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FIG. 1

(57) Abstract: A method of demulsifying crude oil, said method comprising the step of reacting an amount of crude oil with a polyester
demulsifier, therein the demulsifier is used in quantities from 0.0001% to 5% (1 - 50,000 ppm), preferably 0.0005% to 2% (5 - 20,000
ppm), more preferably 0.0008% to 1% (8 - 10,000 ppm) and most preferably 0.001 to 0.1 wt. % polymer (10 - 1,000 ppm) related to
the oil fraction of the utilized emulsion.
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METHOD OF USING HIGH MOLECULAR WEIGHT AROMATIC POLYOL
DIESTERS AS DEMULSIFIERS FOR CRUDE OIL TREATMENT

FIELD OF THE INVENTION
[0001] This invention relates generally to the use of denwlsifiers for crude oil treatment.
More specifically, this invention relates to 3 method of treatment for crude oil utilizing an
aromatic polyol polvester demudsifier, the aromatic polyol polvester being synthesized by
reacting high molecular weight, low hydroxyl number polyels with an acid source which is

solubilized into the polvol without sublimation or degradation during the reaction process.

BACKGROUND OF THE INVENTION
[0002] Demulsifiers, or emulsion breakers, are a class of chemicalsnsed o
separate cmulsions, such as water in ot Demulsifiers are commonly used in the processing
of crude oil, which 15 typically produced along with significant quantities of saline water. This
water {and salt) must be removed from the crude oil prior to refining. If the majority of the water

and salt are not removed, significant corrosion problems can occur in the refining process.

[0003] In crude oil applications, demulsifiers are added to the oil/water emulsion and
migrate to the oil/water nterface, where they rupture or weaken the ngid film, and enhance
water droplet coalescence. Optimum emulsion breaking with a demulsifier requires a properly
selected chemical for the given emulsion, an adequate quantity of that chemical, adequate mixing
of the chemical I the emulsion, and sufficient retention time in separators to settle water
droplets. Additional steps may include the addition of heat, electric grids, and/or coalescers to

facilitate or completely resolve the emulsion.

[0004] Methods of demulsification are known in the art. For example, WO 2006068702
AZ discloses a method of crude ol treatment uwiilizing demulsifiers synthesized by the
polycondensation of poly (tetrahvdrofiwan) and polvalquilene glycols using adipic acid and p-
toluene sulfomc as a catalyst.  The reaction was contimuously purged with mitrogen at a
temperature of around 170°C. Demulsification performance was evaluated through bottle tests
which showed superior performance when compared to existing commercial products.  In one

example, samples of the novel aromatic pelyel polvester demulsifier were found to have thief
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grindout residual emulsion values of between 1.9-4.0 and free water values of 5.0-36.0. The

samples wers also found o have a water drop value of 40 ml over a period of 60 minutes.

[0005] Separately, the synthesis of certain aromatic polyvol polyesters is known in the art.
U.S. Published Patent Application No. 2004/0059011A1 and U.S. Patent No. 3.360,900 disclose
a method of synthesizing an aromatic polyester polvol via a polvol precursor that 1s divided mito
2 steps. In the first step components are heated to a temperatore of around 190°C. Heating is
then ceased at which point a minimal amount of water purge is observed. In the second step, a
vacuum is applied for 2 to 5 hours to remove all the residual water from the system, which in
turn increases the conversion of the reaction. Finally a catalyst is added to the reaction to avoid
hvdrolysis.

[0006] US2013/0184366 Al discloses an alternate method of synthesizing aromatic
polvester polyols without the need for a vacuum by utilizing a contingous flow of nitrogen. The
nitragen bath removes distillable by-products from the mixture, however it can alse result in the
loss of low molecular weight diols such as MEG and DEG. The rate of conversion 1s monitored
during the reaction mainly by sampling the reaction products and measuring acid number.
Acidic groups are continuously consumed during the reaction generating ester groups, and low
acidity levels are sought in order to mmprove stability of the synthesized product for longer

periods.

{0007] While methods of wreating crude otl with demulsifiers are disclosed in the art,
there remains a need for a method of treating crude oil with demuolsifiers that s low-cost, offers
superior water drop performance, and numimizes residual {or unresolved) emulston, compared to

known denwmlsifiers.

