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Vliv priméru kruhového otvoru koénické nerezové ndsypky Do (cm) v rozmezi
0.6-1,5 cm na hmotnostni rychlost sypani Q (g/s) byl studovan u sorbitolu pro piimé
lisovani (Merisorb 200, MS 200) a jeho velikostnich frakci v rozmezi 80-400 pum.
Platnost n¢kterych matematickych modell je omezena hranici 500 pm, piip. 200 pm,
a proto byla nelinedrni zavislost mezi Q a Dy modelovdna pomoci mocninné rovnice
autorti Jones&Pilpel (JP rovnice), kterd takovou limitaci neuvadi. Pro jednotlivé frakce
byly z grafické zdvislosti mezi komplexni proménnou (Q/24,6-dy) a Do urCeny
parametry JP rovnice (A a exponent ) a studovdna presnost zpetného odhadu rychlosti
sypani s cilem ndvrhu optimalniho priméru otvoru s nejnizsi procentni odchylkou
mezi experimentalné zjisténou a predikovanou hodnotou Q. Pro polydisperzni sorbitol
a jeho Ctyfi velikostni frakce se odchylka pohybovala v rozmezi 2,5-12,6 %, s nejniZsi
priimérnou odchylkou 2,5 % pro otvor o pruméru 1,0 cm. V pouzitém rozsahu priméru
otvorl byl pro testovani rychlosti sypani doporucen pro dalsi experimenty otvor 1,0

cm.
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Summary

Determination of the rate of gravitational flow through
a hopper aperture is one of the most widely used methods
for the evaluation of flowability properties of
pharmaceutical materials. This work studies the influence
of the diameter of a conical hopper aperture in the range
of 0.6-1.5 cm on the mass flow rate Q (g/s) of the
pharmaceutical excipient, sorbitol, for direct compression
(Merisorb 200, MS 200) and its size fractions in the range
of 0.080-0.400 mm in order to recommend the
appropriate aperture size for testing. Non-linear
dependence of the flow rate on the aperture diameter is
modeled by the Jones-Pilpel power equation. Using the
actual parameters of the power equation, the precision of
the mass flow rate prediction was the basic criterion in
optimization of the orifice diameter. It was detected
experimentally that for the evaluation of the flow rate of
MS 200 and its size fractions in the range used a 1.0 cm
aperture is recommended, which allows the most precise
prediction of the flow rate.

Key words: particulate material ¢ excipient, flow
equation ¢ conical hopper ¢ size fraction

Souhrn

Stanoveni rychlosti gravitacniho sypéni otvorem testovaci
nasypky je jednou z nejpouzivanéjSich metod pro
hodnoceni sypnych vlastnosti farmaceutickych materiala.
V této praci je studovédn vliv priméru otvoru kénické
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nasypky v rozmezi 0,6-1,5 cm na hmotnostni rychlost
sypani Q (g/s) farmaceutické pomocné ldtky sorbitolu pro
pfimé lisovani (Merisorb 200, MS 200) a jeho
velikostnich frakci v rozmezi 0,080-0,400 mm s cilem
doporudit pro testovani vhodnou velikost otvoru.
Nelinearni zavislost rychlosti sypani na priméru otvoru
je modelovina mocninnou rovnici Jones-Pilpel.
S vyuzitim aktudlnich parametri mocninné rovnice byla
zdkladnim kritériem optimalizace praméru otvoru
presnost zpétného odhadu rychlosti sypani. Na zdkladé
experimentu bylo zjiSténo, Ze pro hodnoceni rychlosti
sypani MS 200 a pouzitych velikostnich frakeci lze
doporucit otvor 1,0 cm, ktery umoZiuje nejpiesnéjsi
odhad rychlosti sypéni.

Klicova slova: partikuldrni materidl « pomocna latka ¢
rovnice sypani  kénickd nasypka ¢ velikostni frakce

Introduction

An important characteristic of pharmaceutical powders
is flowability, which expresses the ability of powder
substances to flow. The flow behavior is dependent not
only on the material’s characteristics such as particle size
and shape, adhesiveness, moisture content, etc.', but
also on the conditions in which the flow behavior is
specified, e.g. external conditions and equipment used.

It is possible to observe different kinds of flow behavior
of particulate matter during the flow. During the
unloading of the hopper a variety of different flow
problems can take place. Detailed information provided,
e.g., by the authors Prescott & Barnum®. The conditions
for each material, in which the flow experiences no
significant problems, should be experimentally
determined.

The correct description of the flowability properties is
important not only for handling, storage and
transportation of powder materials, but in pharmaceutics
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it is very important for the processes of blending,
homogenization and dosing of active substances and
excipients in the manufacturing of dosage forms, such as
tablets or gelatin capsules. If, during filling, the mixture of
powder substances has inappropriate flowability
properties, then tablets or divided powder in gelatin
capsules fail to comply with the requirements of content
or mass uniformity. In pharmaceutical technology, the
inappropriateness of flow of powder materials is solved,
e.g., by adding lubricating substances or increasing the
size of particles by granulation process.

Flow behavior of powders depends on their
physicochemical and mechanical properties, and its
characterization is very difficult, because the individual
test methods are not able to sufficiently and, above all,
completely, describe the properties of powders. The results
of the flowability evaluations carried out in different
laboratories are therefore often significantly varied, which
is mainly due to large quantities of wide-spread
methodologies of measurement, different types of
measuring instruments, and especially the lack of
a standardized measuring procedure. In pharmaceutical
technology, the flowability evaluation is performed using
pharmacopoeial methods of powder assessment (Ph. Eur.,
2.9.36.), such as angle of repose®, expression of the
compressibility index and the Hausner ratio and the rate
of flow through the aperture. Other assessment methods
are used in technical testing and evaluating flow such as
shear and avalanching behavior of powder materials*>".

