
DRUG DEVELOPMENT AND I N D U S T R I A L  PHARMACY, 1 1 ( 1 ) ,  131-146 (1985) 

RELATIONSHIP BET WEEN STRESS, INTERACTION AND THE 

MECHANICAL PROPERTIES OF SOME PIGMENTED 

TABLET COATING FILMS 

Augus t ine  0. Okharna fe"  a n d  P. York ,  Indus t r i a l  P h a r m a c y  Uni t ,  

Schoo l  of P h a r m a c y ,  Un ive r s i ty  of Brad fo rd ,  Brad fo rd  BD7 IDP,  U.K. 

ABSTRACT 

T h e  m e c h a n i c a l  p r o p e r t i e s  of p i g m e n t e d  f r e e  f i l m s  of 

hydroxypropyl  me thy lce l lu lose  in c o m b i n a t i o n  wi th  e i t h e r  polyvinyl 

a l c o h o l  o r  po lye thy lene  g lycol  1000 a n d  cast f r o m  a q u e o u s  s y s t e m s ,  w e r e  

m e a s u r e d  using a s t r e s s - s t r a in  me thod .  T h e  p i g m e n t s  i n c o r p o r a t e d  w e r e  

t w o  t y p e s  of t a l c  (d i f f e r ing  in a v e r a g e  p a r t i c l e  s i z e )  a n d  t w o  t y p e s  of 

t i t a n i u m  d iox ide  (one  of which  w a s  s u r f a c e - t r e a t e d ) .  S p e c i f i c  s u r f a c e  

a r e a  d a t a  f o r  t h e  p i g m e n t s  a n d  t h e  pH of t h e  a q u e o u s  so lu t ion  or 

suspens ion  of t h e  f i lm  c o m p o n e n t s  w e r e  d e t e r m i n e d  in o r d e r  to 

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

fi lms. 
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132 OKHAMAFE AND YORK 

INTRODUCTION 

In a r e c e n t  s tudy ' ,  d a t a  w e r e  p r e s e n t e d  in o r d e r  to show t h a t  t h e  

ac id -base  ( e l e c t r o n  donor -accep to r )  c o n c e p t  c a n  be e m p l o y e d  to exp la in  

t h e  e f f e c t s  of f i l l e r -polymer  i n t e r a c t i o n s  o n  t h e  m e c h a n i c a l  p r o p e r t i e s  

of fi l led fi lms. T h e  need  to a c q u i r e  a d e e p e r  unde r s t and ing  of t h e  

e f f e c t s  of p a r t i c u l a t e  so l ids  on  f i l m  p r o p e r t i e s  h a s  b e c o m e  g r e a t e r  in 

v i ew of t h e  inc reas ing  u s e  of f i l l e r s  (e.g. t a l c  a n d  magnes ium s t e a r a t e )  

and  co lou r ing  p i g m e n t s  (e.g. F.D. & C. p i g m e n t s )  in f i lm  c o a t i n g s  f o r  

solid d o s a g e  fo rms .  O n e  of t h e  undes i r ab le  c o n s e q u e n c e s  of 

p i g m e n t a t i o n  i s  t h e  f o r m a t i o n  of loca l i s ed  f l a w s  o r  m i c r o  c r a c k s  a r o u n d  

3 p i g m e n t  p a r t i c l e s  in a f i lm  . T h e s e  f l a w s  n o t  on ly  could  p r o p a g a t e  unde r  

s t r e s s ,  l ead ing  to c r a c k i n g  o r  e d g e  sp l i t t i ng  of f i lm  coats, b u t  m a y  a l s o  

profoundly  a l t e r  t h e  p e r m e a t i o n  c h a r a c t e r i s t i c s  of c o n t r o l l e d  r e l e a s e  

f i lm  coa t ings .  

