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ABSTRACT 

The f r i a b l l i t y  and crushing load o f  granules conta in ing  polysorbate 80 were 

determlned. I t  was found t h a t  w h i l e  po lysorbate 80 decreased granule hardness, 

as ind ica ted  by t h e  load requ i red  t o  crush it, f r i a b i l i t y  values increased t o  a 

maximum then decreasing a t  h igher  po lysorbate 80 concentration. Thus t h e  use o f  

granule f r i a b i l i t y  t o  measure granule s t rength  may be erroneous unless good 

c o r r e l a t i o n  between granule f r i a b i l i t y  and d i r e c t  crushing weight  was obtained. 

D i r e c t  measurement o f  granule s t rength  tends t o  vary w i t h  granule shape and 

s i z e  g i v i n g  a r a t h e r  wide s c a t t e r  o f  resul ts .  For overcoming t h i s  d i f f i c u l t y ,  

t a b l e t  t r i t u r a t e s  cou ld  be prepared and t h e  crushing s t rength  determined. The 

crushing s t rength  o f  t h e  t a b l e t  t r i t u r a t e s  was found t o  be s i m i l a r  t o  t h a t  o f  

granules b u t  w i t h  a smal l e r  s c a t t e r  and more e a s i l y  handled. 

Studies o f  o ther  phys ica l  p r o p e r t i e s  o f  t h e  granules conta in ing  polysorbate 

80 were a l s o  made. Smal I amounts o f  t h e  n o n i o n i c  s u r f a c t a n t  (0.002 - 0.2%) 

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

v e l o c i t y  and t h e  angle o f  repose of  t h e  granules. 

INTRODUCTION 

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

eva lua t ing  t h e  s u i t a b i l i t y  o f  t h e  granules for t a b l e t t i n g .  Among ?he var ious 

proper t ies,  t h e  abrasion resistance, granule s t rength  and f l o w  proper t ies  .are 
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356 HENG AND WAN 

impor tant  t o  ensure t h e  i n t e g r i t y  o f  t h e  granules dur ing  processing and t h e  

smooth f l o w  of  granules dur ing t a b l e t t i n g .  

D i r e c t  measurement o f  g r a n u l e  s t r e n g t h  u s i n g  v a r i o u s  methods had been 

c a r r i e d  ou t  (1-5). These methods range from s imp le  crushing o f  t h e  granules w i t h  

a spatu la  12) t o  more complex instrumented method (4 ) .  The r e s u l t s  obtained 

based on t h e  crushing loads genera l ly  have a r a t h e r  wide s c a t t e r  and t h i s  cou ld  

be a t t r i b u t e d  t o  t h e  d i f fe rences  i n  s ize  and shape of  i n d i v i d u a l  granules. 

Faced w i t h  t h i s  and t h e  t e d i u m  o f  u s i n g  t h e  d i r e c t  measurement  Of 

ind lv idua l  granule s t rength  by t h e  crushing load methods r e q u i r i n g  large sample 

size, several inves t iga tors  had proposed using granule f r i a b i l i t y  as an index 

f o r  evaluat ing granule s t rength  o r  hardness (6-10). Only Hunter (8) showed t h e  

c o r r e l a t i o n  be tween d i r e c t l y  measured c r u s h i n g  s t r e n g t h  and t h e  g r a n u l e  

f r i a b i  I i t y  obtained. Others had assumed t h i s  cor re la t ion .  

The de terminat ion  o f  granule f r i a b i l i t y  o r  abrasion res is tance had evolved 

from shaking o r  tumbl ing  o f  t h e  granules i n  a closed conta iner  t o  t h e  use o f  

a t t r i t i o n  o r  m i l l i n g  agents w i t h i n  t h e  container. F r i a b i l i t y  a f t e r  undergoing 

abrasion was f i r s t  analysed us ing a s i n g l e  sieve. L a t e r  m u l t i p l e  sieves ana lys is  

was employed. 

This paper r e p o r t s  t h e  inves t iga t ions  i n t o  t h e  e f f e c t  o f  a nonion ic  surfac- 

tant ,  po lysorbate 80 on t h e  f r i a b i l i t y  o f  su lphani lamide granules conta in ing  

s ta rch  and vary ing amounts of  po lysorbate 80 and compares t h e  granule f r i a b i l i t y  

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

granules were a l s o  done. 

