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CONTINUOUS COATING OF PELLETS

FIELD OF THE INVENTION

[0001] This 1nvention relates to systems, methods and

apparatuses for applying coatings to pellets, and has

particular utility 1n coating pharmaceutical dosage forms

and other pellet-shaped materials.

L]

INVENT ION

BACKGROUND OF TH.

[0002] Dosage forms, such as compressed tablets,

chewable tablets, fast dissolving tablets, capsules,

softgels, and gelcaps are known 1n the pharmaceutical arts.

H

Production of these dosage forms 1s often carried out 1in

steps. Some production steps are continuous, and others

are carried out as "batch" processes. The distinction 1s

that, 1n a continuous production step, the dosage forms can

be fed to and withdrawn from a processing stage

continuously, usually without any time limit, whereas 1n

H

batch processing, a quantity of dosage forms 1s fed to a

processing stage, and then processed and withdrawn.

H H

[0003] In the manufacture of many of these dosage forms,

H

1t 1s common to coat pellets with films or with lavyers of

I

films. In the case of pharmaceutical products, the coatings

H

can have a number of purposes. The coatings can be

cosmetic, pharmaceutically active, or otherwise functional.

H

For example, a coating can be used to prevent a portion of

a drug from being released in the form of dust. It can be

ﬁ

used to mask an unpleasant odor or taste of the active

H

drug, or of a filler or binder. It can be used to

facilitate swallowing by providing the dosage form with a

smoother and less absorbent outer laver. A coating

resistant to gastric fluids can be used to prevent

premature digestion of the contents of a dosage form. A

I I

coatling can also control the rate of absorption of the drug

by the small intestine. A coating can also be used to

_l_
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provide a dose of another drug 1n combination with the base

dosage form. Finally, a coating can 1mprove the appearance

H

of the tablet, i1mpart a distinctive color to the tablet for

identification, and provide a printable surface.

[0004] Dosage forms are

often coated using machines

which spray a liquefiled coating material onto the surfaces

ﬁ

of the dosage forms while the dosage forms are 1n motion

H

within a container. Examples of typical liquefied coating

materials, 1nclude hydroxypropylmethylcellulose (HPMC) and

starch-based materials. These coating materials may or may

not i1nclude pigment,

[0005] Two common types
within a drum that rotates
the spraying process.

[0006] The coating step

H

of machines tumble tablets

about a horizontal axis during

for pharmaceutical volume

products 1s most often a batch process, and 1n the most

commonly used batch process, a perforated pan coating

machine 1s used. The perforated pan machine includes a

rotating, perforated drum which rotates about a horizontal

axls within a housing, and

further includes a plurality of

nozzles positioned within the drum. The nozzles create a

H

spray of coating material within the drum so that dosage

H

forms located within the drum will tumble about i1nto and

H

out of the spray pattern and, over a period of time,

accumulate a coating on their surfaces.

[0007] Appropriate ducting 1s used to direct air through

H

the housing of the perforated pan machine so that 1t passes

through the perorated drum

and reaches the dosage forms

H

tumbling therein. The per:

tumbling dosage forms to a

more uniform drying. The drum further 1ncludes ba

~—

"orations of the drum expose the

~—

current of alr, resulting 1n

H

" les,

which enhance mixing of the dosage forms 1n order to

H

1mprove the distribution o:

the tablets.

- the material being sprayed onto
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[0008] Unfortunately, batch coating has drawbacks. For

~—

example, each of the various apparatuses employed i1n batch

coating 1s housed 1n a separate clean room that must meet

standards set by the Food and Drug Administration. This

ﬁ

requlires a relatively large amount of capital 1n terms of

space and machinery.

"1cult to

[0009] Batch coating processes are also di

control because the control algorithms attempt to control

~—

the process toward a difficult-to-define endpoint, rather

than control a continuous process where parameters can be

controlled using feedback.

[0010] Heretofore, batch coating processes have

inhibited manufacturers from interconnectling process

stages, and from flexibly 1nterconnecting continuous stages

H

of various kinds and capabilities to meet manufacturing

requlirements. A process that would i1ncrease and streamline

production rates by couplling contilnuous processing stages

1n line would provide many economic benefits, i1ncluding a

ﬁ

reduction 1n the size of facilities needed for mass

H

production of pharmaceutical products. Generally, 1t would

be desirable to create a continuous coating process for the

H

formation of tablets and other dosage forms, so that

I

ferent

linkages can be made with other similar or di:

operations such as tablet compression. By making such

linkages, 1t will be possible to carry out dosage form

production 1n an overall continuous process.

[0011] Contilnuous coating processes for dosage forms

also exist. An example 1s the model CC-3015 continuous

coater made by O'Hara Technologies of Richmond Hill,

Ontario, Canada. These continuous coatling processes

utililize rotating cylinders, and are generally limited to
relatively large throughput volumes. The reason 1s that
there are practical limits on how close the spraving

H

systems can be to the bed of pellets to be coated. The
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requlred spray-to-bed distance, and also the need to

I

accommodate monitoring sensors 1n the vicinity of the

product being coated, i1mposes a limit on how small the

I

diameter of the cylinder can be, and therefore limits the

H

abi1lity of a manufacturer to scale down a continuous

coatling process to lower throughput volumes. Thus, while

H

continuous coating 1s useful 1n the production of non-

prescription products such as calcium supplements,

antacids, and other products sold in high volumes, 1t 1s

difficult to scale down a continuous coating machine to

make 1t practical for use with lower throughput volumes

H

such as 1n the case of most prescription drugs.

ﬁ

Consequently, coating of many prescription drugs 1s still

carried out 1n a batch mode.

[0012] Another problem common to the existing batch

coating machines and continuous coating machines 1s that

shear forces and stresses encountered by tablets 1n these

ﬁ

machlines can cause splitting or chipping of tablets,

especlally multi-layer tablets and tablets having less

physically robust formulations.

SUMMARY OF THE INVENTION

)

[0013] The 1nvention provides for continuous exposure oO:

pellets, e.g., dosage forms such as medicinal tablets, to

ﬁ ﬁ

the spray of a coating apparatus without the use of a

rotating cylinder, and therefore without any minimum

cylinder size limitation. Process monitoring and feedback

H H

18 also made easier because of the elimination of the

constrailnts i1imposed by the rotating cylinder.

[0014] Briefly, 1n the case of a rotating cylinder, the

spravling apparatus must be i1inside the cylinder, and may

I

therefore be too close to the bed of pellets 1n the case o:

)

a cvlinder having a relatively small-diameter. The

invention avoids the limitation on the height of the
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sprayling apparatus by utilizing vibration to i1nduce rolling
motion of a bed of pellets 1n a trough. The trough can be

H H

open at 1ts top, or, 1f enclosed, can be of a shape such

that the spray nozzles can be disposed at the required

distance from the pellet bed. The trough can have, but

does not necessarily have, an arc-shaped transverse Cross-

section.

