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ABSTRACT 

The e f f e c t  o f  concentrat ion of l u b r i c a n t  on t h e  a x i a l  and 

r a d i a l  t e n s i l e  s t rengths o f  t a b l e t s  was determined f o r  f o u r  

d i r e c t l y  compressible pharmaceutical mater ia ls :  anhydrous 

lactose,  a s p i r i n ,  m i c r o c r y s t a l l i n e  c e l l u l o s e ,  and d i b a s i c  c a l -  

cium phosphate dihydrate.  The l u b r i c a n t s  i n v e s t i g a t e d  were: 

hydrogenated vegetable o i l ,  magnesium stearate,  po lyethy lene 

g l y c o l  4000, s t e a r i c  ac id ,  and t a l c .  For p l a s t i c  m a t e r i a l s  the  

t e n s i l e  s t rengths were reduced as t h e  concentrat ion of t he  

1 u b r i  cant  was increased. For b r i  ttl e mater i  a1 t h e  t e n s i  1 e 

s t reng th  was n o t  changed s i g n i f i c a n t l y  as the  concentrat ion o f  

1 ub r i can t  was i ncreased. 

INTRODUCTION 

Shotton and Lewis (1) observed the  e f f e c t  of  l u b r i c a n t s  on 

the  crushing s t reng th  o f  t a b l e t s .  As the  concentrat ion of 
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260 JAROSZ AND PARROTT 

l u b r i c a n t  was increased f o r  a s p i r i n ,  sodium c h l o r i d e  and hexa- 

mine the  crushing s t reng th  was decreased r a p i d l y  t o  a constant 

value, b u t  w i t h  sucrose the  percent  o f  t h e  l u b r i c a n t  had no 

e f f e c t  on crushing s t rength.  Tablets  o f  compressible s ta rch  and 

sodium c h l o r i d e  were repor ted t o  have an increase i n  crushing 

s t reng th  as the  concentrat ion o f  c o l l o i d a l  s i l i c a  was increased 

(2). A1 k a l  i n e  s tearates decreased t h e  hardness o f  t a b l e t s  

con ta in ing  compressible s ta rch  ( 3 ) .  Magnesium l a u r y l  s u l f a t e  

reduced t a b l e t  s t reng th  l ess  than magnesi urn s tea ra te  (4). 

J u s l i n  and Krogerus (5) found t h a t  i n  general i nc reas ing  the  

q u a n t i t y  o f  l u b r i c a n t s  r e s u l t e d  i n  a reduc t i on  o f  t a b l e t  

strength.  

It appears t h a t  t he  e f f e c t  o f  a l u b r i c a n t  on mechanical 

s t reng th  depends on t h e  bonding mechanism. The s t reng th  o f  a 

t a b l e t  depends on t h e  area o f  i n t i m a t e  contact  between t h e  

p a r t i c l e s  and t h e  adhesive s t reng th  over t h i s  area. The strong- 

e s t  bonds a re  formed between c lean surface so t h e  a d d i t i o n  o f  a 

l u b r i c a n t  i n t e r f e r e s  by a c t i n g  as a phys i ca l  b a r r i e r  between 

p a r t i c l e s  f o r  a mater i  a1 whi ch undergoes p l a s t i c  and/or e l  a s t i  c 

deformation. For ma te r ia l s ,  which are b r i t t l e  and fragment, new 

c lean surfaces are formed du r ing  compression, and t h e  l u b r i c a n t  

does no t  i n t e r f e r e  as i t  does f o r  a p l a s t i c  ma te r ia l  so t h a t  a 

stronger t a b l e t  i s  formed. 

Four d i r e c t l y  compressible pharmaceutical ma te r ia l s  w i t h  

var ious compressional c h a r a c t e r i s t i c s  were se lected f o r  t h i s  

study. The e f f e c t  o f  var ious concentrat ions o f  f i v e  l u b r i c a n t s  
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TENSILE STRENGTHS OF TABLETS 26 1 

on the  a x i a l  and r a d i a l  t e n s i l e  s t rengths o f  t a b l e t s  compressed 

from these ma te r ia l  was invest igated.  

