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High temperature lignin separation process

Background

The efficient removal of lignin is important in the conversion of cellulose and sugars from

biomass to other organic compounds, such as ethanol.

United States Patent Publication 200900381212 Al teaches the removal of lignin from
paper mill liquors by increasing the temperature of the solution to above a critical
temperature where the lignin releases the water. The patent further teaches when the
lignin ‘mass being heated during treatment process reaches the critical temperature for
separation, lignin solids precipitate as the mass is subsequently cooled, while released

water accumulates as a supernatant.

While this process may work for paper mill liquor, lignin freed during the hydrolysis and

. R . . .
fermentation processes of biomass conversion cannot be separated in this manner.
Summary

Disclosed in this specification is a method for separating lignin from an aqueous mixture,
comprising the steps of a) heating the mixture to a temperature above a critical
temperature and b) separating the lignin from the mixture at a separation temperature

which is at or above the critical temperature.

The separation can be done via centrifuge, filtration, elutriation or other acceptable

technique, including gravity.

It is further disclosed that the mixture may contain an enzyme capable of converting
cellulose to sugars, that the mixture be derived from a biomass feedstock and/or the step
of heating the mixture is preceded by a steam explosion step conducted upon the biomass
feedstock.



10

15

20

25

30

WO 2011/007369 PCT/IT2009/000302

The timing of conducting the separation may be after the biomass has been at least
partially hydrolyzed to sugars, after the at least partially hydrolyzed biomass has been
converted to an alcohol, or after a distillation step to separate an alcohol from water.

It is further disclosed that the pH of the mixture be above 3.5 or even 7.0.

It is further disclosed that the critical temperature is in the range of 60°C to 98°C, or that
the lower temperature of the range is 70°C and the upper temperature is 97°C.

Detailed description

Lignin is a product that is left over after the generation of products from biomass
feedstocks. For example in the production of ethanol, the biomass feedstock can be first
pretreated - typically with a steam explosion, hydrolyzed to the sugars — usually in the
presence of enzymes, and the sugars then fermented to yield ethanol. The ethanol is

usually removed by distillation, leaving water, lignin, yeasts, and other enzymes behind.

The separation of the lignin from the solution is extremely difficult. It is believed that this
is caused by the high absorbency of water by the lignin. US 20090038212 alleges that
low water containing liquid solids can be recovered by first separating the lignin gel from
a mixture, heating the lignin to a temperature above a critical temperature, and then

cooling the lignin to cause the solids to precipitate without the water.

Attempts to utilize this process to separate lignin from an aqueous mixture comprised of
water, yeast, and enzymes for the enzymatic hydrolysis of cellulose have failed. The
lignin does not precipate upon cooling, and in fact, the phases are almost still inseparable

after high speed centrifugation.

What has been discovered is that lignin in an aqueous mixture formed during the process
of converting biomass to an alcohol can be more efficiently separated when the

temperature of the mixture is maintained at or above a critical temperature.
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The critical temperature related to the glass transition temperature of the lignin of the

- solution. It is thought that once the lignin is heated to above its glass transition

temperature, it releases the absorbed water. The glass transition is dependent in part upon
the lignin type, the previous heat treatment (e.g. water washing, steam explosion, and

hydrolysis) and the sorbed water.

Therefore, for purposes of this specification, the critical temperature is the lowest
temperature at which lignin plastic solids release the sorbed water, which is believed to be
about the glass transition temperature of the particular lignin, having been treated in the
previous conditions. While the glass transition will vary, the critical temperature will

occur in a temperature range, bounded on the low end at 10°C below the onset of the glass

transition temperature of the treated lignin and 225°C on the upper end. The upper end of

225°C is determined by the temperature considered the maximum practical temperature

for operation due to the large amount of water.

A more preferred range is the onset of the glass transition temperature to 97°C.
Observations have shown that higher temperatures beyond a certain temperature do not
yield better separation. In the experiments, separation at 80°C and 90°C yielded very
similar results. Based upon what is known at present, acceptable ranges for the critical
temperature are 45°C to 97°C, 60°C to 97°C, 64°C to 97°C, 70°C to 97°C, 74°C to 97°C,
79°C to 97°C and 84°C to 97°C.

However, if the lignin has been treated in other manners, it is know that the glass

transition can drop dramatically.