2 

Funke  et a14 h a v e  p l aced  t h e  va r ious  effects of f i l l e r  o n  f i lm  

p r o p e r t i e s  in t w o  m a i n  c a t e g o r i e s :  (a) h y d r o d y n a m i c  e f f e c t s ,  d u e  l a rge ly  

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

pa r t i c l e s ;  a n d  (b) r e in fo rc ing  e f f e c t s ,  d u e  to s t r o n g  phys ica l  a n d / o r  

c h e m i c a l  bonding of t h e  f i l l e r  to t h e  po lymer  phase.  H y d r o d y n a m i c  

f a c t o r s  as wel l  as t h e  d e g r e e  of f i l l e r -polymer  i n t e r a c t i o n  m a y  i n f l u e n c e  

t h e  m a g n i t u d e  of t h e  i n t e r n a l  s t r e s s  a s s o c i a t e d  wi th  t h e  loca l i s ed  f l a w s  

at t h e  p igmen t -po lymer  i n t e r f a c e .  Inoue  obse rved  t h a t  wh i l e  s p h e r i c a l  

t i t a n i u m  dioxide  and  z i n c  ox ide  p i g m e n t s  i n c r e a s e d  t h e  i n t e r n a l  s t r e s s  of 

benzy lce l lu lose  wi th  i n c r e a s e  in p i g m e n t  c o n c e n t r a t i o n ,  t a l c  and  

5 
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PIGMENTED TABLET COATING FILMS 133 

a lumin ium powder  which  had f l aky  p a r t i c l e s  had  l i t t l e  or no e f f e c t  on  

in t e rna l  s t r e s s .  

In t h i s  pape r ,  t h e  r e l a t ionsh ip  b e t w e e n  i n t e r n a l  s t r e s s ,  f i l l e r -  

po lymer  i n t e r a c t i o n s  a n d  t h e  m e c h a n i c a l  p r o p e r t i e s  of aqueous-based  

f i lms  of hydroxypropyl  me thy lce l lu lose  con ta in ing  e i t h e r  polyvinyl 

a lcohol  or po lye thy lene  g lycol  1000, a n d  f i l l ed  w i t h  talc a n d  t i t a n i u m  

dioxide,  h a v e  b e e n  examined .  

MATERIALS 

Hydroxypropyl  me thyce l lu lose  U.S.P. ( P h a r m a c o a t  606)  a n d  

polyvinyl a l coho l  (Poval  PA-5) w e r e  m a n u f a c t u r e d  by Shin-Etsu C h e m .  

Co.Ltd., J apan .  P o l y e t h y l e n e  g lycol  1000 was  o b t a i n e d  f r o m  BDH 

C h e m i c a l s  Ltd., Poole ,  U.K. T w o  po lymer  s y s t e m s  w e r e  examined :  

hydroxypropyl  me thy lce l lu lose  (HPMC) in c o m b i n a t i o n  wi th  e i t h e r  

po lye thy lene  g lycol  (PEG)  1000 or polyvinyl a l coho l  (PVA). In e a c h  case, 

t h e  c o n t e n t  of t h e  po lymer  a d d i t i v e  (PEG 1000 or PVA) w a s  20wt% based  

on t h a t  of HPMC. 

T w o  t y p e s  of talc, d i f f e r ing  in a v e r a g e  p a r t i c l e  s i z e  ( T a l c  4053NM 

a n d  T a l c  4053, R i c h a r d  Bake r  Harr i son  Ltd., U.K.), and  t w o  t y p e s  of 

t i t a n i u m  dioxide,  o n e  of which i s  s u r f a c e - t r e a t e d  (Tioxide A-HR, DTP 

Tioxide  Ltd., U.K. a n d  B a y e r t i t a n  KC-K-20, Baye r  (UK) L t d )  w e r e  

inco rpora t ed  in t h e  po lymer  s y s t e m s  as fi l lers.  T h e s e  f i l l e r s  a r e  

des igna ted  talc A, talc B, T i 0 , A  and  TiO,B, r e spec t ive ly ,  and  t h e i r  ma in  

f e a t u r e s  a r e  l i s t ed  in T a b l e  1. 
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134 OKHAMAFE AND YORK 

METHODS 

Aqueous  p o l y m e r  f o r m u l a t i o n s  w e r e  p r e p a r e d  f r o m  10%w/v  

a q u e o u s  so lu t ions  of t h e  polymers .  T h e  f i l l e r  p a r t i c l e s  w e r e  d i spe r sed  in 

t h e  a q u e o u s  f i lm  f o r m u l a t i o n s  f o r  t h i r t y  m i n u t e s  using a 

mixe r / emul s i f i e r  ( l abora to ry  model ,  S i lve r son  Mach ines  Ltd., London). 

