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This invention relates to the production of pulp 
and provides improvements in the recovery, prep 
aration and use of chemicals used therein. 
The invention is particularly concerned with the 
treatment and utilization of the smelts obtained 
in pulping operations. . . . . . . . . . . . . . . . . . . . 

In the acid-sulfite pulping process, for example, 
alignocellulose material is generally cooked in a 
Solution of Sulfurous acid, part of the sulfurous 
acid being combined as bisulfite. The cation com 

evaporation and the 

10 

bined thus with the bisulfite ion is known as the 
pulping base. In the past, for economic reasons, 
this pulping base has almost universally been cal 

On the other hand, in the alkaline pulping in 
dustries, the desirability of the use of sodium as 
a pulping base has long been recognized. Ad 
Vantage is taken of the high solubility properties 
and the economic recovery of the base for reuse. 
... For over a century, it has been standard prace 
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formation of an infusible 
ash on combustion. . . . . . . . . . . . . . In Europe, these difficulties have been over 
come sufficiently to permit evaporation and.com 
bustion of calcium-base waste liquor. However, 
only heat is recovered because in the combusti 
process, calcium sulfate is formed fromw original cooking chemicals are not practi 
coverable. These difficulties regarding evapora 
tion and burning of waste, liquor may be elims 
inated by employing sodium as a base. . . . 
When either kraft or soda-base sulfite waste 

liquor is evaporated and burned, a smelt is pros 
duced containing various quantities of sodium 
sulfide, sodium carbonate, and sodium sulfate. 
The smelt so produced is not directly suitable as 
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tice in the alkaline pulping industries, to recover is 
the base (sodium) by combusting the organic 
matter. Recent improvements in equipment de 
sign along With higher fuel costs have resulted 
in considerable economic advantage for heat re 
Covery in modern installations. . . . . . . . . 
The Sulfite pulping process was originally de 

Veloped using. Soda-base liquors. However, com 
mercial use of soda-base cooking liquor was not 
economically practical since no satisfactory proc 
eSS Was available for the conversion to usable - 
form of the soda salts recoverable by combust 
ing the liquor. Therefore, as the sulfite process 
became employed on a wide scale, manufacturers 
turned to use of calcium for the preparation of : cooking acid, since the limestone was inexpensive 
and the waste liquor could therefore be discarded. In recent years, disposal of waste sulfite liquors 
by discharging in streams and inlets has met 
with increased opposition. Furthermore, eco 
nomic considerations such as the increased, cost 
of fuel have accentuated the desirability of re 
covering heat, and pulping chemicals in a manner 
similar to that practiced in alkaline pulping. 
Many attempts have been made to evaporate 

calcium-base waste liquor for subsequent burn 
ing. In the United States, such attempts...have 
never come to commercial practice largely, be: 
cause of difficulties of scale formation during 
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a pulping chemical in either type of process. In 
the kraft industry, conversion of the smelt into usable form is relatively, simple involving essent 
tially the conversion of sodium carbonate in the 
Smelt to sodium hydroxide. . . . . . . - For the production of soda-base sulfite cooking 
liquor, conversion of the smelt to usable form has 
been a problem not heretofore solved in a prac 
tical manner. Conversion of smelt, to cooking liquor cannot be effected directly since treatment 

40 

45 

of the smelt directly with sulfur dioxide would 
convert a portion of the sodium sulfide topoly 
thionates, thiosulfate, free sulfur, etc., all of 
which interfere with the acid sulfite pulping proc 
eSS. . . . . - - - - - - - - - - 

Development of such conversion processes 
would give the following great advantages: 

1. It would be practical to practice soda-base 
sulfite pulping. . . -- . . 

2. Heat equivalent to a large amount. of oil 
would be obtained, since the organic matter in 
the waste liquor will provide 8-9000 B.t. u.per lb. 
dry, organic Solids or considerably in excess of 
the heat required for the multiple effect evapora 
tion of the liquor to a concentration suitable for 
burning. . . 

