Feb. 24, 1953 'R. A. WILKINS ET AL 2,629,756

APPARATUS FOR SMELTING ZINCIFERQUS MATERIAL
| COMPRISING AN ELECTRIC FURNACE
Filed June 28, 1949 3 Sheets-Sheet 1




Feb. 24, 1953

Filed June 28, 1949

R A. WILKINS ET AL
APPARATUS FOR SMELTING ZINCIFEROUS MATERIAL

COMPRISING AN ELECTRIC FURNAGE

2,629,756

3 Sheets~Sheet 2




Feb. 24, 1953 R A. WILKINS ET AL 2,629,756
- APPARATUS FOR SMELTING ZINCIFERQUS MATERIAL -
COMPRISING AN ELECTRIC FURNACE

Filed June 28, 1949 , . 3 Sheets-Sheet 3
ra23 ”gﬂ\\\ l\\#
»‘T? N ~
i N8
S ? a& ASSSNASY
\#\% ) o
NN N J 2/
§§E !E iaakf, I /9
Neiy N
§:%g /i v .
Nz KIIII/// T
Z: NANNAN

A
>

=

_——

,«291

Ve

L

\
A3

| Wﬂﬂfm
) Goiidois C. Mudcés,

mm sty

," '

.S




Patented Feb. 24, 1953

UNITED STATES PATENT OFFICE

2,629,756

2,629,756

APPARATUS FOR SMELTING ZINCIFEROUS
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2 Claims.

1

Our invention relates to the recovery of zinc
frcm zinciferous materials, and particularly to
the reduction of zine from its ore concenirates
known commercially as “zinc sinter” and ‘“zinc
calecine.”

It will be understood that the significant
zinciferous content of the ore as mined is zinc
suiphide. To produce zinc sinter or calcine from
the ore the latter after being mined is crushed
and subjected t0 a separating operation for re-

inoving as much of the gangue as economically

feasible. The concentrated crushed ore ob-
tained as a result of the separating operation is
roastzd in the presence of air for converting the
zine sulphide to zinc oxide.

The roasted product contains some of the

gahgue of the original ore, which gangue 1s_

largely silica and other fusible substances capa-
bie of slagging if heated to the regquisite temper-
ature. Also the product contains other impuri-
ties among which are practically always iron, in
the forin of iron oxide and iron sulphide, and
o, small amount of the original zinc sulphide of
tie ore,
small amounts of copper in the form of copper
matie (Cu2S) or even metvallic copper, and in
most instances small amounts of the precmus
matals gold and silver. |

11 so far as the present invention is con-
cerned, zine sinter and zinc calcine are chem-
ically SmbStﬁ:ﬂtl&lly the same. They differ merely
physically, in the unimportant respect so far as
the present invention is concerned, in that the

narticles of the sinter, as its name indicates;

are more or less fused. Therefore, for conven-
ienece in terminology, hereinafter and in the ap-
pended claims, both products will be referred to
as “zince sinter” or “sinter.”

The invention has among its objects the re-
covery from the sinfer of zine in metallic form
or otherwise, and the recovery of the precious
metal values, if any, of the sinter. Among other
ohiects are an apparatus and method by use
and practice of which this recovery may be se-
cured in a minimum of time and w1th reduced
operating costs.

Further, usually the product contains
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In common with the classic methad of reduc-

ing zinc from zinc sinter, the improved method
involves reacting the zinc oxide of the sinter
with carbonaceous madterial.  In the classic
method the sinter is mixed with ground coke,
coke fines, or ground anthracite coal to give
about 100% excess carbon in respect to the
stoichiometric amount necessary to react with
the zinc oxide present. This mixture, accord-

ol

2

ing to the classic method, is charged into a re-
tort and heated for about 24 hours at a temper-
ature of about 2100° ., the zinc vapors as lib-
erated from the charge ordinarily being con-
densed to liquid zinc in a condenser at the mouth
of the retort. At the end of the reaction period
the residue of the retort is a sticky pasty mass
consisting of slag, coke or coal particles, the iron
compound of the sinter, and about 35% zinc in
the form of unreduced zine oxide. This hot
mass or residue, while the retort is still heated
to a temperature of about 2100° P., is rabbled
out by a laborious hand operation.

