Oct. 16, 1934. | T. A. MITCHELL

CHEMICAL APPARATUS

Filed Feb. 18, 1932

CHLORIDIZING v . '
GAS AND STEAM
s T 1

v

/20 74& 1t L
it

Loy
P> /””.,, ST /u”nu”uauu”n:,/ —

18 20
[/ 7 ////,

SN '

[lJIlHJlU[UILH]J

— /””uu””"unuuu ST e =
7 /
e _,,/ -'n‘nu,,”,,".,,"”,./ B 4,”,”,”,"”,",,,,”/ | — P (

RS
P

III

N
Y R0 / s —,,/

119 e i T T il-w
1z {, —aa

H?

R i IS\ oAk

i N
\ /””u””””,””u, — - ”/,

3 I . W ;
3

_
”,,””u — /n”””,””””””,\\\ !

, N /
,g?/as .

17/
1194

|z
170

N

—_._'
TOT000 0 A
l

=7 /.,.,,.,,..,.,,.,,,”,,,, —

%
Crrrar el [TJ

1

N /”,.,”

HCI - [55X

rros zZ . g,
,,,,/.”", S N GF P4 PO b T I0 TS

S
A ]
”\3,!/,'., Vi~

= S //

)P 707 wr I IS rssrY.

M Pz
s

nH
] i

N N ‘
oS l 1S Y T e /” =
%

Cle
A ”
1/9

S
l [/
;. ”””/,”1

—3 /”n,””"””nuu, PSSy /u -

12—

— 7

+ I
2 /i

LRI Ry /””,””””u””", — /,A o-rre

1, A

L

/””””u””u””” S o

A
=~y I—— ‘ﬂ

Sm v

LWL

v

[&]
QRARRANARANAANAAY

N
\\\\\\\\\\\\\\\\& 7
N

{4

9?

1,—/—-,4 97

o 7l
d'

IO _:;;;‘

N IM
NS ae
R N AL
AN

1,977,238

4 Sheets-Sheet 1

Exnausr Hear

94 @Q
T
|

)

AlTA AR TR R AR AR R ARG LR R LA

\

Q

&
S
3
8

©
ov

ATTITITITITIITIIATALY (11T IHIH AT T I I TR T TR T I LR LI LRSI AR SRR

:
I
’
‘

. URNACE.

! ARRTRARRRN

V'lll!‘ ol
R \
gwuento'b

THomAS A. MircHeLL

By Q‘@“\_“'\ N



Oct. 16, 1934. : T. A. MITCHELL 1,977,238

CHEMICAL APPARATUS

Filed Feb. 18, 1932 4 Sheets-Sheet 2

THomAs A.MIrcHELL

By C‘Q“\"Tn % |



Oct. 16, 1934. | T. A. MITCHELL 1,977,238

CHEMICAL APPARATUS

Filed Feb. 18, 1932 4 Sheets-Sheet 3

d
Z

| 17,
vl

o i} Zig11 — Fidi12
/5 53 :
4
Jrventor
THomAS A. MITcHELL

m Qo e

Ehtovney



Oct. 16, 1934. T. A. MITCHELL 1,977,238

CHEMICAL APPARATUS

Filed Feb. 18, 1932 4 Sheets—Sheet 4

/.
. % _ 148 149
Fiygd 14 ali T
' 2 138, 138 I 145 147
, 140
| o =
Ui l‘ /43
s |
17)i Il 17 ' I
2 138+ /45- I 137 /39 142,
t 136 ' 135
/50 é 1;
52 Yiza It 132
3 9!
io 7}\':7‘l;l|l_ULULIJU}
66 | .
u

1
{;
U
4
A
a7 g

160

Fid 15
16 17‘:1 =
- Jrnventor
=1 H. THomAs A. MircHELL
166 L 166

w g™ ﬂw



Patented Oct. 16, 1934

UNITED STATES

1,977,238

PATENT OFFICE

1,977,238

CHEMICAL

APPARATUS

Thomas A, Mitchell, Denver, Colo., assignor, by
mesne assignments, to Hughes-Mitchali Prog-

esses, Incorporated, Denver, Colo., .

