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BBSTRACT 

A s e r i e s  o f  magnesium s t e a r a t e  samples, s u p p l i e d  by 

fo re ign  and domestic manufacturers, were character ized by t h e i r  

physical  and chemical propert ies.  The r e s u l t s  ind ica ted  t h a t  

t h e  samples d i f f e r e d  s i g n i f i c a n t l y  w i t h  r e s p e c t  t o  c h e m i c a l  

p u r i t y ,  p a r t i c l e  s i z e  and s u r f a c e  area. The p r o p e r t i e s  o f  

magnesium stearate lo ts ,  manufactured by t h e  same company, were 

very s imi la r .  Whatever v a r i a t i o n  t h a t  was seen was p r i n c i p a l l y  

due t o  d i f f e r e n t  suppliers. 

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  f o r m u l a t i o n s  were 

prepared and e v a l u a t e d  u s i n g  samples o f  magnesium s t e a r a t e  

obtained from 16 sources. Di f ferences i n  t a b l e t  q u a l i t y  were 

observed i n  regard t o  bu lk  volume o f  t h e  blends, t a b l e t  t e n s i l e  

s t rength ,  and t a b l e t  f r i a b i l i t y .  The d a t a  r e v e a l e d  t h a t  t h e  
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976 DANSEREAU AND PECK 

s m a l l e r  p a r t i c l e  s i z e d  magnesium s t e a r a t e  samples (2.4 - 7.0 

urn), w i t h  a l a r g e  surface area (10.6 - 14.8 m2/g), had t h e  most 

d e t r i m e n t a l  e f f e c t s  on t h e  p h y s i c a l  p r o p e r t i e s  o f  

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 .  Regression ana lys is  and 

mode l ing  was used t o  de f ine ,  q u a n t i t a t e ,  and p r e d i c t  t h e  

e f f e c t s  o f  magnesium stearate source v a r i a t i o n  on t h e  physical  

p roper t ies  o f  mic rocrys ta l  1 i n e  c e l l  u lose blends and compressed 

tab1 ets. 

I" 
One o f  t h e  most i m p o r t a n t  components o f  compressed 

t a b l e t s ,  used t o  d e l i v e r  v a r i o u s  m e d i c i n a l  agents, i s  t h e  

mater ia l  employed t o  l u b r i c a t e  t h e  system. Magnesium s teara te  

appears t o  be t h e  most e f f i c i e n t  l u b r i c a n t  employed t o  decrease 

t h e  f r i c t i o n a l  f o r c e s  o p e r a t i v e  d u r i n g  t a b l e t  f o r m a t i o n  and 

e j e c t i o n .  Magnesium s t e a r a t e  i s  an i d e a l  p r o c e s s i n g  agent  

which f c i l i t a t e s  t h e  smooth o p e r a t i o n  o f  a t a b l e t  press. 

However, t h e  i n c o r p o r a t i o n  o f  magnesium s t e a r a t e  i n t o  t h e  

t a b l e t  m a t r i x  may i n t r o d u c e  s e v e r a l  u n d e s i r a b l e  qua1 i t y  

features t o  t h e  compressed dosage form. These c h a r a c t e r i s t i c s  

may i n c l u d e :  ( a )  a d e c r e a s e d  c o m p r e s s i b i l i t y  o f  t h e  

g r a n u l a t i o n  o r  d i r e c t  c o m p r e s s i o n  m i x t u r e  (1.21, ( b )  a 

decreased w e t t a b i l  i t y  o f  t h e  fo rmula t ion  (31, and (c) prolonged 

t a b l e t  d i s i n t e g r a t i o n  and d i s s o l u t i o n  t i m e  p r o f i l e s  (4,s). A 

t a b l e t  f o r m u l a t o r  may be faced w i t h  compet ing  o j e c t i v e s .  A 
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PHYSICAL AND CHEMICAL PROPERTIES OF MAGNESIUM STEARATE 977 

s u f f i c i e n t  q u a n t i t y  o f  magnesium s t e a r a t e  must be added t o  

f a c i l i t a t e  t a b l e t  e j e c t i o n ,  b u t  i f  an excess o f  magnesium 

s t e a r a t e  i s  added, wh ich  i s  t e r m e d  o v e r l u b r i c a t i o n ,  t h e  

p h y s i c a l  p r o p e r t i e s  o f  t h e  t a b l e t  m i x t u r e  w i l l  n o t  be 

s a t i s f a c t o r y  t o  produce t a b l e t s  o f  acceptable qua1 i t y .  