SUMMARY OF THE INVENTION
{000%] The mstant invention discloses the novel treatment of crude oil with aromatic
polvol polyester demulsifiers.  Aromatic polyel polvester demulsifiers are low-cost, exhibu
superior water drop performance, and mimimize residual {or wwesolved) emulsions over

conventional demulsifiers.

[e™1



WO 2019/099400 PCT/US2018/060812

{00097 A key feature of the method of the invention is the discovery that the synthetized
aromatic polvol polyester demulsifiers display enhanced crude oil demulsification performance
when compared to the raw polyelycols from which they were synthesized. For example, it was
determined that 300 ppm and 400 ppm concentrations of the claimed demulsifier have thief
erindout residual emulsion values of approximately 0, and free water values of 6 and 4,
respectively, which are superior to methods known i the prior art. Moreover, the samples were
also found to have a water drop value of 50 ml over a pertod of 60 munutes, which 15 also

superior to methods known in the prior art.

[0010] Additionally, unlike methods known in the prior arf, it was discovered that an
aromatic polvel polyester demulsifier could be synthesized by reacting a low hydroxyl number,
high wolecular weight polyol {such as the DEMTROL™ family of demulsifiers) with a suitable
aromatic di-acid that can be solubilized into the peolyol, such that mmimal or no sublimation or
degradation occwrred during the reaction process. These results were observed even when the

reaction was conducted at igh temperatures.

[0611] One preferred method of synthesizing the demulsifier of the invention involves
reacting excess moles of polyglyeol in relation to aromatic di-acid, most preferably 5 moles of
polvglyeol to 1 mole of aromatic di-acid. Preferred acidic components are carboxylic acids and
carboxvlic anhvdrides, including phthalic anhvdnde, terephthalic acid and wsophthalic acid, the
maost preferred being isophthalic acid. Metallic based catalysts may also be ntilized, preferably
catalysts such as titamium acetylacetonates, commercial name Tyzor AA 103, and butylstannoic

acid, commercial name FASCAT 9100.

[0012] The kinetics of the disclosed reaction are evaluated by taking samples from the
reaction environment and measoring acidity by titration over time.  As the reaction progresses
the acid groups react with hvdroxyls and generate ester bonds. As the acid groups are consumed,

the reaction advances and acidity is decreased at an exponential rate.

[0013] The method of the nvention results in demulsification of crude oil via an
aromatic polyol polvester demulsifier that combines the characteristics of an atkoxylated

polyier with aromaticity, branching and high molecular weight distribution, which results in

Lad
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superior water drop performance and minimizes residual (or unresolved) emwulsion compared to

known demulsifiers,

BRIEF DESCRIPTION OF THE FIGURES

[0014] FIG. 1 depicts a synthesis reaction for a disclosed novel demulsifier.
[0015] FIG. 2 depicts an apparatus for production of a disclosed novel demulsifier.

[0016] FIG. 3 18 a chart depicting water drops over time of a disclosed novel demulsifier

compared to DEMTROL. 1040 demulsifier.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] The invention 1s a method for treatment of crude oil utilizing aromatic polyol
polyester demulsifiers which demonstrate superior water drop performance and minimize
residual {or unresolved) enmlsion compared to regular polyels. The aromatic polvel polyester
demulsifiers are synthesized by reacting a high molecudar weight, low hydroxy! number polyol
with an aromatic di-acid. The svathesis reaction may also incorporate a catalyst. Notably, the
arowmnatic di-acid can be sohubilized into the polyol without sablimation or degradation during the
reaction process, even when the reaction is conducted at high temperatures {e.g. between 200°C
to 270°Cy. As such, the vield of demulsifier from the reaction is preferably greater than 80%,

more preferably greater than 90%, and most preferably greater than 93%.
Polyols

[0018] The first coastituent of the reaction—polyols——are polymers  with
multiple hydroxyl functional groups available for organic reactions. Monomeric pelyels such
as glycerin, pentaerythritol, ethylene glveol and sucrose often serve as the starting point for

polymeric polyols. These materials are often reacted with propylene oxide or ethylene oxide to

produce polymeric polvols.

