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UNITED STATES

1,443,529

PATENT OFFICE.

ADOLPH DWORZAK, OF NEW YORK, N. Y.

ROTARY FURNACE OR KILN,

Application filed June 16,

To all whom it may concern:

Be it known that I, Apovrr DworzaR, a
citizen of Russia, and resident of the bor-
ough of Manhattan, city, county, and State
of New York, have invented certain new and
useful Improvements in Rotary Furnaces
or Xilns, of which the following is a speci-
fication. '

My invention relates to rotary apparatus
for agitating and feeding granular or pul-
verulent material while it is being heated,
for the purpose of caleining such material,
or driving off gases, or obtalning any action
thereon which is produced by passing the
material through such apparatus. The ob-
ject of my invention is to construct the ap-
paratus in such a way as to obtain great
efficiency in operation and durability of the
parts.

Without wishing to restrict myself to the
specific: structure disclosed herein, I will
now describe in detail a typical and pre-
ferred form of my invention, with reference
to the accompanying drawings, in which
Fig.. 1 is an axial vertical section of the
furnace or kiln, taken on line I—I of Fig.
9, the latter being a vertical cross section
on the line TI—1T of Fig. 1; Fig. 3 1s a par-
tial side elevation of the discharge end of
the apparatus; Fig. 4 is a corresponding end
elevation, and Fig. 5 a corresponding bot-
tom view; Fig. 6 1s a horizontal section of
certain parts, taken on line VI-—VI of Fig.
4: Fig. T is a section of a ring forming part
of the structure, taken on line VII—VII of
Fig. 8, the latter being a section of said
ring on line VIII—VIIT of Fig. 7; Figs. 9
and 10 show wupon an enlarged scale, por-
tions of Figs. 7 and 8 respectively; Fig. 11is
a vertical section on the line XI—XT of Fig.

3: Fig. 12 is a detail Jongitudinal vertical -

section on line XII—XIT of Fig. 13; Figs.
18 and 14 are detail views in cross section
on lines XIIT—XTIT and XIV—XIV re-
spectively of Fig. 12; Figs. 15 and 16 are
detail face views of certain parts; Figs. 17
and 19 are face views of two bearing rings
forming part of the apparatus; Figs. 18 and
20 are corresponding diametral horizontal
sections of these bearing rings; and Figs.
21 and 922 are corresponding enlarged views
showing only the left-hand portions of Figs.
18 and 20 respectively, together with one
of the bearing balls.

The furnace comprises a central longitu-
dinal treatment chamber through which the

1920. Serial No. 389,360.

material travels from one end to the other.
This chamber is formed by a casing or muffle
1 the outer surface of which is of circular
cross section (Fig. 2), while on the inner
surface there is a helical rib 2 which, in
conjunction with the cylindrical inner sur-
face portions lying between the convolu-
tions of said rib, forms a helical conveyor
groove or channel 8. The muffle 1 with its
rib 2 is made of refractory material. The
purpose of this helical arrangement is to
mix and convey the heated material through
the muffle continuously during the rotation
of the apparatus, thereby insuring uniform
exposure of the individual particles to the
heat in the muffle, facilitating the escape of
the gases generated within the material, pre-
venting mixture of the fresh incoming ma-
terial with that already treated, and abso-
lutely controlling the time during which
the material is exposed to the heat.

While the muffle might be made of a
single piece, it will generally be preferred
to constrict it in sections, as indicated at 4,
5, the joints 6 being held in place by suit-
able legs or braces extending through the
combustion chamber 7 which surrounds the'
muflle 1. These legs might be solid, but in
the embodiment illustrated they co-operate
with hollow metal rings 8 the cylindrical
inner surfaces of which are fitted against
or into the outer surface of the muffle 1,
while at their outer surfaces said rings 8
are formed with nipples 8" screw-threaded
to receive the inner ends of the hollow legs
or braces 9, of spoke-like arrangement, the
outer ends of said braces communicating
with the interior of the ccoling jacket which
surrounds the combustion chamber 7.

