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ABSTRACT 

The preparatory step i n  the analysis of active -:ugs i n  t; .et 

dosage forms has generally consisted of the grinding or milling of 

a given nmber of the tablets  into a uniformly composited powder. 

Since the advent of content uniformity testing (individual tablet  

analysis) where the compositing step is  'bypassed, nimerous reports 

have cited the large percentage differen'ce i n  results observed 

between the average composited assay value and t,he average assay 

value for the individual tablets .  

This paper describes some of the famctors responsible fo r  these 

observed differences, as well as some of the causative events that  

develop during tablet  grinding. 

become separated from other tablet  components during grinding 

because of diEferences i n  the size,  shape, density, surface rough- 

ness, and resil ience of t he i r  par t ic les .  

than approximately 400 urn additional forces and meclianisms, namely 

Certain active constituents 

A t  par t ic le  sizes of less  
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566 GRECO 

Van der Waals forces, e l ec t ros t a t i c  forces, adsorption, and valency 

forces, become significant.  

INTRODUDION 

Certain drugs formulated as tab le t  dosage forms have been shown 

to  undergo physical separation from other tab le t  components when 

ground o r  milled during the preparation of the sample f o r  analysis. 

For many years, well before content uniformity t e s t s  were routinely 

performed on t ab le t s ,  an analyst would resolve a poorly duplicated 

assay by d i rec t ly  dissolving a number of in tac t  t ab le t s  i n  the 

appropriate medium and by performing the assay on an aliquot of the 

solution. 

instances of ground composite samples giving values which were 

different from those obtained fo r  samples prepared by d i r ec t  d i s -  

solution of t ab le t s .  As a r e s u l t ,  a considerable l i t e r a tu re  has 

developed in  re la t ion  t o  t h i s  problem. Prednisolone, sodium 

buta lb i ta l ,  phenobarbital, and methocarbamol, for  example, have a l l  

been reported as having demonstrated t h i s  phenomenon (1-6). 

Content uniformity testing, however, revealed numerous 

The purpose of t h i s  paper is  to  describe what occurs during 

the grinding of tab le t s  tha t  might cause the segregation of active 

constituents from other tab le t  components. 

w i l l  deal w i t h  the analytical  work performed on various problem 

dosage forms, t o  i l l u s t r a t e  these phenomena and to  suggest ways of 

dealing with s m e  of the problems. 

Subsequent papers 

TABLET PREPARATION 

According t o  the method by which they a re  manufactured tab le t s  

may be c lass i f ied  as molded tab le t s  o r  compressed tab le t s .  

t ab l e t s  arc prepared by forcing dampened powders under low pressure 

into d i e  cavi t ies ,  o r  molds, from which they are then extruded and 

Molded 
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SEGREGATION OF ACTIVE CONSTITUENTS 567 

allowed t o  dry,, 

up during the drying process, and not from the r e su l t  o f  compaction 

forces. 

Solidification depends upon cryst a l  bridges bu i l t  

Compressed t ab le t s  a re  prepared by forcing dry powders in to  

molds under high pressure. 

manufacture fo r  compressed tab le t s  ; 

and d i rec t  compression. 

ingredients with a diluent and solvent is forced through a screen. 

The result ing granules are then dried,  s i ze  reduced, blended with 

the remaining excipients, and f ina l ly  compressed into tab le t  molds. 

In dry granulation, a mixture of ac t ive  ingredients with a diluent 

is compressed under high pressure t o  form a largc tablet. compact, 

sometimes called a slug. 

t o  form granules which are then compressed into t ab le t  niolcls. 

dj rect  compression, the active ingredient. is mixed with a d i rec t ly  

compressible excipient endowed with f lu id i ty  and compressibility. 

No prior granulation steps a re  needed as in  both wet and dry 

granulation methods (7,8) .  

There a re  three general methods of 

wet granulat.ion, dry granulation 

In wet granulation, a mixture crf the active 

The tab le t  compacts a re  milled and screened 

In 

Presently most tab le t s  a re  manufactured by the compre!;sion 

method. 

compression i s  not we1.l understood, but the poss ib i l i ty  of the 

formation of ii l iquid fi lm a t  the pa r t i c l e  surface has been 

suggested by thermodynamic analysis of the e f fec ts  of s t r e s s  

d i s t r ibu t ion  on melting point and so lubi l i ty ,  and. by heat t ransfer  

kinetics a t  the surface (9,lO). 

