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ABSTRACT 

A laboratory-scale instrument for fluid-bed spray coating of 

granules has been constructed. Its major advantage is its suitability 

for development work on small batches o f  granules or tablets of between 

50 and 300 grams. Commercial equipment available at present requires 

minimum loadings o f  0.5 - 1 Kg. f o r  effective operation. 

The instrument has been successfully used f o r  producing sustained- 

release products by coating granules of model drugs with EC, and data 

are presented which define important qualities of the products. 

particular, the apparatus is capable o f  giving excellent batch homogeneity 

and reproducibility. 

In 

One of the recent successful developments in pharmaceutical 

technology is the production of  sustained-release dosage forms. 

The two main approaches utilized in the design of these products are 

(a) the introduction of a physical barrier preventing contact between 
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320 FRIEDMAN AND DONBROW 

t h e  drug  and t h e  f l u i d s  o f  t h e  d i g e s t i v e  system, t h e  effect  o f  which 

i s  t o  reduce t h e  r a t e  o f  d i f f u s i o n  o r  l e a c h i n g  o u t  o f  t h e  drug  from 

t h e  dosage form (b) t h e  a d d i t i o n  o f  s e l e c t e d  i n t e r a c t a n t s  t o  t h e  

formula t ion ,  such as ion-exchange resins o r  complexants ,  which form 

weak cnemical bonds w i t h  t h e  drug .  

The p r e s e n t  work i s  concerned wi th  t h e  f i r s t  t y p e  o f  product  

which i n  p r a c t i c e  may be produced u s i n g  wide ly  d i f f e r e n t  t e c h n o l o g i e s .  

The main ones  a r e  based on (a )  c o a t i n g  t e c h n i q u e s  (b) embedding t h e  

drug i n  a wax o r  polymer mat r ix .  P r i o r  t o  1956, c o a t i n g  was p e r -  

formed by means o f  t h e  c l a s s i c a l  r o t a t i n g  pan-method, b u t  i n  t h a t  

year  Spauld ing  (1) in t roduced  a c o n t r o l l e d  s p r a y  t e c h n i q u e  f o r  

a p p l i c a t i o n  of  t h e  c o a t i n g  s o l u t i o n  t o  t h e  pan c o n t e n t s ,  termed 

t h e  r o t a t i n g  pan-spray technique .  

A new and major s t e p  i n  c o a t i n g  technology was t h e  i n t r o -  

d u c t i o n  i n t o  pharmaceut ica l  manufactur ing o f  t h e  f l u i d i z e d - b e d  

technique .  The term "f lu id ized-bed"  h a s  been d e f i n e d  i n  a number 

o f  ways (2 -4 ) ;  most s imply,  when a s o l i d  i s  " f l u i d i z e d "  i n  a 

p r o c e s s ,  it shows i n  i t s  behaviour  many o f  t h e  p h y s i c a l  c h a r a c -  

t e r i s t i c s  of  a l i q u i d .  

I n  pharmaceut ica l  p r o d u c t i o n ,  f l u i d i z a t i o n  methods are 

u t i l i z e d  i n  s t a g e s  o f  d r y i n g  (5-6), g r a n u l a t i o n  (7) and c o a t i n g  

(8-9). As a c o a t i n g  technique ,  i t s  main advantages  o v e r  t h e  

pan-coa t ing  method are  as f o l l o w s :  

a )  i r r e g u l a r  p a r t i c l e s  may be c o a t e d  d i r e c t l y ,  b) l o s s  o f  

material i s  small, c) t h e  p r o c e s s  may be  automated and d o e s  n o t  

r e q u i r e  l e a r n i n g  t h e  "art" o f  c o a t i n g ,  d) it i s  v e r y  r a p i d .  
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FLUIDIZED BED COATING TECHNIQUE 32 1 

The present work is a study of the preparation of sustained- 

release granules coated by means o f  the fluid-bed technique. 

Salicylic acid and caffeine were selected as model drugs, while 

ethyl cellulose (EC) with polyethylene glycol (PEG) were 

representative of coating materials. 

