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This invention relates to an apparatus for coating 
discrete solids. 
The invention is conveniently embodied in an ap 

paratus comprising broadly a vertically disposed lower 
duct member across the upper portion of which is 
mounted a rotatable screen for supporting the discrete 
solids to be coated, a vertically disposed upper duct 
member mounted above the said screen, and a spray 
head placed eccentrically above and directed toward the 
said screen. 
one duct member and exhausted through the other as 
a means for accelerating the drying of the coating thus 
applied. In the operation of this apparatus, the hori 
zontally rotating and tumbling mass of discrete solids 
is alternately, in the course of each revolution, brought 
within the spraying zone and the drying zone, a com 
pletely enveloping coating being built up through suc 
cessive stages of coating deposit and at least partial 
drying. 
The coating of discrete solids is of particular interest 

in the drug, food (especially candy), pesticide, fertilizer, 
detergent, and the like areas, as well as in coating rocket 
fuel particles. Conventional pan coating and dip coat 
ing techniques have long been used for applying such 
coatings, but these methods are characterized as time 
consuming and require many units to keep pace with 
modern machines which produce the discrete solids, 
such as tablets. In recent years considerable attention 
has been given to coating methods involving the intro 
duction of the coating material as a spray into a coat 
ing chamber containing the solid particles suspended in 
a moving air stream. These particles are coated as they 
pass through the spray zone, the particular methods for 
solids introduction and recovery varying widely. In 
the application of such techniques to areas of production 
where product appearance is extremely important, as in 
the drug industry, it has been found that attrition of the 
shaped particles during the coating process is often in 
tolera'bly high. This is manifest chie?y in surface im 
perfections of various types occasioned by the high r 
velocity impact to which the particles are subjected. 
Moreover, the ?uidized stream containing solids inevit 
ably causes some particles to pass in close proximity to 
the spray nozzle and hence to receive a localized excess 
of coating material. While thin coats can be built up 
by increasing the number of passes in a ?uidized stream, 
an excessive coat is not reversible and becomes ex 
aggerated as the process continues. 
The apparatus of this invention represents a novel 

approach in which the discrete solids are alternately 
coated and dried on a substantially horizontal rotating 
screen. each deposit of coating on one revolution of 
the rotating screen being relatively small in amount and 
capable of virtually complete drying by an upwardly or 
downwardly moving gas stream before the coated par 
ticles re-enter the spray zone. The tumbling of the 
solids on the screen results in substantially reduced im 
pact of particle against particle and in addition avoids 
the damaging blows against stationary surfaces en 
countered in some of the ?uidizing techniques as the 
?uidized stream recycles through the spray zone. With 
the present apparatus, the rotating bed of tumbling 
solids is maintained at a relatively constant distance 
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from the spray nozzle and accordingly does not interfere 
with the spray pattern. By thus maintaining the desired 
spray pattern over the randomly oriented solids passing 
beneath, the uniformity ‘of the coating is more nearly 
assured. 

Referring now to the drawings, it will be seen that 
FIGURE 1 is a plane view of the screen tray assembly 
with appurtenant devices. 
FIGURE 2 is a cross sectional view of the screen tray 

assembly taken in the plane II--II of FIGURE 1. 
FIGURE 3 is a cross-sectional view of the screen tray 

assembly taken in the plane IlI--III of FIGURE 1. 
FIGURE 4 is a partially exposed cross sectional view 

of an embodiment of the apparatus described. 
FIGURE 5 is a partially exposed isometric view of the 

apparatus in its preferred embodiment. 
FIGURE 6 is a cross sectional view of a conical screen. 
FIGURE 1 shows screen tray assembly 1 having disc 

2 mounted on circular screen 3 with inner wall 4 and 
outer wall 5 attached about the circumference-s of disc 
2 and screen 3, respectively, to form a bounded annular 
screen area comprising the screen tray. Shaft 6 is 
?xedly mounted in disc 2 and serves as central support 
for screen tray assembly 1. Ba?les 7, joined and sup 
ported by cross member 8, are mounted through ba?le 
positioning means 9 on lower duct 10. Leveling arm 
11, mounted for vertical movement through leveling 
arm positioning means 12, is likewise attached to lower 
duct 10. High pressure gas manifold 13, having a 
plurality of outlets 14, is mounted below screen tray 
assembly 1 and secured externally thereof through lower 
duct 10. 
FIGURE 2, representing a cross section taken in plane 