" The cooling jacket is formed by two
spaced metal walls or shells 10 and 11, the
inner shell 10 having metal heads 13 and
14 at its opposite ends, and the outer shell
11 having corresponding heads 12 and 15,
the two heads at the same end of the fur-
nace being spaced from each other so that
the water or cooling compartment 16 ex-
tends between such heads as well as around
the combustion chamber 7. At the feeding
end (left-hand end in Fig. 1), the cooling

chamber extends quite close to the axis of

the furnace, while at the discharge end
(right-hand in Fig. 1) the cooling chamber
extends only to the outer surface of the
muffle 1, as indicated at 17.  As has been
shown in Fig. 2. a liquid 18 (say, water)
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-them rotates adjacent to the other.

is generally employed as the cooling agent,
in which case the level of the hquld shoma
be below the top of the jacket, so as to leav

a space 19 for evaporation, the steam paﬁs-
ing from said space 19 to a collector 20 of
cireular ~hdpe located at the feed end of the
furnace. The muffle 1 is thus held in place
relatively to the ]a\,hL it being understood
that all of these parts are connacted rigidly
to rotate in unison, s will be set for rth be-
low. The inner wall 10 of the jacket has
openings ‘)L throuon which the ho uid-space

18 of the jacket 16 communicates with the

interior of the legs or brarek 9 and through
them with the interior of the rings 8, so
that all thece parts will be properly cooled.
The connections for qmolymw water or
other liquid to the jacket, and For carrviz
away the sieam, vapors, or gnses, will be sei
forth below.

There is a tight ;0111’5 betwe
1 and the inner hewr‘ i3 at one e
as between the other end of the mufie and
the reduced por ‘tion of the jnclx The
muffle and jacket are suital bly cup orted
enable them to rotate sbout the lonoitudi-
nal axis of the furnace, for iqctar‘kcn the
jacket may be provided with external carry-
Ing rings 22 resting on rollers 23 (I'ig. 2)
Journaled in stationary bearings. one of the
rings 22 being tomhed to mesh with 2 pinion
24 the chflft of which is wouunler] in sta-
tionary bearings and also carries o worm
wheel 24’ driven by a worm 25 actuated by
power applied to one of the pulleys 26, this
drive being of the character well-known in
connection with rotary kilns or furnaces.

At a suitable point, preferably at the dis-
charge end of the ?urnace, 2 plarality of
flues 27 extend outwardly from Ll]“ combuis-
tion chamber 7 through the cooling jacket,
to carry away the combustion gases from the
chamber 7 in any ‘mnrommte manner; for
instance, the flues 27 mav lead to a
*vcketeq metal flue 28 from which the gases

escape directly into the 'ttmmphelo Usual
expedients, such as fans, may he emploved
to Dromote the draft and facilitate the dis-
ch'}r're of the combustion gases,

At the outlet or d-S(‘huIOC end of the fur-
nace is a st m')nfvv d]schfuo“ valve 26,
which I prefer to provide with a water
jacket. for cooling purposes. This valve is
Drowded with, or secured tf> a bemnm im

which fits within a com panion rim 31
att‘vdmd to the jacket head 15. These rims
u(), 31 are arranged to overhp and one of

balle 39
being pW)ferablv interposed between the

”H’)

en the mnfile

end, as wall
1

water-

ritns to reduce friction. The valve 929 is
preferably pressed or ‘held against the

mc ket by suitable yielding means, for in-
stance weights 83 hung on flexible connec-
tlo] s which ore at tached o arms 84 of the
valve. The latter is also provided with one
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or mors observation holes or sights 85 with
tightly-fitted lenses 85, and with one or more
outlets 37, 38 through which gases or vapors
wol ¢ in the treatment chamber may be

ed away eln_he” to the surrounding air, or,
ﬁ declmd to any suitable suction apparatus
connected with said outlets and pwavww
a partial vacuum in the furnace. The dis-
charge spout 29 for the heated solid mate-
vial 19 suitably connected according as the
'fmnucc is operated with a vacuum or not.
When operating with s vacuum, the rims
30, d hcwc one or mMore annular grooves 4
'y, into which’ project rings -

prc miw witn the interposition of pack
mg (nor shown) in one or both of t‘lt,
grooves, to be engaged by the edge of the

ring, & tight Jumb is thus obtained as one
of the rims, 31, LOt’ILCS and causes the rings
42 to slide on said packings. When operat-
ing with a vacuum, a suitable vessel, under
DdT‘Ll&L vacuum {not shown) is zequned ol
recelve  the heated matevial dischavger
through the spout 39

At suitable places I may install thermo-
co‘n‘"?“s 43 extending through the muffle wall
1, the con 1buqt10n chamber 7, &I’lﬂ the jacket
10, 11, and properly insulated in the com-
bustion chwmber 7. 437 1

