,
usually but not limited to 40-5 Utility water, is used to cool and condense the 21-2 Washing fluid vapor
Stream 7B from the Dryer DP-07. For X-13C, the cooling fluid, usually but not limited to 40-5 Utility
water, is used to cool and condense the distillation vapor at the top of distillation column DB-13, Stream
13C as reflux condenser. For X-16A, the cooling fluid, usually but not limited to 40-5 Utility water, is used

to cool the cooling fluid Stream 16A before being recirculated to cooling fluid drum D-16.

If low temperature is needed, cooler cay be used instead of heater. Cooler can come in various form,
including but not limited to cooling tower, refrigerator or heat exchanger. For cost consideration, the
process of interest used heat exchanger as the means.of cooling for its lower energy cost than
refrigerator. Cooler can also be used for process safety purpose to prevent overheating of equipment.
In soimie implementations, the 1-2 Conventional Reactor CR-03A has a built-in cooling jacket to prevent
overheating. in some implementation, 35-1 Electrochemical Reactor ER-04 can similarly have cooling

jacket installed to the vessel wall.

40-5 Utility

40-5 Utility consists of 40-5 Utility power, 40-5 Utility water and other 40-5 Utility.

40-5 Utility power, usually in the form of electricity, is essential to power the entire process. It is needed
to power many pieces of equipment in the process, including CR-03A, 35-1 Electrochemical Reactor ER-
04, CF-03B, M-02, WP-05A, DP-07, MP-08, PP-09, SR-10B, XB-11, DB-13. For instance, 35-1

Electrochemical Reactor not only requires electricity to drive the electrochemical polymerization
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reaction, but also mechanical parts such as 4-1 Moving electrode, fumehood blower B-04, and 9-14
Movable support if applicable. 40-5 Utility power is also needed to power the 40-3 Pumps/Compressor,

the 40-4 Heater/Cooler and the process control system.

40-5 Utility water on the other hand has many usages, including as heat transfer fluid and as 21-2
Washing fluid. For the process of interest, 40-5 Utility water can be used as 21-2 Washing fluid to wash
1-8 Polymer into 1-9 Clean polymer, or as cooling fluid T'in heat exchangers, due to its availability, low
cost, and low environmental impact for either purpose. in some implementations, 21-2 Washing fluid
and cooling fluid does not necessarily have to be water. For example, organic 21-2 Washing fluid can be
used such as ethanol, while alternative cooling fluid can include 6-9 Ammonia which also has high

specific heat capacity.

Other utilities include the said non-water heat transfer fluid and non-water 21-2 Washing fluid, but also
include any other form of 40-5 Utility. Heating steam, which is available in region of cold climate for
domestic heating, is considered as other utilities. Another type of common other 40-5 Utility include
fuels supplied from a 40-5 Utility pipeline, such as methane gas.for combustion heating. In some
implementations, some miscellaneous fluids such as nitrogen gas or other chemicals, either liquid or

gas, is supplied via 40-5 Utility pipeline for process specific purpose such as purging a pipe of a stream.

40-6 Valves

There are different types of 40-6 Valves used. For the process of interest, the 40-6 Valves used include

on/off valve, control valve, switch valve and check valve.

On/off valve is used instead of control valve for cost-saving consideration, at streams where the flow
rate does not need to be controlled. For the process of interest the on/off valves are used at bottom
drainage of containers such as in bottom drain of D-00A (, D-008B, T-01A, T-01B, T-15, D-12, TB-14, D-16.
This is when draining a container, precise control of flow rate is usually not a consideration, while the
goal is more commonly to empty the liquid content of the container. Considering the relatively huge
volume of container compared to the draining flow rate, it is also possible for operator to drain
continuously without flow rate control, then turn off the on/off valve at desired container level, in

situations where partial draining of the container is desired. On the other hand, PP-09 has no drain
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because it is solid 1-10 Polymer product, and rather it is loaded mechanically (manual or roboticto a

vehicle.

In some implementations, the on/off valve at the said positions can be replaced with control valves
when more precise control of flow rate of the stream is involved. Control valves are 40-6 Valves
designed to have more precise control of partial closures, to control the flow rates via such partial
closures to achieve desired flow. The degree of partial closure can be controlled manually by operator
on site, or remotely by a centralized control system. Due to the need to control the flow rate precisely in
many streams of the process, control valves are used extensively, namely, V-00A, V-00B, V-01A, V-01B,
V-02R, V-02, V-03A, V-03B, V-05B, V-04, V-05A, V-06A, V-06B, V-05H, V-05L, V-07B, V-07C, V-11A, V-11B,
V-13B, V-13H, V-13L, V-13A, V-15A, V-15B, V-13D, V-16B, V-16C, where the numbering corresponds to

the stream number to have its flow rate controlled.

In some streams, check valves are installed to prevent backflow that could lead to contamination. Check
valves is used for streams where backflow is possible and with consequence to the process, especially C-
02R, C-05L, C-12A, C-12B, C-13A, C-13B, C-15A, C-15B. These check valves are used to respectively
prevent backflow of the corresponding stream number, namely recycling stream 2R, washing fluid tank
discharge Stream 5L, Solvent Drum D-12 outlet Stream 12A, Solvent Drum D-12 inlet Stream 12B, By-
product tank TB-14 inlet Stream 13A, Solvent extractor XB-11solvent inlet Stream 138, and electrolyte
reservoir T-15 inlet Stream 15A, and electrolyte reservoir T-15 outlet Stream 15B. in some
implementations, additional check valves can be added to other streams for extra process safety, albeit

at additional cost of such extra check valves.

Switch valves are generally used to control a three-way flow in certain direction. It can be used to direct
a flow, especially in a mutually exclusive way, such that it can only flow to 1 path at a time, but not both
at the same time. The switch valves used include $§-03A, S-03B, S-10A, S-108B, S-13H, §-131, $5-13A, S-138B.
Switch valves are used for diverging a stream to 2 different options, or for converging 2 alternative paths
into the same stream. For purpose of 34-3 Retrofitting, such switch valves often occur in pair, 1
diverging and 1 converging, to complete the 34-3 Retrofitting interlock, including S-03A S-03B pair to
retrofit 35-1 Electrochemical Reactor, $-10A 5-108B pair to retrofit 1-5 Recovery unit, $-13H S-13L pair to
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reverse distillation column piping and finally $-13A $-13B pair to reverse sireams between by-product

and solvent.

In some embodiments, additional switch valves can be added to streams where switching between
alternative stream flow is needed. In some implementations, the switch valve can be replaced by a
three-way valve to enable parallel operation of 2 paths, especially when 34-3 Retrofitting is involved, to
minimize operation disruptions, which would lead to interruption of revenue generation, in 34-3

Retrofitting conventional polymer plants.

Pressure relief valve is used for process safety consideration to discharge container content when the
container pressure exceeds certain limit, in order to prevent container burst. For the process of interest,
pressure relief valve is used for 1-2 Conventional Reactor CR-03A. In some implementations, extra

pressure relief valves can be used at other containers where high pressure is involved.
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Process 7-7 Control

The process 7-7 Control is gutlined in Figure 48. The process 7-7 Controlis also detailed as P&ID in
Figure 49, with further explaining legend as Figure 50. It consists of a combination of 48-1 Cascade, 48-2
Feedforward, 48-3 Feedback, 48-4 Ratio, 48-5 Split Range, 48-6 Override Select, to transfer any process

disturbance to 48-7 Indicator/Alarm where the operator would respond accordingly.

48-1 Cascade

48-1 Cascade control is @ method of 7-7 Control combining 2 or more feedback loops, with the output of
one controller (primary controller) adjusting the set-point of a second controller. 48-1 Cascade control
provides a means to coordinate between different pieces of equipment in the 7-5 Process with 48-8

Prompt Response.

Figure 51 outlines the general 48-1 Cascade for the 7-5 Process. The overall goal of the process 7-7
Control system, for this novel 5-1 elerGreen Process, was to ensure production at desired rate,
especially for the 1-8 Polymer stream. The implementation involves transferring the disturbance to
other parts in consecutive manner, until the eventual place where disturbance is acceptable as the
“48-14 Reservoir for Disturbance”. The “48-14 Reservoir for Disturbance” is usually the tank level and
energy consumption, which translates to consumption rate of materials and 40-5 Utility {water and 3-1
Electricity) cost.

The set point of SIC 07A is then used as a reference to control remotely FIC 02 (via 48-6 Override Select),
Flow Rate Indicator Controller of Stream 2, {IC 04 (Electric) Current Indicator Controller of 35-1
Electrochemical Reactor ER-04, FIC 13A, Flow Rate indicator Controller of Stream 13A , FIC 01A, Flow
Rate Indicator Controller of Stream 1A upstream and SIC 08 (Operating) Speed Indicator Controller of

Molding Machine MP-08 downstream.

SIC 10B {Operating) Speed Indicator Controller is controlied by FIC 03B Flow Rate Indicator Controller of
Stream 3B. FIC 03B, Flow Rate Indicator Controller of Stream 3B sends signals to FIC 118, Flow Rate

Indicator Controller downstream.

Other than the multiple cascade that span far upstream and downstream, 48-1 Cascade control is also

used for smaller pieces of equipment:
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FIC 03A, Flow Rate Indicator Controller of stream 3A controls PIC 03B Pressure Indicator Controller of
Stream 3A which keeps PIT 03B Pressure indicator Transmitter of Stream 3A at set point. PIC03B
Pressure Indicator Controller of Stream 3A is also dependent on downstream 1-12 Pressure PIT 04
Pressure Indicator Transmitter of Stream 3B, which is kept at set point by PIC 04 Pressure Indicator

Controller of Stream 3B.

LIC 05A Level Indicator Controller of Washer WP-05A controls FIC 058 Flow Rate Indicator Controller of

Stream 5B,

LIC 06 Level Indicator Controller of Settler SP-06 controls both FIC 05A, Flow Rate Indicator Controller of

stream 5A and FIC 06B, Flow Rate indicator Controller of stream 6B,

FIC 06A, Flow Rate Indicator Controller of stream 6A is also controlled by LIC 07 Level indicator
Controller of Dryer DP-07.

FIC 06B, Flow Rate Indicator Controller of Stream 6B also controls PIC 06B Pressure Indicator Controller
of stream 6B which in turn controls the pump P-068 to keep PIT 06B Pressure Indicator Transmitter-of

stream 6B at set point.

FIC 11B, Flow Rate Indicator Controller of Stream 11B also controls PIC 11B Pressure Indicator Controller
of stream 11B, which keeps PIT 11B Pressure Indicator Transmitter of Stream 11B at set point by

controlling P-11B.

FIC 13B, Flow Rate Indicator Controller of stream 13B also controls PIC 13B Pressure Indicator Controller
of stream 13B that keeps PIT 13B Pressure Indicator Transmitter of stream 13B at set point by

controlling P-13B.

48-2 Feedforward

48-2 Feedforward is a method to control the 7-5 Process parameter by measuring input and making
adjustment accordingly, with advantage of 48-9 Precision. 48-2 Feedforward is suitable when the
parameter is a parameter that responds quickly to a change, and that the disturbance is not affected by

complex factors.
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Figure 52 illustrates a simple 48-2 Feedforward control for valves. The FIC 01A controller receives signal
from FIT O1A upstream, then sends signal to control V-01A downstream. The characteristic of
feedforward control is that the signal received from upstream, and send to downstream unit for

response.

For the purpose of the electrochemical production 7-5 Process, 48-2 Feedforward is used for relatively
predictable subsystem, such as flow rates, position, speed, current and 6-5 Applied Voltage. Because

there are many such subsystems in the said 7-5 Process, 48-2 Feedforward is used extensively:

For the 31-1 Cosolvent Stream OA, FIC 00A, Flow Rate Indicator Controller of Stream 0A, keeps FIT 00A,

Flow Rate Indicator Transmitter of Stream 0A at set point, by controlling valve V-00A.

For the 32-1 Additives Stream OB, FIC 00B, Flow Rate Indicator Controller of Stream 0B, keeps FIT 00B,

Flow Rate Indicator Transmitter of Stream 0B at set point, by controlling valve V-00B.

For the 68-1 Material A Stream 1A, FIC 01A, Flow Rate indicator Controller of Stream 1A, keeps FITO1A,

Flow Rate Indicator Transmitter of Stream 1A at set point, by controlling valve V-01A.

For the 68-2 Material B Stream 1B, FIC 01B, Flow Rate Indicator Controller of Stream 1B, keeps FIT 01B,

Flow Rate Indicator Transmitter of Stream 1B at sef point, by controlling valve V-01B,

For the prepared 1-7 Electrolyte Stream 2, FIT 02, Flow Rate Indicator Transmitter of Stream 2 is kept at

set point by FIC 02, Flow Rate Indicator Controller of Stream 2, which controls the valve V-02.

AIC 02, (Composition) Analysis Indicator Controller of prepared 1-7 Electrolyte Stream 2, is used to keep

AIT 02, (Composition} Analysis Indicator Transmitter of prepared 1-7 Electrolyte Stream 2, at set point.

The recycle inlet Stream 2R is measured by FIT02R, Flow Rate Indicator Transmitter of Stream 2R, kept

at set point by FIC 02R, Flow Rate Indicator Controller of stream 2R, by controlling valve V-02R.

For the 1-2 Conventional Reactor outlet Stream 3A, FIT 03A, Flow Rate Indicator Transmitter of Stream

3A is kept at set point by FIC 03A, Flow rate Indicator Controller of stream 3A, which controls V-03A.

AMENDED SHEET IPEA/KR



PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

110

For the stirring speed of 1-2 Conventional Reactor CR-03A, SIC 03A {Stirring) Speed Indicator Controller
of 1-2 Conventional Reactor CR-03A, controlling the stirrer, which keeps SIT 03A, Speed Indicator

Transmitter of 1-2 Conventional Reactor CR-03A, at set point.

The level of 1-2 Conventional Reactor LIT 03A, Level Indicator Transmitter of 1-2 Conventional Reactor

CR-03A, is kept at set point by LIC 03A, Level Indicator Controller of 1-2 Conventional Reactor CR-03A.

For 1-15 By-product-1-7 Electrolyte mixture Stream 3B, FIC 03B, Flow Rate Indicator Controller of
Stream 3B, keeps FIT 03B, Flow Rate Indicator Transmitter of Stream 3B at set point by controlling valve

V-03B.

For the 21-2 Washing fluid into and out of the 35-1 Electrochemical Reactor Stream 4, FIT 04, Flow Rate
Indicator Transmitter of Stream 4 measures the inlet flow rate, which is kept at set point by FIC04, Flow

Rate Indicator Controller of Stream 4 that controls V-04.

Onthe other hand, the level of ER 04, LIT 04, Level Indicator Transmitter of 35-1 Electrochemical Reactor

ER-04, is controlled by LIC 04, Level Indicator Controller of 35-1 Electrochemical Reactor ER-04.

For the 35-1 Electrochemical Reactor ER-04, EIC04, Voltage indicator Controller of 35-1 Electrochemical
Reactor ER-04, SIC 04, Speed Indicator Controller-of 35-1 Electrochemical Reactor ER-04, and ZIC 04,
(Blade) Position Indicator Controller of 35-1 Electrochemical Reactor ER-04, respectively control E/T04,
Voltage Indicator Transmitter of 35-1 Electrochemical Reactor ER-04, SIT 04, Speed Indicator Transmitter
of 35-1 Electrochemical Reactor ER-04, and ZIT 04, (Blade) Position Indicator Transmitter of 35-1

Electrochemical Reactor ER-04.

For the washed 1-9 Clean polymer suspension Stream 5A, FIC 05A, Flow Rate Indicator Controller of
Stream 5A is used to keep FIT 05A, Flow Rate Indicator Transmitter of Stream 5A at set point, by

contralling valve V-05A.

The stirring rate of Washer WP-05A is measured by SIT 054, Speed Indicator Transmitter of Washer WP-
05A, which is kept at set point by SIC 054, Speed indicator Controller of Washer WP-05A, that controls

the stirrer.
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The holdup level of WP-05A is measured by LIT 05A, Level Indicator Transmitter of Washer WP-05A and
controlied by LIC O5A, Level Indicator Controller of Washer WP-05A.

For the fresh 21-2 Washing fluid to Washer, Stream 5B, FIC 05B, Flow Rate Indicator Controller of
Stream 5B, is used to keep FIT 058, Flow Rate Indicator Transmitter of Stream 5B, at set point, by

controlling valve V-05B.

For the 21-2 Washing fluid feed Stream 5B, AIT 05B, (Composition) Analysis Indicator Transmitter of
Stream 5B, measures the 1-14 Spent electrolyte concentration in Stream 5B, and the kept in checkto a

set point by AIC 05B, {Composition) Analysis Indicator Controller of Stream 5B.

For the fresh 21-2 Washing fluid into the washing fluid tank Stream 5H, FIC 05H, Flow Rate Indicator
Controller of Stream 5H in turn keeps FIT 05H, Flow Rate Indicator Transmitter of Stream 5H at set point

by controlling valve V-05H.

For the discharge flow for washing fluid tank Stream 5L, FIC 05L, Flow Rate Indicator Controller of

Stream 5L keeps FIT 051, Flow Rate Indicator Transmitter of Stream 5L at set point by controlling V-05L.

The holdup level of 1-9 Clean polymer P sediment is measured by LIT 06, Level Indicator Transmitter of

Settler $P-06, and controlled by LIC 06, Level Indicator Controller of Settler SP-06.

For the 1-9 Clean polymer sediment Stream 6A, FIC 06A, Flow Rate Indicator Controller of Stream 6A,

keeps FIT 06A, Flow Rate Indicator Transmitter of Stream 6A at a set point, by controlling valve V-06A.

For the upper 21-2 Washing fluid Stream 6B, FIC 06B, Flow Rate Indicator Controller of Stream 6B is used

to keep FIT 06B, Flow Rate Indicator Transmitter of Stream 6B at set point, by controlling valve V-06B.

For the 1-9 Clean polymer powder Stream 7A, SIC 07A, (Conveying) Speed Indicator Controller of Stream
7A keeps SIT 07A, (Conveying) Speed Indicator Transmitter of Stream 7A at set point. Infact, thisis a

crucial part of the process 7-7 Control.

For vapour Stream 7B, FIC 078, Flow Rate Indicator Controller of Stream 7B keeps FIT 07B, Flow Rate

Indicator Transmitter of Stream 7B at a set point by controlling the valve V-078.
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For the cooling Stream 7C of condenser X-07B, FIC 07C, Flow rate Indicator Controller of Stream 7C,
keeps FIT 07C, Flow Rate Indicator Transmitter of Stream 7C at a set point, by controlling the valve V-

07C.

For the operating speed of molding machine MP-08, SIC 08, Speed Indicator Controller of molding
machine MP-08 is.used to control SIT 08, Speed Indicator Transmitter of molding machine MP-08

directly.

For the operating speed of polymer packing unit PP-09, SIC 09, Speed Indicator Controller of polymer
packing unit PP-09 controls the packaging rate SIT 09, Speed Indicator Transmitter of polymer packaging
unit PP-08.

For Sorbent Regenerator SR-10B, SIC 10B, {Conveying) Speed Indicator Controller of Sorbent
Regenerator SR-10B, keeps SIT 10B, (Conveying) Speed Indicator Transmitter of Sorbent Regenerator SR-

108, at set point by controlling the motor/engine of Sorbent Regenerator SR-108.

For stirring speed of Solvent Extractor XB-11, SIC 11, (Stirring) Speed Indicator Controller of Solvent
Extractor XB-11 keeps SIT 11, (Stirring) Speed Indicator Transmitter of Solvent Extractor XB-11, at set

point by controlling motor/engine of Solvent Extractor XB-11.

LIT 11, Level Indicator Transmitter of Solvent Extractor XB-11 measures the solvent extractor level, kept

at set point by LIC 11, Level Indicator Controller of Solvent Extractor XB-11,

For solvent extract Stream 11A, FIC 11A, Flow Indicator Controller of Stream 11A, keeps FIT 11A, Flow

Indicator Transmitter of Stream 11A at set point, by controlling valve V-11A.

For raffinate 1-7 Electrolyte stream 11B, FIC 11B, Flow Rate Indicator Controller of Stream 118, keeps FIT

11B, Flow Rate Indicator Transmitter of Stream 11B, at set point by controlling valve V-11B.

AIT 11B, (Composition) Analysis Indicator Transmitter of Stream 11B, is kept at set point by AIC 118,

{Composition) Analysis Indicator Controller of Stream 11B.

Far Solvent Feed Stream 12A, FIC 12A, Flow Rate indicator Controller of Stream 12A, keeps FIT 12A, Flow

Rate Indicator Transmitter of Stream 12A, at set point, by controlling valve V-12A.
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For Sclvent Overflow Stream 12B, FIC 128, Flow Rate Indicator Controller of Stream 128B, keeps FIT 12B,

Flow Rate Indicator Transmitter of Stream 12B at set point, by controlling valve V-128B.

The tank level is measured by LIT 13, Level Indicator Transmitter of Distillation Column DB-13, kept at

set point by LIC 13, Level Indicator Controller of Distillation Column DB-13.

For the feed stage is measured by ZIT 13, Position Indicator Transmitter of Feed at XB-13, which is kept
at set point by ZIC 13, Position indicator Controller of Feed at XB-13, by controlling the input feed

position of Distillation Column XB-13.

For the 1-15 By-product H Stream 13A, FIC 13A, Flow Rate Indicator Controller of Stream 13A, keeps FIT

13A, Flow Rate Indicator Transmitter of Stream 13A, at set point, by controlling valve V-13A.

The 1-15 By-product assay is measured by AIT 13A, (Composition) Analysis Indicator Transmitter of

Stream 13A, kept at set point by AIC 13A, (Composition} Analysis Indicator Controller of Stream 13A.

For solvent recycling stream 13B, FIC 13B, Flow Rate Indicator Controller of Stream 13B, controls FIT

13B, Flow Rate Indicator Transmitter of Stream 13B at set point by controlling valve V-13B.

AIT 13B, (Composition) Analysis Indicator Transmitter of Stream 138, is kept at set point by AIC 138,

(Composition) Analysis Indicator Controller of Stream 13B.

For cooling fluid Stream 13D of condenser X-13C, FIC 13D, Flow Rate Indicator Controller of Stream 13D,

keeps FIT 13D, Flow Rate Indicator Transmitter of Stream 13D at set point, by controlling valve V-13D.

For distillation reflux Stream. 13H, FIC 13H, Flow Rate Indicator Controller of Stream 13H, keeps FIT 13H,

Flow Rate Indicator Transmitter of Stream 13H, at set peint, by controlling valve V-13H.

For the bottom product of distillation column Stream 13L, FIC 13L, Flow Rate Indicator Controller of
Stream 13L, keeps FIT 13L, Flow Rate Indicator Transmitter of Stream 13L, at set point by controlling

valve V-13L.

For the inflow into Reservoir Tank Stream 15A, FIC 15A, Flow Rate Indicator Controller of Stream 15A

keeps FIT 15A, Flow Rate Indicator Transmitter of stream 15A at set point by controlling the valve V-15A
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while for the outflow of Reservoir Tank Stream 158, FIC 15B, Flow Rate Indicator Controller of Stream
15B keeps FIT 15B, Flow Rate indicator Transmitter of Stream 15B at set point by controlling the valve
V-15B.

LIT 16, Level Indicator Transmitter of Cooling Fiuid Drum D-16, is kept at set point by LIC 16, Level

Indicator Controller of Cooling Fluid Drum D-16.

For cooling air feed Stream 16B, FIT 16B, Flow Rate indicator Transmitter of Stream 16B, is kept at set

point by FIC 16B, Flow Rate Indicator Controller of Stream 16B, by controlling valve V-168.

For cooling fluid feed Stream 16C, FIT 16C, Flow Rate Indicator Transmitter of Stream 16C, is kept at set

point by FIC 16C, Flow Rate Indicator Controller of Stream 16C by controlling valve V-16C.

Other than the above simple 48-2 Feedforward control, 48-2 Feedforward has also been employedin a

48-1 Cascade fashion, to control another controller downstream:

LIT 03A, Level Indicator Transmitter of 1-2 Conventional Reactor CR-03A, also affects SICO3A, (Stirring)

Speed Indicator Controller of 1-2 Conventional Reactor CR-03A.

IIC 04, (Electric) Current Indicator Controller of 35-1 Electrochemical Reactor ER-04, is a representation
of the set point extent of reaction in the 35-1 Electrochemical Reactor ER-04, as such is used to control
almost everything related to 35-1 Electrochemical Reactor ER 04. First of all, it provides a set point for T
04, {Electric) Current Indicator Transmitter of 35-1 Electrochemical Reactor ER-04. It also controls EIC 04,
Voltage Indicator Controller of 35-1 Electrochemical Reactor ER-04, SIC 04, {Electrode) Speed Indicator
Controller of 35-1 Electrochemical Reactor ER-04, and ZIC 04, (Blade) Position Indicator Controller of

35-1 Electrochemical Reactor ER-04.

I1C 04, {Electric) Current Indicator Controller of 35-1 Electrochemical Reactor ER-04, also controls FIC

03B, Flow Rate Indicator Controller of Stream 3B downstream.

The set point of SIC 054, (Stirring) Speed Indicator Controlier of Washer WP-05A also depends on LIT
05A, Level Indicator Transmitter of Washer WP-05A.
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FIC 06A, Flow Rate Indicator Controller of Stream 6A, controls FIC 06B, Flow Rate Indicator Controller of

Stream 6B.

TIC 07, Temperature Indicator Controller of Dryer DP-07, is controlled by the inlet flow rate FIC 06A,

Flow Rate Indicator Controller of Stream 6A.

FIC 07C, Flow Rate Indicator Controller of Stream 7C, is controlied by TiC 07, Temperature Indicator

Controller of Dryer DP-07, and FIC 078, Flow Rate Indicator Controller of Stream 7B.

SIC 08, {Operating) Speed Indicator Controller of Molding Machine MP-08 also controls SIC 09,

(Operating) Speed Indicator Controller of Polymer Packing unit PP-09 further downstream.

FIC 11A, Flow Rate Indicator Controller of Stream 11A, controls FIC 13B, Flow Rate Indicator Controller
of Stream 138B.

LIT 11, Level Indictor Transmitter of Solvent Extractor XB-11, also sends signal to SIC 11, Speed Indicator

Controller of Solvent Extractor XB-11.

AIT 11A, (Composition) Analysis Indicator Controller of Stream 11A, send signals to AIC 13A,

(Composition) Analysis Indicator Controller of Stream 13A.

TT 13C, Temperature indicator Transmitter of Stream 13C, measures the inlet temperature for
condenser while FIT 13C, Flow Rate Indicator Transmitter of Stream 13C measures the flow rate, both

then sends signals to FIC 13D, Flow Rate Indicator Controller of Stream 13D.

FIT 16A, Flow Rate Indicator Transmitter of Stream 16A, sends signal to FIC 16B, Flow Rate Indicator

Controlier of Stream 168.

LIC 16, Level Indicator Controller of Cooling Fluid Drum D-16, controls FIC 16C, Flow Rate Indicator

Controller of Stream 16C.

TIT 16A, Temperature Indicator Transmitter of Stream 164, is kept at set point by TIC 16A, Temperature
Indicator Controller of Stream 16A, by controlling both Blower B-16B and FIC 16B, Flow Rate Indicator

Controller of Stream 16B.
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48-3 Feedback

48-3 Feedback is used when 48-10 Reliability is needed, such as when the parameter responds slowly,
and that the disturbance involved complex factors. For the electrochemical 7-5 Process, 48-3 Feedback
is used for 7-5 Process parameters that depends on more complex phenomena difficult to control by
48-2 Feedforward, and where deviation would affect production rate and quality. Figure 53 illustrates a
sample 48-3 Feedback control. AIC0O5B receives signal from AIT 05B downstream, then sends signals to
upstream FIC 05L for further response. The characteristic of the feedback is that the signal is sent from

downstream to unit upstream for response.

Because of the purpose of coordination between units, 48-3 Feedback for the electrochemical 7-5

Process is largely used in 48-1 Cascade style:

FIC 00A, Flow Rate Indicator Controller of stream CA is controlled by FIC 02, Flow Rate Indicator

Controller of stream 2 downstream.

FIC 00B, Flow Rate Indicator Controller of Stream 0B is controiled by FIC 02, Flow Rate Indicator

Controller of Stream 2 downstream.

FIC 01A, Flow Rate Indicator Controller of stream 1A, as the limiting reagent, is controlied by FIC 02,

Flow Rate Indicator Controller of stream 2 downstream

FIC 01B, Flow Rate Indicator Controller of stream 1B is controlled by FIC 02, Flow Rate Indicator

Controller of stream 2 downstream.

Upstream, FIC 02, Flow Rate Indicator Controller of Stream 2 controls FIC 00A, Flow Rate Indicator
Controlier of Stream 0A, FIC 00B, Flow Rate Indicator Controlier of Stream 0B, FIC 01A, Flow Rate
Indicator Controller of Stream 1A, FIC 01B, Flow Rate Indicator Controller of Stream 1B and FIC 02R,

Flow Rate Indicator Controller of Stream 2R.

Together with FIC 02 Flow Rate Indicator Controller of Stream 2, AIC 02 (Composition} Analysis Indicator
Controller-of Stream 2 controls FIC 00A, Flow Rate Indicator Controller of stream 0A, FIC 00B, Flow Rate
Indicator Controller of Stream 0B, FIC-01A, Flow Rate Indicator Controller of Stream 1A, FIC 018, Flow

Rate Indicator Controller of Stream 1B and FIC 02R, Flow Rate Indicator Controller of Stream 2R.
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FIC O2R, Flow Rate Indicator Controller of stream 2R also controls FIC 11B, Flow Rate Indicator Controller

of stream 11B.

The temperature is measured by TIT 03A, Temperature Indicator Transmitter of 1-2 Conventional
Reactor CR-03A, which is:kept at set point by TIC 03A, Temperature Indicator Controller of 1-2

Conventional Reactor CR-03A that controls the upstream heater H-02.

TIC 03A, Temperature Indicator Controller of 1-2 Conventional Reactor CR-03A is also dependent on the

downstream outlet temperature TIT 03B, Temperature Indicator Transmitter of Stream 3B.

The PIT 03A, Pressure Indicator Transmitter of 1-2 Conventional Reactor CR-03A, is kept at set point by
PIC O3A, Pressure Indicator Controller of 1-2 Conventional Reactor CR-03A which controls the upstream

40-3 Pumps/Compressor Q-02,

Upstream, FIC 05A Flow Rate Indicator Controller of Stream 5A controls both FIC 05B, Flow Rate

Indicator Controller of Stream 5B and FIC 04, Flow Rate Indicator Controiler of Stream 4.

AlC 05B (Comiposition) Analysis Indicator Controller of Stream 5B works by controlling FIC 05L, Flow Rate

Indicator Controller of Stream 5L.

FIC O5L, Flow Rate Indicator Controller of Stream 51 subsequently controls FIC O5H, Flow Rate Indicator

Controller of Stream 5H.

FIC 06A, Flow Rate Indicator Controller of Stream 6A is controlled by SIC 07A, (Conveying) Speed

Indicator Controller of Stream 7A.

To the upstream, FIC 06A, Flow Rate Indicator Controller of Stream 6A controls FIC O5A, Flow Rate

Indicator Controller-of Stream 5A.

The holdup level LIT 07, Level Indicator Transmitter of Dryer DP-07, is also affected by SIC 07A,
{Conveying) Speed Indicator Controller of Dryer DP-07 and controlied by LIC 07, Level Indicator
Controller of Dryer DP-07.
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The temperature TIT 07, Temperature Indicator Transmitter of Dryer DP-07, is fixed at a set point by TIC

07, Temperature Indicator Controller of Dryer DP-07, by controlling the heating system of the dryer.

TIT 10A, Temperature Indicator Transmitter of Sorption Unit SB-10A measures the temperature, kept at
set point by TIC 10A, Temperature Indicator Controller of Sorption Unit SB-10A by controlling SIC 10B

(Conveying) Speed Indicator Controller of Sorbent Regenerator SR-108B.

FIC 11A, Flow Rate Indicator Controller of stream 11A is dependent on FIC 13A, Flow Rate Indicator

Controller of Stream 13A.

LIC 11 Level Indicator Controller of Solvent Extractor XB-11 works by controlling FIC 03B, Flow Rate

Indicator Controller of Stream 3B.

The temperature is measured by TIT 13, Temperature indicator Transmitter of Distillation Column DB-13
and kept at set point by TIC 13, Temperature Indicator Controller of Distillation Column DB-13, by

controlling the reboiler H-131.

Upstream, FIC 13A, Flow Rate indicator Controller of stream 13 controls FIC 11A, Flow Rate Indicator

Controller of stream 11A.

AIC 13A (Composition) Analysis Indicator Controller of stream 13A controls AIC 13B (Composition)
Analysis Indicator Controller of Stream 13B and ZIC 13 Position Indicator Controller of Feed at XB-13

upstream.

48-4 Ratio

48-4 Ratio Control involves monitering and controlling the ratio of 48-11 Multiples between of 7-5
Process parameters. It is usually but not limited to specified stoichiometric ratio of flow rates in different
streams. For the electrochemical 1-8 Polymer production 5-1 elerGreen Process, 48-4 Ratio control has

been used mainly in monitoring and controlling the 1-7 Electrolyte composition.

Figure 54 highlights the 48-4 Ratio control for the distillation column. FIC 13A, FIC 13B and AIT 11A send
signal to RIY 13A to control FIC 13H based on ratio of flow rates, while FIC 138, AIC 13B and AIC 13A,

sends signal to evaluate RIY 13B to control FIC 13L.
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RIY11, Ratio Indicator Relay for Electrolyte 1-5 Recovery is used to monitor and control the 1-7
Electrolyte composition by controling either the 45-1 Sorption Stream or the 44-1 Solvent Extraction
Stream. RIY 11 Ratio Indicator Relay for Electrolyte 1-5 Recoveryis controlled by FIC 03B Flow Rate
Indicator Controller of Stream 3B, AIT 03B {Composition) Analysis Indicator Transmitter of Stream 3B,
FIC 11B Flow Rate Indicator Controller of Stream 118, AIC 11B {Composition) Analysis Indicator

Controller of Stream 11B and AIC 13B {Composition) Analysis Indicator Controller of Stream 13B.

For Sarption path, RIY 11 Ratio Indicator Relay of Recovered 1-7 Electrolyte controls SIC 10B,
(Conveying) Speed Indicator Controller of Sorbent Regenerator. For Solvent Extraction path, RIY 11 Ratio

Indicator Relay of Recovered 1-7 Electrolyte controls FIC 13B Flow Rate Indicator Controller.

In the Solvent Extraction path, further 48-4 Ratio Control is employed for Distillation Column DB-13 as
RIY 13A and RIY 13B to respectively controls both Distillation Reflux and Distillation Bottom. FIC 13A
Flow Rate Indicator Controller of 1-15 By-product Stream 13A controls RIY 13A Ratio Indicator Relay of

Distillation Reflux and RIY 13B Ratio indicator Relay of Distillation Bottom.

For Distillation Reflux, RIY 13A Ratio Indicator Relay-of Distillation Reflux is controlled by FIC 138 Flow
Rate Indicator Controller of Solvent Stream 13B. AIT 11A (Composition) Analysis Indicator Transmitter of
Extract Stream 11A also sends signals to RIY 13A Ratio indicator Relay of Distillation Refiux. RIY 13A Ratio
Indicator Relay of Distillation Reflux then controls FIC 13H Flow Rate Indicator Controller of Reflux

Stream 13H.

For RIY 13B Ratio Indicator Relay of Distillation Bottom, it controls FIC 13L Flow Rate Indicator Controller
of Bottom Stream 13L. AIC 13A (Composition) Analysis Indicator Controller of 1-15 By-product stream

13A also controls RIY 13B Ratio indicator Relay of Distillation Bottom.

48-5 Split Range

48-5 Split Range control is used for 48-12 Different Response Needed when a controller is employed to
contral 2 final control elements such as 2 of 40-6 Valves as illustrated by Figure 56. In some
implementation, 48-5 Split Range control is found in 7-7 Control of level, temperature and 1-12

Pressure. In some implementations, the split range involved a dead band near the set point, whichis a
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range for the controller to not respond when the deviation from set point is below certain limit as

shown in Figure 56, 10 save cost against switching between different operating range A and B.

Figure 55 outlines the 48-5 Split Range control. LIC 05B sends signal to either of FIC 051 or FIC O5H,
depending on the level of liquid holdup in T-05B under different range. When the level is in the higher
range (range B), FIC O5L (control B) would be controlled to discharge the liquid. When the level is in the

lower range (range A}, FIC 05H (control A) is controlled to add some fluid from 40-5 Utility to T-05B.

For the electrochemical 1-8 Polymer production 5-1 elerGreen Process, 48-5 Split Range Control is used
for tank level 7-7 Control coupled with a reservoir, including Mixing Tank M-02 with Reservoir Tank T-15,

Washing Fluid Tank T-05B with 40-5 Utility, and Solvent Extractor XB-11 with Solvent Drum D-12.

The tank level is measured by LIT 02 Level Indicator Transmitter of Mixing Tank M-02 and regulated by
LIC 02 Level Indicator Controller of Mixing Tank M-02. LIC 02 Level Indicator Controller of Mixing Tank
M-02 in turn controls, by 48-5 Split Range, both FIC 15A, Flow Rate Indicator Controller of stream 15A

and FIC 158, Flow Rate Indicator Controller of Stream 158.

The tank level is measured by LIT 05B Level Indicator Transmitter of Washing Fluid Tank T-05B and
controlled by LIC 05B Level indicator Controller of Washing Fluid Tank T-058, which also works to control
FIC O5H, Flow Rate Indicator Controller of stream 5H and FIC 051, Flow Rate Indicator Controller of

stream 5L

LIC 11 Level Indicator Controller of Solvent Extractor XB-11 also works by controlling by 48-5 Split Range
for both FIC 12A, Flow Rate Indicator Controller of stream 12A and FIC 12B, Flow Rate Indicator

Controller of Stream 12B.

48-6 Override Select

48-6 Qverride Select control is generally used to balance between 48-13 Flexibility and Safety of process
system during the surge in 7-5 Process, when a secondary 7-7 Control is needed occasionally. It is usually
not but limited to 7-5 Process safety purposes such as maintaining 1-12 Pressure, tank level, and

temperature.
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Figure 57 illustrates an 48-6 Override Select control. During usual operation when level LIT 13 is at
acceptable level, FIC 13B takes over to control FIC 11A. When LIT 13 is beyond the threshold, LIC 13

takes over instead of FIC 13B on the control of FIC 11A.

For the electrochemical 1-8 Polymer production 7-5 Process, 48-6 Override Select control is used to
maintain tank level when complicated upstream and downstream setup makes 48-5 Split Range control
difficult. When the tank level is within operating range, the 40-6 Valves are controlled by flow controller.
However, when the tank level drops below a threshold, the 40-6 Valves are controlled instead by level

7-7 Control.

For 1-2 Conventional Reactor CR-03A, when tank level is at desired range, the set point of SICO7A is
used as a reference to control remotely FIC 02 Flow Rate Indicator Controller of Stream 2. When Tank
Levels are not at desired range, LIC 03A Level Indicator Controller of 1-2-Conventional Reactor CR-03A

controls FIC 02 Flow Rate Indicator Controller of Stream 2.

For 35-1 Electrochemical Reactor ER-04, when tank level is at desire range, the set point of SIC07A is
combined with [IC 04 {Electric) Current Indicator Controller of 35-1 Electrochemical Reactor ER-04 to
control FIC 02, Flow Rate Indicator Controller of Stream 2 upstream. When Tank Levels are not at
desired range, LIC 04, Level Indicator Controller of 35-1 Electrochemical Reactor ER-04, controls FIC 02,

Flow Rate Indicator Controller of Stream 2.

For Distillation Column DB-13, when the tank level is in desired range, FIC 11A, Flow Rate Indicator
Controller of Stream 11A is controlied by FIC 13A, Flow Rate Indicator Controlier of Stream 13A and FIC
13B, Flow Rate Indicator Controller-of stream 13B. When the tank level is not in range, LIC 13 Level
Indicator Controller of Distillation Column DB-13 controls FIC 11A Flow Rate Indicator Controller of

Stream 11A.

48-7 Indicator/Alarm

By the first principle of process 7-7 Control, whenever there is a change in the 7-5 Process parameter
causing disturbance, this change cannot be eliminated, instead it is simply transferred via process 7-7
Control. For the 5-1 elerGreen Process of interest, the process 7-7 Control strategy aims to transfer all

disturbances away from the chemical 7-5 Process.such as the 1-8 Polymer production rate, into some
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“48-14 Reservoir for Disturbance” variable that has huge tolerance of disturbances, such as the

materials tank level.

Figure 58 illustrates the 48-7 indicator/Alarm control method. This is the simplest variant where LI 00A is
used to measure and report the tank level. There are 2 limits, at the first limit, it just indicates the level
value and reminds the operator to control inventory manually, at the second limit, alarm sounds as

stronger reminder while the process may be shutdown for process safety consideration.

The 48-7 Indicator/Alarm is used for the “48-14 Reservoir for Disturbance”, such as storage tank level
because the tank level is designed to has huge tolerance and long timespan. For instance, a surge of
temperature of either 1-2 Conventional Reactor or 35-1 Electrochemical Reactor would produce
disturbance into the production rate in minutes, but if a cooling 7-7 Control system is in place, it could
transfer such disturbance into a surge in cooling fluid flow rate that would result in increase in 40-5

Utility bill, a less undesirable outcome.

The storage tanks are generally sized to have enough 1-6 Reactants for operation of more than 1 day. As
a result, the process 7-7 Control seeks to use these as “48-14 Reservoir for Disturbance”. In many cases,
a disturbance in 7-5 Process would ultimately be transferred as a faster rate of consumption of tanks,

which offers a number of advantages:

s Longer response time available
e More tolerable outcomes

s 7-5Process safety

Other “48-14 Reservoir for Disturbance” that are not regulated, but simply just monitored by operator

are the holdup levels:

e WI09, Weight Indicator of Polymer Packing PP-09
¢ LI00A, Level Indicator of Cosolvent Drum D-00A
e || 00B, Level indicator of Additive Drum D-00B

e LIO1A, Level Indicator of Feed Tank A T-01A

e LI01B, Level Indicator of Feed Tank B T-01B
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e 1112 Level Indicator of Solvent Drum D-12
e LI 14 Level indicator of By-Product Tank TB-14

s |}15, Level Indicator of Reservoir Tank T-15
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Operating 7-8 Procedure

The 7-8 Procedure is broken down in Figure 59 involving 59-1 Stacking, 59-2 Deployment, 34-3
Retrofitting, 59-3 Maintenance and finally 34-4 Waste Management.

59-1 Stacking

In industrial implementations, the 35-1 Electrochemical Reactors are stacked in matrices or arrays to
minimize space requirements. Due to the rectangular shapes of the 9-20 Vessel in the horizontal plane,

the 59-1 Stacking in arrays is very efficient in terms of usage of space.

Figure 60 demonstrates a very efficient way to arrange electrodes. First, the electrodes can be placed in
alternating way or'aggregate manner. While aggregate manner is easier to fabricate alternating
arrangement is more energy efficient because the distance between 3-2 Anode and 3-3 Cathode is
lower, thus less energy is dissipated as resistance. To achieve this figuration, a rigid 60-3 Insulator can be
used as support to fixate both 3-2 Anode and 3-3 Cathode on the same support without short-circuiting,

which is a strategy employed for 9-3 Rotating Disk Electrode and 9-4 Spiral/Screw Electrode.

In some implementation, the 35-1 Electrochemical Reactors are stacked in a 2x1 matrix as illustrated by
Figure 61, that means the 35-1 Electrochemical Reactors appear as a couple with 1 of 61-4 Stacking side.
It provides 3 of 61-3 Maintenance side for the 61-1 Personnel to maintain the equipment. 2 sides of the
9-20 Vessel that can be made transparent allows 2 pieces of 61-2 Monitoring side the 61-1 Personnel to

look into the 9-20 Vessel to observe the 9-20 Vessel.,

In some implementation, the 35-1 Electrochemical Reactors are stacked in a 2x2 matrix as illustrated by
Figure 62 with 2 of 61-4 Stacking side, this is a common setup because it is usually a compromise
between compactness and usability, because it at least provides 2 of 61-3 Maintenance side for 61-1

Personnels to deploy, troubleshoot and maintain the 35-1 Electrochemical Reactors.

In some implementations, the 35-1 Electrochemical Reactors are stacked in 2xn matrix as illustrated by
Figure 63 with 3 of 61-4 Stacking side. Other than the end 35-1 Electrochemical Reactors that have 2 of

61-3 Maintenance side, it provides only 1 of 61-3 Maintenance side for 61-1 Personnel, However, this 1
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of 61-3 Maintenance side would usually suffice for 61-1 Personnel to maintain the 35-1 Electrochemical

Reactors, especially to remove the 9-13 Support.

Figure 64 demonstrates the actual implementation of 2xn matrix array of 35-1 Electrochemical Reactors,
for the 9-2 Conveyor Belt Electrode variant. Due to the design consideration to save cost and space, the
9-9 Solid Transport can be pooled together, while the components such as 9-20 Vessel, 9-13 Support

and 9-17 Gas Removalcan be placed in modular manner for ease of Deployment and 59-3 Maintenance.

In some implementations, 59-1 Stacking of the 35-1 Electrochemical Reactors facing outward as
illustrated by Figure 65 would mitigate the 59-3 Maintenance problem but at the expense of less

compact space.