II—II of FIGURE 1, shows screen tray assembly 1 with 
disc 2 mounted on screen 3 and having inner wall 4 
and outer wall 5 attached about the circumferences of 
disc 2 and screen 3, respectively, to form a bounded 
annular screen area. Shaft 6 is ?xedly mounted in disc 
2 and provides central support for screen tray assembly 
1. Visible in this cross sectional view are the two 
laterally extending ba?ies 7 and cross member 8 through 
which said baffles 7 are mounted for vertical movement 
on lower duct 10 of FIGURE 1. Shown also in this 
view is leveling arm positioning means 12 through which 
leveling arm 11 (not visible) is mounted for vertical 
movement. High pressure gas manifold 13 is positioned 
below screen ‘tray assembly 1, and outlets 14 thereof are 
directed upward toward screen 3. 
FIGURE 3 shows the screen tray assembly in a cross 

section taken in plane II-I—III of FIGURE 1. This 
view shows particularly leveling arm 11 mounted through 
leveling arm positioning means 12 on lower duct 10 for 
vertical movement with respect to screen 3. 

In FIGURE 4, screen 3 is mounted within lower duct 
10 at its upper end, the duct itself serving as the outer 
wall of the screen tray assembly described above. The 
screen is rotated within lower duct 10‘ through shaft 6 
and gear means 15 by motor means 16. Screen 3 re 
ceives central support from shaft 6 and peripheral sup 
port from screen ring 17 in slidable contact with bear 
ing ring 18 mounted on lower duct 10. The exposed 
portion of this cross sectional view shows leveling arm 
11 attached to leveling arm positioning means 12 for‘ 
vertical movement above screen 3. Spray nozzle 19 at 
the end of spray supply line 20 is ?xedly mounted in 
upper duct 21 eccentrically with respect to screen 3. 
Vertical movement of upper duct 21 is provided by inter 
posed ?exible connection 22, whereby said upper duct 
21 with spray nozzle 19 and spray supply line 20' at 
tached can be vertically positioned with respect to 
screen 3. As indicated by the double arrow, the gas 
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stream can move either upwardly or downwardly through 
screen 3. 
FIGURE 5, showing the preferred embodiment of this 

invention in exposed isometric view, will be described in 
conjunction with the operation of the apparatus. Discrete 
solids to be coated, as, for example, tablets, are placed on 
screen 3 within the screen tray assembly 1. Supporting 
ring 17 is attached at the base of outer wall 5 of screen 
tray assembly 1 and rides over bearing ring 18 mounted 
on rim 2‘ of upwardly diverging lower duct portion 27. 
By ‘motor means below, not shown, screen tray assembly 
1 is rotated by shaft 6, the solids being tumbled by passage 
over high pressure gas manifold 13 having a plurality of 
upwardly directed jets 14, and by collision directly or 
indirectly with baf?es 7. The solids are then leveled by 
passage beneath vertically adjustable leveling arm 11 and 
presented for coating at the desired depth on screen 3. 
Spray nozzle 19 delivers a generally elliptical spray pat 
tern, the principal axis of which coincides approximately 
with a radius of screen 3. Spray nozzle 19 and spray 
supply line 20 are adjustable vertically through spray 
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nozzle positioning means 23 in downwardly diverging _ 
upper duct portion 24, whereby said spray nozzle 19 can 
be positioned the desired distance above screen 3. Upper 
duct 21 with downwardly diverging duct portion 24 is 
also adjustable vertically through ?exible connection 22 
in order to serve effectively as a hood. In this embodi 
ment the drying gas stream moves upwardly through lower 
duct 10 and screen 3 to be exhausted through upper duct 
21. In order that the upcoming drying gas stream does 
not diffuse the spray pattern issuing from spray nozzle 
19, ba?‘le plate 25 is secured to the inner surface of rim 
26 of upwardly diverging lower duct portion 27 below 
screen 3 in the path of the spray pattern at screen level. 
Thus the solids are tumbled and re-oriented, after emerg 
ing from‘ the spray pattern, by high pressure gas streams 
from high pressure gas manifold outlets 14 and subse 
quently by the combination of baf?es 7, and are ?nally 
leveled by leveling ‘arm 11 in preparation for re-entering 
the spray zone. 
As used herein, the term “discrete solids" means either 

shaped or irregular surface solids such as beads, pellets, 
granules, tables, pills, pilules, and the like, which are 
desired to be coated and which are sufficiently free flow 
ing to permit tumbling on the rotating screen tray as 
sembly. 

