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An improved method of conducting the pre-soaking step involving pre-soaking the lignacellulosic biomass in a liquid (water) at a
temperature in the range ofbetween 100 DEG G to 150 DEG C priof to soaking at higher temperatures. This material can then be soaked
and soaked liquid fltered by nano-fitration. When nano-fitration is used, the pre-soak temperature can be in the range of 10 DEG C to 150
DEGC.

onthe red

&FT=D&ND...




[ G presondevacoen opes X VG Patent WOROMOISIIAT XY G Patent WO200603459041

= = € [ www.google.com/patents/W02006034590A12

n

Google
Patents | Engish | French

Continuous flowing pre-treatment system with
steam recovery
‘WO 2006034590 A1

ABSTRACT

The present invention is directed to a continuous process for pretreating a

lignoc ellulosic feedstock. A feedstock slumy is provided, which has a solids
concentration of 10% to 30% by weight. The feedstock slurry is pumped through
a heating train of at least two stages. each stage including a pump to increase
stage pressure and a direct steam injection to heat the feedstock slury. Acid is
also added 1o the feedstock slumy prior to the heating train, during a heating
stage, or after leaving the heating train; the acid is added at a conc entration of
0.2% to 12% wight of acid on weight of initial feedstock. A heated, acidified
fedstock slury is thus produced. The heated, acidified feedstock slurry is
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flowed through a pre-ireatment reactor at a temperature of 160°C to 280°C for a time sufficient to increase efficiency of conversion of cellulose in the feedstock to
glucose using cellulase enzymes. After the slurry exits the pretreatment reactor, it is cooled using two, or more than two flashing stages at successively lower
pressures, without increasing the steam pressure after flashing. The steam energy, at or nearits flash pressure, from two or more than two of the flashing stages is

used to heat the feedstock slurry in the heating train.

DESCRIPTION

CONTINUOUS FLOWING PRE-TREATMENT SYSTEM WITH STEAM
RECOVERY

[0001] The present invention relates to a pre-treatment process in the conversion
of lignocellulosic feedstocks into sugars. More specifically, the present invention
relates toa flowing pr process with steam

recovery, for the conversion of lignocelulosic feedstocks into sugars.

CLAIMS (1)

1. THE EMBODIMENTS OF THE INVENTION IN WHICH
AN EXCLUSIVE PROPERTY OR PRIVILEGE IS
CLAIMED ARE DEFINED AS FOLLOWS:

1. A continuous process for pre-treating a lignocellulosic

feedstock, comprising: '

(a) providing 2 pumpable feedstock slury having a solids
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Method and devices for the continuous

processing of renewable raw materials
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ABSTRACT

By means of the continuous pressure hydrolysis of lignocellulose material and
subsequent enzymatic hydrolysis of solid unhydrolysed residues is obtained
glucose, to which starch raw materials are added and al of which undergoes
amylolytic cleavage and spirituous fermentation. Ethanol, furfural, acetic and ligin
are obtained. The device, which comprises the fillng unit, hydrolysers.

expanders, distilling and rectifying columns is represented in that the continuous
worm pressure filling unit (13) consists of segments formed by the body (34) with
single-threated conveyer worms (86) place on the shaft (85). Between the worms:
there s at least one steam fing (88), which conically widens on the input side of
the raw material. In the outlet filler (93) with the reducing part leading into the first
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hydrolyser (22) a pressure identical to that of the first hydrolyser (22) is achieved. The last hydrolyser (24) is connected to the first rectifying column (43) for furfural
and to the section of the cellulolytic enzyme hydrolysis. amylolytic cleavage, and ethanol fermentation

DESCRIPTION

METHOD AND DEVICE FOR THE CONTINUOUS PROCESSING OF
RENEWABLE RAW MATERIALS

Field of the invention

The invention relates the method of processing lignocellulosic materials using
continuous pressure hydrolysis resulting to the production of furfural and furane.
acetic acid, lignin, hydrolytic sugars - glucose. The methed also includes
processing the residues after hydrolysis using methods of enzymatic hydrolysis.