tion of Wyoming

corpora~

o

Application February 18, 1932, Serial MNo. 593,932

27 Claims.

This invention relates.to chemical treatment
apparatus, and more particularly to a heat

transfer apparatus of the mufie 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 invelve the simple procedure of dry-~
ing or desiceating s given material, or it may
16 be desired to cause the reaction of two chemical
compounds in a controlled atmosphere while
being heated indirectly and maintained under
& desired temperature condition. For example,
it may be desired to make 3 deliquescent salt
16 by 2 process in which the retention of water
in the zone of reaction would interfere with
the process. Zinc chlorids is such a deliquescent
salt, and a problem is found in its manufacture
by the interaction of hydrochloric acid gas and
20 Zinc oxide, owing to the fact that the zine
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
25 cgress of the chemical water formed in the ma-
terial. As a further example, many zine 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
30 treatment of these oxides with hydrochloric acid
gas to form ferric and =zinc chlorides. - Ferric
chloride in the presence of oxygen decomposes
at a temperature above the boiling' point of
water with the formation of chiorine and ferric
35 oxide. On the other hand, if théve is a high
zinc content, the chemical water of reaction
dissolves the  deliquescent zinc chloride and
forms a syrupy mass, -if the tempersture iz
maintained below the boiling - point of water.
40 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
45 temperature of the reaction so0-that the ferric
chloride will not be decomposed. Many other
processes likewise require a regulation and vari~

6

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 ai-
55 mosphere may be varied ab various: points as

50

(CL 23-—262)

required, independently of the conditions pres-
en in other portions of the apparatus.

A further object of the invention is 1o pro-
vide an apparatus which is so constructed and
arranged that deliguescent materials may be
made under substantially dry conditions, de-

_composable materials may be held under con-

trolled atmospheric 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
_to provide a chemical treatment and heat-ex-
change apparatus which is made up of dupli-
cate, interchangeable muffles, which in turn
comprise a set of . different standard units of
such- shape and design that any number of
these units may be arranged . alternately to
form a series of intercommunicating reaction
mufiles of any desired number, for carrying on -
& reaction or a series of reactions which re-
quire considerable time and controlled tempers,-
ture and atmospheric conditions.

Other objects, including .the provisions of
special details and features of use in-connecticn
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 gzine and
iron oxides which is: to be chloridized will e
hereinafter fully set fort '

Referring to the drawings, which iHustrate
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 pas-
sages have been brought into the same plane
for the sake of clarity of illustration ;

Fig. 2 15 an isometric view partly broken away
of the annular mufle unit which surrounds the
reaction or mufie chamber; :

Fig. 3 is an isometric view, partly broken away,
of one of the intermediate
form the top and bottom
ber; )

g, 4 shows a cover
the passages in the unit

Fig. b shows in perspective the two parts of
a ccllar arranged te surround the driving ghaft

of a reaction cham-

plate for closing one of
of Fig, 3;
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and prevent material from passing through the
shaft opening;

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

Tig. 7 is a horizontal section on the iine 7T--7
of FMg. 6, showing the revoluble rakes and bear-
ing shaft surrounded by the muffle walls cf the
unit of Fig. 2;

Tig. 8 is a top plane view cf ths heartn unit
shown in PFig. 3;

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

Fig. 11 is a vertical elevation, partly in sec-
tion and broken away, showing two connected
units of the driving shaft and the stirring arms;
Tig. 12 is a section on the line 12—12 of Pig.
11; ’

Fig. 13 is a section on the line 13--13 of ¥ig.
12, Figs. 12 and 13 showing the manner of fas-
tening one of the stirrers to the driving arm;

Tig. 14 is a schematic view in section, partly
broken away, -of a modification of Fig. 1 show-

.ing how fluid may be introduced to centrol the

temperature of various mufie units;

Tig. 15 is a view taken in cross-section along
the line 15—15 of IMgs. 16 and 17, showing a
modified construetion of mufle and hearth

chambers utilizing steam or gas under pressure

to control the temperature therein;

Fig. 16 is a top plan view, partly broken away,
of the annular mufie unit cf Fig. 15; and

Wig, 17 is a similag view of the hearth unit.