While a screen has been illustrated in each of the above 
embodiments as the surface on which the solids are tum 
bled and rotated, a perforated plate can likewise be uti 
lized and in some cases is advantageous, as Where the 
solids possess su?icient weight to render a screen with 
necessary supporting members unsatisfactory because of 
interference with elements heretofore described which are 
positioned below the rotating surface. The term “screen” 
as used herein embraces such perforated surfaces. It is 
apparent that the necessity for and type of supporting 
structure beneath the screen will depend on the weight 
placed thereon and on the diameter of the screen. In addi 
tion to the preferred combination of supporting ring 17 
and bearing ring 18 (FIGURES 4 and 5), a wheel-type 
structure can be employed in which the hub provides cen 
tral support and the rim of the wheel, connected with the 
hub by spokes, is mounted on the lower duct member for 
peripheral support of the screen or screen tray assembly. 
Where the screen tray assembly is mounted above the 
opening of the lower duct member said assembly can 
be rotated by friction motor means through a friction 
ring around the outer wall 5 (FIGURE 5) of the assem 
bly. In such a modi?cation the wheel-type supporting 
structure is particularly advantageous, shaft 6 being jour 
naled in the hub of the wheel for central support with the 
rim giving peripheral support beneath the outer wall of the 
screen tray assembly as before. Both the ring combina 
tion and wheel structure perform the collateral but im 
portant function of preventing the gross escape of up 
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4 
coming drying gas through the annular space between the 
'outer wall of the screen tray assembly and the lower duct 
member or its extended structure. 

In the preferred embodiment the screen is mounted hori 
zontally. However, an elevation, less than about 20°, 
contributes to tablet tumbling and can be employed with 
obvious modi?cations of tumbling baffles, supporting mem 
bers and driving means. The term “substantially hori 
zontal” describes the screen either in the horizontal plane, 
or as thus elevated. 
A variety of screen con?gurations can be employed as 

the rotating surface. Preferred is the ?at circular screen 
illustrated. Alternatively, as shown in FIGURE 6, the 
screen can comprise a cone ‘having a wide-angle apex 
(e.g., at least about 135°), said conical screen being 
mounted on its side to give a substantially horizontal seg 
ment below the spray nozzle. With the conical screen 
so positioned, the sloping cone surface imparts a rolling 
motion to the solids and obviates the necessity for exten 
sive means for solids orientation. Thus the tables are 
coated as they pass under the spray nozzle directed at the 
low side of the cone and are tumbled on the high side 
thereof. Appropriately positioned stationary baffles fa 
cilitate distribution of the solids and prevent local accu 
mulation. 

While means for orienting the particles are not neces 
sary in some instances, they are generally desirable for 
most efficient operation. Many types and combinations 
for accomplishing this purpose will be apparent to those 
skilled in the art. A satisfactory combination comprises 
baffles 7 and leveling arm 11 which may be supplemented 
by the foredescribed high pressure gas manifold 13. 
Ba?ies 7 and leveling arm 11 are stationary during opera~ 
tion and so mounted to produce leveling of the solids 
before they enter the spray zone. A plurality of leveling 
arms can likewise be employed, one or more being ad 
vantageously positioned at different heights from the screen 
to promote further movement of the rotating solids. Al~ 
ternatively or additionally, a spring leg can be attached 
to the bottom of the rotating screen tray assembly or 
outer wall 5 thereof for imparting vibration to the screen 
as the said spring leg passes a stationary block a?ixed 
to the inside of lower duct 10 or rim 26. It is apparent 
that other means can be employed for vibrating the rotat 
ing screen tray assembly and imparting further motion 
to the rotating solids in order to maximize the new sur 
face presentation on each revolution of the said assembly. 

