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PREFACE 

In the investigation of this problem the major part 
of th~ time ~as spent in the construction, erection and 
adaptation of the required equipment to incineration of 
waste liquor. 

A great deal of space could be ~illed describing the 
various mechanical difficulties encountered; for example, 
consider~ble time was spent in attempting to adapt a belt 
and pulley auxiliary drive mechanism to rotate the furnace. 
This was eventually s cr'~1pped 2nri a chain and sprocket drive 
used. It is deemed advisabl·:~', however, to omit such descrip­
tive det2.ils from this treatise, as they 1.·.rould be uninterest­
ing and of lr:_inor value to future readers. 

b.t this point I v1ould like to express my appreciation to 
Dr. J.B.Phillips, the director and instigator of this research, 
and to r..:r. J. Holden for his valuable suggestions. 
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I N T R 0 D U C T I 0 N 

Many investigations have been carried out which 

conclusively show that sulphite pulp prepared by digestion 

with sodium sulphite is much superior to that obtained using 

the present calcium base process. Higher yields~ easier 

bleaching properties~ and a strength rivalling Kraft, 

especially in the case of resinous pines, are the major 
(1) 

benefits reported. 

It is evident that were such a process economically 

feasible it would be of considerable value, especially to 

pulp mills in the vicinity of large tracts of pine forests. 

Unfortunately, the economy of the process depends upon the 

efficient recovery of the relatively high-priced sodium 

salts from the spent liquors. A number of fundamental 

investigations have been attempted, but none of these have 

yet been attended with any degree of commercial success. 

It was the purpose of this investigation to study the 

recovery of sodium salts through the combustion of waste 

liquor in a gas-fired rotary furnace. Unfortunately~ a 

number of factors militated against the active prosecution 

of the problem and retarded the progress of the research 

to a degree not initially anticipated. 



LITERATURE SURVEY OF SODIUM SULPHITE RECOVERY SYSTEMS. 

The methods for the recovery of the sodium from waste 

sulphite liquor all involve first of all incineration of the 

concentrated liquor in a suitable furnace. The ash or smelt 

produced is then dissolved, refined, a~d the resulting 

solution treated with sulphur dioxide to regenerate sulphite or 

bisulphite. 

The ash from incineration consists mainly of sodium in 

the form of carbonate, sulphide, and sulphate, accompanied 

by lesser amounts of thiosulphate and sulphite. These 

substances when treated directly with sulphur dioxide react 

in the following manner: 

carbonate--------------------bisulphite or sulphite 

sulphite---------------------bisulphite 

sulphate---------------------inert 

thiosulphate-----------------inert 

sulphide---------------------thiosulphate, polythionates, 
free sulphur. 

Consideration of these reactions shows that the problem 

resolves itself naturally into three distinct divisions: 

(1} A study of those conditions which tend to give 

maximum yields of bisulphite or sulphite. 
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(2) Methods which may be used to prevent the accumula-

tion of sulphate and thiosulphate in the syste~. 

(5) The elimination of thiosulphate, polythionates and 

free sulphur, since these compounds interfere in the cooking 

process by converting sodium sulphite to sulphate before the 

pulping action is completed. In addition sodium thiosulphate 

stains the pulp. 

It has been stated that the percentage of sulphide in 

the liquor for sulphiting should not exceed 12% of the total 

soda present. This will normally give about 5% of total soda 

as thiosulphate, which is the allowable limit·that may be 

present without having any serious injurious effect on the 
Cl) (2) 

cooking. 

In the alkaline sulphate process the cooking liquor 

consists mainly of sodium hydroxide and sodium sulphide. It 

appears probable therefore that the ash from the sulphite 

process could be used in the sulphate system. An arrangement 

whereby a sulphite and a sulphate plant can be operated in 

conjunction has been devised. It is claimed that 75% of the 

sodium used as base recovered, and that the saving in bleach 

alone offsets this 25% 1&~~. However, where a sulphite plant 

is to be operated alone it is necessary to refine the products 

of the incineration. Some of the recent proposals for 



carrying this out will now be considered. 

