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THE MECHANICAL PROPERTIES OF 

HYDROXYPROPYLMETHYLCELLULOSE FILMS 

DERIVED FROM AQUEOUS SYSTEMS 

PART 1: THE INFLUENCE O F  PLASTICISERS 

M .  E .  Aulton and M .  H .  Abdul-Razzak 

School of Pharmacy, Leicester Polytechnic ,  

Le ices t e r ,  England, and 

J .  E .  Hogan, Colorcon Limited,  

Orpington Trading E s t a t e ,  Orpington, Kent, England. 

The aim of t h i s  work i s  t o  examine t h e  e f f e c t s  

t h a t  c e r t a i n  p l a s t i c i s e r s  have on t h e  p r o p e r t i e s  of 

aqueous based hydroxypropylmethylcellulose (HPMC) f i lms  

of a type used f o r  f i l m  coa t ing  t a b l e t s ,  and t o  

i n v e s t i g a t e  whether or no t  t h e  inc lus ion  of t h e s e  

a d d i t i v e s  i s  i n  f a c t  b e n e f i c i a l  i n  a l l  cases .  

The f i l m  former HPMC i s  being used inc reas ing ly  

a s  a coa t ing  f o r  pharmaceutical  t a b l e t s  because of i t s  

s u i t a b l e  p r o p e r t i e s ,  no t  least of which i s  the  a b i l i t y  

t o  coa t  us ing  a f u l l y  aqueous system. This  g r e a t l y  

improves t h e  method and s a f e t y  of app l i ca t ion .  
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6 50 AULTON, ABDUL-RAZZAK, AND HOGAN 

The reasons f o r  coa t ing  pharmaceut ical  t a b l e t s  a r e  

many-fold, however w e  have r e s t r i c t e d  our s tudy  t o  an 

examination of c e r t a i n  mechanical p r o p e r t i e s  of t h e  

f i lms  a s  an assessment of t h e i r  a b i l i t y  t o  a f f o r d  

phys ica l  p r o t e c t i o n  t o  t h e  co re .  Two methods have been 

used t o  eva lua te  t h e s e  p r o p e r t i e s :  

a )  pene t r a t ion  of a s p h e r i c a l  i nden te r  under load 

and 

b) deformation and f r a c t u r e  under t e n s i l e  stress. 

Inden ta t ion  

One major c h a r a c t e r i s t i c  of t h e  inden ta t ion  

p r o f i l e  of a polymer f i l m  i s  i t s  time-dependant na tu re .  

The inden ta t ion  deepens con t inua l ly  with t i m e  wi th  a 

corresponding decrease  i n  apparent  hardness .  This  

r e s u l t s  i n  it rare ly  being p o s s i b l e  t o  s t a t e  a s ing le -  

valued d e f i n a t i v e  hardness  f o r  a polymeric ma te r i a l .  

Observation of indentat ion-t ime curve shapes may 

g ive  an idea  about t h e  e las t ic ,  p l a s t i c  and visco-  

e las t ic  p r o p e r t i e s  of t h e  material. Glassy and 

rubbery m a t e r i a l s  are e l a s t i c  and show rec t angu la r  

shaped curvesI  v i s c o e l a s t i c  m a t e r i a l s  show cha rac t e r -  

i s t i c a l l y  curved traces. The effects  t h a t  cer ta in  

a d d i t i v e s  have on t h e  deformation c h a r a c t e r i s t i c s  of 

polymeric coa t ings  are examined he re .  
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HPMC FILMS 651 

Tens i l e  Tes t ing  

For phys ica l  p ro t ec t ion  of a t a b l e t  core ,  t he  f i l m  

coa t  should be hard and tough without  being b r i t t l e .  

These p r o p e r t i e s  can be def ined i n  terms of y i e l d  

p o i n t ,  s t r a i n  a t  break and e l a s t i c  modulus according 
I t o  t he  c l a s s i f i c a t i o n  of Lever and Rhys . T h i s  i s  

reproduced a s  Table 1 and suggests  t h a t  an i d e a l  f i l m  

should e x h i b i t  a r e l a t i v e l y  high y i e l d  po in t ,  a high 

percentage e longat ion  and a high modulus. I t  i s  

poss ib l e  to  determine these  p r o p e r t i e s  by means of a 

t e n s i l e  e longat ion  test. Such a t es t  was c a r r i e d  out  

on c a s t  films of HPMC either alone o r  conta in ing  

a d d i t i v e s .  

