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UNITED STATES PATENT of FICE 
GEORGE A. RICHTER, OF BERLIN, NEW HAMPSHIRE, ASSIGNOR TO BROWN COMPANY, 

OF BERLIN, NEW HAMPSHIRE, A CORPORATION OF MANE 

PROCESS FOR THE PRODUCTION OF HIGH ALPHA. CELLULOSE FIBER 
Application filed April 28, 1925, serial No. 26,361. 

This invention relates to the utilization of 
the heat and the recovery of the sodium con 
stituent from the spent liquor resulting from 
the treatment of sulphite pulp in the manu facture of a product containing a high per 
centage of alpha-cellulose. 

High alpha-cellulose fiber is produced by 
the alkaline digestion of a predigested pulp 
such as unbleached sulphite pulp, -a solution 
of caustic soda, or of soda ash, or a solution 
of mixed caustic soda and soda ash, being 
especially adapted for the purpose of diges 
tion. This digestion may take place in 
digesters at any suitable temperature and 
pressure, although I have found it more 
economical and expedient in many cases to 
effect the digestion in open tanks at from 
about 180° F. to 212° F. under atmospheric 
pressure. The alkaline solution reacts with 

zo and dissolves the lignin and the less resistant 
beta and gamma celluloses contained in the 
sulphite pulp, and, after a sufficient period 
of digestion, yields a product which contains 
about 94% alpha-cellulose and, after bleach 

25 ing, is very white. To render the process 
more economical, the sodium constituent and 
the available heat content of the spent di 
gesting liquor should be recovered. 
The object of this invention is to provide 

3 an economical process for the utilization of 
the available heat and the recovery of the 
sodium content from the spent liquor result 
ing from such an alkaline digestion of sul 
phite pulp in the preparation of high alpha 
cellulose fiber. This object is attained by re 
employing substantially all the spent liquor 
in the digestion of fresh sulphite pulp in a 
manner which will best be understood from 
the following description when considered in 
connection with the accompanying drawing, 
which is a diagrammatic illustration of the 

a cycle of operations in the process. 
As the alkaline digestion of sulphite pulp 

is at present carried out, the recovery of heat 
and alkaline constituent from the spent liq 
uor can not be economically performed. An 
analysis of the present method will explain 
the foregoing statement. 
The present method is about as follows: To 

50 the stock suspension resulting from Washing 

85 
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and Screening the sulphite pulp after it has 
been digested in a suitable sulphite liquor, 
as, for example, calcium bisulphite, is added 
the amount of caustic soda solution neces 
sary to remove the lignin and the beta and 
gamma celluloses therefrom. The stock is 
then digested in open tanks at about 180° 
to 212 F. with agitation for a prescribed 
period of time, thereby producing an alpha 
cellulose fiber and yielding a spent alkaline 
liquor containing about 3% dissolved solids. 
This dissolved material comprises residual 
catastic soda, sodium carbonate, and various 
organic compounds which have been removed 
by reaction with the caustic soda or sodium 
carbonate. The spent liquor is at a tempera 
ture of about 180° to 212 F., but is so dilute 
that it would not be economical to recover 
the sodium constituent directly therefrom. 
After digestion, the stock, together with the 
spent liquor associated therewith, is passed 
to a washing apparatus where the wash water 
employed reduces the temperature of the 
spent liquor to about 100°-110°F., and the 
concentration of total solids therein to about 
0.5% to 1.0%, thereby rendering recovery of 
spent digesting agent therefrom still less eco 
nomical. If a syrupy spent liquor were pro 
duced which contained from 10% to 15% dis 
solved solids, it would be profitable to con 
centrate and burn the combustible content of 
such liquor to recover the valuable sodium 
constituent therefrom. 

