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MATERIALHANDLING APPARATUS 
Frederick H. van Doorninck, Stewartsville, N.J., 

assignor to C. K. Williams & Co., Easton, Pa., 
a corporation of Pennsylvania, 
Application January 1, 1944, Serial No. 516,640 

(C1.263-34) 4. Claims. 

This invention relates to new and useful im 
provements in material handling apparatus and 
more particularly to rotary muffles for the heat 
ing or roasting of solid materials. 
The calcination, decomposition or fusion of 

metallic ores and their salts, particularly the 
ores and salts of iron and chromium, is ordinarily 
carried out by heating or roasting the material 
in elongated rotary kilns. The kilns, according 
to conventional practice, are slightly inclined 
cylinders or drums, varying from 50 to 100 feet 
in length and from 5 to 10 feet in diameter, 
which are lined with refractory material and 
mounted for rotation at a Suitable low Speed. 
The material to be treated is charged into the 
elevated end of the drum, and it paSSes by 
gravity through the entire drum during rotation 
thereof, after which it is discharged at the lower 
end. A firebox is located adjacent the lower end 
of the kiln, and heat and gases from the com 
bustion of coal, coke, gas or oil in this firebox 
sweep through the drum in contact with mate 
rials therein and exit through a fue at the up 
per end. - 

In the use of this conventional type of ap 
paratus the material undergoing treatment re 
mains in a layer in the bottom of the drum, and 
evenness of heat transfer is promoted by the 
overrunning of the material and the exposure of 
new surfaces to heating effects during rotation 
of the drum. For efficient and uniform heat 
transfer only a shallow layer of material can be 
treated Satisfactorily, so that the thruput or pro 
ducing capacity of a kiln of given size is definitely 
limited. 
The Only means of increasing thruputs. When 

using the common type of kiln is to provide a 
larger drum, or to use higher heating tempera 
tures, or to speed up the rotation of the drum. 
Larger apparatus, of course, is quite expensive, 
since the size of the drum cannot be varied 
without also reconstructing the furnace or fire 
box. Temperature increases are impracticable 
because the temperatures of treatment are lim 
ited by the nature of the material undergoing 
treatment. The speed of rotation of the drum 
also is linited by practical operating require 
inentS, since a substantial increase in speed re 
suits in under-treatment of the material when 
ever definite temperatures and periods of treat 
ninent are required for proper process results. 
In the use of this common type of apparatus it 
therefore has been impracticable to obtain in 
creased thruputs or capacity except by using 
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larger drums, both in diameter and length, or 
by providing additional units of apparatus. 
Other disadvantages of the conventional type 

of rotary drum reside in its restricted capacity 
for and ineficiency of heat transfer, in the pos 
sibility of incompletely or improperly treating 
part of the material inside the drum, and in the 
difficulty of controlling the composition of gases 
inside the kiln whenever the material demands 
special gas treatment. 
An object of the present invention is to pro 

vide new and improved material handling, ap 
paratus of the rotary muffle type which has a 
substantially increased treating. capacity for a 
given size of muffle in comparison with known 
apparatus for similar purposes. 
Another object of the invention is to provide 

heat transfer apparatus of the rotary muffle type 
which is characterized by improved efficiency and 
-uniformity of heat transfer. More particularly, 
it is an object of the invention to provide a 
rotary muffle which makes available a greater 
amount of heat energy for the treatment of Solid 
materials; also, to increase the area of contact 
between the material and heat-transferring Sur 
faces of the apparatus, thus effecting a faster rate 
of heat absorption; also, to increase the Over 
running and the rate of exposure of the material 
to heating effects; and also, to reduce the depth of 
the material load when handling a given vol 
ume of material in a muffle of given size. 

