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Abstract

The flow behaviour of four pharmaceutical powders was investigated using a model shoe-die-filling system. The variation of
mass delivered to the die as a function of shoe velocity provides a measure of flowability. The paper discusses the concept of
critical velocity, above which incomplete filling is observed, in the context of pharmaceutical powders. The filling process was
recorded using a high-speed video system, which allowed the different flow patterns to be observed, and how this influences the
critical velocity to be evaluated. The influence of humidity, which was investigated in detail for one of the powders, was found
to be small. The initial conditioning of the material, the die opening and if die filling takes place in air or in vacuum, however,
were found to change the flow behaviour significantly.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tures of a rotary tableting press. High-speed video im-
ages of the delivery of four representative powders are
In this paper, we examine the flow characteristics presented and three major different types of flows are
of pharmaceutical powders. We start by describing the identified. A practical measure of the flowability of
importance of powder flow in pharmaceutical powder these powders is discussed and related to the observed
processing and identify a range of techniques, which flow mechanisms.
are routinely employed for measuring their flowabil-
ity. Different technlqges can provide a dlﬁgrent rank 11 powder flow in pharmaceutical processing
order of the flowability of powders, and it is argued operations
that any technique employed should capture the major
history effects 'Fhat the powder is subjected t_o d_u_ring The flow properties of powders are important in
a particular unit operation. A model shoe-die-filling  manufacturing operations of solid dosage forms. These
system is described, which captures some of the fea- 5re determined by a combination of (i) powder charac-
teristics, such as particle size, size distribution, shape,
"+ Corresponding author. Tek:44 1992 452321: pa_lcking, d_e_nsity and surface_ properties and (ii) oper-
fax: +44 1992 460078. ating conditions, such as moisture, temperature, static
E-mail address: csabasinka@merck.com (I.C. Sinka). charge, aeration, or history of applied stress. Powders
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flow under the influence of applied stresses, and during the formation of small avalanches and the position of
flow they may dilate, contract or flow at constant vol- powder in a rotating drum.
ume. The applied stresses arise from gravity, air pres-  Finally, flow properties are also related to the cohe-
sure, external loading, vibrations and the constraints sion and internal friction angle of the powder, which
imposed by the containers in which flow takes place. can be examined using low pressure triaxial testing (
These conditions dictate the behaviour of the powder and Puri, 199%0r shear cells, which can either work
when flowing through a hopper orifice, during pile for- by translation Jenike, 196X or rotation of the mate-
mation or delivery into the die of a tablet compression rial. Rotational shear cells can be annular or full cir-
machine. cle (Peschl, 198p Parameters determined from these
A vast amount of research has been undertaken totests are often used to calibrate Mohr—Coulomb con-
develop experimental techniques suitable for char- stitutive models, which originate from the soil me-
acterising the flow properties of powders. When a chanics literature and have been adapted for hopper
powder is poured onto a surface, a pile is formed. One design. A detailed description of these methods can
of the simplest indicators of the flow properties is the be found in specialist book$ipward and Lai, 199
angle of repose, which is formed between the free sur- and standards.
face of the powder and the horizontal surface. A good The flow measurement methods listed above can
flowing powder spreads out and forms a low angle of be used to characterise and classify the flow proper-
repose. Hopper design is generally assisted by deter-ties of powders. It is interesting however to note that
mining the flow properties of the powder through an these methods may give inconsistent classification for
orifice. This has resulted in the development of a va- a given material. For example, zirconia powder flows
riety of flowmeters over the years, which can be used very well through an orifice flowmeter, however, it
to determine quantities such as the critical or mini- can be regarded as a poor flowing powder when a
mum orifice size Carr, 1965Guyoncourt and Tweed, model die-filling system is usedGyoncourt and
2003 at which flow starts to occur, or the time for a Tweed, 2003; Schneider et al., 200Zhis behaviour
fixed mass of powder to flow through a standard ori- is brought about by the flow properties being a con-
fice (German, 199% The initial condition of a powder  sequence of the combined effect of the powder char-
is important and in order to obtain repeatable experi- acteristics and the processing parameters discussed
mental results (especially for poorly flowing powders) above. Therefore, it is important that the flow charac-
pre-conditioning devices, such as a series of chutes orterisation is carried out using a device which captures
an upstream funnel, are often employed for the initial the physical phenomena involved in the process under
filling of devices such as the Scott volumeter (USP consideration.
Chapter 616) or Flodex flowmeter (Manufactured
by Hanson Research, Chatsworth, CA, USA). Other 1.2. Diefilling in rotary presses
apparatus, such as the Freeman rheomé&tereMman,
2007), are based on measurement of the work done In this section we examine the flow behaviour of
as the powder is stirred using a paddle. This type powders within the delivery system of a rotary tablet
of device can also be employed to pre-condition press. During the tablet compression cycle the powder
a powder bed in a repeatable way prior to being flows through a hopper into a feed frame and then into
tested. moving dies. Hopper flow has been investigated exten-
One of the methods widely used in the pharmaceu- sively and many of the flow characterisation methods
tical industry is based on measuring the poured and described above have been developed specifically to
tapped densities of a powder, which are used for cal- assist hopper design. However, flow in the feed frame
culating indices such as the Carr indéXafr, 1969, and into closed cavities, i.e. dies, has received less at-
Hausner ratio Klausner, 196)7 or angle of internal tention. In the following we examine the die filling
flow (Varthalis and Pilpel, 1975which are related to  process of a typical rotary tablet production press, us-
the flow properties of the powder. A particular class ingthe characteristics of a Fette 1000 production press
of flow-meters, such as the Aero-Flow (manufactured (Manufactured by Fette GMBH, Schwarzenbek, Ger-
by TSI incorporated, St. Paul, MN, USA) examines many), which can run at speeds between 0 and 75 rpm.
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Fig. 1. Feed frame and die table for a rotary press.