While theoretically, there is no upper bound to which the mixture may be heated, it is
preferred that the mixture be heated to above the critical temperature but less than 230°C,
more preferably less than 99°C.

The heating may be done by any method which raises the temperature of the mixture to

the required temperatures in the time desired by the practitioner.
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The separation of the lignin solids from the mixture can be done by any technique, which

includes but is not limited to centrifugation, gravity settling, filtration, elutriation,

Because the process is generally done after hydrolysis, the mixture may contain at least
one enzyme capable of converting cellulose to sugars. Many enzymes are known in the
art and the techniques to evaluate whether such an enzyme is capable of converting

cellulose to sugars is well established.

Since the mixture is generally derived from a biomass feedstock, the heating of the
mixture is usually preceded by a steam explosion step conducted upon the biomass

feedstock. Steam explosion of biomass, in particular cellulosic biomass, is well known in
the art.

The point of separation of lignin can occur during many points during the conversion of a
biomass feedstock. For example, the heating of the mixture and separation could be
conducted after the biomass has been at least partially hydrolyzed to sugars and before the

fermentation of the sugars to a final product.

The heating and separation can also occur after the at least partially hydrolyzed biomass

has been converted to an alcohol, also known as the fermentation step.

The heating and separation of the lignin can also be conducted as part of a distillation step

to separate an alcohol from the water of the mixture. -

pH is also considered an effective parameter, therefore the heating and separation may be

carried out when pH of the mixture is above 7.0, or at least above 3.5.

Experimental

As shown in the following experiments, a mixture derived from a biomass feedstock by
washing, steam exploding, hydrolyizing and fermenting, was heated to 80°C and then

cooled, heated or maintained to be separated at the temperature indicated in Table I. The
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samples were centrifuged at 3000 rpm for the time indicated and at the temperature

-indicated.

There appeared to be three phases across the samples. The first phase is the liquid phase
which was very clear, amber and distinct in all samples separated at 80°C and 95°C. In
the sample separated at room temperature, nominally 23°C, there was no observed evident
phase separation, and in fact the phases looked slightly inverted with the gray solid like
material on top of a slightly darker liquid phase. The presence of the three phases is most

evident in the sample centrifuged at 50°C at 4 and 8 minutes.

The measurement in Table 1 is the percent of the test tube which contained the visually
observed phase as rheasured on the height of the total amount of material measured along
the straight portion of the wall of the test tube. The efficiency of the process is seen as the

amount of liquid without solids was approximately 80% for the material separated at 80°C
and 95°C.

TABLE I - HEIGHT OF LIQUID FRACTION AFTER SEPARATION

2 min, 3000 rpm 4 min, 3000 rpm
TEMP (°C)

Liguid Mixture Solids Liquid Mixture Solids
20 10.7% 89.3% 0.0% 0.0% 100.0% 0.0%
50 14.1% 731% |  12.8% 27.3% 57.1% 15.6%
80 78.5% 0.0% 21.5% 76.0% 0.0% 24.0%
90 83.3% 0.0% 16.7% 81.4% 0.0% 18.6%

6 min, 3000 rpm 8 min, 3000 rpm

Liguid Mixture Solids Liquid Mixture Solids
20 0.0% 100.0% 0.0% 0.0% 100.0% 0.0%
50 66.7% 24.0% 9.3% 68.5% 19.2% 12.3%
80 83.3% 0.0% 16.7% 77.3% 0.0% 22.7%
90 80.3% 0.0% 19.7% 80.0% 0.0% 20.0%
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TABLE II - SOLID CONTENT OF THE LIQUID REMOVED

time

[min] RoomT 50°C 80°C 95°C
2 9.55% 9.65% 7.92% 7.93%
4 9.23% 9.20% 7.92% 7.94%
6 8.65% 8.45% 7.84% 7.99%
8 8.32% 7.81% 7.91% 7.84%

TABLE III - HUMIDITY CONTENT OF THE SOLIDS

time Room T 50 °C 80 °C 95 °C
72.94% | 70.14% | 68.86% | 67.82%
72.76% | 70.04% | 67.72% | 64.47%

5
TABLE IV — RECAPTURE WEIGHT w/w%

time

[min] RoomT 50°C 80°C 95°C
2 55.74 59.19 62.18 64.23
4 54.78 59.51 65.53 68.60
6 62.36 61.95 61.46 61.64
8 60.48 59.74 59.14 59.88

