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ABSTRACT

Anhydrous citric acid and sodium bicarbonate were

granulated with ethanol in an extruder.

The load on the motor, the dwell time, the frac-
tion above 1.00 mm and below 0.125 mm of unmilled
granulation, the geometric mean diameter by weight and
the carbon dioxide content of the milled granulation
were influenced by all these process variables: pow-
der flow rate, ethanol concentration, screw speed, die
restriction and screw configuration. However, the im-

pact of powder flow rate, ethanol concentration and
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screw speed was partly of an interaction type, except
in the case of motorload. As the response variables
showed significant interactions, the dependence on the

process variables was complex.

The temperature of the extrudate was affected by
screw confiquration, die plate and ethanol concentra-

tion without any interactions.
Regarding the output, this variable was influenc-
ed by screw configuration and by an interaction be-

tween ethanol concentration and die plate.

INTRODUCTION

Pharmaceutical granulations are normally produced
in different types of mixers, although extruders are

sometimes used.l

The effervescent granulation is composed of an-
hydrous citric acid and sodium bicarbonate. Dehydrated
alcohol is used as the granulating liquid. A portion
of the citric acid is dissolved during the massing and
functions as a binder. After drying and milling, the
granulation is mixed with other components and com-

pressed to effervescent tablets,

The effervescent granulation is normally produced
in a planetary mixer by batchwise operation. As con-
tinuous operation might bring advantages, such a pro-
duction technique was tested. The co-rotating twin
screw extruder was assumed to be a suitable piece of

equipment, as it had recently been tested for produc-
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EXTRUSION OF AN EFFERVESCENT GRANULATION 1893

tion of paracetamol extrudatesg. So, the aperating
conditions of the extruder were examined in relation

to the production of the effervescent granulation.

MATERIALS AND METHODS

Materials

The granulation is composed of 2/3 anhydrous
citric acid and 1/3 sodium bicarbonate; see Table 1.
Dehydrated alcohol is the granulating liquid. All the

raw materials are of Ph.Eur. quality.

Extruder

The twin screw extruder3 was used as a 15:1 ex-
truder, which means that the powder inlet port was at
a distance, from the exit of the extruder, of 15 ex-
truder diameters. Both powders were added from sepa-

rate feeders4into the inlet port.

TABLE 1
Powder Characteristics
Substance Geometric mean Geometric
diameter by standard
weight, um deviation
Anhydrous citric acid 600 1.3
Sodium bicarbonate 115 1.5
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The powder flow rates from the feeders at differ-
ent settings were tested by weighing the powder fed
during 6 min. Besides, samples from both feeders were
taken for 4.8 s every 0.5 min for 30 min and weighed
in order to obtain an idea of the variation in the

powder flow rate at low and high powder-flow levels.

Ethanol was pumped through a nozzle in the ex-

truder barrel.

The ethanol flow rates at different settings were
tested by means of weighing the liquid obtained from

6 min of pumping.

Tests were performed either without restriction
plates or with a strand die of 1.4-mm thickness with

3-mm holes occupying 32.5% of the total area.
Two different screw configurations composed of
feeding, mixing and discharge zones were tested, re-

presenting a medium and a low intensity of agitation.

The extruder barrel was cooled with water to a

temperature of 25° C during all the tests.

Experiments

The influence of the following process variables was
investigated: powder flow rate (P); ethanol flow
rate, which was expressed as ethanol concentration as
a percentage on a dry-weight basis (E); rotation rate
of agitator shafts or screw speed (S); restriction or

die plates (D); and screw configuration (C).
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23 factorial experiments with centre points were
performed for each of the four combinations of screw
configuration and die plate/no die plate, Table 2.

The experiments in the centre points were replicated
once. Five of the experiments concerning medium screw
configuration were also replicated once. The centre

points were only used for variance estimation.

The actual levels of the independent variables

are supplied in Table 3.

Granulation

fach granulation experiment was run for 30 min.

