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ABSTRACT
In this study, a powder rheometer was
used to measure flow characteristics of two
pharmaceutical model powders. Precise
measurements were obtained for one of the
model powders whereas the results were less
precise for the second powder. In
conclusion, further work is needed to
increase the mechanistic understanding of
powder rheological measurements.
INTRODUCTION
Modern pharmaceuticals are primarily
manufactured by empirical approaches and
batch-wise unit operations. However,
regulatory authorities have started to require
that future manufacturing schemes should
be developed, monitored and controlled
based on a mechanistic understanding of
how material attributes and process
parameters affect the performance of the
final product1,2. Yet, the mechanistic
understanding of pharmaceutical powder
processing is inadequate and generally relies
on a few methods that are not very
discriminative, e.g. flow through a funnel or
Carr’s Compressibility Index as defined in
several Pharmacopoeia tests. New tools for
studying powders are therefore needed in

239

order to increase the current understanding
of underlying principles affecting powder
behavior. The Freeman Technology 4 (FT4)
bench-top powder rheometer, previously
described elsewhere in the literature3,4,
might be such a tool due to the fact that it is
designed to characterize powders under
various conditions in ways that resemble
large-scale production environments. In
addition, the powder rheometer is able to
measure several parameters related to
process performance of powders. These
methods include rheological, permeability,
compressibility and torsional shear tests.
Within the recent years, several studies
have been published using a FT4 powder
rheometer to investigate and characterize
different powder properties5-7. Though the
FT4 rheometer does not provide direct inprocess measurements of powder properties,
it is indeed a promising tool for increasing
the mechanistic understanding of powder
behavior in lab-scale. The knowledge
obtained in the laboratory can then be
transferred and applied to large-scale
processes. In 2011, Dumarey et al. showed
how methods provided by the FT4 powder
rheometer can be of great value to
understand how raw material attributes

affect a roll compaction process and thus the
final tablet quality6. Nonetheless, before
such studies can be performed it is crucial to
establish
reproducible
characterization
methods, which is not a trivial task. Plenty
of physical properties of powders, e.g.
particle size and shape distributions, as well
as environmental conditions in the
laboratory, e.g. electrostatic charge,
influence the measurements5,7. These
variables should be kept in mind when
developing a powder characterization
method.
A commonly used method in the
previous mentioned studies is the stability
and variable flow rate method (SVFR
method), which is a powder rheological
method. The objective of this study is to
develop an experimental methodology based
on the SVFR method, and subsequently
evaluate it in order to obtain a reproducible
characterization method. Furthermore, the
relative standard deviation of the
methodology is estimated using 16
replicates.
MATERIALS AND METHODS
Materials
The microcrystalline cellulose (MCC)
was purchased as Avicel PH-200 from FMC
BioPolymer, Philidelphia, USA. The
anhydrous lactose (AHL) was a SuperTab®
21AN quality provided from DMV-Fonterra
Excipients, Nörten-Hardenburg, Germany.
Sample preparation
An
identical
sample
preparation
procedure was carried out for both MCC
and AHL: 896 ml of bulk sample was
poured into an open container and placed in
an in-house built humidity control chamber
with a fixed relative humidity and
temperature at 50±5% and 21±1°C, respecttively. The bulk sample was left under these
conditions for two days in order to make the
water absorption on the powder material
reach the equilibrium. After this the bulk
sample was sieved through a 0.71 mm mesh
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to break down any agglomerates that may
have arisen during the acclimatization. The
bulk sample was then divided into 32
identical samples of 28 ml using a spinning
riffler with eight divisions (Retsch PT100,
Retsch GmbH, Haan, Germany). This was
performed by dividing the bulk sample into
8 portions of 112 ml. Every portion was
then further divided into 8 sub-portions of
14 ml. The sub-portions were added
together two by two taking sub-portions
placed opposite one another at the spinning
riffler with the aim of obtaining a
representative sample division. Finally, the
samples with a volume of 28 ml were placed
in the humidity control chamber under the
previous mentioned conditions for two days
prior to the measurements. 16 of the 32
samples were randomly selected and
measured. The remaining samples were
applied for other purposes not included in
this study.
Method
The measurements were carried out in
the humidity control chamber with a fixed
relative humidity (RH) and temperature at
50±5% and 21±1°C, respectively, in order to
reduce the measurement error related to
static electricity7,8. The samples were
measured using a modified programme
based on the SVFR method, which is a
standard method provided by the FT4
powder rheometer (Freeman Technology
Ltd., Tewkesbury, UK) The default SVFR
method comprises a stability method
containing seven test cycles and a variable
flow rate method containing four test cycles
(Fig. 1). However, in order for the powders
to reach a stable state, which is
recommended by the manufacturer of the
rheometer, the stability method was
extended to contain 12 test cycles9. In that
way, the modified SVFR method ended up
consisting of 16 test cycles. The modified
SVFR method was applied to measure the
flow characteristics of each of the 16
replicates of AHL and MCC, respectively.