In some implementations, the 35-1 Electrochemical Reactors are stacked in nxn matrices as illustrated
by Figure 66. This maximizes the compactness but at the cost of usability. Depending on the situation,
this might be employed, especially when a larger scale plant makes the installation of a system of 9-13
Support hanging from the ceiling economically feasible o for such nxn matrices where 61-1 Personnels

cannot go directly to the equipment on any 66-1 Surrounded unit.

59-2 Deployment

Due to the modular nature and the assembly design, there is a convenient way to deploy the 35-1

Electrochemical Reactor. The 59-2 Deployment is illustrated by Figure 67.

As shown by Figure 67, the first step is 67-1 Deploy Reactor , where 9-20 Vessel is first placed at
designated place on site and 7-6 Piping connected into and out of the tank. When there are multiple

35-1 Electrochemical Reactors, they are stacked into arrays as necessary per 59-1 Stacking.

The second step is 67-2 Deploy Electrode Support, where the electrode 9-13 Support are then deployed
onto the tanks. Note that the electrode 9-13 Support need to be in jack up position so that the electrode

does not collide with the tank during 59-2 Deployment.

The third step is 67-3 Adjust Electrode Position, where for 9-14 Movable 9-13 Support such as the 23-4
Frame Body on 23-3 Wheels, the 9-13 Support can be pushed manually to the tank and adjusted to fit.

When the position is fixed, the electrode is then lowered down using the jack, to suitable vertical
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position in the Vessel to-potentially allow the electrode to dip into the 1-7 Electrolyte later on. For 9-15
Built-In variant of support, both 67-2 Deploy Electrode Support and 67-3 Adjust Electrode Position can

be skipped.

The fourth step is 67-4 Deploy Solid Transport, where 9-12 Channel is then installed to the 35-1

Electrochemical Reactor, with the 7-6 Piping connected to and from the washer.

The final step is 67-5 Install Gas Removal, where the 9-17 Gas Removal is installed if applicable for the
electrochemical polymerization reaction. First, the 9-17 Gas Removal with 24-2 Cap is placed on top of
the electrode, and then its position, together with 24-3 Cover and 24-4 Weight subsequently adjusted to
fit. Gas 7-6 Piping connection is then made from 24-1 Ventilation outlet of 9-17 Gas Removal to the

fumehood system on top, usually by 7-6 Piping hooked onto the ceiling.
The 7-6 Piping connection to other unit operations are then performed.
34-3 Retrofitting
The 34-3 Retrofitting of a regular 1-8 Polymer 7-5 Process involves the following general 7-8 Procedure:

The 35-1 Electrochemical Reactor, ER-04, is first installed, in parallel to the 1-2 Conventional Reactor,
CR-03A, by following the 59-2 Deployment procedure, including C-04, Stream 4 with V-04, fumehood
units and 7-6 Piping, If 59-1 Stacking is needed, the 35-1 Electrochemical Reactors are stacked in arrays

according to the 59-1 Stacking methods.

The conventional 1-8 Polymer 7-5 Process is temporarily shut down. The fluids in the 7-5 Process is then

drained and the following sections are disconnected as necessary:

e Valve V-02 and 1-2 Conventional Reactor CR-03A
o Filter CF-03B and Pump P-03B
e Filter CF-03B and Washer WP-05A

For the above sections, each switch valve is installed, and the following connections are made:

e S-03Ato liguid inlet of 35-1 Electrochemical Reactor ER-04
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e S-3Bto C-04 of 35-1 Electrochemical Reactor ER-04 liquid outlet

¢ S5-04 to washing outlet of 35-1 Electrochemical Reactor ER-04

If the conventional 7-5 Process involves the same 1-5 Recovery (both 45-1 Sorption Stream before and
after 34-3 Retrofitting, or both 44-1 Solvent Extraction Stream before and after 34-3 Retrofitting),
troubleshooting can be performed right after installation. If the conventional 7-5 Process involves a
different 1-5 Recovery method, the 34-3 Retrofitting the 1-5 Recovery units is necessary. For 34-3
Retrofitting the 1-5 Recovery units, the fluids of the following sections are drained and the sections

disconnacted:

e V-03Band SB-10A/XB-11
e P-11B and SB-10A/XB-11

For the above sections, each switch valve is installed in between and the following connections are

made:

¢ S$-10Ato SB-10A/XB-11
e S-10Bto SB-10A/XB-11

If the new 7-5 Process involves distillation column DB-13 and change of key is involved, 34-3 Retrofitting
the distillation column is also needed. The fluids of the following sections are drained and the sections

disconnected:

e The reflux of distillation column to V-13A

¢ The bottom of distillation column to P-13B

For the above sections, each switch valve is installed an the following connections are made:

e S-13Hand S-13Ato V-13A
e S-13L and S-13B to P-13B

Additional connections are made between:

e 5-13Hto C-13B to S-13B

AMENDED SHEET IPEA/KR



PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

128

e S-13Lte C-13Ato S-13A

If different 21-2 Washing fluid is necessary, T-058, WP-05A, SP-06, and DP-07 may he drained to replace
the 21-2 Washing fluid.

The electrochemical 37-1 Bypass is ran and tested, in comparison of 1-2 Conventional Reactor.

The rest of the 7-5 Process is troubleshooted to fit the 35-1 Electrochemical Reactor. The
troubleshooting involve either minor 7-5 Process parameter changes, or more major changes such as

mixture composition change, or even replacement of equipment parts.

59-3 Maintenance

By virtue of the 7-1 Device design, the 59-3 Maintenance is more convenient than 1-2 Conventional

Reactors and conventional electrolyzers.

Compared to 1-2 Conventional Reactor, the feature of removing the electrode from the top for the
novel 35-1 Electrochemical Reactor offers advantage especially for 59-3 Maintenance because such
feature avoids the time and complexity of draining and refilling the liquid tank which allows lower
downtime and lower cost for 59-3 Maintenance.

To perform the 59-3 Maintenance, the 59-2 Deploymenit procedure is operated in reverse as per Figure
67. First, the power supply for electrochemical reaction and 4-1 Moving electrode are shutdown to
make sure both reactions and 9-5 Mechanical movements are halted. While it is also recommended the
fluid inflows and outflows of the 9-20 Vessel be stopped for more stringent 7-5 Process safety
consideration, it can be remained on especially if the flow is not turbuient. The fumehood is then turned
off and the 9-17 Gas Removal be lifted from the electrode and placed elsewhere, a reverse of 67-5
Install Gas Removal. A minor difference from 59-2 Deployment procedure is that the 9-9 Solid Transport
system can remain at the position (instead of being removed) while the electrode can be jacked up,
after performing the 67-3 Adjust Electrode Position in reverse to remove it from the tank, such that
operating the 67-4 Deploy Solid Transport step in reverse may be skipped. The 9-13 Support with the
jacked up electrode can be pushed away as a reverse step of 67-2 Deploy Electrode Support from the
tank to a suitable area for 59-3 Maintenance, including but not limited to cleaning the electrode surface

and replacing spent parts
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such as blunt blade. The 9-20 Vessel however is usually stationary such that operating 67-1 Deploy
Reactor in reverse to remove the 9-20 Vessel can be skipped. To facilitate operator, reach for 59-3

Maintenance, the electrode can be released downwards as necessary for ergonomic consideration.

After 59-3 Maintenance, the electrode is pushed to the 9-20 Vessel and set to jack up position as per
67-2 Deploy Electrode Support. Subseguent procedure to prepare the 35-1 Electrochemical Reactors for

operation is similar to the 59-2 Deployment procedure.

34-4 Waste Management

For 34-4 Waste Management, the extractor is needed to be installed before the feed tanks. In some
implementation, it is done by an upstream equipment installed in the electrochemical 1-8 Polymer 7-5
Process upstream to extract active ingredient. For some other implementations, it is done by another
34-4 Waste Management treatment plant, that can be owned by elerGreen, or simply subcontracted to

other plants} and simply trucked to the electrochemical 1-8 Polymer production plant.

For many cases, a purification equipment is needed at upstream to isolate the active ingredient in 5-2
Chemical wastes. For instance, the paint sludge 5-2 Chemical wastes treatment would require an

isolation of ethylene glycol.
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Examples and Experimentation

General Experimentation

The protocols involve 3 major components: 1-1 Preparation, 35-1 Electrochemical Reactor Operation,

and Sampling:
1-1 Preparation:

The 1-1 Preparation of 1-7 Electrolyte involved mixing the materials, namely the liquid 1-6 Reactants and
the solid solutes to produce the 1-7 Electrolyte of desired composition. If there is 68-2 Material B
involved, the mixing (in a container such as 69-1 Beaker) of 68-2 Material B with 68-1 Material A is the
very first step of 1-1 Preparation, especially because if 68-2 Material B is mixed first, the stoichiometric
ratio between 68-1 Material A and 68-2 Material B is very easily controllable. The liquid of mixture (68-1
Material A and B), or liquid 68-1 Material A (if 68-2 Material B is not relevant), is then mixed (according
to calculated composition) with 31-1 Cosolvent such as water if dilution is desired, especially when the
presence of diluent serves as 31-1 Cosolvent to solid solute. After each mixing, mechanical agitation is

applied to the mixture to ensure mixing is done homogeneously throughout the liquid phase.

The liquid of 68-1 Material A, 68-2 Material B (if applicable) and 31-1 Cosolvent (if applicable) is then
mixed with weighted amount of solute, in many cases ionic salt compounds. In many cases, the solute is
in solid form, such as powder or pellets, such that the homogeneity distribution of solid does not
happen readily. For this scenario, the mixture is either stirred continuously for a period of time until ali
the solid dissolves. For this reason, it takes longer time to achieve uniform mixing due to the slower
dissolving process. The mixture may also be heated modestly to accelerate the dissolving of the solid,

after which the mixture is cooled back to the ambient temperature.

In some cases, the solute is in liguid form, such as ionic liquid where no dissolving is involved, then the
solute is mixed with simple mechanical agitationin a simitar fashion as 68-1 Material A and B, or the

mixture with diluent.
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The composition is quantified by means of volume, weightage or moles. For quantification, liquid is
either measured by weight (using balance) or volume {using measuring cylinder or volumetric flask, or a

combination), while solid is measured by weight.

35-1 Electrochemical Reactor Operation:

For convenience of measurement, the reaction setup was performed in batch operation mannerin a
batch reaction setup. The experiment consists of a simple batch electrolysis cell. The experimental setup
consists of a reaction 9-20 Vessel (usually a 68-6 Conical flask as shown in Figure 68, or a 69-1 Beaker as
shown in Figure 69} .containing conductive materials (3-3 Cathode and 3-2 Anode) as 70-1 Working
Electrode and 10-1 Counter Electrode, connected to 3-1 Electricity DC Power Supply and dipped into a
liquid mixture (1-7 Electrolyte), with the 1-7 Electrolyte continuously stirred and if applicable, heated.
The 9-20 Vessel also has a 68-9 Tubing connected to 68-7 Bubble flowmeter to measure flow rate of any
gas evolved from the electrochemical reaction. Both the reaction 9-20 Vessel and the 68-7 Bubble

flowmeter are fastened in position, by clamping to aretort stand.

The electrodes consist of 2 conducting plates, made of copper, nickel, zinc and stainless steel, dipped
into the 1-7 Electrolyte on one end and connected to the 3-1 Electricity DC Power Supply on the other
end. The electrode connected to the Positive (+) terminal of the 3-1 Electricity DC Power Supply is
known as 3-2 Ancde, while the electrode connected to the Negative {-) terminal of the 3-1 Electricity DC
Power supply is known as 3-3 Cathode. The 1-7 Electrolyte is stirred and heated by usually by 68-5

Magnetic stir bar and 68-4 Hot plate with stirrer respectively.

The electrochemical reaction happens when the electrical current is passed through the 1-7 Electrolyte.
The 1-8 Polymer product P if it is solid, would deposit onto the electrode surface as 3-5 Solid Deposit. in
addition, a 1-15 By-product H is formed as liquid and diffuses into the 1-7 Electrolyte. Depending on the
1-7 Electrolyte used, 1-15 By-product H may be further broken down electrochemically into gases and
ended up evolved from the electrodes, such as splitting of water into hydrogen and oxygen. While the
gas evolution would be too minor for flammability and the gases are non-toxic, the apparatus would be

setup and ran in a fumehood as extra safety precaution.

AMENDED SHEET IPEA/KR



132

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

The 1-7 Electrolyte consists of at least 68-1 Material A as 1-6 Reactants and 68-3 Dissolved Salt to

provide electrical conductivity to facilitate electrochemical reaction. Depending on the specific case,

68-2 Material B may be needed as another 1-6 Reactants, or 32-1 Additives.such as 31-1 Cosolvent may

be used. The specific 1-6 Reactants involved for each case is detailed in the following Table 24:

Table 24 Summary of Examples

68-1 Material A | 68-2 Material B 1-8 Polymer P 1-15 By- 68-3 31-1
product H Dissolve | Cosolven
d Salt t
Ethene - Polyethylene - Lithium | Acetone
&CH? ' Chloride 9
H,C ] .
in LiCl HLC CH,
Ethylamine - Polyethylene 6-9 Lithium | Water
iwige:‘\\//%\iiwi2 ] Ammonia Chloride H,0
’ In NH; LiCl
Glycolic Acid - Polyglycolic Acid Water Sodium | Water
OH o H,0 Chloride H,0
HO '
/Y | NaCl
0 o
i
Ethylene glycol Succinic acid Polyethylene Water Sodium | Water
OH @ succinate H,0 Chloride H,0
HO/V MO M 2 2
3k
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Terephthalic p-phenylene Polyaryl amide Water Sodium | Water
Acid diamine ) H,0 Chloride H,0
7 NS\, HN HH, ! o
= k]
|
6-1 Urea 6-2 Bisphenol A 6-7 Polycarbonates | 6-9 Sodium | Water
Q " N ( - Ammonia Chloride H,0
)L w gL NH
HN NH o RS 3
Ethylene . Polyethylene - Lithium | Acetone
carbonate carbonate Chloride /[’L
j:j\ {‘}T% LiCl HE CHy
Q 0 i )
Dimethylsilanedi | - Polysilane/Silicone Water Sodium | Water
ol CH, H,0 Chloride H,0
¢ ‘L
} o[ o
Ho™” | o e In
CH,

o. Startup:

The startup of the 35-1 Electrochemical Reactor involved pouring prepared 1-7 Electrolyte into the

reaction 9-20 Vessel, gradually using filter funnel. The electrodes with 68-8 Stopper are then assembled

to the reaction 9-20 Vessel, with the other end of electrode wire connected to 3-1 Electricity DC power

supply. 3-1 Electricity DC power supply plug is then turned on, with set point current (constant current

operation) and/or 6-5 Applied Voltage (constant 6-5 Applied Voltage operation) adjusted to desired

value. Another “on” button (usually present for timing precision and 7-5 Process safety) on 3-1

Electricity DC power supply is then turned on and timer (including a stopwatch or even a phone timer) is

started to record the time spent for reactor.
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b. Shutdown:

To shutdown the reactor after experiment, 3-1 Electricity DC power supply is first switched off and the
timer is stopped, in no particular order. The heating of 68-4 Hot plate with stirrer is then turned off.
After which the stirrer of 68-4 Hot plate with stirrer is turned off. The 3-1 Electricity DC power supply
plug is then turned off, and the reactor is left to cool gradually to room temperature. When the reactor
cools to a safe temperature, the electrode with 68-8 Stopper is disassembled from the reactor. The 1-14
Spent electrolyte is then poured info a labelled closed container and stored. Finally, both the electrodes

with 68-8 Stopper and reaction 9-20 Vessel are washed, dried and stored.

iii) Sampling and Measurement:

a. Sampling:

For sampling, 3-1 Electricity DC power supply operation is first paused by turning off the “on” button, at
the same time the timer is paused. The exact time reacted at which the timer is paused is recorded. The

68-8 Stopper is then lifted open from the 9-20 Vessel and placed on a clean container temporarily.

For sampling of liquid, a small amount of 1-14 Spent electrolyte is drawn from the 9-20 Vessel using
dropper. The dropper is then used to discharge the sampled 1-14 Spent electrolyte into a sample vial.
The vial is sealed carefully and labelled accordingly. If necessary, the vial is refrigerated to preserve the

composition.

For sampling of 3-5 Solid Deposit especially 1-8 Polymer, the 3-5 Solid Deposit is scrapped off from the
electrode using a utility knife. The 3-5 Solid Deposit is then collected onto a filter paper placed on filter
funnel with a container at bottom (to collect filtrate) and rinsed carefully with distilled/deionized water.

The 3-5 Solid Deposit is left to dry, after which they are collected into sample vial.

After the said sampling, the 68-8 Stopper is retightened to the reaction 9-20 Vessel. The 3-1 Electricity

DC power.supply button is turned on.again, and timer is resumed at the same time.

b. Measurement:

68-7 Bubble flowmeter Setup:
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Before gas flow rate can be measured, the 68-7 Bubble flowmeter needs to be set up to be ready. First,
bubbling fluid {can be soap or detergent diluted with water) is added into the bulb of 63-7 Bubble
flowmeter to the level that there is enough fluid in the bulb but not too much to flood the gas outlet
from reactor. The bulb is then squeezed to flood the reactor gas outiet temporarily and released to
original on-flooding level. The bubble layer is then observed to rise to 68-10 First mark {Oml), the 68-11
Subsequent mark {usually 5ml}-and then another 68-11 Subsequent mark (usually 10ml). When the
bubble rises to the top for the first time and burst, the inner wall:of 68-7 Bubble flowmeter would be

wet with the fluid {soap water) and be ready for gas flow rate measurement.

Gas Flow Rate Measurement:

To perform gas flow rate measurement, after the 68-7 Bubble flowmeteris prepared as described, the
bulb is squeezed to fload the reactor gas outlet temporarily, and then released to original non-flooding
position. The bubble layer would rise slowly, and the timer is started once the bubble fayer rises to the
68-10 First mark (Oml)., The timer is stopped with time recorded with the bubble rises to either of second
{5ml} or third (10ml) 68-11 Subseguent mark. The gas flow rate can then be evaluated from the 68-7

Bubble flowmeter data following Equation 35:

v, V.
F=-t=22
ty &
Equation 35

Where for this case V; = 5ml and V, = 10 ml.

Either 68-11 Subsequent mark works as. long as the volume is consistent, although the final 68-11
Subsequent mark would usually lead to more accurate measurement for lower relative uncertainty
because human reaction time error in timing and parallax error in reading the mark would both be

relatively lower over larger measurements.

Example 1: Ethylene

The first example is the simplest variant of 7-3 Addition Polymer illustrated by Equation 36, the

electrochemical polymerization of ethene to form polyethylene. For this case, the 68-1 Material A is
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ethene and 68-2 Material B is not needed while the 1-8 Polymer P is polyethylene and there is no 1-15
By-product. Note, however, that there is ho 1-15 By-product from polymerization reaction route, but
not other side reactions. The conducting 68-3 Dissolved Salt is chosen as Lithium Chloride, LiCl, forits

solubility in organic phase. The 31-1 Cosolvent is chosen as Acetone for its miscibility with ethene:

Applied Voltage

Licl
Co-solvent: Acetone
H G "CH,
Eguation 36

Example 2: Ethylamine

The second example is a more complex variant 7-3 Addition Polymer illustrated in Equation 37, involving
1-15 By-product, the electrochemical polymerization of ethylamine to form polyethylene. For this case,
the 68-1 Material A is ethylamine and 68-2 Material B is not needed while the 1-8 Polymer P is
polyethylene, but this time the 1-15 By-product is 6-9 Ammonia. The conducting 68-3 Dissolved Salt is
chosen as Lithium Chloride, LiCl, for its solubility in-organic phase. The 31-1 Cosolvent is chasen as

Acetone for its miscibility with ethylamine and ethene:

~NHy K
Mgg M}ﬁé vg@m{:\&

Insity

Applied Voltage Polymerization

Licl o
Co-solvent: Acetone
HyC CH,
Equation 37
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Example 3: Glycolic Acid

The third example is the simplest variant of 7-4 Condensation Polymer illustrated in Equation 38,
involving the same monomer species, the electrochemical polymerization of glycolic acid to form
polyglycolic acid. For this case, the 68-1 Material A is glycolic acid and 68-2 Material B is not needed
while the 1-8 Polymer P is polyglycolic acid and the 1-15 By-product formed is water. The conducting
68-3 Dissolved Salt is chosen as Sodium Chloride, NaCl, for its solubility in polar phase from the
abundance of hydrogen bonding from -OH groups of glycolic acid. The 31-1 Cosolvent is-chosen as water

for its miscibility with glycolic acid:

Applied Voltage
Hydroxy acid Nacl

Co-solvent: 5,0

Equation 38
Example 4: Ethylene Glycol and Succinic Acid

The fourth example is a slightly more complex variant of 7-4 Condensation Polymer illustrated in
Equation 39, between 2 different monomer species, the electrochemical polymerization of ethylene
glycol and succinic acid to form polyethylene succinate. For this case, the 68-1 Material A is ethylene
glycol and 68-2 Material B is succinic acid while the 1-8 Polymer P is polyethylene succinate and the 1-15
By-product formed is water, The conducting 68-3 Dissolved Salt is chosen as Sodium Chloride, NaCl, for
its solubility in polar phase from the abundance of hydrogen bonding from -OH groups of both ethylene
glycol and succinic acid. The 31-1 Cosolvent is chosen as water for its miscibility with the polar phase of

ethylene glycol and succinic acid:
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—(n+m)H,; 0

n Hm/"\\,/’w2 ton ‘ oM ~ ' C/\/”Q e

Applied Voltags

Dol Diacid NaCl
Co-solventi H,0 -

Equation 39
Example 5: p-phenylene Diamine and Terephthalic Acid

The fifth example is a more complex variant of 7-4 Condensation Polymer illustrated by Equation 40,
between 2 different monomer species and involving functional groups other than -OH group, the
electrochemical polymerization of p-phenylene diamine and terephthalic.acid to form polyaryl amide.
For this case, the 68-1 Material A is p-phenylene diamine and 68-2 Material B.is terephthalic acid while
the 1-8 Polymer P is polyaryl amide and the 1-15 By-product formed is water. The conducting 68-3
Dissolved Salt is chosen as Sodium Chloride, NaCl, for its solubility in polar phase from the abundance of
hydrogen bonding from -OH groups of terephthalic acid and -NH groups of p-phenylene diamine. The
31-1 Cosolvent is chosen as water for its miscibility with the polar phase of p-phenylene diamine and

terephthalic acid:

3, —(n+m)H,0 |

n M;ﬁ:&ﬁi +n o TN ‘ ‘ ‘
Applied Voltage
Diamine Diacid NaCl oo

Cosolvent: H,0

Equation 40
Example 6: 6-2 Bisphenol A and 6-1 Urea

The sixth example is an.even more complex variant of 7-4 Condensation Polymer described by Equation
41, between 2 different monomer species, functional groups other than -OH group and non-water 1-15

By-product, the electrochemical polymerization of 6-2 Bisphenol A and 6-1 Urea to form 6-7
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Polycarbonates. For this case, the 68-1 Material A is 6-2 Bisphenol A and 68-2 Material B is 6-1 Urea
while the 1-8 Polymer P is 6-7 Polycarbonates and the 1-15 By-praduct formed is 6-9 Ammonia. The
conducting 68-3 Dissolved Salt is chosen as Sodium Chloride, NaCl, for its solubility in polar phase from
the abundance of hydrogen bonding from -OH groups of 6-2 Bisphenol A and -NH groups of 6-1 Urea.
The 31-1 Cosolvent is chosen as 6-8 Ammonia for its miscibility with the polar phase of 6-2 Bisphenol A

and 6-1 Urea:

CHy

~-  2NH,

[—y

Applied Voltage
Hacl
Co-solvent: §H,

Equation 41
Example 7: Ethylene carbonate

The seventh example is an exotic, though simple variant of 7-4 Condensation Polymer described by
Equation 42, involving ring-opening of the same monomer species, the electrochemical polymerization
of ethylene carbonate to form polyethylene carbonate. For this case, the 68-1 Material A is ethylene
carbonate and 68-2 Material B is not needed while the 1-8 Polymer P is polyethylene carbonate and
there is no 1-15 By-product. Note, however, that there is no 1-15 By-product from polymerization
reaction route, but not other side reactions. The conducting 68-3 Dissolved Salt is chosen as Lithium
Chloride, LiCl, for its solubility in the predominantly organic phase of ethylene carbonate. The 31-1

Cosolvent is chosen as Acetone for its miscibility with ethylene carbonate:
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/LL ‘ . o

O Py
\""""""j Applied Voltage

' : in
5-membered-ring. Lict N
Carbonates Lo~50lvent.ﬁcetoniﬁ\

H,C “CH,

Equation 42
Example 8: Dimethylsilanediol

The eighth example is-an exotic but in different way, though simple, variant of 7-4 Condensation
Polymer described by Equation 43, involving 33-14 Heteroatoms: Polysiloxanes Polysulfone,
Polyphosphate, polynitrate, 33-15 Polysiloxanes 7-4 Condensation Polymer where the adjacent atom of
the monomer backbone is not a carbon atom, the electrochemical polymerization of dimethylsilanediol
to form 33-15 Polysiloxanes. For this case, the 68-1 Material A is dimethylsilanediol and 68-2 Material B
is not needed while the 1-8 Polymer P is 33-15 Polysiloxanes and the 1-15 By-product is water. The
conducting 68-3 Dissolved Salt is chosen as Sodium Chioride, NaCl, for its solubility in polar phase from
the abundance of hydrogen bonding from -OH groups of dimethylsiloxanes. The 31-1 Cosolvent is

chosen as water for its miscibility with dimethylsiloxanes.

CHy
TH —nH,0 §
~ , S,
HO | YOH , | L
CH. Applied Voltage CH,4 ‘
Nall

Slloxanes  co-solyent: H, 0

Equation 43
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Summary of Observations

Figure 70 summarizes the observations of the reactions performed using the example reactions. During
the reaction, 1-8 Polymer is on the 70-1 Working Electrode usually as 3-5 Solid Deposit on the left that
can be removed. However, if the 1-8 Polymer is either in liquid form or is soluble in 1-7 Electrolyte phase
as 70-2 Liquid polymer, the 70-2 Liquid polymer would simply diffuse into the 1-7 Electrolyte. Depending
on the type of 1-8 Polymer, strength of adhesion onto the electrode surface differs. For some, the 3-5
Solid Deposit drops upon slight shaking, while for some, a hard material such as a forcep or a knife is

needed to scratch the 3-5 Solid Deposit off the surface,

Some 70-3 Gas bubbles also form on the surface of 3-2 Anode and 3-3 Cathode. For most cases, the 3-3
Cathode had smaller but more intense 70-3 Gas bubbles than the 3-2 Anode. This is because the 3-3
Cathode releases more mole of gas than 3-2 Anode, by the stoichiometric nature of the many gas
evolution reactions. For instance, the water splitting in Equation 44 often happens when there is water

present in 1-7 Electrolyte, either as 1-15 By-product H or as co-solvent:
2H,0 - 2H,(3-3 Cathode) + 0,(3-2 Anode)

Equation 44

1-15 By-product H are usually colorless and can only be seen as a stream of transparent liquid (visible
due to the different refractive index from 1-7 Electrolyte), that diffuses into the 1-7 Electrolyte. As can

be seen, under such reaction, the 3-3 Cathode would result in more gas evolution than the 3-2 Anode.

Results and analysis

The products can be identified by chemical analysis methods such as GC-MS (Gas Chromatography-Mass
Spectrometry), FTIR (Fourier Transform Infrared Spectroscopy) and UV-Vis (Ultraviolet-visible light

Spectroscopy).

As shown in Figure 71, the identification works by comparing the spectrums, which is a signal against
scanning parameter, between 1-7 Electrolyte, 1-14 Spent electrolyte and Known Product. There is signal
arising from reactions that corresponds to known species. Such comparison can be further quantified

into concentration C, which can then be used to evaluate conversion can be evaluated by Equation 45:
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V-Gl

x 1009
CoVo ’

Equation 45

Where V is the final volume of 1-7 Electrolyte, V, is the initial volume of the 1-7 Electrolyte and Cy is the
concentration of Material A in the initially prepared 1-7 Electrolyte. In fact, due to the liquid phase
nature of the system, the final volume of the 1-7 Electrolyte did not change significantly from initial

volume.

The conversion X can then be compared against as shown in Figure 72 against cumulative charge (J. The
cumulative charge is simply the total electric charges passed through the 35-1 Electrochemical Reactor.
Assuming a constant current operation of experimentation, the cumulative charge would simply be

current multiplies time as per Equation 46:
Q=1It
Equation 46

It can be noted that the conversion is linear at low cumulative charge but subsequently plateau at high
cumulative charge. This is because the conversion is also limited by the concentration of 1-6 Reactants
in the 9-20 Vessel, At low cumulative charge, such effect of concentration is not significant, so the line
appears to be linear. At high cumulative charge, significant 1-6 Reactants have been depleted by
reaction such that the concentration decrease is significant enough to lower the reactivity of the 1-6

Reactants,
The mol reacted is simply be evaluated as per Equation 47:
N =CV =CyVy = C VX
Equation 47

The number of electrons can be evaluated from cumulative charge as per Equation 48:
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Where F = 96485 € /mol is the Faraday’s constant, representing number of charges per mol of

electrons. The number of electrons per reaction can be obtained from the gradient of Figure 73.

On the other hand, the graph of applied voltage follows a generally linear relation against
current in Figure 74.Below threshold voltage, no reaction would happen because the energy barrier to
reaction has not been avercome. Above the threshold voltage, the 6-5 Applied Voltage against current
follows a linear relation under the operating range as shown in Figure 74. The gradient of the graph
represents the resistance of the 35-1 Electrochemical Reactor. The higher the gradient, the higher the
increase in 6-5 Applied Voltage for the required current, the higherthe electrical energy dissipated to
resistive heating of the 35-1 Electrochemical Reactor (especially the 1-7 Electrolyte) by heating. Thus a
design consideration for this kind of 35-1 Electrochemical Reactors would involve lowering the electrical

resistance of the 1-7 Electrolyte to reduce energy dissipation as heat.

Finally, the gas flow rate with respect to currenit follows a generally linear relationship as shown
in Figure 75. This is reasonable considering the gas evolution rate, by stoichiometry, is directly

proportional to the current passing through the electrodes.
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Claims
1. A reactor for an electrochemical reaction, the reactor comprising:

a vessel for containing an electrolyte solution;
at least one electrode and at least one counter electrode, wherein the electrodes are disposed in
the vessel such that

a first portion of the electrode and the counter electrode are immersed in the electrolyte
solution,

a second portion of the electrode is not immersed in the electrolyte solution, and

the electrode moves in such a manner that its position remains, and the size of the surface
area of the first portion that is immersed in the electrolyte solution and the second portion that
is not immersed in the electrolyte solution remains while the surface area of the electrode is
deposited with products formed from the electrochemical reaction; and

a removal device disposed in contact with the electrode for removing the deposited

products from the electrode.

2. The reactor of claim 1, wherein the counter electrode further comprises a first portion that is
immersed in the electrolyte solution, and a second portion that is notimmersed in the electrolyte solution.
3. The reactor-of claim 1 or 2, wherein the movement of the electrode stirs the electrolyte solution
for maintaining a substantially homogeneous concentration.

4, The reactor of claim 1, further comprised of a conducting brush in contact with the electrode to
supplement electrical contact during electrode movement.

5. The reactor of claim 1, further comprised of additional removal devices stacked in the same
reactor to increase removal effectiveness.

6. The reactor of claim 1, wherein lubrication, including without limitation waxing, is applied to

increase removal effectiveness.

7. The reactor of claim 1, wherein the electrode comprises a cylinder in rotation.
3. The reactor of claim 1, wherein the electrode comprises a conveyor belt.
9. The reactor of claim 8, wherein the conveyor belt electrode further comprises pulleys, chain

drives, or a.combination of two or more thereof.
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10. The reactor of claim 9, wherein parts of the pulleys or chain drives immersed in the electrolyte
solution is not conductive.

11. The reactor of claim 1, further comprises a primary transmission system to transfer the
mechanical motion from a motor, an engine, or any mechanical power system.

12. The reactor of claim 11, wherein the primary transmission system comprises of at least one gear
fixated onto a shaft, at least one pulley fixated onto a shaft, at least one chain drive fixated onto a shaft,
or a combination of two or more thereof.

13. The reactor of claim 1, further comprises a secondary transmission system to transfer the
mechanical motion onto the electrode.

14, The reactor of claim 11, wherein the secondary transmission system comprises of at least one
gear fixated onto a shaft, at least one pulley fixated onto a shaft, at least one chain drive fixated onto a
shaft, or a combination of two or more thereof.

15. The reactor of claim 1, wherein the removal device is in contact with the second portion of the
electrode.

16. The reactor of claim 15, wherein the removal device comprises a rigid plate for scraping the
deposited products off the second portion of the electrode.

17. The reactor of claim 16, wherein the degrees of tilt of the rigid plate is adjustable.

18, The reactor of claim 17, further comprises a spring system to adjust the degrees of ilt of the rigid
plate.

19. The reactor of claim 1, wherein the reactor further comprises a conveyor belt system positioned
atthe other end of the removal device that is not in contact with the electrode for removing the deposited
products off the electrode by friction.

20. The reactor of claim 19, wherein the conveyor belt system comprises an abrasive surface.

21. The reactor of claim19, wherein the coriveyor belt system transports the removed deposited

products away from the second portion of the electrode.

22. The reactor of claim 1, wherein the removal device is in contact with the first portion of the
electrode.
23. The reactor of claim 1, wherein the reactor further comprises a drainage system positioned at the

other end of the removal device that is not in contact with the electrode for collecting, transporting and

washing the removed deposited products.
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24, The reactor of claim 23, wherein the drainage system comprises a flap for preventing spilling of
the deposited products during collection from the removal device.

25. The reactor of claim 23, wherein the drainage system comprises flowing fluid in an-.open channel
of arbitrary shape, including without limitations arc, rectangular or triangular.

26. The reactor of claim 23, wherein the flap of the drainage system comprises is positioned in any of

acute, perpendicular, or obtuse angles, to maximize spilling prevention of deposited products.

27. The reactor of claim 1, wherein the electrode comprises a disk in rotation.
28. The reactor of claim 1, wherein the electrode comprises a worm screw in rotation.
29. The reactor of claim 28, wherein the rotation of the spiral worm screw electrode moves the

electrolyte solution in a specific direction.

30. The reactor of claim 28, wherein the removal device comprises a second worm screw with relative
surface motion against the electrode surface.

31, The reactor of claim 30, wherein the second worm screw rotates either in the same direction as,
or in the opposite direction against, the worm screw electrode.

32. The reactor of claim 30, wherein the second worm screw acts as either the electrode or the
counter electrode.

33. The reactor of claim 1, wherein the counter electrode comprises conducting materials fixed onto
the walls of the vessel.

34, The reactor of claim 1 further comprises a gas removal system.

35. The reactor of claim 34, wherein the gas removal system comprises a closed piping outlet, a
fumehood system, or a combination of two or more thereof.

36. The reactor of claim 35, wherein the fumehood cover is made of rigid materials.

37. The reactor of claim 35, wherein parts of the fumehood is made of deformable materials
straightened by gravity of a weight hung onto the deformable materials.

38. The reactor of claim 35, wherein the gas removal system further comprises sleeves.

39. The reactor of claim 35, wherein the walls of the gas removal system is transparent.

40. The reactor of claim 1, wherein the walls of the vessel is transparent.

41, The reactor of claim 1, wherein the electrode and the counter electrode are separated by a

separator, a diaphragm, or a conducting membrane.
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42. The reactor of claim 1, wherein the electrode and the counter electrode are arranged in an
alternating order.
43, The reactor of claim 1, wherein the electrode and the counter electrode are arranged in a

corresponding cluster manner, segregated from each other.

44, The reactor of claim 1 further comprises a reference electrode for measuring standard electrode
potential.
45, The reactor of claim 1 further comprises a mechanical support that holds and supports the

electrode and the counter electrode.

46. The reactor of claim 45, wherein the mechanical support comprises a retraction mean to retract
the electrode and the counter electrode from the vessel containing the electrolyte solution.

47, The reactor of claim 45, wherein the mechanical support is independent of and can be isolated

from the vessel containing the electrolyte solution.

48, The reactor of claim 45, further comprises hydraulic system, motor/engine system, or any other
means to ease movement of components.

49, The reactor of claim 45, further comprises wheels to ease movement of components,

50. A process for an electrochemical reaction for producing polymers, the process comprises:

partially immersing a reaction electrode in an electrolyte solution;

immersing a counter electrode in the electrolyte solution;

establishing a voltage differential between the electrode and the counter electrode;
mixing at least one reactant in the electrolyte solution;

polymerizing the reactant, the resulting polymer depositing on the reaction electrode;
removing the deposited products from the reaction electrode; and

separating impurities from the deposited products to obtain the polymers.

51, The process of claim 50,further comprises collecting spent electrolyte solution and recovering
electrolyte solution from the spent electrolyte solution.

52. The process of claim 51, wherein the recovered electrolyte solution is re-introduced and reused
in the process.

53. The process of claim 50, wherein the reactant comprises ethylene glycol, propylene glycol,
halohydrin, urea, glycerol, ethanol, unsaturated compounds, or a mixture of two or more thereof.

54, The process of claim 53, wherein the unsaturated compounds are unsaturated hydrocarbons.
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55. The process of claim 50, wherein the reactant comprises alcohols.

56. The process of claim 50, wherein the reactant comprises amines.

57. The process of claim 50, wherein the reactant comprises sulfides.

58. The process of claim 50, wherein the polymer comprises polyethylene, polypropylene, poly-4-
methylpenten-1, poly-a-methylstyrene, polyisobutylene, polybutene,1,2-polybutadiene, polystyrene, or
a mixture of two or more thereof.

59. The process of claim 50, wherein the polymer comprises poly(vinyl alcohol), poly({viny! acetate),
poly-N-vinylcarbazole, poly-N-vinylpyrrolidine, or 2 mixture of two or more thereof.

60. The process of claim 50, wherein the polymer comprises polyvinyl chloride, poly{vinylidene
chloride), poly(vinylidene fluoride), poly{vinyl fluoride), polytetrafluoroethylene,
polychlorotrifiuoroethylene, or a mixture of two or more thereof,

61. The process of claim 50, wherein the polymer comprises polyacrylonitrile, polyacrylate,
polyacrylic acid, poly(butyl acrylate), poly(methyl methacrylate), or a mixture of two or more thereof.
62. The process of claim 50, wherein the polymer comprises poly(vinyl butyral), poly(vinyl formal),
poly(diallyl phthalate), styrene-maleic anhydride plastic, polydicyclopentadiene, or a mixture of two or
more thereof.

63. The process of claim 55, wherein the alcohol contains 2 alcohol groups in the same reactant
molecule,

64. The process of claim 50, wherein the polymer comprises polyether.

65. The process of claim 50, wherein the polymer comprises polyacetal, poly{propylene oxide),
poly(ethylene oxide), poly(phenylene ether), or a mixture of two or more thereof.

66. The process of claim 55, wherein the alcohol contains a carbonyl (C=0) group.

67. The process of claim 50, wherein the polymer comprises polyketone.

68. The process of claim 55, wherein the adjacent carbon atom of the alcohol has no hydrogen atom.
59. The process of claim 55, wherein the carbon backbone of the alcohol comprises cyclic aromatic
compounds.

70. The process of claim 69, wherein the cyclic aromatic alcohol comprises furfuryl alcohol, furan,

phenol, or a mixture of two or more thereof.
71. The process of claim 69, wherein the polymer comprises polyfurfuryl, furan-formaldehyde resin,

or a mixture of two or more thereof.
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72. The process of claim 50, wherein the reactant comprises sugar.

73. The process of claim50, wherein the reactant comprises derivative of sugar.

74. The process of claim 50, wherein the polymer comprises cellulose, or any derivative of cellulose
thereof.

75. The process of claim 50, wherein the polymer comprises polysulfides, including without limitation

poly(phenylene sulphide).

76. The process of claim 50, wherein the reactant comprises carboxylic acid with an alcohol group.
77. The process of claim 50, wherein the polymer comprises polyester.

78. The process of claim 50, wherein the polymer comprises polyhydroxyalkanoates.

79. The process of claim 50, wherein the polymer comprises polyhydroxybutyrate, polylactic acid;

polyglycolic acid, polyhydroxyalanoic acid, polyarylate, poly-4-hydroxybenzoate, or a mixture of two or
more thereof.

80. The process of claim 50, wherein the reactant comprises carboxylic acid and alcohols.

81, The process of claim 50, wherein the polymer comprises polyethylene terephthalate,
polybutylene terephthalate, polybutylene naphthalate, polyethylene naphthalate, or a mixture of two or
more thereof.

82. The process of claim 50, wherein the polymer comprises polycaprolactone.

83, The process of claim 50, wherein the polymer comprises poly(cyclohexylene dimethylene
terephthalate}, poly(cyclohexylene dimethylene cyclohexane dicarboxylate), polybutylene succinate,
polyethylene succinate, poly({trimethylene terephthalate), liquid-crystal pelymer, or a mixture of two or
more thereof.

34. The process of claim 80, wherein the reactant comprises 4-hydroxybenzoic acid and 6-hydroxy-2-

naphthoic acid.

85. The process of claim 50, wherein the reactant comprises amino acid.

86. The process of claim 50, wherein the reactant comprises carboxylic acid and amines.

87. The process of claim 50, wherein the polymer comprises poly(aryl amide), Nylon, protein, or a

mixture of two or more thereof.

88. The process of claim 50, wherein the reactant comprises carboxylic acid and carbonyl group.
89. The process of claim 88, wherein the carbonyl group comprises urea.
90. The process of claim 88, wherein the carbonyl group comprises carbonic acid.
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91. The process of claim 88, wherein the carbonyl group comprises hydrogen carbonates salts.
92. The process of claim 88, wherein the carbonyl group comprises carbonyl halides.

93. The process of claim 50, wherein the polymer comprises polycarbonates

94. The process of claim 50, wherein the reactant comprises carboxylic acid and acid anhydride.

95. The process of claim 50, wherein the reactant comprises alcohols and isocyanates.

96. The process of claim 50, wherein the polymer comprises polyurethane.

97. The process of claim 95, wherein the reactant comprises 4,4’-methylene diphenyl diisocyanate

and ethylene glycol.

98. The process of claim 50, wherein the reactant comprises acid anhydrides and amines.

99. The process of claim 50, wherein the reactant comprises acid anhydrides and isocyanates.

100.  The process of claim 50, wherein the polymer comprises polyimides.

101. The process of claim 50, wherein the polymer comprises polymethacrylimide, poly-N-
methylmethacrylimide, or a mixture of two or more thereof.

102, The process of claim 50, wherein the reactant comprises ¢yclic compounds.

103. The process of claim 102, wherein the cyclic compound is cyclic ketone.

104.  The process of claim 102, wherein the cyclic compound is cyclic carbonates.

105. The process of claim 50, wherein the polymer comprises polypropylene 1,2 carbonate,
polypropylene 1,3 carbonate, polyethylene carbonate, or a mixture of two or more thereof,

106.  The process of claim 50, wherein the polymer comprises polyglycerol 1,2 carbonate, polyglycerol
1,3 carbonate, or a mixture of two or more thereof.

107.  The process of claim 50, wherein the reactant comprises heteroatomic compounds.

108. The process of claim 50, wherein the polymer comprises polysiloxanes, polysulfones,
polyphasphonates, pelynitrates, or a mixture of two or more thereof.

109.  The process of claim 50, wherein the polymer comprises polyaryl sulfones, silicone plastic,
polyaryl phosphonate, or a mixture of two or more thereof.

110.  The process of claim 50, wherein the reactant comprises alcohol, sulphide, amine, or a mixture of
two or more thereof.

111.  The process of claim 50, wherein a membrane is disposed in the electrolyte solution.

112.  The process of claim 50, wherein conducting ions is disposed in the electrolyte solution.
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113.  The process of claim 111, wherein the membrane disposed in the electrolyte solution comprises
jon exchange membrane, including without limitation Nafion membrane.

114, The process of claim 112, wherein the conducting ions disposed in the electrolyte solution
comprises metallic ions, non-metallic ions, or a mixture of two or more thereof.

115.  The process of claim 114, wherein the metal conducting ions disposed in the electrolyte solution
comprises salts, including without limitations sodium chloride.

116.  The process of claim 114, wherein the non-metallic conducting ions disposed in the electrolyte
solution comprises organic ions, inorganic ions, or a mixture of two or more thereof.

117.  The process of claim 116, wherein the organic ions disposed in the electrolyte solution comprises
surfactants, including without limitations soaps or detergents such as sodium palmitate.

118. The process of claim 116, wherein the inorganic ions disposed in the electrolyte solution
comprises ionic liquids, including without limitations 1-butyl-3-methylimidazolium hexafluorophosphate.
119.  The process of claim 50, wherein cosolvent is disposed in the electrolyte solution.

120,  The process of claim 119, wherein the cosolvent disposed in the electrolyte solution comprises
organic cosolvent, inorganic cosolvent, ora mixture of two or more thereof.

121.  The process of claim 120, wherein the organic cosolvent disposed in the electrolyte solution
comprises designer molecule, including without limitations crown ether such as 15-Crown-5.

122.  The process of claim 120, wherein the organic cosclvent disposed in the electrolyte solution
comprises non-polar solvents, including without limitations acetone.

123.  The process of claim 120, wherein the inorganic cosolvent disposed in the electrolyte solution
comprises polar solvents, including without limitations ammonia, water, or hydrohalic acids.

124.  The process of claim 50, wherein additives is disposed in the electrolyte solution.

125.  The process of claim 124, wherein the additives disposed in the electrolyte solution comprises
redox additives, including without limitations electron shuttle such as pyridine.

