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The underlying chemical reaction upon which 
my process is based is the selective action of the 
alkaline metal sulphides upon the lignin ingre 
dient of such complexes while the cellulose com 
ponent is but slightly affected. Simultaneously, 
the components that would consitute the so 
called “ether extract' of such complexes are 
saponified or emulsified by the action of the stal 
phide and thus pass into the lignin solution to 
gether with said lignin. 
While these statements are but well known 

facts familiar to all that are skilled in the art 
yet little use has been made thereof because of 
the lack of a truly cyclic manner of recovering 
and reusing the all-essential alkalimetal sulphide. 
It is, therefoice, in furnishing such a truly cyclic. 
recovery and reuse that my process resides, not 
in the orthodox chemistry;on which it is based. 
The expression "alkali metal sulphide' in 

cludes, of course, both potassium and sodium 
Sulphide. En general, the potassium salt is the 
better but the sodium salt the cheaper, but many 
of these complexes contain considerable potas 
sium so that even though the process be started 
with sodium sulphide yet the re-cycled medium 
will ultimately become a mixture of salts of both 
Sodium and potassium. 
My process hence consists in digesting a con 

minuted form of the complex with a re-cycled 
Solution of alkali metal sulphide at a temperature 
range corresponding to a gage pressure of from 
20 to 125 pounds, depending upon the character 
of the complex, for such a time as shall be needed 
to liberate the cellulose-component from the en 
crusting materials. - 

In the accompanying flowsheet I have set forth 
the variotis steps needed to accomplish the reuse 
of said sulphide and the process is best followed 
and understood by the complete explanation of 
said drawing. However, a brief synopsis will first 
be given. Separation is first made between the 
Solid and liquid components of the completed 
digestion. The spent cooking liquor is then acidi 
fied with sulphur dioxide, thus converting the 
resident alkali metal salts substantially into sul 
phates and sulphites, chiefly the latter. This is 
accompanied by the separation of sulphur and of 
a modified form of lignin, as well as the ingre 
dients constituting the "ether extract.” The re 
sultant solution, after removal of the ingredients 
abovementioned, is thenevaporated and the resi. 
dent Salts converted to sulphide by a reducing 
furnace operation in the presence of solid carbon 
or of materials that will yield solid carbon. The 
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2 
reduced salts are dissolved in water and then 
constitute the cooking liquor as originally em 
ployed. 
While this is the essence of the process, a num 

ber of additional steps appear in the drawing. 
They are introduced to facilitate the above de 
scribed series of reactions and to the extent to 
which they contribute additional revenue from 
by-products are of much commercial importance. . 
However, the fundamental reactions are still the 
essential ones and the Supplementary steps mere 
ly aid in the operation. It will be evident that 
the total amount of material rendered insoluble 
in Said acidification could be commingled with 
the concentrated solution, prior to the furnace 
operation and the identical cooking liquor thus 
reconstituted. 

In order to elucidate more fully the flowsheet, 
I shall combine this description with a preferred 
version of my process as applied to the resinous 
stunap Wood of certain pines that are rich in 
resinous material, such as the southern pine, the 
Sugar pine and the ponderosa pine. Such wood 
will contain over 20% of resinous material and 
included in the ether extract will be a varying 
amount of fatty acids, partly free and partly as 
fats, chiefly oleic acid. - 
This raw materialischipped as in conventional 

pulp Work and then digested for a period of 5 
hrs. at a pressure of 85 lbs. gage, with an aide 
quate amount Solution to cover same. The cook 
ing liquor will contain approximately 50% of the 
bone dry weight of wood as Na2S. When diges 
tion is completed the pulp is separated from the 
Spent cooking liquor and the latter-saturated with 
a gas containing a substantial portion of CO2, 
Such as spent boiler stack gases, or limekiln gas. 
The saturation is effected by scrubbing or by 

blowing the compressed gas through the liquid. A 
heavy precipitate of a modified form of lignin is 
separated and removed in the “separator," which 
may be a settler, a filter, or a centrifuge, as de 
sired. On the drawing this lignin is seen later 
on commingled with the mix for the furnace, but 
if a better commercial use is desired such use 
can be replaced by almost any substance that 
will yield Solid carbon in the furnace operation, 
such as waste vegetable matter. - 
The time for Such saturation cannot be spec 

ified but it is continued until a filtered sample 
of the liquor yields almost no additional precipi 
tate with fresh CO2. The reason for this prelimi 
nary Saturation with CO2 is to obtain resingus 
and fatty acid components in the next step, in 
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a more concentrated form than would be the case 
if commingled with all this lignin which has now 
been removed. 
The liquor, purified by the removal of said 