T h e  r o t a t i n g  cy l inde r  t e c h n i q u e 6  w a s  e m p l o y e d  in c a s t i n g  t h e  f i lms .  

Cross - sec t ions  of t h e  f i l m s  showed  e v e n  d i s t r ibu t ion  of f i l l e r  p a r t i c l e s  

when  e x a m i n e d  unde r  t h e  mic roscope .  

T h e  t e n s i l e  s t r e n g t h  at b r e a k ,  Young's modu lus  and  e l o n g a t i o n  at 

b r e a k  of t h e  f i l m s  w e r e  d e t e r m i n e d  f r o m  s t r e s s - s t r a i n  m e a s u r e m e n t s  as 

d e t a i l e d  in a p rev ious  s t u d y  '. A t o t a l  of t w e l v e  dumb-bel l  s h a p e d  

s p e c i m e n s  (six c u t  pe rpend icu la r  to, t h e  a x i s  of r o t a t i o n  of t h e  c a s t i n g  

s u b s t r a t e )  w e r e  e x a m i n e d  and  t h e  m e a n  of t h e  r e s u l t s  w a s  t a k e n  in a l l  

cases. 

T h e  s u r f a c e  a r e a s  of t h e  p i g m e n t s  w e r e  m e a s u r e d  w i t h  a s u r f a c e  

a r e a  and  p o r e  v o l u m e  a n a l y s e r  (mode l  2100, M i c r o m e r i t i c s  Intr.Corp., 

U.S.A.). T h e  pH of a 10%w/v  a q u e o u s  suspens ion  of e a c h  f i l l e r  as wel l  as 

t h o s e  of 10%w/v  a q u e o u s  f o r m u l a t i o n s  of t h e  ind iv idua l  p o l y m e r s  and  t h e  

mixed  po lymer  s y s t e m s  w e r e  o b t a i n e d  using a mic roprocesso r  

pH/mi l l ivo l t  m e t e r  (mode l  81 I ,  Or ion  R e s e a r c h  Inc., U.S.A.). 

RESULTS AND DISCUSSION 

T o  f a c i l i t a t e  a b e t t e r  unde r s t and ing  of t h e  m e c h a n i s m  by wh ich  t h e  

m e c h a n i c a l  behaviour  of f i l m s  a r e  in f luenced  by p a r t i c u l a t e  f i l l e rs ,  
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PIGMENTED TABLET COATING FILMS 135 

p r e d i c t e d  d a t a  based  on  previous ly  proposed  m o d e l s  ( equa t ions  ( 1 )  - 

(3 ) )79s ,9  w e r e  ob ta ined .  T h e s e  data ( ind ica t ed  as b roken  l ines)  a r e  

p l o t t e d  t o g e t h e r  w i th  t h e  e x p e r i m e n t a l  r e s u l t s  in Figs. 1 - 6 .  
2 

o’= a (1 - 0 3 S c  

E’= E (1 - 8 , )  
1 - 

E’= E (1 - 0;) 

w h e r e  o’, E’ and  E ’  a r e  t h e  t e n s i l e  s t r e n g t h ,  Young’s modu lus  a n d  

e longa t ion  r e spec t ive ly ,  of t h e  f i l l ed  f i lms  whi le  u ,  E a n d  E r e p r e s e n t  t h e  

s a m e  p a r a m e t e r s  fo r  t h e  unfil led sys te rns .  @ i s  t h e  v o l u m e  f r a c t i o n  of 

t h e  f i l l e r  and  Sc i s  a s t r e s s  c o n c e n t r a t i o n  f a c t o r  wh ich  i n d i c a t e s  t h e  

l eve l  of i n t e r n a l  s t r e s s  i nduced  in t h e  f i l m s  as a re su l t  of p i g m e n t a t i o n .  

