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ABSTRACT 

A method i s  presented which may be used t o  mathematical ly 

express 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  o f  pharmaceutical granulat ions.  

The method u t i l i z e s  expresses o f  p a r t i c l e  s i z e  and p r o b a b i l i t y  

evaluated us ing a weighted l i n e a r  regress ion technique. This method 

i s  suggested whenver p a r t i c l e  s i ze  determinat ions are used i n  

con junc t i on  with s t a t i s t i c a l  analys is ,  o p t i m i z a t i o n  techniques or  any 

t ime a pu re l y  q u a n t i t a t i v e  approach i s  needed. 

INTRODUCTION 

I n  depth s tud ies  o f  pharmaceutical manufacturing processes o r  

u n i t  operat ions o f t e n  make use o f  mathematical methods o f  ana lys i s  

such as s t a t i s t i c s ,  s imu la t i on  and opt imizat ion.  The use o f  such 

methods o f  ana lys i s  assumes t h a t  the va r iab les  being t e s t e d  and 

measured can be accurate ly  descr ibed mathematically and w i l l  y i e l d  

meaningful r e s u l t s .  

c e u t i c a l  g ranu la t i ons  i t  i s  the re fo re  necessary t o  have a means o f  

accurate ly  desc r ib ing  granule s i z e  and s i z e  d i s t r i b u t i o n  mathemati- 

c a l l y .  The ana lys i s  o f  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  o f  pharmaceuti- 

I n  order  t o  analyze the  comminution of pharma- 
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226 MOTZI AND ANDERSON 

cal g r a n u l a t i o n s  has  largely been a semi -quan t i t a t ive  process .  

Much a t t e n t i o n  is g iven  t o  t h e  sampling o f  g r a n u l a t i o n s  and t o  t h e  

c o l l e c t i o n  o f  d a t a ,  bu t  t h e  a n a l y s i s  o f  the c o l l e c t e d  d a t a  is 

usua l ly  performed g r a p h i c a l l y  us ing  log -p robab i l i t y  p l o t s .  

o f  t h e  log-normal d i s t r i b u t i o n  f u n c t i o n  is  well known i n  t h e  s tudy  

o f  pharmaceutical   granulation^^-^. 
a n a l y s i s  is t o  p l o t  t h e  pe rcen t  o f  p a r t i c l e s  g r e a t e r  t han  (or  less 

t h a n )  a g iven  p a r t i c l e  s i z e  ve r sus  t h e  p a r t i c l e  size.  I f  t h e  log- 

normal d i s t r i b u t i o n  d e s c r i b e s  t h e  d a t a  t h e n  a p l o t  c o n s t r u c t e d  on 

log -p robab i l i t y  paper  w i l l  y i e l d  a s t r a i g h t  l i n e .  A t y p i c a l  p l o t  

o f  t h i s  t ype  is shown i n  F ig .  1. 

t h e  d i s t r i b u t i o n  can be  e s t ima ted .  

The use 

The common p r a c t i c e  o f  d a t a  

From t h i s  l i n e  t h e  pa rame te r s  o f  

These parameters ,  t h e  mean (Vd) 

and t h e  s t a n d a r d  d e v i a t i o n  (ud ) , completely d e s c r i b e  

2 t i o n  . However, i n  t h e  pharmaceut ica l  

p re sen ted  f o r  t h e  a l g e b r a i c  f i t t i n g  o f  

l i t e r a t u r e  no 

p a r t i c l e  size 

t h e  d i s t r i b u -  

methods are 

d a t a  t o  log- 

p r o b a b i l i t y  p l o t s .  

such l i nes  is v i s u a l  curve  f i t t i n g .  

accuracy i n  f i t t i n g  curves t o  d a t a  is d e s i r e d ,  a l g e b r a i c  and 

a n a l y t i c a l  methods are requ i r ed .  

t i o n  is t o  demonstrate a method by which l o g - p r o b a b i l i t y  p l o t s  can 

be  descr ibed  a l g e b r a i c a l l y .  

The exclusive method p resen ted  f o r  producing  

When a measurable degree  o f  

The o b j e c t i v e  o f  t h i s  p re sen ta -  

THEORY 
6 

The normal d i s t r i b u t i o n  may be  expressed  as 

wi th  

t 
P =$ d t  

-a 
(Eq. 1 )  

and 

where 
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A GRANULATION M I L L I N G  PROCESS. I 227 

102 1 o3 1 04 
SJZE [MfCRONS] 

Figure  1. 

An example o f  p a r t i c l e  s i z e  d a t a  p l o t t e d  on l o g  p r o b a b i l i t y  paper .  

