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tall plane as high as the top of the casing 54 
lefore introducing the gases into the casing, 
the object being to prevent an overflow into 
the pump 49 of the liquid contained in the 
casing ?. 70 

56 indicates a body of liquid in the casing 
54 for absorbing the sulfur dioxid. Any 
preferred absorbing medium may be emi 
ployed for this purpose, although for rea 
sons hereinbefore given, we recommend and is prefer an aqueous solution of calcium chlo 
rid. Since the absorbing capacity of the 
absorbing medium is greater when the tem 
perature thereof is relatively loy than when 
it is relatively high, we keep the tempera- so 
ture of the absorbing medium in the casing 
54 as near as possible to 32 F. or lower. 
The cooling of the absorbing medium may. 
be ??????????????. k without iC.Ss ing 54, and the drawing shows a coõling a 5 
paratus within the casing and separate ? 85 
ing apparatus without the ??????“???????? may be regarded as equivalents. e interior 

???? E. consists of the ????: coils 57 for the refrigerant arranged in lay-go 
ers supported by gratingsor perforated par- . 
titions 58. The inlet 59 is controlled by a 
valve 60, the outlet being indicated at 6. 
The cooling effect of the coils 57 is obtained 
by forcing a refrigerant through them. The g5 
external cooling tipparatus for the absorb 
ing medium 56 includes a coil located be 
tween a pump 63 and the } 64 which 
conducts the cooling liquid to the inlet near 
the top of the casing 54. 
One object of providing the coolers 28, 29 

and 50 is to facilitate the absorption of the 
gases by the absorbing medium 56 by reduc 
ing the temperature of the gases as nearly as 
possible to 32 F. or lower. For the sake 105 
of economy, the coil 62 may be arranged out 
of doors in cold weather, to be cooled solely 
by the out-of-door temperature, but in warm 
weatherit may be included in some commer cial refrigerating apparatus 
The gases, other than sulfur dioxid, which 

pas with the sulfur dioxid into the bottom of the casing:54, rise to the top of the casing 
? at 

being indicated respectively at 34 and 35. 
The upper chambers are divided by vertical 
partitions 36 into inlet and outlet chambers. 
The pipe 2 is connected with the inlet 
chambers by branches controlled by valves 3. In practice, it is proposed to keep one 
of the valves 37 closed when the other is 
opened, and vice versa, thus admitting the 
gases to but one of the coolers at a time. 

o The outlet chambers are provided without let pipes 3S, connected to common delivery 
ipe 39, and being provided with valves 40. 

lower compartment of each cooler is 
... surrounded by a jacket 31, and the interior 
is of the compartment 33 is connected with the 

interior of the jacket by a port 31. The 
space surrounding the tubes 33 is supplied 
with cold water or any other appropriate 

V ??????????????? for cooling the gases which 
2o come the i?? the nary service pipes without igeration 

ing preferably used. Either cooler may be 
used while the other is being cleaned. The 
cooling liquid is conducted to the coolers by 

25 pipes 41 and is conducted away from the 
waterjackets by return ??? 42. 
To remove the sublined sulfur from the 

pipes of a cooler, the valve 43 of the sup 
? pipe 41 is closed and steam or any other 

3. ting medium may be forced into the 
space surrounding the tubes 33 through sup 
ply pipes 44 provided with valves 45. When 
the tubes become sufficiently heated by the 
admission of the heating medium, the sub 

s5 lined sulfur dropping from the ???? 33 
into the chamber 35 is discharged through 
an outlet 46 having a valve 4. The pipes 
43 may be provided with steam traps 48. 
The gases, passing from one or the other 

40 of the coolers into the pipe 39, are conducted. to an absorbing apparatus containing an 
absorbing liquid or a solvent which will 
dissolve the sulfur dioxid as hereinafter ex 
plained. A pump orbkower 49 may be pro 

45 vided in the pipe 39 between the coolers and the absorbing apparatus. The gases may, if 
desired, pass directly from the coolers to 
the pump or blower 49, or they may be 

- cond through a secondarycooler, con and 
- 50 denser or absorbing apparatus 50 controlled dition through a pipe indicated at 65. To us 

The cool ? collect an #??? escapes e pure oxygen is introduced to the through ???? ?? eotner gases, a 
burner instead of air, for in that case it is ???????????????:f???????? 6 may be provided to 
necessary to condense and separate the sull-contain a separate body of absorbing liquid. 