The mass flow rate Q (g/s) through the hopper aperture
is considered one of the best methods of flowability
evaluation. This method is suitable for free-flowing
materials. The condition is to achieve a uniform flow of
material with minimal amount of failures. The literature
also recommends optimum geometry of the test hopper to
achieve this state. Normalized geometry takes into
account the relationship between the diameter of the
hopper D, the hopper aperture diameter D,, the particle
diameter x and the height of the hopper H.

It is recommended that: D > 2.5D0 D - Do > 30x, Do
>6x, H>D, H > Do with a choice of different aperture
diameter'?. The optimal (uniform) flow rate is not set and
the success of an accurate estimate of the flow rate for
a variety of hoppers is limited'". Increasing the accuracy
of the estimation of the flow rate is therefore a constant
focus for a number of research teams.

As already mentioned, the flow rate is primarily
influenced by the diameter of the hopper aperture, the
particle diameter and bulk density. The relationship
between these variables is described by the flow equation.
One of the most frequently used ones is the Brown and
Richards power equation [1] which describes the flow rate
of monodisperse particulate materials through the hopper
aperture'?,

Qo

(%J-gm-d-(Do—kx)m (1]

where Q is the mass flow rate (g/s), d is the true powder
density (g/ml), g is the acceleration of gravity (cm/s?), x is

the particle diameter (cm) and D, is the diameter of the
hopper circular aperture (cm), k (dimensionless) is the
empirical shape coefficient and 7/4 is quadrature of the
circle (dimensionless). The expression (k . x) is inter-
preted as the “empty annulus‘ and describes the corrected
influence of the hopper wall. Dependence of the flow rate
on the diameter of the hopper is transformed by a constant
exponent 5/2. It was discovered that the shape coefficient
is usually in the range of 1 <k <23,

The Beverloo et al equation [2]', which is also
frequently used, is derived from equation [1].

0=C.d,.g". (D,—kx)” [2]

The parameters of the equations are empirical discharge
coefficient C ~ 7/4 (dimensionless), and the previously
mentioned shape coefficient whose value k = 1.4 is used
as a constant. Instead of the true powder density, the
equation introduces bulk density d,, which describes the
behavior of powders during flow and is more easily
measurable. It is usually stated that the validity of
equations [1] and [2] is limited to particles greater than
0.500 mm, respectively 0.200 mm'>.

In pharmaceutical technology, the Jones & Pilpel
empirical equation [3] can also be used'®,

pA
40
.D0 =4 [W] [3]

where A and n (the reciprocal value of the exponent)
are dimensionless parameters of the equation, d, is the
powder bulk density (g/ml) and g, D, and Q were as
already mentioned above.

This work evaluates the effect of the diameter of the
conical hopper aperture on the mass flow rate Q (g/s) of
sorbitol for direct compression (MS 200) and its fractions
in the range of 0.080-0.400 mm with the goal of
recommending the appropriate diameter for the hopper
aperture D, (cm) to achieve the highest precision of the
reverse prediction of the flow rate.

Experimental part

Materials

Sorbitol for direct compression (Merisorb 200, Tereos
Syral SAS Nesle), of pharmaceutical quality was used.
Sample MS 200 was characterized by a mean particle
diameter x,, = 0.123 mm and x,, = 0.214 mm by the
analytical sieving methods (Vibratory Sieve Shaker AS
200 basic, RETSCH, Germany) in accordance to
European Pharmacopoeia (Ph. Eur., 2.9.38); the moisture
content in the material of 0.79% =+ 0.03% was determined
(N =3) gravimetrically (XM60, PRECISA, Switzerland).

The MS 200 size fractions were obtained by sieving
(Vibratory Sieve Shaker AS 200 basic, RETSCH, Germany)
with the use of the following sieves: 0.080 mm, 0.125 mm,
0.200 mm, 0.300 mm, and 0.400 mm. In Table 1, the particle
diameter x (mm) is referred to as geometric mean of the used
range of the sieves.
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Table 1. The effect of the size of a conical hopper aperture D, (cm) on the mass flow rate Q (g/s) of MS 200 and its fractions. The

relative standard deviations (RSD) in % are provided in brackets

1 D, (cm)

Size fraction (mm) | x (mm) d, (g/ml) Y 5 o 15
0.080-0.125 0.100 0.588 1.81 (2.45) 4.56 (1.97) 6.58 (2.79) 18.43 (2.76)
0.125-0.200 0.158 0.611 2.29 (3.26) 5.83 (1.67) 9.18 (1.38) 25.53 (2.59)
0.200-0.300 0.245 0.619 2.46 (0.93) 6.55 (2.08) 10.25 (1.26) 29.41 (0.00)
0.300-0.400 0.346 0.639 2.36 (0.99) 6.66 (0.95) 10.27 (1.74) 31.25 (0.00)

MS 200 0.631 2.32(0.94) 5.97 (0.94) 9.60 (1.42) 25.13 (1.66)

Methods The accuracy of the reverse prediction of the flow rate Q

All measurements were carried out at a temperature in
the range of 21 °C + 1°C and relative air humidity in the
range of 29% =+ 2%.

Bulk density

The bulk density of MS 200 and its size fractions was
determined by Scott’s volumeter (COPLEY, SOTAX,
UK) in accordance with the European Pharmacopoeia
(Ph. Eur., 2.9.34). The powder was layered into
a cylindrical stainless cup with volume of 25.00 ml +
0.05 ml. The distance between the powder heap and the
cylindrical stainless cup was 1.9 cm. The excess powder
was carefully removed so as to avoid any compression,
tapping or losses of powder from the cup. The bulk
density d, (g/ml) was calculated from a known volume of
the cylindrical cup, and the weight of the powder. Table 1
lists the means for ten repetitions of measurements, the
relative standard deviations (RSD) were less than 1%.

