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ABSTRACT ___- 

During d i ame t ra l  compression and a x i a l  t e n s i l e  5;trengt.h t e s t i n g  

force-d isp lacement  curves  were obta ined  f o r  t a b l e t s  of  mic r -oc rys t a l l i ne  

c e l l u l o s e .  The a r e a  under t h e  cu rve ,  termed work o-E f a i l u r e ,  was 

determined by p l an ime t ry .  For each of the f i v e  lubirimcants s t u d i e d  

a s  t h e  concen t r a t ion  of t h e  l u b r i c a n t  wazi i nc reased  i n  t h e  t a b l e t ,  

t h e  work of f a i l u r e  was cons ide rab ly  less:. The e f f e c t  was e s p e c i a l l y  

marked i n  t h e  a x i a l  p l ane .  

INTRODUCTION _______ 

Rees and coworkers (1, 2 )  appear  t o  be t h e  f i r s t  r e s e a r c h e r s  t o  

have c a l c u l a t e d  t h e  work of f a i l u r e  of pharmaceuticasl t a b l e t s  from 

t h e  a r e a  of t h e  app l i ed  force-d isp lacement  curve  of t e n s i l e  s t r e n g t h  

measurements. They sugges ted  t h a t  t h e  work of f a i l u r e :  p rovides  a 

b a s i s  €o r  t h e  comparison o f  t h e  f r i - a b i l i t y  o r  f a i l u r e  of  t a b l e t s  a s  

t a b l e , t s  of i d e n t i c a l  t e n s i l e  s t r e n g t h  prepared  from d i . f f e ren t  formula- 

t i o n s  may va ry  i n  t h e i r  r e s i s t a n c e  t o  f a i l u r e .  

-.* 

Presen t  addres s :  Ortho Pharmaceut ica l  Corpora t ion ,  Ra r i t an ,  N J  08869. 
XTo whom i n q u i r i e s  should  be d i r e c t e d .  
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446 JAROSZ AND PARROTT 

In this study the effect of concentration of lubricant on the 

failure of tablets of microcrystalline cellulose was measured in 

terms of the work of axial and the work of radial failure. For 

microrystalline cellulose the work of axial failure was considerably 

less than the work of radial failure. 

EXPERIMENTAL 

Preparation of Tablets. Lubricants used were: hydrogenated vegetable 

oil', magnesium stearate NF, polyethylene glycol 4000 NF, stearic 

acid NF, and talc USP. 

sieve immediately before mixing for 20 minutes in a twin shell blender 

with a 60/80-mesh sieve fraction of microcrystalline cellulose2. An 

appropriate weight of the blend was compressed at 454 kg of force for 

5 seconds by means of 1.275 cm flat-faced punches and die fitted to a 

hydraulic press3. 

Measurement of Radial Tensile Strength and Work of Failure. 

thickness of 10 tablets was measured using a micrometer. The maximum 

tensile failure force F was measured by a dimetrial compression test 

using a tensiometer4 modified for compression by the use of a compression 

device used for calibration of the mercury manometer of the tensiometer 

( 3 ) .  The tablets were strained at the rate of 0.229 cm/min. The 

maximum tensile failure force F of 10 tablets was determined, and 

the average was used to calculate the radial tensile strength 5 

the relationship 

Each lubricant was passed through a 60-mesh 

The 

0 

U 

x by 

Ilubritab, Edward Mendell Co. 

2Avicel PH 102, FMC Corp. 

3Carver press, model C ,  Fred Carver Inc. 

4Hounsfield Tensometer, type W, Tensometer Ltd. 
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EFFECT OF TABLET LUBRICANTS 44  7 

where D i s  t h e  d iameter  (1.275 cm) and t: i s  t h e  t h i c k n e s s  of t h e  

t a b l e t  ( 4 ) .  

The s p r i n g  beam i s  t h a t  p a r t  o f  t h e  t ens iomete r4  through which 

t h e  f o r c e  i s  ampl i f i ed  and measured by lrhe mercury manometer. The 

c a l i b r a t i o n  by t h e  manufac turer  w i th  it:; s e t  of s p r i n g  be.ams i s  such 

t h a t  a l i n e a r  response  between load  b e a m  i s  guaranteed .  A fo rce -  

d i sp lacement  p r o f i l e  i s  l i n e a r  f o r  a b r i t t l e  m a t e r i a l  and i s  non l inea r  

f o r  a p l a s t i c  m a t e r i a l  (mic roc rys t a l l i nc?  c e l l u l o s e ) .  The maximum of 

t h e  curve  i s  t h e  f r a c t u r e  f o r c e .  The i in tegra l  of t h e  app l i ed  f o r c e  F 

wi th  r e s p e c t  t o  t h e  deformat ion  x may bc: termed t h e  work (of f a i l u r e  

wf 

W f  = F dx (Eq. 2 )  

