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[57] ABSTRACT

Apparatus and method for low dust level drying of
material in continuous drying apparatus of the type
utilizing a plurality of vertically superimposed, rotat-
ing trays to convey the material through the dryer. Bil-
lowing of the material, and hence dust formation, is
retarded by delivering the material to the dryer, and
thereafter transferring it between vertically adjacent
trays, through inclined chutes. Upon each revolution
of the trays, wiper arms guide the material on each
tray over the edge of the tray, while other wiper lev-
eler and leverler arms distribute the material dis-
charged on to each tray from the next higher tray over
the surface of the tray. All side and both end walls of
the dryer housing are thermally insulated to maintain
high drying temperatures, and the skeletal support
structure, as well as the trays and end walls of the
housing, are constructed to expand or contract later-
ally in response to temperature changes within the
housing, thus allowing uninterrupted operation of the
dryer over a wide range of temperatures, including
highly elevated temperatures.

13 Claims, 12 Drawing Figures
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NONDUSTING, HIGH TEMPERATURE DRYER
This is a division of application Ser. No. 8,985, now
U.S. Pat. No. 3,681,855 filed Feb. 5, 1970.

BACKGROUND OF THE INVENTION

The present invention relates to continuous rotary
tray dryers of the kind having a plurality of vertically
superimposed trays for conveying the material through
the dryer by successively transferring the material from
tray to tray, and, more particularly, to apparatus and
method for processing material in rotary tray dryers
while retarding billowing of the material, and hence
dust creation, as it is advanced through the dryer. Addi-
tionally, the invention is directed to continuous dryers
of this type in which the dryer housing is fully insulated,
and the dry skeletal structure and material carrying sur-
faces constructed to allow thermally induced expansion
or contraction thereof, to facilitate uninterrupted oper-
ation of the dryer at elevated temperatures.

Continuous rotary tray dryers of the kind referred to
are known and, in fact, have found wide acceptance in
many industries: Such dryers are manufactured under
the trademark “TURBO-Dryer” by the Wyssmont
Company, Inc., 1470 Bergen Boulevard, Fort Lee, N.J.,
the assignee of the present application. The Wyssmont
dryers generally produce a finished product of high
quality and uniformity even where such diverse materi-
als are crystals, powders, pellets, gels and slurries are
processed through the dryers and where both high and
low drying rates or material outputs are required.

It is desirable in certain applications, however, and in
particular where finely divided or fragile materials are
to be dried, that special provisions be made for mini-
mizing billowing or breakage of the material as it is
conveyed through the dryers so as to retard dust forma-
tion. High dust levels within a dryer sometimes lead to
operational difficulties, such as explosion hazards and
clogging of the dryer and its associated equipment,
which result in reduced drying efficiency and increased
costs. Moreover, by keeping dust levels within the
dryer at a minimum, the need for elaborate dust collec-
tion and material return equipment at the exit end of
the dryer and, where the drying medium is recirculated,
the need for gas cleaning and process equipment can be
significantly reduced and, i some instances, entirely
eliminated.

It is important also that continuous operation of the
dryer at elevated temperatures be possible without in-

terruption due to warping or distortion of the dryer

trays or supporting framework caused by differences in
temperature between the interior and exterior of the
dryer or by temperature variations within the dryer it-
self. Accordingly, apparatus is needed which will allow
for thermally induced expansion and contraction of
critical dryer components to the extent necessary to
permit operation of the dryer at the desired tempera-
tures.

SUMMARY OF THE INVENTION

In accordance with the present invention, dust levels
are minimized in continuous rotary tray dryer appara-
tus by delivering the material to an upper tray in the
dryer through an inclined chute, and thereafter trans-
ferring the material through the dryer from tray to tray
by passing it through inclined chutes which extend be-
tween vertically adjacent trays. Upon rotation of the
trays, wiper arms associated with each tray guide the
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material over the laterally outer edges of the trays and
into the upper ends of the inclined chutes, while addi-
tional wiper arms and leveler arms associated with each
tray distribute the material transferred to the tray from
the next highest tray evenly over the surface of the tray.
Thus, the transfer of the material through the dryer is
very gentle, in in negligible breakage, minimum forma-
tion of fines and minimum adhesion of the material to
the trays or to the transfer arms and chutes. ,

As the material advances from tray to tray in the
dryer, the lateral position of the material on the tray is
alternated; that is to say, the material occupying the lat-
erally outer portion of one tray, upon being transferred
to the next lowest tray, is directed to and spaced over
the laterally inner portion of the lower tray. Con-
versely, the portion of the material that occupied the
laterally inner portion of the higher tray is moved to the
laterally outer portion of the lower tray. All surfaces of
the material are thus sought to be uniformly exposed to
the drying medium.

High temperature operation of the dryer is made pos-
sible through a combination of insulating the dryer
housing against heat loss and constructing the load
bearing skeletal structure and material carrying sur-
faces of the dryer to permit lateral expansion and con-
traction of these components in response to tempera-
ture variations. Economies of operation are thus real-
ized, as heat losses are kept at a low level, a significant
cost factor at high operating temperatures, and opera-
tional difficulties such as warping or jamming of the ro-
tating trays are avoided. Moreover, greater flexibility of
use of the dryer is achieved in that high temperatures
can be maintained in the upper portions of the housing
to dry quickly and uniformly the materials delivered to
the dryer, while the lower stages of the dryer can be
used to cool the dried material prior to its discharge
from the dryer. Although large vertical temperature
gradients will exist in such instances, the insulation
structure and thermal expansion and contraction capa-
bilities of the dryer permit continuous, uninterrupted
operation of the dryer, with accurate temperature con-
trol at the various drying and cooling stages.

The insulation structure for the dryer housing in-
cludes panel units that extend between the vertical sup-
port columns spaced around the housing periphery and
individual, elongate insulator members positioned adja-
cent the exterior side of each support column, thereby
tending to maintain the temperature of the support col-
umns at or near the temperature of the more laterally
inward portions of the housing. Insulated wall assem-
blies are located across both the upper and lower ends
of the housing. The upper wall assembly includes a hot
roof and a cold roof, with the hot roof being suspended
from the cold roof in a manner to be laterally movable
relative to the cold roof.:Aligned openings provided in
the hot and cold roofs to admit the various heating ele-
ments, drying medium ducts; material inlet assembly,
etc., associated with the dryer to the interior of the
housing are oversized to an extent that expansion of the
hot roof during operation of the dryer will not be im-
paired by engagement of the roof edges with the ele-
ments extending through the openings.