During operation, the influence on the following
response variables was examined: load of drive motor
(LOAD); temperature of the extruded mass (TEMP);
dwell time (TIME); output (OUTP); granule fraction
above 1.00 mm (>1MM) and below 0.125 mm (<0.125MM) of
dried and unmilled granulation; geometric mean dia-
meter by weight (MDGW) and carbon dioxide content
(C02) of dried and milled granulation.

The load on the drive motor was read from the

display at 15 and 30 min,

The temperature of the extruded mass was checked
at 15 and 30 min by means of immediately measuring the
stable temperature of a small heap sampled just below
the outlet of the extruder, with a Pt-100 resistance

elements.
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TABLE 2

Experimental Design of Each Screw Configuration

Test Factors and factor Factor combi-
No level nation
P E S D
1 -1 -1 -1 -1 (1)
2 1 -1 -1 -1
3 -1 1 -1 -1
4 1 1 -1 -1 ab
5 -1 -1 1 -1 c
6 1 -1 1 -1 ac
7 -1 1 1 -1 bc
8 1 1 1 -1 abc
9 -1 -1 -1 1 d
10 1 -1 -1 1 ad
11 -1 1 -1 1 bd
12 1 1 -1 1 abd
13 -1 -1 1 1 cd
14 1 -1 1 1 acd
15 -1 1 1 1 bed
16 1 1 1 1 abed
17 0 0 0 -1 0-1
18 0 0 0 1 0+1
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TABLE 3

Process Variables and Factor Levels for Each Screw

Configuration

Process Factor levels
variable -1 0 1
P Powder flow rate, kg/h 60 75 90
E Ethanol concentration, % 5.5 7.0 8.5
S Screw rate, rpm 260 350 440
D Restriction plate No - Yes
C Screw configuration, Low - Medium

agitation type

A rough estimate of the dwell time was obtained
by adding a small amount of colour, approximately 1 g
of patent b1ue6, in the inlet port and measuring the

time until it reached the outlet.

The extrudate was collected in a bucket from the
exit port during 3 min and weighed. The output was
calculated as a percentage of the theoretical dis-

charge rate.

Samples were drawn after 20 min for sieve ana-

lysis. These samples were dried in ventilated drying
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0vens7, for 7 h at room temperature and 7 h at 60°C.

The whole sample intended for sieve analysis of un-

milled granulation, approximately 100 g, was sieved

for 10 min through sieves measuring 1.00, 0.500 and
8

0.125 mm ",

The larger sample for sieve analysis of milled
granulation, approximately 3 kg, was comminuted
through a 1.0 mm screen in a granulating machineg.
Then it was reduced to a sample of approximately 100 g
by means of reqular sampling from the granulation
stream flowing through a tablet machine hopper. Sieve
analyses were performed through sieves measuring
0.710, 0.500, 0.250 and D.125 mm, and the duration of

the sieving process was 10 min.

The carbon dioxide content was measured with the
help of a gravimetric method. CO2 was expelled from

the granulate and adsorbed on Ascarite granuleslo.

Statistical analysis

The influence of the process variables on each of
the response variables was tested by analysis of vari-
ance with all interaction terms included. Besides,
the interdependence of the response variables was
tested by means of stepwise regression. For each re-
sponse variable, the other response variables together
with all the process variables (including their inter-
actions) were used as independent variables. No table
for the stepwise regression is reproduced in this ar-
ticle. Correlation coefficients between the response

variables were calculated.
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RESULTS AND DISCUSSION

Extruder

The variation in the powder flow rate during the

short time intervals differed between the feeders.
With regard to the original feeder of the extruder,
the variation was about + 3%, while the variation of
the second feeder - a temporary loan - was approxi-
mately + 10%. In spite of this large variation, we

were obliged to use the second feeder.

Statistical analysis

When studying the influence of many factors,
there is always a risk that factors without effect on
the response still happen to become significant. To
avoid this source of error, effects were considered

significant only at P<0.01.