[0019] Polvmeric polyols are usually polvethers or polyesters. Polyether polyols are
made by reacting epoxides like ethylene oxide or propylene oxide with a multifunctional mitiator
i the presence of a catalyst, often a strong base such as potassium hydroxide, or a double metal

cvamde catalyst such as zinc hexacyanocobaltate-t-butanol complex. In contrast, polvesters are



WO 2019/099400 PCT/US2018/060812

formed by condensation or step-growth polymerization of diols and dicarboxylic acids {or their

derivatives), for exanmple dicthvlene glveol reacting with phthalic acid.

[0020] One subclass of polyethers are known gs polyglycols, Polyglyveols are polyether
diols and include polvethylene glyeol, polvpropylene glyveol, poly(tetramethylene ether) glveol,
and polvalkviene glyvcols. Of these, polvalkylene glycols {PAGs) are preferred polyols for the
claimed invention, as they are inexpensive and have multiple functional groups to promote cross-
linking. PAGs are typically synthesized by reacting an intiator such as glycerel, monopropylene
glyeol, and monoethylene glyeol, or other glveols having the generic formula R(OH):, with
ethylene oxide (EOj and/or propylene oxide {PO). Butylene oxide, as well as a catalyst, may also

be incorporated.
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[0021] An example chenical structure of a PAG is depicted below:

/

[ %

OH

wherein Ry is an ethylene oxide (EQ) group having the chemical formula:

Y

Rz 1s a propylene oxide (PO) group having the chemucal formulda:

A

m is the amount of EQ), and n 15 the amount of PO. As shown above, the example PAG has three

functional groups.

[0022] Since the amount of EO and PO in a PAG synthesis reaction can vary, the
structure of the synthesized PAG product varies as welll Common variants of PAGs include
homo-polymers of EOQ, homo-polymers of PO, block copolymers of EQO/PO, and reverse block
copolymers of EQ/PO. PAGSs can also be linear or branched. Branching may be generated by
using polvelyeols initiated by sorbitols, sucrose, and other initiators with high hydroxyl
functionality. Given these varving stroctures, PAGs may be designed for a wide range of

molecular weights, viscosities and functional performances.

[0023] For the disclosed invention, the preferred wt. %6 of EQ is between 5§ wi. % to 100
wt. % of the functional groups, with the corresponding wt. % of PO being between 95 wt. % to 0

wi. % of the functional groups. More preferably, the wt. % of EQ 15 between 10 wi. % to 90 wt.
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% of the functional groups, with the corresponding wi. % of PO being between 90 wt. % to 10
wt. % of the functional groups. Finally, the wt. % of EO is most preferably between 20 wi. % to
80 wt. %o of the functional groups, with a correspending wi. % of PO being between 80 wt. % to
20 wit. %o of the functional groups. The molecular weight of PAG should range from 200 g/mol
to 10,000 gfmol, preferably around 1,000 g/mol to 5,000 g/mol, and most preferably 1,500 g/mol

to 2,500 g'mol.

{0024} Besides PAG, other polymeric polvols that result in a polyether having 2, 3, or

more functional groups may also be utihized to synthesize the disclosed novel demulsifier,

Aromatic Di~Acid

[0025] Aromatic di-acids comprise two acidic functional groups as well as at least one
aromatic hvdrocarbon. It was determined that aromatic di-acids suitable for the claimed
mvention should contam at least 2 carboxylic acid or orpanic acid anhydride groups attached to
at least one benzene ring. Moreover, aromatic carboxylic acids with functionality superior or

equal 1o 3 functional proups are preferred.