In sccordance with my invention, the chemical
treatment and heat-exchange apparatus is pref-
erably made up of separate and preferably du-
plicate mufiles 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. The ap-
paratus is preferably made up of twe units,
each having walls adapted to be suitably heated
and preferably independently of other mufiles,
whereby the temperature may be suitably reg-
ulated. In the preferred form, one muffle is &
hollow -annular casing having two concenfric
walls between which a heat exchange mediun
may be enclosed, the inner wall forming the

‘outer. boundary of a central reaction chamber

heated or cooled by the fluid 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 chamber 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 removable 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 may be suitably regulated. Assem-
bled in the chemical treatment chambers is an

‘agitating apparatus, such as a series of rake

arms which is preferably driven from a cenfral
supporting shaft, these serving also to transfer
the material from one muffle 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, lig-

uid or solid chemicals or other selected mate-

1,977,288

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 swrrounding heat
transfer spaces within the hollow walled muiile
units.

Many modifications in the set-up and arrange-
ment of the units may be made within the scobe
of the invention, depending upen the use to
which the apparatus is to be put. For exampie,
the apparatus may be employed for the chloridi-
sation of an oxidized ore material, as described
Lerein or in my copending application Serial No.
503,931 filed -on even date herewith. The as-
sembled chloridizing apparatus, as shown dia-
grammatically in- PFig. 1, comprises similar
mufies made up by alternately piling up the two
muffle units shown in Figs. 2 and 3. The an-
nular muffie unit 10 of Fig. 2 encloses the chemi-
cal treatment or mufile space 11. The hearth
unit 12 of Fig. 8 forms the top and bottom walls
of the chemical treatment chamber. These two
units may be duplicated throughout the entire
extent of the apparatus, thus making 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 fange 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 mufile unit, shown in Fig. 2, com-
prises a built-up structure or preferably a single
casting of iron-or other metal having an inner

. eylindrical wall 25 and an outer cylindrical wall
25 connected by plane top and hotfom walls or-

plates 27 and 28. The disk-shaped heaith 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.

sheet of ‘ashestos, resinoid or rubber, to provide
gag-proof or liquid-proof joints, the nature of
the material depending on the use to which the
apparatus.is -to be put.

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 kot~
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 ilanges 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

If desired, -suitable
packing may be placed therebetween, such as &

It will he appreciated
that the inner wall 30 provides a space for the "

80

86

90

95

100

106
horizontally disposed removable arms 16 whicly -

110

118

120

125

130

135

140

145

150



on

10

[
(24

o,
al

P

@

fe>]
o

e

1,077,238

arms 16 in adjacent chambers are arranged to
move the material in opposite directions.  Any
suitable rake construction may be employed, but
(see TMgs. 7, 11, 12 and 13) they preferably com-
price flat 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 t¢ permit remov-
ability and ready replacements of these rakes,
each of the enlarged heads 41 has a square
cpening therethrough adapted to slidably fit
upon the bar 16 which is square in cross-section,
with ifs corners. arranged in vertical and hori~
zontal planes. This bar 186 has its inner end
42 reduced in cross-section and screw threaded
80 that it may be adjustably threaded into open-
ings in the shaft unit 15. - Bach of the separate
rake units may be assembled in position by being
¢ 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 rakes 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 ncted that the
screw threads on the end 42 of the arm 16 are
made right or left handed, depending on the
dirsction of rotation of the shaft, so that the
torgue.imposed upon the shaft by the revolving
rakes 40 tends fo tighten the threaded connec-
tion of the arm on the shaft. Shims 47 may be
rlaced hetween the inner shoulders of the arins
15 and the shaft, which are of desired thick-
ness to insure that when the arms 18 are tightly
held in position, the rakes 40 will hang verti-
cally therefrom.

