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ABSTRACT

A process for producing alcohol from a cellulosic
matcerial includes hydrolyzing the cellulosic material
with an aqueous acid to produce a hydrolysate,

extracting acid and water from said hydrolysate using an

extraction solvent that is a mixture of etnanol and
dimethyl ether to yield a first agueous acidic solution
containing the extraction solvent and a residue
containing sugars. The residue 1s subjected to an
oligosaccharide cleavage reacticon to vield an aqueous
soluticn of fermentable sugars. The fermentable sugars
are fermented and alcohol 1s distilled from the
resulting fermented mixture. The first aqueous acidic
solution may be evaporated and to obtain gaseous
extraction solvent for recycling and a second aqueous

acid solution that may be concentrated for recycling.
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PROCESS FOR THE PRODUCTION OF ALCOHOL

FIELD OF THE INVENTION

The invention relates to ilmprovements in and
relating to a process for the production of alcohol,
particularly ethano. and butanol, especially ethanol,
from cellulosic materials, in particular a process

involving acid hydrolysis of cellulose.

BACKGROUND

Ethanol, produced by fermenting the sugars from
waste or biomass, 1s rapidly becoming a majorx
alternative to hydrocarbons such as natural gas and
petroleum. While the curxrent focus 1s on the production
of ethanol from plant seed, e.g. malze, the magnitude oI
the demand for ethanol threatens a reduction 1n the land
area devoted to food production and a desirable
alternative to plant seed as the starting material is
plant material other than seed, e.g. grass, wood, paper,
malze husks, straw, etc. In this case the ethanol 1s
produced by first breaking down the cellulose and
hemicellulose (for convenience both are simply referred
to as ceilulose herein) 1nto fermentable sugars. This
may be done with enzymes but 1t is achieved most

efficiently and economically by hydrolysis with strong

acids, for example mineral acids such as sulphuric and
hyvdrochloric acid. However for large scale commercial
production of ethanol in this way, a major portion of
the acid used must be recovered and recycled. Besides
ethanol, other alcohols, for example butanol, may be
produced by fermenting such fermentable sugars. |
In WO 02/0282¢ the inventors proposed such an
ethanol production process in whicn the strong acid was
recovered by contacting the hydrolysate with an organaic
extraction solvent, for example methyl ethyl ketone,

with sepraration ¢f the solid lignin and precipitated
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sugars to yield an acid solution comprising water,
extraction solvent, acid and some dissolved sugars. The
extraction solvent in the acid solution was then
evaporated off under vacuum to be recycled and to leave
an aqueous acid and sugar solution which was further
evaporated off to yield a concentrated acid/sugar
mixture, again for recycling.

The hydrolysate:extraction solvent ratio used 1n
WO 02/02826 (see Example 1) is of the order of 3:8 and

accordingly the energy requirement for recovery of the

extraction solvent for recycling is a major portion of
the overall energy demand for converting the cellulosic

raw material into distilled ethanol.

SUMMARY OF EMBODIMENTS

We have now found that the extractlon solvent
recovery may be effected efficiently and with
significantly lower energy demand by using as the
extraction solvent an at least partielly water-miscible
organic solvent which has a boiling point of from 25 to
60°C at a pressure in the range 1 to 8§ bar in which
water-soluble oligosaccharides are substantially
inscluble, e.g. one which consists of or contains a
solvent having a boiling point at 1 bar below 20°C or a
C,_= ether. References hereinafter to solvents as belng
water-miscible shall thus include solvents which are
partially water-miscible as well as ones which are fully
water-miscible.

Thus viewed from one aspect the i1nvention provides
a process for producing alcohol from a cellulosx
material, said process comprising the steps of:

(1) hydrolyzing said cellulosic material with an
agqueous acid to produce a hydrolysate;

(11) extracting acid and water from said
hydrolysate with a water-miscible organic extraction
solvent to yield (a) a first agueous acidic solution

containing szid extraction solvent and (b) a residue
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containing sugars;

(1iii) subjecting said residue to an oligosaccharide
cleavage reaction to vield an aqueous solution of
fermentable sugars;

(1v) fermenting said fermentable sugars and
distilling alcohol from the resulting fermented mixture;

(v) evaporating said extraction solvent from said
first solution to yield {(a) a second aqueous acid
solution contalning no more than 10% wt., preferably no
more than 5% wt., of said extraction solvent and (b)
gaseous extraction solvent;

(vi) condensing said gaseous extraction solvent for
recycling; and, opticnally,

(vii) concentrating sald second agueous acid
solution for recycling;

wherein said extraction solvent 1s 1iquid'at the
temperature and pressure of step (i1), has a boiling
point of from 25 to 60°C at a pressure in the range 1 to
8 bar, comprises a solvent having a bolling point at 1
bar of below 20°C, and is such that water-scluble
oligosaccharides are precipitated from solution by 1ts
addition in step (ii). |

The extraction step, step (11), may be effected
under ambient or elevated pressure, e.g. 1 to 10 bar,
preferably 1 to 6 bar, especially 2 to 5 bar,
particularly about 2.5 bar. It will generally be

cffeccted at reduced, ambient or elevated temperature,
e.g. 5 to 70°C, preferably 10 to 50°C, especially 15 to
30°C, more particularly 20 to 25°C. Preferably, the
extraction step 1s performed at a temperature within 15
C° of that of step (i), especially within 10 C° and a
pressure within 1 bar of that of step (i), especially
within 0.5 bar.

The evaporation step, step (v), may also be
performed at ambient or elevated pressure, e.g. up to 8
bar, preferably 0.25 to 5 bar, and at a temperature of
25 to 60°C, preferably 40 to 55°C. It is particularly
desirable that this step not e performed above 80°C. The
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temperature and pressure combination however will be one
at which the extraction sclvent i1s gaseous. Preferab.y,
the evaporation step 1s performed at a temperature
within 15 C° of the temperature of step (11), especially
within 10 C°. Likewise, the evaporation step 1s
preferably performed at a pressure within 5 bar of that
of step (1i), especially within 3 bar. Thus 1t 1s
preferred to carry out step (11) under clecvated pressure
and step (v) under a lower pressure.

The condensation step, step (vi), 1s preferably

effected at a temperature in the range 0 to 60°C,

especially 20 to 55%C, and at ambilient or clevated
pressure, e€.g. up to lO'bar, especlally up to © bar. The
temperature and pressure combination however should be
one at which the extraction solvent 1s liguid.
Desirably, the condensation step is performed at ambient
pressure using uncooled water. Preferably, the
condensation step is cffccted at a temperature within 15
C° of that of step (ii), especially within 10 C°, and a
pressure within 1 bar of that of step (11i), especially
within 0.5 bar. Cooling to effect condensation 1s
preferably effected using water from the local
environment, e.g. from a river, a lake or, especially,
the sea.

The condensed extraction solvent yielded by step
(vi) may of course contain water; however the water
content will generally not be so high as to prevent
oligosaccharide precipitation in step (i1i). If desired,
the recycled extraction soclvent may be combined with
fresh extraction solvent for step (11).

The condensed extraction solvent 1i1is then desirably
repressurized and recycled into the extraction step.

The extraction solvent may be a single solvent
compound or a combination of at least two compounds. The
compounds will typically be selected from alcohols,
ethers and ketones with up to eight carbons, more
preferably up to four carbons, per molecule; however,

other water-miscible organic solvents may be uscd.
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Preferably the compounds are not ones which are highly

pr——

toxic to yeasts as some oI the extraction solvent may be

carried over to the fermentation step. Examples of
preferred compounds include dimethyl ether, methyl ethyl
ether, acetone, methanol, ethanol, n-propancl, and 1so-
propancol. Compounds such as dimethyl ether which have
boiling points at 1 bar below 20°C will generally be used
as one component of a solvent mixture 1in this aspect of
the invention.

