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METHOD AND APPARATUS FOR PROVD. 
8 NGA CONTROLLED SUPPLY OF SULPEUR 

COMBUSTION GASES 
John B. Chatelain and Gordon A. Cain, Freeport, 

Tex., assignors to Freeport Sulphur. Company, 
New York, N. Y., a corporation of Delaware 
Application June 7, 1939, serial No. 277,908 

(CI. 23-278) 6 Claims. 

This invention relates to new and improved ap 
paratuses and methods for providing a controlled 
supply of sulphur combustion gases, more par 
ticularly, sulphur dioxide in comparatively small 
quantities. 
In the burning of sulphur for the commercial 

production of sulphur dioxide, we have observed 
that the quantity and the consistency of the 
combustion gases are affected by a number of 
variables. These variables are primarily: (1) the 
physical state and temperature of the sulphur; 
(2) the depth of the sulphur in the combustion 
chamber; (3) the cross-sectional area of the 
burning surface; (4) the rate of heat radiation 
from the combustion chamber, and (5) 
amount of combustion supporting gases supplied. 
The relative importance of each of these variables 
becomes greater as the quantity of combustion 
gases required becomes less, the range within 
which they must be controlled becomes narrower, 
and the demand for consistency in them becomes 
higher. 
Many sulphur burners and methods of burning 

Sulphur have heretofore been described that will 
operate satisfactorily if the rate at which sulphur 
is to be burned is comparatively high and variable 
amounts of combustion products of high consist 
ency are not demanded. However, the operation 
of conventional burners at rates wherein sulphur 
is burned in comparatively small portions within 
narrow limits, is attended with great difficulty of 
control, requiring constant supervision to main 
tain the burning rates within such limits. Fur. 
thermore, it is generally recognized that the 
operation of various conventional types of sul 
phur burners at very low burning rates is ac 
complished by the likelihood of cessation of com 
bustion and interruption of continuous operation. 
Although sulphur dioxide gases and particu 

larly its Solutions in water have applications in 
industrial processes, its use in many of these 
processes requiring only very Small, continuous 
but variable and accurately controlled amounts of 
sulphur dioxide has been limited due to the cost 
of providing compressed, or liquid sulphur di 
oxide, or cost of supplying the necessary addi 
tional equipment to control accurately the feed 
ing thereof. The cost of such equipment and 
the supervision required to produce sulphur di 
oxide by burning sulphur at accurately controlled 
and easily varied rates has heretofore proven pro 
hibitive. The latter is peculiarly true in opera 
tions which require the use of sliphur dioxide 
under pressure. For instance, actording to past 
practices, it has often proven impractical to use 

the . 

sulphur dioxide in many flocculation, reduction, 
bleaching and acid imparting and alkalinity re 
ducing processes because of the cost of the raw 
materials and equipment necessary. - 

It is an object of the present invention to pro 
vide processes and apparatuses for supplying a 
controlled supply of sulphur combustion gases at 
rates which will make the use of said combustion 
gases commercially feasible in processes hereto 

l) fore found unprofitable. A further purpose of 
this invention is to provide a method and an 
apparatus for burning sulphur at variable rates 
to produce Sulphur dioxide of high consistency in 
easily controllable quantities. - 
More particularly the object of this invention is 

to provide a method and apparatus for burning 
sulphur continuously at relatively low rates under 
complete control to produce sulphur dioxide in 
variable amounts exactly in the quantities desired. 

In obtaining these objectives, the number of 
variable factors affecting the rate of the burning. 
of sulphur, are in accordance with the present in 
vention, reduced to a minimum such that the 
amount and consistency of the combustion gases 
produced are easily controlled by regulation of 
the remaining variable quantities. Constancy is 
obtained primarily by providing a supply of liquid 
sulphur in such relation to the combustion cham 
ber and with such connections that the Sulphur 

30 is caused to flow into the combustion chamber 
at a point below the Surface of the burning Sul 
phur without agitating this surface and in ac 
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cordance with a control system which is au 
tomatically responsive to the level of the sulphur 
iri the combustion chamber. With the arrange- . 
ment o: apparatus hereinafter described, the 
amount of Sulphur combustion gases produced 
under ordinary circumstances will vary indirect 
proportion to the amount of combustion support 
ing gases introduced into the combustion cham 

