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ABSTRACT

This study evaluated the effects of spheronizer load and speed on the size, circula-
rity, microporosity, compressibility, and friability of pellets prepared by extru-
sion–spheronization of wet microcrystalline cellulose (MCC) masses with a water
content shown by mixer torque rheometry to ensure maximum consistency. Two
MCC grades with different mean particle size were used. Both gave pellets with
good particle size, sphericity, and compressibility, under a wide range of sphe-
ronization conditions. Modification of pellet properties of interest (including size
and porosity) was possible by adjustment of spheronization conditions and MCC
grade; in particular, pellet porosity was greater with MCC of larger particle size.
Key Words: Extrusion–spheronization; Microcrystalline cellulose; Mixer
torque rheometry

INTRODUCTION

Mixer torque rheometry has proved to be one of

the most useful techniques for establishing the opti-

mal proportion of wetting agent during wet

granulation processes (1–4). Furthermore, several

studies have demonstrated the utility of this tech-

nique for characterizing wetting kinetics (5) and

substrate–binder interactions (6,7), for detecting

inter-lot and inter-manufacturer variability in raw

materials (8), and for scale-up (9). However, little

information is available about the usefulness of
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mixer torque rheometry in extrusion–spheronization
processes.

In this study we used mixer torque rheometry to
determine the water content necessary to achieve
wet microcrystalline cellulose (MCC) masses with
greatest consistency, and then determined the effects
of spheronization conditions (load and speed) on
the properties of pellets manufactured from these
masses by extrusion–spheronization. Two MCC
grades, with different mean particle size, were used.

MATERIALS AND METHODS

Materials

The microcrystalline celluloses (Avicel� PH101,
nominal mean particle size 50 mm, batch 6643C and
Avicel� PH102, nominal mean particle size 100 mm,
batch 010) were purchased from FMC Corp. Initial
moisture contents, determined by thermogravimetric
analysis in a Shimadzu TGA-50 with heating to
105�C at 10�C min�1, were 4.06% for Avicel PH101
and 4.44% for Avicel PH102.

Rheological Characterization of the Wet

Powder Masses

Wet masses of water and microcrystalline cellu-
lose in various proportions were prepared by
mixing for 10 min at 300 rpm in a Heidolph RZR50
mixer, and the consistency of 30-g samples was
measured in triplicate in a Caleva mixer torque rhe-
ometer at shaft speeds of 52, 40, and 100 rpm
(52 rpm is the default speed of the apparatus, and
speeds of 40 and 100 rpm were chosen as represen-
tative of slower and faster speeds).

Pellet Preparation

For both MCC grades, the extrusion–spheroniza-
tion process was as follows.

1. Preparation of the wet mass found, as above,
to have maximum consistency (greatest mean
torque).

2. Extrusion of the mixture in a Caleva Model 10
extruder at 60 rpm, through a 1-mm aperture
screen.

3. Spheronization of the extruded mass in a
Caleva Model 120 spheronizer, for 10 min.
Six different spheronization conditions were

evaluated (spheronization load 100 or 150 g,
spheronization rate 800, 1200, or 1600 rpm).

4. Drying in a hot-air oven at 40�C for 24 hr.

Characterization of Pellets

Shape and Size

Pellet shape and size were evaluated with an
Olympus SZ60 microscope connected to a video
camera. Size was estimated as mean Feret diameter
obtained from four different angles, for a total of
600 pellets per lot; in all cases, the size data were
best fitted by a normal distribution. Pellet shape
was characterized by the parameter circularity, as
defined by Exner and Link (10). In addition, photo-
micrographs of pellets were obtained with a
scanning electron microscope (Leo Electron Micro-
scopy VP Ltd.).

Pellet Porosity

Pellet porosity was evaluated by mercury-
intrusion porosimetry with a Micromeritics 9305
pore sizer, using the 3-mL powders penetrometer.
Working pressures were over the range 0.6–
25,000 lb inch�2. Micropore volume was estimated
as the total volume of pores with diameter greater
than 0.1 mm (11).

Flow Properties

Compressibility was evaluated as per Thomson
(12) on the basis of bulk density before and after
compaction in a Hosokawa PT-E powder tester
(20 min, 50 taps min�1; triplicate determinations).

Friability

Friability was assayed with an Erweka TAB
apparatus for 30 min at 20 rpm. For each assay,
20 g of pellets was mixed with 30 g of glass beads.
Friability was estimated as the increase in the per-
centage of sample weight due to pellets with dia-
meter less than 250 mm.

Experimental Design and Statistical

Treatment of Results

Pellets were prepared in accordance with a
three-way factorial design (2 MCC grades� 2
spheronization loads� 3 spheronization rates).

452 Alvarez et al.



Quantification of the effects of these variables on

pellet properties was done by stepwise multiple

linear regression (13), with MCC grade as dummy

variable (0 for Avicel PH101, 1 for Avicel PH102).

RESULTS AND DISCUSSION

Figure 1 shows the mean torque values obtained

for each MCC/water mixture at each shaft speed.

Although mean torque clearly differed with shaft

speed, as reported previously (14), and at some

speeds was not measured for mixtures with very low

or very high water content, the maximum value was

in all cases obtained for the mixture containing

1.2 mL of water per gram of MCC. These mixtures

were therefore selected for spheronization. This

maximum-torque water content (1.2 mL g�1) is

similar to that reported in previous studies of

Avicel PH101 (5,15). In the present study, Avicel

PH101 and Avicel PH102 showed similar behavior,

in accordance with previous studies which have like-

wise found that rheometric behavior differs little

between MCC grades (15). However, the sharp-

peaked mean-torque profile obtained for the MCC

grade with lower particle size (PH101) (Fig. 1) sug-

gests that there is a greater risk of over-wetting this

grade.

