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TITLE

MEINED SUPER CRITICAL FLUID HYDROLYSIS AND ALCOHQOLYSIS OF
CELLULOSE TO FORM GLUCOSF, AND GLUCQSE DERIVATIVES

CROSS-REFERENCE TO RELATED APPLICATHONS
This application claims the benefit of ULS. Provisional Patent Application Serial No.

O A0V 39S filed on November 2, 2010, which is incorparated herein by referenee,

FIELD OF THE INVENTION

The present mvention relates (o a process for generating glucose and glucose derivatives
from the direet confacting of cellulose, hemicelluloses and or polvsaccharides with a mixed
super eritical Tluid system of aleohel and water whereby the partiud prossure of the system
provides tor both alecholysis and hyvdrelys<is of the material at reduced temperature and

PEEssUne.

BACKGROUND OF THE INVENTION
Dug to the lmited rosernves of fosst] fuels and worrios about enission of greenhouse gases

there is an increasing tocts on using renewible cnergy sources.
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Production of formentation products from  cellutose, hemicelluloses, lignocelluloses and
polvsaccharide containing residue materials is known in the art and includes pre-treating
followed by, enzymatic hvdrolvsis. weak acid hyvdrolysis. strong acid hydrolyasis. and
supereritical water hvdrolysis to generate termentable residue materials, Acid hydrolvais has
the potential to generate toxic compounds that can reduce or inhibit fermentation in addition
to the consumption of substantial amounts of acid at a significant cost, Enzyvmatic
hyvdrolysis reaction rates can be long as well as sensitive to foreign materials in the target
rostdue, and the cost of enzvmes can be expensive, Supereritical water hvdrolysis requires
capital cost intensive very high temperatures and pressures 3740 and 22,1 Mpa) to
achieve usable break down products. Acid hvdrolvsis, enzymatic hvdrolvsis and high
prossure supereritical water hydrolysis are challenging methodologios for generating
valuable tucls and chemicals from rosidue biomass,
Comsequantly. there is a ned for providing turther methods and processes for producing
fermentable slucose and glucose derivative products from residue materials using a time
reduced system tree of acid pretreatment. enzyvme technology or very high pressure and

renperatures to break down the cellulose linkage.

BRIEEF SUNMMARY OF THE INVENTION

Gilucose and glucose derivates are produced trom cellulose. hemicelluloses. lignocelluloses
and polysaccharide containing residue materials as follows: tay combining siz¢ reduced
cellulose. hemicelluloses. lignoeelluloses and polvsaccharide containing residue naterials
with alcohol from 0101 1o 100:1 by weight and water from 0.1:1 to 100;1 hy weight to form
aslurry ibiat o temperature ina range of 140°C to 3307, and at a pressure in a range of
S00 psig to 3800 psig, (¢ multiple reaction zones are ostablished by permeable mentbrane
or membranes which are used to trap the reaction mixture in the reaction zome, Onee the
reaction mixture of polvsaccharide material is sufticienty cleaved to shorter chain materials
they will become soluble and small enough to pass through the reaction zone membrane
therehy minimizing reaction Zone contact time (d) the reaction mixture can include
hydrogen, (23 the reaction mixture can include a catalvst, The rosulting reaction mixture is
quenched and the un-reacted solids and non fermentable materials are separated trom the

lucese and glucose derivatives by activated carbon contacting,
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DETAILED DESCRIPTION O TIE INVENTION

The present invention relates to a methad tor producing glucose and glucose dervatives by
performing  simultancous  hvdrolvsis  and  aleoholvsis on o material - containing,
puelvsaccharides, collulose, hemicellulose, hignocellulese, or combination thereet with an

aleohol, water. optionally a catalvst. an optionally hydrogen.