An add i t iona l  f a c t o r  must be considered when deciding upon 

t h e  amount o f  magnesium s t e a r a t e  t o  be i n c o r p o r a t e d  i n t o  a 

t a b l e t  formulation. This  i s  t h e  fac t  t h a t  magnesium stearate 

i s  synthesized from n a t u r a l l y  occurr ing f a t t y  acids by a number 

o f  d i f f e r e n t  manufacturers. When deal ing w i t h  products der ived 

f r o m  n a t u r a l  o r i g i n ,  i t  i s  a n t i c i p a t e d  t h a t  v a r i a t i o n  i n  t h e  

physical  and chemical p roper t ies  may e x i s t  among manufacturers 

(6). Current standards which evaluate t h e  pr imary phys ica l  and 

chemical p roper t ies  are not  s u f f i c i e n t l y  def ined t o  p r e d i c t  and 

quant i ta te  t h i s  e f f e c t  o f  raw m a t e r i a l s  v a r i a t i o n  on compressed 

t a b l e t  charac ter is t i cs .  Th is  s i t u a t i o n  has p l a c e d  a d d i t i o n a l  

r e s p o n s i b i l i t i e s  on t h e  p r o d u c t  development group and t h e  

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

magnesium stearate. 

I n  most r e p o r t e d  i n v e s t i g a t i o n s  o f  magnesium s t e a r a t e ,  

l i t t l e  o r  no in fo rmat ion  i s  presented which i s  r e l a t e d  t o  t h e  

physical  and chemical p roper t ies  o f  t h e  grade o f  mater ia l  used. 

The r o l e  o f  magnesium s t e a r a t e  as a t a b l e t  l u b r i c a n t  may be 

i n f l u e n c e d  by t h e  q u a l i t y  o f  t h e  m a t e r i a l .  A p p r o p r i a t e  

q u a n t i f i c a t i o n  techniques,  wh ich  c o u l d  p r e d i c t  l u b r i c a n t  
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978 DANSEREAU AND PECK 

per formance p r i o r  t o  t a b l e t i n g ,  would o b v i a t e  t h e  c o s t l y  

process o f  t a b l e t  r e w o r k i n g  caused by an i n f e r i o r  g rade o f  

magnesium s teara te .  Raw m a t e r i a l  q u a n t i f i c a t i o n  techniques# 

i n d i c a t i v e  o f  magneslum s t e a r a t e ' s  qua1 i t y ,  a r e  mandatory t o  

assure t h e  safety, e f f icacy,  re1 i a b i l  i t y ,  and r e p r o d u c i b i l i t y  

o f  a l l  batches o f  a manufactured product. 

MATERIALSANRMETHODS 

Twenty samples o f  magnesium s teara te  were suppl ied by a 

pharmaceut ica l  f i r m  wh ich  r e p r e s e n t s  samples used i n  t h e i r  

w o r l d w i d e  opera t ion .  A s i n g l e  l o t  o f  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 1  was used t o  reduce t h e  p o s s i b i l i t y  o f  l o t  t o  l o t  

var ia t ion.  The f i r s t  step o f  t h e  study was t o  character ize and 

def ine t h e  magnesium stearate samples by standard physical  and 

chemical tests.  The f o l l o w i n g  chemical t e s t s  were performed on 

each 1 ubr icant  sample: 

( A )  U.S.P. Assay - The U.S.P. assay i s  a back t i t r a t i o n  

procedure which determines t h e  equiva lent  amount o f  MgO i n  a 

g i v e n  sample (7). The r e a c t i o n  a l s o  c o n v e r t s  t h e  s a l t s  t o  

t h e i r  corresponding f a t t y  acids. 

( B )  A n a l y s i s  o f  t h e  U.S.P. Assay R e s i d u e  b y  Gas 

Chromatography - The f r e e  f a t t y  acids, obtained from t h e  U.S.P. 

assay were analyzed using a gas chromatograph2 equipped w i t h  a 

f l a m e  i o n i z a t i o n  d e t e c t o r .  The f r e e  f a t t y  a c i d s  w e r e  

d e r i v i t i z e d  t o  t h e  corresponding methylesters and assayed on a 

column packed w i t h  2% OV-101 on chromasorb W-HPI 100-200 mesh. 
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PHYSICAL AND CHEMICAL PROPERTIES OF MAGNESIUM STEARATE 979 

(C)  F ree  F a t t y  Ac ids  - The f r e e  f a t t y  a c i d s  c o n t e n t  

(expressed as s t e a r i c  a c i d )  was d e t e r m i n e d  by t i t r a t i o n  w i t h  

sodium hydroxide. 