The die table is presented diagrammaticallyig. 1
The filling system consists of a hopper connected to a
feed frame. The feed-frame is motor driven and con-

sists of three wheels, for dispensing, feeding and me-

tering, respectively. All three wheels operate at the
same speed.

Of interest are the components in the immediate
vicinity of the die table: the feeding and the meter-
ing wheel of the feed frame above the die table; and
the fill cam and weight adjustment mechanism located
below the die table, as presentedFig. 1. The geo-
metrical characteristics of the feed system (Fil-o-matic

type) were measured, taken from the operating man-
ual or estimated from available drawings as presented

in Table 1

The sense of rotation for the die table and feed and
metering wheels are presentedHiy. 1 The powder
is fed into the die under the feeding wheel in the area

Table 1
Characteristics and operating conditions of a rotary press feed
system

Description Symbol Value
Press speed n 0-75rpm
Fill-o-matic speed, 0-100rpm n* 0-100rpm
Radius of die table R 157 mm
Effective radius of feed wheel. The R* 78 mm
nominal radius of the wheel is
100 mm, the effective radius is
taken to the centre of a die
Angle where die receives powder o 35
No. of spokes of the feed wheel Ng 16

29

highlighted. In this process it passes under a number
of spokes Kp) of the feed wheel. This parameter is
important because it relates to the experimental system
described in the following sections where the number
of passes necessary for complete die filling can be
established experimentally.

Using elementary geometry, we obtain:

Nex [ R n*

P~ 360 (R* n )
where all the symbols are definedTable 1 If Ny is
established experimentally, the required speed of the
Fill-o-matic can be obtained by solvirigg. (1)for n.

Using the parameters presented Table 1 and
choosing a press speed and feed frame speed of 40
and 20 rpm, respectively, the resulting velocity of the
die is 657 mms?!, while the velocity of the spokes
is 163mms? in the same direction. This gives a
relative velocity of the die with respect to the spokes
of 494 mms?. Also, Np = 2.35, indicating that there
will be a little more than two passes of the spokes over
the die cavity while the die is under the feeding zone.

However, the previous discussion is rather simple
and assumes gravity feed only. In practice, the follow-
ing complex dynamics takes place: gravity feeding,
force feeding, suction feeding, centrifugal forces and
weight adjustment as described below.

Gravity feeding occurs as material from the powder
bed above the die table deposits in the die under the
effect of gravity. The arms of the feeding and metering
wheel can be profiled such that the powder is forced
into the die cavity, this effect is referred to as force
feed. Also, there is a clearance between the top of the
die table and the arms of the feed wheel of around
6 mm. This implies that there may be a zone where
the powder is exposed to high shear conditions. The
feed cam, which is shown as a dashed linéig. 1,
is positioned such that the bottom punch has a linear
movement downwards, which starts prior to the empty
die being exposed to powder in the feed-frame and
continues while the die passes through the filling zone.
This creates a negative pressure (vacuum) between the
punch and the powder bed, facilitating the fill of the die
through a suction effect.The operating conditions can
be chosen such that = n x RIR* ~ 2nthenNp = 0.