Ag indicated at 43
if1g. 2, the thermo-couples may pass t,xrough
and a ring 8. The thermo wires 44
are connected on the outside of the jacket
to collector rings 45 secured to the ]LClr'M'
and from these vings 45 the currvent is taken
by means of trolleys or contacts 46 mounted
on stationary. supports, and connected in
(ulV well-lmown or approved manuer with
temperature-indicating devices (not ghown).
Spaced convenien Lly throughout the heat-
mu or combustion chamber 7 are a number
of burners or nozzles 47 for the admission
of fuel, leading through the walls 10, 11 of
the jacket. These nozzles or jets 47 are
built on the injector principle, and are con-
nected on the outside of the jacket to pipes
48, 49, and 50 which extend to the head of
the jacket and te the head wvalve 51.
This head valve 51 has a central tube
52 leading to the mufile, for feeding the ma-
terial into the mufile axially, which tube 52
may be stationary and is preferably pro-
vided with a screw conveyor 52’. The tube
52 is fitted into a cylinder 53 the end
ﬂange of which, 54, is conveniently fastensd
to the inner plate 13 of the jacket and ro-
tates together with the drum part of the
furnace. The cylinder 53 fits into another
hollow cylinder 55 which ig séaticnary and
has radial or transverse walls 56 and 57
(see Fig. 13) dividing it into two longi-
tudinal compartments or sectors, 58 and
59. The compartment or sector 58 is illus-
trated as provided with inlets 60 on the
end reaching into the jacket, and there con-
nected to pipes 61 which lead to the upper
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space 20 for the collection of steam or va-
pors generated in the jacket, while the other
compartment or sector, 59, has a port 62
and an outlet pips 63 dipping into the
lower portion of the jacket (see Figs. 1
and 12) for the suppiy of water or other
liquid in connection with the cooling and
evaporating action referred to above.
compariments or secters 59 and 58 have
other pipes 84 and 85 reapectively at the op-
posite end (exteriorly of the furnace), and
from these pipes 64, 65 suitable connections
may be made for supplying water or other
liquids to the jacket, and for carrying away
the vapors from the jacket.

The cylinder 55 is surrounded by a drum

68 which is provided, at the portion iocated
} )

within the jacket 10, 11; with ports 66°
connected with the pipes 48, 48, 30 men.
tioned above as leading to the jets or burn-
ers 47. At the other end, that is to say,
outside the jacket, there are, leading intd
the interior of the drum 66, the same num-
ber of wporis £6°° ag there are pipe connee-
tions leading to the jets 47. This end of
the drum is preferably of a comical shape,
as ihdicated at 67, and fitted into a hollow
distributing rim 68. By means of its flange
69, the drum 68 iz attached to the outer
shell plate 12 of the jacket 10, 11, so a3 to
rotate therswith. I prefer to make the dis-

tributing rim 68 with a circular series of

openings 70 of graduated length (Fig. 18),
for the admission of fuel and air to the
drum ports 88’7 at points corresponding to
the location of the openings 70, and during
intervals of time which correspond to the
relative lengths of said openings and also
depend, of course. on the speed at which the

drum or furnace 1s rotating. The fuel sup--

nly will therefore bs cut off and re-esiab-

lished at predetermined intervals and

points, it being understood that the rim 68 -

15 stationary owing to its attachmens to the
gtationavy pipe 71 through which the mix-
tare of fuel and air is supplied. Stuffing
boxes such as 72, 73. and 74 are supplied at
suitable points of the cylinder ends and
of the rim. '

A% 75 1 have indicated a2 rotary so-called
vacuum valve, which may be of well-known
construction, for preserving a tight joint
while psrmitting the material to be fed to
the conveyor 52°.

The heating of the treatment chamber
and of the material therein is of a peculiar
character, owing especially to the provision
ot openings 70 of different length. Thus
the lower portion of the muffle, which con-
taing the greatest amount or thickness of
material, 1s heated most strongly, since the
bottom opening 70 is the lengest {circum-
ferentiallv). Mot only is this bottom open-
ing longer than the others, but its length is
such that it will always connect with at

Both-

“annular heating

2

least one of the openings or ports 66’, the
circumferential length o¢f said lowermost
opening 70 being at least equal to the cir-
cumferential distance between two ports 66,
It follows that the lowermest burners, con-
trolled by the lowermost openings 70, will
urn permanently, while the other burners
or nozzles, controlled by the higher cpen-
ings 70, will burn only intermittently.
Overheating of the upper portion of the
furnace is thus avoided. Inasmuch as the
lowermost burners ave in operation con-
stantly during the use of the furnace, the
other burners will re-light automatically,
from the flames of said lowermost burners,
as soon as the supply of the fuel to the in-
termittently-operating burners is re-estab-
lished as set forth. : ‘

Various modifications may be made with-
out departing from the nature of my in-
vention as defined by the appended claims.