55 far trioxid resulting from combustion, For this purpose, the end of the pipe 65 is 120 
as hereinafter explained. A by-pass 52, sealed by the absorbing liquid. The unab 
having a valve 53, is provided in case it is sorbed gases, after passing through the ab 

to conduct the gases directly to the ????: fluid in the casing. 66, maybe con 
... blower 49 without conducting them through ducted to any desired point by a pipe 67. 
\so the cooler 50. From the bloser 49 the gases. The compartments in the casing 54, een 125 
v are conducted to an absorbing apparatus the perforated partitions, 58, are connected 

which comprises a casing 54 and ????:ap- by the overflow pipes 154, 155, so that the 
pliances to be described. The pipe 55, con-absorbing medium is conducted downward 
necting the blower and the casing 54, is therethrough, and as a result the absorbent 

65 arranged to conduct the gases to a horizion- is strongest in sulfur dioxid in the bottom 130 

100 

and pass outin a chilled orre ted con 
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S5 by pressure in the tankin 
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of the compartment c and weakest in the top denser comprises a closed casing 3, having 
compartmenta, thereby allowing more com 
plete absorption through the casing. Other 
wise the solution would be of the same 

is strength in sulfur dioxid throughout, and a 
greater amount of sulfur dioxid would es 
cape from the casing. The openings in the 
perforated partitions 58 must be small 
enough to prevent the absorbent from pass 

one compartment. to the other. 
The Waste or unabsorbed gases are employed 
for the purpose of absorbing the heat of the 
gases entering the absorber, andare con 
ducted to anexchagE illustrated conven ls tionally at 103, and consisting of a casing 
which receives the cold waste gases from the 
pipe 6 and discharging them from the pipe 
67. The waste gases and the gases from the 
blower travel past each otherin their respec 
tive conduits (the casing 103 and the pipe 
67) in opposite directions. 
The absorbing fluid 56, containing in solu 

tion the sulfur dioxid gas, passes from the 
casing 54 through a pipe 68 to device in 

25. which the Sulfur dioxid gas is liberated is: tacto from the absorbing medium and 
which is termed a gas liberator. The pipe 
68, before entering the gas.liberator, passes 
to a hofizontal Ra substantially 28 feet 

? ve the top of t * 
with the solution. As the level of the solu 
tion in the absorbing tank is lowered, the 
column of solution sustained in the ? 68 

creases, and conse 
quently the supply of the solution to the lib 
erator is automatically controlled. 
The gas liberator is indicated at 69 and 

consists of a closed casing containing a plus 

so (more or less) 

arranged instaggered relation, each plate 
terminating a short distance ??? one end 
of-the casing. The absorbing liquid being 
deposited upon the upper plate 70 flows in 

As the form of a thin film or layer (approxi 
mately to of an inch in thickness) oyer 
the plates 0 successively until it reaches 
the return pipei, which conducts it back 
to the p. 63 by which it is again forced 

the ec coil 62 and back into 
the casing 54. The liberation of the sulfur 
dioxidges from the absorbing fluidis effect 
ed by subjecting the absorbing fluid and the 
gas to a vicium within the casing 69. By 

55 reason of the vacuum within the casing 69 a 
larger portion of the sulfur dioxid gas is re 
nuoved from the ing liquid, since the 
liquid in the casing 69 is reduced to thin 
films while at the same time the S 

80 boiling of the water in the absorbingine 
diami is reduced. The gas, thus liberated, is 
conducted by a pipe 72 to a gas condenser 
by which it maybe converted into a liquid 
condition before it is delivered to a receiv 

lºs ing or a storing chamber. The gas con 

- completed. 
ates 0 pl 

the pipes 4, the vertical partitions i, the 
staggered horizontal partitions 76, and the 
partitions 77, 7, the latter dividing the 
space between the plates 75 and the ends of 
the casing into two compartments 78 and 9. 
The gas introduced through the pipe 72 into 
the casing 3 passes around the exterior of 
the pipes fi and also passes back and forth 
around the ends of the partitions 76, and 
the liquefied sulfur dioxid is conducted by 
pipe 60 into a vacuum chamber 81. Any other 
type of condenser desired may be used. The 
liquid sulfur dioxid delivered into the cham 
ber 81 flows through a pipe 82 to a receiving 
or storage tank 83, from which it may be 
drawn through an outlet cock 84. A basin 
85 may be arranged below the cock 84 and 
may be proided with a filter 86 and with an 
outlet 87 adapted to deliver the liquid gas 
into portable receivers cr tanks such as that 
indicated at 88. The storage tank 83 and 
likewise the pipe 82 and the vacuum cham 
ber 81 may be surrounded by the same cool 
ing medium whica is employed in the gaus 
condenser 3 to convert the gas into a liquid 
state. For this reason, the tank 83 and the 
pipe 82 and the chamber 81 are inclosed by 
outer casings indicated respectively at 89,90 
and 9. Any appropriate cooling medium 
and apparatus may be employed for, this 
purpose, that shown by the drawing consist 
ing of a gas compressor 92 and a condenser 
93 connected in a circulating system includ 
ing said casi Passing ????????? the con 
denser, the refrigerating gas is finally con 
ducted by a pipe 95 back to the compressor 
92, and the cycle of cooling medium is thus 
The vacuum, by which the Sulfur dioxid 

