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This invention relates to the treatment of 
the residual liquors from the production of 
wood pulp with a cooking liquol' contain 
ing sodium monosulfite, or a mixture of soli 
un monosulfite and caustic soda. 

in certain companion applications We have 
described a new and useful method of pro 
ducing wood pulp from Wood by subjecting 
the wood to a cooking operation, under pres 
sure and at an elevated temperature, with 
a cooking liquor consisting essentially of 
sodium monosulfite, or sodium monosulfite 
together with a limited amount of caustic 
soda. Such processes result in the produc 
tion of increased yields of a superior and 
improved pulp, containing fibers of great 
strength, which have not been objectionably 
injured by the cooking operation. 
The present invention relates to the treat 

ment of the residual liquior's from such proc 
esses, whereby the processes may be made re 
generative or cyclic in character. 
The residual liquors produced by such pulp 

processes are of distinctive and characteristic 
composition. They contain a decreased con 
tent of organic matter, as compared with 
the black liquor from the soda or sulfate 
process, due to the fact that incrusting and 
non-fibrous constituents are dissolved Ol' re 
noved from the wood without dissolving or 
renoving any considerable annount of ille 
file's taelselves, whereas, in the socia and 
sulfate processes, a colnsiderable almount of 
the fibers is dissolved and goes into the re 
sidia liquor. 
The composition of the residual liquor's 

which are treated according to the present 
invention will vary somewhat with different 
Woods, and with the particular composition 
of the cooking liquor. With deciduous 
woods, such as poplar, basswood, maple, 
birch, beech, oak, etc., and with certain co 
milerotis Woods, such as spruce, pines, etc. the 
cooking operation may be carried out with 
a cooking liquor containing essentially nor 
nial sodium sulfite. With other woods, par 
ticularly highly resinous woods, such as cer 
tain pines, the cooking liquor may contain 
a sufficient amount of caustic soda, in ad 
dition to a preponderating proportion of 
sodium sulfite, so that the resinous and other 
incrusting and non-fibrous constituents will 

be removed from the fibers with substantial 
completeness. Without, however, injuring the 
fiber's themselves to any material degree. 

In addition to sulfite, alkali and resinous 
or other encrusting and non-fibrous constit 
lients, the liquor frequently contains sodi 
um carbonate and some sodium acetate, sodi 
till "resinates” and some sodium sulpho-or ganic compounds. The liquor may contain 
soaps or materials of a similar character re 
Sulting from the combination of the sodium 
sulfite or caustic soda or both with Saponifi. 
able constituents of the wood treated, par 
ticularly in the case of resinous woods where 
Tesin Soaps or compounds of a similar char 
acter inlay be formed in considerable amounts. 
It may also contain tanning material, dyes 
and other dissolved organic material. 
The residual liquor is usually mahogany 

in color, but the color varies somewhat in 
intensity with different woods and is some. 
what darker when small amounts of caustic 
are used. In reaction the liquor is alkaline 
to litmus but not strongly alkaline unless 
calistic has been employed, the degree of alka 
linity obviously depending upon the amount 
of caustic used. 

In consistency the residual liquor may be 
thinner than black liquors commonly ob 
tailed by soda and sulfate processes, and it 
l}lay (') intain a sillalier proportion of solids 
ii) solition because the cellulose is not at 
tacked and dissolved by sodium sulfite to any 
great extent during the pulp-making opera 
tion. 

