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ABSTRACT 

Regression ana lys i s  was performed using comminution data from 

the p rev ious l y  presented Comi l@/asp i  r i  n g ranu la t i on  

c h a r a c t e r i z a t i o n  study. Polynomial models were const ructed using 

m i l l  speed, output  screen s ize and i m p e l l e r  shape as independent 

var iab les.  The models were used t o  p r e d i c t  the mean p a r t i c l e  s i z e  

(pd)  and geometric standard d e v i a t i o n  (ad) 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  r e s u l t i n g  from the comminution o f  a s p i r i n  using the 

Comile. The p r e d i c t i o n s  were found t o  compare w e l l  w i t h  observed 

values. 

INTRODUCTION 

The v a l i d a t i o n  o f  a pharmaceutical manufacturing process 

requ i res  t h a t  each u n i t  operat ion i n  the process be c o n t r o l l a b l e  

w i t h i n  predef ined operat ional  l i m i t s .  Appropr iate c o n t r o l  o f  a 

u n i t  operat ion can only be es tab l i shed  when t h a t  u n i t  operat ion 
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9 16 MOTZI AND ANDERSON 

and i t s  i n p u t  mater ia l  are f u l l y  character ized. The output  o f  a 

f u l l y  character ized and c o n t r o l l e d  u n i t  operat ion should be 

predic tab le.  Comminution i s  an impor tant  p a r t  o f  the successful 

development o f  granulat ions which a re  to y i e l d  t a b l e t s  t h a t  are 

uniform, reproducible and p h y s i c a l l y  and chemical ly stable. Since 

the comminution o f  granulat ions i s  an essen t ia l  u n i t  operation, a 

given m i l l / m a t e r i a l  system needs t o  be character ized f o r  the 

purpose o f  e s t a b l i s h i n g  c o n t r o l  spec i f i ca t i ons .  These 

s p e c i f i c a t i o n s  w i l l  r e s u l t  i n  p red ic tab le  comminution resu l t s .  

Attempts by researchers to express comminution i n  terms o f  a 

general mathematical model have n o t  been successful.  There i s  no 

genera l ly  accepted theory o f  comminution or  even a p r a c t i c a l  

mathematical expression t o  represent the c h a r a c t e r i s t i c s  o f  a body 

o f  p a r t i c l e s .  Further,  the i n d i v i d u a l i t y  o f  each m i l l i n g  case 

requ i res  a separate ana lys i s  f o r  each operation'. However, when 

study ing a s p e c i f i c  m i l l i n g  system one needs only t o  descr ibe 

comminution over a r e l a t i v e l y  narrow range o f  condi t ions.  I n  the 

f i r s t  r e p o r t  o f  t h i s  se r ies  an a lgeb ra i c  method o f  descr ib ing 

p a r t i c l e  s ize d i s t r i b u t i o n s  was presented2. The second r e p o r t  

described the cha rac te r i za t i on  o f  a s p e c i f i c  m i l l / r a w  mate r ia l  

system3. This r e p o r t  describes a method by which p a r t i c l e  s i ze  

d i s t r i b u t i o n s  can be pred ic ted  f o r  the output  o f  the p rev ious l y  

character ized comminution operation. 

THEORY 

I n  order t o  make p r e d i c t i o n s  concerning m i l l  ou tpu t  i t  i s  
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GRANULATION M I L L I N G  PROCESS. I11 917 

necessary t o  have a mathematical or  s t a t i s t i c a l  system which 

r e l a t e s  the m i l l  va r i ab les  t o  the r e s u l t a n t  output  p a r t i c l e  s i ze  

d i s t r i b u t i o n .  A previous study showed t h a t  the m i l l  speed, output  

screen s i z e  and i m p e l l e r  shape must n o t  be considered as 

independent f a c t o r s  b u t  r a t h e r  i n  combination3. Therefore one 

p r e d i c t i o n  model which could be used t o  descr ibe m i l l  ou tpu t  i s  a 

second order polynomial w i t h  three independent va r iab les  (Eq. 1). 

