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- 
Pharmaceutical tr ibology may be defined as the  study of 

f r i c t i o n  a s  i t  affects the performance of exc ip i en t s  and drugs i n  

t h e  production and use of medicines. Pharmaceutical tr ibology is 

therefore  concerned wi th  studying t h e  eff ic iency of formulation 

add i t ives  such as g l idan t s ,  anti-adherents and l u b r i c a n t s  and w i t h  

process equipment and condi t ions which modify f r i c t i o n a l  e f f ec t s .  

The work presented here is related t o  a n  inves t iga t ion  of some 

formulation and process changes on anti-adherent and l u b r i c a t i o n  

effects on compaction of model powders. 

Some mechanisms involved i n  producing f r i c t i o n  have been 

described by Clayton . I n i t i a l l y ,  f r i c t i o n  was a t t r i b u t e d  t o t a l l y  

t o  Coulomb f r i c t i o n ,  a mechanical r e s i s t i v e  fo rce  created by 

inter locking surface asperities ( f i g  l a ) .  Work h a s  t o  be done t o  
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2266 STANIFORTH ET AL. 

deform o r  fracture one of the a s p e r i t i e s  so t h a t  movement can 

cont inue;  t h e  work done is t h e  f r i c t i o n a l  work. F r i c t i o n  has a l s o  

been a t t r i b u t e d  t o  adhesion f o r c e s  and Schnurman has suggested a n  

e l e c t r o s t a t i c  component of f r i c t i o n  which may account f o r  c e r t a i n  

ns t i ck - s l ipn  f r i c t i o n a l  phenomena. The a c t u a l  mechanism of 

f r i c t i o n  may be a combination of a l l  those mentioned, but Bowden 

and Tabor have explained t h e  laws of f r i c t i o n  us ing  only 

adhesion theory  and showed t h a t  a n  e f f e c t i v e  l u b r i c a n t  acts  by 

reducing shear strength a t  t h e  i n t e r f a c e  between a compact and t h e  

d i e  w a l l ,  reducing t h e  c o e f f i c i e n t  of f r i c t i o n  and hence t h e  

f r i c t i o n a l  fo rce  a t  a g iven  load. 

2 

Reducing the c o e f f i c i e n t  of f r i c t i o n  has  a number of 

advantages such as reducing  t h e  work r equ i r ed  t o  compact t h e  

powder and perhaps more impor tan t ly ,  reducing the work done i n  

ejecting t h e  tablet. Picking and st icking of material t o  metal 

t o o l i n g  surfaces may i n  part be a t t r i b u t e d  t o  i n e f f e c t i v e  

l u b r i c a t i o n  , An inc rease  i n  t h e  c o e f f i c i e n t  of f r i c t i o n  a t  t h e  

d i e  w a l l  w i l l  result i n  use fu l  work being l o s t  as heat dur ing  

compaction. This causes  l i q u i d  flow of la# melting p o i n t  

l u b r i c a n t s  such as o i l s  o r  waxes producing a double effect: 

f i r s t l y ,  t h i s  may be t h e  p r i n c i p l e  mode of a c t i o n  of these 

materials as l u b r i c a n t s ,  melting producing a f l u i d  f i l m  between 

s o l i d  surfaces ( f i g  lc ) ;  secondly however, t h e  p r o b a b i l i t y  of 

s t i c k i n g  o r  p ick ing  is i nc reased  i n  these materials. F lu id  f i l m  

format ion  is one of' two main mechanisms of l u b r i c a t i o n  of s o l i d s  

used i n  tablet  compaction, t h e  o the r  being boundary l u b r i c a t i o n .  
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ASPECTS OF PHARMACEUTICAL TRIBOLOGY 2267 

la1 Frictional Interparticle contact 

Boundary lubricant - 
polar head & 

hydrocarbon tail groups 

(b l  Boundary film lubricatlon 

(c l  Liquid film lubrication 

Figure  1 

6 According t o  Freeman , f o r  a boundary l u b r i c a n t  t o  be e f f e c t i v e  i t  

must have a low shear strength and secondly must adhere r e a d i l y  

and f i r m l y  t o  i n t e r a c t i n g  surfaces. Many common boundary 

l u b r i c a n t s  were compared by S t r i ck land  e t  a1 , i nc lud ing  magnesium 

stearate, sodium l a u r y l  su lpha te  and z i n c  stearate - all of which 

have amphiphi l ic  a c t i v i t y .  Moody e t  al  , suggested t h a t  the polar 

po r t ions  of  the molecules  adhere t o  t h e  metal and powder/granule 
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2268 STANIFORTH ET AL. 

surface as  shwn  schematically i n  f i g  lb.  Boundary l u b r i c a n t s  are 

generally more e f f e c t i v e  than f l u i d  f l l m  forming l u b r i c a n t s  such 

as paraff in ,  d l s t e a r i n ,  beeswax e t c ;  t he  a c t i v i t y  of these 

materials being l inked t o  t h e i r  v i soos i ty  . 6 

It is  widely acoepted tha t  one of the boundary lubricants ,  

magnesium stearate, is the  most ef f e c t i v e  a n t i - f r i c t i o n  excipient  

used i n  tab le t  compaction. Magnesium atearate e x i s t s  i n  two 

pseudo polymorphic f orma: a t r i hydra t e  acicular form and a 

dihydrate lamellar form; t h e  lamellar form possesses t h e  greatest 

lub r i can t  a c t i v i t y  . 9 

Hawever, magnesium stearate has a number of disadvantageous 

secondary e f f e c t s  on t h e  performance of tablets. As a result of 

its hydrophobic nature, magnesium stearate can cause a n  increase 

i n  d i s in t eg ra t ion  times and a reduction of d i s so lu t ion  rates. 