Oile plirpose of the present invention is 
the recovery of valuable constituents of the 
residual liquor, particularly the sulfite radi 
cal and sodium content, so that these are con 
Sequently made available for the treatment 
of further quantities of wood. 
According to the present invention, the 

residual liquor is treated in a relatively sim 
ple nannel for the recovery of the more in 
portant constituents while the organic mate 
rials are destroyed. The residual liquor may 
thus be evaporated to dryness and the solids 
lilay be calcined or burned to produce sodium 
'arbonate together with more or less sodium 
sulfite, etc. These compounds may then be 
dissolved from the insoluble carbon and 
treated with sulfur dioxide or sodium bisul 
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fite or both to eliminate carbon dioxide. A 
product containing sodium sulfite or a mix 
ture of Sodium sulfite and sodium bisulfite 
may thus be obtained. Alternatively, some 
of the carbonate may be converted into caustic 
soda and used as stich by addition thereof to 
the Sodium sulfite liquor when a caustic liquor 
is needed. 
When the residual liquor from the cooking 

of Wood with sodium mono-sulfite or a mix 
ture containing a preponderating amount of 
Sodium monosulfite and a smaller amount of 
caustic soda is calcined, for example, in a 
l'otaly furnace such as is used in the calcina 
tion of the concentrated residual liquors of 
the Ordinary Soda process, a considerable de 
composition of the sodium sulfite or sulfurous 
acid combinations contained in the liquors 
and in the dried product undergoing calcina 
tion, takes place, and a considerable amount 
of sulfus' compounds escapes with the gaseous 
products of combustion by which the rotary 
calcining furnace is heated. in Such cases 
the calcined product will contain a rela 
tively large amount of sodium carbonate 
while it may still contain varying amounts 
of sodium sulfite. This method of forming 
sodium carbonate forms the subject of our 
application Serial No. 513,161, filed Novem 
ber 5, 1921. 
When the calcined product is eached to 

give a solution containing sodium carbonate 
and varying amounts of sodium sulfite, this 
liquor may advantageously be used for re 
covering sulfur dioxide from the gases of the 
calcination. The gases from the rotary cal 
cining furnace can, for example, be passed 
through an absorption tower through which 
the solution is passed, this absorption tower 
being arranged between the rotary calcining 
furnaces and the stack, and the necessary 
draft and circulation of the gases being se 
cured by means of a fan. By using a tower 
or series of towers in this way, the Sulfur 
dioxide of the escaping gases can be 'ecoy 
ered for reuse in the process. 

It is an advantage of this method of re 
generating the sodium sulfite that it perimits 
the use of ordinary calcining furnaces such 
as are available in pulp mills Operating ac 
cording to the ordinary soda process, and 
requires merely the insertion of absorption 
towers and circulating fans between the 'o- 
tary furnaces and the stack, and the circu 
lation of the leach liquors through the ab 
sorption towers. The treatment of the re 
sidual liquors can otherwise be cai'i'ied out 
in the same apparatus and with similai' ima 
nipulation as in the ordinary Soda process, 
although the procedure with the residual 
liquors, according to the present invention, 
will have an entirely different result owing 
to the inherent differences in the residual 
liquor itself and in the reactions which take 
place during its treatment. The treatment of 
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the residual liquors, in the manner described. 
results in the recovery of the greater part of 
the Sodium content as well as of the sulfur di 
Oxide content in the form of sodium sulfite in 
Solution available for further use in the 
cooking operation. 
The l'esidual liquors produced from the 

cooking of dense hard woods (for example, 
bitch, beech and maple) may have a radi. 
cally increased content both of organic con 
stituents and of inorganic matter, such as 
combined sodium organic compounds and 
sulfo-Organic compounds. Residual liquors 
(of Suci, increased concentration will be soline 
what diluted by admixture with wash waters, 
but dilution to an objectionable degree can 
be readily prevented, and the reakinent of 
the more concentrated jiquor's presents added 
advantage because of the deceased amount 
Of water to be remvoed and the radically in 
Creased concentration of the constituents 
which the liquor contains. 
The regenerative process of the present in 