The flow rate Q (g/s) through the test hopper aperture

To measure the flow rate of MS 200 and its size
fractions the Automated Powder and Granulate Testing
System was used (PTG S3, PHARMATEST, Germany).
The mass flow rate Q (g/s) was determined by
measuring the time it took to empty a 50.0 g of powder
through a stainless steel conical test hopper with
a capacity of 300.0 ml. For the measurements, the
following sizes of the aperture diameter were used: 0.6
cm, 0.8 cm, 1.0 cm, and 1.5 cm. The selected aperture
was fixed on the bottom part of the hopper. After
unblocking the aperture, the pass-through time was
measured automatically with an accuracy rating of 0.1
s. The uniform mass flow rate was detected by graphical
registration. The flow rate of MS 200 and its fractions
was then calculated from the discovered pass-through
time. Table 1 lists the means for ten repetitions of
measurements, the relative standard deviations (RSD)
in % are provided in brackets.

Mathematical model
The results have been modeled using the equation [3].

(g/s) was expressed as the percentage deviation A (%)
between the experimentally noted flow rate and that
calculated by the generated flow equation.

Results and discussion

Particulate materials are the most common materials
used in the manufacturing of dosage forms. The exact
description of their flow behavior is essential to ensure
the continuity of the production process and the quality
of the final products. An appropriate method of evaluation
is measuring the flow rate Q through the test hopper
aperture. Achieving uniform flow without faults is a main
requirement. In order to achieve this, the appropriate
diameter of the hopper aperture D, should be determined
experimentally.

Table 1 summarizes the overview of properties of
sorbitol for direct compression (MS 200). The size
fractions are characterized by the particle diameter x
(mm), the bulk density d, (¢/ml) and the mass flow rate Q
(g/s) depending on the diameter of the circular aperture
of the conical test hopper D, (cm). Geometrical
requirements for the test hopper and the progress of
measurement have been in compliance with the
recommendation'®!V. The uniformity of flow was
monitored by using a graphical record of the quantity of
poured material in time. No malfunctions were observed
during the flow for the tested size fractions, not even for
the smallest fraction with a mean diameter of 0.100 mm.

With increasing the size of the aperture, the flow rate
increases non-linearly. This dependency can be
mathematically described by a power equation, which is
usually referred to as the flow equation. The
experimentally determined flow rates Q (g/s) of Merisorb
200 and its size fractions (Table 1) were modeled using
the Jones-Pilpel power equation [3]'.

Calculation of the parameters of the equation A and n
is possible due to the graphical dependencies between
(Q/\/g.n/4.db) and the size of the aperture D, (cm). The
parameters of the flow equation [3] A and » are given in
Table 2. The results are supplemented by the correlation

Table 2. The parameters of the Jones-Pilpel flow equation for MS 200 and its size fractions

X (mm) d, (g/ml) A n r

0.100 0.588 1.3443 2.4944 0.9950
0.158 0.611 1.2042 2.6015 0.9966
0.245 0.619 1.1529 2.6745 0.9959
0.346 0.639 1.1527 2.7832 0.9950
MS 200 0.631 1.2148 2.5760 0.9957
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Table 3. The effect of the diameter of an aperture D, (cm) on the accuracy of the prediction of the flow rate @, (g/s)

D, (cm) X (mm) Q (g/s) Qp (g/s) A (%) Average A (%)
0.100 1.81 1.93 6.65
0.158 229 245 7.06

0.6 0.245 2.46 2.65 7.82 T
0.346 2.36 2355 8.43
MS 200 2.32 2.52 8.62
0.100 4.56 3.96 -13.25
0.158 5.83 5.18 -11.12

0.8 0.245 6.55 573 -12.59 12.6
0.346 6.66 5.69 -14.56
MS 200 597 529 -11.43
0.100 6.58 691 4.92
0.158 9.18 9.26 0.86

1.0 0.245 10.25 10.40 1.45 25
0.346 10.27 10.59 3.08
MS 200 9.60 9.39 -2.14
0.100 1843 18.99 3.05
0.158 25.53 26.59 4.14

1.5 0.245 2941 30.76 4.58 4.6
0.346 31.25 32.72 4.71
MS 200 2513 26.70 6.24

coefficient r in the range of 0.9950-0.9966 which
demonstrates that the mathematical model describes
experimental data with a high degree of accuracy.
Parameter A (dimensionless) expresses the correction of
the influence of the hopper wall and its values are in the
range of approximately 1.15-1.34. The values of the
exponent n are in the range of approximately 2.5-2.8, with
a mean value of 2.6.

When testing the flow, it is usually necessary to first
select an appropriate diameter of the aperture. The
criterion for the proposal of the optimal diameter of the
hopper aperture can be the precision of the individual
reverse estimates of the flow rate Qp (g/s) of MS 200 and
its size fractions through the individual test hopper
aperture D, (cm). In the used range of D, = 0.6-1.5 cm,
the flow equation parameters A and n (Table 2) were used
in the estimation of Qp (g/s) according to the equation [4],

DY (=
Pl

Comparing the reverse estimate of the flow rate with
the experimentally obtained value of O, percentage
deviations A (%) between the two values could be
subsequently expressed. The results are listed in Table 3.
The accuracy of the reverse estimate of the flow rate for
all of the hopper apertures (i.e. without discern to the
aperture diameter) for polydisperse MS 200 is
approximately 7% and is comparable with the precision
for monodisperse fractions in the range of 0.080 mm —
0.400 mm, which ranges from 5.5% to 7.7%. The mean

deviation in the last column of Table 3 allows for an
expression of the optimal diameter of the hopper aperture
D, (cm) for the flow of MS 200 and its size fractions in the
studied range of 0.080-0.400 mm. Regardless of the
fraction size and the minus or plus sign, the lowest mean
deviation has been recorded for the aperture of 1.0 cm as
is evident from Table 3.