[0015] Vibratory finishing has been used for a long time
for material treatment, e.g., for particle milling. 1In
general, vibratory finishing processes utilize mixtures otf

I

particles of di:

I

ferent masses, e.g., abrasives and parts to

be finished. However, so far as I am aware, no successful

coatling system has been utilized to coat pellets, all

having substantially the same mass, 1n a bed 1n which

~—

rolling circulation of the bed 1s i1nduced by vibratory

motion rather than by rotation.
[0016] More particularly, 1n the continuous pellet

coatlng apparatus 1n accordance with the i1nvention, an

elongated trough has an 1nlet and an outlet separated from

ceach other by a longitudinal distance along the direction

H

of elongation of the trough. A feeder 1s provided for

continuously delivering pellets to be coated into the

trough at a location adjacent the inlet, and thereby

H

establishes a bed of pellets 1n the trough which travel

longitudinally along the trough as pellets are delivered by

the feeder. A welr, disposed 1n the trough adjacent the
outlet, has an edge over which pellets are discharged as

pellets to be coated are delivered to the trough by the

feeder. The welr establishes a maximum level of the bed of

pellets 1n the trough. At least one spray nozzle 1s

~— ~—

disposed above the maximum level of bed of pellets 1n the

crough, and each spray nozzle 1s arranged to direct a spray

~—

of ligquefied coating material toward pellets 1in the trough

at an 1ntermediate location between the i1nlet and outlet.
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A mechanical energy-imparting source, connected to the

trough, vibrates the trough, and thereby maintains the bed

H

of pellets thereln 1n a substantially fluidized state,

while rotating the bed so that substantially all of the

H

pellets become exposed to the spray of liquefied coating

material as they travel along the trough.

H

[0017] In one preferred embodiment of the coating

H

apparatus, the elongation of the trough 1s linear, the

trough 1s pivoted on an axis substantially parallel to 1ts

H

direction of elongation, and the mechanical energy-

1mparting source 1s connected to the trough at a location

spaced laterally from the pivot axis, and arranged to apply

1mpulse components to the trough as moments about the pivot

H

axl1s. These 1mpulse components have sufficient 1ntensity

to rotate the bed of pellets 1n the trough, so that

ﬁ ﬁ

substantially all of the pellets reach the surface of the

H

bed and are exposed to the spray of ligquefied coating

material at times during their travel from the inlet to the

outlet.

[0018] Because there 1s no need for a rotating cvyvlinder,

che coating apparatus can be scaled down to a relatively

H

small size while allowing all or part of the spray nozzle

assembly to be positioned at any distance above the pellets

H

1n pellet bed. Another advantage of the elimination of the

ﬁ

rotating cylinder 1s that the bed of pellets does not need

to travel along a straight path. The bed can travel 1n a

cilrcular, arcuate, or helical path, for example.

[0019] The mechanical energy-imparting source 18

preferably arranged to apply 1mpulse components having

ﬁ ﬁ

ficlent 1ntensity to rotate the bed of pellets 1n the

S U

trough, so that substantially all of the pellets reach the

I I

surface of the bed and are exposed to the spray of

liquefied coating material at times during their travel

from the 1inlet to the outlet. The apparatus also
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preferably i1ncludes means for adjusting i1mpulse intensity,

amplitude, direction, and/or frequency.

~—

[0020] In an embodiment of the invention, at least one

H

additional weir, and preferably a series of longitudinally

spaced weilirs, 1s provided 1n the trough between the 1nlet

H

and outlet to achieve 1mproved uniformity of the residence

ﬁ

time of the pellets 1n the trough.

~—

[0021] In accordance with another aspect of the

~—

invention, an array of air holes 1s formed 1n the trough,

and an enclosure cooperates with the trough to provide an
alr plenum. The enclosure can be situated either above or

below the trough, and a blower 1s connected to the air

plenum for causing ailir to flow through the alr holes and

through the bed of pellets. Optionally, enclosures can be

arranged to provide air plenums both above and below the

trough. The air can flow through the bed while the spray

H

of ligquefied coating material 1s directed toward the

pellets, and can also flow through the bed while coating

material 1s not being spravyved. Preferably, the air flows

~—

though the bed of pellets 1n the trough, and, from within

che bed of pellets, outward from the trough through the air

holes. However, 1t 1s also possible for the air to travel
1n the opposite direction, that 1s, 1nto the pellet bed
through the air holes 1n the trough.

[0022] The alr holes can be incorporated 1nto one or

more 1ntermediliate welrs, which can be made hollow. For
example, the coating apparatus can include at least one

additional, hollow, welr 1n the trough between the 1nlet

and outlet. The additional weilir can have walls facing the

ﬁ ﬁ

inlet of the trough and the outlet of the trough, and one

H H

or both of the walls can have an array of alr holes. An

enclosure cooperating with the trough forms an air plenum,

and a blower connected to the air plenum can be used to

cause ailir to flow through the air holes in the hollow weir,
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and through the bed of pellets. Preferably, the air flows

I

through the bed of pellets and outward through the air

holes 1n the hollow weir. However, as 1n the previously

described embodiment, 1n which air holes are formed 1in the

H

bottom of the trough, the air can be made to flow 1n the

opposite direction. In the previously described

H

embodiment, the circulation of pellets 1s 1nfluenced both

~— ~—

by the vibration of the trough and by the flow of air. In

H

the case of a hollow weir, however, the air flows through

the alr holes horizontally or nearly horizontally, and has

ﬁ ﬁ

fect on the circulating movement of the pellets.

less e

I

[0023] In a preferred embodiment of the coating

apparatus, a monitor 1s provided for monitoring a condition

H H

of the operation of the coating apparatus, and a control,

responsive to the monitor, adjusts one or more operating

ﬁ

parameters of the apparatus. The operating parameters that

can be adjusted 1nclude the rate at which the feeder

delivers pellets to be coated to the trough, air

temperature, alr flow, vibration amplitude, vibration

intensity, vibration frequency, vibration direction,

liquefied coating material spray rate and spray pressure.

H

[0024] Whether the trough 1s linear or curved, for

example circular, arcuate, or helical, the mechanical

energy-1mparting source 1s arranged to apply 1mpulse

components to the trough, which, 1n turn, apply a force to

H

the bed of pellets exceeding the force of gravity. The

1mpulse components are oriented and timed to cause the bed

H

of pellets 1n the trough to rotate continuously, so that

I

substantially all of the pellets reach the surface of the

H

bed and are exposed to the spray of ligquefied coating

material at times during their travel from the 1inlet to the

outlet.

[0025] Where air flow 1s utilized in combination with

vibration, a monitor may also be 1ncluded for monitoring a
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H H

condition of the operation of the coating apparatus, and a

control, responsive to the monitor, may be provided for

H

adjusting one or more of the previously mentioned operating

parameters.