[0026] One class of di-acids that meets these requirements is known as aromatic
dicarboxylic acids. Members of this class include phthalic acid, isophthalic acid, terephthalic
acid, diphenic acid and 2.6-naphthalenedicarboxvlic acid.  Of these, isophthalic acid is the
preferred aromatic di-acid for the disclosed invention, as it displaved superior solubility with
polyvalkylene glycol and faster kinetics for esterification. The chemical structure of isophthalic

acid i3 as follows:

Q Q)

HO O

~J
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(00271 As discussed above, the disclosed mvention may also tnclade a catalyst. Catalysis
accelerate the reaction rate of the chemical reaction by altermg the reaction mechanism.
Typically the catalyst 15 regenerable and/or is not tself affected by the reaction. Metallic based
catalysts were determined to be most effective in the disclosed invention, preferably titanium
acetylacetonates, commercial name Tyzor® AA 105, and butylstanneic acid, commercial name

FASCAT® 9100, and most preferably FASCAT®R 9100, Tyzor® AA 103 has the following

YYve

Whereas the chemical structure of FASCAT®E 100 15 as follows:

chemical structure:

N
/\

»

Demulsifier Synthesis

[0028] Demnlsifiers are typically synthesized from the reaction of acid catalyzed phenol-
formaldehyde resins, base catalvzed phenol-formaldehyde  resins,  epoxy  resing,
polvethyleneimines, polyvamines, di-epoxides, polyols, and/or dendrimers. Demulsifiers are
tvpically formulated with pelymeric chains of sthylene oxides and polypropviene oxides of

alcohol, ethoxylated phenols, ethoxylated alcohols and amines, ethoxylated resins, ethoxvlated
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nonylphenols, polvhydric alcohols, and sulphonic acid salts.  In particular, the addition
of ethylene oxide mereases water solubility, whereas the addition of propylene oxide decreases

water solubility.

[0029] Factors affecting demulsifier performance in crude ol include temperature,
pH/acidity, the type of crude o1l being demulsified, the composition of the brine/salt water, and
droplet size and distribution. An increase in temperature results in a decrease in emulsion
stability, and, hence, a lower dosage of demulsifier 1s required. pH also affects denmlsifier
performance. Generally, basic pH promotes otlin-water emulsions and acidic pH produces

water-in~-01l emulsions. High pH, therefore, helps in destabilizing water-in-oil emulsions.

[0630] An example of the claimed reaction scheme between a PAG and isophthalic acid
is depicted in FIG. 1, wherem Ry is EQ, Ry is PO, m 18 the amount of EQ, and a is the amount of
PO. A preferred storchiometric ratio of this reaction 1s 2 moles of polyalkylene glycol to 1 mole
of isophthalic acid. However the most preferred ratio found to optimize the solubilization of
isophthalic acid with polvalkyvlene glycol 18 § moles of polvalkvlene glycol to | mole of
isophthalic acid. Depending on the makeup of the PAG precursor, the resulting demulsifier may
have EQ/PO blocks comprising homo-peolymers of EQ, homo-polymers of PO, block copolymers
of EQ/PQ, reverse block copolymers of EQ/PO, or a mixture of block types. The EQ/PO blocks
of the demulsifier may also be linear or branched, and are preferably branched. The molecular

weight of the synthesized demulsifier ranges between about 200 g/mol to about 100,000 g/mol.

[0031] Additionally, and as discussed above, the reagents for the aromatic polyol
polyester reaction can be polvmeric polvols other than PAG and aromatic di-acids other than
isophthalic acid. The generic chemucal formula for an aromatic polyol polyester demulsifier

synthesized from this reaction is as follows:

;14\

BUOH

9
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wherein R, is EQ, PO or mixtures thereof, Ry is PO, EQ, or mixtures thereof, Rz is a polyol with

{x+1} functional groups, Rq 13 an aromatic hydrocatbonym> Ln> 0 x>0 and vy > 1.

[0032] The reaction system to generate the example aromatic polyol polyester
demulsifiers 1s depicted in FIG. 2. In the first step, isophthalic acid and PAG are loaded together
i reactor 3 and heated 1o between approximately 100°C~150°C, preferably approximarely 120°C.
The temperature in reactor 3 13 controlled by temperature controller 11, Addittonally an over
temperature controller 16 may be used to provide redundancy in the event temperature controller
11 fails. While being heated isophthalic acid and PAG are agitated in reactor § by mixer 4.
Once the desired temperatore in reactor 5 is reached the catalyst (preferably Tyzor® AALOS or
FASCATR 9100) is added to reactor 5 and agitation by mixer 4 continnes. The concentration of
the catalyst is preferably about 0.61 wt. % to 0.1 wt. % of the initial mixture of isophthalic acid