The mechanism of in te rpar t ic le  bonding duri.ng -tablet 

ADHESION OF TABLET CoMpONENTS DURING CWFJS3IQN --- - 
Most solids expand on melting. Upon compression t h e  increase 

in  melting point is d i rec t ly  proportional t o  the r i s e  i n  pressure. 

In tab le t  compressing, t h i s  relationship would indicate that 
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568 GRECO 

fusion can not take place, and that the pressure exerted on each 

particle is far from uniform. 

During the compression process, particles occupying the 

interior of the tablet experience conditions which are different 

from those found at the surface. The pressure applied by the upper 

and lower punches of the tableting machine is directly exerted only 

on the superficial particles. 

localized in the core of the compressible mass will experience 

stress because transfer of this pressure through particle-to- 

particle contact. 

Because of the extremely high pressures produced in the mass interior 

due to the irregular shapesofthe particles, particle-to-particle 

contact only occurs at a few points. 

each side of the axis of the particle; whereas one surface point is 

being compressed the opposite surface point is under a tension or 

negative pressure. 

expands on melting, its melting point will be lowered when the 

point pressure on the opposite side of the particle is increased. 

Since all particles should occupy both high and low pressure areas 

during tablet compression, then there will be a reduction in melt- 

ing point at some portion of the surface of each particle, whether 

the material expands or contracts on melting. 

On the other hand, particles 

The pressure is different on 

In this negative pressure area, if the compound 

The mechanical energy of compression is convertible to 

thermal energy. 

ferred from the outer surface to the interior of the particle. 

rate of heat conduction is dependent on the specific heat and 

thermal conductivity characteristics of the solid, and on the 

geometry of its particles. 

The heat generated in this manner can be trans- 

The 

As a result there is the formation of 
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SEGREGATION OF ACTIVE CONSTITUENTS 569 

localized high-temperature areas, o r  "hot spots", on the surface 

of the par t ic les .  If the temperature of the hot spo-ts equals the 

reduced melting points of the substance being compressed, surface 

fusion w i l l  occur (9,11,12). 

CR'IIJDTNC; OF TAHLE'I'S ______ 
Wen a material is  ground or milled, the result ing par t ic les  

have a variety of sizes.  

"attrition", which is  the mechanism of fracture whereby a force is 

applied paral le l  t o  the surface of the solid as when using a mortar 

and pestle.  

of a solid,  which also occurs in  mortar and pest le  g,rinding, causes 

"fragmentation?', i-._.e., the formation of two or more large fragments. 

Extremely f ine par t ic les  are produced upon 

A. force that  is applied perpendicular t o  the surface 

When a force is apDlied on tablets  with a mortar and pest le ,  

the weakest fl.aw i n  the tablet  determines i t s  strength 'to fracture 

and controls the number of par t ic les  produced by the fractlure. Since 

the par t ic les  have irregular shapes the force is  i n i t i a l l y  applied t o  

their  highest points, resulting in localized high stresses and high 

temperatures in  the particulate material. 

is greater than the e l a s t i c  l i m i t ,  the pa r t i c l e  fyractures. 

material fractures, the points of applie'd force s h i f t  and s t ress  

waves emanate from these fractures. 

s t r e s s  waves w i l l  also lead t o  new high s t ress  areas and, ultimately, 

t o  further cracks or fractures (13,14). 

When the applied force 

As the 

The energy released by the 

Due t o  the high pressure evolved from compression during tablet  

manufacturing, some par t ic les  w i l l  undergo extensive p l a s t i c  defor- 

mations, frequently without any surface fusion. 

are often produced i n  the structure of a tablet  as the resul t  of 

par t ic les  merely undergoing e l a s t i c  defosrmations which brings about 

Furthermore, gaps 
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570 GRECO 

changes in  par t ic le  shape without fusion when the compression stress 

is  removed (15).  

s tructure (13). 

held l iquid film contact between the par t ic les  caused by compression. 