[0026] Where air flow 1s utilized, and especially where

H

the air flow has a substantial vertical component affecting

ﬁ

the movement of pellets 1n the pellet bed, the i1mpulse

components should apply a force to the pellet bed exceeding

I

the resultant of the forces applied to the bed by gravity

and by air flowing through the bed. Here again, the

1mpulse components should be oriented and timed to cause

H

the bed of pellets 1n the trough to rotate continuously, SO

~— ~—

that substantially all of the pellets reach the surface of

H

the bed and are exposed to the spray of liquefied coating

material at times during their travel from the 1inlet to the

outlet.
[0027] Another, but related, aspect of the invention 1s
a method of continuously coating pellets. The method

comprises four operations that are carried out

continuously. Pellets are fed continuously 1nto an

— 1

elongated trough at a first location along the length of

H

the trough, and a bed of pellets 1s maintained 1n the

trough, the bed continuously moving longilitudinally in the

H

trough. A spray of ligquefied pellet coating material 1is

ﬁ

directed toward the bed of pellets 1n the trough at an

H

intermediate location along the length of the trough. The

trough 1s vibrated so that the bed 1s substantially

H

fluidized and the bed of pellets 1s caused to rotate so

I

that substantially all of the pellets are exposed to the

spray at times during their travel along the trough.

Coated pellets are discharged over a welr 1n the trough at

a discharge location longitudinally spaced from the first

location. The coated pellets are collected as they are

discharged. The i1intermediate location, at which the spray
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H H

of coating material 1s directed toward the bed of pellets,

1s between the first location and the discharge location.

~—

[0028] Where the elongation of the trough 1s linear,

H

vibration of the trough may be carried out by applving

1mpulse components to the trough as moments about an axis

H H

parallel to the direction of elongation of the trough, the

ﬁ

1mpulse components having sufficient intensity to rotate

the bed of pellets 1n the trough.

[0029] The liquefied pellet coating material can be

ﬁ

spraved toward the bed of pellets 1n the trough by one or

H

more spray nozzles located at a sufficient distance from

the pellets that the coating material reaches the pellets

1n a partially dried condition such that solvent in the

coating material does not damage the surfaces of the

pellets.
[0030] To make the pellet residence time 1in the trough

ﬁ

more uniform, the bed of pellets can be moved along the

trough over an additional weir at an intermediate location,

ﬁ

or a series of longitudinally spaced weilirs.

~—

[0031] To minimize waste of coating material, or to aid

~—

1n distribution of the coating material, air 1s also

preferably caused to flow through the bed of pellets. The

alr can be caused to flow through the bed of pellets either

ﬁ

inwardly or outwardly through an array of openings 1n the

trough. The openings can be formed 1in one or more hollow

I

welrs at i1ntermediate locations along the length of the

H

trough, and 1n that case, the flow of air through the

openings can be horizontal or nearly horizontal. Here

H

agalin the flow of alr can be either into the trough, or

~—

outward from the trough, through the array of openings 1in

~he hollow weir.

ﬁ

[0032] A condition of the coating process 1s preferably

I

monitored, and one or more of the previously mentioned

10
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operating parameters can be adjusted automatically in

response to the monitored condition.

[0034] In batch coating of tablets, the tablet bed can
be relatively deep. However, 1n this invention, coating 1s
a continuous process rather than as a batch process. In a

contilnuous coating process 1t 1s desirable to maintaln a

relatively shallow tablet bed. In a preferred embodiment

H

of the i1nvention, excessive bed depth can be avoided by

mounting the trough so that 1t tilts downward. That 1s,

the trough 1s mounted so that 1ts exit end 1s lower than

I

1ts 1nlet end. By adopting an appropriate degree of

downward tilt, depth of the tablet bed 1n the trough can be

~—

malntained substantially constant along the length of the

trough.

I

[0035] In a preferred embodiment of the invention, 1t 1s

I

also desirable to finish the i1inner surface of the trough so

H

that 1t has a small amount of roughness. A very smooth

)

"mirror" finish, having an average surface roughness Ra of

less than about 0.05 pm, 1s typical 1n a rotating drum

~—

coater. However, 1n the case of a vibrating trough,

H

depending on the frictional coefficients of the tablets, a

H

ficient friction toO

similar finish may not exhibit su:

achieve reliable tablet bed rotation. For the coating

H

apparatus of the i1invention, good results have been achieved

for a variety of tablets, using a trough having an average

surface roughness, Ra, 1n the range from approximately 0.Z
pm to 0.8 um.

[0036] One or more operating parameters can be adjusted
automatically 1n response to a monitored process condition

ﬁ

when air 1s caused to flow through the bed of pellets.

[0037] The 1nvention has many advantages over

conventional coating apparatuses and methods, especially 1in

H

1ts capability of being scaled down, 1ts controllability,

and 1ts ability to reduce damage to the product being

11
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coated. When the coating apparatus 1s scaled down, the
reduced bed depth can also reduce weight-induced damage to
the product. Moreover, with the 1nvention, a batch process
coatling stage can be replaced by a continuous coating stage
at various throughput volumes, and the continuous coating
stage can be linked with other upstream and downstream
continuous processing stages.

ﬁ

[0038] Other details and advantages of the invention

will be apparent from the following detailed description

when read 1n conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

ﬁ

[0039] FIG. 1 1s a schematic perspective view of a

continuous coating apparatus 1n accordance with a preferred

H

embodiment of the 1nvention:

H

[0040] FIG. 2 18 a transverse cross—-sectional view of

the trough 1n the continuous coating apparatus having air

plenums;

[0041] FIG. 3 1s a schematic diagram 1llustrating the

relationship of a spray nozzle to the bed of pellets 1n the

H

trough of a continuous coating apparatus corresponding to

ﬁ

the apparatus of FIG. 1;

)

[0042] FIG. 4 1s a schematic perspective view of a

vibratory trough having i1ntermediate weirs;

[0043] FIG. 5 1s a schematic perspective view,

corresponding to FIG. 2, i1llustrating an alternative

I

embodiment of the trough, having a hollow, perforated,

intermediate weir;

ﬁ

[0044] FIG. 6 1s a schematic diagram of monitoring and

control components for the contilnuous coating apparatus.

H

[0045] FIG. 7 1s a schematic diagram of a horizontal

vibratory trough, showing the relationship between the

trough and the tablet bed; and

12
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~—

[0046] FIG. 8 1s a schematic diagram of a downwardly

tilted vibratory trough, showing the relationship between

the trough and the tablet bed.

DETAILE.

4
_

DESCRIPTION OF TH.

L]

PREFERR.

L]

D

]

MBODIMENT

[0047] The term "pellets," as used herein, 1includes

solid, or at least externally solid, orally delivered

pharmaceutical dosage forms, vitamins, candies, chewing

gum, breath mints, animal feed, and the like. Usually, all

ﬁ

of the pellets being coated by the method and apparatus

H

described herein will be of substantially the same size and

composition.