Expansion joints are provided at both ends of the ver-
tical columns so that the columns may be displaced lat-
erally as the housing expands or contracts during oper-
ation. Expansion or contraction of the trays and bottom
wall, which preferably are segmented, is provided for
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by supporting the inner ends of the tray segments on a
floating annular ring and by slidably clamping the tray
and bottom wail segments to radial support arms and
an outer annular ring carried by the radial support
arms.

Preferably, slightly negative pressure is maintained -

within the housing to provide an inward flow of air at
any position on the dryer housing where leakage of dust
or drying medium from the housing might be expected.
Also, at the bearings journaling the lower and upper
ends of the tray shaft a pressurized flow of air is pro-
vided to prevent leakage of dust along the shaft and
also to cool the bearings to temperatures substantially
below those maintained within the dryer.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of these and other aspects
of the invention, as well as the objects and advantages
thereof, reference may be made to the following de-
tailed description and to the drawings, in which:

FIG. 1 is a side elevational view of a continuous ro-
tary tray dryer constructed in accordance with the
present invention showing the locations and orienta-
tions of the thermal expansion joints on the vertical
support columns of the dryer housing;

FIG. 2 is a plan view taken along the line 2—2 of FIG.
1 and looking in the direction of the arrows, with parts
broken away from clarity of illustration;

FIGS. 3A and 3B are partial vertical sectional views
of the upper and lower ends of the dryer taken along
the line 3—3 of FIG.2 and looking in the direction of
the arrows, with parts broken away for clarity;

FIG. 4 is an enlarged detail view of the material inlet
chute arrangement of the invention taken along line
4—4 of FIG. 2 and looking in the direction of the ar-
TOWS;

FIG. § is a horizontal view taken along the line 5—5
of FIG. 4 and looking in the direction of the arrows;

FIG. 6 is a horizontal sectional view taken along the
line 6—6 of FIG. 3B and looking in the direction of the
arrows, with parts broken away for clarity of illustra-
tion;

FIG. 7 is a vertical sectional view taken along the line
7—7 of FIG. 6 and looking in the direction of the ar-
rows, with parts broken away for clarity;

FIG. 8 is an enlarged detail view of the bottom wall
and material outlet chute arrangement of the invention
taken along the line 8—8 of FIG. 3B and looking in the
direction of the arrows;

FIG. 9 is an enlarged vertical sectional view taken
along the line 99 of FIG. 8 and looking in the direc-
tion of the arrows;

FIG. 10 is an enlarged vertical sectional view taken
along the line 10—10 of FIG. 8 and looking in the di-
rection of the arrows; and

FIG. 11 is an expanded schematic illustration of the
circumferential locations of the material transfer
chutes extending between vertically adjacent trays and
of the paths followed by the material as it advances
through the dryer.

DESCRIPTION OF AN EXEMPLARY
EMBODIMENT

In FIG. 1, a continuous dryer constructed in accor-
dance with the invention includes a generally octagon-
shaped housing 20 having a skeletal support structure
including load-bearing columns 22 located at the api-
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ces of the housing sides, a lower support frame 24 for
the columns 22 and the drive equipment for the dryer,
and an upper support frame 26 for carrying the dryer
heating elements, intake and exhaust manifolds and as-
sociated equipment and for transmitting the load of this
equipment to the support columns 22,

The columns 22 also support a plurality of panel units
28 which, together with an upper wall assembly 30 and
a lower wall assembly 32, define an enclosed drying
zone within the housing 20. As is more fully disclosed
hereinafter, girth members extend peripherally be-
tween adjacent columns and with the columns carry the
panels 28 and wall assemblies 30 and 32,

A combustion fuel is delivered, as indicated by the
arrows in FIGS. 1 and 3A, through an intake manifold
(not shown) and pipes 34 to adjustable metering de-
vices 36 and chambers 38, where it is mixed with air de-
livered through pipes 40. The gas-air mixture is then
burned in generally U-shaped heating elements 42, to
raise and maintain the temperature of the housing in-
terior to the desired magnitude, and is exhausted, to-
gether with the combustion products produced in the
elements 42, to an exhaust manifold 44 and thereafter
to a stack (not shown) in communication with an ex-
haust duct 46 (see FIG. 1). As clearly represented in
FIG. 2, several heating elements 42 are spaced around
the inner walls of the housing 20, with a corresponding
number of metering devices 36 and chambers 38 being
provided so that the heat generated by each element 42
can be individually regulated. The exhaust manifold 44
(see FIGS. 1 and 3A) takes the configuration of a par-
tial annulus and is arranged to extend above each of the
exhaust legs of the heating elements 42 to facilitate
connection with the elements, as, for example, by
means of the ducts 48. If desired, the exhaust duct 46
and the connector ducts 48 may be covered with insu-
lating material to reduce heat losses and to keep tem-
peraturesat the upper end of the dryer from becoming
too high.

Instead of burning a gas-air mixture within the heat-
ing elements 42, a high temperature transfer liquid can
be circulated through the elements. Also, steam, oil or
electricity can be used as the heat source rather than
a combustible gas.

A drying medium, such as air, inert gas or super-
heated steam, is admitted into the housing 20 through
intake ports (not shown) and is circulated over the
heating elements 42 and through the drying zone along
generally horizontal paths by a plurality of turbofans 50
(see FIGS. 3 and 6) that are rotatably mounted cen-
trally of the housing. The drying medium is thereafter
exhausted from the dryer through a duct 52 leading
from the upper end of the housing. It is possible, of
course, to recirculate the drying medium, or to pass it
through a preheater before feeding it to the housing 20
to augment the heating capacity of the elements 42.
Similarly, where a solvent is used to treat the material

fed to the dryer, the drying medium, which in this in-

stance may be an inert gas, upon being exhausted from
the dryer may be fed through a solvent recovery sys-
tem. Also, further economies can be realized by passing
the effluents from either or both of the exhaust ducts
46 and 52 through appropriate heat recovery systems.

