
DRUG DEVELOPMENT AND 1NDUSTRTAL PHARMACY, I 1  ( 2 h 3 ) ,  59 I -bOh (1985)  

THE EFFECTS OF I N C L U S I O N S  ON THE PROPERTIES 

OF POLYMER FILMS, G R A N U L E S  A N D  COMPACTS. 

S u s a n  J .  R e a d i n g  a n d  M . S . S p r i n g  

P h a r m a c y  D e p a r t m n  t , Wan ch  e s  t c r  U r i i v e r s  i t y  , 

R a n c h e s t e r  MI 3 9PL.  E n g l a n d .  

ABSTRACT 

P o l y m e r  f i lms  h a v e  b e e n  p r e p a r e d  u s i n g  f o u r  t a b l e t  b i n d e r s ,  

l a c t o s e ,  s o d i u m  l a u r y l  s u l p h a t e  a n d  p o l y e t h y l e n e  g l y c o l  600 h a v e  

b e e n  u s e d  as  i n c l u s i o n s  i n  t h e  f i l m s .  T h e  f i lms  h a v e  b e e n  t e s t e d  

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

p r e p a r e d  f o r  e a c h  s y s t e m  e x a m i n e d .  G r a n u l e s  a n d  c o m p a c t s  h a v e  

b e e n  p r e p a r e d  u s i n g  t h e  p o l y m e r s  a s  b i n d e r s  w i t h ,  a n d  w i t h o u t ,  

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

e l i m i n a t e  t h e  e f f e c t s  o f  s o l u b i l i t y .  G r a n u l e s  h a v e  b e e n  

e x a m i n e d  f o r  s i z e ,  f r i a b i l i t y  a n d  s t r e n g t h ;  c o m p a c t s  h a v e  b e e n  

made when p o s s i b l e  a n d  t e s t e d  f o r  s t r e n g t h .  T h e  s t r e n g t h  o f  

b o n d s ,  b e t w e e n  g lass  p l a t e s ,  h a s  b e e n  m e a s u r e d  u s i n g  a b u t t -  

j o i n t  t e s t .  

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

t e n s i l e  s t r e n g t h  o f  a l l  t h e  b i n d e r  f i lms .  PEG 600 h a d  l i t t l e  

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

made some f i l m s  o f  PVP a n d  S t a r c h  t o o  b r i t t l e  t o  t es t .  E f f e c t s  

o n  b o n d  s t r e n g t h s  v a r i e d  w i t h  f i l m / i n c l u s i o n  c o m b i n a t i o n .  

The  i n c l u s i o n s  w e a k e n e d  t h e  g r a n u l e s  b u t  h a d  l i t t l e  e f f e c t  

on f r i a b i l i t y .  Compact s t r e n g t h s  were r e d u c e d  by  t h e  i n c l u s i o n s  

e x c e p t  f o r  l a c t o s e  c o m b i n e d  w i t h  e i t h e r  g e l a t i n  o r  s t a r c h .  
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592  

I N  T RO DU CT I 0 N 

READING AND SPRING 

I n  g r a n u l e s  p r e p a r e d  by t h e  w e t - m a s s i n g  method t h e  b i n d e r  

f o r m s  s o l i d  bonds  be tween i n d i v i d u a l  p a r t i c l e s .  Under  s t ress  

t h e s e  b o n d s  c a n  f a i l  e i t h e r  a d h e s i v e l y ,  by  p u l l i n g  away from t h e  

s u b s t r a t e ,  o r  c o h e s i v e l y  by f r a c t u r e .  When t h e  g r a n u l e s  a re  

c o m p r e s s e d  s u c h  f a i l u r e s  o c c u r  a s  t h e  p a r t i c l e s  a re  f o r c e d  t o -  

g e t h e r  t o  f o r m  a compact .  I n  t h e  compact  t h e  b i n d e r  may f l o w  due  

t o  p l a s t i c  d e f o r m a t i o n  w i t h  new r e g i o n s  o f  a d h e s i v e  b o n d i n g  

b e i n g  f o r m e d .  I n  t h e  c o m p r e s s e d  t a b l e t  t h e  b i n d e r  i s  d i s t r i b u t e d  

a s  a f i n e  m a t r i x  . 
m e c h a n i c a l  p r o p e r t i e s  of f i lms  p r e p a r e d  from t a b l e t  b i n d e r s  a n d  

R e a d i n g  e t  a? h a v e  e x t e n d e d  s imi l a r  s t u d i e s  t o  e x a m i n e  t h e  

e f fec ts  o f  h u m i d i t y  a n d  r a t e  o f  s t r a i n  on t h e  p r o p e r t i e s  o f  f i l m s  

a n d  t o  exclrnine a l s o  g r a n u l e s  a n d  c o m p a c t s  p r e p a r e d  u s i n g  s a n d  a s  

a n  i n e r t  s u b s t r a t e .  H i g h e s t  compact  s t r e n g t h s  were f o u n d  w i t h  

b i n d e r s  h a v i n g  a h i g h  t e n s i l e  s t r e n g t h  a n d  a low B r i n e 1 1  H a r d n e s s .  