~—

[0048] The coating apparatus of FIG. 1 comprises three

maln sections: a feeder section 10, a coating section 12,

and a discharge section 14.

I I

[0049] The feeder section 10 can be any of a variety of

mechanisms suiltable for delivering pellets to be coated to

a desired location continuously at a defined average rate.

In FIG. 1, the feeder comprises a conveyor belt 16, on

which pellets 18 are carried to a chute 20. The rate at

which the feeder delivers pellets through the chute should

ﬁ

be adjustable, and i1in the case of a belt convevor, the feed

H

rate can be adjusted by controlling the speed of a drive

motor (not shown 1n FIG. 1) connected to a belt-driving

drum, e.g., drum 22. The rate at which the feeder delivers

pellets does not need to be well-defined over a short

interval such as a few seconds. However, the rate should

I

be capable of being reasonably well-defined over a longer

H

interval such as a minute, e.g., an average rate of 1000

H

V100 pellets per minute. Various alternative forms o:

feeding mechanisms such as vacuum Cconveyors, SCrew
conveyors, elevators, vibrating convevors and other

sultable convevyors can also be used.

13
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[0050] Pellets drop through the chute 20 1into an

elongated, vibrating, trough 24, at a location preferably

adjacent one end of the trough, which will be referred to
as a trough "inlet." In FIG. 1, the 1nlet 1s designated by
reference numeral 206. The trough may be open as in FIG. 1,

or may be enclosed so that an air plenum 1s formed as will

be described later. In the latter case, the inlet 1s a
location adjacent a opening 1n the enclosure, which may be
elther controlled or uncontrolled. A weir 28, 1s disposed

at an outlet location or "outlet" 30, spaced longitudinally

from the inlet 26, and preferably located at the end of the

trough opposite from the i1nlet 26. The weir has an upper

edge 32, over which pellets are discharged from the trough

onto a collector 34, which can be 1n the form of a belt

conveyor or hopper. The weir shown 1in FIG. 1 1s 1n the

ﬁ

form of a segment-shaped plate. Alternatively, a ramp can

be used, at the outlet of the trough, and the term "weir,"

as used herein, 1ncludes ramps and other similar barriers

over which pellets can be discharged.

H

[0051] The upper edge of the weir 28 can be horizontal,

or slanted, and need not be straight. However, regardless

H H

of the shape of 1ts upper edge, the weilir establishes a

ﬁ

maximum level for the bed 34 of pellets 1n the trough. As

will be described, the pellets 1n the bed are substantially

fluidized, that 1s, made readily flowable, by the vibration

H

of the trough. Thus, as pellets are fed at a given rate to

the 1nlet of the trough, the bed slowly moves toward the

outlet, and pellets are discharged from the outlet at

substantially the same rate. As vibration takes place, the

H H

upper surface of the fluidized bed of pellets will

~—

ordinarily be disposed at an angle 1n the range of about 10

co 20 degrees from the horizontal, depending on various

~—

factors such as the magnitude of the vibrations, air flow

ﬁ

though the bed, the properties of the pellets, etc.

14
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However,

angle o1

[0052]

by a set o:

one

a pilvot axils extending alongside the trough and

substantially parallel to the direction of elongation of

ﬁ

I

1n some cases,

CA 02678931 2009-08-20

the surface of

H

45 degrees or more.

The trough 24 1is

H

of 1ts sides 40.

the trough.

the trough,

trough.
[0053]

46 and 48,

The pivot axis,

can be i1nside the trough,

- resilient supports

These supports ef

ﬁ

PCT/US2008/054192

(not shown i1n FI

although pre:

ﬁ

ﬁ

the bed can reach an

flexibly supported on a frame 38

G. 1) along

fectively establish

ﬁ

"erably alongside

Or above or below the

The trough 1s connected by a set of arms 42, 44,

to a bar 50,

which extends longitudinally along

the trough on the side opposite to the side on which the

trough 1s pivoted.

springs 52,

The bar 50 1s mounted on the frame by

and connected to an energy-imparting source 54,

which applies rapidly repeated mechanical i1mpulses to the

bar.

vertically upward to the bar.

In the apparatus shown,

the 1mpulses are applied

However the i1mpulses can be

applied 1n any direction other than directly toward the

~—

pivot axis of the trough,

as moments about the pivot axis.

1mpulses must have su:

I

OL

rotation of

continuously

SUXY

The 1mpulses must there:

ﬁ

o-

also the e:
through the bed.

ordinarily be 1n the range of 0.1 to 5 mm.

I

OL

face,

fect o:

H

H

ficient 1ntensity to

the bed of

and then back

ﬁ

H

H

the 1mpulses,

amplitude,

I

pellets 1n the trough,

so that the i1mpulses are applied

[0054] The repeated
fluidize the bed

and at the same time cause

pellets so that pellets circulate

from the lower portions of

L O

- gravity on the pellet bed,

fect of any air

OL COoOuUurse,

~—

"O0re be su:

che lower por

~—

ﬁ

H

H

the bed to the

H

—10NnsS 01

_he bed.

ficient to overcome the
taking 1nto account
flowing upward or downward

The movement of the bar 50 will

H

The 1ntensity

depends not only on their

1.e., the range of movement of the bar 50, but

I

also on the rate of movement of the bar

15

, lOeO,

the slopes



CA 02678931 2009-08-20
WO 2008/103622 PCT/US2008/054192

H H

of the leading and traililing edges of each 1mpulse when the

I I

amplitude of movement of the bar 1s plotted against time.

The rotation and fluidization of the pellet bed are

I

influenced not only by the intensity of the 1mpulses, but

also by the freguency at which the 1mpulses are applied,

the frequency belng preferably 1n the range from about 500

to 3500 Hz.

ﬁ

[0055] The energy-imparting source 54 can be any of a

I

variety of mechanisms for producing mechanical vibrations,

such as electric motors having eccentric weights mounted on

their shafts, linear devices such as electromagnetic

vibrators, servomotors, etc. The energy 1mparting source

~— ~—

can be composed of plural energy-imparting units, 1i1f

appropriliately synchronized. Servomotors are preferable

because they are easily controlled.

H

[0056] Preferably, one or more parameters of the 1mpulse

components, such as intensity, amplitude, direction, or

frequency 1s adjustable, and suiltable adjusting means can

H

be i1ncluded as part of the energy-imparting source. The

adjusting means can be, for example, an electrical motor

H

speed control, a source of electrical pulses for operating

H H

an electromagnetic vibrator, or any of a wide variety of

ﬁ

equlvalent adjusting devices. In the case of adjustment of

)

direction, the adjusting means can be, for example, a

ﬁ

mechanism for moving the energy-1mparting source 1tself or

1ts output shaft or arm, or a mechanism for adjusting the

I

relative amplitudes of 1mpulses delivered by two or more

sources coupled together in order to adjust the direction

I

of a resultant i1mpulse. The adjusting means can be

adjusted manually, or automatically, with or without

feedback from one or more sensors used to monitor

H

conditions of the coating operation such as coating

thickness, pellet feed rate, and the like.