EXPERIMENTAL 

Mater ia ls  - Su I phan i  I am i de ( A / S  S y n t e t  Ic ,  Denmark) and s t a r c h  (Corn Brand, 

Holland) were used. Polysorbate 80 (Tween 80, Honeywi l l -At las Ltd., D i v i s i o n  of  

I C I ,  England) was o f  commercial grade. 

Preparat ion of  Granules 

The granules were prepared by mois ten ing w i t h  water a we l l  mixed su iphani la-  

mide and s ta rch  mass and granu la t ing  through s ieve 1.0 mm then d r i e d  f o r  4 hours 

a t  6OoC. The d r l e d  m a t e r i a l  was regranulated through t h e  same s ieve and t h e  
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PHYSICAL PROPERTIES OF GRANULES CONTAINING POLYSORBATE 80 357 

granules r e t a i n e d  by s ieve 420 um were used. For crushing s t rength  measurements, 

t h e  granules r e t a i n e d  by s ieve 710 um were used. Where polysorbate 80 was used, 

t h e  sur fac tan t  was incorporated w i t h  a f i x e d  volume o f  g ranu la t ing  f l u i d ,  water. 

Preparat ion o f  Tab le t  T r i t u r a t e s  

Tablet  t r i t u r a t e s  were prepared using some o f  t h e  moistened m a t e r i a l  used 

f o r  prepar ing granules t o  f i l l  t h e  t a b l e t  moulds. The moulded mass was removed 

from t h e  mould then d r i e d  f o r  4 hours a t  6OoC. The t a b l e t  t r i t u r a t e s  have a mean 

diam-ter of  5.8 mm. 

Charac ter isa t ion  o f  Granules 

(a) Sieve analysis. Sieve ana lys is  was c a r r i e d  o u t  us ing a nest  o f  Endecotts 

t e s t  s i e v e s  t.710, .600, .425, .355, .250, .150, -106 m m )  on an l n c l y n o  t e s t  

s ieve  shaker (Pasca I I Engineering Ltd., Eng I and) and v i b r a t e d  f o r  2.5 minutes. 

The f r a c t i o n  r e t a i n e d  on each s ieve and t h e  base rece iver  was weighed. A shor t  

s ieve shaker v i b r a t i o n  t i m e  was chosen t o  avoid s ieve shaker-induced fragmenta- 

t i o n  o f  t h e  very f r i a b l e  granule batches. 

(b) Granule f r i a b i l i t y .  A Roche f r i a b i l a t o r  (Erweka, Type TA3-R) was used. 

10 g of  granules were tumbled f o r  4 minutes w i t h  and w i thout  a t t r i t i o n  agents. 

The a t t r i t i o n  agents  were added w i t h  t h e  g r a n u l e s  i n  t h e  f r i a b i l a t o r .  The 

a t t r i t i o n  agents used were t w e n t y - f i v e  p l a s t i c  beads (diameter 5.9 mm weighing 

110 mg), smal I s tee l  bat I s  (3.96 mm, 254 mg) o r  large s tee l  bat I s  (6.35 mm, 1.042 

9). The granule f r i a b i l i t y  was determined by s ieve analysis. 

(c) Repose angle. The angle o f  repose was obtained by t h e  method o f  f i x e d  

funnel and f r e e  standing cone as described by Tra in  ( 1 1 ) .  The repose angle was an 

average o f  f l v e  readings. 

(d) O r i f i c e  flow. O r i f i c e  f l o w  t i m e  was obtained us ing t h e  granulate f l o w  

t e s t e r  (Erweka, Type GOT-El. 50 m l  o f  granules was weighed and used. The readings 

were t r i p  I ica ted  and averaged. From t h e  average f l o w  time, t h e  granule f l o w  

ve.laclty was c a l c u l a t e d  by d i v i d i n g  t h e  weight of granules used w i t h  t h e  o r i f i c e  

f l o w  time. 

(el Bulk density. The bu lk  densi ty  o f  t h e  granules was determined us ing a 50 

m l  s p e c i f i c  densi ty  f lask. The granules were poured i n  a steady stream i n t o  t h e  

f l a s k  t i l l  overf lowing. The f l a s k  was then tapped gently, l e v e l l e d  and weighed. 
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358 HENG AND WAN 

Bulk density was taken as the quotient of the weight of granules and the flask 

volume. The determinations were dup i icated. 

