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15 Claims. (Cl. 23-129) 

This invention relates to the production of the: 
sulphites of alkali metals. and more particularly 
to -conversion of sodium sulphide . (Na2S) to SO 
dium sulphite (Na2SO3). 
Although there-, are many recognized :uses for 

sodium sulphite, one that is particularly impor 
tant. is-- its use in the paper manufacturing in 
dustry. In - this industry :: the use of a cooking 
or-, digesting liquor. containing i sodium Sulphite . 
or.-a., mixture -of sodium, sulphite and sodium, bi-. 
sulphite is known and is often preferred over the 
use of the caustic soda. process. or. the Sulphate 
process in which a mixture of caustic soda and 
sodium -sulphide are: the principal ingredients in 
the cooking liquor. By use of the sulphite cook 
ing liquor, a greater yield of pulp fibers having 
superior qualities is obtained than by the use 
of the other - cooking liquors mentioned. This. 
increased yield of superior quality pulp may be 
as much as 25% - more-than - can be obtained by 
thae use of either, the caustic soda process or the 
sulphate process in which a mixture of caustic. 
soda and sodium sulphide. are...the i principal in 
gredients in the cooking liquor. This is believed 
to be due to the-fact that sodium sulphite.is much 
milder. in its : action, and it dissolves only rela 
tively, i small portions - of the valuable fibers : or 
cellulose portion of the wood, yet if properly ap 
plied it is sufficiently strong to act upon the 
incrusting or non-cellulose portions of the wood 
to release the fibers.that are desired in the pulp. 
Also, this i milder action of the sodium. sulphite 
on the wood in the digesters. preserves the natu-.. 
rall strength of the fibers to a much greater de-. . 
gree than the more active: agents, such as caustic 
soda. and sodium sulphide. But, whatever: be: 
the explanation, the use of sodium sulphite in 
the paper, manufacturing industry would, I be 
lieve, be much more , extensive because of the 
superior, quality of pulp obtainable, by its - use 
but for the fact that heretofore the knoWm. proc-.. 
esses of producing or reclaiming the sodium sul 
phite-from the residual cooking liquor has been - 
too inefficient or high in cost to warrant its: use. 
ini many instances - where it otherwise would be - 
used. * 

It is, therefore, an object of my invention to 
provide a process of producing sodium sulphite 
in a more direct and efficient manner than proc- i 
esses that have . heretofore been suggested , or . 
practised and also to provide apparatus for carry 
ing out my improved process. Division having 
been required by the Patent Office, the claims of 
this application are directed to the process: The 
apparatus is claimed in applicant’s copending 
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application Serial No. 302,157 filed August - 1, 
1952, which is a division of this application. 

It is, of course, known that the spent cooking 
liquor from the pulp - digesters may be concen 
trated and then burned and smelted to produce 
sodium sulphide from the sulphur compounds 
present. Or sodium sulphide may be obtained 
from other sources. Also, it has heretofore been 
Suggested that the sodium sulphide be converted 
to sodium, i sulphite. One.method that has been 
Suggested, is the conversion of hydrous sodium 
Sulphide to Sodium sulphite, the conversion being 
accomplished in accordance with the following 
reactions: 

It will be seen that with such a process the con 
version from sodium sulphide to sodium sulphite 
involves the formation of thiosulphate and then 
oxidizing. this thiosulphate to sodium sulphite. 
According to the present invention sodium sul 
phide may be converted by direct oxidation to 
sodium sulphite without the intermediate forma 
tion of large amounts of the thiosulphate. The 
addition of water is not necessary and no caustic 
soda is formed or required and at all stages of 
the treatment only a small portion of the ma 
terial is in the form of thiosulphate (Na2S2O3). 
Consequently the conversion is practically all ac 
complished by direct oxidation of the sodium 
sulphide to sulphite according to the following 
reaction: 

2Na2S-3O2->2Na2SO3 
While my process of converting sodium sul 

phide to sodium sulphite is adapted for use ir 
respective of the source of the sodium sulphide, 
it is particularly well adapted for use in the paper 
manufacturing industry as-it provides a method 
whereby spent sulphite cooking liquor can be 
reclaimed and reused in the form of sulphite 
cooking liquor. When wood chips, flax straw 
or other fiber producing material is treated with - 
sodium sulphite, such as in the semi-chemical 
process, it is desirable to reclaim or recover the spent sulphite or resulting sulphur compounds 
in a form for reuse. Heretofore, so far as I am 
aware, there has been no practical and really 
commercially successful method of reclaiming 
the spent cooking liquor so that it can be reused 
in the form of sodium sulphite. In some in 
stances the practice has been to waste the cook 
ing liquor. This sometimes brings about a seri 
ous problem- of Stream pollution. In some in- . 
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3 
stances the spent liquor has been reclaimed as 
sodium sulphide and subsequently used in the 
kraft or sulphate process. But the drawback has 
been that there was no practical method of COn 
verting the spent liquor back to a state in which 
it could be used in the form of sodium sulphite, 
Consequently, the use of sodium sulphite in the 
paper and other industries has been hampered 
and limited, notwithstanding its many desirable 
and I well known qualities in the manufacture of 
paper pulp or cellulose fiber materials. It is a, 
further object of my invention to overcome this 
drawback by providing a, process of reclaiming 
the sulphur compounds in spent cooking sulphite 
liquor in a form in which the sulphur. compounds 
can be reused as sodium sulphite. 
According to one way of practising my i Wen 

tion the spent sulphite cooking liquor resulting 
from the production of pulp is concentrated by 
evaporating off enough water to put it in a state 
in which it can be burned. , Cordinarily the liquor 
is concentrated So as to contain 60%, Or more Of 
Solids. The Concentrated liquor is then burned 
in a Suitable furnace under reducing Conditions 
to convert the sulphur compounds to the cor 
responding Sulphide. In this way, sodium Sul 
phide in dry form is produced from the Spent 
cooking liquor. If too hot, it is first cooled and 
thereafter the sodium sulphide is treated in an 
oxidizing atmosphere, without the addition of . :: 
water, to convert the sulphide to sulphite. 
According to this manner of practising the 