Shah e t  a l l o  found t h a t  two other boundary lub r i can t s ,  sodium 

stearyl fumarate and glyceryl  behenate, had a less de le t e r ious  

influence on d i s so lu t ion  rates than magnesium stearate. Magnesium 

stearate is a l s o  known t o  s i g n i f i c a n t l y  reduce t h e  work of failure 

of tablets such as those containing microcrystal l ine ce l lu lose ;  

In 

addition, magnesium stearate has been found t o  cause a marked l o s s  

of drug homogeneity i n  tablets as a result of 

d e s t a b i l  i z a t i o n  13t14.  It h a s  been suggested t h a t  the  de l e t e r ious  

effects of magnesium stearate result from i ts  exceptional 

t h e  e f f e c t  being much greater than w i t h  other  l u b r i c a n t s  11,12* 
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ASPECTS OF PHARMACEUTICAL TRIBOLOGY 2269 

l u b r i c a n t  a c t i v i t y .  Lubr ica t ion  i s  a surface effect and hence 

l u b r i c a n t  e f f i c i e n y  w i l l  be related t o  t h e  e f f i c i ency  of powder 

and metal surface coat ing.  It is known t h a t  magnesium stearate 

can form a cont inuous hydrophobic f i l m  around particles; t h e  

effect being e s p e c i a l l y  pronounced after prolonged mixing . 12 

One approach t o  reducing t h e  d e l e t e r i o u s  effects of magnesium 

stearate may be t o  i n c r e a s e  i ts a f f i n i t y  f o r  t h e  d i e  w a l l .  

Tingle15 has shown t h a t  f r e sh ly -cu t  surfaces of  metal are not 

e f f e c t i v e l y  l u b r i c a t e d  by f a t t y  acids; he  found t h a t  water and 

oxygen are usua l ly  e s s e n t i a l  environments for good boundary 

lub r i ca t ion .  I n  t h e  present  study, fou r  approaches t o  m a x i m i s i n g  

l u b r i c a n t  a c t i v i t y  and m i n i m i z i n g  secondary effects have been 

inves t iga t ed .  These can be sub-divided i n t o  (a) formula t ion  

modif icat ions:  (i) s u b s t i t u t i o n  of magnesium stearate w i t h  other 

l u b r i c a n t s  (ii) a d d i t i o n  of  magnesium stearate a c t i o n  modif'ying 

e x c i p i e n t s  and (b) process  modi f ica t ions  (1) pr+t rea tment  of die 

w a l l s  by phosphation (ii) reanoval of magnesium stearate or  other 

l u b r i c a n t s  from t h e  bulk formula t ion  us ing  e l e c t r o s t a t i c  

depos i t i on  (E lec t ro - lub r i ca t ion )  . 

MATERIALS 

bcocel, Lot 5114, Manufactured by Finnish  Sugar Company f o r  

Edward Mendell Co Inc, USA and Europe. 

Emcompress, Edward Mendell Co Inc. 

Ferrous Chloride,  BDH Chemicals Ltd,  UK. 
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2270 STANIFORTH ET AL. 

Leucine, Forum Chemicals Ltd, Redhill,  UK, 

kgnesium Stearate ,  Lot 4586292G, BDH Chemicals Ltd, UK. 

Orthophosphoric ac id  881, Lot 104, Fisons plc, Loughborough, UK. 

Potassium dihydrogen orthophosphate, Lot 1089242, BDH Chemicals 

Ltd, UK. 

Zinc Chloride, BDH Chemicals Ltd, UK. 

Zinc Oxide, BDH Chemicals Ltd, UK. 

Compitrol 888, Lot 2373, Gattefosse, France. 

Tabfine SlOOI, Lot 343041 14 ,  Manufactured by Finnish Sugar Company 

for Edward Mendell Co Inc, USA and Europe. 

Lubritab, Edward Mendell Co Inc. 

Potassium chloride,  Fisons plc, Loughborough UK. 

Aerosil 200, Degussa AG, Frankfurt  FRG. 

Explotab, Edward Mendell Co Inc. 

METHODS 

( a )  (i) Substitution of !dmr&aium Stearate x i t h  0th- 

Tablets were compressed under power using a reciprocat ing 

t a b l e t i n g  machine (type F3, Elanesty Machines, Liverpool). The 

m a x i m u m  punch f o r c e s  during compaction and t h e  e j e c t i o n  f o r c e s  

exerted on t h e  lower punch were measured using load c e l l s  ( type 

9031, Kistler Instr . ,  S i i t ze r l and) .  The output s ignal  was f ed  

through a charge amplifier (type 5054A) v i a  a fas t  A/D converter 

i n t o  a microcomputer (BBC model B, Acorn Ltd, UK) where the  data  

was processed and printed.  Mixtures were produced containing 

e i t h e r  a b r i t t l e  excipient,  Bncompress or a d u a t i l e  excipient,  
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ASPECTS OF PHARMACEUTICAL TRIBOLOGY 2271 

Emcocel toge ther  w i t h  one of t he  fo l l cwing  l u b r i c a n t s :  magnesium 

stearate, sodium stearyl fumarate, Leucine, Lubr i tab  and 

Compi t r o l .  