METHOD 

The r e s u l t s  of p l a s t i c i s a t i o n  w e r e  i nves t iga t ed  by 

the  add i t ion  of g lyce ro l  and d i f f e r e n t  grades of poly- 

e thylene  g lyco l  (PEG) t o  t h e  HPMC. The e f f e c t  of 

s to rage  and temperature were a l s o  examined. 

Prepara t ion  of s o l u t i o n s  

The polymer s o l u t i o n s  were prepared as fol lows.  

One t h i r d  of t h e  ca l cu la t ed  amount of water was heated 

i n  a s t a i n l e s s  steel  conta iner .  Whilst  s t i r r i n g ,  

using a mechanical mixer, t h e  des i r ed  amount of t h e  

polymeric powder (hydroxypropylmethylcellulose, 

Methocel E5,  Dow Chemical) was added. The remaining 
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652 AULTON, ABDUL-RAZZAK, AND HOGAN 

TABLE 1 

Y i e  Id  S t r a i n  a t  E l a s t i c  
Po in t  Break Modulus 

( E  longa t ion )  

S o f t  , Weak Low Low Low 

S o f t ,  Tough Low High Low 

Hard, B r i t t l e  Not Low 
def ined  

very High 

Hard, Strong High Moderate High 

Hard, Tough High High High 

amount of co ld  water w a s  added only when adequate d i s -  

pers ion of t h e  powdered polymer i n  hot  water was 

observed. The s y s t e m  w a s  s t i r r e d  u n t i l  complete 

so lva t ion  was e f f e c t e d .  Any des i r ed  a d d i t i v e s  were 

added a t  t h i s  s t age  and b e s t  r e s u l t s  were achieved i f  

t he  s o l u t i o n  was kept  overn ight .  

So lu t ions  were formulated t o  con ta in  15 % w/v 

HPMC t o g e t h e r  with g lyce ro l  and polyethylene g lyco l  

600, 1500, 4000 and 6000 as p l a s t i c i s e r s  i n  concentra- 

t i o n s  of 1, 2 and 3% w/v. Af t e r  c a s t i n g  and drying 

t h i s  r e s u l t e d  i n  f i n a l  p l a s t i c i s e r  concen t r a t ions  i n  

the  films of 10, 2 0  and 30% r e s p e c t i v e l y ,  expressed a s  

a weight percentage of t h e  polymer. 

Cas t i n q  

2 0  m l  samples were cen t r i fuged  t o  remove a i r  

bubbles.  The s o l u t i o n  was then c a s t  using a t h i n  l a y e r  
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HPMC FILMS 653 

chromatography a p p l i c a t o r .  The c learance  was s e l e c t e d  

t o  g ive  a f i l m  t h i ckness  of about 100,pt-i a f t e r  drying.  

The c a s t  was made on a dry  clean g l a s s  p l a t e  and d r i e d  

overnight  i n  a leve led  oven maintained a t  40'C. The 

f i lms  were then s to red  f o r  seven days a t  t h e  requi red  

temperature  and humidity. 

Indenta t ion  Method 

The inden ta t ion  c h a r a c t e r i s t i c s  of t h e  f i l m  w e r e  
2 determined using t h e  apparatus  of White and Aulton . 

The t i m e  of i nden ta t ion  was 10 m i n u t e s  f o r  t he  com- 

par i son  s tudy  of d i f f e r e n t  p l a s t i c i s e r s .  A t  l e a s t  

s i x  readings w e r e  made f o r  each condi t ion .  Two runs 

w e r e  he ld  f o r  t h r e e  hours t o  i n v e s t i g a t e  long t e r m  

i nden ta t ion .  The f i rs t  of these w a s  wi th  t h e  polymer 

alone and t h e  second one with t h e  polymer p lus  10% 

g l y c e r o l .  

T e n s i l e  Method 

Af ter  c a s t i n g  and dry ing ,  the  polymeric f i lms  

w e r e  c u t  using a s t a i n l e s s  steel template  ( tes t  s e c t i o n  

2omm x 6.5mm) and s c a l p e l .  Each sample w a s  l a b e l l e d  

and i t s  th ickness  measured using a micrometer i n  fou r  

p laces  along t h e  middle 2Omm s e c t i o n .  

The mean of t h e s e  readings w a s  used i n  the  c a l c u l a t i o n s  

of t e n s i l e  s t r e n g t h  and modulus3. 

