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This invention relates to the treatment of
the residual liquors from the production of
wood pualp with a cooking liquor contain-
ing sodium monosulfite, or a mixture of sodi-
um 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 monosuifite, or sodinm 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 liquors from such proc-
esses, whereby the processes may be made re-
generative or cyclic in character. :

The residual liguors produced by such pulp
processes are of distinetive 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-tibrous constituents are dissolved or re-
moved from the wood without dissolving or
removing any considerable amount of the
fibors themselves, whereas, in the soda and
sulfate processes, a considerable amount of
the fibers is dissolved and goes inte the re-
sichial liquor.

The composition of the residual liquors
whicl are treated according to the present
invention will vary somewhat with duiferent
woods, and with the particular composition
of the cooking liquor. With deciduous
woods, such as poplar, basswood, maple,
bireh, beech, oak, etc., and with certain co-
niterous woods, such as spruce, pines, ete. the
cooking operation may be carried out with
a cooking liquor containing essentially nor-
wal sodium sulfite. With other woods, par-
ticularly highly resinous woods, such as cer-
tain pines, the cooking liquor may contain
a sufiicient 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
fibers themselves to any material degree.

In addition to sulfite, alkali and resinous
or other encrusting and ngn-fibrous constit-
uents, the liguor frequently contains sodi-
um carbonate and some sodium acetate, sodi-
um “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
resin soaps or compounds of a similar char-
acter may be formed in considerable amounts.
It may also contain tanning material, dyes
and other dissolved organic material.

The residual liquor is-usually maliogany
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
caustic has been employed, the degree of alka-
linity obviously depending upon the amount
of caustic used.

In consistency the residual liguor may be
thinner than black liquors commonly ob-
tained by soda and sulfate processes, and it
wmay contain a snmller proportion of solids
in solution because the cellulose is not at-
tacked and dissolved by sodinm sulfite to any
great extent during the pulp-making opera-
tion.

One purpose of the present invention is
the vecovery 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 manner for the recovery of the more im-
portant constituents while the organic mate-
rials are destroyed. The residual liquor may
thus be evaporated to dryness and the solids
may be caleined or burned to produce sodium
carbonate together with more or less sodium
sulfite, ete. These compounds may then be
dissolved from the insoluble carbon and
treated with sultur dioxide or sodium bisul-
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fite or both to eliminate carbon dioxide. A the residual liquors, in the manner described,
product containing sodimm sulfite or a mix- rosults in the recovery of the greater part of

ture of sodium sulfite and sodium bisulfite
may thus be obtained. Alternatively, some
of the carbonate maybe converted into caustic
sodz and used as such by addition thereof to
the sodium sulfite liquor when a caustic liquer
ig needed.

When the residual liquer from the cocking
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
rotary furnace such as is used in the caleina-
tion of the concentrated residual liquors of
the ordinary soda process, a considerable de-
composition of the sodiun sulfite or sulturous
acid combinations contained in the liquors
and in the dried product undergoing calcina-
tion, takes place, and a considerable amount
of sulfur 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 sodimin carbonate
while it may still contain varying amounts
of sodium sulfite. This method of forming
sodium carbonate forms the subject of cur
application Serial No. 518,161, filed Hovem-
ber 5, 1921.

When the calcined product is leached tfo
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
celcination. 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 caleining
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 vecov-
ered for reuse in the process.

Tt is an advantage of this method of ve-
generating the sodium sulfite that it permits
{he 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 ro-
tary furnaces and the stack, and the ciren-
lation of the leach liquors through the ab-
sorption towers. The treatment of the re-
sidual liquors can otherwise be carried out
in the same apparatus and with similar ma-
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 resicual
liquor itself and in the reactions which talke
place during its treatment. The treatment 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 residual liquors produced from the
cooking of dense hard woods (for example,
birch, beech and maple) may have a radi-
caliy increased content both of organic con-
stituents and of inorganic matter, such as
combined sodium organic compounds and
sulfo-organic compounds. Residual liquors
of such mcreased concentration will be some-
what diluted by admixture with wash waters,
but dilution to an objectionable degree can
e readily prevented, and the treatinent of
the more concentrated liquers presents added
advantage because of the decreased 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 n-
vention permits of making the pulp process
a cyclic operation in which sodivm sulfite,
with or without caustic soda, is employed as
a cooking liquor in the production of puip,
with regeneration of the chemicals for fur-
ther use in the cyclic process. In carrying
out the eyclic eperation, the cooking of the
wood chips can be carried out, for example,
in the manner more fully described in our
prior application, Serial MNo. 481,147, fled
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
vesidual liquors, in the manner hereinbefore
described, the pulp making process becomes
a vegenerative pulp process of a particularly
advantageous character, enabling the pulp
mill to operate with the treatment of the
vesidual Hiquers and the regeneration of the
cooking liguors in a particularly advanta-
geous manner.