The ] . inear response  of b r i t t l e  material!;  g ives  r i s e  t o  a Eorce- 

d i sp lacement  p r o f i l e  i n  t h e  shape o f  a I-ight t r i a n g l e ,  and by measuring 

t h e  1.ength of t h e  base  and h e i g h t ,  and .area can be calcul. .sted.  For 

nonlj.riear force-d isp lacement  curves  t h e  a r e a s  under t h e  curves  were 

measured by p l an ime t ry .  

Measurement of Axia l  T e n s i l e  S t r e n g t h  aiiid Work of F a i l u r e .  

was a l igned  and f i x e d  by a cyanoacrylatse r e s i n  adhes ive  t o  machined 

heads of t w o  b o l t s .  By means of a p a i r  of a d a p t e r s  t h e  b o l t - t a b l e t - b o l t  

assemblage was f i t t e d  h o r i z o n t a l l y  i n t o  t h e  t ens iomete r .  The t e n s i o -  

meter  allowed t h e  r eco rd ing  of t h e  s t r e s s  component aga in :s t  t h e  

ex tens ion  p r o p o r t i o n a l  t o  t h e  d i s t a n c e  moved by t h e  crosslhead beam a s  

magnified and recorded  on t h e  drum c h a r t  pape r .  The maximum f o r c e  of  

a x i a l  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 de te rmined ,  and t h e  average  

was used t o  c a l c u l a t e  t h e  a x i a l  t e n s i l e  s t r e n g t h  uZ by thi? r e l a t i o n -  

s h i p  (5) .  

A t a b l e t  
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4Fa a = - kg/cm2 
D2 

JAROSZ AND PARROTT 

The axial work of failure was determined by integration of applied 

force with respect to platten displacement as 

paper. 

RESULTS AND DISCUSSION 

The anisotropy of pharmaceutical tablets 

recorded on the chart 

has been substantiated 

and studied in various regions of the tablet in terms of difference 

in density ( 6 ) ,  fracture resistance (7 ) ,  hardness (8), viscoelastic 

behavior (9) and tensile strength (10). The axial tensile strength 

has been report to be less than the radial tensile strength, and the 

ratio u /a has been suggested as an index of capping or resistance 

to failure. 

compressible material, tablets were compressed at 454 kg of force 

from pure microcrystalline cellulose and from blends containing 

various concentrations of the following lubricants: hydrogenated 

vegetable oil1, polyethylene 4000, stearic acid and talc. 

of the tablets the radial tensile strength was greater than the axial 

tensile strength. 

z x  

Using microcrystalline cellulose2 as a model directly 

For each 

In Figure 1 the work of radial failure is plotted against radial 

tensile strength of the tablets. Similarly in Figure 2 the work of 

axial failure is plotted against axial tensile strength. It can be 

seen that considerably less work need be done to cause failure in the 

axial direction. It is recognized that tablets usually fail or cap 

in the axial direction, which has weaker bonding and strength than in 

the radial direction. Thus, when the work of axial failure is much 

less than the work of radial failure it would be anticipated that the 

tablet would have insufficient mechanical strength to withstand 

processing, handling and shipment. 
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FIGURE 1 .  

Re la t ionsh ip  o f  work o f  f a i l u r e  t o  radi.31 t e n s i l e  s t r e n g t h  of  rnicro- 
c r y t a l l i n e  c e l l u l o s e  t a b l e t s  cont-aining v a r i o u s  l u b r i c a n t s .  
po lye thy lene  g lyco l  4000;  , t a l c ;  @ , hydrogenated vege tab le  
o i l ;  and ,  j-1 , s t e a r i c  a c i d .  
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FIGURE 2 .  
Rela t ionsh ip  o f  work of  f a i l u r e  t o  a x i a l  t e n s i l e  sitrsength of micro- 
c r y s t a l l i n e  c e l l u l o s e  t a b l e t s  containing! v a r i o u s  1ubricant.s .  
po lye thy lene  g l y c o l  4000; @ , t a l c ;  8 , hydrogenated vege tab le  
o i l ;  and ,  11 , s t e a r i c  a c i d .  
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The inf 
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P e r c e n t  
FIGURE 3 .  

ience o concentration of magnesium stearate on i e work of 
failure of microcrystalline cellulose tablets compressed at 454 kg. 
Key: 0 , axial; and , radial. 