When the amount of combustion gases to 
be produced is extremely small and the refine 
ments more exacting, the quantity and the con 
sistency of the combustion gases can be further 
modified by controlling the rate of heat loss from 
the combustion chamber as will hereinafter be 
more fully described. 
The preferred construction and features of our 

invention will be made apparent by the follow 
ing detailed descriptions of several illustrative 
embodiments of the invention when considered in conjunction with the accompanying drawings. 
In the drawings, Fig. 1 is a view in vertical 

Section of a typical embodiment of the inven 
tion. 



2 
The apparatus shown in Fig. 2, in vertical 

section, illustrates a second embodiment pro 
vided with means for maintaining the tempera 
ture of the Sulphur Supply constant and in the 
molten condition. 
The apparatus shown in Fig. 3, likewise inver 

tical Section, illustrates a third embodiment 
provided with a cone-shaped combustion cham 
ber whereby the surface area of the sulphur in 
Such chamber can be altered by varying the 
depth of the sulphur therein. 

In Fig. 1, there is shown a combustion cham 
ber 0 having an inlets for the combustion 
Supporting gases provided. With a control valve 
2, an outlet 3 for the combustion gases, pro 

vided with an auxiliary ejector 4. A sulphur 
Supply source 5 is connected to a liquid sulphur 
supply container 6 through a valve 7, the 
container f6 being connected to the combustion 
chamber 10 through a conduit 8 terminating 
near the bottom of the chamber or below the 
level of the sulphur to be maintained therein 
and a conduit 9 terminating at a higher point 

0. 

5 

20 

in the chamber or at the level of the Sulphur, 
the conduit, 8 having a valve 2. The combus 
tion chamber 0 is also provided with a sealable 
hand hole 2 for gaining access to the interior 
Of the burner and a plate or baffle 25 Serving as 
a distributor and deflector for the combustion 
Supporting gases. 
In Fig. 2, wherein the same numbers are use 

to represent corresponding parts, the sulphur 
supply source i5 and the supply container 6 are 
Surrounded by a heating jacket 25 connected by 
a conduit 26 having a control damper 2, therein 
and a conduit 28 to the combustion gas outlet 
3a containing a control damper 29. The com 

25 

30 

35 

bustion chamber O may be enclosed in a jacket 
30 for steam or other heating or cooling gases. 
In Fig. 3, wherein the same numbers are used, 

the conduit 8 is connected with a conduit 9a 
having therein a screw threaded adjustable stem 
35 connected to a movable extension conduit 36 
for varying the depth of the liquid in the conical 
shaped combustion chamber Oa. A scale 3 
and pointer 38 are provided in connection with 
the stem 35 to indicate the height of the liquid 
in the combustion chamber and its Surface area. 

In starting the operation of the equipment, 
the burner or combustion chamber 9 or Oa is 
filled to a level below the end of conduit. 9 or 
36 with either solid or molten sulphur by intro 
ducing the same through the hand hole 2, or 
from the supply source 5 through the valve 7, 
the supply container 6 and the conduit 8. 
When the sulphur has reached the proper level 
in the burner 0, the supply container 6 is 
filled with molten sulphur from the supply 
source 5. The sulphur is lighted by means of 
a match introduced through the handhole 2 ?. 
A draught is created through the burner by forc 
ing air or other gaseous medium through the 
auxiliary conduit 4. When the flame has spread 
over the entire area of the Sulphur hand hole 
2 f is closed, air is supplied through the inlet , 
and the air pressure in conduit 4 is cut out of 
operation. The combustion Supporting gases 
may be supplied through inlet by an adjust 
able blower or any other suitable device. 
When combustion has reached a desirable 

stage, valve 20 is opened, valve it being kept 
closed. A part of the liquid Sulphur in the con 
taither 6 will then flow through the conduit 8 
and enter the burner at a point near its bottom, 
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as long as air or gas can enter the conduit 9 
and pass up the conduit 8 to the container 6, 
or until the level of the pool of molten sulphur 
reaches the level of the opening of the con 
duit 9. 
Automatic operation of the system is obtained 

by reason of the fact that a partial vacuum is 
created in the container 6 and, as the sulphur 
is burned in the combustion chamber 0 and 
the level of the sulphur is lowered below the 
opening of conduit 9, air enters and permits 
sulphur to flow to the burner until the level 
rises to a point which stops the ingress of air. 
The level of liquid sulphur in the burner hence 
will remain constant or not vary more than a 
very small fraction of an inch. m 
When the supply of Sulphur in the container 