( a )  (ii) E a c t o r i a l  Analvs i so f~uinarv  tliatm 

E i g h t  d i f f e r e n t  formula t ions  of  qu inary  mixes were prepared 

according t o  a 23 f a c t o r i a l  des ign  ( table  2) .  F i r s t l y ,  a binary 

mix was prepared from the  main exc ip i en t  (Tabfine S I O O I )  and t h e  

model drug potassium chloride i n  a 0.5% w/w conc. Subsequently,  

t he  te rnary  (added magnesium stearate), qua ternary  (added 

c o l l o i d a l  s i l ica)  and t h e  quinary  component (added sodium starch 

g l y c o l a t e )  were mixed us ing  a metall ic stirrer and a mortar i n  a 

premixing stage fol lcwed by mixing f o r  about 1 minute us ing  a cube 

mixer a t  300 rpm. Before starting t h e  experiment, materials were 

condi t ioned i n  a d e s s i c a t o r  conta in ing  M g C l  salt s o l u t i o n  f o r  48 

hours. The sucrose-based e x c i p i e n t  was s ieved us ing  a 710 m s i e v e  

and the  powder unders ize  was used f o r  t h e  experiment. Magnesium 

stearate was sieved us ing  a 90 m s i e v e  t o  break up aqr 

agglomerates, whereas c o l l o i d a l  s i l ica  was treated us ing  a pestle 

and mor ta r  t o  break up  agglomerates. Explotab (sodium starch 

g l y c o l a t e )  was used as rece ived  from the suppl ie r .  The effects of 

three f a c t o r s  (components), i e  magnesium stearate ( A ) ,  c o l l o i d a l  

silica (B) and sodium starch g l y c o l a t e  ( C ) ,  on physical  s t a b i l i t y  

of the quinary  mix were s tud ied  a t  txo l e v e l s  f o r  each f a t o r  

( tab le  1 ) .  Table 2 shows the  va r ious  combinations f o r  t h e  e ight  

trials used f o r  experimentation. It also shows t h e  c a l c u l a t i o n  

2 
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2272 STANIFORTH -ET AL. 

I 

Factor 
Value (Concentration % I  

Low Level - High Level + 

A (Magnesium S tea ra t e )  0.25 
B (Colloidal Sil ica) 0.5 
C (Sodium Starch Glycolate) 2.00 

1 .oo 
2.00 
4.00 

matrix f o r  a Z3 f a c t o r i a l  design, wi th  t he  following combinations 

of f a c t o r s  A, B and C a t  two a t  two l eve l s :  (11, a, b, ab, c, ac, 

bc, abc. I n  these combinations (1)  refers t o  a l l  f a c t o r s  a t  t h e i r  

l o w  l eve l ,  ( a )  refers t o  t h e  experiment w i t h  f a c t o r  A a t  the high 

l e v e l  and B and C a t  l o w  l eve l s ,  etc. Physical s tabi l i t ies  of 

d i f f e r e n t  mixes examined, were represented using t h e  c o e f f i c i e n t s  

of v a r i a t i o n  (CVX) of the potassium ion content determined f o r  20 

samples as  mentioned before. Each formulation i n  t h e  experiment 

was examined, a t  least twice. Thus t h e  CVX was calculated using 

a t  least  40 samples f o r  each formulation during vibrated or  

non- vibrated conditions. 

The choice of the f a c t o r s  t o  be included i n  t h e  experiment i s  

a consequence of t h e  experimental objective.  Factors  o r  

components selected f o r  t h i s  experiment represent ,  i n  add i t ion  t o  

t h e  model drug and t h e  p r inc ip l e  excipient,  a lub r i can t ,  a g l i d a n t  
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ASPECTS OF PHARMACEUTICAL TRIBOLOGY 2213  

u a l L 2  

f o r  t- 

Key: A Magnesium Stearate 
B Colloidal S i l i c a  (Aerosil 200) 
C Sodium Starch Qlyco la t e  (Explotab) 

Experimental Factor Levela Level of In t e rac t ions  
Factor 
Combination 

A B C  AB AC BC ABC 

a + - - - - + + 

b - + -  - + - + 

- - - ab + + -  + 

C - - +  + - + - 
- - ac + - + - + 

- + bc - + +  - - 
abc + + +  + + + + 

a: - Factor a t  l o w  l eve l ;  + Factor a t  high l e v e l  
b: Multiply s igns  of f a c t o r s  t o  obtain s igns  f o r  i n t e r a c t i o n  terms 

I n  combination (eg AB a t  ( 1 ) :  = (-) x (-1 = (+) 

and a dis integrant .  A s  mentioned above, t h e  use of a f a c t o r i a l  

design can reveal any ex i s t ing  in t e rac t ion .  The effect of f a c t o r s  

usually pass a m a x i m u m .  It is t he re fo re  t o  be recommended that 

the  difference between the  l e v e l s  of t he  f a c t o r s  should not  be too 

large, otherwise any i n t e r a c t i o n  occuring m i g h t  be overlooked. 