16
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[0057] On the 1nside of the trough, a smooth mirror

finish, that 1s, a finish having an average surface

H

roughness Ra of less than about 0.05 um, should be avoided

H

because, for some tablets, 1t will not exhibit su:

H

ficient

friction to achieve reliable tablet bed rotation. For the

H

coatlng apparatus of the 1nvention, good results can be

ﬁ

achieved for a broad variety of tablets, using a trough

having an average surface roughness, Ra, 1n the range from

approximately 0.2 pm to 0.8 um.

[0058] Spray nozzles 56 and 58 are mounted on the frame

H

and arranged to direct fan-shaped spray patterns of

ﬁ

liquefied coating material downward toward the bed of

pellets 1n the trough at i1ntermediate locations between the

inlet 26 and the outlet 30. The fan-shaped spray patterns

are preferably relatively wide 1n the direction of the

I

trough and relatively narrow 1n the direction of the width

H

of the trough.

ﬁ

[0059] The coating material can be any of a variety of

ﬁ

known coating materials. In the case of pharmaceutical

tablets, for example, the coating material can be a

I

combination of a polymer such as polyvinylpyrollidone (PVP)

or hydroxvypropyvlcellulose (HPC), together with a pigment

and an opacifier such as titanium dioxide (T10;), 1n a

sultable vehicle such as water or an organic solvent, which

~—

partially evaporates as the spray approaches the bed of

pellets.
[0060] Various devices can be used to monitor the
condition of the coating applied to the pellets. In FIG.

1, a sensor 00 1s mounted on the frame 38 above the pellet

~—

bed at a location downstream of the second spray nozzle 58

H H

with respect to the direction of travel of the pellet bed

1n the trough. The sensor 1s associated with a monitor

(not shown in FIG. 1), which can be a spectrometer for

H

monitoring the thickness of the coating on the pellets. A

17
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feedback signal from the spectrometer can be used to

control the rate at which uncoated pellets are fed to the

trough by the feeder section 10. Other conditions 1n the
coatlng apparatus such as temperature and humidity can be
monitored, and the coating thickness as well as these other

conditions can be used, 1ndividually or 1n combilination, to

control operating parameters such as pellet feed rate,

vibration amplitude, vibration intensity (which depends on

H H

both amplitude and the rate of change of amplitude),

vibration frequency, coating spray velocity and spray

ﬁ

pressure. Where air 1s caused to flow through the bed of

H

pellets, the temperature and flow rate of the air can also

be controlled 1n response to one or more monitored

conditions.

[0061] FIG. 2 shows a version of the coating apparatus

ﬁ

according to the invention i1in which an array of air

passages 1s formed 1n the trough, and upper and lower air

ﬁ

plenums are formed by cooperation of the trough with

enclosures respectively above and below the trough. These

I

alr plenums are provided 1in order to maintain a flow of air

H

through the alr passages and through the bed of pellets 1in

the trough.
[0062] The trough 62 1s a vibrating trough, supported on
a set of arms similar to arms 42-48 1n FIG. 1. One such

arm, 04, 1s shown in FIG. 2, and 1s supported at one end on

a mounting structure 066, which i1includes an elastomeric bar

I

08. The opposite end 70 of the arm 064 1s connected to a

energy source (not shown) similar to energy source 54 1n

FIG. 1.

H

[0063] An array of ailr passages /2 1s formed 1n the

trough. The passages are smaller than the pellets 1in the

)

pellet bed 74 1n the trough, and situated so that most of

H

the openings are below the top of the bed.

18
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~—

[0064] The trough 1s provided with a pair of flanges 76

and 78, which extend longilitudinally along 1ts upper edges.

Flastomeric sealing strips 80 and 82 are clamped between

the respective flanges and clamping strips 84 and 86, and

ﬁ

extend between flanges of upper and lower enclosures 88 and

90.

[0065] An upper enclosure 88 has an alr passage 92, and

the lower enclosure 90 has an air passage 94. The pellet

~—

bed 74 1s fluidized as a result of vibrations 1mparted to

the trough through the arms including arm o064, which

H

vibrates up and down about an axis at the location of

elastomeric bar 68 1n the directions 1ndicated by the

H

double-ended arrow 96. The motion of the trough

I

substantially fluidizes the bed of pellets, and causes the

pellets to circulate 1n a rotating path as 1ndicated by

arrow 98. In the embodiment shown 1n FIG. 2, alr passes
into the upper plenum through passage 92, downward through
the pellet bed 74 and passages 72 into the lower plenum,
and outward through passage 94 and blower 100. The upper

and lower enclosures do not need to be sealed perfectly,

and 1n the embodiment shown, for example, the arms on which

the trough are mounted extend through slots 1n the lower

enclosure 90. Pellets are fed into, and discharged from,

the vibrating trough, through suitable airlocks (not

ﬁ

shown), for example, through rotary plate feeders of the

kind 1llustrated 1n United States Patent 6,416,201, dated

I

July 9, 2002, the disclosure of which 1s i1ncorporated by

reference.

[0066] The flow of alr through the bed of pellets

ﬁ

provides for more uniform distribution and drying of the

H H

coating material, and reduces the loss of particles of the

spray from the spray nozzles, e.g., nozzle 102, to the

)

atmosphere. Although 1n the embodiment shown, the flow of

alr through the pellet bed 1s maintained by drawing air

19



CA 02678931 2009-08-20
WO 2008/103622 PCT/US2008/054192

outward from the lower plenum by a blower 100, as an

alternative, air can be forced 1nto the upper plenum

through passage 92. In some 1nstances 1t may be desirable

I I

to maintain an upward flow of air, 1.e., a flow of ailr 1into

the pellet bed 1n the trough through the holes 72. In that
case, blower 100 can be arranged to blow air into the lower

plenum through passage 94, or a blower can be used to draw

alr outward from the upper plenum through passage 92. 1In

H H

any of these embodiments, the temperature and humidity of

H

the air flowling through the bed of pellets can be

controlled 1n order to maintain proper coating conditions.

[0067] Although 1t 1s preferred to have both an upper

~—

alr plenum and a lower air plenum, advantages of air flow

through the pellet bed can also be realized 1n a coating
apparatus having only an upper air plenum, or only a lower

alr plenum. Moreover, although 1t 1s desirable, but not

absolutely essential, to provide airlocks for feeding

pellets to, and discharging pellets from, the trough 1in the

case 1n which an upper air plenum 1s used, airlocks are

I

entirely unnecessary 1n the case of a coating apparatus

having only a lower plenum.