The logses of sodinm can be made up by
adding sodium carbonate or soda-ash and
combining it with sulfur dioxide. The sul-
fir dioxide can be supplied to the necessary
extent by simple sulfur burners and by ab-
sorption of the gases in alkaline solutions
either of soda-agh or of residual liquors, or of
leach Liquors resulting from the ealeination
operations above described. The amount of
sodinm sulfite or of sodium sulfite and caustic
soda regenerated from the residual liquors
can be supplemented by the necessary addi-
tHons to give a new cooking liquor suitable
for further use in the process.

The regencrative or cyclic process ol pulp
nanufacture, accordingly, presents im-
sortant advantages in the manufacture of the
pulp itself as set forth more fully in our
zaid prior application as well as in the treat-

ment ual Hguors 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 without caustic
soda, and either with or without varying
amounts of other sodium salts. 'This process
involves the concentration of the residual
liquers and the calcination of the concen-
trated preduct. The calcination is carried
out under such conditions that a considerable
decompesition of the sodium sulfite or sul-
furcus acid combinations contained in the
liquors and in the dried products undergoing
caleination takes place, and a considerable
amount ot sulfur compound escapes with the
guseous products of combustion from the cal-
cining furnace. The caleined product, ac-
cordingly, will contain a relatively large
amount of sodium corbeonate, while it may
nevertheless still contain varying and ap-
preciable amounts of sodinm 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 amounts
of sodium sulfite is obviated. The gases
given off during the caleination will contain
considerable amounts of sulfur dicxide, as
above pointed out, and the solution leached
from the calcined product may advanta-
geously be used for recovering sulfur dioxide
from such gases of the calcination. In this
way, a considerable amount of sulfur dioxide
can be recovered in the form of sedivm sul-
fite for veuse. This recovery of sodium sul-
fite for reuse thus invelves a concentration
and ealeination of the coustituents of the
vesidunl liguor, with driving off of a con-
giderable amount of sulfur dioxide therefrom
during the caleination, but with retention of
vart of the sulfur dioxide as sodinm sulfite
in the calcined product, and the recovery of
sufur dioxide from the gases escaping dur-
ing the calcination in the solution leached
from the caleined produect.

This recovery process, in which the sulfite
radical of the sodium sulfite initially em-
ploved is recovered in part dirvectly as sodium
sulfite from the caleined product, and in part
by absorbing sulfur dioxide from the calcina-
tion gases in the solution leached from the
salcined product, enables the rotary caleining
furnaces of the ordinary soda process to be
employed with simple additional equipment
for the scrubbing of the gases with the leached
Hquor to recover sulfur dioxide as sodium
sulfite.

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

o
W

may beo used for treating the solution leached
from the caleined product; or sodium bi-
sulfite can be used, i which case additional
godium will also be supplied. The treatment
of the leached liquor with sulfur dioxide or
with sodium bisulfite will result in decompos-
ing most or ail of the sodimn carbonate, set-
ting free and driving off carbon dioxide, and
forming sodinm sulfite.

Where the composite liquor is to contain
caustic soda as well as sodium sulfite, some of
the sodivin carbonate may, as above stated, be
causticized and converted into caustic soda
and uszed as such by addition thereof to the
sodium sulfite liquor otherwise regenervated
ot produced.