Still another object of this invention is to pro 
vide heat transfer apparatus of the rotary muffle 
type by which the transfer of heat to material 
inside the muffle is carried out indirectly and in 
a manner enabling close control over tempera 
tures and other conditions of treatment. 
Another object of the invention is to provide 

roasting apparatus for the continuous calcina 
tion, or decomposition of chemical compounds 
by heat obtained from the combustion of fuel, 
which apparatus permits the recovery in concen 
trated form of gases evolved in the course of the 
decomposition without contamination of the 
gases by combustion products. 
'A further object of the invention is to provide 

a rotary muffle which in operation presents con 
siderably less void space than kilns or muffles 
of known type and thereby improves the heat 
transfer and facilitates the subjection of mate 
rials inside the muffle to special gas treatment 
when demanded. . . Other objects and advantages 
of the invention will become apparent from the 
following description. 
The apparatus. provided by the present inven 
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tion is adapted particularly for the calcination, 
decomposition or fusion of ores and Salts of iron 
and chronium, although it may be used to ad 
vantage for the treatment of other metallic Ores 
and salts, or for other analogous processes in 
volving the handling and heating of Solid 
material. 
According to a principal feature of this in 

vention, I have found that the capacity of a 
rotary muffle or kiln may be increased without 
increasing its size, and also that the heat trans 
fer characteristics of the muffie and its effective 
ness for various calcination and decomposition 
treatments may be greatly improved, by replacing. 
the common type of single cylinder or drum by a 5. 
multiplicity of elongated individual tubes of 
comparatively small diameter which are disposed 
around the axis of rotation of the muffle, pref 
erably at equal radii from the axis, and which 
Communicate With a common header at the up 
per, or charging, end of the inclined muffle- and 
With another common header at the lower, or 
discharging, end of the muffle. 
The new muffles embodying this arrangement 

are preferably made of strong, corrosion-resist 
ant, Creep-resistant metals, such as, for example, 
the chromium irons and steels alloyed in Smaller 
percentages with metals such as nickel, tungsten, 
molybdenum and manganese. Parts of the ap 
paratus that are subject to contact with decom- : 
pOSing materials and corrosive gases are thus 
rendered resistant to corrosion at temperatures 
below 2200 F. 
The transfer of heat to the muffle and its con 

tents is preferably effected by combusting a suit- : 
able fuel, such as oil, from burners located at 
Selected points in a firebox or furnace which 
Surrounds the muffle tubes. Heat thus supplied 
to the Walls of the muffle is transmitted to ma 
terials. inside the several muffle tubes by con 
duction and radiation. With this system the 
feeding and discharging of solid materials and 
gases may be carried out under positive control 
while keeping the muffle closed against the en 
trance of uncontrolled amounts of air or com 
bustion gases. 
According to another important feature of the 

present invention, the several muffle tubes in an 
arrangement such as: disclosed above are made 
polygonal, and preferably quadrilateral, in cross 
Section. In preferred embodiments of the in 
vention the muffle comprises a multiplicity of 
elongated individual tubes, each. quadrilateral in 
CrOSS: Section, which are: straight. and parallel 
and are: disposed in circularly Spaced relation 
around the axis of rotation of the muffle, at sub 
Stantially equal radii from its axis. I have found 
that the use of tubes of quadrilateral cross sec 
tion results in further advantages, as compared 
with tubes of other form, with respect to the 
efficiency and uniformity of heat, transfer to 
materials: in the tubes. I have also found that 
the quadrilateral tubes give added advantages in 
the treatment of certain types of materials and 
in the Construction of the muffle. These ad 
Vantages, together with the important advan 
tageS which accrue from the multi-tube rotary 
muffle irrespective of this particular cross-sec 
tional shape of the tubes, will be explained more 
fully hereinbelow. 
An illustrative form of apparatus, typifying a 

preferred embodiment of the invention, is shown 
in the accompanying drawings, in which 

Figure 1 is a vertical longitudinal section show 
ing material handling and heating apparatus 
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4 
comprising an assembly of the new rotary muffle 
With a Surrounding furnace or firebox. 

Figure 2 is a vertical transverse section, ap 
proximately along the line 2-2 of Figure 1. 

Figure 3 is a fragmentary end view of the 
muffle, as viewed from the right hand end of 
Figure 1; and 

Figure 4 is a vertical transverse section 
through the muffle, approximately along the line 
4-3 of Figure 1. 