S h a s  a v a l u e  l e s s  t h a n  un i ty  s i n c e  a m a x i m u m  va lue  of 1.0 i n d i c a t e s  

a b s e n c e  of f i l l e r - induced  s t r e s s .  In t h e  p r e s e n t  s tudy ,  S i s  c o n s i d e r e d  to 

be un i ty  fo r  r e a s o n s  of s impl ic i ty .  While t h e  e l o n g a t i o n  m o d e l  a s s u m e s  

m a x i m u m  f i l le r -polymer  i n t e r a c t i o n ,  t h i s  phenomenon  i s  n o t  a f a c t o r  in 

t h e  o t h e r  t w o  models.  

Tens i l e  S t r e n g t h  

f 

C 

C 

A s  Figs. 1 and  2 i n d i c a t e ,  p i g m e n t a t i o n  in i t ia l ly  r e s u l t e d  in a s h a r p  

d e c r e a s e  in t e n s i l e  s t r e n g t h ,  In f i lm  s y s t e m s  c o n t a i n i n g  t i t a n i u m  

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

s l igh t  i n c r e a s e  in, or unchanged ,  t e n s i l e  s t r e n g t h .  T h e  t e n s i l e  s t r e n g t h  of 

t h e  ta lc - f i l l ed  f i l m s  showed  a d o w n w a r d  t r e n d  as f i l l e r  c o n t e n t  w a s  

f u r t h e r  ra i sed ,  w i th  t h e  e x c e p t i o n  of t h e  p l a s t i c i sed  s y s t e m  c o n t a i n i n g  

t a l c  B w h e r e  no  c h a n g e  in t e n s i l e  s t r e n g t h  o c c u r r e d .  
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Filler conc. (vol%) 

FIGURE 1 

Tensi le  s t rength  of HPMCJPVA fi lm versus f i l ler  c o n t e n t  at 2OoC, 60% R.H. 
(Note: t a l c  A = ; t a l c  B = m ; T i 0 , A  = 0 ; T i 0 2 B  = ; broken l ine = predic ted  
data). 

35 

5 

- r 

- - 

- 

4 I I i I I I 

0 10 20 0 5 15 25 

Filler conc. (~01%) 

FIGURE 2 

Tensi le  s t rength  of HPMC/PEG 1000 f i lm versus f i l ler  c o n t e n t  at 2OoC, 60% 
R.H. (Note: t a l c  A = ; t a l c  B = ; T i 0 2 A  = 0 ; T i 0 , B  = 0 ; broken l ine = 
predicted data) .  
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PIGMENTED TABLET COATING FILMS 137 

Two main f a c t o r s  a r e  thought  to d e t e r m i n e  t h e  inf luence  of 

p igments  on t h e  tensi le  s t r e n g t h  of films. T h e s e  are t h e  in te rna l  s t r e s s  

of t h e  f i lms and t h e  degree  of pigment-polymer in te rac t ion .  

Incorporation of t h e  p igment  par t ic les  in a f i lm c a u s e s  discont inui t ies  in 

t h e  network of t h e  polymer mat r ix  as hydrogen bonds b e t w e e n  a d j a c e n t  

polymer s e g m e n t s  are broken. Although pigment-polymer in te rac t ion  

probably o c c u r s  by a dipole-dipole mechanism (since both t h e  polymers  

and pigments  used a r e  polar in c h a r a c t e r )  th i s  bonding in te rac t ion  is 

weaker  than  t h e  severed  hydrogen bonds. Thus t h e  pigment-polymer 

i n t e r f a c e  c o n s t i t u t e s  a weak link in  t h e  s t r u c t u r e  of t h e  f i lm and may 

t h e r e f o r e  be regarded as a s t r e s s  concent ra t ion  (Sc in equat ion  (1)). 

Hence t h e  in te rna l  s t r e s s  of t h e  f i lms will increase  as fi l ler  

concent ra t ion  rises, leading to a fa l l  in tens i le  s t rength .  On t h e  o t h e r  

hand, increasing fi l ler-polymer in te rac t ion  with increasing f i l ler  c o n t e n t  

enhances  tens i le  s t rength.  In t i t an ium dioxide-filled fi lms, t h e  fi l ler-  

polymer in te rac t ion  f a c t o r  exhibi ted a slightly dominant  effect on t h e  

overal l  s t rength  of t h e  f i lms while t h e  in te rna l  s t r e s s  f a c t o r  played a f a r  

more  i m p o r t a n t  role  in f i lms  loaded with ta lc .  