According to applicants’ methiod, however, In-
stead of using such amount of the above men-
tioned carbonaceous materials as will give an
excess of carbon of about 100% of that deter-
mined by stoichiometric considerations, only
such amount as will give about 10 to 30% ex-
cess, preferably about 25%, is employed, this
preferred amount thus effecting a saving of
about 60% in the amount of coke or coal as

compared to the classic method. Further, by

applicants’ method about 98% of the zinc value
of the charge is recovered as compared to about
85% recovered by the classic method. Further-
more, instead of taking about 24 hours for treat-
ing the amount of sinter entered into a retort
of the capacity employed commercially in prac-
ticing the classic method, applicants’ improved
method takes only about 1 to 2 hours for treat-
ing the same amount of sinter charged into a2
retort of the same capacity. Still further, by
applicants’ method the precious metal values of .
the sinter may be concentrated for ready re-~ .
covery, and the labor involved in rabbling the
residue from the retort is entirely eliminated.
According to agpplicants’ method, aiter the
charge is entered into the retort its temperature
is raised to a value which liguefies the slag caus-
ing the retort contents to form a liquid mass that
may be poured from fthe retort for clearing it
preparatory to entering a fresh charge into it.
The retort is charged, at a temperature not ex-
ceeding 2000° P\, for preventing such active re- -
action as will cause evolution and escape of
troublesome amounts of zinc fumes during the
charging operation before the retort is sealed .
from the atmosphere. The reaction of the car-
bonaceous material with the zinc oxide of the

sinter commences, in a commercial sense, at

1700° ¥. or slightly lower, and, according o ap- |
plicants’ invention, the temperature is gradually

raised to aboub 2750 to 3000° F. for securing an .
active reaction and rendering the slag liquid.
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The exact final temperature necessary to secure
a pourable liquid mass in the retort will to some
extent depend upon the amount of coke or coal
remaining in the retort when the reaction is
completed. Some of this coke or coal, which of
course does not liquefy, tends to mix with the
slag because of the agitation of the retort con-
tents by the zinec vapors as the latter are lib-
erated from the charge, and thus tends to ren-
der the slag less liquid. This reduction in liquid-

ity can however be corrected by selecting a.

requisite final temperature, a higher temperature

acting to increase the liquidity of the slag. With.
about 25% excess carbon in the form of coke or

coal in the charge requisite liquidity will be se-
cured under ordinary circumstances at a tem-
perature of about 2750° F., and with an excess of
carbon within the range of 10 to 309 in the
form of coke or coal will be secured under all
circumstances met with' in praectice without
raising the temperature to more than about
3000° FP. The coke or coal which floats on the
slag, being dry, will readily pour from the retort
with the liquid slag or the liquid mixture of slag
and. coke.

Puring the heating operation in the retort, the

carbon reacts with the iron oxide of the sinter to
produce metallic iron or a silicious alloy of the
same,. this iron or alloy almost alwayvs coniain-

ing dissolved iron matte formed by the reaction

of the iron with zinc or other sulrhide in the
sinter.
which for convenience in terminology are in the
appended claims referred: to as “iron,” all act to

a moderate extent to take up the precicus metal

values of the sinter. However, the copper matte
in the sinter as charged to the retort, and the
copper matie formed by the reaction of metallic
copprer with the zinc or other sulphide in the
sinter when it is heated in the retort, dissolve into
the Iron or iron alloy or solution very markedly
to augment its property of scavenging the charge
of 'its precious metal values. The amount of iron
reduced can be controlled by holding the final
temperature for the requisite time, even beyvond
the end of the reaction period. The molten iron
or alloy or solution is poured from the retort with

the molten slag into a container and is separated

from the slag by liquation or other form of grav-
ity separationn. The iron or alloy or solution thus
recovered may be treated, in a known manner,
for recovering its precious metal values.