Conclusions

The mass flow rate of sorbitol and its size fractions
through the conical hopper aperture is non-linearly
influenced by the size of the test hopper aperture D,. On
the basis of the experimental results, it is possible, for
evaluation of flow rate of sorbitol MS 200 and its fractions
in the studied range of 0.080-0.400 mm and in the used
range of aperture diameters of 0.6-1.5 cm, to recommend
aperture of 1.0 cm, for which a mathematical model used
allows the most precise estimate of the flow rate (g/s),
characterized by the lowest average deviation from the
experimentally observed flow rate of 2.5%.
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HURYCHOVA, H., LEBEDOVA, V., SKLUBALOVA, Z., DZAMOVA, P.,
SVERAK, T., STONIS, J. Fractal aspects of the flow and shear behaviour of free-

flowable particle size fractions of pharmaceutical directly compressible excipient

sorbitol, Ces. slov. Farm., 2016, 65 (6), s. 221-225, ISSN (online): 1805-4439

Byl sledovan vliv velikosti Cdstic Ctyf velikostnich frakci sorbitolu v rozmezi
80-400 um na hmotnostni rychlost sypani Q (g/s) kruhovym otvorem nerezové
koénické nasypky o priméru 1,0 cm, a na smykové chovani. Pomoci optické
mikroskopie (SW analySIS auto 5.1) byly Castice charakterizovany zakladnimi
granulometrickymi ddaji (ekvivalentni primér, Feretliv primér, tvarovy faktor,
sfericita), v¢etné linedrni fraktdlni dimenze Castic (particle fractal dimension, pDr)
urcené Minkovského metodou. Velikost ¢astic neovlivnila fraktdlni dimenzi pDr,
kterd se pohybovala v rozmezi 1,061-1,069 s primérnou hodnotou 1,066. Ve
sledovaném rozmezi velikostnich frakci byl detekovan vyznamny vliv (ANOVA,
p <0,0001) stredniho rozméru €astic x (um) na rychlost sypani Q (g/s) jednotkovym
otvorem s maximem pro frakci 245 um. Vysledky testovani sypnosti korelovaly
s vysledky smykového testovani s vyuzitim Jenikeho smykového pfistroje a potvrdily
vliv velikosti ¢astic na kohezi 7. (kPa), ur€enou z Mohrovy analyzy kruZnic, a tokovou
funkci ff., vypocitanou z podilu vétSiho hlavniho napéti a tlakové pevnosti. Minimalni
hodnota koheze (0,02 kPa) a nejvyssi hodnota tokové funkce ff = 212 frakce 245 um
korelovala se zjiSténym maximem rychlosti sypani. Zavérem je doporuceno vyuZiti
rychlosti sypani otvorem a smykového testovéani pro vybér optimdlni velikostni frakce

s nejlepSimi tokovymi vlastnostmi.
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Fractal aspects of the flow and shear behaviour
of free-flowable particle size fractions of pharmaceutical
directly compressible excipient sorbitol

Fraktalni aspekty sypného a smykového chovani volné sypnych velikostnich
frakei primo lisovatelné farmaceutické pomocné latky sorbitolu

Hana Hurychova * Viclava Lebedova » Zdenka Sklubalova « Pavlina Dzamova « Tom4s Svérak « Jan Stoni§
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Summary

Flowability of powder excipients is directly influenced by
their size and shape although the granulometric influence
of the flow and shear behaviour of particulate matter is
not studied frequently. In this work, the influence of
particle size on the mass flow rate through the orifice of
a conical hopper, and the cohesion and flow function was
studied for four free-flowable size fractions of sorbitol for
direct compression in the range of 0.080-0.400 mm. The
particles were granulometricaly characterized using an
optical microscopy; a boundary fractal dimension of
1.066 was estimated for regular sorbitol particles. In the
particle size range studied, a non-linear relationship
between the mean particle size and the mass flow rate Q,,
(g/s) was detected having a maximum at the 0.245 mm
fraction. The best flow properties of this fraction were
verified with a Jenike shear tester due to the highest value
of flow function and the lowest value of the cohesion. The
results of this work show the importance of the right
choice of the excipient particle size to achieve the best
flow behaviour of particulate material.

Key words: flowability ¢ size fraction * sorbitol for direct
compaction ¢ Jenike shear tester  fractal dimension
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Souhrn

Sypnost praskovych pomocnych latek je piimo ovlivnéna
jejich velikosti a tvarem, ackoliv granulometrické
ovlivnéni tokového a smykového chovani partikularnich
materidli neni studovdno pfili§ Casto. V prici byl
sledovan vliv velikosti Castic Ctyf velikostnich frakci
sorbitolu pro pfimé lisovani v rozmezi 0,080-0,400 mm
na rychlost sypani otvorem kénické nasypky a na kohezi
a tokovou funkci. Castice byly granulometricky
charakterizovdny pomoci optické mikroskopie; pro
pravidelné Castice sorbitolu byla ur¢ena linearni fraktalni
dimenze 1,066. Ve studovaném rozmezi velikosti ¢astic
byla detekovana nelinedrni zavislost mezi stiedni velikosti
Cdstic a hmotnostni rychlosti sypani Q,, (g/s) s maximem
pro frakci 0,245 mm. Pomoci Jenikeho smykové cely byly
vyborné tokové vlastnosti této frakce ovéfeny diky
nejvyssi hodnoté tokové funkce a nejniz§i kohezi.
Vysledky potvrzuji diileZitost spravného vybéru velikosti
Castic pomocné latky k dosaZeni nejlepSich tokovych
vlastnosti materidlu.

Klicova slova: sypnost ¢ velikostni frakce ¢ sorbitol pro
pfimé lisovani ¢ smykovy pristroj Jenike ¢ fraktdlni
dimenze

Introduction

In the production of pharmaceutical solid dosage forms,
the ability of particulate matter to flow directly influences
the manufacturing processes, such as filling and
discharging of hoppers, mixing and homogenization, as
well as the die filling of the tablet presses. Flow behaviour
of powder is directly related to its properties out of them
the size and shape of individual particles, the attractive
inter-particulate forces and the adhesive forces to the
equipment wall are dominant?.