Since the estimated main effects and interac-
tions are, by and large, uncorrelated, the results of
the analysis of variance are quite straight-forward.
Besides the analysis of variance, correlation coeffi-
cients and stepwise-regression models were also cal-
culated in order to describe the interdependences of
the response variables. O0On the basis of the stepwise
regression, we may derive information about the in-
fluence on a response variable exercised by the other
response variables, once the effect of the most im-
portant process variables and their interactions has
been compensated for. The response variables, how-

ever, are in part strongly correlated, which is why
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the conclusions from the correlation coefficients and
the stepwise regression will not always be the same.
For example, it could be that even if one variable is
highly correlated with another, the former is not sig-
nificant in a regression model where other variables
are included, too. It should be stressed that various
problems may occur in the stepwise procedure; these

results should therefore be cautiously interpreted.

Tests with the two screw configurations

As the screws convey the material forward, it is
heated by a combination of transferred and frictional-
ly generated heatl.1 Through the addition of ethanol,
the mixture becomes a viscous liquid in the extruder
channel., If there is a restriction at the end of the
channel, a positive pressure gradient will be estab-
lished., This will cause some of the granulation to

flow in the opposite direction.

The results of the experiments are summarized in
Table 4, regarding the medium intensity agitation, and
in Table 5, with reference to the low intensity type

of screw configuration.

The load on the motor and the temperature of the
extrudate were the same at 15 and 30 min and the
values normally deviated from those that were present
at the start. This indicates that normal operating
conditions are attained within 15 min. 1In Tables 4

and 5, only the 15-min values are supplied.

The variation found in the replicated tests was

reasonable.
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TABLE 6

Analysis of Variance
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Response Significant main effects and interactions
variable P<0.001 0.001< PLO0.01
LOAD P,E,S,C D
PC,EC,SC PE,PES,PESC
TEMP £,D,C -
TIME P,S5,D,C
PC,ES,ED,SD,SC,DC PE,PS,PD
PES,PDC,ESC,EDC,SDC PED,PEC,ESD
PESD,PESC PEDC,PESDC
QuTP C ED
> 1MM £,5,D,C
PE,EC,SD,DC,EDC PD,PDC,PESD,PESC
<0.125MM EC 5,D0,C
PE,ED,SC
MDGW £E,D,C
ED,DC PESDC
C02 £E,D,C
ED,EC DC,PDC,ESC,
PEDC

Regarding the load on the motor, this was sig-

nificantly influenced by all the five process vari-

ables, but screw configuration had the most important

influence.

increased the response.

actions,

too; see Table 6.

The medium agitation type configuration

There were a lot of inter-

The power consumption of

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12

For personal use only.

1904 LINDBERG, TUFVESSSON, AND OLBJER

the motor, or the motorload, depends on the rate of
extrusionl% the influence of the screw speed was hence
expected. The power requirement also depends on the
viscosity of the viscous fluid in plasticating extrud-
ers. Therefore, both the ethanol concentration and
the powder flow rate are expected to produce an
effect. Because both the screw configuration and the
die plate will cause a pressure gradient in the chan-
nel, these two factors are expected to influence the
load, too. As the factor levels are normalized to -1,
0 and +1, the magnitude of the coefficients in Table 7
will directly indicate the degree of influence of the
process variables. The sign in front of the coeffici-
ent indicates whether the response is increasing or
decreasing. As for the dependence on the other re-
sponse variables, dwell time and temperature turned

out to be the most important both according to step-
wise regression and the correlation analyses. Higher

values of both variables increased the load.

The temperature of the extrudate was influenced
by screw configuration, die plate and ethanol con-
centration; see Table 6. Medium agitation type con-
figuration increased the response; so did die plate,
although not so distinctly. Increasing ethanol con-
centration reduced the temperature. There were no
interactions. A dependence on all the factors is
expected, but as ethanol reduces the friction between
the powder particles in the channel, this may weaken
the impact of powder flow rate and screw speed. Be-
sides, as the temperature is measured outside the
extruder, evaporation of some solvent may affect the

results. Mean diameter, load and C02 content were the
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mast important of the other response variables both
according to the stepwise regression and the correla-
tion coefficient analysis. Higher values of mean
diameter and carbon dioxide reduced the temperature,

while higher load values increased the response.