i j k  
2 2 2  

y(I,S,P) = C C X bijkI S P 
i = O  j = O  k-0 

Eq. 1 

where 

y(I,S,P) = Predic ted m i l l  output  

b = Regression c o e f f i c i e n t s  

I = Impe l l e r  shape 

S = M i l l  speed 

P = O u t p u t  screen s i z e  

The use o f  Equation 1 t o  p r e d i c t  output  p a r t i c l e  s i z e  

requ i res  t h a t  some measurement of m i l l  output  be designated as the 

independent va r iab le  y(I,S,P). Computer s imulat ions o r  equations 

o f  s t a t e  which r e l a t e  the mean p a r t i c l e  s i ze  (pd) and the 

geometric standard d e v i a t i o n  (ad) of the d i s t r i b u t i o n  t o  the 

processing parameters w i l l  a l low the design o f  a process which 

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

two measurements which w i l l  be used as i n d i c a t o r s  of m i l l  ou tpu t  

a r e  the mean p a r t i c l e  s i ze  (pd) and the slope ( l / u d )  o f  the 

r e s u l t a n t  p a r t i c l e  s i ze  d i s t r i b u t i o n .  

2 
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918 MOTZI AND ANDERSON 

A second considerat ion i n  the use o f  Equation 1 i s  t h a t  i t  

cons is t s  o f  27 terms. A procedure i s  requ i red  t o  est imate the 

c o e f f i c i e n t s  i n  the equat ion and t h e i r  r e l a t i v e  importance i n  

p r e d i c t i n g  the output  var iables.  The s t a t i s t i c a l  procedure used 

f o r  t h i s  i s  regression analysis.  Only those terms which are shown 

t o  make s t a t i s t i c a l l y  s i g n i f i c a n t  c o n t r i b u t i o n s  to the regress ion 

should be included i n  the model. Those terms which do n o t  make 

s t a t i s t i c a l  l y  s i g n i f i c a n t  c o n t r i b u t i o n s  should then be excluded 

from the model. This process can be repeated i n  a stepwise manner 

u n t i l  no f u r t h e r  add i t i ons  t o  or  de le t i ons  from the model can be 

made . 4 

METHODS 

Polynomial regressions were constructed f o r  both the mean 

p a r t i c l e  Size (vd) and the slope ( l / u d )  using a commercially 

a v a i l a b l e  s t a t i s t i c a l  computer program . A stepwise regress ion 

was used such t h a t  those terms which made s t a t i s t i c a l l y  

s i g n i f i c a n t  con t r i bu t i ons  t o  the model were inc luded w h i l e  those 

t h a t  d i d  no t  were excluded. The s i g n i f i c a n c e  l e v e l s  were a G 0.10 

f o r  i n c l u s i o n  i n t o  the model and a > 0.25 f o r  exc lus ion from the 

model. The data used f o r  the regressions was from the three 

rep1 i c a  ti ons o f  the p rev ious l y  presented Comi l / a s p i r i n  g ranu la t i on  

1 

charac te r i za t i on  study'. 

1. SPSS Regression, S t a t i s t i c a l  Package f o r  the Social  Sciences, 
Version 8.3.5, Vogelback Computing Center, Northwestern 
Univers i ty ,  Evanston, IL.  
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GRANULATION M I L L I N G  PROCESS. I11 919 

The usefulness o f  the polynomial models t o  p r e d i c t  r e s u l t a n t  

p a r t i c l e  s ize  using parameter values outside the charac ter iza t ion  

study was inves t iga ted  using two new m i l l  speeds. Using the 

prev ious ly  repor ted mater ia ls,  methods and analysis3, the nine 

o r i g i n a l  combinations o f  three impe l le r  shapes and three output  

screen sizes were combined w i t h  the two new mi11 speeds, 1200 RPM 

and 2100 RPM. The r e s u l t i n g  values of pd and l /ud ca lcu la ted  from 

the polynomial regressions were then compared t o  the values 

observed using the two new m i l l  speeds. 

RESULTS AND DISCUSSION 

The use o f  the stepwise regression procedure f o r  the 

polynomial models resu l ted  i n  eleven s t a t i s t i c a l l y  s i g n i f i c a n t  

terms descr ib ing pd and nine s t a t i s t i c a l l y  s i g n i f i c a n t  terms 

descr ib ing l/ud. The c o e f f i c i e n t s  f o r  the polynomial models and 

t h e i r  corresponding terms are shown i n  Table 1. I n  both cases the 

models consisted o f  s u b s t a n t i a l l y  fewer terms than would have been 

the case i f  the f u l l  polynomial equation (Eq. 1) had been used. 

The observed 

values of pd and l /ud from the charac ter iza t ion  study are compared 

w i t h  the values ca lcu la ted  by the regression equations i n  Table 2. 

The re la t ionsh ips  between the ca lcu la ted  and observed values of  pd 

and l / " d  are f u r t h e r  i l l u s t r a t e d  i n  Figures 1 and 2, respect ive ly .  