In order to test flowability, many methods have been
developed. Generally, it is accepted that it is difficult to
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compare the results directly; it is necessary to collect the
conclusions of more methods in order to describe the
material properties completely?. The traditional simple
methods for routine testing include the measurement of
angle of repose, the evaluation of bulk and tapped
density, and the calculation of Hausner ratio (HR) and/or
the compressibility index (Ph. Eur. 9.0, 2.9.36).
However, the estimation of the flow rate through an
orifice of a hopper, using either the mass flow rate (g/s)
or the volume one (ml/s), presents a better illustration of
the flow behaviour. The method is recommended for
a free-flowable material with a regular flow pattern. The
use of a flat-bottomed cylindrical hopper having
a changeable orifice is recommended although the
automatic testers obviously use the conical one; the most
suitable orifice diameter is estimated experimentally™¥.
Generally, the power law with the exponent of 5/2 fits
the relationship between the orifice diameter and the
flow rate for monodisperse powders well?. The equation
seems satisfactory for material with a particle diameter
greater than approximately 0.50 mm. This limit recently
seems to be overcome as many of new pharmaceutical
materials, particularly those for direct compression,
remain free-flowable although their particles are much
smaller®.

However, the use of shear tester measurement
represents the most precise estimation of the flowability
of free-flowing and/or cohesive powders. The
translational Jenike shear tester is standard equipment
(ASTM D6128-16) in which the tangential shear strain T
(Pa) needed to move a layer of the consolidated material
under the influence of a normal shear stress ¢ (Pa) is
measured. From the ¢-7 relationship (yield locus, YL)
under various normal loads, a variety of parameters can be
detected such as the angle of internal friction, the
cohesion, the flow function, etc. Except for the Jenike
shear tester, the annular one” and the powder rheometer®
could be also utilized.

As mentioned above, the main factors influencing the
flow behaviour of particulate material include their size,
a shape and a surface topography. All are dominant for
the arrangement of a particle in a powder bed as well as
for mutual interactions and cohesive forces between them.
Generally, it is difficult to simply describe the particle
properties for an irregular 3D shape. Most methods
simplify the 3D image of the particle into a 2D diameter
(e.g. microscopy) or approximate it to a sphere which is
e.g. usual for laser diffraction® 9. In addition to these
methods, fractal geometry represents a complex research
method for the ragged surface objects. A particle
geometry can be determined using a fractal dimension,
FD, which is derived from the slope of the Richardson
plot related the logarithms of the step length to the
logarithms of the boundary perimeter!V. In order to obtain
the particle perimeter, highly sophisticated computer
systems employ the principle of structured walking, box-
counting and others as reviewed by Allen et al.'?. In
a view of the complexity of the object morphology,
i.e. ruggedness (roughness, lacunarity) of the outline
structure, linear FD numerically ranges within 1 to 2 for
simple crystals and agglomerates'> ¥ while the values of
FD 2 to 3 are referred to for 3D structures™. In

pharmaceutical technology, fractals are mostly used to
describe the dissolution kinetic'® but have also been used
successfully in the study of flow and consolidation
behaviour of particle materials' .

In this experimental work, the influence of the mean
particle diameter of four particle size fractions of a model
free-flowable excipient, sorbitol for direct compaction, in
a range of 0.080 — 0.400 mm on the flow and shear
behaviour was studied. The particles were characterized
using granulometric descriptors including fractal
dimension obtained by optical microscopy.

Experimental part

Materials

Sorbitol for direct compaction (Merisorb® 200 Pharma,
Tereos Syral SAS Nesle, France) was used as a free-
flowable model excipient. The particle size was estimated
using a Malvern Mastersizer 2000 (Malvern Instruments
Ltd, UK) using the Mie theory of light scattering. The
measurements were carried out in dry mode (air
dispersion). The median particle diameter x,,= 0.250 mm
was noted for bulk sorbitol.

The particle morphology was investigated using
scanning electron microscopy with a FEG electron gun
(FIB-SEM TESCAN LYRA3GMU) at an acceleration
voltage of 5 kV. The samples were placed on a carbon
conductive tape in order to conduct the measurements and
an approx. 10 nm thick gold layer was subsequently
sputtered onto the sample surface. Figure 1 illustrates the
shape of particles.

Size fractions 0.080-0.125, 0.125-0.200, 0.200-0.300
and 0.300-0.400 mm were obtained using a Vibratory
Sieve Shaker AS 200 basic (Retsch, Germany) with the
use of the following sieves: 0.080; 0.125; 0.200; 0.300,
and 0.400 mm. The mean particle size x (mm) was
expressed as a geometrical mean of the used screens,
i.e. 0.100, 0.158, 0.245, and 0.346 mm.

Methods

The flow and shear measurements were carried out at
standard laboratory temperature in the range of 22+ 1 °C
and relative air humidity in the range of 32 + 2%
(Hygrometer 608-H1, Testo, China).

Optical microscopy

The granulometric characteristics and the linear fractal
dimension, FD, were obtained using optical microscope
BX 51 (Olympus, Japan) with a digital camera, and the
automatic detection of particles and reading of results
(computer SW analySIS auto 5.1). A small amount of
powder sample was uniformly laid on a glass slide
without agglomerates. No dispersing medium was used.
Samples were observed at a magnification of 10 times (the
pixel size 0.2164 pnm); the specific digital camera
(resolution of 4140 x 3096 pixel) and video (resolution
1360 x 1024 pixel) combination were used for the
photographs of 100 particles (n = 100). In all cases, binary
images were obtained from digitalized images using
arelative grey-level threshold of 40%, pixel connectivity
was 4. Table 1 lists the granulometric characteristics of
the sorbitol size fractions.
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Bulk and tapped density

The density of sorbitol size fractions was measured
using a tapped density tester SVM 102 (Erweka,
Germany) in accordance with the Ph. Eur. 9.0 (2. 9. 34).
The 50.0 g of powder was carefully poured into the
100.0 ml graduated cylinder. The bulk density d_ (g/ml)
was calculated from the known mass of the powder and its
volume. After 1250 taps (250 + 15 taps/min from a height
of 3 = 0.2 mm) the volume of powder was recorded and
the tapped density d, (¢/ml) was estimated. In Table 2, the
average of ten measurements are presented; data are
completed with standard deviation (SD).