The determination of residence-time distribution
is laborious. Therefore, a simpler test was used
which gave a rough estimate of the dwell time. This
time was very short, less than approximately 6 s in
the case of the low intensity confiquration; see
Table 5. All the colour was emptied from the extruder
within a minute. In respect of medium intensity screw
configuration, the dwell time was also short, less
than 20 s; see Table 4. The colour left the outlet
port within a few minutes. All the process variables
had an impact on the dwell time, but the influence of
the ethanol concentration was weaker and of an inter-
action type; see Table 6. The screw configuration of
the medium intensity type, and die plate,increased the
response, while an increased screw speed decreased the
dwell time. The impact of the powder flow rate pro-
duced opposite effects in relation to the two screw
configurations. It is to be expected that the dwell
time is affected by all the process variables. When
no die restriction is used, there ought to be no pres-
sure gradients in the channel, and the screw speed
should be the dominating factor. Temperature has an
important influence according to the correlation
analysis, see Table 8, but not according to the step-
wise analysis. This could probably be explained by
the fact that other process variables can take its
place as explanatory variables. Otherwise load and 002

content affected the dwell time, too.
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The output of an isothermal extruder with a uni-
form screw is directly proportional to the speed of
rotation of the scre&l. However, because of the
possibility of effecting a holdback by a kneading
paddle confiquration, the throughput rate is not ne-
cessarily proportional to the rotor speed in the case
of twin screw extruderég . The output was affected by
screw configquration and by a weaker interaction be-
tween ethanol concentration and die plate; see Table
6. A larger output was cbtained with the configura-
tion of the mild agitation type. The correlation
coefficients did not reveal large correlations.
Still, they were significant for some response vari-

ables; see Table 8.

The fraction above 1.00 mm of unmilled granu-
lation, which is a suitable indicator of the granula-
tion process, was influenced by all the five process
variables, although the impact of the powder flow rate
was difficult to interpret; see Table 6. As there
were interactions, these indicate that the effect of
the process variables is complex and cannot be studied
by varying one factor at a time. It is to be expected
that the properties of the unmilled granulation are
influenced by all the process variables, as the amount
of solvent and the agitation are very important re-
garding traditional agglomerationls. The carbon di-
oxide content, the fine fraction of unmilled granula-
tion and the mean diameter of the milled granulation
influenced the coarse fraction of the unmilled granu-
lation according to the stepwise regression. All
three variables reduced the coarse fraction. The cor-

relation coefficients did not reveal large correla-

RIGHTS

i,



LINDBERG, TUFVESSSON, AND OLBJER

1908

9.%°0 PUEB |B¢°(0 U9dM}dQ JUSTOTJJ800 UOTIB[3II0D JOJ
9L%°0< JUSTOTH4800 UOTIRTSIIO0D IOy |(0Q°Q >d

L0°06>d>100°0

l £4°0 6¢°0- s9°0- s6°0 £L°0- L8°0~ 8,.°0- Nou
£€L°0 l Lg°0- 8BS 0~ €v0 0L°0- £8°0- ¢€L°0- MIaW
0g£°0- L0~ l 71°0- LZ°0- 7" 0 7¢°0 Lg"0 WWSZL 0>
59°0- 86°0- 71°0- 3 s¢°0- 9%°0 VA1 s%°0 HWL <
5670 £¢°0 LZ:0- s¢ 0- l $9°0- 76°0- 65°0- dlno
€L°0- 0L°0- %" 0 9%°0 $9°0- l %.°0 88°0 IWNIL
LB 0~ ¢8°0- 7¢°0 76°0 7$°0- 7L°0 L 78°0 dW3t
8.°0- £4°0- L0 s7°0 6S5°0- 88°0 78°0 l avon
&u MIaNW WWSZL 0> WHL< d1n0 3WI1 dW3l avon

