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Abstract — The feasibility of using a small-scal@lanche tester to measure the flow properties of
pharmaceutical lactose powders was examined. Thiesnof behaviour observed in larger systems
were displayed and showed a clear distinction betwangular, free-flowing particles and more
spherical particles of similar flow characteristicdngular Lactohale LH100 particles showed
slumping behaviour at a rotational frequency of36i3 which disappeared at higher frequencies.
Spherical lactose powder with a similar flow funeatito LH100 only showed rolling behaviour under
the same conditions, as did more cohesive powdd20Q and LH300. Further investigation of the
LH100 data using Fast Fourier analysis showed thatslumping frequency was 1A ®f the
rotational frequency.

INTRODUCTION

Measuring the flow of properties of small amountgowder is a significant challenge that needs to
be addressed. Many methods of powder productidheippharmaceutical sector have been developed
that produce materials in quantities significantlglow the threshold required for conventional
powder testing such as the Jenike shear cellygiisiction prevents the characterisation of bigkvf
properties that are crucial to maintaining tabliet filling and tablet reproducibility. In the casé
freeze-drying, high-value biological molecules aften dried to low-density powdered volumes for
dispensing through weight. In response to thidlehge, a powder tester has been developed [1],
consisting of a small version of a rotating drum, éxamine the dynamic flow properties of
pharmaceutical powders in these small quantitiessm#all cylindrical vial containing powder is
placed on a roller system which causes it to raateset rotational speed. At low speeds, the powd
forms a slope and particles form a cascading aghlasystem, as shown by the red arrows in Figure
1. A camera follows the centre mass of the powdeezwith the position of this being recorded as
X-Y Cartesian coordinates (Figure 2). The resultifeja points are analysed using a programme
written in C++Sharp. Imaging is controlled throutiie use of backlit enclosure, ensuring that the
image is consistently analysed. The position ofdhetre mass can be traced against time at a high
sampling frequency.



Figure 1: Schematic diagram of the Ingham Group avianche tester, showing the rotation of the
sample vial in black and the powder in red.

Figure 2: Schematic diagram of the Ingham Group avianche tester, showing the rotation of the
observed centre of mass of the powder.

This configuration makes it particularly attractifer small freeze-dried samples which are
manufactured and stored in vials of controlled Hditpyiand cannot undergo conventional testing, as
well as those samples of high value where a smantimass is not available. This contrasts witleioth
testers such as the Brookfield shear cell testdrt@ Freeman FT4 dynamic tester, where samples
are tested in larger amounts above 50g and wherpdticles themselves can be affected by the test;
it is anticipated that the small sample in the anehe tester could be returned to a large bulk of
powder or process after testing as it is unlikelhave been affected.

Clearly the use of avalanche testers is not new, arthorough study of both free-flowing and
cohesive powder behaviour in testers of this nabaie been done by Alexandatral. [2], including

the use of variants of lactose. However, the tes¢éed had a diameter of 140mm and a length of
420mm, compared to a diameter of 20mm and lengthn83n this study. Alexandeet al. [2]
demonstrated that free-flowing materials in avaf@nshowed a periodic behaviour at low agitation
with a smoother, more continuous behaviour at higflational speeds. Particles that were “dry-
cohesive”, where interparticle liquid bridges wemat the main source of cohesion, showed more
hysteresis and localised responses to agitatidrdtianot show the periodic motion displayed by the



free-flowing material. Other detailed studies usiadioactive tracers by Ding al. [3] and Limet al.

[4] have characterised lab-scale avalanche sydiemsamine slumping and rolling modes associated
with rotary kiln driers, based on fundamental stgddy Heineret al. [5]. These modes are shown in
Figure 3.
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Figure 3: Classifying particle motion in rotating drums [5].

Avalanche systems with extremely smooth interiafazes show slipping behaviour, which is not
normally observed. Normally at low rotating speett®e bed adopts a “slumping” mode, where
particles move up the side of the vial wall to Hregle of repose; subsequently the bed of particles
slumps to a lower angle. At faster speeds the beerts to a “rolling” mode, where it remains at a
constant angle to the horizontal and powder greéissade down the slope. Still higher speeds cause a
distortion of this angled slope to cascading mddataracting mode at speeds above this causes
particle-air mixing. At the critical rotating velibg, the particles are forced to the wall of theimirin

a centrifuge mode. This study will attempt to idignivhether these types of behaviour exist in the
context of a miniaturised and establish the coongiwhich favour them. This will be useful in
assessing its suitability as a process analytdirtology for high value pharmaceuticals.