Amording t o  t h e  matrix i n  t a b l e  2, the  value for t h e  effect of 

each f a c t o r  o r  i n t e r a c t i o n s  can be obtained. 
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2274 STANIFORTH ET AL. 

(b )  (i) 

Freeman '' descr ibed  t h e  use of phosphates and oxalate 

coa t ings  t o  inc rease  t h e  adhesion and l i f e  of o t h e r  s o l i d  

l u b r i c a n t s .  The phosphate coa t ing  a l s o  shows some l u b r i c a n t  

a c t i v i t y  i n  t h a t ,  "The l a y e r  is  r e l a t i v e l y  f r i a b l e  and so 

facil i tates running-in,  more Over i t  is t h i c k  enough t o  make a 

high f i n i s h "  Clayton ( 1 ) .  

The use of a phosphate coa t ing  in l u b r i c a t i o n  o r  as a 

l u b r i c a t i o n  a i d  may be poss ib l e  by coa t ing  t h e  d i e ,  us ing  a method 

17 descr ibed  by Amundsen . 

Flacing t h e  d i e  i n  a n  aqueous s o l u t i o n  of dihydrogen 

phosphate w i l l  coa t  t h e  metallic surface wi th  a l a y e r  of adherent  

phosphate. The composition of t h e  s o l u t i o n  w i l l  determine whether 

t h e  l a y e r  is c r y s t a l l i n e  or amorphous. 

A c r y s t a l l i n e  layer is depos i ted  us ing  a n  a c i d i c  s o l u t i o n  of 

t h e  z i n c  or magnesium dihydrogen phosphate, and t h e  i o n s  of t h e  

metal t o  be t r ea t ed .  During phosphating a double exchange 

r e a c t i o n  t a k e s  place.  

2H+ + Feo + Fe2+ + H2 equat ion  1 

equat ion  2 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ASPECTS OF PHARMACEUTICAL TRIBOLOGY 2275 

+ H' H2POL HP04 2- 

+ H+ 

equa t ion  3 

equat ion  4 

3- 3Fe3+ + 3Zn2' + 5P04 Zn (PO4J2 + Fe3(P04) equat ion  5 3 

Fe2+ + 2H2POy + Fe(H2PO4I2 equa t ion  6 

Equat ion 1 shows t h e  a c i d a t i o n  of t h e  metal surface, equat ion  

2 t h e  equi l ibr ium in which t h e  z i n c  dihydrogen phosphate e x i s t s ,  

equa t ion  3 and 4 show how the  phosphate i o n  i s  created which acts 

i n  5 ,  equat ion  5 shws the c r e a t i o n  of  t h e  phosphate salt and t h e  

dihydrogen phosphate salt i n  equa t ion  6. The i r o n  reacting i n  

both these  cases may either be f r ee  i o n s  i n  s o l u t i o n  o r  acidized 

on t h e  d i e  w a l l .  

A s tock  phosphating s o l u t i o n  was prepared by d i s s o l v i n g  5.5g 

3 of z i n c  oxide  i n  11.7 cm3 of phosphoric acid i n  a 50 cm 

volumetr ic  f lask.  308 of z i n c  ch lo r ide  and 2.5g of I r o n  I1 

ch lo r ide  were weighed and washed i n t o  t h e  50 cm volumetr ic  f l a s k ,  

toge ther  w i t h  19 cm of d i s t i l l e d  ater. The f lask c o n t e n t s  were 

agitated overn ight  us ing  a magnetic stirrer and t h e  resulting 

3 

3 

s tock  s o l u t i o n  was made up t o  volume w i t h  d i s t i l l e d  water. 

of 

150 cm3 of t h i s  s o l u t i o n  was heated t o  5 5 O C  i n  a beaker us ing  a 

heating mantle. A d i e  was thoroughly cleaned us ing  ace tone  and 

10 om' 

stock s o l u t i o n  was d i l u t e d  t o  250 om3 us ing  d i s t i l l e d  water. 
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2276 STANIFORTH ET AL. 

t h e n  immersed i n  t h e  heated phosphating s o l u t i o n  for 15 minutes. 

After t h i s  time i t  was removed, r i n sed  w i t h  water and allowed t o  

cool. The d i e  surface was examined us ing  e l e c t r o n  microscopy and 

x-ray energy d i s p e r s i v e  a n a l y s i s  together w i t h  a simjlar 

unphosphated die .  The l u b r i c a n t  a c t i v i t y  of' t h e  phosphated die 

was compared w i t h  t h a t  exe r t ed  by added l u b r i c a n t s :  Leucine and 

Compitrol us ing  Emcocel o r  Rncompress as t h e  p r i n c i p l e  e x c i p i e n t  

of t h e  formulat ions.  

( b )  (ii) 

A newly researched and pa ten ted  method of applying tablet  

l u b r i c a n t s  allows formula t ions  t o  be compacted in t h e  absence of 

Winternal" l u b r i c a n t .  Magnesium stearate, o r  any o the r  l u b r i c a n t s  

are app l i ed  "ex terna l ly"  t o  t h e  formula t ion  and i n  t h i s  way, t h e  

very bene f i c i a l  effects of  l u b r i c a n t s  l i k e  magnesium stearate can 

be used wi thout  having t o  accommodate the adverse  effects 

descr ibed above. The way i n  which l u b r i c a n t s  such as magnesium 

stearate can be a p p l i e d  e x t e r n a l l y  and need not  be added t o  t h e  

rest of t h e  drug fo rmula t ion  is by using electrostatic depos i t i on  

of l u b r i c a n t  particles on  punch faces and d i e  w a l l s .  