CLAIMS (1)

1. Patent claims

1. The method for complex processing of lignocellulosic and
starch materials where furfural, acidic acid and lignin are
produced by continuous pressure hydrolysis, followed by
two stages expansion, separation of the hydrolysate into the
gaseous phase and solution of sugars, characterized by the
fact that the disintegrated lignocellulosic raw material is

continuously hydrolysed, the hydrolysed material is
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Method and apparatus for conversion of
cellulosic material to ethanol
‘WO 2007009463 A2

ABSTRACT

The present invention provides an apparatus and a method for conversion of
cellulosic material, such as chopped straw and com stover, and household
waste, to ethanol and other products. The cellulosic material is subjected to
continuous hydrothermal pre-treatment without addition of chemicals, and a liquid
and a fibre fraction are produced. The fibre fraction is subjected to enzymatic
liquefaction and saccharification. The method of the present invention comprises
- performing the hydrothermal pre-treatment by subjecting the cellulosic material
10 at least one soaking operation, and conveying the cellulosic material through
at least one pressurised reactor, and subjecting the cellulosic material to at least
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one pressing operation. creating a fibre fraction and a liquid fraction; - selecting the temperature and residence time for the hydrothermal pretreatment, so that the
fibrous structure of the feedstock is maintained and at least 80% of the lignin is maintained in the fibre fraction.

DESCRIPTION

METHOD AND APPARATUS FOR CONVERSION OF CELLULOSIC
MATERIAL TO ETHANOL

Technical field

The present invention relates to sustainable methods for cost and energy
effective conversion of lignocellulosic biomass to ethanol and other products
based on continuous hydrothermal pre-treatment followed by enzymatic
hydrolysis, ethanel fermentation and recovery.
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CLAIMS (1)

1. 1. Amethod for conversion of cellulosic material to ethanoi
and other products, the cellulosic material comprising at
least cellulose, lignin, hemicellulose and ash, in which
method the cellulosic material is cleaned and subjected to
continuous hydrothermal pre-treatment without addtion of
acids or bases or other chemicals, which must be

recovered, and in which method a liquid and a fibre fraction
are produced, the fibre fraction being subjected to enzymatic
liquefaction and saccharification, the method including
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Integrated process for separation of
lignocellulosic components to fermentable
sugars for production of ethanol and
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RESUMEN

The invented process separates main components in lignocellulosic biomass,
spesifically hardwoods, softwoods into lignin and fractions of high purity sugars
which are used for ethanol production. The invented process comprises of
treatment stages at high temperature and high pressure with hydrochloric acid or
sulfuric acid. Residual lignin and extractives in the cellulosic solid fraction are
selectively removed by chemical treatments of sodium chiorite, anhydrous acetic
acid, chlorine and ehlorine dioxide o enhance the purity and biological conversion
of cellulose to ethanol. The pre-hydrolysate generated from the acid treatment
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stage, containing xylose, arabinose, galactose, glucose and the purfied cellulosic fraction are enzymatically hydrolyzed and fermented to produce ethanol. Significant

amount of lignin from the process is recovered as a by-product
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-+ Why are the claims somelimesin ;) charging into @ pre-soak tank:
French or German or another (@) the wood chips obtained from step (b), wherein said wood chips have their natural moisture content; and
lanquage aliogether? (b’) saw dust fines, and over-size chips resulting from the chipping of step (b); and
- How can [ search in the text of (ii) acid pre-soaking by contacting said charged wood chips of step (a') and said over-sized wood chips, saw dust, and fines of step (b) with
the claims? an acid selected from the group consisting of sulfuric acid, nitric acid, and hydrochlofic acid; wherein said acid is present in an amount of up
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(e) preheating the centrifuged-and-drained material obtained from step (d) in a series of steam mixers;
(7) screw-feeding the preheated material into a pressurized reactor, wherein the reactor is pressurized to a reactor pressure of 150 psi to
1000 psi and heated to a reactor temperature of 150 C. to 300° C. by injecting into the reactor direct live steam and a gas selected from the
group consisting of nitrogen, carbon dioxide, oxygen, and air; and then maintaining the screw-fed material in the pressurized reactor at said
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ARTICLE INFO ABSTRACT