Suitable solvent mixtures having boiling points
within the temperature and pressure windows (the "TP
windows'") mentioned above may be produced using simple
laboratory experimentation, e.g. by determining the
surface of the boiling point in a three-dimensional plot
of boiling temperature, pressure, and relative
concentration for mixtures of two (or more) solvents. By
way of example, mixtures of dimethyl ether and ethanol
have boiling points within the TP windows 1in relative

volume ratios of about 1:5 to 5:1. Further examples are

set out below 1in the Examples and the accompanying
Figures.

The use of Cs.3 ethers, especilally methyl ethyl
ether and particularly dimethyl ether, as or as part ot
the extraction solvent i1is of 1tsclf novel and Zorms a
further aspect of the invention. Where dimethyl ether 1is

used alone as the extraction solvent, the extraction and
condensation steps are preferably effected under
elevated pressure such that the boiling and condensation
points of dimethyl ether at the pressures used are
respectively at least 50°C and at least 0°C, especially
at least 60°C and at least 26°C respectively.

Thus viewed from a further aspect the invention
provides a process for producing alcohol frxom a
cellulosic material, said process comprising the steps
of:

(1) hydrolyzing said cellulosic material with an

agueous acid to produce a hydrolysate;

(11) extracting acid and water from said
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hydrolysate with a water-miscible organic extraction
solvent comprising a C,.3 ether to yield (a) a first
aqueous acidic solution containing said extraction
solvent and (b) a residue containing sugars;

(1ii) subjecting said residue to an oligosaccharide
cleavage reaction to vield an agueous solution of
fermentable sugars;

(iv) fermenting said fermentable sugars and
distilling alcohol from the resulting fermented mixture;

(v) evaporating said extraction solvent from said
first solution to yield (a) a second aqueous acid
solution containing rno more than 10% wt., preferably no
more than 5% w=., of sald extraction solvent and (b)
gaseous extraction solvent;

(vi) condensing said gaseous extraction solvent for
recycling; and, optionally,

(vii) concentrating said second aqueous acid
solution for recycling; |

wherein said extraction solvent is liquid at the
temcerature and pressure of step (11) and is such that
water-soluble oligosaccharides are precilpitated from
solution by its addition in step (i1).

In this aspect of the invention the extraclion
solvent will typically be 1 to 100% wt. Cp-3 ether,
especially 10-100% wt., particularly 20-50% wt.

By selection of the extraction solvent as
described, the recovery of the acid and extraction
solvent may be performed with greater energy efficiency
than hitherto and this forms a Iurther aspect of the
invention. Viewed from this aspect the invention
provides a process for producing alcohol from a
cellulosic material, said process comprising the steps
of:

(1) hydrolyzing said celiulosic material with an
agueous acid to produce a hydrolysate;

(11) extracting acid and water from said
hydrolysate with a water-miscible organic extraction

solvent to yvield (a) a first aqueous acidic solution
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containing said extraction solvent and (b) a residue
contalning sugars;

(1ii) subjecting said residue to an oligosaccharide
cleavage reaction to yield an aqueous solution of
fermentak_e sugars;

(iv) fermenting said fermentable sugars and
distilling alcohol from the resulting fermented mixture;

(v) evaporating said extraction solvent from said
first solution to vield {(a) a second agueous acid
solution containing no more than 10% wt., preferably no
more than 5% wt., of said extraction solvent and (b}
gaseous extraction solvent;

(vi) condensing said gaseous extraction solvent for
recycling; and, optionally,

(vii) concentrating said second aqueous acid
solution for recycling;
wherein said extraction solvent 1s liguid at the
temperature and pressure of step (ii), has a boiling
point of from 25 to 60°C at a pressure 1n the range 1 to
8 bar, and is such that water~-soluble oligcsaccharides
are precipitated from solution by its addition in step
(ii), wherein extracl.ion step (11) 1s performec at a
terperature within 15 C° and a pressure within 1 bar of
the temperature and pressure of hydrolysis step (1),
wherein evaporation step (v) 1s performed at a
temperature within 15 C° and a pressure within 5 bar of
the temperature and pressure of extraction step (11),
and wherein condensatlion step {(vl) 1s performed at a
temperature within 15 C° and a pressure within 1 bar of
the temperature and pressure of extraction step (i1).

Viewed from a further aspect the invention provides
a praocess for the production of an agueous solution of
fermentable sugars from a cellulosic material, said
process comprising tnhe steps of:

(1) hydrolyzing said cellulosic material with an
aqueous aclid to produce & hydrolysate;

(11) extracting acid and water from said

hvdrolysate with a water-miscible organilic extraction
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solvent to yield (a) a first aqueous acicic solution
containing said extraction solvent and (b)) a residue
containling sugars; '

(v) evaporating said extraction so_vent from said
first solution to yield (a) a second aqueous acid
solution contalning no more than 10% wt., preferabiy no
more than 5% wt., of said extraction so_vent and (b)
gaseous extraction solvent;

(vi) condensing said gaseous extraction solvent for
recycling; and, optionally,

(vii) concentrating said second agueous acid solution
for recycling;

wherein said extraction solvent 1s ligquid at the
temperature and pressure of step (11), has a boiling
point of from 25 to 60°C at a pressure in the range 1 to
3 bar, and 1s such that water-soluble oligosaccharides
are precipitated from solution by 1ts add_tion in step
(11), wherein extraction step (11) is performed at a
Cemperature within 15 C” and a pressure within 1 bar of
the temperature and pressure of hydrolysis step (1),
wherein evaporation step (v) 1s performed at a
temperature within 15 C° and a pressure within 5 bar of
the temperature and pressure of extracticn step (i1i),
and whereln condensation step (vi) 1s performed at a
temperature within 15 C° and a pressure within 1 bar of
the temperature and pressure oif extracticn step (11).

Viewed from a still further aspect the invention
provides a process for the production of a sugar
composition from a cellulosic material, sald process
comprising the steps of:

(1) hydrolyzing said cellulosic material with an
agqueous acld to produce a hydrolysate;

(11) extracting acid and water from said
hydrolysate with a water-miscible organZc extraclion
solvent to yield {a) a first agqueous acidic solution
containing said extraction solvent and (b) a residue
containing sugars;

(111) drying said residue to vield said sugar
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composition;

(v) evaporating said extraction solvent from said
first solution to vield (a) a second aqueous acid
solution containing no more than 10% wt., preferably no
more than 5% wt., of sald extraction solvent and (b)
gaseous extraction solvent;

(vi) condensing said gaseous extraction solvent for
recycling; and, optiocnally,

(vil) concentrating said second aqueous acid
solution for recycling;
wherein said extraction solvent is ligquid at the
temperature and pressure of step (1i), has a boiling
point of from 25 to 60°C at a vressure in the range 1 to
8 bar, and is such that water-soluble oligosaccharides
are precipitated from solution by its addition in step
(11), wherein extraction step {(11) 1s performed at a
temperature within 15 C” and a pressure within 1 bar of
the temperature and pressure of hydrolysis step (1),
wherein evaporation step (v) 1s performed at a
temperature within 15 C” and a pressure within 5 bar of
the temperature and pressure of extraction step (11),
and wherein condensation step (vi) 1s performed at a
temperature within 15 C° and a precssure within 1 bar ot
the temperature and pressure of extraction step (11).