ard PAG, and more preferably 0.03 wt. %,

[0033] Afier addition of the catalyst s complete, the mixture i3 maintained at
approximately 100°C-150°C, preferably approximately 120°C, and agiated for approximately
45-75 minutes, preferably approxumately 60 minutes, to allow adequate nuscibility of the
components. Once complete, the temperature in reactor 5 is raised to approximately 200°C-
235°C, preferably approximately 235°C.  The reaction progress i1s monitored through the
measurement of the acid number via an autotitrator. The reaction 18 considered complete when
conversion of the hmiting reactant, re. the aromatic di-acid, is above approximately 90%,
preferably above approximately 95%, resulting w a reduction of acid number {mg KOH/g} by

greater than approximately 89%, preferablv greater than approximately 94%.

[0034] During the reaction process expelled water s pwrged from the system via
nifrogen gas supplied from mitrogen source 17, which s Howed above reactor 5 and nitrogen
source 18 which is bubbled into reactor 5, the flow of nitrogen being controlled by pressure
regulator 1. The spent nitrogen is then transferred to condenser 13, which is chilled via chiller
12, and the expelled water and/or contanunants are collected in purge collector vessel 14, The

contining flow of nitrogen is confirmed via monttoring Nz bubbler 15,

10
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Method of Use

{00351 After the reaction is completed, the demulsifier may be otilized as a crude oil
emuision breaker. In one embodiment of the claimed method, crude oil is extracied from a well
and is transported to a dehydration plant. Depending on the method of extraction (for example
water injection), the crude oil may be mixed with saline water. Abernatively the crude oil may
naturally contaim water. In either instance it is necessary for the crude oil fo have the water

removed before further processing can occur,

{00361 As the crude oif progresses through the dehydration plant i is exposed to an
aromatic polyol polvester demulsifier, preferably in solution and preferably at an elevated
temperature. The demulsifier is used in quantities from 0.0001% to 5% (1 — 50,000 ppm),
preferably 0.0005% to 2% (5 ~ 20,000 ppm), more preferably 0.0008% to 1% (8 ~ 10,000 ppm)
and most preferably 0.001 to 0.1 wt. % polymer (10 ~ 1000 ppm) related to the oil fraction of the
utilized emulsion. Once demulsification is complete the separated dry oil 15 removed from the

dehydration plant and may be transported for further refining.

[0037] Efficacy of the demulsifier may be determined by exposing samples of crude oil
to demulsifiers 1 reaction chambers such as demulstfication glasses. Afler approxumately 60
mimtes, the treated crude o1l will have separated into a bottom water laver, a nuddle emulsion
laver (i.e. the oil/water interface) and a top oil laver. A sample of the emulsion {ayer 1s removed
{known as the “thief cut™), placed in a centrifuge tube (preferably an ASTM-approved conical
centrifuge tube) and treated with a starter solvent such as kerosene. After shaking the tube to
evenly distribute the starter solvent, the tube is centrifuged for approximately 10 minutes. Once
centrifngation is finished, the separated water 13 removed and measwred (hereinafter referred to
as "free water,” "W.," or "Water 1"}, Once this is complete, knock out drops (Tetrolite F46) are
added to the remaming emulsion and the emulsion 15 centrifuged a second time.  After the
second centrifugation is complete, a second separated water volume s removed (hersinafter

"Water 27}

[0038] Using the "Water 1" and "Water 2" measurements, the base sediment (B.S.)y—.e.

the unresolved emulsion—is calculated according to the following equation:

i1
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B.S ={Water 2 - Water 1)x 2

{00397 In addition to the "thief cut,” the efficacy of the demulsifier mav also be measured
by obtaining a "composite cut” which can be obtained by again treating crude o1l with
demulsifier for 60 minutes, and then mamually removing all separated water from the
demulsification glass. A sample of the crude oil 1s then removed and centrifuged according to

the same procedure as the thief cut, and B.S. and W measurements are obtained.