process of the invention, concentrated spent 
sodium Sulphite cooking liquor is burned in a 
furnace under a strong reducing atmosphere. 
This produces a residual molten mass Of Sodium 
Suphidie and Other Sodium compOuidiS, eSpe 
cially sodium carbonate, which can be flowed 
from the furnace in a very hot molten state. 
Heretofore, it has been common practice to drop 
this molten mass into a tank of water where it 
is dissolved to make an aqueous solution. With 
my process, this is not neceSSary. Instead, the 
molten mass containing sodium Sulphide and 
Sodium carbonate is retained in dry Solid state 
and its temperature reduced. This reduction of 
the temperature of the molten maSs should be 
carried out quickly. When it is sufficiently 
Cooled it is then treated in dry State with air 
to oxidize the Sodium Sulphide to Suphite. This 
is done by pulverizing the maSS and treating the 
comminuted mass in an oxidizing atmosphere. 
This pulverizing may be dome in a ball mill, a. 
Irod mill, hammer mill, disc grinder or other 
machine capable of fine grinding. The oxidiz 
ing is done with air and under controlled con 
ditions. The oxidation may, if diesired, be car 
ried out with as little as one or two percent of 
thiosulphate being formed while the amount Of 
sulphite produced may be as much as 50% to 
60%, the balance being substantially al sodium 
carbonate. A finished product may be produced 
in which about 90% of the Sulphuür compounds 
present is in the form of sodium sulphite. 
One of the difficulties encountered in the di 

rect oxidation of sodium sulphide is the tend 
ency of the sulphide itself to burn or oxidize to 
the sulphate form, the oxidation reaction being 
exothermic and Sodium Sulphide - is a highly 
combustible compound and may fiash into fiame 
at a low temperature. When this occurs the 
heat of combustion of the particles is so great 
that oxidation proceeds to the Sulphate form. 
Notwithstanding the low temperature of com 
bustion of sodium sulphide, I have demonstrated 
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that if the exothermic heat due to the oxidationi 
of the Sodium Sulphide is controlled according 
to my process, the tcmperature of the material 
being treated can be as high as 250° C. without 
the formation of any material amount of Sodium 
sulphate. To obtain this desirable control, I 
prefer to use Steam under pressure in a jacket 
about the zone or chamber in which the material 
is Oxidized inaSmuch as a very close and fine 
control can be had in this manner. By adjust 
ing the jacketed steann pressure its temperature 
can be correspondingly controlled. Hence, by 
maintaining the jacketed Steam at a predeter 
mined pressure the temperature can be main 
tained fixed so that the temperature of the ma 
terial in the chamber, when the desired oxida 
tion is carried out, and the temperature of the 
air used for the oxidation can be nicely con 
trolled; allowance being made for the exothermic 
heat of oxidation of the sulphide. Although I 
have mentioned jacketed steam under controlled 
pressure, it will be understood that hot water : 
under Steam pressure may be circulated in the 
jacket as the water in a closed system under 
Steam pressure may be considered as having a 
temperature corresponding to steam pressure. 
The process may be carried out as a continu 

OuS One, the i source material containing the 
Sodium Sulphide being fed, pulverized, and then 
progressively oxidized and continuously dis 
charged in the Sulphite form for reuse in the 
pulp cooking liquor or for such use as may be . 
desired. 
Although the novel features which are be 

liewed to be characteristic of the invention Will 
be pointed out in the annexed claims, the in 
vention itself as to its objects and advantages 
and the manner in which it may be carried out , 
may be better understood by reference to the 
following description taken in connection with 
the accompanying drawings forming a par 
hereof, in which: 

Fig. 1 is a view in elevation, partly in section, 
of apparatus embodying my invention; 

Fig. 2 is a view on line 2-2 of Fig. 1; and 
Fig. 3 is a view in cross-section, to larger 

Scale, of the rod mill to illustrate the manner 
of pulverizing the material to be oxidized. 
The drawings illustrate an apparatus in which 

my process may be carried out for converting 
Sodium sulphide to sodium sulphite when the 
Source material is the product recovered from 
the burning of concentrated residual black 
liquor from the pulp, digesters of a paper mill. . 
It will be understood that there are other sources . 
of sodium sulphide and that the description 
here given is for purposes of illustrating one 
embodiment of my invention which may be used 
for carrying out my process when the product 
resulting from burning black liquor is discharged 
from the furnace as a molten mass containing 
Sodium sulphide and sodium carbonate. Such 
a furnace and a method of burning the black 
liquor is disclosed in my copending application . 
Serial No. 641995. In that apparatus the black 
liquor is burned in a reducing atmosphere and 
the Sulphur compounds of the black liquor are 
recoVered as sodium sulphide mixed with sodium 
carbonate. The product of the furnace is dis 
Charged as a molten i flowing mass from a dis 
charge Spout which is illustrated in the draw 
ings forming a part of this application and desig 
nated by reference number : 0; the furnace be 
ing shown conventionally by dotted lines. 
Spout 6 leads - into a cooling chamber i 



| 5 wher?the hotmass: discharged from the spout 

through whicht circulate as cooling medium 
suçlhas water. . The "jacket:? 4 iscprovided with 
an inlet pipe 5: With;a.:control Valvei 46 and an Qutleti pipe. 17 provided with a valve:8. . . . . . . 
Theinlet end of:the: jacketed cooling; çhamber 

- i tiis provided with an:intercommunicating re 
c?liying box 20:into which extends: a steam:jet 
pipe-2 provided-with a nozzle 22 position?dto 
throw ajetofisteam or water, if desired, into the 
stream of molten Smelted product ? 23 flowing 
from:the spout : 0. - Theasteam has sa, 2 decided 
cooling; effect"-upon the: molten mass which may 
have-attemperature; as high?as 1600º F., and dis 
integrates gitas it falls into the cooling zone. Št:9 
of: cooling chamber i ?l. Of course šif wateris 
used it, willibe converted to steam-by: the heat; of 
the: hot Smelt. . . . . . . . . . . . . . . . . 
The cooling, chamber is also provided with a 

rotatable screw conveyor 24. extending through 
out.its.length. Its shaft i 25 is ": mounted to ro 
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As shown in Fig.3:sthezinterior of 
is provided with anumber ofsspiralishaped guide 

6 
has a collar: 42intos which the cylinder 34 ex 
tends. A packing gland 43 cisprovided to make 
the connection, substantially airstight. m 

therQdmill 
baffles 350 and free falling rods, 5. Thus, whe: 
the rod mill is rotated in the direction of arrow 
562, the rQds >5 l; serye": to igrind the broken up 
pieces of sodiumsulphide product. - And it is 
significantitorinote that sas; this material works 
its:way through therQd:millito its dischargerend 
thereis aprogressives pulverizing of the particles 
ywhich provides: for progressively exposing new 
surfaces of the material to the oxidizing air 

15 which, as :explained hereinafter, ?i is i passed : 
through the; mill countercurrent to the passage of . ' the; charged:material. . . . . 

