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UNITED STATES

2,207,987

PATENT OFFICE

2,207,987
MATERIAL HANDLING APPARATUS

Donald Wetherald Kent, Barron Hill, and Fred
Van Doorninck, Easton, Pa., assignors to C. K.
Williams & Co., Easton, Pa., a corpora,tmn of

Pennsylvania

Appllcatlon August 6, 1935, Serlal No. 34, 876 .
Renewed December 1, 1938

6 Claims.

This invention 'relates. to  improvements in
heat transfer devices and more particularly to
an improved rotary mufile type material han-
. dling apparatus which may be adapted either for
heating or cooling the materials processed.

The rotary mufle has heretofore been used for
the uniforin heating of products as required in
well known commercial processes because of the
evenness of heat transfer due to the overrun-~
ning, material ‘which constantly exposed new
surfaces.  As the materials treated only form
a shallow layer at the bottom of the drum, how-
ever, increase in through-put can only be had by
larger drums or higher tempe1 atures, or a greater
speed which would normally cause a greater rate
of overrunning and therefore greater frequency
of formation of new layers for heat tre'ltmen'h

" Larger apparatus is of course most expensive, for
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muffles are not variable in size without also re-
constructing the. furnace, and temperatures are
limited by the materials undergoing treatment.

Increases of the speed of rotation of the drum
or the thickness of layer of the treated material
ig also limited by practical conditions, especially
at high temperatures, and transier of heat can-
not be improved hy this means beyond a certain
“point. In addition, the low rate of heat transfer
of many of the materials to be treated is such
that layers in excess of two inches have offen
been found impractical and unsatisfactory. The
industry has therefore found that it was neces-
sary to use more muffles, or to use larger ones
hoth in dlamnter and length for increased pro-
duction. .

It is one of the objects of this invention to
inerease the capacity of a rotary mufile without
changing its size by -providing an Intermediate
tihe or muffle and providing inwardly proiecting
fiights to facilitate transfer of the materials han-
dled from one muffle surface to the other.

A fu*‘ther ohject of -this invention is to nro-
vide an imnroved heat treating.apparatus con-
sisting of a drum with internally open pockets
and having interior transfer means to transfer

naterials from one upper point on the drum to
another upper point on the drum to materlally

inerease the surfaces in active heat transfer op--

craticn, and by virtue of the greater volume of
material; a.greater control of the heat transfer
can be ohtained.

_ Another object of this invention is to provide
a new method of transferring heat to or from
miatiridls to be handled by alternately transfer«
rmg the materials between generally concentric

(Cl. 263-—34)

drum surfaces by overrunning of the’pai“ticleé'

on the respective surfaces..

Another and more specific obJect of this in-
vention "is" to provide a calcining furnace for
heating materials which has an inner core co-
operatively arranged within the. outer ‘mufie,
both having a series of transverse flights to in-
tercept the material flow during rotation of the
muffle, and having means to progresswaly move
the material through the muffle:

Ancther specific object of this invention is to
provide a cooling apparatus for continuous sur-
face cooling of materials and having a plurality
of rotating, substantially cylmdncal surraces in-
dependently cooled.

Another object of this 1nvent10n is to provide

a plurality of substantially drum shaped. rotary

mufies adapted to progressively move a material
to be treated from end to end of the muffle, and

also: around the diameter in a generally helical

path for increasing the effective area ‘contacted
by the overrunning material so that the through-
put may be materially increased. over that of a
single unbaffled drum, the speeds, maferlals ar\d
temperatures being the same.

Further objects and advantages of the inven-
tion will appear from the following .description
thereof taken in connection with the attached
drawings, which illustrate preferred forms. of
embodiment of our invention and in which:
~ Figure 1 is a vertical longitudinal section of a
calcining furnace with part in inside elevation
showing the improved muffle constructlon;

. Figure 2 is a vertical section transverse to Fig-

uro 1 and showing the details of the flights;
© Figure 3.is a vertical longitudinal section of a.
modified form of heat transfer mufie adapted for

cooling materlals, )
- Figure 4 is a vertical section, transverse vo
Figure 3, showing the internal construction, and
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Figure 5 is a detail of a modlﬁca,tlon of hollow ‘

flight.