F ig  2 shows t h e  genera l  l ayout  of a n  e l e c t r o s t a t i c  

l u b r i c a t i o n  system attached t o  a r o t a r y  t a b l e t i n g  machine. The 

magnesium stearate o r  other l u b r i c a n t  is blended w i t h  o the r  f i n e  

components of t h e  fo rmula t ion  t o  i ts  normal l u b r i c a n t  

concent ra t ion  of say, 0.5 - 1.0%. This l u b r i c a n t  blend is f ed  
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ASPECTS OF PHARMACEUTICAL TRIBOLOGY 2277 

Unlubr 

204 

F-bure 2 -  Schemati representation of e l e c t r o s t a t i c  lubrication system 

i n t o  t h e  l u b r i c a n t  hopper ( f i g  2, € 1 ) .  From here the  l u b r i c a n t  i s  

blown i n  a i r  suspension past a n  e l e c t r o s t a t i c a l l y  charged needle  

( f i g  2, €2) and the  charged dry particle spray is d i r e c t e d  i n t o  a 

s p e c i a l l y  sectioned-off area a t  the very f r o n t  of a modified feed 

frame. Under these condi t ions ,  t h e  charged powder i s  attracted t o  

earth a t  t h e  d i e  w a l l  and on  t h e  upper and lower punch faces. 

This now-lubricated s t a t i o n  of t oo l ing  passes i n t o  t h e  second par t  

of t h e  feed from where the unlubr ica ted  f o r m u l a t i o n . i s  fed i n .  
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22 78 STANIFORTH ET AL. 

The rest of t he  tableting process  i s  e s s e n t i a l l y  similar t o  t h a t  

of a normal r o t a r y  tableting machine. - 
( a )  (i) Sub . s t i t u t ion  of llawmhm Stearate w i t h  0 t h  er Lvbricants 

Figures  3 and 4 compare the d i f f e r e n c e  i n  e j e c t i o n  f o r c e s  f o r  

va r ious  a l t e r n a t i v e  tablet  l u b r i c a n t s  t o  those  f o r  magnesium 

stearate. The data shows t h a t  none of t h e  a l t e r n a t i v e  l u b r i c a n t s  

were as  e f f e c t i v e  i n  reducing e j e c t i o n  f o r c e s  as  magnesium 

stearate. Although sodium s t e a r y l  fumarate was found t o  produce 

acceptably l o w  e j e c t i o n  f o r c e s  i n  t ab le t s  made from either Emcocel 

or  Emcompress, some of t h e  o the r  l u b r i c a n t s  showed d i f f e r e n t  

e f f i c i e n c i e s  f o r  t h e  b r i t t l e  exc ip i en t  compared w i t h  t h e  d u c t i l e  

exc ip ien t .  Notably, i t  appears  from t h i s  data t h a t  Leucine has a 

greater b e n e f i t  when used as  a l u b r i c a n t  f o r  d u c t i l e  formula t ions ,  

than when included i n  more b r i t t l e  formulat ions.  T h i s  d i f f e r e n c e  

i n  performance of Leucine may result from format ion  of  new 

sur f  aces through fracture of b r i t t l e  materials dur ing  compaction. 

It could be hypothesized t h a t  Leucine i s  Unable t o  adequate ly  coa t  

these su r faces  and t h e r e f o r e  t h e  c o e f f i c i e n t  of f r i c t i o n  r ises.  

Whereas, i n  d u c t i l e  materials p las t ic  deformation occurs ,  so t h a t  

deforming s u r f a c e s  could be assumed t o  c a r r y  t h e  Leucine wi th  them 

as a near cont inuous coat ing.  Leucine has a melting po in t  of 

294OC and acts  as  a boundary l u b r i c a n t .  However, the converse 

s i t u a t i o n  e x i s t s  f o r  f l u i d  film-forming l u b r i c a n t s ,  such as t h e  

l o w  melting po in t  o i l s ,  Lubr i tab  and Compitrol. I n  these cases, 

c r e a t i o n  of high c o e f f i c i e n t s  of f r i c t i o n  i n  b r i t t l e  materials a s  
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1000 

9 

L 

Q) 

0 

C 
0 

0 
Q) 

P 

t 
500 

‘C 
Ir 

iii 

0 

Key : = 2% Sodium rtearyl  fumarate 

1.6% Leucine 

1.6% Compitrol 

0 2 %  Lubritab 

I 
8 kN 

I 1 
14 k N  

I 
18 k N  

Figure 4A- A comparison of lubricant efficiency at different 
compaction forces for a model brittle powder- Emcompress 
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ASPECTS OF PHARMACEUTICAL TRIBOLOGY 2281 

they fragment, creates l o c a l i z e d  heating and f avour s  l u b r i c a n t  

melting. Thus f o r  t h i s  type of a l t e r n a t i v e  l u b r i c a n t ,  b r i t t l e  

formula t ions  may be more e f f i c i e n t l y  l u b r i c a t e d  t h a n  d u c t i l e  

formula t ions  ( f ig s  3 and 4 ) .  