3. Effluent liquors requiring disposal would be 
practically eliminated. - 

4. Recovery of chemicals for re-use would pro 
vide operating cost advantages. . Our invention provides a simple, practical proe 
ess for converting a smelt containing sodium. sul 
fide into Sodium bisulfite either free from, or hav 
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ing a minimum quantity of, objectionable by 
products. 
This invention is based on our discovery of the 

treatment of soda salts of weakly acidic volatile 
acids with certain cation exchange resins for the 
adsorption of sodium on the resin, the release of 
the Weak acid, and the regeneration of sodium 
bisulfite by treating the resin with sulfurous acid. 
The general applicability of our invention is de 
scribed and claimed in our copending application 
Serial Number 174,102, filed July 15, 1950. 
Our present process utilizes the important con 

joint steps which We have discovered comprising 
treating aqueous Solutions of Soda salts of weak 
ly acidic volatile acids such as CO2 and H2S with 
a cation exchange resin having active exchange 
Centers in hydrogen form which are substantially 
less acidic than sulfurous acid, resulting in the 
adsorption of the Sodium on the resin with the 
liberation of the weak volatile acid, and the treat 
ment of the resin with sulfurous acid to form 
Sodium bisulfite. The resin is accordingly re 
generated for further use. 

In one preferred application, the sulfur dioxide 
used for treating the resin containing sodium is 
obtained at least in part by the oxidation of the 
hydrogen sulfide evolved in the above treatment. 
Where the Solution containing the sodium salt 

of Weakly acidic Wolatile acids also contains the 
Sodium Salts of relatively nonvolatile, strong acids, 
the resin treatment will adsorb the sodium com 
ponent of only the weakly acidic volatile acids. 
Thus, since the weakly acidic volatile acids are 
liberated from the solution in gaseous form and 
the sodium is adsorbed on the resin, a complete 
Separation of the Sodium salts of the Weakly 
acidic volatile acids from the sodium salts of 
the relatively nonvolatile, strong acids can be 
effected. 
Among the resins which we have found par 

ticularly applicable in our process are those con 
taining carboxylic acid or phenolic hydroxyl ex 
change centers, or both, and in particular, the 
newer synthetic organic exchange resins contain 
ing these groups exclusively and which are char 
acterized by high adsorptive capacities. A num 
ber of resins of this type are at present available. 
The carboxylic acid type resins are especially de 
sirable. One such resin which we have found 
particularly suitable is sold under the trade name 
of “Amberlite IERC-50.' 
We have found that the process may very 

advantageously be conducted at elevated tem 
perature, as for example, 50-100° C., whereby the 
effective capaeity of the resin is not only mate 
rially increased due to the temperature effect 
but due to the reduced solubility of the evolved 
volatile acids. Thus, one reaction product is 
effectively removed from the solution enabling 
Very rapid approach to equilibrium conditions 
and facilitating adsorption of the soda. Re 
moval of the volatile acid may also be further 
facilitated by carrying out this phase under 
W3Cl. 

Following the adsorption step, the resin is 
Washed in a conventional manner and the ad 
sorbed soda, removed by a treatment with sul 
furous acid solution. In place of sulfurous acid 
Solution, the resin containing sodium may be 
treated with sulfurous acid formed in situ by 
passing Sulfur dioxide containing gases in contact 
with the Wet resin. 

It is understood that, depending on the chair 
acteristics of the installation, the sodium adsorp 

O 
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4. 
tion and/or desorption may be carried out in more 
than one step. 

It is a desirable feature of our process that 
many impurities present in the original solution 
(e. g. chlorides, sulfates, thiosulfates, etc.) remain 
in the liquor drained from the resin following the 
adsorption step and therefore the regenerated 
Solution or product liquor is recovered as a high 
quality material. 
The Sulfide content of the influent solution is 

largely released as hydrogen sulfide during the 
Soda adsorption stage. With influence solutions 
of Substantial Sulfide content the hydrogen sul 
fide is evolved in substantial concentration and 
may be readily and practically burned to Sulfur 
dioxide free from undesirable by-products, where 
upon it may be used in the process if desired for 
renoval of the Sodium from the resin as Sodiuin 
bisulfite. 
The Solution, from which all or a portion of 

the Soda has been removed, is drained from the 
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resin at the completion of the adsorption step. 
This said effluent solution has been termed by us 
the "leakage' and the term “leakage' is herein 
after used in the specification in this sense. 
In One method of applying our process, where 

Only Salts of weakly acidic volatile acids are pres 
ent, the ratio of the amount of resin used in the 
treatment to the amount of soda salts of the 
Weakly acidic volatile acids is such that substain 
tially all of the soda of the influent solution is 
adsorbed on the resin and substantially all of the 
volatile acids are liberated in gaseous form. The 
leakage from this process, containing substan 
tially no sodium ions, may be readily stripped 
of any remaining traces of volatile hydrogen 
Sulfide and may therefore be reused as water in 
the proceSS or discarded with ino attendant waste 
disposal problem. 