My dovendion may also be used with
residual ligquor which vesulis from cooking
wood with a cooking liquor containing so-
dinm bisulfite,

This application contains subject matter
disclosed 1m our co-pending applications
serial No. 513,761 and Hervial No. 534,768, the
latter having issued as Patent No. 1,637,515,

We claim:

1. The method of producing a cooking lig-
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 com-
prises evaporating such liquer to dryness,
caleining the dried product under conditions
to drive sulfur compounds thevefrom and to
give a calcined product containing a relative-
Iy large amount of sodium carbonate, and
also containing some sodium sulfite, leaching
the ealcined product, and sulfiting the same to
convert sodium carbonate to sodium sulfite.

2. The method of treating residual lig-
nor 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 vesidual liquor to
dryness, caleining the dry product without
smelting the same, dissolving the sodium
salts from the ealeined product, and subject-
ing the solution to the action of the sultite
raclical to convert sodinm carbonate into so-
diun 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 comprises
evaporating the residual liquor to dryness,
and subjecting the same to calcinatien under
conditions to drive off sulfur compounds
therefrom and to give a calcined product cop
taining a relatively large amount of sodium
carbonate and also containing 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 scdium sulfite or so-
dium sulfite and caustic soda, separating the
resulting liquor from the cooked wood, con-
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centrating the resulting liguor, subject: ninining essentislly sodium sulfite or so-
the copccmmtect liquor to ("dclnatvog with um sulfite and caustic soda, separating the
out smelting the same, extracting the caleined resulting liquor from the coolzed wood, con-
product, and treating the resulting solution centrating the resulting liguor, ,wo]eumn the
with sulfur dioxide or a compound containing concentrated Iiquor to caleination without
the sulfite radical, with resulting conversi : r the smme, extracting the caleined
of sodium carbonate to sodium qU'ﬁ Tuet, and treating the resulting solution

5. The method of producing a cooking lig it with “ll’fﬂ“ Giexide ov a compound
uor containing caustic soda, sodinm sl A I to eonvert so-
and sodium thiosul fate, which compurises il te, md in
evaporating a vesidual Liquor from the cool- to form caus-
ing of wood with & 2 cooking liguor containing
caustic soda and sodinm ¢ mlmo ‘ﬂm &t
concentrated product without
give a c%]cwed product containi

sarbonate and sodium-sulfur cony
uudmg three element comg DO ’ls“ d
the ealeined product, and treating the 1—,.
liquor to convert part of the sodinm ¢
ate into caustic soda and to form sodi
fite.

6. The methoa of producing a cook 1

(’(“
i

COny
cdinm

0
G

itn

an d

) co(mm_b
m which
’J.?d liquor to
eri:“x to a fur-
(mf‘rﬂhfan 1, der ¢ (Mw 1 to drive

col Lta'nbno esse qtmlv Lmhz.m sul
dium sulfite and caustic allali, whi
1)1‘15L°~ evaporating such l1qm\r to

caleining the dried pre )dlmt under conc
0 drive snlfnr compouids therefr

give 2 caleined product (‘(mmmmf‘ a < fur compounds wit h t he m"mcw gnses
tnely large qmount of sodium carbonate, and in suflicient quantity to give a furnace prod-
also contmmng some sodium suifite, leach wct containing a velati lavge amount of
the caleined product, and 5 1!,}0(,11115% the leach sodium carbonate and alse containing so-
liquor in part to causticizing to convert so- divm-sulfur compeunds and treating stich
dium carbonate into cauquc goda and in part furnace prodvct for the pr oductmn ot a cook-
to sulfiting to conver! sodinm carbonate into 1"9;11 juor cont taining sulfite of sodinm, the so-
sodium sulfite. dinm content of such sulfite be eing derived in

)

The method of treating residual liquor part frowm such sedinm-sulfur compounds and
from the production of puh) with a ('oakiv o in part from the earbonate of soclinm.
liquor containing sodium sulfite or sodiwn i” In a process for regenerating cooking
sulfite and caustic scda, which compr ires licuny, le 5,{@73 wh ch m\](mo d]o@uf‘h](‘ mﬂ-
evaporating the ""f“ﬂlm] «lmmr to dryne
ealeining 1 the di "y pm\m“( in a furnace under
conditions to form sulfur dioxide the
and to give a caleined product contnining a ¢l ‘
elatively large amount of sodium ca 'rbmmw ave re:
}e.‘uhm(r ‘the caleined product, and a Nuk chanie