I n  a l l  cases ,  t he  following procedure was 

followed. A t  least  f i v e  samples of  each formulation 
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654 AULTON, ABDUL-RAZZAK, AND HOGAN 

w e r e  t e s t e d  using an I n s t r o n  1 0 2 6  t e s t i n g  machine. 

The force-time curve was recorded d i r e c t l y  and from 

t h i s  u l t i m a t e  t e n s i l e  s t r e n g t h ,  modulus of e l a s t i c i t y  

and pe rcen t  e longat ion  a t  break were es t imated  using 

the  o r i g i n a l  c ross -sec t ion .  T h i s  was done due t o  

d i f f i c u l t i e s  i n  measuring t h e  c ross -sec t ion  j u s t  

before  t h e  break .  However, t h i s  i s  s a t i s f a c t o r y  i n  

our  case s i n c e  t h e  e l o n g i t i o n s  were r e l a t i v e l y  small .  

Moduli of e l a s t i c i t y  (Young's Moduli) w e r e  es t imated  

using t h e  f i r s t  p a r t  of t h e  s t r e s s - s t r a i n  curve 

recorded during t h e  t e n s i l e  s t r e n g t h  measurements. 

RESULTS 

Compat ib i l i ty  of P l a s t i c i s e r  

The samples w e r e  examined f o r  i n c o m p a t i b i l i t i e s  

using a low power microscope. Any sample t h a t  

showed any s i g n  of i ncompa t ib i l i t y  such a s  s p o t t i n g ,  

was discarded  a t  t h i s  s t age .  Only 9 formulae w e r e  

s u i t a b l e  f o r  subsequent t e s t i n g .  The ones conta in ing  

polyethylene g lyco l  1500, 4 0 0 0  and 6000 i n  concentra- 

t i o n s  g r e a t e r  than 10% showed s i g n s  of "blooming". 

This  phenomena i s  a s soc ia t ed  with s o l u b i l i t y ;  i t  

r e s u l t s  i n  some of t he  added p l a s t i c i s e r  being thrown 

from t h e  system. The p l a s t i c i s e r  c o l l e c t s  a s  t i n y  s p o t s  

on t h e  su r face  of t h e  sample. T h i s  may g ive  r ise t o  

weak s p o t s  i n  t h e  f i l m  and rup tu re  may be induced a t  
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HPMC FILMS 655 

low app l i ed  stress. A l l  s o l i d  polyethylene g lyco l s  

i n  concent ra t ions  above 10% i n  HPMC show t h i s .  

Indenta t ion  R e  s u  It s 

I t  i s  clear t h a t  hardness ,  b r i t t l e n e s s  and 

e l a s t i c i t y  are major mechanical p r o p e r t i e s  connected 

with coa t ing  films i n  service. The r e s u l t s  of a l l  

t h e  experiments showed some s i m i l a r i t y  i n  f i lm  

p r o p e r t i e s .  The dry,  unp la s t i c i sed  polymer samples 

were g l a s sy  i n  na ture ,  bu t  a l l  p l a s t i c i s e d  f i lms  

showed v i s c o e l a s t i c  behaviour. Thus it w a s  no t  poss ib l e  

t o  g ive  one f i g u r e  a s  t he  hardness of t h e s e  polymeric 

f i lms .  Q u a l i t a t i v e l y  the  creep curves f o r  s h o r t  

t i m e  gave an idea  about t h e  na ture  of t h e  f i l m  system. 

The HPMC films tended t o  become s o f t e r  and t h e i r  

v i s c o e l a s t i c  tendencies increased a s  t h e  p l a s t i c i s e r  

con ten t  was increased.  Storage a t  t he  h igher  

humidity produced a s imilar  e f f e c t .  

Figure 1 shows the  indenta t ion  p r o f i l e s  (depth v. 

t i m e )  f o r  hydroxypropylmethylcellulose alone p l u s  

curves  conta in ing  10, 2 0  and 30% g lyce ro l .  These 

f i lms  had been e q u i l i b r a t e d  a t  e i t h e r  10% o r  60% R.H. 

as ind ica t ed .  The lef t -hand graph shows t h e  g l a s sy  

na tu re  of t h e  polymer alone i n  the dry  state.  