6 is near exhaustion the valve 20 is closed and 
the valve 7 is opened to admit more sulphur 
from the supply hopper 5. Although no sul 
phur will be fed to the combustion chamber 0 
during the period when the valve 20 is closed, 
the container 6 can be filled so quickly that 
the level of the sulphur in the burner O is in 
sufficiently affected to produce any appreciable 
variation in the burning rate of the sulphur. 
During the filling of the container 6 with 
molten sulphur, the air therein easily escapes 
through the valve 7 and through the molten. " 
Sulphur of the Supply source 5 into the atmos 
phere above, thereby allowing a free flow of the 
molten sulphur into the container 6. When 
the container 6 has become filled with sulphur, 
valve is closed and valve 20 is opened, thereby 
again putting into operation the automatic feed 
ing and constant control mechanism. 

Since the Sulphur in the supply chamber 5 
and that in the container 6 must be melted and 
maintained in such a condition, some external 
heating means must be employed. This heat can 
be supplied by providing a steam jacket, or by 
Windings of suitable electric heating wire or by 
any other convenient means, such as by causing 
the hot combustion gases which leave the burner 
O through the outlet conduit 3d to pass through 

a jacket 25 surrounding the container 6 and the 
hopper 5 as illustrated in Fig. 2 of the drawings. 
Dampers 27 and 29 in conduit 26 and in the out 
let 3a respectively may be used to control the 
amount of combustion gases which are diverted 
and caused to pass through the jacket 25. By . 
regulating the position of the dampers 27 and 29, 
the temperature in the supply source 5 and the 
container 6 is controlled. 

In Fig. 2 the burner fo is shown surrounded 
by a jacket 30 which permits an even more finite 
control of the quality of the combustion gases 
produced, especially when small portions of sul 
phur are being burned at a slow rate, by control 
ling the rate of heat loss from the combustion 
chamber. 
The dimensions of the combustion chamber 10 

may vary within wide limits depending upon the 
rate of Sulphur burning desired and the rate of 
production of combustion gases demanded. With 
respect to the size of the container f6, it is pref. 
erable that it hold a sufficient volume of sulphur 
to permit operation of the apparatus for a whole 
day without replenishment. 

Fig. 3 illustrates a modification of the inven 
tion containing in addition to the means for con 
trol of the previously described embodiments a 
further control means enabling the operator to 
vary the surface area of the burning sulphur. 

the sulphur, continuing to flow into the burner 75 The combustion chamber Oa is an inverted cone. 
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presenting a different horizontal cross-sectional 
area at every different level, the level of the sul 
phur therein being controlled at will by the op 
erator through raising or lowering of the conduit 
36. The same results may be obtained by a pyr- 5 
anid Or any other similar figure having a vari 
able horizontal cross-sectional area. 
The apparatus of each of the embodiments 

hereinbefore described provides a constant supply 

3 
develop in the burning of sulphur and form a 
Scum or a film on the burning surface. This 
film becomes relatively constant after the com 
bustion has progressed for a short period of time, 
for in the instant apparatus, the surface is not 
disturbed by the sulphur replenishing operation, 
the Sulphur being slowly fed into the burner at a 
point below the burning surface. 
An advantage of the apparatus of the invention 

of liquid sulphur to the combustion chamber at 10 is that it can be operated under either atmos 
- pheric or Superatmospheric pressures. Since the a distance below the surface of the burning sul 