Determ i nat I on of Crushing Load 

Crushing load was obtained by piecing the granule or  tablet triturate on the 

end of a rod, held vertically, and crushing it using an incremental load of water 

introduced into a light container placed over the granule or tablet triturate. 

The weight o f  container and water required to crush the granule or tablet 

triturate was taken as the crushing load. For granules, the average crushing load 

derived from twenty-five 0.71-1 mm size fraction granules was used. For tablet 

triturates, the mean of ten crushing load determinations was used. 

RESULTS AND DISCUSSION 

Sulphanilamide granule formulations containing varying concentrations of 

polysorbate 80, a nonionic surfactant were prepared according to the formula in 

Table 1. 

TABLE 1 .  Formula of  Granulations 

Batch 01 02 83 84 05 

Exc i p ient Proportion 

Sulphanilamide 100 100 100 100 100 

Starch 10 10 10 10 10 

Polysorbate 80 0 0.002 0.02 0.2 2 

The particle size distribution of the various granulations was analysed and 

plotted as cumulative % oversize against log sieve aperture size (Fig. 1) .  Except 

for the formulation B3 containing 0.02% polysorbate 80, the particle size distri- 

butlons of 81, BZ, 84 and 85 dld not differ very much. B3 appeared to be in a 

lower size range indicating a more severe fragmentation during regranulation and 

possibly during sieve analysis. These granules are also likely to be more 

friable. 

The results of  the sieve analysis of the granules after abrasion in a 
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PHYSICAL PROPERTIES OF GRANULES CONTAINING POLYSORBATE 80 359 

0.1 0.5 1.0 
SIEVE APERTURE SIZE (mm) 

FIGURE 1 

The cumulative weight percent oversize graphs for sulphanilamide granules used, 

Key: 0 ,  01; A ,  02; V, 03; 0 , 04; CI, 05. 

friabilator with and without plastic beads Is shown in Fig. 2. It was noted that 

the friability test carried with and without beads as attrition agents showed 

identical pattern of results although the results differed quantitatively. 

Inclusion of the beads appeared only to help reduce friability testing time. 

Using the friability index suggested by Rubinstein and Musikabhumma (91, a 

minimun value was noted at around 0.02% polysorbate 80 (Fig. 3) .  The friability 

index is the quotient, expressed as percentage, of the mass median diameter after 

friability test and that before the test. Although the friability index provided 

a method to compare friability, it does not adequately examine the friability of 

the whole granule size distribution. Wel ls  and Walker (10) used the log-probit 
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360 HEMG AND WAN 
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0.1 0.5 1.0 

SIEVE APERTURE SIZE (mm) 

FIGURE 2 

The cumulat ive weight percent overs ize graphs f o r  granules a f t e r  f r i a b i l i t y  t e s t  

w i t h  (open symbols) and w i t h o u t  (c losed symbols) p l a s t i c  beads. 

Key: 0 0, BI; A A ,  02; V r, 03; 0 4 , 04; 0 H, 05. 

analys is  i n  an a t tempt  t o  invo lve t h e  t o t a l  s i z e  d i s t r i b u t i o n  b u t  t h e  ana lys is  

requ l res  r a t h e r  idea l i sed  granule d l s t r i b u t l o n  f o r  l i n e a r  f i t t i n g .  

A s imp le  a l t e r n a t i v e  t o  evaluate t h e  degree o f  granule f r i a b i l i t y  be fore  and 

a f t e r  f r i a b i l i t y  t e s t  i s  by c a l c u l a t i n g  t h e  d i f f e r e n c e  between t h e  cumula t ive  

percent overs ize before and a f t e r  t h e  fr i a b i  I I t y  t e s t  a t  a p a r t i c u l a r  s ieve  

aper ture s i z e  and express t h i s  as a percentage of t h e  cumula t ive  percent  overs ize  

before t h e  test .  Th is  percentage, denoted as t h e  percent fragmentation, p l o t t e d  

against  t h e  sieve aper ture s i z e  can g ive  a b e t t e r  account o f  t h e  o v e r a l l  granule 

f r l a b i l i t y  (F ig .  4) .  The g e n e r a l  i n c l i n a t i o n  o f  t h e  p l o t  would i n d i c a t e  t h e  
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100 , 

20 
I 1 I I I I I I I I l , $ # l  I 

0 0.1 0.2 2 
'/o POLYSORBATE 80 ( w / ~ l  

FIGURE 3 

F r i a b i l i t y  index o f  granules con ta in ing  vary ing concentrat ions o f  po lysorbate 80. 