MATERIALS AND METHODS

The Test Materials

The test materials used are four versions of lactased in pharmaceutical formulation, their
properties were obtained using the appropriateisdBriPharmacoepia standard method and are
summarised in Table 1. The key particle sizgsd, and d, for each of the powders are also shown
in Table 2. The particle size distributions for ttest powders are shown in Figure 4 and were
obtained using a laser light scatter method (Sye®afigure 5a-d shows magnified images of the
powdered particles Lactose, Lactohale LH100, Laai®hH200 and Lactohale LH300 respectively.
These were obtained using a digital biological wscope model BA310, manufactured by the Motic
Corporation.

Material dso Moisture Angle of | Compressibility | Hausner
content repose () Index (%) ratio
(Hm) (%)

Lactose 62.34 1.47 43.18 18.30 1.22
(GSK) (0.08) (0.15) (0.79) (0.78) (0.01)
LH100 114.72 1.27 4153 21.80 1.28
(DFE) (0.31) (0.06) (0.80) (1.19) (0.02)
LH200 47.11 1.17 53.01 36.37 1.57
(DFE) (0.53) (0.15) (0.53) (0.66) (0.02)
LH300 3.72 1.30 50.92 40.23 1.67
(DFE) (0.02) (0.10) (0.65) (0.46) (0.01)

Table 1: A summary of the test material characteriic, presented as the average of 3
measurementst the standard deviation.

Material d 10 (UM) Oso (UM) oo (M)
Lactose (GSK) 28.20 (0.09) 62.34 (0.08) 81.10 (0.04)
Lactohale LH100 37.09 (0.4) 114.72 (0.31) 157.36 (0.16)
Lactohale LH200 4.70 (0.14) 47.11 (0.53) 75.45 (0.17)
Lactohale LH300 0.98 (0.02) 3.72 (0.02) 8.81 (0.03)

Table 2: Particle size characteristics for the tegpbowders, obtained from laser light scattering
(Sympatec). The values are the arithmetic mean ofssamples, with the standard deviation in

brackets.

Obtaining the Flow Function of the Test Materials l$ing the Brookfield Powder Tester

The flow function of each of the powders was ol#dirusing the Brookfield powder tester at a
relative humidity of 35-40% and a temperature o230C [6]. Fresh samples were used for each test,




with three repetitions performed for each powdegufe 6 is a plot of unconfined failure strength

against the major principle consolidation stress with the gradient being the flow function as
defined by Woodcock and Mason [7]. Simple regressamalysis of the scatter plots showed a
consistent trend and the values for each powdegiaea in Table 3.
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Figure 6: A plot of unconfined failure strength o. against the major principle consolidation
stressa; in kPa for lactose, LH100, LH200 and LH300.

Gradient (Flow Intercept R
Function)

Lactose 0.0422 0.2634 0.9853
Lactohale LH100 0.0494 0.1923 0.9821
Lactohale LH200 0.1233 0.9272 0.9880
Lactohale LH300 0.5345 1.2740 0.9900

Table 3: A summary of the data obtained in Figure 6comparing the flow properties of the four
test materials.

The Avalanche Test Conditions

The Ingham Group avalanche tester was used wittd fikumination and version 1.1.0 software.
Speeds were set as required and the supplied2flass diameter glass vessel used in all cases. The
vessel was half-filled with test powder, giving et mass of 3g, sealed and placed on the rotating
system in preparation for testing. The rate oftiotawas set to 20 revolutions per minute (0.33Hz)
which was confirmed through image analysis. Data wathered over a 52 second period once at
speed in each case and transferred to an exceddgtreet for further analysis. Subsequent tests
involved increasing the rotational frequency tod0-& and 1.1 Hz.



RESULTS AND DISCUSSION

The measured flow function values (Table 3) aresist@nt with a previous study using lactose by
Sawet al. [8]. The fine particles of LH300 gave the most esikie powder with a flow function
almost an order of magnitude higher than powdersdse and LH100. Despite clear differences
between the particle size, shape and degree ofligprsity of Lactose and LH100, the two powders
have very close flow functions. From these resut800 would be classified as very cohesive,
LH200 as “easy flowing” and the other powders aséfflowing”.

Figures 7 and 8 compare the avalanche X and Y dinates respectively for each of the powders,
based on deviation around the average. The reshdts a periodic motion in the free-flowing LH100,

as expected from the study by Alexander et al.j&h a turnover time of approximately 5 seconds.
However, there is no clear periodic behaviour ia tther samples. Figure 9 shows the coupling

between the X and Y coordinates, consistent wiévipus studies as a slumping motion [2,5].
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Figure 7: Comparing the X deviation in mm around the average X value for the four test
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materials at a rotation speed of 20 revolutions peminute (0.33Hz). Each division on the y-axis

represents 0.5 mm.
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Figure 8: Comparing the Y deviation in mm around tte average Y value for the four test

materials at a rotation speed of 20 revolutions peminute (0.33Hz). Each division on the y-axis
represents 0.5 mm.
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Figure 9: Comparing the X and Y deviations in mm aound the average value for LH100

at a rotation speed of 20 revolutions per minute (83Hz). Each division on the y-axis represents
0.05 mm.

