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1

This invention relates to the hydrolyzing .of
the carbohydrate part of wood or other cellulose
materials with dilute acid solutions.

Numerous different processes exist for hydro-
lyzing the carbohydrate part of wood with di-
lute acid solutions. In some processes many suc-
cessive batches of hydrolyzing liquid are allowed
to react with the wood contained in a digester
while in other prior known methods acid solu-

_ tions regulated in a specific manner are continu-
ously forced through the digester, e. g. Swedish
Patents Nos. 105,420, 107,869, 107,933, 107,934,
and 108,126 relate to a process of saccharifica-
tion of wood wherein successive batches of acid
solutions are used and effectively circulated in
the digester during each saccharification phase.
" Also other processes are known wherein higher
concentration of sugar in solutions obtained as
hydrolysis product are aimed at by flowing the
formed sugar solution, according to the generally
known countercurrent : principle, into fresher
wood than that with which it has previously re-
acted in the next digester of the used series of
digesters. The present invention has for its ob-
ject the arrangement of wood hydrolysis in such
a way that simultaneously as the sugar solution
containing sugars extracted from the hemicellu-
iose part of wood is separated as gquantitatively
as possible from that composed of sugars originat-
ing irom the cellulose part of wood, the sugar
goncentration of both types of sugar solutions is
raised as high as possible. . :

The invention makes possible the commercial
production of crystalline hexose sugars by means
of hydrolysis of the cellulose part of wood in a
process involving separate production and treat-
ment of pentose and hexose sugar fractions from

. the respective hemi-cellulose and cellulose parts
of the wood and further involving the use of (a)
dilute solutions of SOz (not exceeding 2.0% SOz
by weight) as the hydrolyzing liquid, (b) circu-
lation of the acid within the digesters, (¢) con-
tact of successive batches of hydrolyzing liquid
with g given digester charge, (d) countercurrent
flow of the solution formed, and (e) mainte-
nance of proper temperatures (preferably 155°-
165° C. for hydrolysis of the hemi-cellulose and
preferably 180°-205° C. for hydrolysis of the cel-
lulose).

In carrying out the process of the present in-
vention the sugar solution containing sugars
originated from hemicellulose is concentrated
separately by flowing said solution in a series of
a plurality of digesters from one digester to an-
other and separately in like manner the sugars
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originating from the cellulose part of wood, i. e.
the sugar solution containing hexose sugars for
the major part. This is achieved by treating the
wood to be hydrolyzed with several successive
batches of hydrolyzing liquids, these several suc-
cessive treatments being hereinafter termed “hy-
drolysis stage.” At least two of these hydrolysis
stages, the number of which can vary, are car-
ried out at a temperature below 170° C., prefer-
ably at a temperature in the range of 155°-165°
C. (called in the following, A-stages) and the
others at a temperature exceeding 170° C., pref-
erably within the range 180°-205° C. (called B-
stages in the following). In addition to these
it is advisable, though not necessary, to wash the
solid lignin residue in the digester once or sev-
eral times with hot .water (these washwater
batches are termed wash stages in the follow-
ing). : .

When using dilute hydrolyzing liquids, i. e.
those containing under 2 per cent and preferably
not under 0.2 per cent of hydrolyzing agent, at
the temperature range of 155°-165° C. the veloc-
ity of hemicellulose hydrolysis is much greater
than, the velocity of decomposition of the mono-
saccharides formed as hydrolysis products.
Again at the temperature range of 185°-205° C.
the velocity of cellulose hydrolysis exceeds the
velocity of the decgmiposition of the monosac-
charides formed as hydrolysis products. More-
over, the velocity .of cellulose hydrolysis below
179° C. is so low that only negligible amounts of
cellulose hydrolyze in the A-stages wherefore the
sugar solution obtalned as a product in the B-
stages for the major part contains hexose sugars
and only a few per cent of pentose sugars chiefly
formed from hemicellulose, the pentose sugars
thus concentrating for the major part in the
solution from the A-stages.