P = P r o b a b i l i t y  (0 z P 5 1 )  

Z = Standard ized  frequency (0 < Z c m )  

t = Normal d e v i a t e  ( - - ~ t i -  f 

d = S i z e  o f  p a r t i c l e  (0  5 d 5 -) 

- -  

pd = Mean p a r t i c l e  s i z e  

ud = Standard  d e v i a t i o n  o f  d 

Equation 3 relates t h e  normal d i s t r i b u t i o n  t o  t h e  a n a l y s i s  o f  a 

measurable p a r t i c l e  s i z e  d. For a log-normal d i s t r i b u t i o n :  

d = L n x  ( E q .  4) 
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228 MOTZI AND ANDERSON 

-2.400 

-1.600 

10 

15 
-1.200 

Ln x 

F igu re  2 .  

The r e l a t i o n s h i p  o f  Equation 5 ,  

Figure  3. The r e l a t i o n s h i p  between t h e  p r o b a b i l i t y  
( P I  scale and t h e  n o r m a l d e v i a t e  ( t )  scale. 

The v a r i a b l e  x is t h e  actual measured va lue  o f  p a r t i c l e  s ize  from 

microscope count ing  methods, s i e v i n g  or  o t h e r  p a r t i c l e  s i z e  

measurement techniques .  

t h e  fo l lowing  equa t ion  o f  a s t r a i g h t  l i n e :  

Equations 3 and 4 may be  combined t o  y i e l d  

This  r e l a t i o n s h i p  is i l l u s t r a t e d  i n  F ig .  2.  The p r o b a b i l i t y  scale 

from t h e  f a m i l i a r  l og -p robab i l i t y  c h a r t s  is a c t u a l l y  a linear t- 

scale with p r o b a b i l i t y  va lues  i n s c r i b e d  . Therefore  t h e  l i n e a r i z a -  

t i o n  o f  our  p a r t i c l e  size d a t a  o c c u r s  a s  a consequence o f  Eq. 5 .  

The r e l a t i o n s h i p  between t h e  va lues  o f  t and t h e  p r o b a b i l i t y  scale 

7 
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A GRANULATION MILLING PROCESS. I 229 

i s  i l l u s t r a t e d  i n  Fig.  3. 

p r o b a b i l i t y  values (and v i ce  versa) us ing Eqs. 1 and 2. 

Values o f  t may be converted t o  

Upon examination o f  Fig.  3 i t  should be c l e a r  t h a t  t he  magnitude 

o f  dev iat ions,  i n  u n i t s  o f  t, about a p o i n t  on the p r o b a b i l i t y  

sca le depends upon the l e v e l  o f  p r o b a b i l i t y  a t  which they occur. 

For example, t he  i n t e r v a l  from 1 t o  2 percent p r o b a b i l i t y  i s  

approximately 0.4 u n i t s  o f  t wh i l e  the i n t e r v a l  from 49 t o  50 

percent p r o b a b i l i t y  i s  approximately 0.03 u n i t s  o f  t. 

p a r t i c l e  s i z e  data i s  c o l l e c t e d  as p r o b a b i l i t y  uni ts bu t  i n  

e f f e c t  converted t o  units o f  t when p l o t t e d ,  then assessment o f  

the d e v i a t i o n  occu r r i ng  about such a l i n e  (Fig. 1) becomes 

complicated. 

l i n e s  by v i s u a l  curve f i t t i n g  are inadequate. 

Since our 

It i s  f o r  t h i s  reason t h a t  methods which o b t a i n  

The c o r r e c t  

analys is  o f  such dev ia t i on  requ i res  the  use o f  weights. 

weights are a l so  necessary t o  co r rec t  f o r  t h e  e r r o r s  i nhe ren t  i n  

the c o l l e c t i o n  o f  p r o b a b i l i t y  data. The weight (W) given by 

K o t t l e r  i s :  " 

These 

7 

Z 'N ='Po (Eq. 6 )  

where N i s  t he  number o f  p a r t i c l e s  counted and Z, P are as 

p rev ious l y  defined. 

METHOD 

A computer program was w r i t t e n  which appl ies the above mathematical 

concepts t o  the  ana lys i s  o f  data c o l l e c t e d  from pharmaceutical 

granulat ions.  

p r o b a b i l i t y  t o  t values us ing Eqs. 1 and 2. 

used i s  

The program f i r s t  converts observed values o f  

The computat ional  form 

t = F e r f - l  (1-ZP) (Eq. 7 )  

which i s  an equiva lent  form o f  Eqs. 1 and 2. 

f u n c t i o n  ( e r f - l )  used i n  Equat ion 7 i s  a v a i l a b l e  on most mathematical 

The inve rse  error 
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2 30 MOTZI AND ANDERSON 

8 and s t a t i s t i c a l  packages f o r  computers such as IMSL . An a l t e r n a t e  

method has been devised f o r  c a l c u l a t i n g  these values us ing a 

programmable hand c a l c u l a t o r  . The program then uses the ca l cu la ted  

values o f  t and Ln x t o  perform a weighted regress ion ana lys i s  

u t i l i z i n g  t h e  weights g iven by Eq. 6. 

a p l o t  o f  the data p o i n t s  and the  ca l cu la ted  regress ion l i n e .  