20 

tate ini bearings 26. and 27 mounted on tSuitable . 
frame members 28 : which care i Structural i Steel 
members tied together to carry the weights of the 
apparatus. The screw is conveyor, 24 is rotated 
by means of a prime mover: . As shown, :the-elec 
tricmotors8C, is connected to the shaft by: a driv 
ing coupling 28 : : :Communicating with :the in 
terior of cooling chamber 19 at itsi discharge end 
is a discharge.or:receivingbox: 29. - This box con 
nects : at its lower, end with apparatus to com 
minute: orgrind the:cooled sodium sulphide prod 
uct which has been broken - up : during its passage 
through the cooling zone:9 of the cooling. cham 
ber . . This: box 29 šerves as a:transfer chamber 
or conduit from the cooling: chamber : f to the 
grinding apparatus. . . . . ::: * . . . . . . * . . 
Connected to the supper-end of the transfer 

box:29 is a conduiti 30 provided with. an exhauster 
or blower | 3f operated by a prime mover (not 
shown). The blower 3 i is commonly called an 
induced i draft fan. The conduit 30 is; connected 
to a dust collector : 32 which serves to Separate 

The discharge end of therQd mill-is-connected 
to a dischargebox?53:which serves: as: ai transfer i 
chamber or conduit into the oxidizing chamber, . 
whichis.designated generally by referenceinum 
era? 45. *** This.stationary transfer º box for the 
pulverized ymaterial has sa, collar 55 which ex 
tends over the end of:the-cylinder:34, and is pro 
vided with a packing gland 56;to", maintain the i 
connection substantially :airtight. * The strans 
ferbox353 siis provided..with air, conduit 57: for:in 
troducing air into the rod mill to oxidize the 
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Sodium:Sulphide as it is being progressively pul 
verized and as it passes through the rod mill. 
Ani: air heater 58 f(shown conventionally) is pro 
vided to heat the air so that it can beintroduced 
into the agrinding mill under controlled :condi 
tions of temperature. -The lower zend of the 
transfer. box 53 is connected to the oxidizing 
chamber 54. It is also provided with an inlet 
59:which is connected by a: conduits:60 to the: dust 

| collector 32. so that :any: solid particles collected. · 
40 

particles of solid product which may be carried 
over from the apparatus by the air stream which 
is mentioned hereinafter. . . . . . . , ... -- 
The broken up particles of . Sodium sulphide 

50 

products are delivered from the 'cooling; chamber - 
9 through the transfer. box 29 into the grind 

ing apparatus : which in this is case is a rotatable 
röd mill 33. Although I prefera, rod mill, oth 
er types of comminuting or grinding apparatuS, 

in the dust collector may be returned to the sys 
tem zandintroduced into the oxidizing : chamber. 
54. along with pulverized material from the rod. 
mill: 33. It may be noted here that the air : 
stream from theidust:collector:32, passes through 
a discharge conduit 6 through: which it may be 
passed to a scrubber 62 (shown conventionally). 
to recover any fine particles of material which 
may::escape from the dust collector. Residual 
air..and gases i can then be passed out through a 
stack (not.shown). . , . - 
The oxidizing chamber 54 is formed by anelon 

gate i cylinder 63 which is provided with a con 
centrically mounted cylinder 64 forming sa jack 

... eted-space 65 for the circulation of a heat, trans 
55 

such as a ball mill, hammer.mill, or disc grinder, . 
will suggest themselves in the light of the pres 
ent disclosure, it being i significant to note that 
suitable means should be provided to finely pul 
verize the source material containing the sodium 
sulphide. . . N 
As shown the rod mill 33 comprises an elon 

gate rotatable cylinder 34 provided with insula 
tion 35. . It is mounted to rotate about its - axis 
on a plurality of supporting rollers 36. carried 
on-the-structural members-of-the frame. At the 
inlet end the supporting rollers : 36 ride in a re 
cessed ring track 37 secured to the cylinder 34 
and -at the discharge end the rollers 36 engage sa 
ring track 38. - The rod mill is driven by, a prime 
mover. As shown, electric motor. 39 (see Fig.2). 
drives the pinion gear 40 which engages a ring 
gear:4 (see Fig. 1), fixed to the cylinder 34. . It 
will be noted that the transfer: box 29. outlet end 

fer medium: such as isteam or hot water. This 
steam jacketed oxidizing chamber 54 is further 
insulated by a . suitable insulating material 66. 
Thus there isprovidedan-oxidizing chamber with 
a temperature i controlling *jacket. Ansinlet 
pipe. 67 into the jacketed space ; 65, is provided 
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70 

rotatable screw conveyor 75, the shaft 76 of 
75 

with a valve : 68 andan outlet pipe-69 is provided 
with a control valve 70 so that the temperature 
of the oxidizing chamber can be controlled by i 
controlling the jacket - temperature, as desired. . . 
Assuming steam is being used as a heat transfer : 
medium: within the jacketed: space -65, its tem 
perature can be nicely and closely controlled by 
adjustment of the steam pressure as indicated 
by a gauge 7l , connected to the steam, pressure 
System of the Yplant, it being sufficient to note 
here that the temperature of water and steam in 
a isteam: boiler follows or is a function of the 
steam-pressure. - - : . . . 
I: The 9xidizing - chamber: 54 is provided with a 