Privr tu the prosent invention, the conversion of biomass into formentable sugars was u
tine-consuming and multi-step procedure that was both cconomically inefticient and
wastetul,  Additionallv. conventional mathods are mhibited by the presence of water,
require weak or strong acids. or the addition of expensive enzymes.  In contrast, a fast.
single-step, and etfieiont method for the conversion of blomass into sugars or sugar
derivatives to produce ethanaol or induostrial chemicals can be performed under a mixad
supereritical fluid system whereby the presence of both water and aleehol work in

cuinbination to achicve the alcoholvsis and hvdrolvsis at reduced temperature and prossure,

The fecdstock tor this process can be, for cxample, palm fiber, palm fruit bunches, rice
husk. rice straw. corn stover, com cobs, sugar cane bavasse. switch grass. dried distillers
arains (DD from, e, corn or sorghuny, rice bran, eukarvota, protosea, phytoplankton,
cvanobacteria, bactorta, corn ethanol fermentation residuals. or other polvsaccharide or
cellulose-contaiming - material  te.g.. polvsacchandes,  cellulose,  hemicellulose,  and

lignocellulosey or both.

The feedstock can contain from about O wit?e to about 100 wt“s cellulosic material
ipreferable Toss than about 70 wta, but at least about 1. 5,0 100 15, 30 wte). Lach of the
amuounts for the teedstock components listed above is based on the dry weight of the

feedstoek.

The feedstock can be un extracted meaning that it has not been puritied to renove certain
components (¢.2. water, aalt, toreign matter, or mistures thereots,. For example, the
feedstock can contain at least about 5 wt®s salts and up to S0 wi's salts, The feedstock can
also be purified ie.g.. a puriticd cellulose or paper pulp materialy. The teedstock can contain
husks, shells, or other materials that are grown by the fecdstock source other than the
feedstock. The feedstock, prior to reaction, can be driad but the feedstoek 1s preferred wet.

The feadstock can be ground to reduce its particle size prior to reaction,
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For purposes of this description, rice husk, rice straw, corn stover, wheat straw, com cobs,
sugar cane bagasse, switch grass, and woody biomass are used as the feedstock, however
those skilled in the art would understand that other feedstock can be used. Also, the overall
process is, as indicated, applicable to the other feedstocks with adjustments to the process

configuration.

In addition, with other feedstocks, there may be some variations in the super critical
alcoholysis and hydrolysis chemistry such that alternate co-products are formed in the
reaction. For example, with a high cellulosic feed (e.g., at least about 1 .5, 10, or 15 wt%
but less than about 50, 60, 80 or 100 wt% based on the dry weight of the feedstock) there
may be further conversion of that component to derivatized sugar compounds such as alkyl
glucosides and 5-hydroxymethylfurfural. For example, when a solution of glucose in methyl
alcohol is saturated with hydrochloric acid a crystallizable compound having the formula
CeH1106CH3, is formed.

A similar reaction takes place with all of the alcohols which are capable of dissolving
glucose, such as methanol, ethanol, propanol, butanol, and their isomers, and the
compounds formed correspond to natural glucosides. The sugar entering into the reaction
need not necessarily be glucose, so that a number of such artificial alcohol-derivatized
sugars can be prepared. The hydrochloric acid of the reaction to produce derivatized sugars
can also be replaced by another acid such as H,SO4. These derivatized sugars, when boiled
with dilute acid, react with water and are decomposed into the sugar and alcohol. In
addition, further derivatization, in the presence or absence of acid or a catalyst, at the higher
ranges of temperatures and pressures can lead to valuable products from the sugars such as
methyl glucosides, ethyl glucosides, 5-hydroxymethylfurfural, levulinic acid, formic acid,
and esters thereof. The categorization of each feedstock may be necessary to determine the

best process splits and optimal end-products.,

The alcohol for the invention can be, for example, methanol, ethanol, propanol, butanol,
isopropy! alcohol, sec-butanol, t-butanol, benzyl alcohol or combination thereof, From a
practical standpoint, and for general fuel and potential downstream chemical considerations,
alcohols containing from | to 5 carbons would be preferred, however, there may be specific
situations and conditions wherein higher alcohols could be used. Testing with a specific

alcohol would readily determine the amenability of a particular alcohol. Again, for
4
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purposes of this discussion, methanol is used as the aleohol, however those skilled in the ant

would understand that other aleobols can be used.

