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ABSTRACT 

Changes i n  the mechanical strength o f  t a b l e t s  w i th  time 

are w e l l  documented. Sodium chlor ide tab le ts  increase i n  s t rength 

by over 100% i n  the f i r s t  hour a f t e r  manufacture. 

t ha t  when mixed w i t h  magnesium stearate, t h i s  s t rength change does 

no t  occur. Results are also presented f o r  lactose tab lets ,  and 

possible mechanisms are discussed. 

I t  i s  shown 

INTRODUCTION 

Changes i n  the  mechanical strength o f  t a b l e t s  w i t h  t i m e  

are w e l l  recognised. Rees and Shotton [I) reported increases i n  

s t rength o f  over 100% during one hours stor&ge o f  sodium chlor ide 

tablets.  S imi lar  changes were reported by Rue and Barkworth (21, 

who used an acoustic emission technique t o  determine the mechanism 
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670 SHEIKH-SALEM AND FELL 

of t h e  i n c r e a s e .  Other  workers  have a c c e p t e d  t h a t  a time f a c t o r  

was impor tan t  when measuring t h e  s t r e n g t h  o f  t a b l e t s .  [3,41. 

T h i s  p a p e r  r e p o r t s  t h e  i n f l u e n c e  of magnesium stearate on 

t h e  s t r e n g t h  of  t a b l e t s  o f  sodium c h l o r i d e  and lactose t a b l e t s  

s t o r e d  fo r  i n c r e a s i n g  time i n t e r v a l s .  

MATERIALS AN0 METHODS 

Materials. 

Sodium c h l o r i d e  ( a n a l a r  g r a d e ,  B.D.H.Ltd, UKI was from a 

s i n g l e  b a t c h  and was s i e v e d  (Alp ine  A i r  J e t  S i e v e )  t o  o b t a i n  a 

125-150um size  f r a c t i o n .  Lac tose  (Uniga te  Foods Ltd. UKI was 

a l s o  from a s i n g l e  b a t c h  and was s i m i l a r l y  s i e v e d  t o  o b t a i n  t h e  

same size f r a c t i o n .  Magnesium stearate [Halewood Chemicals, UKI 

was added a t  a c o n c e n t r a t i o n  of 0.1% 

material for 30 minutes  u s i n g  a Turbula  mixer  (W.A. Bachoven. 

Swit.zerland1 a t  90 r.p.m. T h i s  time t a k e s  i n t o  account  t h e  work 

o f  Bolhuis  e t  a1 (51 on t h e  i n f l u e n c e  of mixing time of  magnesium 

stearate w i t h  e x c i p i e n t s ,  and is  such  t h a t  f u r t h e r  mixing time 

does n o t  cause any change i n  t h e  s t r e n g t h  of t a b l e t s  prepared  

from t h e  mix. 

W /w and mixed w i t h  each  

Methods. 

0.5g samples  of t h e  a p p r o p r i a t e  material were compressed 

a t  a crosshead  speed  o f  O . l c m / m i n  w i t h  a f "  d i a m e t e r ,  f l a t  f a c e d  

punch and d i e  sys tem mounted on an I n s t r d n  p h y s i c a l  t e s t i n g  

ins t rument  ( 6 ) .  The p r e s s u r e  used  was 155PlN/m . T a b l e t s  w8m 

e i t h e r  t e s t e d  i m d i a t e l y ,  or s t o r e d  over si l ica  g e l  u n t i l  
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TIME DEPENDENT STRENGTH CHANGES 671 

requ i red .  The s t rength  o f  the  t a b l e t s  was measured by d iamet ra l  

c rush ing  us ing  a T22K t e s t i n g  instrument (J .J .  Lloyd Ltd. Southamp 

ton, UK). A t  l e a s t  f i v e  t a b l e t s  were tes ted  a t  each t ime i n t e r v a l .  

RESULTS AND DISCUSSION. 

The r e s u l t s  a re  shown g r a p h i c a l l y  i n  Figure 1 as p l o t s  o f  

b reak ing  l oad  against  time. S t a t i s t i c a l  t reatment o f  t h e  data 

was c a r r i e d  ou t  using a one way ana lys i s  o f  variance, fo l lowed i f  

required, by Duncan's new m u l t i p l e  range t e s t .  These treatments 

show t h a t  there  i s  a s i g n i f i c a n t  e f f e c t  o f  t ime on the breaking 

l oad  o f  t a b l e t s  f o r  sodium c h l o r i d e  alone and lac tose  w i t h  

magnesium stearate,  bu t  t ime does n o t  have a s i g n i f i c a n t  effect 

on l ac tose  alone o r  sodium ch lo r i de  w i t h  magnesium stearate. 

