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This invention relates to the treatment of
residual liquors produced by digesting wood
chips with cooking liquors which contain so-
dium-sulphur compounds as active reagents,
so as to produce chemical pulp.

The present invention includes two cook-
ing or pulp-making processes which are so
combined as to be interrelated and coopera-
tive in character. The invention includes a
treatment of residual liquor from the diges-
tion of wood with cooking liquors which con-
tain sodium sulphite 1n relatively large
amount and sodium thiosulphate in relatively
small amount, to produce a cooking liquor

. which eontains sodium hydroxide and sodium

sulphide, and the treatment of the black
liquor resulting from digesting wood with
the sodium hydroxide and sodium sulphide
liquor thus prepared, for the production of
cooking liquor of the type which contains the
sodium sulphite and sodium thiosulphate.

- Among the objects of the invention are to
make the process or processes cyclic in char-
acter so that the soda content of the liquors

., is rendered readily available for repeated

use, subject to such losses of soda as may
occur in any mill operated with ordinary care
and economy as to reagents. Other objects
will appear from the more detailed descrip-
tion,

According to the present invention, we uti-
lize a so-called sulphate-process mill opera-
tion, with or without modifications, to pro-
duce a recovered soda product which contains
considerably more sodium carbonate than so-
dium sulphide which may be employed in an
advantageous manner for the production of
a suitable sodium sulphite cooking liquor b
sulphiting methods; and we utilize such sul-
phited liquors for the pulping of wood and
the production of a residual liquor which can
be advantageously employed for the produc-
tion of a soda ‘product which contains a con-
siderable amount of sodiu sulphide as well
as some sodium-carbonate and which upon
causticization readily yields a solution of so-
dium hydroxide and sodium sulphide suit-
able for digesting wood chips.

According to tﬁe rocess of the present in-
vention, which may be readily carried out as

a cyclic operation, two types of digesting or
pulp-making are employed.

(?ne type employs a cooking liquor which
contains a considerable amount of sodium sul-
phite, in which a small amount of sodium
thiosulphate is usually present, and which
may contain other reagents, e. g. sodium sul-
phide, sodium hydroxide, sodium carbonate,
or mixtures of two or more of these. The re-
sidual liquor from such digesting process is
herein termed red liguor.

The other type of cooking liquor employs
both sodium hydroxide and sodium sulphide,
with which may be present sodium carbonate,
sodium sulphite, sodium thiosulphate, or mix-
tures of two or more of these, etc. The re-
sidual liquor from the digesting step with the
latter type of cooking liquor is herein termed
black liquor. ,

Each of these residual liquors is utilized for 7
the production of the cooking liquor for the
other type of digesting treatment. The red
liquor is treated to remove water, decompose
organic compounds and obtain a recovered
soda product which contains sodium carbon- ¢5
ate and a rather large amount of sodium sul-
phide, the sodium compounds are dissolved
to produce a solution of requisite strength,
the solution is causticized by treatment with
lime, the solution is separated from the lime g,
mud, and the cooking liquor thus prepared
is employed for digesting wood chips to pro-
duce chemical pulp and yield a black liquor
which contains only a small amount, if any, of
free-sodium hydroxide. The recovered soda gs
obtained therefrom generally contains con-
siderably more sodium carbonate than sodium

55

. sulphide, and a solution prepared from such

recovered soda can be readily sulphited to
give a cooking liquor for the sulphite cook-
g step which has the desired preponderance
of sodium sulphite over the sodium thiosul-
phate.

The process is capable of a number of mod-
ifications without departing from the spirit
of the invention. .

Some of these modifications which illus-
tratethe invention, are indicated on the draw-
ings which is in the nature of a flow sheet.
showing the arrangement and sequence and 100
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inter-relation of the various processes, and
steps thereof. '

One of the steps used in the process is that
of causticizing a regenerated solution con-
taining sodium carbonate and sulfide with
lime to convert sodium carbonate into caustic
soda. This causticizing treatment results in
the production of so-called lime mud made up
largely of calcium carbonate which may be
admixed with some unused lime, with carbon,
ete.. This lime mud may be washed and then
discarded or it may be reburned in any suit-
able way to produce lime for use in the caus-
ticizing step. But the iime mud is advan-
tageously returned to the process and ad-
mixed with residual liquor from one of the
processes, before such residual liquor is sub-
jected to the furnacing treatment, so that
calcium carbonate of the lime mud will be con-
verted into lime during the furnacing oper-
ation, thereby giving a self-causticizing fur-
nace product. In the diagram or flow sheet
shown in the drawing, this utilization of the
lime mud is included, and the flow sheet and
process will be more particularly described
in connection therewith. This process of
treating residual liquors in which lime mud
is added before the furnacing operation to

ive a self-causticizing furnace product is
sescribed in our prior application Serial No.
96,665, filed March 22, 1926, patented Janu-
ary 7, 1930, No. 1,743,080.

