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To all whom +t may concern:

Be 1t known that I, JouEN ZELLWEGER, &
citizen of the United States, residing at St.
Louis, Missouri, have invented a certain new
and useful Improvement in Annular Ore-
Roasting Kilns, of which the following 1s a
full, clear, and exact description, such as
will enable others skilled in the art to which
1t appertains to make and use the same, ref-
erence being had to the accompanyimng draw-
imgs, forming part of this specification.

In the drawings: Figure 1 1s a vertical
sectional view of my improved kiln. Fig. 2
18 a horizontal sectional view taken respec-
tively on lines B—(C—D—E—F and G Fig.
1. Fig. 3 1s a detailed sectional view 1llus-
trating the sand seal. Iig. 4 1s a horizontal
sectional view through one of the stirrers.
Fig. 5 1s a cross sectional view through a
stirrer.

This invention relates to a new and use-
ful 1mprovement in a roasting kiln of the
annular type, the object being to construct
such a kiln that the ores to be roasted will
be economically and expeditiously treated,
the eliminated gases being utilized 1f de-
sired for by-products purposes.

Other objects of the invention are: (1)

to provide a kiln chamber which can be kept
at proper temperature with the least con-
sumption of Tuel by closing the chamber and
excluding cool air, by mtroducing air under
pressure of a hot air column; (2) to utilize
the same heat repeatedly by recuperating
heat from the fire gases; (3) to use warm
alr for oxidizing the charge by introducing
1t through the recuperator and fire ports;
(4) to omit the use of metal parts mn the
kiln chamber, (5) to provide for the sepa-
ration of sulfur gases from the products of
combustion; (6) to provide means for vary-
ing the temperature in the several zones of
the hearth, whereby the ore may be locally
heated to different degrees.
- The principal features of my present in-
vention are: the construction of the kiln
proper; the arrangement of the ports there-
in; and the construction of the stirrers and
their operating mechanism.

The kiln—The kiln proper provides an
annular chamber, there belng a segmental
sectlon of the kiln removed as at 1 for the
purpose of charging and discharging the
ore. 2 is an iron door hinged near its up-

er edoe and closing the entrance to said |
= o

' chamber. This door is preferably inclined

as indicated by the arrow in Iig. 2.

3 1s an 1ron door pivoted at its upper
end for closing the discharge end of the
chamber. This door opens outwardly and
preferably stands vertical in its closed posi-
tiomn. |

4 1s a loading platform at the entrance
end of the chamber.

The kiln proper consists of a hearth por-
tion 5, and outer side wall 6, an inner side
wall 7, and an arched roof 8. The inner
side wall 7 is provided with a circumfer-
entlally disposed slot 7 throughout its
length, the upper wall of which slot is
tormed in whole or in part by metal facing
plates 7. These facing plates support the
over hanging inner edge of the arched roof,
and are connected to vertical posts 9 of an
overhead trussed structure of which 10 is
the bottom chord, 11 the top chord and 12
the diagonals. At the ends of the kiln
chamber the slot is closed by means of small

doors placed i line with the large doors 2
and 8. 'These small doors hang from the

upper part of the inner wall. These small
doors are shown at 2%, Fig. 3, and prefer-
ably hang from the inner wall, and reach
from the inside of the inner wall to near the
sealing ring, so as to close the slot space as

shown 1 Ii1g. 8. The ends of the various

racially disposed arms of this trussed strue-
ture are supported by the buck-staves 13,
which extend upwardly above the outer side
walls 6 which they support. There may be
as many radially disposed trussed extensions
as 1s necessary to support the inner edge of
the arched roof. In the accompanying draw-
g I have contemplated the use of twelve
such arms.

14 1s a hood plate having a downwardly
extending flange at 1ts inner edge and 15 1s
a £-shaped plate having an upwardly ex-
tending flange, as shown in ig. 3. Plate
14 1s arranged above the slot 72, and plate
15 below said slot, the wall T forming the
outer wall for a trough i which loose dry
sand or other refractory sealing material
may be placed and retained.