In this situation there is no relative movement of the
powder with respect to the die and the contribution to
die filling from the sweeping movement of the feeding

1)
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wheel is reducedh* and n can be chosen such that the siderations. Nevertheless, die fill is an important and

relative velocity of the powder driven by the feeding often neglected aspect; for example, situations have

wheel is in the same or the opposite direction to the occurred when the appearance of the two halves of

rotation of the die table. a capsule shaped tablet were different, raising ele-
After passing through the fill cam, the bottom punch gance issues. Taking the effect of centrifugal forces

reaches the weight adjustment mechanism, where it isinto account resulted in re-design of the orientation

moved up rapidly to eject the excess weight of powder of the dies with respect to the die table. Nonetheless,

from the die. Then the top of the powder bed in the rules of thumb and knowledge of what has worked

die passes under the metering wheel while the vertical in the past still form the basis of feed frame design

velocity of the bottom punch is zero. It is not clear and choice of process parameters in pharmaceutical

whether the die is filled completely after passing under tableting operations.

the feed wheel or if there is some additional filling Contributing factors to rotary press die fill, such as

after weight adjustment when the die passes under theshoe velocity, environment, shoe and die design, or

metering wheel. The inherent vibration of the press pre-conditioning, can be studied individually using the

during operation may also facilitate gravity feed or linearly moving shoe-filling system described Wu

packing of the powder as it is fed from the hopper to et al. (2003) These studies can be directly related to

the feed frame. some of the effects experienced in a rotary press. In
The above analysis (which is conducted based on athis paper, we focus on gravity feed with special ref-

Fette type rotary press feed system—other press man-erence to the effect of feed shoe velocity. The con-

ufacturers use similar or different arrangements) illus- tribution of air pressure is examined by performing

trates that die filling on a rotary press is a complicated experiments in air and vacuum.

phenomenon. The contribution of gravity feed, suc-

tion filling, centrifugal forces, weight adjustment, the

effect of the metering wheel, vibrations from the press 2. Experimental details

and air pressure can however be studied separately.

The relative importance of these factors depends also2.1. Powders

on the characteristics of the powder, which also influ-

ence the permealbility to air. Four powders were used in this study as presented in
Table 2 Two of these powders, microcrystalline cellu-
1.3. The effect of die fill on tablet compression lose (Avicel PH102, manufactured by FMC BioPoly-

mer, Cork, Ireland) and anhydrous lactose (Anhydrous
The importance of die fill has also been recognised Lactose—Direct Tableting, manufactured by Quest In-
in other industries, which use powder compaction, ternational) are common direct compression ingredi-
such as powder metallurgy or ceramics. Typical ents. A mixed placebo powder, which is based onthese
diefilling systems in these operations consist of a two excipients, was chosen to compare the flow be-
rectangular feed shoe moving at a given velocity haviour of a mixture with its pure ingredients. The
across a stationary die. During this process, the mate-placebo mix also contains a disintegrant (croscarmel-
rial is deposited non-uniformly into the die. A number lose sodium) and a lubricant (magnesium stearate).
of shakes when the feed shoe is above the die mayThe microcrystalline cellulose described above has
improve the filling process. Effects resulting from a nominal particle size of 100m. Finally, a 50um
non-homogeneous die fill can propagate through the particle size microcrystalline cellulose, Avicel PH101
compaction process and influence the final proper- (manufactured by FMC BioPolymer, Cork, Ireland),
ties of the compact. In order to study this process was chosen to examine the effect of particle size on
an experimental system was developedVigy et al. the flow properties of the powder into the die. In
(2003) this work these two grades of microcrystalline cellu-
The die-fill phenomenon on a rotary tableting lose are referred to as coarse and fine, respectively.
press is complex as described above. The design ofBased on the Carr index values presentedahle 2
a die-feed system is mostly based on empirical con- the anhydrous lactose is classified as good flowing
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Table 2

Powders and characteristics

Powder Description Bulk density = Tapped density Carr index Nominal particle
( Mgm™3) (Mgm—3) diameter (um)

Placebo mix Lactose, coarse M&Qisintegrant 0.52 0.72 29 N/A

(croscarmellose sodium), lubricant
(magnesium stearate)

Lactose Lactose anhydrous direct tableting 0.68 0.81 16 100
Coarse MCC Avicel PH102 0.34 0.48 29 100
Fine MCC Avicel PH101 0.32 0.45 28-29 50

a8 MCC, microcrystalline cellulose.