The wet material to be processed in the dryer is fed
through an inlet chute assembly 54 (see FIG. 3A) ex-
tending through the upper wall assembly 30 of the
housing and is directed, as indicated by the arrows,
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onto the uppermost tray 56a of a vertical stack of su-
perimposed trays. Each of the trays 56 is generally an-
nular in plan and is supported for rotation within the
housing in a generally horizontal plane by a cage as-
sembly 58. '

Turning briefly to FIGS. 3A, 3B and 6, the cage as-
sembly 58 is formed by a multiplicity of circumferen-
tially spaced stanchions 60 that are secured at either
end to suitable frame structures 62 and 64. The upper
frame 62 connects with a hollow, rotatable shaft 66,
while the bottom frame 64 is bolted to the rotatable
upper part 63 of a thrust bearing assembly 65. The cage
assembly 58, and hence the trays 56, is caused to rotate
within the housing by a drive train including a driven
gear 68 carried by the upper bearing part 63, a driver
gear 70, a worm reducer 72 and a primer mover 74. A
second shaft 67, passing concentrically through the
thrust bearing assembly 65 and shaft 66, rotates the tur-
bofans 50 within the housing. To this end, the shaft 67
is drivably connected to a prime mover 76 (see FIG. 1)
through a drive train including a drive belt 78 and a
worm reducer 80 connected directly to the end of the
shaft 67. Individual control of the rate of rotation of the
turbofans 50 and the trays 56 is therefore possible.

The shafts 66 and 67 are suitably journaled at their
upper ends in a bearing support 84, while the shaft 67
at its lower end extends through the thrust bearing as-
sembly 65. High temperature bearings can be conve-
niently used for this purpose, although the insulation
structure and cooling air flow feature of the dryer obvi-
ates the need for elaborate cooling system for the bear-
ings.

As the trays 56 revolve, the material carried by each
tray is transferred to the next lowest tray. In this fashion
the material is progressively advanced through the
dryer to a material discharge assembly 86 in the bottom
of the dryer housing 20, through which it is discharged,
as indicated by the arrows in FIG. 3B, to a carryoff con-
veyor or the like (not shown). The manner in which the
material is passed from tray to tray within the dryer will
be readily understood by referring to FIG. 11, where an
expanded, planar representation of the vertical stack of
trays 56 is depicted.

After the material is delivered through the inlet as-
sembly 54, to fall on the upper tray 56a as it rotates be-
neath the assembly 54, it remains on the tray 56a for
approximately one revolution of the tray. The tray is
illustrated in FIG. 11 as rotating in the counterclock-
wise direction. It is then wiped over the outer edge of
the tray, as will be more fully described hereinafter,
and into a material transfer chute 88a which extends
between the tray 56a and the subjacent tray 56b. As
shown by the arrows in FIG. 11, the material is guided
by the chute 88a onto the next lowest tray 56b, where
it remains for approximately one revolution of the tray
565 before being wiped, as before, over the edge of the
tray and into the next lowest transfer chute 88b to be
delivered to the lower tray 56¢. This process is repeated
until the material has been discharged from the dryer
through the discharge assembly 86.

That is to say, the material remains on each tray for
approximately one revolution of the tray and is then di-
verted into the upper end of the associated transfer
chute 88 to be directed onto the next lowest tray. In
order that this process of successively passing the mate-
rial from tray to tray upon each revolution of the trays
can be carried out, it is important that material transfer
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chute 88 for receiving material carried by a tray be po-
sitioned properly in relation to the position of the trans-
fer chute 88 delivering the material to that particular
tray. For example, in FIG. 11, the material transfer
chute 88a must be located in a direction clockwise
from the lower end of the material inlet means 54,
since, as noted, the trays rotate in the counterclockwise
direction, so that the material will be carried by the tray
564 for approximately a full revolution before reaching
the position of the chute 88a. Similarly, the transfer
chutes 88b to 88g must be positioned clockwise of the
correspondingly higher transfer chutes 88a to 88f. With
the transfer chutes 88 thus arranged, the material will
be delivered to the trays 565 to 564 at the correct cir-
cumferential position to be retained on the respective
trays for nearly a full revolution of the trays. Of course,
the length of time the material remains on any one tray
can be controlled by regulating the speed of rotation of
the trays.

It is an important feature of the invention that the
material is delivered to the upper tray 56a and is there-
after transferred-between trays along a path that is in-
clined at least over a portion of its length, thereby mini-
mizing billowing of the material and hence retarding
the formation of dust within the dryer. In FIGS. 3A, 4
and 5, the structure of the material inlet assembly 54
by which the material is admitted through the upper
wall assembly 30 and delivered to the upper tray 56a
includes an insert member 90 that is received within an
opening provided in the upper wall assembly 30 and
rests on a peripheral flange 92 extending around the
upper end of the opening. A plurality of clips 94 are at-
tached to the lower side of the wall assembly 30 and are
adapted to receive in sliding relation the flanged upper
ends of an inclined chute 96, which is of a width ap-
proximately the lateral width of the annular tray 56a.
Material passing through the insert 90 is deflected
along an inclined path by the side wall 98 (see FIG. 4)
of the chute 96 and is delivered in a gentle manner onto
the surface of the tray 56a as it rotates beneath the
lower end of the chute. Feeding of the material to the
dryer thus results in minimum breakage, minimum for-
mation of fines and minimum adhesion of the material
to the inlet assembly. The laterally outer wall of the
chute 96 is extended in the direction of rotation of the
tray 56a to form a baffle-like member 100 for prevent-
ing the material from flowing over the outer edge of the
tray.

Similarly, the material transfer chutes 88 are con-
structed to transfer the material between trays along an
inclined path, thereby further retarding dust creation
and minimizing breakage of the material and adhesion
of the material to the transfer chutes. For example, in
FIGS. 3B and 7, the transfer chute 88g extending be-
tween the upper tray 56g and the lower tray 564,
includes an inclined central portion 102g onto which
the material falls, as indicated by the arrows in FIG. 3B,
upon being wiped off the surface of the tray 56g. -
Another important feature of the transfer chute con-
struction, is that the inclined portion 102g does not ex-
tend to the surface of the tray 56, but terminates well
above the tray surface at the upper end of a vertically
extending portion 104g of the chute that defines an
outer boundary for the material and confines it to the
surface of the tray 56A.

The foregoing configuration of the transfer chutes 88
is preferred inasmuch as it has been discovered that if
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the inclined portions 102 extend over the full distance
between adjacent trays the openings between the outer
edge of the trays and the adjacent surfaces of the trans-
fer chutes tend to clog. Attempts to avoid such clogging
by spacing the upper ends of the inclined portions 102
farther from the outer edges of the trays have proved
unsatisfactory since this requires that the heating zone
within the housing 20 be undesirably enlarged. On the
other hand, if the portions 102 are more steeply in-
clined, poor distribution of the material on the lower
tray surface results.

