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Application filed March 8, 1928. Serial No. 260,033.

This invention relates to furnaces adapted

Tor various dewatering, drying and roasting

operations, and the objects of the invention
include the provision of a furnace which will
be inexpensive and relatively simple in con-
struction and highly efficient under various
conditions of operation. R ,
Various further and more specific objects,
Teatures and advantages will clearly appear

from the detailed description given below,

taken in connection with the accompanying
drawings which form a part of this specifica-
tion and illustrate, merely by way of exam-

Ple, one embodiment of the apparatus of the

invention.

The invention consists in such novel fea-
tures, arrangements and combinations of
parts as may be shown and described in con-
nection with the furnace herein disclosed,
by way of example only, and as illustrative
of a preferred embodiment, together with
such novel methods and steps of processes as
may also be described herein.

In the drawings, Fig. 1 comprises a verti-
cal sectional view, partly broken away,
through a furnace. comprising one embodi-
ment of the invention; '

Fig. 2 shows in elevation part of a furnace
as of Fig. 1; .

Fig. 8 is a sectional view taken substan-
tially along the line 3—3 of Fig. 2; and

Fig. 4 schematically illustrates a plurality
of drying or dewatering furnaces operatively
associated with a calcining furnace.

The body of the furnace may comprise a

cylindrical casting or a suitable sheet metal.

shell, as at 10, insulated if desired. This
shell, of course, may be made of steel, brass,

various alloys, or special high temperature.

alloys, depending upon the service intended.

The cylindrical shell may be mounted upon a -

combustion chamber section of the furnace,
as shown at 11. The walls of the chamber
may be made of any suitable heat-resisting
material, and a suitable source of heat, such as

‘18 comprising upright cones.

an oil or gas burner as at 12, may be mounted
within the combustion chamber. The burn-

‘er may be accompanied by a supplemental

air supply entering through an adjustable
damper, as at 13, and a conduit 14 surround-
ing the burner parts. Heated gases, such
as from other roasting operations, may also
be admitted to the combustion chamber, as
through an opening 15,

At the top of the combustion chamber, a:

suitable heat-resisting dome member, as at
16, may be provided, which also serves in part
as the bottom of the furnace per se.

Within the shell 10 a plurality of verti-
cally spaced or superposed conical hearths
may be provided, as at 17 and 18. The
hearths 17 may be detachably mounted and
secured, as by key members 19, to a central
rotatable shaft 20, which shaft in turn may
be suspended from the top of the furnace, as
by a thrust bearing 21. The hearths 17 are
accordingly designed to rotate with the ro-
tatable shaft. On the other hand, the hearths
18 may be made stationary and may be affixed
to or supported from the cylindrical shell
10 by suitable brackets, as at 22, which may
be bolted or otherwise affixed to the shell 10,
It will be observed that each of the hearths
is substantially conical in shape, the hearths
17 comprising inverted cones and the hearths
While but.
three of the hearths are illustrated in Fig.
1, for simplicity, it will be understood that
a complete furnace will comprise many more
hearths, for example as many as from five
to ten. It will also be understood that the
hearths need not necessarily be conical in
shape, so long as they comprise substantially
surfaces of revolution for proper cooperation
with rabble means hereinafter described.

The hearths 17 shown may be integrally
formed with hub portions, as at 23, embracing
the shaft 20, so that the lower portions of
the conical area comprise, in effect, a recep-
tacle capable of Tretaining considerable
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bodies of liquids or the like. The hearths
18, for the same purpose, may be integrally
formed with peripheral upstanding flanges,
as at 24. However, the hearths 18 are pref-
erably made with central discharge openings,
as at 25, through which the shaft 20 extends
and through which material after treatment
on the hearth is discharged to the hearth
next below. The material is discharged from
the hearths, such as 17, by causing the same
to fall over the peripheral edges of the hearth
to the next hearth below.

The rabbling means for advancing the ma-
terial under treatment successively over each

. of the hearths may comprise both stationary

and rotatable rabble arms, as at 26 and 27,
respectively, the rabble arms 26 being re-
movably mounted so as to extend through ap-
ertures, as at 28, in the shell 10. Removable

.or fixed rabble teeth of any desired or con-

ventional form, as at 29, may be provided
along each of the rabble arms. Exteriorly
of the shell 10 the rabble arms 26 may be pro-
vided with flanged portions, as at 30, de-
signed to be bolted to the exterior of the
shell. These portions may also be provided
with exterior cavities or socket portions, as
at 81, designed to be engaged by suitable
tools or lifting means for removal of the
rabble arms from the outside of the furnace.
It will be observed that the openings 28,
although designed to be normally covered
by the flanges 80, are nevertheless of suf-
ficient size to permit the rabble arms to be