I n  p r a c t i c e ,  b i n d e r  films w i l l  c o n t a i n  c o m p o n e n t s  o f  t h e  

1 H e a l e y  e t  a12 r e p o r t e d  s t u d i e s  on t h e  

compact  due  t o  d i s s o l u t i o n  d u r i n g  wet m a s s i n g  a n d  t h e r e f o r e ,  t h e  

p r o p e r t i e s  of b i n d e r  f i l m s ,  g r a n u l e s  a n d  c o m p a c t s  h a v e  b e e n  

s t u d i e d  u s i n g  s a n d  as s u b s t r a t e  a n d  l ac tose ,  s o d i u m  l a u r y l  

s u l p h a t e  a n d  p o l y e t h y l e n e  g l y c o l  600 as a d d i t i v e s  w i t h  g e l a t i n  

Byco C ,  m e t h y l c e l l u l o s e ,  h y d r o l y s e d  m a i z e  s t a r c h  a n d  p o l y -  

v i n y l p y r r o l i d o n e  a s  b i n d e r s .  

WTERIALS AND METHODS 

F i l m s  were p r e p a r e d  u s i n g  g e l a t i n  Byco C ( C r o d a  G e l a t i n  L t d . ,  

Widnes ,  U . K . I .  maize s t a r c h  (BW C h e m i c a l s  L t d . ,  Poo le ,  U.K.1 

m e t h y l c e l l u l o s e  ( M e t h o c e l  A 1 5 ,  C o l o r c o n  L t d . ,  O r p i n g t o n ,  U.K. I a n d  

p o l y v i n y l p y r m l i d o n e ,  PVP, mol .  w t .  40 ,000  (BDH C h e m i c a l s  L t d . ,  I 
I n c l u s i o n s  were lactose B.P. [ B W ) ,  s o d i u m  l a u r y l  s d l p h a t e ,  

SLS, (BW) a n d  p o l y e t h y l e n e g l y c o l  600, PEG, (BGti). 

P r e p a r a t i o n  o f  F i l m s .  F i l m s  were p r e p a r e d  on g l a s s  p l a t e s ,  

u s i n g  a c h r o m o t o g r a p h y  s p r e a d e r ,  from s o l u t i o n s  of t h e  b i n d e r  

c o n t a i n i n g  t h e  r e q u i r e d  c o n c e n t r a t i o n  o f  i n c l u s i o n .  The b a s i c  
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POLYMER FILMS, GRANULES, AND COMPACTS 593 

3 
b i n d e r  s o l u t i o n s  were t h o s e  d e s c r i b e d  p r e v i o u s l y  as were  t h e  

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

T e s t i n g  of F i l m s .  T h e  a p p a r a t u s  used  h a s  been d e s c r i b e d  

e l s e w h e r e  and depended f o r  i t s  o p e r a t i o n  on t h e  measured  

d e f l e c t i o n  of a m e t a l  beam f i t t e d  w i t h  s t r a i n  guages .  S t r i p s ,  

6 cm x 0 . 5  cm and 50 - 80 urn t h i c k .  were t e s t e d  t o  f a i l u r e  i n  

t e n s i o n ,  f o l l o w i n g  e q u i l i b r a t i o n  a t  a f i x e d  r e l a t i v e  h u m i d i t y .  

From each  t es t  measurement v a l u e s  were c a l c u l a t e d  f o r  U 1  timate 

T e n s i l e  S t r e n g t h  (UTS, a ) ,  Ycung ' s  Modulus ( E ) ,  e l o n g a t i o n  a t  

f racture ,  P r o p o r t i o n a l  l i m i t ,  Toughness,  e l a s t i c  r e s i l i e n c e  

and  t h e  o /c  r a t i o  a s  p roposed  by Rowe . 
P r e p a r a t i o n  of Granu les .  Granu les  were  p r e p a r e d  i n  500 g b a t c h e s  

u s i n g  a 2 -b lade  m i x e r  (Winkworth, S t a i n e s ,  U.K.  1 from s a n d  

(Grade  HPF3, 22~3, B r i t i s h  I n d u s t r i a l  Sand, Dakamoor, S t a f f s  U.K. I 

and  s o l u t i o n s  o f  t h e  b i n d e r s ,  w i t h  and  w i t h o u t  i n c l u s i o n s .  

G e l a t i n ,  g e l a t i n i s e d  maize  s t a r c h  and  PVP were added  as  18 .75% 

3 

4 

5 

W /w s o l u t i o n s ,  t h e  m e t h y l c e l l u l o s e  was added a s  d ry  powder 
- 3  f o l l o w e d  by 80 c m  d i s t i l l e d  w a t e r .  The i n c l u s i o n s  were d i s s o l v e d  

o r  d i s p e r s e d  i n  t h e  aqueous  phases  t o  g i v e  t h e  r e q u i r e d  

c o n c e n t r a t i o n .  i n  e a c h  c a s e  t h e  b i n d e r  c o n c e n t r a t i o n  was 3%w/w.  

