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THE QUANTITATIVE EVALUATION OF A GRANULATION 

MILLING PROCESS 11. EFFECT OF OUPUT '8 

SCREEN SIZE, MILL SPEED AND IMPELLER SHAPE 
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School o f  Pharmacy and Pharmacal Sciences 
Purdue Un ive rs i t y  

West Lafayette, I N  47907 

ABSTRACT 

The processing var iab les  associated w i t h  the comminution o f  

pharmaceutical granulat ions were invest igated. The three 

var iab les  chosen were mi11 speed, output screen s ize  and impe l l e r  

shape. Experiments were performed on an a s p i r i n  g ranu la t ion  using 

proper techniques o f  experimental design. Analysis showed t h a t  

the three m i l l  var iables cannot be considered independently b u t  

r a t h e r  a t  the l e v e l  o f  combinations. A complete charac ter iza t ion  

o f  the m i l l  output according t o  p a r t i c l e  s ize  d i s t r i b u t i o n  i s  then 

poss ib le  based upon these combinations o f  m i l l  variables. 

INTRODUCTION 

The comminution o f  granulat ions i s  an essent ia l  u n i t  

operat ion i n  the manufacture o f  pharmaceutical tablets.' However, 
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GRANULATION MILLING PROCESS. I1 715 

0 Figure 2. The three Comil 
granulation. 

impellers used in the milling o f  the aspirin 

contro l ,  could be operated a t  speeds from 900 t o  2400 rpm, The 

m i l l  was suppl ied w i th  interchangeable output  screens and 

impel lers .  The three impe l le rs  used i n  t h i s  study are shown i n  

Fig. 2. The three ou tpu t  screens chosen f o r  t h i s  study had 

c i r c u l a r  openings o f  1900 w, 3175 Fm and 3960 pm i n  diameter 

(Fig. 3). The three m i l l  speeds used i n  t h i s  study were 900 rpm, 

1500 rpm and 2,400 rpm. The th ree  speeds were i n i t i a l l y  

c a l i b r a t e d  us ing a strobe. 

The mater ia l  used was a 1680-1180 pm (12-16 mesh) p o r t i o n  o f  

a commercial asp i r in-10% s tarch  granulat ion.  For  each 

combination o f  m i l l  speed, screen s ize  and i m p e l l e r  shape, the 

2. A s p i r i n  Granulat ion, Monsanto Chemical Co., S t .  Louis, MO. 
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716 MOT21 AND ANDERSON 

Figure 3 .  Sample Comil@ ouput screens. The center screen represents 
the type of screen used i n  the milling of the aspirin 
granulation. 

a s p i r i n  was m i l l e d  i n  250 g u n i t s  fed r a p i d l y  i n t o  the m i l l  a f t e r  

the f u l l  se t  speed had been achieved. The screen and impe l le r  

were then removed, replaced w i t h  the next screen and impe l le r  t o  

be used and the speed reset. P a r t i c l e  s izes were determined f o r  

the e n t i r e  m i l l e d  sample usfng U.S. standard sieves measuring 105 

pm, 125 pm, 250 pm, 420 pm, 840 pm and 1180 pm plus pan placed on 

a Ro-tap sieve shaker f o r  5 minutes. The r e s u l t i n g  p a r t i c l e  s ize  

d i s t r i b u t i o n  was determined using the a lgebra ic  method f o r  

p a r t i c l e  s ize  analysis presented previously. 

3 

3 

I n  order t o  achieve s t a t i s t i c a l l y  meaningful r e s u l t s  it was 

The design necessary to  use a proper ly designed e ~ p e r i m e n t . ~ ’ ~  

3. Ro-tap, W. S. Ty ler  Co., Cleveland, OH. 
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GRANULATION M I L L I N G  PROCESS. I1 717 

chosen f o r  t h i s  study was a randomized complete block design 

(RC8D).6 The 27 possible combinations o f  the three m i l l  speeds, 

three screen sizes and three impel ler  shapes were evaluated i n  

random order. Upon completion o f  a l l  27 combinations the e n t i r e  

experiment was then rep l icated using a d i f f e r e n t  random order. 