9 

10 

The program f i n a l l y  cons t ruc ts  

P a r t i c l e  s i z e  data f o r  a pharmaceutical a s p i r i n  g ranu la t i on  i s  

presented (Table 1) i n  order  t o  i l l u s t r a t e  t h e  use o f  the above 

program. 

o f  a s p i r i n  granulat ion’  through a Cornil’ a t  1500 rpm us ing a 

screen s i z e  o f  1900~1m. 

us ing standard U.S. sieves. The r e s u l t i n g  computer generated p l o t  

i s  shown i n  Fig.  4. An examination o f  F ig .  4 shows t h a t  the data 

p o i n t s  appear t o  assymptot ica l ly  approach a value on the x-axis. 

This phenomena occurs because the  log-normal d i s t r i b u t i o n  f u n c t i o n  

attempts t o  descr ibe p a r t i c l e  s i z e s  ranging from zero t o  i n f i n i t y .  

The data was generated by passing a 12-16 mesh s ieve c u t  

The p a r t i c l e  s i z e  ana lys i s  was performed 

Table 1. P a r t i c l e  Size Data f o r  A s p i r i n  Granulat ions 

Screen Size 
v m  

1180 16 
840 20 
420 40 
250 60 
125 120 
10 5 140 

Mesh - - 

< 105 Pan 

Percent Retained 
On Screen 

1.5 
12.1 
33.3 
17.7 
25.0 

3.8 
6.6 

Cummulative Percent 
Less Than Stated Size 

98.5 
86.4 
53.1 
35.4 
10.4 
6.7 
0.0 

1. A s p i r i n  Granulation, Monsanto Chemical Co., S t .  Louis, MO. 
2. Comil, Model 197-1-525, 4uadro Engineering, Waterloo, 

Ontar io,  Canada. 
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1 -  

2 -  

5 -  

231 

-2.400 

- -2.000 

WJ 

98 - 
99 - 0 

1 1  

Figure 4. A p l o t  o f  the a s p i r i n  granulation data from Table 1 using the 
weighted regression technique. 
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232 MOTZI AND ANDERSON 

However, the a c t u a l  p a r t i c l e  s i zes  o f  t he  g ranu la t i on  used range i n  

s i z e  from some value l e s s  than 140 mesh (105pm) up t o  a 

poss ib le  maximum s i ze  o f  12 mesh (1680pm). 

t h a t  t he  n o n l i n e a r i t y  r e s u l t i n g  from th i s  discrepancy can be 

I r a n i l ’  i n d i c a t e s  

corrected by rep lac ing  Eq. 4 with a new expression: 

d = modi f ied p a r t i c l e  s i ze  

X,= smal lest  p a r t i c l e  s i z e  

L= l a r g e s t  p a r t i c l e  s i z e  

Using Eq. 8 we see t h a t  when X approaches Xo then d approaches 

Ln(0) and when X approaches X,then d approaches Ln(m). 

t he re fo re  transforms our p a r t i c l e  s i z e  data i n t o  a form more 

compatible wi th the log-normal d i s t r i b u t i o n .  

granulat ions X o  may be as smal l  as 5pm . 
cases the assumption t h a t  X o  i s  zero i s  n o t  a bad approximation o f  t h e  

minimum p a r t i c l e  s ize.  However, t he  value o f  X,in granulat ions i s  

This expression 

I n  pharmaceut ical  

3 Therefore i n  such 

c e r t a i n l y  always smal ler  than 

est imated from screen s i zes  and o the r  r e s t r i c t i o n s  imposed by t h e  

processing equipment. 

0 and X, = 1680pma much improved p l o t  r e s u l t s  (Fig.  5). 

and i s  usua l l y  q u i t e  r e a d i l y  

When the data i n  Table 1 i s  analyzed us ing  X o  = 

DISCUSSION 

We now have a s t r i c t l y  a lgebra ic  method o f  ana lys i s  which can 

be used t o  describe 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 .  The method con- 

s i s t s  o f  (a) t he  t ransformat ion o f  p a r t i c l e  s i z e  us ing Eq.  8; (b) 

t he  c a l c u l a t i o n  o f  t -va lues from t h e  cumulative percent data us ing 

Eq. 7; and ( c )  t he  a p p l i c a t i o n  o f  a weighted regress ion ana lys i s  o f  

the above transformed data us ing the  weights i n d i c a t e d  i n  Eq. 6 .  