which is mounted to Lotate in suitable bearings. 
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77 and 78 supported in the "frame members. . . . It 
is rotated by means of a chain drive 79 connected 
to the i driven shaft of motor 80, which is con 
nected by coupler. 8 li ... to shaft 25. . Consequently 
motor 86 drives screw conveyor 24. in the cooling 
chamber 9 and screw conveyor 75 in the oxidiz 
ing chamber 54. V . "". . . . . . . . . - 
Connected to the di Scharge end of the Oxidiz 

ing chamber, is a finished product receiving box 
82 which is provided” With a discharge port 83. 
This is connected to a discharge conduit 84 pro 
vided with a Screw conveyor 85 to carry the fin 
ished product to a suitable place for subsequent 
use. . Also connected to the receiving box 82 is 
an air conduit 86 which is provided with an air 
heater 87 i (shown - conventionally) to heat the 
air so that it can be introduced into the oxidiz 
ing chamber 5 under controlled conditions of 
temperature and passed i countercurrent to the 
material being. oxidized. Thus it will be noted 
that the apparatus provides a temperature con 
trolled oxidizing , chamber through which pul 
verized sodium sulphide or other pulverized ma 
terial containing. Sodium. Sulphide may be paSSed 
and into which air under controlled conditions 
can be introduced and passed countercurrent 
to the pulverized material. : * It will be seen also 
that there is provided means for pulverizing the 
source material and means for cooling the Source 
material prior to comminution, all in a substan- 3 
tially closed system under controlled conditions 
of temperature. ". .. ! 
To illustrate my process for converting sodium 

sulphide to Sodium Sulphite, it may be described 
in connection with the accompanying drawingS 
as applied to the Smelt from the concentrated 
cooking liquor from the semi-chemical process 
or from the cooking liquor produced in the sodi 
um sulphite process in which the predominating 
ingredient in the original cooking liquor is sodi 
um Sulphite. In either case, the residual cook 
ing liquor is concentrated, and burned in a re 
ducing atmosphere. This produces a Smelt con 
taining the sulphur compounds - in the form of 
sodium sulphide along with Sodium carbonate. 
The smelt is produced in molten state which may 
be flowed from the furnace (shown convention 
ally at 46) .. through a discharge spout i 0, some 
of the reducing gases from the furnace 46 being 
drawn along through the spout: :: - 
The hot molten. Smelt 23. contaiining Sodium 

sulphide drops from the furnace spout f0, into 
receiving box 20 where it. encounters steam from 
the nozzle of jet 2 . Here the smelt is broken 
up, partly solidified and partially cooled as it is 
blown by the steam into the cooling chamber 9. 
The charge is conveyed through this chamber 
and further broken up by the screw conveyor 24. 
If a more intensified cooling of the molten stream 
is desired, water or a mixture of water and steam 
may be jetted into the molten smelt through jet 
2. 

cooling action of the water cooled : walls of this 
chamber; the jacket i 4 being cooled by circulat 
ing water. . . . . . " . . . . 

Since the sodium sulphide is highly combusti 
ble at high i temperatures, it is protected until 
cooled to about 150° C. by. non-oxidizing gases 
drawn from the furnace by the exhaust fan 3. 
Cooling water to control the temperature of the 
ccoling chamber is introduced through pipe 5, 
passes through jacket 4, and is discharged 
through pipe i f7. - - - - -- 
The solid partially cooled charge from cooling 

W While the charge of material is. passing 
through the chamber 9. it is subjected to the 
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chamber 9 is discharged into transfer box. 29 
and thence into rod mill 33 where the material 
is crushed and progressively ffinely pulverized. 
While a rodi mill is shown, the pulverizing step 
can be effected in any one of numerous machines 
designed for pulverizing, but I consider i a rod 
mill preferable as considerable of the oxidizing 
of the Sodium Sulphide. can be accomplished si 
multaneously with the crushing. And, in this 
manner, the Speed of oxidation can be reduced 
largely to the action on the surface of the parti 
cles. since the oxidation does not readily pene 
trate the Surface of the particles, thus making it 
very difficult to oxidize the interior of these 
solid particles. By continuously crushing the 
particles, new surfaces are continuously exposed 
to the oxidizing action of the air current as the 
material slowly works its : way through the rod 
mill. Air in desired amount and temperature is 
introduced through conduit 57 and flows through 
the rod mill countercurrent to the material. By 
the time it reaches the fresh material coming 
from the cooler 19 it is denuded of considerable 
oxygen and this further reduces the intensity of 
the oxidizing action - when the material is richer 
in Sodium Sulphide. I have found that it is the 
too rapid oxidation of Sodium Sulphide particles 
that increases the temperature of the particles 
beyond that of the predetermined temperature 
of the oxidizing apparatus and it is this increased 
temperature which should be avoided because 
otherwise the oxidation will proceed to form un 
wanted Sulphate. 

i When the temperature of the particles reaches 
about 250° C. the tendency to form sulphate is 
noticeable and the higher the temperature the 
greater is the tendency to form Sulphate. An 
important thing is to control the temperature of 
the particles undergoing oxidation and this may 
be done in my apparatus. - This is accomplished 
by using steam as a heat transfer medium and 
controlling the temperature of the steam by its 
pressure, while at the same time constantly agi 
tating and disturbing the particles with relation 
to each other while they are undergoing the oxi 
dizing process so as to disperse the heat created 
by the oxidation of the sulphide particles. This 
control of temperature and the othel conditionS 
is done by controlling the conditions of oxida 
tion in the oxidation chamber 54. . . . 
As the partially oxidized pulverized materjal 