T h e  d i f fe rences  be tween t h e  e f f e c t s  of t h e  p igments  c a n  b e  

a t t r i b u t e d ,  in par t ,  to the i r  p a r t i c u l a t e  f e a t u r e s  ( see  Table  1). Internal  

s t r e s s  a p p e a r s  to b e  g r e a t e r  in t h e  presence  of plate-l ike t a l c  compared  

with spherical  t i t an ium dioxide. This  may b e  explained by Van 

Krevelen's proposition" t h a t  t h e  s t r e s s  at t h e  t i p  of a f law (such as a 

fi l ler-polymer i n t e r f a c e )  is increased by a f a c t o r  of ( /r)' where  L is t h e  

length of t h e  f law and r is i t s  t i p  radius. This probably also a c c o u n t s  for  

L '  
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138 OKHAMAFE AND YORK 

TABLE 1 

Specif ic  S u r f a c e  A r e a  and P a r t i c l e  F e a t u r e s  of t h e  Fi l lers  used 

Filler Spec i f ic  s u r f a c e  P a r t i c l e  F e a t u r e  

2 -1 a r e a  (m g ) 

T a l c  A 1.34 

T a l c  B I .%I  

T i 0 2  A 7.89 

plate-l ike,  coarse .  

plate-like. f ine.  

spherical ,  m a  :ase, 

u n t r e a t e d  surface.  

T i 0 2  B 8.42 spherical ,  r u t i le ,  

water-repel lant ,  

s u r f a c e  t r e a t e d  with 

alumina and an  

undisclosed organic  

compound. 

t h e  g r e a t e r  nega t ive  effect of t a l c  A (which has  a la rger  a v e r a g e  

par t ic le  size than  t a l c  B) on tens i le  s t rength ,  especial ly  in HPMC/PEG 

1000 film. I t  is a lso probable  t h a t  t h e  hydrophobic coa t ing  on T i 0 , B  

inhibited fi l ler-polymer in te rac t ion  and was t h e r e f o r e  less  e f f e c t i v e  in 

enhancing tens i le  s t rength  than Ti0 ,A.  

On t h e  basis of t h e  acid-base c o n c e p t  employed in a r e c e n t  

1 paper  , there  should b e  g r e a t e r  f i l ler-polymer in te rac t ion  in t h e  f i lm 

sys tem plasticised with PEG 1000 than  in HPMC/PVA films. This is 

because  t h e  pH d i f f e r e n c e  be tween e a c h  fi l ler  and HPMC/PEG 1000 (see  

pH d a t a  in Table  2) is  l a rger  in e a c h  case than  t h a t  be tween t h e  
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TABLE 2 

pH of Aqueous Po lymer  S y s t e m s  and Fi l ler  Suspensions 

S y s t e m  PH 

PVA (10% w/v aqueous  solut ion)  

PEG 1000 (10% w/v aqueous  solution) 

HPMC (10% w/v  aqueous  solution) 

HPMC/PVA (10% w/v aqueous  mix tu re )  

HPMC/PEG 1000 ( 1 0 % ~ / v  aqueous  mix tu re )  

T a l c  A / w a t e r  (lO%w/v aqueous  suspension) 

T a l c  B /wa te r  (10% w/v aqueous  suspension) 

5.11 

3.30 

7.26 

6.70 

6.04 

9.00 

9.01 

7.33 

6.35 

T i 0  A / w a t e r  (10% w/v aqueous  suspension) 2 

T iO2B/wa te r  (10% w/v aqueous  suspension) 

corresponding f i l ler  a n d  HPMC/PVA. I t  is though t ,  however ,  t h a t  t h e  

f i l l e r s  i n t e r a c t  p re fe ren t i a l ly  with t h e  po lymer  add i t ives  (PEG 1000 and  

PVA) which a r e  inhe ren t ly  lower in s t r e n g t h  t h a n  t h e  f i lm  f o r m e r  

(HPMC). As a re su l t ,  t h e  g r e a t e r  f i l ler-polymer i n t e r a c t i o n  in t h e  

plast ic ised s y s t e m  does  not  t r a n s l a t e  to a l a r g e r  i n c r e a s e  in t ens i l e  

s t r e n g t h  t h a n  in  HPMC/PVA b e c a u s e  PEG 1000, unlike PVA, c a n n o t  f o r m  

a c o h e r e n t  f i lm. This  is  r e f l e c t e d  by t h e  g r e a t e r  ove ra l l  posi t ive 

dev ia t ion  of t h e  e x p e r i m e n t a l  r e su l t s  f r o m  t h e  p red ic t ed  d a t a  fo r  

HPMC/PVA f i l m s  t h a n  fo r  t h e  HPMC/PEG 1000 sys t em.  