On connecting, by means of pipe lines and
valves, several of the digesters in series it is pos-
sible to have the same batch of hydrolyzing lig-
uid react in a hydrolyzing manner with more
than one batch of wood to be hydrolyzed and
thus to obtain a higher concentration of sugar.
This concentration yields best results when using
aqueous solutions of sulfur dioxide (SO2) as hy-
drolyzing liquids... -

The different. hydrolysis stages of different di-
gesters are interconnected in such a way that
from each digester is withdrawn a total of two,
three or four batches of product sugar solution,
the first withdrawn solution—hereinafter termed
an A-solution—thus consisting of the hydrolysis
solution formed in successive A-phases and con-
taining sugars originating from the hemicellulose
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part of wood. On the other hand the sugars
originating from the cellulose part are contained
in one, two or three sugar solution batches with-
drawn after the A-solution and hereinafter
termed B-solutions. The B-solutions have been
formed from the hydrolysis liquid batches react-
ing in separate digesters at B-stages. If there

are two or three B-solutions per digester they

are referred to as Bi- and Bz~ or Bi-, Ba-, and
Bs- solutions.

Experiments carried out have shown that it is
not economical to combine all the sugars origi-
nating from the cellulose part into the one and
same withdrawn batch nor to increase the num-
ber of B-solutions to more than three, so that
in the following examples only those cases hav-
ing two or three B-solutions to a digester are re-
ferred to. :

The various features of novelty which charac-
terize my invention are pointed out with par-
ticularity in the cleims annexed to and forming
a part of this specification. For a better un-
derstanding of the invention, its operating advan-
tages and specific objects atfained by its use, ref-
erence should be had to the accompanying draw-
ings illustrative of the invention and in which:
Fig. 1 is a flowsheet of a system for carrying out
8 process embodying the invention, and Fig. 2is a
flowsheet of a similar system for carrying out a
form of the process of the invention modified
from that illustrated in Fig. 1. The invention
will be more fully described in the following two

" examples based on Fig. 1 and Fig. 2, respectively.

Exzample 1.—Hydrolysis carried out in accord-
ance with the concentration diagram of Fig. 1
requires six digesters designated by the numerals
i-6 by means of which 24 digesters full of wood
are hydrolyzed in 24 hours, i. e. four cycles fto
each digester in 24 hours. Water preheated to
the temperature desired is introduced into the
digester series and the requisite amount of liquid
8032 is added at the appropriate time as indi-
cated below, e. g.. by use of overpressure created
by means of an air compressor, to the digesters
designated by numerals -6 the liquid content of
which is kept in lively circulation, e. g. by means
of a centrifugal pump and circulation pipe lines
during the duration of each hydrolysis stage.
The liquid used in each phase of treatment can
be either transferred to any other digester de-
sired or withdrawn from said digester, e. g.
through a heat exchanger.

There is a total of three withdrawn batches of
product solution per digester, i. e. the A-solution
and the Bi- and Bz- solutions.

In the diagram the horizontal full lines des-
ignate the hydrolysis stages which, in this ex-
ample, consist of two A-stages and six B-stages,
while the horizontal dash lines stand for wash
stages numbering two. The diagram illustrates
the starting phase of the system up to digester 4
which is the first to yield solutions that have at-
tained the sugar concentration aimed at. On the
left hand side of the line illustrating the treat-
ment stage the time indicating the beginning of
the stage is shown and on the right hand side
of the same line the time for completion of the
stage, both calculated in minutes from the mo-
ment 0 when the system is started.

Fresh water or wash water is added to all the
stages which are not supplied, as indicated by
arrows, with the hydrolyzing liquid which has
already reacted in the previous digester. The
treatment stage is calculated to begin at that
moment when either hot fresh water or hydrolyz-
ing liquid which has reacted already in some

10

15

20

25

30

35

40

45

50

58

60

65

70

75

other previous digester is started to be introduced
into the treating digester and is calculated to
end at that moment when the freely moving lig-
uid portion of said treating digester contents has
been withdrawn either by utilizing overpressure -
or/and pump, at which said liquid is simultane-
ously transferred to a subsequent digester or/and
removed from the system as a ready sugar solu-
tion. The digester and the sieve plates, circula-
tion pipe lines, and corresponding pump are SO
dimensioned that said digester can be filled with
and emptied of the freely moving liquid in six
minutes. Accordingly, when the aforementioned
liquid content of the digester is being trans-
ferred to another digester of the series the treat-
ment stage of the digester to which transference
is being made is calculated to begin six minutes
before the end of the treatment stage in the
digester from which transference is being made.