T claim as my invention:

1. A device of the class described, provided
with a casing and means within said casing
for feeding the material to be  treated,
lengthwise within said casing, a shell sur-
rounding said casing at o distance, means
for leading heating gases into the spuce be-
tween said casing and said shell, and an-

other shell surrounding the first-named shell-

at a distance and forming therewith a jacket
for the reception of cooling water.

2. A device of the class-described, pro-
vided with a central treatment casing, a
cocling jacket surrounding said casing at a
distance, an annular heating chamber inter-
posed between said casing and said jacket,
hollow braces ™ communicating - with said
jacket and extending. inwardly therefrom
toward said casing, and hollow rings

L1200

munication with the inner ends. of said
braces and in engagement with said easing.

3. A devies of the class described, pro-
vided with a central caging made in sections
set end to end, a cooling jacket surrounding
said casing at a distance, an annular heat-
ing chamber interposed between said casing
and said jacket, hollow braces communicat-
ing with said jacket and extending inward-
ly therefrom through the heating chamber,
and hollow rings in' communicatien with
said braces and in engagement with said
casing at the joints of its sections.

4. A device of the class described, pro-

vided with a central treatment casing madeé

in sections set end to end, a cooling jacket
surrounding said casing at a distance, an
: chamber- interposed be-
tween sald casing and said jackes, and hol-
low rings communicating with said jacket
and engaging the casing at the joints of its
sections. ' : o

5. A device of the class deseribed, provid-
ad with a central treatmen? chamber, an an-
nular heating chamber surrounding said

in com-’
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casing, and a ccoling jacket surrcunding

said neating chamber-and also having head
portions extending transversely across the
ends of said heating chamber.

8. A device of the class described, pro-
vided with a central treatment chamber of
substantially cylindrical shape, an annular
heating chamber surrounding said casing,
and 2 cooling jacket surrounding said heat-
g chamber and also having head portions
at the respective ends of the said chamber,
one of said head portions terminating at the
outer surface of the casing, and the other
extending inwardly hevond said surface.

7. & device of the class desecribed, pro-
vided with a central treatment chamber of
substantially c¢ylindrical shape having an
outlet at one end and axial inlet means at the
other end, an annular heating chamber sur-
rounding said casing, and a cooling jacket
surrounding said heating chamber and hav-
ing head portions extending transversely at
the ends of said chamber, the head portion
of the jacket at the cutlet end of the casing
extending to the outer surface of the cas-
ing, while the head portion of the jacket
at the inlet end of the casing extends in-
wardly to said inlet means.

8. & device of the class described, pro-
vided with a rotary structure comprising a
central treatment casing, an annular heat-
ing chamber surrounding said casing, a cool-
ing jacket surrounding said heating cham-
ber, and stationary means forming an outlet
from the upper portion of the jacket, to
carry away steam or other gaseous matter
therefrom.

9. A device of the class deseribed, pro-
vided with a retary structure comprising a
central treatment casing, having an inlet
at one end and an outlet at the other end
for the discharge of the treated material, an
annular heating chamber survrounding said
casing, a cooling jacket surrounding said

heating chamber, and stationary means
forming an outlet for gaseous product from

the upper portion of the said jacket, near
the inlet end of the casing.

10. A device of the class described, pro-
vided with a rotary structure comprising a
treatment casing, a heating chamber sur-
rounding said casing, burner jets in said
chamber, a rotary drum in permanent con-
nection with said burner jets, and a station-
ary fuel-supply ring having ports which by
the rotation of said drum are brought alter-
nately into and out of communication with

+he interior of the drum.

11. A device of the class described, pro-
led with a rotary structure comprising a
reatment cading and a heating chamber
surrounding said casing, and means, con-
trolled by the rotation of said structure, for
admitting fuel to said chamber intermit-
tently.

