1,925,458

W. A. OGG

EFFECTING ENDOTHERMIC REACTIONS

Sept. 5, 1933.

Filed Jan. 15,

5 Sheets~Sheet 1

1931

T

i

/i

oy
{ 3

£

Izzvezzfor

Y

FLoO

W

:63%%%/

. 099

y Jn



1,925,458

5 Sheets~Sheet 2 -

W. A OGG
EFPECTING ENDOTHERMIC REACTIONS
Filed Jan. 15, 1931

SRR

N
§¥ L

V% AN NN
0% . DAL AL SNNNNN NN
Q1SS NIL V" < § LA NYNNANNN NN
A, o FIAAALINNNN
A XA XY AL NALS NN NN N B
214D g0 AL ENNNNNNNY
LAY, LA NNNNNNN
% DAL NN
LAY —— A1 SNSRI
Wit 7 NS
I, NN Y, LA
a0 | NN s
Q\L\s\& a1 l = \n I— ] —_— = [— ] 4 w 2.9 90 -3 H\§ .
| Z77 ) 18
G L S5
VALY 7 7 2 7,
|7 455715 m_/\@ &/ 2/ o/ ZTIA A 9
» \\—\\_\ \_\\H\\_\ T T Y NN T NS N - \\Y\_\Q\\—\ ﬂ
4, I N 7077%
BY77zz 77 B B & -6
T, T LT T T T 11 G,
LAY, LT T T T 17 7
%\w\:\m\ T T T TT \\ﬁ\w\
7. 7 K AN
“_\H\\_V : Vid
L o
. H 11 J ) m— s.—-l—

Sept. 5, 1933.

[
I
5o
I

&5

Z{2 24
% {

Lserocse€os:
¥ & ot

%) 5., BRtK, sy



1,925,458

5 Sheets~Sheet 3

1931

W. A OGG

EFFECTING ENDOTHERMIC REACTIONS

Filed Jan. 15,

Sept. 5, 1933.
20

Py - -
2l I
‘H HH b
- | " "
|
] i
1 1
— -
|
L
[ |
[SU— JE— —_
e fl | 1
9 1 S — S0
. “ Hood
il
{ | |
1t I _ i [
: M ! oo
g | .
|
NI/ | b
1ol & _ i
SO (S 4 ﬁ oo
NP 5 _ S rEt NN (! I
m mw N ”““%“II“|||III(MﬂV.”||I||I|II|I||..” H.H.“M__
N T AN SR te
R LT H I
A | LA R |I¢~ lllllllll Iy _
1 ,P,v I __IVI ; [ _ [
I ORT I b
! "% _m_n.J/ ﬁ.{}(ifﬂ.“%\mﬂ.\l\\\.u fm——— il !
! AAGERL T C A & al |
y N 2\ AL 2 & e “ L _
5 s\ Y T R
4 Y
Y % IR
N o i __.TVM.I.”. IIIII W |_._ 1
O BT H !
N 3 L. ||I|I|\|\|_||“EF l\.l II_III ey m sing ey |I|||L |f|‘||“-“—_
0 R A S R
ncw 4/ mu..m\ ,.||||.|||I||1I_¢I.\S| s I_+| H |,T.lln__
g W el AT
T W ||||| LY Mk A+~ S N, } S | I
.A | \ "I“. lll“ I__lIL_I / d I“ “ “
| _ xlhn“_.lllllllllllll_.,I|.n.lla.II._.h|||_
“ _ _ g i !
HoLd N T
S i 1 _
Y o 1 "
b i !

P
A

Lesvesadne:
2 M%—? ‘

Wadédrrise 1. OQGoy

2z,



1,925,458

W. A. OGG

EFFECTING ENDOTHERMIC REACTIONS

Sept. 5, 1933.

5 Sheets-Sheet 4

1931

Filed Jan. 15,

79

83

8/

5] N HE

A CNSE=E I I\BEa uw//// W HHH

- HEH WW H% jizesEaizs

(s SlgHgigh gl m%&w”Hnwunn

1 R INSagigigigigh

o » IHH A H A H H HR YR AEH T HAF

HWW O HH LU HAIN U TS TP

o ISR TAY =S Mo Apligemmy AninEnly
Rpighaipiin Npigl | a iy Epply

N IR ERARE ot
e S B S 55 Rt B B S S e e R SN N I

Lsawesifos
Wedédeviaa 1 OOy

R Eoteyy By sy S

34



1,925,458

W. A OGG

EFFECTING ENDOTHERMIC REACTIONS

Sept. 5, 1933.