Key: F r i a b i l i t y  t e s t  w i t h  beads, 0 ;  w i t h o u t  beads, 0 . 

degree o f  granule fragmentation. I t  i s  i n t e r e s t i n g  t o  note t h a t  although 83 

c o n t a i n l n g  0.02% p o l y s o r b a t e  80 was f o u n d  t o  be t h e  m o s t  f r i a b l e  by  t h e  

f r i a b i l i t y  index (Fig. 31, t h e  e x t e n t  o f  f ragmentat ion of t h e  l a r g e r  granules o f  

83 appeared t o  be less than t h a t  o f  82 (Fig. 4). However, t h e  r e l a t i v e  degree o f  

f ragmentat ion i n t o  f i n e r  powders was greater  w i t h  83 as t h e  percent  s i z e  change 

was g rea te r  on t h e  smal l e r  s ieve  aper ture size. 

Although t h e  granules o f  85 was found l e a s t  f r i a b l e  (Fig. 3 and 4). it was 

noted t h a t  t h e  granules w i t h  h i g h  s u r f a c t a n t  content  were r a t h e r  s o f t  by touch. 

Furthermore t a b l e t s  prepared from such granules were very soft.  I t  was impera t i ve  

t h a t  t h e  t e n s i l e  s t r e n g t h  o f  t h e  g r a n u l e s  be d e t e r m i n e d  d i r e c t l y .  The 

d e t e r m i n a t i o n  o f  c r u s h i n g  l o a d  o f  t h e  g r a n u l e s  was f i r s t  done b u t  s e v e r a l  

d i f f i c u l t i e s  were encountered. The crushing load values of granules had a large 
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100 

80 

260 
0 
a 
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d. 40 

c 
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(3 

cr 
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c 

Iz 
g 20 

0 
0 0.2 0.4 0.6 

SIEVE APERTURE SIZE (mm) 

f 

FIGURE 4 

P l o t  o f  percentage f ragmentat ion against  s ieve aper ture s i z e  a f t e r  f r i a b i l i t y  

t e s t  w i t h  (open symbols) and w i thout  (closed symbols) p l a s t i c  beads. 

Key: 0 0 ,  B I ;  A A ,  02; V ‘I, 83; 0 4 , 04; O m ,  05. 

s c a t t e r  and depended on t h e  granule size. Owing t o  t h e  smallness o f  t h e  granules, 

the p o i n t  of granule crushing may sometim’es be d i f f i c u l t  t o  determine. For some 

s o f t  granules, t h e  granule may sag s l o w l y  under t h e  s t ress  o f  a load r a t h e r  than 

i n s t a n t  crushing. 

I t  was found t h a t  t h e  crushing load o f  t a b l e t  t r i t u r a t e s  r e f l e c t  c l o s e l y  t o  

t h a t  o f  t h e  granules b u t  were devoid o f  much o f  t h e  d i f f i c u l t i e s  associated w i t h  

the  determinat lon o f  t h e  crushing load of  granules. Comparison o f  t h e  crushing 

loads o f  granules and t a b l e t  t r l t u r a t e s  are shown i n  Table 2. From Table 3 it can 

be seen increased s u r f a c t a n t  content  i n  t a b l e t  t r i t u r a t e s  reduced t a b l e t  s t rength  
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PHYSICAL PROPERTIES OF GRANULES CONTAINING POLYSORBATE 80 363 

TABLE 2 

Comparison of  the Mean Crushing Load o f  Granules and Tab le t  T r i t u r a t e s  

Crushing S.E? No! Ratio‘ 
Load (g) (BI /B5 1 

Granules (0.71-1.0 mm Frac t ion)  

i )  01 

t i )  05 

Tab le t  T r i t u r a t e s  

I) 81 

ii) 85 

15.88 0.38 25 

4.59 0.32 25 
3.46 

301 -47 0.23 10 

85.75 0.18 10 
3.52 

a 

bNumber of  determinations; 

‘Ratio of t h e  mean crushing loads. 