The r e s u l t s  o f  the observed and predic ted p a r t i c l e  s i z e  analys is  

f o r  the comminution o f  a s p i r i n  a t  the two new m i l l  speeds are 

shown i n  Table 3. Graphs o f  the data i n  Table 3 f o r  pd and l /ud 
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Table 1. Coeff ic ients  for Polynomial Regression Models for 1 and 11 Ud d 

Regression Coef f ic ient  
Term 

'd l / a d  

Constant 

I 
I2  

S2 

I s2 
I 2s 
I2S2 

P2 

I P2 
1 2 P  
12P2 

SP2 
S2P 
S2P2 

ISP2 
IS2P 
IS2P2 
12SP 
12SP2 
12S2P 
12S2P2 

S 

IS 

P 

IP 

SP 

ISP 

-2.4821 x lo2  
0 

0 
0 

0 
1.1820 x 10-1 
0 
0 
0 
7.8066 x 10-1 
0 

-1.2199 x 10-1 
0 
0 
2.2517 x 

-2.0431 x 
0 
0 
0 

-2.1564 x 

0 
1.9840 x 
0 
5.2997 x 
0 

-5.4273 x 
5.5774 10- l~ 

1.9558 
0 

0 
0 

0 
0 
0 
0 
0 

-1.0172 x 
1.6324 x 
0 
0 
0 
0 

0 

0 
0 
0 
3.7741 x loe7 

-8.4998 x 
-4.4267 x 

1.1275 x 
-7.2692 x 

1.5824 x 
0 
0 
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00. 

Figure  1 

The r e l a t i o n s h i p  between t h e  mean p a r t i c l e  sizes (b) c a l c u l a t e d  
from t h e  polynomial r e g r e s s i o n  m d e l  (Table  1) and t h e  observed  
v a l u e s  o f y d .  (Slope = .9873, Rq = ,9874). 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



924 MOT21 AND ANDERSON 

1 .qoo 

1.300 

1 .zoo 

1 .loo 

W a 
0 
J 
03 1.000 

W 
I- cc 

u 
_I 

V 

n 

=j ,900 

a 

.800 

,700 

*60a I 

.SO0 
s o  ‘60 .70 .80 .go 1.00 1.10 1.20 1.30 1 

OBSERVED SLOPE 
40 

Figure 2 

The relat ionship between the slopes (l/Ud) calculated from the 
polynomial regression model (Table 1 )  and the observed values o f  
l/ud. (Slope = .9496, R 2  = .9462). 
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Figure 3 

P@ The relationship between t h e  predicted mean particle s i z e  
calculated f rom t h e  polynomial regression model (Table 1) and 
the  observed values using t h e  two new m i l l  speeds (Slope = .9981, 
R2 = .9751). 
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Figure 4 

The relationship between t h e  predicted slopes (l/vd) calculated 
from the polynomial regression model (Table 1) and the observed 
values using the two new m i l l  speeds (SAope = .9077, R2 = .9616). 
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Figure  5 
Log-probabi l i ty  p l o t  o f  d a t a  from a s i n g l e  r u n  us ing  a new m i l l  
s peed  ( I  = 3 ,  S = 1200 rpm, P = 1900 pm). 
values calculated from t h e  p r e d i c t e d  mean and s l o p e  given i n  
Table 3 .  

Dashed l i n e  r e p r e s e n t s  

The s o l i d  l i n e  r e p r e s e n t s  t h e  observed values. 
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are  shown i n  F igures 3 and 4. A t y p i c a l  l o g - p r o b a b i l i t y  p l o t  of a 

s i n g l e  run i s  shown i n  F igure 5. The agreement between the 

p red ic ted  and observed values when new m i l l  speeds a re  tested 

shows t h a t  the model can be used t o  determine how changes i n  the 

m i l l  speed w i l l  a f f e c t  m i l l  output. 

Th i s  ser ies has shown t h a t  i t  i s  poss ib le  t o  character ize a 

g ranu la t i on  m i l l i n g  operat ion and p r e d i c t  the r e s u l t s  o f  

dev ia t i ons  from a given combination o f  var iables.  Future work 

w i l l  concentra ,e on the more basic measurement o f  r e t e n t i o n  time 

o f  granules i n  the m i l l i n g  chamber, how i t  i s  a f f e c t e d  by the m i l l  

va r i ab les  and t s  e f f e c t  on r e s u l t a n t  p a r t i c l e  size. 
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