The feedstock can be ground to reduce its particle size and is then transtorred to the Direct
Aixed Super Critical Fluid Reactor system wherein the feedstock is mixed with the selected
alcohol (... methanols and water. The amount of alcohol and water can vary, but would
tvpically be sutficient to allow for a slurry nusture using equal parts of aleohol and water.
This typically provides sufficiont excess aleohol and water for the reaction noting that
tvpically 30™ by weight aleeohol of the liquid mixture to 700 by weieht water are required
to achieve super critical partial pressure, under super critical conditions for alcohuls, ¢.a
methanol, Preferably. the alcohol should be in an amount from about 10%4 by mol to about
100076 by mol of the water. preferably from about 20% by mol to about 300% by mol of the
water and most preterably from about 50%, by mol to about 2002, by mol of the water,
Higher alcohols would require o higher weight percentage of alcobol.  For practical
operation, the amount of alcohol would normally be in the range of about 25 wt?y, to 300
wio of the drv feedstock and preferably in the range of about 30 wt?s to about 200 wt'e of

the dry foedstock,

The temperature of the reaction is in a range of about 240°C 1o about 320°C, about 2M0°C 10
about 270°C, «r about 230°C to about 2X0°C, The pressure ot the reaction is a range of

about 300-2200 psie. Trom about 1000- 2000 psig. or from about 1300 to 2000 psig.

The reaction mixture before reaction can also contaln water in an amount of at least about 3
wi®y of the dry waight of the tecdstock. at least about 10wt of the dry weight of the
feedstock. at least about 40 wi®a of the dry weight of the feedstock. at least @bout 70 wte of
the drv weight of the tecdstock, orar least about 100 wi®s of the dry weight of the fecdstock

or at Least about 200 wtVe of the dry weight of the feedstock.

The reactor system can be batch or continuous, There are several conventional prossure
veossel svstenis available that will operate in batch and continuous modes and the process
lends sl to the “conventional”™ methods for this stage. In the continuous plug tlow or
continuous stir tank contiguration @ permeable membrane 1s used to trap the reaction

mixture in the reaction Zong to Minimizge resenance time in the zong,



[ addition, a continuous pipe-type reactor can be used to carry vut the reaction. The reuctor
is a pipe with sufficient residence tinie to allow for the reaction o complete and is operated
under the target pressure and temperature range. The pipe allows for reasonable reaction to

weeur with minimized vossel complexity,  In addition the pipe can contain zones separated

'hH

by membranes whereby the reaction musture will flow to the next contact zone after size
reduction via hydrolysis vecurs, This minimizes residence time in the raction zone and

reduces byv-product formation.

The reaction can be carried out for a period of about 0.25 minutes to 240 minutes and the
reaction time can depend on the selected reaction systen and operating temperature. In a
10 conventional stirred tank reactor, the reaction time can be in the range of 60 to Q0 minufes
tor a batch reactor. At higher temperatures. and corresponding pressures, the reaction tinie

can he reducod,

The reaction mixture can include hvdrogen and can include a catalvst, The hvdrogen can
range from 111 mole wt of the glucose in the feedstock to T000:1T mole wt of the contained
15 glucosg in the teedstock, The prosence of hydrogen and or a hydrogenation catalvst in the
reaction mixture improves stability of the glucose by torming sorbitol or other polvhydric
alcohols and sugar derivatives, Catalvsts can be heterogencous or homogenous,  Catalysts

metals can inelude platinwm, palladium, rhodium, ruthenium, rainey nickel, and copper

chromite.