It will be observed from the above that there

must be sufficient liquid in the retort at the end
of the heating operation: to render its contents
pourable. Commonly enough liquid will be pres-

ent if the charge contains 1% fusible slag form-
ing material.
such material to cause the charge to contain Tar
more than this amount of the same. Also the
coke or coal contains slag forming material which
acts to-inerease the amount of liquid slag at the

end of the heating operation. Any conceivable

deficiency in slag forming material could be cor-~

rected: by adding slag forming material, such as

silica, to:the charge. |
Zine sinter usually contains up to about 6 or
7% iron in.the form of iron oxide and iron sul-

phide. Sufficient iron oxide, or cther compound.

capahle of being reduced to liquid metallic iren
by the-carbon, will be present in the charge if the
metallic iron that can be so produced amounts
to about 1% of the charge. In the rare case of

a sinter which does not contain. enough cf such

reducible compound the deficiency may be cor-
rected by adding a requisite amount of the same

This metallic iron, allcy and solution,

The sinter will contain enocugh of
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4.
to the charge with the coke or coal, or adding
even chips of cast iron of high enough carbon
content to be readily meltable.

The copper should be at least about 0.1% of
the sinter to secure satisfactory results. All
ordinary sinter contains at lenst that ameunt of
copper in the form of copper matte or metallic
copper, and also contains enough zine sulphide to
convert any metallic copper present to copper
matte during the progress of the method. In the
rare case of a. sinter which is deficient in such
substances the- deficiency can be corrected by
adding them to the charge when the coke or coal
is added.. |

In the process the ground sinter mav be merely
mixed with the ground coke, coke fines or ground
coal and charged to the retort, or the mixture
may be briquetted to facilitate handling it and
charging it to the retort.,

Preferably, the retort employed in applicants’
improved method is in the form of a crucible of a
high' frequency electric induction furnace, the
material of the crucible or retort selected for
Ssuch use being electrically conductive so that it
will be directly heated by the inductive field for
heating the charge when the electrical conduc-
tivity of the latter is impaired by consumption
of the coke o1 coal toward the end of the reaction
period. A high frequency induction furnace, un-
like one of low frequency, does not require a con-
ductive molten metal core to secure heating; and
therefore lends itself to use in the practice of
applicants’ method. It will be understood that
the coke or coal of the charge is electrically con-
ductive and is directly heated inductively: so as to
augment the heating effect on the charge by the
container especially during the first part of the
reaction when the coke or coal content is high,
and that this results in a speedy operation.

Commonly the zine of the vaporous or gaseous
mixture: given off by the retort in the practice of
applicants’ invention will' be recovered hy leading
the mixture to a condenser and therein condens-
Ing the zine vapers of such mixture to liquid zinc.
However, if desired, a condenser of known design
may be employed that will produce zine powder
instead of liquid zinc from the zine vapors of the
mixture. Also it is feasible to conduct such
vaporous mixture to a chamber and therein in s
Known way combine the zinc vapors of the mix-
ture with air to produce a pure form of zine
oXide;

- Sultable apparatus for practicing the above in-
vention. is shown by the. accompanying drawines
in which:

Fig. 1 is an elevation of the apparatus accord-
ing:to the:invention with parts. omitted; .

Figs. 2-and 3 are, respectively, elevations of the
apparatus according to Fig. 1, with the: parts in
different operative positions:

Fig. 4-is a plan view.of the apparatus aceording
to Fig. 1. with parts omitted:

Fig. 5 is a section: on the line 5-—5 of Fig. 1 on
an-enlarged scale:

Fig. 6 is a section on the line 6—6 of Fig. 5

Fig. 7 is a section on the:line T—T of Fig. 3 on.
an enlarged scale with the furnace moved into
its position shown by Fig; 1:

Fig, 8illustrates a detail: |

Fig. 9 is a section on the line 9-—9- of Fig. 4 on
an enlarged scale and with parts omitted:

Fig. 10 is a section on. the line 10—10 of PFig. 3
On an enlarged scale, with parts omitted and:
parts broken away:.

Fig. 11 is a vertical medial section of the fur-.
nace on an.enlarged scale,. corresponding. to a-
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section on the line {i—11 of Pig. 4 when the

parts are in their position shown by Fig. 2;

Pig, 12 is an elevation of a fragment of the
furnace according to Figs. 1 to 9 and 11 on an en-
larged scale; and -

Fig. 13 is a plan of the parts shown by Fig. 12.