Pigure 6 is & cross sectlonal detail of a mod1-
fication of the huatmg ‘arrangement,

The invention is-preferably applied to a ma-
terial” handling apparatus’ of the rotary muffle
type in which surface heat transfer takes place
to. or froim materials to be handled, such ma-

‘terials being -normally moved from end to end
- of the drum.-in any desired manner.
applicable: to -the muffle structure regardless of
whether intended for a uniform heating of the
materials .or for a cooling of them, or for any

It is equally

variation of the  heat transfer as may be!found
desirable. - A preferred form of embodiment ‘of
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the invention as applied to a calcining furnace
is shown in Figures 1 and 2 and in this embodi-
ment the material to be handled and treated
may enter through a suitable hopper {§ mounted
on the fixed head 22 which is provided with seal-
ing glands 24. The materials then pass through
a valve or gate 12, and suitable openings 13 into
the rotary mufile generally indicated at {4, which

preferably comprises an outer drum {5 and an )
- of available surface for material contact as com-

inner drum (6.

The muffle 14 is desirably supported for rota-;

tion on suitable bearings {7 and is rotated as
by a motor 8 through a chain {9 or other well
known means. The supports are such that the
muffle can be rotated with a portion exposed to
a heat transfer medium, in this case the com-
bustion gases, from the furnace 20 which forms
a heating chamber 21, surrounding the muffle
{4, The manner of heating may be varled to
suit conditions but combustion gases are gen-
erally circulated for adequate heating, the source

_ being by any well known means stich as by fuel
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burners 20a. Rotation causes a progressive
movement to be imparted to the materials, as
hereinafter described, so that a continuous dis-
charge of the heated materials takes place
through the discharge head 28 which is likewise
sealed by glands or other forms of sealing pack-
ing 24. As it is desirable that the atmosphere
surrounding the materials to be handled be con-
trolled, either for recovery or in crder to main-
tain a desired atmosphere in the muffle, discharge
is conveniently through a gas tight sealing ap-
paratus such as a star wheel 25, and the dis-

charge head 23 may have any suitable gas con-

nections found desirable.

The mufile shown in transverse cross section
in Figure 2 is provided with flights 27 projecting
from the outer drum in accordance with our in-
vention, such flights or vanes preventing an ac-

~cumulation of material only on the bottom of
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the drum as is customary in the simple drum
structure. A second series of flishts 28 project

outward from the inner drum, and.the flighis.

preferably have angle lips 27a¢ and 28a respec-
tively. These flights are so positioned that ma-
terial fed into the muffle will be engaged by the
flights which will tend to raise the material, still

on contact with the drum, until such an eleva- .

tion is reached that the material falls in over-
runnihg and it will then contact the inner drum.
This will appear from Figure 2 in which the
material suspended on the flights at the various
points in the revolution of the drums ‘is gener-
ally shown.

The flights 27 on the outer drum in movmg

from’ the bottom .to the quarter position carry:

the materials to be treated with them with cer-
tain portions overrunning and forming a new
layer.- Due to the flights, the material is carried

high on the outer drum until some point is
" reached between the quarter position to the half

revolution position,” at which the overrunning
materials tend to drop onto the flights on the
inside drum, reaching a maximum at the top at
which point the material has been completely
transferred to the inner drum.

Movement of the drums from the half revolu-

tion to the three-quarter position starts a trans-
fer to the outer drum. Some of the material -

will also drop to the bottom in its overrunning
movement. During the final quarter revolution
of the drums, the materials to be treated are en-
tirely transferred to the outer drums.
terial ‘thus contacts with a series of bafes and

The ma-
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with both drums and is entirely transposed so
that all parts are.subjected to heat transfer.
The maximum depth is substantially uniform
throughout and careful control can be had.
Considering the areas of the inner drum to
give equal heat transfer as do the areas of the

outer drum, it will thus be seen that for the same -

outer drum diameter and length, there is accord-
ing to our invention, a materially greater area

pared with the available area of a single drum,
considering the same thickness of layer. The
new flights also have a certain area, part of
which is in contact with some materials at all
times. This increase of effective area is of course
variable by virtue of the relative lengths of the
flights and their number, but under normal op-
erating conditions, we find that the rate of flow
through the improved muffle is of the order of
nine times that previously possible. .