126.  The process of claim 124, wherein the additives disposed in the electrolyte solution comprises
non-redox additives, including without limitations ccordination catalysts such as Ziegler-Natta catalyst.
127.  The process of claim 50, wherein the polymerization comprises condensation polymerization,
addition polymerization, or transesterification polymerization.

128.  The process of claim 50, wherein the polymerization comprises internal elimination followed by

addition polymerization.
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129.  The process of claim 50, wherein different reactants species are mixed together to result in
copolymerization.

130,  Asystem for conducting an electrochemical reaction to produce polymers, the system comprises:

at least one electrochemical reactor;

at least one reactant tank for storing reactant;

at least one mixing tank for receiving and mixing reactants with electrolyte solution; and

at least one solid separator for receiving the polymers that are to be further processed to remove
impurities from the polymers;

wherein the reactant is polymerized in the reactor, producing the polymers.

131.  Asystem of claim 130, wherein at least one of the electrochemical reactor comprises the reactor
of claim 1.

132, A system of claim 130, further comprises at least one electrolyte reservoir for storing and
supplying electrolyte solution to the reactor.

133. A system of claim 130, further comprises a second reactant tank for storing a second reactant,
third reactant tank for storing a third reactant, and so on, up to any number of reactant tank as applicable.
134. A system of claim 130 further comprises at least one extraction unit connected to any of the
reactant tank, for enriching or activating the active ingredients of the corresponding reactant.

135. A system of claim 130, further comprises at least one pump, at least one compressor, or a
combination of two or more thereof, to control fluid pressure.

136.  Asystem of claim 130, further comprises at least one heater, at least one cooler, at least one heat
exchanger, or a combination 'of two or more thereof, to control temperature;

137.  Asystem of claim 130, further comprises at least one cooling fluid container to store cooling fluid
as applicable;

138.  Asystem of claim 130, further comprises at least one control valve to control flow rate of fluids.
139.  Asystem of claim 130, further comprises at least one switch valve, at least one three-way valve,

or a combination of two or more thereof, to facilitate flexible interlock of piping.
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140.  Asystem of claim 130, further comprises at least one check valve to prevent backflow of fluids, at
least ohe pressure relief valve for process safety, at least one mechanical line to transport solid, or a
combination of two or more thereof.

141, Asystem of claim 130, wherein at least one piece of process equipment, at least one part of the
connections between any piece of equipment, or a combination of two or more thereof, is thermally
insulated.

142, Asystem of claim 130, further comprises at least one bypass of conventional polymer production
system.

143. A system of claim 130 further comprises at least one recovery unit for collecting by-products
produced during the polymerization in the reactor, or for recovering spent electrolyte solution from the
by-products.

144.  Asystem of claim 143, wherein the recovered electrolyte solution is directed back to the mixing
tank, the electrolyte reservoir if any, or a combination or two or more thereof.

145. A system of claim 143, wherein the recovery unit comprises at least one distillation column, at
least one sorption unit, or a combination of two or more thereof.

146.  Asystem of claim 143, wherein the recovery unit further comprises at least one solvent extractor,
at least one sorbent regenerator, or a combination of two or more thereof.

147.  Asystem of claim 146, wherein the recovery unit further comprises at least one solvent container
forstoring solvent.

148.  Asystem of claim 145, wherein the distillation column further comprises at least one flexible
interlock of piping for reverse reflux and reboiler piping.

149. A system of claim 130 further comprises at least one additive container for storing additives, at
feast one cosolvent container for storing cosolvent, or a combination of two or more thereof.

150.  Asystem of claim 130, further comprises at least one filter to separate solid from electrolyte.
151.  Asystem of claim 130, further comprises at least one washer to wash residual electrolyte away
from polymer.

152.  Asystem of claim 130 further comprises at least one settler, at least one dryer, or a combination
of two or more thereof, to separate the washed polymer.

153. A system of claim 130 further comprises at least one washing fluid tank to recirculate washing

fluid.
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154.  Asystem of claim 130 further comprises at least one molding machine to shape the polymer solid.
155.  Asystem of claim 130 further comprises at least one polymer packing unit for packing polymer
product.

156.  Asystem of claim 155, wherein the polymer packing unit stores polymer product.

157.  The system of claim 130, further comprises cascade control.

158.  The system of claim 157, wherein the cascade control is applied to coordinate between polymer
separation block, by-product recovery block, synthesis block and at least one of the reactants.

159.  The system of claim 157, wherein the cascade control comprises operation and communication
between the polymer dryer, distillation column, any one of electrochemical reactor or conventional
reactor, and at least one of the reactants, to coordinate production rate.

160.  The system of claim 157, wherein the cascade control comprises operation and communication
between any two of polymer dryer, molding machine and polymer packing unit to coordinate production
rate.

161,  The system of claim 157, wherein the cascade control comprises operation and communication
between electrochemical reactor, any one of sorption unit or solvent extractor, conventional reactor, and
washer, to coordinate production rate.

162.  The system of claim 130, further comprises feedforward control.

163.  The system of claim 162, wherein the feedforward control comprises monitoring and measuring
the flow rates of the first reactant, the second reactant or any reactant :as applicable, the electrolyte
solution, the additives, the cosolvent, the polymers or the by-products, or a combination of two or more
thereof.

164.  The system of claim 162, wherein the feedforward control is applied to control concentration of
at least one of the reactants, salt, cosolvent, additive or by-product, by measuring recycle stream flow
rate and concentration of the at least one chemical component, then adjusting the feed flow rates.

165. The system of claim 130, further comprises feedback control.

166.  The system of claim 165, wherein the feedback control is applied to control any piece of process
egquipment upstream.

167.  The system of claim 165, wherein the feedback control is applied to control concentration of at
feast one of the reactants, salt, cosolvent, additives or by-product, by measuring downstream flow rate

and concentration of at least one chemical component, then adjust the upstream feed flow rates.
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168.  The system of claim 130, further comprises ratio control.

169.  The system of claim 168, wherein the ratio control is applied to control concentration of at least
one of the reactants, salt, cosolvent, additive or by-product.

170.  The system of claim 169, wherein the ratio control is applied to control sorption unit, sorbent
regenerator, solvent extractor, distillation column, or a combination of two or more thereof.

171.  The system of claim 170, wherein the ratio control is applied to control reflux of distillation
column, bottom product of distillation column, or a combination of two or more thereof,

172.  The system of claim 130, further comprises split range control.

173.  The system of claim 172, wherein the split range control further comprises dead band range.
174.  The system of claim 172, wherein the split range control is applied to control level of container
coupled with any one or more of the mixing tank, washing fluid tank, or solvent extractor.

175.  The system of claim 130, further comprises override select control.

176.  The system of claim 175, wherein the override select control is applied to control levels in a
container.

177. The system of claim 175, wherein the override select control of levels involve level control
overriding default flow level control when level is out of designated range.

178.  The system of claim 176, wherein the override select control is applied to control level of any one
of canventional polymer production system, reactor, or distillation column,

179.  The system of claim 130, further comprises indicator/alarm.

180. The system of claim 179, wherein the indicator/alarm is applied for solid holdups, including
without limitation of polymer packing unit.

181.  The system of claim 179, wherein the indicator/alarm is applied for levels.

182.  The system of claim 181, wherein the indicator/alarm is applied for levels of Material A Container,
Material B Container, other applicable Material Container, Cosolvent Container; Additive Container, By-
product Container, Electrolyte Reservoir, Solvent Container, Washing Fluid Container, Cocling Fluid
Container, or a combination of two or more thereof.

183. A process control method, comprises, Feedforward control, Feedback control, Cascade control,
ratio control, split range control, override select control, indicator/alarm control, or a combination of two

or more thereof,
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184. A process control method of claim 183, wherein the cascade control comprises at least one layer
of communication between upstream and downstream equipment.

185,  Aprocess control method of claim 183, wherein the cascade control comprises at least one layer
of communication between parallel stream equipment.

186. A electrochemical reaction system, comprising

a mixing unit for mixing reactants;
at least one reactor of claim 1; and

a separating unit for further separating the solid deposit.

187.  The electrochemical reaction system of claim 186, further comprises an electrolyte recovery unit
for controlling electrolyte composition.

188.  The electrochemical reaction system of claim 186, wherein the reactor, if more than one, are
stacked in arrays.

189. The electrochemical reaction system of claim 188, wherein the arrays formation of reactors
comprises rectangular matrices with arbitrary dimensions of n rows x m columns.

190.  The electrochemical reaction system of claim 189, wherein the rectangular matrices comprise
clusters with dimensions of 2x 1, 2 X 2, 2 x5, n X n, or a combination of two or more thereof.

191. A method to deploy electrochemical reactor, including without limitations reactor of claim 1,

comprises in any sequence:

Deploying reactor vessel;

Deploying any electrode support;
Adjusting electrode position;

Deploying any solid transport system; and

Installing any gas removal device

192. A method to retrofit the system of claim 130 to an existing polymer production system, comprises

in any sequence:
Disconnecting the piping of existing polymer production system;

Installing three-way valves or switch valves at the-disconnected piping; and

Connecting the three-way valves or switch valves to electrochemical reactor as a bypass
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A method to retrofit the system of claim 143 to an existing recovery unit, comprises in any

sequence:

194,

Disconnecting the piping of existing recovery unit;
Installing three-way valves or switch valves at the disconnected piping;

Connecting the three-way valves or switch valves to an alternative recovery unit

A method to retrofit the system of claim 145 to an existing distillation column, comprises in any

sequence;

195.

Disconnecting the piping of both top and bottom of the distillation column;
Installing three-way valves or switch valves at the disconnected piping; and
Connecting the three-way valves or switch valves to reverse top and bottom output of the

distillation column

A method of maintenance for electrochemical reactor, including without limitations reactor of

claim 1, comprises in any sequence;

196.

Removing any gas removal device;

Removing any solid transport system;

Adjusting electrode position;

Retracting any electrode support;

Performing cleanup, repair or any maintenance as applicable;
Redeploying any electrode support;

Readjusting electrode position;

Redeploying any solid transport system;

Reinstalling any gas removal device

A method of waste management using system of claim 130, comprises in any sequence:
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Deploying waste container to store chemical waste;
Installing extraction unit to isolate active reactant from chemical waste; and

Connecting the extraction unit to the corresponding reactant tank
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Abstract

A novel polymers production process, often with fuels/chemicals as by-products. The invention consists
of device, addition polymerization, condensation polymerization, process with piping, control and
procedure. The device is a mechanical design to continuously remove solid deposit, conductive or not,
on electrode surface. Besides overcoming the limitation of electrochemical polymer production where
the products blocks the electrode from further operation, the device provides cheaper operation for
electrometallurgy to harvest the valuable metals formed on electrode. The novel process allows
retrofitting conventional polymer production process by replacing conventional reactor with
electrochemical reactor, for low-cost rapid implementation. The novel reactions consist of addition
reaction to produce addition polymers; and intermolecular reaction to produce classes of condensation
polymers. The clusters of invention enable valuable polymers and chemicals to be produced at low cost
for milder conditions and cheaper equipment, while allowing utilization of alternative feedstock

especially chemical wastes, for further environmental and economic benefits.
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Reply to Written Opinion on PCT Chapter 2 Demand

This reply is made pursuant to PCT Rule 66.3. The Applicant notes and appreciates that the Examiner
has found claims 1-4, 7-17, 19-24, 27-30, 33, 34, 41-47, 50-57, 63-69, 72-74, 76, 78, 80, 85-96, 98-
100, 102-104, 107, 108, 110, 111, 127, 128, 131, 186-190 to be novel, involving inventive step and
industrially applicable. Minor amendments can be referred to “Summary of Other Amendments”.

The Applicant humbly requests the remaining claims 5, 6, 18, 25, 26, 31, 32, 35-40, 48, 49, 58-62, 70,
71,75,77,79, 81-84, 97, 101, 105, 106, 109, 112-126, 129, 130, 132-185, 191-196 be examined
pursuant to PCT Rule 66.1 (d):

66.1 (d} Any amendments under Article 19 made after the demand was filed and any amendments
under Article 34 submitted to the International Preliminary Examining Authority shall, subject to Rule
66.4bis, be taken into account for the purposes of the international preliminary examination.

1. Independent Claims to be novel, involving inventive steps and industrially applicable,
based on prior art D1-D6

The subject matter of claim 130 differ from that of these prior art documents D1-D6 in that a system
for conducting an electrochemical reaction to produce polymers comprises: at least one
electrochemical reactor; at least one reactant tank for storing reactant; at least one mixing tank for
receiving and mixing reactants with electrolyte solution; and at least one solid separator for
receiving the polymers that are to be further processed to remove impurities from the polymers;
wherein the reactarit is polymerized in the reactor, producing the polymers. And it is not obvious to
a person skilled in the art over the documents D1-D6, when taken individually or in any combination.

The claims 132-182, 192-194, 196 refer to claim 130. Therefore, claims 132-182, 192-194, 196 are
novel and involve an inventive step.

The subject matter of claim 183 differ from that of these prior art documents D1-D6 in that a process
control method comprises: Feedforward control, Feedback control, Cascade control, ratio control,
split range control, override select control, indicator and alarm control, or a combination of two or
more thereof. And it is not obvious to a person skilled in the art over the documents D1-D6, when
taken individually or in any combination.

The claims 184, 185 refer to claim 183. Therefore, claims 184, 185 are novel and involve and
inventive step.

The subject matter of claim 191 differ from that of these prior art documents D1-D6 in that a
method to deploy ele¢trochemical reactor, including without limitations reactor of claim 1,
comprises in any sequence: deploying reactor vessel; deploying any electrode support; adjusting
electrode position; deploying any solid transport system; and installing any gas removal device. And
it is not obvious to a person skilled in the art over the documents D1-D6, when taken individually or
in any combination.

The subject matter of claim 195 differ from that of these prior art documents D1-D6 in that a
method of maintenance for electrochemical reactor, including without limitations reactor of claim 1,
comprises combination in any sequence: removing any gas removal device; removing any solid
transport system; adjusting electrode position; retracting any electrode support; performing
cleanup, repair or any maintenance as applicable; redeploying any electrode support; readjusting
electrode position; redeploying any solid transport system; reinstalling any gas removal device. And
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it is not obvious to a person skilled in the art over the documents D1-D6, when taken individually or
in any combination.

Nevertheless, if the Examiner deems that prior art documents D1-D6 may not suffice to examine
claims 130, 183, 191, 195, and corresponding dependent claims 132-182, 184, 185, 192-194, 196,
the Applicant humbly requests Top-up Searches as the Examiner deems fit, covering only such claims
(claims 130, 183, 191, 195, 132-182, 184, 185, 192-194, 196}, as per PCT Rule 66.1ter:

66.1ter  Top-up Searches

The International Preliminary Examining Authority shall conduct a search (“top-up search”) to
discover documents referred to in Rule 64 which have been published or have become available to
the said Authority for search subsequent to the date on which the international search report was
established, unless it considers that such a search would serve no useful purpose. If the Authority
finds that any of the situations referred to in Article 34(3) or (4} or Rule 66, 1{e) exists, the top-up
search shall cover only those parts of the international application that are the subject of
international preliminary examination.

Finally, claims 5, 6, 18, 25, 26, 31, 32, 35-40, 48, 49, 58-62, 70, 71, 75, 77, 79, 81-84, 97, 101, 105,
106, 109, 112-126, 129, 130, 132-185, 191-196 are industrially applicable.

2. Dependent Claims referring to favourable claims

Claim 1 was found to be novel, involving inventive step and industrially applicable. The claims 5, 6,
18, 25, 26, 31, 32, 35-40, 48, 49 refer to claims 1, thus are novel, involving inventive step, and
industrially applicable.

Claim 50 was found to be novel, involving inventive step and industrially applicable. The claims 58-
62,70,71,75,77,79, 81-84, 97,101, 105, 106, 109, 112-126, 129 refers to claim 50, thus are novel,
involving inventive steps and industrially applicable.

3. Unexamined Claims which were previously included in ISR

Further to PCT Rule 66.1{d) as previous, for claims 62, 79, 83, 109, 130, 132-136, 138-146, 148, 149,
155-158, 162, 164-166, 168-170, 172, 174-176, 179-182, PCT Rule 66.1(e) does riot apply because
these claims were included in previously issued ISR:

Claims | Previously claims in ISR Claims | Previously Claims | Previously
claims in ISR claims in ISR

62 75,76,77,78,79 141 174, 175 164 201

79 103, 104, 105, 106, 107, 108 142 176 165 202

83 115, 116,117,118, 119, 120 143 177 166 203

109 157, 158 144 178 168 204

130 163, 168 145 179, 182 169 205

132 164 146 180, 183 170 206

133 | 166 148 | 181 172 | 212

134 165, 167 149 184, 185 174 213

135 169 155 186 175 214

136 170 156 187 176 215

138 171 157 198 180 220, 221
139 172 158 199 181 222

140 173 162 200 182 225

Page 2 of 2
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Summary of Other Amendments
Minor amendments for typo, consistency and clarity:

Page 8: Corrected Figure 35 Label typo of “where the electrochemical reactor is replaced by
Electrochemical reactor”... to “where the conventional reactor is replaced by Electrochemical
reactor...”

Page 17; Corrected Figure 35 Label typo similar to page 8 above

Page 29: Corrected typo of “12-1” to “12-1 Pulley”

Page 30: Corrected typo of “12-1” to “12-1 Pulley” similar to page 29 above
Page 32: Corrected typo of “4-2” to “4-2 Removal Device” for 2 times

Page 33:

e Corrected typo of “28-2 Rectangular” to “28-2 Rectangular 9-12 Channel”

e Corrected typo of “28-3 Triangular” to “28-3 Triangular 9-12 Channel”

s Corrected typo of “10-1 Counter Electrode is attached to the 9-20 Vessel” to “10-1 Counter
Electrode is joined to the 9-20 Vessel” to clarify as enhanced version of attached variant

Page 34;

'!I

¢ Corrected typo of “while closed gas” to “while closed 9-17 Gas Remova
e« Corrected typo of “4-2” to “4-2 Removal Device” for 2 times

Page 35: Corrected typo of “9-15 Built-In of 9-13 Support” to “9-15 Built-In variant of 9-13 Support”
Page 36:

e Corrected typo of “9-1 Cylinder Electrode” to “9-3 Rotating Disk Electrode” for 2 times
e Corrected typo of “9-1 Cylinder Electrode” to “9-4 Spiral/Screw Electrode” for 2 times

Page 39:

e Corrected typo of “coordination catalyst” to “coordination 1-13 Catalyst” for consistency
s Corrected typo of “trimethylaluminum” to “triethylaluminium”
e Corrected typo of “solid catalyst suspended” to “solid catalyst suspension”

Page 46: Labelled PS with alternative name “Polystyrene” for format consistency
Page 48: Labelled PVC with alternative name “Polyvinyl Chloride” for format consistency
Page 53:

e Corrected typo of “Malic anhydride” to “Maleic anhydride” and included molecule structure
for format consistency
s Labelled alternative name “2-hydroxysuccinic anhydride” of molecule for format consistency

Page 66: Corrected typo of “1,4-Cyclohexanedicarboxylic acid” to “1,4-Benzenedicarboxylic acid”
Page 85: Corrected typo of “can used installed” to “can be installed”
Page 91: Deleted extraneous typo “Figure 40 ...” under the subheading “40-1 Process Flow Diagram

and Auxiliary Units”

Page 1l of4
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Page 92:

e Corrected typo of “31-1 Cosolvent” to “32-1 Additives” in the Additives Drum paragraph
e Corrected typo of “cooling unit is reduction” to cooling unit if reduction”
o Corrected typo of “inline compressor, C-02” to “inline compressor, Q-02”

Page 93:;

s Corrected typo of “1-8 Polymer and 1-15 By-product H” to “1-8 Polymer P and 1-15 By-
product H” for consistency
e (Corrected typo of “check valve $-03B” to “switch valve $-038”

Page 94: Deleted extraneous zero of “Stream 05B” to “Stream 5B”

Page 96: Corrected typo of “to drain off 31-1 Cosolvent” to “to drain off cooling fluid” in the Cooling
Fluid Drum paragraph

Page 97: Corrected typo of “check valve 5-03B” to “switch valve S-03B”
Page 98:

s Corrected typo of “31-1 Cosolvent” to “solvent” for 2 times in the Solvent Drum paragraph
¢ Corrected typo of “The solvent extraction path,” to “At the solvent extraction path,”

Page 100: Corrected typo of “exists the Reservoir Tank T-15” to “exits the Reservoir Tank T-15”
Page 101: Corrected typo of “full-open position” to full-open form” for clarity

Page 104: Corrected typo of “distillation column DP-07” to “distillation column DB-13"

Page 106: Deleted extraneous coma of “S-13A, S-13B pair” to “S-13A S-13B pair” for consistency
Page 107:

e Corrected typo of “FIC02 (via 48-6 Override Select), Flow Rate Indicator Controller” to “FIC
02 (via 48-6 Override Select), Flow Rate Indicator Controlier of Stream 2”

e Corrected typo of “FIC 13A, Flow Rate Indicator Controller” to “FIC 13A, Flow Rate Indicator
Controller of Stream 13A”

e Corrected typo of “FiC 01A, Flow Rate Indicator Controller upstream” to “FIC 01A, Flow Rate
Indicator Controller of Stream 1A upstream”

s Corrected typo of “SIC 08 (Operating) Speed Indicator Controller downstream” to “SIC 08
(Operating) Speed Indicator Controller of Molding Machine MP-08 downstream”

s Corrected typo of “FIC 03B Flow Rate indicator Controller” to “FIC 03B Flow Rate Indicator
Controller of Stream 3B”

e Corrected typo of “FIC 03B, Flow Rate Indicator Controller sending signals” to “FIC 03B, Flow
Rate Indicator Controller of Stream 3B sends signals”

Page 108:

¢ Corrected typo of “Steam 38" to “Stream 3B”
e Corrected typo of “FIC 11B, Flow Rate Indicator Controller” to “FIC 11B, Flow Rate Indicator
Controller of Stream 11B”

Page 109: Deleted extraneous zero of “Stream 02” to Stream 2” for 2 times

Page 2 of 4
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Page 110: Deleted extraneous zero of “Stream 04” to Stream 4” for 2 times
Page 111:

e Corrected typo of “V-5L” to “V-05L”" for consistency

e Corrected typo of “SIC 07A, {Conveying) Speed Indicator Transmitter” to “SIT 07A,
{Conveying) Speed Indicator Transmitter”

s Corrected typo of “FIT 07B, Flow Rate Indicator Transmitter” to “FIT 078, Flow Rate Indicator
Transmitter of Stream 78"

Page 112:

o Deleted the extraneous “of” at “MP-08, of SIC 08,” to “MP-08, SIC 08,”
» (Corrected typo of “SIT 10B, (Conveying) Speed Indicator Controller” to “SIT 10B, {Conveying)
Speed Indicator Controller Transmitter”

Page 116: Added spacings for “AITO5B” to “AlT 05B” and “FICO5L” to “FIC O5L" respectively for clarity
Page 118: Corrected typo of “Sorption Unit 10A” to “Sorption Unit SB-10A”

Page 119: Corrected typo of “RIY 13A Ratio Indicator of” to “RIY 13A Ratio Indicator Relay of”

Page 120:

e Corrected typo of “FIC O5H (control A)” to “FIC O5L {control B)” as per Figure 55 and 56
e (Corrected typo of “FIC O5H (control B)” to “FIC O5H (control A)” as per Figure 55 and 56
» Corrected typo of “Cosolvent Drum D-12" to “Solvent Drum D-12”"

Page 121: Corrected typo of “IC takes instead of FIC 13B over” to “LIC 13 takes over instead of FIC
13B on”

Page 126:

s Corrected typo of “67-4 Deploy” to “67-4 Deploy Solid Transport”
e Corrected typo of “67-5 Install” to “67-5 Install Gas Removal”

Page 128:

s Corrected typo of “67-5 Install” to “67-5 Install Gas Removal”
e Corrected typo of “67-4 Deploy” to “67-4 Deploy Solid Transport”

Page 139: Corrected typo of “68-1 Material A is ethylene” to “68-1 Material A is ethylene carbonate”
for section of Example 7: Ethylene Carbonate

Page 156:

Claim 163: Corrected grammar of “at least one of ... the polymers and the by-products” to “at least
one of ... the polymers or the by-products”

Claim 167: Corrected grammar of “at least one of ... additive and by-product” to “at least one of ...
additive or by-product”

Page 157:

Claim 169: Corrected grammar of “at least one of ... additive and by-product” to “at least one of ...
additive or by-product”
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Claim 174:

e Corrected typo of “vessels” to “container” to avoid confusion with the reactor vessel
¢ Corrected grammar of “any one of ... washing fluid tank, and solvent extractor” to “any one
of ... washing fluid tank, or solvent extractor”

Ill

Claim 176: Corrected typo of “tank levels in a vessel.” to “levels in a container.” to avoid confusion

with other tanks or the reactor vessel

Claim 177: Corrected typo of “Tank level” or “tank levels” to. “level” or “levels” for 3 times, to avoid
confusion with other tanks

Claim 179: Corrected typo of “Indicator and alarm” to “indicator/alarm” for format consistency with
description

Claim 180: Corrected typo of “Indicator and alarm are” to “indicator/alarm is” for format consistency
with description

Claim 181:

e Corrected typo of “Indicator and alarm are” to “indicator/alarm is” for format consistency
with description

e Corrected typo of “Tank level” or “tank levels” to “level” or “levels”, to avoid confusion with
other tanks

Claim 182:

e Corrected typo of “indicator and alarm are” to “indicator/alarm is” for format consistency
with description

s Corrected typo of “Tank level” or “tank levels” to “level” or “levels”, to avoid confusion with
other tanks

Claim 183: Corrected typo of “Indicator and alarm” to “indicator/alarm” for format consistency with
description

Page 159:

Claim 195: “ecomprises in any sequence thereof:” to “comprises in any sequence:” for consistency
with other claims

Page 4 of 4



Electrochemical Production of Polymers

Technical Field

The technical field generally relates to production methods of polymers andchemicals compounds.
Specifically, it comprises of electrochemical device design, addition polymerization, condensation
polymerization and concerted chemical process, specific process implementation, process control

method and operation procedure.

Background

The conventional 1-8 Polymer production consists.of feeding the 1-6 Reactants to be mixed and sent
into 1-2 Conventional Reactor where reactions happen with the application of high 1-11 Heat and '1-12
Pressure, as-outlined in Figure 1. The 1-8 Polymer forms as solid suspension and would be separated out
of the liquid phase, for washing and further 1-4 Processing, while the residual reagents would be
recovered for any valuable by-product. For instance, the continuous production of polylactide from
lactic acid [1], which involves use of 1-13 Catalyst for polymerization in combination with removal of
water or a solvent carrier. On the other hand, the polyethylene production [2] involves the use of 1-13
Catalyst, comprised of aluminium and transition metal compounds, to produce the 1-8 Polymerina

polymerization reactor, followed by polymer and solvent recovery system.

The design flaw of conventional 1-8 Polymer production, however, is that it requires the use of high 1-11 o

Heat and 1-12 Pressure, while often involves the use of hazardous reagenits such-as 6-3 Phosgene and
expensive 1-13 Catalysts, For instance, the 1-8 Polymer production process [3] uses heatingto drive the
condensation polymerization between aromatic dicarboxylic'acid, diacetate of 2,2-bis(4-
hydroxyphenyljpropane (also known as "6-2 Bisphenol A') and acetate of p-hydroxybenzoic acid.
Nevertheless;, this can be improved because the reaction of polymerization is fundamentally not energy-
intansive. In terms of general mechanism of polymerization reaction kinetics outlined in Figure 2, the
rate-of reaction is mostly limited by the kinetic bottle neck-for 2-1 Initiation, that fed to such high 1-11
Heat and 1-12 Pressure, while the rest of the reaction steps involve 2-2 Propagation step and-2-3

Termination step that happens rapidly for the fundamentally low energy requirement.
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Alternatively, polymerization reaction can be driven by the use of 3-1 Electricity instead of 1-11 Heat,
Such alternative, an electrochemical reaction, involves connecting electrical supply to electrodes dipped
in an 1-7 Electrolyte as-shown by Figure 3. The 1-7 Electrolyte is usually a conducting liquid mixture of
1-6 Reactants where 6-6. Conducting ions is present but can be conducting 30-6 Membrane soaked with
liquid mixture of 1-6 Reactants. The electrode consists of a conducting material where electrochemical
reaction happen on the surface; where the electrode connected to positive terminal of power supply is
called 3-2 Anode which is where oxidation reactions happen, and the electrode connected to the
negative terminal of 3-1 Electricity supply is called 3-3 Cathode which is where reduction reactions
happen. While not essential-for reaction to happen, a third electrode, called 3-4 Reference Electrode, is

often included to provide a 3-4 Reference Electrode voltage measurement.

When solid products result from electrochemical reaction,; it tendsto stick on the surface of electrode as o

3-5 Solid Deposit, which often would requires 9-8 Solid Removal to maintain the performance of the
electrochemical cell. 9-8 Solid Removal from electrode is of interest because it has application for
electrochemical metallurgy and battery where metals of interest are formed as 3-5 Solid Deposit on the

electrode and need to be recoveredfisolated for further 1-4 Processing. Conventionally for metal

products, the 3-5 Solid Deposit could be removed manually, while some robotic arms system [4] has also

been designed to strip the metallic 3-5 Solid Deposit-plated on 3-3 Cathode, by mimicking human arm
movement, especially in mining industry such as the electrowinning plant. The 9-8 Solid Removal is also
stripped mechanically in batches of deposited sheets, organized in a production line, in metal recovery

processes, such as recovery of zinc 5]

However, such electrochemical pelymerization has been limited-to a niche of conductive 1-8 Polymers
like the polypyrrales and polythiophenes. For instance, polypyrroles, or its derivatives, has been
produced electrochemically [6] as deposits from monomers in the presence of a 6-6 Conducting ions
such-as 68-3 Dissolved Salt, connected to electrical supply. A similar analogue is the electrochemical
production of polythiopheng, or its substituted derivatives [7], under non-agueous organic solvent and
applied electrochemical potential, especially in a more cost-effective and energy-efficient manner.
Fundamentally, the 1-8 Polymer to produced electrochemically is-limited to.a few types of 1-8 Polymers
that have unsaturated bonds to provide conductivity as in Table 1, such as aromatic rings.and double

bonds or even triple bonds:
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Table 1 The limited types of conductive 1-8 Polymers containing unsaturated bonds produced by

electrochemical method due to the limitation of non-conductive product blocking the electrode

PCT/MY2020/050012
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1-8 Polymers Molecular structure

Polypyrrole {6}

Polythiophene [7]

This is because the similar batch electrode stripping method used for conductive metal deposits, would
not work if the 3-5 Solid Deposit formed {on 3-2 Anode or 3-3 Cathode depending on reaction} is non-
conductive, since non-conductive 3-5 Solid Deposit would block the electrode surface and-the
electrochemical reaction halts due to lack of conductivity. As a result, the alternative electrochemical
production of non-conductive 1-8 Polymer has not received attention, yet the majority of prasent-day
1-8 Polymers such as polyethylene are non-conductive. Fortunately, such fundamental limitation is
being overcome by a novel simpleyet elegant design feature of 7-1 Device that removes the 1-8
Polymer formed, continuously from the electrode, as demonstrated by Figure 4. The novel 7-1 Device
opens up the door to produce non-conductive 1-8 Polymers by electrochemical method, and gives rise
to a potential business model-that combines 1-8 Polymer production with 5-2 Chemical wastes
valorization, as demonstrated by Figure 5. This is due to the electrochemical polymerization allows the
use of 5-3 Commodity Chemicals from some types of 5-2 Chemical wastes that are otherwise
unreactive, to participate in reaction to be converted into valuable 18 Polymers and secondary 5-5
Feedstock Chemicals such as fuels, which is a novel idea instead of the cost to dispose of the 5-2
Chemical wastes. A more complete, yet still not exhaustive list of the 5-3 Commodity Chemicals would
be covered in subsequent sections: To name a few, possible 5-2 Chemical wastes and 5-3 Comimodity

Chemicals include but are not limited to:
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1. Waste sludge/solvent (toxic):

»  Ethylene glycol
*  Propylene glycol

2. Petrochemical waste (toxic)

*  Halohydrin

3. Common waste/feedstock:

e 6-1Urea
4, Biomass:
* Ethanol

The electrochemical methods also offer a variety of advantages compared to the traditional limitations

of conventional 1-8 Polymer production, as iltustrated by an example in Figure 6, including:

*  Milder 1-11 Heat and 1-12 Pressure which reduces cost {capital cost for these eguipment and
operating cost for the energy input)

*  Less dependenice of 1-13Catalyst which is often costly and with some environmental impacts

* Integration with existing 5-4 Renewable Energy instead of using fossils fuels to drive reaction

+  Compatibility with downstream polymer 1-4 Processing since the products are the same, which

allows fast and easy implementation since a conventional plant can be purchased and just have
the 1-2 Conventional Reactor changed to 35-1 Electrochemical Reactor, instead of
redesighing/rebuilding the entire system

*  The interest of 9-8 Solid Removal from metallurgy industry offers opportunity of income from

6-4 License

More importantly, the use of electrochemical method reduces the need to use reactive yet
hazardous/toxic 5-3-Commaodity Chemicals that has negative environmental impacts, such as replacing

the costly yet toxic 6-3 Phosgene used conventionally in 6-7 Polycarbonates production, and the

replacement of the corrosive 6-8 Hydrochloric acid to 6-9 Ammonia which is less hostile but fetch higher

selling price.
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Summary

As outlined by Figure 7, the invention of electrochemical 1-8 Polymer production involves major
elements: 7-1 Device, 7-2 Chemistry involving 7-3 Addition Polymer and 7-4 Condensation Polymer, 7-5

Process, 7-8 Procedure, 7-6 Piping and 7-7 Control.

The 7-1 Device involves a novel design of 9-8 Solid Removal device that can continuously
remove 3-5 Solid Deposit formed onto electrode, regardless of conductivity. It involvesthe use of
circular/cyclic motion of electrode surface in contact of a device to remove 3-5 Solid Deposit-on

continuous process basis, without having to remove the electrode. While many other arrangements are

possible, the major 4 variants are 9-1 Cylinder Electrode, 9-2 Conveyor Belt Electrode, 9-3 Rotating Disk

Electrode and 9-4 Spiral/Screw Electrode. it also involves the use of the 7-1 Devices, including jack-up

feature, 9-7 Motion Transmission, 913 Support and Solid Transport9-9 Solid Transport.

The 7-3 Addition Polymer results from an electrochemical addition reaction, in which.no by-
product is formed. For example, some 7-3 Addition Polymers include 1-8 Polymers where the backbones
are generally carbon atoms {usually those polyvinyl 1-8 Polymers such as polyethylene, polystyrene and

polyvinyl chloride). In some embodiments, the polymerization reaction happens by intramolecular

elimination to form alkene, which subsequently undergo addition reaction.in situ {right in the reagent)
to form the polymeric products. It has.variants of homopolymer where only one type of starting
feedstock in used, or copolymer where different starting feadstock can be mixed together to make 1-8

Polymer with more complex structure.

The 7-4 Condensation Polymer results from an electrochemical condensation reaction. For
example, some 7-4 Condensation Polymers include 1-8 Polymers where the backbones contain
heteroatom such as oxygen atom {polyether and 33-8 Polyester) or nitrogen atom {33-9 Polyamides as

in protein and nylon). It involves intermolecular elimination where the monomer molecules end up

joining together. It comprises mainly of condensation where simple elimination happens, and
transesterification where more complex condensation and/or exchange reactions happen. It could also

involve ring-opening of cyclic monomer molecules to form a long chain 1-8 Polymer.
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The process outlines the general electrochemical production process 34-1 Concept in industrial

setting and the 34-5 Block Flow Diagram. While auxiliary polymer process equipment can be designed to
fit the 35-1 Electrochemical Reactor, the process could instead involve 34-3 Retrofitting existing

conventional 1-8 Polymer production process by designing the electrochemical 7-1 Device to fit the

existing auxiliary 1-8 Pelymer process equipment and replace existing 1-2 Conventional Reactor unit. In
some cases, the chemical 1-5 Recovery unit can be replaced by simpler version or eveninvolving 34-2

Recovery elimination, if the chemical by-product becomes less hazardous.

The 7-6 Piping involves the specific industrial process implementation, including 40-1 Process

Flow Diagram and Auxiliary Units, 40-2 Piping Types, 40-3 Pumps/Compressor, 40-4 Heater/Cooler, 40-5

Utility, 40-6 Valves to facilitate the industrial implementation of the process. It involves the process flow

where the units are connected. It also builds beyond the process section by further detailing the specific

implementation, such as the reservoir tanks.

The 7-7 Control consists of the indicators and controllers, as well as the 7-7 Control strategy
used to keep the process in continuous operation. It comprises a combination of 48-2 Feedforward,
48-3 Feedback; 48-4 Ratio, 48-5.Split Range, 48-6 Override Select, 48-7 Indicator/Alarm process-control

method applied to keep the process reliable against disturbances. In some implementation, the 7-7

Controlis designed such that any disturbance would eventually be transferred to the tank levels, which

has:-huge tolerance.

The 7-8 Procedure provides the operation techniques to 59-2 Deployment the 7-1 Devices
rapidly and reliably. it involves the modular elements where 59-1 Stacking of each 35-1 Electrochemical
Reactor is involved and the distribution of feedstock. Other than 59-2 Deployment of 35-1
Electrochemical Reactor, it provides procedural explanation of 34-3 Retrofitting, 59-3 Maintenance and

34-4 Waste Management,

Finally, the industrial production process involves the concerted use of the above elements in

combination.




Brief Description of Drawings

Figure 1 Conventional Polymer production process with Conventional Reactor as the key component
Figure 2 Representative explanation of why the conventional chemical process requires high Heat and
Pressure to create radicals to initiate the reaction

Figure 3 Hlustration of bench-scale electrochemical polymerization, or any general electrochemical
reaction where solid deposit is restlted

Figure 4 Mechanism of continuous solid removal

Figure 5 General chemical business model of elerGreen Industry

Figure 6 Demonstration of advantages offered by the novel electrochemical process

Figure 7 Breakdown of the features of inventions of elerGreen Process

Figure 8 Hlustration of Reading Engineering Drawing using the Notation and Symbols

Figure 9 Breakdown of the variants of the novel electrochemical Device design

Figure 10 Basic Working Principles of Solid Removal {Cylinder Electrode)

Figure-11 Unit cell of the Electrochemical Reactor (Cylinder Electrode)

Figure:12 Basic Working Principles of Solid Removal {Conveyor Belt Electrode)

Figure 13 Unit cell of the Electrochemical Reactor (Conveyor Belt Electrode)

Figure 14 Basic Working Principles of Solid Removal {Rotating Disk Electrode)

Figure 15 Unit cell of the Electrochemical Reactor (Rotating Disk Electrode)

Figure 16 Basic Working Principles of Solid Removal {Spiral/Screw Electrode {Spiral/Screw Electrode)
Figure 17 Unit cell of the actual Electrochemical Reactor (Spiral/Screw Electrode)

Figure 18 Breakdown of Device

Figure 19 Motion generation

Figure 20 Motion transmission

Figure 21 Solid Removal and Solid Transport

Figure 22 Reaction Vessel

Figure 23 Support

Figure 24 Gas Removal device

Figure 25 Stacking Solid Removal device

Figure 26 Conducting brush

Figure 27 Waxing
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Figure 28 Variants of drainage/channe! for Solid Transport

Addition and/or Condensation

Figure 29 Breakdown of the electrochemical production of Addition Polymer

Figure 30 Variants of Conducting lons

Figure 31 Variants of Cosolvent

Figure 32 Variants of Additives

Figure 33 Breakdown of the major possibilities of electrochemical production of Condensation Polymer
Figure 34 Breakdown of concerted process

Figure 35 General variant of the novel electrochemical polymer production process, where the
conventional reactor is replaced by Electrochemical Reactor, where the by-products

would still be recovered using similar recovery unit

Figure 36 A variant of the novel electrochemical polymer production process, where the recovery unit is
not needed when the by-products are easier to deal with

Figure 37 Retrofitting feature

Figure 38 Waste Management

Figure 39 General Block flow Diagram

Figure 40 Breakdown of Piping

Figure 41 General Process Flow Diagram for Industrial Implementation

Figure 42 Conventional Reactor Path

Figure 43 Electrochemical Reactor Path

Figure 44 Solvent Extraction path

Figure 45 Sorption path

Figure 46 By-product as Low Key

Figure 47 By-product as High Key

Figure 48 Breakdown of Process Control

Figure 49 Detailed Piping & Instrumentation Diagram (P&ID) for the Electrochemical polymer Production
Process

Figure 50 Legend for the P&ID

Figure 51 Cascade Controf Example

Figure 52 Feedforward Example
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Figure 53 Feedback Example

Figure 54 Ratio Control Example
Figure 55 Split Range Control Example

Figure 56 lllustration of Split Range Control interlock

Figure 57 Override Select Contrel Example
Figure 58 indicator and Alarm Example
Figure 59 Breakdown of Operating Procedure
Figure 60 Stacking of electrodes

Figure 61 Stacking of cells (2x1]

Figure 62 Stacking of cells (2x2)
Figure 63 Stacking of cells (2xn)

Figure 64 Example Deployment of cells in Stacking

Figure 65 Stacking of cells (2xn), outward facing

Figure 66 Stacking of cells (nxn), hanging electrode

Figure 67 Deployment procedure of cell

Figure 68 Experimental Setup with gas flow rate measurement

Figure 69 Experimental Setup without gas flow rate measurement

Figure 70 Sample Observation

Figure 71 identification of products

Figure 72 Conversion against-cumulative charge
Figure 73 Mole reacted against cumulative charge
Figure 74 Current against Applied Voltage

Figure 75 Gas Flow Rate against Current
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Detailed Descriptions

1. Chemical Terminology

The electrochemical polymerization reaction can be represented by the following general equation as
Equation 1:

Conducting fons

Electricity
A+B——P+H

Equation 1

Before proceeding to describe the invention in further detail, some symbols to be used in later section is

outlined as terminology in Table 2.

Table 2 The specific terminology/symbols.and the corresponding representation in the description

Symbol Meaning
_g Any Substitute group:
W Halides, Carbon backbone, -OH, Amines, et

Any-carbon backbone:

—Ry Aliphatic {Alkyl) or Aromatic
Any group except carbon backbone:
-0 - Carbonate, Amine, Ether, Ester, efc

Any species that can provide mobile ions for conduction:
Salt {Sodium chloride/table salt), organic salt {sodium
Conducting lons palmitate/common soap), ionizabie molecufe {Hydrochloric acid),
or fon exchange membrane

Number of repeating units,
can be from 1 {(monomer] to very big numbers

First, the substitute group is represented with a chemical bond and a wavy curve with number, where

the number simply is the index number of the substitute group.

The carbon backbone, be it aliphatic {alkyl} or aromatic {aryl), is represented with R,, and any nearby

chemical bond that applies, nis simply the index number of the carbon backbone group.
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The substitute group besides carbon backbone is often the active site of reaction, and would be

represented with ¢ and any nearby chemical bond that applies.

For simplicity, conducting ions referto any species that can provide mobile fons for conduction,
including salt (Sodium chloride/table salt), organic salt {sodium palmitate/common soap), ionizable
molecule {Hydrochloricacid), or ion exchange membrane. it is used inthe electrochemical system to
provide electrical conductivity to facilitate electrochemical reaction. For industrial implementation the
conducting ions is commonly used in the variants of 68-3 Dissolved Salt, which can be 30-5 Inorganic
such as sodium chloride (table salt) or30-4 Organic salt (sodium palmitate), depending on polarity of the

system.

Lastly, the number 7 would be used in many chemical equations as subscript of a bracket, which simply
means the number of repeating units in the 1-8 Polymer. It can range from 1 {(monomer) to a big

number up to ten of thousands or even more.

2. Label of Drawings

The labels in the drawingsare designated according to their order of first appearance in the drawings.