phur which does not disturb such surface. There 
fore three of the hereinbefore enumerated vari 
ables affecting the rate of burning and the con 
Sistency of sulphur combustion gases are auto 
matically controlled. That is to say, the appa 
ratus herein described makes possible a process 
Whereby sulphur is provided continuously in the 
molten state to a mass of burning sulphur which 
not only has a Constant depth in the combustion 
chamber but also has a constant area of burning 
Surface. The combustion space above the burn 
ing surface is also constant. Only two variables, 
namely the rate of heat loss from the combustion 

supporting gases, are left to be controlled. Of 
these two" remaining variables the amount of 
heat loss from the surface of the combustion 
chamber is of relatively much less importance, 
Therefore, a constant supply of combustion sup 
porting gases will provide a Constant amount of 
sulphur combustion gases of satisfactory consis 
tency. Wide variation in the amount of such 
gases produced may be had by merely varying 
the amount of combustion supporting gases sup 
plied. t . t 

In the operation of apparatus of Fig. 3, the 
most satisfactory surface area desirable for pro 
viding the amount or rate of supply of Sulphur 
combustion gases needed can be preliminarily 
determined. 
The apparatus of this invention has been found 

to supply sulphur dioxide of satisfactory consis 
tency over a range of 40% to 200% of the rated 
capacity of the sulphur burner, merely by vary 
ing the volume of the combustion supporting 
gaSeS. 
Only when it is desirable to produce very Small 

quantities of Sulphur Combustion gases within 
very narrow limits and of high consistency is it 
desirable to control the amount of heat loss from 
the combustion chamber. Such controls are 
sometimes necessary where the rate of sulphur 
burning is not more than one pound per hour. 
This loss of heat may be controlled by any suit 
able means of heat insulation or heat control. 
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It is sometimes desirable, however, to control" 
the amount of heat radiation when the burner is 
being operated at a rate greatly in excess of its 
normal capacity. In this instance it is necessary 
to increase the rate of heat loss from the com 
bustion chamber which may be done by using 
cool blasts of air, by water jackets, by sprays or 
by other known methods. 
Through a correlation of the amount of COm 

60 

65 
bustion supporting gases and the rate of heat 
loss, it is possible to produce sulphur combustion 
gases of very high consistency at any predeter 
mined rate. Small variations in the rate of 
production of sulphur combustion gases may be 
procured by maintaining the supply of combus 
tion supporting gases constant and varying the 
rate of heat loss. . 
The process and apparatus of the instant in 

vention takes into account the traces of oil which 
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Sulphur Supply container is sealed, the differ 
entiation between the pressure above the liquid 
in the Supply container and that at the surface 
Of the burning liquid is the same regardless of 
the pressure conditions existing in the combustion 
chamber. This advantageous operation would 
not be possible if the source of supply of the 
liquid Sulphur were exposed to the atmosphere. 

For instance, consider a burner operated under 
atmospheric pressure of 14.7 pounds per square 
inch with the height of the sulphur in the supply 
container 4 feet above the level of the sulphur 
in the combustion chamber. When the sulphur is 

chamber and the rate of supply of combustion 25 at this level, the vacuum holding up the column 
of sulphur is 4 x 0.8 pr 3.2 pounds per square inch 
gauge, the pressure of one foot of molten sulphur 
being figured at 0.8 pound per square inch. Actu 
ally a pressure of 14.7-32 or 11.5 exists in the 
Space above the level of the Surface. If the level 
of the Sulphur in the Supply container were to fall 
to 3 feet above the level of sulphur in the com 
bustion chamber, the vacuum holding up the 
Column of Sulphur is equal to 3 x 0.8 or 2.4 pounds 
per square inch gauge. This principle will con 
tinue to Operate until all the Sulphur is fed from 
the sulphur container. 
ASSuming the same state of facts, except that 

the operating pressure is 25 pounds per square 
inch, then the pressure above the column when 
at the four-foot level will be 25-3.2 or 21.8 pounds 
per Square inch, but the pressure above the liquid 
in the combustion chamber is 25 pounds per 
square inch, and the differential remains the 
same as heretofore. Therefore the functioning of 
the apparatus is independent of the pressure con 
ditions. Naturally the same principles would 
operate if the pressure were sub-atmospheric. 
Warious attachments may be added to increase 

