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ABSTRACT -- 

Anhydrous c i t r i c  ac id  and sodium bicarbonate were granulated 

w i t h  ethanol i n  an extruder. The in f luence o f  the fo l l ow ing  pro- 

cess var iab les  on i n t rag ranu la r  po ros i t y  and 1 i q u i d  sa tu ra t i on  
was invest igated: powder f low ra te ,  ethanol concentrat ion, screw 

speed, d i e  p l a t e  and screw conf igura t ion .  

Granule poros i ty  was s i g n i f i c a n t l y  in f luenced by screw c o n f i -  

gura t ion  and ethanol concentrat ion. Besides, the po ros i t y  was a1 - 
so co r re la ted  w i t h  response var iab les  t h a t  a f fec ted  the  decomposi- 

t i o n  o f  sodium bicarbonate. A more intense screw con f igu ra t i on  
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1792 LINDBERG ET AL. 

enhanced the formation of carbon d ioxide  due t o  a temperature rise 
and consequently increased porosi ty .  On the o t h e r  hand, a higher  
e thanol  concent ra t ion  reduced the porosi ty .  

There was a s t rong  c o r r e l a t i o n  between i n t r a g r a n u l a r  poros i ty  
and l i q u i d  sa tu ra t ion .  

INTRODUCTION 

A r e p o r t  regarding the ex t rus ion  of an e f f e rvescen t  granula- 
In t h i s  t i o n  w i t h  a twin screw extruder was r ecen t ly  presented.1 

r e p o r t ,  there was no p resen ta t ion  of poros i ty  o r  l i q u i d - s a t u r a t i o n  
da ta .  These v a r i a b l e s  a r e  important  i n  connection w i t h  g ranu la t i -  
on i n  high shear  mixe r s2~3 .  T h u s ,  both these f a c t o r s  will probab- 
l y  a l s o  be inf luenced i n  the process  condi t ions  when preparing the 
granula t ion  by means of a continuous process  i n  an ex t ruder .  
Therefore ,  the e a r l i e r  reponse v a r i a b l e s  - w h i c h  were load o f  
d r i v e  motor ( L O A D ) ;  temperature  of the extruded mass (TEMP);  dwell 
time (TIME); ou tpu t ;  g ranule  f r a c t i o n  above 1.00 mm and below 
0.125 mm o f  dr i ed  and unmilled granula t ion ;  geometric mean diame- 
t e r  by weight (MDGW) and carbon dioxide con ten t  (CO2) of dr ied  and 
mi l led  granula t ion  - a r e  now complemented by the f u r t h e r  va r i ab le s  
i n t r a g r a n u l a r  po ros i ty ,  POR, and l i q u i d  s a t u r a t i o n ,  SAT. 

METHODS 

The granule  dens i ty ,  pA, of 0.710-1.00 mm d r i ed  granules  was 

Calcu la t ion  of 
measured by a pycnometric method where mercury was used a s  t h e  pe- 
n e t r a t i o n  l i q u i d  according t o  Jaegerskou e t  al  .3.  
the poros i ty  was perfonned according to :  

where PT i s  the dens i ty  o f  the granules ,  measured w i t h  the a i d  of 
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EFFERVESCENT GRANULATION WITH A TWIN SCREW EXTRUDER 1793 

the Beckman pycnometer4. 
the text. 

The porosity will  be designed as  POR i n  

The 1 i q u i d  saturat ion of the granules was calculated accor- 
d i n g  to  Kristensen e t  al.2. 

H ( 1- E pT SAT o r  S = 
E 

where H is the percentage (v /w)  of ethanol on a dry-weight basis  
and S stands for  the l iquid saturat ion.  To avoid confusion w i t h  
the process variable screw speed, l iqu id  saturat ion will be i n d i -  
cated as SAT i n  the following text. The ethanol content was ca l -  
culated from the flow r a t e s  of ethanol and powder. 

The influence of the following process variables was invest i -  
powder flow r a t e  (PI; ethanol flow r a t e ,  which was expres- gated: 

sed as ethanol concentration ( E l ;  screw speed ( S ) ;  die  p la te  ( D ) ;  
and screw configuration ( C ) .  

The influence of the process variables on each of the respon- 
se variables was tested by analysis of variance and stepwise re- 
gression w i t h  al 1 interact ion terms included. Correlation coeff i -  
c i e n t s  between the response variables were calculated.  

RESULTS AND DISCUSSION 

S t a t i s t i c a l  Analysis 
When studying the influence of many factors ,  there is always 

a risk t h a t  factors  without e f f e c t  on the response s t i l l  happen t o  
be s ignif icant .  To decrease t h i s  source of e r ror ,  e f f e c t s  i n  the 
analysis  of variance models were only considered s igni f icant  a t  
PCO.01. 

I t  should be noted t h a t  even i f  there is a s ign i f icant  corre- 
l a t i o n  between two variables,  there need not be a causal re la t ion-  
s h i p .  The correlat ion may be caused by ind i rec t  e f fec ts .  

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

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1794 LINDBERG ET AL.  