T h e  damp masses  were s c r e e n e d  th rough  a 2rnm s c r e e n  u s i n g  an  

o s c i l l a t i n g  g r a n u l a t o r ,  t h e  g r a n u l e s  were d r i e d  i n  an h o t  a i r  

oven a t  60' t o  a m o i s t u r e  c o n t e n t  o f  less than  0 . 5 % .  

P r e p a r a t i o n  of Compacts. Compacts were made f rom t h e  355 - 

500 Drn s i z e  f r a c t i o n  o f  each  ba tch  o f  g r a n u l e s ,  a f t e r  

c o n d i t i o n i n g  a t  t h e  r e q u i r e d  humid i ty ,  u s i n g  an  h y d r a u l i c  p r e s s  

[ I n s t r o n  L t d . ,  High Wycombe, U.K.1 a t  0 .033 mm s . Each compact 

was made u s i n g  550mg o f  g r a n u l e  [ d r y  weight1  i n  a c i r c u l a r ,  

12 .7  mm d i e ,  w i t h  f l a t  f a c e d  punches.  

T e s t i n g  o f  Granu les  and Compacts. Granu le  and compact 

s t r e n g t h s  were measured u s i n g  t h e  Tensile Test equipment  

m o d i f i e d  t o  o p e r a t e  a s  an  a p p a r a t u s  t h a t  would r e c o r d  t h e  f o r c e  

r e q u i r e d  t o  c r u s h  i n d i v i d u a l  g r a n u l e s ,  f rom t h e  710 - 1000 p m  

s i z e  f r a c t i o n ,  o r  t o  cause  t h e  compacts  t o  f a i l  i n  d i a m e t r a l  

compress ion .  T h i s  was a c h i e v e d  by  r e p l a c i n g  t h e  g r i p s  w i t h  f l a t  

- 1  
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5 94 R E A D I N G  AND S P R I N G  

b l o c k s  r u n n i n g  on a h o r i z o n t a l  t a b l e  a n d  by  r e v e r s i n g  t h e  

d i r e c t i o n  o f  movement o f  t h e  l o a d i n g  j a c k .  

G r a n u l e  f r i a b i l i t y  was assessed u s i n g  a Roche f r i a b i l a t o r  

w i t h  5 g g r a n u l e  f r o m  t h e  710 - 1000pm s i z e  f r a c t i o n ,  r o t a t e d  

a t  30 rpm f o r  5 min,  t h e  p e r c e n t a g e  l o s s  i n  w e i g h t  was r e c o r d e d .  

Measurement  o f  Bond S t r e n g t h s .  Glass c h r o m o t o g r a p h y  p l a t e s  

were cu t  i n t o  2 cm x 2 cm s q u a r e s  a n d  were f i x e d  t o  a l u m i n i u m  

b a s e  p l a t e s  u s i n g  an a d h e s i v e .  The g l a s s  was c l e a n e d  u s i n g  a 

d e t e r g e n t ,  r i n s e d  a n d  d r i e d  a t  120 f o r  60 min . :  1% s o l u t i o n s  of 

t h e  b i n d e r s  5 ~ 1 ,  w i t h  a n d  w i t h o u t  i n c l u s i o n s  were p l a c e d  o n t o  t h e  

g l a s s  u s i n g  a m i c r o p i p e t t e .  The j o i n t  was made a n d  t h e  two 

p l a t e s  were h e l d  a t  room t e m p e r a t u r e  f o r  48  h r s  w h i l e  t h e  f i l m  

d r i e d .  U s i n g  t h e  t e n s i l e  t e s t  a p p a r a t u s ,  m o d i f i e d  t o  h o l d  t h e  

p l a t e s  i n  t h e  v e r t i c a l  p l a n e ,  t h e  fo rce  r e q u i r e d  t o  s e p a r a t e  t h e  

p l a t e s  was measured .  

' 0  

RESULTS 

F i l m s .  The r e s u l t s  f o r  Ultimate T e n s i l e  S t r e n g t h  (UTS) a n d  

e l o n g a t i o n  a t  f r a c t u r e  a r e  g i v e n  i n  F i g u r e s  1 - 4 ,  t h e  v a l u e s  

f o r  o t h e r  p h y s i c a l  p r o p e r t i e s  m e a s u r e d  a r e  sumrnarised i n  T a b l e  1. 