is discharged from the rod mill: 33 it pasSes 
through transfer boX 53 into the oxidation cham 
ber 54. It is moved through this chamber by 
the screw conveyor 75, which keeps the finely 
ground particles agitated. The temperature in 
the ... chamber : is controlled by . controlling the 
temperature of the steam passing through the 
jacket 65. The steam temperature is controlled 
by controlling its pressure. That is, it is possi 
ble to, maintain the desired temperature in the 
oxidizing chamber by maintaining a predeter 
mined steam pressure, the temperature. being 
varied as desired by varying the steam pressure. 
I have obtained excellent results in an oxidizing 
chamber of this Sort with a boiler pressure of 200 
pounds (lbs. per square inch) which maintained 
a temperature about 220° C. in the oxidizing 
champer. The temperature of the air intro 
duced into this chamber through conduit 86 
should be at about 180° C. The temperature of 
the air can be maintained by passing it through 
the air heater 87 which is heated with Steam 
from the plant. boiler. The oxidizing i action 
may, in some instances, be improved by mixing 
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a smallamount. of steam with the air.. The ac 
tion of the rotating screw-conveyor. 75 slowly ad 
vances the material through the chamber 54 and 
at the same time: continuously-exposes neW Sllº 
faces of the material - to the oxidizing action of 
the heated air current passing countercurrent 
to :: the material. The temperature of the maSS 
of pulverized particles i undergoing oxidation 
should not substantially: exceed 250° C. and 
should not be below about 160° C. For best re sults according to my present experience; the 
temperature in the mass of particles in the Oxi 
dizing: chamber should be at about 220° C. 
The steam for maintaining the i desired. tem 

perature within the oxidizing chamber 54 enters 
the jacket 64 through the pipe-67 and passes out 
of: the jacket with such water as may condense. 
The air passes through the chamber 54, then 
passes through the box .53, thence through the 
crushing. chamber or rod mill 33 to. the. induced 
draft: fan : 3, which blows...the. residual products 
of combustion , and fine: particles which 3. may 
floatrin it, into the , dust collector. 32. Particles 
collected in the : dust collector... are returned 
through conduit. 60 to the mainstream in box 53 
for recovery. Residual air and gases from the 
dust " collector are led to the scrubber : 62 and 
finally to the stack. The induced draft fan 3 
also withdraws reducing gases from the furnace 
through the spout 0, through the cooling cham 
ber: il 9, and discharges these products : along 
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with the gas stream ito. the collector i 32 along 
with such residual air as results from the intro- . 
duction of air. through. conduits: 83 and 57. The 
treated or finished material is discharged from 
the oxidizing... chamber 1. 54 into box , 82, and 
thence through discharge conduit 84. The re 
covered material contains. sodium.sulphite:which 
was;. initially: present, in the charge as sodium 
sulphide and also sodium carbonate which was 40 initially present. The recovered product i may 
then bei dissolved in water and filtered to make 
up.sulphite cooking liquor for "the" pulp digesters. 
After use. in the digesters, the residual cooking 
liquor may, then be recycled as described above, 
it. being significant to note that there is no un 
due accumulation of sodium. sulphate. from i re 
cycling because sodium - sulphate is reduced to 
sulphide in the reducing furnace. V 

. Although the smelt coming from the furnace 
which makes up the charge contains other com 
pounds, besides sodium i sulphide, such as: sodium 
carbonate and possibly. some º carbon, these º are 
not harmful to: my process. In fact there is: an 
advantage because they dilute the charge so that 
it is notiso. rich in sulphide- and this aids in the 
prevention of local heat of combustion or oxida 
tion from forming too : rapidly. The carbon, if 
present, is also- helpful in the pulverizing step 
because the sodium i sulphide will i oxidize at - a 
témperature below the signition point of carbon, 
so. that both the carbon - and sodium-carbonate present pass through the process unaffected: 
* When my process is: used as a cyclic process, 
the recovery of chemicals will be very high, run 
ning from 90% to 95%, but of course" somellosses 
will occur-in-the-wash water and other losses due 
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rich, the smelt 7 from the i reducing furnace so 
that it will. contain more i sodium sulphide, this 
may be - dones: by: : adding the desired amount of 
sodium sulphate to the reducing -furnace. The 
added : sodium sulphate, which may be in the 
form of salt cake, is reduced to Sodium Sulphide 
and discharged as such along with the Smelt 
from the furnace. 
- The following examples are given i further to 
illustrate the process of my invention. 

* EXAMPLE I 
- According to : one example of practising the 

process of my-invention, a charge containing 35% 
of commercial, sodium-, carbonate and 65% so 
dium - sulphide.ins molten. , state - was cooled by 
subjecting it to, a jet-of steam in a cooling cham 
ber, the . material was, then crushed and passed 
through an oxidizing chamber into which a heat 
ed air current was passed, the temperature . of 
the mass: undergoing oxidation being maintained 
at about 220° C. , The resulting treated material 
contained 71% sodium-sulphite (Na2SO3), 5% so 
dium: sulphide . (Na2S), 1% sodium thiosulphate 
(Na2S2O3), 3% sodium sulphate . (Na2SO4), the 
balance, being sodium carbonate. Accordingly 
appróximately 68% of the sodium sulphide was 
converted to sulphite with very little formation 
of thiosulphate and sulphate. In the light of 
later experience it was found that , crushing the 
material to greater fineness resulted in substan tially higher yields ofšulphite. . , 

EXAMPLE.III - 
In another example, a charge' of molten smelt 

was drawn from the spout of a reducing furnace 
such as illustrated in the drawings. This smelt 
resulted from the burning of a concentrated black 
liquor from the digester of a paper, mill. This 
smelt, herein º called the charge, consisted of so 
dium carbonate, sodium sulphide, and a small 
amount of sodium sulphate. It was then treated 
toº convert'; the - sodium sulphide to sodium sul 
phiite: . The charge was quickly cooled in a cool 
ing chamber to about 150° C. It was then ground 
in a discº grinder, through which air was passed. 
The material discharged from the disc grinder 
had a fineness- analysis - approximately as fol 
lows: . - - s- . :: 

. . Screeim. analysis M 

. . . . . . . . . . Per cent 
Retained on 100 mesh screen ----------- 473 
Retained on 150, mesh-screen ------ - - - - - : 1.71 
Retained. on: 200 mesh screen ------------ - 5:33 

- Retained on 300 mesh Screen...-.-.-.-.-.-.-.-.-.-.-. 53.65 . 
Passed by:-300. mesh:screen -------------- - 34.58 

