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Blending i s  a subject  which i s  o f  importance pharmaceut ical ly,  

and which has received a small  t o  f a i r  amount o f  a t t e n t i o n  i n  the 

pharmaceutical l i t e r a t u r e  (1-4).  

by the  standard dev iat ion,  s, o f  the assays o f  samples taken from 

var ious spots i n  t h e  mixer and when s i s  p l o t t e d  as a f u n c t i o n  o f  

time, the f o l l o w i n g  r e l a t i o n  w i l l  h o l d  i n  many cases: 

The e f f i c i e n c y  o f  a mix i s  judged 

ln((s-S’)/(So-S”)) = -kt Eq. 1 

where s ’  and so a re  t h e  standard d e v i a t i o n  a t  i n f i n i t e  t ime  and 

zero t ime respec t i ve l y .  

X, o f  drug (denoted A i n  t h e  f o l l o w i n g )  and ( l - X )  o f  e x c i p i e n t  

(denoted B i n  the f o l l o w i n g ) .  

The time, tQ, t o  mix conta ins a f r a c t i o n ,  

With t h i s  nomenclature, t h e  premix- 

i n g  process cons is t s  o f  
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1018 CARSTENSEN AND RHODES 

I mix ing  X o f  A w i t h  M o f  B t o  produce 

(X-M)  o f  premix 

m ix ing  t h e  (X+t-l) o f  premix w i t h  

the  remaining (1-X-M) o f  B 

I1 

The ques t ion  which poses i t s e l f  i s  what i s  t h e  most advantageous 

va lue  o f  M, i .e.  f o r  what va lue  o f  M w i l l  t h e  "mix ing  t ime" be 

the  smal les t .  

To address t h i s  problem the  f o l l o w i n g  i s  t o  be noted. Akin 

t o  the  r e l a t i o n s h i p s  i n  segregat ion  (5,6) i t  i s  assumed t h a t  the 

b lend ing  r a t e  cons tan t  i s  a f u n c t i o n  o f  t he  va lue  o f  t h e  composi- 

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

k = 2 ( l - L )  ko Eq. 5 

L i s  here t h e  f r a c t i o n  o f  t he  most abundant component and ko i s  

the  b lend ing  r a t e  cons tan t  f o r  a 1: l  m ix tu re .  

t h a t  m ix ing  I t o  a degree o f  97.5% and then I 1  t o  a degree o f  

97.5% r e s u l t s  i n  a f i n a l  b lend which i s  (0.975)* = 0.95 = 95% 

mixed. 

b lend ing  always produces a sma l le r  b lend ing  t ime. 

I t  i s  a l s o  assumed 

It can r e a d i l y  be demonstrated (5 )  t h a t  on t h i s  b a s i s  p re-  

To achieve the b lend ing  scheme i n  I and I 1  t h e r e  a r e  f o u r  

d i s t i n c t  poss ib  1 i t i e s  

A. M > X ( i . e .  B i s  t he  major 

component i n  I) 

a. I - X - M  > X+M ( i . e .  6 i s  

major component i n  11) 
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OPTIMIZATION OF PREBLENDING 1019 

b. 1-X-M < X+M ( i . e .  premix 

i s  major component i n  11) 

B. M < X ( i .e.  A i s  the major 

component i n  I) 

a. 1-X-M > X t M  ( i . e .  6 i s  major 

component i n  11) 

b. 1-X-M < X t M  ( i . e .  premix is 

major component i n  11) 

I t  can r e a d i l y  be shown t h a t  6.b. i s  p h y s i c a l l y  impossib le  (e.g. 

i f  X = 0.05 and M is smal ler  o r  equal t o  X, then i t  could be a t  

most 0.05, i . e .  X+M i s  0.1 which cannot be l a r g e r  than 1-X-M = 

0.9). The th ree  o the r  cases w i l l  be t r e a t e d  consecu t i ve l y  be- 

low. 