Bach of the separate shaft units .15 has g
ton flange 58 and a hottom flange 51 so shaped
and srranged that the units may be assembled
and secuved together by bolts passing through
suitable cpenings in these flanges. The upper
and lower -ends of these ghaft units are pro-
vided with projsctions 52 and recesses 53
zdapted to interfit, as illustrated clearly. in Fig.
11, in order that the shaft parts may be quickly
asgsembled and held together rigidly. These
units may be of desired length and extend
threugh one, two or more of the chambers, By
having short units, as shown, which correspond
th with a multiple of the thicknéss of
rth and an annular unit, it is feasible to
build 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,

I

e shaft is preferably made hollow for eon-

venience in manufacture and. to avoid ‘having
excessive weight in the. apparatus. Air, water
or other coclant or heated fluid may be con-
ducted into an opening 54 in the top end of the
shait and ocut through the exit 55 at the bot-
tem (see Fig. 1) and be caused to fow there-
through to cool or to heat the shaft. The cool-
ant may flow if desired into the arms by mak-
ing the arms hollow and suitably connecting
the various passages. If desired, fuid material
may be introduced to the reaction chambers
these arms, by providing openings

ardly -across the hearths . and discharged
1 periphieral wall 25 of the chamber, the

> bassages 80

hearth, 125e passages are formed by walls 61
extending from openings in the top plate 32

order that the material may be raked’

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 thervethrough and may pass only
through the central passage 66 formed by the
wall 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,
a3 it were, around the drive shaft units 15 which
are sufficiently high, as compared with a depth
of material ordinarily placed in the chemical
treatment chamber, to prevent the material

3

86

85

90

from escaping through the central cpening. The -

tep face of each .of the flanges 69 is arranged
to lie flush with the top of the cover plate 32.
In Fig. 1, as will be observed, every cther hearth
unit is provided with a central clogure and the
alternate mufile units have the cover plates 64
in position, so that the material will he 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 78 and a hopper 77, the feeder keing
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 eon-
struction is applied to the bottom plate 78 of
the assembled apparatus, an opening there-
through' communicating with a bipe 79 likewise
provided. with a rotary feeder 89. It will be
understood that various types of feeding appa-
retus may be employed.

In order to heat the chemical tregtment cham-
her indirectly by the transfer of heat through
the walls 25, 32 and 33, either or heth of the
two mufile units have suitable openings or pas-
fages adapted to communicate with outside heat-
ing apparatus adapted for the introduction of a
heating or cooling medium thereto. For - ex-~

100

105

110

118

120

125

ample, & gas or oil flame may be introduced -

directly into these mufile chambers for combus-
tion -of a suitable heating medium therein or
electric heating units may be employed if de-
sired. . In the form llustrated, the heated
gaseous products of combustion of an oil fAred
furnace are conducted into the annular unit
shewn 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 s

186

1586

short length of pipe 87 which is adapted to -

ke interfifted with suitable piping 88 illustrated
disgrammatically in Fig., 1. 'The pipe 88 may
lead from a oil or gas fired Turnace 90 or from
the furnace stack 81 which opens to the outside
atmosphere.: As illustrated in Fg. 1, any of
the openings 86 in the annular muffies may be
closed with a suitable plate 92 while other open-
ings are connected with the furnace chamber 20
or the stack 91, as desirved.
may be connected to any of the muflle units or
indirectly thereto by opening from the upper

An exhsust fan 94°.

146"

150 .
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portion of the stack, as shown, suitable piping
and dampers being provided to control the exif
of the gases through. the fan. One or more
dampers or valves 96 may be placed in the stack
to direct the gases, as regquired, into or from
the apparatus units.  Similarly, each cne of the
pipes 83 may he provided with a slide damper
or a rotary valve &7 in. order to control the
admission and exit of gases fo and from the
muffie chambers. .