During i n i t i a l  milling these internal weaknesses may fracture f i r s t ,  

giving par t ic les  whose sizes resemble the original ones pr ior  t o  

compression. 

propagate through the deformed par t ic les  and produce fracture.  

continued milling the par t ic le  size distribution will have a narrower 

range and a f ine r  mean. 

These gaps are  possible flaws i n  the tablet  

A second possible flaw in tablets  i s  the weakly 

As milling progresses, new cracks are  formed that  

With 

The goal of milling is t o  form cracks that  w i l l  propagate 

through the par t ic les  and produce fractures i n  these par t ic les  

that  w i l l  prevent the formation of par t ic les  whose s izes  a r e d o s e  to  

those found before tablet  compression. 

prevent any given compound from having one predominant s ize  of 

par t ic les .  

The reason for  t h i s  is t o  

In the use of any mixing apparatus there is a tendency fo r  par t ic les  

t o  segregate. Whenever a material is free flowing, contains par t ic les  

with two or more different  physical or chemical properties which 

are allowed to  move as independent en t i t i e s ,  then segregation w i l l  

occur (16-18). There are various forces and mechanisms which when 

exerted on a given pa r t i c l e  system w i l l  have a strong tendency t o  

segregate par t ic les  (19). 

The forces and nechanisms which can act  simultaneously on a par t ic le  

system are: 

I .  Large Part ic le  Sizes-(Larger than 400 micrometers) 

When par t ic le  systems contain par t ic les  of different s izes ,  two 

main mechanisms of segregation can occur, “trajectory segregation” 
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SEGREGATION OF ACTIVE CONSTITUENTS 57 1 

and"perco1at ion'!. Trajectory segregation occurs when p a r t i c l e s  a r e  

pro j ected l o r  i.j.ontal1 y , the  d i s  tmce they t r a v e l  being p I-oportional 

t o  the square of the  p a r t i c l e  diameter ( 2 0 ) .  Because l a r g e r  p a r t i c l e s  

wi.11 have t o  t rave l  a longer dis tance than sniallei~ ones, size segrega- 

t i o n  w i l l  ensue. 

Percolat ion occurs when d i f f e r e n t l y  s ized  part ic%es i n  particle 

systems a r e  ditsturbed. Ihie t o  g r a v i t a t i o n a l  forct.,  each par t  iclc 

competes for t h e  void spaces created by t h e  dis turbance (71 ,22). 

The probabi l i ty  t h a t  3 p a r t i c l e  will €al l  i n t o  a void space is  

determined by the size of the  p a r t i c l e .  

i n  comparison t o  t h e  o ther  p a r t i c l e s  i n  tiic system, t h e  g r e a t e r  t h e  

number of void spaces it can occupy, and thus the g r e a t e r  the proba- 

b i l i t y  t h a t  t h e  smaller p a r t i c l e s  will move downward:; i f  the  difference 

i n  size among .the par t - ic les  is  sma.11, t h e  segregat ion probabi l i ty  is 

less (20 ,23-26) .  

'The smallcr  the  p a r t i c l e  

The segregat ion ra te  i n  binary p a r t i c l e  systems is dependent on 

the  r a t i o  of t h c  voltunes of thc  two p a r t i c l e  siw.L;. IIence i n  a binary 

system, the number O F  p a r t i c l e s  of  each p a r t i c l e  s i z e  w i l l  p lay a major r o l e  

i n  determining t h e  r a t e  of segrcgation. I f  the  volume cmf one component 

is held constant white the  volume of the  o ther  i s  var ied ,  thcre  w i l l  be 

a linear re la t ionship  betwecn the particlt: volumc r a t i o  and the segre-  

gat ion rate ( 2 1 , 2 7 ) .  

of' void spaces crecitcd by t h e  l a r g e r  volinne of  thc la rger  I n r t i c l e s ,  

which increases  t h e  probabi l i ty  of smaller- p a r t i c l e s  sl ippfing betwecn 

t h r e e  larger p a r t i c l e s  touching on a t r i a n g u l a r  g r i d .  Theire is  also 

a grcater ixmher of void spaces i n  t h e  shape of a f u r  sided gr id  

formed by fout larger p a r t i c l e s  (28 ) .  Consequently, i f  smaller par -  

t i c l e s  can s l i p  through t h e  t r iang~lar  arid square g r i d s  produced by 

t h e  largcr p a r t i c l e s ,  t h e  segregat ion rate will increasc (29) .  