Addition of p l a s t i c i s e r  c l e a r l y  increased  the  visco- 

e l a s t i c  conten t  of t h e  deformation. I t  can be seen 
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656 AULTON, ABDUL-RAZZAK, AND HOGAN 

3 -  3 r  

10% RH 60% RH 
D 

C 

B 

A 

200 300 400 500 600 100 200 300 400 500 600 

Indentation time (s) 

FIGURE 1 
Penetration of a spherical indenter into cast HF'MC f i l m s :  
Addition of glycerol. A=O%, B=10%, C=20%, and D=30%. 

a l s o  t h a t  t h e  depth of i nden ta t ion  a t  any t i m e  

i nc reases  with the  amount of g l y c e r o l  added. The 

depth after t e n  minutes w a s  doubled by the  add i t ion  of 

30% g lyce ro l .  Increas ing  t h e  s to rage  humidity also 

increased  both t h e  v i s c o e l a s t i c i t y  and t o t a l  depth 

of t h e  inden ta t ion  a f t e r  t e n  minutes;  n o t e  t h a t  even 

HPMC alone i s  c l e a r l y  viscoelastic a t  60% R.H.  

The e f f e c t  of t h e  a d d i t i o n  of var ious  concentra-  

t ions  of polyethylene g lyco l  600 is  shown i n  Figure 2 .  

The curves a r e  a f f e c t e d  i n  a s imi la r  way t o  t h e  add i t ion  

of g l y c e r o l ,  a l though t h e  measured deformations appear 

t o  be less susceptab le  t o  humidity changes. 
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HPMC FILMS 65 7 

3 r  3 -  

lQ% RH 60% RH 
A 

E D 

C 

B 

A 

0 2 -  

-0 
C - 

1 1 I I 1  I 1 1  I 1 1 1  
loo 200 300 400 500 600 loo 200 300 900 500 600 

tndentation time is1 

FIGURE 2 
Penetration of spherical indenter into cast HPMC films: 
Addition of polyethylene glycol 600. A d % ,  3=10%, C=20%, and 
D330Z. 

Figure 3 shows t h e  e f f e c t  of d i f f e r e n t  molecular 

weights of polyethylene glycol.  Generally the  lower 

the  fiolecular weight, the g rea t e r  the  p l a s t i c i s i n g  

act ion.  Indeed only a s m a l l  increase i n  the  indentation 

depth w a s  observed with addi t ion of the  6000 grade. 

The indentation curves f o r  the  two samples 

tes ted  over a long indentation period a re  shown i n  

Figure 4. These long-term indents show t h a t  even the  

'dry' polymer alone is  v i scoe la s t i c  to  a c e r t a i n  

degree, however the  plast ic iser-containing curve 

showed a more duc t i l e  deformation. These curves a l s o  

reveal  t h a t  there  is  a difference i n  the t i m e  needed 

t o  reach the l i n e a r  viscous region. The p l a s t i c i sed  
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658 AULTON, ABDUL-RAZZAK, AND HOGAN 

3 r  

10% RH 60% RH 

2 -  

U 
C 
0 

c 1  

.- 
4- 

c (F * 
C - 

I I 1 I 1 I 
100 200 300 400 500 SO0 100 200 300 400 500 600 

Indentation time ($1 

FIGURE 3 
Penet ra t ion  of sphe r i ca l  indenter  i n t o  c a s t  HPMC f i lms:  
t i o n  of 10% polyehtylene glycols .  
and E= 600. 

Addi- 
A=O, B=6000, C14000, D=1500, 

10 c - 
f 
L = 8  - 
C 

I I 1 I I I 1 I 

2 L  6 0 10 12 14 16 
/ndentof/on time I k s  I 

FIGURE: 4 
Long-term indentations of plasticised and unplasticised 

films of hydroxypropylmethylcellulose. 
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HPMC FILMS 659 

HPMC f i l m  conta in ing  10% g lyce ro l  took 2.5 hours t o  

reach t h i s  region;  t he  unp las t i c i sed  f i l m  needed more 

t i m e ,  3 hours.  