F i n a l l y  a t h i r d  r e p l i c a t i o n  was performed using a t h i r d  random 

order. Using the concept of r e s t r i c t i o n  error,4s5s6 t h i s  design 

allowed test ing o f  the e f f e c t s  on p a r t i c l e  size o f  m i l l  speed, 

screen size and impel ler  shape, e i t h e r  alone or  i n  combination. 

RESULTS AND DISCUSSION 

The resu l t s  o f  the p a r t i c l e  s ize analysis f o r  the 3 

rep l i ca tes  of the 27 combinations o f  m i l l  speed, screen size and 

impel ler  shape i s  shown i n  Table 1. A t yp i ca l  p l o t  o f  the data 

f o r  a s ingle run i s  shown i n  Figure 4. From Table 1, the standard 

deviat ions of the mean p a r t i c l e  size (cr,) were less than 6 percent 

i n  a l l  but  3 cases. Likewise the standard deviat ions o f  the slope 

( l /od) were less than 6 percent i n  a l l  bu t  5 cases. The average 

values o f  the mean p a r t i c l e  sizes and the sloges are shown i n  

re la t i onsh ip  t o  the m i l l  var iables i n  Figures 5 and 6, 

respectively. I n  t h i s  study experimental e r ro rs  were reduced by 

analyzing the e n t i r e  m i l l e d  sample and by using a completely 

mathematical method of analysis. The small ranges and standard 

deviat ions shown i n  Table 1 are a good ind i ca t i on  t h a t  data 

gathered wi th  the Comilm i s  qu i te  reproducible. 

I n  order t o  invest igate the e f f e c t s  o f  each o f  the m i l l  

variables an analysis o f  variance (ANOVA) was performed. Separate 
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Figure 4.  Typical p l o t  o f  data f rom a s ingle  m i l l i n g  run (speed = 1500 rpm, 
screen = 1900 urn, impel ler  = 1). 
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722 MOTZI AND ANDERSON 

ANOVA'S  were constructed to t e s t  e f f e c t s  o f  the m i l l  va r iab les  on 

the mean p a r t i c l e  s ize  (cl,) and the slope ( l / a d )  o f  the r e s u l t a n t  

p a r t i c l e  s ize  d i s t r i bu t i ons .  A complete desc r ip t i on  o f  the model 

and r e s u l t a n t  t es ts  appears i n  Appendix 1. The ANOVA ind ica tes  

t h a t  there i s  a s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on both the slope 

and the mean p a r t i c l e  s ize  due to a three-way i n t e r a c t i o n  o f  the 

m i l l  variables. From t h i s  i n te rac t i on ,  two conclusions must now 

be made. F i r s t ,  the e f f e c t s  o f  m i l l  speed, screen s ize  and 

impe l le r  shape on the p a r t i c l e  s i ze  d i s t r i b u t i o n  cannot be 

evaluated i n d i v i d u a l l y  b u t  must be evaluated a t  the l e v e l  o f  each 

combination o f  the three. Second, a s t a t i s t i c a l l y  s i g n i f i c a n t  

dif ference e x i s t s  among the average values of pd and l/ud 

produced by the 27 combinations o f  m i l l  va r iab les  used. The 

d i f fe rences  between the 27 combinations o f  m i l l  va r iab les  cannot 

be d i r e c t l y  evaluated. However, the presence o f  the three-way 

i n t e r a c t i o n  al lows the model t o  be analyzed as a one-way 

c l a s s i f i c a t i o n  w i t h  27 l e v e l s  o f  the combinations o f  m i l l  speed, 

screen s ize  and impe l l e r  shape (see Appendix 1). The Newman-Keuls 

t e s t 7  may now be used t o  discern the d i f fe rences  between these 

combinations. 