vdos g «"rbu\“ ntial amonnt of‘
: an :‘.Hmn--nn[m and eontinuing
restment until fibres thereot
arable from each other by me-
_ rertmient, separating res uhuw 1€
the sulfar dioxide formed during the sicual lguor uu-q resuiting fihrons material,
cination in such solution. removing water from residual Lauor, iv rnae-
8. The method of,treatmg residnal liguor ing the residue v"ﬂ"x conditions adapted to
from the product ion of pulp ‘\ﬁﬂ 10 cooking a furnace product including alkali-
houor containing sedium sulfite or sodinm carhonat ﬁ~?’n’\€'zﬂ_ gulfur-bear-
HHG Ild Caus 1’61(’ :,O(LL, Wh]"h (‘(‘JDF{ L&r’ 0 ( mln};()ul}dc - i 0, COC ;kir 1qum'
ev‘lporatlnﬂ the residual liquor to ineluding a sulfife of an (hkkﬂi metal, the al-
caleining the dr;f product in a furnace Lali-metal content of such sulfite being de-
conditions to form sulfur dioxide ther m rived in part from such alkali-metal w‘"b on-
and to give a caleined product ¢ ontaining a ateand in part from such alleali-metal sullfur-
relatively large amount of sedinm carbo bearing compounds.
abgorbing the suifur dioxide forined durving 13, In a process for regenerating cooking
the ealcination in a solubion of sodinm car- liquor, the steps which include ;113°SL!.11Q
bonate and thereby {ov‘mmg sodium sulfite cellulose-bearing material by means of cook-
for further use in the cooking liquor. ing liquor shich includes a substantial
9. The process of producing 2 cooking lig- amount of a sulfite of an alkali-metal and
wor containing sodium suifite which com- continuing the digesting treatment until
,prisesv(hgestmg wood with a cooking liguor fibres thereof are read 17 separable from

-7
<

ad

85

90

e

105

110

120

130



o«

10

9

.

30

40

1,702

each other by mechanical treatment, separat-
ing resulting residual liquor from resulting
fibrous material, removing water from re-
sidual liquor, furnacing the residue under
conditions adapted to yield a furnace product
including a preponderating amount of alki-
li-metal carbonate and a lesser amount of al-
kali-metal sulfur-bearing compounds, and
forming a cooking liguor including a sulfite
of an alkali-metal, the alkali-metal content of
such sulfite being dervived in pavt from such
alkali-metal carbonate and in part from such
alleali-metal sulfur-bearing compounds.

14. The method of treating residual liguor
from the production of pulp with a cooking
liquor containing a sulfite of sodium, which
comprises evaporating the residual liguor to
dryness, burning the organic matter therein,
forming a solution containing sodium salts
derived from the resulting produet, said so-
dium salts including a carbonate of scaium
and a sodimm-sutfur compound, and subject-
ing the solution to the action of sulfur diox-
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 sodivm monosul-
fite (Na,80,), based on the air-dried weight
of the wood, and digesting until the wood
fibres are substantially freed from nen-fi-
brous constituents, separating resulting resid-
ual liquor from resulting fibrous material, ve-
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 monosulfite 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 Iesser
amount is sodinm-sulfur compounds, form-
ing therefrom a cooking liquor including sul-
fite of sodium derived from sodimmn com-

5
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pounds contained in such furnace product,
the sodium content of such cooking liquor be-
ing derived in part from a carbonate of so-
dinim and in part from the sodium-sulfur
compounds.

16. The method of treating residual liquor
from the production of pulp with a cooking
Iiquor containing a sulfite of sodivm which
comprises evaporating the residual liquor to
dryness, subjecting the dry 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 so-
dium 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
aulfite of sodium, the sodium content of such
sulfite heing derived in part from such so-
dinm-sulfur compounds and in part from the
earbonate of sodiuny, the treatment of the sul-
fite radical being continued until substan-
tially all of the carbonate of sodium has re-
acted therewith.

17. The method of treating vesidual liquor
from the production oi pulp with a cooking
liquor containing 2 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 compounnds 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 liguor containing
sulfite of sodiuny, the sodium content of such
sulfite being derived in part from such so-
dinm-sulfur compounds and in part from the
carbonate of sodium.

Tn testimony whereof we affix our signa-
tures.

LINN BRADLEY.
EDWARD P. McKEEFI.
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