Young's Modulus 

Figs. 3 a n d  4 show t h e  Young's modulus d a t a  obtained.  Gene ra l ly ,  

Young's modulus inc reased  when p i g m e n t s  w e r e  added  to t h e  po lymer  
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15 
CJ 

0, 
X 

- - 

. - . . . - - - 
% 

. 
L 

c 

I I I I 1 

0 10 20 0 5 15 25 

Filler conc. ( V O l % )  

FIGURE 3 

Young's modulus of HPMC/PVA f i lm  ve r sus  f i l ler  c o n t e n t  at 2OoC, 60% R.H. 
(Note:  t a l c  A = 0 ; t a l c  B = ; T i 0 2 A  = 0 ; T i 0 2 B  = 0 . ;  broken  l i n e  = p r e d i c t e d  
data) .  

8 -  r 

cu 
0, 
X - 

I -  

- - - _  - 
v, 
0 
C 
: 2 >  I I I I 1 

> o  10 20 0 5 15 25 

Filler conc. (~01%) 

FIGURE 4 

Young's modulus of HPMC/PEG 1000 f i lm  ve r sus  f i l ler  c o n t e n t  at  2OoC, 60% 
R.H. (Note: talc A = KI ; t a l c  B = rn ; T i 0 2 A  = 0 ; T i 0 , B  = 0 ; broken l ine = 
pred ic t ed  data) .  
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systems. This  is  in a g r e e m e n t  with findings r epor t ed  by o t h e r  

workers4’11. Inc reased  modulus is  usually due  to a r i s e  in t h e  s t i f fnes s  

or rigidity of t h e  polymer m a t r i x  which may  b e  brought  abou t  in t w o  

ways. F i r s t ,  t h e  mobili ty of t h e  polymer phase  may  b e  physically 

hindered by t h e  m e r e  p re sence  of t h e  hard f i l ler  par t ic les .  This i s  a 

hydrodynamic effect. Second,  f i l ler-polymer i n t e r a c t i o n  ( a  r e in fo rc ing  

e f f e c t )  could s t i f f e n  t h e  molecular  cha ins  of port ions of t h e  polymer 

m a t r i x  at t h e  fi l ler-polymer i n t e r f a c e  t h u s  reducing s e g m e n t a l  mobili ty.  

T h e  s t i f f en ing  effect c a n  b e  t r a n s m i t t e d  f u r t h e r  t h e  ne twork  of t h e  

polymer phase  as Kwei12 has  noted. 

T h e  hydrodynamic effect of plate- l ike t a l c  on Young’s modulus is  

g r e a t e r  t han  t h a t  of sphe r i ca l  t i t an ium dioxide in view of t h e  l a r g e r  

s h a p e  f a c t o r  of plate-l ike t a l c  (shape f a c t o r  has  been  def ined13 as t h e  

r a t i o  /d w h e r e  L i s  t h e  a v e r a g e  l eng th  of t h e  f i l ler  p a r t i c l e s  and d t h e  

a v e r a g e  d i ame te r ) .  T i t an ium dioxide,  being spherical ,  h a s  a shape  f a c t o r  

of 1.0. However ,  T i 0 , A  and  TiO,B, with spec i f i c  s u r f a c e  a r e a s  4-6 

t i m e s  t h o s e  of t h e  t w o  t a l c s  (see Tab le  11, possess a po ten t i a l ly  g r e a t e r  

re inforcing c a p a c i t y  s ince  t h e  g r e a t e r  t h e  s u r f a c e  a r e a  of t h e  fi l ler  t h e  

g r e a t e r  t h e  avai lable  s u r f a c e  fo r  fi l ler-polymer in t e rac t ion .  T h e  d a t a  in 