Standard e r r o r  * standard deviation/mean; 

TABLE 3 

Mean Weights and Crushing Loads of Tablet  T r i t u r a t e s  

Batch Polysorbate 80 Tablet  Weighta Crush i ng Loadb 

Content ( 8 ,  w / w )  (mg) 2 s.05 (9) z S.DF 

301.41 - t 68.92 

286.16 t 75.93 

73.1 t 4.8 

13.2 + 4.2 
- BI 0 

82 0.002 

83 0.02 

- - 
70.8 - + 3.3 107.25 - t 18.59 

84 0.2 75.8 - t 2.7 103.69 t 15.36 

85.75 - t 15.04 85 2 82.3 t 2.7 - 

‘Mean weight of 10 t a b l e t  t r i t u r a t e s ;  
b 

‘Standard dev iat ion.  

Mean crushing load of 10 determinations; 
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as measured by t h e  crushing load. The reduc t ion  was more marked a t  low s u r f a c t a n t  

c o n c e n t r a t  ions. G r a n u l e  s t r e n g t h  can a l s o  be e x p e c t e d  t o  be I ikew ise.  These 

f i n d i n g s  showed a marked c o n t r a s t  be tween g r a n u l e  s t r e n g t h  and g r a n u l e  

f r i a b i l i t y .  W h i l e  65 g r a n u l e s  a r e  t h e  l e a s t  f r i a b l e  (F ig .  31, t h e y  have been 

shown t o  be t h e  sof test .  I t  i s  impera t ive  t h a t  t h e  use o f  granule f r i a b i l i t y  t o  

evaluate granule s t rength  warrant f u r t h e r  invest igat ion.  As such, unless t h e  t w o  

parameters are corre la ted,  care should be exerc ised when e x t r a p o l a t i n g  granule 

f r l a b i  I I t y  t o  granule strength. 

The mean welght of t a b l e t  t r i t u r a t e s  increased w i t h  t h e  s u r f a c t a n t  content  

w i t h  t h e  except ion o f  B3 (Table 3). The 63 t a b l e t s  were found t o  be most f r i a b l e  

by touch and having rounded edges i n d i c a t i n g  some degree o f  f ragmentat ion a f t e r  

preparation. This had cont r ibu ted  t o  i t s  lower mean weight. 

Attempts were made t o  increase t h e  s e v e r i t y  o f  the  f r i a b i l i t y  t e s t  by us ing 

s t e e l  ba l ls ,  diameters 3.96 and 6.35 mm, as a t t r i t i o n  agents. Using €31 and 65 

granules, it was found t h a t  in  a l l  cases, B1 granules were more f r i a b l e  (Fig. 5 )  

although €35 granules were much s o f t e r  (Table 2). I t  i s  apparent t h a t  granules 

w i t h  h igh polysorbate 80 content  have a s i g n i f i c a n t  degree o f  p l a s t i c i t y .  I t  i s  

a l s o  i n t e r e s t i n g  t o  n o t e  i n  F ig .  5 t h a t  f o r  a l l  t h e  p l o t s  c f  p e r c e n t  

fragmentation against  s ieve aper ture s i z e  o f  t h e  same granulat ion, t h e  l i n e s  

converge t o  a p o i n t  on t h e  x-axis. The value o f  t h i s  p o i n t  f o r  61 i s  about 57 

m i c r o n s  and f o r  85, 98 mic rons .  These v a l u e s  can r e p r e s e n t  t h e  s i z e  o f  t h e  

smallest parficles present. The larger value obtained f o r  65 could be due t o  the 

s t i ck iness  o f  t h e  very f i n e  p a r t i c l e s  o f  €35 tending t o  aggregate forming la rger  

p a r t i c l e s .  