The resul ts  g i v e n  a r e  t h e  mean o f  n i n e  r e p l i c a t e  t e s t s ,  t h e  

c o e f f i c i e n t s  o f  v a r i a t i o n  were i n  t h e  o r d e r  of 20% f o r  UTS, 

e l o n g a t i o n  a t  f r a c t u r e ,  p r o p o r t i o n a l  l i m i t  a n d  Y o u n g ' s  Modulus ;  

f o r  t h e  d e r i v e d  v a l u e s  of T o u g h n e s s  a n d  E l a s t i c  R e s i l i e n c e  t h e  

c o e f f i c i e n t s  of v a r i a t i o n  were a b o u t  30%. R e p r e s e n t i t i v e  

s t r e s s / s t r a i n  c u r v e s  f o r  t h e  b i n d e r s  a r e  g i v e n  i n  F i g u r e s  5 - 8. 

T h e s e  a r e  b a s e d  on r e c o n s t r u c t i o n s  u s i n g  t h e  mean v a l u e s  o b t a i n e d  

f o r  UTS, Young ' s  Modulus,  p r o p o r t i o n a l  l i m i t  a n d  e l o n g a t i o n  a t  

f r a c t u r e .  
G r a n u l e s .  Resul ts  o f  m e a s u r e m e n t s  made on t h e  g r a n u l e s  f r o m  

t h e  710  - 1 0 0 0 ~ m  s i z e  f r a c t i o n s  are  g i v e n  i n  T a b l e  2.  T h i r t y  

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

t h e  t a b l e ,  g r a n u l e s  were c o n d i t i o n e d  a t  44% RH a n d  a t  25 

s e v e n  d a y s  b e f o r e  t e s t i n g .  

0 f o r  
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FIGURE 1 

E f f e c t s  o f  a d d i t i v e s  on t h e  U l t i m a t e  T e n s i l e  S t r e n g t h  - and 
E l o n g a t i o n  a t  F r a c t u r e -  - - o f  G e l a t i n  Byco C f i l m s .  
Lactose 0 ,[81%RH); PEG 600 0 , SLS w ,[44%RH). 
A d d i t i v e  c o n c e n t r a t i o n  i s  expressed as percentage o f  b i n d e r  
p resen t .  
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Con c e n t r a t  I on , %  

FIGURE 2 

E f f e c t s  o f  a d d i t i v e s  on the  U l t i m a t e  T e n s i l e  S t r e n g t h  - and 
E l o n g a t i o n  a t  F r a c t u r e  - -  - o f  M e t h y l c e l l u l o s e  f i l m s .  
Lactose 0 ; PEG 600 0 ; SLS ; [44%RH). A d d i t i v e  
c o n c e n t r a t i o n  i s  expressed as percentage o f  b i n d e r  present .  
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5 96 READING AND SPRING 

J 

0 
W 

F I G U R E  3 

E f f e c t s  o f  a d d i t i v e s  on t h e  U l t i m a t e  T e n s i l e  S t r e n g t h  - and 
E l o n g a t i o n  a t  F r a c t u r e  - - - o f  Maize S t a r c h  f i lme.  
L a c t o s e  0 ; P.E.G.600 0 ; S.L.S. W ; (445  R H I .  A d d i t i v e  
c o n c e n t r a t i o n  i s  e x p r e s s e d  a s  p e r c e n t a g e  o f  b i n d e r  p r e s e n t .  

20 

ffl 5 1 0  

FIGURE 4 

E f f e c t s  o f  a d d i t i v e s  on t h e  U l t i m a t e  T e n s i l e  S t r e n g t h  - and  
E l o n g a t i o n  a t  F r a c t u r e  - -  - o f  P o l y v i n y l p y r r o l i d o n e  f i l m s .  
L a c t o s e  0 ;PEG 600 0 ; SLS B ;(44%RH1. A d d i t i v e  
c o n c e n t r a t i o n  i s  e x p r e s s e d  as p e r c e n t a g e  o f  b i n d e r  p r e s e n t .  

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
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



POLYMER FILMS, GRANULES, AND COMPACTS 597 

TABLE 1 

P h y s i c a l  P r o p e r t i e s  o f  F i l m s  o f  B inde rs  w i t h  I n c l u s i o n s ,  means 
o f  9 r e p l i c a t e  measurements. 

B inde r  

G 
G 
G 
G 
G 
G 
G 8lZRH 
G 
G 

M C  
MC 

MC 
MC 
MC 
MC 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
P VP 
PVP 
P VP 
PVP 
PVP 
P VP 
P VP 

ri c 

p i c  

A d d i t i v e  
as % o f  
B inde r  

0 
2 SLS 
5 SLS 
10 SLS 
5 PEG 
10 PEG 

0 
10 L 
50 L 

0 
2 SLS 
5 SLS 
I0 SLS 
5 PEG 
10 PEG 
10 L 
50 L 

0 
2 SLS 
5 SLS 
10 SLS 
5 PEG 
10 PEG 
10 L 
50 L 

0 
2 SLS 
5 SLS 
5 PEG 
10 PEG 
10 L 
50 L 

Young ' s 
Modulus 

(PiNm 1 
7 c53 
1367 
844 
1222 
1212 
1352 
9 00 
7 83 
435 
1136 
1496 
1476 
1122 
1173 
1151 
9 77 
5 80 
867 