In order to produce spent liquor of such a 
concentration, it is necessary to re-employ 
the initial liquor in successive digestions of 
the sulphite pulp. This is not possible as 
the process is practiced at present, since a 
stock of 10% to 12% concentration is de 
livered to the digesting tanks. To this 10% 
to 12% stock only a small portion of the hot 
spent dilute liquor could be added, since 
otherwise the stock concentration would be 
reduced to such a point that, with the addi 
tion of the usual quantity of alkaline digest 
ing agent, digestion of the pulp to produce 
a product of the desired alpha cellulose con 
tent would be rendered ineffective; but if a 
stock of a higher consistency were delivered 
to the digesting tanks, more hot spent liquor 
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could be used in making up the digesting 
liquor, and the higher the concentration of 
stock fed, the more the amount of hot spent 
liquor that could be used. 

rovision is therefore made according to 
the presentinvention, for increasing the con 
sistency of the unbleached ??? ite stock. 
This may be accomplished, as or example, 
by passing the stock through press rolls to 
increase the consistency to about 50%, or 
through a rotary press or wet machine to ob 
tain a consistency of about, say, 30%. 
The improved process may be practiced 

about as follows: The sulphite stock pro 
duced by the digestion of wood chips under 
heat and pressure in an acid sulphite cooking 
liquor, after being washed and screened, and, 
if desired, dried or thickened, as for example, 
to a consistency of 30% to 50% by press rolls, 
is continuously delivered to a digesting tank 
A communicating by a slow-moving worm 
with a second digesting tank B. The stock 
is diluted in the tank A to a consistency of 
about 10% with the required amount of caus 
tic soda or soda ash solution of the proper 
strength, the worm operating to feed the 
stock to the tank B. Digestion of the stock is 
effected with agitation at about 180° F. to 212° 
F., as by blowing live steam into the tanks. 
In the reaction taking place during digestion, 
the less resistant cellulose and the lignin com 
ponents of the pulp react with and are dis 
solved by the caustic soda solution, so that 
after a prescribed period of digestion there 
results a product consisting essentially of re 
sistant or alpha-cellulose. The agitation 
during digestion promotes intimate contact 
between the pulp and the solution, effecting 
a more thorough and uniform reaction so 
that a uniform reaction product results. 
After alkaline digestion, the high alpha-cel 
lulose stock while still at elevated tempera 
ture is passed through a counter-current 
washer and then to the bleachery. The wash 
water acquires practically the same tempera 
ture as the pulp and the hot spent digesting 
liquor and, inasmuch as it contains the com 
ponents dissolved from the pulp and the 
chemicals, it constitutes the spent liquor of 
digestion. All the hot wash water or spent 
liquor from the washing apparatus is passed 
into a liquor storage tank and comprises in 
volume RPFKy the volume of water 
used in making up the 10% stock suspension, 
plus the total wash water minus that portion 
absorbed by the digested pulp, plus the 
water content of the initial sulphite pulp, 
plus the small additional amount due to the 
condensation of steam used in heating the 
alkaline liquor and the sulphite pulp in the 
digesting tanks. - 
When the process is initially started, the 

amount of water used in the counter-current 
washer is such that the volume of hot spent 
liquor delivered from the washer to the stor 
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age tank is substantially equal to that used 
in making up the original 10% stock suspen 
sion and the resulting hot wash water or 
spent liquor is passed back to the digesting 
tanks. A sufficient quantity of 50% sul 
phite pulp necessary to make up a 10% sus 
pension is fed into the digesting tanks along 
with the hot wash water, and an amount of 
caustic soda or Soda ash necessary to react 
upon and dissolve the less resistant celluloses 
and the lignin is added in the form of a con 
centrated solution to the suspension. The 
stock is digested, and the cycle of operations 
as hereinbefore described is repeated, the resulting hot spent liquor containing a high 
er percent of dissolved solids. The process 
is preferably a continuous one, a stream of 
10% stock being continuously charged into 
tank A and continuously digested therein, and 
the stock being fed from tank A into tank B, 
and further digested therein the digested 
stock being continuously withdrawn from 
tank B at a rate equal to that at which it is be 
ing charged into tank A and the time of di 
gestion of the stock hence being equal to the 
time required for its complete passage 
through both digesting tanks. Or the proc 
ess may be a batch one if desired. In any 
case it is repeated or continued until a hot 
syrupy spent liquor of about 10° to 15° Baumé 
results, as such a liquor may profitably be 
evaporated and its combustible content 
burned to permit recovery of the valuable 
inorganic or sodium content. When this 
stage is reached, the flow of fresh water to 
the washer is increased. As stated previous 
ly, up to this stage the volume of spent liq 
uor delivered from the washer has been only 
sufficient to dilute the incoming stock to a 
10% consistency (or sufficient to ensure such 
consistency when the volume of solution con 
taining fresh chemical is taken into account), 
but there is now an excess of spent liquor and 
this excess is continuously withdrawn from 
the spent liquor tank and passed to the evap 
orators. The increase in quantity of fresh 
water is so adjusted as to maintain an equilib 
rium within the system at this particular 
concentration: i. e. the excess spent liquor 
passed to the evaporators contains substan 
tially the amount of spent digesting chemi 
cal formed in a preceding digestion. The 
liquor withdrawn from the spent liquor tank 
is evaporated to the desired degree and is 
burned in a furnace under oxidizing condi 
tions, the effluent smelt from the furnace be 
ing run into a relatively small amount of wa 
ter contained in a dissolving tank to produce 
a concentrated solution, which is maintained 
at the boiling point by the heat of the smelted 
sodium compounds. The smelt consists es 
sentially of soda ash (sodium carbonate), the 
boiling solution thereof resulting in the dis 
solving tank being delivered into the digest 
ing tank A. A new concentrated solution 