EXPERIMENTAL 

The 1 ub r i can ts  used were: hydrogenated vegetable o i  1 , 

magnesium s tea ra te  NF, polyethylene g l y c o l  4000 NF, s t e a r i c  a c i d  

1 

NF, and t a l c  USP. The d i r e c t l y  compressible m a t e r i a l s  used 

were: anhydrous 1 actose , aspi r i  n USP, m ic roc rys ta l  1 i ne 2 

3 4 c e l l u l o s e  , and d ibas i c  calc ium phosphate d ihyd ra te  . Each 

l u b r i c a n t  was passed through a 60-mesh s ieve j u s t  p r i o r  t o  

blending f o r  20 minutes i n  a t w i n  s h e l l  b lender w i t h  a 60/80- 

mesh s i z e  f r a c t i o n  o f  t he  d i r e c t l y  compressible ma te r ia l .  An 

appropr ia te weight o f  the b 

0 .5  cm t h i c k  was compressed 

f l a t - f a c e d  punches and d i e  

end t o  produce t a b l e t s  from 0.3 t o  

f o r  5 seconds by means o f  1.275-cm 

f i t t e d  t o  a hyd rau l i c  press5 a t  a 

fo rce  depending on the p r o p e r t i e s  o f  t he  ma te r ia l s .  For blends 

t h a t  d i d  no t  con ta in  a l u b r i c a n t  t h e  d i e  w a l l  was p r e l u b r i c a t e d  

w i t h  5% magnesium s tea ra te  i n  acetone. A t  l e a s t  72 h r  elasped 

between t a b l e t  compression and measurement o f  t a b l e t  s t r e n g t h  t o  

a l l ow  f o r  any s t ress  re laxa t i on .  The method o f  measurement o f  

the a x i a l  t e n s i l e  s t reng th  (aZ) and the  r a d i a l  t e n s i l e  s t reng th  

(ox) o f  t a b l e t s  by a tensiometer6 has been descr ibed (6). The 

mean fo rce  o f  t e n s i l e  f a i l u r e  o f  10 t a b l e t s  was used t o  calcu- 

l a t e  the  t e n s i l e  strength.  Standard d e v i a t i o n  bars f o r  t e n s i l e  

s t reng th  are drawn i n  the  f i gu res .  
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262 JAROSZ AND PARROTT 

RESULTS AND DISCUSSION 

B r i t t l e  Ma te r ia l .  The s t reng th  o f  compacts o f  b r i t t l e  mate- 

r i a l s ,  which fragment du r ing  compression, a re  l i t t l e  a f f e c t e d  by 

t h e  a d d i t i o n  o f  a l u b r i c a n t  because new, c lean  surfaces produced 

by f ragmentat ion are a v a i l a b l e  f o r  bonding. Dibas ic  calc ium 

phosphate i s  consol idated by b r i t t l e  f r a c t u r e  (7). As i n d i c a t e d  

by the  unchanged values o f  t e n s i l e  s t rengths shown i n  Fig. 1 f o r  

concentrat ions o f  1 ub r i can t  as g rea t  a t  3 percent, magnesi um 

stearate does n o t  i n t e r f e r e  w i t h  bonding o f  d i b a s i c  calc ium 

phosphate d ihydrate a t  a compressional f o r c e  o f  2,268 kg. 

I n  a s i n g l e  punch t a b l e t  press t h e  t ransmiss ion o f  pressure 

w i t h i n  the  d i e  c a v i t y  i s  n o t  un i form d u r i n g  t a b l e t  compression. 

It has been repor ted t h a t  t h e  d i s t o r t i o n  o f  granules expressed 

as the r a t i o  o f  t he  v e r t i c a l  t o  l a t e r a l  dimension i s  o f  t h e  

order o f  0.6 (8). T r a i n  (9) has presented contours o f  t h e  

pressure and dens i t y  d i s t r i b u t i o n s  i n  compacts. A reg ion  o f  

h igher pressure would have a h ighe r  dens i t y ,  a lower p o r o s i t y  

and a g rea te r  mechanical s t reng th  than a reg ion  o f  lower pres- 

sure. A1 though o v e r s i m p l i f i e d  t h e  pressure may be considered as 

an a x i a l  pressure causing compression o f  t he  granules and a 

r a d i a l  pressure exer ted on the  d i e  w a l l .  Dur ing compression t h e  

f r i c t i o n  between the  d i e  w a l l  and the  ma te r ia l  tends t o  r e s i s t  

consol idat ion.  There i s  a l so  a l oga r i t hm ic  decrease o f  app l i ed  

pressure down the  l e n g t h  o f  t h e  t a b l e t  r e s u l t i n g  i n  a p o o r l y  

compacted reg ion having a low mechanical s t reng th  adjacent t o  

the  s t a t i o n a r y  punch (10). Thus, a t a b l e t  l a c k i n g  i n  a un i form 
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TENS LE STRENGTHS OF TABLETS 263 

dens t y  i s  produced, and t h e  a x i a l  t e n s i l e  s t reng th  may be l e s s  

than t h e  r a d i a l  t e n s i l e  s t reng th  (Fig. 1). 