vention Pei'aits of making the pulp process 
a cyclic operation in which sodium sulfite, 
with or without caustic soda, is employed as 
a cooking liquor in the production of pulp, 
With regeneration of the chemicals for full 
ther use in the cyclic process. In carrying 
Olit, the cyclic operation, the cooking of the 
wood chips can be carried out, for example, 
in the manner more fully described in our 
prior application, Serial No. 481.14, filed 
June 28, 1921. When the pulp making proc 
ess of said application is combined with the 
regeneration of the cooking liquor, or of 
ingredients of the cooking liquor, from the 
'esidial liquors, in the manner herein before 
described, the pulp making process becomes 
a legenerative pulp process of a particularly 
advantageous chai'acter, enabling the plp 
nill to operate with the treatment of the 
l'esilial liquors and the regeneration of the 
cooking liquors in a particularly advanta 
geous mainlner. 
The losses of social can be made up by 

adding sodiul carbonate or soda-asi and 
combining it with sulfur dioxide. The sul 
fir dioxide can be supplied to the necessary 
extent by simple sulfil burnal's and by ab 
sorption of the gases in alkaline soilutions 
either of soda-ash or of residual liquors, or of 
leach liquor's resulting from the calcination 
operations above described. The amount of 
sodium Salfite or of sodium sulfite and castic 
soda regenerated from the 'esidual liquo's 
can be supplemented by the necessary addi 
tions to give a new cooking liquor silikable 
for further use in the process. 
The regenei'ative or cyclic process of pulp 

nanufacture, accordingly, presents i R 
portant advantages in the manufacture of the 
pulp itself as set forth noire fully in our 
Said prior application as well as in the treat 
inent, cf the residual liquors in the manner 
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herein described. We do not, however, 
claim the regenerative pulp process in the 
present application inasmuch as this forms 
the subject matter of a separate application. 

it will thus be seen that the present inven 
tion provides an improved process of treat 
ing residual liquors for the recovery there 
from of a cooking liquor containing mainly 
Sodium sulfite, either with Or Yithout callstic 
Soda, and either with or without varying 
amounts of other sodium salts. This process 
involves the concentration of the residual 
liquors and the calcination of the concent 
titled product. The calcination is carried 
out under such contiitions that a considerable 
decomposition of the sodium sulfite or sul 
furous acid combinations contained in the 
liquors and in the died pi'oducts undergoing 
calcination takes place, and a considerable 
amount of sulfur compound escapes with the 
gaseous products of combustion from the cal 
cining furnace. The calcined product, ac 
cordingly, will contain a relatively large 
amount of sodium corbonate, while it inlay 
nevertheless still contain varying and ap 
preciable amounts of Sodium sulfite. This 
product, when leached, will give a solution 
containing sodium carbonate and varying 
amounts of sodium sulfite. To the extent 
that the sodium sulfite is thus directly re 
covered, the production of further anoints 
of sodium sulfite is obviated. The gases 
given of during the calcination will contain 
considerable amounts of silful dioxide, as 
above pointed out, and the Solution leached 
from the calcimed product may advanta 
geously be used foi l'ecovering Sulful' dioxide 
from such gases of the calcination. In this 
way, a considerable amount of sulfur dioxide 
can be recovered in the form of Sodium Sul 
fite for reuse. This recovery of sodiulin sul 
fite for reuse thus involves a concentration 
and calcination of the constituents of the 
residial liquoi", with driving of of a coll 
siderable arount of sulfill dioxide therefroin 
luring ille calcination, but with retention of 
part of the sulfur dioxide as sodium sulfite 
in the caicined product, and the recovery of 
sulfur dioxide from the gases escaping dur 
ing the calcination in the Solution leached 
from the calcined product. 
This recovery process, in which the Sulfite 

radical of the sodium sulfite initially en 
ployed is recovered in part directly as sodium 
sulfite from the calcined product, and in part 
by absorbing sulfur dioxide from the calcina 
tion gases in the solution leached from the 
salcined product. enables the rotary calcining 
furnaces of the ordinary soda, process to be 
employed with simple additional equipment 
for the scrubbing of the gases with the leached 
liquor to recover sulfur dioxide as sodium 
sulfite. 