Total --------------------------- 100.00 
(34) 

toleaks and loss through furnacegases will occur: , 
These small losses must be replenished but this 
may be done very economically accordingtomy º 
process by adding salt - cake, or sodium sulphate, 
to the reducing furnace º charge where it is re 
duced” to sodium sulphide and the sodium 
sulphide then converted to sodium sulphite by my 
oxidizing process. If it is d?sired to f?rther en 

* The crushed material was then passed through 
the oxidizing chamber countercurrent to the pre 
heated oxidizing air: which was introduced into 
the oxidizing chamber. The temperature of the 
oxidizingchamber was controlled so that the mass 
of pulverized charge was about 220° C. The 
treated or finished product discharged from the 
oxidizing chamber analyzed approximately as 
follows: *** - , : - , 

. . . . . :: . . . . . . i Per cent 
Insoluble --------------------------------- | 2 Sodium. sulphite" (Na2SO3) -------------------47 
Sodium - sulphide (Na2S) ------------ 
Sodium thiosulphate (Na2S2O3) ---- 

- 4 
Sodium sulphate (Na2SO4).----------- - 4 
Sodium carbonaté (Na2CO3) -.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 43 
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Thus it will be seen that my process is admirably 
suited to converting - the sulphur compounds in 
spent liquor from the pulp digester into sodium 
sulphite for making up sodium sulphite cooking 
liquor for use or reuse in the pulp digesters. 

EXAMPLE III 
In another instance a charge was treated to 

convert its sodium sulphide to sodium sulphite. 
This charge was the smelt from a reducing fur 
nace wherein waste black liquor from a pulp di 
gester was burned. The molten charge Was 
quickly cooled by a steam jet and passed through 
a cooling chamber to prevent oxidation until it 
had a temperature of about 150° C. The charge 
was ground to a fineness of the order mentioned 
in Example II. It was then passed through a 
steam jacketed oxidizing chamber through which 
preheated air was passed countercurrent to the 
ground charge. The temperature in the oxidiz 
ing chamber was maintained at about 220° C. by 
controlling the pressure of the steam in the jacket 
around the oxidizing chamber. " 
The finished product was analyzed and found 

to be as folloWS: 
Per cent 

Insoluble --------------------------------- i 
Sodium Sulphite (Na2SO3) —————————————————— 27 
Sodium thiosulphate (Na2S2O3) --------------- 2 
Sodium Sulphide (Na2S) ----------------------- 
Sodium sulphate (Na2SO4) -------------------- 3 
Sodium carbonate (Na2CO3) ----------------- 63 

It will be observed that of the Sulphur com 
pounds in the finished product most of it is in 
the form of sodium sulphite, there being only 1% 
of sulphide left unconverted and only 2% and 3% 
respectively of thiosulphate , and sulphate was 
present, the amount of sodium sulphite being 
more than 80% of the sulphur compounds pres 
ent. 
From the foregoing disclosure it will be noted 

that my invention is characterized by a number 
of important and commercially advantageous 
features. It provides a process by which Sodium 
sulphide can be converted to sodium sulphite by 
pulverizing solid sodium sulphide or a source 
material containing sodium sulphide and sub 
jecting the pulverized particles to an oxidizing 
atmosphere at a temperature below that at which 
sodium sulphate would form in undue amount. 
The process may be carried out by direct oxida 
tion of Na2S to Na2SO3 without formation of 
undue amounts of sodium thiosulphate in the 
finished product or as an intermediate reaction 
product. It provides a process by which larger 
particles may be progressively reduced in size to 
eXpOSEe neW SurfaceS progreSSively to the Oxida 
tion mediunn and thu S better control Of the tem 
perature conditions with prevention of fiashing 
with itS attendant generation of exothermic heat 
Sufficient to raise the temperature of the mass 
to a point where sulphate is formed. The process 
may be carried out as a continuous one and it will 
be noted it may be carried out advantageously 
by a progressive and controlled oxidation process 
wherein the material richest in sodium sulphide is 
progressively converted to a material richer in 
sodium sulphite by passing the oxidizing air in 
countercurrent flow whereby the air becomes 
progressively poorer in oxygen and the material - 
under treatment becomes progressively richer in 
SOdium Sulphite. 
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Not only is my process adapted for S62 in CO 
verting sodium sulphide from various sources to 75 

12 
sodium sulphite but it is particularly suited to a 
cyclic process in the paper manufacturing in 
dustry where it is desired to use the sodium Sul 
phite process because the sulphur compounds in 
the spent liquor can be reconverted to Sulphite 
form for reuse over and over again. 

Moreover, a novel apparatus is provided for 
carrying out the process wherein the cooling, 
grinding and oxidation may be carried out as a 
continuous process under - controlled conditions, 
it being particularly significant to note that the 
temperature of the mass of charge can be posi 
tively and nicely controlled by the use of a pre 
determined steam pressure. This is particularly 
useful in a commercial plant because the plant 
steam boilers may conveniently, economically 
and advantageously be used in a Simple manner 
to serve as a means for controlling the tempera 
ture in the oxidation prOCESS. · 
The terms and expressions which have been 

employed herein are used as terms of description 
and not of limitation and there is no intention in 
the use of such terms and expressions of exclud 
ing any equivalent of the features shown and de 
scribed or portions thereof, but it is recognized 
that various modifications are possible within the 
scope of invention claimed. 
What I claim is: 1. A process of treating a charge containing 

sodium sulphide to convert the sodium Sulphide 
to sodium sulphite which comprises passing Said 
charge in dry state through a pulverizing cham 
ber, passing air through said chamber in contact 
with said charge, maintaining said charge dry 
and , progressively pulverizing and continuously 
agitating said charge in said chamber thereby to 
expose fresh surfaces of sodium sulphide to the 
oxidizing action of said air while controlling the 
temperature in said pulverizing chamber within 
predeterimined limits, thereafter passing the pular 
verized dry particles. of charge being treated 
through another chamber and continuously agi 
tating i said particles while passing air there 
through in intimate contact with Said dry pul 
verized charge, and maintaining the temperature 
in said other chamber at a temperature suffi 
ciently high to oxidize the sodium sulphide to 
sodium sulphite but not high enough to form 
more than small amounts i of sodium Sulphate, 
thereby to convert the sodium sulphide to Sodium 
sulphite. 