5 removed as assembled units, including the

" rabble teeth. Agccordingly, whenever any
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difficulty should arise with any particular
rabble arm, the whole rabble arm assembly
may be replaced by a “spare” without any
considerable interference with the process
going on. The rotatable rabble arms 27 at
their inner ends may be formed with detach-
able hook portions, as at 32, engaging suit-
able apertures 33 and wedge members 34
as provided in spider members 35. The
spider members 35 in turn are detachably
secured to the rotatable shaft 20 by suitable
keys in a manner similar to the attachment
of the rotatable hearths 17. Suitable “clean
out” or observation doors, as at 36 and 37,
may also be provided opposite the various
hearths. The rotatable rabble arms which
are attached to the shaft may be removed
through these observation doors without
cooling the furnace.

At the top of the furnace a cover member,
as at 38, may be provided, which also may
serve as a supporting means for the thrust
bearing 21 and, in addition, as a supporting
means for a suitable speed reduction gear
assembly, as at 39, driven from a suitable
source of power and serving in turn to drive
the rotatable shaft 20 through suitable bevel
gears, as at 40. '

The material to be treated in the furnace
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may be introduced through a feed inlet, as
at 41, extending through the furnace top 38,
and the gases of the furnace may be taken off
through a gas outlet, as at 42, also extending

through the furnace cover or top. The mat-

terial after treatment in the furnace may fall
from the periphery of the lower hearth 17
onto the furnace bottom, as at 43, from which
it may be scraped, as by a scraper 44, to a
discharge spout 45. The scraper 44, as shown,
may be detachably secured to the under-
side of the periphery of the rotatable hearth
17, as by a suitable form of mortise and tenon
joint 46, as illustrated.

In order to guide the lower end of the shaft
20 as suspended from the single thrust bear-
ing 21, suitable guide rollers, as at 47, may
be provided to engage the peripheral edges
of one of the lower rotatable hearths 17. The
guide rollers 47 may be mounted in suitable
removable flange plate members, as at 48, ex-
tending through openings in the furnace wall,
as at 49. Four or more of the guide rollers,
4s at 47, may be placed around the periphery
of the lower hearth, as indicated. The plate
members 48, together with the gnide rollers,
which are rotatably mounted therein, may
be readily applied and adjusted or removed
from the exterior of the furnace for purposes
of replacement or repair, etc.

The material treated in the furnace in pass-
ing down through the furnace is rabbled in-
wardly and outwardly, respectively, over the
alternately arranged upright and inverted
conical hearths, and in the meantime hot air
and other heated gases from the combustion
chamber 11 are permitted to pass up through
an opening, as at 50, through the dome mem-
ber 16, and thence upwardly through the fur-
nace by passing around the peripheries of the
rotatable hearths and through the central dis-
charge openings 25 of the stationary hearths.
By using a single thrust bearing, as at 21,
for suspending the rotatable parts from the
top of the furnace, the lower central portion
of the furnace is left unobstructed, permit-
ting the hot gases to be freely and symmetri-
cally applied to the lower hearth. In addi-
tion, it will be observed that, by the use of a
relatively large number of hearths, adequate
capacity may be obtained with hearths of rel-
atively small diameters. These conditions
cooperate in precluding any tendency of the
hot gases to confine their paths of travel to
certain “channels” to the exclusion of other
portions of the furnace, and consequently a
uniform heating of the entire area of each
hearth is insured-

The furnace is well adapted for general in-
dustrial uses, such as dewatering and drying
of very wet material, such as slimes, slurries
and mixtures of waters and solids, and also
for ordinary drying operations of material

containing relatively smaller quantities of

water. Also the furnace is adapted for dry-
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ing of crystalline chemicals and for the evap-

oration of chemical liquors, in many in-,

stances. Furthermore, J
ert heated gases may be passed through the
furnace, where other ascending hot gases
might cause excessive combustion or unde.
sired chemical changes. :

It will be observed that each hearth may
be “dished” or “cupped” to the desired ex.
tent, depending upon the character of the ma-
terial to be treated, so that such material as
first applied to the deep area of the hearth
will be gradually worked by the rabble teeth
toward the shallow or discharge areas, and
will be discharged at a rate depending upon
the speed of rotation and quantity of mate-
rial admitted and the angle of the conical
hearths, the heat applied, ete. The solid ma-
terial will, of course, be more quickly ad-
vanced by the rabble teeth, so that the liquor
will remain longer on each hearth and accord-
ingly will be given ample time for the desired
evaporation before being advanced to th> suc-
ceeding hearths. ' :