5 Sheets-Sheet 5

Filed Jan. 15, 1931

23

S R Y A AU S R E PO my
s s s e ek ki o e i s S
I

I:

1

29

19 «
e ol e e e i —— =

R

/7



Patented Sept. 5, 1933

UNITED STATES

1,925,458

PATENT OFFICE

1,925,458
EFFECTING ENDOTHERMIC REACTIONS
William A. Ogg, Newton, Mass.
Application January 15, 1931. Serial No. 508,924

5 Claims,

This invention relates generically to a method
for effecting endothermic reactions and in par-
ticular in one of the embodiments thereof to the
recovery from crude materials of the metal values

5 of volatile metals, notably zinc.

My invention is characterized by the applica-
tion of heat substantially by radiation only with
resultant avoidance of disadvantages incident to
prior methods. The principle of my invention

10 will be well understood by consideration of the
specific application of the same to zinc smelting
and I have shown in the accompanying drawings
an illustrative embodiment of a zinc smelting fur-
nace designed for the production of spelter.

15 After I have described the construction of the

particular furnace shown reference to certain
preferred methods of ils operation will indicate
in an illustrative manner the improved method
of my invention.

In the drawings:—

Fig. 1 is a plan of the furnace;

Fig. 2 is a radial section on a larger scale;

Fig. 3 is an interior elevation with parts broken
away showing the charging and discharging
means;

Fig. 4 is a partial side elevation with part
broken away; -

Fig. 5 is a fragmentary exterior side elevation;
and

Fig. 6 is a section on the line 6—6 of Fig. 2.

Referring first to Fig. 2 of the drawings, I
have there shown a furnace structure embody-
ing side walls 7 and 9 and a roof 11 of suitable
masonry construction. The particular furnace
shown is adapted for continuous operation, if de-
sired, and is therefore conveniently of the partly

-annular form illustrated in Fig. 1, a chamber 13

completing the annulus and being not heated but
providing for housing the loading and discharg-

40 ing mechanism hereinafter to be described. Re-

ferring again to Fig. 2, the furnace chamber
formed by the walls 7 and 9 and the roof 11 may
be divided by a horizontally extending partition

15 of high heat-conducting capacity, herein

shown (see also Fig. 6) as formed of plates 17

of silicon carbide (carborundum). or the like sup-
ported on beam-like supports 19 which may be
formed of suitable silica brick shapes. The par-
tition 15 and the roof 11 together with suitable

50 end walls 20 (Fig. 3) define a heating chamber
in which gases may be burned to provide for
radiating heat through the partition 15. Herein
a mixture of fuel gas and air is supplied through
the ports 21. 'The gas may be supplied through

55 pipes 23. Air for combustion may be forced by
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(CL 75—28)

a blower 25 (Fig. 3) through mains 27 at either
side of the furnace chamber to the hollow buck-
stays 29 through which it is delivered to the com-
bustion chamber. Stack 30 provides for carry-
ing off the products of combustion.

Access to the heat radiating partition 15 may
be provided (see Fig. 5) by constructing arches
31 in wall 9, permitting the bricks beneath the
same to be removed when desired. Removable
bricks 33 for inspection purposes are provided.

The heat radiated from the partition 15 is ap-
plied to the material to be treated on a suitable
table or support 35 of refractory material oppos-
ing thé same, the table and the partition consti-
tuting walls of a reaction chamber. Herein the
table 35 is annular and may be built up from
suitable silica shapes mounted on metal plates
37, which are in turn supported on trucks 39 run-
ning on the circular rails 41. An annular rack
43 attached to the dead axles of the trucks is en- 75
gaged (see Fig. 3) by a pinion 45 driven through
a suitable train of gearing by the electric motor
47 whereby the table may be rotated beneath
the arch. A suitable pit 49 between the tracks
provides for access to the trucks and other 80
mechanism. o

Suitable means are provided Tor sealing the
reaction chamber and herein retaining walls 51
adjacent the side walls of the furnace chamber
provide receptacles for receiving a body of sand 85
53 into which dip seal aprons 55 consisting of
plates, preferably of chrome iron alloy, depend-
ing from the sides of the table 35.