Article history: Furfural, found in the lignocellulosic prehydrolyzates at high concentration, is a strong inhibitor of
Received 13 February 2011 growth and ethanol fermentation of Saccharomyces cerevisiae. Removal of furfural and concentration of
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Hydrothermal process is one of the most promising processes for the conversion of biomass
waste into resources among the several biomass conversion processes, because water of high
temperature and high pressure has remarkable properties as a reaction medium. This paper
described advances in our research involving overall reaction pathways for acetic acid
production from biomass, mainly including (1) acetic acid production by controlling pathways
of hydrothermal reaction, (2) acid-base behavior of water in the subcritical region and (3) effect
of lignin on the acetic acid production in WO of lignocellulosic biomass.

© 2006 Springer Science + Business Media, Inc.

1. Introduction

Recycling process of the conversion of biomass waste
into resources is receiving increased interest due to the
perceived need for maintaining the global carbon cycle
system to work harmoniously. Any technological process
for converting biomass into chemicals involves the break-
down of complex organic structures. Several treatment
processes have been under development. Hydrothermal
treatment is one of the most effective ways, because
water of high temperature and high pressure behaves as
a reaction medium with remarkable properties.

Our previous results on supercritical water oxidation
(SCWO) of food wastes showed that acetic acid was a sta-
ble intermediate product for almost all food wastes [1-3].

B es us s exion (ha 0

of biomass wastes, then it would help not only to reduce
the cost of manufacturing CMA, but also o give a new
process for organic wasle treatment.

Therefore, our research group began research work on
the acetic acid production from biomass waste by WO,
to produce calcium/magnesium acetate (CMA) [7-11]
Results so far obtained indicate that the direct oxidation
of cellulose would produce formic acid but not acetic
acid, so that the yield of acetic acid is limited to only
11-13% on the carbon basis by a usual WO. In order to
improve the conversion efficiency to acetic acid, a com-

research on WO jisms, properties of a
solution at high temperatures and pressures, etc. has been
carried on. In this paper, advances in our research involv-
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Claims.
1. Amethod of treating a biomass o dissalve the lignin therein, but not the cellulose comprising

() contacting the lignocellulose biomass with a composition comprising an ionic liquid 1o produce a cellulose pulp, wherein the ionic liquid

camprises a cation and an anion selected from Ci-20 alkyl sulfate [AlkyISO4)<">, C1-20alkylsulfonate [AlkylSO3] <>, hydrogen sulfate

text of
proviso that ifthe anion is acatate then the composition further comprises 10-40% wA water.

2. Amethod as claimed in claim 1 wherein said cation is a protic cation.

3. Amethod as claimed in claim 1 or claim 2 wherein the anion selected from

[MeS04] acetate, [HSG41<"> and [MeS03]=">

4. Amethod as claimed in any ane of claims 1 1o 3 wherein the cation in the ionic liquid is selected from an imidazolium derivative,

[HSO4J<~> , hydrogen sulphite [HSD3}<’> , dinydragen phosphate [H2P04] <", hydrogen phasphate [HPO4] and acetate, [MeCOZ2], with the

pyridinium derivative or ammonium derivative. 5. A method as claimed in any ane of claims 110 4 wherein the cation s selected om l-butyl-

C Ciimj<+>

[C2Climier=, [CiHim]=+> and

[CAHImj<+>
6. Amethod as claimed in any ane of elaims 110 § wherein said ionic liquid is selected from I-butyl-3-methylimidazolium methyl sulfate

*
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