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ABSTRACT 
Anhydrous c i t r i c  a c i d  and sodium b i ca rbona te  were g ranu la ted  

w i t h  e thano l  i n  an ex t rude r .  

A rough es t ima te  o f  t he  dwe l l  t ime was ob ta ined  by adding a 

small  amount o f  c o l o u r  i n  the  i n l e t  p o r t  and measuring the  t ime  

u n t i l  i t  reached t h e  o u t l e t .  The mean res idence t i m e  was c a l c u l a t -  

ed from r e s u l t s  ob ta ined  when ana lyz ing  t h e  c o l o u r  con ten t  o f  t he  

c o n t i n u o u s l y  sampled g r a n u l a t i o n s  a f t e r  d ry ing .  

There was a s i g n i f i c a n t  r e l a t i o n s h i p  between dwel l  t ime and 

mean res idence t ime. A f t e r  e l i m i n a t i o n  o f  t he  abnormal va lues o f  

t h r e e  o f  t he  f a c t o r  combinat ions,  t h e  degree o f  s i g n i f i c a n c e  f o r  

t h e  s lope  o f  t h e  l i n e  inc reased from P=0.003(**) t o  P=O.OOOl(***). 

process v a r i a b l e s  screw speed and powder f l o w  ra te .  H igher  l e v e l s  

of these two f a c t o r s  reduced t h e  mean res idence t ime.  

The mean res idence t ime  was s i g n i f i c a n t l y  i n f l u e n c e d  by t h e  
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6 50 LINDBERG ET AL. 

INTRODUCTION 
A report regarding the extrusion of an effervescent granula- 

t i o n  with a twin screw extruder was recently presented.1 Instead 
o f  measuring residence-time distribution, which is  laborious, a 
simpler tes t  was used, which gave a rough estimate of the dwell 
time. However, from residence-time-distribution functions - widely 
used in the f i e l d  of chemical engineering - one can learn abou t  
the degree of mixing and l i f e  expectancy of the material i n  the 
extruder2. The response of the extruder t o  the pulse of a tracer 
a t  the inlet i s  g iven  by a funct ion representing the age distribu- 
tion of the granulation in the extruder. The mean residence time, 
t ,  i s  g i v e n  by: 
- 

t t C(t)At  

where C ( t )  i s  the tracer concentration a t  time t. 

times t h a t  were ob ta ined  when the medium-intensi t y  screw configu- 
ration was employed. 

Now the earlier report i s  completed by those mean residence 

MATERIALS AND METHODS 
Approximately 1 g of patent blue3 was added in the inlet  port 

and the extrudate was collected a t  the outlet during 5-15 s inter- 
vals for 5 min. The samples were dried a t  60OC and passed through 
a 1.0 mn screen. 

A n  appropriate amount o f  the  dried sample was weighed and dis- 
solved in 0.1 M acetate buffer of pH = 5. T h e  liberation of the 
carbon dioxide was accelerated in an ultrasonic b a t h .  Then  the ab- 

sorbance o f  t h e  solution was measured a t  640 nm in a photometer, 
and the concentration of patent blue in the sample was calculated. 

a1 2 .  No replicates were made of t. 
The mean residence time was calculated according t o  Wolf e t  - 
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EXTRUSION OF AN EFFERVESCENT GRANULATION 651 

It was n o t  p o s s i b l e  t o  no te  the  dwel l  t ime  w h i l e  per fo rming  

t h e  sampling. The dwe l l - t ime  measurements were made i n  connect ion  

w i t h  t h e  p r e v i o u s l y  r e p o r t e d  t e s t s l ,  where rep1 i c a t e s  were made o f  

some o f  t h e  f a c t o r  combinations. However, t h e  t e s t s  employed i n  

measuring t were performed i n  another  exper iment  where t h e  same 

f a c t o r  l e v e l s  were used. 

- 

The i n f l u e n c e  o f  t he  process v a r i a b l e s  on mean res idence t ime  

was t e s t e d  by a n a l y s i s  o f  va r iance  w i t h  a l l  i n t e r a c t i o n  terms 

inc luded.  As no r e p l i c a t e s  were made o f  t, t h e  va r iance  was e s t i -  

mated f rom the  th ree-  and f o u r - f a c t o r  i n t e r a c t i o n  terms. Besides, 

t h e  interdependence o f  t h e  response v a r i a b l e s  was t e s t e d  by means 

o f  s tepwise regress ion .  The o t h e r  response v a r i a b l e s ,  t o g e t h e r  

w i t h  a l l  t h e  process v a r i a b l e s  ( i n c l u d i n g  t h e i r  i n t e r a c t i o n s )  , 
were used as independent va r iab les .  Besides, t h e  c o r r e l a t i o n  

c o e f f i c i e n t  and the  1 i n e a r  reg ress ion  f u n c t i o n  between dwel l  t i rne 

and t were c a l c u l a t e d .  

- 

- 

RESULTS AND DISCUSSION 

S t a t i s t i c a l  Ana lys i s  

r i s k  t h a t  f a c t o r s  w i t h o u t  e f f e c t  on t h e  response s t i l l  happen t o  

become s i g n i f i c a n t .  To a v o i d  t h i s  source o f  e r r o r  rega rd ing  the  

a n a l y s i s  o f  var iance,  e f f e c t s  were cons idered s i g n i f i c a n t  o n l y  a t  

P < 0.01. 

When s t u d y i n g  t h e  i n f l u e n c e  o f  many f a c t o r s ,  t h e r e  i s  always a 

The es t imated var iance,  52, ob ta ined  froin t h e  th ree-  and fou r -  

f a c t o r  i n t e r a c t i o n  terms i n  t h e  a n a l y s i s  o f  var iance was 5.3. 

