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This invention relates to a method and appa 
ratus for pr0ducing chemical reactions,and is 
particularly applicable to reactions which must 
take place while the materialsinvolved aresub 
jected to relatively high temperatures: 
An object ofthe inventionisto providean im 

proved method which may beeasilyperformed. 
Another object of the inventionisto provide 

an improved method which wilf be Consistent 
in operation - - 

Another object of the-invention is to provide 
an improved method which will produce a prod 
UCt free from uncombined materials, 
Another object of theinvention isto provide 

an improved method which wil1 be thermally 
eficient. - - 

Another object of the invention is to provide 
animproved method bywhich carbonbi-sulphide 
may be eaSily and economicallyproduced, 
Another object isto provideran improved ap 

paratus in whichthequantities of uncombined 
Constituents present in the apparatus are smail 
in relation to output. 
Another object is torprowide antimproved ap 

paratus in Which:the control of temperature, 
preSSure,and input 0f raW materiads:are stable 
and easilycontroiled. - 
Anotherobject isto provide an improved ap 

paratus Which may bgrapidly c00ied: 
Another object is to provide an improved ap 

paratus which Will provide easy access for in 
Spection,replacement,and repair. 
Another object isto proyide animproved ap 

paratus in which?the·soidifiCation of raw ma 
terials Caused by taking the equipment out of 
Serviceisof no hindrance to?the resumption of 
operation or the"internal inspection of the ap 
paratus; - - , - 

Another Object.is to prowide·an improved.ap 
paratus,in Which relatively little energy is re 
quired for heatingpurposes. 
Another object is to provide an improved ap 

paratus which will effectively separate-gaseous 
materials. - - 

Anotherobjectristo-provideran improved ap 
paratus which:wil be.simple?in construction. 
Another object is:to provide·an improved ap 

paratus which may be easily and:economicaliy 
Operated, - - - * ? 

Another object is to provide an 
paratus which?wil1?ocCupy smal-space rehative 
t0.itsoutput. 
Another object ist0sprovide:an improwed ap 

paratus which.ismore efigie?t.by-the reGlama 
tion of Waste-hea?? 

improved,ap 
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Other objects Will hereinafter appear. 
The invention will be better understood from 

the deSCription of one practical embodiment of 
the apparatus,and the method which may be 
performed by use of this apparatus,illustrated 
in theacCompanying draWing,in Which: 
Figure 1 is a central sectional view of the 

apparatUs arranged in a C0nvenient manner for 
the production of carbon bi-sulphide(CS2); 
Figüre 2 is a transverse Sectional View taken 

on the 1ine I??II of Figure 1; and - 
Figure 3 is a transverse sectional view taken 

on ine III?III of Figure 1. - 
The device consists of a lower Wap0rizing.and 

reaction Chamber portion and an Upper Sepa? 
rating portion indicated generally by A and B, 
respectively. The vaporizing and reaction cham 
ber Comprises a floor Or base of heatinsuiating 
material,Such a8 fire brick or other refractory 
Substance. Upon this base are built four walls, 
2,3,4, and 5,forming a generally rectangular 
Chamber,the Wals als0 being Comp0Sed of re 
fraCtory material,and Shown as protected by an 
outer metallic shel or Casing 6. 
Adjacent the Wall 4,and parallel theret0,is 

a bafe WaHT,terminating someWhat below the 
top of Walls2,3,4,and 5 and being provided in 
its Iower portion with an aperture 8. In this 
apertureis p0SitiOned a fan 0rpropeller 9 mount 
ed on a Shaft 1@ driven from the exterior of the 
device by any suitabledriving means,suchasan 
electric motor (not ShoWn). - - 
Extending across the Space defined by Walls 

2,3,T,and 5,is a grid composed of horizontal 
bars 11 of electric Conducting material having 
Suficiently high resistance to serve as a heating 
element, - - 

These bars are c0mposed of a material Which 
Will not introduce undeSired Constituents into 
the Chamber,and Which haS Suficiently high 
refractory characeristics to withstand the tem 
peratures maintained therein,The bars are 
electrically Connected in Series,as Shown inFig 
ure 3; and their ends project through Wal 5 for 
connection to any Suitable Source of Current. 
A material,which We have found particularly 
suitable forthis purpose when used in the pro 
duction of Carbon bi-Sulphide is Carborundum, 
which may be readily formed into a grid,asin 
dicated,and eficiently transforms electrical en 
ergyinto heat,as required in this process,while 
possessing the necessary strength to render it 
particularly Suitable for this purpose, 