(D) Ash Conten t  - The i n o r g a n i c  m a t t e r  p r e s e n t  as 

i m p u r i t i e s  was determined i n  a muf f le3 furnace. 

(El Reduction i n  t h e  Surface Tension o f  D i s t i l l e d  Water 

by t h e  Water S o l u b l e  E x t r a c t a b l e s  i n  Magnesium S t e a r a t e  - A 

sample o f  magnesium s t e a r a t e  was a g i t a t e d  i n  a b o t t l e  o f  

d i s t i l l e d  w a t e r  f o r  s i x  hours. The s u r f a c e  t e n s i o n  o f  t h e  

f i l t r a t e  was then determined on a F isher  autotensiomat.4 

(GI Loss on D r y i n g  - A m o i s t u r e  ba lances  was used t o  

determine t h e  l o s s  on dry ing o f  t h e  samples. 

The f o l l o w i n g  physical  t e s t s  were performed on t h e  l u b r i c a n t  sample: 

( A )  X-Ray Powder D i f f r a c t i o n  - The c r y s t a l  l a t t i c e  

s p a r i n g s  were de termined on a P e i k e r  N u c l e a r  x - ray  powder 

d i f f r a c t i o n  camera.6 

(B) M e l t i n g  P o i n t s  - Sample m e l t i n g  p o i n t  ranges were 

7 determined on a Hot Stage Microscope. 

(C)  T rue  D e n s i t y  - The t r u e  d e n s i t y  o f  t h e  samples were 

0 determined using a Beckman A i r  Comparison Pycnometer. 

(D)  B u l k  D e n s i t y  - The b u l k  d e n s i t y  was d e t e r m i n e d  i n  a 

The bulk  volume was determined a f t e r  1500 

The p o r o s i t y  o f  

graduated cyl inder.  

taps t o  ensure a maximum packing arrangement. 

t h e  packed mass was then calculated. 
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980 DANSEREAU AND PECK 

( E l  P a r t i c l e  S i z e  Measurement - Lubr icant  p a r t i c l e  s i z e  

was determined us ing a Model B Cou.lter Counter.9 Samples were 

s o n i f i e d  w i t h  .004% sodium l a u r y l  s u l f a t e  i n  an i s o t o n i c  s a l i n e  

s o l u t i o n  p r i o r  t o  counting. 

(F)  Sur face  Area Measurements - L u b r i c a n t  s u r f a c e  area  

was determined on a M i c r o m e r i t i c s  ace-US-orb instrument. The 

surface areas were then ca lcu la ted  us ing t h e  BET equation. 

The second p a r t  o f  t h e  s t u d y  examined t h e  e f f e c t s  o f  

magnesium s t e a r a t e  c o n c e n t r a t i o n ,  m i x i n g  t i m e  and source  

v a r i a t i o n  on t h e  p h y s i c a l  p r o p e r t i e s  o f  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  blends and tab lets .  The independent var iab les  were: 

( a )  magnesium s t e a r a t e  c o n c e n t r a t i o n  - .25, .75, 1.25%, (b)  

magnesium stearate - 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  mix ing t i m e  - 
10, 20, 30 minutes,  and ( c )  t h e  p a r t i c u l a r  magnesium s t e a r a t e  

sample.  The f o l l o w i n g  p r o c e d u r e  was u s e d  f o r  s a m p l e  

preparat ion : 

(1)  The a p p r o p r i a t e  amount o f  magnesium s t e a r a t e  was 

s c r e e n e d  t h r o u g h  a 6 0  m e s h  s c r e e n  o v e r  a b e d  o f  

m i  c rocrys ta l  1 i ne c e l l  u l  ose. 

(2 )  The m i x t u r e s  (500 g) were t r a n s f e r e d  t o  a 2.5 l i t e r  

V-blenderlo and mixed f o r  t h e  s p e c i f i e d  t i m e  32 rpm. 