16 1s an annular sealing plate faced on the
sicle toward the slot 7 with fire brick lining
17. The upper end of this plate carries a
ring-shaped channel 18, whose flanges are
presented upwardly and which forms a con-
tinuous trough for containing a refractory
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sealing material such as sand, for cooperat- |
ing with the marginal depending flange of | heat the many iron pipes laid crosswise

plate 14, which extends down into the sanda
and prevents the entrance of air through the
slot. The lower edge of plate 16 by extend-
ing into the sand in the trough 15 also forms
a seal to prevent the entrance of air at this
point. |

The flues—The outer wall 6 of the kiln
is solid and supports the outer half of the
arched roof. In this outer wall are the inlet
ports 19 for the fire gases which enter at
an angle near the roof. The outlet ports
20 for the products of the combustion and
sulfur gases are arranged near the hearth.

21 is a pipe leading from gas or o1l supply
ire port 19, preter-
ably at an angle as shown in Kig. 1.

92 is an air supply duct arranged 1 the
under wall 6 and which is connected to a
pipe 28 having a return bend, and extend-
g across the chimney flue under the hearth
of the kiln. Pipe 23 communicates at its
lower end with a chamber 24 opening to the
exterior, the size of which opening is regu-
lated by a damper plate 25. The outlet
ducts 20 are also preferably provided with
dampers 20* (Fig. 1) for regulating the es-
cape of the sulfur gases or products of com-
bustion from the chamber. These outlet
ports communicate with a chimney tlue 26,
arranged under the hearth, and in which flue
are arranged the iron pipes 23 for heating
the air for supporting combustion of the o1l
or gas in the burners described. The flame
entering the chamber at an upward incline
follows the curved roof to the opposite side
wall where it is deflected downward onto
the hearth and spreads out, flowing to the
outlet ports which lead to the chimney.

The roasting process may be divided mto
three periods:

1. The green ore is heated partly by fire
gases from above, but principally by the oxi-
dation of its sulfur and metal contents.
This pericd yields the most concentrated sul-
fur gases.

9. The partially roasted ore, which pro-
duces little heat must be heated principally
by fire gas, it, therefore, ylelds strongly
diluted gases.

3. The nearly roasted ore develops practi-
cally no heat, and must be highly heated
by fire gases to complete the process. This
period yields only the fire gases which

should not be mingled with the sulfur gases,

if the latter are to be neutralized or utilized
in the manufacture of sulfuric acid.

In case the sulfur gases are not to be
utilized all the gases are made to flow over
the hearth to the receiving end of the kiln,
and are there conveyed through the last few
outlet ports into the chimney flue under the
hearth. There they flow in an opposite di-
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' discharge end of the kiln, on their way they

through the chimney flue, and which serve
to supply the heated air to support combus-
tion in the kiln chamber. The alr in passing
through these pipes 23 becomes heated and
returns some of the heat into the kiln cham-
ber, thereby not only saving a considerable
amount of heat, but producing better com-
bustion of the fuel, and more rapid oxida-
tion of the ore. |

In case the sulfur gases are to be utilized
in the production of sulfuric acid, or have
to be neutralized to prevent injury to vege-
tation, they should be diluted as little as
possible by fire gases, and for this purpose
the fire gases produced near the discharge
end of the kiln are to be taken directly into
the fire flue (nearest the discharge end oi
the kiln). These fire gases being still
very hot gives a large part of their heat to
the pipes 23, furnishing hot air to the burn-
ers at this point, and thereby greatly in-
creasing the temperature of the kiln cham-
ber in this region. The fire gases produced
in the middle region and receiving end oxf the
kiln together with the sulfur gases are led
over the hearth to the outlet ports near the
receiving end into the chimney flue, and
from there through a duct 29 to the acid
plant, or other point of discharge.

It degired the chimney flue may be divided
by a partition 30 into two parts, one commu-
nicating with the chimney through the flue
31, and the other with the utilization plant
through the flue 29. This partition wall,
however, is not absolutely necessary, because
the gases will follow the path of least re-
sistance, which can be regulated by the

himney draft, or by the exhaust fan suc-
tion to the acid plant.

In case it 1s found that the ore at any
point along the hearth is not sufliciently ad-
vanced in desulfurization, and 1t becomes
necessary to increase the heat in that zone
or region, such an Increase in temperature
can be effected without the use of extra fuel
by temporarily opening some of the outlet
ducts whereby a greater flow of the fire
oages nearer the hearth 1s caused at the de-
sired location.

