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Abstract 

Lactose monohydrate was melt pelletized in an 8-1 high shear mixer. The meltable binders were polyethylene glycol 
(PEG) 3000, 6000, and 8000 used as flakes, coarse powder, and fine powder, and PEG 10000 and 20000 used as flakes 
and coarse powder. The distribution of the binder in different granule size fractions was dependent on the binder 
particle size. The binder particle size was reflected in the initial granule size at high binder viscosities. The fine 
powders gave rise to the lowest agglomerate growth rate, whereas a difference in growth rate between the flakes and 
the coarse powders was seen only at the highest viscosities. 

Keywords: Binder particle size; Binder viscosity; Polyethylene glycols; Melt pelletization; High shear mixer; Agglom- 
erate formation mechanisms 

1. Introduction 

In wet agglomeration processes, the effect of  an 
atomization of  the binder liquid will depend on 
the forces acting in the granulation equipment. In 
fluidized bed granulators, the mechanical forces 
are low, because the particles are suspended in air. 
Therefore, the atomized droplets will keep their 

* Corresponding author. 

initial size and will bind particles together to 
nuclei, the size of  which will depend on the 
droplet size (Schaefer and Worts, 1978b). Conse- 
quently, the droplet size of  the atomized binder 
liquid is an essential process variable in fluidized 
bed granulation (Schaefer and Worts, 1978a). 

When centrifugal and shearing "forces are in- 
volved in a process, they will reduce the droplet 
size and will aid in distributing the binder liquid. 
This is why the droplet size was found to have 
only a slight effect on the agglomerate size in a 
rotary fluidized bed granulator (Wan et al., 1995) 
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and in high shear mixers (Holm et al., 1983; 
Lindberg and Jrnsson, 1985). 

In melt agglomeration processes in high shear 
mixers, the binder is normally added as a pow- 
der or as flakes, and droplets of molten binder 
are formed when the melting point is reached. 
The initial size of these droplets will depend on 
the particle size of the solid binder. The high 
shearing forces in the mixer might reduce flakes 
to a powder during dry mixing before melting 
(McTaggart et al., 1984). After melting, a com- 
minution of the molten droplets is assumed to 
occur by further massing, and this will reduce 
the effect of the particle size of the solid binder. 

It was found in melt granulation experiments 
with PEG 6000 used as flakes, coarse powder, 
and fine powder that the granule size distribu- 
tion became much more homogeneous when the 
PEG was used as a fine powder instead of flakes 
(Ukita and Murakami, 1994). Other authors 
(Schaefer et al., 1990) found a minor effect of 
the particle size of PEG 6000. This was proba- 
bly due to a better distribution of the molten 
droplets because of a higher impeller speed in 
the latter experiments. Since the distribution of 
the molten binder is influenced by the binder 
viscosity too (Kinget and Kernel, 1985; Schaefer 
and Mathiesen, 1996b), it is possible that the 
effect of the binder particle size will depend on 
the viscosity. 

The purpose of the present work was to eluci- 
date the effect of the binder particle size by 
means of melt pelletization experiments with two 
or three different particle sizes of different types 
of PEG. 

8000 were used as flakes, powder, and fine pow- 
der. PEG 10000 and 20000 were used as flakes 
and powder. The flakes were applied in previous 
experiments (Schaefer and Mathiesen, 1996b). 
The values of the true densities, the water con- 
tents, the melting ranges, and the molten binder 
viscosities of the powders and the fine powders 
were found to be either identical to or close to 
the values of the corresponding flakes, which 
were presented previously (Schaefer and 
Mathiesen, 1996b). 

The particle size distributions of the PEG 
flakes and powders were estimated by a sieve 
analysis with a series of 12 ASTM standard 
sieves in the range of 75-4000/~m. A sample of 
about 100 g was sieved for 5 min at low vibra- 
tion level (flakes) or 10 min at high vibration 
level (powders) by a Fritsch analysette 3 vibra- 
tor (Fritsch, Germany). The particle size distri- 
butions of the fine powders of PEG were 
determined by a Malvern 2601Lc laser diffrac- 
tion particle sizer (Malvern Instruments, UK). 
The median particle diameters and the spans 
(the difference between the diameters at the 90 
and the 10 percentage points relative to the me- 
dian diameter) are shown in Table 1. 