1. Figure 1 Conventional Polymer production process with Conventional Reactor as the key
component
1-1 Preparation
1-2 Conventional Reactor
1-3 Solid Separation
1-4 Processing
1-5 Recovery
1-6 Reactants
1-7 Electrolyte
1-8 Polymer
1-9 Clean polymer
1-10 Polymer product
1-11 Heat
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1-12 Pressure
1-13 Catalyst
1-14 Spent electrolyte
1-15 By-product
2. Figure 2 Representative explanation.of whythe conventional.chemical process requires high Heat
and Pressure.to create radicals to initiate the reaction
2-1 initiation
2-2 Propagation step
2-3 Termination step
3. Figure 3 lllustration of bench=scale electrochemical polymerization, or any general
electrochemical reaction where solid deposit is resulted
3-1 Electricity
3-2 Anode
3-3 Cathode
3-4 Reference Electrode
3-5 Solid Deposit
4, Figure 4 Mechanism of continuous solid removal
4-1 Moving electrode
4-2 Removal Device
5. Figure'5 General chemical business model of elerGreen Industry
5-1 elerGreen Process
5-2 Chemical wastes
5-3 Commodity. Chemicals
5-4 Renewable Energy
5-5 Feedstock Chemicals
6. Figure 6 Demonstration of advantages offered by the novel electrochemical process
6-1 Urea
6-2 Bisphenol A
6-3 Phosgene

6-4 License

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021




13

6-5 Applied Voltage
6-6 Conducting ions
6-7 Polycarbonates
6-8 Hydrochioric acid
6-9 Ammonia
7. Figure 7 Breakdown of the features of inventions
7-1 Device
7-2 Chemistry
7-3 Addition Polymer
7-4.Condensation Polymer
7-5 Process
7-6 Piping
7-7 Control

7-8 Procedura

8. Figure 8 lllustration of Reading Engineering Drawing using the Notation and Symbols

8-1 Feed Tank A

8-2 Stream 1A

8-3 Control vaive V-01A

8-4 Flow rate Indicator Transmitter 01A

8-5 Flow Rate Indicator Controller 01A

9. Figure 9 Breakdown of the variants of the novel electrochemical Device design

9-1 Cylinder Electrode

9-2 Conveyor Belt Electrode
9.3 Rotating Disk Electrode
9-4 Spiral/Screw Electrode
9-5 Mechanical

9-6 Motion Generation

9-7 Motion Transmission
9-8 Solid Removal

9-9 Solid Transport
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9-10 Multiple Blades
9-11.Conveyor

9-12 Channel

9-13 Support

9-14 Movable

9-15 Built-In

9-16 Accessories
9-17 Gas Removal
9-18 Conducting Brush
9-19 Waxing
9-20Vessel

10. Figure 10 Basic Working Principles of Solid Removal {Cylinder Electrode)

10-1 Counter Electrode

11. Figure 11 Unit cell of the Electrochemical Reactor (Cylinder Electrode)

12. Figure 12 Basic Working Principles of Solid Removal {Conveyor Belt Electrode)

12-1 Pulley

13, Figure 13 Unit cell of the Electrochemical Reactor (Conveyor Relt Electrode)
14. Figure 14 Basic Working Principles of Solid Removal {Rotating Disk Electrode)
15. Figure 15 Unit cell of the Electrochemical Reactor (Rotating Disk Electrode)

16. Figure 16 Basic Working Principles of Solid Rermoval {Spiral/Screw Electrode (Spiral/Screw

Electrode)

17. Figure 17 Unit celi of the actual Electrochermical Reactor (Spiral/Screw Electrode)

18. Figure 18 Breakdown of Device
19. Figure 19 Motion generation
19-1 Motor/engine
19-2 Gears
19-3 Shaft
20. Figure 20 Motion transmission

20-1 Chaindrive
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21. Figure 21 Solid Removal-and Solid Transport
21-1 Flap
21-2 Washing fluid
71-3 Blade adjustment
21-4 Washing fluid inlet
21-5 Washing fluid outlet
22. Figure 22 Reaction Vessel
22-1 Electrolyte inlet
22-2 Electrolyte outlet
22-3 Side Windows
23, Figure 23 Support
23-1 Hydraulic jack
23-2 Arm
23-3 Wheels
23-4 Frame Body
24. Figure 24 Gas Removal device
24-1 Ventilation outlet
24+2 Cap
24-3 Cover
24-4 Weight
24-5 Sleeves {washing piping)
24-6 Sleeves {tank pipes)
24-7 Sleeves {electrode frames)
25. Figure 25 Stacking Solid Removal device
26. Figure 26 Conducting brush
26-1 Accessory support
27. Figure 27 Waxing
27-1 Wax Layer

28. Figure 28 Variants of drainage/channel for Solid Transport

28-1 Arc (Default)
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28-2 Rectangular 9-12°Channel

28-3 Triangular 9-12 Channel
28-4 Perpendicular Flap (Default)
28-5 Acute Flap

28-6 Obtuse Flap
29. Figure 29 Breakdown of the electrochemical production of Addition Polymer
29-1 Homapolymer
29-2 Copolymer
29-3 Alcohol group

29-4 Variants

30. Figure 30 Variants of Conducting lons

30-1 Dissolved ions
30-2 Metallic

30-3 Non-metallic
30-4 Organic

30-5 Inorganic

30-6 Membrane

31. Figure 31 Variants of Cosolvent
31-1 Cosolvent
31-2 Designér Molecule
31-3 Crown ether
31-4 Solvent

32. Figure 32 Variants of Additives
32-1 Additives
32-2 Redox

32-3 Others
33. Figure 33 Breakdown of the major possibilities of electrochemical production of Condensation
Polymer

33-1 Condensation

33-2 Polyether
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33-3 Monoalcohol: Furan and phenol resins
33-4 Cellulose

33-5 Polysulfide

33-6-Polyamine

33-7 Transesterification

33-8 Polyester

33-9 Polyamide

33-10 Polyanhydride

33-11 Polyimide

33-12 Polyurethane

33-13-Ring opening
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33-14 Heteroatoms: Polysiloxanes Polysulfone, Polyphosphate, polynitrate

33-15 Polysiloxanes
33-16 Polysulfone
34. Figure 34 Breakdown of concerted process
34-1 Concept
34-2 Recovery elimination
34-3.Retrofitting
34-4-Waste Management
34-5 Block Flow Diagram

35, Figure 35 Genesalvariant of the novel electrochemical

olymer production process, where the

conventional reactor is replaced by Electrochemical Reactar, where the by-products would still be ;1 , , Formatted: Font. Not Bold, Not Italic

recovered using-similar recovery unit

35-1 Electrochemical Reactor

36. Figure 36 Avariant of the novel electrochemical polymer production process, where the recovery

unit is not needed when the by-products are easier to deal with

36-1 Discharge
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37. Figure 37 Retrofitting feature

37-1 Bypass
34-4 Waste Management
38. Figure 38 Figure 38 Waste Management

38-1 Waste Extraction
39. Figure 39 General Block flow Diagram
40. Figure 40 Breakdown of Piping

40-1 Process Flow Diagram and Auxiliary Units

40-2 Piping Types

40-3 Pumps/Compressor
40-4 Heater/Cooler

40-5 Utility

40-6 Valves

41. Figure 41 General Process Flow Diagram for Industrial Implementation
42. Figure 42 Conventional Reactor Path
42-1 Conventional Reaction Stream

42-2 Conventional Solid Stream

42-3 Conventional Mixture Stream
43, Figure 43 Electrochemical Reactor Path
43-1 Electrochemical Reaction Stream
43-2 Electrochemical Solid Stream
43-3 Electrochemical Mixture Stream
44, Figure 44 Solvent Extraction path
44-1 Solvent Extraction Stream

45. Figure 45 Sorption path

45-1 Sorption Stream
46. Figure 46 By-product as Low Key
46-1 Top-to-tank Stream

46-2 Bottom-to-solvent Stream
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47. Figure 47 By-product as High Key
47-1 Top-to-solvent Stream
47-2 Bottom-to-tank Stream
48. Figure 48 Breakdown of Process Control
48-1 Cascade
48-2 Feedforward
48-3 Feedback
48-4 Ratio
48-5 Split Range
48-6 Override Select
48-7 Indicator/Alarm
48-8 Prompt Response
48-9 Precision
48-10 Reliability
48-11 Muttiples
48-12 Differént Response Needed
48-13 Flexibility and Safety

48-14 Reservoir for Disturbance
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49. Figure 49 Detailed Piping & Instrumentation Diagram {P&ID) for the Electrochemical polymer

Production Process
50. Figure 50 Legend for the PRID

51. Figure 51 Cascade Control Example

52. Figure 52 Feedforward Example

53. Figure 53 Feedback Example

54. Figure 54 Ratio Control Example

55. Figure 55 Split Range Controf Example

56. Figure 56 lustration of Split Range Controlinterlock

57. Figure 57 Override Select Control Example

58, Figure 58 Indicator and Alarm Example

59. Figure 59 Breakdown of Operating Procedure
59-1 Stacking
59-2 Deployment
59-3 Maintenance

60. Figlre 60 Stacking of electrodes

60-1 Alternating

60-2 Aggregate
60-3 Insulator
60-4 Wire/Electrical connection
61. Figure 61 Stacking of cells {2x1)
61-1 Personnel
61-2 Monitoring side
61-3 Maintenance side

61-4 Stacking side
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62. Figure 62 Stacking of cells {2x2)

63. Figure 63 Stacking of cells {2xn)

64. Figure 64 Example Deployment of cells in'Stacking
65. Figure 65 Stacking-of cells (2xn), outward facing

66. Figure 66 Stacking of cells {nxn}, hanging electrode

66-1 Surrounded unit

67. Figure 67 Deployment procedure of cell
67-1 Deploy Reactor Vessel
67-2 Deploy Electrode Support

67-3 Adjust Electrode Position
67-4 Deploy Solid Transport
67-5 Install Gas Removal
68. Figure 68 Experimental Setup with gas flow rate measurement
68-1 Material A
68-2 Material B
68-3 Dissolved Salt
68-4 Hot plate with stirrer
68-5 Magnetic stir bar
68-6 Conical flask
68-7 Bubble flowmeter
68-8 Stopper
68-9 Tubing
68-10 First mark
68-11 Subsequent mark
69. Figure 69 Experimental Setup without gas flow rate measurement
£9-1 Beaker
70. Figure 70 Sample Observation
70-1 Working Electrode
70-2 liguid polymer
70-3 Gas bubbles
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71. Figure 71 ldentification of products

72. Figure 72 Conversion against cumulative charge
73. Figure 73 Mole reacted against cumulative charge
74. Figure 74 Current against Applied Voltage

75. Figure 75 Gas Flow Rate against Current

3. Engineering Drawing Symbols

Symbols are also used for engineering drawings especially Process Flow Diagram {PFD) as well as Piping

and Instrumentation Diagram (P&ID). First of all, the pieces of equipment are represented with codes in

Table 3:
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Table 3 List of Equipment in Procéss Flow Diagram
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Code Equipment Description

1-01A Feed Tank A Material A Storage
7-018B Feed Tank B Material B Storage
D-00A Cosolvent Drum Cosolvent Storage
D-00B Additive Drum Additive Storage

M-02 Mixing Tank Feed Mixer

CR-03A Conventional Reactor Conventional Method
CF-03B Filter Conventional Filter
ER-04 Electrochemical Reactor Retrofit Bypass

T-058 Washing Fluid Tank Recirculation Reservoir
WP-05A Washer Polymer Washing
SP-06 Settler Polymer Sedimentation
DP-07 Dryer Polymer Dryer

MP-08 Molding Machine Polymer Processing
PP-09 Polymer Packing Packing and Storage
SB-10A Sorption:Unit By-Product Sarption
SR-108 Sorbent Regenerator Sorbent Recovery
XB-11 Solvent Extractor By-Product Extractor
D-12 Solvent-Brum Solvent Reservoir
DB-13 Distillation Column By-Product Distillation
TB-14 By-Product Tank By-Product Storage
T-15 Reservoir Tank Electrolyte Reservoir
D-16 Cooling Fluid Drum Cooling Reservoir

The auxiliary units, that is the smaller pieces of equipment to facilitate the 7-5 Process, are-also

identified with codes in Table 4:




PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

24

Table 4 ldentification of Auxiliary Units

AUXILIARY UNIT IDENTIFICATION
LETTER DESCRIPTION
B BLOWER
C CHECK VALVE
H HEATER
P PUMP
Q COMPRESSOR
SWITCH VALVE
v VALVE
X HEAT EXCHANGER

Because there are different types of 40-6 Valves being used in the 7-5 Process, the 40-6 Valves are

distinguished with different symbols as follows in Table 5:

Table 5 Symbols of different types of valves

VALVE SYMBOLS
SYMBOL TYPE

e CHECK VALVE

CONTROL VALVE

CON/OFF VALVE

PRESSURE RELIEF VALVE

_&l&}_ SWITCH VALVE

To provide better understanding of the 7-5 Process, the streams of interest are identified with their

respective number and compaosition as the following Table 6:
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Table 6 Stream Numbering and Composition

LINE LABELING
EXAMPLE;
STREAMNo ——— <&
COMMODITY  m———— €
SYmBGL COMMODITY
MATERIAL A
MATERIAL B
GAS
BY-PRODUCT
POLYMER
SALT/SOLUTE
COOLNG FLUD
AR
ABSORBENT
WASHING FLUID
SOLVENT
CO-SOLVENT
ADDITIVE

[ AR B AR - ] R T < TR <1

There are also different lines types to represent different 40-2 Piping Types as following Table 7:

Table 7 Representation of 40-2 Piping Types with different lines
PIPING, CONNECTION & BOUNDARY SYMBOLS
_— MAIN PROCESS LINE
SUPPORTING FROCESS LINE
*************** INSULATED PIPELINE
MECHANICAL LINE

INSTRUMENT SIGNAL

For P&ID, the process 7-7 Control elements are represented as per following Table 8:
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Table 8 Process 7-7 Control element identification

INSTRUMENT IDENTIFICATION

SYMBOL TYPE LOCATION
= SHARED OPERATOR
.J | DISPLAY/CONTROL | CONTROL ROOM
] | PROGRAMMABLE | OPERATOR
= | LOGIC CONTROL | CONTROL ROOM
OPERATOR
9, g Tes

(<] | OVERRIDE SELECT | .ol Vol
. SPLIT RANGE OPERATOR

CONTROL ROOM

While the specific parameters of interest and the handling of the parameter are designated by codes of

following Table 9:

Table 9 Letter codes for process 7-7 Control elements
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IDENTIFICATION LETTERS

LETTER

FIRST

SUCCEEDING

ANALYSIS

CONTROL

VOLTAGE

FLOW RATE

CURRENT

INDICATE

LEVEL

PRESSURE

RATIO

SPEED

TEMPERATURE

TRANSMIT

WEIGHT

RELAY

N <] B ] o w»] wml oo

POSITION
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Handling of parameters include cornitrol, indicate, transmit, and relay. Control means the parameter is
assigned a set point value of interest, while the controller makes sure the actual measurement is close
to the set point value within certain margin, by controlling a piece of equipment that wouid affect the
measurement. indicate means displaying the value of 7-5 Process parameter, either via on site meter,
control panel in operator room, or both. Transmit means the parameter value of interest would be sent
to a subsequent process control element indicated by direction of arrow. Finally, relay, for the purpose
of the 7-5 Process of interest, means to send 7-5 Process parameter of interest to a subsequent process
control element; in a similar way as Transmit, the only difference is that Relay is used for a calculated
variable such as ratio between 2 flow rates, instead of the actual flow rate measurement value that

represents a physical quantity.

An example to read to-engineering drawing is illustrated in Figure 8. The 8-1 Feed Tank A, for 68-1

Material A storage, is designated T-01A. 8-2 Stream 1A, consisting mainly of 68-1 Material A, exits T-01A.

At 8-2 Stream 1A, there is an inline control valve designated 8-3 Control valve V-01A, There is also a 8-4
Flow rate Indicator Transmitter O1A, FIT 01A, to measure the flow rate, indicate the measurement on
site while transmitting the measurement as signal to control system. 8-4 Flow rate indicator Transmitter
O1A, FIT 01A sends signal, asiindicated by the ditection of arrow, to 8-5 Flow Rate Indicator-Controller
01A, FIC 01A, where the contraol set point of flow rateiis indicated and controlled. 8-5 Flow Rate
Indicator Controller 01A, FICO1A subsequently controls (as indicated by the direction of arrow) 8-3
Controlvalve V-01A to reach the desired set point value of flow rate, that is, making sure the 8-4 Flow
rate indicator Transmitter 01A,; FIT Q1A is close to the set point value of 8-5 Flow Rate Indicator
Controller O1A, FIC 01A withir certain acceptable margin, where the margin depends on the controller
software setup as-well as hardware especially measurement accuracy and the control valve sensitivity.
From instrument identification, both 8-4 Flow rate Indicator Transmitter O1A, FIT 01A and 8-5 Flow Rate
Indicator Controller 01A, FICOIA have shared display/control, meaning they respectively show the

measurement value at both on site meter and control pane! at operator control room.
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Continuous 9-8 Solid Removal 7-1 Device on Electrode

The 7-1 Device comes in several variants namely, 9-1 Cylinder Electrode, 9-2 Conveyor Belt Electrode,
9-3 Rotating Disk Electrode, 9-4 Spiral/Screw Electrode, as outlined in Figure 9. They all have some

features in common including 9-5 Mechanical, 9-6 Motion Generation, 9-7 Motion Transmission, 9-8

Solid Removal, 9-9 Solid Transport, 9-13 Support, 9-20 Vessel and 9-16 Accessories especially 9-17 Gas

Removal. These similar general parts and mechanism would ke further detailedin the said variants.

An electrochemical reaction cell consists of 3-1 Electricity supply connected to electrodes dipped in an

1-7 Electrolyte. The 1-7 Electrolyteis usually a conducting liquid mixture containing 6-6 Conducting ions

but can be conducting 30-6- Membrane soaked with liquid. The electrode consists of a conducting

material where electrochemical reaction happen on the surface; where the electrode connected to
positive terminal of 3-1 Electricity power supply is called 3-2 Anode whichis where oxidation reactions
happen, and the electrode connected to the negative terminal of 3-1 Electricity supply is called 3-3
Cathode which is where reduction reactions happen. While not essential for reaction to happen, a third
electrode, called 3-4 Reference Electrode, is often.included to provide a 3-4 Reference Electrode voltage

measurement.

When solid products result from-electrochemical reaction, it tends to stick on the surface of electrode as -
3-5 Solid Deposit, which often would require 9-8 Solid Removal to maintain the performance of the
electrochemical cell. 9-8 Solid Removal from electrode is of interest because it has application for
electrochemical metallurgy and battery where metals of interest are formed as 3-5 Solid Deposit on the

electrode and need to be recoveredf/isolated for further 1-4 Processing.

On the otherhand, if the 3-5 Solid Deposit formed {on 3-2 Anode or 3-3 Cathode depending on reaction) k
is hon-conductive, it blocks the electrode and the electrochemical reaction halts due to lack of

conductivity. This warrants the needto remove the non-conductive 3-5 Solid Deposit rapidly as it is

being produced, preferably-in continuous fashion.

To address this challenge, the novel 7-1 Device setup is designed to continuously remove the 3-5 Solid

Deposit by relative motion between electrode and-a4-2 Removal Device, forexample, a blade to

remove the 3-5.Solid Deposit from the electrode. The 9-8 Solid Removal can happen in the top (gas/air)
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phase or bottorm (liquid/1-7 Electrolyte) phase. In the gas phase, there is substantially lower friction, and *

no need to filter the 3-5 Solid Deposit away from liquid/1-7 Electrolyte. On the other hand, the relative
motion batween electrode and the 4-2 Removal Device in the liquid/1-7 Electrolyte phase also serves to
stir the 1-7 Electrolyte for mixing, removing the need for stirrer in the 1-7 Electrolyte/liquid phase. Note
alsothat the 1-7 Electrolyte tank does not have to be rectangular in shape, for instance it can be
cylindrical especially when the electrodes are 9-1 Cylinder Electrode, to save 35-1 Electrochemical

Reactor/reagent volume (and hence cost).

The 7-1 Device can be multiple repeating units, in 3-2-Anode-3-2 Anode-3-3 Cathode-3-3 Cathode
(clusterstack), or in 3-2 Anode-3-3 Cathode-3-2 Anode-3-3 Cathode {alternating stack) order, to scale up

the production output.

While the arrangement can come in many forms, the major arrangements of interest are: 9-1 Cylinder

Electrode, 9-2 Conveyor Belt Electrode, and 9-3 Rotating Disk Electrode.
The invention- offers the following advantages:

«  Shallower 9-20 Vessel because no longer need to allow 3-5 Solid Deposit to settle, resulting in
lower cost from lower 35-1 Electrochemical Reactor size and reagent volume

*  Faster and cheaper 1-3 Solid Separation: Less friction to remove the 3-5 Solid Deposit in air/gas

phase than ini the viscaus 1-7 Electrolyte phase, while removing the need for 3-5 Solid Depositto =@ . S

be filtered from liquid phase; ar the facilitation of mixing in the liguid/1-7 Electrolyte phase and
eliminating the need for a stirrer.

+  Continuous process removing the need to shut down the 35-1 Electrochemical Reactor for 3-5
Solid Deposit separation

+  Simple-design without much of the complex 19-2 Gears setup and 9-5 Mechanical arrangements

which would be costly/difficult to manufacture
9-1 Cylinder Electrode
9-1 Cylinder Electrode is the simplest variant of the design as shown in Figure 10, which consists of a

conductive cylinder material as the electrode. The 9-1 Cylinder Electrode is positioned horizontally and

partiaily dipped into the 1-7 Electrolyte.
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The electrochemical reaction would happen in the fiquid/1-7 Electrolyte phase when 3-1 Electricity is
applied, and the rotation of the 9-1 Cylinder Electrode would move the 3-5 Solid Deposit up into the
gas/air phase where a 4-2 Removal Device is used to remove the 3-5 Solid Deposit from the surface, for
example, by friction brought about by the relative movement of the 9-1 Cylinder Electrode surface and

the 4-2 Removal Device.

In some embodiments, the 7-1 Device comprises a rigid material, for example, a plate made of the rigid
material that can be slanted down to outside of the electrochemical cell. This allows the 3-5 Selid
Deposit to gradually slide down the plate to outside of the cell for downstream 1-4 Processing. As an
alternative, the 4-2 Remaval Device can alse be merged into single unit with 9-9 Solid Transport as a
9-11 Conveyor belt with rigid sharp edges or an abrasive surface, pesitioned against and in contact with
the surface of electrode, where the 3-5 Solid Deposit removed would be moved outside of the
electrochemical cell in automated, continuous fashion. For example, the rigid edges may be

perpendicular to the tangential surface of the electrode.

Another advantage is that the 3-5 Solid Deposit removed is largely dry without much liguid {though
some liguid may stick:on it but not much and can be washed easily), which accelerates the 1-3 Solid

Separation time and removes the need to filter the 3-5 Solid Deposit from liquid phase.

There may or may not be residual 3-5 Solid Deposit dropping into the tank and would be filtered out if
needed. However, the 9-8 Solid Removal in the air/gas phase already removes the majority of the 3-5
Solid Deposit and thus greatly reduces the throughput needed for backup filtering. As an alternative,

filter is often not needed and the 3-5 Solid Deposit is only recovered during 59-3 Maintenance.

9-2 Conveyor Belt Electrode

9-2 Conveyor Belt Electrode is-anothervariant as shown in Figure 12, well-suited for industrial scale
adaptation. The working principle of 9-8 Solid Removal is a cyclic movement very similar to the 9-1
Cylinder Electrode, but itinstead applies 9-11 Conveyor belt setup with 12-1 Pulley, which offers

some more-features:
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1) Bigger area in the liquid phase, dipping well'into the 1-7 Electrolyte to electrochemical reaction

output, and allows a more compact reagent tank. For example, the lower 12-1 Pulley and a
large portion of the 9-2 Conveyor Belt Electrode can be submerged in the liquid/1-7 Electrolyte

phase.

2) Bigger area in the gas/air phase, allowing the 7-1 Device to be more reliable, with less worry of
the liquid/1-7 Electrolyte leakage to the 19-2 Gears and shaft for 9-2 Conveyor Belt Electrode
movement, and the electrical wiring setup of electrode.

3) Greaterheight in the gas/liquid phase alfocates more space for more reliable design of the 7-1

Device for removing the 3-5 Solid Deposits, such as a 9-11 Conveyor belt for delivery of scrubbed

3-5Solid Deposit

It can also be driven by 12-1 Pulley'which is merely a very narrow version of 9-11 Conveyor belt.

9-3 Rotating Disk Electrode

9-3 Rotating Disk Electrode is another variant of the 7-1 Device as shown in Figure 14, wherea
conducting rigid disk, partially immersed in the 1-7 Electrolyte/liquid phase, serves as the electrode. The

9-3 Rotating Disk Electrode rotates by shaft action with a 4-2 Removal Device placed against and in

contact with the surface to remove 3-5 Solid Deposit on electrode surface.

It offers the following features:

1} Large surface area
2} Easyto-construct and manufacture

3} Compact design

Again, note that the 9-20 Vessel can be cylindrical to reduce the 35-1 Electrochemical Reactor space.

The 9-3 Rotating Disk Electrode can also be made spiral instead of parallel disk as.alternative-that allows

the products to be screwed to outside of 35-1 Electrochemical Reactor continuously,

Note thatin any cases, even though it is a good idea to have the same shape of 10-1 Counter Electrode

with electrode foreasy manufacturing and setup. For the 7-1 Device to work the conductivity just has to

be established, and the 10-1 Counter Electrode does not have o be the same shape as the electrode.
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9-4 Spiral/Screw Electrode

9-4 Spiral/Screw Electrode is another variant of the 7-1 Davice as shown in Figure 16, where a

conducting rigid screw, partially immersed in the 1-7 Electrolyte/liquid phase, serves as the electrode,

The screw rotates by shaft action with a 4-2 Removal Device placed against and in contact with the

surface to remove 3-5 Solid Deposit on electrode surface.

It offers the following features:

1) Large surface area

2) Compact design

3} Efficient 1-7 Electrolyte movement and 9-8 Solid Removal

Again, note that the 9-20 Vessel can be cylindrical to reduce the 35-1 Electrochemical Reactor space.
The 4-2 Removal Device can alsg be a screw or spiral-shaped, to fit the surface of the 9-4 Spiral/Screw

Electrode, to maximize the contact surface for more efficient 9-8 Solid Removal.

Note that in any cases, even though it is a good idea to have the same shape of 10-1 Counter Electrode

with electrode for easy manufacturing and setup. For the 7-1 Device to work the conductivity just hasto

be established, and the 10-1 Counter Electrode does not have to be the same shape as the electrode.

General Mechanism

General and 9-2 Conveyor Belt Electrode

The general mechanism is best explained first using the 9-2 Conveyor Belt Electrode as in Figure 13 and

Figure 18.

9-5 Mechanical comprises 9-6 Motion Gengration and 9-7 Motion Transmission. 9-6 Motion Generation
involves the transformation of energy source, usually but not limited to 19-1 Motor/engirie such as

chemical energy for engine-or electrical energy for motor, into mechanical energy for motion. In some

embodiments, 9-6 Motion Generation also involves connection to 9-7 Motion Transmission by

connection of 13-2 Gears and 19-3.Shaft to 19-1 Motar/engine.
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9-7 Motion Transmission involves distributing, or directing, the 9-5 Mechanical motion to the designated =

place, for this case to generate electrode motion. Sometimes, the distribution is separated to 2 or more
stages: primary and secondary. As-illustrated by Figure 19, Primary 9-7 Motion Transmission functions to

transmit the 9-5 Mechanical movement from 9-6 Motion Generation source, usually an 19-1

Motor/engine, to an interim 9-5 Mechanical part; including but not limited to 19-3 Shaft, 19-2 Gears,
12-1 Pulley, or 20-1 Chain drive. In some implementations, 20-1 Chain drive is used for reliability of

device because it has minimal susceptibility to slipping for maximal scrubbing strength.

As illustrated by Figure 20, secondary 9-7 Motion Transmission functions to transmit 9-5 Mechanical

motion, from the said interim 9-5 Mechanical part, to the electrode. It is usually performed by means

including but not limited to 19-3 Shaft, 19-2 Gears, 12-1 Pulley, or 20-1 Chain drive.

For uniform 9-5 Mechanical energy distribution, multiple primary and secondary distribution ¢an be
employed in parallel. For instance, the 9-2 Conveyor Belt Electrode can come in double primary
distribution, on top and hottom. On the other hand, the 9-2 Conveyor Belt Electrode could have
between double to quadruple secondary distribution: double on top and bottom (9-2 Conveyor Belt
Electrode), and for case of double 20-1 Chain drive, quadruple: top and bottom (9-2 Conveyor Belt

Electrode), left and right {20-1 Chain drive).

As illustrated by Figure 21, 9-8 Solid Removal comprises removing the 3-5 Solid Deposit from the
electrode, and 9-9 Solid Transport of the removed 3-5 Solid Deposit away from the 35-1 Electrochemical
Reactor. Electrode stripping could be performed in numerous ways, including but not limited to: 9-5
Mechanical abrasion (by means of 4-2 Remaval Device), ultrasound, or fluid jets. There is also 21-3
Blade adjustment device to-adjust the blade angle, usually but not limited to a spring system. In some

implementation, especially the 9-2 Conveyor Belt Electrode and 9-1 Cylinder Electrode, extra 4-2

increasing the surface area. This however comes at the price of more complexity and reduced reliability
of operation thus should be assessed on-case-by-case basis. in some implementations, 9-10 Muitiple
Blades are stacked as illustrated in Figure 25 to increase scrubbing power and 9-8 Solid Removal

efficiency.
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9-9 Solid Transport ¢could be performed in several ways, including but not limited to: 9-11 Conveyor belt
or fluid motion in 8-12 Channel. For 9-11 Conveyor belt, 3-5 Solid Deposit scrubbed from electrode are
continuously carried away from the 35-1 Electrochemical Reactor space via 9-11 Conveyor belt motion.
For fluid motion in 9-12 Channel, 3-5 Solid Deposit scrubbed from electrode are continuously carried
away by fluid flowing in an open 9-12 Channel. The fluid is usually but not limited to a.liquid, and

commonly water is chosen for the low cost. The fluid itself, especially liquid, would also act as 21-2

Washing fluid to ease subseguent washing stage. As shown in Figure 28, the open8-12 Channel may also

come with a protruded 21-1 Flap to prevent 3-5 Solid Deposit from spilling out of the 9-12 Channel,

There are some variants to-the default design of the 9-12 Channel. The open 9-12 Channel, while often
made of 7-6 Piping cut in vertical cross section to form 28-1 Arc {Default}, can also be made up into 28-2
Rectangular 9-12 £hanne! shapes, or 28-3 Triangular 9-12 Channel shapes, or even arbitrary shapes as
long as it-forms a ridge for fluid to flow. The 21-1 Flap by default is 28-4 Perpendicular Flap (Default) for
ease of fabrication, but can also'be slanted as 28-5 Acute Flap or 28-6 Obtuse Flapper to match the
trajectory of spillage.

There is also the basic 9-20 Vessel at the part at the bottom, as shown in Figure 22, There is 10-1
Counter Electrode attached to the reaction 9-20 Vessel, In some implementations, the 10-1 Counter
Electrode is joiried tothe 9-20 Vessel for ease of fabrication. The 9-20 Vessel holding 1-7

Electrolyte liuid has 22-1 Electrolyte inlet and 22-2 Electrolyte outlet. In some implementations, to

reduce energy cost from pumping, the 22-1 Electrolyte inlet and 22-2 Electrolyte outlet are arranged

according to gravity, such that 1-7 Electrolyte enters from the top and exits at the bottom.

Figure 23 illustrates the 9-13 Support for 9-2 Conveyor Belt Electrode which is a 9-14 Movable variant.
The 9-13 Support consists of a 23-4 Frame Body to hold the electrode system in place. The bottom of
the 23-4 Frame Body is usually equipped with 23-3 Wheels or rails for convenient disassembly from the
tank forinstallation and 53-3 Maintenance. The 23-2 Arim of the 23-4 Frame Body has features of
adjustable heights, usually but not limited to 23-1 Hydraulic jack. The adjustable height provides means
to retract the electrode system from the 3-20 Vessel, without having to drain 1-7 Electrolyte from the
9-20 Vessel. This provides convenient and fast 59-3 Maintenance process, shall the electrode requires
service and 59-3.Maintenance, since it is slow and tedious to empty the 9-20 Vessel to be opened, with

potential implications to other unit operations.
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On the 23-2 Arm is attached a 19-1 Motor/engine to provide 9-5 Mechanical energy to drive the 9-6

Motion Generation. Other than electrical motor, it can also be an engine {combustion) or any other

means to provide 9-5 Mechanical movement.

The 7-1 Device also comprises of 9-16 Accessories especially 9-17 Gas Removal as illustrated in Figure
24, 9-17 Gas Removal is implemented for cases when undesirable gas, usually flammable or toxic,
evolved in sufficient amount. An example is the water splitting reaction from electrolysis, which
produces flammable hydrogen gas. In.some cases, toxic 6-9 Ammonia gas as 1-15 By-product in liguid
form, may vaporize into fumes. 9-17 Gas Removal consists.of closed or open variants. Closed 9-17 Gas
Removal is simply to make the 7-1 Device space gas-tight and direct the gasinto designated stream,
such as condenser or burner. Qpen 9-17 Gas Removal is a setup similar to fumehood, that uses chimney
effect to suck gases. Open 9-17 Gas Reémovalis used when the gas doesn't need 1o be isolated while

Gas Removal could be omitted if the gas evolution is minimal.

The other 9-16 Accessories include 9-18 Conducting Brush and 9-19 Waxing. It has also been a challenge
to maintain electrical contact when the electrode is constantly in motion. However; electrical contact is

established by a conductive solid in contact with the electrode. In some implementation; it is through

the 4-2 Removal ice of 9-8 Solid Removal. In some implementation, additional electrical contact

Conducting Brush, usually but not necessarily be made of carbon in graphite form, is attached via 26-1
Accessory support. In some implementation, the electrode is continuously coated with a thin layer of
slippery material such as 9-19 Waxing attached via similar 26-1 Accessory support, as illustrated in
Figure 27, to ease electrode stripping with a 27-1 Wax Layer. In-some implementations, the 9-19 Waxing
is done using a‘piece of wax solid in friction with the electrode surface. In some other implementations;

the 9-19 Waxing is done using a more sophisticated 9-19 Waxing dispenser.

9-1 Cylinder Electrode

For9-1 Cylinder Electrode variant, the recommended 7-1 Device setup is shown in Figure 11. It has'a
cylindrical 9-20 Vessel, where the 1-7 Electrolyte is held. The 1-7 Electrolyte enters from 22-1 Electrolyte

inlet and then exits from 22-2 Electrolyte outlet. To reduce resistance, the 10-1 Counter Electrode is a
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conductive cylindrical surface attached to the inner wall of the 9-20 Vessel. For convenience of

operation, the sides of the 9-20 Vessel, while serving as 9-15 Built-In variant of 9-13 Support and frame,

cah be made transparent to allow 2 of 22-3 Side Windows to monitor any change in the 9-20 Vessel.

The 9-5 Mechanical comprises 9-6 Motion Generation and 9-7 Motion Transmission. 9-6 Motion
Generation for this case involved 19-1 Motor/engine to drive 2 of 19-2 Gears and 2 of 19-3 Shaft

systems to drive the 9-1 Cylinder Electrode.

9-8 Solid Removal comprises removing the 3-5 Solid Deposit from the 9-1 Cylinder Electrode, using the
4-2 Removal Device. There is a 21-3 Blade adjustment to adjust the angle of the blade to controf the

scrubbing action.

The 9-9 Solid Transport involve an open 9-12 Channel containing a stream-of 21-2 Washing fluid flowing

between the 2 ends of the 9-12 Channel: 21-4 Washing fluid inlet and 21-5 Washing fluid outlet. There is oo o

a 21-1 Flap to prevent spills of the 3-5 Solid Deposit as it is scrubbed off the electrode.

9-17 Gas Removal involves a 24-2 Cap with 24-1 Ventilation outlet connected to fumehood. There are
sleeves left to suck the ambient air into, namely the 24-5 Sleeves {washing piping) and 24-7 Sleeves

{electrode frames).

9-3 Rotating Disk Electrode

For 9-3 Rotating Disk Electrode variant, the recommended 7-1 Device setup is shown in Figure 15. It has
a‘cylindrical 9-20 Vessel similar to 9-1 Cylinder Electrode variant, where the 1-7 Electrolyte is held. The
1-7 Electrolyte enters from 22-1 Electrolyte inlet and then exits from 22-2 Electrolyte outlet. To reduce
resistance, the 10-1 Counter Electrode is a conductive disk surface sandwiched to the other side of the
9-3 Rotating Disk Electrode, separated by a piece of 60-3 insulator. Insome implementation, the 10-1
Counter Electrode can also be made of conductive material attached to the inner wall of the 9-20 Vessel
for ease of manufacturing, albeit with some increased resistance and hence lower energy efficiency. For
convenience of operation, the sides of the 9-20 Vessel, while serving as 9-15 Buiit-In variant of 9-13
Support and frame, can be made transparent to allow 2 of 22-3 Side Windows to monitor any change in

the 9-20 Vessel.
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The 9-5 Mechanical comprises 9-6 Motion Generation and 9-7 Motion Transmission. 9-6 Motion

Generation for this case involved 19-1 Motor/engine to drive 2 of 19-2 Gears and 2 of 19-3 Shaft

systems to-drive the 9-3 Rotating Disk Electrode. 9-8 Solid Removal comprises

removing the 3-5 Solid Deposit from the -3 Rotating Disk Electrode. Thereisa

21-3 Blade adjustment to adjust the angle of the blade to control the scrubbing action.

The 9-9 Solid Transport involve an open9-12 Chanriel containing a stream of 21-2 Washing fluid flowing
between the 2 ends of the 9-12 Channel; 21-4 Washing fluid inlet and 21-5 Washing fluid outlet. There is

a 21-1 Flap to prevent spills of the 3-5 Solid Deposit as it is scrubbed off the electrode.

9-17 Gas Removal involves a 24-2 Cap with 24-1 Ventilation outlet connected to fumehood. There are
steaves left 1o suck the ambient air into, namely the 24-5 Sleeves (washing piping) and 24-7 Sleeves
(electrode frames).

9-4 Spiral/Screw Electrode

For spiral/screw electrode variant, the recommended 7-1 Device setup is shown in Figure 17. It has a
partial cylindrical 9-20 Vessel, where the 1-7 Electrolyte is held. The 1-7 Electrolyte enters from 22-1
Electrolyte inlet and then exits from 22-2 Electrolyte ocutlet. To reduce resistance, the 10-1 Counter
Electrode is a conductive disk surface sandwiched to the other side of the 9-4 Spiral/Screw Electrode,
separated by a piece of 60-3 Insulator. {n some implementation, the 10-1 Counter Electrode can also be
made of conductive material attached to the inner wall of the 9-20 Vessel for ease of manufacturing,
albeit with some increased resistance and hence lower energy efficiency. For convenience of operation,
the sides of the 9-20 Vessel, while serving as 9-15 Built-In variant of 9-13.Support and frame, can be

made transparent to allow 2 of 22-3 Side Windows to monitor any-change in the 9-20 Vessel.

The 9-5 Mechanical comprises 9-6 Motion Generation and 3-7 Motion Transmission. 9-6 Motion

Generation for this case involved 19-1 Motar/engine to drive 2 of 19-2 Gears and 2 ¢f 19-3 Shaft

]

systems to drive the 9-4 Spiral/Screw ElectrodeB-1-Cyl 2 . 9-8 Solid Removal comprises

removing the 3-5 Solid Deposit from the 9-4 Spival/Screw Elactrod shinderEectrade, using 4-2

Removal Device. In the figure it was a screw rotating together, either same or opposite rotation

direction, in contact with the 9-4 Spiral/Screw Electrode, to scrub off
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the 3-5 Solid Deposit by abrasion. In some implementations, it can be stationary blades fixated to the

9-20 Vessel, or9-13 Support.

There isa 21-3 Blade adjustment to adjust the angle of the blade to control the scrubbing action.

The 9-9 Solid Transport involve an open 9-12 Channel containing a stream of 21-2 Washing fluid flowing
between the 2 ends of the 9-12 Channel: 21-4 Washing fluid inlet and 21-5 Washing fluid outlet. There is

a 21-1 Flap to prevent spills of the 3-5 Solid Deposit as it is scrubbed off the electrode.

9-17 Gas Removal involves a 24-2 Cap with 24-1 Ventilation outlet connected to fumehood. There are
steaves left to suck the ambient air into, namely the 24-5 Sleeves {washing piping) and 24-7 Sleeves

(electrode frames).

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021




PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

39
Electrochemical Production of 7-3 Addition Polymer

As the first part of 7-2 Chemistry, 7-3 Addition Polymer is a class-of 1-8 Polymer formed by addition
reaction, in-which no 1-15 By-product is produced. Some exemplary 7-3 Addition Polymer comprises

carbon backbone without heteroatoms, such as:

*  Polyvinyl: Polyethylene (PE), Polypropylene (PP), Polystyrene (PS), Polyvinyl Chloride {PVC), et¢

¢ Polyalkanes in general, such as polybutadiene {rubber)

As outlined in Figure 29, the electrochemical production of 7-3 Addition Polymer can be classified into

29-1 Homopolymer and 29-2 Copolymer. In some embodiments, 29-1 Homopolymer results from
elimination-addition polymerization from starting 29-3 Alcohol group as ilustrated in Equation 2, or

other 29-4 Variants such as sulfides and amines.

Efimination-Addition Polymerization:

HO W —H,0
N/ = |

In situ
Polymerization

'Appliezﬂ Voltage
Conducting lons

Equation 2

Note that the polymerization can also be initiated from the second step, if unsaturated compounds,

which includes unsaturated hydrocarbons such as-alkenes or alkynes are used as the starting materials.

29-2 Copolymer, on the other hand, can be produced when different starting groups are mixed together.
It can be different 29-3 Alcohol groups, or even between functional groups such as alcohol and sulfides,
when these different species are present in the same system of 1-7 Electrolyte during the

electrochemical reaction.
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As outlined by Figure 30, the 6-6 Conducting ions can come from either a 30-6 Membrane or 30-1
Dissolved ions, The 30-6 Membranes include butnot limited to 1-7 Electrolyte membrane for
electrolyzer and fuel cells, such as the proto exchange 30-6 Membrane {commonly used for acidic and
neutral aqueous system), or polymer ion exchange 30-6 Membranes (commonly used for alkaline
aqueous system). An example of such 30-6 Membrane is the Nafion membrane, a class of proton
exchange 30-6 Membrane commonly used for hydrogen fuel cell. The 30-1 Dissolved ions can be come
from 30-2 Metallic ions such as Lithium ions of {ithium chloride, LiCl.or 30-3 Non-metallicions. The 30-3
Non-metallic ions are usually categorized into 30-4 Organic-and 30-5 Inorganic variants. The 30-4
Organicvariants include surfactants such as stearate ions of sodium stearate (commenly used for soap)

or some deep eutectic salt or ionic liquid, such as choline chloride as common component of eutectic

31-4 Solvent, or 1-butyl-3-methylimidazolium hexafluorophosphate ([BMIM]PF6 as common ionic liquid.

Depending on the situation, 31-1 Cosolvent may be needed, with variants outlined in Figure 31. 31-1
Cosolvent can include 30-4 Organic and 30-5 Inorganic variants. The 30-4 Organic vatiants are either
31-2 Designer Molecule, especially 31-3 Crown ether used to dissolve metallic ions into organic phase
(such as 15-Crown-5 to dissolve sodium ions in organic phase), or just common 31-4 Solvent such as
acetone that has miscibility or solubility in both organic and polar phase. 30-5 Inorganic variants include
6-9 Ammonia and water as common solvent that is also sometimes produced as 1-15 By-product in the

reaction.

The 32-1 Additives consists of 1-13 Catalyst outlined in Figure 32, classified into'32-2 Redox and 32-3
Others, It can include 32-2 Redox catalyst especially electron shuttle, that works by facilitating electron
transfer of either oxidizing and reducing reaction steps, such as triarylamines and pyridines. 32-3 Others
include catalyst that works by interfering with non-redox reaction steps of the reaction, include
coordination 1-13 Catalyst such as a mixture of titanium tetrachloride {TiCl,} and

triethylaluminium (Al(C;Hyg),) that facilitating propagation step by providing a place for monomer
molecule to assemble via coordination bond with transition metal. While the 32-1 Additives is usually a
homogenous catalyst in-fluid form, it can-also consist of solid catalysts suspension in some

implementations.
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29-3 Alcohol group

The major variant is alcohol as starting material, which results in a case of dehydration-polymerization

where water is formed as 1-15 By-product as shown by Equation 3.

Homopolymer

HO H —H,0

In situ

Applied Voltage Polymerization

Conducting lons
Eguation 3
The examples include the following common 1-8 Polymer illustrated in Table 10:

Table 10 Commen examples and starting materials
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1 2 Products

H H Polyethylene (PE)

H CH3 Polypropylene (PP)

H Phenyl Group Polystyrene (PS)

H OH Polyviny! Alcohol {(PVOH)

H Ci Polyvinyl Chloride (PVC)

H Nitrile Paolyacrylonitrile (PAN)

H COOH Polyacrylate {PAK)

H Vinyl Polybutadiene (synthetic.rubber
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29-4 Variants; Sulfides

Similar to 29-3 Alcohol'group reaction, sulfides can also react electrochemically to form 7-3 Addition
Polymer, but with the formation of hydrogen sulfide as 1-15 By-product as shown by Equation 4 and

Equation 5:

Homopolymer

ON tied Vo! In situ
Applied Voltage Polymerization
Conducting lons
Equation 4
Copolymer
HE # . y  TAHS

O Oy

Ap;}hed Voltage in situ

Conducting lons Co-Polymerization

Equation 5

29-4 Variants; Amines

Similar to alcohol and sulfide reaction, amines can also react electrochemically to form.7-3 Addition

Polymer, with the formation of amines as 1-15 By-product as shown in Equation 6 and Equation 7:
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Homopolymer

3_.._?} /&«% B NH, . m mﬂ&

Ay Sl

I situ

Applied Voltage Polymerization

Conducting lons
Equation 6

Note thatif the substitute group 3 above is a hydrogen atom, 6-9 Ammonia instead of amine would be

formed.