The annular mufile unit 10 is provided with
an opening 100 (Tigs. 2, 6,-7, 9 and 10) adapted
for the intrcduction of material into the chemi-
cal treatment chamber or for inspection of the
material or for control or manipulation of the
process as may be required. This opening is
formed by the side walls 181 and the top-and
bottom walls 27 and 28 which are suitably shaped
in the casting for the purpose. It wiil be ob-
served that in Fig. 2 the lower wall of the cpen-~
ing 100 is thicker than the boticm plate 28
but is provided with a cut-out portion 103
which is arranged to wpermit removal of the
rakes from the arms. As shown-in Figs. 9 and
19, this cpening 180 is adapted fto be closed by
means of an outer cover plate 104 suitably fas-
tened in place, as by means of screws. Each
of these cover plates is preferably provided with
a sight glass 105 held in place by a removable
ring or collar 106, whereby the chemical opera-
tiecn may be cbserved 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 chemical
treatment chamber, comprises means for light-
ing the interior of this chamber. To this end;
as shown in Figs. 2 and 7, the casting is pro-=
vided with & passage 110 of rectangular cross-
section formed by the walls 111 which pass

through the annular mufile unit and communi-

cate solely with the interior of the chemical
treatment chamber. The pipe 111 has an out-
er flange 112 upon which is adapted to be
mounted a cun~shaped cap 113. This cap, as
shown in Fig. 7, has a central opening there-
through, within which an electric light bulb 114
may be mounied cn a pipe 115 suitably fastened
in position. This buib is suitably covered with
a glass globe 118 suitably clamped in position
betwseen the cap and the pipe 111. This globe

serves to ward off the heat from the buld and

to insure that no gases may contact with the
metal work of the electrical fixtures. The light
opening 110 is wositioned opposite the sight

-opening 169 so that the material may be readily

inspected through window 105 as it is being
treated.

A fourth opening 117 is preferably provided
in each annular unit 10, so that gases or liquids
may ke admitied to or delivered from the chem-
ical treatment chamber. This opening 117 is
formed by walls 118 (Figs. 2 and %) passing
from the cylindrical wall 25 to the outer cylin-
drical wall 28 and preventing the intermingling
of gases within and outside of the muffle. A
cover piate 119 is provided for :closing the-cuter
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 adapied 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 cf the
units may be providad with pipe connections for
the introduction and removal of gases to and
from the reaction chambers.

1,977,238

In order to permit inter-communication be--

tween the two mufile 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
fiow 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 mufile 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 lowsrmost
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 intericr of each of these heating units and
sc 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 drawings, it
will be seen that a cooling fluid may be em-
ployed for the purpose of cocling a part or ail
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
as in Fig. 1. The lower mufile 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 par-
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 bs
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 assembly. Likewise,
a second spacer 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 mufie
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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dpparatus and to give § spédcial 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 exBausted
from the cutlet pipe 143 in the uppermost one
of these units. - Thus, 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 sepa-
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
cf the temperatures will be further appreciated by
noting that the units above the water cooled Por-
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 ahove. 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 150 may 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
through the pipe 154 at the top of the apparatus.
It may be desirable in certain cases to have
the lower units, or any of the series heated to a
igh degree. In such a case, the muffle units
may be made of special metal, such as g nickel«
chrome alloy, or the parts may be lined with
fdrebrick or a suitable refractory material, such
as a brick made of bonded crystalline alumina,
silicen carbide, zirconia, magnesia and so forth.
In such a case, the units may be made larger in
cross-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

besn shown how the annular unit may be so con--

structed as to provide for heating the same hy
water, steain or gases under normal or high
bressures. In this case, one or all of the annular
units 10 is replaced by a unit 180 comprising a
single cylindrical wall within which is embedded
the tube 162 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 g metal
casting having the metal tube 186 likewise im-
kedded therein. These tubes may be arrangasd
in any suitable menner but, as iHustrated in Pig.
17, the.annular unit 165 has 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,
pumps and control deviess being employed 1o
regulate the flow of the heating medium. This
type of unit may be made by suitable methods
understood in the indusiry, and the castings and
tubes may be made of dssired material, depend-
ing upon the nature of the ingredients to be
treated therein and the type of heating fluid, as
well as the pressure employed. Fach of these
units may be provided with the openings and
closures as above described for the introduction
of materials 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 Pig. 1, is for the purpose of chlo-
ridizing & roasted ore containing zinc and ferric
oxides as well as residual zinc sulfide and other
difficultly 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
chemical treatment chamber, and this hydro-
ciloric 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,
& pipe 171 is provided to conmnect two of the
cpenings 117 in the annular units for by-passing
chiorine or any other gas which may be devel-
oped in the lower part of the apparatus around
tie point where the hydrochlorie acid is intro-
duced, thus not permitting them to mix. The
exhaust fan 121 creates a sub~pressure within the
apparatus and causes the gases to flow ags desired
through the pipe 170, and any hydrochioric acid
gas drawn downwardly into this pipe will issue
again into the reaction zones above and so per-
form useful work.