EXPERIMENTAL 

Materials 

Ethyl Cellulose, (EC), N-Type, had an ethoxyl content of 47.5-490% 

(Hercules Incorporated, Delaware, U.S.A.). Caffeine, Salicylic acid 

and Lactose were from Merck, Darmstadt, Germany and all were B.P. or 

U . S . P .  grade. P.V.P., Arthur N. Thomas Company, Pa. U.S.A. Poly- 

ethylene glycol (PEG) 4000 and Calcium Orthophosphate, precipitated, 

were from B.D.H. Ltd., Poole, U.K. 

METHODS 

All granules were prepared by the wet-granulation method. 

fraction of the drug passing through a 60 mesh sieve was used, to- 

gether with either lactose or calcium phosphate as fillers and an 

aqueous PVP solution as binder. 

through 10 and 20 mesh sieves and the granules were oven-dried at 90'. 

Coating Experiments 

The 

The wetted powder mixture was passed 

The general construction of the apparatus is shown in Fig. 1. 

100 gram quantities of the granules were introduced on to the wire 

mesh, the air flow was initiated by means of the pump, fluidizing 

the granules, and the heating unit was operated. 

needed for the temperature in the vicinity of the coating region to 

reach the required experimental value, after which the coating solution 

Some five minutes were 
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322 FRIEDMAN AND DONBROW 

air pump 

I m- 

coating area 4 

ia unit r 

pnsrure gauge 

solution 

air 

k rleve 

Fig. 1 
General construction of the coating apparatus 

was fed in and atomized. 

fluidized for a further 5 minutes to ensurecomplete removal of 

organic solvent. The coating solution used throughout contained PEG 

and EL i n  the ratio of 4 : 6  by weight i n  chloroform. Details of the 

coating experiments performed are summarized in Table 1; each 

experiment was repeated independently four times. 

Granule Friability. 

On completion of coating the granules were 

Friability was measured by prolonged fluidization of the 

coated granules in the apparatus. 100 gram samples were tested 

using the same fluidization conditions as in the coating experi- 

ments except for omission of the coating solution. 

minutes fluidization, the granules were passed through a 40 mesh 

sieve and the loss of weight was measured. 

After 30 
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F L U I D I Z E D  BED COATING TECHNIQUE 323  
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324  FRIEDMAN AND DONBROW 

Measurement of release rate of active material from the coated 

granules . 
Initial drug content was determined by extraction into water: 

100 mg. quantities of the granules which had been previously 

crushed,were shaken with 150 ml water in 200 ml measuring flasks 

for some 5 minutes or sufficient time to ensure complete solution 

of the drug, after which they were diluted to volume. 

of the solutions were filtered and their drug content determined 

spectrophotometrically (Unicam SP1800 U . V .  Spectrophotometer-Pye- 

Unicam Ltd., England) at the maxima 2 7 3  nm for caffeine and 296 nm 

for salicylic acid. 

Samples 

Release rates were measured using banana-shaped extractors 

designed to enable the granules to be shaken continuously in a 

reciprocating apparatus at 37 C during drug release and sampling. 

Volumes of 100 ml extracting fluid (water) were allowed to reach 

3 7 O ,  3 g quantities, accurately weighed, of intact granules were 

added, 2 ml samples of the fluid were removed at suitable inter- 

v a l s  and diluted as required and the drug content was determined 

spectrophotometrically. 

0 

RESULTS and DISCUSSION 

Granule Friability 

The fillers tested in this work were lactose and calcium phos- 

phate and the binders investigated were aqueous solutions o f  gelatin, 

acacia, starch and P V P .  With both types o f  core, the best results 

were obtained with PVP, which produced granules disintegrating 
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FLUIDIZED BED COATING TECHNIQUE 325 

r a p i d l y  i n  2 t o  5 minutes  i n  water  a t  room tempera ture ,  y e t  on t h e  

o t h e r  hand responding well t o  t h e  f r i a b i l i t y  t e s t .  