In order to make up for losses of Sulfur 
dioxide, sulfur dioxide from another source 

may be used fol' treating the solution leached 
from the calcined product; or sodium bi 
sulfite can be used, in which case additional 
sodi:in will also be supplied. The treatment 
of the eached liquor with sulfur dioxide or 
with sodium bisulfite will result in decompos 
ing lost or ail of the sodiun carbonate, set 
ting free and driving of carbon dioxide, and 
forming sodium sultite. 
Where the composite liquor is to contain 

calistic sods as well as sodium sulfite, some of 
the sodium carbonate may, as above stated, be 
causticized and converted into caustic soda 
and used as such by addition thereof to the 
solin sulfite liquor otherwise regenerated 
oir produced. 

Aiy invention lay also be used with 
l'esidual lio' which resillis role cooking 
wool with a cooking liquor containing so 
dium lisulfite. 
This application contains subject matter 

disclosed in our co-pending applications 
Seriai No. 513,761 and Serial No. 534,768, the 
latter having issued as Patent No. 1,637,515. 
We claim: 
1. The method of producing a cooking liq 

uor from the residual liquor resulting from 
the cooking of wood with a cooking liquor 
containing essentially sodium sulfite or so 
dium sulfite and caustic alkali, which colm 
prises evaporating such liquor to dryness, 
calcining the dried product under conditions 
to drive sulful compounds therefrom and to 
give a calcined product containing a relative 
ly large amount of sodium carbonate, and 
also containing some sodium sulfite, leaching 
the calcined product, and sulfiting the same to 
convert, sodium carbonate to Sodium sulfite. 

2. The method of treating residual liq 
uor from the production of pulp with a cook 
ing liquor containing sodium sulfite or so 
dium sulfite and caustic soda, which com 
prises evaporating the residual liquo' to 
dryiness, calcining the dry product, without 
smelting the same, dissolving the sodiu in 
salts from the calcined product, and subject 
ing the solution to the action of the sulfite 
radical to convert sodium carbonate into so 
diural sulfite. 

3. The method of treating residual liquor 
from the production of pulp with a cooking 
liquor containing sodium sulfite or Sodium 
sulfite and caustic soda, which complises 
evaporating the residual liquor to dryness, 
and subjecting the same to calcinatio; under 
conditions to drive off sulfur compounds 
therefrom and to give a calcined product col) 
taining a relatively large amount of sodium 
carotate and also cantaining Sodium sulfite. 

4. The process of producing a cooking liq 
uor containing sodium sulfite which com 
prises digesting wood with a cooking liquor 
containing essentially sodium sulfite Ol' So 
dium sulfite and caustic soda, separating the 
resulting liquor from the cooked Wood, con 
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centrating the resulting liquor, Subjecting 
the concentrated liquor to calcination with 
out Smelting the same, extracting the calcined 
product, and treating the resulting Solution 
with sulfur dioxide or a compound containing 
the sulfite radical, with resulting conversion 
of sodium carbonate to sodium sulfite. 

5. The method of producing a cooking jig 
uor containing caustic soda, Sodi in Sil?ite 
and sodium thiosulfate, which complises 
evaporating a residual liquor from the cook 
ing of wood with a cooking liquor containing 
caustic soda and sodium sulfite, calcining the 
concentrated product without Shetting {} 
give a calcined product containing sodi 
'arbonate and sodium-sulfur compounds. 
cluding three element compotlids, eaching 
the calcined product, and treating the le 
liquor to convert part of the sodiuinn ca. 
ate into caustic soda and to for in sodiuin 
fite. 

6. The method of producing a cooking liq 
lor from the residual liquor resulting fron 
the cooking of wood with a cooking liquor 
containing essentially soclinn sulfie Ol' So 
dium sulfite and caustic alkali, which coin 
prises evaporating such liquor to dryness, 
alcining the dried product under conditions 
to drive sillfur coinipouilds therefrom and to 
give a calcined product containing a 'cla 
tively large amount of sodium carbonate, and 
also containing some sodium sui?ite, leaching 
the calcined product, an subjecting the leach. 
liquor in part to causticizing to convert So 
dium carbonate into calistic soda and in part 
to sulfiting to convert 55 it in carbonate into 
sodium sulfite. 