( 3 )  T a b l e t s  were compressed on a Carner  p ress11 u s i n g  a 

one-ha l f  inch, f l a t - f a c e d  punch and d i e  set .  A c o n s t a n t  r a t  

compressional fo rce  was appl ied up t o  a miximum value o f  1000 

pounds f o r  a l l  formulations. Tablet  weight was maintained a t  

425 mg + 10 mg. 
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PHYSICAL AND CHEMICAL PROPERTIES OF MAGNESIUM STEARATE 981 

The b u l k  volume o f  a 20 gram sample was d e t e r m i n e d  i n  a 

100 m l  graduated cy l inder .  The c y l i n d e r  was dropped 100 t imes 

t h r o u g h  a d i s t a n c e  o f  5 cm. T a b l e t  t e n s i l e  s t r e n g t h  was 

de termined on an appara tus  adapted f o r  t h e  e v a l u a t i o n  o f  

c y l i n d r i c a l  shaped t a b l e t s  (8). The f r i a b i l i t y  o f  s i x  t a b l e t s  

was d e t e r m i n e d  a f t e r  1 0 0  r e v o l u t i o n s  o n  a E u r e k a  

F r i a b i l l  ator.  12 

RESULTSAt!u2oIscussIoN 

ChemicalTestinapfMaanesium- 
( A )  U.S.P. Assay - The U.S.P. s t t e s  t h a t  a l l  samples must  

conta in  t h e  equiva lent  o f  6.8 - 8.0% MgO. Based s o l e l y  on t h i s  

c r i t e r i o n ,  o v e r  one-ha l f  o f  t h e  samples l i s t e d  i n  T a b l e  1 

f a i l e d  t h e  test .  

(B) S tear ic  Acid Content - The U.S.P. c la ims t h a t  s t e a r i c  

acid,  t h e  s t a r t i n g  m a t e i a l  i n  t h e  s y n t h e s i s  o f  magnesium 

s t e a r a t e ,  must  c o n t a i n  a t  l e a s t  40% s t e a r i c  a c i d  and a t  l e a s t  

401% p a l m i t i c  acid.  A l l  samples i n  T a b l e  1 conformed t o  t h i s  

p u r i t y  spec i f ica i ton.  However, it i s  i n t e r e s t i n g  t o  note t h a t  

t h e  s t e a r i c  ac id  content ranged from 43.6% - 77.9% i n d i c a t i n g  

t h e  in f luence of magnesium s teara te  source v a r i a t i o n  on sample 

p u r i t y  . 
(C) Free F a t t y  A c i d s  - T h i s  v a l u e  i s  i n d i c a t i v e  o f  t h e  

c o n v e r s i o n  r a t i o  o f t h e  f a t t y  a c i d s  i n t o  t h e i r  c o r r e s p o n d i n g  

s a l t s  d u r i n g  t h e  s y n t h e s i s  o f  magnesium s t e a r a t e .  The f r e e  
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PHYSICAL AND CHEMICAL PROPERTIES OF MAGNESIUM STEARATE 983 

f a t t y  a c i d s  c o n t e n t  ranged f r o m  0.5 - 3.3% i n d i c a t i n g  an 

incomplete synthesis reaction. 

(D) Ash Content - The inorganic residue, p r i m a r i l y  MgO, 

ranged between 6.5 - 0.7%. 

( E l  Reduction i n  the  Surface Tension o f  D i s t i l l e d  Water 

by Water S o l u b l e  E x t r a c t a b l e s  i n  Magnesium S t e a r a t e  - The 

s u r f a c e  t e n s i o n  o f  a l l  samples were between 57.0 - 72.0 

dynedcm. These v a l u e s  i n d i c a t e  t h a t  t h e  w a t e r  s o l u b l e  

i m p u r i t i e s  a r e  dependent on t h e  source o f  t h e  magnesium 

stearate. 

(F)  Loss on D r y i n g  - The U.S.P. s t a t e s  

s tearate may conta in  up t o  4.0% moisture. A1 

conformed t o  t h i s  speci f icat ion.  

PhvsicalTestinapfMaanesium- 

t h a t  magnes i um 

samples tes ted  

( A )  X-Ray Powder D i f f r a c t i o n  - The d i f f r a c t i o n  pat terns 

are not  shown, bu t  10 polymorphic forms o f  magnesium stearate 

were detected. T h i s  i n d i c a t e s  t h a t  t h e  c r y s t a l  s t r u c t u r e  o f  

the  l u b r i c a n t  does vary from manufacturer t o  manufacturer. 