As the  a x i a l  and r a d i a l  t e n s i l e  s t rengths o f  d i b a s i c  c a l -  

cium phosphate t a b l e t s  a re  unchanged by the  a d d i t i o n  o f  magne- 

sium stearate,  mechanical weakness and/or capping i s  n o t  pro- 

moted by t h e  a d d i t i o n  o f  magnesium s tea ra te  i n  t h e  concentra- 

t i o n s  studied. A s i m i l a r  r e s u l t  was obtained a t  compressional 

forces o f  454, 1,134 and 3,042 kg. 

The d i f f e r e n c e  i n  d i s t r i b u t i o n  o f  compressional f o r c e  

du r ing  compression, bonding and d e n s i t y  w i t h i n  a t a b l e t  produce 

a nonhomogeneous t a b l e t  possessing nonuni formi ty  o f  t e n s i l e  

strengths.  I f  the  a x i a l  t e n s i l e  s t reng th  i s  compared t o  t h e  

r a d i a l  s t rength,  and they are equal (e.g. , oz/ox = l), t he  

bonding i n  both axes i s  equa l l y  strong, and t h e  p r o b a b i l i t y  o f  

the homogeneous t a b l e t  break ing i n  one a x i s  would be no g rea te r  

than i n  any o the r  ax is .  I f  the  a x i a l  t e n s i l e  s t reng th  were much 

weaker than the  r a d i a l  t e n s i l e  s t rength,  t he  t a b l e t  would more 

r e a d i l y  break and/or cap i n  t h a t  plane. Thus, t h e  r a t i o  oz/ax 

could be used as an index o f  capping. The r a t i o  would be u n i t y  

f o r  a homogeneous t a b l e t  and would decrease toward zero as the  

homogenity became p rog ress i ve l y  l ess  (6). 

I n  concentrat ions as g rea t  as 8 percent  o f  l u b r i c a n t  t h e  

a d d i t i o n  o f  s t e a r i  c ac id ,  hydrogenated vegetable o i  1 and t a l  c 

does n o t  markedly e f f e c t  t he  t e n s i l e  s t rengths and bonding of 

d ibas i c  calc ium phosphate d ihydrate t a b l e t s .  As shown i n  Table 

1 from 0.5 t o  4% l u b r i c a n t  t h e  values o f  az/ax changes approxi-  
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264 JAROSZ AND PARROTT 

2 o  T 

'O t 

1.0 2 .o 3.0 

PERCENT 
FIGURE 1 

The e f f e c t  o f  concentrat ion o f  magnesium s tea ra te  on t h e  t e n s i l e  
s t reng th  o f  d ibas i c  calc ium phosphate d ihyd ra te  t a b l e t s  com- 
pressed a t  2,268 kg. Key: 0 , a x i a l ;  and a , r a d i a l .  

mately 11, 7 and 3.5 percent,  respec t i ve l y ,  f o r  s t e a r i c  ac id ,  

hydrogenated vegetable o i  1 and t a l c .  

P l a s t i c  Ma te r ia l .  The s t reng th  o f  a t a b l e t  depends on t h e  area 

o f  contact  between t h e  p a r t i c l e s .  The a d d i t i o n  o f  a l u b r i c a n t  

i n t e r f e r e s  w i t h  bonding between p a r t i c l e s ;  and i n  a d d i t i o n  t o  

the  format ion o f  a phys ica l  b a r r i e r  t h e  l u b r i c a n t  reduces t h e  

amount o f  c lean r e a c t i v e  sur face produced by shear a t  t he  s l i d -  

i n g  contact  areas between p a r t i c l e s  (11). A t a b l e t  o f  a mater- 

i a l  , which i s  p l a s t i c a l l y  deformed, w i l l  be weakened mechani- 

c a l l y  t o  a greater  ex ten t  by a l u b r i c a n t  than a m a t e r i a l  which 

i s  fragmented. 
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FIGURE 2 

The effect of concentration of magnesium stearate and stearic 
acid on the tensile strengths o f  microcrystalline cellulose 
tablets compressed at 454 kg. Key: 0 , axial; , radial; 
- , stearic acid; and - - - , magnesium stearate. 