[0068] As shown schematically 1n FIG. 3, a typical

trough 104 has an arcuate cross-section. In this case, the

arc 1s centered on a center line C (shown endwise as a

point i1in FIG. 4). Pellets are discharged from the pellet

H

bed 1n the trough over the upper edge of a weir.

[0069] As the trough 1s vibrated, the welr maintains the

ﬁ

top of the fluidized pellet bed substantially at a fixed

H

position so that the center of the top of the pellet bed

ﬁ

remalns at a constant height H, measured from the bottom of

the trough. As mentioned previously, while vibration takes

I

place, the top of the bed will ordinarily be at an angle 1in

H

the range of about 10 to 20 degrees from horizontal.

However, depending on the intensity and direction and

20



CA 02678931 2009-08-20
WO 2008/103622 PCT/US2008/054192

frequency of the vibrations of the trough, the pattern of

I

cilrculation of the pellets 1n the trough, and other factors

H

such as air flow and the nature of the pellets, the top of

the bed can be disposed at an angle outside the 10 to 20
degree range.

[0070] As shown 1n FIG. 3, the bed, 1f at rest, would

have a width W, measured 1n a direction transverse to the

H H

direction of elongation of the trough. Because the pellet

I

bed 1s coated 1in a vibrating trough, 1nstead of 1n a

conventional rotating drum, 1t 1s possible for the spray

I

nozzle 106, or parts of the spray nozzle, to be located

H

above the cvlinder 108 that would be formed 1f the arcuate

~—

inner wall of the trough were continued to form a complete

cylinder. Thus, even 1n a coating apparatus having a

pellet bed with a relatively small cross-sectional area, 1t

1s possible to position the spray nozzles far enough from

H

the top of the bed that the spraved coating material wil]

ﬁ

dry sufficiently before 1t reaches the pellet bed, so that

the solvents 1n the coating material do not damage the

I

surfaces of the pellets and i1impalr coating qgquality.

[0071] In the case of an arcuate trough, the vertical

H H

distance D from the center of the top surface of the bed

and the arc extension 108 is given by the formula D=W/4H.

H

Thus, parts of the nozzle assembly can be at a distance

ﬁ ﬁ

greater than D from the center of the top of the pellet

H

bed, that 1s, bevyvond the arcuate extension of the inner

I

wall of the trough.

[0072] The trough 110 shown 1in FIG. 4 can be used 1n the

coatling apparatus of FIG. 1, or 1n the coating apparatus of

FIG. 2. This trough 110 has a discharge weir 112 at one

end, a barrier 114 at the opposite end, which 1s higher

than the discharge weir, at the opposite end, and a series

of i1ntermediate weirs 11l6. The height of each of the

)

intermediate weirs 1s preferably less than the height of
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the discharge weir 112, and 1s also preferably such that

I

cach of the i1intermediate weirs 1s entirely underneath the

H

surface of the pellet bed when the trough 1s vibrating.

I

The i1intermediate weirs block longitudinal movement of lower

H H

parts of the pellet bed and i1mprove the uniformity of the

~—

residence time of each pellet 1n the trough. It 1is

posslible to use a single 1ntermediate weir or a plurality

~—

of 1ntermediate weirs as shown.

[0073] One or more 1ntermediate welirs can also be made

H H

hollow and provide with an array of holes for passage of

I

alr 1nto or out of a trough. For example, as shown 1n FIG.

5, a trough 118, having a discharge weir 120 at one end and

a barrier 122 at the opposite end, 1s formed with an

intermediate weir 124. The i1ntermediate weir 1s hollow,

forming a tunnel 126 extending underneath the trough 1n a

direction transverse to 1ts longitudinal direction. The

wall 128 of the weir, which faces toward the discharge end

ﬁ

of the trough, 1s preferably, but not necessarily, vertical

H

or nearly vertical, and has an array of air passages. The

I

opposite face of the intermediate weir (not shown 1n FIG.

H

5) can have a similar array of alr passages. The trough of

FIG. 5 can be used 1n a coating apparatus having an upper

alr plenum, a lower air plenum, or both as 1n FIG. 2.

~—

Because the air passages are 1n walls of the weilr that are

elther vertical or nearly vertical, the vertical component

~— ~—

of the velocity of the air flow through the pellet bed 1is

HH

small and has only a negligible effect on the circulation

H H

of pellets resulting from vibration of the trough.

ﬁ

However, the air flow can be effective 1n maintaining

H

uniform coating conditions. Here, as 1n the embodiment of

FIG. 2, the air flow can be directed either i1inward through

the air passages to the pellet bed, or outward from the

pellet bed through the air passages. The hollow weir also

H

has the advantage of achieving a more uniform residence
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H

time, and, of course, plural hollow weilrs can be provided

1n a trough.

[0074] In the control system depicted i1in FIG. 6, the

H

spectrometer 00 (FIG. 1) 1s sensitive to the color of the

coating on the pellets 1n the pellet bed passing underneath

H

1t. The color 1s a function of coating thickness. A

monitor 130, e.g., a spectrometer, responsive to the sensor
00, generates a signal corresponding to coating thickness,
and operates a motor control 132, which, 1n turn, controls

H

the speed of a servomotor 134 which operates the pellet

I

feeder 10. If the coating becomes too thin, the rate at

which pellets are fed to the trough can be reduced, and

their residence time 1n the trough will be 1ncreased.

Thus, a uniform coating thickness can be maintained.

[0075] Other monitoring features and controls can be

utilized. For example, the signal from the monitor 130 can
be used to control the vibration rate or i1ntensity, or

spray velocity, 1n addition to, or as an alternative to,

controlling the pellet feed rate. The temperature and/or

~—

humidity of the exhaust air can also be monitored and used

H

o control operating parameters or combinations thereof,

including air temperature, humidity, spray velocity, as

well as pellet feed rate, and trough vibration rate or

intensity. As shown in FIG. 6, the control 132 can also

recelve 1nputs from an alr temperature sensor 136 and a
humidity sensor 138, and delivers control signals to an air

temperature and humidity control 140 and a spray pump 142.

[0076] Although satisfactory results can be achieved

H

with the trough of the coating apparatus disposed

horizontally, by tilting the trough downward 1n the

H H

direction of travel of the pellets along the trough, so

I

that the outlet end of the trough 1s lower than the 1nlet

H

end, the depth of the tablet bed can be made more nearly

I

uniform along the length of the trough thereby reducing the
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H

maximum depth of the bed. As shown 1n FIG. 7, 1n the case

I

of a horizontal trough, the depth of the tablet bed 144

H

gradually decreases from the 1nlet end 146 of the trough

toward the outlet end 148. The shape of the tablet bed 1in

the trough 1s affected by the tablet feed rate, by the

~—

vibration of

the trough, by drag due to friction between

H

the tables and the 1nner surface of the trough, and by

gravity. Thus, the surface of the tablet bed slopes

H

downward from the side at which the magnitude of trough

vibration 18

H

maximum toward the opposite side of the

trough, and also from the inlet end toward the outlet end.

