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This invention is for improvements in or relat 
ing to a fermentation process for the preparation 
of paper-pulp from bagasse and similarly in 
Crusted cellulose fibers. 

5 In the preparation of paper-pulp from various 
cellulose fibers which are incrusted with mate 
rials such as lignin, pectose and like substances, 
it has hitherto been usual to cut, crush or shred 
the cellulosic material and subject it to treat 

l0 ment with various chemical reagents such as 
caustic lyes and sulphite liquors and these proc 
esses have been carried out in large tanks. These 
prior processes have the natural disadvantage 
that a large capital outlay is necessary to estab 

?15 lish the plant whilst at the same time, owing to 
the high consumption of chemicals, the cost of 
operating the processes has been very high. 

It has now been found that a very large num 
ber of cellulosic materials which are incrusted 

20 with lignin and pectose are capable of being 
treated by a fermentation process which will re 

... move the whole or the greater part of the in 
crustants from the fiber without incurring any 
expense in the purchase of chemicals and also: . 

25 renders any subsequent digestion, bleaching or 
other treatment which may be required, much 
easier and much cheaper. . . ??• 
According to this invention a fermentation 

process for the preparatio? of paper-pulp from 
30 bagasse and similarly, incrusted cellulose fibers 

consists in impregnating the cut, crushed or 
shredded incrusted cellulosic material, with a 
liquor, containing bacteria cultured upon or de 
rived from said cellulosic material, controlling 
the amount of nutrient.in the fermentation mass 
to such a value as will result in a controlled fer 
mentation to yield a good quality cellulose, al 

s 

40 
into bales which are air-dried in an open stack 
whereby the cellulosic material is preserved against disintegration. 
The fermentation process of this invention may 

be carried out with the minimum of apparatus 
and consequently the process can be more eco 
nomically operated than those hitherto used. 
The invention may alternatively be stated to 

be a process for the removal of incrustants from 
the cellulosic fibrous material incrusted with lig 

lowing the impregnated mass to ferment in the 
presence of a limited quantity of air and then 
finally washing the material and compressing it 

nin, pectose and the like, such as bagasse, which 
consists in impregnating the incrusted cellulosic 
material with a liquor containing a bacteria cul 
ture, derived from the natural bacteria of the 
said material, controlling the amount of nutrient 
in the fermentation mass, stacking the impreg 
nated material to allow a limited access of air 
to the mass, leaving the stacked material to fer 
ment until the whole or greater part of the in 
crustants are removed and then washing. Pref 
erably, the treated material is compressed into 
bales which are air-dried in an open stack. 
A suitable liquor for use in the process is dun 

der-water (the effluent from the sugar-extrac 
tion process). J/T 
An important feature of the invention consists 

in that the impregnated cellulosic material is 
fermented in stacks on a sterile floor. In this 
way the bacteria culture does not become adul 
terated with any contaminating bacteria and 
consequently the fermenting bacteria can develop 
unhindered by the presence of foreign bacteria. 
The temperature of the fermenting material 

rises rapidly from about 90° F. to about 160° F. 
and is preferably maintained between these 
limits. 
In order to prevent the outer layers of the stack 

from becoming dry, the stack may be covered with 
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sacking, straw or other suitable material; in this 
way, also, the access of air to the fermenting 
or wood-chips are being treated. 
The process may be applied to baled material, 

in which case it is a feature of the invention 
that the cellulosic material, in bales, is impreg 
nated with the liquid, is then stacked and the 
interstices are then packed with loose, impreg 
nated straW. 
It is a further feature of the invention that 

the air supply to the fermenting mass is con 
trolled either by forcing air through the stacked 
mass when the temperature is too low or by Com 
pressing the stack when the temperature is too 
high. . . 

The process will now be described by way of ex 
ample with reference to the treatment of bagasse 
from a sugar mill. The bagasse which comes from 
the mill, already crushed, contains about 50% 
moisture and a certain amount of Sugar (for in 
stance between 4 and 3%) which serves as 

30 mass may be controlled particularly where wood 
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2. 
part of the nutrient for the bacteria. If a higher 
fermentation temperature is desired (to intensify 
the bacterial action) further nutrient (for ex 
ample molasses) may be added to an amount up 
to about 5% of the liquor. This increases the 
bacterial activity and produces a higher tem 
perature which further intensifies the bacterial 
action. The bagasse is impregnated with Water 
containing a nutrient and a bacteria Culture 
which has been derived from the natural bac 
teria present on the bagasse fiber. The bagasse 
is circulated along overhead launders together 
with the water and then from these launders is 
allowed to fall on to a cement floor where it be 
comes stacked. The water drains off and runs 
back to the original tank so that it may be re 
circulated. 
As the water drains off, air flows into the mass 

and then, by reason of the open nature of the 
material, a certain limited Supply of air cir 
culates through the mass of the material and 
provides the necessary air for the bacteria. 