Approximate estimations of the particle size 
distributions of the PEG flakes during the dry 
mixing with the lactose were accomplished by a 
sieve analysis with a series of 9 ASTM standard 
sieves in the range of 250-2000 pm. A sample 
of about 100 g of the mixture of the PEG and 
the lactose was sieved for 5 min at low vibration 
level, and the fractions smaller than 800 pm 
were sieved for an additional 5 min at high 

2. Materials and methods 

2. I. Materials 

The lactose 450 mesh (a-lactose monohydrate, 
DMV, The Netherlands) described in a previous 
paper (Schaefer and Mathiesen, 1996b) was ap- 
plied in the present experiments. 

Polyethylene glycol (PEG) 3000, 6000, 8000, 
10000, and 20000 (Hoechst, Germany) were ap- 
plied as meltable binders. PEG 3000, 6000, and 

Table 1 
Median particle diameters (/~m) and spans (in parentheses) of 
the particle size distributions of the PEGs 

PEG Flakes Powder Fine powder 

3000 1640 (1.6) 304 (1.0) 38 (3.7) 
6000 1550 (1.9) 324 (1.0) 57 (2.7) 
8000 1280 (1.5) 258 (1.1) 64 (2.8) 

10000 1360 (1.7) 294 (1.0) - -  
20000 1780 (1.8) 263 (1.2) - -  
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Table 2 
Approximate values of the median particle diameters and the 
spans (in parentheses) of the particle size distributions of the 
PEG flakes after comminution during dry mixing with lactose. 
Impeller speed: 1300 rev./min. PEG concentration: 23% 

PEG Mixing time (min) Median size ~ m )  and span 

3000 1.5 868 (1.0) 
3.5 791 (1.1) 
5.5 749 (1.1) 

6000 8.0 757 (1.3) 
8000 8.0 720 (1.2) 

10000 9,5 789 (1.1) 
20000 10.0 875 (1.0) 

vibration level. The estimation was based on the 
assumption that all of the lactose and none of the 
PEG had passed the 250-/zm sieve. The results are 
presented in Table 2. 

2.2. Equipment 

The 8-1 laboratory scale high shear mixer 
(Pellmix PL 1/8, Niro A/S, Denmark), described 
in a previous paper (Schaefer et al., 1993), was 
employed in the experiments. 

2.3. Mixing procedure 

The load of the mixer was 1 kg of lactose in all 
the experiments. The PEG concentration is ex- 
pressed as the percentage (% m/m) of the amount 
of lactose. 

The lactose and the PEG were dry mixed at an 
impeller speed of 1300 rev./min. The impeller 
speed was increased to 1500 rev./min 2 min after 
the melting point of the PEG was observed as an 
inflection point on the recorded product tempera- 
ture curve. This inflection point was defined as the 
start of massing time. 

The power consumption of the impeller motor 
was measured by a power consumption meter, 
and the energy input was estimated from the 
power consumption curves as previously de- 
scribed (Schaefer et al., 1993). 

The procedures for cooling of the agglomerates 
and for estimation of the adhesion to the bowl 
were the same as described in a previous paper 
(Schzefer, 1996). 

2.4. Granule character&ation 

Size distribution, intragranular porosity, liquid 
saturation, and water content were estimated and 
image analysis was carried out as previously de- 
scribed (Schaefer and Mathiesen, 1996b). Photo- 
graphs were taken by a scanning electron 
microscope (SEM) (Jeol JSM 5200, Japan). 

The content of PEG in a granule size fraction 
was estimated indirectly on the basis of the true 
density of the ground size fraction, which was 
determined by an AccuPyc 1330 gas displacement 
pycnometer (Micromeritics, USA) using helium 
purge. The PEG content was calculated from the 
equation: 

(1 - x )  x 1 
- -  + - ( 1 )  

Pt Pb Pa 

where x is the fraction of PEG, and p~, Pb, and 
p, are the true densities of the lactose, the binder 
and the agglomerates, respectively. 

2.5. Experimental design 

A series of 96 factorially designed experiments 
was carried out with a PEG concentration of 
23%. The five types of powders and the three 
types of fine powders included in Table 1 were 
used, and the massing time was varied at 1, 3, 6, 
9, 12, and 15 min. All experiments were carried 
out in duplicate. The results of the present experi- 
ments are compared with results of previous ex- 
periments (Schaefer and Mathiesen, 1996b) with 
the PEG flakes mentioned in Table 1. 

The results shown in this paper are mean values 
of two experiments unless otherwise stated. The 
data were analysed by analysis of variance. 