In the diagram the hydrolysis stages are indi-
cated with AT—ATI and BI—BVI and the wash
stages with PI—PII. In this example, the hy-
drolyzing agent employed was an aqueous solu-
tion of SOg, containing 0.7 per cent SOz by weight.
Also the temperature. of each treatment stage
can be had from the diagram. The tempera-
ture can be maintained at the point desired by
e. g. introducing high pressure fresh steam into
the digesters. -

Examination of the diagram will show that a
digester full of wood is hydrolyzed to the end
and the solid hydrolysis residue, i. e. lignin is
washed twice in a total of 242 minutes (=4 hrs.
2 min.) and in a series of six digesters (since a
new digester filled with fresh wood is coupled to
the system every 60th minute) digester I is em-
ployed again after removal of lignin, filling with
fresh wood and presteaming within 6 hrs. (=360
min.) from the initial moment 0. For these in-
termediate procedures the hour and 58 minutes at
hand is quite sufficient.

On hydrolyzing according to the example de-
scribed above a2 yield of 55-60 per cent of reduc-
ing sugar in relation to dry wood weight is ob-
tained. When the filling density of the digester
is about 200 kilograms of fir wood calculated dry
per cbm. digester the average sugar content of
the A-solution is 9-10 per cent, that of Bi- and
Ba-solutions 6.5-7.0 per cent, and the average
sugar content of all three solutions about 7.5-
8.0 per cent. Simultaneously the sugar obtained
in the B-solutions forms about 55 per cent of the
total sugar yield and the hexose content thereof
exceeds 95 per cent.

Example 2.—~When hydrolyzing according to
the concentration diagram of Fig. 2 five digesters
are necessary with which 16 digesters full of
wood are hydrolyzed in 24 hours, in other words
a little over three digester fills of wood to each
digester in 24 hours. Fresh water preheated to
the ftemperature desired is inftroduced into the
digester series and thereafter the same procedure
is followed as described in Example 1.

There are four withdrawals from the system
of product solution per digester, i. e. the A-so-
lution and the B:-, Bz2-, and Bi-solutions.

In the diagram the full lines designate the hy-
drolysis stages, which in this example consist of
two A-stages and six B-stages, and the hori-
zontal dash lines represent wash-stages num-
bering two. The diagram illustrates the start-
ing phase of the system up to the third digestor
which is the first to yield solutions that have
attained the sugar concentration aimed at. On
the left hand side of the line illustrating the
treatment stage the fime indicating fthe begin-
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_ning of the stage is shown a.nd on the rlght hand

“side’ of the same line“the’time-for completion of-

- -the  stage; both -calculated "in ‘minutes from’the
moment 0 “when .the system -is- started.” Fresh

water or wash water-is-added to:all“the- stages,

which are not suppiiéd,:as indicated by arrows,
" with hydrolyzing liquld which<has-already re-
- acted in the previous digester., “The:trestment

either hot fresh water or hydrolyzing liquid

which has a.lready reacted in some previous di~-

gester is started to be introduced into the treat-
-ing digester and is calculated to end at that mo-
ment when the freely moving:liquid portion of
said treating digester contents has'been with-
drawn either by utilizing overpressure ‘or/and
pump, at which said liquid is ‘simultaneously
Iransferred to the next digester or/and removed
from the system as a ready sugar solution. The
digester and the sieve plates, circulation pipe
lines and corresponding pump are so dimensioned
that the digester can be filled with and emptied
of the freely moving liquid in six minutes. Ac-

cordingly, when the aforementioned liquid con-

tent of the digester is being transferred to an-
other digester of the series the freatment stage
of the digester to which transference is being
made is calculated to begin six minutes before the
treatment stage in the digester from which trans-
ference is being made ends.
In the diagram of Fig. 2 the hydrolysis stages
" are indicated with AT—ATI and BI—-BVI and the
washstages with PI—PII. In this example, the
hydrolyzing liquid is an aqueous solution of SOz,
containing about 0.7 per cent SO: by weight.
Also the temperature of each stage can be had
from the diagram. The temperature can be
maintained at the point desired by e. g. introduc-
ing high pressure fresh steam into the digesters.

Examination of the diagram will show that a

digester full of wood is hydrolyzed to the end and
the solid hydrolysis residue, i. e. lignin, is washed
twice in a total of 288 minutes (=4 hrs. 48 min.)
and that in g series of five digesters—since a new

digester filled with fresh wood is coupled to the .

system every 90th minute—digester { is employed
again, after removal of lignin, filling with fresh
wood and presteaming within 7 hrs. 30 min.
(=450 min.) from the initial moment 0. For
these intermediate procedures the 2 hrs. 42 min.
at hand are quite sufficient.