70 

75 

80 

85 

90 

95 

100 

05 

10 

30 



10 

5 

20 

25 

1,742,218 

-containing caustic soda or soda ash equiva 
lent to that lost in the cycle, may be added to 
the digesting solution so that when the prop 
er amount of sulphite pulp is added a 10% 
suspension results. 
Although the stock consistencies indicated 

on the drawing and hereinbefore stated are 
to be preferredfor optimum operating con 
ditions, it is evident that, in the event diffi 
culty is experienced in handling a 10% stock 
in the digesting tanks, stocks of different con 
sistencies may be employed. For example, 
a 16% sulphite stock may be delivered to the 
digesting tanks and then diluted by liquor 
to a 3% consistency. In such case, however, 
a longer time would be required to reach con 
ditions of equilibrium, and much larger ap 
paratus would be necessary to maintain the capacity of a plant. 
The drawing shows an alternative method 

as presented by the dash lines. If desired, the 
the recovered sodium carbonate maybe con 
verted into caustic soda by causticization with 
lime. The precipitated calcium carbonate 
may then be removed by filtration as usual, 
and the caustic soda solution passed into the 
digesting tanks. If this mode of operation 
were carried out and caustic soda were added 

30 
to the tanks for making up sodium losses, digestion would take place in a solution con 
taining only caustic soda. 
ever, is more economical and is simpler to 
practice. The sodium losses in the cycle may 
be made up by the addition of soda ash to the 
digesting tanks, in which case the digesting 
liquor would contain substantially only so 
dium carbonate. Or such losses may be made 
up by the addition of caustic soda, in which 

40 

45 

case the digesting liquor would consist of a 
mixture containing sodium carbonate and a 
small amount of caustic soda. 
A process practiced ashereinbefore outlined 

is very economical. The sensible heat of the 
cooking liquor and of the molten recovered 
sodium carbonate is conserved, and although 
a 10% stock suspension is cooked, theoretical 
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ly substantially no more heat is used in cook 
ing than would be required if a 50% stock 
suspension, or even 100% stock, were cooked. 
It is impossible to cook a 100% stock, and it is 
very difficult to cook a 50% stock with such 
alkali as is used, owing to the tremendous 
power which would be needed in moving such 
stock, as well as the impossibility of obtaining 
uniform and intimate mixture of caustic soda 
solution with such thick stock. 
With the process described and assuming 

a perfect counter-current washer it is theo 
retically possible to recover or conserve all 
of the chemicals and the available heat of the 
spent liquor leaving the reaction tank with 
the digested pulp. For example, assuming a 
feed of a stock of 50% consistency to the re 
action tank A, a 10% suspension or concen 