S i g n i f i c a n t  changes occur i n  t h e  1 s t  hour f o r  sodium ch lo r ide ,  

and the  24 and 40 hour r e s u l t s  f o r  l ac tose  w i t h  magnesium s teara te  

are s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  o the r  resu l t s .  

Magnesium s teara te  d ramat i ca l l y  reduces the  s t rength  o f  

sodium c h l o r i d e  t a b l e t s  as found p rev ious l y  by Bolhuis e t  a1 (5). 

The la rge  inc rease i n  s t reng th  occu r r i ng  i n  the f i r s t  hour f o r  

sodium c h l o r i d e  tab le ts ,  i s  n o t  observed when sodium ch lo r i de  i s  

mixed w i t h  magnesium s teara te  p r i o r  t o  compaction. On the  bas is  

o f  acous t i c  emission studies,  Rue and Barkworth [21 explained the  

inc rease i n  s t rength  o f  sodium ch lo r i de  t a b l e t s  as fo l lows. 

Sodium c h l o r i d e  undergoes w c k  hardening [7,81 and dur ing  

compression, t h e  c r y s t a l s  a t  t he  d i e  w a l l  and punch faces w i l l  be 

subjected t o  h igh  shear, r e s u l t i n g  i n  a t a b l e t  w i th  a "work 
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FIGLRE 1 

The effect of time on t h e  breaking  loads of tablets prepared 
f r o m :  m =  lactose a l o n e  0 = l a c t o s e ,  w i t h  magnesium stearate 

O =  sodium c h l o r i d e  a l o n e  0 = sodium c h l o r i d e  w i t h  
magnesium stearate. 

Bars i n d i c a t e  t h e  s t a n d a r d  e r r o r  o f  t h e  mean. 

hardened shel l -" .  Such a s h e l l  p r e v e n t s  s t r a i n  recovery  o f  t h e  

t ab le t  and i n t e r n a l  rearrangement  o f  t h e  p a r t i c l e s  occurs .  

producing i n c r e a s e d  areas of  bonding and an i n c r e a s e  i n  t a b l e t  

s t r e n g t h .  

Magnesium stearate may act i n  two ways t o  p r e v e n t  t h i s  

i n c r e a s e  i n  s t r e n g t h .  F i r s t l y ,  by c o a t i n g  the p a r t i c l e s  of 
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TIM3 DEPENDENT STRENGTH CHANGES 673 

sodium c h l o r i d e ,  it w i l l  p revent  i n c r e a s e s  i n  bonding occur ing  

even i f  i n t e r n a l  rearrangement  of t h e  p a r t i c l e s  t a k e s  place.  

Secondly, by a c t i n g  as a l u b r i c a n t ,  i t  could  reduce  t h e  work 

hardening  o f  t h e  o u t e r  shell o f  t h e  t a b l e t ,  and allow s t r a i n  

recovery  t o  t a k e  p lace .  

Lac tose  t a b l e t s  undergo a g r e a t e r  strain recovery  t h a n  

sodium c h l o r i d e  t a b l e t s  (91 and i n c r e a s e s  i n  s t r e n g t h  do n o t  occur 

i n  measurable  time per iods .  magnesium stearate reduces  t h e  

s t r e n g t h  o f  lactose t a b l e t s ,  b u t  no t  by t h e  same degree  as sodium 

c h l o r i d e .  This is due to  l a c t o s e  undergoing f ragmenta t ion  d u r i n g  

compaction, a l l o w i n g  t h e  c r e a t i o n  of nignesium stearate free 

s u r f a c e s ,  and hence better bonding f5l .  The r e s u l t s  o b t a i n e d  

i n d i c a t e  t h a t  lactose t a b l e t s  w i t h  magnesium stearate undergo a 

small r e d u c t i o n  i n  s t r e n g t h  after 24hrs  s t o r a g e  which i s  n o t  found 

f o r  l a c t o s e  a lone .  

s t a n t i a t e  t h i s  effect. 

F u r t h e r  i n v e s t i g a t i o n  is  r e q u i r e d  t o  sub- 
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