Figs. 3 and 4, however ,  i n d i c a t e  t h a t  t a l c  and  t i t an ium dioxide had 

approx ima te ly  iden t i ca l  e f f e c t s  on t h e  modulus of t h e  films. T h e  

appl icat ion of t h e  acid-base c o n c e p t  sugges t s  g r e a t e r  modulus 

e n h a n c e m e n t  by a reinforcing mechan i sm in t h e  p r e s e n c e  of t a l c  t h a n  

t h a t  of t i t an ium dioxide; b u t  t h e  r e su l t s  obtained d o  not  r e f l e c t  t h i s  

probably b e c a u s e  t h e  polymer cha in  s t i f f en ing  e f f e c t  of t h e  f i l l e r s  is  
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142 O K W E  AND YORK 

hindered as a resul t  of t h e  inherent ly  weak n a t u r e  of t h e  polymer 

additives,  especial ly  PEG 1000. S o m e  support  for  th i s  hypothesis  c a n  b e  

found in a previous study’ where  t h e  l a r g e  increase  in t h e  modulus of 

HPMC f i lm in t h e  presence  of t a l c  B was  a t t r i b u t e d  m o r e  to fi l ler-  

polymer in te rac t ion  than  to hydrodynamic factors .  

Elongation 

Figs. 5 and 6 i l lus t ra te  t h e  elongat ion results. In a l l  cases, t h e r e  is 

a fa l l  in e longat ion with i n c r e a s e  in f i l ler  concent ra t ion .  Taking t h e  

predicted d a t a  in to  considerat ion,  i t  would appear  t h a t  t h e  reduct ion in 

e longat ion was m o r e  pronounced in t h e  presence  of t a l c  than  t h a t  of 

t i t an ium dioxide. The e f f e c t s  of t a l c s  A and  B on t h e  elongat ion of t h e  

f i lms w e r e  s imilar ,  and t h e  s a m e  appl ies  to T i 0 2 A  and B in HPMC/PEG 

1000 system. However,  e longat ion was more  e f f e c t i v e l y  lowered in  

HPMC/PVA f i lms  by T i 0 2 B  t h a n  Ti0 ,A.  

I t  has  been reported8” t h a t  p igment  incorporat ion in f i lms  usually 

resul ts  in a d e c r e a s e  in fi lm elongat ion e v e n  if t h e  p igment  does  not  

i n t e r a c t  with t h e  polymer phase. However,  t h e  g r e a t e r  t h e  d e g r e e  of 

fi l ler-polymer in te rac t ion  t h e  m o r e  pronounced is t h e  fa l l  in elongation. 

In addition to t h e  role  played by fi l ler-polymer in te rac t ion ,  t h e  p a r t i c l e  

shape  (a  hydrodynamic f a c t o r )  has a considerable  inf luence on t h e  

magnitude of f i lm elongation. As discussed ear l ie r ,  t h e  fi l ler-polymer 

i n t e r f a c e  is a s t r e s s  concent ra t ion ;  t h e  stress assoc ia ted  with ta lc ,  which 

is plate-like, will b e  higher than  t h a t  found for  t h e  spherical  t i t an ium 

dioxide. Elongation has  been  considered as a m e a s u r e  of t h e  deformat ion  

capac i ty  (i.e. t h e  abi l i ty  to d e f o r m  under s t ress)  of a f i lm . S t r e s s  1 
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16 

12 

c. 
(0 
UJ 
C 
0 
i i i 4  

0 10 20 0 5 15 25 
Filler conc. (~01%)  

FIGURE 5 

Elongation of HPMC/PVA fi lm versus f i l ler  c o n t e n t  at 2OoC, 60% R.H. (Note: 
t a l c  A = ; t a l c  B = ; T i 0 2 A  = 0 ; T i 0 2 B  = 0 ; broken l ine = predic ted  data) .  

