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ABSTRACT OF THE DESCLOSURE 
A paper pulping and chemical recovery process is de 

Scribed which is particularly adapted to pulping with high 
sulfidity liquors such as those used in the polysulfide proc 
ess. The sulfidity of the black liquor is reduced by reaction 
with sodium bicarbonate slurry to release hydrogen sulfide 
for reuse either directly or indirectly in the pulping proc 
ess. The resulting low sulfidity black liquor is then burned 
in the normal manner to provide green liquor. Sodium 
carbonate is crystallized from the green liquor and used 
to produce the sodium bicarbonate which is reacted with 
the black liquor. The remaining green liquor is treated 
in the conventional manner to provide fresh cooking 
liquor. 

BACKGROUND OF THE INVENTITION 

In the manufacture of paper pulp by the sulfide or 
kraft process, it is an economic necessity to recover chemi 
cals from the spent cooking or black liquor for reuse 
in the pulping process. Recovery systems for this pur 
pose which involve the burning of the liquor in chemical 
recovery furnaces have been in use for many years. 
However, the burning of black liquor in chemical re 
covery furnaces creates several problems such as exter 
nal corrosion of the furnace walls (particularly in modern 
higher temperature furnaces), sulfur loss and the re 
sulting air pollution, and the danger of Smelt-water ex 
plosions. The sulfur content of the black liquor and the 
smelt is at the root of these problems. The higher the 
sulfur content in the kraft process, the worse the prob 
lems become. 
Many variations of the kraft process developed over the 

past few years to increase the pulping yield have also in 
creased the problems of chemical recovery. Two exam 
ples are the polysulfide pulping process and an even neWer 
process wherein the wood is pretreated with hydrogen 
sulfide in an alkaline solution. Both of these processes 
have very high sulfur content in the cooking liquor and 
the resulting spent liquor. This high sulfur content in 
creases all of the furnace problems previously mentioned 
to the point where they are incompatible with the present 
day kraft recovery systems. Furthermore, these new de 
velopments require chemical recovery processes which 
include provisions for the regeneration of Substantial 
amounts of hydrogen sulfide or elemental sulfur for re 
use directly or indirectly in the pulping process. 

SUMMARY OF THE INVENTION 

The present invention is directed to a paper making 
system and process and more particularly to the processing 
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of the spent cooking or black liquor to remove sulfur there 
from prior to combustion in a chemical recovery furnace. 
This reduces the sulfidity of the black liquor and smelt 
in the furnace thus reducing the potential for corrosion, 
Sulfur loss, air pollution and explosions. It also provides 
sulfur in whatever form is desired for use in producing 
fresh cooking liquors. This sulfur removal is accom 
plished by reacting the sodium sulfide in the black liquor 
with sodium bicarbonate to release hydrogen sulfide which 
can be processed as desired depending upon the particul 
lar pulping process being used. The sodium bicarbonate is 
obtained by extracting a portion of the Sodium carbonate 
from the recovery furnace smelt and reacting it with car 
bon dioxide from the flue gases. The objects and advan 
tages of the invention will be more fully understood from 
the following detailed description of the invention. 

BRIEF DESCRIPTION OF THE 
DRAWENGS 

FIG. 1 is a schematic flow diagram illustrating one 
embodiment of the invention; 

FIG. 2 is a schematic flow diagram illustrating a modi 
fied portion of the system of FIG. 1; 

FIG. 3 is a schematic flow diagram illustrating a modi 
fication of another portion of the System of FIG. 1. 

DETAILED DESCRIPTION 

The present invention is particularly adapted for use 
with the polysulfide paper pulping process and FIG. 1 
illustrates the invention as applied to such a process. 
However, the invention is also applicable to other pulp 
ing processes, particularly those producing a high Sul 
fidity black liquor, as will be discussed hereinafter. In 
the following description of a specific embodiment, Somme 
actual typical compositions and flow rates are given, and 
they are based upon the production of 100 air-dried tons 
of pulp per unit of time at 64 percent yield. 
The wood which has been prepared for pulping is fed 

to the digester 10 along with the cooking liquor which 
is commonly referred to as white liquor. Typical flow 
rates and compositions into the polysulfide digester are 
as follows: 

Pounds 
Wood ----------------------------------- 282,000 
Water ----------------------------------- 282,000 
White liquor: 