[0040] It was determuned from measwrmg crude ol treated by the claimed demulsifier
that the claimed demulsifier offers superior water drop performance and minimizes residual {or

unresolved) emulsion,

Working Examples

[0041] The following examples illustrate various represemtative attributes of the
mvention bt should in no way be construed as limiting.

[0042] An aromatic polyol polvester of high melecular weight was prepared using 875,12
grams of a polyalkylene glveol EQ/PO copolymer, with 40% EO by weight i composttion
{commercial name DEMTROL™ 1040), 11.64 grams of isophthalic acid and 0.27 grams of
Tyzor® AA 105, The acid and the polvalkylene glycol were mixed together at room temperature
and Nz bubbling was conducted i order to remove all air from the reaction flask. Temperature
was increased to 120°C and the catalyst was added using a funnel to the reactor. Nz flow was
mcreased after the addition of catalyst to avoid further oxidation. After 30 minutes of
homogenization, the temperature was set to 235°C. Some water could be observed at the
condenser when temperature reached the destred level. Samples of 5 mi were collected at each
houwr when temperature stabihized at 235°C.  Afler cooling the samples. acid number
measurement was condocted according to DOWM 100387-TE9SA. It was destred to get a

reduction of mitial acidity around 93% to achieve the desired conversion.

[0043] The reaction was monitored by the acid number titration.  The results observed

are detatled in Table I below.



WO 2019/099400 PCT/US2018/060812

TABLE I
Reactor

Reaction time  Temperature  Acid Number (KOH

Sample {minutes) (°C) my/e)
i 60 197 7.58
2 120 231 6.57
3 980 231 0.66
4 1055 231 0.52
] 1130 231 (.44
6 1205 231 (.39
7 1300 231 0.28

[0044] Acidity was reduced by 96.3%, indicating an optimal conversion of isophthalic

acid, the limiting reagent.

[0045] A final characterization of the material produced was accomplished utilizing Gel
Permeation Chromatography (GPC) with ultraviolet (UV), refractive index (RI) detector and
Fourier-transform infrared spectroscopy (FTIR). The molecular weight distribution showed 3
peaks formed. The first and highest molecular weight peak showed a composition of 5.3% of the
final product with Mn equal to 15334 Da and Mw equal to 15830 Da. The second peak was
determined to be 23.6% of final composition with Ma equal to 9092 Da and Mw 9284 Da. The
last peak of low molecular weight was uareacted polyglyeel, with 71.1% of the final composition
with Mn equal to 3767 Da and Mw equal to 4314 Da. As the polyglycol was in excess i this
system, it resulted in a system with 30% of polyel polyester and 70% of non-reacted peolyglycol
i the final mixture. Inclusion of isophthalic acid in polymeric backbone was wlentifiable using

UV absorption at 240 nm.

[
Lk
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[0046] The efficacy of the aromatic polvol polvester was determined by measuring the
water separation of the crude oil emulsion as 8 function of time, as well as the drainage of the oil.
For that, 100 mL of the crude oil emulsion was filled in demulsification glasses {conical,
graduated plass bottles). The water comtent of the emulsion was 30%. In each glass a defined
quantity of demulsifier was added with a micro pipette shightly under the surface of the oil
emudsion. The demulsifier was mixed i by mtensive shaking mto the emulsion. Afterwards the

demulsification glasses were placed mto a bath at moderate temperature 80°C and the water

separation was observed.

[0047] After 60 minutes of emuolsion breaking, samples of the oil were taken from the
oil/'water interface of the demulsification glassy (the thief cut} and the water content was
determined accordmg to ASTM D 96, First, the samples were diluted w kerosene and
centrifuged for 10 minutes using approved ASTM conical centrifuge tubes. After centrifugation
was complete the volume of water separated was removed and the {ree water or "Water 1" was
measured. Nexi, knock owt drops {Tetrolite F46} were added and the samples were cenirifuged
for 10 more minutes, after which the separated water volume was removed and the "Water 2

was measured.
Base sediment (B.S .}, was calculated according to the equation:
B.S =(Water2 - Water 1} x2

[0048] Separately, samples of demwlsified oil in which the water was first manuvally
drained {the composite cut) were also obtained and centrifuged. From these samples B.S, and W

values were also obtained.