The furneace illustrated in the drawings is of

the high freguency induction type hereinbefore

referred to, which furnace is operated conven-
iently at aboui 1600 cyveles per second and at
from 9900 to 1300 volis, with a power input suffi-
cient to secure the requisite temperature of the

charge, although neither the frequency nor volt-

age is critical and may be varied within very wide
limits. The furnace shown is of a known type,
and consequently will be described only with such
particularity as necessary to show how it coop-
erates with other parts of the embodiment of
applicants’ invention illustrated. .

As shown, the furnace comprises a crucible |
(Fig. 11) of circular cross-section forming a re-
tors for receiving the charge, the material se-

lected for this crucible being of heat refractory

electrically conductive material such as graphite,
hard carbon, silicon carbide, or the like. In
spaced relation to the walls of the crucible is
shown a thin walled cylinder 3 of heat refrac-
tory electric insulating material, while below
the crucible in spaced relation thereto is a layer
5 of heat refractory electrically non-conductive
firebrick, the space between the crucible and the
cylinder 3 and between it and the firebrick layer
B being iilled with a molded body 1 of heat re-
fractory heat insulating electrically non-con-
ductive material. The cylinder 3 is surrounded
by a solenoid coil 9, of hollow copper tubing, the
lower end terminal portion of which tubing is
deformed to close it and to provide an electric
terminal 1f supported by an insulating block (3.
To this terminal is connected a flexible insulated
electric cable [3. Adjacent the terminal {1 the
coil is shown as formed with a tubular branch
outlet 17 to which is connected a flexible water
hose 19 of synthetic rubber or other electrical
non-conductive material. The opposite end of
the coil is provided with an extension 21 which
terminates in a like terminal Il (not shown)
resting on the insulating block 13 for connection

thereto of a second flexible insulated electric ca-

ble 15, the extension 21 adjacent its terminal be-
ing also provided with a branch outlet {T (not
shown) for connection thereto of a second flex-
ible water hose 19. The crucible and heating
coil, as shown, are received in a box-like casing,
formed of heat refractory heat insulating elec-
trically non-conductive material preferably of so-
called “asbestos lumber,” the casing comprising
the parts 23, 25, 27T and 29 (Fig. 11) and hav-
ing its corners reinforced by the metal angle
frame 31 best shown in PFigs. 3 and 12.

As illustrated, the furnace F is mounted on a
carrier constituted by the movable carriage 33
having wheels 35 supported on horizontal rails
37. This carriage is shown as provided at one
end with spaced vertical posts 32 (Figs. 1, 5 and
12) between which the furnace is positioned ad-
jacent a pair of its opposite vertical corners. The
furnace, which exteriorly is approximately in the
form of a square prism, is tiltably mounted on
vhese posis so that the crucible may be poured.
For sc mounting it the furnace is provided at the
lower portion of its sides adjacent the posts with
diametrically opposite projecting horizontal pins
&1 (Figs. 12 and 13), which pins are pivotally
supporied on the hoock-like brackets 43 carried
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6
by the posts. Adjacent its corners at the tops
of the posts the furnace is provided with extend-
ing lugs 45 from which project the diametrically
opposite horizontal pins 41, Tilting of the fur-
nace under the force of gravity to the right, as
viewed in Fig. 12, about the pins 41 as a fulcrum
is prevented by engagement of the pins 47 with
the hook-like ends 48 of the brackets 49 carried -
by the posts. The furnace may be tilted to the
left, as viewed in Fig. 12, about the pinsg 41 as a
fulerum until the pins 47 are engaged by the
hock-like ends 5{ of the brackets 53 carried by
the posts, whereupon further tilting of the fur-
nace may be effected by swinging it about the
pins 4T as a fulerum to move it to its position
shown by Fig. 3 for pouring its contents. When
iowered from the position shown by Fig. 3 the
furnace will swing by gravity about the pins 41
as g fulcrum while they are engaged by the hook-
like ends 51 until the pins 41 are engaged by the
brackeis 43, and then the furnace will swing by
eravity about the pins 4f as a fulcrum until the
pins 47 are engaged by the hook-like ends 48 of
the brackets 49,