(B) M e l t i n g  Po in ts  - The m e l t i n g  p o i n t s  ranged from 117' 

- 150'C i n d i c a t i n g  t h e  vary ing r a t i o  o f  t h e  c o n s t i t u e n t  f a t t y  

acids. The mel t ing  p o i n t  data d i d  c o r r e l a t e  w i t h  t h e  s t e a r i c  

a c i d  content .  The g r e a t e r  t h e  s t e a r i c  a c i d  conten t ,  t h e  

greater  t h e  mel t ing  point. 

(C) Density Measurements - The t r u e  densi ty  values ranged 

f r o m  0.89 - 1.16 g/ml. The b u l k  d e n s i t y  o f  a l l  samples were 
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984 DANSEREAU AND PECK 

between 0.26 and 0.57 g/ml. These v a l u e s  a r e  i n d i c a t i v e  o f  

dif ferences i n  l u b r i c a n t  p a r t i c l e  s i z e  d i s t r i b u t i o n s #  p a r t i c l e  

shape, and t h e  cohesive nature o f  t h e  par t i c les .  

(D) P a r t i c l e  Size Measurements - Lubr icant  p a r t i c l e  s izes 

ranged f r o m  02.4 - 10.6 bun. These d i f f e r e n c e s  a r e  a t t r i b u t e d  

t o  t h e  m a n u f a c t u r i n g  t e c h n i q u e s  employed by t h e  v a r i o u s  

manufacturers. 

( E l  Sur face  Area Measurements - The s u r f a c e  a r e a  o f  

s e v e r a l  s e l e c t e d  samples ranged f rom 05.2 - 14.8 d / g .  AS 

ant ic ipated, t h e  smal ler  p a r t i c l e  s ized l u b r i c a n t s  had l a r g e r  

surface areas. These data are summarized i n  Table 2. 

These t e s t s  c l e a r l y  demonst ra te  t h a t  t h e  p h y s i c a l  and 

chemical p roper t ies  o f  pharmaceutical grade magnesium stearate 

i s  dependent upon t h e  source  o f  t h e  m a t e r i a l .  Samples coded 

Columbia A and U n i t e d  S t a t e s  w e r e  b o t h  m a n u f c t u r e d  by 

M a l l i n c k r o d t  and samples I t a l y  C and I t a l y  D were b o t h  

manufactured by Eigermann-Veronel l  i. T a b l e  3 shows t h e  

intrasource v a r i a t i o n  o f  magnesium stearate. The t a b l e  shows 

t h e  s i m i l a r i t y  o f  t h e  physical  and chemical p roper t ies  o f  l o t s  

manufactured by t h e  same company. Thus, it appears t h a t  t h i s  

raw mater ia l  v a r i a t i o n  problem might be minimized by procur ing 

magnesium stearate l o t s  f rom a s i n g l e  manufacturer. 

The second s t e p  o f  t h e  p r o j e c t  was t o  d e t e r m i n e  t h e  

physical  and/or chemical p roper t ies  o f  magnesium s teara te  t h a t  

in f luence t h e  physical  p roper t ies  o f  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  
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PHYSICAL AND CHEMICAL PROPERTIES OF MAGNESIUM STEARATE 987 

(MCC) blends and compressed tab lets .  A s t a t i s t i c a l  eva lua t ion  

concluded t h a t  t h e  two var iab les  having t h e  greatest  in f luence 

on the  proper t ies  o f  MCC were magnesium s teara te  p a r t i c l e  s i z e  

and s u r f a c e  area.  Two r e g r e s s i o n  m o d e l s  w e r e  r u n  i n  

c o n j u n c t i o n  w i t h  t h e  dependent v a r i a b l e s  o f  maximum t e n s i l e  

s t r e s s ,  f r i a b i l i t y  and b u l k  vo lume.  The s e c o n d  o r d e r  

r e g r e s s i o n  models were based upon t h e  f o l l o w i n g  independent  

var iables:  

Model A - 1) magnesium s teara te  concentrat ion 

2) magnesium s teara te  - MCC mix lng t ime 

3 )  magnesium s teara te  p a r t i c l e  s i z e  

Model B - 1) magnesium s teara te  concentrat ion 

2) magnesium s teara te  - MCC mix ing t ime 

3 )  magnesium s teara te  surface area 

When e v a l u a t i n g  t h e  f i t  and p r e d i c t i v e  m e r i t  o f  a 

regression model, t h e  key factors  t o  examine are t h e  r2 value 

and t h e  c o e f f  i c l e n t  o f  v a r i a b i l i t y .  