A tablet of microcrystalline cellulose, whose binding 

contact occurs primarily 'through plastic flow becomes mechani- 

cally weakened by lubricants (12). As shown in Fig. 2 the 

addition of  magnesium stearate markedly decreases the axial and 

radial tensile strength of  the tablet compressed at a force o f  

454 kg (at 0.5% magnesium stearate the axial tensile strength 

was reduced almost 100%). A similar result was obtained when 

stearic acid, hydrogenated vegetable oil', talc or polyethylene 

glycol was added to microcrystalline cellulose. As shown in 

Table 1 the value (0.47) of oz/ox for a microcrystalline cellu- 

lose tablet was decreased by the addition of a lubricant. The 
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266 JAROSZ AND PARROTT 

2 4 6 a 
P E R C E N T  

FIGURE 3 

The e f f e c t  o f  concentrat ion o f  magnesium s tea ra te  and s t e a r i c  
a c i d  on the  t e n s i l e  s t rengths o f  a s p i r i n  t a b l e t s  compressed a t  
1,361 kg. Key: 0 , a x i a l ;  , radial ; -  , s t e a r i c  ac id ;  
and - - - , magnesium stearate.  

small  value (0.1) o f  oz/ux f o r  m i  c r o c r y s t a l  1 i ne c e l l  u l  ose tab- 

l e t s  con ta in ing  magnesium s tea ra te  i n d i c a t e d  capping i s  a poten- 

t i a l  problem, and the  l a r g e r  values (-0.34) w i t h  s t e a r i c  acid,  

hydrogenated vegetable o i  1' o r  t a l c  w i t h  m ic roc rys ta l  1 i ne c e l l  u- 

l ose  suggests capping i s  l ess  probable. 

With a s p i r i n  compressed a t  1,361 kg t h e  increase i n  t h e  

concentrat ions o f  magnes um s tea ra te  markedly decreases t h e  

t e n s i l e  s t rengths (Fig.  3) F o r  example, a t  2% magnesium stear-  

a t e  the  a x i a l  and r a d i a l  t e n s i l e  s t reng th  a re  reduced 97 and 

64%, respec t i ve l y .  The r a t e  o f  decrease o f  t e n s i l e  s t rengths i s  

greater  f o r  magnesium s tea ra te  than f o r  t h e  o the r  l u b r i c a n t s  

studied. As shown i n  Table 1 t h e  l o w  value o f  oZ/ax r e f l e c t s  
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FIGURE 4 

The e f f e c t  o f  concentrat ion of magnesium s tea ra te  and s t e a r i c  
a c i d  on t h e  t e n s i l e  s t rengths o f  anhydrous l ac tose  t a b l e t s  
compressed a t  907 kg. Key: 0 , a x i a l ;  , r a d i a l ;  - , 
s t e a r i c  acid;  and - - - , magnesium stearate.  

t he  very weak a x i a l  bonding and i n d i c a t e s  t h a t  capping i s  l i k e l y  

i f  magnesium s tea ra te  i s  used as a l u b r i c a n t .  

When s t e a r i c  ac id ,  hydrogenated vegetable oi l ' ,  t a l c  o r  

polyethylene g l y c o l  was added t o  a s p i r i n ,  t h e  t e n s i l e  s t rengths 

were decreased t o  a l e s s e r  ex ten t  than w i t h  t h e  a d d i t i o n  o f  

magnesium stearate.  For example, at 8.0% hydrogenated vegetable 

o i l '  t h e  a x i a l  and r a d i a l  t e n s i l e  s t reng th  were reduced 20 and 

25%, respec t i ve l y .  However, t he  h i g h  values o f  oz/ox as shown 

i n  Table 1 d i d  n o t  markedly decrease i n d i c a t i n g  t h a t  al though 

the  t a b l e t s  were mechanical ly weaker, capping was n o t  promoted. 
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With anhydrous l ac tose  compressed a t  907 kg the  a d d i t i o n  o f  

increased concentrat ions o f  1 ub r i can ts  decreased t h e  a x i a l  and 

r a d i a l  t e n s i l e  s t rengths (Fig.  4). Again magnesium s tea ra te  

reduced t h e  t e n s i l e  s t rengths t o  t he  g rea tes t  extent .  For 

example, a t  2% magnesium s tea ra te  the  a x i a l  and r a d i a l  t e n s i l e  

s t rength was reduced 63 and 38%, respec t i ve l y .  As shown i n  

Table 1 t h e  values o f  aZ/ax were h igher  f o r  l ac tose  t a b l e t s  

conta in ing s t e a r i c  ac id ,  hydrogenated vegetable o i l ' ,  t a l c  and 

polyethylene g l yco l  than the  value (0.78) f o r  a l ac tose  t a b l e t .  