In general a solid lubricant decreases the strength of a tablet 

( 1 1 ) .  

physical barrier between the particles for materials that undergo 

plastic deformation (12). A s  microcrystalline cellulose is a plastic 

material ( 1 3 ) ,  it would be anticipated that a lubricant would reduce 

tablet strength and less work would be required to cause failure. 

A s  shown in Figure 3 the lubricant reduces the work of axial 

A solid lubricant interferes with bonding by acting as a 

failure from 856 g cm for tablets of pure microcrystalline cellulose 

to 28 g cm for tablets containing 0.25% magnesium stearate. Obviously, 

with so small a value of the work o f  failure such a tablet is 

unsatisfactory for handling and shipment. The incorporation of 0.25 

and 2.0% magnesium stearate reduced the work of radial failure to 48 

and 20% that of the pure microcrystalline cellulose tablet. 
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FIGURE 4. 
The in f luence  of concen t r a t ion  of s t v a r i c  a c i d  ,and hydrogenated 
vege tab le  o i l  on t h e  work o f  f a i l u r e  of 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  
t a b l e t s  compressed 454 k g .  Key: -- , s t e a r i c  .acid; ----, hydro- 
genated v 'ege tab le  o i l ;  0 0 ' r a d i a l '  
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The in f luence  of  concen t r a t ion  of  po lye t l iy lene  glycol. 4000 and t a l c  
on t h e  work o f  f a i l u r e  o f  mic roc rvs t a l l i r l e  c e l l u l o s e  t a b l e t s  compressed 

0- 1 
at 454 kg. K,E.Y: - , po lye thy lene  glyccll 4000;  - - - ,  t a l c :  
a x i a l ;  and ,  (D 
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452 JAROSZ AND PARROTT 

The influence of concentration of stearic acid and hydrogenated 

vegetable oil' on the work o f  failure of microcrystalline cellulose 

tablets is shown in Figure 4 .  Again the work of failure is decreased 

as the concentration of lubricant is increased, but the greater 

degree of change is the lowering of the work of axial failure. For 

example with 2% hydrogenated vegetable o i l  the work of radial failure 

i s  lowered 4%, but the work of axial failure is lowered 57%. 

The influence of concentration of polyethylene glycol 4000 and 

talc on the work of failure of microcrystalline cellulose is shown in 

Figure 5 .  All of the lubricants studied produced tablets that had a 

low value of the work of axial failure. 

1. 

2 .  

3. 

4 .  

5 .  

6 .  

7 .  

8 .  

9.  

10. 

11 .  

REFERENCES 

J.E. Rees and P.J. Rue, Drug Dev. Ind .  Pharm., 4 ( 2 ) ,  131 (1978) 

J.E. Rees, P.J. Rue, and S.C. Richardson, J. Pharm. Pharmacol., 

29, 38P (1977) .  

P.J. Jarosz and E.L. Parrott, J. Pharm. Sci., in press. 

M.M. Frocht, "Photoelasticity," V o l .  2 ,  John Wiley and Sons ,  New 

York, N . Y . ,  1948, p .  127. 

C. Nystrom, W .  Alex, and K. Malmqvist, Acta Pharm. Suec., - 14 ,  

317 (1977). 

D. Train, J. Pharm. Pharmacol., 8 ,  745 (1956) .  

C.J. Endicott, W .  Lowenthal, and H.M. Gross, J. Pharm. Sci., so, 
343 (1961) .  

E. Nelson, J. Amer. Pharm. Assoc., Sci. Ed., 45, 354 (1956) .  

E . G .  Rippie and D.W. Danielson, J. Pharm. Sci., 70, 476 (1981) .  

C .  Nystrom, K .  Malmqvist, J. Mazur, W. Alex and A . W .  Holzer, 

Acta Pharm. Suec., 15, 226 (1978) .  

M. Juslin and V .  Krogerus, Farm. Notisbl., 80, 197 (1971) .  

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.



EFFECT OF TABLET LUBRICANTS 

1 2 .  E .L.  P a r i r o t t  i n ,  " P h a r m a c u e t i c a l  Do::age Forms: 'Table t s" ,  V a l .  

2 ,  H . A .  Lieberman and  2 .  Lachman, ecl., M a r c e l  I lekker ,  I I ~ c . ,  

1981, p .  1 7 1 .  

1 3 .  A .  R i t t e r  and  H . B .  S u c k e r ,  Pharm. T c c h . ,  5 ,  56 (1980) .  

453 

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.