( a )  (ii) J~QS F a c t o r i a l  A t e  i n  Quinarv 

Iixm 

The main effects  of d i f f e r e n t  f a c t o r s  and the i r  i n t e r a c t i o n s  

are presented i n  table 3. F ig  5 shaws t h e  r e l a t i o n s h i p  between 

t h e  c o e f f i c i e n t  of v a r i a t i o n  (CV) used t o  i n d i c a t e  physical  

s t a b i l i t y  ( r e s i s t a n c e  t o  drug seg rega t ion )  and d i f f e r e n t  

fomulat ions i n  v i b r a t e d  and non-vibrated condi t ions .  The effects 

of magnesium stearate, c o l l o i d a l  s i l i c a  and soidum starch 

g l y c o l a t e  on t h e  phys ica l  s t a b i l i t y  of t he  quinary  system are 

summarized i n  f i g s  6 ,  7 and 8. These diagrams are used f o r  t he  

i n t p r e t a t i o n  and v i s u a l i z a t i o n  of the main effects of t h e  f a c t o r s  

and t h e i r  i n t e r a c t i o n s .  For example, i n  f i g  6 labelled magnesium 

stearate, any effect and i n t e r a c t i o n  may be assessed v i s u a l l y  by 

comparing t h e  slopes of the  l i n e s  (B- C-) and (B- C+) a s  well as 

comparing t h e  s lopes  of t he  l i n e s  (B+ C-) and (& C+) i n  both 

non-vibrated and v i b r a t e d  condi t ions .  Dotted 1 i n e s  r ep resen t  t h e  

main effect which i s  t h e  average of all data a t  l o w  and high 

l e v e l s  of t h e  f a c t o r s  i n  each diagram. The fact t h a t  these l i n e s  

are not paral le l  i n d i c a t e s  dependency or  i n t e r a c t i o n  of these 

f a c t o r s  ( i e  c o l l o i d a l  s i l ica  and sodium s t a rch  g l y c o l a t e )  w i t h  

magnesium stearate. On t h e  o the r  hand, parallel l i n e s  i n d i c a t e  
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2282 STANIFORTH ET AL. 

t e d  

t s  mdhalysis a for the -torial &QBLLW& 
(-1 

Source CvZ SUm 
of df  Effect of b 
Variation Exp 1 Exp 2 Squares F Value 

( 1 )  
a 
b 
ab 

ac 
bc 
abc 

C 

Residual 

7.730 
18.430 
7.240 
13.580 

19.040 
7.470 
11.478 

9.970 

7 035 1 
19.430 1 
10.650 1 
17.520 1 
5.890 1 
15.650 1 
9.240 1 
11.580 1 

8 

95.82 

7.06 
11.34 
-5.5 
-5.7 
-3.74 
-1.14 

30.90 
1147.68 - 
119.350 64.63". 

16.074 8.71" 
3.780 2.043 
4.060 4.157 
1.750 0.948 
0.162 0.087 

6.230 3.37 

Total (n-1) 15 

- 

Key: a Analysis of variance depends on Yates' method 
b Significance l eve l  based on 1 and 8 df  

F .01 1,8 = 11.26 1 
F 0.025 1,8 7.57 } From F - Distribution Tables 
F 0.05 1,8 = 5.32 1 

"" P < 0.01 
P < 0.025 
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1 

ill ial iabl icl iacl (bd (abc) 

F i g u r e  5 -  R e l a t i o n s h i p  between CV% & d i f f e r e n t  f o r m u l a t i o n s  a t  
v i b r a t e d  & n o n l v i b r a t e d  c o n d i t i o n s  

VIBRATED 
I 

'1 5 

0.25% Level 1.00% 

a : 0 B - C - Q 8 - C + * 8 + C -  0 8 + C +  * 
F i g u r e  6- Magnesium S t e a r a t e  
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2284 STANIFORTH ET AL. 

ts -s f o r  t h e  a 

(-1 

~ 

Source cv% SUm 
of df Effect of b 
Var i a t ion  Exp 1 Exp 2 Squares F Value 

(1 )  
a 
b 
ab  

ac 
bc 
abc 

Residual 

Tota l  

C 

~~ 

12.51 
23.61 
15.95 
13.27 
19.65 
22.58 

13.86 
15.71 

11.57 
20.79 
18.79 
19.76 
17.53 
27.17 
18.14 
15.51 

1 
1 
1 
1 
1 
1 
1 
1 

8 

15 

143.19 
13.35 

-12.23 
-19.55 

6.95 
-5.25 

-1 1.51 
2.49 

256 2.90 
22.28 
18.70 
47 *78  

6.04 
3.45 

16.56 
0.78 

- 
7.71' 
6.474 

16.53. 
2.08 
1.19 
5.73. 
0.27 

Key: a Analysis depends on  Yates' method 
b S ign i f i cance  l e v e l  based on 1 and 8 df 

+ P < 0.05 

F 0.01 1,8 = 11.26 
F 0.025 1,8 = 7.57 
F 0.05 1,8 = 5.32 

lack of any i n t e r a c t i o n  of  dependency. T h i s  may be seen  when a 

comparison i s  made i n  f i g  8 l a b e l l e d  sodium starch g l y c o l l a t e ,  

between non-vibrated and v i b r a t e d  condi t ions .  I n  t h e  non-vibrated 

condi t ions ,  l i n e s  are approximately parallel, which i n d i c a t e s  

m i n i m u m  i n t e r a c t i o n  berween magnesium stearate o r  c o l l o i d a l  s i l i ca  