%n the flow sheet, the so-called red liquor,
which is the residual liquor from the sodium
sulphite cooking operation, is shown as bein
introduced through the line 20 into the mul-
tiple effect evaporator 1, provided with the
usual facilities including steam for heating,
a condenser, etc. The weak red liquor is con-
centrated in this evaporator to about 30 to
40° Bé., then passed through the line 21
into a mixing tank 2 in which it may be ad-
mixed with calcium carbonate, which, as in-
dicated by the line 39, may be lime mud from
the causticizing step or which may be calcium
carbonate from some other source, as indi-
cated by the line 39’. Where the finely di-
vided washed lime mud is not sufficient, addi-
tional finely divided calcium carbonate may
be supplied to make up for losses or to supply
the deficiencies.

The amount of calcium carbonate admixed
with the liquor in the mixer 2 is advanta-
geously sufficient to furnish sufficient cal-
cium oxide during the subsequent furnace
operation to causticize the sodium carbonate
to the desired extent. When a high caus-
ticity is desired, a considerable excess of cal-
cium carbonate over that theoretically re-
quired should be used, e. g. about 40% or
more in excess. :

The mixture of calcium carbonate and
strong red liquor passes through the line 22
into a calcining furnace 3, such as a rotary
calcining furnace. In this furnace the wa-

1,860,570

ter is evaporated and the organic compounds
are decomposed and calcium carbonate also
is decomposed. The furnace gases leaving
through line 40 contain water vapor, carbon
dioxide, some sulphur compounds, ete. Air,
as well as additional fuel, may be added as in-
dicated at 41. ‘

The black ash produced in the calcining
furnace and which contains calcium oxide,
sodium carbonate, sodium sulphide, carbon,
etc., passes through the line 23 into a com-
bined dissclver and causticizer 4 of any suit-
able construction such as an iron tank pro-
vided with suitable agitator. Sufficient
water or weak liquor may be introduced
through the line 42 so that the solution is of
suitable strength when the charge of black
ash and lime mixture has been added. A
steam line is indicated at 43 for introducing
steam into the dissolving tank 4 if needed.
Where the black ash is added hot to the tank,
and with the heat of reaction of the calcium
oxide and water, and with water or weak
liquor of the temperature available, the
charge in the tank 4 may reach a sufficient
temperature to effect the desired dissolving
and causticizing without requiring addition-
al steam for further heating it.

The causticized mixture produced in the
tank 4 and containing sodium hydroxide,
sodium sulphide, sodium carbonate, calciam
carbonate, carbon, etc., together with water
in regulated amount, passes through the line
24 into a separating appliance of suitable

construction 5 for separating the lime mud

and carbon from the solution and for wash-
ing the remaining lime mud to the desired
degree. From this separating appliance the
liquor and the desired amount of wash water
are withdrawn through the line 25 to the
liquor storage tank 6.

Tt is advantageous to have the liquor re-
covered in the storage tank 6 at a concentra-
tion slightly above that required for use in

the digester or as much stronger as is suitable .-

for the digesting operation since it can read-
ily be diluted by admixing more or less re-
sidual liquor from the same or different
process in making up the cooking liquor. A

line for introducing water for washing the -

lime mud is indicated at 44. By regulating
the amount of water used in. washing and
adding the wash water to the storage tank 6,
the strength of the cooking liquor can be
regulated. ,
The washed lime mud and carbon is with-
drawn as indicated by line 39 and may be re-
turned to the mixer 2 to be mixed with more
strong red liquor. In case any of this mix-
ture of lime mud and carbon is to be dis-
carded, this can be done at this point in the
cycle. In case an excessive accumulation of
carbon takes place in the cycle or in the lime
mud, a sufficient amount of the admixed lime
mud and carbon can be discarded or can be
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separately treated to reduce the carbon con-
tent, e. g., by suitable burning operations.
Any deficiency in lime mud required in the
mixing tank 2 can be supplied by finely divid-
ed calcium carbonate from some other source
introduced through the line 39".

The cooking liquor in the storage tank 6 is
clarified or partially clarified. Further clari-
fication may be e)‘fgcted in this tank in any
suitable manner, for example, by settling.
The clarified liquor of proper strength 1s
withdrawn from the tank 6 through the line
26 and pumged by the pump A to one or more
of a series of digesters indicated at 7, which is
charged with wood chips through the line
45. Some red liquor may also be added to the
digester in making up the charge of cooking
liquor, as indicated by the dotted line 20°.
Steam for heating the digester is indicated by
the line 46.

In the digester, the cooking operation is
carried out under conditions similar to those
used in, the so-called sulphate process of
cooking wood and with the production of
wood pulp and of a residual liquor which is
herein referred to as black liquor.

At the end of the digestion period, the
mixture of fibrous material and black liquor

is discharged through the line 27 to a suit- -

able washing device indicated at 8. The black
liquor is separated from the pulp and the
pulp is washed and the washings added te the
black liquor, the resulting mixture being
known as weak black liquor which passes
through the line 28 into a storage tank 9.
Water for washing may enter through the
line indicated at 47 and the washed pulp
leaves as indicated at 48. ‘

From the storage tank 9 the weak black
liguor passes through the line 29 to a multiple-
effect evaporator 10 of any suitable type,
wherein it is concentrated to form a strong
black liquor, for example, around 30 to 40°
Bé., and from the evaporator it then passes
through the line 30 to a rotary calcining fur-
nace 11 wherein a further concentration takes
place and organic matter is decomposed, the
gases leaving at 49 and air with additional
fuel if required entering at 50. The escap-
ing gases carry water vapor, some carbon di-
oxide, sulphur compounds, ete. Hot gases
from the smelting furnace 12 may enter
through the line 51 and assist in the heating
of the rotary calcining furnace. From the
rotary furnace the green ash, or mixture of
black ash and residue of the black liquor
pass through the line 31 to the smelting fur-
nace 12, which may be of the type used in the
ordinary sulphate process mill. An air line
for the furnace is indicated at 52. The molten
material from the smelter passes through the
line 32 into a dissolver 13, into which water
or weak alkaline liquor enters through the
line 53 in the desired amount. - The dissolver
is provided with an agitator so that a solu-

3

tion of suitable strength can be made by the
regulation of the amount of liquor and of
melted product and by thorough agitation
of the mixture.