Referring now to Figs. 1 and 3, opposing the
table at the discontinuity of the partly annular 90
furnace chamber and received within the un-
heated chamber 13 above referred to are means
to feed the material to be treated to the table
35 and to remove residues therefrom. Referring
to Fig. 8, the table 35 may be considered to move 95
left to right in that figure. In the present in-
stance the table is charged with loose, uncom-
pacted, granular material. A hopper 57 opposes
the table and may be provided with suitable
means 59 for positively feeding material there-
from. A regulating plate 61 extending over the-
top of the table 35 between the side plates 63 may
be raised and lowered by means of the rack 65
connected thereto and herein shown as driven
by a suitable pinion 66 chain driven from a hand
wheel 67 and will determine the depth or thick-
ness of the layer of material delivered to the
table. Material piled up by the hopper in front
of the regulating plate serves as a seal for the
intake end of the furnace chamber. To remove
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material from the surface of the table 35 as it
passes from the furnace chamber I may provide
2 plow 69 adapted to be raised and lowered by
means of the intergeared screw shafts 71. The
plow may be utilized to clear off the table after it
passes from beneath the heat radiating wall and
before it re-enters the furnace chamber. The
residues discharged by the plow may be dumped
to the hoppers 73 (Fig. 1) and carried off by the
belt conveyor 75. )

The volatile products produced in the reaction
chamber may be withdrawn therefrom (see Fig.
2) through the ports 77. In the present instance
these volatiles comprise zinc vapors which may be
condensed in condensers formed by the upper
and lower annular series of plates 79 and 81 pro-
jecting from the side wall 9, the condensing
chamber between these plates being provided
with suitable baffies 83. The lower plate 81 slopes
inwardly and downwardly as shown so that the
condensing metal drains inwardly either (see Fig.
4) to one of the spelter collecting pots 85 located
at intervals about the furnace wall or to an in-
clined channel 87 of one of the blocks 89, which
channel discharges to a collecting pot 85. Suit~
able doors 91 permit the metal collecting in the
pots 85 to be tapped off at suitable intervals.

Since the annular construction of furnace here-
in shown is adapted for continuous operation, it
will facilitate understanding of the more com-
prehensive scope,of my invention if I first de-

seribe that method of operating this particular

furnace. The table 35 may be slowly and con-
tinuously rotated while there is deposited thereon
from the hopper 57 a thin layer, preferably pul-
vérulent and uncompacted, of mixed roasted zine
ore (crude zinc oxide) and reduction material
to a depth of, say, half an inch or preferably much
less, and as the table so charged rotates beneath
the radiating wall 15 the metal is distilled off.
Radiant heat is effective on the exposed surface
of the charge on which it falls, which surface is
in some degrée renewed as the reaction proceeds,
and, referring to a layer of the thinness described,
is effective by conduction throughout the layer,
at least during the continuance of the process,
to such an extent that substantially constant
thermal efficiency is attained, the evolution of
vapors being at a substantially constant rate, the
curve of production dropping, as would be ex-
pected, towards the end of the process when a
substantially complete commercial yield of metal
values has been attained but quite sharply. There
is no such accumulation of residues end/or excess
fuel as occurs adjacent the wall of a loaded re-
tort to present an effective impediment to heat
transmission and cause 2 marked decrease in effis
ciency. Cadmium is usually present and will be
disengaged first. As there are g number of
collecting pots, & selective separation of the cad-
mium is thus provided for. At the completion of
the rotation any residues remeaining on the table
may be scraped off by the plow 69. Alternatively
the plow may be intermittently operated only
after the table has completed s number of revo-
lutions, successive deposits of reaction material
being made, each layer. being on the residue of
the old, 2 fresh, thin layer of material always
being exposed in opposition to the heat radiating
wall. The residue may accumulate to a con-
siderable amount and then be scraped off.

I have described the table as being continuously
and slowly rotated, but obviously it may be rapid-
ly turned to load and stopped to remain station-
ary with its charge in opposition to the heat ra-
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diating wall for as long as is necessary or de-
sired to effect the reaction. When solid reduc-
tion material is mixed with the crude oxide, to
obviate the heat insulating effect of the ex-
cess of material it is preferable to use it in sub-
stantially theoretical proportions and utilize ma-
terial as ash-free as possible. For instance, oil
coke is commercially feasible and contains little
ash. In this case the mixture wastes away sub-
stantially completely to expose fresh surfaces
to radiant heat without substantial accumulation
of ash and gangue to form a heat intercepting
layer. Therefore a layer of crude oxide and re-
duction material of a considerable thickness, say
about four inches, may be deposited on the table,
advanced into the furnace and treated, the ma-
terial wasting away substantially completely so
that successive strata are effectively subject to
radiant heat, the conduction in the initially thick
layer not being relied upon. This wasting away
may, I believe, be facilitated in certain instances
by a slagging of the inert constituents of the
crude oxide used, the resultant slag trickling
through the unreduced ore to the bottom. This
conception of the action is deduced from the
character of the residual products. While the
slag may absorb a certain amount of zinc which
cannot be directly recovered in the process, the
resultant removal of inert material from the top
of the unreduced zinc oxide and carbon in such
manner that it will not interfere with the radia-
tion of heat to the material permits the use of
thicker layers.