In these processes, 1t 1s preferred that extraction
step (ii) is performed at a temperature within 10 C° of
the tenmperature of hydrolysis step (1), that evaporation
step (v) 1s performed at a temperature within 10 C° of
the temperature of extraction step (11), and that
condensation step (vi) 1s performed at a temperature
within 10 C° of the temperature of extraction step (11).

The overall alcohol production process may 1if
desired be performed at a set of production sites, e.g.
with production of the fermentable sugars on one site
and fermentation and distillation at another. Equally,
the acid hydrolysis, acid removel and extraction solvent
removal may be performed at one site with the

ollgosaccharide cleavage and other downstream steps
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being performed at snother site.

Thus viewed from a further aspect the invention
provides a process for the production of an aqueous
solution of fermentable sugars from a cellulosic

5 material, said process comprising the steps of:

(1) hydrolyzing said cellulosic material with an
aqueous acid to produce a hydrolysate;
(11) extracting acid and water from said
hydrolysate with & watcr-miscible organic extraction
10 solvent tc vielc (a) a first aqueous acidic solution
containing said extraction solvent and (b) a residue
containing sugars;
(v) evaporating said extraction solvent from said
first solution to yield (a) a second agueous acid
15 solution containing no more than 10% wt., preferably no
more than 5% wt., of said extraction sclvent and (b)
gaseous extractiocon solventz;
(vi) condensing saild gaseous c¢xtraction solvent for
recycling; and, opticnally,
20 (vii) concentrating said second agueous acid
solution for recycling;
wherein said extraction sclvent 1s liquid at the
temperature and pressure of step (11), has a boiling
point of from 25 to 60°C at a pressure in the range 1 to
25 8 bar, comprises a solvent having a pboiling polnt at 1
bar of below 20°C, and 1s such that water-soluble
cligosaccharides are precipitated from solution by 1ts
addition in stcp (11).
Viewed from another aspect the invention provides
30 a process for the production of a sugar ccmposition from
a cellulosic material, said process comprising the steps
of:
(1) hydrolyzing said cellulosic material with an
agueous acid to produce a hydrolysate;
35 (11) extracting acid and water from said
hydrolysate with a water-miscible organic extraction

solvent to yvield (a) a first agueous acidic solution

containing said extraction solvent and (b) a residue
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containing sugars;

(1ii1) drying said residue to yield sald sugar
composition;

(v) evaporating said extraction solvent from said
first solution to vyield (a) a second aqueous acid
solution containing no more than 10% wt., preferably no
more than 5% wt., of salid extraction solvent and (b)
gaseous extraction solvent; |

(vl) condensing sald gaseous extraction solvent for
recycling; and, optionally,

(vii) concentrating saild second agqueous acid
solution for recycling;

wherein salc exXxtractior solvent 1s liguid at the
temperature and pressure of step (11), has a boiling
point of from 25 to 60°C at a pressure in the range 1 to
8 bar, comprises a solvent having a boiling point at =
bar of below 20°C, and i3 such that water-soluble
oligosaccharides are precipitated from solution by 1its
addition in step (11).

Viewed frcom a another aspect the invention providss
a process for the production of an aqueous solution of
fermentable sugars from a cellulosic material, said
process comprlising the steps of:

(1) hydrolyzing said cellulosic material with an
aqueous acid to produce a hydrolysate;

(11) extracting acid and walter from said
hydrolysate with a water-miscible organic extraction
solvent comprising a Cy_.z ethexr to yield (a} a first
aqueous aclidic solution ccntaining said extraction
solvent and (b) a residue containing sugars;

(v) evaporating sald extraction solvent from said

first solution to yield (a) a second agueocus acid

solution containing no more than 10% wt., pretferably no

more than 5% wt., of said extraction solvent and (b)

gaseous extraction solvent;
(vi) condensing sald gaseous extracticon solvent for
recycling; and, optionally,

(vi1) concentrating saild second agueous acild
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solution for recycling;

wherein sald extraction solvent 1s ligquid at the
temperature and pressure of step (i1i) and 1s such that
water—-soluble oligosaccharides are precipitated from
solution by its addition 1in step (11).

Viewed from a still further aspect the invention
provides a process for the production of a sugar
composition from a cellulosic material, said process
comprising the steps of:

(1) hydrelyzing said cellulosic meterial with an
aqueous acid to produce a hydrolysate;

(11) extracting acid and water from said
hyvdrolysate with a water-miscible organlc extraction
solvent comprising a Cy-3 ether to yield ({(a) a firsL
squeous acidic solution contalning said extraction
solvent and (b} a residue contalining sugars;

(111) drying said residue to yield said sugar
composition;

(v) evaporating said extraction solvent from said
first solution to yield (a) a second agqueous acid
solution containing no more than 10% wt., preferably no
more than 5% wt., of said extraction solvent and (b)
gaseous extraction solvent;

(vi) condensing said gaseous extraction solvent for
recycling; and, optionally,

(vii) concentrating sald seccnd aqueocus acid
solution for recycling;

wherein said extraction solvent 1s .ilguid at the
temperature and pressure of step (11) and 1s such that
water-soluble oligosaccharides are preclpltated from
solution by its addition in step (11).

The acid used in the process of the invention may
be any strong acid, but will generally be an 1norganic
acid such as phosphoric or sulphuric acid. The use ot
sulphuric acid is preferred. The use of hydrochloric
acid 1s not preferred. The use of a mixture ot
sulphuric and phosphoric acids, e.g. 1n a 1l:1 to 4:l

volume ratio, especially about 2:1 volume ratio, 1s
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especially preferred.

The acid solution as contacted with the cellulosic
starting material preferably corresponds to an
acid:water weight ratio of 1:1 to 4:1, especially about
3:1. Acid solutions of the acid strengths
conventionally used in strong acid hydrolysis of
cellulosic materials may be used. It should be noted
that acid and water may be added separately or that the
initial acid added may be diluted or concentrated to
vield the desired acid:water balarnce.

The acid hydrolysis may be performed in
conventional fashion. Typically, hydrolysis, which 1S
exothermic, will be performed on a continuous basis,
under cooling, e.g. water ccoling, to maintain the
hydrolysis mixture at 50 to 55° C. The acid
solution:cellulosic material ratio is typically 2:1 to
4:1 by weight and the hydrolysis duration will generally
be 1 to 4 , especially about 2, hours. In this way the
cellulose is broken down to produce oligosaccharlides
which can be precipitated out by the extraction solvent
to yield a lignin/sugars slurry.

Contact between hydrolysate and extraction solvent
is preferably effected in a counter flow column such
that cxtraction solvent is added from below and removed
from above and hydrolysate is added from above and the
lignin/sugars slurry 1s removed from below. The slurry
may be washed with extraction solvent 1f desirced, 1t may
be drained of ligquids if desired, and it may be dried 1=
desired. Alternatively it can bes used directly for the
oligosaccharide cleavage st-ep after addition of water tTO
brirg the sugars into solution. The oligosaccharidc
cleavage reaction may be effected enzymatically or
alternatively, and preferably, by acid hydrolysis. In
practice the residue of acid retained in the unwashec
slurry is adequate for oligosaccharide cleavage TO
proceed via such a second acid hydrolysis step.
Alternatively further acid may be added, for example To

bring the acid content of the sugar solution up to about
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0.1 to 5 wt%, especially 0.5 to Z wtS, particularly
about 1 wt%. Addition of excess acid i1s undesirable as,
following a second acid hydrolysis, the resulting
hydrolysate must be neutralized to a pH suitable for the
microorganisms responsible for fermentation {(generally
veasts). This second hydrolysis may be effected under
conventional conditions for weak acid hydrolysis of
oligosaccharides, e.g. a temperature of 125 to 155°C,
particularly about 140°C, a pressure of 2 to 7 bar,
preferably 5-6 bar and a duraticn of about two hours.