In the case

H

of a downwardly tilted trough, as shown 1in

FIG. 8, where the outlet end 150 1s lower than the inlet

H

end 152, sur:

"ace of the tablet bed 154 slopes downward from

I

the side at which the magnitude of trough vibration 1is

greater toward the opposite side. However, the slope of
the tablet bed surface 1n the direction along the length of
the trough 1s approximately the same as the angle of

downward tilt of the trough. Thus, the cross-section of

H

)

H

~—

the tablet bed 1s maintained nearly constant along the

~—

length of the trough, the tablet bed 1s not excessively

ﬁ

deep adjacent the inlet end of the trough, and more uniform

H

coating of the tablets can be achieved. The uniformity of

the depth ot

the tablet bed, o0f course depends on the

H

tablet feed rate at the inlet end of the trough.

Therefore, the degree of tilt of the trough should be

matched to the tablet feed rate. Thus, the pellets should

be fed at a rate that maintains the surface of the bed of

pellets substantially parallel to the direction of

H

~—

elongation o:

= the trough.

[0077] Various other modifications can be made to the

apparatus and method described above. For example,

although the

trough can be open as shown in FIG. 1, or

provided with an upper air plenum as shown in FIG. 2, as an
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H

alternative, the trough can be the lower part of a closed

channel that 1s vibrated. The closed channel can even have

H H

a clrcular cross-section 1f su:

ficiently large that the

spray nozzles are not too close to the pellet bed.

However, 1n most cases, and especially where the apparatus

~—

1s built on a scale suitable for continuous coating of

H

relatively small gquantities of pellets such as prescription

~— ~—

drugs, 1f the trough 1s a lower part of a closed channel,

the channel will have a non-circular shape, with a

vertically elongated transverse cross-section.
[0078] Whereas the continuous coating apparatus

described above comprises a linear trough, various

alternative configurations are possible. For example, the

)

trough can have a toroidal configuration similar to that of
the vibration mill described 1n United States patent

3,100,088, granted on August 6, 19063 to H. L. Podmore et

al. and i1ncorporated herein by reference. In that case, as
described by Podmore et al. the 1mpulses i1mparted to the
toroildal container by an eccentric weight on a centrally

I

located motor will cause circulating movement of pellets in

the container as they travel along the length of the

trough. Another example 1s a configuration 1n which the

H H

coating apparatus 1s composed of a series of vibrating

troughs, located one above another, and arranged so that

pellets are fed from an upper trough to a next trough, and

the pellet beds travel 1n alternating directions 1n the

respective troughs. Still other trough configurations,

such as an arcuate configuration, or a helical

configuration as 1n United States patent 5,067,431, granted

1]

on November 26, 1991 to Charles Heitmiller, can also be

utilized.
[0079] The above modifications, and numerous other
modlifications, can be made to the 1nvention described
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CLAIMS

What 1s claimed 1s:

1. A continuous coating apparatus for pellets
comprilising:

an elongated trough having an inlet and an outlet

separated from each other by a longitudinal

~—

distance along the direction of elongation of the

trough;

a feeder for continuously delivering pellets to be
coated 1nto the trough at a location adjacent the
inlet and thereby establishing, 1n the trough, a

ﬁ

bed of pellets which travels longitudinally along

the trough as pellets are delivered by the

feeder;
a welr disposed 1n the trough adjacent the outlet, the
welr having an edge over which pellets are

discharged as pellets to be coated are delivered

to the trough by the feeder, and establishing the

H H

maximum level of a bed of pellets 1n the trough;

at least one spray nozzle disposed above the maximum

ﬁ ﬁ

level of bed of pellets 1n the trough, each spray

H

nozzle being arranged to direct a spray of

liquefied coating material toward pellets 1n the

trough at an 1ntermediate location between the

I

inlet and outlet of the trough;

a mechanical energy-imparting source, connected to the

trough, for vibrating the trough and thereby

H

malntaining a bed of pellets therein 1in a

substantially fluidized state, while rotating the

bed so that substantially all of the pellets

~—

become exposed to the spray of ligquefied coating

material as they travel along the trough.
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A continuous coating apparatus according to claim

I

1, 1n which the elongation of the trough 1s linear, the

trough 1s pivoted on an axis substantially parallel to 1ts

I

direction of elongation,

and the mechanical energy-

1mparting source 1s connected to the trough at a location

spaced laterally

from the axis,

and arranged to apply

1mpulse components to the trough as moments about the axis,

the 1mpulse components having su:

H

~—

ficlent intensity to

rotate the bed of pellets 1n the trough, whereby

H

H

substantially all of the pellets reach the surface of the

bed and are

material at

outlet.

3.

1, 1n which
arranged to

1mpulse components having su

ﬁ

exposed to the spray of liquefied coating

times during their travel from the inlet to the

A continuous coating apparatus according to claim

~—

H

the bed of pellets 1n the trough,

H

of the pellets reach the sur:

~—

the mechanical energy-ilmparting source 1S
apply i1mpulse components to the trough, the
"1clent 1intensity to rotate

whereby substantially all

H

"ace of the bed and are exposed

to the spray of liquefied coating material at times during

their travel
including means

1mpulse components

H

4.

of i1ntensity,

amplitude,

from the 1nlet to the outlet, the apparatus

H

for adjusting at least one parameter of the

ﬁ

from the group of parameters consisting

direction, and frequency.

A continuous coating apparatus according to claim

1, 1ncluding at least one additional weilir 1n the trough

between the i1nlet and outlet.

0.

crough be

A continuous coating apparatus according to claim

LWEECT]

"he 1nle

S

~—

1, i1including a series of

longitudinally spaced weilrs 1n the

and ou

28
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o . A continuous coating apparatus according to claim

I

1, 1n which an array of air holes 1s formed in the trough,

and 1ncluding an enclosure cooperating with the trough to

provide an alr plenum, and a blower connected to the air

plenum for causing ailir to flow through the alr holes and

~—

through the bed of pellets.

7. A continuous coating apparatus according to claim

6, 1n which the blower 1s arranged to cause alr to flow

though the bed of pellets 1n the trough, and, from within

the bed of pellets, outward from the trough through the air

holes.

3 . A continuous coating apparatus according to claim
1, 1ncluding at least one additional weilir 1n the trough
between the i1inlet and outlet, the additional weir being

I

hollow and having walls facing the i1nlet of the trough and

)

the outlet of the trough, and at least one of the walls of

the additional weir having an array of air holes, and an

enclosure cooperating with the trough to provide an air

plenum, and a blower connected to the air plenum for

causing alr to flow through the air holes and through the

bed of pellets.

9. A continuous coating apparatus according to claim

3, 1n which the blower 1s arranged to cause alr to flow

though the bed of pellets 1in the trough, and, from within

the bed of pellets, outward from the trough through the air

holes 1n the additional weir.