In another method of applying our process, the 
Sodium containing Solution influent to the resin 
treatment contains, in addition to the soda salt 
of weakly acidic volatile acids, other soda salts, 
Such as SOda, Salts of strong acids, which are not 
decomposed in the exchange reaction and there 
fore remain in the leakage. 
By limiting the ratio of influent liquor to resin, 

relatively complete removal of the Soda, from 
the Salts of the weakly acidic volatile acids may 
be achieved, in which case the leakage contains 
largely the Sodium salts of the relatively non 
volatile acids and may be either recycled in the 
proceSS, treated for recovery of the inactive soda 
Values, or discarded. 
Where the liquor influent to the resin contains 

Sodium Salts of the Weakly acidic volatile acids 
substantially in excess of the effective capacity of 
the resin, and in addition sodium salts of rela 
tively nonvolatile acids, the leakage will contain 
Substantially the total amount of the sodium 
salts of the relatively nonvolatile acids as Well as 
the unadsorbed portion of the Soda salts of the 
Weakly acidic Volatile acids. Operation in this 
mannel provides a very high soda ion Concen 
tration in the influent solution throughout the 
reaction stage, thereby resulting in exceptionally 
high effective capacities and efficient use of the 
resin. The leakage from Such operation Would 
contain considerable soda values and could be 
recycled, treated for further soda recovery, or 
used elsewhere in the process. 
The accompanying drawing illustrates dia 

grammatically by flow sheet an operation en 
bodying the invention. 
Soda-base sulfite waste liquor recovered as an 
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effluent from the digestion of cellulosic, substances 
in Soda-base acid sulfite eooking liquor, is con 
centrated to, at least. 50% total solids content in conventional.multiple-effect evaporators and fired 
to a smelting type recovery furnace (1). This 
furnace may be similar to the conventional units 
now used in the kraft and soda pulp mills 
throughout the industry. When operated under 
reducing; conditions in the smelting. Zone (e.g., 
With high temperatures and limited excess air), 
the furnace will generate steam and yield a 
'Smelt' of fused soda salts. This smelt flows 
from the furnace and may, for example, be 
quenched or otherwise dissolved (2) in water or 
Some suitable effluent solution from the process 
to yield a characteristic "green liquor' contain 
ing essentially sodium sulfide with smaller 
amounts of sodium carbonate, sodium sulfate 
and sodium thiosulfate. Following clarification 
in conventional clarification equipment, the green 
liquor is ready for treatment for the recovery 
of soda and production of sulfite cooking acid. 

In One adaptation of the invention, a suitable 
resin (for example, the weakly-acidic carboxylic 
acid type) in hydrogen form is contacted in a 
bed With the proper amount of smelt solution. 
This may be accomplished in a number of ways, 
as for example by passing the solution through 
a bed of the resin or by adding the resin to the 
Solution either batchwise or in a continuous man 
ner, later, separating the resin from the solution 
by mechanical means. The conditions of this 
treatment are not; critical in any way with regard 
to time, temperature, or solution concentration; 
however a high solution concentration (100 3 
grams equivalent Na2O per liter) speeds the re 
action and permits a high resin capacity. Since 
adsorption of the Soda (4) is accompanied by the 
Spontaneous evolution of the corresponding free 
acids, H2S and H2CO3 (5), the reaction may con 
veniently and advantageously be carried out at 
an elevated temperature of 60-90° C., which ap 
proximates the temperature of the green liquor 
from the clarifiers. This elevated temperature 
reduces the solubility of the volatile product 
gases, thereby accelerating the reaction and im 
proving the effective capacity of the resin. 
Where the ratio of soda, to resin is such that 

the capacity of the resin is not exceeded, sub 
stantially complete removal of the soda, present 
as sulfide and carbonate can be accomplished 
and this represents the preferred method of oper 
ation. 