Table 1 summarizes the size, shape, and func-

tional properties of pellets prepared with each of

the MCC grades under each of the spheronization

conditions.

Except for one of the PH102 preparations, all

the spheronization conditions used gave pellets with

sizes within the range 710–1180 mm (16–18), without

excess small particles or agglomeration during the

spheronization process. Stepwise multiple regression

with mean pellet size as response variable and

MCC grade (G), spheronization rate (SR), and

Table 1

Mean Results (SD) Obtained in the Characterization of the Pelletsa

Cellulose
Grade

Spheronization Rate
(rpm)/Load (g)

Size
(mm)b Circularity

Micropore Volume
(cm3/g�1)

Compressibility
(%)

Avicel PH101 800/100 814.8�77.0 0.945 (4.2�10�3) 0.0203 (5.7�10�4) 2.94 (0.82)

800/150 728.5�114.8 0.944 (6.9�10�3) 0.0211 (3.1�10�3) 4.93 (0.30)
1200/100 898.4�69.2 0.951 (1.2�10�3) 0.0164 (4.2�10�4) 4.29 (0.71)
1200/150 859.9�77.9 0.952 (2.5�10�3) 0.0141 (1.3�10�3) 4.39 (0.85)

1600/100 1067.3�95.5 0.954 (4.8�10�3) 0.0124 (9.9�10�4) 3.17 (0.67)
1600/150 873.2�103.6 0.946 (4.9�10�3) 0.0130 (1.4�10�4) 2.29 (0.28)

Avicel PH102 800/100 776.0�182.4 0.930 (8.3�10�3) 0.0338 (0.0115) 3.12 (0.34)
800/150 634.0�63.7 0.939 (9.2�10�3) 0.0433 (9.4�10�3) 4.98 (0.61)

1200/100 837.3�95.5 0.940 (5.1�10�3) 0.0290 (0.0103) 3.87 (0.82)
1200/150 760.3�27.2 0.946 (3.0�10�3) 0.0339 (0.0137) 4.34 (0.07)
1600/100 1071.6�208 0.908 (18�10�3) 0.0271 (5.3�10�3) 3.19 (0.10)
1600/150 898.4�122 0.936 (4.7�10�3) 0.0309 (7.8�10�3) 4.75 (1.52)

aIn all the conditions, pellet friability was zero.
bMean diameter�standard deviation of the size distributions.

Figure 1. Mean torque profiles for the two microcrystal-
line grades at each of the shaft speeds tested (l 40 rpm,
g 52 rpm, s 100 rpm).
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spheronization load (SL) as candidate predictors

gave the following equation:

Mean pellet size ðmmÞ ¼ 492:7 þ ð5:4 � 10�1
Þ SR

� ð1:9 � 10�3
Þ SR � SL

ðr¼ 0:9459Þ

The absence of G from this equation indicates that
mean pellet size was not significantly affected by the
MCC grade used. The magnitudes of the effects of
spheronization rate and spheronization load (Fig. 2)
are in agreement with previous reports (19).

Although pellet shape was in all cases close to

spherical (Figs. 3 and 4), multiple regression with

the parameter circularity as response variable

revealed significant effects of cellulose grade

(though not spheronization conditions):

Circularity¼ 0:945�ð8:83� 10�3
Þ G ðr¼ 0:6595Þ

The poor fit of this equation is of little practical
importance, since the effects on pellet circularity are
of very low magnitude.

The microporous structure of the pellets is of

particular interest, in view of potential biopharma-

ceutical implications. The results of mercury-

intrusion porosimetry (Table 1) show that pellets

prepared with Avicel PH102 have markedly higher

intra-particular porosity than pellets prepared

Figure 3. Photomicrographs of pellets obtained with

Avicel PH101 using the six spheronization rate/load com-
binations indicated.

Figure 4. Photomicrographs of pellets obtained with

Avicel PH102 using the six spheronization rate/load com-
binations indicated.

Figure 2. Response–surface plot illustrating the effects of

spheronization load (SL) and spheronization rate (SR) on
mean pellet size (mm).
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with Avicel PH101. This is as expected given the

differences in mean particle size between the two

grades. Multiple regression with micropore volume

as response variable gave the following equation:

Micropore volume ðcm3g�1
Þ

¼ 0:0272 þ ð9:6 � 10�5
Þ G � SL

� ð9:0 � 10�6
Þ SR ðr¼ 0:9470Þ

This equation indicates a significant effect of sphero-
nization rate and a significant interaction between
grade and spheronization load (reflecting the fact
that SL had a significant effect only for pellets
made with Avicel PH102). The magnitudes of these
effects are represented graphically in Fig. 5.

All pellet formulations tested showed excellent

compressibility (in all cases less than 5%). None of

the formulation variables (G, SL, SR) were selected

as significant predictors of compressibility in multi-

ple regression.

Finally, all pellet formulations tested showed

zero friability.

In conclusion, wet microcrystalline cellulose

masses of maximum consistency, as determined by

mixer torque rheometry, give pellets of accept-

able size, shape, flow properties, and mechanical

resistance. Some control over pellet size and porosity

can be exerted by selection of the cellulose grade

used and by modification of spheronization rate

and load.
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