1463 
1603 

[ c )  -2 

Prop. 
L i m i t  

( % I  
88.6 
73.3 
98.1 
78.5 
83.7 
62.5 

46.7 

41.9 
41.7 
45.9 
54.6 
39.5 
52.9 
54.1 
47.9 
86.5 
48.8 
62.3 

48.7 

100 

E l a s t i c  
Re s i  1 i e n  ce 

-3 5 (Jm x10 1 
5.3 
0.6 
1.5 
1.4 
2.4 
1.6 
3.5 
1.7 
1.1 
4 .O 
1.9 
2.0 
2.9 
2.0 
2.4 
5.1 
3.4 
7.4 
1.0 
1.0 

F i l m  cracked and c o u l d  n o t  
1164 97.7 2.7 
1153 64.9 0.6 
1422 87.4 5.0 
F i l m  t o o  b r i t t l e  t o  t e s t .  
414 65.6 1.7 
686 70.0 0.7 
445 71.9 0.7 
610 72.7 0.3 
492 100 0.4 
578 70.0 0.7 

F i l m  too b r i t t l e  t o  t e s t .  

Toughness 

/E. 
0 

-3 5 x10-2 
[ J n  x10 1 R a t i o  

be 

13.8 
2.6 
2.6 
3.6 
6.8 
7.2 
30.7 
17.9 
2.2 

179.2 
94.6 
106.9 
60.8 
98.2 
82.4 
85.9 
66.0 
25.2 
15.6 
6.7 

t es ted .  
5.5 
2.3 
14.0 

8.9 
3.7 
2.4 
0.9 
0.9 
2.9 

3.0 
1.3 
1.7 
1.7 
2.2 
2.2 
5.2 
4.3 
2.2 
6.4 
3.8 
4.0 
4.1 
4.6 
3.9 
5.7 
6.9 
4.4 
2.5 
1.8 

1.7 
1.4 
2.9 

5.0 
2.1 
2.1 
1 .I 
1.2 
2.0 
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5ot 

READING AND SPRING 

2 4 6 1 0  
STRAIN, %. 

F I G U R E  5 

Reconstructed S t r e s s / S t r a i n  curves f o r  Gelat in  Byco C f i lms  
alone fi (44%RH1, 0 [B I%RH)  , and w i t h  l ac tose  10% , 
PEG 600 5% 0 , SLS 5% . 

80 c 
N - 'E .- 
$ 6 0  

m 
(I] 
U 

k 
(I] 

11: 40 

2 0  

1 0  20 30 
STRAIN.% 

FIGURE 6 

I 

1 
40 

Reconstructed S t r e s s A t r a i n  curves  f o r  Methylcel lulose films 
alone 0 , and w i t h  l ac tose  10% , PEG 600 5% 0 , SLS 5% . . 
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POLYMER FILMS, GRANULES, AND COMPACTS 

2 4 6 
STRAIN, 96 

5 99 

F I G U R E  7 

Reconstructed S t r e s s / S t r a i n  curves  f o r  Maize S tarch  f i l m s  
alone 0 , and w i t h  l a c t o s e  10% 0 , PEG 600 5% 0 , SLS 52 . 

2 4 6 8 
STRAIN, 96 

F I G U R E  8 

Reconstructed S t  r e s s /S t  r a i n  curves f o r  Polyviny l p y  r r o l  i done f i l m s  
a l o x  0 , and w i t h  l a c t o s e  10% 0 , PEG 600 5% 0 , SLS 5% I . 
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600 READING AND SPRING 

TABLE 2 

P r o p e r t i e s  o f  G r a n u l e s ,  710p,n - IOOOpm, w i t h  a n d  w i t h o u t  
I n c l u s i o n s .  

Work t o  
B i l d e r  A d d i t i v e  S i z e  S t r e n g t h  C r u s h  F r i a b i  1 i t  y 

G 0 36 5 347 1.43 14.6 
G 0.3 L 485 337 1.03 13.6 
G 0.9 L 730 417 I. 24 4.1 
G 0.3 PEG 800 146 0.32 17.4 
G 0.3 SLS 1000 237 0.51 16.3 

3% /w [ % I  [pm) ( P I  ( m J  I ( 5 1  

MC 0 6 80 324 1.39 5.0 
MC 0.3 L 425 22 1 1.24 6.1 
MC 0.9 L 500 215 1.37 7.7 
MC 0.3 PEG 710 163 0.49 7.3 
MC 0.3 SLS 9 50 83 0.32 10.5 

Ms 0 200 132 0.78 20.4 
MS 0.3 L 130 125 0.68 24 
MS 0.9 L 125 97 0.62 27.5 
MS 0.3 PEG 210 95 0.31 27.6 
MS . 0.3 SLS 36 0 5.5 0.04 38.4 

PVP 0 445 34 0 1.05 11 
P VP 0.3 L 410 3 32 1.29 11.9 
PVP 0.9 L 355 34 5 1.30 12 
P VP 0.3 PEG 550 87 0.21 13.4 
P VP 0.3 SLS 6 80 152 0.32 12.3 