The Hausner ratio, HR, was calculated using equation

[1] where V, is the bulk volume (ml) and V., is the
tapped volume (ml) of the sample after 1250 taps.
VO
HR=—— [1]
Vizso

Flow rate through an orifice

The flow rate of the sorbitol size fractions was
measured in discrete samples using an Automated powder
and granulate tester GTB (Erweka, Germany) in
agreement with the Ph. Eur. 9.0 (2. 9. 36). A stainless steel
conical hopper with a capacity of 200.0 ml having an
internal angle wall inclination of 40° was used to measure
the time it took to empty 100.0 g of material through the
circular aperture with a diameter D, = 10.0 mm. The mass
flow rate Q,, (g/s) was calculated; the average of ten

oA
LYRA3 TESCAN

SEM HV: 5.0 KV,
View field: 1000 pm
Performance in nanospace

Figure 1. SEM picture of sorbitol particles

Shear testing

The shear properties of the sorbitol size fractions were
measured using a translational Jenike shear cell having
a diameter of 100.0 mm in accordance with the
recommendations of ASTM D6128-16. A constant speed
of 4 mm/min was used for the force-measuring pin. The
material was uniformly filled into the shear cell with the

measurements with the SD are presented in Table 2. gentle compression. Consolidation proceeded at
Table 1. The granulometric characteristics of sorbitol size fractions
Size fraction | ¢ ) ECD (um) | F,, um) | F,_ (um) | P(um) SF SPH FD
(mm) )
0.080-0.125 0.100 118.73 105.26 147.27 439.83 0.72 0.56 1.069
0.125-0.200 0.158 173.48 154.44 213.23 646.51 0.71 0.57 1.068
0.200-0.300 0.245 268.86 24391 324.56 968.36 0.76 0.63 1.061
0.300-0.400 0.346 368.29 335.65 442.18 1350.11 0.75 0.63 1.064

X — geometric mean of the used range of the sieves, ECD — equivalent circle diameter, F,

factor, SPH — sphericity, FD — fractal dimension

Table 2. The bulk characteristics of sorbitol size fractions

— Feret min, F,_— Feret max, P — perimeter, SF — shape

min

X (mm) d_(g/ml) d, (g/ml) HR Q,, (&/s)

0.100 0.561 £0.003 0.647 = 0.003 135 8.11+0.154
0.158 0.602 + 0.004 0.681 = 0.006 1.13 11.71 £ 0.259
0.245 0.621 £ 0.005 0.707 = 0.005 1.14 12.68 £0.155
0.346 0.642 +0.003 0.726 = 0.005 1.13 12.33 £ 0.147

X — geometric mean of the used range of the sieves, d. —bulk density, d, — tapped density, HR — Hausner ratio, Q,, — mass flow rate (10 mm orifice)

Table 3. The flow and shear characteristics of sorbitol size fractions

X (mm) d,,.(g/ml) o, (kPa) o, (kPa) 7, (kPa) ) 9, ff
0.100 0.543 14.27 0.48 0.16 21.31 22.22 30
0.158 0.547 14.50 0.16 0.05 21.51 21.80 91
0.245 0.554 14.83 0.07 0.02 22.13 22.26 212
0.346 0.543 14.06 0.25 0.09 20.13 20.61 56
X — geometric mean of the used range of the sieves, d . — consolidated density, 6, — major principal stress, 6, — unconfined yield strength,

cons

T, — cohesion, @, — angle of internal friction, @, — effective angle of friction, ff — flow function
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a consolidating normal stress of 10.15 kPa and 20 twists.
The sample was subjected to the same normal stress to
shear (preshear point) and subsequently to the reduced
stresses of 7.62 kPa — 5.21 kPa — 2.72 kPa, respectively,
to obtain the corresponding shear points. The
measurements were repeated three times, each time using
a fresh powder sample. Using Mohr*s circles analysis of
the graphical plot of o-7 relationship for the reduced
normal load (GeoGebra SW), the shear characteristics
were estimated. The average of three measurements (the
values were similar) for each powder sample is
summarized in Table 3. The consolidated density d_,
(g/ml) was calculated after the shear test from the weight
of sample in the shear base and shear ring and their known
volume (274.89 ml).

Results and discussion

Particulate materials represent a dominant form of
substances in various industries, including the
pharmaceutical one. The flow and compression behaviour
of pharmaceutical powder active substances and
excipients affect significantly their manipulation as well
as the fluent manufacturing and the quality of final dosage
forms. It is generally accepted that the flow properties
depend on many factors. Of these, the particle size and
shape have a primary effect" '¥. The main target of this
work was the investigation of the influence of the mean
particle diameter of the size fractions in a range of
0.080-0.400 mm on the flow and shear behaviour of the
free-flowable pharmaceutical excipient for direct
compaction, sorbitol.

Figure 1 illustrates the sorbitol particles. Using an
optical microscopy with automated image analysis,
particle shape was characterized with different descriptors
as shown in Table 1. Shape factor which is the ratio of
square perimeter and the particle area, and sphericity
which is the ratio of the surface area of a sphere having the
same volume to that of the measured particle are
frequently used characteristics showing how spherical and
regular the particle shape is'?. Generally, more spherical
particles have less inter-particle friction and better
flowability. In the last column of Table 1, the value of
fractal dimension, FD, is listed. As the fractal dimensions
of the shape boundaries are scale invariable they do not
depend on the particle size (the principle of self-
similarity). The average FD value of 1.066 is near to that
detected by Zatloukal'”. The slight deviation results from
a different method of FD estimation (structured walking
over box counting) and different resolution of pictures as
fractal dimension is strictly resolution-dependent'?.