The partly roasted and pulverized madterial
is introduced through the hopper 77 into the
Upber 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
83 are controlled to this end. As the material
descends through the apparatus and meets the
hydrochloric acid gas, the zine oxide is first
chloridized to form =zine 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
time 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 mufie is maintained at
least as high as 250° C. This causes the ferrie
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 observed that the hydrochloric acid is
introdueed 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 zine chloride
from being dissolved in its chemical water and
forming a Syrupy or viscous mass which would
brevent penetration 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 or Iumps, as has heretofore been
found in carrying on a process of this type.

If the zinc content is low and it ig desired to
carry on.the hydrochloric acid treatment at a
low temperature, the arrangement shown in
Fig. 14 may be employed, whereby water of g
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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clusive, the temperature may be regulated close-
Iy 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.

Tt 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. Various 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
makes it possible to produce many types of chem-
ieal compounds without danger of contaminating
them 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-
jcal 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 T
claim as new and desire to secure by Letters
Patent is:

1. A chemical apparatus comprising a series
of separate, similar unils 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.

9. A chemical apparatus comprising a series
of separate muffle units which are capable of
baing removably agsembled and which have
hollow wails surrounding and separating a series
of reaction chambers, the hollow walls having
intercocmmunicating openings for the transfer
of a heat exchanging medium from one muiile

unit to another, and the wall separating two -

1,977,238

reaction chambers having 4 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
mufle units, duplicated in each sef, 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 ftop 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 mufiles.

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 & 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 arms, said shaft
being made up of separate units and removable
connections, the lengths of the units correspond-
ing with multiples- of the lengths of the muffle
units, so that any number of muffle and shaft
units may be assembled to provide an apparatus
of the required length.

9. A hearth mufile 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
mufie 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 hearth
arranged near the center and the outer portion
of the chamber and removable 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 mufile unit casting for a chemical ap-
paratus comprising concentric annular metal
walls and parailel end walls forming a central
reaction space and an annulay space for.a heat
exchange medium, said walls having openings
into the space for the conduction of a heat
exchange fiuid to and from the annular space
aud means forming a tubular passage. throusgh
the annular walls for the admission of material
to the central reaction chamber,

12, A mufile unit for s chemical abparatus
comprising concentric walls and end walls form-
ing a central reaction space and sn annular
space for a heat exchange medium, tubular walls
forming a plurality of bassages through the con-
centric walls to the inner space and removable
means for closing any of said passages.

13. A chemical apparatus for treating an ore
material comprising walls forming & central re-
action space, means for passing ore material and
8 gasgeous reagent into gaid space, means pro-
viding a sight opening for observing the mate-
rial in said spdce, an slectrical device for arti-
ficially illuminating the msierial in said space
which is located at a point remote from the sight

pening, and means for preventing access of the
reagent gas to the corrosive parts of the electri-
cal device.

i4. A chemical apparatus comprising hollow
walls forming a muffle chamber, mesans for intro-
ducing material to and removing it from said
chamber, means defining passages for conduct-
ing & heat exchange medium to and from the
space within the hollow walls, means forming
two tubular passages through the hollow walls,
& transparent closure for one, and means with-
in the other passage for ariificially illuminating
the material within the chamber, whereby the
material being treated may be readily observed
during the reaction.