The cent re  po in ts  o f  Table 1 were on ly  used f o r  es t imat ion  
o f  the  variance. 

Ex t rus ion  Tests 
The r e s u l t s  o f  the  experiments are summarized i n  Table 1, 

where the l ow- in tens i t y  screw con f igu ra t i on  i s  marked -1 and the  

medium-intensi ty a g i t a t i o n  i s  marked 1. 

combination are l i s t e d  i n  the  order  t h a t  they occur f o r  t h a t  par- 
t i c u l a r  combination. 

Rep1 i c a t e s  o f  a f a c t o r  

Regarding the  medium-agi t a t i o n  conf igura t ion ,  C=l , the re  was 
a reasonable v a r i a t i o n  w i t h i n  the  r e p l i c a t e s  bo th  i n  respect  o f  

p o r o s i t y  and l i q u i d  sa tura t ion .  As f o r  the  l ow- in tens i t y  screw 
con f igu ra t i on ,  C=-1, t he  v a r i a t i o n  w i t h i n  the  rep1 i c a t e s  o f  poro- 

s i t y  was sometimes r a t h e r  large.  O f  course t h i s  v a r i a t i o n  was 

a l so  r e f l e c t e d  i n  the l i q u i d - s a t u r a t i o n  data. SAT-values l a r g e r  
than 100% are  t h e o r e t i c a l l y  i nco r rec t .  It should be noted t h a t  
t h e  po ros i t y  values obtained by t h i s  pycnometric method are  under- 
est imated when the i n t rag ranu la r  pores exceed about 20 vm. How- 
ever, the in t roduced e r r o r  i s  systematic, and the  po ros i t y  data 
a re  there fore  comparable. The h igh l i q u i d - s a t u r a t i o n  values of 
t h e  l ow- in tens i t y  screw con f igu ra t i on  are  expla ined by the  under- 

est imated po ros i t y  values. When comparing the  impact o f  d i f f e r e n t  
f a c t o r s  on the  e f fe rvescent  granulat ion,  t h i s  e r r o r  i s  o f  l e s s  i m -  
portance. 

Poros i ty 

The i n t r a g r a n u l a r  po ros i t y  was s i g n i f i c a n t l y  in f luenced by 
screw con f igu ra t i on  and ethanol concentrat ion.  There were some 
in te rac t i ons ,  too; see Table 2. 

The magnitude of the  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  the degree o f  i n f l uence  o f  t he  process var iab les.  

These assume the  values t l ,  and the  s ign  i n  f r o n t  o f  t h e  c o e f f i -  
c i e n t s  i nd i ca tes  whether the  response i s  inc reas ing  o r  decreasing. 
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EFFERVESCENT GRANULATION WITH A TWIN SCREW EXTRUDER 1795 

TABLE 1 

I n t r a g r a n u l a r  Po ros i ty  and Liquid S a t u r a t i o n  of the D i f f e r e n t  
Fac tor  Combinations 

Fac to r  level s POR SAT 

-1 -1 -1 -1 -1 6.2 mi- 
P E--- S D C  % % 

1 -1 -1 -1 -1 5.7 19 7 
-1 1 -1 -1 -1 9.1 184 
1 1 -1 -1 -1 11.1 147 

-1 -1 1 -1 -1 9.7 111 
1 -1 1 -1 -1 8.9 122 

-1 1 1 -1 -1 11.6; 8.9 140; 179 
1 1 1 -1 -1 9.4 17 7 

-1 -1 -1 1 -1 10.2; 12.5 105; 79 
1 -1 -1 1 -1 11 .o 96 

-1 1 -1 1 -1 9.7; 12.6; 13.0 171; 121; 117 
1 1 -1 1 -1 9.4; 11.2; 9.4 177; 137; 167 

-1 -1 1 1 -1 12.0 87 
1 -1 1 1 -1 13.3; 12.5; 10.4 78; 78; 96 

-1 1 1 1 -1 8.2;10.3;8.8;10.2 206; 167; 181; 138 
1 1  1 1 - 1  10.2; 6.7; 16.5 162; 241; 87 
0 0 0 -1 -1 7.1; 10.8 198; 125 
0 0 0 1 -1 12.1;9.0;8.5;10.2 110; 153; 162; 133 

-1 -1 -1 -1 1 17.4 59 
1 -1 -1 -1 1 21.1 46 

-1 1 -1 -1 1 18.1; 17.4 87; 91 
1 1 -1 -1 1 16.1; 17.3 100; 92 

-1 -1 1 -1 1 22.3 43 
1 -1 1 -1 1 22.9 42 

-1 1 1 -1 1 12.8; 11.0; 10.3 131; 155; 167 
1 1  1 - 1  1 18.3 86 

-1 -1 -1 1 1 14.3 74 
1 -1 -1 1 1 20.1 49 

-1 1 -1 1 1 20.9; 18.4 73; 85 
1 1 - 1  1 1  19.8; 17.3 78; 92 

-1 -1 1 1 1 21.3 46 
1 - 1  1 1  1 25.2 37 

- 1 1 1 1 1  10.9; 11.7 157; 145 
1 1 1 1 1 .  16.0; 12.6 101; 133 
0 0 0 - 1  1 20.7; 20.7 60; 60 

---- 0 0 0 1 1  19.6; 21.4 65; 60 

P = powder flow r a t e  -1 low level 
E = ethanol  concent ra t ion  0 c e n t r e  po in t  leve l  
S = screw speed +1 high level 
D = d i e  p l a t e  
C = screw conf igu ra t ion  
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1796 LINDBERG ET AL. 