the efficiency or convenience of operation of the 
apparatus of the present invention. For in 
stance, the applicants have found that just the 
right amount of sulphur dioxide needed for 
treating liquid or other materials can be ob 
tained by using a metering device which regulates 
the supply of combustion supporting gases in 
direct proportion to the volume of liquid or other 
material being treated. The metering device is 
built up on the basis of experimentation and a 
plotting of curves showing just the amount of 
combustion gases needed to supply the desired 
sulphur dioxide for the varying amounts of ma 
terials being treated. 
The simplicity, ease of control, and the in 

expensiveness of the burners and processes of 
this invention and their adaptability to the pro 
ductions of small quantities of sulphur dioxide of 
high consistency makes them useful in many 
fields where prior known processes and appara 
tuses have proven too expensive, too complex, or 
even inoperative. Such fields of use include, for 
instance, supplying sulphur dioxide to boiler 
water to form alkaline sulphites thereby reducing 
the alkalinity of the liquid in the boiler and at 
the same time providing alkaline sulphites for the 



4. 
removal of dissolved oxygen and alkaline Sul 
phates for the proper maintenance of the Sul 
phate-carbonate ratio in the boiler water. Sul 
phur dioxide produced by our process can like 
wise be utilized in treatment of municipal water 
for reducing the pH of such water to the point 
of optimum flocculation for various coagulants, 
thereby effecting more efficient removal of color 
ing and Suspended matter while employing lower 
doses of coagulants. The Sulphur dioxide can also 
be used in municipal water treatment as an anti 
chlor or as a decolorizer. The use of sulphur 
dioxide as a decolorizing and bleaching agent in 
the manufacture of Sugar and a bleaching agent 
for certain textiles is likewise made easier. The 
ready availability of sulphur dioxide produced 
in accordance with the processes of this invention 
makes its use, in many instances, preferable to 
the use of acids such as sulphuric acid, because 
its employment involves less danger and the 
product is much more easily handled. The pro 
vision of sulphur dioxide under pressure in easily 
controlled amounts makes the use of the process 
advantageous in any instance where the produc 
tion of Sulphites and/or sulphates is desired. 
The example will serve to show the general 
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principles of operation and will show the con 
stancy with which a burner will operate. 

Eacample 1 
A burner of the type described having a burn 

ing Surface of 1.1 square feet burned an average 
of 1.78 pounds of sulphur per hour for a period 
of 77 hours. During this entire period the air 
supplied the burner remained constant at 7 cubic 
feet perminute. The maximum burning rate re 
corded during this period was 1.83 pounds per 
hour with the minimum being 1.59 pounds per 
hour. The temperature of the combustion gases 
leaving the burner varied from a minimum of 
375° F. to a maximum of 390°F. The level con 
troller maintained a level that varied a maximum 
of one-sixteenth inch from the average during a 
one month period of operation. 

In another burner it was found that a varia 
tion in the supply of air from 10 cubic feet per 
minute to 40 cubic feet perminute resulted in a 
sulphur consumption varying directly with the 
supply of air and ranging between about 3.1 to 
6.15 pounds per hour. The variation in sulphur 
consumption per unit of time was as small as in 
the above example. 
From the foregoing example and illustrative 

embodiment of the invention it is readily seen 
that it is possible to vary the rate at which 
the sulphur is burned by merely varying the 
rate at which air is supplied to the burner. If 
it is desirable to regulate the rate of sulphur 
dioxide production in direct proportion to an 
other process variable, such as the volume of 
the substance being treated with sulphur dioxide, 
this can be done by providing satisfactory meter 
ing equipment which will automatically change 
the rate at which air is supplied the burner as 
the volume of the material which is receiving 
sulphur dioxide treatment varies. Such a 
method makes it possible to produce sulphur 
dioxide at a variable rate, accurately controlled 
Within narrow limits in an automatic manner, 
the only manual operation required being the 
daily filling of the molten sulphur supply cont 
tainer. 