Mean Residence Time 

r i z e d  i n  Tab le  1. 
The r e s u l t s  o f  t h e  mean-residence-time measurements a re  summa- 

Screw speed and powder f l o w  r a t e  s i g n i f i c a n t l y  i n f l u e n c e d  t; 
- 

see Table 2. There were no s i g n i f i c a n t  i n t e r a c t i o n s .  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



652 LINDBERG ET AL. 

TABLE 1 

Mean Residence Time 
- 

F a c t o r  combinat ion Mean res idence 
P E S D  t ime,  s 

-1 -1 -1 -1 35.6 
1 -1 -1 -1 29.4 

-1 1 -1 -1 
1 1 -1 -1 

-1 -1 1 -1 
1 -1 1 -1 

-1 1 1 -1 
1 1  1 - 1  

-1 -1 -1 1 
1 -1 -1 1 

-1 1 -1 1 
1 1 - 1  1 

-1 -1 1 1 
1 - 1  1 1  

- 1 1 1 1  
1 1 1 1  

39.1 
32.0 

28.0 
22.9 

31.2 
17.1 

35.9 
32.9 

42.2 
34.0 

24.0 
26.3 

32.7 
25.4 

P = powder f l o w  r a t e '  

E = e thano l  concen t ra t i on  
S = screw speed 
D = d i e  p l a t e  

-1 i s  t h e  low l e v e l ,  and 1 i s  t h e  h i g h  f a c t o r  l e v e l  
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EXTRUSION OF AN EFFERVESCENT GRANULATION 653 

TABLE 2 

Mean Residence Time. Ana lys is  o f  Variance, S i g n i f i c a n t  Factors.  

S i  g n i  f i c a n t  Level o f  

e f f e c t s  s i g n i f i c a n c e  

Screw speed (S) 
Powder f l o w  r a t e  (P) 

P < 0.001 

0.001 < P - < 0.01 

TABLE 3 

Mean Residence Time. Regression Model w i t h  S i g n i f i c a n t  Process 

Var iab les  and Standard D e v i a t i o n  ( s )  

Model S 

- 
t = 30.5 - 4.59s - 3.04P 2.30 

S and P take  t h e  values -1 and +1. 

The magnitude of t he  s i g n i f i c a n t  c o e f f i c i e n t s  i n  Table 3 w i l l  
d i r e c t l y  i n d i c a t e  t h e  i n f l u e n c e  o f  t he  process va r iab les ,  and the  

s i g n  i n  f r o n t  o f  t he  c o e f f i c i e n t s  i n d i c a t e s  whether the  response 

i s  i n c r e a s i n g  o r  decreasing. High l e v e l s  o f  bo th  screw speed and 

powder f l o w  r a t e  reduced 7. 

v a r i a b l e s  r e s u l t e d  i n  the  same model as the  one presented above. 

Stepwise reg ress ion  on a l l  process v a r i a b l e s  and a l l  response 
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FIGURE 1 
Dwell  t ime, s, ( y - a x i s )  versus mean residence time, s, ( x - a x i s ) .  
Abnormal dwe l l - t ime values a re  marked w i t h  c i r c l e s .  The re- 
g ress ion  l i n e  r e f e r s  t o  data exc lud ing  the  abnormal values. 

TABLE 4 
L i n e a r  Regression between Dwell Time (TIME) and Mean Residence 

Time (t) , bo th  expressed i n  seconds. 
- 

Model Level  o f  s i g n i f i c a n c e  
f o r  s lope o f  l i n e  

~ ~~~~ ~ ~~ _. - 
T I M E  = 2.56 + 0.35 t 0,001 < P - < 0.01 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



EXTRUSION OF AN EFFERVESCENT GRANULATION 655 

Thus, t he re  was no s i g n i f i c a n t  i n f l uence  from the o the r  response 
var iab les.  

Dwell t ime was p l o t t e d  versus mean residence time; see Fig. 1. 

A l l  values are p l o t t e d  i n  t h i s  f i gu re .  Regarding the values o f  

t h ree  of the factor  combinations, marked w i th  c i r c l e s ,  the dwell  
t ime was obviously abnormal. The regression l i n e  r e f e r s  t o  data 

exc l  uding the  abnormal Val ues. From the 1 i nea r  regress ion ana lys i s  
a model o f  t he  dependence between the two f a c t o r s  was obtained; 

see Table 4.  

The c o r r e l a t i o n  c o e f f i c i e n t  between dwell  t ime and mean r e s i -  
dence t ime was 0.54 a t  a l e v e l  o f  s i g n i f i c a n c e  o f  P = 0.0029 (**I 
regarding a l l  data, and 0.82 w i t h  P = 0.0001 (***) excluding the 
abnormal values o f  three o f  the factor  combinations. Consequently, 

t he re  was a s i g n i f i c a n t  c o r r e l a t i o n  between dwell  t ime and t. 
- 

CONCLUSIONS 
Mean residence t imes were determined respect ing the screw con- 

f i g u r a t i o n  o f  the medium-agitation type. They va r ied  between app- 
rox imate ly  17 and 45 s depending on the f a c t o r  combination. 

There was a s i g n i f i c a n t  r e l a t i o n s h i p  between dwell  t ime and 

mean residence time. 

The process va r iab les  screw speed and powder f low r a t e  s ign i -  

f i c a n t l y  in f luenced mean residence time. A reduct ion o f  the res- 
ponse was obtained by increas ing the screw speed and/or the powder 

f l o w  rate.  
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