The summary of  t h e  second order regression models are l i s t e d  i n  

T a b l e  4. 

Based on t h e  r2 values and t h e  c o e f f i c i e n t  o f  v a r i a b i l i t y ,  

i t appears t h a t  e i t h e r  magnesium s t e a r a t e  p a r t i c l e  s i z e  o r  

s u r f a c e  area can be used t o  d e f i n e  and p r e d i c t  a s p e c i f i c  

1 ubr icants  performance c h a r a c t e r i s t i c s  i n  MCC. 

F i g u r e s  1 and 2 show t h e  e f f e c t s  o f  magnesium s t e a r a t e  

p a r t i c l e  s i z e  and s u r f a c e  area, r e s p e c t i v e l y ,  on t h e  b u l k  
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988 DANSEREAU AND PECK 

Table 4. Summary o f  t h e  Second Order Regression Models 
f o r  the  MCC - Magnesium Stearate Study 

Tensi le  Strength F r i a b i l i t y  Bulk Volume 

r 2  c. v. a r 2  C.V. r 2  C.V. 

Model A .9870 7.1 ,9504 15.5 .9737 1.4 
Model B .9942 5.3 .9647 14.4 .8896 3.0 

aCoeff i c i e n t  o f  V a r i a b i l i t y  

volume o f  MCC a t  selected t reatment  combinations. As ind ica ted  

by t h e  data, t h e  f o l l o w i n g  conclusions were made: (a) As t h e  

c o n c e n t r a t i o n  o f  magnesium s t e a r a t e  i n c r e a s e d  f r o m  0.25 - 
1.25%, t h e  b u l k  volume decreased, (b)  as t h e  m i x i n g  t i m e  

increased f r o m  10-30 minutes,  t h e  b u l k  volume decreased, and 

( c )  as t h e  p a r t i c l e  s i z e  o f  t h e  l u b r i c a n t  i n c r e a s e d  o r  t h e  

surface area decreased, t h e  bulk  volume increased. The greater  

t h e  amount o f  magnesium s t e a r a t e  i n  t h e  m i x t u r e ,  t h e  g r e a t e r  

t h e  percentage o f  t h e  v o i d  space t h a t  a r e  f i l l e d  up, wh ich  

r e s u l t s  i n  blends w i t h  a lower  porosi ty.  The e f f e c t  o f  mix ing 

i s  probably due t o  t h e  f a c t  t h a t  as t h e  mix ing t i m e  increases, 

the  l u b r i c a n t  p a r t i c l e s  a r e  s u b j e c t e d  t o  deagg lomera t ion  and 

delamination induced by t h e  shearing a c t i o n  o f  t h e  mixer. Th is  

r e s u l t s  i n  a spread ing  o f  t h e  l u b r i c a n t  o v e r  t h e  e x c i p i e n t  

p a r t i c l e s .  T h i s  spread ing  f a c i l i t a t e s  a g r e a t e r  p a c k i n g  

arrangement r e s u l t i n g  i n  a lower  bu lk  volume. More i n t e r e s t i n g  
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FIGURE 1 

The effect  o f  maqnesium stearate par t ic le  s ize  
on the b u l k  volume of MCC blends a t  selected 
l u b r i c a n t  concentrations and  mixing times. 
Key: 0.25% - 10 minutes, +; 0.75% - 10 minutes, 
0 ;  1.25% - 10 minutes,A; 0.25% - 30 minutes, 
0 ;  0.75% - 30 minutes,+; 1.25% - 30 minutes, x .  
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FIGURE 2 

The e f f e c t  o f  magnesium s t e a r a t e  su r face  area 
on the  b u l k  volume o f  MCC blends a t  se lec ted  
l u b r i c a n t  concent ra t ions  and m i x i n q  t imes.  
Key: 
0 ;  1.25% - 10 minutes ,A;  0.25% - 30 minutes,  
0 ;  0.75% - 30 minutes,+; 1.25% - 30 minutes.  