[0049] Dosages of 100 ppm o 400 ppm of the novel aromatic polyol polyester
demulsifier {hereinafter referred to as "DEMTROL 1040 Polyester™) were compared to equal
dosages of standard demulsifiers {in this instance, DEMTROL 1040). The water drops over time

of the various demulsifiers were measured and are depicted in Table H and FIG. 3,

i4
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TABLE 1l

Water Water Water Water Water Water
Drop Drop Drop Drop Drop Drop
Sample @3 Min | @10 Min, | @15 Min. | @30 Min, | @45 Min, | @60 Min.
Blank 0 Y 0 { 0 0
1040 - 100 ppm 0 g 0 0 0 1
1040 - 200 ppm 0 { 0 Y i 3
1040 - 300 ppm 0 Y 0 3 i1 i5
1040 - 400 ppm 0 0 0 10 17 21
1040 polyester - 100
ppn 0 0 0 0 0 0
1040 polyester - 200
PRI 0 0 10 20 22 30
1040 polyester - 300
ppm g 10 30 46 48 S0
1040 polyester - 400
ppm 0 S0 S0 30 50 51

[0050] Further, the residual emulsion (BS) and free water (W) values for the thief and

composite grindouts for the various demulsifiers were measured and are depicted in Table HIL

TABLE I

Thief Grindout | Composite Grindout
B.S. W B.S, W
Blank 70 0 70 0
1040 - 100 ppm 60 0.6 62 2.5
1040 - 200 ppm 54 0.4 62 4
1040 - 300 ppm 48 0.4 58 8
1040 - 400 ppm 42 0.4 38 i2
1040 polvester - 100 ppm 50.4 28 56 14
1040 polvester ~ 200 ppm 28 1.6 18 20
1040 polyester ~ 300 ppm 0 6 i 6
1040 polyester - 400 ppm 0 4 i 4

[0051] As the above tables and figures show, the novel demulsifier (ie. the aromatic
polyester of DEMTROL™ 1040) showed faster water drop in all dosages evaluated compared to
conventional DEMTROL™ [040. The 300 ppm and 400 ppm concentrations of the novel

demnlsifiers had B.S. values of approximately zero, as well as free water values of 6 and 4,

[
LAY
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respectively, both of which are supertor to demulsifiers known in the art. Moreover, the samples
were also found to have a water drop value of at least 530 over a pertod of 60 minutes, which is

also superior 1o methods known in the arf.

[0652] Although the invention has been described by reference to its preferred
embodiments as is disclosed in the specification and drawings above, many more embodiments
of the invention are possible without departing from the invention. Thus, the scope of the

nvention should be lunited only by the appended claims.

16
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CLAIMS

What is clatmed ix;

i A method of denwulsifying crude oil, said method comprising the step of:
reacting an amount of crude o1l with a demulsifier, said demulsifier having the chemical

formula:

n

BEOH

Wherein Ry is EQ, PO or mixtures thereof, R; is PO, EO, or mixtures thereof; R is a polyol with

{x+1) functional groups; Ry 1s an aromatic hydrocarbon, m> Ln 20, x>0, and vy > 1.

2. The method of claim 1, wherein said demulsifier has the chemical formula:

Wherein Ry 15 EQ, PO or mixtures thereof; Ry is PO, EQ, or mixtures thereof, m> 1 andn > 0,

3 The method of clamm 1, wherein sad demulsifier 13 added to the crude oil at a

concentration of about 1 ~ 50,000 ppm.

4. The method of clamm 2, wherein sawd demulsifier is added o the crude oil at a

concentration of about 5 ~ 20,000 ppm.

3. The methed of claim 3, wherein said demulsifier 15 added to the crude ol at a

concentration of about § — 10,000 ppm.

17



WO 2019/099400 PCT/US2018/060812

6. The method of clamm 4, wherein said demulsifier is added to the crude oil at a

concentration of about 10~ 1,000 ppm.

7. The method of claim 1, wherein the molecular weight of the demulsifier is

between aboat 200 ginol to about 100,000 g/mol.

18
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