Copolymer

|
) u%———% &

ig

LAy ﬂ—»@@g{

Appfled Voltage in situ
Conducting lons Co-Polymerization

T

Equation 7
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29-2 Copolymer
o o ~2H,0
H H S/ VPV Vi E\g@\g
) Apphed Voltage tn situ
Conducting lons Co-Polymerization
Equation'8

As mentioned previously, 29-2 Copolymer can be formed if different types of starting alcchols are
present in the 1-7 Electrolyte system as shown in Equation 8. Different types of starting group, such as

alcohol with sulfide or amine, would also result in similar 29-2 Copolymer end-product.
Some examples of 29-2 Copolymer are included in Table 11:

Table 11 Common copolymer examples and starting materials

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

1 2 3 4 Products

H H H Cl vinyl chloride-ethylene plastic (VCE)

H H H COOH Ethylene-acrylic acid plastic {EAA)

H Cl H 0OC=0CH3 Palyvinyl chloride acetate (PVCA/VCVAC)
H H H OH Ethylene-vinyl alcohol plastic (EVOH)

Note also that the 29-2 Copolymer can form if there are 3 or more types of starting chemicals, for
instance the common Acrylonitrile butadiene styrene (ABS) resin, a type of valuable and widely used

engineering plastic as'per Table 12:

Table 12 Sample starting material for complex 29-2 Copolymer of ABS resin

1 2 3 4 5 6 Products

H Pheny! H H H Nitrile Acrylonitrile butadiene styrene {ABS)

Note that the 29-2 Copolymer order of each unit can be arbitrary:
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The following Table 13 is the more specific reactions of addition polymerization:

Table 13 Specific reactions of addition polymerization

Substituents

of branch

1-8 Polymer P

1-6 Reactants

68-1 Material A

68-2 Material B

Alkyl

PE Polyethylene

M

Ethanol

e SoH

Ethene

CH,

/
He?

PP Polypropylene

oH,

Propan-2-ol

o}

A

HEC CH,

n-propanoi
OH
H:,C/\\./'(

Propene

PN

H,C CH;,
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PMP

poly-4-methylpenten-1

CH,

4-methylpentan-2-ol
CH; CH,

H3C/k/‘\{)u

4-methylpentan-1-ol

RS
Y\/\BH

CH,

4-methylpent-1-ene

H %éxr\\{;f CH,
H,

PMS

Poly-a-methylstyrene

CH,

2-phenyl-1-propancl

2-phenylpropene

G
:cxmg

PIB

polyisobutylene

CH,

Hy

{sobutanol

H.C
H.C OH

Tert-butanol

M,

HO GH,
i

Isobutene

M
>:CHJ
HL
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Thermoplastic
elastomers

(TPE)

PB polybutene
CH,

Butan-2-of

GH
s
pei )

n-butanol
»i3c/\\/ﬂ“ow

n-butene

oH,
H3c//\\///

PBD  1,2-polybutadiene

3-Buten-1-of
HQCMGH
3-Buten-2-o}

CHy

1,3-butadiene

e NCHQ
e

Aryl

PS Polystyrene

2-phenylethanol

=\
N/

ot

1-Phenylethanol

cH,
: B

Phenylethene
TECH,
PVOH polylvinyl alcohol) Ethylene glycol
OH folk
HO

oS

1,1-Ethanediol

MG
>—--~c:z~z3

4
3

i

HC
Ethenol
HO

\.“‘“_‘:CHQ
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PVA

poly(viny! acetate)

2-Hydroxyethyl acetate

¥

L P,
N

1-Hydroxyethyl acetate

CH, o

PPN

HO o CH;

Vinyl acetate

o

N

HLC @ CH,

Nitrogen atom

PVK

Poly-N-vinylcarbazole

=

Carbazole-9-ethanol

e

M

DH

Carbazole-9-ethan-2-ol

)—cws

il

Carbazole-9-ethene
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PVP  Poly-N-vinylpyrrolidine | 1-{2-Hydroxyethyl)-2- -

& pyrrolidone
; O
N

n

I

H

1-{1-Hydroxyethyl)-2-
Polyvinylpyrrolidone {PVP), also {L-Hydroxyethy)

. pyrrolidone
commonly called polyvidone or

povidone O;G
K
)———CH;
HO

1-{vinyl}-2-pyrrolidone

-

o
N
\2(}12
Halide PVC Polyvinyl Chioride 2-Chloroethanol -

C IOH
' o

1-Chloroethanol

Ci
\-:CHZ
PYDC polylvinylidene 2,2-Dichloroethanol -
chioride) Cl
¢ o

1,1-Dichloroethanol
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s
©
[
x

o

1,1-dichloroethene

o

o
&+

o

PVDF

F

poly{vinylidene fluoride)

2,2-Difluorcethanol

-

F GH

1,1-Diflucroethano!

HO CH,

3

1,1-difluoroethene

r

. Tr
o
X
53

PVF

poly({viny! fluoride)

2-Fluoroethanol

=3

h

F”‘”
1-Fluoreethanol

F

T
[9]
xI
o

o

Fluroethene

=

==CH,
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PTFE

poly tetrafiuoroethylene

1,2,2,2-

Tetrafluoroethanol

F £
i 4
>———<—0H
\
¢ 3

Tetrafluoroethene
F F
f-’>_<§r
PCTFE 2-chioro 1,1,2-
polychlorotrifluoroethyl | trifiuoroethanol
ene

3 F
A
Hi‘b%——<

V/ @]

1-Chloro-1,2,2-

trifiuoroethanol

5
H‘OH
£ ¢

Clorotrifluroethene

F F
F ol

Acrylonitrile

PAN

polyacrylonitrile

3-Hydroxypropionitrile

N g=s

1-Hydroxypropionitrile
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Acrylate

PAK  polyacrylate

O Oh

i

PAA  poly{acrylic acid)

xZ

o
0*4(

[

&€

Acrylic acid

HO,

6]

PBAK poly(butyl acrylate)

/\/CHB

R !
O ]

n-Butyl lactate

ey
LN
¥
o

Butyl 3-

hydroxypropanoate

NN \]/\/,:n«;
b
]

n-butyl acrylate

N N
T

@
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PMMA
CH,
6] 8}
H, ="

PMMA poly{methyl

methacrylate)

methyl 2-hydroxy-2-
methyl-propionate
Methyl 2-
hydroxyisobutyrate
Methyl 2-methyllactate

CH,
OH
o
e CH,
o

Methyl 3-hydroxy-2-

methylpropanoate

oH
el
e \r([cuj
o

Methyl methacrylate

CH,
o
Ay
]

Hy
Addition {4 PVB  poly{vinyl butyral) PVA Butyraldehyde
carbon £, Polyvinyl Acetate
arbo olyvinyl Aceta Hzc/\\/@\\\@
backbone} /ﬁ\
o (o] o GH,
A%
N P
PVEM  poly{vinyl formal) PVA Formaldehyde
&f/\‘{v Polyvinyl Acetate H,C=20

>:Q

o

Z
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Special PDAP poly(dialiyl phthalate) Di{hydroxypropyl)
\E(} phthalate
/2
Nasad
SMAH Styrene-maleic 1-Phenylethanol
oH
anyhydride plastic @A/
Maleic anhydride
o
2-hydroxysuccinic
anhydride
0 ‘ e
Styrene maleic anhydride {SMA) ﬁ
O
33-13 Ring PDCPD Tricyclo]5.2.1.0%%dec-4-
opening polydiclopentadiene en-8-ol

polymerization
{similar to

addition)

o

Tricyclo[5.2.1.0%%]dec-3-

en-8-ol

Y :
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Dicyclopentadiene

8y,
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Electrochemical Production of 7-4 Condensation Polymer

As outlined in Figure 33, 7-4 Condensation Polymer isa class of 1-8 Polymer formed through

condensation polymerization as the second part of 7-2 Chemistry. 1t includes but is. not limited to:

e 33-2 Polyether (including cellulose; furan, phenolic and related resins)
s 33-5 Polysulfide

® 33-6 Polyamine

» 33-8 Polyester

¢ 33-9 Polyamide

e 6-7 Polycarbonates

e 33-10 Polyanhydride

e 33-11 Polyimide

e 33-12 Polyurethane

s 33-13 Ring opening

e 33-14 Heteroatoms: Polysiloxanes Polysulfone, Polyphosphate, polynitrate

The electrochemical production of 7-4 Condensation Polymer comprises 33-1 Condensation and
transesterification. 33-1 Condensation involves intermolecular elimination of active groups to join
molecuies together, while transesterification involves more complex elimination often with carbonyl

groups.

33-1 Condensation: 33-2 Polyether

The simplest reaction-is the electrochemical 33-1 Condensation-of diol to form 33-2 Polyether, with

water formation as 1-15 By-product as shown in Equation G:

Homopolymer
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} -nH,0
M
" 4o OH
iof Applied Voltage
io
Conducting lons
Equation 9

Similar to 7-3 Addition Polymer production, copolymerization between different types of diols-are

possible if present in same system as shown in'Equation 10:
Copolymer

—{n + m)H,0

OH
Applied Voltage

R; R,
nHQ/ \QH + mHO/ ™

Diol Diol Conducting lons

Equation 10

Note that the copolymer order of each unit can be arbitrary. The specific reactions of interest is detailed
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in Table 14:
Table 14 Examples of 33-2 Polyethers
Substituents of | 1-8 Polymer P 1-6 Reactants
branch 68-1 Material A 68-2 Material B
33-2 Polyether Acetal (POM} Methanol
Ok
HBQ/
O
n Formaldehyde
POM  poloxymethylene; HOm=0
polyacetal; polyormaldehyde
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Methanedoil {Presence
from Formaldehyde in
water)

Methylene glycol

HO OH
S

PPOX poly{propylene oxide)

Q'\
CcHy |,

Polypropylene glycol

Propylene oxide

o
CH

Propylene glycol

CH
OH

PEOX poly(ethylene oxide) Ethylene oxide
PR AN

Ethylene glycol
Polyethyléne glycol (PEG),

OH

polyethylene oxide (PEO) or o
polyoxyethylene (POE)
PPE  poly(phenylene ether) Phenol

O,

* PPO

@M‘ "

Hydroquinone
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Or copolymerization of
hydroguinone with
Resorcinol

HO

O

PK polyketone Cyclopropanone

1

Reuterin

3-Hydroxypropanal

ho” N

33-1 Condensation: 33-3 Monoalcohal: Furan and phenaol resins

When the carbon backbone is certain cyclic aromatic compounds, such as furan and phenol, 33-1
Condensation can still happen with single alcohol group as shown in Equation 11 and Equation 12. The

end product is either 33-2 Polyether or polyalkane groups.

Furan resin
0 —-nH,0
n e
\ / OH
Applied Voltage
Furfuryl alcohol Conducting lons

Equation 11
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Phenolic resin
—RHZ / \
n OH — = 0
Applied Voltage Sesmsssad
s n
Phenol Conducting lons
Equation 12

Note that for the above cases, there is no-adjacent hydrogen atom for intramolecular
dehydration/elimination; so the intermolecular reactionis the only reaction available. Table 15

describes the furan and phenolic resin reaction of commercial interest:

Table 15 Examiples of Furan and phenolic resins

\ /

Polyfurfuryl

\_/

Formaldehyde
HCm=0
Furfural

o

\ /e

Substituents of 1-8 Polymer P 1-6 Reactants

branch 68-1 Material A 68-2 Material B
Condensation FF Furan-formaldehyde resin | Furan

{Furan) Furfural resin )
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33-1 Condensation: 33-4 Cellulose

Notably, the carbon backbone can comprise a sugar or its derivative, for which case the end product of
33-2 Polyether formation is actually-a 33-4 Cellulose resin, often:of useful application as biodegradable

1-8 Polymer, For instance, the starting material can be glucose as shown in Equation 13:

Homopolymer

OH
%]H 5 m?‘lﬁza Ok
HCy g y N 'wg H
N HOX > MG‘ WLJ\Q
o on
OH ,
Glucose Applied Voltage OH da

{or other types of sugars) Conducting lons

Equation 13

Similar reaction applies for derivatives of sugars such as glucose with some ~0OH group esterified with

acetate group as shown in Equation 14:

Derivatives: such as 33-4 Cellulose acetate

AcO i)
ji CHs
~nH,0 0" "Gy o=
o
n HO On T —, ‘/'Q\ %“}"“‘Nf/ o
Ho 7 HO- RO L
Applied Voltage o={ ne P
AcQ ) ey Y
. Conducting lons & n
Substituted Glucose - -
Equation 14

33-4 Cellulose copolymers are also possible if different sugars are mixed inthe same system during the

reaction.
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33-1 Condensation: 33-5 Palysulfide

Similar to 33-2 Polyether, 33-5 Polysulfides can be produced electrochemically from disulfide as shown

in Equation 15:

Homopolymer

n HS//R Nsh

Disulfide Applied Voltage

Conducting lons

Equation 15

Copolymers are also possible when different disulfides are mixed together in the same system as shown

in Equation 16:

Copolymer

—(n+miH,S

R e s
1 + ? e , P
; Hﬁ/R “SsH M os” s '”\R*1 “““-Rz m
Disulfide Disulfide Applied Yoltage

Conducting fons

Equation 16

The notable polysulfide reaction is described in Table 16:
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Table 16 Examples of 33-5 Polysulfides
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Substituents of 1-8 Polymer P 1-6 Reactants

branch 68-1 Material A 68-2 Material B

33-5 Polysulfide | PPS  poly(phenylene sulfide) Thiophenol

=8}

4

Polyphenylene sulfide

33-1 Condensation: 33-6 Polyamines

Similar to-33-2 Polyether and 33-5 Polysulfides, 33-6 Polyamines can be produced electrochemically

from diamine as shown in Equation 17:

Homopolymer

(D

o -n]

e
n H
NH

N
;z( M\R‘{x Applied Voltage

Conducting lons

Diamine

Equation 17

Copolymers can be produced when different-types of diamines are mixed in the same system as-shown

in Equation 18.
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Copolymer

=
NH,

fe

T —ﬂT

NH,

H H
+ M NH T
n | %N\\R T/MH n,{ \”R{/ ( m
T Applied Voltage
Diamine Diamine  conducting lons
Equation 18

33-7 Transesterification: 33-8 Polyester
33-8 Polyester can be produced from 33-7 Transesterification, which is in some sense very similar to
33-1 Condensation. The simplest variant is the reaction between alcohol and carboxylic acid group in the

same molecule of hydroxyl acid as shown in Equation 19:

Homopolymer:

LY e o

2
Hydroxy acid

Applied Voltage ™
Conducting lons
Equation 19

Note that the hydroxy! acid reaction to form 33-8 Polyester is very useful for many biodegradable 1-8
Polymer production such as polylactic acid from lactic acid, and polyacrylate from acrylic-acid.

The next variant is the reaction between alcohol-and carbexylic acid groups in different molecules, such
as between diol and diacid as shown in Equation 20:
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Regular Esterification:

; o O
o il ~(n+m)H,0
R
n HC}/ 1\’OH 0 ,/U\R/U\( ,):Q‘\
HO 2 o Applied Voltage n
Diol Diacid Conducting lons
Equation 20
The specific reactions under the polyester class is detailed in Table 17:
Table 17 Examples of 33-8 Polyesters
Substituents of 1-8 Polymer P 1-6 Reactants
branch 68-1 Material A 68-2 Material B
33-8 Polyester PHB  polyhydroxybutyric | 3-hydroxybutyric acid -
Homopolymer acid or polyhydroxybutyrate | B-Hydroxybutyric acid

{Intrarolecular

CH, o]

MUJ\)L e

condensation)

Polyacid O

A type of
polyhydroxyalkanoates

PLA  polylactic acid or Lactic acid -
poly lactide

O
CH,

o

PGA  poly{glycolic acid) Glycolic acid -

y o O
Y HU/Y

o
" n

N

&}
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PHA  polyhydroxyalanoic

or polyhydroxyalkanoates

{

2-hydroxy propanoeic acid
CH,  ©

HQMC‘M

3-hydroxy propanoicacid

PAR  polyarylate
Poly-4-hydroxybenzoate

4-Hydroxybenzoic acid

= o

HG \ /

H

Regular

condensation

o

Terephthalic acid

HE, o
;
o : OH

Ethylene glycol

_oH
o N
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PBT {Polyhutylene
terephthalate)

Terephthalic acid

b » D
; O Y
g . H

1,4-Butanediol
{8D)
Tetramethylene

glycol

Pa Ay .
O Lol

PBN  poly(butylene

napthalate)

o %“T”i”' ~
N

Naphthalene-2,6-dicarboxylic

acid

7 2,6-Naphthalenedicarboxylic

acid

1,4-Butanediol
{8D)
Tetramethylene
glycol

JOH
oy //\»/A\/




67

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

e

% A ™o
HO, W

o

Polyethylene naphthalate
PEN  poly(ethylene
naphthalate)

Naphthalene-2,6-dicarboxylic
acid
2,6-Naphthalenedicarboxylic

acid

Ethylene glycol

i
N

PCL  polycaprolactone

A

e-Caprolactone

6-Hydroxyhexanoic acid

6-Hydroxycaproic acid

H*C'hm /\/%J\"s;ws

PCT
poly(cyclonhexylen
e dimethylene

terephthalate)
r

=

‘tqj\\“ﬂ

L

Terephthalic acid

1,4-
Benzenebyelobaxanedicarbo
xylic acid
HO, o o
(‘j’ \ / Ok
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PCCE  poly(cyclohexlyene
dimethylene

cyclohexanedicarboxylate)

1,4-Cyclohexanedimethanol

: O
HO

PEC  polyester | PBS Succinic acid 1,4 Butanediol
carbonate or polybuthylenesuccinate g Tetramethylene
poly(butylene o %W\/\/LLW glycol
: AN N g o
succinate/carbona o N
te) 4
PEC
polyestercarbonat
e
PES  poly{ethylene Succinic acid Ethylene glycol
succinate) Ok
Ho/\*/

o K/\vx'“i'

PTT  poly(trimethylene

terephthalene)

Terephthalic acid

HO i /Q
o OH

1,3 Propanediol

MQ//\\/\Q
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Miscellaneous LCP Liguid-crystal 1-8 4-Hydroxybenzoic acid
Polymer p-hydroxybenzoic acid
(PHBA)
o
o
Example 6-Hydroxy-2-naphthoic
acid

HQ
o~

&

33-7 Transesterification. 33-9 Polyamide

33-9 Polyamide is a class of useful 1-8 Polymer materials, it includes biological proteins and materials
such as nylon and Kevlar. In very similar pattern as 33-8 Polyester, it involves reaction between amine
and carboxylic acid groups to be produced. The simplest variant is the amino acid polymerization where

amine:and carboxylic acid groups are in the same molecule as shown in Equation 21:

Homopolymer:

—nH,0
O

A A
f N T

© Applied Voltage

Amino acid Conducting lons

Equation 21
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Another variant is the esterification of amine.and carboxylic acid groups.in different molecules, between

diamine and diacid as shown in Equation 22:

Regular Condensation:

0O
6] 0 ~{n + m)H,0 ] )jg\ %
= W
L e s

n H N Rg .
N NH o , ‘
Y/ e’ HO Re OH Applied Voltage “l, ‘,‘L,
Diamine Diagid Conducting lons
Equation 22

The polyamide reaction of interest is described in Table 18:

Table 18 Examples of 33-9 Polyamides

Substituents 1-8 Polymer P 1-6 Reactants
of branch 68-1 Material A 68-2 Material B
33-9 Nylon Terephathalic acid p-Phenylenediamine

Polyamides PARA  poly(aryl amide) HEL 2 | (PPD)
(PA) PAA

W & oH

| »,NOW,

33-7 Transesterification: 6-7 Polycarbonates

6-7 Polycarbonates can also be produced electrochemically by reaction between diol and carbonyl
compounds as shown in Equation 23. This is a very-useful reaction because the carbonyl compounds can
include (but-not limited to) 6-1 Urea which is abundantly cheap, yet not super toxic, carbonic acid from

carbon dioxide sequestration, and dimethyl carbonatés from industry as 5-3 Commodity Chemicals. it
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also produces alcohols as 1-15 By-product which is often recovered as useful fuels or valuable 5-5

Feedstock Chemicals.

Homopolymer

0
B wﬁ( it
o.
- g

o
R, .
n / \ 0
HO OH B
Applied Voltage
Diol Carbonyl Compounds  Conducting fons

{eg; Urea, Carbonic acid
Dimethyl carbonates,)

Equation 23
When different.diols are present, copolymeric carbonates can be produced as shown in Equation 24:

Copolymer

R, e
noso” o tom R r (men) % S /E)“\R
“ Applied Voltage ‘

Dicl Dial

Carbonyl Compounds Conducting fons [

Equation 24

Polycarbonate reaction of interest is described in Table 19:
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Table 19 Examples of 6-7 Polycarbonates
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Substituents of | 1-8 Polymer P 1-6 Reactants
branch 68-1 Material A 68-2 Material B
6-7 PC Bis-phenol A (BPA) 6-1 Urea
Polycarbonates | 6-7 Polycarbonates Q

HoN 1,

Carbonic acid

HO O
6-3 Phosgene, ar

Carbonyl dihalides

33-7 Transesterification: 33-10 Polyanhydride

33-10 Polyanhydride can be produced electrochemically from diacid and acid anhydride as shown in

Equation 25. The by-products are carboxylic acid or its derivatives.

o o o o o o o .
) HG)LR‘)}\OH ’ ngi\‘-’/é}\? o %AL‘;}: ’ ‘,7/&'@; ﬁ‘/ﬁ\%

Diacid

Acid Anhydride Applied Voltage

Conducting lons

Equation 25

33-7 Transesterification: 33-12 Polyurethane

33-12 Polyurethane can be produced electrochemically from reaction between diol and diisocyanate

and shown in Equation 26.
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o
n ; X, + 0 2 e |
N N HO/R SOH
Diisocyanate Diol Applied Voltage
Conducting fons
Equation 26

The specific polyurethane reaction of interest is described in Table 20:

Table 20 Examples of 33-12 Polyurethanes
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Substituents | 1-8 Polymer P 1-6 Reactants
of branch 68-1 Material A 68-2 Material B
33-12 4,4'-Methylene diphenyl | Ethylene glycol

i "
Polyurethane < . diisocyanate Okt
¥ # R . ¥ P
5'%\%;”« S, o v”"'\“"d:r;?’c
\Eﬁ,‘//f'\A¢ 2

33-7 Transesterification: 33-11 Polyimide

33-11 Polyimide can be produced from reaction dianhydride and diamine, or dianhydride with
diisocyanate. Dianhydride-diamine reaction is more common because diamine is more abundant as

shown in Equation 27:

)

R, a
y \( ~H;0
; HoN NH;
/ R& Applied Voltage
¢

Conducting lons

Dianhydride

Equation 27
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On the other hand, the dianhydride-diisocynate reaction produces carbon dioxide which can be readily

separated as gas for 1-5 Recovery as shown in Equation 28.

Ry

Y~
Ao L N N -0,
3
/ (:”AN) \“m’/\\g
p RLX/&F Applied Voltage
¥ ; Dilsocyanate . o
Dianhydride Conducting fons

Equation 28

The polyimide reactions of interest is further detailed in Table 21.

Table 21 Examples of 33-11 Polyimides

P

a
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Substituents of 1-8 Polymer P 1-6 Reactants

branch

68-1 Material A

68-2 Material B

Pl 33-11 PMI Methacrylic Methacrylic
Polyimide anhydride anhydride
Polymethacrylimide
o o
/ik G, o, )i i GH,
R j Hq:/“w}/ \l’H\cN: XS “H/ Tﬂ\xn
: n

Methylamine

Isocyanic acid

a

HN 2
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PMMI Methacrylic Methacrylic

anhydride anhydride
Poly-N-methylmethacrylimide

Dimethylamine Methyl isocyanate

H,C

~.
M o

M CH,

P

o, 2, 1, oH,
A i
o S
e 71/ M, A =N

33-7 Transesterification: 33-13 Ring opening

Ring-opening reaction is a useful way to produce 1-8 Polymer from cyclic compounds as illustrated in
Equation 29. The cyclic compounds are often heteroatom rings, containing graups such as carbonyl

(C=0), Carbonate, Ether, Ester, amine, amide; sulfide, or other groups with atoms other than Carbon

atom.
0 can be any of:
» Carbonyl )
* Carbonate n b
» Ether 1 Applied Voltage
¢ Ester Conducting lons
¢« Amine e

Heteréétem
Cyclic compounds

Equation 29
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Note that while the equation began with the shortest ring possible which is a triangle ring, thering can
be larger by using larger ring. In some embodiments, the resulting 1-8 Polymer comprise carbon
backbones. Some notable examples include 33-13 Ring opening of cyclic carbonates which are staple of

6-7 Polycarbenates production as shown in Equation 30 and Equation 31:

Examples: Cyclic Carbonates

Uy 0]

n \ i > ~3/i'k
; . Applied Voltage |©

5-membered-ring

Conducting lons

Carbonates
Equation 30
o @
“ — . e
1o
6-membered-ring . Applied Voltage
Carbonates Conducting lons
Equation 31

The ring-opening polymerization reaction of interest is detailed in Table 22:

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021




71

Table 22 Examples of ring-opening polymerizations
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Substituents of 1-8 Polymer P 1-6 Reactants
branch 68-1 Material A 68-2 Material B
Ring-opening PPC  carbon dioxide and Propylene 1,2 carbonate

propylene copolymer

0 A
T
; Q
‘ n

Polypropylene 1,2 carbonate

(PPC)

Polypropylene 1,3 carbonate

Propylene 1 3 carbonate

Polyethylene carbonate (PEC)

3 o
Y .,
i
14

Polyglycerol 1,2 carbonate

Glycerol 1, 3 carbonate
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33-7 Transesterification -:33-14 Heterogtoms: Polysiloxanes Polysulfone,
Polyphosphate, polynitrate

The 33-1 Condensation and/or 33-7 Transesterification also works when the adjacent atom is 33-14
Heteroatoms: Polysiloxanes Polysulfone, Polyphosphate, polynitrate instead of carbon atom. For
instance, siloxanes can-undergo 33-1 Condensation (similar to 33-2 Polyether) to form 33-15

Polysiloxanes as shown in Equation 32;

33-15 Polysiloxanes

& /% -nHZG
n

Applied Voltage
Siloxanes Conducting lons

Equation 32

As another example, diol can undergo 33-7 Transesterification with suffonyl compounds {similar to

carbonyl compounds) to form 33-16 Polysulfones as shown in Equation 33,

33-16 Polysulfones

n ;ﬁ(a“““w

0. ED

£ —R 5 H
R T e 5
"o Sow T Oﬁ%zﬁ {\R‘/ﬁﬂ

Applied Yoltage
Diol Sulfony! compounds .
Conducting lons

Equation 33
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Polyphosphonates are also possible if the heteroatom is phosphorus, as shown in Equation 34:

Polyphosphonates

R’E
o~ o

Applied Voltage
Dl Phosphonyl compounds

Conducting lons
Equation 34

Other possibility include polynitrate, amaéng others. The heteroatomic variants of interest are tabulated

in Table 23;

Table 23 Examples of 33-14 Heteroatoms: Polysiloxanes Polysulfone, Polyphosphate, polynitrate
polymerizations
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Substituents | 1-8 Polymer P 1-6 Reactants

of branch 68-1 Material A 68-2 Material B
33-16 PSU  polysulfone Bisphenol 5 2,2-Bis(4~
Polysulfone Bis(4-hydroxyphenyl) hydroxyphenyl}

Q O < % sulfone propane

Polyarylsulfon | PPSU  poly(phenylene sulfone) Bis{4-hydroxyphenyl} 4,4'-Biphenol

oo o

sulfone (U«U,.. L o
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i

5,
comsEimm

2

O

33-15 S silicone plastic Dimethylsilanediol -
Polysiloxanes THa ({i—a
i, PN
o [ ™o Ho” | o
UHy CH,
4]
Polyaryl BHDB-polyphosphonate 4,4’ Phenylphosphonic
phosphonate ( P e bishydroxydeoxybenzoi | acid
o, ] "
% ! PN . E n (BHDB) HO
\t;‘/ = B \ o !/”"/’\“ o
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Chemical 7-5 Process

As outlined in Figure 34, the 7-5 Process generally involves 34-1 Concept, 34-2 Recovery elimination,

34-3 Retrofitting, 34-4 Waste Management and finally 34-5 Block Flow Diagram.

34-1 Concept

The first variant of the electrochemical 1-8 Polymer production 5-1 elerGreen Process, ilustrated by
Figure 35, is that very similar to the conventional 7-5 Pracess, but instead with the 1-2 Conventional
Reactor requiring significant 1-11 Heat, 1-12 Pressure and 1-13 Catalyst, replaced by 35-1

Electrochemical Reactor that uses 3-1 Electricity and 6-6 Conducting ions. While 1-11 Heat and 1-12

Pressure is generally not needed, it can still be added to the 35-1 Electrochemical Reactor.as necessary

depending on the type of reaction, and even in that case often with substantially lower temperature and .

1-12 Pressure than the conventional 7-5 Process.

The general variant, Variant 1, cah be used when the 1-15 By-product is-valuable but harmful when 36-1
Discharge to environment is involved, such as amines and alcohols. For this case, 1-5 Recovery unit is
used to recover the valuable {though harmful if released to environment) 5-5 Feedstock Chemicals for

sale instead of discharging/disposal, at the cost of more complex 7-5 Process.

34-2 Recovery elimination

Another variant; Variant 2, ilfustrated by Figure 36, is a simpler case than Variant 1, in that the 1-15 By-
product is not recovered and simply discharged at 36-1 Discharge. This can be used when the 1-15 By-
product are neither harmful nor valuable, such as water in many cases of reaction, This allows the cost

to be even lower due to-the elimination of 1-5 Recovery whichincurs capital and operating costs.

34-3 Retrofitting

While many other greentech 7-5 Process involves rebuilding the entire different 7-5 Process, the novel
electrochemical 1-8 Polymer production 5-1 elerGreen Process.involves replacing the core 1-2
Conventional Reactor with 35-1 Electrochemical Reactor, while retaining {if not minimally adjust) the

complementary operation units-or existing industrial standards as illustrated by Figure 37,
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The compatibility with conventional system allows buying a regular plant and just renovate the 1-2
Conventional Reactor into 35-1 Electrochemical Reactor, in contrary to building a wholly different
chemical plant from scratch. As a result, the pitfalls of over-buclget as in many greentech can be
avoided, while the acquisition of conventional plant itself also serves to allow the project to take much
shorter time to implement, besides offering a.stream of income to serve the bonds/loans used for
acquisition, besides making use of the established market share since the products remains thesame

after renovation, just substantially lower cost.

The way to perform the 34-3 Retrofitting is to insert the 35-1 Electrochemical Reactor as 37-1 Bypass
into-a 1-2 Conventional Reactor system. This can be achieved by constructing the 35-1 Electrochemical
Reactor on site, connecting parallel piping 37-1 Bypass system as alternative, troubleshooting the

alternative system and finally decommissioning the conventianal system.

Forpurpose of 34-3 Retrofitting, a novel setup for distillation column has also been involved, to switch
between solvent a top of distillation column to solvent at bottom, via simple connection of 7-6 Pipirg

and switch valves.

34-4 Waste Management

Another variant, involving add-on of 34-4 Waste Management unit, is illustrated in Figure 38. For 34-4
Waste Management, 38-1 Waste Extraction equipment would be needed. A simple variant is installing
the 38-1 Waste Extraction equipment upstream to extract the active ingredients (that are usually the
substances that makes the 5-2 Chemiical wastes toxic) from 5-2 Chemical wastes. Alternatively, the 38-1
Waste Extraction can be a separate chermical 7-5 Process, even in another plant, with the isolated active
ingredient shipped to the 1-8 Polymer production facility and-stored in a regular material storage tank.
The 38-1 Waste Extraction equipment consists of regular separation 7-5 Process eguipment including
but not limited to solvent extractor and distillation column, though the exact type and specification of
38-1 Waste Extraction equipment to be used depends on the 5-2 Chemical wastes and active ingredient

of interest on a case-by-case basis.of chemical engineering.

To illustrate the 34-1 Concept, an example is 38-1 Waste Extraction of ethylene glycol from paint sludge

and spent antifreeze 34-4 Waste Management. Ethylene glycol would cause neurological damage,
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vomiting and death upon ingestion, and is hazardous to environment when it is discharged together
with paint sludge and spent antifreeze. However, ethyleneglycol itself, when concentrated in industrial
grade, is a material to produce polyethylene glycol (of industrial and medical use), besides being a 5-5

Feedstock Chemicals of interest for chemical industry and could be easily sold for money. Ethylene

glycol could be isolated from paint sludge using distillation-column or other separation processes such as . - "

membrane filtration. For the purpose to integrate such-34-4 Waste Management into-the 1-8 Polymer
production 7-5 Process, the separation equipment together with 5-2 Chemical wastes storage tank, can
be installed upstream, before the storage tank, to-continugusly isolate ethylene glycol to be stored in
material storage tanks. Alternatively, the 34-4 Waste Management can be implemented in another plant
site (can be same owner or just be owned by another entity including but not limited to supplierand
34-4 Waste Management client) designated for 34-4 Waste Management plant and have the isolated

ethylene glycol shipped by chemical truck to the polymer 7-5 Process site.

34-5 Block Flow Diagram

As-detailed in-Figure 39, the general 7-5 Process consists of multiple blocks: Materials, 1-1 Preparation,

Synthesis, 1-3 Solid Separation, 1-4 Processing and 1-5.Recovery.
Materials:

Materials block consists of 1-6 Reactants tanks, Feed Tank A, while other 1-6 Reactants such as Feed
Tank B or even Feed Tank C, D, E, F, are possible. 68-1 Material A is usually supplied by a chemical tank
truck into an inlet, usually but not necessarily at the top of Feed Tank A. Feed Tank A'has a drain, usually
at the bottom, to drain the tank for purposes such as 59-3 Maintenarice, cleaning and decommissioning.
68-1 Material A exits from Feed Tank A, by an outlet usually but not necessarily at the bottom, into

Mixing Tank.

In some implementations, for polymerization reaction involving more than one monomer, other
materials are needed, warranting the need for other feed tanks in paraliel to Feed Tank A. For the case
of 68-2 Material B, it is usually supplied by ahother chemical tank truck into an inlet, usually but not
necessarily at the top of Feed Tank B. Feed Tank B, like Feed Tank A has a drain, usually at the bottom,

to drain the tank for purposes such as 59-3 Maintenance, cleaning an decommissioning..68-2 Material B
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exits from Feed Tank B, by an outlet usually but not necessarily at the bottom, into Mixing Tank. If other
materials such as Materials C, D, E, F et cetera are needed, especially for copolymerization, then Feed
Tank C, D, E, F et cetera would be added in parallel accordingly, similar to-addition of Feed Tank B in

parallel.

1-1 Preparation:

1-1 Preparation consists of a mixing tank, a-heater and a pump. The mixing tank mixes the 1-6 Reactants,
Materials A and B, as-well as C, D, E, F, and so on if applicable, with the 1-7 Electrolyte, which consists of
unreacted 68-1 Material A and B, as well as C, D, E, ¥, and so on if applicable, 6-6 Conducting ions (such
as 68-3 Dissolved Salt), and if applicable, 32-1 Additives and 31-1-Cosolvent. The mixer consists of
stirring, usually but not limited to mechanical:-means by stirring vane driveén by motor.or engine. In some
implementations, the motor or engine need not be connected physical to the vane by shaft, instead can
induce vane movement through indirect inflience such as magnetic field similar to a 68-5 Magnetic stir
bar, in'some cases the maghetic field change can be induced by inductor system such that not even

motor/engine is needed. In some implementations, stirring can be done without mechanical method of

motor or engine, such as using ultrasound to vibrate the molecules, or by multiple corners and barrierto -

create turbulence in a static mixer for the species to. mixed uniformly, or by bubbling gas into the liquid

phase to induce mixing:

The mixed 1-7 Electrolyte, comprised of 68-1 Material A and 68-2 Material B, C, D, E, F as applicable,
solute/68-3 Dissolved Salt, as well as 32-1 Additives and 31-1 Cosolvent as applicable, then exits the
mixer by an outlet, usually but not necessarily located at bottom of the mixing tank. It is then heated
using the heater and fed into the 40-3 Pumps/Compressor. In some implementations, the heater can be
replaced by other means of heating such-as a heat exchanger that heats the stream up via conduction
and convection with another fluid with higher temperature, usually but not limited to hot steam, hot
water or heating oil. in some implementations when cooling is needed, the heater can be replaced by a
cooling unitinstead. In some implementations where neither heating nor cooling of 1-7 Electrolyte is

necessary, heating and/or cooling unit can be eliminated.

The 1-7 Electrolyte then enters a 40-3 Pumps/Compressor to increase the fluid 1-12 Pressure up to the

needed level for subsequent chemical reaction. While:compressor is usually used, it can be replaced by a -
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pump, such as a centrifugal pump for cost reduction purpose when the 1-12 Pressure needed is not
high. In some implementations, the 40-3 Pumps/Compressor can exchange position with
heating/cooling unit upstream, that is, the 40-3 Pumps/Compressor can be placed before heater,
instead of the default setup of the heater before 40-3 Pumps/Compressor. In some implementations
where 1-12 Pressure is not invelved, the 40-3 Pumps/Compressor unit can be eliminated. The mixture

with the appropriate temperature and 1-12 Pressure subsequently enters.into the Synthesis block.

Synthesis:

The Synthesis block begins with a switch valve to-direct the 1-7 Electrolyte to 2 possible paths:

a. Conventional option

The 1-7 Electrolyte then enters a 1-2 Conventional Reactor with adjustable temperature and 1-12
Pressure, where the 1-6 Reactants in the mixture reacts to form 1-8 Polymer, usually as suspension in
the mixture, and the 1-15 By-product chemical. Depending on specific 7-5 Process need, the 1-2

Conventional Reactor may come with a heating/cooling fluid jacket or thermal insulation for

temperature 7-7 Control and safety, as well as reinforced/fortified 1-2 Conventional Reactor wall and/or

1-12 Pressure relief valve or rupture disk for 1-12 Pressure safety. The 1-2 Conventional Reactor-can
involve stirring with vanes driven by motor/enging. In some implementations, the mechanical
transmission may not involve direct shaft contact, instead can be non-contact influence such as
magnetic field for 68-5 Magnetic stir bar. In some implementations, the movement can be brought
about via changing magnetic field by inductor system rather than magnet fixed to motor/engine. In

some implementations, mixing ¢an be induced non-mechanically such as ultrasound to vibrate

molecules, or multiple corners/obstacles to create turbulence in stream flow. Insome implemeéntations, -

absence of mixing may be beneficial to reaction efficiency by reducing dilution of 1-6 Reactants, for such

purpose a plug flow 1-2 Conventional Reactor is used instead.

The 1-14 Spent electralyte, with the 1-8 Polymer and the 1-15 By-product is then enters a filter to
separate the 1-8 Polymer from the mixture. in some implementation, the filter can be replaced by other
means of solid-liquid separation such as a cyclone. The solid 1-8 Polymer exits the filter, or the solid-

liquid separation unit, and passes through-a switch valve that merges with the electrochemical pathiinto

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021




86

the 1-3 Solid Separation block. The liguid phase of 1-14 Spent electrolyte, containing the 1-15 By-
product chemical, exits the filter, or the solid-liquid separator unit, from another outlet, and passes

through another switch valve that merges with the electrochemical path.

b. Electrochemical option

The electrochemicai path consists of the novel 35-1 Electrochemical Reactor, where the 1-6 Reactants in
the mixture reacts to form 1-8 Polymer and 1-15 By-product. The 35-1 Electrochemical Reactor comes
with adjustable operating current, 6-5 Applied Voltage, blade position, electrode speed, and if applicable
temperature and 1-12 Pressure. Depending on specific 7-5 Process need, the 35-1 Electrochemical
Reactor may come with a heating/cooling fluid jacket or thermal insulation for temperature 7-7 Control
and safety, as well as reinforced/fortified 9-20 Vessel wall arid/or 1-12 Pressure relief valve or rupture
disk for 1-12 Pressure safety. While stirring is provided by default for 35-1 Electrochemical Reactor via
the relatively movement of electrode against the 1-7 Electrolyte, the 35-1 Electrochemical Reactor can
involve stirring with vanes driven by motor/engine. in some implementations, the mechanical
transmission may not involve direct shaft contact, instead can be non-contact influence such as
magnetic field for 68-5 Magnetic stir bar. in some implementations, the movement can be brought
about via changing magnetic field by inductor system rather than magnet fixed to motor/engine. In

some implementations, mixing can be induced non-mechanically such as ultrasound tovibrate

mofecules, or multiple corners/obstacles to create turbulence in'stream flow. In some implementations, .= o

absence of mixing may be beneficial to reaction efficiency by reducing dilution of 1-6 Reactants, forsuch
purpose a plug flow 35-1 Flectrochemical Reactor is used instead. Depending on specific 7-5 Process

need, a 3-17 Gas Removal can be installed onto the 35-1 Electrochemical Reactor, especially the

specialized 9-17 Gas Removal designed for this purpose previously described, can be used to remove gas

evolved as further 1-15 By-product of electrochemical reaction, such as hydrogen and oxygen from

water splitting when substantial water is present in the 1-7 Electrolyte.

The 3-5Solid Deposit of 1-8 Polymer is removed from electrode continuously by the 9-8 Solid Removal
of the 35-1 Electrochemical Reactor, and subsequently transported out of the 35-1 Electrochemical
Reactor. While for the 9-9 Solid Transport is designed to be a stream of 21-2 Washing fluid in an open

fluid 9-12 Channel to collect the 1-8 Polymer solid powder and carry it to subsequent 1-3 Solid
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Separation block, in'some implementations such 9-9 Salid Transport is performed mechanically by a
9-11 Conveyor belt. The 1-8 Polymer soaked with some residual 1-14 Spent electrolyte, with or without
the 21-2 Washing fluid, then converges with 1-2 Conventional Reactor path at a switch valve. The
merged stream is then fed into the 1-3 Solid Separation block whete it is washed with water, ora

relevant 21-2 Washing fluid, and then further processed to 1-10 Polymer product.

1-3 Solid Separation:

The 1-3 Solid Separation block consist of a Washer, usually but not limited to a stirred mixing tank with
stirrer driven by motor/engine. In some implementations, the motor and engine need not be connected
physical to the vane by shaft, instead can induce vane movement through indirect influence such as
magnetic field similar to a 68-5 Magnetic stir bar, in some cases the magnetic field change can be
induced by inductor system such that not even motor/enginé is needed. In some implementations,
stirring can be done without mechanical method of motor or engine, such as using uftrasound to vibrate
the molecules, or by multiple corners and bartier to create turbulence ina static mixer for the species to
mixed uniformly, or by bubbling gas into the liquid phase to induce mixing. The 21-2 Washing fluid with
1-8 Polymer suspension-and trace 1-14 Spent electrolyte, is fed into the washer where the 1-14 Spent
electrolyte dissolves into the 21-2 Washing fluid, again from the 1-8 Polymer solid. The suspension

diluted with 21-2 Washing fluid is then passed on a downstream Settler.

The Settler is a large vessel that allows the mixture of 21-2 Washing fluid with trace dissolved 1-14 Spent

electrolyte and suspended 1-9 Clean polymer to stay stationary, to separate the 1-9 Clean polymer1-8

Polymer suspension by gravity. In some implementations, such polymer separation can be performed by

other means such as centrifugation, filtration or cyclones. The spent 21-2 Washing fluid exits the Settler
via-an outlet, usually but not necessarily at the top, while the 1-9 Clean polymer sediment exits the
Settler via another outlet, usually but not necessarily at the bottom, considering the usual case of 1-9
Clean polymer being heavier than the 21-2 Washing fluid and settles at the bottom. In some
implementations where 1-9 Clean polymer is lighter than the fluid, the 1-9 Clean polymer solid would be
skimmed by an outlet at the top while the 21-2 Washing fluid would be drained at the bottom instead.
The spent 21-2 Washing fluid is recirculated to the washing fluid tank while the 1-9 Clean polymer

sediment is passed to the dryerto dry the remaining 21-2 Washing fluid from 1-9 Clean polymer.
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The dryer is usually & spray dryer that dries by spraying the sediment to increases surface area and

residence time in a heated chamber to allow vaporization of 21-2 Washing fluid. In some

implementations, it can be other types of dryer such as centrifugal dryer or rotary dryer. They all work in :

a mechanism to provide high surface area and elevated temperature to allow the remaining fluid to

vaporize away form the 1-9 Clean polymer solid. The 21-2 Washing fluid is collected as vapor stream at

the outfet, usually-but not necessarily at the top, while the 1-9-Clean polymer solid falls to the bottom of -

the drying chamber and is continuously fed to-the next unit of molding machine to further process into
1-10 Polymer product. The gas outlet is subsequently condensed and recirculated to the washing fluid

tank:

Note that the 1-3 Solid Separation block has a supporting washing fluid tank to enable recirculation and

recycling of 21-2 Washing fluid to save cost and reduce environmental footprint. It serves as reservoirto '

supply both 35-1 Electrochemical Reactor and washer with the 21-2 Washing fluid, while collecting
spent fluid from both Settler and Dryer.

1-4 Processing:

The 1-4 Processing block begins with the molding machine which works by melting the 1-9 Clean
polymer powder, and thenshape the 1-9 Clean polymer into desired shapes of 1-10 Polymer product.
Depending on the type of 1-10 Polymer product, different molding techniques are employed. Forlong
cylindrical shapes such as plastic straw and strings, extrusion molding is-usually used. For closed hollow
bodies such as bottles, blow molding is used. For some sophisticated shapes such as figurine and toys,
injection molding is used. The 1-9 Clean polymer powder moved through the machine is usually but not

limited to-screw drive or:9-11 Coriveyor beit.

The finished 1-10 Polymer product is subsequently passed onto the polymer packing unit to arrange into
a package. For instance, plastic straws-would be counted and assembled by machine into a defined
package, such as a pack of 100, before the packagingsuch as a bag holding the assemble, is sealed by
machine. The packages are subsequently-arranged into a batch, either manually by workers or
automatically by machine, and stored before each batch of truck arrival to truck the product away for

delivery and sales.
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1-5 Recovery:

The 1-5 Recovery block, begins with a switch valve to direct the 1-14 Spent electrolyte to 2 possible

paths, depending on the type of 1-15 By-product:

a. Sorption Unit

If the 1-15 By-product is both low-value and benign, such as water, then a sorption uUnit can be used to
strip off 1-15 By-product from 1-14 Spent electrolyte and dispose, while recycling the 1-7 Electrolyte.