7. The method of treating l'esidual liquor 
from the production of pulp with a cooking 
liquor containing sodium stifite or sodiul in 
sulfite and caustic scda, which conniprises 
evaporating the 'esidual liquor to drynes;, 
caicining the dry product in a fi : nace tales' 
conditions to for in suit is dioxicle inaj'ei: ; ; ; 
and to give a calcined profict containing a 
relatively large amount of sodiul carbonate, 
leaching the calcined product, and absorhing 
the sulfur dioxide fol'ned string tile t’ai 
cination in such solution. 

S. The method of treating residual lie; or 
from the production of pulp with a cooking 
liquor containing sodium Stalfite or sodil in 
sulfite and caustic soda, which comprises 
evaporating the residual liquor to dry 
calcining the dry predict in a 3 
conditions to foi'in sulful dioxide the air an 
and to give a calcihed product containing a 
relatively large amount of sodium carbonate 
absorbing the Sifir dioxide for led in: 
the caicination in a solution of Sodium ca'- 
bonate and thereby forming sodiuin Sui?ite 
for further use in the cooking liquor. 

9. The process of producing a cooking lic 
uoi" containing sodium silifiée which coln 
prises digesting wood with a cooking liquor 

' ' ... 
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containing essentially sodium sulfite or so 
lium sulfite and caustic soda, separating the 
resulting liquor from the cooked wood, con 
centrating the resulting liquor, subjecting the 
concentrated liquor to calcination without 
Snelling the salne, extracting the caicined 
product, and treating the l'esuiting solution 
in part with Sulfui dioxide or a coupound 
containing the sulfite l'adic: i t (; convert So 
dium carbonate into socii in sulfite, and ii). 
i): it by calisticizing with lime to foln calls 
tic soda, 

10. The aethod of treating residual liq 
i: ; fro; the prodiction of puis) with a cook 
sing li iii. s. dii; is iiite syllicin. 

2 the l'esillai liquoi" to 
(lity radict without 

, issolving the sociii: 
}}) the carinet product, and slipiect 

ificia to the action of the 
ica () ( in 'e'; sodil in carbonate into a 

lie of sodian Sui?ite and sodiulia bi 

. 

i. 

e method of treating residual iiquor 
from the production of plp with a cooking 
liquor cozitaining siliite cit solitia which i{ 

comprises evaporating the residual liquor to 
dryness, stbiecking the city material to a fur 

iing opei'ation inder coditions to drive 
of stiful' compounds with the furnace gases 
in Sifficient quaintity to give a furnace prod 
c! containing a relatively large ano; it of 

sodiuin carbonate and also containing so 
dit}}l-Sulfur coin pounds and treating such 
furnace product for the production of a cook 
ing liquor containing Sul ?ite of sodit}}, the so 
dium content of such sulfite being derived in 
part fi'On such sodium-sulfur compounds and 
in part from the carbonate of sodiulin. 

12. In a process for regenerating cooking 
ligular, the steps which include digesting cel 
iii.)se- ing laterial by lineans of cooking 
lic or which incides a sistantiai anoint of 
a stal ?ite of air alkali-lanetal ::nd consisting 
the disresting fireatient until fibres thereof 
ai'e readily separable from each other by line 
chanical ti'e: tent, separating resultig re 
sidial liq ol foil residiting fibrous laterini, 
renoving watei' rein residual liquor, furnac 
ing the residize under conditions adapted to 
yield a furnace product including alk:i- 
letal carbonate and alkali-metal stafi'-bear 
iig compounds, and for inning a cooking liquor 
inciding a stifife of an alkali-etal, the al 
kiii-retal content of such sulfite being de 
lived in part from sich alkali-metal carbon 
8te and in part from such alkali-iota Silfur 
bearing compounds. 