Sodium carbonate is advantageously added 70

to the cycle at this point, for example,
through the line 53’ in sufficient amount to
replace the soda lost or rendered unavailable
in the cycle of operations. The solution will

be made up mainly of sodium carbonate, but 78

may contain varying amounts of sodium sul-
phide, although the amounts will usually be
moderate. The solution passes from the dis-
solver 18 through line 33 and is pumped by

ump B into a clarifier 14 wherein the liquor
1s separated from objectionable suspended
matter and then passes through the line 34
into a sulphiting tower 15.

In the sulphiting tower 15 the liquor comes
into contact with a mixture of gases con-
taining sulphur dioxide and.nitrogen, such
as may be obtained by burning sulphur with
air. The alkaline solution a%sorbs the sul-
phur dioxide and a solution which contains
sodium sulphite is thus obtained, while the
nitrogen escapes, together with some hydro-
gen sulphide, carbon dioxide, etc., through
the line 54.

Where the solution thus sulphited is free,
or nearly free from sodium sulphide, the
amount of hydrogen sulphide, if any, pro-
duced will be small. The amount of carbon
dioxide given off when sulphiting a hot solu-
tion which contains a large amount of sodium
carbonate and only a small amount of sodium
sulphide, aids in preventing the formation
of sodium thiosulphate, inasmuch.as the car-
bon dioxide aids in the removal of hydrogen
sulphide by reacting with sodium sulphide
to form hydrogen sulphide and sodium car-
bonate. The current of nitrogen also seems
to be of assistance in removing hydrogen sul-
phide and in preventing the formation of
large amounts of sodium thiosulphate in the
resalting solution. The sulphiting gases
containing sulphur dioxide and nitrogen are
shown as entering at 55. By carrying out the
sulphiting operation with hot liquor in the
manner above described, a sodium sulphite
cooking liquor can be produced with only
a moderate amount at most of sodium thio-
sulphate. o

When the solution has been sulfited to the
desired degree, which may be when substan-
tially all of the sodium carbonate has been
transformed into a sodium sulphur com-
pound, the solution passes from the sulphit-
ing tower, or tank, through line 35 into cook-
ing liquor storage tank 16, from which it is
drawn as required through line 36 and pum
C into digester 17, which is charged wit!
wood chips through line 56. Steam 1s shown
entering digester 17 through line 57. When
the digestion operation has been completed,
the mixture of fibrous material and residual
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liquor, known as red liquor, passes through
line 37 and into a suitable washer 18, wherein
the red liquor is separated from the pulp and
the pulp is washed by water in regulated
amount, so as to avoid excessive dilution of
the red liquor. The water is shown entering
through line 58 and is preferably used in the
warm or hot condition. The washed pulp
passes through line 59 to any desired point.
The weak red liquor, together with a regulat-
ed amount of washings, passes through 38
into weak red liquor storage tank 19, from
which it passes through line 20 and pump D
to the multiple-effect evaporator shown at
1, thus completing the cycle.

Line 60 shows how some of the black liquor
may be used for mixing with some of the
red liquor passing to evaporator 1. The
amount thus diverted may be variéd and this
diversion used for regulating the composi-
tion of the cooking liquor used in digester 7,
as well as the amount thereof. Lines 61 and
61" show how some red liquor may be di-
verted and mixed with black liquor which
enters evaporator 10. 'The amount so divert-
ed, if any, preferably is small, so as to avoid
the production of a recovered material which
contains a large proportion of sodium sul-
phide. A small amount thus diverted seems
to be of assistance in the evaporator and in
the modification of odors in the mill.

Line 62 shows how some of the solution of
sodinm carbonate and moderate sodium sul-
phide content may be diverted and added to
the soda which enters the dissolver and caus-
ticizer 4, in which case a further amount of
lime may be added to 4 to causticize the ad-
ditional sodium carbonate, if not enough
lime is already present, e. g. a sufficient ex-
cess coming from 3 through 23 along with
the soda in the black ash. This step is of
value for various reasons, for examnple, in
controlling the proportion of carbon returned
with the lime mud to mixer 2.

Line 63 shows how some of the causticized
liquor may be diverted and introduced into
tank 16 and therein be admixed with the sul-
phited liguor which comes from the sulphit-
ing tower 15. The amount thus diverted may
be controlled and used if desired for neu-
tralizing any acidity contained in the sul-
phited liquor, and may even be used to form
a sulphited liquor which also contains some
caustic soda, or some sodium sulphide or a
mixture of'sodium sulphite, sodium hydrox-
ide and sodium sulphide in regulated amount,
and such solutions be used in digester 17, thus
securing the combined advantages of thege
reagents. The liquor thus used may also con-
tain a moderate amount of sodium thiosul-
phate and of sodium carbonate.