3. Resul t s  and discuss ion 

Dry mixing experiments with mixtures of the 
PEG flakes and the lactose were carried out in 
order to evaluate the comminution of the flakes 
before melting. The product temperature increases 
during the dry mixing, because of heat from the 
heating jacket combined with heat of friction 
caused by the impeller rotation. The dry mixing 
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was stopped about 1 rain before the melting point 
of the PEG was reached. This means that the 
mixing times in Table 2 had to be different for 
different PEGs since the duration of the dry mix- 
ing phase is dependent on the melting point of the 
PEG. Two further dry mixing experiments at 
shorter mixing times were carried out with the 
PEG 3000. 

It appears from Tables 1 and 2 that the median 
particle size of the flakes is reduced during the dry 
mixing to approximately one half of the initial 
size, and that the size distribution is narrowed. 
The experiments with the PEG 3000 show that 
most of the comminution occurs early in the dry 
mixing phase. However, when the melting point is 
reached, the particle size of the flakes is still 
markedly larger than that of the powders. Fur- 
ther, a clear difference in particle size is seen 
between the powders and the fine powders (Table 
1). 

The effect of the binder particle size on the 
mean granule size is shown in Figs. 1 and 2. It 
appears from Fig. 1 that with the PEG 3000 and 
the PEG 6000, the fine powder results in a signifi- 
cantly smaller (P < 0.001) granule size than the 
powder and the flakes. No difference in effect is 
seen between powder and flakes. With the PEG 
8000 (Fig. lc), the effect of the binder particle size 
is unclear. The PEG 6000 results in a significantly 
smaller (P < 0.001) granule size than the PEG 
3000 and the PEG 8000. 

Fig. 2 shows that the flakes give rise to a larger 
granule size than the powder when the PEGs of 
the highest viscosities in the molten state are used. 
This effect is reflected in a significant interaction 
(P < 0.001) between the type of PEG and the 
binder particle size. The most marked effect of the 
particle size is seen with the PEG 20000 (Fig. 2b), 
which has the highest viscosity. It has to be 
considered, however, that with the PEG 20000 
powder, one of the replicates at 12 min as well as 
15 rain of massing had to be interrupted owing to 
the formation of large balls caused by an uncon- 
trollable agglomerate growth. Consequently, all 
the results with the PEG 20000 powder at 12 min 
and 15 min are results of single experiments. This 
indicates that the process is more difficult to 
control when the PEG 20000 is used as a powder 
instead of flakes. 

A longer massing time results generally in a 
significantly larger (P < 0.001) granule size until 
12 min of massing. The massing time was not 
found to have a significant effect between 12 and 
15 min. This is because the agglomerate growth is 
counteracted by an evaporation of water of crys- 
tallization (Schaefer and Mathiesen, 1996a,b). No 
effect of the binder particle size on the evapora- 
tion of water of crystallization was found. 

The granule size distributions were generally 
found to be in good agreement with the log-nor- 
mal distribution except for a slight over-represen- 
tation of larger agglomerates. The agreement with 
the log-normal distribution was not found to be 
affected by the binder particle size. 
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Fig. 1. Effect of binder particle size on the mean granule size 
during massing. Binder concentration: 23%. (D) flakes; (©) 
powder; (A) fine powder. Binder: PEG 3000 (a); PEG 6000 
(b); PEG 8000 (c). 
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Fig. 2. Effect of  binder particle size on the mean granule size 
during massing. Binder concentration: 23%. (©) flakes; (©) 
powder. Binder: PEG 10000 (a); PEG 20000 (b). 

In the previous experiments with the PEG 
flakes (Schaefer and Mathiesen, 1996b), the gran- 
ule growth kinetics was studied according to the 
work of Knight (1993). In the present experi- 
ments, regression analysis carried out on the lin- 
ear correlation between time and mean granule 
size and between time and log mean granule size 
showed that neither a linear model nor an expo- 
nential model could be rejected except for PEG 
20000 flakes, which gave rise to a rejection of 
both models. It is therefore not possible to decide 
if the growth kinetics is of zero order or of first 
order. 