Numerical values such as the  c o r r e l a t i o n  c o e f f i c i e n t  ( r )  may be 
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Figure 5. 
A p l o t  o f  the data from Table 1 using t h e  weighted regress ion technique 
and the  transformation of Equation 8 .  
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ca lcu la ted  which express the accuracy o f  f i t  o f  t he  data t o  the  

ca l cu la ted  regress ion l i n e .  

chi-squared goodness o f  f i t  t e s t  12'13. 

genera l ly  used t o  t e s t  t he  hypothesis t h a t  t he  cumulative d i s t r i b u -  

t i o n  o f  a sample i s  the  same as t h a t  f o r  a s p e c i f i e d  populat ion.  

I n  the  case o f  p a r t i c l e  s i z e  ana lys i s  we w i l l  use the chi-squared 

t e s t  t o  compare t h e  cumulative percent o f  p a r t i c l e s  l e s s  than a 

given p a r t i c l e  s i z e  t o  the  expected value f o r  t h a t  s i ze .  

expected value i s  t he  value g iven by the regress ion l i n e .  

the regress ion l i n e  constructed i s  based upon a modi f ied l o g  normal 

d i s t r i b u t i o n  (Eq. 1,2,3,8) then t h e  chi-squared t e s t  w i l l  i n d i c a t e  

how w e l l  t he  data f i t s  t he  modi f ied log-normal d i s t r i b u t i o n  

func t i on  represented by the  regress ion l i n e ,  

chi-squared s t a t i s t i c  i n d i c a t e  goodness o f  f i t .  

ana lys i s  performed on the  data i n  Table 1 i s  presented i n  Table 2 .  

The r e s u l t s  show t h a t  t he  weighted regress ion ana lys i s  technique 

us ing t h e  s i z e  t ransformat ion o f  Eq. 8 i s  super ior  t o  methods which 

do n o t  u t i l i z e  t h e  weights o f  Eq. 6 o r  t he  t ransformat ion o f  Eq. 0. 

A f u r t h e r  i n d i c a t i o n  i s  g i ven  by the  

The chi-squared t e s t  i s  

The 

Since 

Small values o f  t he  

A summary o f  t he  

I n  order t o  f u r t h e r  i l l u s t r a t e  the a p p l i c a b i l i t y  o f  t h i s  

method o f  p a r t i c l e  s i ze  ana lys i s  t h e  p a r t i c l e  s i z e  data o f  L i 1 4  was 

analyzed. 

phen g ranu la t i on  us ing a screen s i ze  o f  2000vm. L i  prepared 

s i x teen  such granulat ions.  

or  graph ica l  procedures are used, n o t  a l l  granulat ions appear t o  

fo l low a log-normal d i s t r i b u t i o n .  

o u t l i n e d  above i s  app l i ed  t o  t h e  data a l l  s i x teen  l o t s  are des- 

c r i bed  by modi f ied log-normal d i s t r i b u t i o n s  as i n d i c a t e d  by t h e  

chi-squared s t a t i s t i c .  A t y p i c a l  sample from th i s  study (Table 3 )  

This data was generated by t h e  m i l l i n g  o f  an acetamino- 

When simple l i n e a r  regress ion ana lys i s  

When the  method o f  ana lys i s  D
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Figure 6. 
A p l o t  o f  acetaminophen p a r t i c l e  size data using standard regression 
techniques. D
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Figure 7. 

A p l o t  o f  acetaminophen p a r t i c l e  s i ze  data us ing  t h e  weighted 
regress ion technique and t h e  t ransformat ion o f  Equat ion 8. D
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i s  shown before and a f t e r  a p p l i c a t i o n  o f  t he  weighted regress ion 

technique (Figs. 6 and 7). 

Another advantage t o  us ing these a lgeb ra i c  methods o f  ana lys i s  

i s  t h a t  the p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  completely descr ibed by 

the  regress ion parameters vd  and ad (Fig. 2). Therefore equat ions 

o f  s t a t e  o r  computer s imulat ions which r e l a t e  p d  and ud t o  

processing parameters w i l l  a l low t h e  design o f  a process which 

y i e l d s  a predetermined p a r t i c l e  s i z e  d i s t r i b u t i o n .  

accomplished v i a  the  e x p l i c i t  choice o f  p d  and (s d 

the percent o f  p a r t i c l e s  des i red between two p a r t i c l e  s izes.  

l a t e r  method i m p l i c i t l y  denotes p d  and u 

a fu ture study o f  t he  m i l l i n g  o f  pharmaceutical granulat ions.  

This may be 

or by s p e c i f y i n g  

The 

and w i l l  be u t i l i z e d  i n  
d 
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