On hydrolyzing according to the example de-
scribed above a yield of 57-62 per cent of reduc-
ing sugar in relation to dry wood weight is ob-
tained. When the filling density of the digester
is about 200 kilograms of fir wood ecalculated dry
per cbm. digester the average sugar concentra-
tion of the A-solution is 9-10 per cent, that of Bi-,
Bza-, and Bs-solutions about 4.5-5.5 per cent and
the average sugar content of all four solutions
about 6-7 per cent.. Simultaneously the sugar
content of the B-solutions is over 55 per cent of
the total sugar yield and the hexose content
thereof over 95 per cent. i
- While in accordance with the provisions of the
statutes I have illustrated and described herein
some forms of the invention now known to me,
those skilled in the art will understand that
changes may be made without departing from
the spirit of the invention covered by my claims,
and that certain features of the invention may
sometimes be used to advantage without a cor-
responding use of other features.

_ In addition to the technical and economical
advantages achieved by means of this novel ar-

.
¢

rangement of hydrolysis, mention is made of the
facts that the utilization ratio-is high and in spite
of the high sugar yield the average sugar con-

~tent of the solutions is also of the highest grade

possible and further (practice has shown) that

-~more than half of the total sugar yield (B-solu-

““tions)- obtained is so pure a glucose solution that -
‘sald -solution can be evaporated as such after
stage is calcuiated to begin at the moment when -

. ‘_,/._v‘

St

20

23

‘neutralization -and used for ‘the: manufacture of
‘,pure crystalline glucose, ...
“tainingthe monosaccharlues -originating from the

he sugar solution con-

total carbohydrate part of wood (as-e, g. the mix-
ture of A-'and’ B-solutions) -is unfit:for‘the tech-
nical manufacture: ‘glucose.. "Moreover, ‘the
sugar content of the:
So high that evaporation costs keep ‘within rea«
‘sonable bounds.

I claim:

While it-is not intended that the mventlon be
limited to any particular theory, since it has not
been determined to what factor or combination
of factors the success-of the process in efficiently
‘producing a high content pentose sugar fraction
and g separate hexose siigar fraction suitable for
crystallization may be attributed, it is to be noted

. that the foregoing examples of procedure call
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for all of the following conditions:

(@) Separate phases for hydrolysis of the.
hemi-cellulose and of the cellulose;

(b) Separate treatment of the solutions formed
in the A-stages and those formed in the B-stages;

(¢) Separate withdrawal from the system of
the A-solution and the B-solution (or solutions) ;

(d) Maintenance of proper temperatures in
each stage;

(e) Use of dxlute solutions of SOz as the hy-
crolyzing liquid;

62 Circulation of the acid within the diges-
ters;
. (9) Contact of successive batches of hydrolyz-
ing lquid with a given digester charge; and

(h) Countercurrent flow of the formed solu-
tions.

I claim: .
1. A commercial process for hydrolyzing sub-
stantially all of the carbohydrate content of wood
to obtain a readily fermentable pentose-rich
sugar liquor and at least one separate hexose-
rich liquor suitable for crystallization of the gli-
cose content thereof, sdaid process including a
plurality of first low temperature hydrolyzing
steps performed -at temperatures in the range
ahove 155° C. to below 170° C. at the correspond~

5. Ing.pressure with- an aqueous pentose sugar liquor

adjusted to a content of SO2 as hydrolyzing agent
in an effective amount not exceeding 2.0%, a
plurality of second low temperature hydrolyzing
steps performed at temperatures higher than
that of said first low temperature hydrolyzing
steps and in the range above 155° C. to below
170° C. at the corresponding pressure with an
aqueous hydrolyzing solution containing SO as
hydrolyzing agent in an effective amount not ex-:
ceeding 20%, = plurality of first high tempera-
ture hydrolyzing steps performed at temperatures
in the range above 170° C. to 205° C. at the cor-
responding pressure with an agqueous hexose
sugar liquor adjusted to a content of SO., as
hydrolyzing agent, in. an . effective amount not
exceeding 2.0%, and a plurality of each of a
-second, a third, and so on high temperature hy-
-drolyzing steps each-of which ds performed-under
conditions as defined for said first ‘high fempera-
ture hydrolyzing steps, -the-liquid -being ‘main-

lutions in question-is
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7 )
tained in lively circulation in each of said hy-
drolyzing steps for the duration thereof, said
process comprising the steps of performing a first
low temperature hydrolysis on a fresh second
batch of said wood, the liquor for said hydrolysis
having been drawn from a second low tempera-
hydrolyzing step on a fifst batch of said wood,
withdrawing the readily fermentable pentose-
rich liquor resulting from said first low tempera-
ture hydrolyzing step, subsequently performing
a second low temperature hydrolyzing step on
the partially spent second wood batch, withdraw-