Table 3 shows the results of the regression 
analysis of the exponential model, which gave rise 
to a slightly better correlation than the linear 
model. The value, a, is the agglomerate size at 
time zero, and the agglomerate growth rate is 
expressed in %/min. The results confirm that a 
higher binder viscosity results in a smaller initial 
granule size owing to a more difficult distribution 
of the binder (Schaefer and Mathiesen, 1996b). It 
is further seen that the binder particle size has no 
clear effect on the initial granule size except for 

PEG 20000, with which the flakes cause a larger 
initial size than the powder. The fine powders are 
seen to give rise to a lower agglomerate growth 
rate than the corresponding flakes and powders in 
accordance with Fig. la and Fig. lb. With PEG 
10000 and 20000, the powder results in a slightly 
lower agglomerate growth rate than the flakes. 

The agglomerate growth was previously found 
to be reflected in the power consumption of the 
impeller motor (Schaefer et al., 1992; Schaefer, 
1996; Schaefer and Mathiesen, 1996b). This is 
confirmed in Fig. 3, which shows that the initial 
power consumption level is lower with the powder 
than with the flakes in the case of PEG 20000. It 
is further reflected in the power consumption 
curve that the powder results in a delayed ag- 
glomerate growth and a lower maximum level 
compared with the flakes. The fall in the power 
consumption after 10-11 rain of massing is 
caused by an evaporation of water of crystalliza- 
tion (Schaefer and Mathiesen, 1996b). 

A higher liquid saturation of the agglomerates 
will normally result in a larger agglomerate size. 
Fig. 4 shows that this is not the case in the present 
experiments. The fine powder gives rise to a sig- 
nificantly lower (P < 0.01) intragranular porosity 

Table 3 
The results of  regression analysis of the linear correlation 
between time (t, rain) and log mean granule size (dg,,, i~rn): log 
dg w = log a + t . log  b. Time interval: 3-12 rain. The 
percentage increase in dg,, per min (%/rain) is calculated on the 
basis of the constant b 

PEG a (l~m) %/min Correlation coefficient 

3000 F 357 8.1 0.991 
3000 P 364 7.6 0.991 
3000 FP 346 5.2 0.940 
6000 F 319 8.0 0.993 
6000 P 294 8.8 0.976 
6000 FP 296 5.1 0.976 
8000 F 319 9.5 0.916 
8000 P 251 10.8 0.965 
8000 FP 319 8.2 0.989 

10000 F 284 10.3 0.960 
10000 P 251 10.1 0.973 
20000 F 268 11.5 0.960 
20000 P 187 9.0 0.986 

Binder particle size: Flakes (F), powder (P) and fine powder 
(FP). 
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Fig. 3. Effect of binder particle size on the specific power 
consumption during massing. Binder: PEG 20000. Binder con- 
centration: 23%. (---)  flakes; ( . . . )  powder. 

and a significantly higher liquid saturation (P < 
0.001) than the flakes and the powder. Neverthe- 
less, the smallest granule size was obtained with 
the fine powder (Fig. 1 a). The same effect, but less 
pronounced was found with the PEG 6000, 
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Fig. 4. Effect of binder particle size on the intragranular 
porosity (a) and the liquid saturation (b) during massing. 
Binder: PEG 3000. Binder concentration: 23%. ([]) flakes; ((3) 
powder; (A) fine powder. 

whereas the binder particle size with the PEG 
8000, the PEG 10000, and the PEG 20000 had no 
clear effect on the porosity and the liquid satura- 
tion. The rise in the porosity and the correspond- 
ing fall in the liquid saturation after 6 min of 
massing are due to the evaporation of water of 
crystallization (Schaefer and Mathiesen, 1996a,b). 
This fall in the liquid saturation explains the 
absence of a correlation between the liquid satura- 
tion and the agglomerate size. 

The fine powder gave rise to a significantly 
larger (P < 0.001) geometric standard deviation 
(Sg) than did the flakes and the powder. However, 
the difference in Sg at the end of the process was 
only between 0.04 and 0.09. With the PEG 10000 
and the PEG 20000, the powder resulted in Sg-val- 
ues that were slightly larger (P < 0.05) than 
those obtained with the flakes until 12 min of 
massing, after which no effect of the binder parti- 
cle size was found. 

No clear effect of the binder particle size on the 
amount of lumps > 4 mm was found except for 
the above-mentioned uncontrollable ball growth 
seen in some of the experiments with the PEG 
20000 powder. The final amount of lumps varied 
between 2% and 7% dependent on the binder 
viscosity (Schaefer and Mathiesen, 1996b). 