Heating of the inside of the drum may be ac-
complished by any desired means such as con-
duction through the metal surfaces direct from
the heat of the combustion chamber 2{ or from
internal pipes conducting suitable combustible
gases. In Fig. 6 there is illustrated a conven-
tional arrangement for heating the interior of
the drum 129. comprising a pipe  i21 carrying
burners 122 with -provision for ecarrying off
waste gas, as by a pipe 123 having intake aper-
tures 124. The drum {20 is similar to the drum
{6 of Tgs. 1 and 2, and the pipes 121 and 123
pass through the end wall. - Adequate heating of
both- the inner and outer drums is readily ac-~
complished and thermocouplés placed at 31 and
at the other places facilitate accurate control.

The materials to be treated which are usually
nulverized or granular materials are moved from
end to end of the drum in any desired manner
as, for example, by pitch of the muffle, or by the
spiral 32 as shown, or by inclining the flights
27 and 28. In the present form of embodiment
the spiral 32 extends from end to end of the
mufile chamber {4¢ and the flights 27 and 28
are mounted between the respective threads of
the spiral. This is a positive feed consiruction
and forms a pocket relation on.both the outer
and inner drums of the muffle.

The inner drum' {6 need not be elther a closed
member or a -true. cylinder. One of its func-
tions of transferring material falling from one

10

15

20

25

30

35

50

point on the outer drum to another point thereon -

can be accomplished by a series of paddles or a
rotating wing shape member. PFurthermore, if
may be a drum of tapered shape to facilitate
feeding if so desired. It may also be separate
from the outer drum and independently rotated
and heated and, if desired, may have a double
lining for a cooling medium.- With independentlv
operated drums, separate spirals may be used on

55 .
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each drum or other material advancing means *

may be used. Thb pocket relatlon of the outer
drum has the maximum amount of exposed space
for contact with the materlals,handled and will
carry the materials. to be treated over a substan-
tial range. For maximum efficiency both drums
are provided with the flights which extend ap-
proximately half way into the muffle chamber

and they may be stagsered along the periphery
of the respective drums.

be varied however as found desirable.

Another form of embodiment of our invention
is shown in the modified apparatus illustrated
in PFigures 3 and 4, which is more parficularly
adapted for cooling purposes.

The relationship may 1

In this construc-
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tion, the mufiie 408 is also of the double drum
type having an outer drum 41 and an inner drum
42. The outer drum may preferably be of double
wall type having a cooling medium chamber 43
hetween the inner shell forming the outer drum
41 and the outer shell 4la. Also, in a manner
similar to the first form of embodiment, the
muffle chamber between the two drums is prefer-
ably closed at the end and the material to be
handled is confined within the muffle chamber
during the cooling.

This type of mufi¢ includes any desired tvpe
of feeding hopper 45 from which the materials
to be handled pass through a suitable valve or
gate 46 and through openings 47 in the outer
drum 41 of the muffle. The hopper snd fixed
head 48 are provided with suitable glands or 5eal-
ing devices 49 to seal the fixed head during ro-
tation of the muffle. The discharge head 58 is

‘similarly sealed with glands or sealing devices 48

and discharge may be under any form of con-
trol found desirable, such as star wheel 5. Ro-
tation of the muffle is conveniently by means of a
drive such as shown at 52.

The respective heads 48 and 59 are adapted to
receive the rotatable ends 40g and 485, of the
mufile which desirably project through the same
and have conduits 54 and 55 respectively, for
the cooling medium. Manifolds 56 and 57 co-
operate with these ends of the muffle and act as
distributors for the cooling medium. Other con-
duits 58 and 59 may also extend into and out of
the core of the muffle to cool the interior of the
mufile, conduit 58 having extending spray arms

60 for cooling, and conduit 59 having a suction

end 61 to remove the cooling medium at the
greatest distance from the inlet.