Figure 1. Structure of the default stability
and variable flow rate method sequence. In
the upper line of the sequence, the powder
bed is conditioned followed by a splitting
procedure to remove excess powder. The
middle line illustrates the stability method
consisting of seven pairs of conditioning and
test cycles. This part was extended to 12
conditioning and test cycles in the modified
SVFR method. The blade tip speed is -100
mm/s during the tests in the middle line. The
lower line of the sequence illustrates the
structure of the variable flow rate method.
The numbers in the brackets are the blade
tip speed during the test cycles. C:
conditioning cycle, T: test cycle, Split:
splitting of vessel to provide a precise
volume of powder12.
The foundation for the rheological
measurements is a geometrical complex
stainless steel blade with a diameter of 23.5
mm, which rotates on a vertical axis while
measuring the resistance of the powder to
flow dynamically8. During the stability
method, the rotating blade moves into and
through a powder bed contained in a 25 ml
cylindrical vessel made from borosilicate
(height: 51 mm, diameter: 25 mm). The
blade operates with a tip speed of -100 mm/s
(anti-clockwise) and helix angle of -5° 10.
During the movement of the blade, the
torque (τ) and axial force (normal stress, σ)
required to move the blade though the
powder is recorded and used to calculate the
total energy input required5,11. Similarly, the
force and torque can also be measured when
the blade moves upward clockwise. The
principle of the measurement for the
variable flow rate method is the same as the
downward movement of the blade, though
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in this part of the method the tip speed of the
blade is varied (Fig. 1).
Prior to all tests, a conditioning cycle is
performed to improve the uniformity of the
powder bed. This conditioning step consists
of the blade moving downward through the
powder with a helix angle of +5° after which
the blade moves upward with a helix angle
of -5°. In that way, the powder is intended to
be sliced and lifted and thereby prepared for
the next measurement5,13. The following
equations define the output parameters from
the SVFR method. Msplit and Vsplit denote the
mass and volume of the powder,
respectively, after any excess powder has
been removed. Etest x denotes the energy
measured during downward testing of test
no. x, while Econdition x,up denote the energy
recorded from the upward clockwise
movement of the blade during conditioning
test x12.
Conditioned bulk density, CBD (g/ml):
(1)
Basic flowability energy, BFE (mJ):
(2)
Specific energy, SE (mJ/g):
,

,

(3)
Stability index, SI:
(4)

Flow rate index, FRI:
(5)

RESULTS
Fig. 2A and B show the measurements
of the 16 individual replicates for AHL and
MCC, respectively, which were obtained
during
the
SVFR
method.
The
measurements are expressed in total energy
(mJ).

prior to the first conditioning and test cycle
for AHL and MCC. However, based on the
bulk densities alone it cannot be assessed if
the powders were homogeneous, i.e. the
powders were not segregated.
Table 1. Flow characteristics of the powder
samples obtained by the stability and
variable flow rate method.
Microcrystalline
cellulose
CBD, g/ml
0.375 ± 0.002
(0.5%)
BFE (mJ)
174 ± 23
(13.2%)
SE (mJ/g)
5.25 ± 0.65
(12.4%)
SI
1.11 ± 0.10
(9.3%)
FRI
1.31 ± 0.09
(6.5%)
Average ± SD (RSD), n=16.

Figure 2. Measurements obtained from the
stability and variable flow rate method. Test
no. 1-12 constitute the stability method,
while test no. 13-16 constitute the flow rate
method. A: 16 replicates of anhydrous
lactose. B: 16 replicates of microcrystalline
cellulose.
Table 1 contains the flow characteristics
and the bulk densities of MCC and AHL
obtained by the SVFR method. The results
are shown as averages with standard
deviations (SD) and relative standard
deviations (RSD).
DISCUSSION
The bulk densities shown in Table 1
prove that a very uniform packing state of
both powder types is obtained after the
splitting procedure. This means that the
packing state of the replicates is very similar
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Anhydrous lactose
0.662 ± 0.004
(0.6%)
266 ± 9
(3.6%)
5.11 ± 0.15
(2.9%)
1.17 ± 0.27
(23.8%)
1.25 ± 0.03
(2.3%)