In the case of treating blue powder in which
no gangue is present and but very little carbon
is required to reduce the material, the layer
might be a foot or even more in thickness.

In the smelting of zinc in the prior art the
crude oxide and reduction materials have been
packed in externally heated retorts. Xeat was
applied to the mixture by conduction. This is
slow and inefficient. Obviously there was a great
loss of thermal efficiency in treating the central
portion of the retort charge as compared with
those portions in contact with the wall. In the
treatment of finely divided material in order to
provide such porosity to the charge as would
permit heat conduction, an excess of fuel was
used, in itself having insulating qualities and
objectionably contaminating the residues. In
some instances charges have been built up of
brigquets but the same condition of inefficient
conduction to the center of the briquets has pre-
vailed while the shape-retaining quality of the
briquets has prevented access of heat to the in-
terior. In the arrangement herein described
the application of heat is substantially by radia-
tion only to a charge disposed in such manner
that a large area of reaction material may be
treated with substantially constant thermal ef-
ficiency. Rapid and thorough disengagement of
the metal values is effected. The mechanism is
simple and the labor costs.are low. '

While I have particularly described the opéra-
tion of zinc smelting, the application of the prin-
ciples of my invention to other materials will be
well understood.

I am aware that the invention may be em-
bodied in other specific forms without departing
from the spirit or essential attributes thereof,
and I therefore desire the present embodiment to
be considered in all respects as illustrative and
not restrictive; reference being had to the ap-

pended claims rather than to the foregoing de- z
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scription to indicate the scope of the invention.

I claim:

1. The method of recovering zin¢ from an un-
compacted mixture of crude oxide and carbonif-
erous reduction material characterized by the
features that the mixture is treated in an indi-
rectly heated furnace as an extended mechanically
undisturbed layer and that heat is applied sub-
stantially uniformly throughout the surface of
the layer substantially by radiation alone, the
layer being of such maximum thickness that the
residue accumulated during the complete uti-
lization of the material during the process will
not substantially impair the transfer of heat, as

manifested by a substantial decrease in the rate

of vapor evolution.

2. The method of recovering zinc from an un-
compacted mixture of crude oxide and carbonif-
erous reduction material characterized by. the

-features that the mixture is deposited on a sup-

port in an indirectly heated furnace in successive
layers and that heat is applied to said layers sub-
stantially uniformly over the surface thereof sub-

stantially by radiation alone while they remain

mechanically undisturbed, each layer being of
such maximum thickness that the residue accu-
mulated during the complete utilization of the
material during the process will not substantially
impair the transfer of heat, as manifested by a
substantial decrease in the rate of vapor evolu-
tion.

3. The method of recovering zinc from an un-
compacted mixture of erude oxide and carbonif-
crous reduction material characterized by the
features that the mixture is applied in a layer to
a support in an indirectly heated furnace on
which support it rests mechanically undisturbed
and that the surface of such layer is exposed sub-
stantially uniformly throughout its area to a
source of radiant heat, such layer being of such

maximum thickness that the residue accumu-
lated during the complete utilization of the ma-
terial during the process will not substantially im-

.pair the transfer of heat, as manifested by a

substantial decrease in the rate of vapor evolu- 80
tion. ' ‘

4. The method of recovering zinc from an un-
compacted mixture of crude oxide and carbonif-
erous reduction material characterized by the
features that the constituents of said mixture are 85
supplied in substantially theoretical proportions
and exposed in a mechanically undisturbed ex-
tended Iayer in opposition to an externally heated
radiator substantially c¢oextensive with the sur-
face thereof to be heated substantially entirely by 90
radiation therefrom, whereby the layer is adapted -
substantially entirely to waste away at its heat
exposed surface and to present fresh material to
the incident radiant heat and the residue accu-
mulating during the process will not substantially 95
impair the transfer of heat, as manifested by a
substantial decrease in the rate of vapor evolu-
tion.

5. The method of recovering zinc from an un-

compacted mixture of crude oxide and carbonif- 100

erous - reduction material characterized by the
features of successively depositing layers of the
mixture.on a support in an indirectly heated fur--
nace, each layer being of such maximum thick-
ness that the residue accumulated during the 105
complete utilization of the material during the
process will not substantially impair the transfer
of heat as manifested by a substantial decrease
in the rate of vapor evolution, exposing each layer
successively while the material therein rests me- 110
chanically undisturbed on the support to radiant
heat applied substantially uniformly throughout
its area to effect the reaction and at less frequent
intervals removing the accumulated residue.
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