20 The reaction product slurry tvpically consists of anyv unreacted feedstock. glucose. alkyl
lucesides, sorbitol, excoss alcohol, water, Lignin, organic salis, norganic salts, ofc. The
resulting glucose and alkyl glucosides will be in the range of 10-70wt% of the product
sturry, The reaction slurry is transterred to a Ligquid Solid Separation syateny,  In this step,

the Liguid fraction is separated from the msoluble selids portion. including any lignin if

1.0
‘h

contained in the feed.  Separation can be carried out using any number of standard
separation echnigues, such as filtration, carbon treatment. centrifugation, combinations of
cach approach, and the like. Slight washing of the solids. m the separation device, can be
carricd vut wirh a small amount of the alcohol, water, or hydrophobic solvent, The target

elucose and alkvl glucostde materials remain with the liquid water phase.

B

20 The washed solids are then sent to storage Tor re processing or discharge.

O
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The aleohol and water is removad from the soluble traction containing the glucose and alkyl
elucoside by evaporation. centrifuge separation. crvstalization or other method obvious to
someone skilled in the art. The aleohol water mixture is then reeveled back to the reaction
mixturs vessel where make up aleohol and water is added and new target feedstock s

added.
The resulting glucose and methyl glucoside fraction is transforred to storage.

The alkyl glucoside can be optionally: hyvdrolvzed using weak actd and additional water.
The resulting mixture would be glucose and alewhoel. The alcohol would be removed by
evaporation. centrifuge separation. ervatalization or other method obvious to someone

skilled i the art,
The resulting glucose fraction is transferred to storage.

The glucose and or glucose and alkyvl glucoside then enters a Fermentation Svstem wherein
it i~ mixed with conventional tormentation reagents, o2 voasts, 1., thon allow od to react in
a conventional fashion.  Information relative to the conventional processing approaches are

available on numereus web-sitos and @ sIeniticant resource is the Rencwable Fuels

Association tavailable on the WorldWideWeb at 3 21, which is the kov industry trade

assaciation.  The main advantage is that a potentially lower cost Teedstock has now been
made avatlable that does not invelve a current agricultural food source commadity but

rather second generation non food materials such as cellulose or agricultural by-products.

The fermentation slurry is then sent to @ Solid Liquid Separation system. and the non-
formented solids romoved trom the hquid cheers phase. Again, conventional separation
methods may be utilized. such as filters, centrifuges. and the like. The solids fraction can

then be usad clsewhere e, return to the algae thrms as a supplemental food souree,

The fermented liquid is transferred to an Evaporation Svstem wherein the alcohol phase is

evapoerated from the hquid, along with some water.

The alcohal fraction is next rreated 1 a Distillation. Molecular Siove svstent, In this process
step. the aqueous alcohol Is first distilled, to produce a nominal 93% ¢thanol material. then

processed in o molecular sieve unit to remoeve the remaining water and produce a 99,50,



cthanol product (21), This operation is conventional and widely used i the current ethanal

production industry.

The rosidual solids from the fermentation stage may contain non-fermentable materials that

may also contain significant levels of usetul proteins or amino acids.  This solids fraction

A

could be combined with wther animal feed products or. dopending on the exact nature ot the
material ihased on the feedstock . further processed. via drving, to produce a specialized

feed product,

EXAMPLE 3 Corncob (Corn Foedstock s

10 Corn cobs are a major co-product from the production of corn starches {or fermentiation into
cthanol. Corn cobs are the material remaining after the corn kernels are removed. Much of
this material i~ plowad back inte the ficld asx a nutrient compenent, soil amendment. or

burned Tor energy recovery,

The quantities of this material are sienificant. For example, a tvpical acre of corn will vield
15 160 bushels of corn and 1200 pounds of corn cobs, In 2010 the [0S, corn acreage was
estimated at D0 million tons which will generate over 49 million tons of cobs.  In general.
the cobs from corn contains about 457 cellulose, and 0% hemicelluloses carbohvdrates
iwhich if properly preparad could serve as a fermentation feed generating 3% million tons

of celluluse derived glucose. non food feed stocks for fermentation into ethanol.