P a r t l y  t h i s  is caused by the  grea te r  number 
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572 GRECO 

There is l i t t l e  tendency toward segregation of par t ic les  tha t  

d i f f e r  so le ly  i n  density, unless the density differences a re  

extremely large (19). There is , however, a nonlinear interaction 

between size and density. 

than the smaller par t ic les ,  the segregation r a t e  i s  lower a t  the 

higher par t icu la te  volume ra t ios .  When the smaller par t ic les  become 

more dense, the segregation rate increases i n  a nonlinear fashion as 

the par t icu la te  volume ra t io s  increase. 

density has a more pronounced ef fec t  on segregation r a t e  as the s ize  

differences of the par t ic les  increase (30).  

I f  the larger par t ic les  a re  more dense 

The general e f fec t  is that 

Par t ic le  shape a l so  has an influence on the behavior of a 

pa r t i c l e  within a pa r t i c l e  system. 

can produce a substantial  change i n  pa r t i c l e  behavior i n  the  system 

(31). 

of pa r t i c l e s ,  pa r t i c l e  volumes were kept constant and only the shapes 

were changed. 

with spherical ones in  a Lucite cylinder, the  sharp-cornered par t ic les  

migrated t o  the surface of the bed and downward, with the f l a t  surface 

of the pa r t i c l e  oriented against the side w a l l s  of the container. 

This behavior was only observed with angular par t ic les  (32) .  For 

mixtures of single and paired spherical par t ic les ,  the pairing of the 

small par t ic les  led t o  a decrease i n  segregation, whereas the pairing 

of the large par t ic les  resulted in  increased segregation. 

behaviors a re  consistent with the percolation phenomenon described 

above. 

h small change in  pa r t i c l e  shape 

In one study, t o  eliminate size differences between two types 

When sharp-cornered or angular pa r t i c l e s  were mixed 

These 

As the surface roughness of a rotating par t ic le  increases, so 

does the rotational momentum t ransfer  between the pa r t i c l e s  involved 

in  a co l l i s ion  (33). Rotating aggregates w i l l  tend t o  break apart  
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SEGREGATION OF ACTIVE CONSTITUENTS 573 

TABLE 1. REIJiTIONSXI’ BETWEEN PARTICLE :SIZE AND MXHANISMS OR 
FORCES FOR SEGREGATION (37 , 38) 

Particle Size blechani sm 
Diameter 

Foxe  

400 urn Trajectory segregation, Trimslat ional momentum 
percolation transmissions, ro-  

tat ional momentum 
transmissions, 
centrifugal forces, 
gravitational forces 

2 400 urn None Van der Waal’s forces, 
e lec t ros ta t ic  forces, 
adsorption 

2 nm Range None Valency forces 

because of thc: centrifugal forces, thus aiding the nixing process 

(34). 

w i l l  experience different momentum transmissions during co l l i s ion ,  

and wi l l ,  as a r e su l t ,  acquire segregatilmal tendencies (35). 

However, par t ic les  with d i f  €ering degrees of surface roughness 

Resilience or e la s t i c i ty  of the par t ic les  involved in  EL col l i s ion  

w i l l  determinc the moinentm trans €er; therefore otherwise identical 

par t ic les  with differing e l a s t i c i ty  characterist jcs w i l l  experience 

diEferent momisntum transfers and the poss ib i l i ty  of segregation ex is t s  

(34) .  

11. Fine Particle Sizes (Less than 400 micrometers) 

Wieii a solid par t ic le  is  reduced i n  s ize  to  ;i degree that makes 

the e f fec t  of its surface properties significantly different from 

those of the original par t ic le ,  the powder can he said to  have been 

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.



574 GRECO 

TABLE 2 .  EFFECT OF PHYSICAL AND SURFACE PROPERTIES OF PARTICLES 
ON SEGREGATION. 