In Table 2, Hausner ratio (HR) which relates the bulk
density d_ (g/ml) to tapped density d, (g/ml) both
measured in a cylinder is shown. The values of 1.13-1.15
placed the tested sorbitol fractions to the good flowability
group in agreement with a general scale for the flow
behaviour. In the last column, the average mass flow rate
0,, (g/s) calculated from the time for the powder sample
to pass through the aperture of the conical hopper having
a diameter of 10 mm is summarized. For this orifice size,
the best results were previously obtained®. A non-linear

relationship between the mean particle size x (mm) and
0,, (g/s) was detected. Generally, the cohesive forces
between particles decrease with an increase in particle size
leading to better flow. In the tested particle size range of
0.080 — 0.400 mm, this was true up to particle size
0.245 mm. Then, Q,, (g/s) decreased.

To show the particle size effect in detail, a shear test
was performed for the sorbitol size fractions using
a translational Jenike shear tester. The method is
considered the best fundamental and physical
measurement of flow properties. From the yield loci of
the shear stress vs. the reduced normal load, the
characteristics: the major principal stress ¢, unconfined
yield strength o, cohesion 7, angle of internal friction ¢,
effective angle of friction ¢,, and flow function ff which
is the ratio 0/c, were obtained using Mohr’s circle
analysis as listed in Table 3.

The low values of cohesion 0.02-0.16 kPa were noted
showing that the frictional forces between the particles
are very low. However, it could be seen that cohesion 7,
decreases in a range of 0.16-0.02 kPa up to particle size
0.245 mm and then slightly increases again for the
0.346 mm fraction (0.09 kPa). This reflects well the
results of the mass flow rate measurement mentioned
above.

Similarly to the general scale of flowability known for
angle of repose and/or Hausner ratio (Ph. Eur. 9.0, 2.9.36),
the flow function ff can be used for classification of flow
behaviour. The smaller the ratio of the unconfined yield
strength ¢, to the major principal stress o, the better a bulk
solid flows” as written below:

10 < ff free flowing

4 < ff < 10 easy flowing

2 < ff <4 cohesive

1 <ff< 2 very cohesive

Jff< 1 not flowing

The value of the flow function increases for the
fractions in order 0.100 mm < 0.158 mm < 0.245 mm
reaching the maximum value of 212 for the latest
mentioned, then drops again for the fraction 0.346 mm
(ff = 56). The internal angle of friction represents the
additional property of the bulk solids. The values of ¢,
(Table 3) increased with the particle size up to 22.13° for
0.245 mm fraction. As ¢, is equal to the slope of the yield
locus”, higher values again verify the better flow
properties.

Conclusions

In conclusion, the boundary fractal dimension,
FD = 1.066, was detected for regular crystal particles of
a free- flowable pharmaceutical excipient sorbitol for
direct compression. While the empirical criterion Hausner
ratio did not demonstrate the particle size effect
significantly and all obtained values corresponded to good
flowability, the flow rate through a hopper orifice was
much better criterion. Although all fractions used were
free-flowing, a non-linear relationship between the
particle size and the mass flow rate Q,, (g/s) through the
circular orifice with a diameter D, = 10.0 mm was
registered with the maximum for the mean particle size
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x = 0.245 mm. However, only the results of Jenike shear
measurement allowed the most precise description of
sorbitol fractions flow behaviour. The significant increase
in the flow function (212) has been registered for the
sorbitol size fraction 0.245 mm again which was in good
agreement with the lowest value of the cohesion (0.02
kPa) and the highest value of the angle of internal friction
(22.13°). The granulometric influence of the flow rate of
particulate matter is not studied very often although,
empirically, the manufacturers often use the powder
material with narrow particle size distribution. The results
of this work show the significance of the choice of
a suitable particle size fraction to achieve the best flow
behaviour of pharmaceutical particulate material.

The authors thank to the grant No. 322315/2015 of Grant Agency of
Charles University and the specific research project 260 291 of Charles
University for the financial support.
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HURYCHOVA, H., ONDREJCEK, P., SKLUBALOVA, Z., VRANIKOVA, B.,
SVERAK, T. The influence of stevia on the flow, shear and compression behaviour of
sorbitol for direct compaction, Pharm. Dev. Technol., 2018, 23 (2), s. 125-131, doi:
10.1080/10837450.2017.1315132, ISSN (online): 1097-9867, IF2016= 1,860

Clianek se zabyvd vlivem pifdavku nového alternativniho sladidla, stévie
(Rebaudioside A, Reb-A), v koncentraci 0,2 % a 0,5 % na sypné, smykové a
kompaktacéni vlastnosti voln€ sypného sorbitolu pro piimé lisovani (Merisorb 200,
MS). Pro hodnoceni sypného chovani byly vyuZzity standardni metody statického
testovani, jako je Hausneriiv pomér (HR), index stlacitelnosti (CI) a sypny thel (SA).
I kdyz bylo zaznamendno mirné zvySeni HR, empirické metody neumoZnily rozlisit
vliv pfidavku Reb-A a chovani vSech smési odpovidalo dobrym tokovym vlastnostem.
Pro dynamické hodnoceni sypnosti se vyuZilo testovani gravitacni rychlosti sypéani
otvorem konické testovaci nasypky o priméru 1,0 cm. Bylo prokdzadno vyznamné
snizeni (ANOVA, p < 0,0001) hmotnostni rychlosti sypani Q (g/s) sorbitolu vlivem
piidavku stévie; vliv byl pfimo umérny koncentraci Reb-A. S vyuzitim Jenikeho
smykového piistroje byly smési hodnoceny za podminek konsolidovaného stavu.
Hodnoty koheze 7. (kPa), ur¢ené metodou Mohrovy analyzy kruZnic, a tokové funkce
ffe sorbitolu a jeho smési s Reb-A, vypocitané z podilu vétstho hlavniho napéti a
tlakové pevnosti, potvrdily vyznamny (ANOVA, p < 0,0001) vliv ptidavku stévie jiz

v koncentraci 0,2 % na sypné vlastnosti sorbitolu a kohezivni vlastnosti Reb-A.