. TABLE V — AVERAGE RECAPTURE RATE VERSUS TEMPERATURE

Temp
(°C) w/%
RoomT 58.34
50 60.10
80 62.08
95 63.58

10 VACUUM FILTRATION

In addition to the centrifuge, successful vacuum filtration was demonstrated

100 ml of the solution was filtered through a filtering area of 100 cm? under a vacuum of

15 0.5 bar: in the case in which the solution was filtered at 25 °C, the separation time was of
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190 seconds and the drying time was of 90 seconds. In the case in which the solution is
filtered at 55 °C, the separation time was of 45 seconds and the drying time was of 15

seconds.

150 ml of the mixture was filtered through filtering area of 100 cm” under a vacuum of
0.5 bar: in the case in which the solution was filtered at 25 °C, the separation time was of
420 seconds and the drying time was of 90 seconds. In the case in which the solution is
filtered at 50 °C, the separation time was of 55 seconds and the drying time was of 15

seconds.

Also the final moisture of the cake was improved by the increasing of the temperature: in
the case at 25 °C the cake moisture was of 64.4%wt; while in the case at 55 °C the cake

moisture was of 59.16%.



10

15

20

25

30

WO 2011/007369 PCT/IT2009/000302

CLAIMS

1. A method for separating lignin from an aqueous mixture, comprising the steps of:
a) heating the mixture to a temperature above a critical temperature

b) separating the lignin from the mixture at a separation temperature which is at or

above the critical temperature.

2. The method of claim 1 wherein at least a portion the separation is done by a
centrifuge.

3. The method of claim 1, wherein at least a portion of the separation is done by
filtration.

4. The method of claim 1, wherein at least a portion of the separation is done by
gravity. .

5. The method of any one of claims 1 to 4, wherein the mixture contains an enzyme

capable of converting cellulose to sugars.

6. The method of any one of claims 1 to 5, wherein the mixture is derived from a
biomass feedstock and the step of heating the mixture is preceded by a steam explosion

step conducted upon the biomass feedstock.

7. The method of claim 6, wherein the heating of the mixture is conducted after the

biomass has been at least partially hydrolyzed to sugars.

8. The method of claim 7, wherein the step of heating the mixture is conducted after

the at least partially hydrolyzed biomass has been converted to an alcohol.

9. The method of any one of claims 1 to 8, wherein a portion of the step of heating

the mixture is conducted as part of a distillation step to separate an alcohol from water.
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10.  The method of any of claims 1 to 9, wherein the pH of the mixture is above 7.0.
11.  The method of any of claims 1 to 10, wherein the pH of the mixture is above 3.5.

12. The method of any of claims 1 to 11, wherein the critical temperature is in the
range of 45°C to 98°C.

13.  The method of any of claims 1 to 12, wherein the critical temperature is in a range
having an upper temperature and a lower temperature and the upper temperature is 97°C

and the lower temperature is 60°C.

14.  The method of claim 13, wherein the lower temperature is 70°C and the upper
temperature is 97°C.

15.  The method of claim 13, wherein the lower temperature of the range is 74°C.



INTERNATIONAL SEARCH REPORT

International application No

PCT/172009/000302
A. CLASSIFICATION OF SUBJECT MATTER -
INV. D21C1/00 D21C1/02 D21C1/04 D21C3/00 D21C3/02
D21C7/00 C12P7/10 C12P19/02 C08H8/00

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system foliowed by classification symbols)

D21C CO8H Cl12P

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indicétion, where appropriate, of the relevant passages Relevant to claim No.
X WO 2009/031164 Al (COUNCIL SCIENT IND RES 1,3,
[IN]; VARMA ANJANIKUMAR JYOTIPRASAD [IN]) 12-15
12 March 2009 (2009-03-12)
Y - claim 1; examples 1-3 1-15
X WO 2006/038863 Al (STFI PACKFORSK AB [SE]; 1,3,10,
OEHMAN FREDRIK [SE]; THELIANDER HANS [SE]; 11

NOR) 13 April 2006 (2006-04-13)

page 6, line 31 - page 7, line 3; claims
1,5,7,13,23,24

X US 2008/032344 A1 (FALLAVOLLITA JOHN ALLAN 1-3
[CA]) 7 February 2008 (2008-02-07)
paragraphs [0079], [0081]; claims
1,4,14,17