while the other three powders are considered poor flow characteristics and careful pre-conditioning is re-

flowing. quired to perform experiments representative of a large
batch of material and to achieve good repeatability.
2.2. Diefilling rig Before placing it into the shoe, the powder was there-

fore pre-conditioned in a mixer/blender (Turbula T2F
A model shoe-die-filling system\Nu et al., 2003, manufactured by Willy A. Bachofen AG Maschinen-
seeFig. 2 has been used to allow the interaction be- fabrik Basel/Switzerland) to avoid segregation due to
tween a stationary die and moving delivery system to transport and to loosen up the material after storage.
be studied. The shoe, which is a rectangular shapedThe packing condition of the powder within the shoe
box, is filled with powder and translates over a trans- can change due to the kinematics and the shearing of
parent die with a steady state velocity between 10 and the powder on the fixed baseplate. The powder was
1000 mm s, The initial acceleration of the shoe can therefore also conditioned between each test either by
be varied between 1 and 100 ésin all the exper- stirring it within the shoe or by refilling the shoe with
iments presented here, however, the acceleration wasfresh powder. The entire die-filling system is located
kept constant at 50 nT$. As indicated previously, the  in a transparent vacuum chamber. By conducting tests
condition of the powder has a strong influence on the in air and vacuum, the influence of air, which is dis-

control unit . pneumatic
drive unit

Fig. 2. Model shoe-die-filling systemWu et al., 2003
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placed by the powder entering the die, can be deter- and vacuum to be visualised. Quantitative results are
mined. A high-speed video camera (NAC500 digital) obtained by measurement of the mass of powder in the
was used for qualitative observations. More details of die as a function of shoe velocity. High-speed video
the shoe-die-filling system and studies on a range of studies were undertaken using stepped and simple rect-
different materials are presented elsewh#&ve ¢t al., angular shaped dies to examine different features of
2003; Cocks et al., 2001Before the shoe passes over the material behaviour; all the quantitative results pre-
the die a number of shakes, i.e. forward and reverse sented below were, however, determined using only
motion over a short distance, were employed to cre- the simple rectangular shaped die.
ate a repeatable initial state of the material. This is
particularly relevant for experiments in vacuum to al-
low trapped air to escape and to break down any air 3. Results and discussion
vents, which develop during evacuation. Apart from
shoe velocity and environment, other parameters such3.1. High-speed video images
as the height of the powder in the shoe, the die geom-
etry and the shoe design can be varied to determine In this section we present a series of images taken
their influence on the filling behaviour. from the high-speed videos. This provides information
As discussed previously, flowability can be defined about the different flow mechanisms exhibited by the
and measured in various ways, but correlation between powders tested in this study, which can be used to ex-
the results using the different techniques may be diffi- plain the quantitative results presentedSiection 3.2
cultto achieve. The present model shoe-die-filling sys- Fig. 3shows a series of still images from videos of the
tem has the advantage that it provides a direct measurefilling of a stepped cavity using the placebo and the
of flowability since it is similar to the die filling pro-  fine microcrystalline cellulose powder. The filling of
cess. Results generated are therefore more representathe two materials took place in air with a shoe velocity
tive of the real situation. High-speed video was used of 100 mms. The die opening has a width of 23 mm
to evaluate the flow behaviour visually. It allows flow and a length of 20 mm, and this opening extends to
patterns, such as nose, intermittent and bulk flow, to be a height of 20 mm; a step then creates a narrow sec-
identified. When a fixed mass of powder is placed in tion downstream of the direction of shoe motion of
a shoe, the initial acceleration of the shoe and friction width 3.2 mm, which extends a further 18 mm. This
between the powder mass and the baseplate forces therofile is not representative of practical tablets, how-
powder towards the back of the shoe, forming a nose ever the experiments allow us to illustrate some inter-
shaped profile. As the tip of this nose translates acrossesting features of the material behaviour, particularly
the die opening material can flow over the surface of the influence of air on the flow process. The top row
the nose to the tip and avalanche into the die. We refer of images inFig. 3 shows the filling behaviour of the
to this asnose flow. At high speeds, or if the die open-  placebo mix. As the shoe moves over the die, powder
ing is small, the tip of the nose rapidly moves across is initially delivered from the front of the shoe. The
the opening and powder is delivered into the die by forward velocity of the powder imparted by the shoe
detaching from the bottom free surface of the powder motion causes the powder initially to build up on the
mass. If this flow is reasonably continuous we refer centre of the step and as the shoe moves forward the
to it asbulk flow. For some materials, flow occurs as point of impact of the powder with the step moves to-
a result of a series of discrete instabilities, which re- wards the narrow section, until eventually powder is
leases large chunks of agglomerated powder into the delivered directly into this section of the die. Also, as
die. Thisis arandom, often infrequent, process and we the shoe moves forward and powder is removed from
refer to it asintermittent flow. More details on these the front of the shoe a nose type profile is created and
three types of flow and how they are influenced by there is a rapid avalanche of powder into the die. This
parameters such as shoe velocity and die opening areresults in a bridging of powder over the narrow sec-
given elsewhereQocks et al., 2001; Wu et al., 2003; tion, trapping air in this section of the die. The pressure
Schneider et al., 2004High-speed video is also im-  created opposes further flow of powder into this part
portant in allowing differences between filling in air of the die. Eventually, the powder mass completely
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Fig. 3. High-speed video of filling of a stepped die with placebo mix (top) and fine microcrystalline cellulose (bottom). Filling in air with
a shoe velocity of 100 mnT3.