The experiment was repeated with LH100 at the asmd drum rotation speeds of 36 revolutions per
minute (0.66Hz) and 66 revolutions per minute (k)lté see whether this coupled behaviour would
persist, or, as anticipated by previous studies f[BHuce significantly. Figure 10 shows the
comparison between the X and Y coordinates for LAH&0D0.33Hz, 0.66Hz and 1.1 Hz. In order to



highlight any patterns, the time has been nornilisg multiplying it by the rotation frequency
divided by 0.33Hz.
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Figure 10: Comparing the X and Y deviations in mm eund the average value for LH100

at a rotation speed of 20 revolutions per minute (83Hz), 36 revolutions per minute (0.6Hz) and
66 revolutions per minute (1.1Hz). Each division otthe y-axis represents 0.05 mm.

By effectively doubling the rate of drum rotatiamrh 0.33Hz to 0.6 Hz, the motion of the particles
becomes completely decoupled from the drum rotadiod shows little deviation, as predicted by
previous studies. When the rate of rotation isaased still further to 1.1Hz, the particles become
more agitated and show significant deviation, pal#rly in the Y direction, but this is unrelates t
motion in the X direction. These results suggestaasition initially to rolling motion at 0.6Hz and
then a cascading or cataracting motion at 1.1Hz.

A more detailed analysis of the data using FastiEoanalysis confirmed the unique behaviour of
LH100 with respect to the other powders, partidylaith respect to the variation in the X direction

Figure 11 compares spectra for each of the powdihsrespect to deviation in the X direction at
0.33Hz.
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Figure 11: Fast Fourier plot of the X deviation forthe test powders at rotation 0.33Hz.

LH100 shows a large peak at 0.035Hz, suggestingcée chat takes 10 revolutions of the vial,
consistent with a slumping sequence. All powderselasmaller peak at approximately 0.065Hz, i.e.
f/2. This shows that the vial is not a perfect mgéir and shows a slight shift at every half rotatio
This peak is also visible in the equivalent Y-dé&wia plot in Figure 12, but to a lesser extent. ikga
the LH100 shows a peak at low frequencies, this @tnaround 0.02Hz.
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Figure 12: Fast Fourier plot of the Y deviation forthe test powders at rotation 0.33Hz.

Fast Fourier analysis of the data for LH100 systbeiag rotated at 0.33, 0.6 and 1.1 Hz shows that
the peak in the X displacement disappears as #laotation speed is increased, as shown in Figure
13.The distinct peaks in the Y displacement of L8it6tating at 0.33Hz disappear at 0.6Hz, only to
return at a different frequency at 1.1Hz, as showfigure 14. This suggests a significant distartio
of the bed at 1.1Hz and supports the idea of casgashd cataracting behaviour.
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Figure 13: Fast Fourier plot of the X deviation forLH100 at 0.33Hz, 0.6Hz and 1.1Hz.
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Figure 14: Fast Fourier plot of the Y deviation forLH100 at 0.33Hz, 0.6Hz and 1.1Hz.

At the low rotational frequency of 0.33Hz, LH10Gpliays behaviour distinct from the other powders
under the same conditions, being strongly influenbg the angular particle shape and wide size
distribution. The flow function test based on atist@ample does not differentiate significantly
between the lactose (GSK) and the LH100 (DFE), itkespry different behaviour under the dynamic
conditions of the avalanche tester. However, theenamhesive materials LH200 and LH300 gave
expected flow functions and also showed little d&wn in the avalanche tester, suggesting that the
avalanche test could quantify the cohesive nathigesmall powder sample.

CONCLUSION

The complex motion of particles in a rotating vVihot solely influenced by interparticle forceslan

cohesiveness, as particle shape and polydispeatity cause variation in behaviour. The flow
function measured by a shear cell will also notagfsvindicate the behaviour of a powder in a
dynamic system such as an avalanche tester. Howmawgtes of particle motion present in larger



avalanche systems are duplicated at this smak seal allow some qualitative assessment to be made
of the flow properties of small samples, based ofres-flowing/cohesive criterion. We have
illustrated how a low volume system can be usedfdst screening of powders producing results
comparable with those using larger volumes. Furtherk is being undertaken on irregular shaped
particles to ascertain how significantly shape @ffehe behaviour in a rotating system. Comparison
with other dynamic particle flow measuring systemsh as the Freeman FT4, will also be necessary.
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