During t h e  f l u i d - b e d  c o a t i n g  process ,  t h e  g r a n u l e s  remain i n  

a s t a t e  o f  cont inuous suspension and a g i t a t i o n ,  i n  t h e  course  o f  

which t h e y  undergo a l a r g e  number o f  c o l l i s i o n s  w i t h  t h e  c o n t a i n e r  

walls and o t h e r  granules .  Inadequate  granule  b inding  s t r e n g t h  

would l e a d  t o  p a r t i a l  o r  t o t a l  a t t r i t i o n .  Losses o f  weight ob- 

se rved  i n  t h e  f r i a b i l i t y  t e s t  ranged between 0.5 and 1.5% i n  t h e  

b e s t  formula ted  g r a n u l e s ,  and rose t o  7 t o  15% i n  a c a c i a ,  g e l a t i n  

and s t a r c h  experiments .  

Coat ing  P r o p e r t i e s  

The p e r m e a b i l i t y  p r o p e r t i e s  of EC films have been s t u d i e d  

p r e v i o u s l y  (10-11). I t  was shown t h a t  t h e y  c o n s t i t u t e  t h e  

p h y s i c a l  b a r r i e r  c o n t r o l l i n g  drug  r e l e a s e  i n  c e r t a i n  s u s t a i n e d -  

r e l e a s e  f i l m  p roducts .  

For u s e  of  films as a s u r f a c e  b a r r i e r ,  t h e r e  i s  need t o  develop 

a c o a t i n g  technique  f o r  t h e i r  a p p l i c a t i o n  capable  o f  y i e l d i n g  

s t r o n g ,  s t a b l e ,  r e p r o d u c i b l e  films o f  c o n t r o l l e d  t h i c k n e s s .  

The importance of  t h e  technology,  as compared with t h a t  used i n  

p r o t e c t i v e  f i l m  c o a t i n g ,  l i e s  i n  t h e  need for a c c u r a t e  c o n t r o l  

o f  t h e  drug  p e n e t r a t i o n  ra te  d u r i n g  t h e  prolonged release time 

over  which t h e  product  i s  y i e l d i n g  a c t i v e  subs tance  from t h e  

c o r e  r e s e r v o i r .  

e q u i v a l e n t  o f  two o r  t h r e e  doses ,  v a r i a b l i l i t y  o f  release ra te  

could lead  t o  s e r i o u s  d e f i c i e n c i e s  o r  overdosages,  which would 

be p a r t i c u l a r l y  s e r i o u s  wi th  drugs o f  low t h e r a p e u t i c  index. 

S ince  t h e  drug c o n t e n t  may amount t o  t h e  
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326 FRIEDMAN AND DONBROW 

This  led  t o  t h e  use o f  g r a n u l e s  r a t h e r  than  t a b l e t s  a s  cores 

i n  t h e  p r e s e n t  work, on t h e  b a s i s  t h a t  t h e  s u b d i v i s i o n  o f  t h e  

mul t idose  would reduce t h e  risk o f  massive r e l e a s e  o f  drug  i n  

t h e  event  o f  p a r t i a l  breakdown o r  damage t o  t h e  c o a t ,  which 

i n  t h e  case o f  a c o a t e d  t a b l e t  would l e a d  t o  r a p i d  t o t a l  

r e 1  ease. 

The c o a t i n g  e f f i c i e n c y  o f  t h e  a p p a r a t u s  was examined on 

t h e  basis  o f  t h e  fo l lowing  c r i t e r i a :  

a )  non-blockage of  t h e  s p r a y  non-blockage o f  t h e  s p r a y  n o z z l e  

b) non-aggregat ion o f  t h e  g r a n u l e s  

c )  homogeneity of  t h e  c o a t i n g  i n  each b a t c h  of g r a n u l e s  

d) i d e n t i t y  o f  c o a t i n g s  i n  r e p e a t e d  ba tches .  