" In a preferred embodiment of the transfer chutes,
again using the chute 88g as an example, an upper ver-
tical portion 106g and side walls 108g are provided on
the chute 88 more fully to confine the material as it
moves between trays. Each of the transfer chutes 88 is
supported within the housing 20 by metal straps 110
and 112 (see FIG. 6) that are bolted, for example, to
the side walls 108g of the transfer chute 88g. The straps
110 and 112 are in turn bolted to vertically extending
plates 114 secured to the support columns 22.

Turning now to the manner in which the material is
diverted from the tray surfaces and into the upper ends
of the transfer chutes 88, FIG. 6 illustrates a pair of
wiper arms 116g and 118g extending in close, spaced
relation to the surface of the tray 56g for guiding the
material off the tray and into the transfer chute 88g. It
will be understood, of course, that a similar pair of
wiper arms 116 and 118 are associated with each tray
56 in the dryer.

Preferably, the wiper arm 116g is supported by a
strap 120 (see FIG. 6), also bolted to a vertical plate
114, so as to extend from a point near the far end, rela-
tive to the direction of rotation of the trays, of the
transfer chute 88g and across the surface of the tray
56g in a plane generally tangential to the inner circum-
ference of the tray to terminate at a point approxi-
mately on the inner edge of the tray. The wiper arm
118¢, on the other hand, is mounted so that its leading
end is approximately equidistant between the inner and
outer edges of the tray 56g and to extend approxi-
mately parallel to the arm 116g. A generally L-shaped
divider member 122g is positioned between the trays
56g and 56h, for a purpose hereinafter described, and
has bolted to the upper end of its vertical leg 124g the
rearward end of the wiper arm 118g. The horizontal leg
126 is disposed at approximately a right angle to the
vertical leg 124g and extends between the trays 56g
and 564 to approximately the midpoint of the trays (see
FIG. 6). The vertical and horizontal legs of the L-
shaped member 122g are joined by a center portion
128g which is inclined to conform with the inclined
portion 102g of the material transfer chute 88g.

Accordingly, as the tray 56g rotates beneath the
wiper arms 116g and 118g, the material is pushed by
the wiper arms off the outer edge of the tray and is de-
flected by the inclined chute portion 102g onto the
next lowest tray 564. However, because the vertical leg
124g and the central inclined portion 128g of the di-
vider member 122g in effect divide the transfer chute
88¢ into two separate material flow channels (see FIG.
7), the material diverted to the transfer chute by the
wiper arm 116g is deposited on the tray 564 on one side
of the horizontal leg 126g of the divider member while
the material diverted by the wiper arm 118g is retained
on the other side of the horizontal leg.
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By this wiper arm and divider member arrangement
not only is the material handled in a very delicate man-
ner, but the position occupied on the tray by the mate-
rial is interchanged each time the material is trans-
ferred to a lower tray. This is clear from FIG. 6, where
the arrows indicate that the material moved off the tray
56g by the wiper arm 116g, i.e., the material occupying
the inner half of the upper tray 56g, is delivered by the
transfer chute 88g and divider member 122g to the
outer half of the next lowest tray 56h. Conversely, the
material occupying the outer half of the upper tray is
diverted by the wiper arm 118g, transfer chute 88¢ and
divider member 122g to the inner half of the lower tray
56h. An important advantage is thus realized inasmuch
as thorough mixing of the material is achieved, with the
result that new moist surfaces are continuously being
exposed to the drying atmosphere to enhance product
quality and uniformity and to increase drying effi-
ciency.

A baffle 130g is disposed along the outer edge of the
tray 56g immediately in advance of the leading end of
the transfer chute 88g to prevent loss of the material
over the outer edge of the tray. Appropriate angle iron
supports 132g and 134g are provided to hold the baffle
130g in the proper position. Since the area between the
wiper arm 118g and the baffle 130g converges as the
chute 88g is approached, the baffle 130g preferably is
tapered upwardly in the direction of rotation of the tray
to provide a boundary of increased height (see FIG. 7).
If desired, a support 136g may be attached between the
baffle 130g and the wiper arm 118g to stiffen the lead-
ing end of the wiper arm.

Upon being delivered to the lower tray 564, and
being carried to the respective portions of the tray by
the divider member 122g, the material is distributed
evenly over the tray surface to a predetermined level by
an elongate leveler arm 138g. The leveler arm is bolted
(see FIG. 6) to the far side wall 108g of the transfer
chute 88g and extends therefrom over the tray surface,
first in a vertically lengthened portion 140g (see FIG.
7), that acts as a wiper arm to deflect the material dis-
charged from the chute 88g on to the tray 56h, and,
then, as a vertically shortened portion 142g that actu-
ally levels the material. It will be apparent, of course,
that the clearance between the lower edge of the piston
142g and the tray 56h can be varied to regulate the
depth of material on the tray.

Although the above description of the wiper arms
116g and 118g, transfer chute 88g, divider member
122, leveler arm 138g and the associated baffles and
support structure has been made in connection with
only two trays 56g and 56h of the dryer, it will be un-
derstood that corresponding elements are associated
with all other trays in the dryer, except as otherwise
noted. S

After one revolution of the tray 56h, the last tray in
the dryer, the material is pushed over the edge of the
tray by the wiper arms (not shown) associated with the
tray 56Ah and falls on to the bottom wall of the housing
20, where it is pushed upon continued rotation of the
trays by one or more blades 144 (see FIG. 3B) sus-
pended from the tray support structure to the discharge
outlet assembly 86. The blades 144 preferably are
mounted to permit adjustment of the clearance be-
tween the blades and the bottom of the housing. Any
suitable arrangement, such as the bolt and elongate slot
structure 146 illustrated in FIG. 3B, can be used for this
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purpose. Desirably, the blades 144 extend substantially
beyond the outer edges of the trays 56 so that all of the
material falling from the lower tray 564 will be swept
along by the blades and discharged from the dryer.

The discharge assembly 86 includes a chute 148 of
which the sides slope relatively steeply toward the ex-
haust end of the chute to ensure that adhesion of the
material to the discharge assembly is kept to a mini-
mum. At the material receiving end, the chute 148 is
of a transverse width substantially coextensive with the
bottom wall of the housing; therefore, it readily re-
ceives the material delivered to the bottom wall from
the tray 56h. An appropriate carryoff conveyor (not
shown), or the like, may be positioned beneath the
chute 148 to remove the dried product for packaging
or further processing. Alternatively, a vapor lock, for
example, a high temperature rotary vapor lock appara-
tus, may be connected. between the chute 148 and
whatever material handling apparatus is used to carry
the material away from the dryer to reduce the loss of
heat, drying medium or solvent, as the case may be,
across the discharge assembly 86.