For permitting tilting of the furnace, the flexi-
ble cables 15 and flexible water hoses 19 loosely
extend upward to the top of a post 85 (Figs. 5
and 8) carried by the carriage 33. This post
adjacent its top carries at one of its sides a pair
of connectors 571 (Fig. 8), of insulating material,
to one of the ends of which are connected the
water hoses (9 and to the other ends of which are
connected the continuing flexible water hoses
{82 of the same material as the hoses 9. The
post at its opposite side adjacent its top carries
a panel 59 on which is mounted a junction box 61
(Fig. 5) which the ends of the cables {5 enter
for connection to convinuing flexible insulated
electric cables 152, The two cables {82 and the
two hoses 192 are bunched together by suitable
tying means 63, and extend downward irom the
top of the post and then upward to the free end
of a beam 65 to form g flexible bight 66. The
heam at its free end carries a junction bhox 61
(F'ig. 5) which the two cables 152 enter and in
it are connected to further continuing flexible
insulated cables 15°. The two cables [5P and the
two water hoses 192 extend through a trough-
like conduit 68 fixedly carried by the beam and
extending lengthwise thereof. 'The beam is
shown as pivetally mounted for horizontal swing-
ing in bearings 69 carried hy a wall W. The
cables 18P and hoses 192 extend from the end of
the conduit 68 adjacent the wall and turn down-
ward. One of the hoses 192 is connected to a
pipe T provided with a control valve T3 for sup-
plying cooling water to the coil 9 of the induction
furnace. The other hose 192 discharges the cool-
ing water from the coil into a funnel 15 carried
al the upper end cf a pipe 1T leading to a sewer
or other convenient place of disposal of the wa-
ter. The two flexible cables 15® are shown as
extending to a further junction box 19 carried
by the wall, and in it are connected to the leads
81 confrolled by the switch or other suitable in-

strumentality 83 for controlling the energizing of

the induction coil of the furnace. The swing-
ing team 65 and bight 66 permit the carriage 33
to be moved from its position shown by Figs. 1
and 5 into its two other positions hereinafter de-
seribed. |

The carriage is held in its position shown by
ig, 1, in which position the charge is entered
into the retort, by a removable bar 85 (Figs. 1
and 5) inserted by the operator through a per-
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forated Iug 87 fixedly carried at the end of the
carriage 33 into the perforation of a bushing 89
fixedly set into the floor.

The prepared mixture constituting the material
to be charged is stored inn a hopper 91 from which
leads a downwardly extending chute 93.

by the handwheel 99 (Fig. 5). By rotating thé

valve, the material from the hopper received in:

the recesses {81 of the valve when thosé receésses
are uppermost is discharged into the portion 103

of the chute below the valve when those recesses.

in this:
chute is shown a measuring valve 95 having the
rotatary member 97 (Fig. 6) adapted to bé turned:

>

10

are lowermost. Below the medsuring valve the:

chute 33, {03 is provided with a gate valve {05

(Figs. 5 and- 7) having an operatinig handle
When the gate valve is closed a. measured
quantity of the charge may be entered into the
portion of the chute between that valve and the
measuring valve by rotating the latter, whereupon:

107.

the gate valve may he opened to discharge such
measured quantity from the chute.

Thus the

15

20

portion: of the chute hetween the two valves con-

stitutes a receptacle for receiving a measured

quantity of the charge to be entered into the re-
tort.

sleeve () which is slidably mounted thereon,
and below this sleeve is a connector sleeve 113

of heat refractory material, on which the slesve

(i1 rests. The connector sleeve 13 and sleeve

The portion 109 of the chute below the
gate valve. is received in the upper end of the:

30

[l are held in their positions shown by Fig. 7

by reason of engagement of the hooked ends 5

of the latches 117 with the annular flange 19

at the upper end of the sleeve {13, the latches at-

their upper ends keing pivotally carried at {2l °

by the casing of the gate valve.

When the carriage is moved to place the fur-

nace beneath the opening of the sleeve {13 in

registry therewith the latches may be disengaced

from the flange 1119 to release the sleeves {'1f and
{3 to permit the latter to rest, as shown by Figs:.