NaOH------------------------------- 58,000 
Na2S -------------------------------- 26,000 
Na2SO4 ------------------------------ 2,600 
Na2CO L S SL SL SLS S LS S S LS LS LSLS LSqSL LSSrSL S qAqAqSqSq qSq SS LSA0S SASASASLSSL LS0 LSSL TSSSLSLS LSLSSLL LS00S 13,600 

Na2S2O3 SLSLS SSSSSSASSTLSLSLS TSSL SSL SSL SSLTTTLL SLALL LLL AALL LqSqS LTL TSqST TSqS S qS ASAL S LALAS SS S SS LL S TSeS LAq LSMAL0 eLMAMS SSSSSS 600 

S ----------------------------------- 14,200 
H2O -------------------------------- 729,000 

After the normal polysulfide digestion process has been 
carried out, the pulp-liquor mixture is transferred to a 
blow tank 12 in which gases are vented. The pulp-liquor 
mixture from the blow tank 12 is then transferred to a 
pulp washing system 14 in which the Weak black liquor is 
washed from the pulp. Coming from the pulp Washing 
system 14 will be about 180,000 pounds of oven-dried 
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bicarbonating tower, it is crystalized out of solution. The 
resulting slurry is passed from the bicarbonating tower to 
a settling tank 42 in which significant amounts of Water 
are removed from the sodium bicarbonate slurry. The 
removed water containing a small amount of unreacted 
sodium carbonate is recycled to the bicarbonating tower. 
The sodium bicarbonate slurry from the settling tank 42 
is then passed to mixing point 16 for mixing with the 
Weak black liquor. 

In the FIG. 1 embodiment of the invention relating to 
polysulfide pulping, the gas stream from the condensor 
26, which contains primarily hydrogen sulfide, is passed 
to a reactor 44 in which the hydrogen sulfide is converted 
to elemental sulfur. This conversion may be accomplished 
by any one of the many processes available. One such 
process is the Claus reaction which is a gas phase, 
catalytic reaction which takes place at relatively high 
temperatures. The oxygen in this reaction converts the 
hydrogen sulfide to sulfur and water. Another process for 
converting the hydrogen sulfide to Sulfur is by the use 
of organic chelated iron compounds which serve as 
catalysts in the reaction. This is a liquid phase reaction 
which takes place at room or slightly elevated tempera 
tures. By passing air or oxygen along with the hydro 
gen sulfide bearing stream through the liquid in the 
reactor, the catalytic compounds are continuously con 
verted back to their original active oxidizing state. One 
such catalyst is commercially sold under the trademark 
“Cataban' by Rhodia, Inc. 

In the case of the liquid phase production of elemental 
sulfur from the hydrogen sulfide, the sulfur which is re 
moved from the reactor 44 is passed to a rotary filter 46 
in which the liquid is removed from the sulfur. The liquid 
from the filter 46 is recycled to the reactor 44 while the 
solid sulfur is washed free of residual liquid catalyst and 
passed to a polysulfide reactor 48. Also introduced into 
the polysulfide reactor 48 is the sulfide rich green liquor 
coming from the crystalizer 36. In the polysulfide reac 
tor 48, the sulfur is reacted with the sodium sulfide in 
the green liquor to produce polysulfides by the following 
reaction: 

wherein n is normally from 2 to 4. The amount of poly 
sulfide produced in this conventional reaction will depend 
upon the various proportions of sulfur to green liquor 
and the various operating conditions. The polysulfide green 
liquor coming from the polysulfide reactor 48 is passed 
to the causticizer 50 as is conventionally done with kraft 
green liquor. In the causticizer, the following reaction 
takes place: 

NaCO3--Ca(OH)2 > CaCO--2NaOH 
The calcium carbonate coming from the causticizer is 
calcined in the conventional manner to produce calcium 
Oxide which is then slaked for reuse in the causticizer. 
The white liquor from the causticizer 50 is reintroduced 
into the digester 10 to complete the cycle. 