The f i r s t  two f a c t o r s  a r e  s t u d i e d  d u r i n g  t h e  c o a t i n g  

process  i t s e l f ,  whereas t h e  l a s t  two are most c o n v e n i e n t l y  

measured by means o f  drug  r e l e a s e  experiments  performed on 

t h e  coa ted  g r a n u l e s .  

wi th  v a r i a t i o n  o f  a p p a r a t u s  c o n t r o l  parameters  are  summarized i n  

Table  11. 

The f o l l o w i n g  o b s e r v a t i o n s  were made: 

a) 

R e s u l t s  o f  c o a t i n g  experiments  performed 

Temperatures o f  50 t o  60' l e d  t o  s p r a y  n o z z l e  blockage due t o  

r a p i d  evapora t ion  o f  t h e  s o l v e n t  d u r i n g  i n j e c t i o n  ( s e e  Expt.4). 

b) A t  room tempera ture ,  t h e  g r a n u l e s  aggrega ted  (see Expt. 8 ) .  

c )  Spray  p r e s s u r e s  o f  1 t o  2 atm. gave spray-nozz le  blockage,  

3 atm. be ing  opt imal  (see Expts. 1 and 2 ) .  
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F L U I D I Z E D  BED COATING TECHNIQUE 327 

TABLE I1 

Summary of  results o f  coating experiments 

( For conditions see TABLE I ) .  

Experiment 

Blockage of 
Spray nozzle 

Granule 
aggregation 

1 2 3 

c 

d) Coating solution concentrations of 5 to 10% led to granule 

aggregation and sometimes to spray nozzle blockage as well 

(see Expts. 6 and 7 ) .  

The flow rate of  the coating solution was not critical pro- 

vided other parameters were optimized (see Expts. 3 and 5). 

e) 
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3 2 8  FRIEDMAN AND DONBROW 

These r e s u l t s  show t h a t  t h e  e f f i c i e n c y  o f  t h e  c o a t i n g  process  

i s  c o n t r o l  ed by t h r e e  f a c t o r s ,  v i z .  t empera ture ,  c o n c e n t r a t i o n  

o f  t h e  c o a t i n g  s o l u t i o n  and s p r a y  p r e s s u r e .  

A t  a t empera ture  o f  30' o r  h i g h e r  t h e  r a t e  o f  evapora t ion  

o f  chloroform,  t h e  c o a t i n g  s o l v e n t ,  was e x c e s s i v e  d u r i n g  i n j e c t i o n ,  

l e a d i n g  t o  d e p o s i t i o n  of EC i n  t h e  n o z z l e  wi th  p r o g r e s s i v e  blockage 

o f  t h e  h o l e s .  

r a t i o n  ra te  was reduced t o  a l e v e l  a t  which t h e  c o n t a c t  time 

between c o l l i d i n g  g r a n u l e s  and t h e  a d h e s i v i t y  o f  t h e  wet c o a t  

were such t h a t  f u s i o n  o f  t h e  g r a n u l e s  o c c u r r e d .  

On t h e  o t h e r  hand, a t  room tempera ture  t h e  evapo- 

With r e d u c t i o n  o f  s p r a y  p r e s s u r e  below 3 atm., co ld  c o a t i n g  

s o l u t i o n  spread  over  t h e  n o z z l e  forming a l i q u i d  f i l m  which, on 

p a r t i a l  e v a p o r a t i o n ,  caused blockage.  

The c o n c e n t r a t i o n  o f  t h e  c o a t i n g  s o l u t i o n  a f f e c t s  i t s  v i s -  

c o s i t y  d i r e c t l y  and a t  5 and 10% t h e  v i s c o s i t y  i s  h igh ,  enhan- 

c i n g  both  spray  blockage and adhes ion  p r o c e s s e s .  

Flow ra te  o f  c o a t i n g  s o l u t i o n  i s  a p p a r e n t l y  wi thout  i n f l u e n c e  

provided t h a t  t h e  s p r a y  p r e s s u r e  i s  s u f f i c i e n t  t o  form and p r o j e c t  

a e r o s o l  d r o p l e t s  o f  t h e  c o a t i n g  s o l u t i o n  a t  a v e l o c i t y  e n s u r i n g  

t h e i r  r a p i d  movement away from t h e  spray  n o z z l e ,  assuming t h e  

tempera ture  t o  be such t h a t  t h e  ra te  o f  s o l v e n t  e v a p o r a t i o n  a t  

t h e  n o z z l e  s u r f a c e  i s  n e g l i g i b l e .  