Figure 5 is a diagrammatic view, in Vertical 
cross section, illustrating the form and action 
of the common type of rotary kiln Comprising a 
single large cylinder or drum, and 

Figure 6 is a similar view showing a rotary 
Inuffie, of the same over-all diameter, that is 
constructed with a multiplicity of tubes accord 
ing to the present invention, the tubes in Fig 
ure 6 being circular in cross section. 
As illustrated in Figures 1 and 2, a furnace or 

firebox (, constructed of suitable refractory ma 
terial, comprises an elongated heating cham 
be 2 through which extends the rotary muffle 
3. The end walls of the furnace are provided 
with oppositely disposed openings 4 and 6, and 
opposite end portions of the muffle project 
through these openings. A plurality of burner 
chambers 8 are located in the lower part of the 
furnace. Flues 20 communicate with the heat 
ing chamber- f2. Burners 22 are arranged to 
inject fuel, for example, fuel oil, into the respec 
tive burner chambers, where combustion takes 
place to heat the muffle. 
The rotary muffle 30 is generally cylindrical in 

form. It comprises a multiplicity of compara 
tively small elongated tubes 32 Which are Sup 
ported in parallel relation and are circularly dis 
posed around the axis of supporting Spiders 34. 
In the illustrated embodiment there are nine 
muffle tubes. The tubes extend through the 
heating chamber 2, and at one of their ends 
they open into a common charge header 36. At 
their opposite ends they communicate with a 
common discharge header 38. The Walls of tubes 
32 are made of suitable heat-conducting mate 
rial, such as sheet metal. To withstand strains 
and the corrosive effects of certain materials, 
gases and decomposition products at high tem 
peratures, the muffle tubes and header walls are 
preferably made of strong corrosion-resistant 
metal, such as the chronium iron and steel al 
loys mentioned hereinabove. 
Means are provided for rotating the muffle, in 

cluding tubes 32 and headers 36 and 38, at any 
suitable speed. For example, tires or rings 40 
and 42 are secured to the muffle adjacent its op 
posite ends, and these tires ride on appropriate 
rollers 44 and 46 which may be driven to cause 
rotation of the muffle. The entire muffle may 
be mounted quite horizontal, or at a slight in 
clination. In either event, the accumulation of 
material in the header 36 and the rotation of 
the muffle cause the material to travel through 
the muffle by gravity, at a Suitable rate which 
may be varied by changing the rate of rota 
tion. 
The charging of solid material into the muffle, 

usually in pulverized or granular condition, is 
effected by charging means communicating with 
header 36. An illustrative arrangement appears 
in Figures 1 and 3. The muffle end Wall 50 joins 
rotatively with a stationary central Wall section 
52, and the latter provides a port 54 through 
which the material may be fed into the header. 
A screw conveyor 56, Supplied from a feed tube 
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58, constitutes a suitable charging device. The 
charging device and the connection between end 
Wall 50 and wall Section 52 are preferably made 
substantially gas-tight in order to permit control 
OVer atmospheric conditions in the muffie, 
In addition, means are provided for introduc 

ing controllable amounts of air or other gas into 
the muffle. For this purpose, Wall section 52 may 
comprise a Second port 60 communicating with 
a gas Supply pipe 62 by which air or other gas 
may be Supplied to header 36 and thence to the 
muffle tubes. 
At the lower or discharge end of the muffle, 

means are provided for handling and discharg 
ing materials as they leave the muffle tubes 32. 
For example, an end wall 70 of header 38 com 
prises a centrally located outlet, opening 72 which 
communicates with a stationary hood 74 through 
an annular flange 76. The muffle tubes 32 dis 
charge into header 38, and the material is then 
delivered into hood 74, through opening 72 and 
flange 6, by suitable means such as, for ex 
ample, the radial vanes or lifters 78, which ro 
tate With the muffle, and a centrally disposed dis 
charge cone 80 which directs material falling 
from the lifters into the outlet opening. The 
lifters 78 and cone 80 may be mounted on a 
common Supporting spider 82. Since it is often 
desirable that the atmosphere surrounding the 
material in the muffle be controlled, either for 
efficient gas recovery or in order to maintain 
particular atmospheric conditions in the muffle, 
the discharge of the material from hood 4 is 
preferably effected by gas-tight means, such as 
a Star wheel 90. It is also preferable to arrange 
hood 74 in Sealed relation to the muffle, as by 
means of a packing or gland 92 which fits around 
flange 76 in Such manner as to prevent, substan 
tial leakage of gases. Since the muffle chambers 
are closed and separated from the firebox in 
which the heating fuel is burned, it is possible 
to effect complete recovery of decomposition gases 
from the muffle, in concentrated form, without 
Contamination of the gases by products of com 
bustion. The hood 74 may have any suitable 
gaS Connections, Such as connection with an exit, 
pipe 94, in order to draw off gases from the 
muffle. 
The handling or treatment of material in the 