Before fermentation, the fermentable sugars 1n
aqueous solution are preflerably filtered to recover any
lignin. This 1s preferably washed to recover any
entrained sugars for fermentation and compressed for use
as a fuel, e.qg. to'provide energy for one or more of the
steps in the overall alcohol production process.

Where the raw cellulosic material 1s rice straw.
the lignin/sucars mixture will contein fine silica
carticles. These may be recovered by filtration, e.g.
using differently sized meshes for lignin and silica or
they may be recovered from the residue of Lhe combustion
of the lignin. Such silica particles are useful, e.g.
as palint additives, pharmaceutical tabletting aids, or
catalyst carriers (e.g. for olefin polymerization), and
their collection and use form further aspects of the
present invention. Viewed from a further aspect
therefore the invention provides a process for producing
particulate silicate comprising digesting rice straw
with aqueous acid, precipitating sugars from the agueous
acid with a water—-immiscible organic solvent, collecting
the resulting mixture ofl precipitated sugars, lignin and
partilculate silica, and separating therefrom the
particulate silica.

Viewed from still further aspects the 1nvention
provides a paint comprising silica particles i1solated
from rice straw,; a pharmaceutical comprising silica
particles isoclated from rice straw as an excipient; and

a particulate catalyst comprising silica particles
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isclated from rice straw and loaded with a catalyst.
These products may be prepared by conventional means
using other conventicnal ingredient.
The microorganism used 1n the fermentation step may in
one preferred embodiment be any microorganism capable of
converting fermentable sugars to alcohol, e.g. brewer's
veast. Preferably however a yeast or yeast mixture 1is
used which can transform the pentoscs ylielded by
hemicellulose hydrolysis as well as the hexoses yielded
by cellulose hydrolysis. Such yeasts are avallable
commercially. The use of microorganisms that can
transform pentoses to alcohol (e.g. Pichia stipitis,
varticularly P. stipitis CBS6054), particularly in
combination with ones which can transform hexoses to
alcohol, 1s especially preferred. Where fermentation 1s
performed using milcroorganisms other than brewer's yeast
(e.g. C. beijerinckii BA10l), alcohols other than
ethanol, in particular butanol, can be produced and
these too can be used as bilofuels. The invention covers
the production of such other alcohols.

Distillation may be effected 1n conventional

fashion.

The sugars produced using the invention can be
fermented or respired by Baker’s yeast or other
microorganisms yeast to yield many different bioclogical
produced compounds such as glycerol, acetone, organic
acids (e.g. butyric acid, lactic acid, acetic acid),
Fyvdrogen, methane, biopoclymers, single cell proteiln
(SCP), antibiotics and other pharmaceuticals. Specific
proteins, enzymes or other compouncs could also be
extracted from cells grown on the sugars. The sugars
moreover may be transformed i1nto desired encd products oy
chemical and physical rather than blological means, e.dg.
reflux boiling or dehydration of xylcse will yield

furfural. The invention thus also covers the production

of all such other produced compounds besides alcohols.

The apparatus used 1n the processes ctf the
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invention typically comprises: a hydrolysis reactor; a
first separator arranged to recelve hydrolysate from
said reactor and to discharge a sugar slurry; a second
separator arrangec to receive an extraction
solvent/water mixture (i.e. extraction solvent and acid)
from said first separator and to discharge an aqueous
acid solution; an acid reservolr arranged to supply acid
to said reactor; an extraction solvent reservoir
arranged to supply an organic cextraction solvent to said
first separator; and a condenser arranged to receilve
gaseous extraction solvent from saild second separator
and to discharge said extraction solvent in liguid form
for recycling.

The apparatus preferably also comprises components
for recycling the acid and extraction solvent, and for
feeding cellulosic material to the reactor.
Conveniently, it also comprises components for the
downstream handling of the sugar slurry, e.g. further
hydrolysis reactors, reservoirs for a base for
neutralizing the residual acid, Termentors and
distillation units.

To allow for contintous operation of the process
when i1ndividusl steps are performed batchwise,
individual units within the apparatus may be durlicated,
i.e. with such units being 1n parallel, so that one may
be 1n operation while the other 1s being
loaded/unlcaded. This i1s particularly the case for the

second acid hydrolysis, the fermentation, the
distillation, and the lignin separation steps.

In accordance with an aspect of at least one
embodiment, there i1s provided a process for producing
alcohol from a cellulosic materilal, said process
comprising the stevns of: (i) hydrolyzing sald cellulosic
material with an agueous acid to produce a hydrolysate;
(1i) extracting acid and water from said hydrolysate
with a water-miscible organic extraction solvent to
vield (a) a first agqueous acidic solution containing

said extraction solvent and (b) a residue containing
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sugars; (1ii) subjecting said residue to an
oligosaccharide cleavage reaction to yileld an aqueous
sclution of fermentable sugars; (iv) fermenting said
fermentable sugars and distilling alcohol from the
resulting fermented mixture; (v) evaporating said
extracticn solvent from said first solution to yield (a)
a second aqueous acid solution containing no more than
10% wt. of said extraction solvent and (b) gaseous
extraction solvent; (vi) condensing said gaseous
extraction solvent for recycling; and, (vil)

concentrating said second agqueous acid solution for

recycling; wherein said extraction solvent 1s a mixture

of ethanol and dimethyl ether.

In accordance with an aspect of at least one
embodimenz, there is provided a process for the
production of an aqueocus solution of fermentable sugars
from a cellulcsic material, sald process comprising the
steps of: (i) hydrolyzing said cellulosic material with
an agqueous acid to produce a hydrolysate; (11)
extracting acid and water from said hydrolysate with a
water-miscible organic extraction solvent to yield (a) a
first aqueous acidic solution cocntaining said extraction
solvent and (b) a residue contalning sugars; (V)
evaporating said extraction solvent from said first
solution to yield (a) a second aqucous acid solution
containing no more than 10% wt. of said extraction
solvent and (b} gaseous extraction solvent; (vi)
condensing said gaseous extraction solvent for
recycling; and, (vii) concentrating sald second agueous
acid solution for recvcling; wherein sald extraction
solvent is a mixture of ethancl and dimethyl ether.

In accordance with an aspect of at least one
embodiment, there is provided a process for the
production of a sugar composition from a cellulosic
material, said process comprlising the steps of: (1)
hyvdrolyzing said cellulosic material with an agueous
acid to produce a hydrolysate; (1il1) extracting acid and

water from said hydrolysate with a water-miscible
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crganlc extraction solvent to yield (a) a first aqueous
acidic solution containing said extraction sclvent and
(b) a residue containing sugars; (111) drying said
residue to Vyield said sugar composition; (v) evaporating
sald extraction solvent from said first solution to
vield (a) a second agueous acid solution containing no
more than 10% wt. of said extraction solvent and (b)
gaseous extraction solvent; (vl} condensing sald gaseous
extraction solvent for recycling; and, (vi1il)
concentrating said second aqueous acid solution for
recycling; wherein said extraction solvent 1s a mixture
of ethanol and dimethyl ether.