Tens i le  Resul t s  

Glycerol  

Figures  5 a d 6 show t h a t  t h e  percentage of 

g lyce ro l  is  increased  t h e r e  a r e  s i g n i f i c a n t  changes i n  

a l l  p r o p e r t i e s  measured. Ultimate t e n s i l e  s t r e n g t h  

f e l l  from 59.8 MPa with 0% g lyce ro l  t o  31.7 MPa with 

2 0 %  g lyce ro l .  Over t h e  same concent ra t ion  range, t he  

percent  e longat ion  increased from 8.2% t o  17.3%, i .e . ,  

an increase of more than 100%. The modulus of 

e l a s t i c i t y  f e l l  from 1703 IWa t o  876 MPa, a reduct ion  

of n e a r l y  100%. 

u 20% 

2 4 6 6 10 12 14 16 18 
Stro/n I % elongation I 

FIGURE 5 
S t r e s s - s t r a i n  curves f o r  HPMC f i l m s  conta in ing  

d i f f e r e n t  concent ra t ions  of g lyce ro l .  
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660 AULTON, ABDUL-RAZZAK, AND HOGAN 

FIGURE 6 
Changes i n  U l t i m a t e  t e n s i l e  s t r e n g t h  (UTS), percent  
elongation (%e) and modulus of e l a s t i c i t y  (E) with 

change i n  g lyce ro l  conten t  of HPMC films. 

Polyethylene Glycol 

Figures 6 and 7 i n d i c a t e  t h a t  as t h e  grade of PEG 

is decreased t h e r e  were changes i n  t h e  p r o p e r t i e s  

measured. U l t i m a t e  t e n s i l e  s t r e n g t h  f e l l  from 47.2 MP 

f o r  PEG 6000 t o  31.8 MPa f o r  PEG 600. Over t h e  same 

PEG grade range t h e  pe rcen t  e longat ion  increased  from 

8.9% t o  12.8% and t h e  modulus of e l a s t i c i t y  f e l l  from 

1 4 6 0  MPa t o  1077 MPa. As the molecular weight of PEG 

was increased  t h e  r e s u l t s  approached those  of t h e  

polymer alone. 
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2 L 6 8 10 12 1L 
Strain ( % elongation J 

FIGURE 7 

d i f f e r e n t  grades of polyethylene glycol.  
S t ress -s t ra in  curves f o r  HPMC f i l m s  containing 10% of 

Humidity 

The conditioning of the polymeric fi lms a t  high 

humidity (80% R.H.) resul ted i n  s ign i f i can t  changes i n  

mechanical propert ies .  The t e n s i l e  s t rength decreased 

by more than 25%. the percent elongation increased by 

about 40% and the  modulus of e l a s t i c i t y  decreased by 

near ly  10%. 

Temperature 

A f t e r  s torage a t  50°C f o r  50 days the t e n s i l e  

etrongth of t he  films was found t o  have increased by 

only 3% t o  61.3 MPa. The percent elongation decreased 

by 10% t o  6.2 but there  was no s ign i f i can t  change i n  

thm elamtic modulus. The8e observations ind ica te  a 

lor. of  moisture from the  f i lm during storage.  
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DISCUSS I ON 

It. i s  i n t e r e s t i n g  t o  note t h a t  t h e  presence of 

g l y c e r o l  (F igures  1 and 5) , polyethylene g l y c o l  600  

(F igures  2 and 7)  and w a t e r  (humidity d a t a )  i n  t h e  

hydroxypropylmethylcellulose f i lms  a l l  had s imilar  

e f f e c t s .  A l l  t h r e e  a d d i t i v e s  d i d  indeed a c t  as 

p l a s t i c i s e r s  with r e s p e c t  t o  t h e i r  i n f luence  on t h e  

mechanical p r o p e r t i e s  of t h e  f i lm ,  i .e .  each of them 

increased  t h e  ease  of deformation of t h e  f i lm.  T h i s  

w a s  manifested i n  each case  by an inc rease  i n  t h e  

depth of p e n e t r a t i o n  a t  any t i m e ,  an i n c r e a s e  i n  the  

time-dependant na tu re  of t h e  deformation,  a decrease  

i n  t h e  t e n s i l e  s t r e n g t h  of t h e  f i l m ,  an inc rease  i n  

the  e longa t ion  a t  break and a reduct ion  of t h e  

modulus of e l a s t i c i t y .  
4 Porter has  s t u d i e d  t h e  e f f e c t s  of a series of 