With all the types of PEG, the adhesion of 
material to the bowl was found to be significantly 
larger (P < 0.001) with the powder than with the 
flakes and the fine powder. There is no obvious 
explanation for this effect. The adhesion observed 
with the powders varied between 8% and 12% at 
15 min of massing, and this was 2-3% larger than 
the adhesion found with the flakes and the fine 
powders. 

The shape of the pellets was characterized by 
the aspect ratio (ratio of length to width) esti- 
mated by the image analysis. The present experi- 
ments confirmed that the pellets become more 
spherical, the lower the binder viscosity (Schaefer 
and Mathiesen, 1996b). The binder particle size 
was found to have no significant effect on the 
sphericity. 

The distribution of the binder is critical in the 
early stages of an agglomeration process (Ennis et 
al., 1991). This is confirmed in Fig. 5 showing the 
granule size distributions obtained with PEG 
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Fig. 5. Effect of binder particle size on the granule size 
distribution at 1 min of  massing. Binder concentration: 23%. 
Binder: PEG 3000 (a); PEG 10000 (b); PEG 20000 (c). 

3000, PEG 10000, and PEG 20000 after 1 min of 
massing. It was assumed that the larger droplets 
of molten PEG caused by the flakes would give 
rise to a formation of granules larger than those 
formed with the powders and the fine powders. 
This is seen with the PEG 10000 (Fig. 5b) and 
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Fig. 6. Comparison between the particle size distribution of 
PEG 20000 flakes at 1 rain before melting and the granule size 
distribution at 1 min of massing. 

particularly with the PEG 20000 (Fig. 5c). Fig. 6 
compares the size distribution of the PEG 20000 
after I0 min of dry mixing (cf. Table 2), i.e. 1 min 
before the melting, with the granule size distribu- 
tion obtained 1 min after the melting. It is clearly 
seen that the size distribution of the PEG 20000 is 
mirrored in the granule size distribution. 

The binder particle size is not mirrored in the 
granule size distribution in the case of the PEG 
3000 (Fig. 5a). On the contrary, the fine powder 
results in a slightly higher content of larger gran- 
ules than the flakes and the powder. The same 
effect of the binder particle size was seen with the 
PEG 6000 and the PEG 8000. When the binder 
viscosity is low, the high shearing forces from the 
impeller will cause a rapid distribution of the 
molten binder, and the effect of the binder parti- 
cle size on the initial granule size distribution, 
therefore, is slight. 

At higher binder viscosities (PEG 10000 and 
PEG 20000), the distribution of the binder be- 
comes difficult. This is illustrated by the high 
content of ungranulated particles seen with the 
PEG 20000 (Fig. 5c). Granule formation will pri- 
marily occur by adsorption of lactose particles to 
the highly viscous droplets of the molten PEG. 
The initial granule size distribution, therefore, is 
markedly affected by the binder particle size. This 
explains the effects of the binder viscosity and the 
binder particle size on the initial granule size in 
Table 3. Fig. 7 shows that the shape of the flakes 
of the PEG 20000 is reflected in the platelike 
shape of the agglomerates, whereas the powder 
gives rise to more rounded agglomerates. This 
illustrates that the deformability of the agglomer- 
ates is low when the binder is highly viscous. 

The results mentioned above document that 
two different mechanisms of agglomerate forma- 
tion will be active dependent on the binder parti- 
cle size and the viscosity of the molten binder 
(Fig. 8). Distribution of the molten binder on the 
surface of the solid particles will occur when the 
molten binder droplets are smaller than the solid 
particles or are of the same order of size. Subse- 
quently, agglomerates will be formed by coales- 
cence between the wetted particles. Immersion of 
the solid particles in the molten binder will occur 
when the molten binder droplets are larger than 
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Fig. 7. SEM photographs of agglomerates at 1 min of massing. 
Size fraction: 355-500 pm. Binder concentration: 23%. 
Binder: PEG 20000 flakes (a); PEG 20000 powder (b). 

the solid particles. This mechanism controls the 
granule formation in fluidized bed granulation 
(Schaefer and Worts, 1978b; Ennis et al., 1991). 

By melt agglomeration in high shear mixers, 
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Fig. 8. Granule formation mechanisms in melt agglomeration. 
(a) Distribution mechanism. (b) Immersion mechanism. 

both mechanisms will be active simultaneously, 
because the binder droplets become comminuted 
by the high shearing forces. Normally, one of the 
mechanisms will be dominant. The distribution 
mechanism is promoted by a small particle size of 
the solid binder, by a low binder viscosity and by 
a high impeller speed. The immersion mechanism 
is promoted on the other hand by using the 
meltable binder as flakes, by a high binder viscos- 
ity and by low shearing forces during the process. 