sults. 
The main cycle, shown in solid lines, how 

3 

tration in the reaction tank, anda stock con 
centration of 10% leaving the washer, the 
amount of wash water delivered to the washer 
would equal the volume of spent liquor de 
livered to the other end of the washer. When 
the system has reached equilibrium, as much 
of the hot liquor leaving the washer would be 
delivered to the reaction tank A as would be 
necessary to produce a 10% stock suspension 
therein, the remainder being diverted to the 
evaporators and smelting furnace: i.e., under 
such conditions, theoretically about one ton 
of water is heated per ton of bone-dry stock 
fed. In actual practice, however, these the 
oretical conditions are not maintained, and consequently the proportionate volume of 
wash water, and the proportionate volumes of 
water delivered to the reaction tank with the 
stock and with the make-up raw materials 
may vary from those stated within reason 
able limits. It will be understood that with 
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an increasing concentration of pulp delivered 
to the reaction tank there is a decreasing 
dilution of the recovered spent liquor deliv 
ered to such tank from the washer, and a 
greater conservation and utilization of the 
heat of such spent liquor in the process of di 
gestion. By employing a stock concentra 
tion of 50%, an economical conservation and 
utilization of the heat of such spent liquor re 
By my process a 

consumed caustic soda, which may possibly 
amount to 20% to 30% of the original quan 
tity added, is returned to the digesting tanks. 
When equilibrium in the process has been 

large portion of the un 
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reached, substantially all the sodium com 
pounds are recovered in the form of sodium 
carbonate or sodium hydroxide. Further 
more, the heat of combustion of the dissolved 
organic matter, in the form of the sensible 
delivered to the dissolving tank and sent 
back to the digesting tank in the form of a 
concentrated and boiling sodium carbonate 
solution, is recovered. 

105 

heat of the sodium carbonate smelt, which is 

10 

I do not herein claim the subject matter 
of my applications Serial Nos. 26,362, 28,339, 
and 29,713, respectively, filed April 28, 1925, 
May 6, 1925, and May 12, 1925, which disclose 
a process such as herein described, practised 
in inter-relation with fiber-liberating proc 
esses. 

claim: 
1. A process which comprises indefinitely 

repeating the steps of digesting predigested 
pulp in an alkaline liquor and of re-employ 
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ing substantially all the spent liquor in an 
other digestion of pulp after the addition of 
sufficient digesting-agent thereto to make up 
losses therein for effective digestion. 

2. A process of producing high alpha 
cellulose pulp from sulphite pulp, which 
comprises indefinitely repeating the steps of 
digesting such pulp under heat in a hot al 
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kaline liquor, of separating the spent liquor 
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from the digested pulp in hot condition, and 
of re-employing substantially all the hot 
spent liquor in another digestion of pulp after 
the addition of sufficient digesting agent 
thereto to make up losses therein for ef 
fective digestion. 8 

3. A process which comprises digesting 
predigested pulp in an alkaline liquor, re 
employing substantially all the spent liquor 
in another digestion after the addition of suf ficient digesting agent thereto, continuing 
such re-employment until a predetermined 
concentration of dissolved material results therein, and thereafter recovering the digest ing agent from a relatively small portion of spent liquor containing substantially the 
amount of spent digesting constituent which 
was formed in the ? digestion, and re-employing the relatively large portion in 
another digestion. o 

4. A process which comprises digesting 
predigested pulp in an alkaline liquor, re employing substantially, all the spent liquor 
in another digestion after the addition of sufficient digesting agent thereto, continuing 
such re-employment until a 10 to 15° Baumé 
spent liquor results, and thereafter recovering 
digesting agent from one portion of the spent 
liquor and re-employing the other portion 
in another digestion. 

5. A process which comprises digesting 
predigested pulp in an alkaline liquor, re employing substantially all the spent liquor 
in a new digestion after the addition of a 
sufficient digesting agent thereto, continuing 
such re-employment until a predetermined 
concentration of dissolved material results 
therein, and thereafter re-employing one por 
tion of spent digesting liquor in another di 
gestion, recovering digesting agent from 
another portion containing substantially the 
amount of spent digesting agent which was 
formed in the preceding digestion, and add 
ing said recovered agent to the spent liquor 
to be re-employed. 

6. A cyclic process which comprises digest 
ing predigested pulp in an alkaline liquor, 
re-employing substantially all the spent 
liquor in another digestion after the addition 
of sufficient digesting agent thereto, continu 
ing such re-employment until a predeter 
mined concentration of dissolved material 
results therein, and thereafter re-empleying 
one portion of spent digesting liquor in 
another digestion, recovering digesting agent 
from another portion containing substan 
tially the amount of spent digesting agent 
which was formed in the preceding digestion, 
adding said recovered agent to the spent 
liquor to be re-employed, and making up 
losses in the cycle by the addition of digesting 
agent to the re-employed liquor. 