gas is liberated from the absorbing fluid, 
may be produced by a vacuum pump such 
as that connected to the vacuum chamber 
81 by the pipe 96; and which is of the re 
ciprocatory type and includes two vacuum 
cylinders 97.9 placed in series and contain ing pistons 98, '98, affixed to a piston rod 
99, actuated by a third piston 100 
in a cylinder 101. It may be stated that 
cate be ??????? to provide a ??? vertical length of pipe 82 greater than the 
height to which a column of liquid gas 
would be maintained by atmosp 
sure in a vacuum tube. If desired, a device 
102 comprising a casing containing an ab 
sorbet may be inserted in the pipe 96 to 
collect whateyer sulfur dioxid gas remains 
uncondensed and would otherwise be ex 
hausted by the vacuum pump into the st 
mosphere. In case it is desired to effect the 
iberation of the sulfur dioxid gas from the 
absorbing fluid by means of heat, the vacu 
um pump would not ben 
Although the method and apparatus, now 

completely described, are intended primarily 
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for the production of liquid sulfur dioxid, 
a portion of said apparatus and method 
may, if desired, be utilized or producing 
sulfur trioxid, sulfur and fer 2 oxid in ad 

5 dition to Sulfur dioxid. In this event, pure 
oxygen instead of air is introduced to the 
burner. The oxygen uniting with the sul 
fid or sulfur produces a heat so intense that 
if iron sulfid is used, for example, it will 
break up according to these equations: 

2FeS+ 50=FeO+SO+S. 
with a formation of some SO, due to an 
uneven mixture of the oxygen; or 

2FeS+90-FeO-2SO. 
These and other reactions not specified 

???? ????????? ???????? may be e gases e coolers may 

?::: through th ler 50 passed ? ???ler o?, 
the of which is to condense out the 

25 suifur trioxid and the Sulfur dioxid then can be conducted to the various pieces of 
apparatus hereibefore described for first absorbing, then liberating, then condensing 
and finally storing the same in liquid condi 

30 tion. The by-products of this operationnay 
also be ferric oxidor ferrous oxid, sulfur and silfuric anhydrid. If the oxygen is 
sufficiently gas from the blower 
49 may go directly to the condenser 73 

35 without passing through the absorbing ap 
paratus and the gas liberator. as 
The purpose of the absorbing and liberate ing apparatus is to remove nitrogen and 
e which accompany the sulfur 

40 dioxid when air instead of pure oxygen is 
used for ?????????? combustion. This is an im 
portant phase of the invention for the fol 
lowing reasons: Where the products of com 
bustion from the burner are passed through 45 milk of lime, but a relatively small quantity 
of the sulfur dioxid gas is absorbed so that the resulting solution contains substantially 
25% of uncombined sulfur dioxid. This 
is due to the fact that the products of com 

Eo bustion comprise 
geni, carbon monoxid and carbon dioxid 
Heretofore this relatively weak solution has 
been used as the acid liquor in the di By cooling the gases and abstracting the 

0 

5 

o 

55 sulfur ????? ???? s it from the nitrogen an e iting it from the 
solvent, we are able to obtain it in com 
mercial quantities at a relatively small cost, 

to so that we are able to inject it directly into 
... the closed digesters, with all the advantages 
flowing therefrog is pointed out in our ec 
pending application. wo 
As a matter of detail, we desire to state 

65 that the temperature of the cooling medium 

ore going to the blower. 

dioxid 

ing substance, sulfur dioxid absorb 
e quantities of nitro- O scalcim ???????§ 

? 

in the preliminary coolers 28 or 29 is sub 
stantially that at which the water is drawn 
from the river or from any usual source of 
supply, and it is for this reason that the 
action of Said medium is described as cool ing. This preliminarily reduces the tem 
perature of the products of combustion at 
small expense. The temperature of the cool 

, medium in the secondary cooler 50 (when oxygen only is used to promote com 
bustion in the burner) is substantially 14 
F. more or less. The temperature of the 
solvent (calcium chlorid solution) when in 
roduced to the absoring tank is substan 

tially 32.F. more or less, and consequently 
We term the eduction of the temperature of 
the solvent, “refrigerating” it. The tem 

ture of the refri tin the condenser 
when sulfur dioxid gas is condensed in 

tractio) is -90. F. more or less. 
We claim: 
1. The herein described method of obtain 
?? d sulfur dioxid, which- consists?? e following steps, to wit-passing the 