The ore feed—The green ore 1s fed onto
the hearth plate 4 outside of the sloping
door 2, and the roasted ore 1s discharged
through the vertical deor 3. The ore 1s car-
ried over the hearth by a rotating stirrer or
stirrers, there being as many of these stirrers
nsed as desired. This stirrer consists of a
number of blades 32, said blades preferably
being in the form of angle irons as shown 1n
Fig, 5, arranged in notches 1n disk-plates
33. These blades are preferably 1nclimed so
as to form a conical or tapered stirrer, and
he blades are slightly helical ag shown in

rection, or toward the chimney port at the | Fig. 2. The stirrer as a whole 1s supported
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upon the end of a shaft 34 the desired dis-
tance above the hearth. Shait 34 passes
through the slot 7% and through a bearing

in the ring plate 16.
35 18 a tmc‘tmn oear meshing with a clr-

shaft Qi and its carried stirrer and seal-
ing ring at this point. Shait 34 has its m-
ner. end Supported in a bearing 37, arranged
upon the upper end of a vertical shaft 5.
Thls shaft 38 is provided with a miter gear

39 with which codperates a driving pinion
40. Endwise movement of the shatt 84 in
the bearing 37 is prevented by collars on

each side 01 said bearing. The bearing 37 1s
intended to rotate 111dependent1} of the
shatft 38.

41 is a miter gear fixed on the shaft 34
and meshing Wlth teeth 42 on the gear 39,
to rotate shaft

it 18 obvious th‘lt other means for driving
the gear 42, such as a rope drive could be em-
ployed in lieu of the cear 39 and pinion 40.

The stirrer blades can be constructed in
the manner illustrated in my former Patent
\0 627,609, dated June 27, 1899, but 1 the
form of ﬂle annuiar 1{1111 ShOWIl they ave
preferably made of angle bars rigidly at-
tached to the shaft in the form of a cone by

spider castings shown. W’hen the stirrer
csha,ft 1S rotqted the motion 1s transnut'tea tO
the gear 35 which then traverses the circular

COQ- tmck and causes the shaft 34 {o revolve
or swing horizontally around the shaft 33.
The mntﬂwer end of the shaft extending
through the shield ring ana slot into the-
kiln chamber Calses ’Lhe shield rimg to ro-
tate 1in front of the slot and swing “the ro-
tating stirrer cone horizontally over the
heflrth Durmo this motion each of the
stirrer blades in the front side of the cone
gradually approaches the hearth in a for-

ward motion, and pushes ahead of 1t any ore
At 1ts lowest

which 1s lylno on the hearth.
position it scrapes the ore from the hearth,
and then drags 1t forwardly and upwar dlyj
leaving 1t at “the top of the ore bed in the
same manner described 1n my aforesaid pat-
ent. In order to prevent accumulation of
ore near the outer wall of the chamber, the
outer end of each stirrer blade 1s set S0 as to
be slightly ahead of the inner end, when
the blade 18 1n 1ts lowest posmon and this
slight spiral displacement oi the blade pro-
duces an ore bed of the same depth over the
hearth. .

My improved stirrer differs irom the one
disclosed in No. 627,609 referred to, in that
the support wheel 35 does not pr oduce rotat-
ing motion by being rolled over the cog-
tr acL, but onlv horizontal motion. The ro-
tating motion is transmitted to the shaft and

stirrer by the gear wheel 39 near the pivot

38. Wheel 35 is cogged to prevent slipping
and to produce posﬂzwe forward motmn

Gear 35 suppmts the

e

3

T claim:

1. An annular ore roasting kiln having
doors at each end of the chamber, a slotted
side wall, a rotating shield ring qrmnoed 111
juxtaposition to said side wall, “and cseﬂs CO-
operating with said seal ring, a swinging
arm which supports the shleld g 2t its
outer end, and gears for rotating said arms.

9. An annular ore roasting kiln having a

charging and discharging space, doors at

each end of the kiln chamber adjacent said
space, a slotted side wall, a rotating shield
rine for closing the slot 1n said side vall,

and shields cooperating with said shleld
ring, arms extending from the center of the
kil for sipporting said shield ring, and sup-
porting wheels on said arms near “the shield
ring.

3. An annular ove roasting kiln having a
slot in its mner wall, a qe%hno ring for clos-

ng said slot, wheels for guppmtmo said

ring, and arms on which sald wheels are
mountad said arms extending from a central
quppmt

An annular ore roasting kiln compris-
g a heaith portion, an outer wall and inner

1]1 said inner wall being provided with
encumielentmlly disposed “slot throughout
its length, a roof portion and over “head
frame 10J._ supporting the inner over head
edges of said roof portion, a rotating shield
ring for closing said slot, and Wheel% SUP-
pmted upon radial arms for carrying sald
Cshleld g,

An annular ore roasting kiln having a
contmuouq slot 1n 1ts 1nner "wall, a Se‘lhl’lﬂ
ring arranged adjacent to said slot, suahr\o
m ANS eooperatmﬂ with said ring, arms ex-

ending radially irom a central support to
Suppmt sald ring, and arm supporting
Wheels on the arms near the ring.