In the treatment of materials having a high 
content of nutrient, such as for example, rice 
Straw or maize-straw, it may be necessary when 
it is not possible to treat such materials imme 
diately they are gathered to adopt some precau 
tions to prevent an uncontrolled fermentation 
taking place. This may be done by stacking the 
material and compressing it and excluding air 
therefrom by covering it with earth as when 
making ensillage from hay or grass-cuttings. 
The use of a cement floor is preferred since 

thereby a sterile surface is obtained and con 
tamination of the mass is avoided. If a cement 
floor is not used it is essential that the surface of 
the ground or any other surface upon which the 
naterial is stacked should be sterilized either by 
heating or by chemical treatment. 
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The stacked material is allowed to remain fer 
menting for a period of from 14 days to 4 months 
according to the cellulose content Which it is fi 
nally desired to obtain, and to suit any variations 
in the conditions of supply of raw material and 
demand for treated product. In any event, the 
fermentation process is arrested before the bac 
teria, attack the actual cellulose fibers themselves. 
When the fermentation of the stack has pro 

ceeded to the desired extent the external layer 
of about 1' to 2'' thickness is removed for treat 
ment with the Succeeding batch of material and 
the remainder of the stack material is washed 
from the floor to a tank or washing machine 
where it is washed for a period of about 20 min 
utes whereby the bacteria, are removed from the 
material and the fermentation is arrested. The 
washed materiai is allowed to drain and is then 
passed to a conveyor which delivers it to a baling 
press where a considerable quantity of the mois 
ture is expressed from the material, the bales 
then being stacked open so as to allow a free air 
circulation over and through them so that they 
may dry to a water content from about i2% to 
about 20%. The bagasse in this condition may 
be stored for years without further disintegration 
or deterioration; Baobab, rice-straw, maize-straw 
and banana and other raw materials which read 
ily decay can also be stored indefinitely, when 
treated in this way. 

It is possible that the fermentation process de 
Scribed above will not completely remove the 
Whole of the lignin and in order to remove this 
the cellulosic material is re-impregnated with 
enzymes e. g. papain obtained from the paw-paw 

. rial. 
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tree, and/or a bacterial culture derived from the 
bacteria secreted by the paper-wasp. 

It will be appreciated that the process has 
many advantages as compared with the known 
chemical treatment processes, for example, by 
treating the raw material on the site the cost of 
transporting the material to a distant treatment 
site is avoided. The necessary equipment is so 
reduced as to permit the plant being erected on 
the site of the factory producing the raw mate 

The normal cost of transport is in effect, 
also reduced since the cellulose is concentrated 
and the valueless incrustants removed. 

Furthermore, by removing the greater part of 
the incrustants, any subsequent digestion which 
may be necessary is much reduced in cost owing 
to the great saving in chemicals required both by 
reason of the reduction in the amount of incrus 
tants to be removed and by reason of the fact 
that the remaining incrustants are less resistant 
to the chemicals whilst at the same time the size 
of the boiler or digestion tanks may be lessened 
as a result of the high percentage of cellulose in 
the mass. 
A further important advantage of the process 

lies in the fact that Owing to the mildness of the 
treatment as compared with the usual chemical 
processes, the resultant pulp is stronger and it is 
possible to prepare a semi-pulp for cardboard or 
building board pulp, solely by the present process 
without any chemical treatment whatsoever. 