Screen rotation rates can vary over a wide range de 
pending on the bed depth of solids on the screen, particle 
size of the solids and diameter of the screen. With screens 
up to about 3 feet in diameter, velocities of from about 
10 to about 100 rpm. can be expected to provide satis 
factory solids orientation. Higher velocities tend to expel 
tablets from the rotating surface and lower velocities risk 
prolonged exposure to the coating spray during each rev 
olution. A bed depth of about 1 inch is advantageously 
employed with the aforementioned screen rotation veloci 
ties, in which case a retaining wall about 2 inches high, 
identi?ed as outer wall 5, will be sufficient to retain tablets 
during rotation. Inner wall 4, of approximately the same 
height as outer wall 5, serves to keep rotating solids from 
the central portion (disc 2) of screen 3. 
The coating spray means represented in spray nozzle 

19 can be of conventional type, such as a simple nozzle 
through which the coating material issues under pressure 
at least about 5 p.s.i., preferably 5-25 p.s.i., or it can be 
a ?uid atomizing nozzle in which the coating material 
under at least about 2 p.s.i. is ?uidized at the nozzle by 
a gas stream of about l0~100 p.s.i. The con?guration 
of the spray pattern is not critical but is preferably in 
the nature of a ?at ellipse which will extend approxi 
mately across the screen portion of the screen tray radius. 
The spray nozzle is eccentrically mounted with respect 
to the center of the rotating screen assembly in order 
that the spray will be directed at a limited segment of the 
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screen and afford maximum drying time at each rotating 
velocity. Vertical positioning of the spray nozzle will 
depend primarily on the nature, in particular on the 
viscosity, of the ?uid being sprayed, depth of the solids 
bed, velocity of rotation of the screen tray assembly, 
particle size of the solids being coated and the efficiency 
of the means for re-orienting the solids during each revo 
lution. The spray ?uid can be a solution, slurry or 
combination thereof. 
The gas ?ow which serves to partially dry the rotating 

tablet bed between passages through the spraying zone 
can pass either upwardly or downwardly. through the 
screen. Preferably the gas comprises air at a tempera 
ture of about 40—-l00° C., depending on the nature of 
the solids and the coating material as well as the e?iciency 
of surface orientation in the drying phase of the cycle. 
Regardless of the direction of the air stream, the com 
bination of pressure and vacuum must be such as to pro 
vide air penetration of the rotating and tumbling bed of 
solids. When the air stream is moving upward, a some 
what greater pressure but less vacuum is required than 
when the air direction is downward. In general, with 
solids of the type represented in pharmaceutical tablets, 
an upward air ?ow under pressure of about 5-25 inches 
of water, coupled with a downstream vacuum of about 
10-20 inches of water, is usually suf?cient. 
High pressure gas manifold 14 delivers gas, preferably 

heated air to contribute to drying of the coated particles, 
at a pressure controlled to give the desired tumbling mo 
tion to the said particles without suspending them above 
the screen. 
As seen in FIGURES 4 and 5, the con?guration of 

the terminal portions of the upper and lower ducts is not 
critical. Thus, in elementary form, as shown in FIG 
URE 4, the lower duct 10 in its original diameter can 
serve as the outer housing for the screen tray assembly 
and, if desired, outer wall 5 of the screen tray assembly 
eliminated, as heretofore described. Alternatively, lower 
duct 10 can diverge upwardly and terminate in an en 
larged lower duct member to support the rotating screen 
tray assembly, with the upper duct 21 of similar and 
opposing con?guration, as in FIGURE 5. 

In FIGURE 5 is shown the optional feature of a 
baffle plate 25 positioned beneath the screen in the path 
of the spray pattern as determined at screen level. De 
pending on the character of the spray, an upcoming dry 
ing gas stream may diffuse the spray pattern if the spray 
is not protected from intermixing therewith. This prob 
lem is not presented where the drying gas stream is mov_ 
ing downwardly through the screen in the same direction 
as the spray. 

In loading the screen tray with particles to be coated, 
due consideration must be given the necessity for drying 
gas penetration of the bed of rotating solids. While the 
ease of penetration is in large measure dependent on the 
efficiency of the tumbling means, ‘it is obvious that an 
excessive depth will detract from optimum performance 
and should be avoided. 