0.25% - 10 minutes, t; 0.75% - 10 minutes,  
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PHYSICAL AND CHEMICAL PROPERTIES OF MAGNESIUM STEARATE 991 

i s  t h e  e f f e c t  o f  magnesium s t e a r a t e  p a r t i c l e  s i z e  and s u r f c e  

area on t h e  bulk  volume o f  t h e  mixtures. The smal le r  p a r t i c l e  

s ized stearates having a greater  number o f  p a r t i c l e s  per  u n i t  

weight,  f i l l  i n  a g r e a t e r  percentage o f  t h e  v o i d  space, 

r e s u l t i n g  i n  more densely packed cakes. 

The e f f e c t s  o f  l u b r i c a n t  concentrat ion and mix ing t i m e  on 

t h e  crushing s t rength and f r i a b i l i t y  o f  compressed t a b l e t s  has 

been prev ious ly  reported (2). Figures 3 and 4 demonstrate t h e  

e f f e c t  o f  l u b r i c a n t  p a r t i c l e  s i z e  and s u r f a c e  a r e a  on t h e  

maximum t e n s i l e  s t r e s s  o f  MCC t a b l e t s .  Based on t h e  data, 

several conclusions may be made: (a) Tablets  compressed w i t h  

t h e  s m a l l e r  p a r t i c l e  s i z e d  s t e a r a t e s  h a v i n g  a l a r g e  s u r f a c e  

area c o n s i s t e n t l y  produced t a b l e t s  w i t h  a g r e a t e r  t e n s i l e  

s t r e n g t h ,  and ( b )  t h e r e  appears t o  be a l e v e l i n g  o f f  i n  a l l  o f  

t h e  hardness p r o f i l e s  a t  approximately 7 vrn o r  11 m2/g, The 

theory being t h a t  t h e  greater  t h e  surface area and t h e  smal le r  

t h e  p a r t i c l e  s i z e  o f  t h e  lubr ican t ,  t h e  more MCC bonds t h a t  are 

disrupted, and t h e  weaker t h e  t e n s i l e  s t rength o f  t h e  tab le t .  

Figures 5 and 6 show t h e  r e l a t i o n s h i p  between MCC t a b l e t  

f r i a b i l i t y  and magnesium s t e a r a t e  p a r t i c l e  s i z e  and s u r f a c e  

area, respect ive1 y. Several observat ions became apparent, as 

ind icated by t h e  graphica l  representat ion o f  t h e  data: (a) As 

t h e  magnesium stearate p a r t i c l e  s i z e  increased and t h e  surface 

area decreased, t h e  f r i a b i l i t y  o f  t h e  t a b l e t s  decreased, and 

(b)  t h e  g r e a t e s t  v a r i a t i o n  i n  t a b l e t  f r i a b i l i t y  was observed 
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FIGURE 3 

The e f f ec t  of maqnesium s t ea ra t e  pa r t i c l e  s i z e  
on the maximum t e n s i l e  s t r e s s  o f  MCC t ab l e t s  a t  
selected lubricant  concentrations and mixing times. 
Key: 0.25% - 10 minutes, +; 0.75% - 10 minutes, 
A; 1.25% - 10 minu tes ,4 ;  0.25% - 30 minutes, x; 0.75% - 30 minutes, 0 ;  1.25% - 30 minutes, x .  
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FIGURE 4 

The e f f e c t  o f  magnesium s t e a r a t e  sur face area 
on t h e  maximum t e n s i l e  s t r e s s  o f  VCC t a b l e t s  a t  
s e l e c t e d  l u b r i c a n t  concen t ra t i ons  and m i x i n g  
t imes.  Key: 0.25% - 10 minu tes ,  +; 0.75% - 10 
m i n u t e s , A ;  1.25% - 1'3 minutes,+;  0.25% - 30 
m i n u t e s , X ;  0.75% - 30 minutes ,O;  1.25% - 30 
minutes,  x .  
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FIGURE 5 

The e f f e c t  o f  maqnesium s t e a r a t e  p a r t i c l e  s i z e  
on t h e  f r i a b i l i t y  of MCC t a b l e t s  a t  s e l e c t e d  
l u b r i c a n t  concent ra t ions  and mix ing  t imes .  
Key: 1.25% - 10 minutes ,+ ;  0.75% - 10 minutes,  
A; 0 .25% - 10 minutes,  +; 1.25% - 30 minutes,  
x; 0 .75% - 30 minutes,  0 ;  0 .25% - 30 m i n u t e s , x .  
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FIGURE 6 