7. The process of producing a high alpha 
cellulose fiber, which comprises indefinitely 
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repeating the steps of digesting predigested 
pulp in an alkaline liquor containing sodium 
compounds, of separating the spent. liquor 
from the digested pulp in hot condition, and 
re-employing substantially all the spent 
liquor of digestion in another digestion of 
pulp after the addition of sufficient sodium 
constituent thereto to make up losses therein. 

8. The process of producing a high alpha 
cellulose fiber, which comprises, digesting 
predigested pulp in an alkaline solution con taining sodium compounds, re-employing 
substantially all the spent liquor in another 
digestion after the addition of sufficient 
sodium digesting agent thereto, continuing 
Such re-employment of such spent liquor until 
a predetermined sodium concentration re 
Sults therein, and thereafter recovering di gestion agent from a relatively small portion 
of the spent liquor, and re-employing the 
relatively large portion in another digestion. 

9. The process of producing a high alpha 
cellulose fiber, which comprises digesting 
predigested pulp in an alkaline solution con 
taining sodium compounds, re-employing 
substantially all the spent liquor in another 
digestion of Sulphite pulp after the addition 
of sufficient sodium digesting agent thereto, continuing such re-employment until a pre: 
determined sodium concentration results 
therein, and thereafter recovering spent so 
dium digesting agent from one portion of 
spent digesting liquor containing substantial 
ly the amount of spent sodium constituent 
which was formed in the preceding digestion, 
and re-employing the other portion in a sub 
Sequent digestion. 

10. A process which comprises digesting 
sulphite pulp in a hot alkaline digesting 
liquor, recovering digesting agent from a rel 
atively small portion of hot spent digesting 
liqltor and re-employing the other portion of 
the spent liquor together with sufficient alka 
li to make up losses in another digestion of 
Sulphite pulp. M 

11. A process of producing a high alpha 
cellulose fiber, which comprises digesting pre 
digested pulp in an alkaline liquor containing 
Sodium compounds, recovering sodium con 
stituent from one relatively small portion of 
the spent liquor, and re-employing the other 
portion of the spent liquor in another diges 
tion of predigested pulp. 

12. The process of producing a high alpha 
cellulose fiber, which comprises heating and digesting sulphite pulp in an alkaline liquor 
containing sodium compounds, recovering the 
Sodium constituent from a smaller portion of 
the spent liquor containing substantially the 
amount of spent sodium digesting agent 
which was formed in the preceding digestion 
and re-employing the larger portion of the 
hot spent liquor in another digestion of sul 
phite pulp. 

13. A cyclic process of producing a high 
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alpha-cellulose fiber, which comprises heat 
ing. and digesting sulphite pulp in an alka 
line liquor containing sodium compounds, re 
employing a larger portion of hot spent di 
gesting liquor in another digestion, recover 
ing sodium digesting agent from the other 
portion of the spent liquor, adding said recov 
ered agent to the re-employed liquor, and 
making up losses in the cycle by the addition 
of digesting agent to the re-employed liquor. 

14. A continuous cyclic process which com prises continuously feeding and digesting 
predigested pulp in an alkaline liquor, wash 
ing the resulting pulp and the entrained prod 

15 lucts of the reaction, circulating a part of the 
wash water back for further digestion of like 
pulp, continuously evaporating the other por 
tion of said wash water, burning the combus 
tible content thereof, and Smelting the inor 

20 ganic alkali content thereof, recovering the 
molten smeltin liquor, and mixing the result 
ing liquor with the recirculated wash water. 

15. A continuous cyclic process of treating 
sulphite pulp for the production of high al 

25 pha-cellulose pulp, which comprises contin 
uously feeding and digesting such first men 
tioned pulp under heat in a hot alkaline liquor, washing the resulting pulp and the 
entrained products of the reaction, circulat 

30 ing a part of the hot wash water back for fur ther digestion of sulphite pulp, continuously 
evaporating the other portion of said wash 
water, burning the combustible content there 
of, and smelting the inorganic alkali content 

35 thereof, recovering the molten smeltin liquor, 
and mixing the resulting hot liquor with the 
recirculated wash water, thereby conserving 
heat resulting from such digestion and such 
smelting. * 

In testimony whereof I have affixed my signature. 
GEORGE A. RICHTER. 
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