covers the die. Powder now detaches from the bottom form and grow from the surface of the powder. These
surface of the powder in the shoe and the upstream defects create the necessary imperfections for the cre-
section of the die is gradually filled by powder cas- ation of the blocks of powder that fall into the die.
cading down the heap created on the step and flowing As with the placebo mix, the narrow section eventu-
back towards the near corner of the die. The rate of ally bridges over and the delivery rate into the bulk
filling gradually slows down as air becomes trapped of the die slows. The reasons for this are the same as
and air pressure increases in the upper section of thefor the placebo mix. The surface of the powder in the
die. The area through which powder is delivered into die after the delivery process is jagged, indicating the
the die decreases to a width similar to that for the sim- presence of large cohesive blocks of powder.
ple rectangular die shown fig. 4. The flow then be- Fig. 4 shows a series of snapshots for the filling of
comes more intermittent and slower, preventing com- a die with a 10 mmx 10 mm opening and a height
plete filling of the die and a depression remains in the of 38 mm using the placebo mix. Friction between the
top right corner after the shoe has passed. The procespowder and the shoe wall can influence the flow of
of air escape sometimes continues after the shoe hagpowder into the die. To minimize this powder-shoe
passed and the level of powder may drop in the die. wall effect the die was placed under the centre-line of
The filling process for the placebo mix is reasonably the shoe. The shoe is 30 mm wide, i.e. transverse to
smooth. This can be contrasted with that of the fine the direction of shoe movement, and it is 60 mm long
microcrystalline cellulose powder, which is shown in in the direction of movement. In all the experiments
the bottom row of~ig. 3. The initial stage of the flow  reported here the initial height of powder in the shoe
process is similar to that for the placebo mix, but the was kept constant at 18 mm. The top set of images are
flow is more intermittent, consisting of large agglom- for filling in air, while the bottom set are from an ex-
erates. The tip of the nose created by the initial flow periment conducted in vacuum. In each case the steady
then becomes unstable and a series of large blocks ofstate velocity of the shoe as it traversed over the die
powder inside the shoe detach and fall in a random was 50 mms! and the sequence of images are for the
manner into the die. The cohesive nature of the pow- same times in the filling process. For this die opening,
der can be observed irig. 3 as steep sided fissures most of the powder is delivered from the bottom sur-
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Fig. 4. Filling with placebo mix in air (top) and vacuum (bottom). The shoe velocity is 50™m's

face of the powder mass in the shoe. The flow in vac- the remaining area through which the powder is de-
uum is relatively smooth (bulk flow) and the die can livered to the die is similar to that for this simple die
be completely filled at this velocity. The flow in air profile. It is also evident from these images that the
is, however, intermittent. It is evident from the images details of the flow process is very sensitive to the en-
that there are periods during the filling process when vironment (i.e. the presence of air has a significant
very little powder is flowing into the die. At other pe- effect).