In drying or dewatering operations, con-
siderable quantities of air are ordinarily re-
quired at a temperature of over 212° F. at
the upper hearths, and the supplies of such
air from the combustion chamber may be reg-
ulated as by burning extra fuel when neces-
sary..

gll products of evaporation may be passed
out of the furnace through the large gas out-
let 42-at the furnace top and the dried resi-
due through the discharge spout 45. 'The ar-
rangement of the hearths and rabbles pre-
vents the clogging of material on any hearths,
since substantially all hearth arsas _are
reached by rabbles, thus keeping all material
constantly in motion and at the same time
permitting the hearth areas to be fully ex-
posed to the heated air or gases. .

- This furnace is adaptable for use in con-
junction with calcining and roasting furnaces
to deliver dried material to the top drying
hearth of such furnaces. Furthermore, when
thus used, the heated air as discharged from
the air cooled rotatable shafts and rabble arms
of such calcining furnaces may be readily

In special casss, in-

‘used as a drying medium in this dehydrating

furnace merely by conducting such heated air
or gases to the inlet 15. Furthermore, if de-
sired, all of the outlet gases from the calcin-
Ing or roasting furnaces may be passed
through the drying furnace, as above de-
scribed, for supplying the necessary heated
air for carrying off the moisture. When thus
coordinated with the operation of the cal-
cining or roasting furnaces, this dehydrating
furnace is well adapted as a dust collector for
the roasting furnace discharge gases. - Inas-
much as the discharge gases gradually work
their way up through this dehydrating fur-
nace, the dust will be accumulated by the wet

° material on the hearths and thus avoiding

.conveyed by conduits as at 55

3

the use of special dust accumulating means.
In roasting operations carried on in connec.
tion with certain ores, for example, flotation
sulfide concentrates containing as much as
twenty per cent of water, the effective capac-
ity of the roasting furnace can be substantial-
ly increased by first passing the wet material
through a drying furnace, as above described,
and furthermore the dryiag will be accom-
plished substantially without permitting cak-
Ing or excessive lumping of the material,
which would tend to preclude thorough treat-
ment during the roasting operation, partic-
ularly if conducted rapidly.

It will be understood that the burner 12
indicated in the drawings is merely illustra-
tive of one example. - Other sources of heat
may be utilized, such as coal or wood fires on
standard grates. Furnace temperatures may
be raised to any desirable practical degree,
and for high temperatures shaft and rabble
arm cooling arrangements known in the art
may be resorted to, in which eveut the fur-
nace may be utilized to roast various mate-
rials or even to liquefy certain materials,

The alternately arranged conical hearths
17 and 18 permit of a construction which
avoids the use of small peripheral port areas
common in other types of furnaces, and con-
sequently the possibility of clogging and
caking is eliminated.

A group of the above described furnaces
may be conveniently arranged around the cir-
cular wall of a large calcining furnace, so-
that outlet gases from the calcining furnaces
may be distributed between the dehydrating
furnaces, as desired. Such an arrangement
Is illustrated in Fig. 4, in which a calcining
furnace is schematically indicated at 51, a
drying furnace being indicated as at 52. Ma. 108
terial carriers are indicated as at, 53 for con-
veying the dried or dewatered material from
the furnaces 52 to the calcining. furnace.
Conduits as at 54 serve to convey the gases
discharged from the calcining furnace to the 119
inlets 15 of the drying furnaces. If desired,
heated gases from the central shaft of the
calcining furnace, which have been used for
cooling the shaft and rabble arms, may be
to the base of 118
the furnaces 52 as shown. Suitable damper
regulating means may be provided in the con-
duits 54 and 55 as at 56 and 57 respectively.
The calcining furnace may be of a type well
known in the art, such for example as is 120
shown in numerous patents to Herreshoff,
hence the details thereof need not be here de.
scribed. S

The above described furnace ‘may also be
used in the preliminary treatment of fuller’s
earth which is to be revivified, particularly
where such fuller’s earth is too oily to be
conveniently treated in an ordinary roasting
furnace. For such uses, a steam jet may be
introduced in the above described furnace 130
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rotatable hearth mounted on said shaft com-

4

and the furnace used for-reducing the oil
content of the fuller’s earth, which may later
be more rapidly treated in a roasting furnace
with more accurate control of the roasting
temperatures.

While the invention has been described in
detail with respect to particular preferred
examples and methods of operation which
give satisfactory results, it will be under-
stood by those skilled ir the art, after under-
standing the invention, that various changes
and modifications may be made without de-
parting from the spirit and scope of the in-
vention, and it is intended therefore in the
appended claims to cover all such changes
and modifications.