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

conta in ing vary ing concentrat ion of  po lysorbate 80 were a l s o  done. The bu lk  

density, angle o f  repose and o r i f i c e  f l o w  v e l o c i t y  o f  t h e  fo rmula t ions  were 

d e t e r m i n e d  (F ig.  6). L u b r i c a t i v e  p r o p e r t i e s  o f  n o n i o n i c  s u r f a c t a n t s  on 

sulphanilamide granules conta in ing  s ta rch  had been inves t iga ted  (11-12). Duchene 

e t  al., ( 1 2 )  found t h a t  t h e  n o n i o n i c  s u r f a c t a n t s  i n c l u d i n g  p o l y s o r b a t e  80 

g e n e r a l l y  I m p r o v e d  g r a n u l e  f l o w  v e l o c i t y .  The a n g l e  o f  r e p o s e  was however  

genera l ly  h igher  than t h a t  o f  s i m l l a r  granules w i t h o u t  sur factant .  The s u r f a c t a n t  

concentrat ion used was 4% Bulk d e n s i t i e s  were genera l l y  reduced in  t h e  presence 

o f  1 %  and 4% nonionic  surfactants. 
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PHYSICAL PROPERTIES OF GRANULES CONTAINING POLYSORBATE 80 

O O  

3 6 5  

0.2 0.4 0.6 
SIEVE APERTURE SIZE (mm) 

FIGURE 5 

E f f e c t  of using s tee l  b a l l s  as a t t r i t i o n  agents i n  granule f r i a b i l i t y  tes t ing .  

Key: Open symbols = 85 granules; closed symbols = 81 granules. 

0 0 ,  no a t t r i t i o n  agent; A A, smal I s tee l  bal I s  (3.96 mm); 

0 , large s t e e l  b a l l s  (6.35 mm). Sieve ana lys is  t i m e  = 5 min. 

I n  t h i s  study, increas ing polysorbate 80 content  i n  t h e  granules increased 

t h e  bu lk  densi ty  o f  t h e  granules. The bulk  densi ty  increase l e v e l l e d  o f f  w i t h  

h igher  s u r f a c t a n t  content. Since t h e  granules, except 83, had e s s e n t i a l l y  s i m i l a r  

s i z e  d i s t r i b u t i o n ,  t h e  i n c r e a s e d  b u l k  d e n s i t y  o f  t h e  g r a n u l e s  can o n l y  be 

a t t r i b u t e d  t o  t h e  denser packing o f  t h e  granules. Denser m a t e r i a l  packing i n  

t a b l e t  t r i t u r a t e s  conta in ing  s u r f a c t a n t  could a l s o  account for t h e  increased mean 

t a b l e t  weight w i t h  t h e  sur fac tan t  content  (Table 3) 

The presence o f  s u r f a c t a n t  i n  t h e  mois ten ing l i q u i d  dur ing wet g ranu la t ion  

had helped t o  l u b r i c a t e  t h e  wet massing and screening processes a l l o w i n g  greater  

I .  . .  I . . .  , . , I .  L I .  1 .  . L  ~ - ,  . s l ippage or  par-r icies ana Tnus rorming aenser granules DY enaoi ing TignT paclcing. 

However a t  very low polysorbate 80 concentrat ion (0.002%; Fig. 61, bu lk  densi ty  

showed a decrease. I t  i s  l i k e l y  t h a t  w i t h  low p o l y s o r b a t e  80 c o n t e n t ,  t h e  
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FIGURE 6 

Some physical properties of granules containing varying concentrations Of 

pol ysorbate 80. 

surfactant was inadequate to promote significantly particle slippage during the 

wet massing process but had eased screening, producing granules with lower bulk 

dens 1 ty . 
The angle of repose is commonly used as a parameter for evaluating 

interparticulate forces of powders and granules. Large angle of repose angle 

often indicate significant cohesive and frictional forces. Fig. 6 showed the 

effect of varying concentration of polysorbate 80 on the angle of repose of 

sulphanilamide granules. The plot of the angle of repose against surfactant 

concentration produced a minimum at low polysorbate 80 concentrations. Hlgh ( 2 % )  

polysorbate 80 content In the granules appeared to impart a degree of tackiness 

to the granules producing a large angle of repose. 

From the orifice flow velocity of the various formulations, the inclusion of 
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PHYSICAL PROPERTIES OF GRANULES CONTAINING POLYSORBATE 80 367 

p o l y s o r b a t e  80 i m p r o v e d  f l o w  (Fig. 6). An o p t i m u m  c o n c e n t r a t i o n  around 0.2% 

polysorbate 80 was obtained. Reduced f l o w  v e l o c i t y  w i t h  h igh polysorbate 80 was 

probably due t o  t h e  increased tack iness o f  t h e  granules as shown by i t s  large 

ang I e of  repose. 
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