However, it may be noted that use of green 
liquor containing sodium in excess of the capac 
ity of the resin increases the driving force and 
the effective capacity of the resin. Under some 
conditions, it may be desirable to operate in this 
manner, returning the “leakage' containing un 
reacted sulfide and carbonate to the process for 
dissolving additional smelt. 
The resin containing the adsorbed sodium is 

washed by displacement (6) to remove excess 
smelt solution. The washed resin is then treated 
with an excess of sulfurous acid solution which 
effects a complete regeneration of the resin and 
desorption of the soda, (7) to form an effluent 
containing sodium bisulfite and free sulfurous 
acid (8). This solution may be used directly as 
cooking acid or it may be diluted if desired or 
fortified with additional free SO2. 

Subjecting the resin to a brief Wash to remove 
residual acid (9) completes the cycle and leaves 
the resin ready for reuse. Steps (5), (6), (7) 

sorption-step. (10) is largely dictated 

and (9): represent steps in the cyclic-treatment of 
a single batch of resin. 
The treatment of the leakage from t 

5 position which, in turn, is a -function of the 
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pulping process, the furnace operation, and the 
ion exchange cycle. In general, the main com 
ponents will be sodium-sulfate, sodium thiosul 
fate, and traces of dissolved gases. If the mill 
uses salt water floated logs, chloride will also be 
a major constituent. The dissolved gases may be 
very readily removed by stripping, if desired; 
however, due to the limited solubility, the amount 
-of-gas present in the leakage is very small If 

an the inactive salts in the leakage represer 
appreciable soda value, economic considerations 
will necessitate their being retained in the sys 
tem. Where the nature and amount of the salts 
are such that no detrimental effects will be in curred in the cooking cycle, the leakage may be 
used to make up sulfurous acid solution and used 
as regenerant for the resin or may be simply add 
ed to the cooking-acid as a diluent. In such a 
case sulfur dioxide gas, either pure or diluted 
(e.g., burner gas), may be passed directly into 
the mass of resin and smelt solution from which 
the sulfide has been eliminated, thereby forming 
sulfurous acid in situ, effecting regeneration of 
the resin by desorption of the sodium, and form 
ing a sodium bisulfite-solution which is simply 
drained from the resin and used in the prepara 
tion of cooking acid, 
The sulfate and traces of thiosulfate carried 

into the cooking acid would be returned to the 
furnace in the waste liquor from the cook, where 
they would be largely reduced to sulfide during 
the smelting operation, thereby preventing an ac 
cumulation of these salts in the system. 

Recovery of the soda values in the leakage, 
consisting in large part of sodium salts of strong 
and non-volatile acids, may also be accomplished 
either by evaporation of the excess water and re 
turn of the concentrated solution to the furnace 
or by treatment with an ion exchange resin con 
taining strongly acidic groups and capable of ad 
sorbing the sodium from the neutral salts. 

Returning the leakage to the smelt dissolving 
tank is practical, especially where the residual 
salt concentration is low. However, this would 
result in an accumulation of the inactive salts 
in the cycle and would necessitate provision for 
the removal of a portion of these salts each cycle 
in order to prevent precipitation of soda com 
pounds due to concentrations exceeding the solu 
bility limits. . 
The gas evolved during the soda adsorption 

step (5) consists of H2S and CO2 in mol ratio sub 
stantially equal to the mol ratio of sulfide to car 
bonate in the green liquor. Due to the high 
ratio of sulfur to soda in the digestion liquor 
used in the sulfite process, the ratio of sulfide to 
carbonate in the smelt may be on the order of 3:1 
to 8:1 depending on furnace operation. It can 
be seen that the evolved gases are preponderant 
ly H2S with the practical advantage that they are 
in sufficiently high concentration to be readily 
burned (11), resulting in the production of SO2 
which may be adsorbed (12) to produce a portion 
of the sulfurous acid required for removal of so 
dium from the resin (7). 
The absorbent for this SO2 may be water, or 

more conveniently one of the effluents from the 
exchange cycle may be used in order to maintain 
a substantially closed system, thereby reducing 
Soda or Sulfur losses. Thus, the absorbent solu 
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tion might be the leakage, or one of the Wash. 
effluents. 
Washing may be carried out in a manner fa 