Control of the heat may be Secured by any 
desired or well Known type of electrical control, 
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Beneath the grid,a conduit 12 extends hori? 

zontaly through the wall 2,havingits outer end 
connected with a jacketed tank 13,the jacket 
of Which is indicated at i4,in Which tank ma? 
terial such as the sulphur required in the pro? 
duction of CS2 may be melted and through Which 
conduit it may be conducted to a reServoir 
formed by the lower edges of walls 2,3,T,and 5 
and base 1,this reservoir being quite shallow 
and terminating beneath the pipe f2 and Ori? 
fice 8, ! 
Through the wall 2,above the grid,extends 

another conduit 5,through which solid mate 
rial,such as charcoal,may be fed to the upper 
Surface of the grid. 
Both conduits 12 and 15 may very conveniently 

be made of Carborundum which Will not be de 
1eteriousiyafected by heat within the apparatus. 
Connected to the conduit 15 is a stoker 16, 

arranged t0 remove Solid material from a hopper 
or bin 1T and to feed it into the space above the 
gridas required, 
Resting upon the top of waIs 2,3,4,and 5, 

is the separator B,consisting of an outer Cyl 
indrical shel118,upper and Iower heads 19 and 
20,respectively,and a plurality of vertical tubes 
21 sealed to the two heads. Upon the Upper 
head 19 issecured a frustro-Conical cap 22 hav? 
ingits upper end flanged,as indicated at 23,for 
connection to a conduit or the Iike for conduct 
ing away the products of the apparatUS. 

Pipes 24 connect the space within the Sepa 
rator sheII to the space within the jacket 14 
and also to any other apparatus to which it is 
desired to furnish steam,while a pipe 25 is con 
nected to a Source of Water for Supplying the 
space within the Separator. 
The operation of the device in produCing Car 

bon bisulphide is as folloWS: 
Charcoa1 is fed from the bin !T by means of 

thestoker 16 and drops fr0m tube f5 into a pile 
C,resting upon the top ofgrid bars 11. 
Sulphur is placed in the tank 13 where it is 

melted by steam in the jacket 14,So that it may 
fow from the tank through the pipe 12 to the 
reservoir in the interior of the apparatus. Its 
fow is controlled by a valve V. Initially the 
valve V is closed,the motor driving fan 9 is 
started and this Circulates the atmOSphere in the 
directions indicated by the arrows,drawing it 
downwardly and propelling it through the orifice 
8 under the grid. 
During the starting up of the apparatus,eleC 

tric Current issupplied to grid bars 11 Which thus 
are heated to initiate combustion by which the 
oxygen is consumed,and thereafter raises the 
temperature of the grid bars to somewhat above 
the lowest point at which the Carb0n and sul 
phurcan directly combine,or,in other words,the 
minimum formation temperature of Carbon bi 
sulphide(approximately 1472° F.) 
This circulation of the atmosphereis continued 

until all oxygen in the apparatus has been con 
sumed by combustion of some of the charcoal 
and COnverted into Carbon diOxide. 
oxygen has thus been conSumed,the Valve V is 
opened,permitting Sulphur to flow through the 
pipe f2 to form a pool S in the bottom of the 
reSerV0ir. - 

The currents induced in the atmosphere by 
fan 9 force thesame between the grid bars and 
through the charcoal or Carbon piled upon these 
bars repeatedly,the atmosphere becoming highly 
heated,andin blowing across the pool S,asssist 
ing the downwardly directed radiant heat in the 
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3,248,509 
grid barsinvaporizingthe molten Sulphurinthls 
p00l, 
Assoonasthisatmospherehasreachedthefor 

mation temperature of CS2,the sulphur Vap0r,in 
passing through the charc0al pile,Starts to COm 
bine with the carbon to produce CS2,and the 
resulting gaseous mixture of vaporized sulphur 
and carbon bi-sulphide enters and attempts to 
passthrough the pipes21 of the separator. 
Dueto the differences in b0iling points 0r pre? 

cipitation points of CS2 vapor and Sulphur Vapor, 
thesulphurisall precipitated when these vap0rs 
are cooled by the separator,while the CS2 vapor 
remainsingaseous condition and passes through 
these tubes,the sulphur returning to liquid 
form andrunningdown thetubes,drippingfrgm 
the bottom ends thereof to be picked up by the 
hot gasesin the reaction chamber,revaporized, 
and carried around through the charcoal pile 
until it also has combined with Carbon, 
Of course,charcoal and sulphur are Supplied 

by the stoker 16 and tank 13,reSpectively,to 
replace these materials as they are conSumed 
and thus,atall times,to maintain the necessary 
quantities of the materials. 
Thus,it will beseen that all uncombined sul 

phur vaporis circulated through the charcoal, 
again andagain,as manytimes as may be neces 
sary to cause it fully to enter into combination, 
andthateachtime,asitapproachesthe charcoal, 
it passesthrough the heated grid bars so that it 
reaches the charcoalatatemperature suitable for 
combination therewith. - 

It will be understood that;"circulating" as used 
herein implies passing the material through a 
closed path a plurality of times,as diferentiated 
from passing along an open path by which it 
wouid have an opportunity to Contact the Solid 
material only 0nce, 
Rapid combination is efected, both because 

ofthe circulation and heating of the sulphur 
Vapor and beCause of the arrangement which 
causesthis vapor to efectively penetrate through 
alitheintricacies of the pile of charcoal, 
Heat given of by the sulphur as it condenses 

in the separator,of course,is transmitted to the 
waterin thisseparator,converting the same into 
Steam,part of Which is Shown as USed for melt 
ing the sulphur being supplied,and part as be 
ing conducted away for use by other apparatus, 
SO that all the heat developed may be efectively 
utilized. ,… - 

The CS2 vapor may be conducted to any suit? 
abue condenser and cooled to condense it into 
liquid form. - 
In the operation of the furnace,a pressure 

Slightly above atmospheric is maintained in its 
interior,which may beregulated Simply by regu 
1ating the amount of liquid Sulphur supplied to 
the pool S. This prevents anyinfItration of air 
andso excludesimpuritieswhichotherwise might 
be preSent., ,- 
The conduit 15 conducts Suficient heat to the 

Charcoal paSSing therethrough to thoroughly de 
hydrate the same, driving the vapors back 
through the hopper 17,and thus precludes the 
formation of hydrogensulphideinthe apparatus. 
While the above description refers particularly 

to the formation of carbon bi-sulphide,it will be 
apparent that it might be used for the formation 
of other compounds. For instance,by supplying 
chlorine and oxygen in place of the sulphur, 
phosgene gas may be readily generated,The 
heat and circulation are capable of expediting 
this reaction,as above described,except that it 
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becomes unnecessary to vaporize a liquidmaterial. 

I Claim: 
1. The method of making carbon bi-sulphide 

which comprises vaporizing sulphur,raising Said 
Sulphur t0 a temperature ab0Ve the minimum 
formationtemperature of Carbon bi-Sulphide,Cir 
Culating Said heated Vapor in a Closed path,in 
terp0Sing Carbon in Said path,and Continuing the 
CirCulation 0f the heated vap0r to CauSethe Same 
t0 repaSS the interposed Carb0n in each Cycle 
Of its cirCulation. 

2. The method of making Carbon bi-Sulphide 
Which Comprises Vaporizing Sulphur,raising Said 
sulphur to a temperature above the minimum 
formation temperature of carb0n bi-Sulphide, 
Circulating Said heated vapor in a closed path, 
and interposing carbon in Said path,continuing 
the CirCulation of the heated Vapor Causing the 
Sameto repaSstheinterposed carbonineach Cycle 
of its circulation,removing portions of the mixed 
Sulphur vaporand carbon bi-Sulphidevapor,Cool 
ingthe mixed vapors below the precipitationtem 
perature 0f Sulphur,returning the precipitated 
sulphur to the atmosphere in the closed path, 
Vaporizing the precipitated Sulphur by heat from 
the atmosphere,and removing the un-precipi 
tated carbon bi-Sulphide vapor. 

3. The method of making carbon bi-sulphide 
Which comprises Vaporizing Sulphur to create an 
atmOSphere of sulphur vapor,Circulating Said 
Sulphur Vapor in a Closed path,interp0Sing Solid 
Carbon in Said path,c0ntinuing the Circulation of 
the heated vapor causing the Same to repass the 
interpoSed Carbon in each Cycle of its circulation, 
permitting the Carbon bi-Sulphide produced to 
CirCulate in vaporized condition With the vap0 
rized Sulphur,Supplying heat t0 maintain the 
sulphur Wapor and Carbon above the minimum 
temperature of formation of carbon bi-sulphide, 
remoWingwap0rfrom onepointinthe closed path, 
Cooling the removed vapor to a point below the 
Drecipitation temperature of sulphur,returning 
precipitated sulphur to the atmosphere circulat 
inginthe closed path,vap0rizing the precipitated 
Sulphur by heat from the atmosphere,Collecting 
the un-precipitated Carbon bi-Sulphide,and Sup 
plying additional Sulphur and carbon as these 
are COnSumed. 
4,The continuOus method of making Carbon 

bi-Sulphide which Comprises melting 
phur and then evaporating the melted sulphur 
to create an atmosphere of sulphur vapor,cir 
Culating the Sulphur vapor in a Closed path,in 
terp0sing Carbon in Said path,continuing the cir 
culation of the heated vapor Causing the Same to 
repaSS the interpoSed Carb0n in each cycle ofits 
Circulation,Supplying heat suficient to maintain 
the Sulphurvaporand Carbonabovethe minimum 
temperature of formation of carbon bi-Sulphide, 
continuouslyremoving vaporfrom onepart of the 
closed path,cooling the removed vapor to a point 
below the precipitation temperature of sulphur, 
returning the precipitated sulphur to the circu 
1ating sulphur vapor in the closed path,per 
mitting Some of the vaporized carbon bi-sulphide 
to travel with the sulphur throughout the path, 
Collecting un-precipitated carbon bi-Sulphide 
from the Vap0r removed and cooled,and continu 
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ously Supplying additional sulphur and Carbon 
as these materials are Consumed. 

5. The continuous method of producing carbon 
bi-SUlphide Which comprises CirCulating Cyclically 
in a ClOSed path an atmOSphere Comprising Sul 
phur vapor and Carbon bi-Sulphide Vapor,c0n 
tinuously introducing molten Sulphur into con 
tact with Said CirCulating atm0Sphere,vaporizing 
said molten Sulphur by contact with the atmos 
phere,Supplying heatt0 the atm0Sphere in quan 
tities capable of maintaining the temperature of 
Said circulating atm0Sphere at least as high as 
the formation temperature of Carbon bi-Sulphide, 
dehydrating Carbon,introducing the de-hydrated 
Carbon into the path of Said circulating atmos 
phere,permitting the formation of Carbon bi 
Sulphide by Contact betWeen the carbon and the 
free SulphUr Of the CirCulating atmosphere, 
SCavenging the produced Carbon bi-sulphide from 
thesurface of the carbon by means of the circu 
1ating 8tmosphere,continuously withdrawing 
Some of the atmosphere from its cyclical circu 
lating path,precipitating the free Sulphur from 
the WithdraWnatmOSphere,returning theprecipi 
tated Sulphur directly to the path of the circu 
1ating atmosphere,the amount of atmosphere 
withdrawn being Suficient to remove the carbon 
bi-Sulphide at a rate Substantially equal to its 
rate of formation,Conveyingthe heat liberated by 
the precipitation of thesulphur,and utilizingsaid 
c0nveyed heat to melt Solid Sulphur preparatory 
to its introduction into contact with the circula 
ing atm0Sphere, - 

6. The Continu0us method of producing Carbon 
bi-Sulphide which comprises circulating cyclicaly 
in a closed path an atmosphere comprising sui 
phur Vapor and carbon bi-sulphide vapor,con 
tinuouslyintroducingmolten sulphurinto contact 
With Said Circulating atm0Sphere,vaporizing Said 
molten sulphur by contact with the atmosphere, 
supplying heat to the atmosphere in quantities 
Capable of maintaining the temperature of said 
Circulating atmosphere at least as high as the 
formation temperature of carbon bi-sulphide,de 
hydrating carbon,introducing the de-hydrated 
carbon into the path of Said circulating atmos 
phere,permitting the formation of Carbon bi 
Sulphide by contact between the carbon and the 
free Sulphur of the circulating atmosphere, 
scavenging the produced carbon bi-sulphide from 
the surface of the Carbon by means of the Cir 
culating atmosphere,continuously withdrawing 
S0me of theatmosphere fromits Cyclical Circulat 
ing path,precipitating thefree sulphur from the 
withdraWnatmosphere,returningtheprecipitated 
sulphur directly to the path of the circulating 
atmosphere,theamountofatmospherewithdrawn 
being sufficient to remove the carbon bi-sulphide 
at a rate substantially equal to its rate of forma 
tion,conveying the heat liberated by the precipi 
tation of the sulphur,and utilizingsaid conveyed 
heat to melt Solid Sulphur preparatory to its in 
troduction into contact with the circulating at 
mOSphere,the melted sulphur and carbon being 
Supplied at rates Substantially equal to the Con 
Sumption of these materials,reSpectively,in the 
formatiOn of Carbon bi-Sulphide. 
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