This i nd i ca tes  a s t rengthening i n  t h e  a x i a l  p lane so capping 

would be u n l i k e l y .  

Lubr icants.  Magnesium s tea ra te  i s  probably t h e  most e f f e c t i v e  

and commonly used l u b r i c a n t  i n  t a b l e t i n g ,  and i t  may be used 

w i t h  b r i t t l e  ma te r ia l s  i n  excess o f  t he  u s u a l l y  employed con- 

cen t ra t i ons  o f  a l u b r i c a n t  w i t h  no det r imenta l  e f f e c t  on t h e  

s t rength o f  the t a b l e t  (Fig.  1). As demonstrated w i t h  micro- 

c r y s t a l  1 i ne c e l l  ulose, t he  a d d i t i o n  o f  magnesi um s tea ra te  de- 

creases the  t e n s i l e  s t rength.  I n  s e l e c t i n g  a l u b r i c a n t  t o  be 

used w i t h  p l a s t i c  ma te r ia l s  i t  should be r e a l i z e d  t h a t  magnesium 

stearate may i n t e r f e r e  w i t h  bonding and produce a t a b l e t  o f  

i n s u f f i c i e n t  mechanical s t rength.  

S tea r i c  acid,  hydrogenated vegetable oi l ' ,  t a l c  and po ly -  

ethylene g l y c o l  may be used i n  concentrat ions as g rea t  as 8% as 

l u b r i c a n t s  f o r  b r i t t l e  ma te r ia l s  w i t h  o n l y  a s l i g h t  t o  moderate 

change i n  t e n s i l e  s t rength.  
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2 4 6 a W 
b 

P E R C E N T  

FIGURE 5 

The effect of concentration of polyethylene glycol 4000 on the 
tensi 1 e strengths of anhydrous 1 actose tablets compressed at 907 
kg and on microcrysta?line cellulose tablets compressed at 454 
kg. Key: 0 , axial; , radial; - , lactose; and - - - , 
microcrystalline cellulose. 

With the plastic materials studied stearic acid and hydro- 
_. 

genated vegetable oi 1' decrease the tensile strength consider- 

ably as the concentration is increased t o  2%, and then the 

further addition of lubricant from 2 to 8% decreases the tensile 

strength to a lesser degree (-20%) and has no significant effect 

of the values of az/ux (Table 1). Hydrogenated vegetable oil' 

interferes less with bonding, provides a mechanically strong 

tablet, and based on the data obtained in this study is recom- 

mended as a lubricant for plastic materials. 

With aspirin and lactose as the concentration of talc is 

increased to 2% the tensile strength is decreased considerably, 
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272 JAROSZ AND PARROTT 

and then t h e  f u r t h e r  increase i n  concentrat ion t o  8% o f  t a l c  

moderately (-20%) decreases t h e  t e n s i l e  s t reng th  and has no 

s i g n i f i c a n t  e f f e c t  on the  values o f  oz/ux. With m ic roc rys ta l -  

1 i n e  c e l l  u l  ose the  t e n s i  1 e s t rengths are decreased by approxi-  

mately the same d i f f e r e n t i a l  as the  t a l c  i s  increased t o  8%. 

The behavior o f  po lyethy lene g l y c o l  i s  l e s s  cons is ten t  than 

the  other  l u b r i c a n t s .  With a s p i r i n  and anhydrous l ac tose  

(Fig. 5) as the  concentrat ion o f  po lyethy lene g l y c o l  i s  i n -  

creased t o  2% the  t e n s i l e  s t reng th  i s  decreased, and then t h e  

f u r t h e r  a d d i t i o n  o f  po lyethy lene g l y c o l  t o  8% does n o t  s i g n i f -  

i c a n t l y  change the  t e n s i l e  s t rength.  Wi th  m ic roc rys ta l  l i n e  

c e l l  ulose i nc reas ing  t h e  concentrat ion o f  po lyethy lene g l y c o l  up 

t o  8% s t e a d i l y  decreases t h e  t e n s i l e  s t r e n g t h  (Fig. 5) 
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FOOTNOTES 
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LLactose f o r  D i r e c t  Tablet ing,  Humko-Sheffield, Memphis , TN 

3Avicel  PH 102, FMC Corp., Phi ladelph ia,  PA 

4Emcompress, Edward Mendel 1 Co. , Carmel NY 

5Carver press,  model C,  Menomonee F a l l s ,  W I  

'Hounsf i e l  d Tensometer, Type W, Tensometer Ltd.  , Croydon , 
England 
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