miliar to the art whereby a strong and a weak 
fraction is recovered, the strong fraction being 
added to the effluent from the preceding stage 
and the weak fraction being stored for the first 
wash liquor of the subsequent cycle. 
The example outlined above is only intended 

as an illustration of one application and it is 
obvious that the invention may be applied to a 
variety of pulping operations. Many such opera 
tions proposed in the past have not heretofore 
been practical but are now rendered economically 
feasible by use of the present invention. 
As an example of use in another pulping Op 

eration, the invention may be applied to a pulp 
ing sequence wherein lignocellulosic material is 
treated in one stage with a Sodium base acid 
sulfite solution and in another stage with an 
alkaline solution. The waste liquors from these 
treatments, containing organic matter, Sodium. 
and sulfur, could be combined, evaporated to 
45% to 75% total solids and burned in a furnace 
similar to that used in the alkaline pulping in 
dustry, to generate steam and recover a fused 
mass of soda chemicals. This Smelt flows from 
the furnace and is dissolved in water or a process 
effluent to produce a characteristic greera liquor 
containing sodium sulfide and sodium carbonate 
with smaller amounts of other soda chemicals. 

Clarification of the green liquor is carried out 
in conventional clarification equipment, where 
upon all or a portion of the liquor is diverted 
to the ion exchange plant. This plant is op 
erated according to the process disclosed by us 
to remove sufficient sodium from the green liquor 
to supply the soda base requirements of the acid 
sulfite treatment step. Hydrogen Sulfide and 
carbon dioxide are evolved during the resin treat 
ment, and sodium is adsorbed on the resin. The 
leakage, plus the balance of the liquor if only 
a portion was treated in the ion exchange plant, 
is treated by a conventional causticizing process 
to create the desired alkaline liquor for pulp 
preparation. The resin is washed, and treated 
with a sulfurous acid solution to regenerate the 
resin and to produce sodium bisulfite for use in 
the acid sulfite treatment of lignocellulose. AS 
has been mentioned previously in this Specifica 
tion, the sulfur dioxide to prepare Said sulfurous 
acid solution may be obtained at least in part 
from oxidation of the hydrogen sulfide evolved 
in the process. Where the concentration of Sull 
fur dioxide in the product gases from the oxida 
tion is low, a relatively concentrated gas can be 
obtained by absoibing the Sulfur dioxide in a 
Suitable Solvent (e. g., Water, ammonium sulfite 
Solution or an alkanolamine) and Subsequently 
liberating it in concentrated form by heat. 
Certain pulping applications require use of 

neutral Sodium sulfite rather than sodium bisul 
fite. These include the so-called neutral sulfite 
process as Well as processes using strongly alka 
line cooking liquors. Examples of such liquors 
would include mixtures essentially consisting of 

and other combinations. 
Neutral sodium sulfite can be conveniently 

prepared for various uses by reacting Sodium 
bisulfite recovered in the manner heretofore de 
Scribed with sodium carbonate or bicarbonate 
at an elevated temperature, Caustic soda may 
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8 
also obviously be used for reacting with the so 
dium bisulfite to produce sodium sulfite. 
Sodium bicarbonate or caustic Soda for Such 

use may be obtained in a modification of the in 
vention. In such modification the resin COn 
taining adsorbed sodium is regenerated at least 
in part with carbonic acid, whereupon Sodium 
salts of carbonic acid would be formed which 
could be used as such or converted to caustic 
Soda in a causticizing operation. Depending 
upon the products desired a Split regeneration 
first with carbonic acid to the desired degree, 
then with sulfurous acid to complete the regen 
eration may be used. By controlling the regen 
eration to give sodium bicarbonate and Sodium 
bisulfite in substantially equimolecular quan 
tities, the resulting product solutions may be 
mixed at an elevated temperature whereupon 
carbon dioxide is evolved and a solution of nor 
mal sodium Sulfite substantially free from bi 
Carbonate is formed. 

In order to utilize the maximum effective ca 
pacity of the resin, it may be desirable to regen 
erate With Solutions containing carbon dioxide 
or sulfur dioxide in excess of the theoretically 
required amount. Following regeneration the 
resulting effluents may be stripped of the excess 
Volatile constituent to produce solutions sub 
Stantially free of excess regenerant. 