2. A process of treating a * charge containing 
sodium sulphide to convert the Sodium Sulphide 
to sodium sulphite which comprises passing Said 
charge in dry state through a pulverizing cham 
ber, passing air through said chamber in contact 
with saidi charge, progressively pulverizing said 
charge in said chamber thereby to expose fresh 
surfaces of sodium sulphide to the oxidizing 
action of said air while controlling the tempera 
ture in said pulverizing chamber within prede 
termined limits, thereafter passing the dry pul 
verized i charge being treated through another 
chamber while passing air therethrough in in 
timate contact with said dry pulverized charge, 
and controlling the temperature in said other 
chamber at as temperature sufficiently high to 
oxidize the sodium sulphide to sodium sulphite 
but not high enough to form more than Small 
amounts of sodium sulphate, thereby to convert 
the sodium sulphide to sodium sulphite, said tem 
perature control being effected by the use of 
steam the temperature of which is adjusted by 
adjustment of its presSuure. ~ , 

3. A process of treating a charge containing 
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sodium" sulphide to convert the... sodium.sulphide 
to sodium sulphite which comprises. passing. Said 

- charge in dry state through a pulverizing cham 
ber, passing air through said chamber in con 
tact with said charge, progressively • pulverizing 
said charge in said chamber thereby :to ... eXpose 
fresh , surfaces of dry sodium - sulphide - to the 
oxidizing action of said air, while controlling. the 
temperature in said pulverizing chamber within 
predetermined limits, thereafter passing the dry 
pulverized charge being treated through-, -a 
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jacketed chamber while passings air through -said . 
jacketed - chamber in intimate - contact: with º said 
.dry, pulverized charge, and maintaining. the tem 
perature in said jacketed chamber at a tem 

. perature sufficiently high to oxidize the Sodium- : 
sulphide to sodium sulphite but not high-enough 
to form more than - Small amounts of. Sodium 
sulphate, thereby to convert the -seodium. sulphide 
to s sodium , sulphite, º the temperature", in is. Said 
jacketed chamber being: effected by passingsbeam *** 
“under controlled pressure through the jacket. . 

* 4. A method of treating the sodium sulphide 
-contained in the smelt from a furnace i Wherein 
sulphur : compounds ; are converted to : Sodium 
sulphide and the smelt from the furnace-iS dis 

* charged as a molten mass ** containing Sodium 
sulphide and other i sodium compounds - includ 
ing -sodium carbonate which method comprises 
cooling the molten i smelt , discharged from the 
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30 furnace to a temperature at which it solidifies, 
thereafter pulverizing the : solidified º product in 
dry state, and subjecting :: the dry pulverized 
product to an oxidizing atmosphere while pro 
gressively exposing new "surfaces of the i dry pul 
verized product to the oxidizing, atmosphere at 

; a. temperature sufficiently high to oxidize the 
sodium sulphide : to sodium - sulphite but not 
higher than that. at which the sodium Sulphide 
"would be oxidized to ... sodium, sulphate in more 
than negligible amounts. · 

- 5. A method of treating the sodium. Sulphide 
contained in the smelt from a furnace wherein 
sulphur compounds are converted to sodium 
sulphide and the smelt from the furnace is dis 
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45 charged as.- a molten mass containing sodium . 
sulphide and other sodium compounds includ 
ing sodium carbonate: which method comprises 
cooling - the molten smelt is discharged from º the 
furnace to a point where it solidifies by contact 
ing the molten smelt with a jet, of aqueous : 
cooling medium, thereafter pulverizing the solid 
ified product in dry state in-a- pulverizing cham 
ber through which air is passed in contact with 
the product to be pulverized while progressively 
exposing new surfaces of the dry pulverized prod 
uct to the oxidizing action of the air at a tem 
perature sufficiently high to oxidize, the sodium 
sulphide to sodium sulphite but not higher than 
that. at which the sodium sulphide would be 
oxidized to sodium sulphate in more than negli 
gible amounts, thereafter passing the pulverized 
particles through an oxidizing chamber through 
which air is passed in intimate contact with 
said particles while maintaining the tempera 
ture within said oxidizing chamber at a tem 
perature suficiently high to oxidize the sodium 
sulphide but not higher than that at which the 
sodium sulphide would be oxidized to sodium 
sulphate in more than negligible amounts, there 
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sulphite - by oxidizing the sodium sulphide to 
sodium sulphite º with oxygen. from -air: which 
comprises continuously introducing the charge . 
in dry state in a grinding chamber - where: the 
charge while in 'dry state - is progressively pul 
verized - dry, passing the pulverized charge from 
the grinding chamber-through an oxidizing zone 
from which : it is: discharged, i continuously in 
troducing a current of air into said oxidizing 
zone in which the temperature - is controlled 
Within limits" to effect oxidation of the sodium 
Sulphide i º without formation of Substantial 
amounts of sodium sulphate, si said -- air current 
passing through said oxidizing chamber and pul 
Verizing chamber in intimate contact with the 
- charge and countercurrent to the passage of 
the chargerand becoming progressively poorer in 
"Oxygen content while the charge introduced into 
said grinding chamber and discharged from said 
-oxidizing chamber becomes progressively poorer 
in sodium sulphide and richer in sodium sulphite. 

7. A method of converting sodium sulphide 
contained in II a. pulverized charge of material 
containing the "sodium sulphide which comprises 
continuously passing :: the pulverized charge in 
dry state through. I a chamber and passing a 
stream of air through said chamber countercur 
rent to the passage of said charge while agitat 
ing the particles of pulverized charge inintimate 
“contact with , said moving stream of air, i the 
method being carried out as a continuous process 
wherein the pulverized charge as it passes 
through said chamber is maintained under con 
ditions: effective to convert sodium sulphide to. 