In each of the alternatives described above it is to be 
understood that no critical dimensions or ratios are con 
templated, the invention comprising the basic combina 
tion of the substantially horizontally rotating screen tray 
assembly and its obvious equivalents, with spray means 
directed ata segment of the supporting screen whereby 
the solids to be coated are passed alternately through the 
spray zone and a drying zone comprising the remainder 
of the cycle. It is likewise evident that a variety of 
means operating in conjunction with said rotating screen 
tray assembly or its equivalent can be employed for 
tumbling the solids, said means serving only to facilitate 
drying and to re-orient the solids for presentation of a 
new surface for spraying at each revolution. Thus those 
skilled in the art can readily adapt without difficulty the 
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6 
teachings of this invention to apply the basic concept and 
apparatus as described to any speci?c coating problem. 
What is claimed is: 
1. An apparatus for coating discrete solids compris 

ing: a vertically disposed lower duct member; a substan 
tially horizontal, rotatable screen mounted across the up 
per portion of said duct member for supporting discrete 
sol-ids to be coated; means for rotating said screen; a 
vertically disposed upper duct member mounted above 
said screen; coating spray means mounted eccentrically 
above and directed toward said screen; means for de 
livering gas under pressure to said screen through one 
duct member; and means for exhausting gas from the op 
posite side of said screen through the other duct member. 

2. An apparatus for coating discrete solids compris 
ing: a vertically disposed lower duct member; a substan 
tially horizontal, circular rotatable screen mounted above 
said lower lduct member, said screen having a solid cen 
tral portion and walls about the circumferences of both 
the screen and solid central portion to form an annular 
screen tray of sufficient depth to prevent escape of dis 
crete solids from the screen surface during rotation of 
said screen tray; means for'rota-ting said screen tray; a 
vertically movable upper duct member mounted above 
said screen tray; vertically movable coating spray means 
mounted eccentrically above and directed at said screen 
tray; means for delivering gas under pressure to said 
screen tray through one duct member; and means for 
exhausting gas from the opposite side of said screen tray 
through the other duct member. 

3. An apparatus for coating discrete solids comprising: 
a vertically disposed lower duct member; a substantially 
horizontal, circular rotatable screen mounted ‘above said 
lower duct member, said screen having a solid central 
portion and walls about the circumferences of both the 
screen and solid central portion to form ‘an annular 
screen tray of su?icient depth to prevent escape of dis 
crete solids from the screen surface during rotation of 
said screen tray; means for rotating said screen tray; 
means for tumbling said discrete solids on said rotating 
screen tray; a vertically movable upper duct member 
mounted above said screen tray and 'having an opening 
diameter approximately that of said screen tray; verti 
cally movable coating spray means mounted eccentrically 
above and directed at said screen tray; means for deliver 
ing heated gas under pressure upward through said lower 
duct member to said screen tray; baffle means beneath 
the portion of said screen tray at which said coating spray 
means is directed to prevent upcoming gas from diffusing 
the spray pattern from said spray means; and means for 
exhausting gas through said upper duct memebr. 

4. The device of claim 3 in which the means for tum 
bling discrete solids on the rotating screen tray includes 
a high pressure gas manifold beneath a portion of said 
screen tray and having a plurality of outlets directed up 
wardly, whereby said discrete solids are tumbled on con 
Eacg with jets of high pressure gas issuing from said mani 
ol . 

5. An apparatus for coating discrete solids comprising: 
a vertically disposed lower duct member; ‘a substantially 
horizontal, circular rotatable screen mounted above said 
lower duct member, said screen having a solid central 
portion and walls about the circumferences of both the 
screen and solid central portion to form an annular 
screen tray of sul?cient depth to ‘prevent escape of dis 
crete solids from the screen surface during rotation of 
said screen tray; means for rotating said screen tray; 
means for tumbling said discrete solids on said rotating 
screen tray; a vertically movable upper duct member 
mounted above said screen tray and having an opening 
diameter approximately that of said screen tray; vertically 
movable coating spray means mounted eccentrically above 
and directed at said screen tray; means for delivering 
heated gas under pressure downward through said upper 
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duct member to said screen tray; and means vfor exhaust 
ing gas through said lower duct member. 

6. The apparatus of claim 5 in which the rotatable 
screen is a conical screen having an apex angle of at 
least about 135°, said conical screen being mounted on 
its side to present a substantially horizontal segment be 
low the coating spray means. 
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