In one modification our process may be ad 
Vantageously applied to the preparation of pure 
chemicals from naturally occurring mineral de 
posits or brines containing sodium salts of weak 
ly acidic volatile acids. An analysis of one such 
deposit is shown below. 

Analysis of natural brine from Soap Lake, 
Washington 

Weight per cent of T. S. 
Sodium carbonate----------------------- 33.9 
Sodium bicarbonate--------------------- 16.2 
Sodium sulfate-------------------------- 26.6 
Sodium chloride------------------------- 20.1 
Minor constituents.---------------------- 3.2 

Total.----------------------------- 100.0 
Whereas separation of these salts by crystal 

lization techniques would present considerable 
difficulty, the carbonate and bicarbonate fraction 
of Such a brine can be readily and Simply re 
Covered as Sodium bisulfite by application of Our ion exchange process. 
In another modification of our process sodium 

Sulfate may be smelted with coal or other carbon 
aceous matter to yield a smelt containing sodium 
Sulfide and carbonate. This may be readily Con 
verted to sodium bisulfite by our OOCeSS in a 
nanner Similar to the preparation of sodium 
bisulfite from the Smelt resulting from the com 
bustion of soda-base sulfite waste liquor. In 
that Our process effects a purification, extreme 
ly impure Sodium Sulfate may be used as a raw 
imaterial. In fact, naturally OCCUllring Sodium 
Sulfate or chemical wastes containing sodium 
Sulfate may be used even in the presence of con. 
Siderable contaminants such as chlorides, car bonates, etc. 
Ion exchange resins are in general porous, 

cross-linked polymeric materials which contain 
ionizable groups throughout the resin which ae 
capable of exchanging one ion for another. They 
may thus be considered to be solid gel Structures 
of an ionic nature. 
The process of the invention is not limited to 
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any particular manner of preparation of the 
carboxylic acid or phenolic hydroxyl type ion ex 
change resins used. Some methods whereby 
satisfactory weakly acidic resins may be prepared 
follow. . . . . . . . . . . . . . . . . . . . . . . . Carboxylic acid type resins may be prepaired 
by polymerizing or co-polymerizing unsaturated 
organic acids or their anhydrides under condi 
tions whereby cross-linked polymers are formed. 
Alternatively, esters of unsaturated organic acids 
may be polymerized to form a cross-linked resin 
and later saponified. Again, non-cross-linked 
alkali-soluble polymers containing carboxyl 
groups may be subjected to a cross-linking re 
action to prepare an insoluble ion exchange 
resin. Again, carboxylic acid groups may be in 
troduced natural polymers not already con 
taining "these groups. In such cases, where 
necessary to obtain insolubility, a prior, con 
current, or subsequent, cross-linking treatment 
would be effected. Introduction of carboxyl 
groups could be effected by such means as sub 
stitution of carboxy-alkyl groups or by partial 
oxidation of the original structure. 

Phenolic hydroxyl type ion exchange resins 2 
may be prepared by polymerizing phenols (pref 
erably polyphenols) to give a porous cross-linked 
polymer, as, for example, by use of suitable 
amounts of formaldehyde. Naturally occurring 
tannins provide an economically attractive 3 
source of polyphenols for this purpose. Alter 
natively, phenolic hydroxyl groups may be pro 
duced in naturally occurring polymeric ma 
terials not containing appreciable amounts of 
this group, , by: such means as hydrolysis of 
phenol-ether or ester groups in the original 
molecule. Again, in such cases where necessary 
to obtain insolubility, prior, concurrent, or sub 
sequent cross-linking will be effected. 
Ion exchange-resins containing both carboxyl 

and phenolic hydroxyl groups may be prepared 
by polymerizing simple molecules containing 
both carboxylic acid and phenolic hydroxyl 
groups. Alternatively, such resins may be pre 
pared by subjecting polymeric materials con 
taining phenolic hydroxyls as the only exchange 
groups to procedures whereby carboxylic acid 
groups are introdiced in addition to the phenolic 
hydroxyl groups. Here, also, where necessary to 
'obtain insolubility, prior, concurrent, or -subse 
quent cross-linking-will be effected. 

Examples illustrating the process of the in 
vention as well as the preparation of some weak 
ly acidic resins:are given below. 