Physical Property Degree of Surface Properties 
Relevant t o  Segregational Reve lan t  t o  
Segregation Tendency Segregation 

Particle size Greatest 

Par t ic le  shape Great 

Par t ic le  density Little* 

Par t ic le  roughness, Electrostatic 
pa r t i c l e  res i l ience  Intermediate forces 

L i t t l e  Van der Waal's 
forces, 
adsorption 

Very L i t t l e  Valency forces 

*Density has a more pronounced ef fec t  on segregation as the 
s ize  difference among par t ic les  increases. 

reduced to  a very f ine  level (36). 

e f fec ts  become significant varies from substance t o  substance (37).  

In very f ine  powders, the individual masses of the par t ic les  a re  

small and t h e  forces present on the surface of the par t ic les ,  t o  be 

discussed below, a re  re la t ive ly  large in  comparison with the ine r t i a l  

forces. 

but a re  now affected by each other (38). 

has on another greatly depends on the charac te r i s t ics  of t he i r  surfaces 

and on the existing in te r fac ia l  conditions. 

A t  the surface of a f ine  pa r t i c l e ,  four significant forces may 

The pa r t i c l e  s ize  a t  which surface 

The par t ic les  therefore no longer behave as separate e n t i t i e s  

The e f fec t  t ha t  one pa r t i c l e  

be present: Van der Waal's, e l ec t ros t a t i c ,  adsorption, and valency 

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.



SEGREGATION OF ACTIVE CONSTITUENTS 57 5 

(37).  

so that  t he i r  thermal and mechanical forces become of the same order of 

magnitude as t he i r  van der Waalls forces, the l a t t e r  can play a 

prominent ro lc  in  the association of par t ic les  into larger masses (39). 

When thc s ize  of  the par t ic les  of a subst:uice arc small enough 

Since most organic solids have low d ie lec t r ic  constants and they 

do not dissipate the e l ec t r i ca l  charges produced by the mechanical 

displacement of t he i r  electrons, e lec t ros ta t ic  charge accumulation 

occurs on the j~ r  par t ic les  upon grinding or mixing. 

the powder wi l .1  f i r s t  acquire a f luf fy  appearance followed by "ball- 

ing-up'' and ul.timately "caking" ( 3 7 , " ) .  The high pressures 

generated by the grinding on a mortar and pes t le  can h i d  'to so l id- to-  

solid interaction among the components oE a tab le t  through the for -  

mation of additional adsorption s i t e s .  Adsorptions w i l l  olccur upon 

charge transfer or donor-acceptor type o-E interactions. 

bination of grinding systems and tab le t  formulation w i l l  htive its own 

individual characterist ics (39,41,42) . 

k e  to  aggregation, 

Each com- 

Valency forces generally occur a t  tlhe surface of those par t ic les  

having a surface area of less  than 400 m2g-l. 

valency bonds i n  the crystal  structures (during grinding w i l l .  change 

the chemical properties of the par t ic les .  

area of graph.ite was reduced to  about 60R rn2g-l, cyanogen, formed by 

the reaction of ambient nitrogen with thme broken va-lency bonds in  

the graphite, was detected by i ts  characterist ic odor. 

reducing the par t ic le  s ize  of a so l id  t o  a very f ine  level can r e su l t  

i n  the fomlat ion of impurities upon chemical chruigcs introchiced into 

the solid by -the grinding process (37 ) .  

The breakage of the 

For example when the surface 

Therefore, 

coNcLusIox 

Both segregation :md mixing o €  par t ic les  occur simultaneously 

during grinding or blending (43) .  The end product #of mixing is not 
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a ful ly  randomized mixture, but rather a mixture where the population 

of par t ic les  of each component is segregated i n  a par t icular  manner, 

dependent not only on its inherent physical characterist ics and 

surface effects ,  but a lso on the grinding system and the tablet  for- 

mulation. 

are  blended, an understanding of the causes of segregation can be 

of value i n  the preparation of a more uniform blend. 

the forces and mechanisms that  come into play in  par t ic le  segregation. 

Table 2 shows the relat ive effects  of the properties of par t ic les  

on t h e i r  tendency t o  segregate. 

Where materials of different  pa r t i c l e  characterist ics 

Table 1 indicates 
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