Another 1mportant feature of the dryer of the present
invention is that it is constructed to permit continuous
uninterrupted operation at highly elevated tempera-
tures, for example, temperatures in the range of 1,100°
F, without damage being caused to the dryer skeletal or
housing structure by thermal expansion or contraction
of the components thereof and without warping or jam-
ming of the moving elements of the dryer. Part of this
construction includes fully insulating the dryer housing
20 on the side and end walls to reduce heat losses and
to maintain as uniform as possible the temperature at
the center and periphery of the drying zone, thus im-
proving product uniformity and reducing the magni-
tude of thermal stresses created in the housing and tray
structure.

The side panel units 28, therefore, take a sandwich-
like configuration in cross section, including two
spaced metal sheets 150 and 152 and a filler of insulat-
ing material (see FIG. 3A and 3B). Preferably, two
types of insulating material are used, a layer 154 of
dense material, such as asbestos board or the like, abut-
ting the outer surface of the inner sheet 152, and a
looser layer 156, such as a wire-mesh fiberglass blan-
ket, filling the space between the layer 154 and the
outer sheet 150. The sheets 150 and 152 are secured
together at their upper and lower ends by generally Z-
shaped end members 158 and 160, respectively, which
are in turn bolted to flanged support elements 162 and
164 carried by the skeletal structure of the dryer. Simi-
larly, the sheets 150 and 152 are attached along the
sides by Z-shaped members 163 (see FIG. 6), thereby
forming a complete, enclosing insulating panel unit. At
convenient locations around the periphery of the hous-
ing 20, one or more gas-tight sight ports 165 (see FIGS.
1 and 3A) may be provided in the panels 28 to allow
visual inspection of the interior of the dryer.

Each panel 28 is attached at its sides to adjacent sup-
port columns 22, as is illustrated clearly in FIGS. 6 and
8, which are specially designed in accordance with the
invention to maintain an unbroken insulating shield
around the dryer housing 20. Turning briefly then to
the column structure, each column 22 is formed by a
pair of L-shaped beams 166 and an elongate plate 168.
The beams 166 are welded or otherwise secured to-
gether at their heels, and to the opposite ends of the
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plate 168 at the outer ends of their adjacent legs, to en-
close with the plate 168 a generally triangular area. De-
sirably, the legs of the beams 166 attached to the plate
168 are arranged at an angle relative to each other such
that the panel units 28 are received between the facing
beams 166 of adjacent columns 22 at approx:mately
right angles.

Associated with each column 22 is.a channel member
170 (see FIG. 6), the legs of which are aligned with the
outer legs of the respective L-shaped beams 166 so as
to face the side members 163 of the panel units 28. The
channel member 170 also has facing flanges 172 at the
outer ends of its legs, to which are bolted the ends of
the members 163 and outer sheets 150 of the adjacent
panel units 28. Accordingly, each panel unit 28 is
firmly attached at either side, through the channel
members 179, to the adjoining panel units 28, but not
so firmly as to prevent expansion and contraction of the
housing 20. In fact, the configuration of the channel
members 170,by which the panel units 28 are con-
nected to the flanges 172 at the outer ends of flexible
legs, facilitates lateral inward or outward movement of
the housing walls by allowing limited movement of the
panels along the circumference of the housing.

To avoid large temperature drops across the housing
walls at the location of the columns 22 and to preserve
the integrity of the insulation shield, insulation mem-
bers 174, preferably of asbestos material, are placed
within the channel members 170 and are held in posi-
tion therein by elongate metal sheets 176. Additional
rigidity may be added to the housing 20, if desired, by
tieing adjacent panel units 28 together with metal
straps 178 and 180 (see FIGS. 3A and 3B) located at
the upper and lower ends, respectively, of the panels.

The insulation provided in the lower wall assembly
32, as illustrated in FIGS. 3B, may consist substantially
of asbestos material 182. This material is contained
within a sheet metal enclosure formed by annular, gen-
erally L-shaped members 184 underlying the area be-
tween the cage 58 and the side walls of the housing and
a plurality of end sections 186, corresponding in num-
ber to the number of panel units 28, that are bolted, as
at 188, to the outer end of the L-shaped members 184,
The end sections 186 are supported (see FIG. 8) by the
channel members 170 in substantially the same way as
the panel units 28, and are further connected at their
inner walls 189 to an L-shaped, annular girth member
199 carried by the columns 22 in encnrclmg relation of
the lower end of the dryer.

That portion of the lower end of the dryer located
within the cage 58 is insulated by an annular pad 192
(see FIG. 3B) of asbestos material enclosed within a
sheet metal enclosure 194 and mounted on the cage as-
sembly frame structure 64 for rotation therewith. The
pad 192 overlaps the inner end of the insulating mate-
rial 182 to provide a continuity of insulation material
across the lower end of the dryer. Apertures are formed
in the pad 192 and enclosure 194 for passage of the
stanchions 60 of the cage assembly §8.

The upper wall assembly 30 (see FIG. 3A) has the
same basic sandwich structure as the panel units 28,
but differs therefrom in that the upper sheet 196 of the
assembly, referred to herein for purposes of illustration
as the “cold roof;” is attached, by welding, for exam-
ple, to the upper support frame 26 and the lower sheet
198, referred to herein as the *“hot roof,” together with
the overlying layers 200 and 202 of asbestos and fiber-
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glass materials, is carried by the cold roof 196 so as to
be movable relative thereto. This is accomplished by
suspending the hot roof 198 from the cold roof 196
through the use of a plurality of pairs of mating, U-
shaped brackets 204 and 206 attached to the cold roof
196 and hot roof 198, respectively (see FIGS. 2 and
3A). As the hot roof 198 is supported solely by the
brackets 204 and 206, it is free to expand or contract
laterally of the housing in response to variations of the
temperature within the housing. If desired, the hot roof
198 may be tied to an upper girth member 208, which
may also carry the elements 162 for supporting the
panels 28. »

To prevent wrinkling of the cold roof 196 caused by
the leakage of hot air currents along its lower surface,
a gasket 207 (see FIGS. 2 and 3A) is lapped over the
end of the hot roof and is held tightly against a facing
flange 209 on the cold roof by an L-shaped clamp 211
bolted to the cold roof. As is apparent from FIG. 2, the
gasket 207 and clamp 209 extend along the entire pe-
riphery of the hot roof.