As illustrated in the flow sheet, provision
is made for returning the lime mud from the
causticizing step of the process and admixing
it with the red liquor from the multiple-ef-

1,860,570

fect evaporator, or with a mixture of red
liquor and black liquor. The resulting mix-
ture of concentrated liquor and lime mud is
thereafter subjected to a heat treatment to
remove water, decompose organic matter and
the calcium carbonate, so as to produce a self-
causticizing mixture. It is advantageous to
use more lime mud than calculations show
to be theoretically required, so that the

amount of calcium oxide produced will be.

sufficient to convert the sodium carbonate into
caustic soda to the desired extent. If only
the theoretical amount of lime mud is ad-
mixed with the red liquor, difficulty is had in
obtaining a self-causticizing mixture which
will readily causticize and give a high per-
centage of sodium hydroxide from the sodi-
um carbonate, and melting also readily oc-
curs in the furnace. However, by admixing
with the strong liquor an amount of lime mud
considerably 1n excess of the theoretical
amount required, various advantages are ob-
tained. For example, if the amount of lime
mud thus added is such that an excess of
about 40 to 50% over the theoretical amount
is employed, the tendency to melt is less, the
intumescence is less objectionable, and a self-
causticizing mix is obtained which can read-
ily causticize a high percentage of sodium
carbonate.

The carbon dioxide liberated from the cal-
cium carbonate seems to aid in eliminating
some of the carbon from the product formed
in the rotary incinerating furnace, due to
the reaction between the carbon dioxide and
ncandescent carbon to form carbonmonoxide,
which very shortly thereafter is burned to
form carbon dioxide. Also, the reactions in
the furnace seem to promote the elimination
of some of the sulphur so that the amount of
scdium sulphide and of sodium polysulphide
is below an objectionable point.

The returning of the lime mud and carbon
in a cyclic process should be so regulated, to-
gether with the other steps, that the amount
of carbon thus returned is kept below a pro-
hibitive amount. By treating enough of the
black liquor so as to decompose organic com-
pounds and to burn a large amount of the
resulting carbon, e. . by treatment in a suit-

. able smelting type of furnace with a blast of

air through tuyeres or blow-pipes, and ad-
ding enough of the resulting sodium carbon-
ate and sodium sulphide to the inaterial
which is to be causticized, the amount of car-
bon which is returned with the lime mud,
in case the lime mud is so réturned, can be
kept below an objectionable amount.

The excess of lime mud thus prepared is
then rcady for return and in this way ad-
vantage is taken of the combined steps to
provide the desired excess of lime mud for
the incinerating furnace and the excess of
the calcium oxide thus produced is employed

70

80

00

95

100

105

110

115

120

125

130



5

=

Y

15

1,860,570

to a considerable extent, at least, in the caus-
ticizing step.

Tt is not necessary that the calcium car-
bonate be thus returned, but it is an ad-
vantageous improvement on the main cycle
of the invention. The carbon dioxide thus

liberated in close proximity to the soda com-

pounds in the incinerating furnace appears
to effect the elimination of sulphur and thus
modifies the treatment of the red liquor.

In case it is desired to eliminate more sul-
phur than that eliminated in one treatment,
the recirculation of soda compounds through
the sulphate-process portion of the cycle
may be relied upon to eliminate a further
amount of sulphur, and thus control the com-
position of the solution of sodium carbonate

_ and sodium sulphide which is to be sulphited,

20

26

30

85

e. g. by a mixture of sulphur dioxide and
nitrogen which may be readily obtained by
burning sulphur with air in any suitable
burner. .

Lines 21’ and 63’, respectively, show the
introduction of sodium sulphate as make-up.,
in case this material is to be the source of
soda for replacing that lost in operation, and
the addition of some of the sodium-hydroxide
and sodium sulphide solution to the liquor
which is to be sulphited. )

In the event that the lime mud is not to
be returned for mixing with the red liquor,
it may be discarded from the cycle, and re-
burned in any suitable manner and the lime
thus produced used for causticizing in any
suitable way. Or it may be discarded and
not again reused.

The lime mud may, on the other hand, be

admixed with black liquor and these two
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givén a heat treatment to decompose organic
matter, eliminate some sulphur and form a
self-causticizing mix, the lime mud being
separated from the liquor and.the solution
of sodium hvdroxide with moderate amount
of sodium sulphide may be the solution which
is sulphited in the tower 15. The lime mud
may be returned for mixing with more black
liquor. By proceeding in this manner, the
sulphited liquor may be obtained by the sul-
phiting step, leaving any unchanged sodium
sulphide in the liquor, if desired. Some
thiosulphate may be formed due to reaction
between the sulphur dioxide and the sodium
sulphide in the liquor, but the amount can
be kept low, especially when the liguor to be
sulphited contains but a small amount of
sodium sulphide relative to the sodium hy-
droxide and the sodium carbonate.