In accordance with an aspect of at least one
embodiment, there is provided a process for producing
alcohol from a cellulosic material, saild process
comprising the steps of: (1) hydrolyzing said cellulosic
material with an agueous acld to produce a hydrolysate;
(11} extracting acid and water from said hydrolysate
with a water-miscible organic extraction solvent to
vield (a) a first aqueous acidic solution contailining
said extraction solvent and (b) a residue contalining
sugars; {(111) subjecting sald residue to an
oligosaccharide cleavage reaction to yleld an aqueous
solution of fermentable sugars; (1iv) fermenting said
fermentable sugars and distilling alcohol from the
resulting fermented mixture; (v) evaporating said
extraction solvent from said firsit solution to yield (a)
a second aqueous acid solution containing no more than
10% wt. of said extraction solvent and (b) gaseous
extraction solvent; (vi) condensing sald gaseous
extraction solvent for recycling; and, (vii)
concentrating said second aqueous acid solution for
recycling; wherein said extraction solvent 1s a mixture
of ethanol and dimethyl ether.

In accordance with an aspect of at least one
embodiment, there 1s provided a process for the
production of an aqueous solution of fermentable sugars

from a cellulosic material, said process comprising the
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steps of: (1) hydrolyzing said cellulosic material with
an aqueous acilid to produce a hydrolysate; (11)

-~

extracting acid and water from said hydrolysate with a
water-miscible organic extraction solvent to yield (a) a
first aqueous acidic solutlon containing salid extraction
solvent and (b) a residue contalning sugars; (V)
evaporating said extraction solvent from said first
solution to yield (a) a second aqueous acid solution
containing no more than 10% wt. of said extraction
solvent and (b) gaseous extraction solvent; (vi)
condensing said gaseous extraction solvent for
recycling; and, (vil1li) concentrating sald second agueous
acld solution for recycling; wherein said extraction
solvent 1s a mixture of ethanol and dimethyl ether.

In accordance with an aspect of at least one
embodliment, there 1s provided a process for the
production of a sugar composition from a cellulosic
material, saild process comprising the steps of: (1)
hydrolyzing said cellulosic material with an aqueous
acid to produce a hydrolysate; (i11) extracting acid and
water from said hydrolysate with a water-miscible
organic extraction solvent to vyield (a) a first agueous
acldic solution contalning said extraction solvent and
(b) a residue containing sugars; (111) drying said
residue to vield said sugar composition; (v} evaporating
sald extraction solvent from said first solution to
vield (a) a second agueous acilid solution containing no
more than 10% wt. of said extraction solvent and (b)
gaseous extraction solvent; (vi) condensing sald gaseous
extraction solvent for recycling; and, (viil)
concentrating said second agueous acid solution for
recycling; Qherein sald extraction solvent is a mixture
of ethanol and dimethyl ether.

In accordance wlth an aspect of at least one
embodiment, there 1s provided a process for producing
alcohol from a cellulosic material, said process

comperising the steps of: (1) hydrolyzing said cellulosic
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material with an aqueous acid to produce a hydrolysate;
(i1i) extracting aclid and water from said hydrolysate
with a water—-miscible organic cxtraction solvent to
vield (a) a first aqueous acidic solutlon contalning
said extraction solvent and (b) a residue containling
sugars; (i1ii1) subjecting said residue to an
oligosaccharide cleavage reaction to yield an agueous
solution of fermentable sugars; (iv) fermenting said
fermentable sugars and distilling alcochol from the
resulting fermented mixture; (v) evaporating saild
extraction solvent from sald first solution to yield (a)
a second agueous acid solution containing no more than
10% wt. of said extraction solvent and (b) gaseous
extraction solvent; (vi) condensing sald gaseous
extraction solvent for recycling; and, (vii)
concentrating said second aqueous acid solution Ifor
recycling; wherein said extraction solvent is a mixture
of ethanol and dimethyl ether, wherein extraction step
(ii) is performed at a temperature within 15 C” and a
pressure within 1 bar of the temperature and pressure ot
hydrolysis step (i), wherein evaporation step (v) 1s
performed at a temperature within 15 C° and a pressure
within 5 bar of the temperature and pressure of
extraction step (ii), and wherein condensation step (vi)
is performed at a temperature within 15 C° and a pressure
within 1 bar of the temperature and pressure of |
extraction step (11).

In accordance with an aspect of at least one

embodiment, there 1s provided a process ifor the

- production of an agueous solution of fermentable sugars

from a cellulosic material, said process comprising the
steps of: (i) hydrolyzing said cellulosic material with
an aqueous acid to produce a hydrolysate; {11)
extracting acid and water from said hydrolysate with a
water-miscible organic extraction solvent to yileld (a) &
first aqueous acidic solution containing sald extraction
solvent and (b) a residue contalning sugars; (V)

evaporating said extraction solvent from saic first
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solution to vyvield (a) a second agueous aclid solution
contalning no more than 10% wt. of said extractcion
solvent and (b) gaseous extraction solvent; (vi)
condensing said gaseous extraction solvent for
recycling; and, (vii) concentrating sailid second agueous
aclid solution for recycling; wherein said extraction
solvent is a mixture of ethanol and dimethyl ether,
wherelin extraction step (11) 1s performed at a
temperature within 15 C° and a pressure within 1 bar of
the tempcraturc and pressure of hydrolysis step (1),
wherein evaporation step (v) 1s performed at a
temperature within 15 C° and a pressure within 5 bar of
the temperature and pressure of extraction step (11},
and wherein condensation step (vi) 1s performed at a
temperature within 15 C° and a préssure within 1 par of
the temperature and pressure of extraction step (11i).
In accordance with an aspect of at least one
embodiment, there 1s provided a process for the
production of a sugar composition from a cellulosic
material, said process comprising the steps of: (1)
hydrolyzing said cellulosic material with an agueous
acla to produce a hydrolysate; (i1l1) extracting acid and
water from said hydrolysate with a water-miscible
organic extraction solvent to yield (a) a first agqueous
acidic solution containing said extraction solvent and
(b) a residue containing sugars; (1i1) drying said
residue to yield said sugar composition; (v) evaporating
said extraction solvent from said first solution to
vield (a) a second aqueous aclid solution containing no
more than 10% wt. of said extraction solvent and (b)
gaseous extraction solvent; (vi) condensing sald gaseous
extraction solvent for recycling; and, (vii)
concentrating said second aqueous acid solution for
recycling; wherein said extraction solvent 1s a mixture
of ethanol and dimethyl etnher, wherein extraction step
(1i) 1s performed at a temperature within 15 C” and a
pressure within 1 bar of the temperature and pressure of

hydrolysis stép (1), wherein evaporation step (v) 1s
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performed at a temperature within 15 C° and a pressure
within 5 bar of the temperature and pressure of
extraction step (i1), and wherein condensation step (vi)
is perforrxed at a temperature within 15 C” and a pressure
within 1 bar of the temperature and pressure of

extraction step (1ii).

BRIEF DESCRIPTION O THE DRAWINGS

Fmbodiments of the invention will now be described

further with reference to the following non-limiting

Examples and the accompanying drawings, 1n which:

Figure 1 1is a schematic diagram of an apparatus
according to the invention;

Figure 2 is a three-dimensional plot of the vapour
pressure of mixtures of dimethyl ether and ethanol in
the temperature range -20 to +85°C;

Figure 3 1s a three-dimensional plot of the wvapour
pressure of mixtures of methyl ethyl ether and ethanol
in the temperature range -20 to +85°C; and

Figure 4 1s a three—-dimensional plot of the vapour
pressure of mixtures of dimethyl ether and methanol in

the temperature range -20 to +85°C.

ESCRLPTION OF THE DRAWINGS

Py

DETATIL.