6. An annular ore roasting kiln having a
slot 1 1tg 1nner wall, Sﬂ‘)POltll’lO ineans ar-
ranged outside ot said chamber for support-
g waid ring, sealing material for codperat-
mnoe with the upper and lower ed oes of said
%ealme ring, arms extending ra dmhv from a
contral support to suljpmt sald ring, and
ari supporting wheels on the arms near the
]111 (J
7. An annular ore roasting kiln having a
slot 1n 1ts 1nner wall, phtes extending out-
ward from 1its inner 'wall above and below

said slot, said plates having flanges presentec
toward each other, a iea]mo ring extending
below the flange of the lower plate, arms ex-
tending from a central support tor support-
g said ring, supporting wheels on the arms
near the 11110 and codperating with reirac-
tory sealing material confined by sa1d flanges,
and a cireular tr ough carried by said se‘lhno*
ring and con t‘unmo vefractory sealing ma-
terial for cooper: qtlno with the flange on the
said upper plate.

8. An annular ore ro astmb kiln having a
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slot 1n 1ts mner Wdﬂ a sealing ring for clos-
1ng said slot, said Seﬂhng ring bemo faced

vith refractory material, Sealmﬂ means co-
opemting with the upper and lower @J_DGb 01
said ring, rolling support for said ring, the
axle or shaft of one of said rolling SllppOltS

~extending mto the kiln chamber and a stirrer
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Q. An qnnular ore roasting ]-,_1]11 having a

slot 1n its 1nner wall, a seahno ring for clos—-
mg said slot, and a 1*011111 SﬂppOI‘t for said
S, lmo ring, comprising a circular tr ac,m
plate, wheels rolling on said track plate, and
arms radiating from a central support, and
mtlmtmﬂ axles for said wheels.

. An annular ore roasting kiln having a

%10‘{: in 1ts 1nner wall, a Seﬂ,lmﬂ ring for “1OC~~

g sald bl()bﬁ a gear wheel whose axle consti-
tutes one of the supports for said sealing

ring, and a circular gear traclk with whnich
said gear cooperates.

11. A circular ove roasting kiln having an
escape flue for the ploduct& of combustion
arranged under 1ts hearth, pl pes traversing
said escape flue at right angiles to the tiow ol
oases for supplymng heated air to an air flue
&d]‘i(}(.,ﬂt the down take flue, and leadimg to
the roasting chamber, and down take flues
for 1@&{1111@ the ﬁle gases from the roasting
ch {w ber to the five flue.

12. An annular ore roasting kiln 11%\71110
five ports near its roof and outlet ports for
the products of combustion near its ore bed,
a {;11111’111037 flue arranged under the he:l“m
and to which said oublet ports lead, dampers
foir controlling said outleu poits and pipes
traversing said flue for taking air from the
exterior, “hea ting it ana Supphnne sald
heated air to support combustion 1n the fire
ports and kiln chamber.

13. An annular ore roasting kiln having
fire ports near 1ts roof and outlet ports for
the products of combustion near its ore bed,
a chimney flue arranged under the hear ‘u.l
and to which said outlet ports lead, dam pers
for controlling said outlet ports and pipes
traversing said flue for taking air from the
exterior, heating 1t and sul:)plymo saict heat-
ed air to suppmt combustion 1n the fire ports
and kiln chamber, and dampers tor control-
ling the admission of air to said pipes.

14. An annular ore roasting kiln having a
charging and discharging space, a chimney
flue mnder its heartﬂ ducts leaching from
said chimney flue at the ends thereo:t, at the
charging and discharging ends of the kiln
chambel fire pox ts and outlet ports through-
out the 1L11‘DL.11 of said kiln chamber and
means for 111(111*1(:111%113? controlling said
ports, whereby 1f the sulfur gases are to be
treated or utilized they may be taken from
the charging end of the kiln chambel,, and
the other gases or products of combustion
nearer the dlsdmwe end of the kiln chamber

may be sepa,rfl,tely removed.