- A.a. This domain i s ,  as can be seen from rearrangement o f  

the i n e q u a l i t y  A.a above, X < M < 0.5-X. 

premix i s  M/(m+X). 

qu i red  t o  97.5% blend t h e  premix is 

The content  o f  B i n  t he  

From Eq. 4 i t  f o l l o w s  t h a t  t he  time, tl, re -  

tl = 3.7/k Eq. 6 

I t  f o l l o w s  from Eq. 5 t h a t  

Eq. 7 

which i n s e r t e d  i n  Eq. 6 gives 
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1020 CARSTENSEN AND RHODES 

tl = T (1 t (M/X) ) Eq.  a 

where T = 3.7/(2 ko) Eq. 9 

I n  11, B i s  t h e  major component, and t h e  f r a c t i o n  o f  B i s  (1-X-M) 

so t h a t  

k = 2 (1-(1-X-M)) ko = 

2 ko (X+M) 

Eq. 10 

i . e .  the  t ime, t2, r e q u i r e d  t o  97.5% b lend t h e  premix w i t h  B i s  

g iven  by 

t 2  = T ( l / ( X t M )  ) Eq. 11 

Hence the  f i n a l  b lend ing  time, t = tl + t2 i s  g i ven  by 

t = T (1  + (M/X) + ( l / ( M + X )  ) 

An extremum o f  t h i s  occurs when dt/dM i s  zero  i . e .  

dt/dM = 0 - T ((1/X) - (1/(X+M)2) ) 

2 i . e .  when X = (X+M) 

Th is  has a r o o t  when 

M = ( X o a 5 )  - X 

Eq.  12 

Eq.  13 

Eq. 14 

Eq. 15 

A completely analogous t rea tment  leads t o  t h e  f o l l o w i n g  expres- 

s ions  f o r  t h e  s i t u a t i o n s  A.b. and B.a: 
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O P T I M I Z A T I O N  OF PREBLENDING 1021 

A.b 

t = T (1 + ( M / X )  + ( l / ( l - X - M )  ) Eq. 16 

- 

dt/dM = T( ( 1/X) + l / ( l - X - M ) * )  ) Eq. 17 

Rearrangement o f  the i n e q u a l i t y  i n  A.b above shows t h a t  t h i s  ap- 

p l i e s  t o  the domain 0.5 - X < M < 1-X. The l a t t e r  i s  d i c t a t e d  by 

the f a c t  t h a t  M cannot be l a r g e r  than the  f r a c t i o n  o f  B, and when 

M = 1-X the s i t u a t i o n  i s  no longer  one o f  preblending b u t  i s  

s t ra igh t fo rward  blending. 

a l l  values of  X and M ( r e c a l l i n g  t h a t  these a re  p o s i t i v e ) .  

t increases w i t h  increas ing M i n  the domain. 

I t  i s  noted t h a t  dt/dM i s  p o s i t i v e  f o r  

Hence 

I n  the domain given by B.a Eq. 18 and 19 below apply. 

B. a 

t = T (1 + ( X / M )  + ( l / ( X + M ) )  Eq. 18 

- 

dt/dM = -T  ( ( X / M )  + (1/(X+M)2) ) Eq. 19 

This domain i s  equ iva len t  t o  0 < M < X, as can be seen from d i r e c t  

rearrangement o f  t he  i n e q u a l i t y  shown under B.a above. 

noted t h a t  dt/dM i s  negat ive f o r  a l l  values of X and M ( r e c a l l i n g  

t h a t  X and M a re  p o s i t i v e ) ,  and t h a t  t, therefore,  decreases 

w i t h  i nc reas ing  M i n  the domain given by B.a. 

I t  i s  

The complete f u n c t i o n a l  r e l a t i o n s h i p  f o r  preblending (under 

the  g iven assumptions) i s  t he re fo re  g iven by the equat ion system 

12, 16 and 18. It i s  noted t h a t  Eq. 12 and 16 a re  equal w i t h  

X = M, i . e .  a t  t he  common p o i n t  o f  the two domains. I t  i s  a l s o  
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1022 CARSTENSEN AND RHODES 

012 084 0.6 018 I 

M 

Fig. 1 t / T  plotted as a function of M ,  according t o  

E q .  12, 16 and 18, for X = 0.1  

noted t h a t  when 1-X-M = X+M, i .e .  when M = (1-2x)/2, then the 

domains A.a and A.b a re  i d e n t i c a l .  

same value, so t h a t  t i s  the  same by both expressions. 

the f u n c t i o n  presented by Eq.  14, 16 and 18 i s  continuous i n  t h e  

complete domain 0 < M < 1-X. I n  t h i s  domain i t  has ONE extremum, 

namely the minimum a t  M - X o a 5  - X.  

Here Eq. 16 and 18 have the  

Hence, 

I n  reduced coordinates,  t h e  

ues o f  t h i s  have 

are shown i n  

i n t e r v a l s  i n  the  

proper f u n c t i o n  t o  consider would be t / T .  

been ca l cu la ted  f o r  X = 0.1 as an example 

Figure 1. I t  i s  noted here, t h a t  t heper t  

Va 

and 

nen 

domain are bounded by the values M = 0, 0.1, 0.4 and 0.9. 

~ --:r 
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