(T}
-
-

Referring to Figure 1, there is shown an apparatus
1 for the conversion of wood pulp to alcohol. Wood pulp

2 1s fed from horper 3 into a hydrolysis reactor 4

containing a rotating screw operalbed to ensure &

residence time for the wood pulp within the reactor of
about two hours. The reactor 1s provided with a water-
cooling Jacket to maintainh the hydrolysis mixture at
about 50-55°C. Sulphuric and phosphoric acids and water,
in a welght ratio oI 2:1:1 are fed into reactor 4 from
reservoirs 5 and 6, water feed line 7, and acid
recycling reservoir 2Z23. The hydrolysate from reactor 4

1s fed to the top of a counterflow separation column 8
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having internal plates 9 to delay through flow. Into the
base of column 8 is introduced an organic extraction
solvent, a 3.25:1 by weight mixture of dimethyl ether
and ethanol, from reservolr 29. Within the column §,
water and acid are taken up by the extraction solvent
and lignin and precilpitated sugars are passed from the
base of the column to a continuocus filtration unit 10.
The acilid/water/extraction solvent mixture 13 discharged
from the top of column 8 and fed i1nto a separator column
11,

The solid residue from filtration unit 10 1s passed
to a drier 12 and the dry lignin/sugar mixture is then
dissolved in water and passed into a second hydrolysis

recactor 13. The liguid from the filtration unit 10 1is

passed to separator column 11.

Tn the second reactor 13, a further acid hydrolysis
is effected at 140°C for two hours at 5-6 bar. The
hyvdrolysate is filtered 1n filtration unit 14 to remove
lignin (which is compressed and combusted to provide
enerqgy for the overall apparatus). The remaining
solution of fermentable sugars i1s neutralized with
calcium carbonate in neutralization unit 15 before being
passed to fermentation unit 16 where brewcrs' yeast 1s
added and fermentation 1s allowed to take place. The
fermented mixture is then fed to distillation unit 17
where alcohol is distilled off via line 18.

The acid/water/extraction sclvent in separator
column 11 1s depressurized to cause the extraction
solvent to evaporate. The gaseous extraction solvent 1s
led from separator column 11 to a condenser 20 where the
pressure 1s 1ncreased sufficiently to ligquefy the
extraction solvent and the liguid extraction solvent 1is
recycled via line 21 to reservolr 28. The remaining
agqueous acld is fed from separator column 11 to
evaporator unit 22 where water 1s removed under vacuumn.
The remzining acid, containing some dissolved sugar, 15

recycled to reservoir 23.
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Example 1

Acid Hydrolysis of waste wood

289g of a 55.3% wt. agueous solution of sulphuric
and phosphoric acids in a mass ratio of 2:1 was mixed
with 50g of sawdust from demolition wood. The resultant
suspension was kept at 50 °C for 2 hours and 40 minutes

and then cooled to Z0 °C.

The acid solution used in this Example may be
prepared from dilute recirculated acid (0.8l liters,
containing 160g sulphuric and phosphoric acids in a 2:1
weight ratio) by evaporation of water to a 55.3% wt acaid

content.

Example 2

Solvent Extraction O£ Acid from Cellulose

Hydrclysate

After cooling the suspension from Example 1, 2250 ml
ethanol (96% wt. ethancl with 2% wt. methyl isobutyl
ketone) was added and the mixture was transferred to a
pressure vessel 1n which 605 g of dimethyl ether was
added. The suspension was filtered in the pressurc

vessel. The filter cake of lignin and precipitated

sugars was then suspended in water to a total volume of
0.8 liters.

Through evaporating off the remaining solvent
(ethanol and dimethyl ether), the volume of this
suspension was reduced to 0.3 liters and then 1t was

filc-ered.

Example 3

Solvent Extraction of Acid from Cellulose

Hydrolysate

After cooling the suspension from Example 1, 250 ml
ethanol (%6% wt. ethanol with 2% wt. methyl 1sobutyl

ketone) was added and the mixture was transferred to a
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pressure vessel having two compartments {(an inlet
compartment and an outlet compartment) separated by a
sintered glass plate and 0.56 kg of dimethyl ether was
added. The dimethyl-ether was recycled dimethyl ether
from previous experiments which had used dimethyl ether
as the extraction solvent. The suspensicn was filtered
in the pressure vessel. The volatile fraction of the
filtrate was continuously withdrawn and re-pressurilzed
in a piston compressor. The re-pressurized vapour was
continuously condensed and fed to a pressure vessel and
used as extraction solvent 1n subsequent experiments.
Total ether fraction reclaimed as liguid ether was (0.33
kg (59% of added ether).

The filter cake of lignin and precipitated sugars
was then suspended in water to a total volume of 0.8
liters.

Through evaporating off the remaining solvent
(ethanol and dimethyl-ether), the volume of this
suspension was reduced to 0.3 liters and then 1t was
filtered.

Examgle 4

—t W -

Ethanol

This Example demonstrates that, following use of
dimethyl ether as the extraction solvent, i.e. 1n
Examples 2 and 3 above, the Sugars, both thcse
precipitated and those remaining in solution, can be
further processed by oligosaccharide cleavage and

fermentation to produce ethanol. Thus, the filtrate from

Fxample 2, comprising dissolved sugars and washing

| S——— |

water, was partly neutralized by addition of calcium
carbonate whereby the remeining sulphuric acid

precipitated as gypsum and was filtered out. The filter

cake from Example 2 was then added to the partly
neutralized sugar solution and the resultant mixture was

heated for two hours at 140 °C in a laboratory autoclave.
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The suspension was then filtered and the filtrate, 1.e.
the sugar solution, was neutralized with calcium
carbonate to pH 4.5. The dissolved sugar was fermented
conventionally using ordinary baker’s yeast
(Saccaharomyces cerevisiae).

The yield of ethanol was determined by gas
chromatography analysis of the solution. The ethanol
vield after fermentation was 11.3Z2 ml.

The total calcium carbonate consumption for
neutralizing the remaining acid in the hydrolysate and

in the sugar solution was 28.6 g, which corresponds to
17.5% of the added acid.

Example 5

Reproduction of Examples 1 to &

Diluted re-circulated acid from the same stock as

used in Example 1, containing 156 g sulphuric and
phosphoric acid, weight ratio 2:1, was re-concentrated
to 53.5% wt. acid solution by evaporation of water. The
concentrated acid solution, 282 g, was mixed with 30 g
of sawdust from demolition wood. The resulting
suspension was kept at 50 °C for 2 hours and 40 minutes
and then cooled Lo 20 °C.

The suspension was mixed with 250 ml ethanol and
transferred to a pressure vessel. Recycled dimethyl-
ether, 0.61 kg, was added to the pressure vessel and the
suspension was fi_tered in the pressure vessel.

The volatile fraction of the filtrate was
continuously withdrawn and re-pressurized 1n a piston
compressor. The re-pressurized vapour was continuously
condensed and fed to a pressure vessel and used as
extraction solvent 1n subsequent experiments.

Total ether fraction reclaimed as liguid ether was 0.28
kg (46% of added ether).

The filter cake, containing solid lignin and

precipitated sugars, was processed ifurther according to

Examples Z2-4.
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Total amount of calcium carbonate added to
neutralize the sugar solution to pl= 4.5 was 34.9 ¢
which corresponds to 21.9 % of the added acid.

kthanol yield from fermentation of the neutralised

sugar solution was 11.68 ml.