A Newman-Keuls t e s t  was performed a t  a s ign i f i cance  l e v e l  o f  

a = 0.05 and y ie lded  10 s t a t i s t i c a l l y  d i f f e r e n t  groups o f  slopes 

('/'d) and 12 s t a t i s t i c a l l y  d i f f e r e n t  groups o f  mean p a r t i c l e  

s izes (cld). These r e s u l t s  are shown i n  Table 2. Each row i n  the 

tab le  represents a range of 'Id which i s  s t a t i s t i c a l l y  d i f f e r e n t  

from other ranges (rows) of &d. Wi th in  a row the d i f fe rences  

between pd's are no t  s t a t i s t i c a l l y  dist inguishable.  Likewise a 
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724 MOT21 AND ANDERSON 

column i n  the tab le represents a range o f  slopes which i s  

s t a t i s c a l l y  d i f f e r e n t  from other ranges (columns) o f  slopes. 

Therefore, the in tersect ion of  a row and a column y i e l d s  a c e l l  

containing the m i l l  parameters which y i e l d  a p a r t i c l e  s ize 

d i s t r i b u t i o n  which i s  s t a t i s t i c a l l y  d i f f e r e n t  i n  both mean and 

slope from other d i s t r i b u t i o n s  ( ce l l s ) .  I n  t h i s  way, Table 2 

shows tha t  there are 48 s t a t i s t i c a l l y  d i f f e r e n t  p a r t i c l e  s ize 

d i s t r i b u t i o n s  avai lable f o r  the m i l l  parameters and material used 

i n  t h i s  study. The actual number o f  pharmaceutically useful 

p a r t i c l e  size d i s t r i b u t i o n s  i s  less than 48 since two adjacent 

c e l l s  may contain the same m i l l  conditions. For example, column 3 

row 4 and column 4 row 4 may be s t a t i s t i c a l l y  d i f f e r e n t  bu t  are 

probably no t  pharmaceutically d i f f e ren t .  

The most useful feature o f  Table 2 i s  t ha t  i t  provides a 

complete character izat ion o f  the m i l l  f o r  the condit ions and 

material tested i n  t h i s  study. I t  i s  now possible to  check i f  a 

ce r ta in  p a r t i c l e  s ize d i s t r i b u t i o n  i s  obtainable as wel l  as how t o  

obtain a possible d i s t r i b u t i o n  j u s t  by examining Table 2. A 

f u tu re  paper w i l l  r e p o r t  the a p p l i c a b i l i t y  o f  t h i s  method f o r  

predic t ing m i l l  output as wel l  as other methods which make 

predict ions about combinations o f  m i l l  variables not y e t  tested. 

Appendix 1 

Experimental Design 

The model f o r  the measurement o f  mean p a r t i c l e  s ize i s  given 

below: 
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'i j k l  

P 

Ri 

'((i 

' j  

'k 

I s j k  

p1 

j 1  
I P  

" k l  

I s P j k l  

t h  

output screen of  the kth m i l l  speed o f  the jth 

impel ler  shape i n  the ith repl icate.  

= mean p a r t i c l e  s ize measurement using the 1 

= overa l l  mean. 

= e f f e c t  o f  the ith r e p l i c a t e  (random). 

= f i r s t  r e s t r i c t i o n  e r ro r  (random). 

= e f f e c t  o f  the jth impel ler  shape ( f ixed) .  

= e f f e c t  o f  the kth m i l l  speed ( f ixed) .  

= e f f e c t  of  the i n te rac t i on  of  the kth m i l l  speed 

and the jth impel ler  shape. 

= e f f e c t  of  the lth output screen size ( f ixed) .  

= e f f e c t  o f  the i n te rac t i on  o f  the lth output screen 

s ize and the jth impel ler  shape. 

= e f f e c t  o f  the i n te rac t i on  o f  the lth output screen 

s ize and the kth m i l l  speed. 

= e f f e c t  o f  the i n te rac t i on  o f  the lth output screen 

s ize and the kth m i l l  speed and the jth impel ler  

shape. 

e r ro r (a )  = pooled (R I i  j, RSik, R P i l ,  RISj jk, RIPS jl, R S P i k l  

and RISPi jkl ). 