20 Tt should be noted that with preparation. the resulting sugars consist of both C6 ihexoser and
C3 pentosed tractions,  The O fraction s formentable via the use of standard yoast
nuterials.  CS sugars will not ferment with veasts only. and specialized organisms have
boen developed that will convert CS's, In addinion, there are othor processes that have been

developed that utilize C5 sugars w produce other tnon -ethanol products.

th

Significant advantages could be brought about in the biotuels industries 1f this focdstock
could be processed to generate ethanol.  [ncorporation of corn cob treatment operations

within existing ethanal plants could further enhance the potential cconomiv attractiveness,

Tw assess the potential for the process to handle this focd, samples of corm cub granule
material were collected trom Grit-o-Cob. @ corn cob material sold as a sand blasting media.

200 The basic westing approach was as tollows:
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e The corn cob granules were further ground to a particle size of 400 mesh o allow
for case ot feeding as a slurny to the continuous reactor system. 1002 of cob
material was mixed with 100g methanel and 100g water then reacted at 2¥0C" and
2100psi for 20 minutes.

o Aftor reaction, the glucose and methyl clucoside product mass was then filtered and
washed with water to separate unreacted solids from the glucose and methyl
glucoside tand othery bearing liquid.

o The solids fraction was then set aside.

o The liguid fraction was then heated to remove excess aleohol (that would be
recoverad for reevele in @ commereial seenarion,

o With the reaction conditions cnploved. derivatized sugars. such as 5
hydroxyvmethy lfurfural, could be tformed which will allow tor potential production

and recovery of other products.

The reaction mixture was analvzed on an HPLC deviee and results showed the presence of

glucose and methyl glucoside.
EXAMPLE 4 Rice husk:

Rice husk is @ major residue trom the production ot rice for food. Rice husk is the material
remaining after the rice kernel and rice bran are removed. Much of this material is waste

that I piled, dumped or burned for energy recovery.,

The quantitios of this material are significant. For example, in 2010 the world rice acreage
wias estimated at greater than 473 million tons which will generate over 1045 million tons
of husk.  In general, the husk from corn comains about 33% cellulose. and 25%
hemicelluloses carbohvdrates (which if properly prepared could serve as a fermentation
feeds generating roughly 60 million tons of cellulose derived glucose. non food feed stocks

for termaentation inte ethanoel,

It should be noted that with preparation, the resulting sugars consist ot both €6 and 5
fractions. The Co fraction is termentable via the use of standard veast materials. O3 sugars
will not forment with veasts only, and specialized organisms have been developed that will
convert C37s, In addition. there are other processes that have been developed that utilize ('3

sugars o proaduce other inon-cthanoly products,

Y
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Significunt advantages could be brought gbout in the biotucls industries it this focdstock

could he processed to generate ethanol.  Incorporation of rice husk treatment operations

within existing ethanol plants could further enhance the potential economic attractiveness.

To assess the potential Tor the process to handle this feed. samples of rice husk material

were collectod from Wilmar Company, one of the world's largest rice producers and palm

products. The basic testing approach was as follows:

The rice husks were further ground to a particle size of 400 mesh to allow for case
of foeding as a slurry to the continueus reactor system, 100y ot rice husk material
was mixed with 100z nmethanol and 100g water then reacted at 280C and 2100psi
fur 30 minutes,

After reaction. the glucose and methy glucoside prodoct mass was then {iltered and
washed with water to separare unrcacted solids trom the elucose and methyl
glucoside tand otheri bearing liquid.

The solids fraction was then set aside.

The hquid fraction was then heated 1o remove excess alcohol cthat would be
recoverad for reevele ina commercial scenariol.

With the reaction conditions employved. derivatized sugars. such as 5
hydroxyimethvliurfural. could be formed which will allow for potential production

and recovery of other products.