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ASPECTS OF PHARMACEUTICAL TRIBOLOGY 2285 

Components/Condi t i o n  Nowvibra ted  Vibra ted  

Magnesium Stearate + 7.725% + 3.37% 

Aeros i l  200 - 1.765% - 3.057% 

Explotab - 1.375% + 19737% 

Mag. Stearate/ 
Aerosi l  200 - 2.835% - 4.887% 
Mag. Stearate/ 
Expl otab - 1.425% - 1.31% 

Aeros i l  200/ 
Explotab - 0.935% - 2.88% 
Mag. Stearate/ 
Aeros i l  200/ - 0.285% + 0.6225% 
Explotab 

The o v e r a l l  average effect = ( 11.97%) non-vibrated 

( 17.90% ) v i b r a t e d  

w i t h  sodium starch g l y c o l a t e ;  put another  way - i t  shows t h a t  t h e  

effects of magnesium stearate and c o l l o i d a l  s i l i ca  are both 

independent of sodium starch g lyco la t e .  During v i b r a t i o n  (fig 8) 

t h e  l i n e s  are no longe r  parallel and even c r o s s  each o the r ,  t h i s  

i n d i c a t e s  a greater i n t e r a c t i o n  between magnesium stearate or  

c o l l o i d a l  s i l ica  and sodium starch g lyco la t e .  I n  fact  t h e  
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2286 

NON/VIBRATED 

STANIFORTH ET AL. 

VIBRATED 

204 

10 15p? 

51 

b:. A - C -  O A - C +  * A + C - O A + C +  * M a i n E f f e c t  

Figure 7- Colloidal Silica (Aerosil 200) 

c o l l o i d a l  s i l i ca / sodium s t a r c h  g l y c o l a t e  i n t e r a c t i o n  was found t o  

be s t a t i s t i c a l l y  s i g n i f i c a n t  (P < 0.051, which results i n  a n  

improvement i n  physical  s t a b i l i t y  of t h e  quinary  mix. Other 

f i g u r e s  can be i n t e r p r e t e d  i n  t h e  same manner when investigating 

main e f fec ts  and i n t e r a c t i o n s .  More informat ion  may be obtained 

from these  f i g u r e s ,  f o r  example, i n  f i g  6 l a b e l l e d  magnesium 

stearate, i f  f a c t o r  B ( c o l l o i d a l  s i l ica)  i s  equal  t o  0.5% and 

f a c t o r  C (sodium starch g l y c o l a t e )  e q u a l s  2%, a n  i n c r e a s e  i n  

concent ra t ion  of magnesium stearate from 0.25% t o  1.00% results i n  
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NON/VIBRATED 

lo? 5 

2.00% Level 4.0 c 

2287 

VIBRATED - 
20- 

10 - 

2.00% Level 4.00% 

* A + 8 -  O A + B +  * MainEffect 

Figure 8- Sodium Starch Glycollate (ExplotAB) 

a n  inc rease  of CV% from 7.23% t o  18.93%, i n  t h e  non-vibrated 

system. I n  a v i b r a t e d  system t h e  corresponding change i n  CV% was 

from 12.04% t o  22.20% ( i e  mean va lues  of  combination (1) and ( a )  

i n  t a b l e s  4 and 5). 

Tables 4 and 5 show t h e  main results of  t h e  experiment i n  both 

non-vibrated and v i b r a t e d  condi t ions ,  as well as a n a l y s i s  of 

var iance  of a Z3 f a c t o r i a l  experiment r u n  i n  dup l i ca t e .  An 

interesting f e a t u r e  of t a b l e  4 is t h a t  i t  shows t h e  h igh ly  
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s i g n i f i c a n t  effect of magnesium stearate dominating any effect of 

c o l l o i d a l  s i l ica  which appears i n s i g n i f i c a n t  dur ing  non-vibrating 

flow condi t ions .  However, after v i b r a t i o n  ( tab le  51,  a 

s i g n i f i c a n t  effect of t h e  c o l l o i d a l  s i l i ca  was observed. It seems 

t h a t  v i b r a t i o n  reduces  t h e  dominating effect of magnesium stearate 

and hence allows a s i g n i f i c a n t  i n t e r a c t i o n  of c o l l o i d a l  s i l ica  t o  

occur. I n  both cond i t ions  magnesium s t e a r a t e / c o l l o i d a l  s i l ica  

i n t e r a c t i o n s  were shown t o  be s i g n i f i c a n t  which results i n  a n  

improvement i n  t h e  phys ica l  s t a b i l i t y  of the quinary  mix. 

Acoording t o  t h e  present  s tudy,  magnesium stearate showed a 

s i g n i f i c a n t  d e s t a b i l i z i n g  effect on t h e  homogeneity of t h e  quinary  

mix. I n  c o n t r a s t ,  c o l l o i d a l  s i l i ca  showed a s i g n i f i c a n t  

r e - s t a b i l i z i n g  effect. Sodium starch g l y c o l a t e  has a n  i n d i r e c t  

r e - s t a b i l i z i n g  effect through an  i n t e r a c t i o n  wi th  c o l l o i d a l  

sil ica . 