muffle should now be apparent. The material 
is charged into header 36 during rotation of the 
muffle, and as the material accumulates in the 
header it is distributed into the inlet ends of 
the Several muffle tubes 32. A layer forms in 
each tube, and the material in each layer con 
tinually overruns and exposes new surfaces dur 
ing rotation of the muffle, while also gradually 
progressing lengthwise of the respective tubes. 
When the material finally reaches the lower or 
outlet ends of the tubes, it falls into header 38, 
from which it is continually discharged into 
hood 74 by means such as described hereinabove. 
Discharge of material from the entire system is 
effected by rotation of star wheel 99. 
The transfer of heat to material in the muffie 

takes place by transmission and radiation from 
the heat-transferring walls of the muffle tubes 
32, which in turn are heated directly by com 
bustion of fuel in the surrounding furnace. In 
portant advantages with respect to efficiency and 
uniformity of heat transfer are obtained in the 
use of the multi-tube muffle, regardless of any 
particular cross-sectional shape of the muffle 
tubes, for reasons now to be explained by com 
paring the common type of kiln or muffle, con 
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sisting of a single large cylinder as illustrated 
diagrammatically in Figure 5, with a multi-tube 
muffle using tubes that are cylindrical, or circular 
in CrOSS Section, as illustrated diagrammatically 
in Figure 6. 
A first advantage of the multi-tube rotary 

muffle over the common type of single cylinder 
is that it increases the area for heat energy ab 
sorption. By illustration, assuming that the 
muffles illustrated in Figures 5 and 6 both have 
an overall diameter of 3 feet, the former has a 
Surface area of about 113 Sq. in. for every inch 
of length, while the multi-tube muffle has a 
Surface area of about 219 Sq. in for every inch 
of length. Thus it is evident that the available 
heat energy which may be absorbed by the ma 
terial in process is nearly doubled in the case 
of the new rotary muffle, assuming that all other 
factors affecting the heat exchange are the same. 
A second advantage of the multi-tube rotary 

muffle is that the material in the muffle has a 
much greater surface exposure and thus is able 
to absorb heat much faster than in the case of 
the Common type of apparatus. A volume of 
61.5 cu. in. of material per inch of length, in the 
drum of Figure 5, has an exposure surface of 
about 23 sq. in. In the case of a multi-tube 
rotary muffle of the same overall size, the same 
Volume of material has an exposure surface of 
Over 54 Sq. in. 
A third advantage of the multi-tube rotary 

muffle is that it provides a larger area of contact 
between the material and the muffle and thus ef 
fects a faster rate of heat absorption. Referring 
again to the illustrations, 61.5 cu. in. of material 
per inch of length in Figure 5 has a contact area. 
With the drum of about 24.7 sq. in. In Figure 6, 
the same Volume of material has a contact area, 
with the muffle of about 65.25 sq. in. 
A fourth advantage of the multi-tube rotary 

Inuffle is that it reduces the depth of the mate 
rial load for a given Volume of material. By 
Comparison of Figure 5 and Figure 6 it will be 
understood that a 4 inch material load in the 
Common apparatus corresponds to a load of 
about 1.6 inches maximum depth in the multi 
tube muffle of circular cross-section. The ad 
Wantages of a thin material load are several; for 
example: 

(a) It reduces the core area, or zone of par 
tially processed material; 

(b) In the handling of materials which evolve 
decomposition gases, it minimizes the area with 
in the material where the partial pressure of the 
decomposition gases becomes so great that the 
decomposition rate is materially reduced; and 

