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This invention relates-to a method‘ of. recovering. cellu: 
lose and the resultant product. 
An object of this invention is to providegan, improved 

method of recovering pure cellulose-from,-cellulose con 
taining materials such as baggasse, hemp or ?ax hurds, 
sisal or abaca, waste, or other cellulosic: material. 
Another object of this invention is to, providean 

improved method, of recovering pure cellulose in ?nely 
divided form without any cellulose in, ?brous form,‘ the 
recovered cellulose being, free o? discoloration. 
A further object of this; invention isv to.provide an 

improved method of treatingv material containing beta 
and gamma cellulose aswellas alpha cellulose, to-recover 
ahomogeneous product in particulate form, which, retains 
substantially the content of beta and gamma cellulose of 
the treated material. 

Still another object of- this invention. is. to. provide an 
improved method of recoveringpurecellulose from waste 
cellulosic material‘ Where such material is preliminarily 
treated: in a manner. to avoid: loss. ‘Off beta and gamma 
cellulose While removing. impurities. therefrom.v 

Still‘. a further. object of this inventionv is to~provide a 
novel form of cellulose which is invl?nely divided; par 
ticulate form, comprises the several forms of cellulose 
found in the cellulosic material from. which the novel 
cellulose is derived, isaltogether .freeof'celluloselin'?ber 
form and is particularly adapted to be processed: into 
?lamentary form, plastic,,l?lrn, gunpowder and the like, 
without the need for ?ltering ‘operations. 7 

‘Yet’ another object of- thisin-vention is to provide an 
improved method of _ treatingywaste ‘cellulosic products 
to convert the same into a form which may be readily 
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and, economically processed to ‘recover pure, cellulose 7 
therefrom. 
Yet another object of- this invention is to provide an 

improved electrolytic method of recovering pure, undis 
colored cellulose from cellulosic solutions. 

Other objects of this invention will in part be obvious 
and in part hereinafter pointed out. 
The method embodying the invention comprises essen 

tially the use of a novel solution for quickly and readily 
dissolving various forms of cellulosic material of the 
waste type such as baggasse, hemp and ?ax hurds, sisal 
and abaca waste or the like, as well as other forms of 
cellulose such as cotton or ramie ?ber. 
Such a solution comprises essentially the reaction prod 

uct of a metal salt, ammonium chloride and sodium hy 
droxide which is- dissolved in ammonium hydroxide. 
The resultant solution dissolves substantial amounts of 
cellulosic material, which may have been previously 
treated to effect the removal of lignin and other impur 
ities only and leaving the beta and gamma cellulose con 
tent thereof. 
The cellulose solution is electrolyzed in a cell having 

a copper cathode and a copper bearing anode with the 
pure cellulose depositing as a gelatinous mass on the 
anode. The anode is periodically removed from the cell, 
the deposited cellulose being removed therefrom, washed 
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with water and dried to provide a?nal product. which. is 
free of discoloration or cellulose in. ?ber form, 
For the purpose of, illustration, the invention, may be 

explained by way of the following example, although; it 
is‘under‘stood that the invention is, not to be limited by 
the, speci?c embodimentset forth. 
A solution is prepared for dissolving cellulose contain- ' 

ingmaterial, in the manner more speci?cally described. in 
application Serial No. 266,800, ?led January 16, 1952," 
Such solution may be‘ made by preparing a saturated 
solution of a metal salt such as copper sulfate, as by 
dissolving about 2 pounds of the salt in, a gallon of water 
and adding thereto about 0.2 pound of ammonium chlo 
ride. A concentrated‘ solution of sodium hydroxide is 
also. preparedby adding. hydroxide at. the. rate. of. about 
0.5‘ pound to a quart of water. The sodium hydroxide 
solution is then added slowly to the copper salt solution 
with constant stirring to form an apple green precipitate. 
Such precipitate is washed with water and is dissolved in 
a, concentrated ammonium hydroxide solution, The re 
sultant solution is decanted to separate thesame from any 
undissolved residue. The ammonium chloride used 
amounts to not less than 5% by weight of the copper 
sulfate. ' ‘ 

Various cellulose containing materials ‘may be used 
with the process of the instant invention, including ‘bag? 
gasse, hemp and ?ax hurds, sisal; and abaca Waste, or 
thelike. Thus, bagga‘sse is dissolved the solution. in 
the proportion of about lOparts in, about 20 parts sol 
vent, by weight. Solution takes place fairly rapidly. 
‘The prepared cellulose solution is electrolyzed invv a 

manner more completely described in application ‘Serial 
No. 267,173 ?led January 18, 1952. Essentially, ‘the 
electrolytic cell used comprises a pair of ?xed cathodes 
of copper with an anode located between the cathodes 
to receive the cellulose deposit. Such anode when formed 
of. a copper-bearing irjon having'the following, analysis: 
irjon-.—99.874; carbon.—.0ll; manganese-.017; sulfur 
.032; phosphorus-.008; copper-a030, and, gases.—.028, 
all‘ per cent,_produces aproductfree of‘ any discoloration. 
Direct current is supplied to the electrodes of the .cell 
a‘t‘a current density of about 1'0 amperes per square foot 
of exposed anodesurfacaand at about 6 volts. ' ’ 

Cellulose willbe deposited in the form of a.v gelatinous 
mass, on the anode and when, a layer of suitable thick, 
nessis formed, the anode is adapted to be removed from - 
the cell‘ to permit the removal‘ of, the deposited material, 
which is then washed with water to remove chemicals and 
foreign matter. The washed material‘ is driedv to form 
a ?nely divided, particulate material of a homogeneous 
nature, which is distinguished by having a content of beta 
and gamma cellulose substantially in the proportions as 
the same exists in the baggasse treated. Furthermore, 
the product is entirely free of cellulose in ?ber form. 