The effect of c o l l o i d a l  silica and perhaps t o  a lesser ex ten t ,  

sodium starch g l y c o l a t e  i n  reducing t h e  d e l e t e r i o u s  effects of 

magnesium stearate, results from enrobement of t he  l u b r i c a n t  by 

o t h e r  particles 13 . Such enrobement res t r ic ts  spreading of  t h e  

magnesium stearate p r i o r  t o  compaction, but  dur ing  t h e  compaction 

event ,  high shear f o r c e s  e x i s t  c lose  t o  t h e  d i e  w a l l  caus ing  t h e  

magnesium stearate t o  be exposed thereby producing l u b r i c a t i o n .  

This hypothes is  is supported by o the r  data which shows t h a t  

enrobement of magnesium stearate w i t h  c o l l o i d a l  s i l i ca  r e s t o r e s  

tablet strengths and p reven t s  loss of homogeneity, without  

compromising l u b r i c a n t  eff i c i e n c  Yl4 . 
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Scanning electron photomicrographs o f  

Figure 10 

(b)  (i) Pre-treatm e n t  of Die Walls bv Pho- 

X-ray energy d i s p e r s i v e  microanalys is  of d i e  wall surfaces 

shows t h a t  phosphation causes  both phosphor and z i n c  t o  be 

depos i ted  on  t h e  d i e  ( f i g  9a ,b ) .  The phosphor is most probably 

present  as  t h e  phosphate o r  d iwdrogen  phosphate and t h e  z i n c  a s  

t h e  z i n c  phosphate salt, as suggested by equa t ions  5 and 6 above. 
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Key: = 1.6% Compitrol in  untreated d i e  

NO added lubricant compressed i n  phoaphated d i e  

T 
l .d%Leucine i n  phosphated d ie  

0 0.8% Leucine in phosphated d ie  

T 

I 8 k N  74 k N  78 kN 

Figure 11- Effect of phosphating tablet dies on lubrication 
of Emcocel 

X-ray dot  mapping of t h e  d i e  w a l l  su r f ace  showed t h a t  both z i n c  

and phosphor i o n s  were homogeneously d i s t r i b u t e d  and e l e c t r o n  

micrographs of t h e  su r face  ( f i g  lob)  shared t h a t  phosphor was 

depos i ted  by surface c r y s t a l l i z a t i o n .  F i g  11 shows t h a t  a t  8 and 

I4kN compaction f o r c e s ,  t h e  phosphorylated d i e  exer ted  a greater 

l u b r i c a n t  effect on Emcocel than  d id  t h e  added l u b r i c a n t s ,  

Compitrol us ing  a n  unphosphorylated d ie .  These results show t h a t  

phosphorylat ion produces a f r ic t ion- reducing  effect  between powder 
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STANIFORTH ET AL. 2292 

X-ray energy dispersive analysis for magnesium 

in 4 replicate tablets, showing relative 

proportions of MgSt in each compact 

(a] Conventionally ladded MgSt 

r? 
0 cv 

(bl MgSt added electrostatically 

84 83 82 81 
Figure 12 
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and d i e  w a l l .  However, t h e  deposi ted phosphate l a y e r  i s  black and 

may be friable on prolonged tablet  product ion (al though no 

evidence of exchange on to  tab le t  s u r f a c e s  was found i n  t h i s  

s tudy) .  

( b )  (ii) 

It was found t h a t  apply ing  magnesium stearate e x t e r n a l l y  

using electrostatic depos i t ion ,  produces tab le t  which con ta in  only 

trace q u a n t i t i e s  of magnesium stearate. F i g  12a shows a n  energy 

d i s p e r s i v e  x-ray a n a l y s i s  of f o u r  convent ional  tablets. I n  each 

case t h e  x-ray energy peak corresp6nds w i t h  t h a t  f o r  magnesium, 

and t h e  area under t h e  curve shows t h e  propor t ion  of  magnesium 

stearate. F ig  12b shows t h e  equiva len t  energy d i s p e r s i v e  x-ray 

ana lyses  f o r  f o u r  t ab le t s  produced us ing  e l e c t r o s t a t i c  d e p o s i t i o n  

of magnesium stearate. The magnesium concen t r a t ions  a r e  w i t h i n  

the  background noise  of the analysis  method. 

Because only a f r a c t i o n  of  t h e  normal concen t r a t ion  of  

l u b r i c a n t  such as magnesium stearate is present  i n  each tablet ,  

hydrophobic l u b r i c a n t s  such as magnesium stearate can  be 

s o l u b i l i z e d  us ing  a mall concen t r a t ion  of s u r f a c t a n t  i n  

formula t ions  which are t o  be used as s o l u b l e  or e f f e rvescen t  

tablets. I n  t h i s  way, t he  b e n e f i t s  of magnesium stearate can be 

f u l l y  u t i l i z e d  wi thout  concern f o r  adverse effects, inc lud ing  

those a s s o c i a t e d  w i t h  use i n  so lub le  or e f f e rvescen t  formula t ions .  

It has been found t h a t  s t r e n g t h s  can be v i r t u a l l y  doubled, 

-out arpr a l t e r a m  to  t h e  tablet fo rmula t ion  
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