5 sodium sulphite and the stream of air becomes progressively poorer in º oxygen content and the 
- charges becomes progressively richer in sodium 

Ehite and progressively poorer in sodium sul 
phide. - " ", 

8. A method of producing sodium sulphite suit 
able for use in cookingº liquor in the digesters 
of a paper mill which comprises recovering the 
Sulphur i compounds as sodium sulphide from : 
Spent-cooking liquor: as a smelt from a reducing . 
furnace, ãdding sodium sulphate to the furnace : 
to incre?lse the content of sodium sulphide in 
the smelt drawn from the furnace, cooling the 
Smelt while maintaining it under condition to 
keep itº di?try; then pulverizing the dry smelt con 
taining the sodium sulphide and subjecting the 
dry pulverized smelt to an oxidizing atmosphere 
under i dry conditions effective to convert the 
sodium. Sulphide in the dry smelt to sodium sulphite. „ ”” ". 
- 9. A process- of converting sodium sulphide to 
Sodium Sulphite in a charge in solidified form con 
staining other Sodium compounds which comprises 
pulverizing said charge which contains said sodi 
um Sulphide by grinding the solidified charge in 
dry form, passing the i pulverized dry charge 
through a reaction zone and Simultaneously pass- , - - 
ing a current of air through said reaction zone in 

65 

intimate contact with the pulverized charge and 
in Sufiicient amount to oxidize said sodium sul phide to Sodium sulphite, agitating said pulver 
ized charge while in said reaction zone thereby 
to cause said intimate contact between said cur 
rent of air and the pulverized particles of said 

70 by to convert substantially, all of the sodium . 
sulphide contained in said smelt to Sodium 
sulphite. . 

6. A continuous process of converting the 
sodium sulphide contained in a charge to sodium 75 

charge in said reaction zone, controlling the tem 
perature in Said reaction zone at a temperature 
sufficiently high to oxidize said sodium Sulphide 
to sodium sulphite but below 250° C. thereby pro 
ducing a. pulverized product containing sodium . . 
sulphite converted from said sodium Sulphide. 

10. A process of converting sodium Sulphide to 
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sodium sulphite which comprises providing i a 
solidified charge containing sodium sulphide and 
other sodium compounds in dry form, grinding 
said solidified charge to produce pulverized dry 
particles without previous addition of water, paSS 
ing the dry pulverized charge through a reaction 
zone while simultaneously passing a current of 
air through said reaction zone in intimate contact 
with the pulverized charge and in sufficient 
amount to oxidize said sodium sulphide to sodium 
sulphite, agitating said dry puiverized charge in 
said reaction zone thereby to cause said intimate 
contact between said current of air and the pul 
verized particles of said charge in said reactio1n 
zone, controlling the temperature of the reaction 
zone within the range of 160°-C. and 250° C. there 
by producing a product containing sodium sul 
phite converted from the sodium sulphide initially 
present in the charge and containing, if any, no 
more than negligible quantities of sodium thio 
sulphate and sodium sulphate. Y 

11. A process of producing sodium sulphite from 
a dry charge containing sodium sulphide by con 
verting the sodium sulphide to sodium sulphite 
without addition of water to the charge which. 
comprises establishing a reaction zone, grinding 
the charge" in dry condition within said reaction 
zone to form dry pulverized particles containing 
the sodium sulphide, passing the pulverized par 
ticles through said reaction zone while simul 
taneously passing a current of air through said re 
action zone sufficient in amount to oxidize the 
sodium sulphide in the charge to sodium sulphite, 
controlling the temperature in Said reaction Zone 
within the range of 160° C. to 250° C. while caus- . 
ing intimate contact between said particles a1nd 
said air, thereby converting said sodium sulphide 
.to Sodium Sulphite. , 

12. A process of converting sodium sulphide to 
sodium, sulphite which comprises pulverizing a 
dry charge containing said sodium Sulphide to al 
extent that more than 30% of the pulverulent 
charge passes a 300 mesh screen and more than 
85 % passes a 200 mesh screen, passing said pull 
verulent charge through an s oxidizing chamber 
and simultaneously passing an oxidizing gas in 
intimate contact with the pulverulent charge in 
said oxidizing chamber, maintaining the tempera 
ture in said chamber above 160° C. but not sub 
stantialliy higher than 250° C. and agitating the 
particles of the charge while in e said chamber 
whereby to expose fresh surfaces of the particles 
containing the sodium sulphide to the action of 
the said oxidizing gas thereby to produce sodium. 
sulphite by direct oxidation of the sodium Sul 
phide. 

13. A process of converting sodium sulphide to 
sodium suiphite which comprises passing a dry 
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charge containing sodium sulphide in the form 
of pulverized particles through an oxidizing 
chamber, simultaneously passing a current of air 
through said chamber in intimate contact with 
said particles while maintaining the temperature 
within said chamber between 160° C. and 250° C., 
and agitating the particles in said chamber 
whereby to continuously subject them to the oxi 
dizing action of said air, the temperature in Said 
chamber being controlled by a steam heated medi 
um out of contact with said particles, the tem 
perature of the steam heated medium being con 
trolled by adjusting the pressure of the steam. 

14. A process of treating a fused charge con 
taining sodium sulphide to convert the sodium 
sulphide to sodium sulphite which comprises pul 
verizing said charge in dry state, subjecting the 
particles of the pulverized charge in an oxidizing 
chamber in dry state to a current of air while 
maintaining the temperature of the charge in said 
chamber at about 220° C. and agitating the pul 
Verized particles of the charge in Said chamber 
whereby to expose fresh surfaces of the particles 
Containing sodium sulphide to the oxidizing sac 
tion of the air thereby to produce sodium sulphite 
by direct oxidation of the sodium sulphide. 

15. A method of treating a charge consisting of 
fused, pieces containing Sodium. Suphide to cola 
vert the sodium sulphide to sodium sulphite which 
comprises passing the solidified pieces into a pul 
verizing chamber, progressively pulverizing. the 
charge containing sodium Sulphide in dry state 
in said pulverizing i chamber, passing air through 
said chamber in intinate contact with said dry 
charge while maintaining the temperature of the 
charge above 160° C. but below 250º C. thereby 
t0 OXidize the Sodium sulphide to Sodium sulphite 
without forming more than Small amounts of 
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Sodium, Stilphate, the particles of charge being 
kept dry and being continuously agitated during 
the pulverizing of the charge whereby fresh sur 
faces of Sodium sulphide are continuously exposed 
to the oxidizing - action of said air during the 
pulverizing of the charge. w X 
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