If desired, the balled material may be given a 
further treatment preparatory to the usual final 
bleaching treatment of an ordinary paper-pulp 
process. This may be accomplished by dipping 
the bales into solutions of diluted SOda, Sulphate, 
Sulphite or monosulphite, and re-stacking. The 
use of the monosulphite is particularly advan 
tageous since it is milder and cheaper than the 
other processes and furthermore, since no costly 
regeneration process is necessary with the mono 
sulphite process as with other processes, the com 
bination of the present process with the subse 
quent monosulphite treatment provides a very 
economic treatment, and one which is available 
for substances which hitherto have not been 
amenable to the monosulphite process. More 
over, the cellulosic material, after treatment by 
the fermentation process of the present inven 
tion, does not absorb Such large quantities of 
chemicals as the raw materials. The re-stacked 
bales may be allowed to stand for a period of 
from 3 weeks to 2 months or so and during this 
time, owing to the gradual drying of the mass, 
there is a gradual concentration of the reagent. 
The process is readily applicable to a very large 

number of other incrusted cellulosic materials 
amongst which may be mentioned esparto grass, 
tambookie grass, reeds, rushes and straw particu 
larly rice-straw and maize-straw which may be 
cut or crushed before impregnation and also to 
the more Solid materials such as banana, euca 
lyptus, pine, bamboo, wattle wood, wood chips 
(such as chestnut wood-chips after the tannin 
has been extracted) sawdust and wattle bark 
waste, which must be cut or otherwise reduced 
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to Small pieces; peat and various barks and bark 
trimmings can also be treated successfully. The 
wood of the Baobab tree (Adamsomia digitata). 
has also been very successfully treated and pro 
vides a product which is intermediate in proper 
ties between cotton and wood and which forms a 
very useful basis for propellant explosives of 
the nature of cordite. 
When treating any one particular cellulosic 
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4. 
the presence of a limited quantity of air, wash 
ing the fermented bagasse and air-drying the 
bales by Stacking them in an open stack. 

6. A process for the removal of incrustants 
from cellulosic fibrous material incrusted with 
lignin, pectose and the like which consists in 
impregnating said material with a liquor con 
taining a bacteria culture derived from the na 
tural bacteria of the said material and contain 
ing up to about 5% of nutrient for the bacteria, 
Stacking the material in a compressed state on a 
sterilized floor, draining the excess liquor from 
the impregnated mass, allowing the impregnated 
mass to ferment, washing the fermented mass, 
performing the additional step of Subjecting the 
cellulosic fibrous material to a treatment with 
enzymes derived from the paw-paw tree to re 
move residual lignin, washing the material and 
stacking it in bales in an open stack to dry. 

7. A proceSS for the removal of incrustants 
from cellulosic fibrous material incrusted with 
lignin, pectose and the like which consists in im 
pregnating said material with a liquor containing 
a bacterial culture derived from the natural bac 
teria of the said material and containing up to 
about 5% of nutrient for the bacteria, stacking 
the material in a compressed state on a sterilized 
floor, draining the excess liquor from the im 
pregnated mass, allowing the impregnated mass 
to ferment, washing the fermented mass, per 
forming the additional step of subjecting the cel 
lulosic fibrous material to a further fermenta 
tion by bacteria derived from the secretions of 

35 
the paper-wasp to remove residual lignin, wash 
ing the material and stacking it in bales in an 
open stack to dry, v , 

8. A process for the removal of incrustants 
from cellulosic fibrous material incrusted with 
lignin, pectose and the like which consists in 
impregnating said material With a liquor con 
taining bacteria cultured on said material and 
containing up to about 5% of nutrient for the 
bacteria, stacking the material in a compressed 
state on a sterilized floor, draining the excess 
liquor from the impregnated mass, allowing the 
impregnated mass to ferment, Washing the fer 
mented mass, carrying out a further treatment 
by dipping the material into a solution of a dis 
incrusting agent of the class i consisting of di 
luted soda, sulphate, sulphite and monosulphite 
solutions and re-stacking it in bales in an open 
stack to dry. 

9. A process for the preparation of paper 
pulp from bagasse which consists in impregnat 

s ing said bagasse with a_liquor containing a bac 
teria culture derived from the natural bacteria 
of the said material and containing up to about 
5% of sugar-containing nutrient for the bac 
teria, circulating said bagasse through launders 
by an excess of said liquor anad discharging the 
mass onto a sterilized floor to closely pack the 
bagasse thereon, draining the excess liquor from 
the impregnated mass, allowing the impregnated 
bagasse to ferment until the greater part of the 
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non-cellulosic bagasse is removed, Washing, Com 
pressing and baling the bagasse and allowing the 
bales to dry in an open stack to a moisture con 
tent of between about 12 and 20%. 