EXAMPLE I 
Ninety ml. of styrene, 60 ml. of a divinylben 

zene solution containing 20-25% divinylbenzene 
dissolved in other aromatic hydrocarbons, 100 
gms. of maleic anhydride, and 50 ml. of acetone 
were heated on a steam bath for a period of 
two hours. Temperature in the mixture rose to 
a maximum of 107 C, and dropped to 90° C. 
at the end of the two hour period. The product 
Was then heated in an Oven at 135° C. for three 
hours. It was then washed thoroughly with 
acetone, soaked for 18 hours in 5% NaOH and 
then thoroughly washed with Water and dried. 
Yield of product was 121 grams. 
Three-hundred ml. of this wet resin in hy 

drogen form was slurried with 100 ml. of Solu 
tion containing 76.5 gm. sodium per liter, 80% 
of which was present as sulfide and carbonate; 
the balance being present as Sulfate, chloride, 
thiosulfate and sulfite. The reaction was al 
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lowed to proceed for 15 minutes at atmospheric 
pressure and at 80° C., during which time hy 
drogen sulfide and carbon dioxide were spon 
taneously evolved from the solution and sodium 
was adsorbed on the resin. The resin was then 
separated from the solution, washed, and treated 
with 500 ml. of sulfurous acid containing 30 
grams' Sulfur-dioxide for 15 minutes at 25° C. and 
atmospheric pressure. The product solution 
containing all the sodium formerly adsorbed on 
the resin was drained off, and the resin was 
washed, whereupon it was ready for re-use. In 
this experiment 6.9 gm. sodium was adsorbed by 
the 300 ml. of resin and was regenerated by 
means of sulfurous acid. 

EXAMPLE I 
. Using automatic ion exchange equipment, 500 
repeated cycles Were carried out With the follow 
ing average results: 4000 ml, Wet carboxylic acid 
type cation exchange resin (sold commercially 
under the trade name of "Amberlite IRC-50'’) 
in hydrogen state was treated with 3.78 liters of 
Solution containing 110 gm. Na2O per liter and 
having the following composition (expressed as 
mol per cent Na2O): Na2S 65%, Na2CO3 15%, 
Na2SO4 15%, NaCl 3%, Na2S2O3 1.6%, Na2SO3 
0.4%. This treatment was conducted at 50° C. 
for 15 minutes at atmospheric pressure during 
Which period H2S and Co2 Were spontaneously 
evolved and 210 gm. Sodium Was adsorbed on 
the resin. (This represents adsorption of 68% of 
the total influent sodium or 85% of the Sodium 
initially present as Salts of Weak volatile acids.) 

5. Following a brief Wash, the resin was treated 
With Sulfurous acid containing, 25gm. SO2 per 
liter to produce a solution of sodium bisulfite at 
a concentration of 7.4 grams. Sodium per liter 
and Containing all of the 'Sodium forinerly ad 
:SOrbed on the: resin (2102 grams). 

At the completion of every 100 cycles the 
Sodiurn adsorption capacity. of the resin was 
measured and at the completion of 500 cycles 
the total resin volume was measured and the 
resin WaSScreened. No loss of Sodium adsorption 
capacity had occurred and no measurable de 
crease in resin volume or apprecia ole change in 
Screen analysis was found. 

EXAMPLE III 
1500 grams of quebracho tannin were dissolved 

in 1500 ml. of water in an autoclave and 609 ml. 
of formalin and 15 ml of concentrated hydro 
chloric acid. Were added: The mixture was then 
heated with a steam jacket. With a steam pres 
Sure of 115 lbs./sq. in. in the jacket. Efeating 
Was continued for three hours, during which 
time the temperature reached 135° C. in the auto 
clave. The mass was then removed from the 
autoclave, dried at low temperature and heated 
at 105 C. for a total of 36 hours. The product 
was then ground and Screened to remove fines. 
200 ml. of this Wet resin in hydrogen form was 

slurried with 200 ml. of solution containing 100 
gn. Sodium per liter, 85% of which was present 
as Sulfide and carbonate; the balance being pres 
ent as Sulfate, chloride, thiosulfate and sulfite. 
The reaction was allowed to proceed for 15 min 
utes at atmospheric pressure and at the desired 
temperature, during which time hydrogen sulfide 
and carbon dioxide were spontaneously evolved 
from the Solution and sodium was adsorbed on 
the resin. The resin was then separated from 
the Solution, Washed, and treated with 500 ml. 
of Sulfurous acid containing 30 grams sulfur 
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dioxide for 15 minutes at 25° C. and atmospheric 
pressure. The product solution, containing all 
the sodium formerly adsorbed on the resin, WaS 
drained off and the resin was washed, whereupon 
it was ready for re-use. Typical results of Such 
an experiment are as follows: 