-/==

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . ’ . -
"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"A* document defining the general state of the art which is not
considered to be of particular relevance

“E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered 1o
°L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publlcatlon_fqale of another *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
5 July 2010 14/07/2010
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, 514

Fax: (+31-70) 340-3016 Ponsaud ’ Phili ppe

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/1T2009/000302

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2003/041982 Al (PRIOR ERIC S [US])

6 March 2003 (2003-03-06)

paragraphs [0045], [0049]; claims 1,13,
WO 00/61858 Al (RHODIA ACETOW GMBH [DE];
KARSTENS TIES [DE])

19 October 2000 (2000-10-19)

claims 1,3,5,6,9,19,26

US 5 705 369 A (TORGET ROBERT W [US] ET
AL) 6 January 1998 (1998-01-06)

claims 1,2,3,4,7-9,10

WO 2009/112134 A2 (ZYLUM BETEILIGUNGSGMBH
& CO PA [DE]; KARSTENS TIES [DE])

17 September 2009 (2009-09-17)

page 7, line 31 - page 8, line 18; claims
1-14

page 9, line 33 - page 10, Tine 2

US 2005/269048 A1 (RODRIGUEZ JOSE A [MX]
ET AL RODRIGUEZ RIVERA JOSE ANTONIO [MX]
ET AL) 8 December 2005 (2005-12-08)

the whole document

US 2007/259412 A1 (BELANGER HELENE [NZ] ET
AL BELANGER HELENE [NZ] ET AL)

8 November 2007 (2007-11-08)

the whole document

US 2007/215300 Al (UPFAL JONATHAN [AU] ET
AL) 20 September 2007 (2007-09-20)

the whole document

WO 2007/146245 A2 (AMERICAN PROCESS INC
[US]; RETSINA DR THEODORA [US]; PYLKKANEN
MR VESA) 21 December 2007 (2007-12-21)
the whole document

1-15

1-15

1-15

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

information on patent family members

International application No

PCT/1T2009/000302
Patent document Publication Patent family - Publication

cited in search report date member(s) date

WO 2009031164 Al 12-03-2009  NONE

WO 2006038863 Al 13-04-2006  BR PI0517543 A 14-10-2008
CA 2580834 Al 13-04-2006
EP 1797236 Al 20-06-2007
JP 2008516100 T 15-05-2008
US 2008051566 Al 28-02-2008
ZA 200701627 A 30-07-2008
ZA 200802400 A 29-04-2009

US 2008032344 Al 07-02-2008 CA 2595484 Al 07-02-2008
WO 2008017145 Al 14-02-2008
CN 101522760 A 02-09-2009

US 2003041982 Al 06-03-2003  NONE

WO 0061858 Al 19-10-2000 AT 255187 T - 15-12-2003
AU 756976 B2 30-01-2003
AU 4399500 A 14-11-2000
BR 0011169 A 19-02-2002
CA 2368872 Al 19-10-2000
CN 1352716 A 05-06-2002
CZ 20013627 A3 15-10-2003
DE 19916347 C1 09-11-2000
EP 1190137 Al 27-03-2002 .
ES 2213011 T3 16-08-2004
JP 2002541355 T 03-12-2002
NO 20014939 A 04-12-2001
NZ 515051 A 28-03-2003
PL 351393 Al 07-04-2003
PT 1190137 E 30-04-2004
RU 2220245 C2 27-12-2003
SK 14392001 A3 04-04~-2002
ZA 200108406 A 24-12-2002

US 5705369 A 06-01-1998  NONE

WO 2009112134 A2 17-09-2009 DE 102008013845 Al 17-09-2009

US 2005269048 Al 08-12-2005  NONE

US 2007259412 Al 08-11-2007 AU 2007248991 Al 15-11-2007
CA 2651628 Al 15-11-2007
EP 2027330 Al 25-02-2009
WO 2007129921 Al 15-11-2007
US 2010136642 Al 03-06-2010

US 2007215300 Al 20-09-2007 WO 2005017252 Al 24-02-2005
BR PI0413559 A 17-10-2006
CA 2534619 Al 24-02-2005
CN 1836068 A 20-09-2006
EP 1654415 Al 10-05-2006

WO 2007146245 A2 21-12-2007  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - wo-search-report
	Page 12 - wo-search-report
	Page 13 - wo-search-report