8

batches of wood, separately withdrawing the pei
tose-sugar liquor resulting from each of said low
temperature hydrolysis steps, performing another

- low temperature hydrolysis of each of said wood

i

)

ing the pentose-rich liquor resulting from said -

second low temperature hydrolyzing step and em-
ploying said resulting liquor as the aqueous liquor
in a first low temperature hydrolyzing step per-
formed on g fresh third batch of said wood, per-
forming a first high temperature hydrolyzing step
on said second wood batch employing a hexose
sugar liquor withdrawn from a third high tem-
perature hydrolyzing step performed on said first
-wood batch, withdrawing from said second wood
batch the hexose-rich sugar liquor resulting from
said first high temperature hydrolyzing step per-
formed on said second wood batch, said liquor
being suited for crystallization of its glucose con-
tent, performing a second high temperature hy-
drolyzing step on said second wood batch em-
ploying as sugar liquor & liquor resulting from a

fourth high femperature hydrolyzing step on said .

first wood batch, withdrawing from said second
wood batch the hexose-rich liquor resulting from
said second high temperature hydrolyzing step
on said second wood batch, said resulting liquor
being suited for crystallization of its glucose con-
tent, performing a third high temperature hy-
drolyzing step on said second woed batch em-
ploying as hydrolyzing liquor a liquor resulting
from a fifth high temperature hydrolyzing step
performed on said firsi weod batch, the original
source of said liquor being a wash performed
on a spent wood bateh preceding in the treat-
ment series said first wood batch, withdraw-
ing from said second wood batch the liquor re-

sulting from said third high temperature hydro- i3

lyzing step performed on said second wood batch
and employing said withdrawn resulting liquor
in a first high femperature hydrolyzing step per-
formed on said third wood batch, and continuing

the hereinabove defined pattern of operations.:

with further high temperature hydrolyzing steps,
further spent wood batch washing steps, and the
corresponding number of wood batches until sub-
stantially the total amount of carbohydrate in
all of said wood has been hydrolyzed.

2. A process for hydrolyzing substantially all
of the cellulosic content of wood to produce a
pentose-rich liqguor and at least one separate
.hexose-rich liquor, said process including a plu-
rality of each of the following hydrolyzing steps
each of which is performed at a pressure corre-
sponding to the temperature defined, each of
which employs an aqueous hydrolyzing solution
adjusted to a content of SO: as hydrolyzing agent
in an effective amount not exceeding 2.0% and
in each of which said aqueous hydrolyzing solu-
tion is maintained in lively eirculation substan-
tially for the duration of the hydrolysis: (a) low
temperature hydrolysis performed at a tempera-
ture in the range from above 100° C. to below
170° C, (b) high temperature hydrolysis per-
formed at a temperature above 170° C., and said
process comprising performing a low temperature
hydrolysis of each of a plurality of successive

40

60

85

70

75

batches subsequent to the withdrawal therefrom
of the pentose-sugar liquor resulting from the
first named low ‘temperature hydrolysis, sepa-
rately. withdrawing the pentose-sugar liquors re- .
sulting from each second named low temperature
hydrolysis of each of said wood batches, per-
forming a high temperature hydrolysis of each
of said wood batches subsequent to the with-
drawal therefrom of the pentose liquors result-
ing from said second named low temperature
hydrolysis thereof, separately withdrawing the
hexose sugar liquors resulting from each of said
high temperature hydrolysis steps of said wood

_batches, performing another high temperature

hydrolysis of each of said wood batches subse-
quent to the witlidrawal therefrom of the hexose
liquors resulting from the first named high tem-
perature hydrolysis thereof, separately withdraw-
ing the hexose sugar liquors resulting from the
second named high temperature hydrolysis of
each of the wood batches, maintaining said plu-
rality of wood batches as a cooperative cyelic
series of wood baftches, passing withdrawn pen-
tose liquor resulting from a low temperature hy-
drolysis of each of said wood batches in counter-
cuirent fashion to g low temperature hydrolysis
performed upon g succeeding wood batch in said
cyclic series of wood batches for employment in
the hydrolyzing solution thereof, passing a hexose
Lquor withdrawn from g high temperature hy-
drolysis of each of said wood batches in counter-
current fashion to a high temperature hydrolysis
performed upon a sueceeding wood bateh in said
cyclic series for employment in the hydrolyzing
solutions thereof, and maintaining the pentose
liquors withdrawn from said wood batches sepa- .
rate from the hexose liquors withdrawn there-
from. .