40

1 and 5, upon the ring-like member 123 (Fies. §

and 11), of refractory material, which surrounds
the upper projecting end of the retort. Under
these conditions when the gate valve 105 is opened
the measured quantity of material between that

45

valve and the measuring valve 85 will dischHarge:
into the: retort chamber, whereupon the sleeve

113 may be raised to cause it to be engaged: by
the latches 11T to permit the carriage to move
the furnace away from its position shown by
Figs. 1 and 5 after the positioning bar 85 is with-

50

drawn, it being understood that, as hereinbefore.

explained, the furnace is charged when its termi-
perature is below that at which active reaction

of the carbon with the zinc sinter dces not oceur

50 as to prevent troublesorne emissicn of undue
amounts of zinc fumes from the retort prior to
1ts being connected to the zinc condenser ss here-
inafter deseribed.

As shown, the apparatus comprises 4 condenser:
125 for converting to liquid zine the zinc vapors.

- contents of the retort pourable.

8 |

vent pipe valve may be normally partially open
to cause the vent pipe to conduct carbon monox-
ide to any desired place of using it as a fuel gas.

The condenser inlet conduit 12 9, as shown,
has a downwardly extending portion 13f the
lower énd of whieh is provided with an annular
flange 133 (Figs: 1 and 9). The conduit, when
the retort is not donnected to it, normally is
clesed by 4 eap 138 releasably secured to the low=-
er end of the e¢onduit by C-clamps 131, the lower
enids of which clamps are pivoted at (39 to the
cap; as shown by Fig: 9; and the upper ends of
which have manually operated screws 141 adapt-
ed to engage the upper side of the flance. Pre-
paratory to pushing the carriage to its position
shown in Fig: 2, in which position the wheels of
the carriage adjacent the condenser are against
the positioning stop (43 on the rails 37, the cap is
removed. When in the position shown by Fig, 2
the: condult is in registry with the retort cham-
ber of the furnace for receiving the zine vapors
generated in the retort and conducting them to
the condenser for there condensing them to lig-
uid zine. The: joint between the conduit and the
retort: is preferably sealed, while the zine fumes
are being evolved, by a ring-like mass 145, of fire-
clay, applied while it is p‘la.s:ti-c. to the joint be-
tween the flange and the ring-like member 123 at
the:mouth of the retort, as best shown by Fig. 11.

It will be understood that the fiirnace is ener-
gized after it is moved to its position shown by
Fig. 2 to heat the contents of the retort for lib-
erating the zinc from the zinc oxide, reducing the
iron compound of the charge, and rendering the
When the fur-
nace is: to' be poured it is moved from its position
shown by Fig. 2 to its position shown by Fig. 3, in
which latter position the wheels at the left hand
end of the carriage are brought up against the
positioning stop 147 on the rails. In this position
the carriage is secured against tilting relative to
the rails by the operator inserting through the
perioration of the lug 81 on the carriage a rod
149 (Fig. 10) having g screw-threaded end {51
adapted to' be serewed into the threaded perfora-
tion of a bushing I53, fixedly secured to the floor,
by the operator furning the iod by means of the
handle 188 at its upper end, the rod also having
a, collay 157 ‘which is brought up against the upper
end of the lug when the rod is so serewed into the
bushing. When in this position the furnace is
tilted, in the way hereinafter described by en-
gaging the hooks 5% of a bridle at the firee end
of- the  cable 161 of a hoist with the rings 163

- (Figs. 3 and 5) carried at one end of the furnace.

60

generated by the reaction of the CATrdonNaceols.

material with the zinc oxide of the charge in the
retort.
with a tap 128, a vent pipe 121, and an inlet con-

As shown, this condenser is provided-

65

duit' 129, the vent pipe having a control valve
[{28. Normally the tap will be open and the valve.

128 closed so that liquid zinc formed in thHe con-~
denser will be discharged therefrom together

with the carbon monoxide generated in the retort.

and passing into the condenser with the zine va-
pors.
1t issues from the tap. If desired, however, the

The carbon monoxide may be burned as

70

Conveniently, when the furnace is tilted its
contents are poured into a movable mold (85
having a tapered mold chamber (6T at the hot-
tom of which is & reduced diameter portion 169,
This, __-chaqib'er:' 1s° SO proportioned’ that the. iron,
which sinks a}ﬁ‘d‘: separates by liquation from the
contents-of the crucible poured into the mold
chamber, will be received by the reduced diame-
ter' portion of that chamber, while the slag will
be retained: in' the portion of the chamber above
the iron, which enables the ir on to be separated
from the rest of the mass moldeqg by the cham-
ber by striking the iron with a sharp blow with a
sledge’ affer such mass solidifies by cooling and
is removed from the mold.