From one point of view, the organic mat-
ter dissolved bv the digesting step with the
sodium hydroxide-sodium sulphide liquor is
employed for the elimination of some sul-
phur so as to facilitate the production of a
cooking liquor containing sodium sulphite
which is free from an objectionable amount
of thiosulphate (e. g. an excessive amount),

5

and the sodium sulphite cooking step is re-
lied upon to yield a red liquor which furn-
ishes sodium-sulphur compounds to the sul-
phate-process type of cooking operation; and
this provides an advantageous cooperative
treatment whereby both are cyclic.

The ‘process of the present invention is,
as heretofore described, advantageously car-
ried out with utilization of the lime mud
from the causticizing step by returning it
for admixture with concentrated residual lig-
unor and subjecting calcium carbonate to de-
composition while admixed with the result-
ing soda compounds so that a self-causticiz-
ing furnace product is produced. When the
lime mud is thus returned admixed with resid-
ual liquor, either red liquor, or black liquor,
or a mixture of both, and when it is present
in a considerable excess over that theoreti-
cally required to form enough calcium oxide
for the sodium carbonate, certain important
advantages are obtained. For instance, the
material appears to melt less readily in the
furnace, the swelling or intumescence of the
organic compounds appears to be very ma-
terially reduced, the soda seems to be recov-
ered more readily and the clarification of the
causticized liquor scems to be materially im-
proved. Owing to the raising of the melting
point, the furnace can be operated more
readily with less danger of ringing up, the
carbon is readily kept low enough in amount
owing to the promotion of its elimination due
to the physical condition of the solids, and
the removal of carbon by earbon dioxide in
the manner hereinbefore described. 'The por-
ous condition and the accompanying gases
appear to have a marked influence upon the
elimination of sulphur.

Some of the highly concentrated residual
liquor, instead of being added to the furnace
charge, may be utilized separately, free from
lime mud, and atomized into the hot calein-
ing furnace in which the lime mud is being
treated, and the resulting heat of its combus-
tion made use of in the treatment of the mix-
ture of lime mud and residual liquor. The
large excess of lime tends to prevent objec-
tionable fusion of the product and is other-
wise advantageous.

The smaller the amount of the sodium
thiosulphate in proportion to the sodium sul-
phite in the cooking liquor of this type which
is charged into each digester, the less the
amount of sulphur which has to be elimi-
nated from the soda in the residual liquor
therefrom. and the smaller the amount of
sodium sulphide in the mixture of sodium
carbonate and sodium sulphide, the more
readily can cooking liquors be prepared
which are high in sodium sulphite and low
in thiosulphate.

In the so-called sulphate process, cooking
liquors which contain about 60 parts of
NaOH for every 40 parts of Na2S are desir-
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able. High quality pulp can easily be pro-
duced and the amount of lime required for
causticizing is low. The amount of the lime
mud being relatively small, strong cooking
liquors can be prepared readily, thus per-
mitting the charging of a considerable vol-
ume of black liquor into the digesters in ad-
mixture with the cooking liquor and thus ef-
fect a saving in the evaporation step. Cook-
ing liquors which are rather high in sodium
sulphide, such as in the above example, or a
liquor which contains 70 parts of NaOH for
every 30 parts of Na2S, and those which con-
tain 50 or more parts Na2S for each 50 parts
NaOH, are, as stated, advantageous in the
pulp-making operation. However, it is also
advantageous to recover a high percentage
of the soda and thus economize in chemicals.

Where the sulphate-process is ordinarily
practiced as a cyclic operation and sodium
sulphate is employed for replacing the soda
lost, it is very difficult to have a high per-
centage soda recovery and at the same time
have a cooking liquor which is relatively high
in sodium sulphide. The two are difficult
to obtain at one time. With the process of
the present invention, however, each type of

cooking liquor does for the other that which .

it cannot so well do by itself alone. Thus
they cooperate as a cycle. A considerable

art of the sulphur which is used for prepar-
ing the sulphited liquor, is recovered and
employed as sodium sulphide in the NaOH—
Na28 cooking liquor. :
pho-organic compounds eliminate sulphur
more readily than does sodium sulphite, the
red liquor advantageously may contain a fair
amount of sodium sulphite, e. g. more than
would be present if the ordinary acid sul-
phite process were employed with the usual
low amount of base. This facilitates the pro-
duction of sodium sulphide.

The furnace treatments should be so regu-
lated that at most only a moderate amount
of sodium polysulphide is present in the
liquor which is to be sulphited, owing to the
readiness with which sodium thiosulphate
may be produced from liquors which contain
polysulphides. When residual liquors, which
contain large amounts of sodium thiosul-
phate, are treated to remove water and de-
compose organic compounds, the heat treat-
ment should be conducted at sufficiently high
temperature and for a sufficient period of
time to drive off most of the loosely combined
sulphur which might otherwise appear as a
polysulphide in the solution prepared from
the recovered ash. Therefore the steps of the
process should be so regulated as to avoid the
presence in the liquor to be sulphited of any
large amount of sodium polysulphide. This
can be done by’ controlling the number of
times the soda compounds are utilized in the
sulphate-process steps of the cycle, and by
controlling the heat treatment so as to elimi-

nd since sodium snl-_
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nate most of the loosely combined sulphite.