The reaction mixture was analyvzed on an HPLC device and results showed the presence of

glucose and methyl glucoside,

10



We claim:

1. A method for making hexose, pontose, alkyl glucosides, alkyl pentoside, the method

comprising:

ia) combining a feedstock with an alcohel and water wherein the feedstock comprises
5 (11 cellulosic material. proteins. or both: and
ibi combining a feedstock with an alcohoel and water wherein the feedstock comprises

f1ycellulosic material. and hemicelluloses material. or both: and
(¢l reacting the feedstuck and the aleohol and water at a temperature in the range of
[407C to 350°C, and ata pressure ina range of 300 psig to 2200 paig to ii1cleave
10 the cellulosic material to generate hexose, pentose, alkyl glucoside. alkyvl pentoside

and derivatives thereot,

i

T he method of elaim 1. wherein the feedstock contains at loast 10 w2y cellulosic

material based on the dry weight of the feedstock.,

X The method of elaim 1, wherein the teedstock contains at least 10 wis proteins based

N on the drv weight of the feedstock.

4. The methad of claim 1. wherein the water content ot the combination before reaction is

from 30 wit®e to 200 wi2y, of the dry weight of the focdstock.

5. The methed according te claim 1, wherein said foedstock is rice husk. rice bran, corn
stover. corn cobs. sugar cane bagasse. palm fiber. palim kernel cake. wood pulp. pine

20 PR, I ™ e iy 1yrent Apehe et Ter v v ] freas 1yyest syl - TR P

20 troe material, 11 ree material. hardwood tree material. switch grass. microalgae. macro

algas or cvanobuctonia,
6. The method of elaim 1. wherein the alcohol is methanol, cthanol or propanol.

['he micthod of elanm 1. wherein the alcohol is In an amount fraom 0,3% o 3500 wi

excess of the contained hexose or pentose in the feedstock.

1.2
=l
K

The method of claim 1. wherein the reaction of the foedstock, water and the aleohol is

performed with a hvdrogenation catalyvst.

Y. The methad of claim 1. wheremn the reaction of the teedstock. water and the aleshol is

performad with a hydrogen,
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The method of elaim 1, wherein the iemperature is in the range ot 1807 (7 10 3507,

CThe method of elaim 1, wherein the temperature is in the range ot 2407 10 3507
CThe methad of ¢laimy 1, wherein the pressurg is in the range of -HX) paig 1o 3300 paig,

. The method of claim 1, wherein the pressure is in the range of 1500 peig o 2300 psig.

A method for making hexose. alkyl glucosides. pentose ard alkyl pentosides the method

COMPESIG vNe or Mot steps selected from the greup consisting, of

(al

thi

r.-'

{d1

combining a teadstock with an alcohol and water, wherein the fegdstock comprises
cellulose, lignocelluloses, polysaccharides and hemicellulose, at least 10w
coHulesic material based on the dry weight ot the feedstock, and at least 10w,
profeins based oo the drv weight ol the foedstock:

combining a tecdstock with an alcehol and water, wherein the feedstock comprises
cotlulose, lignecaluloses, poly saccharides and hemicellulose, at least 1O Wi,

celhulosic material based on the dry weight of the teedstock:

¥ reacting the foedsrack and the alechol and water at a temperatuee i the range of

3A7C e 2307 C, amad at aprossur inoa range of 1300 prig to 3500 paig o generate
short chain polvsaccharides, hexose and alky [ glucosides. pentose ancd alky!
pentosides. shorten the proteins, and form amino acids: and

reacting the focdstoek and the alechol and water ar a temperatuee i 1he range of
2407 C to 2307 CLand at a prossure i a range of TS0 psig o 3500 paig to generate

hexose and alky] glucosides, pentose and alkyl pentosides.,

3. The method of elaim 11, wherein the water content of the combination betore reaction is

from 30 wts to 300 wi®y of the drv weight o the Beedstuck,

16 The method o claim T wherein the feedstock is eyvanabacteria,

v

7T he method of claim 11 wherein the feedstock is lignocellulose.
CThe method ot claim T wherein the teedstock is cellulose,

. The nrethod of claim 11, wherein the feedstock s a polysaccharide.