lignin, is next saturated with a gas containing 
a substantial amount of SO2, such as the spent 
gas from the reducing furnace operation, roaster 
gas from the roasting of metallic Sulphides, or 
purer forms of SO2. 
quantitative and is continued until the liquor 
shows no alkaline reaction when the separation of 
the resinous and fatty acids will be found con 
plete. This is likewise done by test. Commingled 
with the resinous and fatty materials will also be 
a certain amount of highly degraded lignin. 
After separation from the liquor, this 'ether 

extract' is purified by the use of a selective sol 
vent which will leave the lignin behind. As the 
separated acids are soluble in virtually all types 
of fat solvents the greatest variation is possible. 
Any of the alcoholis, acetone, or chlorinated de 
rivatives are acceptable. Also ethers and the 
light petroleum distillates. On the drawing I 
have shown the cyclic use of such a solvent by 
the use of a still which is, of course, conventional. 
The lignin residual is sent to the furnace as in 
the former case. 
The residual solution from the SO2 saturation 

is next evaporated to the highest degree com 
patible with retaining a fluid material. It is 
then mixed with the separated lignin residuals, 
or in lieu thereof with a substance that Will 
yield solid C in the furnace step. The opera 
tion in the furnace is entirely reducing, so a re 
ducing flame is used as the source of heat and 
an excess of solid C is maintained. This excess 
is cyclically returned from the dissolving step. 
I have also shown the use of CaCO3 in the fur 
nace charge. This is not absolutely essential and 
may be omitted. It will be seen that it is also 
cyclically returned. In the furnace operation it 
becomes converted to CaS, but in the lixiviation 
step it becomes reconverted to CaCO3. Its ad 
vantage is largely mechanical, as it makes a 
smooth operation. About 50% on the charge is 
desirable but is altered to suit conditions. . 
The temperature of the reduction is carried as 

low as possible for the double reason of lessened 
attack on the furnace lining and of volatilization 
losses. The composition of the resultant cooking 
liquor, which should be essentially a solution of 
alkali metal sulphides, is the best warrant for 
an adequate temperature. Any increase in un 
reduced alkali metal sulphites and/or sulphates 
is the signal that the temperature must be in 
creased. - 

The output of the furnace is discharged di 
rectly into water where its soluble ingredients 
dissolve. Separation is then made, by Settling 
or otherwise, of the solids which are chiefly 
CaCO3, excess C, aid minor decomposition prod 
lucts. In as much as inpurities are continually 
introduced in the raw material, the cyclic load 
is gradually rendered more and more impure. It 
must, therefore be discarded periodically or else 
a small amount must be split off consistently and 
replacement material added to make good the . 
loss. Unless the content of alkali salts in the 
raw material is adequate there will likewise be a 
need for some replacement of the sodium sul 
phide with which the operation was commenced. 
This is most conveniently covered by adding the 
corresponding sulphate to the mixer. 
Any type of furnace may be used for this re 

duction but I prefer the use of a rotary furnace, 

The absorption is virtually. 
0. 

4 
similar to a cement kiln. A separate fire box will 
be needed and the discharge end of the furnace 
must be closed in order to insure a reducing at 
mosphere within the furnace. 
The temperature in the dissolving tank should 

be near boiling. If it drop too low there is dan 
ger of carbonates appearing in the cooking liquor 
which is the sign of undecomposed Na2S being 
returned with the cyclic load. A little does no 
harm but the content should be substantially 

-sulphide, so any increase in carbonate means lack 
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of temperature in the dissolver. Separation of 
the solids may be in any conventional manner. 
In the event that the lignin complex contain 

non-saponifiable material, such as waxes, these 
will as already stated be emulsified. If the spent 
cooking liquor be centrifuged before saturation 
with the gas, such an emulsion Will generally be 
obtained in concentrated form and the danger 
of having it become intermixed with much sepa 
rated lignin will have been obviated. An illus 
tration would be found if the raw material be 
the straw of the fiber flax, or the “tow' con 
ventionally made therefrom. In this case the 
wax would be a substance very similar to bees 
Wax, and it would be obtained from the centri 
fuge in a very concentrated form easy to Sub 
ject to additional refining. 
While not represented on the drawing, it is 

obvious that concentration by evaporation could 
be introduced anywhere before the furnace with 
out changing any other sequence. If it preceded 
the first saturation then a "soap' would rise to 
the surface of evaporator storage tank, and such 
Soap could be easily skimmed off. The composi 
tion of said Soap would be higher in fatty acids 
and lower in abietic than the material remain 
ing in solution and subject to recovery after Satu 