The sorption unit usually consists of a sorbent that isolates 1-15 By-product from the 1-14 Spent

electrolyte, by either adsorption, absorption, or chemisorption. In the often case that the 1-15 By-

product turns-out to be water, which is both low-value and benign, the sorption unit can be a desiccator

where water is absorbed by some drying agents such as calcium sulfate or magnesium sulfate. The
desiccator can then be recovered afterwards, usually but not limited to heating, to release absorbed

water as vapor to be discharged to environment with minimal impact.

in some implementations, the sorption unit can be replaced by other conventional device to strip 1-15

By-product of 1-14 Spent electrolyte, including blow/spray dryer where the stream is sprayed against

hot air such that the 1-15 By-product vaporizes away.
b. By-product 1-5 Recovery

If the 1-15 By-product is some 5-5 Feedstock Chemicals to be recovered, such as 6-9 Ammonia or some
alcohols, which has both resale value and adverse impact to environment, the by-product 1-5 Recovery,
though usually being more costly than sorption unit is used to recover the 1-15 By-product for resale

instead of 36-1 Discharge.

The by-product 1-5 Recovery path begins with a solvent extractor where the 1-14 Spent electrolyte, with .

the 1-15 By-product to be isolated, is fed into the solvent extractor, while a solvent with selective
solubility to the 1-15 By-product flow into anotherinlet. While .in many cases, the incoming solvent and
incoming 1-14.Spent electrolyte are usually in countercurrent flow figuration for better isolation

efficiency, in-some other implementations a crossflow or parallel flow is used to suit the specific

situation,




90

The solvent extractor usually also involves mixing between 1-14 Spent electrolyte and solvent phase via
stirrer driven by motor/engine. In some implementations, the motor and engine need not be connected
physical tothe vane by shaft, instead can induce vane movement through indirect infiuence suchas
magnetic field similar to a 68-5 Magnetic stir bar, in some cases the magnetic field change can be
induced by inductor system such that-not-even motor/engine is needed, In some implementations,
stirring can be-done without mechanical method of motor or engine, such as using ultrasound to vibrate
the molecules, or by multiple corners and barrier to create turbulence in a static mixer for the species to
mixed uniformly, or by bubbling gas into the liquid phase to induce mixing. In-some other
implementations, turbulence is created between 1-14 Spent electrolyte and solvent phase, by insertion
of barriers or 7-6 Piping setup to collide 1-14 Spent electrolyte and solvent flow against each other; to

enhance mixing.

The resulting solvent, enriched withrthe 1-15 By-product, then exits the solvent extractor info a
distitlation column to separate the 1-15 By-product from the solvent. The distillation column is usuallya
column,or-a tower, with either distillation packing or distillation trays/plates. There is a reboiler at the

bottom to provide the necessary 1-11 Heat for distillation, and a condenser at the top. While the

reboileris usually a heater, in some implementations the reboiler is other means of heating such as heat “

exchanger with hot steam, hot water or hot oil as heating fluid, While the condenser is usually a heat

exchanger with a cooling fluid such as water, in:some implementations it can also be a cooler instead.

However, where the solvent-and 1-15 By-product come out of the distillation column depends on their
boiling peint relative to each other-warranting a very unique distillation column setup at 5-1 elerGreen
Process, where there is flexible 7-6 Piping of top and bottom. First of all, the top outlet of the column
produces the enriched low key component, namely the species with the lower boiling point while the
bottom outlet produces the enriched high key component, namely the species with the higher boiling
point. While in many cases the solvent is the low key component exiting at the top and 1-15 By-product
is the high key component exiting from the bottom, in some other cases it is the opposite, namely the

solvent exiting from the bottem while the 1-15 By-product exiting at the top.

At the top outlet, there is a switch-valve that directs the top to eitherof 2 paths:
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a.. If the top is 1-15 By-product, the top is directed to a switch valve leading to the 1-15 By-product
tank

b, If the top is solvent, it is directed to another switch valve leading to.solvent extractor.

At'the battom outlet also, there is yet another switch valve that directs the bottom to either of 2 paths:

a. If the bottom is 1-15 By-product, the bottom is directed to a switch valve leading to the 1-15 By-
product tank

b. [f the bottom is solvent; itis directed to another switch valve leading to solvent extractor.

The 1-15 By-product is then stored in a container, usually atank, for sale. The 1-15 By-product tank is
regularly piped to a chemical tank truck to be delivered for sales. The solvent isthen recycled to the

solvent extractor for continuous 1-5 Recovery process.

Also depending on efficacy of separation of 1-15 By-product, the 1-15 By-product 1-5 Recovery can also
be other separation unit operations, such as dialysis, filtration, precipitation, based on the properties

and interactions of 1-15 By-product and 1-7 Electrolyte. The 1-7 Electrolyte stripped of 1-15 By-product,
for either path of sorption unit.or by-product 1-5 Recovery, then merges at-another switch valve before

being recycled back to the mixing tank.

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021




92

Implementation and 7-6 Piping

As outlined in Figure 40, the 7-6 Piping consists of40-1 Process Flow Diagrarm and Auxiliary Units, 40-2
Piping Types, 40-3 Pumps/Compressor, 40-4 Heater/Cooler, 40-5 Utility and finally 40-6 Valves.

40-1 Process Flow Diagram and Auxiliary Units

40-1 Process Flow Diagram and Auxiliary Units for the 7-5 Process implementation.is detailed in Figure
41. The following are the pieces of equipment for implementation of the chemical 7-5 Process:

The 7-5 Process begins with the Feed Tank A, T-01A. The Feed Tank A has.a feed inlet, usually but not
necessarily onthe top of the tank, where supplier trucks can deliver 68-1 Material A by a 7-6 Piping. The
tank also has a drain, usually but not necessarily at the bottom of the tank; to drain off 68-1 Material A
for contingency purposes such as 59-3 Maintenance and troubleshooting. Stream 1A, containing mostly
component A, exits T-01A to enter Mixing Tank, M-02, and its flowrate is controlled by an inline valve, V-

01A.

In some implementations, another feedstock such as 68-2 Material B is needed. In this case, there is
another Feed Tank B, T-01B, in parallel to the Feed Tank A, T-01A. Similar to Feed Tank A, the Feed Tank
B has a feed inlet, usually but not necessarily on the top of the tank, where supplier trucks can deliver
68-2 Material B by a 7-6 Piping. The tank also has a drain, usually but not necessarily at the bottom of
the tank, to drain off 68-2 Material B for cantingency purposes such as 59-3 Maintenance and
troubleshooting. Stream 1B, containing mostly component B, exits T-01B to enter Mixing Tank, M-02,

and its flowrate is controlled by an‘inline valve, V-018.

In some implementations, especially the complex copolymerization reactions, even more types of
feedstock such as material C, D, E, and even F is needed. Forthese cases, the 7-5 Process simply involves
addition of these feed tanks in parallel to Feed Tank A, T,01A. The 7-6 Piping and connection structure is
similar-to those inFeed Tank A and Feed Tank B, just by replacing the species and label with C, D, E, F,

and so on.
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The first auxiliary support unit is.Cosolvent Drum, D-00A, The 31-1 Cosolvent, unlike the feedstocks,
depletes in more gradual way, thus storage drum, which is smaller and cheaper than a tank, is used.
While an inlet can be installed to deliver the 31-1 Cosolvent by supplier tank, it may not be required due
to the smaller holdup. Like the tanks, the drum also has a drain, usually but not necessarily at the
bottom of the drum, ta.drain off 31-1 Cosolvent for contingency purposes such as 59-3 Maintenance
and troubleshooting. Stream OA, containing mostly component Y, the 31-1Cosolvent, exits D-00A to

enter Mixing Tank; M-02; and its flowrate is controlled by an inline valve, V-00A.

Another auxiliary support unit is Additive Drum, D-00B. The 32-1 Additives, like the 31-1 Cosolvent and
unlike the feedstocks, depletes in more gradual way, thus sterage drum, which is smaller and cheaper

than atank, is used. While an inlet can be installed to deliver the 32-1 Additives by

supplier tank, it may not be required dué tothe smaller holdup. Like the tanks, the drum-also-has a
drain, usually but not necessarily at the bottom of the drum, to drain off 32-1 Additives for contingency
purposes such as 59-3 Maintenance and troubleshooting. Stream 0B, containing mostly component Z,
the 32-1 Additives, exits D-008 to enter Mixing Tank, M-02, and its flowrate is.controlled by an inline
valve, V-00B.

The mixing tank, M-02, has inlets from Stream 14, 1B, 0A, and OB-as previously described. In addition,
there is another inlet, Stream 2R as recycled 1-7 Electrolyte stream, where the details-would be
described in electrolyte 1-5 Recovery. There is mechanism to mix the Stream 1A, 1B, 0A, 0B-and 2R,
usually but not necessarily by mechanical means such as a stirrer driven by motoror engine. in some
implementations, the mixing can be done non-mechanically and/or non-stirring such as by bubbling the

vessel using air, or using ultrasoundto induce liquid mixing by molecular vibration.

Mixed 1-7 Electrolyte exits the mixing tank, M-02, as Stream 2, containing components A, B,S, Yand Z,
where component S is the 68-3 Dissolved Salt/solute. The temperature of Stream 2 is controlled by an
inline heater, H-02. In some implementations, the heater can be replaced by other means tc control
temperature of a stream, such as heat exchanger, or even cooling unit ifs reduction in temperature is
desired. On the other hand, the 1-12 Pressure of Stream 2 is controlled by an inline compressor, 0€-02,
with its flow rate controlied by an inlet valve, V-02. In some implementations, the compressor can be

replaced by a pump to reduce cost. The flow direction of Stream 2, whether flowing to the 1-2
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Conventional Reactor, CR-03A, or'the 35-1 Electrochemical Reactor, ER-04, is then determined by an
inline switch-valve, $-03A, which is usually but not necessarily designed such the flow are mutually
exclusive, meaning Stream 2 can only flow to either 1-2 Conventional Reactor, CR-03A, or 35-1
Electrochemical Reactor, ER-04, one at a time but not both at the same time. In some implementations,
the switch valve can be replaced by a three-way valve to enable parallel operation of conventional and
electrochemical units, especially when 34-3 Retrofitting is involved, to minimize operation disruptions,
which would lead to interruption of revenue generation, in 34-3 Retrofitting conventional polymer

plants.

For 42-1 Conventional Reaction Stream as highlighted in Figure 42, after passing through switch valve §-
03A, Stream 2 enters the 1-2 Conventional ReactorCR-03A, where polymerization reaction is induced
under 1-11 Heat and 1-12 Pressure to form 1-8 Polymer P and 1-15 By-product H. Depending on the 7-5
Process coriditions, 7-5 Process safety measures may be imposed on the 1-2 Conventional Reactor, such
as pressure-resistant 1-2 Conventional Reactor wall, and cooling fluid {usually but not necessarily water)
jacket to avoid overheating. There may also be a 1-12 Pressure relief valve that opens to release avoid
bursting when the 1-12 Pressure becomes too high for any reason. While the 1-2 Conventional Reactor
is a stirred tank 1-2 Conventional Reactor where mixing is induced mechanically by stirrer driven by
motor/engine, mixing can be induced by other methods such as ultrasound to induce molecular

vibration-and bubbling gas into the liguid mixture.

The reacted mixture, Stream 3A,; containing residual 68-1 Material A, B, 68-3 Dissolved Sait/solute S,
31-1 Cosolvent Y, 32-1 Additives Z, as well as formed 1-8 Polymer P and 1-15 By-product H, then exits
1-2 Conventional Reactor CR-03A. The 1-12 Pressure may drop substantially upon exiting the 1-2
Conventional Reactor, thus is bumped up again by a pump P-03A, while the flow of Stream 3A is
controlled by a valve V-03A. The Stream 3A then enters a filter, CF-03B, via 42-2 Conventional Solid
Stream, where the solid 1-8 Polymer P is filtered from the reacted mixture. The remaining of the
mixture, Stream 38, then exits the filter CF-03B as 42-3 Conventional Mixture Stream to pass through

switch valve S-038B.

For the alternative 43-1 Electrochemical Reaction Stream as highlighted in Figure 43, after passing

through switch valve S-03A, Stream 2 enters the 35-1 Electrochemical Reactor ER-04 instead, where
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polymerization reaction is induced under 6-5 Applied Voltage (under 1-11 Heat and 1-12 Pressure if
necessary, though usually not needed) to form 1-8 Polymer P and 1-15 By-product H. Depending on the
7-5 Process conditions, 7-5 Process safety measures may be imposed on the 35-1 Electrochemical
Reactor, such as cooling fluid (usually but not necessarily water) jacket to avoid overheating. There may
also be a 9-17 Gas Removal to collect gas evolved from secondary reactions, such as hydrogen-and
oxygen gases from water splitting, usually when water is a significant component of the mixture. While
mixing canbe brought about by the relative movement of the electrode surface against the 1-7
Electrolyte fluid itself, additional mixing can be imposed by mechanical stirrer driven by motor/engine,

of non-mechanically by ultrasound or bubbling gas.

For the 35-1 Electrochemical Reactor, the 9-17 Gas Removal setup begins with intake of ambient air in
Stream 4L, comprised of mostly air Uinto the 35-1 Electrochemical Reactor volume, and gas outlet of
the 35-1 Electrochemical Reactor as Stream 4H, comprises of mostly air U and some evolved gas G from
the reaction. A blower B-04 is used to drive Stream 4H by blowing action to fumehood, while driving

Stream 4L by suction action from ambient air.

The formed 1-8 Polymer P is recovered in the gas phase of the 35-1 Electrochemical Reactor, to be sent
into washing stage via 43-2 Electrochemical Solid Stream. There is an 21-4 Washing fluid inlet from the
Washing Fluid Tank T-058 to flow into the 35-1 Electrochemical Reactor ER-04, controlled by valve V-04,
to flush the removed 3-5 Solid Deposit of 1-8 Polymer P as suspension in the 21-2 Washing fluid, which
exits the 35-1 Electrochemical Reactor ER-04 via 21-5 Washing fluid outlet and passes through-switch
valve 5-04 as Stream 4. Stream 4, comprised of mostly 21-2 Washing fluid {usually but not limited to
water) and the solid 1-8 Polymer P suspension, then enters into Washer WP-05A. The conventional path
on the other hand, would also pass through the switch valve 5-04 to converged into the same washing

stage as electrochemical path.

At the Washer WP-05A, other than the inlet Stream 4 previously mentioned, there is also an inlet of
21-2 Washing fluid Stream 858, comprised of mostly 21-2 Washing fluid W, with flow rate controlied by
an inline valve V-05B. While the washer is usually but not limited te a mixer with the stirrer driven by
motor/engine, mixing can also be induced by other methods such as ultrasound to induce molecular

vibration and bubbling gas into the liguid mixture. The washing action is induced by the mixing between
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solid suspension of 1-8 Polymer P and the 21-2 Washing fluid W, where the adsorbed or absorbed 1-14
Spent electrolyte dissolved from the 1-8 Polymer P particle into the 21-2 Washing fluid W. The outlet is
Stream 5A, comprised of suspended 1-8 Polymer P but with only trace {acceptable level)
adsorbed/absorbed 1-14 Spent electrolyte, and 21-2 Washing fluid with trace 1-14 Spent electrolyte

dissolved; with the flow rate controlled by an inline valve V-05A.

Stream 5A subsequently enters the Settler SP-06 to further separate the selid 1-9 Clean polymer P from
the 21-2 Washing fluid W. The settler is usually but not necessarily a vessel with large holdup fo allow
the 1-9 Clean polymer P suspension to settle to the bottom of the tank, thus separating the 1-9 Clean
polymer P-from 21-2 Washing fluid W by gravity. In-a-usual but not necessary setup, the 21-2 Washing
fluid W outlet is at top of the tank while the 1-9 Clean polymer P outlet is at the bottom of the tank,
corresponding to their region of enrichment by gravity. In some implementations, some 32-1:Additives
as coagulation agents are used. The 21-2 Washing fluid W, as Stream 68, is subsequently recirculated
back into the Washing Fluid Tank T-05B. For Stream 6B, the flow rate is controlled by an inline valve V-
068, and a pump P-06Bis usually needed to bump upthe 1-12 Pressure because the 21-2 Washing fluid
1-12 Pressure is low for being at the top of the tank. The 1-9 Clean pelymer P, thickened by the settling
action, is then passed as Stream 6A into the Dryer DP-07, with flow rate controlied by an inline valve V-
0BA.,

At Dryer DP-07, the Stream 6A, comprised of mostly 1-9 Clean polymer P suspension and some 21-2
Washing fluid, is heated and sprayed inthe drying chamber. The heating can be performed before the
spraying, or by blowing hot gas/air in the drying chamber, or hoth. The drying chamber simply refers to
the volume of the dryer vessel where sufficient height is usually allocated for the 21-2 Washing fluid W
to evaporated from the 1-9 Clean polymer particle P as the mixture falls through the drying chamber.

The drying chamber has an outfet, usually but not necessarily at the top of-the chamber, to collect

vapours of evaporated 21-2 Washing fluid Stream 7B, with flow rate controlléd by an inline valve V-078B.

Stream 678 subsequently is condensed into liguid form at condenser X-078, usually but not limited to a
heat exchanger (can be a cooler instead in some implementations). The condensed Stream 7B, like
Stream 6B, is subsequently recirculated back into the Washing Fluid Tank T-05B. The dried 1-9 Clean
polymer Pis collected at the bottom as 1-9 Clean polymer powder, to be delivered mechanically as

Stream 7A to-the molding machine.
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At the molding machine MP-08, Stream 7A, comprised of mostly dry 1-9 Clean polymer P powder, is

conveyed mechanically, usually but not limited to continuously fashion, into the die of the moiding
machine. The molding machine applies 1-11 Heat to melt the 1-9 Clean polymer powder P to form it in

desired shape of 1-10 Polymer product. Depending of the desired shape, different molding techniques

can-be used. For instance, biow molding for bottle or closed container, extrusion molding for long
cylindrical shapes such as plastic strings and straws, and injection molding for non-holfow shapes. Note
that these are the general guideline but not totally restrictive, such as in some instances of short
cylindrical shapes, both extrusion and injection molding ae applicable. The formed 1-10 Polymer

product, made of 1-8 Polymer P, is then conveyed mechanically as Stream 8 into the Polymer Packing

unit PP-09.

At Polymer Packing PP-09, the formed 1-10 Polymer product is arranged and packaged, usually but not
limited to means of automated mechanical arms (cheaper options could be to hire workers to arrange
and package'manually). The pack of 1-10 Polymier product is then stored as a batch of inventory waiting

to be trucked to be sold.

An auxiliary unit is the Washing Fluid Tank T-058, serving as the reservoir for 21-2 Washing fluid

recirculation. in case of water as 21-2 Washing fluid, it has an inlet, usually but not necessarily located at

top of the tank; of 40-5 Utility water as Stream 5H, with the flow rate controlled by an inline valve V-
O5H. It also has a discharge outlet Stream 5L, usually but not necessarily located at the bottom of the
tank, with flow rate controlled by an inline valve V-05L and backflow prevented by check valve C-05L.
The 21-2 Washing fluid is supplied from the Washing Fluid Tank T-058 into the Washer WP-05A via

Stream 5B aspreviously mentioned. Recirculation from Stream 6B and Stream 7B, is also involved to

reduce cost and environmental impacts of the 7-5 Process.

There is also another auxiliary unit, which is the cooling fluid system from the centralized cooling fluid

drum D-16: 40-5 Utility fluid is fed:into the cocling fluid drum D-16 as Stream 16C, with flow rate

controlled by an inline valve V-16C. Like the tanks, the drum also has a drain, usually but not necessarily

59-3 Maintenance and troubleshooting. The first outlet is Stream 7C, with flow rate controlled by an
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inline valve V-07C into the condenser X-07B to provide cooling action for condenser. The second outlet

is

Stream 13D, with flow rate controlled by an inline valve V-13D, into the condenser X-13C to provide
cooling action for condenser. Both streams 7C and 13D then'merged into one Stream 16A into the heat
exchanger X-16A, before being recirculated back to the cooling fluid drum D-16. The heat exchanger X-
16A servesto cool the fluid; usually by means of cooling with air. The ambient air is blown as Stream
16B, with flow rate controlled by an inlinevalve V-168, and the heated air effluentis discharged back to

the ambient air.

The 1-14 Spent electrolyte, Stream 3B, containing residual 68-1 Material A, B, 68-3 Dissolved Salt/solute

S, 31-1 Cosolvent ¥, 32-1 Additives Z, and 1-15 By-product H, then exits 35-1 Electrochemical Reactor ER-

04 to pass through switch valve S-03B via 43-3 Electrochemical Mixture Stream.

From either conventional or electrochemical path, Stream 3B then-enters a pump P-038B to have its 1-12

Pressure bumped up (because usually the 1-12 Pressure drops to very low after exiting either of 1-2

Conventional Reactor or 35-1 Electrochemical Reactor), with its flow controlled by valve V-03B. The flow S

direction of Stream 3B, whether flowing to the sorption unit SB-10A er the solvent extractor XB-11, is
then determined by an infine switch valve, S-10A, which is usually but not necessarily designed such-the
flow are mutually exclusive, meaning Stream 3B can only flow to either the sorption unit SB-10A or the
solvent extractor XB-11, one at a time but not both at the same time. in some implementations, the

switch valve can be replaced by a three-way valve to enable paraliel operation of sorption unit and

solvent extractor, especially when 34-3 Retrofitting is involved, to minimize operation disruptions, which

would lead to interruption of revenue generation, in 34-3 Retrofitting conventional polymer plants.

For 45-1 Sorption Stream as highlighted in Figure 45, after passing through switch valve $-104, Stream
3B enters the sorption unit $B-10A, where the 1-15 By-product H isisolated from the 1-14 Spent
electrolyte, and onto the sorbent, usually via-either absorption or adsorption. The sorbent is simply a
solid of suitable material, including but not limited to silica or alumina to absorb/adsorb water, The
sorbent can either be replaced in batches during 59-3 Maintenance; or be replaced in continuous
operation. The recovered 1-7 Electrolyte exits sorbent unit SB-10A and then passes through the switch

valve S-10B to Stream 11B.
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For continuous operation, the sorbent is attached onto a 9-11 Conveyor belt unit in and out bétween
the sorbent unit SB-10A and the sorbent regenerator SR-10B. Stream 10A, containing mostly the sorbent
V and the absorbed/adsorbed 1-15 By-product H, is fed into the sorbent regenerator SR-108B. The
sorbent regenerator SR-10B usually but not necessarily work by heating the sorbent material strongly to
release the adsorbed 1-15 By-product H. The released 1-15 By-product H is then released into ambient
air if it is benign, such as water vapour. In some implementation, the released 1-15 By-product H is first
scrubbed; such as when it is 6-9 Ammonia, before being released to ambient air. Streant 10B, consisting

of mostly recovered sorbent V, is then recycled into the sorption unit SB-10A.

For 44-1 Solvent Extraction Stream as highlighted in Figure 44, after passing through switch valve S-104A,
Stream 3B enters the solvent extractor XB-11, where the 1-15 By-product H is isolated from the 1-14
Spent electrolyte, and onto the solvent phase. The solvent phase enters as Stream 13B, that consists of
mostly solvent X. There is-an inline pump P-13B to bump up the 1-12 Pressure before entering solvent
extractor XB-11, with the flow rate controlled by a valve V-13B. The solvent phase exits as Stream 11A,
comprised of mostly the solvent X and the 1-15 By-produict H, with the flow rate controlled by valve V-
11A. The recovered 1-7 Electrolyte exits solvent extractor XB-11 and then passes through the switch

valve $-108 to Stream 11B.

For solvent extractor, there is'a n auxiliary support unit, the solvent drum D-12 to regulate the solvent
holdup level. The solvent, unlike the feedstocks, depletes in more gradual way, thus storage drum,
which is smaller and cheaper than-a tank, is used. While an inlet can be installed to deliver the

solvent by supplier tank, it may not be required due to the smallerholdup. Like the tanks, the

drum also has a drain, usually but not necessarily at the bottom of the drum, to drain off

solvent for contingency purposes such as 59-3 Maintenance and troubleshooting. Stream 12A

from solvent drum 'D-12, comprised of mostly solvent X, enters the solvent extractor XB-11, with flow
rate controlled by valve V-12A, while backflow is prevented by check valve C-12A. The excess solvent as
Stream 12B, comprised of mostly solvent X, with flow rate controlled by valve V-12B and backflow

prevented by check valve C-12B, exits the solvent extractor XB-11 and enters solvent drum D-12.

At tThe solvent extraction path, there is also a distillation column DB-13 downstream of the solvent

extractor XB-11 to purify the 1-15 By-product H while recycling the solvent X, Stream 11A, comprised of
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mostly solvent X and 1-15 By-product H, enters distillation column DB-13 from solvent extractor XB-11.
The distillation column consists of a tower of material, usually but not limited to ejther distillation

packing or distillation trays.

At the bottom of the distillation column DB-13, there is a reboiler H-13L, usually a heater (but not
necessarily, can be.a heat exchanger instead) to heat up the column with the fluid inside. The bottom
stream is split into 2 streams, one enters the reboiler H-13L while another passes through a switch valve
§-13L. Stream 13L is heated by the reboiler H-13L so it could subsequently passthe 1-11 Heat into
distillation column DB-13, with the flow rate controlled by valve V-13L. Another stream passes through
the switch valve S-13L subsequently is directed into either of the 2 paths, to switch valve 5-13B-or to
switch valve §-13A. When it is directed to switch-valve S-13B, it would be recycled to the solvent
extractor XB-11, as Stream 13B, where the 1-12 Pressure would be bumped up by pump P-13B and flow
rate controlled by valve V-13B as previously mentioned and illustrated by 46-2 Bottom-to-solvent
Stream in Figure 46. When it is directed to switch valve S-13A, it would enter the by-product tank TB-14
as Stream 13A to be stored, with flow rate controlled by valve V-13A, illustrated by 47-2 Bottom-to-tank

Stream in Figure 47.

At the top of the distillation column DB-13, there is.a condenser X-13C; usually a heat exchanger {but
not necessarily, can be a cooler instead) to-cool down the column with the fluid inside. The top stream,
Stream 13C; comprised of mostly 1-15 By-product, after passing through the condenser X-13C, is split
into 2-streams, one re-enters the distillation column DB-13 while another passes through a switch valve
5-13H. Stream %13H has its flow rate controlled by valve V-13H before being recycled to the distillation
column DB-13. Another stream passes through the switch valve 'S-13H subsequently is directed into
either of the 2 paths, to switch valve 5-13B or to switch valve 5<13A. When it is directed to switch valve
S$-138, it would be recycled to the solvent extractor XB-11, as Stream 13B, where the 1-12 Pressure
would be bumped up by pump P-13B and flow rate controlled by valve V-13B as previously mentioned
and illustrated by 47-1 Top-to-solvent Stream in Figure 47. When it is directed to switch valve 5-13A, it
would enter the by-product tank TB-14 as Stream 13A to be stored, with flow rate controlled by valve V-

13A, illustrated by 46-1 Top-to-tank Stream in Figure 46.
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The by-product path ends with the By-Product Tank, TB-14, The By-Product Tank TB-14 has an outlet,
usually but not necessarily on the'bottom of the tank, where the 1-15 By-product H can be loaded via
7-6 Piping onto a truck for sale. The outlet also serves as a drain to drain off 1-15 By-product for

contingency purposes such as 59-3 Maintenance and troubleshooting.

The recovered 1-7 Electrolyte, after passing through switch valve $-10B, then combines with Stream 15B
from Reservoir Tank T-15 to merge into Stream 11B. The Reservoir Tank T-15 serves to regulate the the
level of the mixer M-02. The tank also has a drain, usually but not necessarily at the bottom of the tank,
to drain-off 68-1 Material A for contingency purposes such as 59-3 Maintenance and troubleshooting.
Stream 15B exits the Reservoir Tank T-15, usually {but not necessarily) from bottom of the tank, with
flow rate controlled by.an inline valve V-15B and backflow prevented by check valve C-15B. The inlet of
the tank is Stream 15A, usually {but not necessarily) from the top of the tank, with flow rate controlled

by V-15A and backflow prevented by check valve C-15A.

The Stream 11B, after being merged to form, has the 1-12 Pressure bumped up (because 1-12 Pressure
would likely drop to very low after consecutive unit operations) by a pump P-11B, with its flow rate
controlled by valve V-11B. After that, Stream 11B would split into Stream 15A to be recycled into
Reservoir Tank T-15, and Stream 2R to be recycled into the mixing tank M-02. Stream 2R would have its
flow rate controlled by valve V-02R, with backflow prevented by check valve C-02R. This closes the
recycle locp of 1-7 Electrolyte to ensure cost efficiency and low environmental footprint of the 7-5

Process.

40-2 Piping Types

In streams where the temperature is high or low, thermal insulation is implemented. It.is usually a layer
of material with low thermal conductivity, wrapped around the outer wall of the relevant pipe section.
For the process of interest, insulation is used for Stream 2 between H-02 to 35-1 Electrochemical
Reactor ER-04 and CR-03A, Stream 13C between DB-13 to S-13H, Stream 13H between X-13C to DB-13,
Stream 13L between DB-13, H-13L and $-13L.

On'the other hand, the equipment can also be insulated. CR-03A, DP-07, DB-13, MP-08, SB-104, SR-108

may need to be insulated. In some implementation, 35-1 Electrochemical ReactorER-04 can be
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insulated. Note that the above is an embodiment of the process, while the rest of the equipment can

also be insulated as necessary when it involves higher temperature operation.

Mechanical line is used when there is transfer of solids involved, in powder or well-defined shapes. In

some implementations, the mechanical lineisa 9-11 Conveyor belt setup to transfer powder or solid

continuously. In some implementations, the mechanical line can comprise of a worm drive or robotics.
The rate of such transfer largely depends on.the rate of which-the mechanical line is.driven, such as the
rate of rotation of the wheels of the 9-11 Conveyor belt. For the process of interest, mechanical line is
used for Stream 7A and Strean 8, respectively consist of 1-9 Clean polymer powder and 1-10 Polymer

product. On the other hand, Stream 10A and Stream 108 also consists of mechanicaldines,

40-3 Pumps/Compressor

For the electrochemical production 5-1 elerGreen Process, 40-3 Pumps/Compressor are generally

deployed when high 1-12 Pressure or flow rate at a stream is desired.

For 7-5 Process safety in many 40-3 Pumps/Compressor, 2 of 40-6 Valves are placed to a pump; one
valve upstream before the 40-3 Pumps/Compressor and another one downstream after the 40-3

Pumps/Compressor. The valve is usually the valve being controlled, while the valve before is usually in

full-open form. The controlled-valve has to be at after the pump because controlling the valve
before the pump could lead to insufficient fluid while pumping, resulting in cavitation that would
damage the pump. In some implementation, the said upstream valve can be omitted to save process

cost without significantly jeopardizing the process safety.

In some implementations, compressor is used in place of a pump, especially when the 1-12 Pressure
needs to be high. For instance, the 1-12 Pressure of Stream 2 is controlled by an‘inline compressor, Q-

02. in some other implementations, the compressor can be replaced by a pump to reduce cost,

Pump is used as P-03A, P-038, P-06B, P-11B, P-13B. P-03A is used to bump up pressure of stream 3A,
which may have dropped substantially upon exiting the either of Conventional Reactor or 35-1

Electrochemical Reactor. P-03B is used to bump up. pressure of stream 3B, because usually the 1-12

Pressure drops tovery low after exiting either of 1-2 Conventional Reactor or 35-1 Electrochemical

Reactor), P-068 is used to bumg up the 1-12 Pressure of stteam 68 because the 21-2 Washing fluid 1-12
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Pressure is usually low for being at the top of the tank. P-11B is used to bump up pressure of Stream
11B, because 1-12 Pressure would likely drop to very low after consecutive unit operations). P-13B s
used to bump up the 1-12 Pressure before entering solvent extractor XB-11, to provide the necessary

pressure to pass through the many stages solvent extractor that would incur huge pressure drop.

In some implementation, additional pumpscan be added to streams where increasing pressure or flow

rate is needed. This is due to process safety consideration that when the pressure of a liquid is below its
boiling point at any part of the streams, the part would undergo cavitiation, where the liquid vaporizes.

Cavitationis undesirable because the vaporization and condensation of liquids in the streams wold lead
to pressure fluctuation that damages the system, such as pipes and 40-6 Valves being deformed or

ruptured after being commissioned for long period of time.

Blower is the type of pump used to drive stream consisting of gas. Blower is used in B-04 and B-16B, to
respectively suck air together with evolved gas to the 9-17 Gas Removal, and to blow the air to air-cool

the cooling fluid stream for recycling,

40-4 Heater/Cooler

1-11 Heat can come in different forms: heater, steam, heat exchanger. Heater can come in various form,
including but not limited to electric heater and combustion heater. In some implementations,

alternative can include solar or geothermal heater.

For the process.of interest, heater-is used as H-02, and-H-13L, to respectively pre-heat Stream 2 for 1-2
Conventional Reactor CR-03A and heat up Stream 131 to facilitate distillation. H-13Lis also commonly
known as a reboiler, because it is located at the bottom of the distillation column DB-13, to heat up the
mixture for distillation. In some implementation, any of H-02 and H-13L can be replaced by heat

exchanger with heating fluid to perform similar heating function.

There is also a built-in heater for DP-07 to heat up Stream 6B to facilitate drying of the 1-9 Clean
polymer and $R-10B to heat the sorbent to remove by-product from the sorbent. In some
implementations, the heater can.be replaced by other means to control temperature of a stream, such
as heat exchanger. In some implementation, any of 1-2 Conventional Reactor CR-03A or 35-1

Electrochemical Reactor ER-04 ¢an comie in built-in heating unit.
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Steam is also commonly employed as heating means, especially in some regions of cold climate where
steam heating is supplied as household 40-5 Utility. While conventional steam heating 40-5 Utility is

possible, in some implementations the steam heating is used in process-specific heat exchanger.

Heat exchanger, on the other hand, can be used for either heating or cooling, depending respectively on
whether the heat exchange fluid is hotter or cooler than the stream. The cooling fluid is usually but not
limited to-40-5-Utiity water-due to its low cost and low-environmental footprint. In some
implementation, the cooling fluid can be other fluid such as ammonia or heating oil, depending on
process requirements. For the process of interest, heat exchangers X-07B, X-13C, and X-16A are used as
cooler to condense respectively Stream 7B, Stream 13C, and Stream 16A. For X-078B, the cooling fluid,
usually but not limited to 40-5 Utility water, is used to cool and condense the 21-2 Washing fluid vapor
Stream 7B from the Dryer DP-07. For X-13C, the cooling fluid, usually but not limited to 40-5 Utility
water, is used to cool and condense the distillation vapor at the top of distillation column DB-13,
Stream 13C as reflux condenser. For X-16A, the cooling fluid, usually but'not limited to 40-5 Utility

water, is used to cool the cooling fluid Stream 16A before being recirculated to cooling fluid drum D-16.

If low temperature is needed, cooler cay be used instead of heater. Cooler-can come invarious form,
including but not limited to cooling tower, refrigerator or heat exchanger. For cost consideration, the
process of interest used heat exchanger as the means of cooling for its lower energy cost than
refrigerater. Cooler can also be used for process safety purpoese to prevent overheating of equipment.
In some implementations, the:1-2 Conventional Reactor CR-03A has a built-in cooling jacket to prevent
overheating. In some implementation, 35-1 Electrochemical Reactor ER-04 can similarly have cooling

jacket installed to the vessel wall:

40-5 Utility

40-5 Utility consists of 40-5 Utility power, 40-5 Utility water and other 40-5 Utility.

40-5 Utility power, usually in the form of electricity, is essential to power the entire process. It is needed
to power many pieces of equipment in the process, including CR-034, 35-1 Electrochemical Reactor ER-
04, CF-038, M-02, WP-05A, DP-07, MP-08, PP-09, SR-108, XB-11, DB-13. For instance, 35-1

Electrochemical Reactor not only requires electricity to drive the electrechemical polymerization
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reaction, but also mechanical parts such as 4-1 Moving electrode, fumehood blower B-04, and 8-14
Movable support if applicable. 40-5 Utility power is also needed to power the 40-3 Pumps/Compressor,

the 40-4 Heater/Cooler and the process control system.

40-5 Utility water on the other hand has many usages, including as heat transfer fluid and as 21-2
Washing fluid. For the process of interest, 40-5 Utility water can be used as 21-2 Washing fluid to wash
1-8 Polymer into 1-9 Clean polymer, or as cooling fluid T in heat exchangers, due to its availability, low
cost, and low environmental impact for either purpose. In some implementations, 21-2 Washing fluid
and cooling fluid does not necessarily have to be water. For example, organic 21-2 Washing fluid can be
used such as ethanol, while alternative cooling fluid can include 6-3-Ammonia which also has high

specific heat capacity.

Other utilities include the said nen-water heat transfer fluid and non-water 21-2 Washing fluid, but also
include any other form of 40-5 Utility. Heating steam, which is available in region of cold climate for
domestic heating, is considered as other utilities. Another type of common other 40-5 Utility include
fuels supplied from.a 40-5 Utility pipeline, such as methane gas for combustion heating. In some
implementations, some miscellaneous fluids such asnitrogen gas or other chemicals, either liquid or

gas, is supplied via 40-5 Utility pipeline for process specific purpose such as purging a pipe of a stream,

40-6 Valves

There are different types of 40-6 Valves used. For the process of interest, the 40-6 Valves used include

on/off valve, control valve, switch valve and check valve.

On/off valve is used instead of control valve for cost-saving consideration, at streams where the flow
rate does not need to be controlled. For the process of interest the on/off valves are used at bottom
drainage of containers such as in bottom drain of D-00A {, D-00B, T-01A, T-018B, T-15, D-12, TB-14, D-16.
This is when draining-a-container, precise control of flow rate is usually not a consideration, while the
goal is more commonly to empty the liguid content of the container. Considering the relatively huge
volume of container compared to the draining flow rate, it is also possible for operator to drain
continuously without flow rate control, then turn off the on/off valve at desired container level, in

situations where partial draining of the container is desired. On the other hand, PP-09 has no drain
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because it is solid 1-10 Polymer product, and rather it isloaded mechanically (manual or roboticto a

vehicle.

In some implementations, the on/off valve at the said positions can-be replaced with control valves
when more precise contro! of flow rate of the stream is involved. Control valves are 40-6 Valves
designed to have more precise control of partial closures; to control the flow rates via such partial
closures to achieve desired flow. The degree of partial closure can be controlled marually by operator
on site, or remotely by a centralized control system. Due to the need to control the flow rate precisely in
many streams of the process, control valves are used extensively, namely, V-00A, V-008, V-01A, V-018,
V-02R, V-02, V-03A, V-03B, V-058, V-04, V-05A, V-06A, V-06B, V-05H, V-05L, V-07B, V-07C, V-11A, V-118,
V-138, V-13H, V-13L, V-13A, V-154, V-15B, V-13D, V-16B, V-16C, where the numbering correspondsto

the stream number to have its flow rate controlled.

In some streams, check valves are installed to prevent backflow that could lead to contamination. Check
valves is used for streams where backflow is possible and with conseguence to the process, especially C-
02R, €-05L, C-12A, C-12B, C-13A, C-13B, C-15A, C-15B. These check valves are used to respectively
prevent backflow of the corresponding stream number, namely recycling stream 2R, washing fluid tank
discharge Stream 5L, Solvent Drum D-12 outlet Stream 12A, Solvent Drum D-12 inlet Stream 128, By-
product tank TB-14 inlet Stream 134, Solvent extractor XB-11solvent inlet Stream 13B, and electrolyte
reservoir T-15 inlet Stream 15A, and electrolyte reservoir T-15 outlet Stream 15B. In-'some
implementations, additional check valves can be added to-other streams for extra process safety, albeit

at additional cost of such-extra check valves.

Switch valves are generally used to control a three-way flow in certain direction. It can be used to direct
a flow, especially in a mutually exclusive way, such that it can only flow to 1 path at a time, but:not both

at the same time. The switch valves used include S-03A, 5-038B, S-10A, $-108B, S-13H, 5-13L, 5-13A, 5-138.

Switch valves are used for diverging a stream to 2 different options, or for converging 2 alternative paths '

into the same stream. For purpose of 34-3 Retrofitting, such switch valves often occur in pair, 1
diverging and 1 converging, to complete the 34-3 Retrofitting interlock, including S-03A 5-03B pair to

retrofit 35-1 Electrochemical Reactor, S-10A S-10B pair to retrofit 1-5 Recovery unit, S-13H 5-13L pair to
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reverse distillation column piping and finally S-13A; S-13B pair to reverse streams between hy-product

and solvent.

In some embodiments, additional switch valves can be added to streams where switching between

alternative stream flow is needed. In some implementations, the switch valve can be replaced by a

three-way valve to enable parallel operation of 2 paths, especially when 34-3 Retrofitting is. involved, to
minimize operation disruptions, which would lead to interruption of revenue generation, in 34-3

Retrofitting conventional polymer plants.

Pressure relief valve is used for process safety consideration to discharge container content when the

container pressure exceeds certain limit, in order to prevent container burst. For the process of interest,
pressure relief valve is used for 1-2 Conventional Reactor CR-03A. In some implementations, extra

pressure relief valves can be used at other containers where high pressure isinvolved.
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Process 7-7 Control

The process 7-7 Controlis outlined in Figure 48, The process 7-7 Control is also detailed as P&ID in
Figure 49, with further explaining legend as Figure 50. It consists of a combination of 48-1 Cascade, 48-2
Feedforward, 48-3 Feedback, 48-4 Ratio, 48-5 Split Range, 48-6 Override Select, to transfer any process

disturbance to 48-7 Indicator/Alarm where the operator would respond accordingly.

48-1 Cascade

48-1 Cascade control is a method of 7-7 Control combining 2 or more feedback loogs, with the output of
one controller {primary controller} adjusting the set-point of a second controller. 48-1 Cascade control
provides a means to coordinate between different pieces of equipment inthe 7-5 Process with 48-8

Prompt Response.

Figure 51 outlines the general 48-1 Cascade for the 7-5 Process. The overall goal of the process 7-7
Control system, for this novel 5-1 elerGreen Process, was to ensure production at desired rate,
especially for the 1-8 Polymer stream. The implementation involves transferring the disturbance to
other parts in consecutive manner; until the eventual place where disturbance is acceptable as the
“48-14 Reservoir for Disturbance”. The “48-14 Reservoir for Disturbance” is usually the-tank level and
energy consumption, which translates to consumption:-rate of materials and 40-5 Utility {(water and 3-1
Electricity) cost.

The set point of SIC 07A is then used as a reference to control remotely FIC 02 (via 48-6 Override Select),

Moiding Machine MP-08 downstream.

SIC 10B{Operating) Speed Indicator Controller is controlled by FIC 03B Flow Rate Indicator Controller of
Stream 38. FIC 03B, Flow Rate Indicator Controller of Stream 3B sends signals to FIC 118, Flow Rate

Indicator Controller downstream.

Other than the multiple cascade that span far upstream and downstream, 48-1 Cascade control is also

used for smaller pieces of equipment:
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FIC 03A, Flow Rate Indicator Controller of stream 3A controls PIC 03B Pressure Indicator Controller of

Stream 3A which keeps PIT 03B Pressure Indicator Transmitter of Stream 3A at set point. PIC 03B
Pressure Indicator Controller of Stream 3A'is also dependent on downstream 1-12 Pressure PIT 04

Pressure Indicator Transmitter of Stream 38, which is kept at set point by PIC 04 Pressure Indicator

Controfler of Stream 38.

LIC 05A Level Indicator Controller of Washer WP-05A controls FIC 05B Flow Rate Indicator Controller of

Stream 58.

LIC 06 Level Indicator Controller of Settler SP-06 controls both FIC 05A, Flow Rate Indicator Controller of

stream 5A and FIC 06B, Flow Rate Indicator Controller of stream 6B.

FIC 06A, Flow Rate Indicator Controller of stream 6A is also controlled by -LIC 07 Level Indicator

Controller of Dryer DP-07.

FIC 06B, Flow Rate Indicator Controller of Stream 6B also controls PIC 06B Pressure Indicator Controller
of stream 6B which intirn controls the pump P-06B to keep PIT 06B Pressure indicator Transmitter of

stream 6B at set point.

FIC 11B, Flow Rate Indicator Controller of Stream 118 also controls PIC 118 Pressure indicator Controller - .
of stream 118, which keeps PIT 11B Pressure Indicator Transmitter of Stream 11B at set point by

controlling P-11B.

FIC 13B, Flow Rate Indicator Controller of stream 13B also controls PIC 13B Pressure indicator Controller
of stream 13B that keeps PIT 13B Pressure Indicator Transmitter of stream 13B at set point by

controlling P-13B.

48-2 Feedforward

48-2 Feedforward is a method to control the 7-5 Process parameter by measuring input and making
adjustment accordingly, with advantage of 48-9 Precision. 48-2 Feedforward is suitable when the

parameter is a parameter that responds quickly to a change, and that the disturbance is not affected by

complex factors.
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Figure 52 illustrates a simple 48-2 Feedforward control for valves. The FIC 01A controller receives signal
from FIT O1A upstream, then sends signal to control V-01A downstream. The characteristic of
feedforward control is that the signal received from upstream, and send to downstream unit for

response.