A: .CRYSTALLIZATION PROCESSES. 

In these processes the incinerating action on the 

concentrated waste liquor is carried to the smelting stage. 

The standard stationary furnaces used in the soda and 

sulphate recovery systems are directly applicable. 

(1). Combustion and smelting in a reducing 

atmosphere to give the carbonate and sulphide; aqueous 

solution of the bot smelt and subsequent cooling to 

crystallize out the carbonate. This precipitate is then 

removed from the mother liquor by filtration and converted 

C4) ( 5) 
to the sulphite. 

(2). Combustion and smelting in an oxidizing 

atmosphere to give the carbonate a~d sulphate. The smelt 

is then dissolved and the carbonate can either be precipitated 

out directly, or the solution carbonated to precipitate the 

b1 
(b6) (t7) (8) (9) 

car ona e. 

Since methods are available for converting both the 

sulphide and the sulphate left over in these refining methods 

to usable compounds, (i.e., carbonate or sulphite) it is 

therefore evident that these crystallization processes hold 
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considerable promise. 

B: HAGLUND PROC~§g~ 

The cooking liquor used in this process is sodium 

bisulphite. 

It is stated that the ash obtained after incineration 

of the concentrated waste liquor is purged from sulphides 

and thiosulphates by a "special process". The partially 

purified ash is then dissolved in water and mixed with 

finely crushed limestone. This suspension is pumped through 

a battery of reaction chambers where it comes in contact with 

sulphur dioxide gas, through action of which calcium carbonate 

and sodium sulphate are converted into the insoluble calcium 
(11) 

sulphate and sodium bisulphite. 

• ea 

This gives a satisfactory method for converting the 

sulphate, but since it is not yet generally accepted it is 

logical to assume that the "special process" for removing the 

sulphide and thiosulphate from the ash is not economically 

sound. 

One disadvantage to the Haglund cooking process is that 

the neutral cook using sodium sulphite (full Keebra) gives a 

better pulp than the acid cooking proc~l~. 



C: 
( 12) 

CONVERSION OF SULPHIDE TO CARBONATE. 

7. 

· From Thorpe' s "Dictionary of Applied Chemistry" we :find 

that there are three possible methods for converting sulphide 

to carbonate. 

(1} Add an equivalent quantity of sodium bicarbonate 

to a solution of the sulphide. On evaporation to dryness 

yields of sodium carbonate as high as 96% are obtained. 

(2) Passing excess carbon dioxide into a solution of 

the sulphide. 

(3) Addition of alumina to the sulphide solution, and 

passing heated air through to form sodium aluminate, which 

on treatment with carbon dioxide yields the carbonate. 

Based on the first l!lethod the following steps for the 

complete conversion of the ash on an industrial scale have 

been proposed. 

(1) Spent liquor evaporated to 55% solids. Heat for 

evaporation obtaine.d from (2) (waste heat -boiler). 

(2) The concentrated liquor sprayed into a suitable 

furnace and incinerated. The quantitative composition of 

the ash will depend to a large extent on furnace conditions. 

Losses of sodium replaced either with the sulphate or the 



carbonate. If the sulphate is to be used it would be 

introduced into the furnace, if the carbonate used 

introduced at step (5). 

(3) The ash then mixed with sodium bicarbonate. The 

bicarbonate used is prepared from step (6). It should remain 

50% moisture to react most favorably with the sulphide. 

(4) The mixture heated to a temperature above 200 

degrees centigrade. The following reaction occurs: 

• 2Na H co
3 - 2 • 

The hydrogen sulphide eliminated is conducted to the 

sulphur burner in the acid plant and burned to produce 

sulphur dioxide to be used in step (7). 

{5) The above material dissolved in H 0 and insoluble 
2 

substances separated by settling or filtration. The clear 

solution consists of Na CO • 
2 3 

(6) co
2 

added to the solution to remove sufficient 

ppt'd Na H CO to be used in step ()). 
3 

(7) The carbonate solution diluted and sulphited. 