What is claimed as new and desired to be
secured by Letters Patent of the United
States is:

1. A drying furnace comprising a plural-
ity of superposed alternately arranged rotary
and stationary hearths, alternate hearths be-
ing respectively also substantially of upright
and inverted cone shapes, the hearths of up-
right conical shape having central discharge
openings and rabbling means cooperating
with each hearth. :

2. In a furnace having a rotatable hearth,
a relatively stationary rabbling arm assem-
bly carrying rabble teeth and extending
through the furnace wall for cooperation
with said hearth, and means for detachably
affixing said assembly to the exterior of the
furnace wall, the furnace wall having an
opening normally closed by the arm support-
ing portions such opening being of a size
permitting the assembly to be removed to
the exterior of the furnace as a unitary struc-
ture ircluding its rabble teeth.

8. A multiple hearth furnace including a
plurality of rotatable hearths mounted upon
a rotatable shaft suspended from a thrust
bearing at the top of the furnace.

4. A multiple hearth furnace including a
plurality of rotatable hearths mounted upon
a rotatable shaft suspended from a thrust
bearing at the top of the furnace, and means
engaging a lower hearth substantially at its
periphery for retaining the rotatable hearth
and shait assembly against swinging move-
ment.

5. A furnace comprising a rotatable hearth
and shaft assembly suspended from a bear-
ing at the upper part of the furnace, and a
plurality of guiding means engaging a lower
part of the assembly at points spaced sub-
stantially from the axis of rotation.

6. In a furnace having a rotatable hearth,
a relatively stationary rabbling arm extend-
ing through the furnace wall for cooperation
with said hearth, and means for detachably
affixing said arm to the exterior of the fur-
ncce wall. ’

7. In a furnace having a rotatable shaft, a

1,852,846

prising a substantially annular concave cast-
ing embracing the shaft and detachably
keyed thereto.

8. In a furnace having a rotatable shaft,
a rotatable hearth mounted on said shaft
comprising a substantially annular concave
casting embracing the shaft and detachably
keyed thereto, and rotatable rabbling means
also detachably secured to said shaft for co-
operation with other hearths.

9. In a furnace having a rotatable hearth,
an enclosing wall having an opening there-
through, a relatively stationary rabbling
member extending through said opening in
the wall for cooperation with said hearth, and
a cover for said opening, said rabbling mem-
ber being carried bv said cover and said cover
bei?g detachably affixed to the exterior of the
wall.

10. A furnace having a rotatable shaft, a
rotatable hearth mounted on said shaft com-
prising an integral and conical casting em-
bracing the shaft and detachably secured
thereto at the center of he hearth.

11. In a drying furnace having a vertical-
ly extending rotatable shaft, a plurality of
rotatable hearths mounted on said shaft in
spaced positions, each of said hearths com-
prising an integral conical member apertured
at the center to embrace the shaft and slidable
along the shaft into position thereon, and
means for detachably securing each hearth
in the desired position including a vertically
extending sleeve encircling the shaft and in-
tegral with the hearth.

12. In a drying furnace having a vertical-
ly extending rotatable shaft, a plurality of
rotatable hearths mounted on said shaft in
spaced positions, each of said hearths com-
prising a relatively thin integral metallic
member apertured and provided with a ver-
tically extending integral sleeve at its center
for embracing the shaft, the hearths being
slidable into position along the shaft, and
means for detachably securing the sleeves of
each of said hearths independently to the
shaft. : :

13. In a furnace having a rotatable shaft,
a rotatable hearth mounted on said shaft com-
prising a substantially annular integral cast-
ing embracing the shaft and detachably se-
cured thereto, means for rabbling material
under treatment on said hearth and for dis-
charging the same from the periphery thereof
to a surface beneath the hearth for support-
ing the material under treatment, and a mem-
ber suspended from the periphery of said

‘hearth for advancing such material along and

off from said supporting area.
14. A furnace comprising an enclosing wall

‘and a plurality of superposed and relatively

rotatable hearths therein, the lowermost of
said hearths being rotatably carried by a ver-
tical shaft, a substantially annular trough
being provided at the bottom of the furnace
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beneath said lowermost hearth, a furnace out-
let opening from said trough, and a scraper
member detachably carried at the periphery
of said lowermost hearth for advancing the
5 material under treatment along said trough
and to said outlet.
In testimony whereof I have signed my
name to this specification.
EDITH MARY FOWLER,
10 Executriz of the Last Will and Testament of
Edward J. Fowler, Deceased.
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