25 

w 

5 

0 10 20 0 5 15 25 

Filter conc.(vol%) 

FIGURE 6 

Elongation of HPMC/PEG 1000 versus fi l ler  c o n t e n t  at 2OoC, 60% R.H. (Note:  
talc A = ; t a l c  B = ; T i 0 2 A  = 0 ; T i 0 2 B  = 0 ; broken l ine = predic ted  d m  
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concentrat ions,  which in e f f e c t  a r e  f laws  in t h e  f i lm,  will e n h a n c e  f i lm 

fa i lure  and therefore  d e c r e a s e  elongation. Fil ler-polymer in te rac t ion  

decreases  polymer chain mobili ty and hence  t h e  deformat ion  capac i ty  of 

a fi lm. Thus t h e  larger  fa l l  in t h e  elongat ion of talc-fi l led f i lms  may b e  

a t t r i b u t e d  to a combinat ion of g r e a t e r  f i l ler-polymer in te rac t ion , (based  

on t h e  acid-base concept )  and higher in te rna l  s t ress .  

The  larger  drop  in t h e  elongat ion of t h e  plasticised sys tem 

(HPMC/PEG 1000) than  t h a t  obtained for  HPMC/PVA c a n  bes t  b e  

explained in t e r m s  of t h e  acid-base concept .  PEG 1000 is a plast ic iser  

while PVA is not. Therefore ,  t h e  plasticised fi lm has a higher 

deformat ion  capac i ty  (elongation). However ,  as a resul t  of preferen t ia l  

in te rac t ion  be tween t h e  f i l lers  and t h e  polymer addi t ives  at t h e  expense  

of HPMC (see Table  2 f o r  pH data) ,  par t ia l  separa t ion  of t h e  polymer 

phase could have occurred,  and this  would reduce  t h e  a m o u n t  of polymer 

addi t ives  in t h e  HPMC matr ix .  Elongation fa l l  is  t h e r e f o r e  g r e a t e r  in 

HPMC/PEG 1000 f i lms  than  in HPMC/PVA blends because  PEG 1000 is  a 

plast ic iser  which incidentally a l so  i n t e r a c t s  m o r e  e f fec t ive ly ,  t h a n  e i t h e r  

HPMC or PVA, with t h e  fillers. 

CONCLUSIONS 

I. The  mechanical  c h a r a c t e r i s t i c s  of aqueous-based f r e e  f i lms  of 

HPMC in combinat ion with e i t h e r  PVA or  PEG 1000 and  loaded with 

se lec ted  p igments  have been  measured using a s t ress-s t ra in  method. 

2. A t t e m p t s  w e r e  m a d e  to r e l a t e  t h e  s t r e s s  induced in t h e  f i lms  by 

t h e  pigments,  and t h e  degree  of pigment-polymer in te rac t ion ,  to t h e  
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mechan ica l  p rope r t i e s  of t h e  films. Thus al though t a l c  c r e a t e d  m o r e  

s t r e s s  in f i lms  ( a s  a r e su l t  of i t s  plate-l ike shape) t h a n  sphe r i ca l  t i t a n i u m  

dioxide, leading to a g r e a t e r  f a l l  in f i lm s t r e n g t h  and elongat ion,  

appl icat ion of t h e  acid-base c o n c e p t  i nd ica t ed  t a l c  i n t e r a c t e d  m o r e  

e f f e c t i v e l y  with t h e  polymer systems.  

3.  Hydrophobic s u r f a c e  t r e a t m e n t  of t i t an ium dioxide produced 

r educed  f i lm s t r e n g t h  probably d u e  to a lower level  of fi l ler-polymer 

interact ion.  

4. T h e  t y p e  of t h e  polymer add i t ive  included in a f i lm  w a s  found to 

in f luence  t h e  d e g r e e  of pigment-polymer i n t e r a c t i o n  and t h e r e b y  t h e  

mechan ica l  p rope r t i e s  of films. T h e  polymer add i t ives  used (PVA and  

PEG 1000) w e r e  though t  to i n t e r a c t  m o r e  e f f e c t i v e l y  t h a n  H P M C  wi th  

t h e  fi l lers.  Consequent ly ,  t h e  reinforcing effects of t h e  f i l l e r s  on t ens i l e  

s t r e n g t h  and Young's modulus w e r e  no t  fully achieved.  In addi t ion,  

p igmen ta t ion  led to a sha rpe r  d r o p  in t h e  elongat ion of t h e  plast ic ised 

f i lms  t h a n  would have  been  expec ted .  
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