Compacts .  

c r u s h i n g  s t r e n g t h  o f  c o m p a c t s  p r e p a r e d  from t h e  355-500 pm s i z e  

f r a c t i o n  are shown i n  F i g u r e s  9 - 12. 
Bond S t r e n g t h s .  The f o r c e  r e q u i r e d  t o  s e p a r a t e  two g l a s s  p l a t e s  

j o i n e d  by d r y  b i n d e r  f i l m s  was m e a s u r e d  w i t h  a n d  w i t h o u t  

a d d i t i v e s ,  t h e  resu l t s  a re  g i v e n  i n  T a b l e  3. 

The e f f e c t s  o f  c o m p r e s s i o n  p r e s s u r e  on t h e  d i a n e t r a l  

DISCUSSION 

F i l m s  were e q u i l i h r a t e d  a t  44% RH, h o w e v e r ,  w i t h  l a c t o s e  i n  

Gelat in  Byco C films t h e  f i l m s  p r o v e d  t o o  b r i t t l e  t o  rEmove from 

t h e  p l a t e s .  T h e r e f o r e ,  G e l a t i n  f i l m  c o n t a i n i n g  l a c t o s e  w e r e  
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POLYMER FILMS, GRANULES, AND COMPACTS 601 

40 80 120 160 200 
Con-ipnctioii Pressure, M N ~ +  

F I G U R E  9 

t f f e c t s  of Compression P r e s s u r e  on t h e  Diametral  Crushing S t r e n g t h  
o f  Compacts made from t h e  355-500 pm s i z e  f r a c t i o n  o f  g r a n u l e s  
p r e p a r e d  us ing  G e l a t i n  Eyco C a l o n e  0 , and p l u s  l a c t o s e  10% 0 , 
PEG 600 10% 0 , SLS 10% w . 

N 

40 8 0  120 160 200 
Cornpact,ion PI-essui-e MNm * 

F I G U R E  10 

E f f e c t s  of Compression P r e s s u r e  on t h e  Diamet ra l  Crushing s t r e n g t h  
o f  Compacts made from t h e  355-500 u m  size f r a c t i o n  o f  g r a n u l e s  
p r e p a r e d  using M e t h y l c e l l u l o s e  a l o n e  0 , and p l u s  l a c t o s e  10% 0 , 
PEG 600 10% 0 , SLS 10% w . 
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' E  
f 
5 0.4 
D 
C 

? 
0.3 

READING AND S P R I N G  

C 

- 

- 
D 

1 
c 
J 0 2 -  

h 
h O l -  
E 

- 
m 

ro 
0 

6 
1 L 

40 80 120 160 200 
Compaction Pressur-e, M N ~ - *  

FIGURE 11 

E f f e c t  o f  Compression P ressu re  on t h e  D i a m e t r a l  C r u s h i n g  S t r e n g t h  
o f  Compacts made f rom t h e  355-500 p m  s i z e  f r a c t i o n  o f  g r a n u l e s  
p r e p a r e d  u s i n g  Maize S t a r c h  a l o n e  0 , and p l u s  l a c t o s e  10%. , 
PEG 600 lO%O , SLS 10% W . 

N 

40 80 120 160 200 
Compaction Pressure, MNm-2 

FIGURE 12 

E f f e c t s  of Compression P r e s s u r e  on t h e  D i a m e t r a l  C r u s h i n g  S t r e n g t h  
o f  Compacts made f r o m  t h e  355-500 pm s i z e  f r a c t i o n  of g r a n u l e s  
p r e p a r e d  u s i n g  P o l y v i n y l p y r r o l i d o n e  a l o n e  0 , and p l u s  l a c t o s e  
10% 0 , PEG 600 10% 0 , SLS 10% . 
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POLYMER FILMS, GRANULES, AND COMPACTS 603 

T A B L E  3 

The s t r e n g t h s  o f  Bonds f o r m e d  be tween two g l a s s  p l a t e s  u s i n g  

b i n d e r  f i lms  w i t h  a n d  w i t h o u t  d d d i t i v e s .  l l eans  o f  r eDl i c s t c s .  

I n c l u s i o n  

Ge l a  t i n  Ple t thy 1 - ( 1 0 %  o f  
b i n d e r )  Byco c e l l u l o s e  Maize  S t z r c h  PVF 

F o r c e  r e q u i r e d  t o  s e p a r a t e  p l a t e s ,  krln-2 ( s t d  d e v l  
None 6 1 . 3 ( 8 . 7 1  2.210.61 7 6 . 0 1 1 6 . 3 1  46.9 [ 7 .4 )  

l a c t o s e  6 1 . 6 [ 9 . 7 1  1 4 . 7 ( 7 . 7 )  6 3 . 7  ( 1  5 . 9 1  6 7 . 6 ( 1 4 . 2 )  

SLS 3 8 . 9 ( 9 . 1 1  2 . 0 I 0 . 4 1  60.  6 [ 1 6 . 0 1  3 2 . 7  ( 9 . 0 )  

PEG 60C 3 4 . 8 1 9 . 1  I 2 . 5 I 1 . 7 1  34.5 ( 6 . 2  I 4 4 . 4 [ 1 4 . 1 1  

e q u i l i b r a t e d  a t  81% RH a n d  so d i r e c t  c o m p a r i s o n  o f  t h e  e f f e c t s  o f  

d i f f e r e n t  i n c l u s i o n s  i s  n o t  p o s s i b l e  i n  t h i s  case.  