We claim:

1. The method of producing wood pulp
from wood, which comprises cooking wood
in a sodium monosulphite cooking liquor con-
taining sodium thiosulphate, cooking wood
in an alkaline cooking liquor comprising so-
dium sulphide, and recovering sodium com-
pounds from the residual liquor resulting

from each cooking operation and using the ,

same in the formation of the cooking liquor
for the other cooking operation.

2. The method of producing wood pulp
from wood, which comprises cooking wood
in a sodium monosulphite cooking liquor con-
taining sodium thiosulphate, subjecting the
residual liquor from such cooking operation
to a carbonizing and reducing treatment with
resulting production of a product contain-
ing sodium carbonate and sodium sulphide,
and treating such product for the production
of a cooking liquor comprising caustic soda
and sodium sulphide, said treatment includ-
ing a causticizing treatment to convert so-
dium carbonate into caustic soda.

3. The method of producing wood pulp
from wood, which comprises cooking wood
with an alkaline cooking liquor containing
caustic soda and sodium sulphide, treating
the residual liquor by a concentrating and
carbonizing treatment to give a furnace prod-
uct containing the sodium salts mainly as
sodium carbonate and treating this product
to produce sodium monosulphite and sodium
thiosulphate therefrom, said treatment in-
cluding a sulphiting treatment, and cook-
ing wood with the resulting sodium monosul-
phite solution containing sodium thiosul-
phate.

4. The improvement in the treatment of
residual liquors from a sodium monosulphite
cooking process in which the cooking liquor
contains a preponderating amount of sodium
monosulphite and a smaller amount of so-
dium thiosulphate which comprises concen-
trating the liquor, then subjecting the same
to a carbonizing and reducing treatment,
with resulting production of a product com-
prising sodium carbonate and sodium sulfide,
dissolving the soluble sodium salts and caus-
ticizing the same to produce a cooking liquor
comprising caustic soda and sodium sulfide.

5. The improvement in the treatment of
residual liquors from an alkaline cooking

process in which caustic soda and sodium sul- .Z-

phide are the principal reagents, which com-
prises concentrating the residual liquor and
subjecting the same to a furnacing treatment
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under reducing conditions to give a product ‘

containing the sodium salts mainly as so-
dium carbonate and sodium sulphide, dissolv-
ing these soluble sodium salts and sulphiting
the same to produce a sodium monosulphite
cooking liquor containing thiosulphate, and

cooking cellulose-bearing material with -
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liguor containing the sodium compounds
thereby produced.

6. In the art of producing chemical pulp
from wood, the cyclic process which includes
the following steps: (&) digesting wood chips
with a cooking liquor which comprises a rela-
tively large amount of sodium monosulphite
and ‘a smaller amount of sodium thiosul-
phate; (b) separating residual liquor from
the pulp thus produced; (¢) removing water
from such residual liquor; (d) decomposing
sodium organic compounds by heat treat-
ment; (¢) treating the recovered sodium com-
pounds in the presence of water with lime
whereby the causticized liquor comprises a
solution of sodium hydroxide and a lesser
amount of sodium sulphide; (¢g) separating
the causticized liquor from the lime mud; (%)
digesting wood with such cooking liquor; ()
separating residual liquor from the pulp thus
produced ; (j) removing water from suchresid-
ual liquor; (%) furnacing sodium compounds
under reducing conditions to form a product
containing the sodium salts mainly as so-
dium carbonate and sodium sulfid; (Z) pre-
paring a solution of the resulting soda com-
pounds; (m) sulphiting a solution compris-
ing the sodium compounds thus obtained,
whereby a suitable cooking liquor is produced
comprising a relatively large amount of so-
dium monosulphite and a smaller amount of
sodium thiosulphate; and repeating the cycle
one or more times.

7. In the art of producing chemical pulp,
thecyclicprocess which includes the following
steps :—(a) digesting fibre-bearing material
with a cooking liquor which comprises a sub-
stantial amount of sodium monosulphite
and a lesser amount of sodium thiosulphate;
() separating residual liquor from the pulp
thus produced; (¢) removing water from
such residual liquor; (d) decomposing so-
dium organic compounds by heat treatment
in the presence of hot gases whereby some sul-
phur is eliminated and some sodium carbon-
ate is formed; (e) treating the recovered so-
dium compounds with lime in the presence of
water to-form a causticized liqguor comprising
more sodium hydroxide than sodium sul-
phide: (¢) separating the causticized liquor
from the lime mud; (&) digesting fibre-bear-
ing material with such causticized liquor:
(/) separating residual liquor from the pulp
thus produced ; (§) removing water from such
residual liquor; (%) decomposing organic
compounds by heat treatment in the presence
of hot gases whereby a relatively large
amount of the soda is obtained as an alkaline
compound which contains no sulphur; (7)
preparing a solution of the resulting soda
compounts; (m) sulphiting a solution com-
prising the sodium compounds thus obtaired,
whereby a suitable cooking liquor is produced
monosulphite and a lesser amount of sodium