976,769

15. An annular ore roasting kiln, the con-
tinuity of whose chamber 1s 111ter:u:'upted flue
or space underneath the roasting chamber
substantially coincident in J_enoth of said
chamber, outlet ports for the ploducts of
combustion leading from said chamber into
sald flue, a conduit leading from the dis-
charge end of the flue, and dampers for con-
trolling said outlet openings whereby prod-
ucts of combustion generated at the dis-
charge end of the chamber may be forced to

pass over the bed of ore to the charging end

of said chamber before finding an outlet to
said fiue.

16. An annular ore roasting kiln having
an 1nterrupted roasting chamber, a flue ar-
1{111096 under said chamber outlet opening
for the products of combustion, and other
gases, leading from said chamber to said
flue at different points, and a conduit lead-
ing from said flue near the charging end of
Lhe chamber whereby the gases generated at
sald (311111*011*1 o end may be drawn into said
flue and carried off by said conduit.

17. An annular ore roasting kiln having a
slet 1 1ts 1nner wall, a Sh%fu extendmﬂ
through said slot, a conical stirrer on the said
shatt exbemml} arrangec, means for sup-
porting said shatt, said means (301111)1 1S1ng &
cogged wheel of Llwel diameter than the
s{irrer, and {,ulanoed near the kiln chamber,
AT (L 11%?11’10 2 bear N 10L¢1t‘1bly mounted on
2 PIvVot 1n the center of the annular kiln, and
means for transmitting rotary motion to
sa1dl s]mﬂ

18. An annular ore roasting kiln hwmﬂ 2
slot 1n 1ts 1inner wall, a shaift exten ding from
the exterior 'i.hmuon said slot into the kiln
chamber, said sha Tt being supported by a
whee 1;{01 1111]:)‘11%1110 1101‘1;70111% L movion ther e-
to, and a stirrer mounted on the said end of
the shatft within the kiln chamber, said
stirrer comprising blade supports, and
blades forming substantially a conical stirrer.

19. An annular ore mastmﬂ kiln having,
in combination an exteriorly supported ro-
tatable stirrer whose blades are so arranged
that an even ove bed 1s maintained over the
nearth, and means for causing the travel and
51111111t111=3005 rotation of said stirver.

20. An annular ore 1"oast111f} kiln having,
in combination an exteriorly supported ro-
tatable stirrer whose blades are so arranged
that an even ore bed is maintained over the
hearth, and 1 Is pre evented from piling at the
outer edge of the hearth, and means for
causIng the travel and simultaneous rotation
of said stirver.

21. An annular ore roasting kiln having
a siot m its inner wall, a se%hnﬂ ring for
closing said :-3101,3 o vertical shaft constitut-
g a pivet point about which said sealing
ring rotates, a casting carried by said verti-

cal shaft for supporting the imner end of the

| radially disposed sh:szitsjr wnose outer ends
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support said sealing ring, supporting wheels |

arranged on said shaft near said sealing
ring, and a circular track plate on which
sald supporting wheels run.

922. An annular ore roasting kiln having

a slot in its inner wall, a sealing ring for
closing said slot, a vertical shaft constituting
a pivot point about which said sealing ring
rotates, a casting carried by saild vertical
shaft for supporting the inner end of the
radially disposed shafts, whose outer ends
support said sealing ring, supporting wheels
arranged on said shaft near said sealing
ring, and a circular track plate on which
said support wheels run, one or more of said
radially disposed shafts passing through
the slot 1nto the kiln chamber, and a stirrer
thereon and arranged 1n the kiln chamber.

23. In an annular ore roasting kiln, the
combination of a traveling stirrer, whose
periphery has a differential speed, and
means for continuously rotating said travel-
ing stirrer.

e

24. In an annular ore roasting kiln, the
combination of a horizontally movable coni-
cal stirrer, and means for continuously ro-
tating said stirrer.

25. An annular ore roasting kiln 1n com-
bination with a traveling stirrer whose pe-
riphery has a differential speed to prevent
piling of ore at the outer edge of the hearth.

26. An annular ore roasting kiln in com-
bination with a rotatable stirrer, and a sup-
porting wheel for said stirrer, whose periph-
ery travels at a different rate of speed from
that of the periphery of said stirser, where-
by the stirring blades are caused to drag 1n
their rotary movement.

In testimony whereof I hereunto aflix my
signature 1n the presence of two witnesses,
this 12th day ot January, 1910.

JOHN ZELLWEGER.

Witnesses:

F. R. CORNWALL,
M. P. Sarrrmo.
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