3. A process as defined in claim 2 wherein the
deflned countercurrent passage of low tempera-
ture liquor comprises introducing the withdrawn
pentose liquor resulting from the second named
low temperature hydrolysis of each of said wood
batches into the first named low temperature
hydrolysis of the respectively next succeeding
wood batch of said series of wood batches, the
aqueous hydrolyzing solution employed in each
of the second named low temperature hydrolysis
steps being prepared from fresh water, and the
separately withdrawn pentose sugar liquor result-
ing from the first low temperature hydrolysis of
each of said wood batches being collected as a
fermentable product, .

4. A process as defined in claim 3 wherein a
plurality of additional successive high tempera-
ture hydrolysis steps are performed upon each of
the wood batches in said cyclic series subsequent
to the withdrawal therefrom of the hexose liquor
resulting from the second named high tempera-
ture hydrolysis, the hexose sugar liquor resulting
from each of the additional successive high tem-
perature hydrolysis steps being withdrawn from
each of said wood batches prior to the perform-
ance of the next succeeding high temperature
hydrolysis step.

5. A process as defined in claim 4 wherein the
withdrawn hexose sugar liquor resulting from the
first named high temperature hydrolysis of each
of said wood batches is collected as a ready hexose
product, at least one water wash step is per-
formed upon the spent woqd of each of said wood
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batches subsequent to withdrawal therefrom of

the hexose liquor resulting from the last of the’

additional successive high temperature hydrolysis
steps, and the wash water resuiting from each
of the wash steps performed on each batch of
wood is passed to the wood batch next succeeding
in the series of wood batches and comprises the
major portion of the aqueous hydrolyzing solu-
tion for performance of one of the additional suc-
cessive high temperature hydrolysis steps per-
formed on said next succeeding batch.

6. A process as defined in claim 5 wherein each
of the low temperaturg hydrolysis steps is per-
formed at a temperature in the range from above
155° C. to below 170° C., and each of the high
temperature hydrolysis steps is performed at a
temperature in the range from above 170° C. to
below 205° C. ]

7. A process as defined in claim 6 wherein the
second named low température hydrolysis per-
formed on each of said wood batches is at a tem-
perature higher than the first named low tem-
perature hydrolysis of sald wood batch.

8. A process as defined in claim 6 wherein the
pattern of operations is extended to include addi-
tional high temperature hydrolyzing steps, addi-
tional spent wood batch washing steps, and &
corresponding number of wood batches until sub-
stantially the total amount of carbohydrate in
all of said wood has been hydrolyzed. .

9. A process as defined in claim 6 wherein the
withdrawn hexose liquor resulting from the sec-
ond named high temperature hydrolysis of each
of said wood batches is collected as a ready hexose
solution.

10. A process as defined in claim 6 wherein
subsequent to introduction of the aqueous solu-
tion to each wood batch in each hydrolysis step
and provision of the requisite temperature, pres-
sure, and solution circulation conditions therein,
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pure SOz is introduced into the solution whereby
the solution content thereof is adjusted to the
defined amount.

11. A process as defilned in claim o wherein
each low temperature hydrolysis of a given batch
of said wood has a duration of 1.5-4 times that of
each high temperature hydrolysis of said batch.

12. A process as defined in claim 6 wherein the
withdrawn hexose liquors resulting from sixth,
fifth, fourth and third high temperature hydroly-
sis steps of each of said wood batches are passed
respectively to fourth, third, second and first high
temperature hydrolysis steps of the next succeed-
ing .wood batch.

13. A process as defined in claim 6 wherein the
withdrawn hexose liquors resulting from sixth,
fifth and fourth high temperature hydrolysis
steps of each of said wood batches are passed
respectively to third, second and first high tem-
perature hydrolysis steps of the next.succeeding

-wood batch,. and withdrawn hexose liquors re-

sulting from first, second and third high tem-
perature hydrolysis steps of each of sald wood
batches are separately collected as three ready
hexose solutions.
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