The upper wall assembly 30 is dimensioned to over-
lap the upper ends of the panel units 28 (see FIG. 3A),
thus fully sealing off the drying zone from the environ-
ment. Moreover, as the cold roof 196 and the upper
support frame 26 are shielded from the high tempera-
tures within the dryer housing, it possible to position
accurately the shafts 66 and 67, the heating elements
42 and the associated fuel intake and exhaust equip-
ment, in relation to the interior of the dryer housing 20,
as well as in relation to the accessory equipment servic-
ing the dryer, and to preserve the alignment of these el-
ements during operation of the dryer. Also, access to
the equipment carried by the frame 26 is possible at all
times. This is important should it develop that adjust-
ments or repairs need to be made to the equipment dur-
ing drying operations.

To ensure that the hot roof 198 is free to expand and
contract without jamming against the heating elements
42 and the various other equipment extending through
the upper wall assembly 30, the openings provided in
the hot roof are oversized and offset from the corre-
sponding openings in the cold roof 196 to an extent
that the hot roof 198 can expand the full distance antic-
ipated at the highest operating temperature of the dryer
without engaging this equipment. For example, in FIG.
3A, the opening 210 formed in the hot roof 198 to
admit the material inlet assembly 54 is significantly
larger in size than the corresponding opening in the
cold roof 196, i.e., the opening surrounded by the pe-
ripheral flange 92. Likewise, the openings 214 (see
FIG. 2) for the heating elements 42 are also enlarged
to allow for expansion of the hot roof.

As mentioned, provision is made for permitting ex-
pansion and contraction of the dryer housing 20 and its
support structure. In a preferred embodiment, such
provision includes load-transmitting expansion joints
216 (see FIG. 1) located between the lower and upper
ends of the support columns 22 and the lower and
upper support frames 24 and 26, respectively. All of
the expansion joints are identical; therefore, only one
will be described, it being understood that the descrip-
tion will apply to all equally.

In FIG. 3A, a typical expansion joint 216 includes a
pair of spaced plates 218 and 220 to which are at-
tached, respectively, a sleeve 222 and a pair of spaced
upstanding ears 224, the sleeve 222 being received be-
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tween the ears 224 and in turn receiving, in sliding en-
gagement, a pin 226 carried between the ears 224. A
set screw 228 may be provided to anchor the pin 226
in fixed position relative to the ears 224, Desirably, the
expansion joints 216 are interposed between and
bolted to cooperating plates 230 and 232 secured to
the ends of the columns 22 and the support frames 24
and 26 (see FIGS. 3A and 3B), although these latter
plates may be omitted if desired.

Preferably the sleeve 222 and pin 226 of each joint
216 are arranged in alignment with a radius of the
housing to facilitate lateral movement of the columns
22 as the various dryer elements connected to the col-
umns expand or contract during operation of the dryer.
Accordingly, each of the expansion joints 216 asso-
ciated with any one column 22 are given orientations
such that both are aligned along the same radius of the
housing (see FIG. 1).

Provision is also made for expansion and contraction
of the trays 56 and the bottom wall of the housing to
permit high temperature operation of the dryer and to
make possible the maintenance of highly elevated tem-
peratures in the upper portions of the dryer while using
the lower trays for cooling of the material before dis-
charge. Turning first to the tray structure and referring
to FIGS. 3B and 6, where the trays 56g and 564 and the
support structure therefore are representative of a pre-
ferred embodiment, the annular trays 56g and 564 are
formed of a plurality of truncated segements 234 sup-
ported in a generally horizontal plane in end to end re-
lation on a pair of laterally spaced, L-shdped annular
rings 236 and 238. At each vertical position along the
stanchions 60 at which a tray 56 is to be located, L-
shaped arms 240 are mounted thereon to extend radi-
ally from the stanchions 60 and to be attached at their
outer ends to the vertically depending leg of the outer -
ring 238. To allow for movement of the ring 238, this
attachment takes the form of a slidable joint consti-
tuted by L-shaped brackets 241 (see FIGS. 3B and 6)
that are secured to the arms 240 by a bolt and elongate
slot arrangement 243.

The inner annular ring 236 is also supported by the
radial arms 240, but instead of being secured directly
to the arms, as is the outer ring 238, gaps 242 are
formed in the ring (see FIG. 7) so that the ring 236 is
in fact a plurality of separate arcuate segments 244 that
are circumferentially spaced at their ends a distance
sufficient to allow the arms 240 to pass between adja-
cent segments. An annular metal band 246 is attached

‘to the upper portion of the vertically extending legs of

the segments 244 and is notched at 248 (see FIG. 7) at
radial positions corresponding to the positions of the
arms 240 so that the band 246 fits over the arms 240
and rests against the upper horizontal leg of the arms
in a manner such that the horizontal upper legs of the
segments 244 are in approximately the same plane as
the horizontal upper legs of the arms 240 and the hori-
zontal upper leg of the outer ring 238. The ring 236 is
positioned relative to the arms 240 and to the axis of
rotation of the trays by stops 245 (see FIG. 3B) welded
to the inner end of the arms.

The inner ring 236, therefore, is free to move or
“float” radially along the arms 240 in response to ther-
mally induced forces, thus avoiding warping of the
trays due to temperature gradients within the dryer.
Also, the band 246 serves to keep the material carried
by the trays from falling over the inner edges of the



3,777,409

13

trays. Each tray segment 234 is mounted on the inner
ring 236 and the outer ring 238 of the tray support

structure in a manner to permit both circumferential -

and radial expansion and contraction of the segments.
Thus in FIGS. 3B, 6 and 7, the tray segments 234 are
welded, or otherwise secured, at one end to the hori-
zontal leg of an L-shaped bracket 250, the vertical leg
of which is bolted to the vertical leg of the arm 240.
Elongate slots 252 in the bracket 250 allow relative
movement between the bracket 250 and the supporting
“arm 240 due to different rates of expansion or contrac-
tion of the bracket, or tray segments 234, and the arms
240.