7

thiosulphate; and repeating the cycle one or
more times. ,

8. In the art of producing chemical pulp,
the cyclic process which includes the follow-
ing steps :—(a) digesting fibre-bearing mate-
rial with a cooking liquor which comprises a
preponderating amount of sodium mono-
sulphite and a lesser amount of sodium thio-
sulphate; () separating residual liquor from
the pulp thus produced; (¢) removing water
from such residual liquor; (d) decomposing
godium organic compounds by heat treat-
ment in the presence of a current of hot gases
whereby a substantial amount of sulphur
is climinated and the resulting ash con-
tains more sodium carbonate than- sodi-
um sulphide; (e) treating the recovered
sodium compounds in the presence of
water with lime to form a causticized liquor
comprising more sodium hydroxide than so-
dium sulphide; (g) separating the causti-
cized liquor from the lime mud; (4) digest-
ing fibre-bearing material ‘with such cooking
liquor; (¢) separating residual liquor from
the pulp thus produced; (j) removing water
from such residual liquor; (&) decompesing
sodium organic compounds by a reducing
heat treatment in the presence of a current of
hot gases whereby some sulphur is eliminated
and the resulting ash contains its sodinin
compounds principally as sodium carbonate
and sodium sulphide; (7) preparing a solu-
tion of the resulting sodium compounds; ()
sulphiting a solution which contains more
such recovered sodium carbonate than'sodium
sulphide so as to produce a cook’ng liquor
which comprises a preponderating amount of
sodium monosulphite and a lesser amount of
sodium thiosulphate; and repeating the cy-
cle one or more times.

9. In the art of producing chemical pulp,
the steps which include :— (@) removing wa-
ter from residual liquor resulting from di-
gesting fibre-bearing cellulosic material with
a cooking lignor containing as its principal
chemical ingredient sodium monosulphite;
() decomposing sodium organic compounds
by heat in the presence of a current of hot
gases whereby the resulting ash comprises so-
dium carbonate and sodinm sulphide; ()
treating the recovered sodinm compounds in
the presence of water with lime thereby pro-
ducing a eausticized liquor comprising a pre-
ponderating amount of the soda in the form
of sbdium hyvdroxide and a substantial
amount of sodinm sulphide; (¢) separating
such causticized liquor from the lime mud;
and (f) employing such causticized liquor for
digesting fibre-bearing cellulosic material.

10. In the art of producing chemical pulp
from raw fibre-bearing cellulosic material,
the steps which include :— (@) removing wa-
ter from residual liquor resulting from the
digestion of fibre-bearing cellulosic material
with a cooking liquor which comprises a pre-
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ponderating portion of its soda in the form of
zodium hydroxide and a lesser portion in the
form of sodium sulvhide; (&) decomposing
sodium organic compounds by a reducing
heat treatment in the presence of hot gases
whereby an ash is formed comprising a pre-
ponderating portion of the sodium com-
pounds in the form of sodium carbonate, and
a lesser portion in the form of sodium sul-
phide; (¢) preparing a solution of such so-
dium compounds; () sulphiting such solu-
tion whereby a cooking liquor is produced
comprising a considerable amount of sodium
monosulphite and a lesser amount of sodium
thigsulphate; and (¢) digesting fibre-bearing
cellulosic material therewith.

11. In the art of producing chemical pulp,
the cyclic process which includes the follow-
ing steps:i—(a) digesting cellulosic fibre-
bearing material with a cooking liquor com-
prising essentially sodium monosulphite and
a lescer amount of sodium thiosulphate in
aqueous solution; (b) digesting cellulosic
fibre-bearing material with a cooking liquor
containing as its principal reagents sodinm
hydroxide and sodium sulphide; (¢) mixing
residual liquor resulting from (a) with re-
sidual liquor resulting from (&) ; () remov-
ing water from the mixed residual liquors;(e)
decomposing sodium organic compounds by
heat in the presence of a current of hot gases
to form sodium carbonate and sodium sul-
fid; (f) causticizing a portion of the re-
covered sodium carbonate to form a cooking
liquor containing sodium hydroxide and so-
dium sulfid; (g) sulfiting a portion of the
recovered sodium carbonate and sodium sul-
fid to form a cooking liquor containing so-
dium monosulfite and sodium thiosulfate;
and repeating the cycle.

12. In the art of producing chemical pulp,
the steps which include:—(a) digesting
wood chips with a cooking liguor which com-
prises sodium monosulphite, sodium bisul-
phite and an amount of sodium thiosulphate
which is less than the amount of sodium
monosulphite, in aqueous solution; () sep-
arating residual liquor from the pulp thus
produced ; (¢) adding to the residual liquor
a sodium compound, which is alkaline to lit-
mus, in sufficient amount to produce a liquor
which is alkaline to litmus; (d) removing
water from such alkaline liquor; (e) decom-
posing sodium organic compounds by heat
treatment in the presence of a current of hot
gases containing nitrogen and CO,, whereby
a considerable elimination of sulphur occurs;
(f) treating some of the recovered sodium
compounds in the presence of water with suf-
ficient lime to produce a solution which con-
tains more sodium hydroxide than sodium
sulphide; (A) separating the causticized lig-
wor from the lime mud; and (¢) digesting
wood chips therewith.

13. In the art of producing chemical pulp
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from wood, the steps which include digesting
wood with a cooking liquor which includes
or comprises residual liquor resulting from
the use of a cooking liquor which contains
as a principal reagent sodium monosulphite
in an aqueous solution for the digesting of
wood chips, and a sufficient amount of so-
dium hydroxide and of sodium sulphide to
effect the desired degree of digestion; the
sodium hydroxide being present in the cook-
ing liguor in greater amount than that of
the sodium sulphide at the starting of the
digestion step.