15. A muflle comprising a set of ‘separate, in-
dividually removable, hollow hearth units and
a set of annular hollow mufle units which are
shaped and arranged tc be piled alternately on
one another and form a series of reaction cham-
pers, each unit having openings arranged ito
communicate with openings in the adjacent units
for the conduction of a heat exchange medium
through the series and cause its circulation
around the sides and tops and pottoms of the
reaction chambers, means providing a Bassage
for intreducing a heat exchange fiuid into any
one of the units and means for regulating the
flow 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
mufile chambears, each unit having hellow walls
for a neat transfer fluid and openings arrangsd
for communication with the adjacent units for
the flow of said fluid, closures arranged to pre-
vent the flow of said fluid betwsen two sets of
adjacent units, thereby isolating a section of
mufiie units, means for transmitting a heating
or cooling fluid to said section and means for
heating or cooling other mufile units outside of
said section, whereby the temperature of the
brocess may be controiled at different stages
thereof.

17, A chemical apparatus comprising periph-

y

ing e reachion
chamber and a 1ember therein o
move material progressively .over ths bottom
wall, the periphs ' being. . sut

hatantially
solid and having nerein g pipe-liks pag-
sage for circulatiz

¥

made  of metal and hiss s pipe-like passage
formed therein for circulating fuid to control
the temperature thereof.

18. A chemical apparatus comprising o seris
of separate units, which ave individually re-
movable castings arranged to he azscmbled. to
form intercommimicating reaction chambers,
each of the unitg having two peripheral. walls
connected by spaced end walls which form an

o]

annular passage for o heat exchangs medium,
each allernate unit having ity inner peripheral

wall 'of short circumference so a3 to form a
hearth bottom having s small, central tube
therethrough and having a second  tube con-
necting openings'in its end walls for the passage
of the maierial being treated, each of the other
units having the inner peripheral wall of large
circumferencs adapied to form g reaction cham-
ber betwsen the heavth units and being so lo-

cated that said second tubes conuect gdjacent. I

reaction chambers, and mesans CoOMprising g ro-
tatable shaft passing through the central tubes
and reveluble rake arms which arve arranged to
move material across the hearth in each reaction
chamber and cause it to bass through a tube to
the next chamber.

20. A chemical apparatus of the type covered
by claira 19 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 through each hearth uni$
adjacent to the cuter wall of ths reaction cham-
ber, and in which removable closures are ar-
ranged to close either 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 anothsy to form a set
of intercommunicating reaction chambers, each
unit having two peripheral walls connected by
spaced top and bottom walis 1o form an annu-
lar chamber for a heat exchange medium, the
inner peripheral wall keing of small circuim-
ference in alternate units and providing a hearth
having a central shait opening, and the inner

eripheral wall of each of the other units form-
ing 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 central shaft openings having rake
arms arrangsd to move material across the
hearths and thus transfer it from one reaction
chamber to another helow it, and means for
introducing a heat exchange medium into said
Passages to control the temperatures of the reac-
tion chambers.

22. An 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 chambpers of adja-
cent units in the pile, whereby fluid may fow
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-
tom 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 means are provided to cause the
finid to circulate through the annular space of
each unit before it passes to the next in the
series. ;

95. 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 fluid 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 uniis.

26. A chemical apparatus comprising a series
of spaced inner and outer peripheral walls and
top and bottom walls forming inner reaction

50 -

55"

60. .

65. ..

70

75

1,977,238

chambers surrounded by annular chambers for
a heat exchange fluid, inner and outer peripheral
walls and top and bottom walls forming hollow
mufile 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 chambers for the circulation
of heat exchange fluid therebetween, & rotatable
shaft within the shaft openings, rake arms
thereon arranged to move material progressively
across the hearths, means providing passages
from one reaction chamber to another which
are so arranged that the material may be moved
on adjacent hearths in opposite directions and

‘transferred from one hearth to ancther, and

means for conducting a heat exchange medium
to and from the apparatus.

27. An apparatus of the type covered by claim
96 comprising means forming a tubular passage
through each hearth remote from its central
opening, the inner shaft. cpening being larger
than the shaft for the passage of material there-
through, and remcvable 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. MITCHELL.
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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 rthe
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 Pateats.