13. In a process for regenerating cooking 
liquor, the steps which include digesting 
cellulose-bearing materia by means of cook 
ing liquor which includes a substantial 
anotlint of a sulfite of an alkali-metal and 
continuing the digesting treatment until 
fibres thereof are readily separable from 
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each other by mechanical treatment, separat 
ing resulting residual liquor irola resulting 
fibrous material, removing water from re 
sidual liquor, furnacing the residue under 
conditions adapted to yield a furnace ploduct 
including a preponderating amount of allki 
li-metal carbonate and a lesser annotint of al 
kali-metal sulfur-bearing conpo inds, and 
forming a cooking liquor including a siliiite 
of an alkali-metal, the alkali-lanetai content of 
such sulfite being derived in part from sllel 
alkali-metal carbonate and in part fron such 
alkali-metal sulfur-bearing compounds. 

14. The method of treating 'esidual liquor 
from the production of pip with a cooking 
liquor containing a sulfite of sodiul, which 
comprises evaporating the residual liquor to 
dryness, burning the organic matter therein, 
forming a solution containing sodiu in salts 
derived from the resulting product, said so 
dium salts including a carbonate of SO(liull 
and a sodiun-sulfur compound, and subject 
ing the solition to the action of Sulfur lix 
ide by passing the solution over a tower and 
passing sulfur-dioxide-bearing gases through 
the tower to absorb sulfur-dioxide in the 
liquor. 

15. In a process for regenerating a cooking 
liquor, the steps which include digesting 
wood by means of a cooking liquor supplied 
with about 30% to 40% of sodium monostill 
fite (NaSO.), based on the air-dried weight 
of the wood, and digesting until the wood 
fibres are substantially freed froin non-i- 
brous constituents, separating resulting resid 
uai liquor from resulting fibrous material. 'e- 
moving water from such residual liquor, fur 
nacing the residue under conditions adapted 
to form furnace gases which carry the greater 
amount of the sulfur present in Such cooking 
liquor as sodium monosul ?ite when charged 
into the digester and under conditions adapt 
ed to yield a furnace product including sodi 
um compounds of which a preponderating 
amount is sodium carbonate and a lesser 
amount is sodium-sulfur compounds, form 
ing therefrom a cooking liquor including sul 
fite of sodium derived from sodium coln 

r 

pounds contained in such furnace product, 
the sodium content of such cooking liquor be 
ing derived in part from a carbonate of so 
dium and in part from the sodium-sulful' 
compounds. 

16. The method of treating residual liquor 
from the production of pulp with a cooking 
liquor containing a sulfite of sodium which 
comprises evaporating the residual liquor to 
dryness, subjecting the dry material to a fur 
nacing operation under conditions to drive off 
sulfur coinpounds with the furnace gases in 
sufficient quantity to give a furnace product 
containing a relatively large amount of So 
di in carbonate and also containing sodium 
sulfur compounds and treating such furnace 
product by means of a sulfite radical for the 
production of a cooking liquor containing 
sulfite of sodium, the sodium content of such 
sulfite being derived in part from such so 
dium-sulfur compounds and in part from the 
elbonate of sodium, the treatinent of the still 
?ite radical being continued until substan 
tially all of the carbonate of sodium has re 
acted there with. 
1. The lethod of treating residual liquor 

from the production of pulp with a cooking 
liquor containing a sulfite of sodium which 
comprises evaporating the residual liquor to 
dryness, subjecting the day material to a fur 
nacing operation under conditions to drive off 
sulfur compounds with the furnace gases in 
sufficient quantity to give a furnace product 
containing a relatively large amount of Sodi 
um carbonate and also containing sodium 
sulfur compounds and treating such furnace 
product by means of a sulfite radical recov 
ered from the furnacing operation for the 
production of a cooking liquor containing 
sulfite of sodium, the sodium content of such 
sulfite being derived in part from such so 
dium-sulfur compounds and in part from the 
carbonate of sodium. 

In testimony whereof we affix our signa 
tures. 

LNN BRADI.E.Y. 
EDWARD P. McKEEFE. 
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