At the other end, and along the inner and outer
edges, the tray segments 234 are slidably clamped to
the horizontal legs of the adjacent arms 240 and to the
inner ring segments 244 and the outer ring 238, respec-
tively. In FIG. 6, the arrangement of the clamps 254
and the annular rings 236 and 238 and arms 240 by
which thermal expansion and contraction of the tray
segments 234 is possible is clearly shown. There, the
clamps 254 that coact with the horizontal legs of the
inner ring segments 244 and the outer ring 238 are
spaced along the respective edges of the tray segments
234 and are disposed to open in the radially inward di-
rection so as to slip over the outwardly oriented (see
FIG. 7) horizontal legs of the rings. Also, the clamps
254 coacting with the horizontal legs of the arms 240
are located to open toward the end of the segments 234
and to slip over the facing legs of the arms 240. The in-
dividual tray segments 234 are therefore easily installed
on or removed from the tray support structure simply
by sliding them inwardly and circumferentially to en-
gage the clamps 254 with the respective horizontal legs
of the inner and outer rings 236 and 238 and the radial
arms 240. Thereafter, the bolts securing the bracket
250 to the vertical leg of the adjacent arm 240 are
tightened sufficiently to hold the tray segment in place,
but not so tightly as to prevent expansion or contrac-
tion of the segment relative to the arm.

The bottom wall of the dryer is similarly constructed
to allow for thermally induced changes in dimension
and is further designed to facilitate fabrication of the
dryer. In FIGS. 8, 9 and 10, the bottom wall of the
dryer is formed by multiple arcuate segments 256 sup-
ported at the outer edges by the annular girth member
190 and at the inner edges by an annular ring 258. Ra-
dial arms 260 extend between the inner ring 258 and
the girth member 1906 and support the circumferential
ends of the segments 256.

The inner ring 258 is attached to a disc 261 which in
turn is attached to a support plate 262 (see FIG. 3B)
attached to the dryer skeletal structure. Preferably, the
ring 258 is arranged so that its vertical leg extends up-
wardly to form a boundary against leakage of the mate-
rial off the inner edge of the bottom wall. A similar
function is performed at the outer edge of the bottom
wall by the inner walls 189 of the end sections 186 of
the lower wall assembly 32.

Each bottom wall segment 256 is attached at one cir-
cumferential end (see FIG. 10) to the horizontal leg of
a bracket 266, the bracket 266 being bolted to the ver-
tical leg of the adjacent arm 260. At the other end, the
segment carries on its undersurface a plurality of L-
shaped clamp elements 268 for gripping the arms 260.
Similar clamp elements 268 are also positioned along
the radially inner and outer edges of the wall segments
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to cooperate with the horizontal legs of the ring 258
and the girth 190, respectively (see FIG. 9).

The clamp elements 268 include a fixed L-shaped
bracket 270 and an associated movable element 272.
The movable elements 272 are adjustable vertically, as
by a bolt and elongate slot arrangement 274, so as to
be abutted against the horizontal legs of the respective
support members. With this arrangement, the lower
wall of the dryer is readily assembled in that the seg-
ments 256 may be dropped in position on the ring 258
and girth member 190 and thereafter easily secured to
the horizontal legs of these members and also to the
horizontal leg of the adjacent radial arm 260. The
bracket 266 may then be bolted to the vertical leg of
the arm 260 to fix the segment 256 in position. How-
ever, since the segments 256 are fixedly attached to
only one arm 260, they are free to expand or contract
in either the radial or circumferential direction. Ac-
cordingly, high drying temperatures can be maintained
through the vertical extend of the dryer and across the
bottom wall, without causing warping of buckling of
the bottom wall or without causing misalignment of the
discharge assembly 86.

The tray segments 234 and bottom wall segments
256, as well as other parts of the dryer in contact with
the material being dried, may be constructed of steel or
any special alloy. They may also be of corosion resis-
tant and cost saving materials such as enameled steel,
asbestos cement board or glass fiber laminates.

During operation a slight negative pressure is prefer-
ably maintained within the dryer housing 20 so that at
any point on the housing where leakage of the drying
medium or airborne particles might be expected an in-
wardly flow of air will exist. Also, it is an important fea-
ture of the invention that an inward, pressurized flow
of air is maintained along the shafts 66 and 67 at the
points where they extend through the dryer housing.
Thus, an air line 276.associated with the thrust bearing
assembly 65 delivers air under pressure to the interior
of the assembly to cool it and to prevent leakage of dust
along the shaft (see the arrows in FIG. 3B). Similarly,
there is a downward flow of air under pressure through
the opening 278 in the upper wall assembly 30 (see the
arrows in FIG. 3A), the air being admitted through the
air line 280, with additional air flowing through open-
ings 282 in the bearing support 84 and downward be-
tween the concentric shafts 66 and 67. It will be appre- -
ciated, therefore, that the bearings for both of the
shafts 66 and 67 are cooled by these air flows and that
leakage along either shaft is prevented. Furthermore,

‘the use of the leakage-preventing air flow to cool the

bearings in the manner described precludes the need
for elaborate cooling systems for the bearings or the
use of expensive high temperature bearing materials.
It will be apparéent from the foregoing, that the con-
tinuous rotary dryer of the present invention is espe-

cially adapted for a wide variety of applications;

whether for drying alone; drying and cooling together;
drying with solvent recovery; drying in a superheated
vapor atmosphere, for example, where steam is used as
the drying medium; for purifying solids by sublimation;
for reacting gases with solid material carried by the
trays; and for cooling alone. Moreover, the dryer finds
particular application where fragile and normally dusty
materials. are to be processed and where breakage and,
dust levels generated during the handling of these ma-
terials are too minimized.
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It will further be apparent to those skilled in the art
that the above described embodiments are intended to
be merely exemplary, in that they are susceptible of
modification and variation without departing from the
spirit of the invention.

We claim:

1. Rotary material processing apparatus, particulary
for processing material at high temperatures, compris-
ing:

a vertically extending housing;

inlet means in an upper region of the housing for ad-
mitting material to be processed;

outlet means in a lower region of the housing for dis-
charging the processed material;

a plurality of vertically superimposed trays rotatably
mounted in the housing for progressively carrying
the material from the inlet means to the outlet
means;, ‘

means for transferring the material between trays in
a manner to minimize breakage and billowing of
the material and thereby to minimize dust creation,
said transferring means including (1) chute means,
having an inclined portion sloping generally down-
ward from a first point spaced radially beyond one
edge of an upper tray and terminating at a second
point spaced above the surface of a lower tray by
a distance sufficient to prevent clogging of the in-
clined portion and radially within but adjacent to
the corresponding edge of the lower tray, and (2)
a retainer member depending from the inclined
portion of the chute means and extending down-
wardly therefrom to terminate at a point closely ad-
jacent the surface of the lower tray thereby to pre-
vent the material transferred to the lower tray from
spilling over said edge thereof;

means for diverting the material carried by the upper
tray over the one edge thereof into the chute
means; and

means for distributing the material discharged by the
chute means over the surface of the lower tray.