The distribution mechanism gives rise to a more 
uniform distribution of the binder within the ag- 
glomerates than does the immersion mechanism. 
Therefore, the fine powder results in a signifi- 
cantly lower (P < 0.001) initial porosity with the 
PEG 3000 (Fig. 4a) as well as with the PEG 6000 
and the PEG 8000. The fine powder is able to 
cause a formation of large agglomerates early in 
the process (cf. Fig. 5a), because the binder liquid 
is present on the surface of the particles. 

In the case of immersion, a further distribution 
of the binder occurs by a densification of the 
agglomerates at prolonged massing. This densifi- 
cation is difficult at a high viscosity, and this is 
why the initial intragranular porosity was found 
to be high with the PEG 20000 (Schaffer and 
Mathiesen, 1996b). At the time when binder liq- 
uid is squeezed to the surface of the agglomerates 
owing to the densification, the surface plasticity 
becomes so high that agglomerate growth by coa- 
lescence can occur. 

Figs. 9 and 10 show examples of the distribu- 
tion of the PEG in selected granule size fractions. 
The theoretical content of PEG in the granules is 
18.7%. The binder distribution could not be esti- 
mated at massing times longer than 3 min, be- 
cause the density of the lactose in Eq. (1) becomes 
changed owing to evaporation of water of crystal- 
lization. 

With the PEG 3000 (Fig. 9), the distribution of 
the binder between the size fractions appears to be 
rather uniform owing to the low binder viscosity. 
There is a tendency to a higher binder content in 
the larger size fractions in accordance with previ- 
ous results from wet granulation experiments 
(Kokubo et al., 1993). The binder distribution is 
further seen to be slightly more uniform with the 
fine powder than with the flakes. This is because 
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Fig. 9. Content of PEG 3000 in selected granule size fractions. 
Massing time: 1 rain (a); 3 min (b). 

the distribution mechanism (Fig. 8a) is slightly 
more dominant in the case of the fine powder. It 
is surprising that the binder distribution becomes 
less uniform after 3 min of massing (Fig. 9b). The 
flakes are seen to result in a higher binder content 
in the large agglomerates than the fine powder. A 
similar binder distribution was observed with the 
PEG 6000 and the PEG 8000. 
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Fig. 10. Content of PEG 20000 in selected granule size frac- 
tions. Massing time: 1 min (a); 3 rain (b). 

After 1 rain, the distribution of the PEG 20000 
is very inhomogeneous (Fig. 10a), because the 
immersion mechanism (Fig. 8b) dominates. The 
binder content is very low in the size fractions 
that are smaller than the initial particle size of the 
powder and the flakes respectively, because practi- 
cally no comminution of the molten binder 
droplets has occurred. By further massing, more 
of the ungranulated lactose particles become ad- 
sorbed to the molten droplets, and the binder 
distribution becomes more uniform (Fig. 10b). 
With the powder, the distribution mechanism is 
counteracted by the high viscosity and the immer- 
sion mechanism by the rather small particle size. 
This is assumed to be why the powder results in a 
less uniform binder distribution than the flakes. 

4. Conclusions 

The effect of the binder particle size on the 
agglomerate formation interacts with the binder 
viscosity. At low binder viscosities, the binder 
particle size has only a slight effect on the agglom- 
erate formation, and the dominant mechanism is 
the distribution of the molten binder on the sur- 
face of the solid particles. When highly viscous 
binders are used, the binder particle size is 
reflected in the initial agglomerate size, because 
the agglomerates are formed by immersion of the 
solid particles in the molten binder droplet, 

The subsequent agglomerate growth by coales- 
cence is dependent on the binder particle size too. 
At low viscosities, a fine powder results in a lower 
agglomerate growth rate than coarse powder or 
flakes. At high viscosities, a coarse powder gives 
rise to a lower agglomerate growth rate than 
flakes. These effects cannot be explained by differ- 
ences in the liquid saturations of the agglomer- 
ates, but are assumed to be due to differences in 
the deformability of the agglomerates caused by 
an effect of the binder particle size on the intra- 
granular distribution of the binder. 