10. A continuous coating apparatus according to claim

1, i1including a monitor for monitoring a condition of the

operation of the coating apparatus, and a control,

responsive to the monitor, for adjusting at least one

ﬁ

parameter of the apparatus from the group of parameters
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consisting of the rate at which the feeder delivers pellets

to be coated to the trough,

alr temperature, air flow,

vibration amplitude, vibration intensity, vibration

frequency, vibration direction, liquefied coating material

spray rate and spray pressure.

11. A continuous coating apparatus according to claim

1, 1n which the mechanical energy-imparting source 1S

arranged to apply impulse components to the trough, the

1impulse components applying

ﬁ

H

a force to the bed of pellets

exceeding the force of gravity and being oriented and timed

H

to cause the bed of pellets

1n the trough to rotate

continuously, whereby substantially all of the pellets

H

reach the surface of the bed and are exposed to the spray

I

of liguefied coating material at times during their travel

from the inlet to the outlet.

12. A continuous coating apparatus according to claim

~—

1, 1n which an array of air

holes 1s formed in the trough,

and 1ncluding at least one enclosure cooperating with the

trough to provide an ailr plenum, and a blower connected to

the air plenum for causing air to flow through the air

H

holes and through the bed of pellets, and including a

ﬁ ﬁ

monitor for monitoring a condition of the operation of the

coatlng apparatus, and a control, responsive to the

monitor, for adjusting at least one operating parameter of

the apparatus, from the group of parameters consisting of

H

H

the rate at which the feeder delivers pellets to be coated

to the trough, air temperature, air flow, vibration

amplitude, vibration intensity, vibration frequency,

vibration direction, ligquefied coating material spray rate

and spray pressure.

13. A continuous coating apparatus according to claim

ﬁ

1, 1n which an array of air

holes 1s formed 1n the trough,
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and 1ncluding at least one enclosure cooperating with the

trough to provide an ailr plenum, and a blower connected to

the air plenum for causing air to flow through the air

holes and through the bed of pellets, and i1n which the
mechanical energy-imparting source 1s arranged to apply
1impulse components to the trough, the 1mpulse components

H

applying a force to the bed of pellets exceeding the

~—

resultant of the forces applied to the bed by gravity and

by ailr flowing through the bed, and being oriented and

H

timed to cause the bed of pellets 1n the trough to rotate

ﬁ

continuously, whereby substantially all of the pellets

H

reach the surface of the bed and are exposed to the spray

ﬁ

of ligquefied coating material at times during their travel

from the inlet to the outlet.

14. A continuous coating apparatus according to claim

I

1, 1n which the outlet end of the elongated trough 1s lower

than the 1nlet end, whereby the trough 1s tilted downward

~— ~—

1n the direction of travel of pellets 1n the trough.

15. A continuous coating apparatus according to claim

1, 1n which the trough has an 1nner surface that contacts

H

pellets 1n said bed of pellets, and i1in which sailid 1nner

surface has an average surface roughness Ra 1n the range

from approximately 0.2 um to approximately 0.8 um.

16. A process for continuously coating pellets

comprilising:

feeding pellets continuously 1nto an elongated trough

at a first location along the length of the

trough, and thereby maintaining 1n the trough a

bed of pellets continuously moving longitudinally

1n the trough;

H

directing a spray of ligquefied pellet coating material

toward the bed of pellets 1in the trough at an
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intermediate location along the length of the

trough;

vibrating the trough and thereby simultaneously

substantially fluidizing the bed of pellets

disposed therein and causing the bed of pellets

to rotate so that substantially all of the

pellets are exposed to the spray at times during

their travel along the trough; and
collecting coated pellets discharged over a welir 1n

the trough at a discharge location longitudinally

spaced from the first location,

the i1ntermediate

location at which the spray 1s directed toward

ﬁ

the bed of pellets being between the first

location and the discharge location.

H

17. The process of claim 16,

1n which the elongation

of the trough 1s linear, and the vibration of the trough 1is

carried out by applyving i1mpulse components to the trough as

moments about an axis parallel to the direction of

H

elongation of the trough,

the 1mpulse components having

‘1client 1ntensity to rotate the bed of pellets 1n the
trough.

~—

SU L

ﬁ

18. The process of claim 16, 1n which the ligquefied

pellet coating material 1s spraved toward the bed of

pellets 1n the trough by a spray nozzle located at a

H

S>U L

"1cient distance from the pellets that the coating

material reaches the pellets 1n a partially dried condition

such that solvent 1n the coating material does not damage
the pellets.

~—

19. The process of claim 16, 1n which the bed of

pellets 1s moved along the trough over a

- least one

additional weir i1n the trough, the additional welr being
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spaced longiltudinally from the weir at the discharge

location.

I

20. The process of claim 16, 1n which the bed of

H

pellets 1s moved along the trough over at a series of

longitudinally spaced welrs 1n the trough 1in addition to

the welr at the discharge location.

H

21. The process of claim 16, 1n which air 1s caused

H H

to flow through the bed of pellets while the spray of

liquefied pellet coating material 1s directed toward the

bed of pellets.

H H

22. The process of claim 16, 1in which the bed of

pellets 1s moved along the trough over at least one hollow

welr 1n the trough, spaced longitudinally from the weir at

the discharge location, and i1n which air 1s caused to flow

H

through the bed o0of pellets and outwardly from the trough

~—

through an array of openings 1n the hollow weir while the

H

spray of liquefied coating material 1s directed toward the

bed of pellets.

H

23. The process of claim 16, 1n which a condition of

)

the coating process 1s monitored, and, 1n response to the
monitored condition, at least one operating parameter 1S

adjusted automatically 1n response to the monitored

condition, the operating parameter being from the group

I

consisting of the rate at which the pellets to be coated

are fed to the trough, air temperature, air flow, vibration

amplitude, vibration intensity, vibration frequency,

vibration direction, ligquefied coating material spray rate

and spray pressure.

H

24, The process of claim 16, 1n which air 1s caused

ﬁ

to flow through the bed of pellets while the spray of
33
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liquefied pellet coating material 1s directed toward the

bed of pellets, 1n which at least one operating parameter

1s adjusted automatically 1n response to the monitored

condition, the operating parameter being from the group

consisting of the rate at which the pellets to be coated

are fed to the trough, air temperature, air flow, vibration

amplitude, vibration intensity, vibration frequency,

vibration direction, ligquefied coating material spray rate

and spray pressure.

ﬁ

25. The process of claim 16, 1n which the outlet end

H

of the elongated trough 1s lower than the inlet end,

whereby the trough 1s tilted downward 1n the direction of

H

travel of pellets 1in the trough, and 1n which, 1in the

I

feeding of pellets continuously into the trough at said

first location, pellets are fed at a rate that maintains

I I

the surface of the bed of pellets substantially parallel to

H H

the direction of elongation of the trough.
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