I t  should be borne i n  mind t h a t  t h e  opt imal  c o n d i t i o n s  

def ined  f o r  t h e  a p p a r a t u s  d e s c r i b e d  w i l l  d i f f e r  i n  f l u i d - b e d  

s p r a y  c o a t e r s  of o t h e r  dimensions and d e s i g n s .  
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F L U I D I Z E D  BED COATING TECHNIQUE 329 

Coating Homogeneity and Reproducib i l i ty  

A t yp ica l  curve showing ca f f e ine  r e l e a s e  from coated gra- 

nules  as a func t ion  of  time i s  shown i n  Fig. 2. Ranges ind ica ted  

by v e r t i c a l  l i n e s  show t he  quant i ty  re leased  each hour and re- 

present  four runs,  ca r r i ed  out  on four  samplings of t he  p a r t i c u l a r  

batch. The maximum devia t ions  observed i n  t h e  t e s t s  were 4.5% 

of t he  mean quan t i ty  o f  drug re leased ,  which was low enough f o r  t h e  

coa t ings  t o  be considered uniform and t h e  batches homogeneous. 

Fig. 2 

Typical curve of drug release from coated granules 
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Coming finally to the major question of batch to batch re- 

producibility of sustained-release coated products, some results 

o f  release rate studies on caffeine and salicylic acid granules 

are summarized in Table 3 .  They are presented in the form of 

first order rate constants which characterize release kinetics 

from coated granules and are the subject of a separate communi- 

cat ion. 

The release rate constants represent the means o f  four 

coating experiments. Their values and standard deviations 

indicate that reproducible release rates were obtained from 

repeated batches. 

TABLE I11 

Release rate constants of caffeine and salicylic acid 

from coated granules. 

Experiment 

le 

2d 

3e 

q f  

Release Standard Coefficient 
constant deviation of variation 

5.5 0.11 2 . 4 8  

3 . 1  0.10 3 . 1 8  

2 . 5  0.14 5.64 

3 . 3  x 0.08 3 . 0 0  D
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FOOTNOTES 

a) in scale units at the fluidmeter. 

Manostat Corp. Tr. Flat US Pat. 2731830. 

b) units, %w/v solid in chloroform (PEG: EC ratio 4:6). 

c, d, e) 3% caffeine granules coated by 400, 600 and 800 ml 

coating respectively. 

f) 

g) average of 4 coating experiments. 

3% salicylic acid coated by 600 ml of coating solution. 

REFERENCES 

1. Y. Spaulding, Drug Cosmetic Ind. 79, 766 (1956). 
2. M. Leva, "Fluidization", McGraw-Hill, New York, 1959. 

3. S.F. Davidson and D. Harison, "Fluidized Particles", 

Cambridge University Press, Cambridge, 1963. 

4. P.N. Rowe, Science Journal, 1, 59 (1965). 
5 .  C.Y. Wall and W.J. Ash, Ind. Eng. Chem., 41, 1247 (1949). 

6. M.W. Scott, H.A. Lieberman and A.S. Rankel, 

J.Pharm. Sci., 3 284 (1963). 
7. D.E. Wurster, J.Amer. Pharm. Assoc., Sci. Ed. 49, 82 (1960). 

8. D.E. Wurster, J.Amer.Pharm.Assoc., Sci. Ed. 48, 451 (1959). 

9. D.E. Wurster, U.S.Pat. 2, 648, 609 and 2, 997, 241. 

10. M. Donbrow and M. Friedman, J.Pharm.Pharmacol., 5, 148 (1974). 
11. M. Donbrow and M.Friedman, J.Pharm.Pharmacol., 27, 633 (1975). 

- 

- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