p l a s t i c i s e r s  on t h e  t e n s i l e  s t r e n g t h  of aqueous 

derived hydroxypropylmethylcellulose (5  cps) f i l m s  

and r e p o r t s  a decrease  i n  t e n s i l e  s t r e n g t h  with 

increased  p l a s t i c i s e r  concen t r a t ion .  I t  should be 

noted t h a t  t h e  f i l m s  i n  P o r t e r ' s  s tudy  w e r e  produced 

by spray techniques and n o t  c a s t i n g .  A l s o  i n  a r e c e n t  

s tudy ,  Delporte' has  looked a t  t he  in f luence  of PEG on 

t h e  modulus of e l a s t i c i t y  and e l a s t i c  l i m i t  of aqueous 

der ived  hydroxypropylmethylcellulose (5  cps)  f i l m s ,  
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HPMC FILMS 663 

b u t  only using t h e  4 0 0  grade of PEG. The results a r e  

i n  genera l  agreement w i t h  t h e  p re sen t  work. Delporte  

has  a d d i t i o n a l l y  s tud ied  the e f f e c t  of PEG 4 0 0  and 

propylene g l y c o l ,  using t h e  same techniques,  on 

HPMC f i lms  t o  which various propor t ions  of t i t an ium 

dioxide  had been added. A s tr ict  comparison of r e s u l t s  

i s  n o t  poss ib l e  he re  as Delporte  i s  using a more 

complex system than  t h e  p re sen t  s tudy.  

There are a number of theories of p l a s t i c i s a t i o n  

which can be used t o  expla in  such changes i n  mechanical 

p r o p e r t i e s  (see, for  example, R i t ch ie  1.  One of t hese ,  

t he  g e l  theory7,  appears t o  s a t i s f a c t o r i l y  exp la in  our  

observa t ions .  

6 

I n  this theory it i s  assumed t h a t  polymer molecules 

i n  s o l u t i o n  are at t racted t o  each o t h e r  by fo rces  

o r i g i n a t i n g  from ' a c t i v e  c e n t r e s '  along t h e  polymer 

chain.  I n  s o l u t i o n  these  bonds are i n  a dynamic 

equi l ibr ium,  i .e .  cons t an t ly  making and breaking. A s  

they break,  so lven t  ( i .e.  water) molecules are attract-  

ed to ,  and a r e  i n  competit ion for ,  t h e  sites. Thus 

a t  any given t i m e  a c e r t a i n  f r a c t i o n  of these ' a c t i v e  

cen t r e s '  w i l l  be so lva ted  with water molecules. 

Plasticisers, when p r e s e n t  i n  the i n i t i a l  s o l u t i o n ,  

w i l l  also be i n  competit ion f o r  t h e  same sites. The 

r i g i d i t y  of an u n p l a s t i c i s e d  polymer i s  thought t o  be 
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664 AULTON, ABDUL-RAZZAK, AND HOGAN 

due t o  a three-dimensional g e l  s t r u c t u r e  formed on dry- 

ing  by c o n t a c t s  between polymer molecules a t  t h e s e  

cen t r e s .  The presence of p l a s t i c i s e r  w i l l  thus  reduce 

the number of a c t i v e  c e n t r e s  a v a i l a b l e  and consequently 

t h e  number of polymer-polymer c o n t a c t s ,  thereby de- 

c reas ing  t h e  r i g i d i t y  of t h e  three-dimensional s t r u c -  

t u r e  formed on drying;  t h i s  w i l l  allow generous 

deformation of t h e  f i l m  be fo re  rupture .  Plasticisers 

can be s a i d  t o  work by opposing t h e  aggregat ion of 

polymer molecules dur ing  g e l  formation a s  t h e  so lven t  

i s  evaporated.  

Thus, t h i s  theory  exp la ins  how p l a s t i c i s e r s  work 

and indeed why r e s i d u a l  water  i n  t h e  f i l m  has  a 

p l a s t i c i s e r  e f f e c t .  The reduct ion  i n  three-  

dimensional r i g i d i t y  w i l l  r e s u l t  i n  t h e  increased  

time-dependance of t h e  deformations shown i n  Figures  

1 -4 .  S imi l a r ly ,  enhancement of p l a s t i c i s e r ,  a s  shown 

i n  F igures  1 ,2 ,5  and 6 for g l y c e r o l  and PEG 600, is  

a clear consequence of t h e  extra  competi t ion f o r  

a c t i v e  cenhres. 

F igures  3,7 and 8 show t h a t  low molecular weights 

of PEG aro nor. e f f e c t i v e  as p l a s t i c i s e r s .  This  can 

be expla ined  by the fact  th@t there w i l l  be more 

molecules,  and t h e r e f o r e  presumably more chances of 

competition for Y a c t i v e  site, per gram of added PEG. 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



665 

FIGURE 8 
Changes of U l t i m a t e  t e n s i l e  s t rength  (UTS), percent 
elongation (%el and modulus af e l a s t i c i t y  (E) with 

change i n  grade of polyethylene glycol.  