E f f e c t s  of  I n c l u s i o n s  on G e l a t i n  Byco C F i l m s .  L a c t o s e  a t  44% RH 

p r o d u c e d  f i l m s  t h a t  were t o o  b r i t t l e  t o  t e s t ;  a t  81% R H  ( F i g u r e s  

1 & 5,  T a b l e  1) t he  f i lms  w e r e  weakened  and  w i t h  50% l a c t o s e  weak 

films were p r o d u c e d .  Sodium l a u r y l  s u l p h a t e  ( S L S I  weakened  t h e  

f i l m  a t  2% a d d i t i v e  ; j u t  f u r t h e r  i n c r e a s e  i n  c o n c e n t r a t i o n  t o  5% 

a n d  1 0 %  had l i t t l e  e x t r a  e f f e c t .  P o l y e t h y l e n e g l y c o l  600 [PEG) 

p r o d u c e d  o n l y  a s m a l l  i n c r e a s e  i n  Young ' s  Modulus ,  t h e  PEG had  

b e e n  a d d e d  a s  p o s s i b l e  p l a s t i c i z e r  b u t  no s u c h  e f f e c t  c o u l d  b e  

demon s t  r a  t e d .  

Effects  o f  I n c l u s i o n s  on M e t h y l c e l l u l o s e  (MCI F i l m s .  A l l  t h r e e  

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

w h i c h  were s t r o n g e r  a n d  more p l a s t i c  t h a n  t h e  o t h e r  t h r e e  f i l m s  

e x a m i n e d  ( F i g u r e s  2 & 6, T a b l e  1 ) .  The f i lms  were weakened  a n d  

t h e i r  e l o n g a t i o n  a t  f r ac tu re  r e d u c e d ,  SLS p r o d u c e d  a s i g n i f i c a n t  

increase i n  Young ' s  Modulus. 

Effects  o f  I n c l u s i o n s  on Maize S t a r c h  (PIS) F i l m s .  Both SLS a t  10% 

a n d  lac tose  a t  50% a d d i t i o n  p m d u c e d  f i l m s  t h a t  c o u l d  n o t  be t e s t e d  

d u e  t o  c r a c k i n g  o f  t h e  f i l m  w i t h  SLS a n d  e x c e s s i v e  b r i t t l e n e s s  

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

a t  f r a c t u r e  b u t  l a c t o s e  a t  10% p r o d u c e d  a f i l m  o f  g r e a t e r  U l t i m a t e  
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604 READING AND SPRING 

T e n s i l e  S t r e n g t h  [ F i g u r e s  2 8 7 1 .  Young's Moduli were i n c r e a s e d  

by t h e  i n c l u s i o n s  [Tab le  11 i n  keep ing  w i t h  t h e  obse rved  resu l t s  

of g r e a t e r  b r i t t l e n e s s .  

E f f e c t s  o f  I n c l u s i o n s  on P o l y v i n y l p y r r o l i d o n e  [ P V P I  F i l m s .  The 

t h r e e  i n c l u s i o n s  a l l  produced a s i g n i f i c a n t  weakening o f  t h e  

PVP f i lms  ( F i g u r e s  4 E (3, Tab le  1 ) .  The f i l m s  became more b r i t t l e ,  

w i t h  g r e a t e r  Young's Moduli ,  a n d  w i t h  50% added  l a c t o s e  t h e  f i l m  

was too  b r i t t l e  t o  hand le  w i t h o u t  b r e a k i n g .  
W Granu les  were p repa red  c o n t a i n i n g  3% /w b i n d e r  p l u s  an 

a d d i t i o n a l  0 .3% i n c l u s i o n ,  g r a n u l e s  were a l s o  p r e p a r e d  w i t h  a n  

a d d i t i o n a l  0 . 9 %  l a c t o s e  because  of t h e  widesp read  use o f  l a c t o s e  

i n  t a b l e t t i n g  when i t  w i l l  p r e s e n t  i n  t h e  b i n d e r  f i l m  a f t e r  

d r y i n g  t h e  g r a n u l e s .  T h e  resul ts  a r e  summarised i n  Tab le  2. 