= random e r ro r  w i th in  the lth output screen size o f  

the kth m i l l  speed o f  the jth impel ler  shape i n  

the ith repl icate.  

( i  j k l )  & 
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There i s  one r e s t r i c t i o n  on randomization inherent i n  the 

randomized complete block design (RCBD) which i s  accounted f o r  i n  

the above model. This r e s t r i c t i o n  ( 6 )  occurs since the three 

rep l i ca t i ons  o f  the experiment are performed s t e p ~ i s e . ~ . ~  The 

pharmaceutical s c i e n t i s t  would no t  expect to see any s i g n i f i c a n t  

i n te rac t i on  between the rep l i ca t i ons  and any o f  the other factors. 

Therefore those factors are pooled i n t o  e r ro r (a )  which i s  given 

above. The corresponding Analysis o f  Variance (ANOVA) is shown i n  

Table 3. The tests  f o r  I Sk, P1 and t h e i r  in teract ions are 
j* 

performed using error (a) .  An i d e n t i c a l  model i s  used f o r  t es t i ng  

the effects o f  the variables on the slope o f  the p a r t i c l e  size 

d i  s t r i  bution. 

In terpretat ion o f  the ANOVA begins w i th  the three-way 

in te rac t i on  ISP.  I f  t h i s  i n te rac t i on  i s  not  found t o  be 

s i g n i f i c a n t  then one may proceed t o  t e s t  the three two-way 

interact ions.  Main ef fects  are tested only when a l l  in teract ions 

which contain those e f f e c t s  are shown t o  be not s ign i f i can t .  

Since the three-way in te rac t i on  I S P  i s  shown t o  be s i g n i f i c a n t  

then the leve ls  of  the combinations need to be investigated. The 

new model8 i s  given below: 

Yim = p + Ri + 6(i) + C, + e r r o r ( a )  + E( im) 

where i = 1,2,3 m = 1,2,...,27 

'i m 
P = p o f  Equation (11 

= Yi jk1 o f  Equation (1) 

E (im) 
Error (a)  = e r ro r (a )  o f  Equation (1) 

= E( i j k1 )  of Equation (1) 
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Table 3. ANOVA using the RCBD model (Eq. 1) w i t h  the data from 
Table 1 .  

Source d f  Estimated mean squares F F 
(pd) (l /od) 

2 None None Rep l ica t ions  ( R )  2 uE + + 27u6 + 27uR 2 2  
a 

R e s t r i c t i o n  
e r r o r  ( 6 )  

2 2  2 0 uE + u + 27a6 a 

574.51* 37.86* Impe l le r  shape ( I )  2 uE t U: + 27@(I) 

M i l l  speed (S) 2 + u: + 274(S) 1797.97* 169.50* 

1416.38" 401.50* 

2 2 + cr: + 27I$(P) 84.66* 9.24* 

2 

2 2  
I S  4 UE + ua + 9@(IS) 

€ 
Screen s ize  (P) 

I P  61.38* 1.84 

185.59" 3.00* 

11.18* 6.06* 

2 2  

2 2  I S P  8 uc + ua + 3@(ISP) 

2 2  Er ro r  (a) 52 aE + aa 

2 Within (E )  

SP 4 UE + Ua + 9I$(SP) 

* OE 
~~~~~ 

* S i g n i f i c a n t  a t  the 0.05 l eve l .  

= e f f e c t  of the mth combination o f  the lth outpu t  

screen s ize  w i t h  the kth m i l l  speed and the jth 

impe l le r  shape i n  the ith rep l i ca te .  

'm 

The model i s  now a one-way c l a s s i f i c a t i o n  w i t h  27 l e v e l s  o f  

the combinations of m i l l  speed, screen s i ze  and i m p e l l e r  shape. 
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728 MOT21 AND ANDERSON 

The c e l l  means may now be ranked according t o  the Newman-Keuls 

t e s t  i n  order t o  a i d  i n  the i n t e r p r e t a t i o n  o f  the data and 

f ormul a ti on o f  cone 1 u s i  on s . 
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