Example ©

Recycling and reuse of mineral acid from

Examples 1 to 4

The liguid fraction of filtrate from Examples 3
and 5, containing 82.5 % of the mineral acid used 1n

Example 1 to 4 plus residual ethanol and dimethyl-ether,

“was Llransferred to a glass bottle. Residual dimethyl

ether and ethanol were boiled off 1in a rotary evaporator
at slightly reduced pressure and a temperature of ca
50°C.

The residual acid solution was diluted with waler
in order to precipitate acid soluble lignin and
filtrated. The acid concentration in the filtrate was
34.6 % by welght analysed with acid-base tTitration.

A liguid volume of the filtrate, 0.46 litre, contalning
160 g pure mineral acid and a weight ratio
Mosoa/Muzpos=1 .6, was evaporated in a roctary evaporator to
an acld concentration of 54.1 weightb.

The re-concentrated acid solution was mixec wWlth

50 g of sawdust from demolition wood. The resu.tant
suspension was kept at 50 °C for 2 hours and 30 minutes
and then cooled to 20 °C.

After cooling the suspension of hydrolyzed wood and
solid lignin was mixed with 250 ml ethanol. The mixture
was transferred Lo a pressure vessel. Dimethyl-ether,
0.63 kg, was added to the pressure vessel. The
suspension containing precipitated sugar and solid
lignin was filtered in the pressure vessel and the
volatile fraction of the filtrate continuously
recompressed with a piston compressor. The repressurized

vapour was contilnuously condensed and fed to a pressure
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vessel and used as extraction solvent in subsequent
experiments. Total ether fraction reclaimed as liguid
ether was 0.37 kg (58% of added ether).

The filter cake of lignin and precipitated sugars
was then suspended in water to a total volume of 0.8
litres. Through evaporating off the remaining solvent
(ethanol and dimethyl ethexr), the volume of this
suspension was reduced to 0.3 liters and then 1t was
filtered.

Subsequent tTreatment of recovered sjurry to produce

ethanol was according to Example 4. Total consumptilon of
Calcium carbonate to neutralise the sugar solution to
pH = 4,5 was 25.8 g, corresponding to 15,8 % of mineral

acid used in hydrolyzing sawdust from demolition wood.

FEthanol yield from fermentation of the neutralized

sugar solution was 3.81 ml.

| o |

Example 7/

TP window for solvent mixtures

The approximate vapour pressures, 1n kPa, for
mixtures of ethanol and dimethyl ether between -~-20 and
+85°C are set out in Table 1 below (% is % dimethyl ether
by welght). The figures are also plotted 1n Figure 2. AS
can be seen a temperature/pressure window of 25-60°C and

1-8 bar -5 accessible with dimethyl ether relative
contents of about 10-100%.
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% |

T, 0 10 20 30 40 50 60 70 80 90 100
°C
-20 0 13 25 37 50 02 74 80 99 111 123
-15 0 16 31 46 01 {0 91 106 121 130 151
-9 1 23 45 oY 39 111 134 156 178 200 227

0 2 28 54 81 107 134 160 186 213 239 266

5 2 34 65 96 128 159 190 222 253 284 316
10 3 40 /7 114 157 188 225 262 299 336 373
15 4 48 91 134 178 221 264 308 391 394 438
20 0 56 107 157 208 208 309 359 409 460 510
25 3 66 125 183 247 300 358 417 475 534 532
30 11 78 145 212 280 347 414 431 548  B10 033
35 14 91 168 245 322 399 476 953 630 707 784
40 18 106 194 281 369 457 545 632 720 808 896
45 23 123 222 322 421 521 620 720 819 919 1019
50 30 142 254 367 479 592 704 816 929 1041 1153
55 38 164 290 416 543 669 795 022 1048 1174 1301
60 47 189 330 471 613 754 895 1037 1178 1320 1461
65 56 216 374 532 689 847 1005 1162 1320 1478 1635
70 72 248 423 588 /73 048 1123 1298 1473 1648 1824
75 80 283 476 670 864 1058 1252 1445 1639 1833 2027
80 108 322 536 749 963 177 1391 1604 1818 2032 2246
85 131 366 601 836 1071 1306 1540 1775 2010 2245 2480

The approxlmate vapour pressures, 1n kPa, for

mixtures of ethanol and methyl cthyl ether between -20
and +85°C are plotted in Figure 3. As can be seen a
temperature/pressure window of 25-60°C and 1-8 bar 1is
accessible with methyl ethyl ether/ethanocl mixtures.
The approximate vapour pressures, 1n kKPa, Iorx
mixtures of methanol and dimethylether between -Z20 and
+85°C are plotted in Figure 4. As can be seen a
temperature/pressure window of 25-60°C and 1-8 bar is

accessible with dimethvlether/methanol mixtures.
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Claims

1. A process for producing alcohol from a celliulosic
material, saild process comprising the steps of:

(1) hydrolyzing sald cellulosic material with an
agueous acid to produce a hydrolysate;

(1i) extracting acid and water from said
hydrolysate with a water-miscible organic extraction
solvent to yield (a) a first agueous acidic solution
contalning said extraction solvent and (b) a residue
containing sugars;

(111) subjecting said residue to an oligosaccharide
cleavage reactlion to yield an agueous solution of
fermentable sugars;

(1v) Zermenting sald fermentable sugars and
distilling alcohol from the resulting fermented mixture;

(v) eveporating said extraction sclvent from said
first solution to vyvield (a) a second agueous acid
solution containing no more than 10% wt. of said
extraction solvent and (b)) gaseous extraction solvent;

(vi) condensing sald gaseous exlraction solvent for
recycling; and,

(vil) concentrating said second agueous acid
solution for recycling;

wherein sald extraction solvent 1s a mixture of
ethanol and dimethyl ether.

2 . A process for the product-_on of an agqueous solution
cf fermentable sugars from a cellulosic material, said
process comprising the steps of:

(1)} hydrolyzing said cellulosic material with an
aqueous acid to produce a hydrolysate;

(11) extracting acid and water from said
nydrolysate with a water-miscible organic extraction
solvent to yield (a) a first agueous aclidic solution
containing said extraction solvent and (b) a residus
contalning sugars;

(v) evaporating said extraction scolvent from said
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first sclution to yield (a) a second agueous acld
solution containing no more than 10% wt. of said
extraction solvent and (b) gaseous extraction solvent;

(vi) condensing sald gaseous extraction solvent for
recycling; and,

(vili) concentrating said second aqueous acild
solution for recycling;

wherelin sald extraction solvent 1s a mixture of
ethanol and dimethyl ether.

3. A process for the production of a sugar composition
from a cellulosic material, said process comprising the
steps of:

(1) hydrolyzing said cellulosic material with an
agqueous acid to produce a hydrolysate;

(1i1) extracting acid and water from said
hydrolysate with a water-miscible organic extraction
solvent to yield (a) a first aqueous acidic solution
containing said extraction solvent and (b) a residue
contalnling sugars;

(111) drying said residue to yileld said sugar
composition;

(v) evaporating said extraction solvent from said
first solution to yield (a) a second aqueous acid
solution containing no more than 10% wt. of said
extraction solvent and (b) gaseous extraction solvent;

(vi) condensing saild gaseous extraction solwvent for
recycling; and,

(vili) concentratling said second aqueous acid
solution for recycling;
wherein said extraction solvent 1s a mixture of ethanol
and dimethyl ether.