In operation of this form of apparatus, the
material which is to be cooled passes into the
muffle chamber 40¢ and is moved by rotation of
the muffle toward the discharge end of the ap-
paratus. This is accomplished by a spiral 62 al-
though other means could be provided as hereto-
fore mentioned. During the movement of the

materials to be handled, the flights 63 and €4 pro- .

jecting from the drum engage the material and as
before mentioned, it is transferred from one drum
to the other, both of which are independently
heated or cooled as desired. In this form, the
cooling chamber for the outer drum is represent-
ed at 43 ag shown in Figure 4, and the inner cool-
ing chamber is represented at 40. The internal
cooling pipes may spray or expand either a gas
such as a refrigerant or a cold liquid which can
be removed as it collects at the bottom of the re-
spective drums and in the liquid discharge heads
51.

A modified form of flight is shown in Figure 5
in which the drum 70 has a hollow projecting
flight member Tl which is cooled or heated by
gases entering the aperture 72 at the base. This
will facilitate heat transfer under certain condi-
tions. :

The apparatus by which new surfaces of ma-
terial become exposed to new surfaces of a rotat-

. ing drum at a greater frequency without increase

70

of speed for improved heat exchange is the par-
ticular advantage of our invention. The term
heat exchange is to be understood to include
either heating or cooling the materials handled.
It is possible, however, that exposure of new sur-
faces of materials to gases within the muffe
chamber would be advantageous with or without
heat transfer.

While we have shown preferred forms of em-
bodiment: of our invention, we are also aware

that many modifications can be made thereto,

and we therefore desire a broad interpretation
of our invention within the scope and spirit of
the description herein and of the claims ap-
pended hereinafter. '

We claim: -

‘1. A calcining furnace of the class described
including a muffle, said muffle having a plurality
of concentric drums forming a muffle chamber
therebetween ahd having means to raise material
within the mufile chamber alternately and te
spread said material over parts of both drums
alternately during rotation, said. raising means
including a plurality  of flights projecting into

said mufile from both drums and engaging the-

material to be treated, each flight being secured
to one drum and spaced from the other drum
and means to reotate the muffle and means to heat
said drums from without the muffle chamber.

2. A calcining furnace of the class described in-
cluding a mufile having an inner drum and an
outer drum forming a muffle chamber therebe-
tween, means to rotate the muffle, means to apply
heat to the inner surface of the inner drum and
the outer surface of the outer drum, means to
introduce material to be calcined intoc the muffle
chamber and to remove material therefrom in-

. cluding means to prevent contact of the con-

tents of the muffle chamber with exterior gas of
air, said muffle chamber having means to raise
material therein during rotation of the muffle
and to spread said material over parts of both
drums during rotation comprising flights alter-
nately secured to the inner and oufter drums and
projecting into said muffle chamber. - _

3. A heat exchange apparatus of the class de~
scribed . for treating granular and pulverulent
material comprising a muffle having concentric
drums with a muffle chamber therebetween,
spiral vane means for advancing material from
one end of said mulffle to the other, means for dis-
tributing the material over the surfaces of both
drums comprising flights secured to the outer
drum and projecting radially inward but spaced
from the inner drum and flights secured to the
inner drum and extending radially outward but
spaced from the outer drum and means for heat-
ing the material while excluding the heating
medium from contact with the material. )

4. A calcining furnace as defined in claim 2,
wherein the outer drum is formed with a plurality
of feed openings and having means for feeding
material by gravity through said openings into
the mufle chamber. .

5. In an apparatus of the character described
having outer and inner drums forming a muffe
chamber therebetween, a plurality of pickup
vanes projecting -from the outer surface of the
inner drum and the inner surface of the outer
drum adapted to raise a material to be treated,
said vanes being of T-shape to provide pockets for
material handled and being so spaced as to al-
ternately transfer said material between said
drums during a. single revolution and means to
revolve the drums.

6. A calcining furnace as described in claim 1,
wherein the flights are of T-shape to provide ma-~
terial holding pockets on both sides of each fight.

'DONALD W. KENT.
FRED VAN DOORNINCK.
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