14. In the art of producing chemical pulp,
the cyclic process which comprises digesting
fiber bearing material in a cooking liquor
comprising a sulfite of sodium, digesting

‘fiber-bearing material in a cooking liquor

comprising sodium hydroxide and sodium
sulfide, separating residual liquor from each
of such digesting processes and treating each
residual liquor to produce a cooking liquor
suitable for use in the other digesting process,
the treatment of the residual liquor from the
sulfite digesting process ‘including mixing
therewith calcium carbonate produced by the
causticizing step of the process, furnacing
solid constituents of the mixture under con-
ditions to convert sodium constituents there-
of into sodium carbonate and a lesser amount
of sodium sulfid and to convert the calcium
carbonate at least in part into caustic lime,
treating the resulting mixture in water
whereby sodium carbonate thereof is caus-
ticized by the caustic lime and separating the
resulting solution for use in the sodium hy-
droxide sodium sulfid digesting process and
the calcium carbonate for mixing with more
residual liquor from the sulfite digesting
process. ‘

15. In the process of claim 8 adding cal-
cinm carbonate separated in step (g) to the
residual liquor obtained in step () and con-
ducting the heat treating step (d) at a tem-
perature and for a time adapted to convert
at least a part of the calcium carbonate in the
mixture into caustic lime required for step

(e).

16. In the art of producing chemical pulp
the steps which include: (2) digesting fiber
bearing material with a cooking liquor which
comprises sodium monosulfite, sodium bisul-
fite and an amount of sodium thiosulfate
which is less than the amount of sodium
monosulfite; () separating residual liquor
from the pulp thus produced; (¢} adding to
the residual liquor calcium carbonate from
step (¢); (€) removing water from such
mixture; (¢} decomposing calcium com-

pounds of such mixture by heat treatment.

in the presence of a current of hot gases under
conditions including temperature and time
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adapted to convert a substantial amount of
calcium carbonate of such mixture into cal-

cium oxide; (f) mixing the resulting furnace
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product with water; (g) treating the mixture
thus prepared under conditions adapted to
convert sodium carbonate into sodium hy-
droxide and calcium oxide into calcium car-
g bonate ; (2) separating the causticized liquor
from the lime mud; and (¢) digesting fiber
bearing material with the liquor thus formed.
17. In the art of producing chemical pulp
the cyclic process which comprises digest-
1o ing fiber bearing material in a cooking liquor
comprising a sulfite of sodium, separating
residual liquor from resulting fibrous ma-
terial and subjecting solid constituents of
such residual liquor to a reducing furnacing
156 treatment adapted to drive off some of the
sulfur originally combined in the cooking
liquor, dissolving sodium compounds from
the furnace product and causticizing the re-
sulting solution so as to form a cooking liquor
g0 containing sodium hydroxide and sodium
sulfide, digesting fiber bearing material with
the cooking liquor so formed, separating re-
sidual liquor ‘from the resulting fibrous ma-
terial, subjecting solid constituents of this
28 residual liquor to a reducing furnacing treat-
ment, dissolving resulting sodium compounds
composed principally of sodium carbonate
and sodium sulfid, sulfiting sodium carbonate
of the solution so as to form a cooking liquor
30 containing more sodium sulfite than sodium
thiosulfate, and cooking wood with cooking
liquor thereby obtained.
In testimony whereof we affix our signa-

tures.
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Patent Office.
Signed and sealed this 5th day of July, A. D. 1932,

M. J. Moore,
(Seal) Acting Commissioner of Patents.



1,860,570 9

product with water; (g) treating the mixture
thus prepared under conditions adapted to
convert sodium carbonate into sodium hy-
droxide and calcium oxide into calcium car-
g bonate ; (2) separating the causticized liquor
from the lime mud; and (¢) digesting fiber
bearing material with the liquor thus formed.
17. In the art of producing chemical pulp
the cyclic process which comprises digest-
1o ing fiber bearing material in a cooking liquor
comprising a sulfite of sodium, separating
residual liquor from resulting fibrous ma-
terial and subjecting solid constituents of
such residual liquor to a reducing furnacing
156 treatment adapted to drive off some of the
sulfur originally combined in the cooking
liquor, dissolving sodium compounds from
the furnace product and causticizing the re-
sulting solution so as to form a cooking liquor
g0 containing sodium hydroxide and sodium
sulfide, digesting fiber bearing material with
the cooking liquor so formed, separating re-
sidual liquor ‘from the resulting fibrous ma-
terial, subjecting solid constituents of this
28 residual liquor to a reducing furnacing treat-
ment, dissolving resulting sodium compounds
composed principally of sodium carbonate
and sodium sulfid, sulfiting sodium carbonate
of the solution so as to form a cooking liquor
30 containing more sodium sulfite than sodium
thiosulfate, and cooking wood with cooking
liquor thereby obtained.
In testimony whereof we affix our signa-

tures.
s LINN BRADLEY. ‘
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7, before the word "monosulphite” insert the words comprising a substantial
amount of sodium; and that the said Letters Patent should be read with this
correction therein that the same may conform to the record of the case in the

Patent Office.
Signed and sealed this 5th day of July, A. D. 1932,

M. J. Moore,
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