riods small clumps of agglomerated powder drop into  Fig. 5 shows a series of images for filling the sim-
the die, and at two instants during the entire filling ple rectangular die in air for all four powders listed
process larger agglomerates detach from the bottomin Table 2 The shoe velocity is 50 mnT$ and the
surface of the powder and fall into the die (as illus- snapshots were taken when the shoe was in the same
trated in the last image on the top rowffy. 4). This position over the die for all the materials investigated.
latter type of event is responsible for delivering most As noted above, the placebo mix flows in an intermit-
of the powder into the die. Examination of videos of a tent manner. The flow of the coarse microcrystalline
number of filling events reveals that the size and num- cellulose is smoother, but at this velocity less mate-
ber of these agglomerated clumps of powder, which rial is delivered into the die than for the placebo mix.
fall into a die varies from one filling to the next; thus, Also, only a small amount of the lactose and the fine
there is significant scatter in the mass of powder that microcrystalline cellulose is delivered into the die at
is delivered into a die when this type of intermittent this velocity and even at the slowest velocity used in
mechanism dominates. This intermittent flow process the experiments (10 mnT$) it was never possible to

is similar to that observed towards the end of the fill- completely fill this die. A similar effect was observed
ing process described for the stepped Hig, 3, when for these two powders in vacuum, while the flow of
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Lactose Coarse MCC Fine MCC Placebo mix

Fig. 5. Snapshots of filling behaviour of the different materials in air with a shoe velocity of 50thms

the placebo mix and the coarse microcrystalline cel- the die completely, was determined. The experimen-
lulose powder was smooth in vacuum at all velocities. tal data for the fill ratiod and shoe velocity were fit
We discuss the significance of this observation in more using a function of the form:

detail in Section 3.2. A
v
=) @

3.2. Critical velocity v

whereve and h are fitting parameterdrig. 6 shows

Wu et al. (2003)have defined a critical shoe ve- the data for the placebo mix in aiFig. 6(a) and
locity vc as a measure of flowability. The die is filled vacuum Fig. 6(b); a fill ratio of unity indicates that
completely by a single pass of the shoe if the shoe the die was filled completely; it can be seen that the
velocity is belowvc. The influence of variables such scatter in fill ratio results for a given shoe velocity is
as die geometry and environment (air/vacuum) on the large since for this die opening the material falls as
critical velocity have been investigated. Here we base large agglomerates into the die in a random manner,
our measurement of the critical velocity on a series as shown irFig. 4. The scatter in results, however, is
of experiments conducted using the simple rectangu- less in vacuum, due to the smoother delivery process.
lar die ofFig. 4, which were described iSection 3.1 The critical velocity is given as the intersection of the
The mass of powder in the die was measured as ahorizontal straight line, which passes through unity on
function of shoe velocity. To compare materials and the ordinate Fig. 6), with the curved line at higher
to determine critical velocities, the fill ratio, which is  velocities, which is given by the fit to the data using
the ratio of the mass in die to the mass required to fill Eq. (2) Data points irFig. 6, which are not used to fit

l -4
A
0842
o A h=l
"E 0.6 1 '§
z A z
0.4 4 AA *
o e
0.2 1
L 4
1
0 T T T 0 T T T
0 50 100 150 200 0 50 100 150 200
(a) shoe velocity/(mm/s) (b) shoe velocity /(mm/s)

Fig. 6. Determination of the critical velocity for placebo mix usiBg. (2) to fit the data. Tests in (a) air and (b) vacuum. Solid markers
indicate incomplete die fill. Triangles indicate data not used for fitting.



36 I.C. Snka et al./International Journal of Pharmaceutics 280 (2004) 27-38

o
1 1
0.8 - 0.8
o Qo
= 0.6 - T 067
= 041 041
0.2 021
*
0 . . . O T T T
0 25 50 75 100 0 50 100 150 200
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Fig. 7. Determination of the critical velocity for coarse microcrystalline cellulose uBipg(2) to fit the data. Tests in (a) air and (b)
vacuum. Solid markers indicate incomplete die fill.

the data are shown as triangles. The critical velocity =~ Temperature and relative humidity can have a
determined when not taking into account all points is strong influence on the properties of pharmaceutical
therefore a maximum possible critical velocity. powders. For the set of experiments carried out here
The experimental results for the coarse microcrys- the temperature and relative humidity were recorded.
talline cellulose, however, follow a more consistent For the placebo mix the relationship of fill ratio as
pattern, Fig. 5 The flow of this powder is much a function of shoe velocity was determined at rela-
smoother and continuous, resulting in a greater repro- tive humidities of 30-65% and temperatures between
ducibility of the experimental results, as illustrated in 10 and 25C. To reduce the moisture content the
Fig. 7 for air and vacuum. material was heated at 10Q for 2h. Intermittent
As indicated before, it was not possible to determine flow was observed in all cases and neither the crit-
critical velocities using the current die for the other ical velocity nor the scatter in fill ratio for a given
two powders, the fine microcrystalline cellulose and shoe velocity was changed if the sample was dried or
lactose. Even at the slowest possible shoe velocity of not.
10mmsL, or just by opening a shutter below the shoe
while it is located over the die, it was not possible to

completely fill the die. 50 —|mair Ovacum]