In order to free the baggasse of a major portion of 
its lignin content, as well as other non-cellulosic impur 
ities, the baggasse may be pretreated with a weak solu 
tion of sodium sul?te, sodium sulfate or ammonium 
carbonate. Such solution may have a concentration of 
about 2% and the baggasse may be cooked in such solu 
tion for not more than about 1 hour. In this manner 
while the lignin is at least partially removed, together 
with other non-cellulosic impurities, [beta and gamma 
cellulose is retained. Any residual lignin left in the bag 
gasse will deposit out in the bottom of the electrolytic 
cell as a sludge, which is periodically removed from the 
cell. ' 

. In the case of other cellulose containing materials, such 
as abaca waste, the pretreatment may include a 5% solu 
tion of sodium sul?te or the like, but the treating period 
does not have to extend over 1 hour. With cotton rags, 

‘ the pretreatment is unnecessary since the clean rags may 
be directly dissolved in the solution in the approximate 
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ratio of about 2 parts of rags to 20 parts of solution, by 
weight. 

In electrolyzing the cellulose solution, current densities 
may range between about 5 amperes to 20 amperes per 
square foot of exposed anode surface. Voltages may 
vary between 2 to 12 volts, the voltage being determined 
by the spacing between the anode and the cathodes. 
With low amperages, the deposited cellulose will be of 
a slightly rubbery nature. . ‘ 

While the cellulose dissolving solution may be made 
up with a copper salt, Zinc or nickel salts, such as the 
chlorides, sulfates, or the like may also be used, either 
singly or in combination. The sodium hydroxide used 
to precipitate the metal salts may have a concentration 
varying between about 20% and 35%. The ammonium 
hydroxide solutions used may have a concentration vary 
ing between about 25% and 35%. 

It will be apparent that a variety of cellulose con 
taining materials may be readily and quickly dissolved 
with little or no pretreatment thereof, so that cellulose 
in pure form may be readily recovered at a minimum 
cost. Furthermore, beta and gamma cellulose, hereto 
fore lost in the pretreating ?ber cooking operation, is 
retained in the ?nal product. In addition, the electro 
lytic recovery of the cellulose produces a product which 
is not only free of discoloration, but is also devoid of 
cellulose in ?ber form. Thus the product may be fur 
ther processed and chemically modi?ed to convert the 
same into rayon, gun powder, ?lm, plastic and other 
forms without the need for ?ltering equipment to remove » 
undesirable ?brous cellulose. 

It has also been found that the homogeneous cellulose 
product of the instant invention readily and quickly re 
acts With nitrating, acetylating and other chemical modi 
fying agents so as to further reduce the need for extensive 
treating installations. The process also allows the more 
extensive use of waste cellulose products as a source for 
pure cellulose, inasmuch as the cost of treatment is sub 
stantially reduced. 

It is to be understood that the foregoing is illustrative 
of the invention and that different embodiments may be 
made thereof Without departing from the spirit of the 
invention and therefore it is not intended to be limited 
thereby except as indicated in the claims following. 
Having thus described my invention, I claim as new 

and desire to protect by Letters Patent: 
1. The method of recovering pure cellulose from cellu 

lose containing material comprising providing an ammo 
nium hydroxide solution of a reaction product of green 
copper hydroxide and ammonium chloride, dissolving 
said material in said solution and electrolysing said solu 
tion in a cellhaving an iron anode containing about 0.3% 
copper and a copper cathode. 
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2. The method of recovering cellulose from cellulose 
containing material, comprising dissolving the material 
in a solution containing a copper hydroxide ammonium 
chloride complex, and electrolyzing said dissolved mate 
rial in a cell including a copper cathode and an iron anode 
containing about .03% copper with a current having a 
density of from about 5 to 20 amperes per square foot 
of anode surface. 

3. The method of forming ?ber free cellulose in ?nely 
divided particulate form from cellulose containing mate 
rial comprising mixing a saturated copper sulfate solution 
containing ammonium chloride with concentrated sodium 
hydroxide to form a green precipitate, dissolving the said 
precipitate in ammonium hydroxide to form a solution, 
dissolving the cellulose containing material in said solu 
tion, electrolyzing said cellulose solution in a cell having 
a copper cathode and an iron anode containing a very 
small amount of copper at a current density of about 10 
amperes per square foot of anode surface, removing the 
cellulose deposited on the anode and washing and dry 
ing the cellulose. 

4. The method of recovering cellulose from waste cel 
lulosic material having a content of beta and gamma cel 
lulose comprising mixing a saturated copper sulfate 
solution containing a small amount of ammonium chlo 
ride with a 20% sodium hydroxide solution to form a 
green precipitate, dissolving the precipitate in ammonium 
hydroxide, dissolving the Waste cellulosic material in the 
resultant solution, electrolyzing the cellulose solution in 
a cell with copper cathodes and an iron anode containing 
about .03% copper at a current density of from about 5 
to about 20 amperes per square foot of anode surface and 
from about 2 to 12 volts. 
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