In might happen that the additional sodium carbonate 
created in the multiple effect evaporators by the reaction 
of the sodium bicarbonate with the sodium sulfide would 
accelerate fouling of the heat transfer surfaces. If this 
should present an operating problem, the alternate sys 
tem illustrated in FIG. 2 could be utilized. In this system 
the Weak black liquor without any additional sodium bi 
carbonate is passed to the multiple effect evaporators. In 
this instance, the vapors coming from the evaporators will 
contain hydrogen sulfide, which must be recovered, along 
with considerable water. The concentrated black liquor 
coming from the multiple effect evaporators is then passed 
to a reactor 52 together with the sodium bicarbonate 
from the settling tank 42. Thus the reaction of the sodium 
bicarbonate with the sodium sulfide takes place in the 
reactor 52 rather than in the multiple effect evaporators. 
The black liquor from the reactor 52 containing the 
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6 
hydrogen sulfide reaction products is passed to the vacuum 
stripper 54 in which the hydrogen sulfide is stripped from 
the black liquor and passed to the reactor 44. In practice 
the operations in 52 and 54 might be combined in a single 
vessel since the desulfurizing reaction is ionic and rapid. 
This modified arrangement for reacting the Sodium bicar 
bonate with the sulfide may exhibit several additional 
advantage over the scheme illustrated in FIG. 1, such as 
(1) a higher desulfurizing efficiency due to the more 
concentrated black liquor, (2) less foaming troubles with 
the more concentrated black liquor, and (3) the hy 
drogen sulfide from the vacuum stripper would con 
tain less water than when the stripping is done in the 
multiple effect evaporators. 
The system illustrated in FIG. 3 is an alternate to the 

polysulfide pulping arrangement of FIG. 1. In this FIG. 
3 arrangement, the hydrogen sulfide gas either from the 
multiple effect evaporators or from the vacuum stripper 
54 or from both is passed to a pretreating vessel 56 to 
gether with a quantity of green liquor and the wood to 
be pulped. Such a pretreating process is described on 
pages 27 and 28 of the Oct. 21, 1968, issue of Pulp and 
Paper. The pretreated wood from the vessel 56 is then 
passed to a conventional kraft digester 58 which corre 

5 sponds to the digester 10 of FIG. 1. Such pretreatment of 
the wood increases the yield of pulp by around 6 percent. 

It can be seen from the above description of the 
invention including the several modifications that the 
problems associated with high sulfidity in the chemical 
recovery furnace are avoided by routing a portion of the 
Sulfur around the chemical recovery furnace. It also can 
be seen that the System lends itself to a variety of pulp 
digesting techniques of which the above are merely illus 
trative. 

While these preferred embodiments of the invention 
have been shown and described, it will be understood 
that they are merely illustrative and that changes may be 
made without departing from the scope of the invention 
as claimed. 
We claim: 
1. A method of processing and recovering chemicals 

from Sodium-sulfide containing black liquor of a pulping 
process comprising the steps of: 

(a) reacting said sodium sulfide in said black liquor 
With Sodium bicarbonate in an amount sufficient to 
produce Sodium carbonate and hydrogen sulfide; 

(b) separating said hydrogen sulfide from said black 
liquor; 

(c) removing Water from said black liquor to produce 
a more concentrated strong black liquor; 

(d) combusting said strong black liquor in a chemical 
recovery furnace to produce flue gases containing 
carbon dioxide and Smelt containing sodium carbon 
ate and sodium sulfide; 

(e) dissolving said Smelt to produce green liquor; 
(f) separating at least a portion of said sodium car 
bonate from said green liquor; 

(g) reacting said removed sodium carbonate with car 
bon dioxide and water to produce sodium bicarbon 
ate for reaction with said black liquor in step (a); 
and 

(h) causticizing at least a portion of said green liquor 
to produce fresh cooking liquor for said pulping 
process. 

2. A method as recited in claim 1 wherein said step 
(f) of Separating Sodium carbonate from said green li 
quor comprises crystalizing said sodium carbonate from 
Said green liquor solution. 

3. A method as recited in claim 1 wherein said carbon 
dioxide reacted with said Sodium carbonate in step (g) 
comprises said carbon dioxide in said fue gases. 

4. A method as recited in claim wherein said step 
(c) of removing water from said black liquor includes 
contacting Said fue gases from said chemical recovery 
furnace with said black liquor. 
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5. A method as recited in claim 4 and further including 
the step of conducting said flue gases after contact with 
said black liquor into contact with said removed sodium 
carbonate in step (g) whereby said carbon dioxide in 
said flue gases reacts with said sodium carbonate. 

6. A method as recited in claim 1 and further includ 
ing the step of converting said hydrogen sulfide separated 
from said black liquor in step (b) into elemental sulfur, 
reacting said elemental sulfur with said green liquor to 
produce a polysulfide green liquor and causticizing ac 
cording to step (h), said polysulfide green liquor to con 
vert sodium carbonate therein to sodium hydroxide to 
form polysulfide white liquor. 

7. A method as recited in claim 1 including the step of 
combining said green liquor and said hydrogen sulfide 
separated from said black liquor in step (b) for pre 
treatment of Wood in said pulping process. 
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