4 . A process for producing alcohol from a cellulosic
material, salid process comprising the steps of:

(1) hydrolyzing said cellulosic material with an
aqueous acid to produce a hydrolysate;

(11) extracting acid and water from said
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hydrolysate with a water-miscible organic extraction
solvent to yield (a) a first aqueous acidic solution
containing said extraction solvent and (b) a residue
contalning sugars;

(111) subjecting said residue to an oligosaccharide
cleavage reaction to yield an aqueous solution of
fermentable sugars;

(1v) fermenting sald fermentable sugars and
distilling alcohol from the resulting fermented mixture;

(v) evaporating saild extraction solvent from said
first solution to yield (a) a second agueous acid
solution containing no more than 10% wt. of said
extraction solvent and (b) gaseous extraction solvent;

(vl1i) condensing sald gaseous extraction solvent for
recycling; and,

(vil) concentrating said second agqueous acid
solution for recycling;

wherein said extraction solvent is a mixture of
ethanol and dimethyl ether.

0. A process for the production of an agueous soclution
of fermentable sugars from a cellulosic material, said
process comprising the steps of:

(1) hydrolyzing said cellulosic material with an
aqueous acid to produce a hydrolysate;

(11) extracting acid and water from said
hydrolysate with a water-miscible organic extraction
solvent to vyvield (a) a first aqueous acidilc solution
containing said extraction solvent and (b) a residue
containling sugars;

(v) evaporating saild extraction solvent from said
first solution to yield (a) a second agueous acid
solution containing no more than 10% wt. of said
extraction solvent and (b) gaseous extraction soclvent;

(vi) condensing saild gaseous extractlon solvent for
recycling; and,

(vil) concentrating said second agueous acid
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solution for recycling;

whereln sald extraction solvent 1s a mixture ot
ethanol and dimethyl ether.

0. A process for the production of a sugar composition
from a cellulosic material, said process comprising the
steps oft:

(1) hydrolyzing said cellulosic material with an
aqueous aclid to produce a hydrolysate;

(11) extracting acid and water from said
hydrolysate with a water—-miscible organic extraction
solvent to vyvield (a) a first agueous acidic solution
containing said extraction solvent and (b) a residue
contailning sugars;

(111) drying salid residue to yield said sugar
composition;

(v) evaporating said extraction solvent from said
first soluticn to yield (a) a second aqueous acid
solution containing no more than 10% wt. of said
extraction solvent and (b) gaseous extraction solvent;

(vi) condensing sald gaseous extraction solvent for
recycling; and,

(vii) concentrating sald second agueous acid
solution for recycling;

wherein saild extraction solvent is a mixture of

ethanol and dimethyl ether.

. A process as claimed 1n any one otf claims 1 to ©

wherein extraction step (11) 1s performed at a

temperature within 15 C” and a pressure within 1 bar of

the temperature and pressure of hydrolysis step (1).

3 . A process as claimed i1n any one of claims 1 to 7/
wherein evaporation step (v} 1s pertformed at a
temperature within 15 C° and a pressure within 5 bar of

the temperature and pressure of extraction step (11).



CA 27749100 2017-04-25

_34_

9. A process as claimed 1n any one of claims 1 to 8
wherein condensation step (vil) 1s performed at a
temperature within 15 C° and a pressure within 1 bar of

the temperature and pressure of extraction step (11).

10. A process for producing alcohol from a cellulosic
material, said process comprising the steps of:

(1) hydrolyzing said cellulosic material with an
aqueous acild to produce a hydrolysate;

(11) extracting acid and water from said
hydrolysate with a water-miscible organic extraction
solvent to vield (a) a first agueous acidic solution
contalning said extraction solvent and (b) a residue
contalning sugars;

(111) subjecting said residue to an oligosaccharide
cleavage reaction to yield an agueous solution of
fermentable sugars;

(1v) fermenting said fermentable sugars and
distilling alcohol from the resulting fermented mixture;

(v) evaporating said extraction solvent from said
first solution to yield (a) a second aqueous acid
solution containing no more than 10% wt. of said
extraction sclvent and (b) gaseous extraction solvent;

(v1) condensing said gaseous extraction solvent for
recycling; and,

(vii) concentrating said second agqueous acid
solution for recycling;

wherein said extraction solvent 1is a mixture of ethanol
and dimethyl ether, wherein extraction step (11) 1s
performed at a temperature within 15 C° and a pressure
within 1 bar of the temperature and pressure of
hydrolysis Step.(i), whereln evaporation step (v) 1s
performed at a temperature within 15 C” and a pressure
within 5 bar of the temperature and pressure of
extraction step (i1i1i), and wherein condensation step (vi)
is performed at a temperature within 15 C° and a
pressure within 1 bar of the temperature and pressure of

extraction step (11).
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11l. A process for the production of an agueous solution
of fermentable sugars from a cellulosic material, said
process comprising the steps of:

(1) hydrolyzing said cellulosic material with an
aqueous acid to produce a hydrolysate;

(11) extracting acid and water from said
hydrolysate with a water-miscible organic extraction
solvent to vyield (a) a first aqueous acidic solution
containing said extraction scolvent and (b) a residue
contalning sugars;

(v) evaporating said extraction solvent from said
first solution to yvield (a) a second agueous acid
solution containing no more than 10% wt. of said
extraction solvent and (b) gaseous extraction solvent;

(vi) condensing sald gaseous extraction solvent for
recycling; and,

(vi11i) éoncentrating sald second agueous acid
solution for recycling;
wherein sald extraction solvent 1s a mixture of ethanol
and dimethyl ether, wherein extraction step (ii) 1is
performed at a temperature within 15 C* and a pressure
wlthin 1 bar of the temperature and pressure of
hydrolysis step (1), wherein evaporation step (v) 1s
performed at a temperature within 15 C° and a pressure
within 5 bar of the temperature and pressure of
extraction step (11), and wherelin condensation step (vi)
is performed at a temperature within 15 C° and a
pressure within 1 bar of the temperature and pressure ot

extraction step (11).

12, A process for the production of a sugar composition
from a cellulosic material, said process comprising the
steps of:

(1) hydrolyzing said cellulosic material with an
aqueous acid to produce a hydrolysate;

(11) extracting acid and water from said
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hydrolysate with a water—-miscible organilic extraction
solvent to yield (a) a first agueous acidic solution
contalning sald extraction solvent and (b) a residue
contalning sugars;

(111) drying sald residue to vyileld said sugar
composition;

(v) evaporating sald extraction solvent from said
first solution to yield (a) a second aqueous acid
solution contalning no more than 10% wt. of said
extraction solvent and (b) gaseous extraction solvent;

(vi) condensing said gaseous extraction solvent ftor
recycling; and,

(vil) concentrating said second aqueous acid
solution for recycling;
whereln saild extraction solvent 1s a mixture of ethanol
and dimethyl ether, wherein extraction step (i1) 1s
performed at a temperature within 15 C° and a pressure
within 1 bar of the temperature and pressure of
hydrolysis step (1), wherein evaporation step (v) 1is
performed at a temperature within 15 C” and a pressure
within 5 bar of the temperature and pressure of
extraction step (1i1), and wherein condensation step (vi)
is performed at a temperature within 15 C* and a
pressure within 1 bar of the temperature and pressure of

extraction step (11).

13. A process as clalmed in any aone of claims 10 to 12
wherein extraction step (11) 1s performed at a
temperature within 10 C” of the temperature of
hydrolysis step (1), wherein evaporation step (v) 1s
performed at a temperature within 10 C° of the
temperature of extraction step (11}, and wherein
condensation step (vli) 1is performed at a temperature

within 10 C" of the temperature of extraction step (ii).

14. A process as claimed in any of claims 1, 4 or 10

for the production of ethanol.
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15. A process as claimed 1n any one of claims 1 to 14
wherein said second aqueocus acid solution contains no

more than 5% wt. of said extraction solvent.
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