JWh‘én“ th'e" f urnace l.s moved from its position
shown by Fig. 2'to that shown by Fig. 3 it is first
necessary to break away the seal (45 of fireclay
and. move the furnace from beneath. the con-
denser inlet conduit before the cap {35 can be re-
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placed. During the interval which elapses be-
tween opening of the conduit to the atmosphere
in this way and the replacement of the cap at-
mospheric air will be drawn into the condenser if
means are not taken to prevent it. For prevent-
ing this, communicating with the upper end of
the downwardly extending portion 131 of the
condenser inlet conduit is a pipe 111 controlled by
a valve 113 for entering a downwardly projected
supply of inert gas, such as nitrogen, or, pref-
erably, a burnable inert gas, such as carbon mon-
oxide, into said portion of the conduif. This gas
which is so admitted, when the furnace is about
to be moved away from its position shown by Fig.
2, tends to escape from the lower end of the con-
quit and, if burnable, will be ignited by the hot
contents of the retort as soon as the fireclay seal
is hroken to permit the gas to contact with the
stmosphere, and will burn until the supply of
gas is interrupted or the cap is replaced. When
the cap is again removed preparatory to moving
the furnace again beneath the condenser inlet
conduit the supnly of gas to the conduit may be
reastablished and, if burnable, ignited with a
torch, such supply being continued until the fur-

Q1
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nace is in place and the joint sealed with fireclay

as above explained. By use of a combustible gas
for this purpose the gas is ineffective in respect
to having any harmful effect on the operators
of the apparatus.

The energization of the furnace may be con-
tinued if necessary until after it is poured. How-~
ever, after the furnace is poured it is permitted to
cool, as hereinbefore explained, to such a temper-
ature as will not generate troublesome amounts
of zine fumes during the charging operation and
while it is being moved from its position shown
by Fig. 1 to that shown by Fig. 2.

1t will be understood that within the scope of
the appended claims wide deviations may be made
from the forms of the invention described with-
ocut departing from the spirit of the invention.

We claim:

1. Apparatus for separately recovering metal-
lic zine and iron from a mixture containing zinc
oxide, carbon reducible iron compound, and elec-
trically conductive reaction carbon comprising a
furnace having a substantially closed retort
chamber provided with an electrically conduc-
tive lining and having a charging port for said
chamber nrovided with an upwardly facing en-
trance opening, means for charging said cham-
ber with the mixture comprising a discharge
means presenting a downwardly facing opening,
s movable carrier for said furnace having a po-
sition of movement in which said upwardly fac-
ing opening of said charging port is positioned
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below saigd downwardly facing opening of said
discharge means in registry therewith whereby
said chamber may be charged with the mixture,
a condenser for condensing zinc vapors to liguid
zine, which condenser has an inlet conduit pre-
csenting a downwardly facing inlet opening, the
carrier having a second position of movement in
which said entrance opening of said charging port
is positioned below said inlet opening of said con-
denser inlet conduit in registry therewith, electric
circuit means for inducing a high fregquency heat-
ing current in the reaction carbon of the charged
mixture for reacting the zinc oxide and iron
compound of the mixture with the reaction car-
bon to produce vaporous zinc and molten iron
and discharge the vaporous zinc into said coll-
denser when said entrance opening of said charg-
ine port is in registry with said inlet opening of
said condenser inlet conduit and for also induc-
ing a high frequency heating current in said lin-
ing for augmenting the heating of the mixture
and for maintaining the iron molten upon de-
pletion of the reaction carbon of the mixture.

2. Apparatus according to claim 1 in which
the furnace it tiltably mounted on the movable
carrier for pouring, from the retort chamber
through the charging port when the carrier is
moved to a third position, the molten iron main-
tained in liquid condition by the current in the
electrically conductive lining.

RICHARD A. WILKINS,
GORDON C. MUTCH.
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