Flakes are preferable for melt pelletization 
compared to a coarse or fine powder, because 
flakes give rise to less adhesion than the coarse 
powder and cause a narrower size distribution 
and a larger agglomerate size than the fine pow- 
der. 
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These conclusions are based upon  experiments 
with an  impeller speed that  was very high in order 

to avoid an  uncont ro l lab le  agglomerate growth at 
high viscosities (Schaefer and  Mathiesen,  1996b). 
The effects of  b inder  particle size, therefore, might  

be larger at a lower impeller speed, because the 
b inder  d is t r ibut ion  is assumed to be affected by 
the shearing forces involved in the process. 

Acknowledgements 

The authors  wish to thank  Eva Bendixen for 
skilful technical assistance, Pharmacia  Pharma-  

ceuticals AB, Sweden, for f inancial  suppor t  to the 
work, and  Hoechst,  Germany ,  for supplying the 
PEGs.  

References 

Ennis, B.J., Tardos, G. and Pfeffer, R., A microlevel-based 
characterization of granulation phenomena. Powder Tech- 
noL, 65 (1991) 257-272. 

Holm, P., Jungersen, O., Schaefer, T. and Kristensen, H.G., 
Granulation in high speed mixers. Part 1: Effects of pro- 
cess variables during liquid addition. Pharm. Ind., 45 
(1983) 806-811. 

Kinget, R. and Kemel, R., Preparation and properties of 
granulates containing solid dispersions. Acta Pharm. Tech- 
noL, 31 (1985) 57-62. 

Knight, P.C., An investigation of the kinetics of granulation 
using a high shear mixer. Powder Technol., 77 (1993) 
159-169. 

Kokubo, H., Nakamura, S. and Sunada, H., Effect of several 
cellulosic binders on particle size distribution of granules 
prepared by a high-speed mixer. Chem. Pharm. Bull., 41 
(1993) 2151-2155. 

Lindberg, N.-O. and Jrnsson, C., The granulation of lactose 
and starch in a recording high-speed mixer, Diosna P25. 
Drug Dev. Ind. Pharm., 11 (1985) 387 403. 

McTaggart, C.M., Ganley, J.A., Sickmueller, A. and Walker, 
S.E., The evaluation of formulation and processing condi- 
tions of a melt granulation process. Int. J. Pharm., 19 
(1984) 139-148. 

Schaefer, T., Melt pelletization in a high shear mixer. VI. 
Agglomeration of a cohesive powder. Int. J. Pharm., 132 
(1996) 221 230. 

Schaefer, T. and Mathiesen, C., Melt pelletization in a high 
shear mixer. VI1. Effects of product temperature. Int. J. 
Pharm., 134 (1996a) 105-117. 

Schaefer, T. and Mathiesen, C., Melt pelletization in a high 
shear mixer. VIII. Effects of binder viscosity. Int. J. 
Pharm., 139 (1996b) 123-136. 

Schaefer, T. and Worts, O., Control of fluidized bed granula- 
tion. IV. Effects of binder solution and atomization on 
granule size and size distribution. Arch. Pharm. Chem. Sci. 
Ed., 6 (1978a) 14 25. 

Schaefer, T. and Worts, O., Control of fluidized bed granula- 
tion. V. Factors affecting granule growth. Arch. Pharm. 
Chem. Sci. Ed., 6 (1978b) 69-82. 

Schaefer, T., Holm, P. and Kristensen, H.G., Melt granulation 
in a laboratory scale high shear mixer. Drug Dev. Ind. 
Pharm., 16 (1990) 1249-1277. 

Schaefer, T., Holm, P. and Kristensen, H.G., Melt pelletization 
in a high shear mixer. II. Power consumption and granule 
growth. Aeta Pharm. Nord., 4 (1992) 141 148. 

Schaefer, T., Taagegaard, B., Thomsen, L.J. and Kristensen, 
H.G., Melt pelletization in a high shear mixer. IV. Effects 
of process variables in a laboratory scale mixer. Eur. J. 
Pharm. Sci., 1 (1993) 125-131. 

Ukita, K. and Murakami, T., Preparation of essential oils 
loaded granule by melt granulation. Drug Dev. Ind. 
Pharm., 20 (1994) 981 992. 

Wan, L.S.C., Heng, P.W.S. and Liew, C.V., The influence of 
liquid spray rate and atomizing pressure on the size of 
spray droplets and spheroids. Int. J. Pharm., 118 (1995) 
213-219. 