(c) Under the same circumstances as (b), it 
permits a neutral gas more efficiently to carry 
away from the material the decomposition gases 
evolved in process. 
A fifth advantage of the multi-tube rotary 

nauffle is that it reduces the void space in the 
muffle. The volume not occupied by material in 
Figure 5 is about 956 cu. in. for every inch of 
length. In Figure 6 the void space is about 363 
cu. in. for every inch of length. This reduction 
in Void Space gives in portant benefits in proc 
essing when the material demands special gas 
treatment. 
A sixth advantage of the multi-tube rotary 

muffle is that it enables faster absorption of ra 
diant heat because the distance between the ma 
terial and the muffle wall is reduced. This re 
duction in length of heat travel would offer no 
advantage in a clear, dust-free atmosphere, but 
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in the commercial operation of rotary muffles 
dusting always takes place, and the amount of 
radiant heat passing to the material varies in 
versely with the quantity of dust in the muffle 
atmosphere and the distance the radiant heat 
must travel through the dust-laden atmosphere 
before it reaches the material. 
A seventh advantage of the multi-tube rotary 

muffle is that this type of construction permits 
the use of thinner Walls Without loss of muffle 
Strength and thus permits faster heat, transfer 
through the muffie walls. 
As heretofore mentioned, another important 

feature of this invention resides in constructing 
the tubes of the multitube rotary muffle so that 
they are polygonai, and preferably quadrilateral, 
in cross Section. This feature is embodied in 
the preferred form of apparatus as seen in Fig 
ure 1 and Figure 2 of the drawings. Referring 
particularly to Figure 2, it is apparent that each 
of the mufile tubes 32 is quadrilateral in cross 
Section; also that this form of tube results in 
Special handling of the material during rotation 
of the muffle such as not obtained by the use of 
tubes of circular cross section. 
More specifically, the several muffle tubes 32 as 

illustrated in Figure 2 are preferably disposed 
circularly and in equally spaced relation around 
the axis of rotation of the muffle, at equal radii 
from the axis. Each tube is substantially trape 
Zoidal in cross section, with the sides of the 
trapezoid extending radially from the axis of 
rotation. For best results in the feeding and 
distribution of the material, the radius of the 
Corners of these tubes should not be less than 
One inch, 
The multi-tube type of rotary muffle having 

tubes of quadrilateral cross section provides spe 
cial advantages Which are not obtained by the 
use of tubes of circular CrOSS Section. The dif 
ferences in the action of these embodiments of 
the present invention, and also a further com 
parison With the common type of single drum, 
may be gathered by reference to Figures 2, 5, and 
6. These figures represent the different con 
structions as being of the same overall diameter, 
in a manner by which direct comparisons may be 
made. 
One of the Special advantages of the multi 

quadrilateral tube rotary muffle is that it ex 
poses an increased area of muffle wall for heat, 
absorption and therefore possesses a greater ca 
pacity for passing heat energy from the outside 
to the inside of the muffle. The approximate re 
lationships for muffles having an overall diame 
ter of 3 feet are: 

Figure 5-113 sq. in, per inch of length, 
Figure 8-219 Sq. in. per inch of length. 
Figure 2-256 sq. in. per inch of length. 
Another Special advantage of the multi-quad 

lilateral tube rotary muffle is that the area of 
contact between the material and the muffle wall 
is increased, the approximate relationships be 
ling: 
Figure 5-24.7 sq. in. per inch of length. 
Figure 6-65.25 sq. in. per inch of length. 
Figure 2-72.95 sq. in. per inch of length. 
Another advantage of the rotary muffle hav 

ing a multiplicity of tubes of quadrilateral cross 
Section is that this construction does not permit 
a core area to exist in the material, but, instead, 
it effectS positive and complete turn-over of the 
material during rotation of the muffle. A fur 
ther advantage is that the sliding of material 
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through the muffle is Substantially reduced, if 
not positively eliminated. 
The multi-tube rotary muffle having quadrilat 

eral sections gives substantially the same Sur 
face exposure of the material as in the case of 
the circular sections. The maximum depth of 
the material load is somewhat greater, the rela 
tionship being approximately 2.12 inches to 1.6 
inches, but this depth is still almost half of that 
obtained in the use of the common type of sin 
gle drum, and the improvement in the Over 
turning of the material more than compensates 
for the increased maximum depth as compared 
With tubes of circular cross section. 
While I have shown and described specific fea 

tures of preferred embodiments of this inven 
tion, together with numerous details of construc 
tion, i an aware that the novel features of the 
invention may be employed in many other forms 
and for the treatilent of various types of ma 
terial. therefore desire that the invention be 
accorded a scope fully commensurate with its 
contributions to the art, as limited only by the 
fair requirements of the appended claim.S. 