????????????????????????????????????? Oda er gases a Solvent re 
frigerated to a temperature substantially 
32 F. and capable of absorbing sulfur 
dioxid ?????????? in tacio the sulfur thesolvent, and refrigerating gs 
the extracted sulfur dioxid gas in vacuo, to 
l???. 2. The herein describedimethod of ob 
taining sulfur dioxid, which consists in tkiš. following steps, to wit-burning a sulfur foe 
bearing material, passing the products of 
eonbustion therefrom through á circulating 
body of refrigerated solvent for the sulfur 
dioxid gas, distributing the solvent and the 
gas absorbed ??et?? in thin layers in a 
vacuum chamber, the sulfur 
dioxid gas in vacco from said thin layers, 
and refrigerating the liberated-gas in victo 

O 

80 

105. 

to liquefy it. 
3. The herein described method of obtain 

?????????? dioxid gas, which consists in the following steps, to wit-se ing from 
the products of combustion of a sulforbear 

O 

ing itin an ai 
while said solution is aco - 
proximately 32° F., and the extracting in 

??2 said gas from said refrigerated solu 
0. 

4. The herein described method of obtain 
? sulfur dioxid, which consists in ?? oying steps, to wit-circulating a O 
refrigerated solvent, absorbing in said sol 
ventin one partion of jta path sulfur dioxid - 
from the products of combustion of a sulfur- i2, bearing material, and liberating is tractio the 
absorbed gas from said solvent in another 
portion of its path. 

5. The herein described which 
consists in causing a solvent continuously 30 



O 

5 

20 

3. 

st 

i dioxid ges, maintai 

1091689 

to circulate from an absorbing chamber to 
a vacuum chamber and vice versa refrig erating said solvent, passing products of 
combustion of a sulfur bearing substance 
through the solventin-the absorbing cham 
ber to cause the absorption of the sulfur 

ing a vacuum in the 
vacuumehamber anti abstracting from the 
solvent in the last mentioned chamber the 
previously absorbed sulfur dioxid gas. 

6. The herein described method of ob 
taining sulfur dioxid gas, which consists in 
the following steps to vitburning a sul 
fur bearing substance, subjecting the prod 
ucts of conibustion to the action of a solvent 
capable of absorbing substantially only the 
sulfur dioxid gas, and.thereby separating 
it from the other gases or products of com 
bustion distributing the gas-laden solvent 
into thin layers and extracting by a vacuum 
the sulfur dioxid gas from said thin layers 
of the solvent. . 

. The method of obtaining sulfur dioxid, which consists in cooling the products of 
combustion from burning a sulfur bearing 
substance, and condensing and removing the 
sulfur vapor and those gases having a higher 
volatilizing point than sulfur dioxid gas, 
passing the remaining gas through a refrig. 
erated solvent, extracting the sulfur dioxid 
gas from said solvent in vacuo, and refrig 
erating said abstracted gas while in eacto 
to liquefy it. 

S. The herein described method, which 
consists in distributing a solvent containing 
sulfur dioxid gas into thin layers, subject 

ing said layers to a vacuum to extract the 
said gas therefronn, and refrigerating said 
gas while in vacuo to condense it to figuid 
form. 

9. The herein described method of ob 
taining sulfur dioxid, which a consists in burning a sulfur-burning material, condens 

40 

ing out of the products of combustion those 
vapors and gases having a higher vaporiz 
ing point than sulfurdioxid, ? sul 
fur dioxid from the remaining products of 
combustion by absorbing it in a refrigerated 
solvent, and abstracting said sulfur dioxid 
gas from said refrigerated solvent. 

10. The herein described method of ob 
taining sulfur dioxid, which a consists in 
burning a sulfur-burning material, condens 
ing out of the products of combustion those 
vapors and gases having a higher vaporizing 

int than sulfur dioxid, circulating a re 
????????????? body of lignin solvent through 
an absorbing ber and a vacuum cham 
ber successively, passing the remaining prod 
ucts of combustion through the refrigerated 
solvent in the absorbing chamber to cause 
the ???. of sulfur dioxid, liberating the absorbent sulfur dioxid in the vacuum 
chamber, and maintaining a vacuum-in saidi 
vacuum chamber, VM 
In testimony whereof we have affixed our 

signatures, in presence of two witnesses 
* EUGE K MOORE · 
EROBERT B. WOLF 

Witnesses: 
MAircus B.MAY, 
PETE. W. PezzETTL 
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