For the purpose of the electrochemical production 7-5 Process, 48-2 Feedforward is used for relatively
predictable subsystem, such as flow rates, position, speed, current and 6-5 Applied Voltage. Because

there are many such subsystems inthe said 7-5 Process, 48-2 Feedforward is used extensively:

For the 31-1 Cosolvent Stream OA, FIC D0A, Flow Rate Indicator Controller of Stream 0A, keeps FIT 00A,

Flow Rate Indicator Trarismitter-of Stream 0A at set point, by controlling valve V-00A.

For the 32-1 Additives Stream OB, FIC 008, Flow Rate Indicator Controlier of Stream 0B, keeps FIT 00B,

Flow Rate Indicator Transmitter-of Stream OB at set point, by controlling valve V-00B.

For the 68-1 Material A Stream 1A, FIC 01A, Flow Rate Indicator Controlier of Stream 1A, keeps FIT 01A,

Flow Rate Indicator Transmitter of Stream 1A at set point, by controlling valve V-01A,

Forthe 68-2 Material B Stream 1B, FIC 018, Flow Rate Indicator Controller of Stream 1B, keeps FIT 018,

Flow Rate Indicator Transmitter of Stream 1B at set point, by controlling valve V-01B.

For the prepared 1-7 Electrolyte Stream 2, FIT 02, Flow Rate Indicator Transmitter of Stream 2 is kept

at set point by FIC.02, Flow Rate Indicator Controller of Stream 2, which controls the valve V-02.

AIC 02, (Composition) Analysis Indicator Controller of prepared 1-7 Electrolyte Stream 2, is used to keep

AT 02, {Composition) Analysis Indicator Transmitter of prepared 1-7 Electrolyte Stream 2, at set point.

The recycle inlet Stream 2R is measured by FIT 02R, Flow Rate indicator Transmitter of Stream 2R, kept

at set'point by FIC 02R, Flow Rate Indicator Controller of stream 2R, by controlling valve V-02R.

Forthe 1-2 Conventional Reactor outlet Stream 3A, FIT 03A, Flow Rate Indicator Transmitter of Stream

3Ais kept at set point by FIC 03A, Flow rate Indicator Controller of stream 3A, which controls V-03A.
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For the stirring speed of 1-2 Conventional Reactor CR-03A, SIC 03A (Stirring) Speed Indicator Controlier
of 1-2 Conventional Reactor CR-03A, controlling the stirrer, which keeps SIT 03A, Speed Indicator

Transmitter of 1-2 Conventional Reactor CR-03A, at set point.

The level of 1-2 Conventional Reactor LIT 03A, Level Indicator Transmitter of 1-2 Conventional Reactor

CR-03A,is kept at set point by LIC0O3A, Level Indicator Controller of 1-2 Conventional Reactor CR-03A.

For 1-15 By-product-1-7 Electrolyte mixture Stream 3B, FIC 03B, Flow Rate Indicator Controller of
Stream 3B, keeps FIT 03B, Flow Rate Indicator Transmitter of Stream 3B at set point by controlling valve

V-038B.

For the 21-2 Washing fluid into and out of the 35-1 Electrochemical Reactor Stream 4; FIT 04, Flow Rate
Indicator Transmitter of Stream 4 measures the-inlet flow rate, which is kept at set point by FIC 04,

Flow Rate Indicator Controller of Stream 4 that controls V-04.

Onthe other hand, the level of ER 04, LIT 04, Level Indicator Transmitter of 35-1 Electrochemical Reactor o

ER-04, is controlled by LIC 04, Level Indicator Controller of 35-1 Electrochemical Reactor ER-04.

Forthe 35-1 Electrochemical Reactor ER-04, EIC04, Voltage Indicator Controller of 35-1 Electrochemical
Reactor ER-04, SIC 04, Speed Indicator Controller of 35-1 Electrochemical Reactor ER-04, and ZIC 04,

(Blade) Pasition Indicator Controller of 35-1 Electrochemical Reactor ER-04, respectively control EIT 04,

Voltage Indicator Transmitter of 35-1 Electrochemical Reactor ER-04, SIT 04, Speed Indicator Transmitter

of 35-1 Electrochemical Reactor ER-04, and ZIT 04, {Blade) Position Indicator Transmitter of 35-1

Electrochemical Reactor ER-04.

For the washed 1-9 Clean polymer suspension Stream 5A, FIC 05A, Flow Rete Indicator Controller of
Stream 5Ais used to keep FIT 054, Flow Rate Indicator Transmitter of Stream 5A at set point, by

controlling valve V-05A.

The stirring rate of Washer WP-05A is measured by SIT 05A, Speed Indicator Transmitter of Washer WP-
05A, which is kept at set point by SIC 05A, Speed Indicator Controller of Washer WP-05A4, that controls

the stirrer,
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The holdup level of WP-05A is measured by LIT 054, Level Indicator Transmitter of Washer WP-05A and
controlled by LIC 05A, Level indicator Controller of Washer WP-05A.

For the fresh 21-2 Washing fluid to Washer, Stream 5B, FIC 058, Flow Rate Indicator Controller of
Stream 5B, is used to keep FIT 058, Flow Rate Indicator Transmitter of Stream 5B, at set point; by

controlling valve V-058.

For the 21-2 Washing fluid feed Stream 5B, AIT 058, {Composition) Analysis Indicator Transmitter of
Stream 58, measures the 1-14 Spent electrolyte concentration in Stream 5B, and the kept in check to s

set point by AIC 05B, {Composition) Analysis Indicator Controller of Stream 5B.

For the fresh 21-2 Washing fluid into the washing fluid tank Stream 5H, FIC O5H, Flow Rate Indicator
Controller of Stream 5H.in turn keeps FIT O5H, Flow Rate indicator Transmitter of Stream 5H at set point

by controfling valve V-05H.

For the discharge flow for washing fluid tank Stream 5L, FIC 05L, Flow Rate indicator Controller of

Stream 5L keeps FIT 051, Flow Rate Indicator Transmitter of Stream 5L at-set point by controlling V-05L.

The holdup levet of 1-9 Clean polymer P sediment is measured by LIT 06, Level'Indicator Transmitter of

Settler SP-06, and controlled by LIC 06, Level indicator Controller of Settler SP-06.

For the 1-9 Clean polymer sediment Stream 6A, FIC 06A, Flow Rate indicator Controller of Stream 6A,

keeps FIT 06A; Flow Rate Indicator Transmitter of Stream 6A at a set point, by controlling valve V-06A.

For the upper 21-2 Washing fluid Stream 6B, FiC 068, Flow Rate Indicator Controlier of Stream 6B istsed = .

to keep. FIT 068, Flow Rate Indicator Transmitter of Stream 6B at set point, by controlling valve V-06B.

For the 1-9 Clean polymer powder Stream 7A, SIC07A, (Conveying) Speed Indicator Controller of Stream
7A keeps SIT O7A, {Conveying) Speed Indicator Transmitter of Stream 7A at set point. In fact, thisis a

crucial part of the process 7-7 Control,

Forvapour Stream 7B, FIC 078, Flow Rate Indicator Controlier of Stream 78 keeps FIT 078, Flow Rate

Indicator Transmitter of Siream 78 at a set point by controlling the valve V-078.
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For the cooling Stream 7C of condenser X-07B, FIC 07C, Flow rate Indicator Controfier of Stream 7C,
keeps FIT 07C, Flow Rate Indicator Transmitter of Stream 7C at a set point, by controlling the valve V-
07C.

For the operating speed of molding machine MP-08, SIC 08, Speed Indicator Controller of molding
machine MP-08 is used to control SIT 08, Speed Indicator Transmitter of molding machine MP-08

directly.

For the operating speed of polymer packing unit PP-09, SIC 09, Speed indicator Controller of polymer
packing unit PP-09 controls the packaging rate SIT 09, Speed Indicator Transmitter of polymer packaging
unit PP-09.

For Sorbent Regenerator SR-10B; SIC 108, {Conveying) Speed Indicator Controller of Sorbent
Regenerator SR-108, keeps SIT 108, (Conveying) Speed Indicator Transmitter of Sorbent

Regenerator SR-108, at set point by controlling the motor/engine of Sorbent Regenerator SR-10B.

Forstirring speed of Solvent Extractor XB-11, SIC 11, {Stirring) Speed Indicator Controller of Solvent
Extractor XB-11 keeps SIT 11, (Stirring) Speed Indicator Transmitter of Solvent Extractor XB-11, at set

point by controlling maotor/engine of Solvent Extractor XB-11.

LIT 11, Level Indicator Transmitter of Solvent ExtractorXB-11 measures the solvent extractor level, kept

at set point by LIC 11, Level Indicator Controller of Solvent Extractor XB-11.

For solvent extract Stream 11A, FIC 11A, Flow Indicator Controller of Stream 11A, keeps FIT 11A, Flow

Indicator Transmitter of Stream 11A at set point, by controlling valve V-11A.

For raffinate 1-7 Electrolyte stream 118, FIC 118, Flow Rate Indicator Controller of Stream 11B, keeps FIT -

11B, Flow Rate Indicator Transmitter of Stream 11B, at set point by controlling valve V-11B.

AIT 11B, {Composition) Analysis indicator Transmitter of Stream 11B, is kept at set'point by AIC 11B,

(Composition) Analysis Indicator Controller of Stream 11B.

For Solvent Feed Stream 12A, FIC 12A, Flow Rate Indicator Controller of Stream 124, keeps FIT 12A, Flow '

Rate Indicator Transmitter of Stream 12A, at set point, by controlling valve V-12A.
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For Solvent Overflow Stream 12B, FIC 12B, Fiow Rate Indicator Controjler of Stream 128, keeps FIT 128,

Flow Rate Indicator Transmitter of Stream 12B at set point, by controlling valve V-128.

The tank level is measured by LIT 13, Level indicator Transmitter of Distillation Column DB-13, kept at

set point by LIC 13, Leve! Indicator Controller of Distillation Column DB-13.

For the feed stage is measured by ZIT 13, Position Indicator Transmitter of Feed at XB-13, which is kept
at set point by ZIC 13, Position Indicator Controller of Feed at XB-13, by controlling the input feed

position of Distillation Column XB-13.

For the 1-15 By-product H Stream 13A, FIC 13A, Flow Rate Indicator Controller of Stream 13A, keeps FIT

13A, Flow Rate Indicator Transmitter of Stream 134, at set point; by controlling valve V-13A.

The 1-15 By-product assay is measured by AIT 13A, {Composition) Analysis Indicator Transmitter of
Stream 13A, kept at set point by AIC 13A, (Composition) Analysis Indicator Contreller of Stream 13A.

For solvent recycling stream 13B, FIC 13B, Flow Rate Indicator Controller of Stream 13B, controls FIT

13B, Flow Rate Indicator Transmitter of Stream 13B at set point by controiling valve V-13B.

AIT 138, (Composition) Analysis Indicator Transmitter of Stream 138, is kept-at set point by AIC 13B,

(Composition) Analysis indicator Controller-of Stream 13B.

For cooling fluid Stream 13D of condenser X-13C, FIC 13D, Flow Rate Indicator Controller of Stream 13D,

keeps FIT 13D, Flow Rate Indicator Transmitter of Stream 13D at set point, by controlling valve V-13D.

For distillation reflux Stream 13H, FIC 13H, Flow Rate indicator Controller of Stream 13H, keeps FIT 13H,

Flow Rate Indicator Transmitter of Stream 13H, at set point, by controlling valve V-13H.

For the bottom product of distillation column Stream 13L, FIC 131, Flow Rate indicator Controller of

Stream 13L, keeps FIT 13L, Flow Rate Indicator Transmitter of Stream 13L, at set point by controlling
valve V-13L.

Fot the inflow into Reservoir Tank Stream 15A, FIC 15A, Flow Rate [ndicator Controller of Stream 15A

keeps FIT 15A, Flow Rate Indicator Transmitter of stream 15A atset point by controlling the valve V-15A
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while for the outflow of Reservoir Tank Stream 15B, FIC 158, Flow Rate Indicator Controtler of Stream

15B keeps FIT 158, Flow Rate Indicator Transmitter of Stream 15B at set point by controlling thevalve

V-158.

LT 16, Level Indicator Transmitter-of Cooling Fluid Drum D-16, is kept at set point by LIC 16, Level

Indicator Controller of Cooling Fluid. Drum D-<16.

For cooling air feed Stream 168, FIT 168, Flow Rate Indicator Transmitter of Stream 168, is kept at set

point by FIC 16B, Flow Rate Indicator Controller of Stream 168, by controlling valve V-168.

For cooling fluid feed Stream 16C, FIT 16C, Flow Rate Indicator Transmitter of Stream 16C, is kept at set

point by FIC 16€; Flow Rate Indicator Controller of Stream 16C by controlling valve V-16C.

Other than the above simple 48-2 Feedforward control, 48-2 Feedforward has also been employed in a

48-1 Cascade fashion, to control another controller downstream:

LIT O3A, Level Indicator Transmitter of 1-2 Conventional Reactor CR-03A4, also affects SICO3A, (Stirring)

Speed indicator Controller of 1-2 Conventional Reactor CR-03A.

IIC 04, {Electric) Current Indicator-Controller of 35-1 Electrochemical Reactor ER-04, is a representation

of the set.point extent of reaction in the 35-1 Electrochemical Reactor ER-04, as such is used to control

almost everything related to 35-1 Electrochemical Reactor ER 04. First of all, it provides a set point for liT ‘ ": :
04, {Electric) Current Indicator Transmitter of 35-1 Electrochemical Reactor ER-04. it also controls EIC 04,

Voltage Indicator Controller of 35-1 Electrochemical Reactor ER-04, SIC 04, (Electrode} Speed Indicator

Controller of 35-1 Electrochemical Reactor ER-04, and ZIC 04, (Blade} Position Indicator Controller of

35-1 Electrochemical Reactor ER-04.

HC 04, (Electric) Current Indicator Controller of 35-1 Electrochemical Reactor ER-04, also controls FIC

03B, Flow Rate Indicator Controller of Stream 3B downstream.

The set point.of SIC 054, (Stirring) Speed indicator Controller of Washer WP-05A also depends.on LIT
05A, Level Indicator Transmitter of Washer WP-05A.
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FIC 06A, Flow Rate Indicator Controller of Stream 6A, controls FIC 06B, Flow Rate indicator Controller of

Stream 6B.

TIC 07, Temperature Indicator Controller of Dryer DP-07, is controlled by the inlet flow rate FIC06A,

Fiow Rate indicator Controller of Stream 6A.

FIC 07C, Flow Rate indicator Controlier of Stream 7C, is controlled by TIC 07, Temperature Indicator

Controller of Dryer DP-07, and FIC 078, Flow Rate Indicator Controller of Stream 78.

SIC 08, (Operating) Speed indicator Controller of Molding Machine MP-08 also controls SIC 09,

(Operating) Speed Indicator Controller of Polymer Packing unit PP-D9 further downstream.

FIC 11A, Flow Rate Indicator Controfler of Stream 11A, controls FIC 13B, Flow Rate Indicator Controller

of Stream 13B.

LIT 11, tevel Indictor Transmitter of Solvent Extractor XB-11, also sends signal to SIC 11, Speed Indicator

Controller of Solvent Extractor XB-11.

AIT 11A, {Composition) Analysis Indicator Controller of Stream 11A, send signals to AIC 134,

(Composition) Analysis Indicator Controller of Stream 13A.

TIT 13C, Temperature Indicator Transmitter of Stream 13C, measures the inlet temperature for
condenser while FIT 13C, Flow Rate Indicator Transmitter of Stream 13C measures the flow rate, both

then sends signals to FIC 13D, Flow Rate Indicator Controller of Stream 13D.

FIT 16A, Flow Rate Indicator Transmitter of Stream 16A, sends signal to FIC 168, Flow Rate Indicator

Controller of Stream 168.

LIC 16, Level Indicator Controller of Cooling Fluid Drum D-16, controls FIC 16C, Flow Rate Indicator

Controiter of Stream 16C.

TIT 16A, Temperature Indicator Transmitter of Stream 164, is kept at set.point by TIC-16A, Temperature
Indicator Controller of Stream 16A, by controlling both Blower B-16B and FIC 16B, Flow Rate Indicator
Controller of Stream 168B.
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48-3 Feedback

48-3 Feedback is used when 48-10 Reliability is needed, such as-when the parameter responds slowly,
and that the disturbance involved complex factors. For the electrochemical 7-5 Process, 48-3 Feedback
is used for 7-5 Process parameters that.depends.on more complex phenomena difficult to control by
48-2 Feedforward, and where deviation would affect production rate and guality. Figure 53 illustrates a
sample 48-3 Feedback control. AIC 05B receives signal from-AlT 05B downstream, then sends signals to
upstream FIC 05L for further response. The characteristic of the feedback is that the signal is sent from

downstream to unit upstream forresponse.

Because of the purpose of coordination between units, 48-3 Feedback for the electrochemical 7-5

Process is largely used in 48-1 Cascade style:

FIC 00A, Flow Rate Indicator Controller of stream 0A is controlled by FIC 02, Flow Rate Indicator

Controller of stream 2 downstream.

FIC 00B, Flow Rate Indicator Controller of Stream 0B:is controlled by FIC 02, Flow Rate Indicator

Controller of Stream 2 downstream.

FIC 01A, Flow Rate Indicator Controller of stream 1A, as the limiting reagent, is controlled by FIC 02,

Flow Rate Indicator Controller of stream 2 downstream

FIC 01B, Flow Rate indicator Controller of stream 1B.is controlled by FIC 02, Flow Rate Indicator

Controller of stream 2 downstream.

Upstream, FIC 02, Flow Rate indicator Controller of Stream 2 controls FIC 00A, Flow Rate indicator
Controller of Stream 0A, FIC 00B, Flow Rate Indicator Controller of Stream 0B, FIC-01A, Flow Rate
Indicator Controller of Stream 1A, FIC 01B, Flow Rate Indicator Controller of Stream 1B and FIC O2R,

Flow Rate Indicator Controller-of Stream 2R.

Together with FIC:02 Flow Rate Indicator Controller of Stream 2, AIC 02 {Composition) Analysis Indicator
Controller of Stream 2 controls FIC.Q0A, Flow Rate Indicator Controller of stream OA, FIC 00B, Flow Rate
Indicator Controller of Stream 0B, FIC 01A, Flow Rate Indicator Controller-of Stream 1A, FIC018, Flow

Rate Indicator Controfler of Stream 1B and FIC 02R, Flow Rate Indicator Controller of Stream 2R.
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FIC 02R, Flow Rate Indicator Controlier of stream 2R also controls FIC 118, Flow Rate indicator Controller ©

of stream 118,

The temperature is measured by TIT 03A, Temperature Indicator Transmitter of 1-2 Conventional

Reactor CR-03A, which is kept at set point by TIC 03A, Temperature Indicator Controller of 1-2

Conventional Reactor CR-03A that controls the upstream heater H-02.

TIC 03A, Temperature Indicator Controller of 1-2 Conventional Reactor CR-03A is also dependent on the

downstrearn outlet temperature TIT 03B, Temperature Indicator Transmitter of Stream 3B.

The PIT 03A, Pressure Indicator Transmitter of 1-2 Conventional Reactor CR-03A, is kept at set point by

PIC O3A, Pressure Indicator Controiler of 1-2 Conventional Reactor CR-03A which controls the upstream

40-3 Pumps/Compressor Q-02.

Upstream, FIC 05A Flow Rate Indicator Controller of Stream 5A controls both FIC 058, Flow Rate

Indicator Controller of Stream 5B and FIC 04, Flow Rate Indicator Controller of Stream 4.

AIC 05B {Composition) Analysis indicator Controller of Stream 5B works by:controlling FIC 051, Flow Rate .

Indicator Controller of Stream 5L.

FIC 051, Flow Rate Indicator Controller of Stream 5L subsequently controls FIC 05H, Flow Rate Indicator

Controller of Stream 5H.

FIC 06A, Flow Rate indicator Controller of Stream 6A is controlled by SIC 07A, {Conveying) Speed

Indicator Controller of Stream 7A.

Tothe upstream, FIC 06A, Flow Rate Indicator Controller of Stream 6A controls FIC 05A, Flow Rate

Indicator Controller of Stream 5A.

The holdup level LIT07, Level Indicator Transmitter of Dryer DP-07, is also affected by SIC 07A,
(Conveying) Speed Indicator Controller of Dryer DP-07 and controlled by LIC 07, Level Indicator
Controller of Dryer DP-07.
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The temperature TIT 07, Temperature Indicator Transmitter of Dryer DP-07, is fixed at a set point by TIC

07, Temperature Indicator Controller of Dryer DP-07, by controlling the heating system of the dryer.

TIT 10A, Temperature Indicator Transmitter of Sorption Unit SB-10A measures the temperature, kept at

set point by TIC 10A, Temperature Indicator Controllerof Serption Unit 58-10A by controlling SIC 108

(Canveying) Speed Indicator Controller of Sorbent Regenerator SR-108B.

FIC 11A, Flow Rate Indicator Controller of stream 11A is dependent on FIC 13A, Flow Rate Indicator

Controller of Stream 13A,

LIC 11 Level Indicator Controller of Solvent Extractor XB-11 works by controlling FIC 03B, Flow Rate

Indicator Controller of Stream 3B.

The temperature is measured by TIT 13, Temperature Indicator Transmitter-of Distillation Column DB-13
and kept at set point by TIC 13, Temperature Indicator Controller of Distillation Column DB-13, by

controlling the reboiler H-13L.

Upstream, FIC 13A, Flow Rate Indicator:Controller of stream 13-controls FIC 11A, Flow Rate Indicator

Controller of stream 11A.

AIC 13A (Composition) Analysis Indicator Controtller of stream 13A controls AIC 13B (Composition)
Analysis indicator Controller of Stream 13B and ZIC 13 Position Indicator Controller of Feed at XB-13

upstream.

48-4 Ratio

48-4 Ratio Control involves monitoring and controlling the ratio of 48-11 Multiples between of 7-5

Process parameters. It is usually but not limited to specified stoichiometric ratio of flow ratesin different

streams. For the electrochemical 1-8 Polymer production 5-1 elerGreen Process, 48-4 Ratio control has

been used mainly in monitoring and controlling the 1-7 Electrolyte composition.

Figure 54 highlights the 48-4 Ratio control for the distillation column. FIC 13A, FIC 13B and AIT 11A send -
signal to RIY 13A to-control FIC 13H based on ratio of flow rates, while FIC 13B, AIC 138 and AIC 134,

sends signal t0 evaluate RIY 13B to control FIC 131,
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RIY11, Ratio Indicator Relay for Electrolyte 1-5 Recovery is used to monitor and control the 1-7
Electrolyte composition by controlling either the 45-1 Sorption Stream or the 44-1 Solvent Extraction
Stream. RIY 11 Ratio Indicator Relay for Electrolyte 1-5 Recovery is controlled by FIC 03B Flow Rate
indicator Controller of Stream 3B, AIT 038:(Composition) Analysis indicator Transmitter of Stream 3B,
FIC 11B Flow Rate Indicator Controller of Stream 118, AIC 11B (Composition) Analysis-Indicator

Controller of Stream 118 and AIC 13B (Composition} Analysis Indicator Controller of Stream 138,

For Sorption path, RIY 11 Ratio Indicator Relay of Recovered 1-7 Electrolyte controls SIC 108,
{Conveying)-Speed Indicator Controller of Sorbent Regenerator. For Solvent Extraction path, RIY 11 Ratio

Indicator Relay of Recovered 1-7 Electrolyte controls FIC 13B Flow Rate Indicator Controller.

In the Solvent Extraction path, further 48-4 Ratio Control is employed for Distillation Column DB-13 as
RIY 134 and RIY 13B to respectively controls both Distillation Reflux and Distillation Bottom. FIC 13A
Flow Rate Indicator Controller of 1-15 By-product Stream 13A controls RIY 13A Ratio indicator Relay of

Distillation Refiux and RIY 13B Ratio Indicator Relay of Distillation Bottom.

For Distillation Reflux, RIY 13A Ratio indicator Relay of Distillation Reflux is controfled by FIC 138 Flow

Rate Indicator Controller of Solvent Stream 13B. AIT 11A {Composition} Analysis Indicator Transmitter of

Extract Stream 11A also sends signals to RIY 13A Ratio Indicator Relay of Distillation Reflux. RIY 13A Ratio

Indicator Relay of Distilation Reflux then controls FIC 13H Flow Rate Indicator Controller of Reflux

Stream 13H.

For RIY 13B Ratio Indicator Relay of Distillation Bottom, it controls FIC 13L Flow Rate indicator Controller k

of Bottorn Stream 13L, AIC 13A (Composition) Analysis Indicator Controller of 1-15 By-product stream

13A also controls RIY 13B Ratio Indicator Relay of Distillation Bottom,

48-5 Split Range

48-5 Split Range control is used for 48-12 Different Response Needed when a controiler is employed to
control 2 final control-elements such as 2 of 40-6 Valves as illustrated by Figure 56. In-some
implerentation, 48-5 Split Range control is found in 7-7 Control of level, temperature and 1-12

Pressure. In some implementations, the split range involved a dead band near the set point, which is a
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range for the controller to not respond when the deviation from set point is below ¢ertain limitas

shown in Figure 56, to save cost against switching between different operating range A and B.

Figure 55 outlines the 48-5 Split Range control. LIC 058 sends signal to either of FIC 05L or FIC O5H,

depending on the level of liguid holdup in T-05B under different range. When the level is in the higher

range {range B}, FIC 051, {control B) would be controlled to discharge the liquid. When the levelisin
the lower range {range A}, FIC 05H {control A} is controlled to-add some fluid from 40-5 Utility to T-058.

For the electrochemical 1-8 Polymer production 5-1 elerGreen Process, 48-5 Split Range Control is used

for tank level 7-7 Control coupled-with a reservoir, including Mixing Tank M-02 with Reservoir Tank T-15,

Washing Fluid Tank T-05B with 40-5 Utility, and Solvent Extractor XB-11 with Solvent Drum D-12.

The tank level is measured by LIT 02 Level Indicator Transmitter of Mixing Tank M-02 and regulated by
LIC 02 Level indicator Controller of Mixing Tank M-02. LIC 02 Level Indicator Controlier of Mixing Tank
M-02 in turn-controls, by 48-5 Split Range, both FIC 15A, Flow Rate Indicator Controiler of stream 15A

and FIC 15B, Flow Rate Indicator Controller of Stream 15B8.

The tank level is measured by LIT 05B Level Indicator Transmitter of Washing Fluid Tank T-058 and

controlled by LIC 05B Level indicator Controller of Washing Fluid Tank T-05B, which also works to control
FIC 05H, Flow Rate indicator Controlier of stream SH and FIC 051, Flow Rate indicator Controller of

stream 5L.

LIC 11 Level Indicator Controller of Solvent Extractor XB-11 also works by controlling by 48-5 Split Range
forboth FIC 124, Flow Rate Indicator Controller of stream 12A and FiC 128, Flow Rate Indicator

Controller of Stream 128B.

48-6 Override Select

48-6 Override Select control is generally used to balance between 48-13 Flexibility and Safety of process
system during the surge in 7-5 Process, when a secondary 7-7 Control is needed occasionalily, It is usually
not-but fimited to 7-5 Process safety purposes such.as maintaining 1-12 Pressure, tank level, and

temperature,
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Figure 57 illustrates an 48-6 Override Select control, During usual operation when level LIT 13 is at
acceptablelevel, FIC 13B takes over to control FIC 11A. When LIT 13 is beyond the threshold, LIC 13
takes gver instead of FIC 13B on the control of FIC 11A.

For the electrochemical 1-8 Polymer production 7-5 Process, 48-6 Qverride Select control is used to

maintain tank level when complicated upstream and downstream setup makes 48-5 Split Range control

difficult. When the tank level is within.operating range, the 40-6 Valves are controlled by flow controller. :

However, when the tank level drops below a threshold, the 40-6 Valves are controlled instead by level

7-7 Control.

For 1-2 Conventional Reactor CR-03A, when tank level is-at desired range, the set point of SIC 07A is
used as a reference to control remotely FIC 02 Flow Rate'Indicator Controlier of Stream 2. When Tank
Levels are not at desired range, LIC 03A Level indicator Controller of 1-2 Conventional Reactor CR-03A

controls FIC 02 Flow Rate Indicator Controller-of Stream 2.

For35-1 Electrochemical Reactor ER-04, when tank level is at desire range, the set point of SIC 07A s
combined with 11C04 {Electric) Current Indicator Controller of 35-1 Electrochemical Reactor ER-04 to
control FIC 02, Flow Rate Indicator Controlfer of Stream 2 upstream. When Tank Levels are not at
desired range, LIC 04, Level Indicator Controller of 35-1 Electrochemical Reactor ER-04, controls FIC 02,

Flow Rate Indicator Controiler of Stream 2.

For Distillation Column DB-13, when the tank level is in desired range, FIC 11A, Flow Rate Indicator
Controller of Stream 11A-is controlled by FIC 13A, Flow Rate Indicator Controller of Stream 13A and FIC
13B, Flow Rate Indicator Controller of stream 13B. When the tank level is notin range, LIC 13 Level
Indicator Controller of Distillation Column DB-13 controls FIC 11A Flow Rate Indicator Controller of

Stream 11A.

48-7 Indicator/Alarm

By the first principle of process 7-7 Control, whenever there is a change in the 7-5 Process parameter
causing disturbance, this change cannot be eliminated, instead it is simply transferred via process 7-7
Control. For the 5-1 elerGreen Process of interest, the process 7-7-Control strategy aims to transfer all

disturbances away from the chemical 7-5 Process such as the 1-8 Polymer production rate, into some
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“48-14 Reservoir for Disturbance” variable that has huge tolerance of disturbances, such as the

materials tank level.

Figure 58 illustrates the 48-7 Indicator/Alarm control method. This is the simplest variant where LI 00A is k

used to measure and report the tank Jevel. There are 2 limits, at the first limit, it just indicates the level
value and reminds the operator to control inventory manually, at the second limit, alarm sounds as

stronger reminder while the process may be shutdown for process safety consideration.

The 48-7 indicator/Alarm is used for the “48-14 Reservoir for Disturbance”, such as storage tank level
because the tank level is designed to has huge tolerance and long timespan. For instance, a surge of
temperature of either 1-2 Conventional Reactor or 35-1 Electrochemical Reactor would produce
disturbance into the production rate in minutes, but if a cooling 7-7 Controf system is in place, it could
transfer such disturbance into asurge in cooling fluid flow rate that would result in increase in 40-5

Utility hill, a less undesirable outcome,

The storage tanks are-generally sized to have enough 1-6 Reactants for operation of more than 1 day. As
a result, the process 7-7 Control seeks to use these as “48-14 Reservoir for Disturbance”. In many cases,
a disturbance in 7-5 Process would ultimately be transferred as a faster rate of consumption of tanks,

which offers a number of advantages:

* Longer response time available
s More tolerable outcomes

s 7-5 Process safety

Other “48-14 Reservoir for Disturbance” that are not regulated, but simply just monitored by operator

are the holdup levels:

W09, Weight Indicator of Polymer Packing PP-09

®

LI 00A, Level Indicator of Cosolvent Drum D-00A

LI 0B, Level Indicator of Additive Drum D-00B

L 2

LI.01A, Level Indicator of Feed Tank A T-01A

LI 01B, Level Indicator of Feed Tank B T-018
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o LI 12 Leve! Indicator of Solvent Drum D-12
s Ll 14 Level Indicator of By-Product Tank TB-14

e L1115, Level Indicator of Reservoir Tank T-15
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Operating 7-8 Procedure

The 7-8 Procedure is broken down in Figure 59 involving 59-1 Stacking, 59-2 Deployment, 34-3
Retrofitting, 59-3 Maintenance and finally 34-4 Waste Management.

59-1 Stacking

In industrial implementations, the 35-1 Electrochernical Reactors are stacked in matrices or arrays to
minimize space requirements. Due to the rectangular shapes of the 8-20 Vessel in the horizontal plane,

the 58-1 Stacking in arrays is very efficient in terms of usage of space.

Figure 60 demonstrates a very efficient way to arrange electrodes. First, the electrodes can be placed in
alternating way or aggregate manner, While aggregate manner is easier to fabricate alternating

arrangement is more energy efficient because the distance between 3-2 Anode and 3-3 Cathode is

lower, thus less energy is-dissipated as resistance. To achieve this figuration, a rigid 60-3 Insulator can be e

used as support to fixate both 3-2 Anode and 3-3 Cathode on the same support-without short-circuiting,

which is a strategy employed for 9-3 Rotating Disk Electrode and 9-4 Spiral/Screw Electrode.

In some implementation, the 35-1 Electrochemical Reactors are stacked ina 2x1 matrix as illusirated by
Figure 61, that means the 35-1 Electrochemical Reactors appearas a couple with 1 of 61-4 Stacking side.
It provides 3.of 61-3 Maintenance side for the 61-1 Personnel to maintain the equipment. 2 sides of the
9-20 Vessel that can be made transparent adows 2 pieces of 61-2 Monitoring side the 61-1 Personnel to

look into the 9-20 Vessel to observe the 9-20 Vessel,

In some implementation, the 35-1 Electrochemical Reactors are stacked in'a 2x2 matrix as illustrated by
Figure 62 with 2 of 61-4 Stacking side, this is a common setup because it is usually a compromise
between compactness and usability, because it at least provides 2 of 61-3 Maintenance side for 61-1

Personnels to deploy, troubleshoot and maintain the 35-1 Electrochemical Reactors.

In some implementations, the 35-1 Electrochemical Reactors are stacked in 2xn matrix as illustrated by
Figure 63 with 3 of 61-4.Stacking side. Other than the end 35-1 Electrochemical Reactors that have 2-of

61-3 Maintenance side, it provides only 1 of 61-3 Maintenance side for 61-1 Personnel. However, this 1
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of 61-3 Maintenance side would usually suffice for 61-1 Personnel to maintain the 35-1 Electrochemical

Reactors, especially to remove the 9-13 Support.

Figure 64 demonstrates the actual implementation of 2xn matrix array of 35-1 Electrochemical Reactors,

for the 9-2 Conveyor Belt Electrode variant. Due to the design consideration to save cost and space, the
9-9 Solid Transport can be pooled together, while the components such as 9-20 Vessel, 9-13 Support

and 9-17 Gas Removalcan be placed in modular manner for ease of Deployment.and 59-3 Maintenance.

In some implementations; 59-1 Stacking of the 35-1 Electrochemical Reactors facing.outward as
illustrated by Figure 65 would mitigate the 59-3 Maintenance problem but at the expense of less

compact space.

In some impiementations, the 35-1 Electrochemical Reactors are stacked in.nxn matrices as illustrated
by Figure 66. This maximizes the compactness but at the cost of usability. Depending on the situation,
this might be employed, especially when a larger scale pfant makes the installation of a system.o0f 9-13
Support hanging from the ceiling economically feasible to for such nxn matrices where 61-1 Personnels

cannot go directly to the equipment on any 66-1 Surrounded unit.

59-2 Deployment

Dueto the modular nature and the assembly design, there is a convenient way to deploy the 35-1

Electrochemical Reactor. The 59-2 Deployment is illustrated by Figure 67.

As shown by Figure 67, the first step is 67-1 Deploy Reactor , where 9-20 Vessel is first placed at
designated place on site and 7-6 Piping connected into and out of the tank. When there are multiple

35-1 Electrochemical Reactors, they are stacked into arrays as necessary per 59-1 Stacking.

The second step is 67-2 Deploy Electrode Support, where the electrode 9-13 Support are then deployed
ontothe tanks. Note that the electrode 9-13 Support need to be in jack up position so that the electrode

does not collide with the tank during 59-2 Deployment.

The third step is 67-3 Adjust Electrode Position, where for 9-14 Movable 9-13 Support such as the 23-4
Frame Body on 23-3 Wheels, the 9-13 Support can be pushed manually to the tank and adjusted to fit.

When the position is fixed, the electrode is then lowered down using the jack, to suitable vertical
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Built-In variant of support, both 67-2 Deploy Electrode Support and 67-3 Adjust Electrode Position can
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be skipped.

Electrochemical Reactor, with the 7-6 Piping connected to and from the washer.

The final step is 67-5 Install Gas Removal, where the 9-17 Gas Removal is installed if applicable for the
electrochemical pelymerization reaction. First, the 9-17 Gas Removal with 24-2 Cap'is placed on top of
the electrode, and then its position, together with 24-3 Cover and 24-4 Weight subsequently adjusted to
fit. Gas 7-6 Piping connection is then made from 24-1 Ventilation outlet of 9-17 Gas Removal to the

fumehood system on top, usually by 7-6 Piping hooked onto the ceiling.

The 7-6 Piping connection to other unit operations are then performed.

The 34-3 Retrofitting of a regular 1-8 Polymer 7-5 Process involves the following general 7-8 Procedure:

The 35-1 Electrochemical Reactor, ER-04, is first installed, in parallel to the 1-2 Conventional Reactor,
CR-03A, by following the 59-2 Deployment procedure, including C-04, Stream 4 with V-04, fumehood

units and 7-6 Piping. If 59-1 Stacking is needed, the 35-1 Electrochemical Reactors are stacked in arrays

34-3 Retrofitting

according to the 59-1 Stacking methods.

The conventional 1-8 Polymer 7-5 Process is temporarily shut down. The fluids in the 7-5 Process is then

drained and the following sections are discannected as necessary:

L

L4

For the above sections, each switch valve is installed, and the following connections are made:

Valve V-02 and 1-2 Conventional Reactor CR-03A
Filter CF-03B and Pump P-03B
Filter CF-03B and Washer WP-05A

S-03A to liquid inlet of 35-1 Electrochemical Reactor ER-04
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e S-3Bto C-04 of 35-1 Electrochemical Reactor £R-04 liquid outlet

s 5-04 to washing outlet of 35-1 Electrochemical Reactor ER-04

if the conventional 7-5 Process involves the same 1-5 Recovery (both 45-1 Sorption Stream before and

after 34-3 Retrofitting, or both 44-1 Solvent Extraction Stream before and after 34-3 Retrofitting),

troubleshooting can be: performed right after installation. If the conventional 7-5 Process involves a
different 1-5 Recovery method, the 34-3 Retrofitting the 1-5 Recovery units is necessary. For 34-3
Retrofitting the 1-5 Recovery units, the fluids of the following sections are drained and the sections

disconnected:

s V-03B and $B-10A/XB-11

« P-11B and SB-10A/XB-11

For the above sections, each switch valve is installed in between and the following connections are

made:

* S-10A to SB-10A/XB-11

¢ 5-10B to SB-10A/XB-11

If the new 7-5 Pracess involves distillation column DB-13 and change of Key is involved, 34-3 Retrofitting -
the distillation column is also needed. The fluids of the following sections are drained and the sections

disconnected:

e The reflux-of distillation column to V-13A

¢ The bottom of distillation.column to P-138

For the above sections, each switch valve is installed an the following connections are made;

e S-13H and S-13A to V-13A
e S-13L and 5-138 to P-13B

Additional connections are made between;

e S-13HtoC-13BtoS-138
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e S5-13Lto C-13Ato S-13A

If different 21-2 Washing fluid is necessary, T-058, WP-05A, SP-06, and DP-07 may be drained to replace
the 21-2 Washing fluid.

The electrochemical 37-1 Bypass is ran and tested, in comparison of 1-2 Conventional Reactor.

The rest of the 7-5 Process:is troubleshooted to fit the 35-1 Electrochemical Reactor. The
troubleshooting involve either minor 7-5 Process parameter changes, or more major changes such as

mixture composition change, or even replacement of equipment parts.

59-3 Maintenance

By virtue of the 7-1 Device design, the 59-3 Maintenance is more convenient than 1-2 Conventional

Reactors and conventional electrolyzers.

Compared to 1-2 Conventional Reactor, the feature of removing the electrode from the top for the
novel 35-1 Electrochemical Reactor offers advantage especially for 59-3 Maintenance because such
feature avoids the time and complexity of draining and refilling the liquid tank which allows lower
downtime and lower cost for 59-3 Maintenance.

To perform the 59-3 Maintenance, the 59-2 Deployment procedure is operated in reverse as per Figure
67. First, the power supply for electrochemical reaction and 4-1 Moving electrode are shutdown to
make sure both reactions and 9-5 Mechanical movements are halted. While it is also recommended the
fluid inflows and outflows of the 9-20 Vessel be stopped for more stringent 7-5 Process safety
consideration, it can be remained on especially if the flow is not turbulent. The fumehood is then turned

off and the 9-17 Gas Removal be fifted from the electrode and placed elsewhere, a reverse of 67-5

Install Gas Removal-. A minor difference from 59-2 Deployment procedure is that the 9-9 Solid Transport o

system can remain at the position {instead of being removed) while the electrode can be jacked up,
after performing the 67-3 Adjust Electrode Position in reverse to remove it from the tank, such that

operating the 67-4 Deploy Solid Transport- step in-réverse may be skipped. The 9-13 Support with the

jacked up electrode can be pushed away as a reverse step-of 67-2 Deploy Electrode Support from the
tank to a suitable area for 59-3 Maintenance, including but not limited to cleaning the eléctrode surface

and replacing spent parts
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such as biunt blade. The 9-20 Vessel however is usually stationary such that operating 67-1 Deploy

Reactor ifreverse to remove the 9-20 Vessel can be skipped. To facilitate operator, reach for 59-3

Maintenance, the electrode can be released downwards as necessary for ergonomic consideration.

After 59-3 Maintenance, the electrode is pushed to the 9-20 Vessel and set to jack up position as per

67-2 Deploy Electrode Support. Subsequent procedure to prepare the 35-1 Electrochemical Reactors for

operation is similar to the 59-2 Deployment procedure.

34-4 Waste Management

For 34-4 Waste Management, the extractor is needed to be installed before the feed tanks. In some

implementation, it is done by an upstream eguipment installed in the electrochemical 1-8 Polymer 7-5

Process upstream to extract active ingredient. For some other implementations, it is done by another
34-4 Waste Management treatment plant, that can be owned by elerGreen, or simply subcontracted to

other plants) and simply trucked to the electrochemical 1-8 Polymer production plant.

For many cases, a purification equipment is needed at upstream to isolate the active ingredient in 5-2
Chemical wastes. For instance, the paint sludge 5-2 Chemical wastes treatment would require an

isolation of ethylene glycol
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Examples and Experimentation

General Experimentation

The protocols involve 3 majer components: 1-1 Preparation, 35-1 Electrochemical Reactor Operation,

and Sampling:
1-1 Preparation:

The 1-1 Preparation of 1-7 Electrolyte involved mixing the materials, namely the liquid 1-6 Reactants and
the solid solutes to produce the 1-7 Electrolyte of desired composition. If there is 68-2 Material B
involved, the mixing {in-a container such as 69-1 Beaker) of 68-2 Material B with 68-1 Material A is the
very first step of 1-1 Preparation, especially because if 68-2 Material B is mixed first, the stoichiometric
ratio between 68-1 Material A and 68-2 Material B is very easily controllable. The liquid of mixture {68-1
Material A and B}, or fiquid 68-1 Material A (if 68-2 Material B is not relevant), is then mixed (according
to calculated composition) with 31-1 Cosolvent such .as water if dilution is-desired, especially when the
presence of diluent serves as 31-1 Cosolvent to solid solute. After each mixing, mechanical agitation is

applied to the mixture to-ensure mixing is done homogeneously throughout the liquid phase.

The liquid of 68-1 Material A, 68-2 Material B (if applicable} and 31-1 Cosolvent {if applicable) is then
mixed with weighted amount of solute, in many cases ionic salt compounds. In many cases, the'solute is
in solid form, such as powder or peilets, such that the homogeneity distribution of solid does not
happen readily. For this scenario, the mixture is either stirred continuously for a period of time until all
the solid dissolves. Forthis reason, it takes longer time to achieve uniform mixing due to the slower
dissolving process. The mixture may also be heated modestly to accelerate the dissolving of the solid,

after which the mixture is cooled back to the ambient temperature.

In some cases, the solute is in liquid form, such as ionic liquid where no dissolving is involved, then the
solute is mixed with simple mechanical agitation in a similar fashion as 68-1 Material A and B, or the

mixture with diluent.

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021




132

The composition is quantified by means of volume, weightage or moles. For quantification, liquid is
either measured by weight {using balance) or volume (using measuring cylinder or volumetric flask, or a

combination}, while solid is measured by weight.

35-1 Electrochemical Reactor Operation:

For convenience of measurement, the reaction setup was performed in batch operation manner in a
batch reaction setup. The experiment consists of a simple batch electrolysis cell. The experimental setup
consists of a reaction 9-20 Vessel {usually-a 68-6 Conical flask as shown'in Figure 68, or a 69-1 Beaker as
shown in Figure 69) containing conductive materials (3-3 Cathode and 3-2 Anode) as 70-1 Working
Electrode and 10-1 Counter Electrode, connected to 3-1 Electricity DC Power Supply and dipped-into a
liquid mixture (1-7 Electrolyte), with the 1-7 Electrolyte continuously stirred and if applicable, heated.
The 9-20 Vessel also has a 68-9 Tubing connected to 68-7 Bubble flowmeter to measure flow rate of any
gas evolved from the electrochemical reaction. Both the reaction 9-20 Vessel and the 68-7 Bubble

flowmeter are fastened in position, by clamping to a retort stand.

The electrodes consist of 2 conducting plates, made of copper, nickel, zinc and stainiess steel, dipped
into the 1-7 Electrolyte on one end and connected to the 3-1 Electricity DC Power Supply on the other
end. The electrode connected to the Positive {+) terminal of the 3-1 Electricity DC Power Supply is
known as 3-2 Anode, while the electrode connected to the Negative (-} terminal of the 3-1 Electricity DC
Power supply is known as 3-3 Cathode. The 1-7 Electrolyte is stirred and heated by usually by 68-5

Magnetic stir bar and 68-4 Hot plate with stirrer respectively.