i claim: 
1. Material handling apparatus for the calci 

}lation, decomposition or fusion of metallic ores 
or Salts comprising a ciosed rotary muffle includ 
ing a multiplicity of elongated individual tubes 
disposed around and in parallel relation to the 
axis of rotation of the muffle, a common charge 
header connected with and enclosing all of said 
tubes at One of their ends and a common dis 
charge header connected with and enclosing all 
Of Said tubes at their other ends, a firebox sur 
rounding said tubes between said charge header 
and Said discharge header, a plurality of burn 
erS in Said firebox alranged to heat said tubes 
Substantially uniformly longitudinally thereof as 
the muffle is rotated, each of said tubes being 
made of heat- and corrosion-resistant metal, 
means for feeding the material to be treated in 
to Said charge header during rotation of the muf 
fie, wherefrom the material passes into the re 
Spective tubes and from which it passes into said 
discharge header, means for discharging mate 
rial from said discharge header during rotation 
of the muffle, a sealed stationary hood arranged 
in Substantially gas-tight relation to said dis 
charge header for receiving material discharged 
therefron, means for introducing gas into said 
charge header and thence into said tubes and 
means connected with said hood for exiting gases 
from the muffle. 

2. Material handling apparatus for the calci 
nation, decomposition or fusion of metallic ores 
or SaltS Comprising a closed rotary muffle includ 
ing a multiplicity of elongated individual tubes 
disposed around and in parallel relation to the 
axis of rotation of the muffle, a common charge 
header connected with and enclosing all of said 
tubes at one of their ends and a common dis 
charge header connected with and enclosing all 
of Said tubes at their other ends, a firebox sur 
rolliding Said tubes between said charge header 
and Said discharge header, a plurality of burn 
erS in Said firebox arranged to heat said tubes 
Substantially uniformly longitudinally thereof as 
the muffle is rotated, each of said tubes being 
made of heat- and corrosion-resistant metal and 
being quadrilateral and substantially trapezoidal 
in tranSVerse cross-section with the sides of the 
trapéZoid extending Substantially radially from 
Said axis, means for feeding material to be treat 
ed into Said charge header during rotation of the 
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muffle, wherefrom the material passes into the 
respective tubes and from which it passes into 
said discharge header, means for discharging 
material from said discharge header during ro 
tation of the muffle, a Sealed Stationary hood ar 
ranged in Substantially gas-tight relation to said 
discharge header for receiving material dis 
charged therefrom, means for introducing gas 
into said charge header and thence into said 
tubes and means connected with said hood for 
exiting gases from the muffle. 

3. Material handling apparatus for the calci 
nation, decomposition or fusion of matallic Ores 
Or Salts comprising a closed rotary muffle includ 
ing a multiplicity of elongated individual tubes 
disposed around and in parallel relation to the 
axis of rotation of the muffle, a common charge 
header connected with and enclosing all of said 
tubes at one of their ends and a common dis 
charge header connected with and enclosing all 
of said tubes at their other ends, a firebox sur 
rounding said tubes between said charge header 
and said discharge header, a plurality of burn 
ers in said firebox arranged to heat said tubes 
Substantially uniformly longitudinally thereof as 
the muffle is rotated, each of said tubes being 
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made of heat- and corrosion-resistant metal, 
means for feeding the material to be treated 
into said charge header during rotation of 
the muffle, wherefrom the material passes 
into the respective tubes and from which 
it passes into said discharge header, means for 
discharging material from said discharge header 
during rotation of the muffle, a sealed stationary 
hood arranged in Substantially gas-tight rela 
tion to said discharge header and having an ax 
iai opening thereinto through which to receive 
material discharged therefrom, said discharging 
means including a plurality of radial vanes in 
said discharge header and a cone disposed aX 
ially with respect thereto and projecting into 
Said opening for receiving treated material from 
Said tubes and discharging such material through 
Said opening, means for introducing gas into said 
charge header and thence into and through said 
tubes, and means connected with said hood for 
exiting gas from the muffle. 

4. Apparatus as described in claim 1, said hood 
having substantially gas-tight means for remov 
ing treated material therefrom, 

FREDERICK H. WAN DOORNINCK, 