- 2 Na H so • H o .f. eo 
' 2 2 

8. 
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D: ·oTHER METHODS POR CONVERTIN·1 SODIUM SULPJ.f~~ 

Sodium sulphate may be converted to the suluhide and 

hence to the carbonate by treating with (a) coal (b) reducing 

gases, carbon monoxide or (c) water gas. A highly reducing 

atmosphere in the incinerator under favorable temperature 

conditions might therefore serve as a method for removing 

sulphate and sulphide. 

E: THE KEEBRA PROC~§~. 

In t~e recovery of black liquor from the semi-Keebra 

process (alkaline, sodium hydroxide ard sulphite) it was 

found that with smelting or high temperature incineration 

that it was impossible to keep the sulphide content low. 

Claimed that low temperature rotaries operated with scarcely 

any auxiliary fuel should be used. 

With the full Keebra process (neutral, sodium sulphite) 

it was stated that it is possible to use the residual liquors 

over and over again upon addition of a further amount of 

( }4) 
sulphite. 



RECOV:t:RY SYST11;MS UNDER PRESENT DAY ALKALINE 

PULPIIJG PROCESSES 

10. 

It is probable that any system for the recovery of sodium 

sulphite waste liquor nill be similar to that used for the 

sulphate or soda process, at least in so far as the type 

of equipment is concerned. Hence, it is of advantage to 

consider some of these systems \'Thich are in common use. 

(A) The :r .. :urray-Waern-System 

This is the most satisfactory system at present on 

the market using a rotary incinerator, operated in 

conjunction v1i th a stationary smelting ful"'nace. In 

the rotary unit the concentrated liquor is dried by 

the hot ~ses from the smelter and the combustible 

material partially burned out. In the smaller unit 

the remainder of the combustible material is burned 

out, the chemical ash fused, and then drained to the 

dissolving tank. Among the auxiliary equipment are 

included: a v;aste heat boiler;- air heater, disc 

evaporator, gear pump for fee.ding the liquor and an 

induced draft fan. 

Noteworthy features of the system are: 

(1) The patented seal bet,,;een the rotary incinerator and the. 

smelter to effectively render the system gas tight. 
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(2) The drip feed or coarse spray used to minimize entrain-

m·-~nt of liquid particles in the ge:_s stream, ':rhich r:ould be 

dehydrated and burned in suspension, resulting in loss 

of ash up the stack. 

(3) The water cooled liquor injection pipe used to prevent 

blocking of the line through premature carbonization. 

(4) The system functions under induced draft, hence its 

operation is not accompanied by leakage of obnoxious ~ases, 

is easier controlled than forced draft, and most important, 

eliminates the unexpl2in2.ble rrback draft" often found in 

rotary installations. 

(B) The Babcock-and ~:Jilcox-Tomlinson and Vin.gner 
( l6) ( 17) 

Systems. 

Both of these systems use a stationary furnace 

or smelter. These stationary furnaces are essentially 

large, verticG.l, refractor'y lined vessels, having ample 

room for the stages of dehydration, combustion and 

smelting to take place. The concentrated black 

liquor is usually injected under pressure v:i th air 

in the form of a coarse spray against the v1alls of 

the furnace. l~ir is supplied in most installations 

by means of a forced draft fan. No au..""'(iliary fuel 

is required, the heat of reaction of the organic 

combustible matter in the liquor being such that 



0 a temperBture as high as 1700 Fah. may he produced in 

the upper zone of the furnace. 



Tlill HOT~~:RY V.8r~SUS TID~ STATIONARY FURNACE FOR 

SODIUM SULPHIT-;i; RECOVERY 

The principal objection to the rotary furnace alone is 

that it is practically a certainty that expensive equipment 

such as a Cottrell Separator will be necessary to remove the 

light ash from the flue gases. The main advantage is: that 

since the operation is continuous, conditions of combustion 

may be -varied over wide limits. There is the possibility that 

optimium conditions maybe found such that the ash obtained 

will contain only small quantities of objectional materials. 