The electrochemical reaction happens when the electrical current is passed through the 1-7 Electrolyte.
The 1-8 Polymer product P if itis solid, would deposit onto the electrode surface as 3-5 Solid Deposit, In
addition, a 1-15 By-product H is formed as liquid and diffuses into the 1-7 Electrolvte, Depending on the
1-7 Electrolyte used, 1-15 By-product H may be further broken down electrochemically into gases and
ended up evolved from the electrodes, such as splitting of water into hydrogen and oxygen. While the
gas evolution would be too minor for flammability and the gases are non-toxic, the apparatus would be

setup and ran in a fumehood as extra safety precaution.
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The 1-7 Electrolyte consists of at least 68-1 Material A as 1-6 Reactants and 68-3 Dissolved Saitto

provide electrical conductivity to facilitate electrochemical reaction. Depending on the specific case,

68-2 Material B may be needed as another 1-6 Reactants, or 32-1 Additives such as 31-1 Cosolvent may

be used. The specific 1-6 Reactants involved for each case is detailed in the following Table 24:

Table 24 Summary of Examples
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68-1 Material A | 68-2 Material B 1-8 Polymer P 1-15 By- 68-3 31-1
product H Dissolve | Cosolven
d Salt t
Ethene - Polyethylene Lithium | Acetone
CH Chloride 9 -
Ve :
HZC/ i J\ ’
n LiCl G H,
Ethylamine - Polyethylene 6-9 Lithium | Water
H,G NH. Ammonia Chloride H;0
n NH, LiCl
Glycolic Acid - Polyglycolic Acid Water Sodium | Water
ik o H,0 Chloride H,0
HE .
NaCl
O o
]

Ethylene glycol Succinic acid Polyethylene Water Sodium | Water

oM ¢ sticcinate H,0 Chloride H,0
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Terephthalic p-phenylene Polyaryl amide %Water Sodium | Water
Acid diamine ] H,0 Chloride H0
] o — ;
I
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) < > (<M Myd«@"%{ P qyé/.
- Hia
6-1 Urea 6-2 Bisphenol A 6-7Polycarbonates | 6-9 Sodium | Water
g " r Ammonia Chloride Hy0
Figh NH, T i 7 3
Ethylene - Polyethylene Lithium | Acetone
carbonate carbonate Chloride JL
i o, 0 LiCl B oM,
e & \f(
4 jj 4] N
Dimethylsilanedi | - Water Sodium | Water
ol Hy0 Chloride Hy0
CHy
&
o™ | o
CHy
a. Startup:

The startup of the 35-1 Electrochemical Reactor involved pouring prepared 1-7 Electrolyte into the

reaction 9-20 Vessel, gradually using filter funnel. The electrodes with 68-8 Stopper are then assembled

to the reaction 9-20 Vessel, with the otherend of electrode wire connected to 3-1 Electricity DC power

supply. 3-1 Electricity DC power supply plug is then turned on, with set point current {constant current

operation) and/or 6-5 Applied Voltage {constant 6-5 Applied Voltage operation) adjusted to desired

value. Another “on” button {usually-present for timing precision and 7-5 Process safety) on 3-1

Electricity DC power supplyis then turned on and timer {including a stopwatch or even a phone timer) s

started to record the time spent for reactor.
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b. Shutdown:

To shutdown the reactor after experiment, 3-1 Electricity DC power supply is first switched off and the
timer is stopped, in no particular order. The heating of 68-4 Hot plate with stirrer'is then turned off:
After which the stirrer of 68-4 Hot plate with stirrer is turned off. The:3-1 Electricity DC power supply
plug is then turned off, and the reactor is left to cool gradually to room temperature. When the reactor
cools to a safe temperature, the electrode with 68-8 Stopper is disassembled from the reactor. The 1-14
Spent electrolyte is then poured into a labelled closed container and stored. Finally, both the electrodes

with 68-8 Stopper and reaction 9-20 Vessel are washed, dried and stored.

i} Sampling and Measurement:

a. Sampling:

For sampling, 3-1 Electricity DC power supply operation is first paused by turning off the “on” button, at
the same time the timer is paused. The exact time reacted at which the timer is paused is retorded. The

68-8 Stopper is then lifted open from the 9-20 Vessel and placed on a clean container temporarily.

For sampling of liquid, a small amount of 1-14 Spent electrolyte is drawn from the 9-20 Vessel using
dropper. The dropper is then used to discharge the sampled 1-14 Spent electrolyte inte a sample vial.
The vial is sealed carefully and labelled accordingly. If necessary, the vial is refrigerated o preserve the

composition.

For sampling of 3-5 Solid Deposit especially 1-8 Polymer, the 3-5 Solid Deposit is scrapped off from the
electrode using a utility knife. The 3-5 Solid Deposit is then collected onto a filter paper placed on filter
funnel with-a.container at bottom (to collect filtrate) and rinsed carefully with distilled/deionized water.

The 3-5 Selid Deposit is left to dry, after which they are collected into sample vial.

After the said sampling, the 68-8 Stopper is retightened to the reaction 9-20 Vessel. The 3-1 Electricity

DC power supply button is turned on again, and timer is resumed at the same time.

b. Megsurement:

68-7 Bubble flowmeter Setup:
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Before gas flow rate can be measured, the 68-7 Bubble flownieter needs to be set up to be ready. First,

bubbling fluid {(can be soap or detergent diluted with water) is added into the bulb of 68-7 Bubble
flowmeter to the level that there is enough fluid in the bulb but not too much to flood the gas outlet

from reactor. The bulb is then squeezed to flood the reactor gas outlet temporarily and released to

original on-flooding level. The bubble layer is then observed to rise to 68-10 First mark {Oml), the 68-11
Subsequent mark (usually 5ml} and then another 68-11 Subsequent mark (usually 10ml). When the
bubble rises to the top for the first time and burst, the inner wall of 68-7 Bubble flowmeter would be

wet with the fluid {soap water) and be ready for gas flow rate measurement.

Gas Flow Rate Measurement:

To perform gas flow rate measurement, after the 68-7 Bubble flowmeter is prepared as described, the

bulb is squeezed to flood the reactor gas outlet temporarily, and then released to original non-flooding
position. The bubble layer would rise slowly, arid the timer is started once the bubble layer rises to the
68-10 First mark {Oml). The timer is stopped with time recorded with the bubble rises to either of second
(5mlYor third (10ml) 68-11 Subsequent mark. The gas flow rate can then be evaluated from the 68-7

Bubble flowmeter data following Equation 35:

noh
o
Equation 35

Where for this case V; = 5 mland V5 = 10ml.

Either 68-11 Subsequent mark works as long as the volume is-consistent, although the final 68-11
Subsequent mark would usually lead to more-accurate measurement for lower relative uncertainty

because human reacticon time error in timing and parallax error in reading the mark would both be

relatively lower over larger measurements.

Example 1: Ethylene

The first example is the simplest variant of 7-3 Addition Polymer illustrated by Equation 36, the

electrochemical polymerization of ethene to form polyethylene. For this.case, the 68-1 Material A is
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ethene and 68-2 Material B is not needed while the 1-8 Polymer P is polyethylene and there is no 1-15
By-product. Note, however, that thereis no 1-15 By-product from polymerization reaction route, but
not other side reactions. The conducting 68-3 Dissolved Salt is chosen as Lithium Chioride, LiCl, for its

solubility in organic phase. The 31-1 Cosolvent is chosen as Acetone for its miscibility with ethene:

=0y by

Applied Voltage

Lict o
Co-solvant: Acetone JL
HG CH,
Equation 36

Example 2: Ethylamine

The second-example is a more complex variant 7-3 Addition Polymer illustrated in Equation 37, involving s -

1-15 By-product, the electrochemical polymerization of ethylamine to form polyethylene. For this case,
the 68-1 Material A is ethylamine and 68-2 Material B is not needed while the 1-8 Polymer P is
polyethylene, but this time the 1-15 By-product is 6-9 Ammonia. The conducting 68-3 Dissolved Salt is
chosen as Lithium Chloride, LiCi, for its solubility in organic phase. The 31-1 Cosolvent is chosen as

Acetone for its miscibility with ethylamine and éthene:

lnsitu
Polymerization

Applied Voltage
LiCl b

Co-solvant: Acetone )L

ohy H,

Equation 37
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Example 3: Glycalic Acid

The third example is the simplest variant of 7-4 Condensation Polymer illustrated in Equation 38,
involving the same monomer species, the electrochemical polymerization of glycolic acid to form
polyglycolic acid. For this case, the 63-1 Material A is glycolic acid and 68-2 Material B is not needed
while the 1-8 Polymer P-is polyglycolic acid and the 1-15 By-product formed is water. The conducting
68-3.Dissolved Salt is chosen as Sodium Chloride, NaCl, for its solubility in polar phase from the
abundance of ‘hydrogen bonding from -OH groups of glycolic acid. The 31-1 Cosolvent is chosen as water

for-its miscibility with glycolic acid:

Applied Voltags
Hydroxy acid Nacl '

Co-solvent: H5 0

Equation 38
Example 4: Ethylene Glycol and Succinic Acid

The fourth example is a slightly more complex variant of 7-4 Condensation Polymer illustrated in
Equation 39, between 2 different monomer species, the electrochemical polymerization of ethylene

glycol and succinic acid to form-polyethylene succinate. For this case, the 68-1 Material A is ethylene

glycol and 68-2 Material B is succinic acid while the 1-8 Polymer P is polyethylene succinate and the 1-15 :

By-product formed is water. The conducting 68-3 Dissolved Salt is chosen as Sodium Chioride, NaCl, for
its-solubility-in polar phase from the abundance of hydrogen bonding from -OH groups of both ethylene
glycal and succinic acid. The 31-1 Cosclvent is chosen as water for its miscibility with the polar phase of

ethylene glycol and succinic acid:
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’ ~{n+ myH,0

K HQ/A\V/GH L mon
v Applied Voltage

Digl " Ciacid Nacl
Comsolvent: Hy O

Equation 39
Example 5. p-phenylene Diamine and Terephthalic Acid

The fifth example is a more complex variant of 7-4 Condensation Polymer illustrated by Equation 40,
between 2 different monomer species and involving functional groups other than -OH group, the
electrochemical polymerization of p-phenylene diamine and terephthalic acid to form polyaryl amide.
Forthis case; the 68-1 Material A is p-phenylene diamine and 68-2 Material B is terephthalic acid while
the 1-8 Polymer P is polyaryl amide and the 1-15 By-product formed is water. The conducting 68-3
Dissolved Salt is chosen as Sodium Chloride, NaCl, for its solubility in polar phase‘from the abundance of
hydrogen bonding from -OH groups of terephthatic acid and -NH groups of p-phenylene diamine. The
31-1 Cosolvent is chosen as water for its miscibility with the polar phase of p-phenylene diamine.and

terephthalic acid:

—(n + ) H, 0 R
Ow £ on P i
o Applied Voltags |
O
Diamine Dizcic "t

NaCl
Cosolvent: H,0

Equation 40
Example 6:6-2 Bisphenol A and 6-1 Urea

The sixth example is an even more complex variant of 7-4 Condensation Polymer described by Equation
41, between 2 different monomer species, functional groups other than -OH group and non-water 1-15

By-product, the electrochemical polymerization of 6-2 Bisphenol A and 6-1 Urea to form 6-7
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Polycarbonates. For this case, the 68-1 Material A is 6-2 Bisphenol A and 68-2 Material B is 6-1 Urea

while the 1-8 Polymer P is 6-7 Polycarbonates and the 1-15 By-product formed is 6-9 Ammonia. The
conducting 68-3 Dissolved Salt is chosen as Sodium Chloride, NaCl, for its solubility in polar phase from

the abundance of hydrogen bonding from -OH groups of 6-2 Bisphenol A and -NH groups of 6-1 Urea.

The 31-1 Cosolvent is chosen as.6-9 Ammonia for its miscibility with the polar phase of 6-2 Bispheno! A

and 6-1 Urea:

Applied Voitage
Nall
Co-solvent: NHy

Equation 41
Example 7: Ethylene carbonate

The seventh example is an exotic, though simple variant of 7-4 Condensation Polymer described by

Equation 42, involving ring-opening of the same monomer species, the electrochemical polymerization
of ethylene carbonate to form polyethylene carbonate. For this case, the 68-1 Material A is ethylene
there is no 1-15 By-product. Note, however, that there is no 1-15 By-product from polymerization
reaction route, but not ether side reactions. The conducting 68-3 Dissolved Salt is chosen as Lithium
Chloride, LiCl, for its solubility in the predominantly organic phase of ethylene carbonate. The 31-1

Cosolvent is chosen as Acetone for its miscibility with-ethylene carbonate:
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. i f’ .
B Applied Voltage
LiCl

S-membered-ring .
Carbonates Lo—soivent.&cetonj]\

F CH,

Equation 42

Example 8: Dimethylsilanediol

The eighth example is an exotic but in different way, though simple, variant of 7-4 Condensation
Polymer described by Equation 43; involving 33-14 Heteroatoms: Polysiloxanes Polysulfone,
Polyphosphate, polynitrate, 33-15 Polysiloxanes 7-4 Condensation Polymer where the adjacent atom of
the monomer backbone is not a carbon atom, the electrochemical polymerization of dimethylsilanediol
to form 33-15 Polysiloxanes. For this case, the 68-1 Material A is dimethylsilanediol and 68-2 Material B
is not needed while the 1-8 Polymer P is 33-15 Polysiloxanes and the 1-15 By-product is water. The
conducting 68-3 Dissolved Salt is chosen as Sedium Chloride, NaCl, for its solubility in polar phase from
the abundance of hydrogen bonding from -OH groups of dimethylsiloxanes. The 31-1 Cosolvent is

chosen as water for its miscibility with dimethylsiloxanes.

{:Ht}‘ _an 0
n l} ———
Ho | om
CH, Applied Voltage
' Nacl

Siloxanes  co-solvent: H, 0

Equation 43
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Summary of Observations

Figure 70 summarizes the observations of the reactions performed using the example reactions. During
the reaction, 1-8 Polymer is on the 70-1 Working Electrode usually as 3-5 Solid Deposit on the left that

can be removed. However, if the 1-8 Polymeris either in liguid form oris soluble-in 1-7 Electrolyte phase

as 70-2 Liquid polymer, the 70-2 Liquid polymer would simply diffuse into the 1-7 Electrolyte. Depending
on the type of 1-8 Pelymer, strength of adhesion onto the electrode surface differs. Forseme, the 3-5
Solid Deposit drops upon slight shaking, while for some, a hard material such as a forcep or a knife is

needed to scratch the 3-5 Solid Deposit off the surface.

Some 70-3 Gas bubbles also form on the surface of 3-2 Anode and 3-3 Cathode. For most cases, the 3-3

Cathode had smaller but more intense 70-3 Gas bubbles than the 3-2 Anode. This is because the 3-3

Cathode releases more mole of gas than 3-2 Anode, by the stoichiometric nature of the many gas
evolution reactions. For instance, the water splitting in Equation 44 often happens when there is water

present in 1-7 Electrolyte, either as 1-15 By-product H or as co-solvent:

2H,0 — 2H,(3-3 Cathode) + 0,(3-2 Anode)

Equation 44

1-15.By-product H are usually colorless and can only be seen as a stream of transparent liguid {visible
due to the different refractive index from 1-7 Electrolyte), that diffuses into the 1-7 Electrolyte. As can

be seen, under such reaction, the 3-3 Cathode would result in more gas evolution than the 3-2 Anode.

Results and analysis

The products can be identified by chemical analysis methods such as GC-MS.(Gas Chromatography-Mass

Spectrometry), FTIR (Fourier Transform Infrared Spectroscopy) and UV-Vis {Ultraviolet-visible light

Spectroscopy).

As shown in Figure 71, the identification works by comparing the spectrums, which isa signal against
scanning parameter, between 1-7 Electrolyte, 1-14 Spent electrolyte and Known Product. There is signal

arising from reactions that corresponds to known species. Such comparison can be further quantified

into concentration €, which can then be used to evaluate conversion can be evaluated by Equation 45:




Equation 45

Where V is the final volume of 1-7 Electrolyte, ¥, is the initial volume of the 1-7 Electrolyte and (g is the
concentration of Material A in the initially prepared 1-7 Electrolyte. In fact, due to the liquid phase
nature of the system, the final volume of the 1-7 Electrolyte did not change significantly from initial

volume.

The conversion X canthen be compared against as shown in Figure 72 against cumulative charge Q. The
cumulative charge is simply the total electric charges passed through the 35-1 Electrochemical Reactor.
Assuming a constant current operation of experimentation, the cumulative charge would simply be

current multiplies time as per Equation 46:
Q=1It
Equation 46

It can be noted that the conversion is linear at low cumulative charge but subsequently plateau at high
cumulative charge. This is because the conversion is also limited by the concentration of 1-6 Reactants
in the 9-20 Vessel. At low cumulative charge, such effect of concentration is not significant, so the line
appears to be linear. At high cumulative charge, significant 1-6 Reactants have beendepleted by
reaction such that the concentration decrease is significant enough to lower the reactivity of the 1-6

Reactants.
The mol reacted is simply be evaluated as per Equation 47:
N =CV - CoVp = VX
Equation 47

The number of electrons can be evaluated from cumulative charge as per Equation 48:
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Equation 48

Where F -~ 96485 (/mol is the Faraday’s-constant; representing number of charges per mol of

electrons. The number of electrons per reaction can be obtained from the gradient of Figure 73.

On the other hand, the graph of applied voltage follows a generally linear relation against
current in Figure 74.Below threshold voltage, no reaction would happen because the energy barrier to

reaction has not been overcome. Above thethreshold voltage, the 6-5 Applied Voltage against current

follows a linear relation under the operating range as shown in Figure 74, The gradient of the graph

represents the resistance of the 35-1 Electrochemical Reactor. The higher the gradient, the higher the
increase in 6-5 Applied Violtage for the required current, the higher the electrical energy dissipated to
resistive heating of the 35-1 Electrochemical Reactor {especially the 1-7 Electrolyte) by heating. Thus a
design consideration for this kind of 35-1 Electrochemical Reactors would involve loweting the electrical

resistance of the 1-7 Electrolyte to reduce energy dissipation-as heat,

Finally, the gas flow rate with respect to current follows a generally linear relationship as shown

in Figure 75. This is reasonahle considering the gas evolution rate, by stoichiometry, is directly

proportional to the current passing through the electrodes.
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Claims
1. A reactor for an electrochemical reaction, the reactor comprising:

a vessel for containing an electrolyte solution;
at least-one electrode and at least one counter electrode, wherein the electrodes are disposed in
the vessel such that

a first portion of the electrode and the counter electrode are immeérsed in the electrolyte
solution,

a second portion of the electrode is not immersed in the electrolyte solution, and

the electrode moves in suchamanner that its position remains, and the size of the surface

area of the first portion-that is immersed in the electrolyte solution and the second portion that -

is not immersed in the electrolyte solution remains while the surface area of the electrode is '

deposited with products formed from the electrochemicalreaction; and
a removal device disposed in contact with the electrode for removing the deposited

products from the electrode.

2, The reactor of claim 1, wherein the counter electrode further comprises a first portion thatis
immersed in the electrolyte solution, and a second portion that isnotimmersed in the electrolyte solution. -

3. The reactor of claim 1 or 2, wherein the movement of the electrode stirs the electrolyte solution ;’ o

for maintaining a substantially homogeneous concentration.
4. The reactor of claim 1, further comprised of a conducting brush in contact with the electrode to

supplement electrical contact during electrode movement.

5. The reactor of claim 1, further comprised of additional removal devices stacked in the same =

reactor to increase removal effectiveness.

6. The reactor of claim 1, wherein lubrication, including without limitation waxing, is applied to

increase removal effectiveness.

7. The reactor of claim 1, wherein the electrode comprises a cylinder in rotation.
8. The reactor of claim 1, wherein the electrode comprises a conveyor belt.
9. The reactor of claim 8, wherein the conveyor belt electrode further comprises pulleys, chain

drives, or a combination of two or more thereof.
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10. The reactor of claim 9, wherein parts.of the pulleys or chain drives immersed in the electrolyte
solution is not conductive.
1%L The reactor of claim 1, further comprises a primary transmission system to transfer the

mechanical motion from a motor, an engine, or any mechanical power system.

12. The reactor of claim 11, wherein the primary transmission system comprises of at least one gear . - "

fixated onto a shaft, at least one pulley fixated onto a shaft, at least one chain drive fixated onto a shaft, = "

ora combination of two or more-thereof.
13. The reactor of claim 1, further comprises a secondary transmission system to transfer the
mechanical motion onto-the electrode,

14. The reactor of claim 11, wherein the secondary transmission system comprises of at least one

gear fixated onto a shaft, at least one pulley fixated onto a shaft, at least one chain drive fixated onto a -

shaft, or a combination of two or more thereof.

15, The reactor-of claim 1, wherein the removal device is in contact with the second portion of the .= = :
electrode.
16. The reactor of claim 15, wherein the removal device comprises a rigid plate for scraping the .

deposited products off the second portion of the electrode.

17. The reactor of claim 16, wherein the degrees of tilt-of the rigid plate is adjustable.

18. The reactor of claim 17, further comprises a spring system to adjust the degrees of tilt of the rigid .

plate.

19. The reactor of claim 1, wherein the reactor further comprises a conveyor belt system. positioned
at the other end of the removal device that is not in contact with the electrode for removing the deposited
products off the electrode by friction.

20. The reactor of claim 19, wherein the conveyor belt system comprises an abrasive surface.

21. The reactor of claim19, wherein the conveyor belt system transports the removed deposited k

products away from the second portion of the electrode.

22. The reactor of claim 1, wherein the removal device is in contact with the first portion of the
electrode.
23. The reactor of claim 1, wherein the reactor further comprises a drainage system positioned atthe =~

other end of the removal device that is not in contact with the electrode for collecting, transporting and

washing the removed deposited products.
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24. The reactor of claim 23, wherein the drainage system comprises a flap for preventing spillingof ¢

the deposited products during collection from the removal device.

25. The reactor of claim 23, wherein the drainage system comprises flowing fluid in an open channel
of arbitrary shape, including without limitations arc; rectangular or triangular.

26. The reactor of claim 23, wherein the flap of the drainage system comprises is positioned inany of ' - .

acute, -perpendicular, or obtuse angles, to maximize spilling prevention of deposited products.

27. The reactor of claim 1, wherein the electrode comprises a disk in rotation.
28. The reactor of claim 1, wherein the electrode comprises a worm screw in rotation.
29, The reactor of claim 28, wherein the rotation of the spiral worm screw electrode moves the

electrolyte solution in a specific direction.

30. The reactor of claim 28, wherein the removal device comprises a second worm screw with relative -
surface motion against the electrode surface.

31. The reactor of claim 30, wherein the second worm screw. rotates either in the same direction as, o
of in the opposite direction against, the worm screw electrode.

32. The reactor of claim 30, wherein the second worm screw acts as either the electrode or the I
counter electrode.

33, The reactor of claim 1, wherein the counter electrode comprises conducting materials fixed onto i

the walls.of the vessel.

34. The reactor of claim 1 further comprises a gas removal system.

35. The reactor of claim 34, wherein the gas removal system comprises a closed piping outlet, a o
fumehood system, ora combination of two or more thereof.

36. The reactor of claim 35, wherein the fumehood cover is made of rigid materials.

37. The reactor of claim 35, wherein parts of the fumehood is made of deformahle materials ‘

straightened by gravity of a weight hung onto the deformable materials.

38. The reactor of claim 35, wherein the gas removal system further comprises sleeves.

39. The reactor of claim 35, wherein the walls of the gas removal system is transparent.

40, The reactor of claim 1, wherein the walls of the vesselis transparent.

41, The reactor of claim 1, wherein the electrode and the counter electrode -are separated by a S

separator, a diaphragm,-or a conducting membrane.




149

42, The reactor of claim 1, wherein the electrode and the counter electrode are arranged in an o

alternating order,

43, The reactor of claim 1, wherein the electrode and the counter electrode are arranged in a

corresponding cluster manner, segregated from each other.

44, The reactor of claim 1 further comprises a reference electrode for measuring standard electrode . - "
potential.
45, The reactor of claim ‘1 further comprises a mechanical support that holds and supports the

electrode and the counter electrode,
46. The reactor of claim 45, wherein the mechanical support comprises a retraction mean to retract

the electrode and the counter electrode from the vessel containing the electrolyte solution.

47. The reactor of claim 45, wherein the.mechanical support is independent of'and can be isolated -

from the vesselcontaining the electrolyte solution.

48. The reactor of claim 45, further comprises hydraulic system, motor/engine system, or any other . :
means to ease movement of components. ‘

49, The reactor of claim 45, further comprises wheels to ease movement of components.

50. A processfor an electrochemical reaction for producing polymers, the process comprises;

partially immersing a reaction electrode in an electrolyte solution;

immersing a counter electrode in the electrolyte solution;

establishing a voltage differential between the electrode and the counter electrode;
mixing at ieast one reactant in the electrolyte solution;

polymerizing the reactant, the resulting polymer depositing on the reaction electrode;
removing the deposited products from the reaction electrode;.and

separating impurities from the deposited products to obtain the polymers.

51. The process of claim 50,further comprises collecting spent electrolyte solution and recovering - k

electrolyte solution from the spent electrolyte solution.
52. The pracess of claim 51, wherein the recovered electrolyte solution is re-introduced and reused

in the process.

53. The process of claim 50, wherein the reactant comprises ethylene glycol, propylene glycol, .

halohydrin, urea, glycerol, ethanol, unsaturated compounds, or a mixture of two or more thereof.

54, The process of claim 53, wherein the unsaturated compounds are unsaturated hydrocarbons.
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55. The process of claim 50, wherein the reactant comprises alcohols.
56. The process of claim 50, wherein the reactant comprises amines.

57. The process of claim 50, wherein the reactant comprises sulfides.

58. The process of claim 50, wherein the polymer comprises polyethylene, polypropylene, poly-4-

methylpenten-1, poly-a-methylstyrene, polyisobutylene, polybutene,1,2-polybutadiene; polystyrene, or . - -

a mixture of two or more thereof.

59. The process of claim 50, wherein the polymer comprises poly(vinyl alcohol), poly{vinyl acetate),
poly-N-vinyicarbazole, poly-N-vinylpyrrolidine, or @ mixture of two or more thereof.

60. The process of claim 50, wherein the polymer comprises polyvinyl chioride, poly{vinylidene
chloride), poly(vinylidene fluoride), poly{vinyl fluoride), polytetrafluoroethylene,

polychlorotrifluoroethytene, or a mixture of two-or more thereof.

61. The process of claim 50, wherein the polymer comprises polyacrylonitrile, ‘polyacrylate, - '

polyacrylic acid, poly{butyl acrylate), poly(methyl methacrylate}, or a mixture of two or more thereof.

62. The process of claim 50, wherein the polymer comprises poly{vinyl butyral}, poly{vinyl formal),

poly{diallyl phthalate}, styrene-maleic anhydride plastic, polydicyclopentadiene, or a mixture of two or

more thereof.

63. The process of claim 55, wherein the alcohol contains 2 alcohol groups in the same reactant iy

molecie.

64. The process of claim 50, wherein the polymer comprises polyether.

65. The process of claim 50, wherein the polymer comprises polyacetal, poly(propylene oxide), =

poly{ethylene oxide), poly(phenylene ether), or a mixture of two or more thereof.

66. The process of claim 55, wherein the alcohol contains.a carbonyl {C=0) group.

67. The process of claim 50, wherein the polymer comprises polyketone.

68. The process of claim 55, wherein the adjacent carbon atom of the alcohol has no hydrogen atom. o
69. The process of claim 55, wherein the carbon backbone of the alcohol comprises cyclic aromatic kl‘y‘
compounds.

70. The process of claim 69, wherein the cyclic aromatic alcohol comprises furfuryl alcohol, furan, '

phenol, or a mixture of two or more thereof.

71. The process of claim 69, wherein the polymer comprises polyfurfuryl, furan-formaldehyde resin, - o

or a mixture of two or more thereof.
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72. The process of claim 50, wherein the reactant comprises sugar.
73. The process of claim50, wherein the reactant comprises derivative of sugar.
74. The process of claim 50, wherein the polymer comprises cellulose, or any derivative of cefiulose :
thereof.
75. The process-of claim 50, wherein the polymer comprises polysulfides, including without limitation ' - .
poly{phenylene sulphide).
76. The process of claim 50, wherein the reactant comprises carboxylic acid with an alcohol group.
77. The process of claim 50, wherein the polymer comprises polyester.
78. The process of claim 50, wherein the polymer comprises polyhydroxyalkanoates.

79. The process of claim 50, wherein the polymer comprises polyhydroxybutyrate, polylactic acid;

polyglycolic acid, polyhydroxyalanoic acid, polyarylate, poly-4-hydroxybenzoate, or a mixture of two or

more thereof.
80. The process of claim 50, wherein the reactant comprises carboxylic acid and alcohols.
81. The process of claim 50, wherein the polymer comprises polyethylene terephthalate,

polybutylene terephthalate, polybutylene naphthalate, polyethylene naphthalate, or a mixture of two or

more thereof.
82. The process of claim. 50, wherein the polymer comprises polycaprolactone.
83. The process of claim 50, wherein the polymer comprises poly{cyclohexylene dimethylene

terephthalate), poly(cyclohexylene dimethylene cyclohexane dicarboxylate), polybutylene succinate, .  : .

polyethylene succinate, poly{trimethylene terephthalate), liquid-crystal polymer, or a mixture of twoor =~

more thereof.

84. The process of claim 80, wherein the reactant comprises-4-hydroxybenzoic acid and 6-hydroxy-2- = -

naphthoic acid.

5. The process of claim 50, wherein the reactant comprises amino acid.
86. The process of claim 50, wherein the reactant comprises carboxylic acid and amines.
87. The process of claim 50; wherein the polymer comprises poly(aryl amide), Nylon, protein; or a

mixture of tweor more thereof.
88. The process of claim 50, wherein the reactant comprises carboxylic acid and carbonyl group.
89. The process of claim 88, wherein the carbonyl group comprises urea.

90. The process of claim 88, wherein the carbony! group comprises carbonic acid.
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91. The process of claim 88, wherein the carbonyl group comprises hydrogen carbonates salts.
92. The process of claim 88, wherein the carbonyl group comprises carbonyl halides.

93. The process of claim 50, wherein the polymer comprises polycarbonates

94. The process of claim 50, wherein the reactant comprises carboxylic acid and acid anhydride.

95. The process of claim 50, wherein the reactant comprises alcohols and isocyanates.

96. The process of claim: 50, wherein the polymer comprises polyurethane.

97. The process of claim 95, wherein the reactant comprises 4,4’-methylene diphenyl diisocyanate

and ethylene glycol.
98. The process of claim 50, wherein the reactant comprises acid anhydrides and amines.
99. The process of claim 50, wherein the reactant comprises acid anhydrides and isocyanates.

100.  The process of claim 50, wherein the polymer comprises polyimides.

101. The process of claim 50, wherein the polymer comprises polymethacrylimide, poly-N- '

meéthylmethacrylimide, or a mixture of two or more thereof.
102.  The process-of claim 50, wherein the'reactant comprises cyclic compounds.
103.  The process of claim 102, wherein the cyclic compound is cyclic ketone.

104.  The process of claim 102, wherein the cyclic compound is cyclic carbonates.

105.  The process of claim 50, wherein the polymer comprisés polypropylene 1,2 carbonate, iy

polypropylene 1,3 carbonate, pelyethylene carbonate, or a mixture of two.or more thereof.

PCT/MY2020/050012
IPEA/KR 09 Jun. 2021

106.  The process of claim 50, wherein the polymer comprises polyglycerol 1,2 carbonate, polyglycerol .  : . '?‘:k

1,3 carbonate, or 3 mixture of two or more thereof.

107.  The process of claim 50, wherein the reactant comprises heteroatomic compounds.

108. The process of claim 50, wherein the polymer comprises polysiloxanes, polysulfones, o

polyphosphonates, polynitrates, or a mixture of two or more thereof.

109. The process of claim 50, wherein the polymer comprises polyaryl sulfones, silicone plastic, o

polyaryl phosphonate, or a mixture of two or more thereof.

110.  The process of claim 50, wherein the reactant comprises alcohol, sulphide, amine; or a mixture of
two or more thereof.

111.  The process of claim 50, wherein.a membrane is disposed in the electrolyte solution.

112, The process of claim 50, wherein conducting ions is disposed in the electrolyte solution.
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113.  The process of claim 111, wherein the membrane disposed in the electrolyte solution comprises ©

ion exchange membrane, including without limitation Nafion membrane.

114.  The process of claim 112, wherein the conducting ions disposed in the electrolyte solution :

comprises metallic ions; non-metallic ions, or a mixture of two or more thereof.

115.  The process of claim 114, wherein the metal conducting ions disposed in the electrolyte solution
comprises saits, including without limitations sodium chioride.

116,  The process of claim 114, wherein the non-metallic conducting ions disposed in the electrolyte
solution-comprises organic ions, inorganicions, or a mixture of two.or more thereof.

117.  The process of claim 116, wherein the organicions disposed inthe electrolyte solution comprises

surfactants, including without limitations soaps or detergents such as sodium palmitate.

118.  The process of claim 116, wherein the inorganic ions disposed in the electrolyte solution

comprises ionic liguids, including without limitations 1-butyl-3-methylimidazotium hexafluorophosphate. '

119.  The process of claim 50, wherein cosolvent is disposed in the electrolyte solution.
120.  The process of claim 119, wherein the cosolvent disposed in the electrolyte solution comprises

organic.cosolvent, inorganic cosolvent, or a mixture of two or more thereof.

121.  The process of claim 120, wherein the organic cosolvent disposed in the electrolyte. solution

comprises designer molecule, including without limitations.crown ether such as 15-Crown-5.

122.  The process of claim 120, wherein the organic cosolvent disposed in the electrolyte solution - .

comprises non-polar solvents, including without imitations acetone.
123.  The process of claim 120, wherein the inorganic cosolvent disposed in the electrolyte solution
comprises polar solvents, including without limitations ammonia, water, or hydrohalic acids.

124.  The process of claim 50, wherein additives is disposed in the electrolyte solution.

125.  The process of claim 124, wherein the additives disposed in the electrolyte solution comprises =

redox additives, including without limitations electron shuttle such as pyridine.

126.  The process of claim 124, wherein the additives disposed in the electrolyte solution comprises "‘,”

non-redox additives, including without limitations coordination catalysts such as Ziegler-Natta catalyst.
127.  The process of claim 50, wherein the polymerization comprises condensation polymerization,
addition polymerization, or transesterification polymerization.

128.  The process of claim 50, wherein the polymerization comprises internal elimination followed by

addition polymerization.
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129. The process of claim 50, wherein different reactants species are mixed together to. result in ©

copolymerization.

130.  Asystem forconducting an electrochemical reaction to produce polymers, the system comprises:

at least one electrochemical reactor;

at least one reactant tank for storing reactant;

at least one mixing tank for receiving and mixing reactants with electrolyte solution; and

at least one solid separator for receiving the polymers that are to be further processed to remove
impurities from the polymers;

wherein the reactant is polymerized in the reactor; producing the polymers.

131, Asystemof claim 130, wherein at least one of the electrochemical reactor comprises the reactor -

of claim 1.
132. A system of claim 130, further comprises at least one electrolyte reservoir for storing and

supplying electrolyte solution to the reactor.

133. A system of claim 130, further comprises a second reactant tank for storing a second reactant,
third reactant tank for storing a third reactant, and so on, up to any number of reactant tank as applicable. iy

134. A system of claim 130 further comprises at least one extraction unit connected to any of the - :

reactanttank, for enriching or activating the active ingredients of the corresponding reactant.
135. A system of claim 130, further comprises at least one pump, at least one compressor, or a

combination of two or more thereof, to-control fluid pressure.

136.  Asystem of claim 130, further comprises at least one-heater, at least one cooler, at least one heat o

exchanger, or a combination of two or more therecf, to control temperature;

137. A system of claim 130, further comprises at least one cooling fluid container to store cooling fluid 7

as applicable;
138. A system of claim 130, further comprises at feast one control valve to control flow rate. of fluids.
139.  Asystemof claim 130, further comprises at least one switch valve; at least one three-way valve,

or-a combination of two or more thereof, to facilitate flexible interlock of piping.
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140.  Asystem of claim 130, further comprises at least one check valve to prevent backflow of fluids, at ©

least one pressure relief valve for process safety, at least one mechanical line to transport solid, or a
combination of two or more thereof.

141. A system of claim 130, wherein at least one piece of process equipment, at least one part of the

connections between any piece of equipment, or a combination of two or more thereof, is thermally . - "

insulated.

142, Asystem of claim 130, further comprises at least one bypass of conventional polymer production
system,

143. A system of ciaim 130 further comprises at least one recovery -unit for collecting by=products
produced during the polymerization in the reactor, or for recovering spent electrolyte solution from the

by-products.

144.  Asystem of-claim 143, wherein the recovered electrolyte solution is-directed back to the mixing '

tank, the electrolyte reservoir if any, or a combination 6r two or more thereof.
145, Asystem of claim 143, wherein the recovery unit comprises at least one distillation column, at

least one sorption unit, or a combination of two or more thereof.

146.  Asystem of claim 143, wherein the recovery unit further comprises at least one solvent extractor,

at least one sorbent regenerator, or a combination of two or more thereof.

147.  Asystem of claim 146, wherein the recovery unit further comprises at least one solvent container -

for storing solvent.

148. A system of claim 145, wherein the distillation ¢olumn further comprises at least one flexible =

interfock of piping for reverse reflux and reboiler piping.

149. A system of claim 130 further comprises at least one additive container for storing additives, at -

least one cosolvent container for storing cosolvent, or a combination of two or more thereof.

150. A system of claim 130, further comprises at least one filter to separate solid from electrolyte.

151. A system of claim 130, further comprises at least one washer to wash residual electrolyte away ,:’_

from polymer.

152.  Asystem of claim 130 further comprises at least one settler, at least one dryer, or a combination
of two or more thereof, to separate the washed polymer.

153, A system of claim 130 further comprises at least one washing fluid tank to recirculate washing

fluid.
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154, Asystem of claim 130 further comprises at least one molding machine to shape the polymersolid. @

155,  Asystem of claim 130 further comprises at least one polymer packing unit for packing polymer
product,
156. A system of claim 155, wherein the polymer packing unit stores polymer product.

157.  The system of claim 130, further comprises cascade controf.

158.  Thesystem of claim 157, wherein the cascade control is applied to coordinate between polymer -

separation block, by-product recovery block, synthesis block and at least one of the reactants.
159.  The system of claim 157, wherein the cascade control :comprises operation and communication
between the polymer dryer, distillation column, any one of electrochemical reactor or conventional

reactor, and at least one of the reactants, to coordinate production rate.

160.  The system of claim 157, wherein the cascade control comprises operation and communication

between any two of polymer dryer, molding' machine and polymer packing unit to coordinate production. - '

rate.

161.  The system of claim 157, wherein the cascade control comprises operationt and communication
between electrochemical reactor, any one:of sorption unit or solvent extractor, conventional reactor, and
washer, to coordinate production rate.

162, The system of claim 130, further comprises feedforward control.

163.  The system of claim 162, wherein the feedforward control comprises monitoring and measuring - .
the flow rates of the first réactant, the second reactant or any reactant as applicable, the electrolyte = . ;

solution, the additives, the cosolvent, the polymers or the by-products, or a combination of two or =~

more thereof.

164.  The system of claim 162, wherein the feedforward control is applied to control concentration of -

at least one of the reactants, salt, cosolvent, additive or by-product, by measuring recycle stream flow

rate and concentration of the at least one chemical component, then adjusting the feed flow rates.
165,  The system of claim 130, further comprises feedback control.
166.  The system of claim 165; wherein the feedback control is applied to control any piece of process

eqguipment upstream.

167.  The system of claim 165, wherein the feedback control is applied to control concentration of at = S

rate and concentration of at least-one chemical component, then adjust the upstream feed flow rates.
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168.  The system of claim 130, further comprises ratio control.

169.  The system of claim 168, wherein the ratio.control is applied to control concentration of at least
one of the reactants, salt, cosolvent, additive or by-product.

170.  The system of claim 169, wherein the ratio control is applied to control sorption unit, sorbent

regenerator, solvent extractor, distillation column;, or.a combination of two or more thereof.

171.  The system of claim 170, wherein the ratio control is applied to contro! reflux of distillation - -

column, bottom product of distillation column, or a combination of two or more thereof,

172.  The system of claim 130, further comprises split range control.

173.  The system of claim 172, wherein the split range control further comprises dead band range.
174.  The system of claim 172, wherein the split range control is applied to control level of
container coupled with-any one or more of the mixing tank, washing fluid tank, or solvent extractor.

175.  The system of claim 130, further comprises override select controt.

176.  The system of claim 175, wherein the override select control is applied to contro} levels ina = -

container.

177.  The system of claim 175, wherein the override select control of levels involve level

control overriding default flow level control when level is out of designated range.

178.  The system of claim 176, wherein the override select control is applied to control levél of any one iy

of conventional polymer production system, reactor,.or distillation column.

179.  The system of claim 130, further comprises indicator/alarm.

180. The system of claim 179, wherein the indicator/alarm is applied for solid holdups, & = =

including withaut limitation of polymer packing unit.

181.  The system of claim 179, wherein the indicator/alarm is applied for levels.

182.  The system of claim 181, wherein the indicator/alarm is applied for levels of Material ==
A Container, Material B Container, other applicable Material Container, Cosolvent Container, Additive o

Container, By-product Container, Electrolyte Reservoir, Solvent Container, Washing Fluid Container, "‘,”

Cooling Fluid Container, or a-combination of two or more thereof.

183. A process control method, comprises, Feedforward control, Feedback control, Cascade control,

ratio control, split range control, override select control, indicator/alarm control, or a combination =~

of two or more thereof.
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184.  Aprocess control method of claim 183, wherein the'cascade control comprises at feast one fayer ©

of communication between upstream and downstream equipment.

185. A process control method of claim 183, wherein the cascade control comprises at least one layer

of communication between parallel stream equipment.

186.  Aelectrochemical reaction system, comprising

a mixing unit for mixing reactants;
at least.one reactor of claim 1; and

a separating unit for further separating the solid deposit.

187.  The electrochemical reaction system of claim 186, further comprises an electrolyte recovery unit.

for controlling electrotyte composition.

188. The electrochemical reaction system of claim 186, wherein the reactor, if more than one, are
stacked in arrays.

189. The electrochemical reaction system of claim 188, wherein the arrays formation of reactors
comprises rectangular matrices with arbitrary dimensions of n rows x m calumns.

190.  The electrochemical reaction system of claim 189, wherein the rectangular matrices comprise ; o

clusters with dimensions of 2 x 1, 2 x 2, 2 x'n, nx n, or a combination of two.or more thereof.

191. A method to deploy electrochemical reactor, including without fimitations reactor of claim 1,

comprises in any sequence:

Deploying reactor vessel;

Deploying any electrode support;
Adjusting electrode position;

Deploying any solid transport system; and

Installing any gas removal device

192. A methodto retrofit the system of claim 130 o an existing polymer production system, comprises '

in any sequence:

Disconnecting the piping of existing polymer production system;
Instailing three-way valves-or switch valves at the disconnected piping; and

Connecting the three-way valves or switch valves to electrochemical reactor as a bypass
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159

A method to retrofit the system of claim 143 to an existing recovery unit, comprises in any

sequence:

194,

Disconnecting the piping of existing recovery unit;
Installing three-way valves or switch valves at the disconnected piping;

Connecting the three-way valves or switch valves to an alternative recovery unit

A method to retrofit the system of claim 145 to an existing distillation column, comprises.in any

segquence:

195.

Disconnecting the piping of both top and bottom of the distillation column;
Installing three-way valves or switch valves at the disconnected piping; and
Connecting the three-way valves or switch valves 1o reverse top and bottom output of the

distiflation column

A method of maintenance for electrochemical reactor, including without limitations reactor of i

claim 1, comiprises in any sequence:

196.

Removing any.gas removal device;

Removing any solid transport system;

Adjusting electrode position;

Retracting any electrode support;

Performing cleanup, repair or any maintenance as applicable;
Redeploying any electrode support:

Readjusting electrode position;

Redeploying any solid transport system,

Reinstalling any gas removal device

A method of waste management using system of claim 130, comprises in any sequence:
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Deploying waste container to store chemical waste;
Installing extraction unit to isolate active reactant from chemical'waste; and

Connecting the extraction unit to the corresponding reactant tank
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Abstract

A novel polymers production process, often with fuels/chemicals as by-products. The invention consists

of device, addition polymerization, condensation polymerization, process with piping, control and

procedure. The device is a mechanical design to continuously remove solid deposit, conductive or not,
on electrode surface. Besides overcoming the limitation of electrochemical polymer production where
the products blocks the electrode from further operation, the device provides cheaper operation for

electrometallurgy to harvest the valuable metals formed on electrode. The novel process allows

retrofitting conventional polymer production process by replacing conventional reactor with

electrochemical reactor, forlow-cost rapid implementation. The novel reactions consist of addition
reaction to produce addition polymers; and intermolecular reaction to produce classes of condensation
polymers. The clusters of invention enable valuable polymers and chemicals to be produced at low cost
for milder conditions and cheaper equipment, while allowing utilization of alternative feedstock

especially chemical wastes, for further environmental and econamic benefits,
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