The e f f e c t  o f  maqnesium s t e a r a t e  s u r f a c e  area  
on t h e  f r i a b i l i t y  o f  MCC t a b l e t s  a t  s e l e c t e d  
l u b r i c a n t  c o n c e n t r a t i o n s  and m i x i n g  t i m e s .  
Key: 1.25% - 10 minu tes ,+ ;  0.75% - 1 0  minu tes ,  
A; 0.25% - 10 minutes,  +; 1.25% - 30 minutes ,  
x; 0.75% - 30 minutes ,  0 ;  0.25% - 30 minutes ,# .  
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FIGURE 7 

The re1 a t i  ons hi p between rnagnesi urn s tearate 
particle size and surface area. 

w i t h  the lubricants having a p a r t i c l e  size below approximately 

7.0 urn and w i t h  a sur face  area g r e a t e r  than  11 m2/g. R e c a l l  

t h a t  t h e  v a r i a t i o n  i n  t a b l e t  t e n s i l e  s t r e n g t h  was most 

pronounced w i t h  t h e  f i n e  p a r t i c l e  s ized  l u b r i c a n t s .  T h i s  

phenomenon may be explained by examining t h e  r e l a t i o n s h i p  
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between magnesium s t e a r a t e  p a r t i c l e  s i z e  and s u r f a c e  area. 

F i g u r e  7 shows t h a t  t h e  g r e a t e s t  f l u c t u a t i o n  i n  magnesium 

stearate surface area i s  below approximately 6-7 Pm. Thus8 it 

a p p e a r s  t h a t  t h e  g r e a t e s t  s o u r c e  v a r i a t i o n  p r o b l e m  i s  

encountered w i t h  a l l  samples h a v i n g  a f i n e  i n i t i a l  p a r t i c l e  

s i z e  and r e l a t i v e l y  

The data revea 

1 arge s u r f  ace areas. 

(=O"S 

s t h a t  although t h e  chemical and phys c a l  

p r o p e r t i e s  o f  magnesium s t e a r a t e  d i f f e r  s l g n i f i c a n t l y  f r o m  

s u p p l i e r  t o  s u p p l i e r 8  t h e  key f a c t o r s  g o v e r n i n g  magnesium 

stearate performance r a t i n g  i s  i t s  p a r t i c l e  s i z e  and surface 

area. The source  v a r i a t i o n  prob lem may be m i n i m i z e d  by 

procur ing magnesium stearate from a s i n g l e  supplier. 

The techniques presented here may be r a p i d  screening t e s t s  

used t o  i n d i c a t e  a l u b r i c a n t ' s  e f f e c t  on t h e  b u l k  volume, 

hardness and f r i a b i l i t y  o f  compressed tab lets .  D i s c r i m i n a t i n g  

t e s t s  o f  t h i s  nature may detect  poor q u a l i t y  s tearates p r i o r  t o  

release from t h e  q u a l i t y  con t ro l  laboratory. The second order  

r e g r e s s i o n  models r e p r e s e n t  a workab le  s o l u t i o n  t o  t h e  

l u b r i c a n t  source v a r i a t i o n  problem. 
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NOTES 

1 Avicel  PH-101, H.F., FMC Corp., Phi ladelphia,  PA. 

Hewlett-Packard Model 5710, Avondale, PA. 

3 Thermalyne Furnace, Model F-Al740, Sybron Corp. 

Model 215, Fisher S c i e n t i f i c  CO., F a i r  Lawn, NJ. 

5 Ohaus Moisture Balance, Model 6010, Ohaus Schole Co., Union, NJ. 

Picker Instruments, Cleveland, OH. 

7 M e t t l e r  Instrument Co. 8 Heghtstown, NJ. 

Beckman Model 930, Beckman Instruments, Ful ler ton,  CA. 

9 Coul ter  Electronics,  Hialea, FL. 

lo Patterson-Kel ly ,  East Stroudsberg, PA. 

11 Model 2157, Carver, Inc., Summit, NJ. 

l2 Type TA3, Offenbach Main, W. Germany. 
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