E f f e c t s  o f  I n c l u s i o n s  on Granu les  and Compacts made w i t h  G e l a t i n  

Byco C a s  Binder .  I n  comparison w i t h  g r a n u l e s  made w i t h  b i n d e r  

a l o n e  t h e  g r a n u l e s  c o n t a i n i n g  t h e  i n c l u s i o n s  had g r e a t e r  mean 

s i z e s  b u t  on ly  t h o s e  w i t h  0 . 9 %  l a c t o s e  were s t r o n g e r .  L a c t o s e  as 

an i n c l u s i o n  produced very  t r i t t l e  f i lms  a t  4 4 %  RH b u t  t h e  

g r a n u l e s  c o n t a i n i n g  0 .9% l a c t o s e  i n  a d d i t i o n  t o  t h e  b i n d e r  were  

s t r o n g e r  and  less  f r i a b l e  than  the o t h e r  g e l a t i n  based  g r a n u l e s .  

T h e  g r a n u l e  s t r e n g t h  r e s u l t s  are  r e f l e c t e d  i n  t h e  s t r e n g t h  o f  t h e  

compacts  ( F i g u r e  9 1. 

E f f e c t s  o f  I n c l u s i o n s  on Granu les  a n d  Compacts made wi th  

M e t h y l c e l l u l o s e  as  B inde r .  I n  t h i s  c a s e  l a c t o s e  as an i n c l u s i o n  

r e s u l t e d  i n  s m a l l e r  g r a n u l e s  and  a l l  t h r e e  i n c l u s i o n s  gave  weaker 

and  more f r i a b l e  g r a n u l e s  t h a n  were seen w i t h  MC a l o n e .  The 

s t r o n g e s t  g r a n u l e s  gave t h e  s t r o n g e s t  compacts a s  w i t h  G e l a t i n  

f i lms ,  however, t he  b i n d e r s  w i t h  PEG and  SLS gave  compacts o f  

s i m i l a r  s t r e n g t h  bu t  the g r a n u l e s  were d i f f e r e n t  i n  s t r e n g t h  by 

a f a c t o r  o f  two. 

E f f e c t s  o f  I n c l u s i o n s  on Granules  and  Compacts made w i t h  Maize 

Starch as B inde r .  Granules  were small when made u s i n g  MS as 

b i n d e r  and t h e  i n c l u s i o n  o f  l a c t o s e  produced  even  s m a l l e r  g r a n u l e s .  

Compacts were weak, a l though  t h o s e  c o n t a i n i n g  l a c t o s e  were 
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s i g n i f i c a n t l y  s t r o n g e r  t h a n  t h o s e  w i t h o u t  i n c l u s i o n  o r  w i t h  PCG 

o r  SLS a d d e d  [ F i g u r e  111.  

E f f e c t s  o f  I n c l u s i o n s  on G r a n u l e s  a n d  Compacts  made w i t h  PVP 

as  B i n d e r .  L a c t o s e ,  a g a i n ,  g a v e  smal le r  g r a n u l e s  b u t  a l t h o u g h  

t h o s e  w i t h  PEG o r  SLS were l a r g e r  t h a n  t h o s e  w i t h o u t  i n c l u s i o n s  

t h e s e  two ma te r i a l s  g a v e  v e r y  weak g r a n u l e s .  T h i s  w e a k n e s s  was 

r e f l e c t e d  i n  t h e  s t r e n g t h s  of t h e  c o m p a c t s .  ( F i g u r e  1 2 1 .  

Ef fec ts  o f  I n c l u s i o n s  on Bond S t r e n g t h s .  T h e s e  r e s u l t s  a r e  

g i v e n  i n  T a b l e  3. Bond s t r e n g t h s  w i t h o u t  a d d i t i v e  were i n  t h e  

o r d e r  MS, G ,  PVP, MC w i t h  t h e  MC b o n d s  b e i n g  v e r y  w e a k .  The 

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

F o r  e x a m p l e ,  MC f o r m s  a c o h e r e r l t  f i l m  o f  h i g h  Ul t imate  T e n s i l e  

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

bond s t r e n g t h  i s  v e r y  weak. 

CONCLUSIONS 

The p r e s e n c e  of  t h e  s e l e c t e d  i n c l u s i o n s  i n  t h e  b i n d e r  f i l m  

h a d ,  i n  g e n e r a l ,  a weakening  e f f e c t  on t h e  f i l m s .  Compacts  were 

a l s o  weakened  e x c e p t  w i t h  l a c t o s e  a s  a d d i t i v e  i n  G e l a t i n  a n d  

Maize S t a r c h  f i l m s .  PEG 600 showed no p l a s t i c i z i n g  e f f e c t s  i n  

t h e  f i lms  s t u d i e d  a n d  t e n d e d  t o  g i v e  w e a k  g r a n u l e s  a n d  c o m p a c t s  

when i n c l u d e d  w i t h  e a c h  o f  t h e  f o u r  b i n d e r s  s t u d i e d .  Bond 

t e n s i l e  s t r e n g t h s  Mere n o t  c o r r e l a t e d  w i t h  g r a n u l e  s t r e n g t h s .  
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