The BFE and SE obtained for AHL
seems to be within a reasonable precision
for powders, i.e. less than 5% RSD. In
contrast, the same parameters obtained for
MCC have much larger RSDs. The
observation is also illustrated in Fig. 2
where the total energy obtained from the
initial test numbers of both powders differs
between the replicates. Nevertheless, the
AHL replicates tend to stabilize at the same
level of total energy whereas the MCC
replicates reach different levels of total
energy in the end of the stability method.
This influences the BFE and SE (a measure
of flowability and cohesivity, respectively),
because these parameters depend on the
measurements in the end of the stability
method14,15 (Eq. 2 and 3). The same is the
case for SI, which is a measure of how much
the total energy for the sample is changing
during the stability method (Eq. 4). Because
all of the AHL replicates tend to end at the
same level of total energy for the last test
numbers of the stability method independent
of the initial total energy, the SI of AHL has

a high RSD (Fig. 2A). On the other hand,
the individual measurements of the MCC
replicates elucidate that the individual
replicates tend to start and end at the same
level of total energy thereby obtaining SIs
which are both closer to one and more
precise than AHL. However, what the SI
does not show is that the total energy
obtained from the MCC replicates is spread
over a large range of total energy (Fig. 2B).
Looking at the FRI, which according to
the manufacturer of the powder rheometer is
a measure of the powder’s sensitivity to the
flow rate, again shows that AHL obtains a
more precise result than MCC. In general,
the individual replicates of AHL and MCC
shows that the replicates of MCC are wider
distributed than AHL. Yet, the total energy
in both cases increases when the flow rate,
i.e. tip speed, decreases (Fig. 2).
The
evaluation
of
the
flow
characteristics in the previous part shows
that the parameters obtained for AHL
overall are more precise compared to the
parameters obtained for MCC. However, the
SI results show the opposite although the
SIs for AHL and MCC are fairly similar and
in both cases above one. Since, test no. 1-12
are performed in the exact same way, this
indicates that the measured total energy for
the powders are increasing as a function of
repeated testing. This could be caused by
several phenomena. In the support
documents of the powder rheometer, the
manufacturer suggest that de-aeration,
agglomeration, segregation as well as
moisture uptake and electrostatic charge can
cause this observation9. Since, the moisture
level of the powders was fixed two days
prior to and also during the measurements
this cause can most likely be neglected.
Additionally, electrostatic charges as a
factor is also not plausible as the amount of
electrostatic charge decreases with increaseing relative humidity and is therefore barely
present at 50 % RH7. The observation is
therefore probably caused by either deaeration, agglomeration or segregation.
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In the support documents, it is further
mentioned that the BFE (or in general the
measured total energy) is dependent on
many physical powder properties, e.g.
particle size/distribution, shape, density and
elasticity8. However, how these physical
properties influence the BFE quantitatively
is not stated. Furthermore, it is mentioned
that a low BFE in some cases represents a
powder with good flow properties while a
high BFE represents a powder with poor
flow. Yet, it is also stated that the opposite
might be the case8. The manufacturer claims
that the reason is that the flow pattern is
dependent on the powder’s particle size. The
shear zone in front of the blade is therefore
not of constant size8. This complicates the
comparison of BFEs obtained from different
powders with different particle sizes.
Therefore, it does not seem feasible to
establish a direct correlation between BFE
and flowability when comparing a large
range of different powders. The same seems
to be the case for the other parameter
measured in this study.
In order for powder rheology to become
a useful technique for powder characterrization, the theoretical foundation of the
technique needs to be increased. Especially,
the geometry of the shear zone and the
stresses within this zone needs to be
elucidated in order to obtain a quantitative
statement of flowability and consolidation
during testing16. Based on the discussion
above, methods which are well comprehended and based on bulk solids mechanics,
e.g. shear testers, still seems to be a better
solution than powder rheology for
quantifying and predicting and in-process
flowability of powders16.

CONCLUSION
In this study, two powders, anhydrous
lactose
(AHL)
and
microcrystalline
cellulose (MCC), have been characterized
using a powder rheometer. While the flow
characteristics obtained for AHL in general
were precise (RSD < 5%), the opposite was
the case for MCC. The underlying principles
of the powder mechanics, which are causing
the variation of the rheological measurements, are not sufficiently understood.
These principles need to be elucidated
before powder rheology will be a useful
characterization method for estimation of
powder flowability.
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