A partial fractionation could 

It is also obvious that the furnace gases could 
be made the source of both the SO2 and the CO2 
needed in the saturation steps and that the above 
result would be obtained if the spent cooking 
liquor Were passed counter-current to the fur 
nace gases, lignin being separated after the first 
Saturation with CO2, and fatty material from the 
latter Saturation. After the gases had contacted 
the liquor the SO2 resident therein would have 
been quantitatively absorbed and only CO2 would 
remain for the subsequent use of the gas in 
Saturation. 
Inasmuch as cellulose-lignin complexes with 

additive ingredients of resins, fats, fatty acids, 
and Waxes run almost the entire gamut of the 
vegetable world it is evident that the two illustra 
tions given herein represent but an exceedingly 
Small fraction of the total field. In general, 
therefore, it may be said that “trial and error' 
must be the means whereby a process, conceived 
Within the limits of this disclosure, is made 
adaptable to any type of raw material falling 
Within the scope of my process. Such adapta 
tions, or modifications, will be found to represent 

65 little except a sound knowledge of the chemistry 
involved and will suggest themselves to any op 
erator. 

Having thus fully described my process, I 
claim: 

70 1. The method of regenerating a spent cooking 
liquor resulting from the digestion of a cellulose 
lignin complex. With an alkali metal sulphide as 
the Sole, active ingredient which comprises; neu 
tralizing said liquor with Sulphur dioxide; remov 
ing the materials rendered insoluble by said neu 



S 
tralization; evaporating the neutralized liquor; 
commingling it with material containing carbon; 
incinerating the mixture in a reducing atmos 
phere to convert resident alkali metal Salts to 
sulphide; lixiviating said reduced incinerated 
material to obtain a solution of alkali metal Sul 
phide suitable for another digestion of cellulose 
lignin complex. 

2. The method of regenerating a spent cooking 
liquor resulting from the digestion of a cellulose 
lignin complex with an alkali metal Sulphide as 
the Sole, active ingredient Which comprises; Com 
mingling said spent cooking liquor with carbon 
dioxide as long as a precipitate of lignin is pro 
duced thereby; separating the lignin from the 
residual solution; neutralizing said resultant 
solution with sulphur dioxide and removing the 
ingredients rendered insoluble by Such neutraliz 
ing procedure; evaporating the neutralized liq 
uor after separation of the insoluble ingredients; 
commingling it with material containing carbon; 
incinerating said mixture in a reducing atmos 
phere to convert resident alkali metal salts to Sull 
phide; lixiviating said reduced incinerated mate 
rial to obtain a solution of alkali metal sulphide 
suitable for the digestion of a cellulose-lignin 
Complex. 

3. The method of regenerating a spent cooking 
liquor resulting from the digestion of a cellulose 
lignin complex with an alkali metal sulphide as 
the sole, active ingredient set forth in claim l; 
with the added step that calcium carbonate be 
added to the mixture being incinerated; the Solids 
from the lixiviation step, containing said calcium 
carbonate and excess carbon, being cyclically re 
turned to the mixture before incineration. 

4. The method of regenerating a spent cooking 
liquor resulting from the digestion of a cellulose 
ignin complex. With an alkali metal Sulphide as 
the sole, active ingredient Set forth in claim 2; 
with the added step that emulsified solids Sus 
pended in the spent cooking liquor be separated 
prior to the treatment With Carbon dioxide re 
cited therein. 

5. The method of regenerating a spent cooking 
liquor resulting from the digestion of a cellulose 
lignin complex with an alkali metal Sulphide as 
the sole, active ingredient which comprises; re 
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moving any emulsified substances suspended in 
said spent liquor; saturating the residual liquor 
with carbon dioxide as long as any lignin is pre 
cipitated; removing said lignin; Saturating the 
liquor after such lignin removal with Sulphur di 
oxide until liquor is no longer alkaline; separat 
ing the material rendered insoluble in such satu 
ration; evaporating the neutralized liquor and 
Commingling it with lignin previously separated 
and a cylic return of Solids from a future lixivia 
tion step; incinerating said mixture in a reduc 
ing atmosphere to convert resident alkali metal 
Salts to Sulphide; ixiviating said reduced inciner 
ated material to obtain a solution of alkalimetal 
Sulphides suitable for the digestion of a cellulose 
lignin complex and residual Solids; and returning 
the solids to the mixture to be incinerated as pre 
ViOSly Specified. 

6. The method of regenerating a spent cooking 
liquor resulting from the digestion of a cellulose 
lignin complex with an alkali metal sulphide as 
the sole, active ingredient as set forth in claim 5; 
with the added step that calcium carbonate be 
made an ingredient of the Solids cyclically re 
turned from the lixiviating step. S. 

7. The method of regenerating a spent cooking 
liquor resulting from the digestion of a cellulose 
ignin complex with an alkali metal sulphide as 
the sole, active ingredient as set forth in claim 5; 
with the added step that saturation with CO2 
and SO2 as disclosed-therein be effected by pass 
ing the spent cooking liquor counter current to 
the gases obtained by the oxidation of the vola 
tile products obtained in the incineration step. 

ALFRED MI. THOMSEN. 
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