10. A process for the preparation of paper-pulp 
from bagasse and similarly incrusted cellulosic 
materials which consists in impregnating said 
material with a liquor containing a bacteria cul 
ture derived from the natural bacteria of the said 
bagasse and containing up to about 5% of nutri 

75 ent for the bacteria, circulating said material 
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through launders by an excess of said liquor and 
discharging the mass onto a sterilized floor to 
closely pack the bagasse thereon, draining the 
excess liquor from the impregnated mass, allow 
ing the impregnated bagasse to ferment until the 
greater part of the non-cellulosic material is 
removed, washing, compressing and baling the 
treated bagasse, carrying out a further treat 
ment by dipping the bales into a solution of a 
disincrusting agent of the class consisting of 
diluted Soda, sulphate, sulphite and monoSul 
phite solutions and allowing the bales to dry in 
an open stack to a moisture content of between 
about 12 and 20%. 

11. A process for the preparation of paper-pulp 
from bagaSSe and similarly incrusted cellulosic 
materials which consists in impregnating said 
material with a liquor containing a bacteria, cul 
ture derived from the natural bacteria, of the ba 
gasse and containing up to about 5% of Sugar 
containing nutrient for the bacteria, circulating 
Said bagasse through launders by an excess of 
Said liquor and discharging the maSS onto a 
sterilized floor to closely pack the bagasse there 
on, draining the excess liquor from the impreg 
nated mass allowing the impregnated bagaSSe 
to ferment until the greater part of the non-cel 
lulosic material is removed, Washing the ferment 
ed bagasse and performing the additional step of 
subjecting the fermented bagasse to a treatment 
with enzymes derived from the paw-paw tree 
to remove residual lignin, Washing, compressing 
and baling the treated bagasse and allowing the 
bales to dry in an open stack to a moisture con 
tent of between about 12 and 20%. 

12. A process for the preparation of paper 
pulp from bagasse and similarly incrusted cellu 
losic materials which consists in impregnating 
said material with a liquor containing a bacteria 
culture derived from the natural bacteria, of the 
bagasse and containing up to about 5%. Sugar 
containing nutrient for the bacteria, circulating 
said bagasse through launders by an excess of 
said liquor and discharging the maSS onto a 
sterilized floor to closely pack the bagasse there 
on, draining the excess liquor from the impreg 
nated mass, allowing the impregnated bagasse 
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to ferment until the greater part of the non-cel 
lulosic material is removed, washing the fer 
mented bagasse and performing the additional 
step of subjecting the fermented treated bagasse 
to a further fermentation by bacteria derived 
from the secretions of the paper-wasp, Washing, 
compressing and baling the treated bagasse and 
allowing the bales to dry in an open stack to a 
moisture content of between about 12 and 20%. 

13. A process for the preparation of paper 
pulp from rice-straw having a high content of 
nutrient which consists in leaching out excess 
nutrient from said rice-straw, impregnating said 
rice straw with a liquor containing a bacteria 
culture derived from the natural bacteria of the 
rice-straw and containing up to about 5% nutri 
ent for the bacteria, circulating said material 
through launders by an excess of said liquor and 
discharging the mass onto a sterilized floor to 
closely pack the rice-straw thereon, draining the 
excess liquor from the impregnated mass and al 
lowing a limited access of air to the rice-straw, 
allowing the impregnated materialto fermentun 
til the greater part of the non-cellulosic treated 
rice-straw is removed, washing, compressing and 
baling the material and allowing it to dry in an 
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open stack to a moisture content of between 
about 12 and 20%. 



2,198,498 5. 
14. A process for the removal of incrustants 

from cellulosic fibrous material incrusted with 
lignin, pectose and the like which consists in im 
pregnating said material with a liquor contain 
ing a bacteria culture derived from the natural 
bacteria of said material and up to about 5% of 
nutrient for the bacteria, which bacteria were 
cultured on said material for a period of about 
14 days during which period the temperature of 

the liquor is reduced from blood heat to a tem 
perature from 10 to 15 F. below the likeliest am - 
bient air temperature, stacking the material in 
a compressed state on a sterilized floor, draining 
the excess liquor from the impregnated mass, al 
lowing the impregnated mass to ferment, wash 
ing the fermented mass and stacking it in bales in an open stack to dry. 

ERNEST AUGUSTUS RITTER. 