The major disadvantage to the stationary furnace at 

present ia the smelting action (i.e. high operation tempera­

ture) which gives rise to high sulphide content. Even with 

this disadvantage, however, the furnace offers possibilities 

r1hen operated in conjunction with the Crystallization Re fin-

ing Processes as formerly discussed. Again, there is 9o 
-~ 

reason vrhy a stationary furnace could not be operated carry-

ing the action only to the final combustion stages, eliminating 

smelting altogether. Considerable advantages are gained in 

that the system is mechanically simpler and easier to control 

than the rotary furnace, and can be designed and operated in 

such a manner as to practically eliminate asli loss up the 

stack. 

From this discussion it v:ould appear that the qualities 
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inherent to ~l stationary furnace appear to be superior 

to those of ~j rotary, yet, the quality of continuous and 

~idely variable operation is of such importance that 

it V1'c1rrants further study of the rotary furnace. 
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PROPOSED FL~LD TO B::~ INVEsr IGA'IED 

It was p: ... oposed to determine what variations in the constit­

uents of the nsh could be obtained by altering the condit~ons 

of incineration. 

·::e have seen that previously proposed refining methods 

all involve treat;:;ent of the ash after incineration. If 

rC:fining could be accompanied dul~ing combustion in the 

furnace it is evident that the process would be much more 

feasible, at leGst from an economic consideration. 

In vie1·; of the reo.ctions offering possibilities as 

previously discussed, it can be seen that the major f::-,c tors 

v;hich may be v~.rie d so as to produce a de sir f~ble ash are: 

(1) Addition of substances during or previous to 

incineration, e.c,. sodium bi-carbonate, calcium 

carbonate. 

(2) Temperature. 

(3} Incinerator atmosphere, i.e. reducing or oxidiz-

ing. 



SHORT DESCRIPTION OF THE ROTARY FURNACE AND AUXILIARIES. 

See Figure I. ~page 17.---~ 

The rotary A itself is of 4-inch Shelby tubing, (Stain­

less Steel) 18 inches in length. It is refractory lined to 

withstand the high temperatures and the corrosive action of 

the waste liquor and flue gases, and is well lagged on the 

outside with magnesia. 

The furnace ends E are simply 3-inch standard Tees with 

one series of threads machined out to fit snugly over the 

rotary tube. 

The gas burner B is of a construction similar to the 

standard laboratory blast burner, with the air in the inner 

tube and the coal gas flowing in the annular space. A 1-1/2 

inch cap, drilled centrally 3/4 inch and machined to a taper 

is used for a nozzle. 

The sharp-edged orifice C for measuring the flow of air 

was made from hard steel plate. The diameter of the orifice 

is o.4o6 inches, and the ratio, diameter of orifice to 

diameter of tube equals 0.252 inches, which is within the 

range of standard practice for gases. The upstream manometer 

tap is placed at a distance of 2 inches from the orifice, and 

the downstream tap at a distance o.6D (D ~diameter of pipe), 

16. 
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which is approximately at the vena contracta. The manometer 

fluid used is water; this gives a differential reading at the 

maximum rate of flow of approximately 20 cent. The orifice 

and fittings were carefully made and should give sufficient 

accuracy by applying the standard formula U ~ C vzgn where 

C ~ 0.61. The orifice could be easily calibrated from the 

gasometer D on the coal gas line. 

The thermocouple H, used to determine the temperature of 

the hot flue gases, has chromel-alumel junctions. The hot 

junction is protected from the corrosive gases and the 

atmosphere by sealing it in a quartz tube, which in turn is 

protected from fracture by a 1/4-inch nipple. The cold 

junction rests in an oil bath to minimize temperature changes 

due to fluctuating conYection currents of air. 

The pitot tube J is to be used to measure the rate of 

flow of the flue gases. It should be built of stainless 

steel tubing 1/16 or 1/?2 inches in diameter. 



THE OPERATION OF THE FURNACE. 

It is desired in the incineration to approach as closely 

as possible to conditions applicable to commercial operation, 

hence a process of continuous combustion under constant 

equilibrium conditions should be used. 

The conditions of incineration will depend to a large 

extent on the following variables, which should be carefully 

regulated and measured for each run. 

