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This invention relates to enzymatic hydrolysis 
of non-cellulosic carbohydrate anhydrides, or 
sugar precursors, i. e., materials from which 
sugars may be formed, and more particularly 
to the selective enzymatic hydrolysis of pre 
cursors of pentose sugars. 

It further relates to a process including the 
utilization of selective enzymatic hydrolysis upon 
solutions containing mixtures of sugar precursors, 
whereby the precursors of pentose sugars are 
hydrolyzed to pertose and the remaining sugar 
precursgrs are unaffected and can be separately 
recovered. 
The practice of the process will be described 

upon wood liquors derived from wood or woody 
ignoscellulose materials which may be obtained, 
as by expression or washing, from fiber produced 
by subjecting wood chips to the hydrolyzing ac 
tion of high pressure steam in a gun, such as 
described in U. S. Patent 1824,221 to Mason, 
followed by explosive discharge from the gun. 
Such a liquor is described in U. S. Patent No. 
2,224, 35 to Boehm. 
The wood liquor obtained as described contains 

materials produced from hemicelluloses by the 
high-pressure steam treatment and which are 
soluble or dispersible in water. From these ma 
terials hexose and pentose sugars may be formed, 
and while such precursors of hexose and pentose 
nay be in part polyuronides as well as polysans, 
they are herein referred to for convenience as 
hexosans and pentosans. The liquor also con 
tains soluble or dispersed tars, some free sugars, 
acetic acid, for nic acid, soluble or dispersed lig 
nin or ignin-degradation products, astringents, 
and various other materials. 
One mode of utilizing only the pentose pre 

cursor material contained in such wood liquors 
is described and claimed in the application for 
U. S. patent of R. M. Boehm, ser. No. 352,399, 
now Patent 2,369,655. This consists in subject 
ing the liquor, preferably in concentrated form, 
to severe hydrolysis in the presence of a mineral 
acid, carried to such extent that a high yield 
of furfural and the like products are obtained. 
Such relatively harsh hydrolysis treatment de 
grades the hexose precursors or hexoses, as by 
caramelization, tar formation and the like, to 
the extent of making them unfit for subsequent 
fermentation or like treatment. 

6 Claims. (C. 195-11) 
The present invention avoids such degradation 

of hexose precursors by providing a process to 
effect a separation of the sugar precursors, 

- Sugars, etc., before the pentose sugars and/or 
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pentose precursors are subjected to such severe 
mineral acid hydrolysis treatment. 
One object of the invention is to provide & 

process for effecting a selective enzymatic hy 
drolysis of pentosan material to pentose sugars 
in a mixture Containing pentOSans and hexosans, 
thereby permitting the hexosans to be removed. 
A further object is to provide a process where 

by both the hexosan content and pentosan con 
tent of a solution containing hexosans and pento 
sans can be utilized by effecting an enzymatic 
hydrolysis of the pentosans and thereby convert 
ing the Solution to a solution containing mix 
tures of pentoses and substantially unchanged 
hexosans, and the hexoSans can be removed from 
the latter solation. 

In setting forth the practice of the invention 
on the wood liquor described above, two embodi 
ments will be presented for purposes of illustra 
tion. In one, such liquor is used without previous 
purification treatment. In the other, liquor is 
tised from which most or all of the constituents 
other than pentosans and hexosans have been 
removed. 
When the liquor to be treated according to the 

process of the present invention consists of a 
mixture of hexosan and pentosan material, along 
with other materials such as tars, organic acids, 
astringents, etc., as in the case of wood liquors 
above referred to, it may be subjected to en 
2ymatic hydrolysis without preliminary treat 
ment to eliminate the tars, etc. The enzyme 
material which has been found best adapted for 
this purpose is that resulting from the action of 
the mold Aspergillus niger. Such material may 
be supplied as by adding bran containing same 
to the solution. The enzymatic hydrolysis treat 
ment is carried out at suitably low temperatures 
in the range of about 50°-60° C., which has been 
found best adapted to secure high yields of pen 
tose. The preparation of the enzyme and hy 
drolysis treatment therewith will be further de 
scribed below. 
With use of Aspergillus niger enzymes as the 

hydrolyzing agent, a very effective conversion 
of pentosan material to pentose can be obtained. 
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This may be instanced by hydrolysis effects ob 
tained with two batches of liquor which had been 
produced as above described from pine wood and 
gun wood respectively. The solid content of 
such liquors was approximately 4 parts in 100. 
Upon hydrolysing the liquor from pine wood with 
the Aspergillus niger enzyme, 75% of the pento 
sans were hydrolyzed, with no evidence of hy 
drolysis of the hexosans. In the case of gum 
wood 80% of the pentosans were hydrolyzed. 
After the hydrolysis treatment has been tom 

pleted, the liquor is a solution in water of pen 
toses and hexosans, and containing extraneous: " ": 
materials, as tars and the like. After removal 
of the bran, as by filtration, the hexosansnay 
be separated from the pentoses by addition, to 
the solution of an oxygenated water-miscible." 

O 
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organic liquid, as for example acetone, a mix 
ture of acetone and isopropyl ether, dioxane, or 
the lower aliphatic alcohols, as methanol or eth 
anol. As a result of this treatment, the hexo 
sans are apparently dehydrated and are preciple 
tated, and they can be filtered out while the 
pentoses remain in solution. The precipitated 
hexosan material may be washed with acetone 
or the like solvent to remove any tars, etc., 
which have been carried down with the hexosan 
material, and may subsequently be used for any 
desired purpose, as for example, fermentation to 
produce organic acids and solvents. w 
After recovering the additive precipitating 

agent materials for re-use, which can be done, 
for example, by low temperature distillation, the 
remaining liquor may be used for making fur 
fural by hydrolyzing the pentose in presence of 
mineral acid. Thus destruction of hexosans can 
be avoided and precursors of both hexose and 
pentose may be utilized to advantage. , 

" "While the organic additive material may satis 
factorily be used in amounts ranging from 2 to 
7 volumes to one volume of solution, best results 
have been obtained with addition of about 4 
volumes of the organic additive or precipitating 
agent material to one volume of solution. While 
several organic additive materials give satis 
factory results, optimum precipitation has been 
obtained, when using a mixture of acetone and 
isopropyl ether wherein the acetone is present 
in the amount of about 4 volumes to about One 
volume of isopropyl ether, although a range of 
volume ratios, as for example, 3 to 8 volumes of 
acetone to one volume of isopropyl ether gives 
satisfactory results. The quantity of additive 
precipitating agent material to be used can be 

is suitable. 

4 
containing liquor to precipitation treatment be 
fore subsecting it to enzymatic hydrolysis. The 
precipitation of both hexosans and pentosans 
can be effected by addition to the liquor of water 
miscible organic materials as above described in 
connection with precipitation of the hexosans, 
This treatment will allow recovery of relatively 
pure hexosans and pentosans which may be dis 
solved in Water and subjected to the above de 
scribed enzymatic hydrolysis, treatment. After 
the enzymatic hydrolysis treatment; 'the hexo 
sans can readilly be separated from the pentose 
Sugars by the previously described precipitation 
procedure, and the separated components can 
be treated as desired. 
Another mode of eliminating tars, etc., from 

the wood liquor is that of using such materials 
as dried blood, cetyl amine, and the like to pre 
cipitate these: undesirable components. 
When this procedure using cetyl amine, dried 

blood or the like is followed, the solution which 
is obtained as a filtrate is ready to be subjected 
to the hydrolyzation treatment with Aspergilius 
figer or like enzymes, and such treatment to 
gether with the remainder of the process proceeds 
as previously described. 
With use of Aspergillus niger enzyme for ef 

fecting hydrolysis, this enzyme material is pref 
erably prepared by moistening wheat bran, and 
inoculating the mass with a few spores of the mold 
Aspergillus niger. Mold taken from moldy bread 

The container is shaken occasionally 
to prevent limping and uneven growth, and with 

40 
in the hydrolysis treatment. 

is 

in about 48 to 72 hours the growth has pro 
ceeded to a point where rapid sporulation is 
evidenced. At this point maximum amounts of 
enzyme are available aid the moldy bran's 
spread to dry at room temperature. When the 
material has been air-dried, the bran containing 
the Aspergillus niger enzymes is ready for use 

The enzyme material is added to the liquor 
containing pentosans and hexosans in relatively 
small quantities and under mild conditions, as 
for example, the moldy bran is added in quan 
tities of about 5 to 10 parts to 1000 parts by weight 
of liquor, The temperature should be maintained 
at about 50° to 80° C. and the liquor being treated 
should be agitated occasionally, during the hy 
drolyzing treatment which requires about 24 to 
48 hours. . ; 
The extent of the hydrolysis may be judged by 

the degree of coagulation of the colloidal matter. 
When the hydrolysis is substantially completed, 

reduced by concentrating the liquor, preferably is the liquor becomes clear and the colloidal matter after the enzymatic hydrolysis, as for example, 
concentrating to a solid content ranging up to 
about 50%. 

Before adding the water-miscible Organic ma 
terial to be used for precipitation of the hexosan . 
material, it is preferable to adjust the pH of the 
solution. The best results have been obtained , 
with adjustment of the pH to about 5.5. How 
"ever, a range of pH from about 2 to 11 is per 
missible. . . . 
The precipitation may be accelerated, if de 

sired, by addition to the hexosan containing 
'solution of a minor proportion, as about 1% to 
5% of a suitable electrolyte, preferably an elec 
trolytic salt, as for example, aluminum sulfate, 
the percentage being based on weight of solution. 
When it is desired to obtain the pentose sugars 

in a relatively pure state, and free-from the tars 

o 

sand other materials contained in Wood liquor, 
.it is...preferable to subject the sugar-precursor 

asettles to the botton. The liquor may become 
dark due to solubles in the bran, but this is ordi 
narily not objectionable. , . . . . . . . . 
. The above procedures may be modified but the 
invention embraces modification corning within 
the spirit and scope of the claims. The theories, 
which have been developed as a result of obser 
vation and are expressed above, are presented here 
only for purposes of explanation and making-ful 
losure, and not for limitation of the inven 

t O. : 

: The precipitation treatinent with acetone, mix 
tures of acetone and isopropyl ether, and the like 
materials hereinabove described is not claimed 
perse herein, being covered by an application of 
Horace E. Hall and Robert M. Boehm, Serial No. 
‘529,034, fled March 31, 1944. • . . . 
• We can: 

. 1. Process of treating acid solutions contain ing pentosans and hexosans, which comprises in 
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oculating the solution with Aspergillus niger, 
allowing fermentation of the solution to go for 
ward which selectively hydrolyzes the pentOSans 
to pentoses and leaves the hexosans substantial 
ly unchanged, incorporating with the solution a 
water miscible organic solvent selected from the 
group consisting of acetone, ethers and lower 
aliphatic alcohols which precipitates the hexosans 
while the pentoses remain in solution, and re 
moving the hexosans from the solution. 

2. Process as defined in claim 1, and in which 
the acid solution is wood liquor derived from 
high pressure steam hydrolysis of woody lignon 
cellulose material. 

3, Process as defined in claim 1, and in which 
the organic solvent is added in amounts ranging 
from 2 to 7 volumes to 1 volume of solution. 

6 
tone, ethers and lower aliphatic alcohols which 
precipitates the pentosans and hexosans, remov 
ing the precipitate from the liquor, dissolving the 
pentosans and hexosans in water, inoculating 

O 

s 

4. Process as defined in claim 1, and in which 
the fermentation goes forward at a temperature 
between 50 and 60° C. 

5. Process as defined in claim 1, and in which 
aluminum sulfate is added to accelerate precipi 
tation of the hexosans. 

6. Process of treating wood liquors containing 
pentOSans, hexosans and a variety of impurities 
such as tars, acids, and lignin to separate the 
pentosans and hexOSans from the impurities and 
from each other, which comprises incorporating 
with the wood liquor a water miscible organic 
solvent chosen from the group consisting of ace 
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the water solution with Aspergillus niger, allow- . 
ing fermentation of the solution to go forward 
which selectively hydrolyzes the pentosans to 
pentoses and leaves the hexosans substantially 
unchanged, incorporating with the water solution 
a water miscible organic solvent chosen from 
the group consisting of acetone, ethers and lower 
aliphatic alcohols which precipitates the hexosans 
while the pentoses remain in solution, and then 
removing the hexosans from the solution. 
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