Pomoci tradi¢ni metody zdznamu "sila-drdaha" (force-displacement) byl sledovan vliv
piidavku stévie na prubéh lisovani sorbitolu. Pro podchyceni efektu Reb-A nebyla
pouzita mazadla. Pfidavek Reb-A zvysil energii E; (faze predlisovani) a energii E>
(faze lisovani), zatimco energie elastické deformace (E3) byla sniZzena. To ukazuje na
zhorSeni ochoty smési se preskupit diky zvySenému tfeni mezi ¢asticemi a na zvySeni
tvorby mezicasticovych vazeb. Tablety se stévii také vykazuji nizsi relaxaci ve fazi
dekomprese. Vysledky byly porovnidny s vlastnostmi tablet. Piidavek stévie
v tabletdch zptsobil signifikantni, koncentra¢né zavislé, zvysSeni pevnosti (ANOVA,

p <0,0001) a prodlouZeni doby rozpadu tablet (ANOVA, p < 0,0001).
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Zavérem je konstatovdno, Ze ptidavek kohezivni sloZky mize i ve velmi malém
mnozstvi signifikantné zhorsit tokové chovdni voln€ sypné pomocné latky a jeji
lisovatelnost. Vzhledem k tomu, ze stévie se svym tvarem a velikosti Castic
(mikronizované Castice jehlickovitého tvaru) podoba Ié¢ivym latkdm, jsou vysledky
praktickou ilustraci nedostacujici citlivosti empirickych metod pti hodnoceni sypnosti
nckterych farmaceutickych praskovych smési a nezbytnosti vyuZziti dynamického,

piip. smykového testu pro predikci sypného chovani.
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ABSTRACT

Good flow and compaction properties are necessary for the manipulation of particulate material in the
pharmaceutical industry. The influence of the addition of an alternative sweetener, rebaudioside A, in a
concentration 0.2% w/w and 0.5% w/w on the flow, shear and compaction properties of sorbitol for direct
compaction, Merisorb® 200, was investigated in this work. Rebaudioside A worsened the flow properties
of sorbitol: the Hausner ratio, the compressibility index and the mass flow rate through the aperture of a
model hopper. Using a Jenike shear cell revealed a significant increase in cohesion leading to the
decrease of the flow function; moreover, the addition of rebaudioside A increased the total energy for
compression of tablets and plasticity estimated by the force-displacement method. Finally, the tablets
showed a higher tensile strength and needed longer time to disintegrate compared to the tablets made
of sorbitol itself. In view of the results for the free-flowable excipient, sorbitol, the effects of stevia even
for a 0.2% w/w concentration have to be carefully considered, particularly whenever used in pharmaceut-
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ical formulations of poor flow properties.

Introduction

Powders are widely used materials in many different industries
including the food industry and production of pharmaceuticals.
The packing and cohesive properties of a powder affect the stor-
age and flow necessary for continuous processing of bulk material
and its compaction (McGlinchey 2005; Augsburger & Hoag 2008).
Irregular flow leads to unevenness in filling the matrix during pro-
duction of tablets and to high mass deviations; moreover, the
products do not meet uniformity of mass (and/or content of the
active ingredient) requirements.

The flowability and compressibility of powders depend on the
properties of particles, for example, their particle size and shape,
surface topography, particle density and moisture content, as well
as on the external conditions such as room temperature and rela-
tive air humidity, and further, by using testing and/or production
machines (Prescott & Bamum 2000; Schwedes 2003). A careful
examination of the flow and compaction behavior of the particu-
late material is, therefore, essential for the production of solid
pressings such as tablets.

There are many methods describing the flow and compaction
properties of powders. However, no individual method can fully
describe them and it is often necessary to collect and compare
the results of different methods to characterize the powder prop-
erties satisfactorily (Schwedes 2003; McGlinchey 2005; Qiu et al.
2009). Of these, the measurement of the static and/or dynamic
angle of repose, the expression of Hausner ratio and/or compress-
ibility index and the measurement of the flow rate are popular.

In particular, monitoring the discharge rate through a hopper
orifice under gravity has been proposed as one of the most useful
methods for the evaluation of flow properties of a free-flowing
powder material. To obtain a uniform mass flow (Prescott &

Barnum 2000), the hopper geometry must follow general guide-
lines for the relationship between the diameter of a hopper, the
diameter of the hopper orifice and the material particle diameter
(Nedderman et al. 1982; Xie & Puri 2006).

Using a translational shear cell allows the measurement of the
force needed to shear the bed of preconsolidated powder which
corresponds to the forces acting between the particles of the
inner layer. A wide variety of parameters can be obtained such as
the shear stress—shear strain relationship (yield loci, YL), the cohe-
sion, internal friction angle, flow function and many others
(McGlinchey 2005; Schulze 2008). The method is mostly used to
determine the critical parameters of the hoppers and to predict
flow problems.

Direct compression is a relatively simple method of producing
tablets, which involves only dry mixing of powders and subse-
quent compacting. However, the material must meet specific
requirements, for example, particle size and size distribution, por-
osity, moisture content, good flow and compaction properties
(Parikh 2005; Augsburger & Hoag 2008). On the other hand, the
flow of tableting material can be worsened by some additives, for
example, flavors and sweeteners (Mullarney et al. 2003). Before
the manufacturing of tablets, knowledge of the material compac-
tion properties is, therefore, necessary. The force-displacement
(FD) record method allows correlation of the parameters of the
energy for the phase of compression and decompression (relax-
ation) with the deformation and tablet-forming properties of
material from measurements of upper punch force and displace-
ment (Augsburger & Hoag 2008; Gad 2008, Ragnarsson 1996).
Further, this can be correlated with the tablet strength or disinte-
gration time. In relation to material deformation properties
(e.g. elasticity, plasticity), the critical parameters of compression
process and batch-to-batch variability can be studied.
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For the acceptability of the orally applied products, taste is one
of the most important factors. In order to modify the unpleasant
taste, sweeteners are widely included in the formulation (Sohi et al.
2004). