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This invention relates to chemical treatment 
apparatus, and more particularly to a heat 
transfer apparatus of the muffle type adapted 
for chemically treating various materials. 
There are numerous chemical proceSSes re 

quiring an indirect heat, treatment while a, 
chemical or physical process is taking place. 
This may involve the simple procedure of dry 
ing or desiccating a given material, or it may 
be desired to cause the reaction of two chemical 
compounds in a controlled atmosphere while 
being heated indirectly and maintained under 
a desired temperature condition. For example, 
it may be desired to make a deliqueScent Salt 
by a process in Which the retention of Water 
in the Zone of reaction would interfere with 
the process. Zinc chloride is such a deliquescent 
Salt, and a problem is found in its manufacture 
by the interaction of hydrochloric acid gas and 

OWing to the fact that the zinc 
chloride tends to dissolve in the chemical Water 
produced by the reaction and to form a syrupy 
maSS Which prevents proper contact of the gas 
eous reagents with the zinc oxide as well as the 
egreSS of the chemical Water formed in the ma 
terial. As a further example, many zinc sul 
fide Ores contain iron pyrite. One procedure 
for chloridizing such an ore involves a roasting 
Operation to form iron and zinc oxides and the 
treatment of these oxides with hydrochloric acid 
gas to form ferric and zinc chlorides. Ferrie 
chloride in the presence of oxygen decomposes 
at a temperature above the boiling point of 
Water With the formation of chlorine and ferric 
Oxide. On the other hand, if there is a high 
Zinc content, the chemical water of reaction 
dissolves the deliquescent zinc chloride and 
forms a Syrupy mass, if the temperature is 
maintained below the boiling point of water. 
It is, therefore, desirable to chloridize this mix 
ture of materials at a temperature at which the 
chemical water Will be vaporized and removed 
from the ZOne of reaction and yet to maintain 
non-Oxidizing conditions and to control the 
temperature of the reaction so that the ferric 
chloride Will not be decomposed. Many other 
processes likewise require a regulation and vari 
ation of atmospheric conditions and tempera 
ture at different stages. 

It is accordingly one object of this invention 
to provide a chemical treatment apparatus in 
which heat may be applied indirectly to the 
ZOne of reaction and the temperature and at 
mosphere may be varied at various points as 

(C. 23-262) 
required, independently of the conditions pres 
ent in other portions of the apparatus. 
A further object of the invention is to pro 

Wide ain apparatus which is so constructed and 
arranged that deliquescent materials may be 
made under Substantially dry conditions, de 
composable materials may be held under con 
trolled at InoSpheric and temperature conditions 
to prevent their decomposition while, desired 
chemical reactions are being accomplished, or 
Various other types of chemical and heat-ex 
changing processes may be carried on simply, 
economically and efficiently. 

it is a still further object of this invention 

60 . 

65 

to provide a chemical treatment and heat-ex- 70 
change apparatus which is made up of dupli 
cate, interchangeable muffles, which in turn 
connprise a Set of different standard units of 
Such shape and design that any number of 
these units may be arranged alternately to 75 
form a Series of intercommunicating reaction 
muffles of any desired number, for carrying on 
a reaction or a series of reactions which re 
quire considerable time and controlled tempera 
ture and atmospheric conditions. 
Other objects, including the provisions of 

Special details and features of use in connection 
With the muffle units, will be apparent in the 
following disclosure. - 

in Order that this invention may be fully 
understood, its specific application to the treat 
ment of an ore material containing zinc and 
iron oxides which is to be chloridized will be 
hereinafter fully set forth. 

Referring to the drawings, which illustrate 
Various embodiments of this invention: 

Fig. 1 is a schematic view of an apparatus 
adapted for chloridizing an ore, which is made 
of Superimposed units connected with various 
gas passages, the parts being shown as a ver 
tical Section, but in which certain ports and gas 
Sages have been brought into the same plane 
for the sake of clarity of illustration; 

Fig. 2 is an isometric view partly broken away 
of the annular muffle unit which surrounds the 
reaction or muffle chamber; 

Fig. 3 is an isometric view, partly broken away, 
foin the top and bottom of a reaction chain 
ber; v 

iig. 4. ShoWS a cover plate for closing one of 
the passages in the unit of Fig. 3; 

Fig. 5 shows in perspective the two parts of 
a collar arranged to surround the driving shaft 
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2 
and prevent material from passing through the 
Shaft opening; 

Fig. 6 is a vertical elevation, partly broken 
a Way, of the units of Figs. 2 and 3 in assembled 
relationship; 

Fig. 7 is a horizontal section on the line 7 
of Fig. 6, Sinowing the revoluble rakes and bear 
ing shaft Surrounded by the muffle Walls of the 
unit of Fig. 2; 

Fig. 8 is a top plane view of the hearth unit 
ShOWn in Fig. 3; 

Figs. 9 and 10 are details, showing a closure 
and sight glass fo; one of the openings in the 
Outer Wall of the annular unit shown in Fig. 2; 

Fig. 41 is a vertical elevation, partly in Sec 
tion and broken away, showing tWO connected 
units of the driving shaft and the Stirring arms; 

Fig. 12 is a Section on the line 12-12 of Fig. 
1; - 

Fig. 13 is a Section on the line i3-i3 of Fig. 
12, Figs. 12 and 13 ShoWing the mannes of faS 
tening one of the stirrers to the driving arm; 

Fig. 14 is a schematic view in Section, partly 
broken away, of a modification of Fig. 1 show 
ing how fluid may be introduced to control the 
temperature of various mulfille unitS; 

Fig. 15 is a view taken in cross-section along 
the line 15-15 of FigS. 16 and 17, ShoWing a 
modified construction of mile and hearth 
chambel's utilizing steam or gaS under pressure 
to control the temperature therein; 

Fig. 16 is a top plan view, partly broken away, 
of the annular muffle unit Cf Fig. 5; and 

Fig. 17 is a similar view of the hearth unit. 
In accordance with my invention, the chemical 

treatment and heat-eXchange apparatus is pref 
erably made up of Separate and preferably du 
plicate muffles adapted to be assembled in a 
series relationship, whereby material may be 
treated as it is moved therethrough by a Suit 
able device arranged for the purpose. he ap 
paratus is preferably made up of two units, 
each having walls adapted to be Suitably heated 
and preferably independently of other muffles, 
whereby the temperature may be suitably reg 
ulated. In the preferred form, one muffle is a 
hollow annular casing having tWO concentric 
Walls between which a heat exchange mediu.ini 
may be enclosed, the inner Wall forming the 
outer boundary of a central reaction chamber 
heated or cooled by the fiuid on the other side 
of the wall. The other preferred unit is a hol 
low hearth adapted to form the bottom and 
the top of the heat treatment chaimber and to 

5 Supply heat thereto. 
These muffle units are so constructed that they 

may be adapted for many purposes. Conse 
quently, each is provided With various openingS 
or passages which have renovable or adjustable 
closures so arranged that by suitably adjusting 
the various parts of the apparatus, a material 
may be caused to flow in desired paths and its 
treatment imay be Suitably regulated. ASSemi 
bled in the chemical treatment chambers is an 
agitating apparatus, Such as a Series of rake 
arms which is preferably driven from a central 
Supporting shaft, these serving also to transfer 
the material from One ?nuffle to the next. The 
passages through the various units are prefer 
ably so arranged that the materials may be 
passed back and forth across the hearths in the 
successive stages of the Operation. Suitable in 
let and outlet openings and adjustable closures 
therefor are provided for Supplying gaseous, liq 
uid or solid chemicals or other selected mate 

1977,288 
rials to the muffle chambers at any desired point 
in the apparatus. Likewise, passages are pro 
vided for conducting hot or cold air or other 
gas or liquid to and from the Surrounding heat 
transfer spaces Within the hollow Walled inufile 
unitS. 
Many modifications in the set-up and arrange 

ment of the units may be made Within the Scope 
of the invention, depending upon the Se to 
which the apparatus is to be put. For example, 
the apparatus may be employed for the chloridi 
zation of an oxidized ore material, as described 
herein or in my copending application Serial No. 
593,931 filed on even date herewith. The as 
sembled chloridizing apparatus, as shown dia 
grammatically in Fig. 1, comprises Similar 
muffles made up by alternately piling up tile tWO 
muffle units shown in Figs. 2 and 3. The an 
nular muffle unit 10 of Fig. 2 encloses the cheini 
cal treatment or muffle space 11. The hearth 
unit 12 of Fig. 3 forms the top and bottom Walls 
of the chemical treatment chamber. These two 
units may be duplicated throughout the eihtiie 
extent of the apparatus, thus Inaking it neces 
sary to provide only two major castings to form 
a series of reaction chambers of any desired 
number. - 

Passing through central openings in these 
units is the driving shaft 15 made up also of a 
series of assembled units 15 (Fig. 11) carrying 

in turn Support the rakes 17 removably mounted 
thereon. This shaft is Supported and driven. 
in any suitable Way. As shown, the top of the 
shaft is provided with an enlarged flange 18 
supported on ball bearings 19 mounted on the 
cover 20 placed over the top reaction chamber, 
which if desired may be made the same as one 
of the hearth units 12. At the lower end, the 
shaft is driven by means of gearing 21 from 
any suitable source of power, as is Well under 
stood, whereby the rakes may be revolved at a. 
desired Speed. 
The annular muffle unit, shown in Fig. 2, Com 

prises a built-up structure or preferably a single 
casting of iron or other metal having an inner 
cylindrical wall 25 and an outer cylindrical Wall 
26 connected by plane top and bottom walls Or 
plates 27 and 28. The disk-shaped hearth unit 
12, shown in Fig. 3, likewise has inner and outer 
cylindrical walls 30 and 31 connected by the 
top and bottom plates 32 and 33. The top and 
bottom walls of these two units are made flat 
and so shaped that the parts may be readily 
assembled, one on another. 

gas-proof or liquid-proof joints, the nature of 
the material depending on the use to Which the 
apparatuS is to be put. 

if desired, Suitable 
packing may be placed therebetween, such as a 
sheet of asbestos, resinoid or rubber, to provide 

It will be appreciated 
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that the inner wall 30 provides a Space for the 
driving shaft 13 as well as for material to pass 
downwardly from one chemical treatment cham 
ber to another, and for reagent gases or other. 
fluids to pass therethrough. Figs. 2 and 3 have 
been simplified for the sake of clarity of illus 
tration, but in actual practice the tops and bot 
toms 27 and 28 of the annular unit and 32 and 
33 of the hearth unit project outwardly beyond 
the outer cylindrical Walls to form fia?inges 35, 
as shown clearly in Fig. 6, in order that the 
parts may be Suitably fastened together by 
means of bolts 36 passing through holes 37 
(Fig. 8) in these projecting flanges. 
As indicated in Fig. 1, the rakes 17 on the 
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arms 16 in adjacent chambers are arranged to 
move the material in opposite directions. Any 
suitable rake construction may be employed, but 
(see Figs. 7, 11, 12 and 13) they preferably Com 
prise fiat plates, 40 having enlarged heads 41 
separately mounted on the arms 16 at a suitable 
angle to their direction of travel So that as they 
revolve they will push the material one Way Or 
the other, as desired. In order to permit remov 
ability and ready replacements of these rakes, 
each of the enlarged heads 41 has a Square 
opening therethrough adapted to slidably fit 
upon the bar 16 which is square in cross-section, 
with its corne's arranged in vertical and hori 
Zontal planes. This bar 16 has its inner end 
42 reduced in cross-section and screw threaded 
so that it may be adjustably threaded into open 
ings in the shaft unit 15. Each of the Separate 
rake units may be assembled in position by being 
siid along the bar from the outer end toward 
the inner, either before or after the arms have 
been assembled in the apparatus. In order to 
hold all of the takes in a fixed position, a Wedge 
shaped key 44 is removably positioned in a 
tapered opening 45 formed in the end of each 
of the arms 16. It is also to be noted that the 
screw threads on the end 42 of the arm 16 are 
made right, or left handed, depending on the 
direction of rotation of the shaft, so that the 
torque in posed upon the shaft by the revolving 
rakes 40 tends to tightein the threaded connec 
tion of the aim on the shaft, Shins 47 may be 
pia,2ed between the inner shoulders of the arms 
i3 and the shaft, which are of desired thick 
ness to insure that when the arms 16 are tightly 
held in position, the rakes 40 will hang Werti 
cally therefrom. 

Each of the separate shaft units 15 has a 
top flange 5 and a bottom flange 51 so shaped 
gid si'anged that the units may be assembled 
and secured together by bolts passing through 
suitable openings in these flanges. The upper 
and lowe: ends of these Shaft units are pro 
vided with projections 52 and recesses 53 
adapted to interfit, as illustrated clearly in Fig. 
11, in order that, the shaft parts may be quickly 
asserabled and held together rigidly. These 
units may be of desired length and extend 
through one, two or more of the chambers. By 
having short units, as shown, which correspond 
in length with a multiple of the thickness of 
a health a 2d an annular unit, it is feasible to 
bluid up the apparatus by one or more reaction 
chambers at a time, or to add more at any time 
Without removing the aSSembled shaft units. 
The shaft is preferably made hollow for con 
venience in manufacture and to avoid having 
excessive weight, in the apparatus. Air, Water 
of other coolant or heated fluid may be con 
ducted into an opening 54 in the top end of the 
shaft and out through the exit 55 at the bot 
ton (see Fig. 1) and be caused to flow there 
through to cool or to heat the shaft. he cool 
ant may fow if desired into the arms by mak 
ing the aims hollow aid suitably, connecting 
the various paSSages. if desired, fluid material 
may be introduced to the reaction chambers 
through these arms, by providing openings 
theirein. 

in Grder that the material may be raked 
out.W3i'dly agross the hearthS and discharged 
Yaar the peripheral Wall 25 of the chamber, the 
tiree passages 
Sait ... iii. 13se passages are formed by Walls 61. 
extending fi’onn openings in the top plate 32 

60 are provided through the 

to openings in the bottom plate, thus preventing 
intermingling of the material and the gases 
within the muffle chambers. Cover plates 64, 
shown in Fig. 4, are adapted to be fitted upon 
the ledges 65 formed at the upper portion of 
the walls 61. These Walls are so shaped as 
to close the openings when fitted in place and 
to lie With their top faces flush with the top 
Surface of the plate 32. Thus, by closing each 
of these openings, material may be prevented 
from passing therethrough and may paSS Only, 
through the central paSSage 66 formed by the 
Wail 30. The passage 66 may likeWise be closed 
at its upper end by the two half collars 68, 
shown in Fig. 5, which are provided with flanges 
69 adapted to fit upon a countersunk shoulder 70. 
formed at the upper portion of the Wall 30. 
The parts are so arranged that when the half 
collars are put in position, they form a fence, 
as it Were, around the drive shaft units 15 which 
are Sufficiently high, as coin pared with a depth 
of material ordinarily placed in the chemical 
treatment chamber, to prevent the material 
from eScaping through the central opening. 
top face of each of the fianges 69 is arranged 
to lie flush with the top of the cover plate 32. 
In Fig. 1, as Will be observed, every other hearth 
unit is provided With a central closure and the 
alternate muffle units have the cover plates 64 
in position, So that the material will be caused 
to pass back and forth as it is stirred by the 
revolving arms. 
The material to be treated may be introduced 

through the top cover 20 by means of a suitable 
pipe 75 Which is shown as provided with a rotary 
feeder 76 and a hopper 77, the feeder being 
adapted, as is well understood, to prevent the exit 
of gases from the apparatus as the raw ma 
terial is being fed therethrough. A similar con 
struction is applied to the bottom plate 78 of 
the assembled apparatus, an opening there 
through communicating with a pipe 9 likewise 
provided. With a rotary feeder 83. It Wils 
understood that various types of feeding appa 
ratus ?ay be employed. 

In order to heat the chemical treatment cham 
ber indirectly by the transfer of heat through 
the walls 25, 32 and 33, either or both of the 
two mufile units have suitable openings or pas 
sages adapted to communicate with outside heat 
ing apparatus adapted for the introduction of a 
heating or cooling medium thereto. For ex 
ample, a gas or oil fame may be introduced :- 
directly into these naufile chanbers for combus. 
tion of a Suitable heating medium therein or 
electric heating units may be employed if de 
sired. in the form 
gaseous products of combusticn of an oil fired 
furnace are conducted into the annular unit 
ShoWin in Fig. 2. For this and other purposes, 
these units are provided With a Series of open 
ings or passages. One opening 86 is formed 
in the outer wall 26 and communicates with a 
short length of pipe 8 which is adapted to 

140 be interfitted with suitable piping 88 illustrated 
diagrammatically in Fig. 1. The pipe 88 may 
lead from a oil or gas fired furnace 90 or from 
the furnace stack 91 which opens to the outside 
atmosphere. As illustrated in Fig. , any of 
the openings 86 in the annular muffles may be 
closed with a suitable plate 92 while other open 
ings are connected With the furnace chamber 90 
or the stack 91, as desired. An exhaust fan 94. 
may be connected to any of the muffle units or 
indirectly thereto by opening from the upper 
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4. 
portion of the stack, as shown, suitable piping 
and danpers being provided to control the exit 
of the gases through the fan. One or more 
dampers or valves 96 may be placed in the Stack 
to direct, the gases, as required, into or fron 
the apparatus units. Similarly, each one of the 
pipes 88 may be provided with a slide damper 
or a rotary valve 97 in order to control the 
admission and exit of gases to and from the 
muffle chamberS. 
The annular muffle uinit; 10 is provided With 

an opening i00 (iFigs. 2, 6, 7, 9 and 10) adapted 
for the introduction of imaterial into the Cheini 
cal treatment chamber or for inspection of the 
material or for control or manipulation of the 
proceSS as :nay be required. This opening is 
formed by the side Walls i{}i aid the top - and 
bottom Walls 27 and 28 which are Suitably shaped 
in the casting for the purpose. It Will be ob 
served that in Fig. 2 the lower Wall of the open 
ing 100 is thicker than the bottom plate 28 
but is provided With a cut-out portion 103 
which is airanged to permit removal of the 
rakes froin the aris. AS ShoWa, in FigS. 9 and 
10, this opening 100 is adapted to be closed by 
means of an outer cover plate 104 Suitably ias 
tened in place, as by means of screws. Each 
of these cover piates is preferably provided with 
a sight glass G5 held in place by a removable 
ring or coliai' iO6, Whereoy the chernical opera 
tion inay ea observed without permitting any 
of the gases to escape from the chamber. 
A further feature of the invention, which aids 

One to See What is going on in the cheinical 
treatment chamber, comprises meains for light 
ing the interior of this chamber. To this end, 
as shown in 2 and 7, the casting is pro 
vided with a passage 110 of rectangular cross 
Section formed by the was 111 . Which paSS 

Figs. 

through the annular muffle unit and communi 
cate solely with the interior of the chemical 
treatment chainbei'. The pipe 111 has an out 
er flange 112 upon which is adapted to be 
mounted a cup-shaped cap i13. This cap, as 
shown in Fig. 7, has a central opening there 
through, Within Which an electric light bulb 114 
may be nounted on a pipe 115 suitably fastened 
in position, his buib is suitably covered with 
a glass globe 16 Suitably clamped in position 
between the cap and the pipe 111. ihis globe 
serves to ward off the heat from the bulio and 
to insure that 20 gases inay contact with the 
metal work of the electrical fixtures. The light 
opening iiO is positioned opposite the sight 
Opening 100 SO that the material innay be readily 
in Spected through Window 105 as it is being 
treated. 
A fourth opening 11" is preferably provided 

in each annular unit 10, so that gases or liquids 
may be admitted to or delivered from the chem 
ical treatment chamber. This opening 117 is 
formed by walls il8 (Figs. 2 and 7) passing 
from the cylindrical wall 25 to the outer cylin 
drical Wall 26 and preventing the intermingling 
of gases Within and outside of the muffle. A 
CCver plate 119 is provided for closing the scuter 
end of this passage, if it is not intended to be 
used. AS indicated diagrammatically in Fig. 1, 
the passage 117 in the top unit is adapted to 
be connected through a pipe 120 with an exhaust 
fan 121, which Serves to draw the gases through 
and out of the reaction chambers. Any of the 
lunitS may be provided With pipe connections for 
the introduction and removal of gases to and 
from the reaction chambers. 

aS in Fig. 1. 
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In order to permit inter-communication be-, 

tween the two muffle units, the hearth unit 12 
is provided with openings 123 through the top 
Wall 32, as shown in Fig. 3. Likewise, the an 
nular unit 10 of Fig. 2 is provided with an open 
ing 124 in the bottom wall 28, these openings 
123 and 124 being so located that when the 
units are piled properly one on top of the other, 
the openings will communicate. It will be ob 
Served that the openings 124 are located on 
Opposite Sides of the walls 101 forming the pas 
Sage 100, but this passage 100 may be Smaller 
in CrOSS-Section. So as to permit the gases to 
flow around the annular chamber past the same. 
Likewise, the top wall 27 of the annular unit 10 
(Fig. 2) is provided with an opening 125 which 
Communicates With the muffle space on each 
Side of the paSSage 110. This opening 125 lies 
beneath a similar opening 126 in the bottom 
Wall 33 of the hearth unit 12. 

It will now be seen that when gas is admitted 
to the annular chamber through the lowermost 
pipe 99, as shown in Fig. 1, the gas will pass 
through this annular chamber until it comes to 
the opening 125. The walls forming the passage 
110 do not close off the entire space in the an 
nular chamber so that heating gases may pass 
readily by the walls 111 into the far side of the 
annular chamber and so transmit heat to the 
Whole interior thereof. The heated gases pass 
upwardly through the openings 125 and 126 into 
the hearth chamber 12 and travel around 
through the Space therein to the openings 123 in 
the top wall at the opposite side thereof and 
then into the openings 124 in the bottom wall 28 
of the annular unit above. Thus, the heating 
gases Will paSS back and forth through the en 
tire interior of each of these heating units and 
So heat the top and bottom walls of the hearth 
units and the inner annular wall 25 of the an 
nular units and thereby heat the chemical treat 
ment chamber. - 

Referring now to Fig. 14 of the dra Wings, it 
Will be seen that a cooling fluid may be em 
ployed for the purpose of cooling a part or all 
of this apparatus. As there shown, the Sepa 
rate units 10 and 12 may be piled up in a series 
and the shaft and rake arms assembled the same 

The lower muffle units may be 
heated by gases passing from the furnace pipe 
91 through the lowermost transverse inlet pipe 
88 to the muffle unit 10. This heating gaS paSSes 
back and forth through the various hearths and 
annular units until it reaches the outlet pipe 132 
and returns to the stack 91. The damper 133 
in the Stack is utilized to control the paSSage of 
gases to the particular units. Located im 
mediately above the uppermost of these pair 
ticular units is the spacer unit 135. This unit 
Serves to prevent the passage of heating or cool 
ing materials above or below that particular 
point in the apparatus. This Spacer may be 
made up of the annular walls 136 and 137 con 
nected With the top and bottom plates 138 and 
139. The top plate 138 may, if desired, be made 
Separate from the other portions for conven 
ience in manufacture and a SSeinbly. Likewise, 
a Second Space unit 140 made like the other is 
placed higher up in the assembled apparatus. 
These two units thus serve to separate the inter 
mediate Sections from the top and bottom muffle 
portions of the apparatus. 

It is therefore possible, by means of this con 
Struction, to introduce a fluid of different tem 
perature from that in the other portions of the 
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1,977,288 
apparatus and to give a spécial treatment to the 
materials being treated in these intermediate 
reaction chambers. As illustrated, Water may 
be introduced through the inlet pipe 142 in the 
lowermost of the hearth units and exhausted 
from the Cutlet pipe 143 in the uppermost one 
of these units. "hus, this particular portion of 
the apparatus may be kept at the temperature 
of the cooling or the heater water applied there 
to. Suitable packing or cement will be applied 
between the different parts to prevent leakage in 
the apparatus. It will also be noted that sepal. 
rate Spacer elementS 145 are employed to length 
en the Shaft 13 Sufficiently So that the standard 
Size of units may be employed in the device. 
The adaptability of this apparatus for control 

of the temperatures Will be further appreciated by 
noting that the units above the water cooled poir 
tion may be again heated by gases issuing from 
the Stack 91, these passing through the inlet 
pipe 147 and the outlet pipe 148 located at any 
Suitable position above. A damper 149 in the 
Stack Serves to control the passage of gases 
through the upper unit. For introducing re 
agent gases or liquids into the reaction chamber, 
the conduit i50 inay be provided and arranged 
to communicate through the cross pipes 151 and 
152 With the interiors of the reaction chambers, 
The gaseous reagent material may be exhausted 
thirough the pipe i54 at the top of the apparatus. 

it inay be desirable in certain cases to have 
the lower units, or any of the series heated to a 
high degree. In Such a case, the muffle units 
may be made of Special metal, such as a nickel 
Cilrome alloy, or the parts may be lined with 
firebrick or a suitable refractory material, such 
as a brick made of bonded crystalline alumina, 
Silicon carbide, zirconia, magnesia and so forth. 
In Such a case, the units may be made larger in 
ClOSS-Section and height, if desired, and the cast 
ingS Will be Suitably designed for the purpose. 

Referring to FigS. 15, 16 and 17, it has there 
been shown how the annular unit may be so con 
Structed as to provide for heating the same hy 
Water, stealii) or gases under normal or high 
preSSures. In this case, one or all of the annular 
unitS 10 is replaced by a unit 160 comprising a 
Single cylindrical Wall within which is embedded 
the tube 62 of Suitable shape, material and con 
Struction for the purpose of conducting the heat 
ing or cooling fluid. Within the Wall of the cast 
ingS. Likewise, the hearth unit 165 is a metal 
Casting having the metal tube 166 likewise im 
bedded therein. These tubes may be arranged 
in any Suitable in anner out, as illustrated in Fig. 
17, the annular unit 165 inas the tube 166 passing 
as a helix Within its Walls and connected at the 
Outer ends, as ShoWn in Fig. 15, to the unit inlet 
pipe 168 and exhaust pipe 169, Suitable valves, 
puinpS and control devices being employed to 
regulate the flow of the heating medium. This 
type of unit may be made by Suitable methods 
lunderstood in the industry, and the castings and 
tubes may be made of desired material, depend 
ing upon the nature of the ingredients to be 
treated therein and the type of heating fluid, as 
Well as the pieSSure employed. Each of these 
units may be provided with the openings and 
ciosures as above described for the introduction 
of naterials to the reaction chambers and for 
inspection thereof. 
The various forms of apparatus herein de 

scribed are adapted for many uses, since it is 
possible to heat or to cool the assembled units 
at any, point. The apparatus, as Set up and 

illustrated in Fig. 1, is for the purpose of chlo 
ridizing a roasted ore containing zinc and ferric 
Oxides as Well as residual zinc sulfide and other 
difficulty chloridized materials. This is accom 
plished by means of hydrochloric acid gas and 
chlorine gas. For this purpose, the pipe 170 is 
provided in One of the intermediate Sections for 
the introduction of hydrochloric acid into the 
Cheinical treatment chamber, and this hydro 
Chloric acid Will pass in counterflow relation to 
the ore material descending through the appa 
ratus until it escapes through the exit pipe 120 
proVided at the top of the apparatus. Likewise, 
a pipe 17i is provided to connect two of the 
CperingS ll in the annular units for by-passing 
chlorine O' any other gas which may be devel 
Oped in the lower part of the apparatus around 
tle ipoint where the hydrochloric acid is intro 
duced, thus not permitting them to mix. The 
exhaustian 121 creates a Sub-pressure within the 
apparatus and causes the gases to flow as desired 
through the pipe 170, and any hydrochioric acid 
gas dra Win doWinWardly into this pipe will issue 
again into the reaction zones above and so per 
form useful Work. 
The partly roasted and pulverized material 

is introduced through the hopper 77 into the 
upper chamber and by rotating the rake arms, 
this material is caused to travel back and forth 
through the chemical treatment chambers until 
it reaches the exit pipe 79. In this particular 
process, it is desired to maintain the temperature 
above the boiling point of water throughout the 
Whole apparatus and the dampers 97 in the pipes 
88 are controlled to this end. As the material 
descends through the apparatus and meets the 
hydrochloric acid gas, the zinc oxide is first 
chloridized to form zinc chloride. When the 
Zinc oxide has been Substantially fully satisfied, 
then the ferric oxide will be likewise converted 
to ferric chloride. When sufficient ferric chlo 
ride has been produced, the material has by that 
tine reached the lower portion of the apparatus. 
In order to recover the chlorine taken up by the 
iron Oxide and to put it to useful work, air is 
introduced through the pipe 172 and the tem 
perature of the lower muffie is maintained at 
least as high as 250° C. This causes the ferric 
chloride in the presence of air to decompose and 
form ferric oxide and chlorine gas. This nas 
cent chlorine will attack the difficultly chlorid 
ized materials and form further metal chlorides. 
It Will be obsserved that the hydrochloric acid is 
introduced into the middle portion of the appa 
ratus and the temperature at this portion is 
maintained at Such a point as will insure the 
Substantially complete evaporation of all chem 
ical Water produced by the reaction of hydro 
chloric acid on the zinc and iron oxides. In this 
Way, it is possible to prevent the zinc chloride 
from being dissolved in its chemical water and 
forming a Syrupy or viscous mass which would 
prevent penetiation of the hydrochloric acid gas 
to the ore material. The ore will be stirred by 
the revolving arms and so will not cake together 
or form balls oriumps, as has heretofore been 
found in carrying on a process of this type. 

If the zinc content is low and it is desired to 
carry On the hydrochloric acid treatment at a 
low temperature, the arrangement shown in 
Fig. 14 may be employed, whereby Water of a 
required temperature may be introduced to reg 
ulate the temperature of this Zone of reaction. 
Also, by using steam under pressure in the ap 
paratus of the type shown in Figs. 15 to 17 in 
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6 
clusive, the temperature may be regulated close 
ly and maintained as desired between 100° C. 
and 500° C. or higher. By lining the muffle 
chambers With firebrick or refractory materials 
capable of withstanding high temperatures, the 
apparatus may be adapted for high tempera 
tures, where required. 

It Will now be appreciated that the apparatus 
is capable of many uses, Such as desiccating or 
drying vegetables, powdered Ores, chemicals or 
various other materials. It may be used for 
treating ores or chemicals With various gases. 
For example, it may be used for roasting Sulfide 
Ores or for treating Such ores With Sulfur-oxy 
gen gases to produce Sulfates, Sulfides, and the 
like. Warious liquorS may be paSSed down 
Wardly through the apparatus and treated With 
precipitating agentS While the material is Stirred 
by the rabble arms, and if desired the liquid 
may be evaporated to form Only a dry powder. 
The use of heated or cooled muffle chambers 
nakes it possible to produce many types of chem 
ical compounds Without danger of contaminating 
then With undesired ingredientS. 
As above described, one may carry on the 

method of forming a hygroscopic or deliqueScent 
salt of a metal, by means of reagents which 
result in the production of chemical Water, by 
a series of steps in which the material is pro 
duced at a temperature above the boiling point 
of Water and thereby preventing the material 
from taking up water after it has been formed. 
This is accomplished by vaporizing the chem 
ical Water as Soon as it is formed. The inven 
tion further contemplates the production of 
chemicals, in an atmosphere of controlled Com 
position. For example, as above explained, fer 
ric chloride may be produced at a temperature 
above that at which it would decompose in the 
presence of oxygen, by excluding OXygen during 
its formation. It Will be observed that the ex 
cess of oxygen introduced through the pipe 172 
Will be by-passed through pipe 171 around that 
part of the apparatus where the ferric chloride 
is to be formed. When used as a drier, One 
may pass inert gases over the material, or re 
active gases. An exhaust apparatus may be 
employed to decrease the atmospheric preSSure 
for the operation of vacuum drying. The con 
struction permits many variations in its use. 

Having thus described my invention, what I 
claim as new and desire to Secure by Letters 
Patent is: 

1. A chemical apparatus comprising a Series 
of separate, similar units having peripheral and 
top and bottom walls forming adjacent reaction 
chambers, the top and bottom Walls therebe 
tween having openings adjacent both the center 
and the peripheral Wall for intercommunica 
tion between the chambers, means for Supply 
ing reagent materials to and removing the re 
action products from the apparatus, revolvable 
rakes for moving the material across the bottom 
Walls in either direction, and removable closures 
for said openings, whereby the material may be 
moved either outwardly or inWardly across the 
chamber bottom. 

2. A chemical apparatus comprising a series 
of separate muffle units which are capable of 
being renovably assembled, and Which have 
hollow was surrounding and separating a series 
of reaction chambers, the hollow Walls having 
intercommunicating openings for the transfer 
of a heat eXchanging medium from One muffle 
unit to another, and the Wall separating two 
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reaction chambers having a set of openings 
therethrough for the passage of reagent mate 
rial, and replaceable covers for the openings 
which may be employed to control the flow of 
Said material. 

3. A chemical apparatus comprising tWO. Sets 
of individually replaceable hearth and annular 
muffle units, duplicated in each set, which are 
alternately superimposed on one another to form 
a series of intercommunicating reaction cham 
bers, the hearth unit having hollow Walls adapt 
ed to contain a heat transfer medium and to 
conduct heat to the space above and below the 
same, and the other unit having hollow walls 
for a heat transfer medium and Surrounding 
a central space serving as the reaction chamber. 

4. An apparatus of the type covered by claim 
3 in which the adjacent hearth and annular 
units have communicating passages for the flow 
of the heat transfer medium serially there 
through. 

5. A chemical treatment apparatus having 
separate, individually removable duplicate muf 
fles, each comprising two different units, dupli 
cates of which are arranged alternately in a 
series, one unit having walls defining a hollow 
hearth which serves as the top of one muffle 
and the bottom of another, the other unit being 
annular and having hollow Walls defining the 
sides of the muffle, means for supplying a heat 
exchange medium to the hollow hearth and an 
nular unit and for controlling the temperature 
in each muffle and means. Whereby reagent ma 
terials may be introduced into and passed. Suc 
cessively through the series of muffles. 

6. An apparatus of the type covered by claim 
5 in which each unit has walls defining a central 
opening for the paSSage of reaction material 
from one chamber to another and a removable 
annular closure for said central opening ar 
ranged to surround a central shaft. 

7. An apparatus of the type covered by claim 
11 in which each unit has walls forming two 
passages therethrough and removable closures 
for covering any of Said paSSages, Whereby dupli 
cate units may be employed in the Series but 
the material may be moved in different paths 
therein and from one unit to another. 

8. A chemical apparatus comprising a set of 
separate muffle units arranged in Series to form 
intercommunicating reaction chambers, and a 
centrally located shaft passing through the units 
having laterally projecting rake aims, Said shaft 
being made up of Separate units and removable 
connections, the lengths of the units correspond 
iing with multiples of the lengths of the muffle 
uihits, So that any number of muffle and shaft 
units may be assembled to provide an apparatus 
of the required length. 

9. A hearth muffle unit casting comprising a 
Substantially cylindrical hollow metal body hav 
ing concentric cylindrical Walls connecting par 
allel plane end faces and forming a central tubu 
lar passage, a tubular Wall forming a second 
passage through the unit, and means providing 
passages for conducting a heating medium to 
and from the Space between the Walls, said unit 
being arranged to form the top or bottom of a 
muffle chamber and to be piled With other units 
to provide a series of Such chambers. 

10. A muffle unit of the type covered by claim 
9 having a plurality of openings in each health 
arranged near the center and the outer portion 
of the chamber and renovable cover pieces ar 
ranged to close Said openings as desired, Whereby 
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the material may be passed radially either to 
Wards the center or outwardly for transfer to 
the next chamber. 

11. A nuffle unit casting for a chemical ap 
paratus comprising concentric annular metal 
Walls and paralei end walls forming a central 
reaction Space and an annulai Space for a heat 
exchange linediugin, said Walls having openings 
into the space for the coduction of a heat 
exchange fiuid to and from the aninuiar Sp3.ce 
and means forming a tubular paSSage, through 
the annular walls for the admission of material 
to the cential reaction chamber. 

12. A muffle unit for a, chemical apparat US 
comprising concentric Walls and end Wails foil 
ing a central reaction Space and an aililla, 
Space for a heat exchange medium, tubula, Walls 
forming a pliality of paSSages through the con 
centric Walls to tha inner Space arid reinovable 
means for closing any of Said passages. 

13. A chemical apparatus for treating an Oire 
material comprising Wails forming a central re 
action space, means for passing ore material and 
a gaseous reagent into Said Space, ineans pro 
viding a sight opening for observing the nate 
rial in said space, an electrical device for arti 
ficially illuminating the material in Said Space 
which is located at a point remote from the Sight 
opening, and nears for preventing a 3cegs of the 
reagent gas to the coirosive parts of the electri 
cal device. 

14. A chemical apparatus comprising hollow 
Walls forming a mufile chanaber, Inaans fo: intico 
ducing material to and removing it from Said 
chamber, means defining passages for conduct 
ing a heat exchange medium to and from the 
space within the hollow Walls, means forming 
two tubular passages through the hollow Walls, 
a transparent closure for one, and means With 
in the other passage for artificially illuminating 
the material within the chamber, whereby the 
material being treated may be readily observed 
during the '8action. 

15. A muffle comprising a set of Separate, in 
dividually renovable, hollow hearth units and 
a set of annular hollow muffle units Which are 
shaped and arranged to be piled alternately On 
one another and form a series of reaction chain 
pers, each unit having openings arranged to 
communicate with openings in the adjacent units 
for the conduction of a heat exchange mediin 
through the series and cause its circulation. 
around the sides and tops and bottons of the 
reaction chambers, neans providing a gaSSage 
for introducing a heat, exchange fluid into any 
one of the units and means for regulating the 
foW of fluid through each passage whereby the 
temperature of each reaction chamber may be 
controiled. 

16. A chemical apparatus comprising a Set of 
separate muffle units constructed and arranged 
to be piled up and form a Series of reaction 
muffle chambers, each unit having hollow walls 
for a neat transfer fluid and openings arranged 
for communication. With the adjacent Lilihits for 
the flow of said fluid, closures arranged to pre 
went the fiow of said fluid between two sets of 
adjacent units, thereby isolating a Section of 
muffie units, means for transnitting a heating 
or cooling fluid to Said Section and means for 
heating or cooling other muffle units outside of 
said section, Whereby the temperature of the 
process may be controlled at different stages 
thereof. 

17. A chemical apparatus comprising periph 

eral, top and bottom walls formiga, reaction 
chamber and a revolutile rhenie: therein to 
move material progressively ov3r botton. 
wall, the peripline:al wail being substantially 
Solid and having for led therein a pie-like pas 
Sage for circ}lating illuid till'Oghi tile Via to 
conti'ol itSteinpei'ature, aid 3xternal pipe coin 
nections for introducing firiid to said passage. 

13. An apparatus of the type covexed by claim 
17 in Which the botto: Wasi gi the chairaiser is 
made Gif Inetal and R&S a gige-like paSSage 
formed therein for circulating fiurid to control 
the temperature tiereof. .. 

19. A chemicai apparatus CO2ngirising a series 
of Separate initS, Whicia are individually re 
movaisle castings a "ranged to be a:Scinbied to 
for interconinuinicating reaction chaineers, 
each of the units hiaving two pe:ipheral. Walls 
connected by spaced end Wails which for in an 
annular paSSage fe; a heat exchange inediun, 
each alternate unit having its in aer peripineral 
Wall of sigrt circurference so as to form a. 
hearth botton having a Sinal, central tube 
therethrougli and having a second tube con 

- - S 

necting openings in its end wails for the passage 
of the 123terial oeing treated, each of the other 
units having the iaiei geripheral wall of large 
circunnference adapted to form a reaction cham 
ber b8tween tine heati. units and being so lo 
cated tilat Said Secoid tubes connect adjaceni, 
reaction charabel's, and ineans compirising a 'o- 
tataioie Sihaft passing through tile central tubes 
and revolule rake arias Which ace aria2nged to 
move imaterial a-CIOSS tile health in each reaction 
chainaber and cause it to gaSS througi a tube to 
the next chamber. 

26. A chemical apparatus of the type covered 
by claim i9 in which each central tube is larger 
than the shaft. So as to provide for the passage 
Of material therethrough and the second tube 
provides a paSSage thirough each hearth unit, 
adjacent to the outer Wall of the reaction chann 
bei, and in which renovable closures are ar 
ranged to close eitheir passage, whereby the ma 
terial may be moved in either direction across 
the hearth unit. 

21. A chemical apparatus comprising a series 
of Separate, alternately duplicated units ar 
ranged to be piled on one another to form a set 
of interconinunicating reaction chambers, each 
unit having two peripheral walls connected by 
Spaced top and bottom Walls to form an annu 
lar chamber for a heat exchange medium, the 
inner peripheral wall being of small circuira 
ference in alterinate units and providing a hearth 
having a central shaft opening, and the inner 
peripheral Wall of each of the other units form 
iing a reaction chamber between the hearth 
units, each of the hearth units having a second 
tube remote from the central opening which 
Connects two adjacent reaction chambers for the 
paSSage of material therebetween, a rotatable 
Shaft in the cential shaft openings having rake 
aims arranged to aowe material across the 
hearths and thus trainsfer it from one reaction 
chamber to another below it, and means for 
introducing a heat eXchange medium into said 
paSSages to control the temperatures of the reac 
tion chambers. 

22. Ain apparatus of the type covered by claim 
21 in which the top and bottom Walls of the units 
are provided With openings which interconnect, 
the annular heat eXchange chambers of adja 
cent units in the pile, whereby fluid may flow 
directly from One unit to the adjacent one, 
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23. A chemical apparatus of the type covered 

by claim 21 in which a tube is arranged to con 
duct a heat exchange fluid through the outer 
peripheral Wall of a unit and the top and bot 
ton Walls of adjacent units are provided with 
interconnecting Openings for the direct passage 
of heat exchange from one annular chamber 
to another. 

24. A chemical apparatus of the type covered 
by claim 21 in which the top and bottom Walls 
of adjacent units are provided with intercon 
necting openings for the direct passage of heat 
exchange fluid from one annular chamber to 
another, and ineans are provided to cause the 
fiuid to circulate through the annular Space of 
each unit before it passes to the next in the 
Series. 

25. An apparatus of the type covered by claim 
19 in which a portion of the annular chambers 
have interconnecting paSSages: for the circula 
tion of heat exchange fuid therebetween and 
comprising means which closes certain of the 
interconnecting paSSages in two Sets of spaced 
units, and means for conducting a heat eX 
change medium to and from the intermediate 
units so as to control their heat independently 
of the other units. 

26. A chemical apparatus comprising a Series 
of spaced inner and outer peripheral walls and 
top and bottom walls forming inner reaction 
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chambers surrounded by annular chambers for 
a heat exchange fluid, inier and oute; peripheral 
Walls and top and bottom Walls forming hollow 
muffle hearthS having central tubular shaft 
openings therethrough, 
forming the topS and bottoms of all of the reac 
tion chambers, means providing connecting paS 
Sages between the inner spaces of the hearths 
and the annular channberS for the circuliation 
of heat exchange fluid therebetween, a rotatable 
shaft within the shaft openings, rake aims 
thereon arranged to move material progressively 
across the hearths, means providing paSSages 
from one reaction chamber to another whicia 
are so arranged that the material may be moved 
on adjacent healths in opposite directions and 
transferred from one hearth to another, and 
means for conducting a heat exchange medium 
to and from the apparatus. 

27. An apparatus of the type covered by claim 
26 comprising means formiing a tubular paSSage 
through each hearth remote from its central 
opening, the inner shaft opening being larger 
than the shaft for the passage of material there 
through, and removable closure plates for the 
shaft opening and said tubular paSSage, where 
by the material may be moved either outwardly 
or inwardly across the hearth. 

THOMAS A. MITCHEL. 
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CERTIFICATE OF CORRECTION. 

Patent No. 1,977,238. October 16, 1934. 

THOMAS A. MITCHELL. 

It is hereby certified that error appears in the printed specification of the 
above numbered patent requiring correction as follows: Page 6, line 118, claim 
7, for the claim numeral "11" read 5; and that the said Letters Patent should be 
read with this correction therein that the same may conform to the record of the 
case in the Patent Office. 

Signed and sealed this 13th day of November, A. D. 1934. 

Leslie Frazer 

(Seal) Acting Commissioner of Patents. 