It should be understood that the present in 
vention is not limited to the specific process, 
reactive conditions, and apparatus disclosed 
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herein but that it extends to all equivalents 
which one skilled in the art would consider 
within the general purport of the instant dis 
closure as limited only by the tenor of the Speci 
fication and the requirements of the appended 
claims. 
We claim: . 1. In an apparatus for providing a controlled 

supply of sulphur combustion gases, a combus 
tion chamber having an inlet for combustion 
supporting gases and an outlet for combustion. 
gases, a closed liquid sulphur supply container 
positioned at a higher level than that of Said 
combustion chamber, a sulphur supply conduit 
connected with said supply container and ter 
minating in the combustion chamber, a conduit. 
branching from the said supply conduit and 
terminating in said combustion chamber at a 
level above the terminal of said supply conduit, 
valve means adapted to stop passage of fluids 
in said -conduits between the suilphur supply 
container. and the combustion chamber when 
the sulphur supply container is opened to the 
atmosphere for refilling. 

2. In the production of sulphur combustion 
gases, the method of providing a constant Sup 
ply of such gases from a burning surface of a 
liquid body of sulphur in a cornbustion chamber 
which comprises, supplying liquid sulphur to the 
body of burning sulphur at the rate the sulphur 
is consumed in said chamber by maintaining a 
column of liquid sulphur contiguous with and 
at a higher level than that of the body of sul 
phur in the combustion chamber, said column 
being retained by differences in gaseous press 
sure upon the surfaces of the column and the 
body of liquid, and in response to the lowering 
of the level of the liquid sulphur in the corn 
bustion chamber due to combustion of Sulphur, 
admitting sulphur from said column to restore 
the level in said chamber by increasing the 
gaseous pressure upon the surface of the liquid 
in the column. 

3. In the production of Sulphur combustion 
gases, the method of providing a constant Sup 
ply of such gases from a burning. surface of a 
liquid body of sulphur in a combustion chamber 
which comprises, supplying liquid sulphur to the 
body of burning sulphur at the rate the sulphur 
is consumed in said chamber by maintaining 
under partial vacuum a column of liquid sulphur 
contiguous with and at a higher level than that 
of the body of the sulphur in the combustion 
chamber and in response to the lowering of the 
level of sulphur in Said combustion chamber as 
Sulphur therein is consumed, introducing gas 
into the partial vacuum in a quantity which per 
mits sufficient Sulphur to restore the surface 
level thereof in the combustion chamber. 

4. In an apparatus for providing a controlled 
Supply of sulphur combustion gases, a combus 
tion chamber having an inlet for combustion 
Supporting gases and an outlet for combustion 
gases, a closed supply container positioned for 
gravitational flow of Sulphur into said combus 
tion chamber, a liquid-sulphur supply conduit 
connected to said supply container and termi 
nating in the combustion chamber, and a second 
conduit connected to said container terminating 
in the combustion chamber at a point above 
the terminal of said supply conduit, said con 
duits having valve means for stopping the pas 
sage of fluids therethrough when the sulphur 
supply container is opened to the atmosphere 
for refilling. 



5. In an apparatus for burning sulphur and 
controlling the supply of combustion gases, a 
combustion chamber having a variable horizon 
tal cross-sectional area and having an inlet for 
air and an outlet for combustion gases, a closed 
liquid sulphur supply container positioned for 
gravitational flow of sulphur into said combus 
tion chamber, a conduit connected to said con 
tainer and terminating in said Combustion 
chamber, a second conduit connected to Said 
container and terminating at a point above the 
first mentioned conduit and having means for 
varying the level of its terminal, Said conduits 
being provided with valve means for discon 
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tion chamber having an inlet for combustion 
supporting gases and an outlet for combustion 
gases, a closed liquid sulphur Supply container 
positioned at a higher level than that of said 
combustion chamber, a conduit connected to 
said supply container and terminating in the 
combustion chamber at a point below the de 
sired surface level for burning sulphur, a second 
conduit Connected to Said supply container and . 
having its lower extremity positioned at a level 
above that of the first conduit, a supply tank po 
sitioned above said supply container connected 
therewith, said supply container and supply tank 
being Surrounded by a jacket connected with 

tinuing the flow of fluids between said supply 5 said outlet for combustion gases. 
container and said combustion chamber. 

6. In an apparatus for providing a controlled 
supply of sulphur combustion gases, a combus JOHN B. CHATELAIN. 

GORDON A CAN. 
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