For the coarse microcrystalline cellulose and the 45 - —
placebo mix the critical velocities in air are lower than 2 40 -
measured in vacuum, as illustratedHig. 8. Smoother g 25 |
flows are generally observed in vacuum, and the fill- N 30 4
ing rate is faster at all shoe velocities, as illustrated in § 25
Fig. 4, while the build up of pressure in the die in air T 504
opposes the flow process and promotes the develop- T 151
ment of instabilities. The densities achieved in vacuum E 104
are generally higheiig. 9) since a denser packing is ° 5 |
achieved due to the absence of air repelling the filling o .

processFig. 9also indicates that the shoe filling pro-
cess achieves a slightly higher fill density compared to
the apparent density measured using the standard USP
method for tap density measurement. Shoe filling is a Fi . . . . _

. . ig. 8. Comparison of critical velocities of coarse microcrystalline
more dynamic process and the powder particles can cellulose and placebo mix in air and vacuum. The die and shoe
rearrange to create a denser packing. geometry and initial powder height in the shoe were kept constant.

placebo
mix
MCC
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; . ; data generated using a standard die to be used for a
air O vacuum B app. densit Ii
- - PP y number of different die filling situations. The relation-

ship is valid provided the flow is relatively smooth,

0.5 1 i.e. not intermittent.
According to the Carr index data presented in
0.4 - Table 2 anhydrous lactose is good flowing while

the other three powders are poor flowing. The model
die-filling system however, demonstrates that the

fill density /(g/ccm)

g coarse microcrystalline cellulose and the placebo mix
flows well compared with anhydrous lactose or the
0.2 1 fine microcrystalline cellulose. It is therefore sug-
gested that for die filling purposes the flow properties
0.1 - of powders should be measured using apparatus sim-
ilar to the process under investigation.
0 - The critical velocity measured using the model

die-filling system can be related to the practical
situation on a rotary press. Using the parameters
presented inTable 1we have compressed a small
amount of placebo mix into acceptable tablets. This
suggests that the press was operated below the crit-
ical velocity corresponding to the rotary press feed
shoe system, i.e. the die was completely filled. A
guantitative correlation of the critical velocity of the
Schneider et al. (unpublished wotkdve shown that ~ model die-filling system and the rotary press feed
one parameter, the geometry of the die, has a signif- system requires a detailed analysis of the geometrical
icant influence on the flow behaviour and the scatter and operating parameters and is presented in detail
in the fill ratio-shoe velocity relationship. They show elsewhere $chneider et al., unpublished wrkt is
that the critical velocity generally increases if the die suggested that suction filling and the other effects
height is reduced or if the die opening size is increased. described inSection 1.2result in an increase of the
Schneider et al. (unpublished work)so found for apparent critical velocity of the rotary press feed
the placebo mix that doubling the die opening signif- system.
icantly reduced the scatter shown kig. 6(a) in the
fill ratio-velocity relationship. This effect is due to the
fact that for the larger die opening, there is a greater 4. Conclusions
probability that a local instability will occur at a given
time to initiate a detachment event. Thus on average, The present work compares the flow behaviour of
over the filling period an equal number and scale of four pharmaceutical powders. The flowability was
detachment events will occur creating a uniform net evaluated using a model shoe-die-filling system.
filling rate. High-speed video was used to identify the dominant
The critical velocities determined for the present flow mechanism, i.e. nose, bulk or intermittent flow.
simple die allows the flowability for different mate- If nose or bulk flow dominate, a critical velocity
rials to be compared using a test whose kinematics can be determined, which provides a measure of the
are closer to that experienced in practical tableting flowability of the powder.
pressesSchneider et al., 200demonstrate that the The large difference of critical velocities deter-
Beverloo equationBeverloo et al., 1961 which is an mined for filling in air and vacuum indicates that the
empirical relationship originally developed for hopper effect of the build up of air pressure is significant.
flow, can be used to derive a relationship between die The critical velocity obtained using the experimental
geometry and the critical velocity, which allows the system can be related to the rotary press situation

placebo
mix
coarse
MCC

Fig. 9. Influence of environment on fill density and comparison
with apparent density.
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and it is suggested that the contribution from other
factors (such as force feeding, suction feeding, cen-
trifugal force, weight adjustment, vibrations, etc.) is

significant.