Sodium Tempera- Adsorbed E. i 
ture of by, 100 ml. Regeneration 

Resin E. Wet Ea with Sull sorp- generate 
tion, C. Resin, fury Acid, 

gas. s 

Phenolic hydroxyl--------- 26 2. 2, 16 
Resin (prepared as de 
scribed above).------------ 82 2.8 2.92 

We claim: 
1. In the preparation of Wood pulps, the proc 

ess for recovering chemicals which comprises 
combusting waste liquor from the alkaline treat 
ment of sulfite digested pulp to yield a Smelt 
containing a sodium salt of a weakly acidic vola 
tile acid of the group consisting of hydrogen 
sulfide and carbonic acid, treating a solution of 
said smelt with a cation exchange resin having 
active exchange centers in hydrogen form which 
are substantially less acidic than Sulfur dioxide 
and evolving a substantial portion of Said volatile 
acids in gaseous form and adsorbing Sodium. On 
the resin, treating said resin containing adsorbed 
sodium with sulfurous acid to form a solution 
containing sodium bisulfite suitable for use in 
the acid sulfite digestion of wood, and returning 
the sodium bisulfite to the pulping operation. 

2. In the process of claim 1, treating the resin 
containing the adsorbed sodium with Sulfurous 
acid to form a solution containing Sodium bisulfite 
suitable for use in the sulfite digestion of Wood. 

3. In the preparation of Wood pulp, the proc 
ess for recovering chemicals which comprises 
combusting combined waste liquors from Succes 
sive sulfite and alkaline treatments of Wood to 
yield a smelt containing a sodium Salt of a Weakly 
acidic volatile acid of the group consisting of 
hydrogen sulfide and carbonic acid, treating a 
solution of Said Smelt with a cation exchange 
resin having active exchange centers in hydrogen 
form which are substantially less acidic than 
Sulfur dioxide and evolving a substantial portion 
of said voltaile acids in gaseous form and ad 
Sorbing Sodium. On the resin, treating said resin 
containing adsorbed sodium with sulfurous acid 
to form a Solution containing Sodium bisulfite 
Suitable for use in the sulfite treatment, and 
returning the Sodium bisulfite to the pulping operation. 
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4. In the preparation of wood pulp, the proc 

ess for recovering chemicals which comprises 
combusting waste liquor from a sulfite digestion 
of Wood to yield a Smelt containing Sodium salts 
of Weakly acidic volatile acids including hydrogen 
Sulfide, treating a Solution of Said Smelt with a 
cation exchange resin having active eXchange 
Centers in hydrogen form. Which are Substantially 
less acidic than Sulfur dioxide and evolving a 
Substantial portion of Said volatile acids as a gas 
and adsorbing sodium on the resin, oxidizing the 
hydrogen sulfide content of said gas to form. 
Sulfur dioxide, treating said resin containing ad 
Sorbed sodium. With Sulfurous acid derived at 
least in part from the oxidation of hydrogen sul 
fide to form a solution containing sodium bisulfite 
Suitable for use in the Sulfite digestion of wood, 
and returning the sodium bisulfite to the pulp ing operation. 

5. The process of claim 4 in which the waste 
liquor is from an alkaline treatment of sulfite 
digested pulp. 

6. The process of claim 4 in which the waste 
liquor is from Successive sulfite and alkaline 
treatments of wood. 

7. The process of claim 4 in which the resin 
has carboxylic acid-type exchange centers in 
hydrogen form. 

8. The process of claim 4 in which the resin 
has phenolic hydroxyl exchange centers in hydro 
gen form. 

9. The process of claim 4 in which the resin 
has in hydrogen form both carboxylic acid-type 
and phenolic hydroxyl exchange centers. 

KENNETH RUSSELL GRAY. 
HARTZEL, LANCE CROSBY. 
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