(1) fuel ratio; gas: air 

By varying this ratio both the temperature and 

incinerator atmospherecan be changed. In an industrial 

installation the use of an auxiliary fuel would be prohibited, 

since there 1~ sufficient fuel value in the concentrated waste 

liquor to support its own combustion. 

( 2 ) Speed and inc lina ti on of rota•ry. 

(3) Rate of liquor feed. 

The upper limit here is the rate of feed that will 

result in continuous operation without quenching the apparatus. 

The rate at which the liquor travels through the furnace can 

be controlled by varying either or both of (2) and (3) above. 
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THE PREPARATION OF WASTE LIQUOR. 

(1) Once the furnace is operating satisfactorily, it 

would be necessary to obtain a supply of waste sodium sulphite 

cooking liquor. Proposed to cook jack pine under conditions 

which would produce a pulp and liquor comparable to that which 
(18) 

would be obtained in the commercial sulphite process. To carry 

out this operation use should be made, ir possible, of the large 

experimental digester in the Forest Products Mill. With the 

small laboratory digester only 900 cubic centimetres of liquor 

can be obtained per run. The consistency of the weak waste 

liquor only ranges from 10 to 12% solids, and must be evaporated 

to 50% solids. Therefore with an initial 10% liquor,only get 

180 c.c. of concentrated liquor per cook. As quite large 

quantities of liquor are required to make even one test with 

the furnace, since steady conditions must be reached if the 

results are to be of any value, it is evident that this 

laboratory digester presents a very inefficient and laborious 

means of obtaining the waste liquor. 

(2) Evaporation of the liquor to 50% solids. There are 

two evaporators in the Chemical Engineering laboratory which 

could be used for this purpose, a small vacuum evaporator , 

and a larger forced circulation evaporator. The liquor is 
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very foamy, which necessitates careful control of the process. 

The progress of the evaporation can be followed by withdrawing 

samples from time to time and determining their specific 

gravity. {range 1.045 to 1.27). 

In order to test the operation of the furnace before 

going to the trouble of preparing some sodium base liquor, it 

was deemed advisable to use readily available calcium bi­

sulphite liquor. The burning characteristics of this l~quor 

will be the same as the sodium sulphite liquor. Howard Smith 

Paper Mills Limited kindly co-operated and supplied 20 gals. 

of their spent l~quor. This was evaporated down to 50% solids 

and incinerated in the gas-fired rotary furnace. 
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OPERATION DIFFICULTIES; OBSERVATIONS; SUGGESTIONS. 

Originally it was intended to use a preheating section 

and spray the liquor into the furnace. Unfortunately rapid 

carbonization occurred in the line and this bad to be 

abandoned. There is a possibility, however, that using a 

weaker feed, and a high head gear pump, this preheating 

action may be adopted. The present feed line is of 5/8 inch 

pipe and the liquor is injected without spraying. Neverthe­

less even this is unsatisfactory since the capacity of the 

furnace requires a slow rate of feed, and carbonizatlon still 

occurs in the heated section. To alleviate this condition a 

water-cooled feed line should be used. 

It was also found that the feed pump has not sufficient 

head to give a steady flow of viscous liquor under anything 

but the best possible conditions. It was very difficult to 

operate the pump at its lowest capacity, which is approximate­

ly the maximum capacity of the furnace. 

The major difficulty encountered in the operation of the 

furnace was an unexplainable back draft. This made it 

necessary to burn the liquor under a large forced draft, with 

the result that with the high gas velocities about 90% of the 

ash was carried up the stack. To accurately control the air 



supply and prevent this back draft an induced fan system 

should be installed. In addition the furnace as it stands 

is not of sufficient diameter in comparison to its length, 

hence even under normal conditions the gas velocity would 

be higher than absolutely necessary. Industrial rotary 

furnaces are built on a ratio of length to diameter of three. 

This furnace has a ratio of seven. 

During one trial run flue gas samples were taken and 

(19) 
analyzea. A high content {2%} of carbon monoxide was found, 

which shows that it is possible to operate the furnace under 

good reducing conditions. 

It is concluded that to adapt a rotary incinerator to 

the efficient combustion of waste liquor would be an expensive 

and difficult process. 
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