The flowability of anhydrous lactose and that of the
placebo mix, which consists of approximately 60%
of lactose, were found to be significantly different.
The flowability of the placebo mix is however sim-
ilar to its other main ingredient, the coarse micro-
crystalline cellulose, suggesting that the flow prop-
erties of mixtures into dies should not be generali-
sed.

The results obtained using the model die shoe sys-
tem may or may not be consistent with the classifica-
tion of powders using other flow measurement tech-
nigues. The die-filling system, however, reproduces
some of the features of the industrial process; there-
fore, it is argued that the results may be more relevant
from a die-fill point of view than other flow measure-
ment methods.

Acknowledgements

The model die shoe system was developed at the

University of Leicester, UK under project GR/M58139
sponsored by EPSRC. Special thanks to Mr. J.C. Cun-
ningham, Drs. S.W. Booth and Mr. D. Evans for their
comments and Dr. I. Hardy for useful discussions. Mr.
C.J. Mitchell is gratefully acknowledged for supplying

the placebo mix. Special thanks to the management

of PR&D, Merck Research Laboratories, particularly

I.C. Snka et al./International Journal of Pharmaceutics 280 (2004) 27-38

References

Beverloo, W.A., Leniger, H.A., Van de Velde, J., 1961. The flow of
granular solids through orifices. Chem. Eng. Sci. 15, 260—269.

Carr, R.L., 1965. Evaluating the flow properties of solids. Chem.
Eng. 72, 163-168.

Cocks, A.C.F., Dihoru, L., Lawrence, T. 2001. A fundamental
study of die filling, In: Proceedings of PM2001, Nice, France,
Oct. 22-24, pp. 255-260.

Freeman, R., 2001. An insight into the flowability and
characterisation of powders. Am. Lab. 33, 13-16.

German, R.M., 1994. Powder Metallurgy Science, Metal Powder
Industries Federation, Princeton, New Jersey.

Guyoncourt, D., Tweed, J., 2003. Measurements for powder flow,
In: Proceedings of PM2003, Valencia, Spain, Oct 10-22.

Hausner, H.H., 1967. Friction conditions in a mass of metal
powder. Int. J. Powder Metall. 3, 7-13.

Howard, S.A., Lai J-W, 1992, Flow properties of solids,
In:  Swarbrick, J., Boylan, J.C. (Eds.), Encyclopedia of
Pharmaceutical Technology, vol. 6, Marcel Dekker Inc/Basel,
New York/Hong Kong, pp. 141-170, ISBN 0-8247-2805-X.

Jenike, A.W., 1964. Storage and Flow of Solids. Bulletin 123,
Engineering and Experiment Station, University of Utah, USA.

Li, F., Puri, V.M., 1996. Measurement of anisotropic behaviour of
dry cohesive and cohesionless powders using a cubical triaxial
tester. Powder Technol. 89, 197-207.

Peschl, I.LA.S.Z., 1989. Measurement and evaluation of mechanical
properties of powders. Powder Handling Processing 1, 135—
141.

Schneider, L.C.R., Cocks, A.C.F.,, Apostolopoulos, A., 2004.
Comparison of the filling behaviour of metallic, ceramic and
magnetic powders. Submitted to Powder Met.

Schneider, L.C.R., Sinka, I.C., Cocks, A.C.F, Characterisation of
the flow behaviour of pharmaceutical powders using a model
die-shoe filling system. To be submitted to Powder Technol.,
unpublished work.

Varthalis, S., Pilpel, N., 1975. Anomalies in some properties of
powder mixtures. J. Pharm. Pharmacol. 28, 415-419.

Drs. Scott D. Reynolds and David E. Storey, for their \y, c.v., pihoru, L., Cocks, A.C.F., 2003. The flow of powder

support.

into simple and stepped dies. Powder Technol. 134, 24-39.



	Measurement of the flow properties of powders with special reference to die fill
	Introduction
	Powder flow in pharmaceutical processing operations
	Die filling in rotary presses
	The effect of die fill on tablet compression

	Experimental details
	Powders
	Die-filling rig

	Results and discussion
	High-speed video images
	Critical velocity

	Conclusions
	Acknowledgements
	References