2. Apparatus according to claim 1 wherein the re-
tainer member is generally vertical and is attached to
the inclined portion at the lower end thereof.

3. Apparatus according to claim 1 wherein:

the chute means further comprises a generally verti-
cal portion extending upward from the upper end
of the inclined portion thereby to form an entrance
for the material carried by the upper tray; and

the retainer member is generally vertical and extends
downward from the lower end of the inclined por-
tion. ,

4. Apparatus according to claim 1 wherein said one

edge of the upper tray is the radially outer edge thereof.

5. Apparatus according to claim 1 wherein:

the means for diverting the material into the chute
means includes stationary wiper arm means ex-
tending across the upper tray in close, spaced rela-
tion to the surface thereof in a direction to guide
the material into the chute means upon rotation of
the tray; and

wherein the means for distributing the material over
the surface of the lower tray includes stationary
leveler arm means extending across the surface of
the lower tray in a direction to guide the material
discharged from the chute means away from the
lower end thereof and to spread the material evenly
over the tray surface upon rotation of the tray.

20

25

30

35

40

45

55

60

16

6. Apparatus according to claim 1 further comprising
means for interchanging the location on the trays of
discrete radially inner and radially outer portions of the
material upon transfer of the material from the upper
to the lower tray.

7. Apparatus according to claim 1 wherein the inlet
means in the housing includes inclined chute means for
guiding the material onto an upper tray along an in-
clined path so as to retard breakage or billowing of the
material. :

8. Apparatus according to claim 6 wherein lower end
of the inclined portion of the chute means extending
between adjacent trays is positioned to discharge the
material from the upper tray onto the lower tray at a
location spaced in the direction of rotation of the trays
from the upper end of the inclined portion of the chute
means extending from the said lower tray to the next
lower tray, whereby the material is carried by each tray
for approximately one full revolution of the tray.

9. Apparatus according to claim 1 further compris-
ing: ‘
vertically extending shaft means for rotatably sup-

porting the trays within the housing;

means located exteriorly of and spaced from the
housing for journalling the shaft means adjacent
the upper and lower ends thereof; and

means associated with the journalling means for pro-
ducing a flow of air inwardly along the shaft means
to cool the shaft means and to prevent leakage of
the material along the shaft means.

10. Rotary material processing apparatus, particu-
larly for processing material at high temperatures, com-
prising:

a vertically extending housing;

inlet means in an upper region of the housing for ad-
mitting material to be processed;

outlet means in a lower region of the housing for dis-
charging the processed material,

a plurality of vertically superimposed trays rotatably
mounted in the housing for progressively carrying
the material from the inlet means to the outlet
means; ‘

means for transferring the material between trays in
a manner to minimize breakage and billowing of
the material and thereby to minimize dust creation,
said transferring means including (1) chute means,
having an inclined portion sloping generally down-
ward from a first point spaced radially beyond one
edge of an upper tray and terminating at a second
point spaced above the surface of a lower tray by
a distance sufficient to prevent clogging of the in-
clined portion and radially within but adjacent to
the corresponding edge of the lower tray, and (2)
retainer means for preventing the material trans-
ferred to the lower tray from spilling over said edge
thereof; - :

means for dividing the chute means into at least two
material flow channels to guide the material occu-
pying a radially inner location on the upper tray to
a radially outer location on the lower tray and the
material occupying a radially outer location on the
upper tray to a radially inner lacation on the lower
tray;

means for diverting the material carried by the upper
tray over the one edge thereof into the chute
means; and
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means for distributing the material discharged by the
chute means over the surface of the lower tray.
11. Apparatus according to claim 10 wherein the di-
viding means includes a generally vertically extending
divider member located approximately centrally of the
circumferential extent of the chute means and con-
forming generally at one edge to the laterally adjacent
surface of the chute means, the divider member having
at its lower end a laterally projecting portion extending
over the lower tray in close, spaced relation to the sur-
face of the tray to terminate at approximately the mid-
point of the tray. '
12. Apparatus according to claim 11 wherein:
the means for diverting the material into the chute
means includes stationary wiper arm means ex-
tending across the upper tray in close, spaced rela-
tion to the surface thereof in a direction to guide
the material into the chute means upon rotation of
the tray;
the means for distributing the material over the sur-
face of the lower tray includes stationary leveler
arm means extending across the surface of the
lower tray in a direction to guide the material dis-
charged from the chute means away from the lower
end thereof and to spread the material evenly over
the tray surface upon rotation of the tray; and
the wiper arm means extending across the upper tray
includes (1) a first wiper arm extending from the
far end, relative to the direction of rotation of the
tray, of the chute means to a point approximately
over the radial edge of the tray opposite said one
edge and (2) a second wiper arm extending from
the upper end of the dividing member to a point ap-
proximately over the midpoint of the tray, whereby
approximately half of the material carried by the
tray is guided by the first wiper arm into the chute
means on one side of the dividing member and ap-
proximately half of the material is guided by the
second wiper arm into the chute means on the
other side of the dividing member.
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13. Rotary material processing apparatus, particu-

larly for processing material at high temperatures, com-
prising:

a vertically extending housing;

inlet means in an upper region of the housing for ad-
mitting material to be processed,;

outlet means in a lower region of the housing for dis-
charging the processed material,

a plurality of vertically superimposed trays rotatably
mounted in the housing for progressively carrying
the material from the inlet means to the outlet
means, the inlet means including (1) inclined chute
means for guiding the material onto an upper tray
along an inclined path so as to retard breakage or
billowing of the material and (2) a baffle extending
adjacent the radially outer edge of the upper tray
and in the direction of rotation of the tray to pre-
vent the material discharged onto the tray from
spilling over the outer edge of the tray;

means for transferring the material between trays in
a manner to minimize breakage and billowing of
the material and thereby to minimize dust creation,
said transferring means including (1) chute means,
having an inclined portion sloping generally down-
ward from a first point spaced radially beyond the
outer edge of an upper tray and terminating at a
second point spaced above the surface of a lower
tray by a distance sufficient to prevent clogging of
the inclined portion and radially within but adja-
cent to the outer edge of the lower tray, and (2) re-
tainer means for preventing the material trans-
ferred to the lower tray from spilling over the outer
edge thereof;

means for diverting the material carried by the upper
tray over the outer edge thereof into the chute
means; and

means for distributing the material discharged by the

chute means over the surface of the lower tray.
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