TABLE 2 

Analysis o f  Variance. S i g n i f i c a n t  Effects.  

- 
S i g n i f i c a n t  main e f f e c t s  and 

Response i n t e r a c t  ions 

O.OOl<P <o . 0 1 va r iab le  P<O - .001 - 

POR C, ES, EC E 

SAT E, c - ES - 

TABLE 3 
Regression Model fo r  S i g n i f i c a n t  (P<O,Ol) - Process Var iables and 
Standard Deviat ion( s 

Model S 

POR = 14.1-0.96E+4.15C-1.44ES-1.32EC 2.03 

SAT = 109.0+25.0E-32.2C+13.4ES 30.3 

Regarding the main e f fec ts ,  a h igh  l e v e l  o f  screw con f igu ra t i on  
w i l l  increase the poros i ty ,  wh i l e  a h igh  l e v e l  o f  ethanol concen- 
t r a t i o n  w i l l  reduce the response. A more intense a g i t a t i o n  i n -  

creased the decomposition o f  sodium bicarbonatel .  

t he  formation o f  carbon d iox ide  may be expected t o  increase the 
poros i ty .  An increase of the  ethanol concentrat ion w i l l  probably 
enhance the l u b r i c a t i o n  e f f e c t  and reduce the v i s c o s i t y  o f  the 
mass and consequently reduce the  decmposi t i o n  o f  sodium bicarbo- 
nate. 
concent ra t ion  i s  complicated by the i n t e r a c t i o n  terms. 

Consequently, 

However, the impact o f  both screw con f igu ra t i on  and ethanol 

The c o r r e l a t i o n  c o e f f i c i e n t s  between POR and the  o ther  res- 
ponse var iab les  ind ica ted  a s i g n i f i c a n t  r e l a t i o n s h i p  w i t h  l i q u i d  
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TABLE 4 
T h e  Largest Correlation Coefficients between Response Variables 

Correlation coef f ic ien t  
Response 
var iables  SAT TEMP LOAD TIME CO2 

POR -0.88 0.84 0.81 0.77 -0.66 
SAT 1 -0.84 -0.73 -0.61 0.60 

saturat ion;  see Table 4. A reducti-  
on of the porosity will increase SAT, which i s  obvious from the 
s i g n  of the coeff ic ient .  The carbon dioxide content, which i s  af- 
fected by TEMP, LOAD and TIME1, was negatively correlated w i t h  POR 
and posit ively correlated w i t h  SAT as  expected. A h igher  LOAD and 
a longer dwell time will mean an increased temperature w i t h  more 
decomposition of the sodium bicarbonate and consequently increased 
porosity. 
level of P<O.OOl.  

T h i s  was expected from E q  2. 

All the coef f ic ien ts  i n  Table 4 a r e  s ign i f icant  a t  a 

L i q u i d  Saturation - 
T h i s  variable was also s igni f icant ly  affected by ethanol con- 

centrat ion and screw configuration; see Table 2. Besides, there 
was an interact ion involving screw speed. 

A h i g h  screw-configuration level will reduce SAT due t o  i n -  
creased porosity; see Table 3. As was t o  be expected from E q  2 ,  a 
h i g h  level of ethanol concentration will increase the l i q u i d  satu- 
ra t ion.  
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CONCLUSIONS 

LINDBERG ET AL. 

In t ragranu lar  poros i ty  was s i g n i f i c a n t l y  a f fec ted  by screw 
con f igu ra t i on  and ethanol concentrat ion. A more intense screw 
con f igu ra t i on  and a lower ethanol concentrat ion increased the  po- 
r o s i t y .  There were some in te rac t ions ,  too, inc lud ing  ethanol con- 

cen t ra t i on  and screw speed. 

Mathematical models were f i t t e d  and the interdependence o f  
t he  response var iab les  was tested. 

were s t rong ly  correlated; compare w i t h  Eq 2. 

Porosi ty and l i q u i d  sa tura t ion  

Likewise both var iab les  were cor re la ted  w i t h  response var iab les  
increasing the decomposition o f  sodium bicarbonate, e.g. h igh l e -  

ve l s  o f  temperature, motorload and dwell time. 
se screw con f igu ra t i on  increased the formation o f  carbon dioxide, 

which increased the porosi ty.  A h igher ethanol concentrat ion 
decreased the temperature, which reduced the decomposition o f  so- 
dium bicarbonate and thereby a f fec ted  the porosi ty.  

Thus a more in ten-  
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