1,443,520

12. A device of the class described, pro-
vided with a rotary treatment casing, a ro-
tary heating chamber surrounding said cas-
ing, burner jets in said chamber, a drum
mounted to turn in unison with said cham-
ber and casing and in permanent communi-
cation with said burner jets, and also pro-
vided with fuel-supply openings, and a sta-
tionary ‘uel-supply member having ports of
different circumterential extent arranged to-
come successively into and out of registry
with said fuel-supply openings of the drum.

13, A device of the class deseribed, pro-
vided with a rotary treatmens casing, a ro-
tary heating chamber surrounding said cas-
ing, a rotary cooling jacket surrounding
said heating chamber, a stationary member
divided into two compartments in perma-
nent communication with the upper and
with the lower portion of the said jacket,
to receive gaseous matter from said upper
portion and to supply liquid to said lower
portion respectively, and a rotary drum
surrounding said stationary member and
communicating with the heating chamber,
and means for supplying fuel to said drum
during its rotation. :

14. A device of the class deseribed, pro-
vided with a chambered body mounted to
turn sbout a substantially horizontal axis,
means for heating the lower portion of said
body permanently, and means controlled by
the rotation of said body for heating the
upper portion of said body intermittently
during its rotation.

15. A device of the class described, pro-
vided with a treatment casing mounted to
turn about a substantially horizontal axis, a
heating chamber surrounding said casing,
burners lecated in said chamber and mount-
ed to turn with said casing, and means, op-
erated by the votation of the said ecasing
and burners, to cause an intermittent opera-
tion of the burners at the upper portion of
the heating chamber.

16. A device of the class described, pro-
vided with a frestment casing mounted to
turn about a substantially horizontal axis, a
heating chamiber surrounding said casing,
burners rotating with said casing and lo-
cated in said heating chamber, a drum ro-
tating with said casing and communicating
with said burners, said drum having inlet
ports of even circumferential spacing, and a
stationary fuel-supply member having ports
adapted to register with said drum ports,
the lowermost port of said member being
of a civcumferential extent at least equal to
the circumferential distance between two
adjacent drum ports, and the other ports of
said member being of less circumferential
extent.

17. A device of the class described, pro-
vided with a rotary treatment casing hav-
ing -separate means for discharging the:
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treated material and gaseous or volatile
inaster evolved therefrom respectively, and
a heating chamber separate from the mate-
rial-confaining space of said casing, so as to

keep the heating gases out of contact with -

the material.

18. A device of the class described, com-

prising a rotary structure composed of an
outer shell, an 1nner shell spaced irom said
outer shell, and a casing within said inner
shell and spaced therefrom, siuiionary
means extending into the space between
said two shells to supply a cooling liquid
thereto and to allow vapors to escape there-
from, stationary means for supplying heat-
ing gases to the space between the inner
shell and the casing at one end thereof, and
for withdrawing such gases at the other
end, material-supplying means located at
one end of said rotary casing and having
provisions for preventing the emtrance of
outside air, and a stationary material-dis-
charge device located at the other end of
said casing and having an air-tight joint
surface against which the said casing bears
while rotating.

19. A device of the class described, pro-
vided with a rotary casing adapted to con-
tain the material to be treated, material-
supplying means located at one end of said
casing and having an air-tight joint surface
against which the casing bears while rotat-
ing, and a stationary material-discharge
device located at the other end of the cas-

ing and having an air-tight joint surface
against which said casing bears while rotat-
ing, said discharge device alsc having a bu-
bular outlet for gaseous matter irom the
casing, so that a vacuum may be produced

in the casing by connecting an exhausting 4

device with said tubular outlet.

20. A device of the class described, pro-
vided with a casing made of refractory ma-
terial and having a longitudinal central
space for the reception of the substances to

be heated to a high temperature, means for

heating the substances in said casing, and
hermetically-closing inlet and outlet de-
vices at opposite ends of said casing, to al-
low the substances under treatment to en-
ter and leave said casing while excluding

-the entrance of ocutside air into the said cas-

ing. :
%1. A device of the class described, pro-
vided with a longitudinal rotary casing hav-
ing an internal thread for feeding the ma-
terial lengthwise as the casing rotates and
for preventing the material lying between
the turns of the thread near the entrance
end of the casing, from mixing with mate-
rial which has progressed farther toward
the outlet end of the casing, and hermeti-
cally-closing inlet and outlet devices at op-
posite ends of said casing. :

In testimony whereof I have signed this
specification.

ADOLPH DWORZAK.
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