The des i rab le  mechanical properties of polymer 

tablet coats have been outl ined e a r l i e r  i n  terms af 

y i e l d  point, s t r a i n  a t  break and e l a s t i c  modulus. 

HPKC filrns do not exh ib i t  a d i s t i n c t  y i e ld  poin tdur ing  

t e n s i l e  t e s t i n g  (see Figures 5 and 7) and therefore  a 

high ultimate t e n s i l e  s t rength  can be subs t i tu ted  i n  

T a b l e  I as an a l t e rna t ive  criterion of film qual i ty .  

As defined by T a b l e  1, HPMC alone is a hard, 

bri t t le material, compared with HPMC plus  p l a s t i c i s e r ,  

pa r t i cu la r ly  when there  i s  l i t t l e  or no res idua l  
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666 AULTON, ABDUL-RAZZAK, AND HOGAN 

water a c t i n g  as a p l a s t i c i s e r  (see Figure  5 ,  showing 

a s t r a i n  a t  break of only 8 % ) .  

t h i c k  f i l m  can be e a s i l y  broken i n  t h e  f i n g e r s .  However 

s to rage  a t  a high humidity m a k e s  a l00)un f i l m  d u c t i l e  

enough t o  be bent  over wi thout  f r a c t u r e .  

Indeed a f r e e  loop 

Figure  6 shows the e f f e c t  of t h e  a d d i t i o n  of 

g l y c e r o l  on t h e  mechanical p r o p e r t i e s .  Apart  f r o m  

inc reas ing  t h e  e longa t ion  a t  break t h e  o t h e r  changes 

i.e. a marked reduct ion  i n  both  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 las t ic  modulus are d e t r i m e n t a l  i n  

t e r m s  of ideal f i l m  requirements .  According t o  t h e  

scheme of Lever and Rhys (Table 1) the  tendency is  

towards a s o f t ,  tough f i lm.  The i n c r e a s e  i n  

f l e x i b i l i t y  alone could make t h e s e  f i l m s  s a t i s f a c t o r y  

i n  service al though t h e  low s t r e n g t h  and e l a s t i c i t y  

may adverse ly  affect  t h e  film's p h y s i c a l  r e s i s t a n c e  t o  

marking, s c r a t c h i n g  etc. 

The e f f e c t  of t h e  a d d i t i o n  of va r ious  grades  of  

PEG t o  HPMC (F igures  7 and 8) show i n  a l l  cases t h a t  

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 longa t ion  a t  break 

were reduced. However, i n  t h e  case of t h e  h ighe r  

grades ,  t h i s  w a s  wi thout  a corresponding l a r g e  

inc rease  i n  .e longat ion.  Only t h e  lower grades  of 

PEG had a s i g n i f i c a n t  e f f e c t  on e longa t ion ,  however 

t h i s  was accompanied by a marked reduc t ion  i n  s t r e n g t h .  
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HPMC FILMS 667 

CONCLUSIONS 

This  work has provided a demonstration of t h e  

p l a s t i c i s e r  e f f e c t s  of water, PEG and g l y c e r o l  on 

aqueous der ived  HPMC f i lms  and q u a n t i f i e d  them i n  

terms of t e n s i l e  and inden ta t ion  test parameters.  

Addition of p l a s t i c i s e r  t o  organic  so lven t  

der ived  c e l l u l o s i c  f i lms  has long been known t o  be a 

n e c e s s i t y  but  t h e i r  add i t ion  t o  aqueous der ived 

coa t ing  systems should be more c a r e f u l l y  examined. 

The high degree of mechanical p ro t ec t ion  a f forded  

by HMPC f i lms  can be modified by p l a s t i c i s e r s  t o  

provide g r e a t e r  f i lm  f l e x i b i l i t y  f o r  p o t e n t i a l l y  

d i f f i c u l t  a p p l i c a t i o n s  such as deep logos o r  break 

l i n e .  

However, from t h e  work repor ted  here  add i t ion  of 

p l a s t i c i s e r  t o  HPMC f i lms  i s  gene ra l ly  accompanied by 

a change t o  a s o f t e r  f i l m  of decreased t e n s i l e  s t r eng th .  
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