JUSTOT 4300 UOTIR[3II0]

sa[qeTieA
asuodsay

SaTqerIep ssuodsay USSM}ag SIUSTITJJ480) UOTIB[SIIO0]

8 374vl

*Ajuo asn feucssed Jo4

ZT/72/T0 UO 1Ll | |\ O1aq | 30101|q1g AQ L0D'9/eou} [EaUeLoju | Wiy papeojumod AJewed [eLisnpu| pue Juswdoprad Bnig

i,

RIGHTS



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12

For personal use only.

EXTRUSION OF AN EFFERVESCENT GRANULATION 1909

tions; still, they were significant for some response

variables.

Regarding the fraction below 0.125 mm of the un-
milled granulation, which is also a suitable indicator
of the agglomeration process, this parameter was sig-
nificantly affected by all the process variables, too.
The impact of the powder flow rate is not quite con-
vincing. However, the influence of ethanol concentra-
tion and powder flow rate was of an interaction type;
see Table 6. This fine granule fraction was affected
by the mean diameter of the milled granulation accord-

ing to the stepwise regressiaon.

The mean diameter of the milled granulation was
influenced by screw configuration, ethanol concentra-
tion and die plate and some interactions involving
powder flow rate and to a minor extent also screw
speed; see Table 6. Medium screw configuration and
die plate reduced the diameter, while the response
grew with increasing ethanol concentration. As the
milling process will influence the mean diameter, too,
it is expected that some of the process variables will
disappear as unimportant with reference to this re-
sponse variable. According to the stepwise regres-
sion, the mean diameter was influenced by temperature
and by the fine and coarse granule fractions of un-
milled granulation. All three variables reduced the
response. Temperature, load, dwell time and carbon
dioxide content constitute important influences
according to the correlation coefficients; see Table
8.
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The carbon dioxide content of the granulation was
affected by all the process variables, too, although
powder flow rate and screw speed exerted their in-
fluences via interactions; see Table 6. However, the
influence of the screw speed was inconsiderable. The
screw configuration of medium agitation type and die
plate reduced the carbon dioxide content, while the
response - with some exceptions - increased with a
higher ethanol concentration. As the theoretical car-
bon dioxide content of the powder mixture is 17.5%,
there was a decomposition of sodium bicarbonate in all
the tests. The decomposition was lower with the low
intensity agitation; see Tables 4 and 5. Decomposi-
tion of sodium bicarbonate will occur because of the
heat generated in the extruder. But there may also be
a decomposition from the interaction between the acid
and the bicarbonate. Effects from die restriction,
screw configuration and ethanol concentration are
therefore expected. The influence from screw speed
and powder flow rate was not unexpected. As for the
dependence on the other response variables, tempera-
ture, coarse granule fraction and load are the most
important ones according to the stepwise regression
analysis. Higher values of these three variables
reduced the response. According to the correlation
coefficients, temperature, load, dwell time and mean
diameter will affect the carbon dioxide content; see
Table 8,

CONCLUSIONS

The following response variables were affected by

all the process variables: 1load on motor, dwell time,
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coarse and fine fractions of unmilled granulation,

mean diameter of milled granulation and carbon dioxide
content. The dependence on the process variables was
complex; the effect produced by a variable depends on

the respective levels of the other variables.

Regarding the temperature of the extrudate, this
response variable was influenced by screw configura-
tion, die plate and ethanol concentration without any

interactions.

Screw configuration and an interaction between
ethanol concentration and die plate affected the out-

put.

The screw configuration was the dominating pro-
cess variable with regard to most of the tested re-

sponse variables.

Mathematical models were fitted.

The dependence between the response variables was
tested, and temperature influenced load, mean granule
diameter and carbon dioxide content. Load affected

temperature and dwell time.
It is possible to produce the effervescent granu-
lation with the extruder, if suitable levels are se-

lected for the process variables.
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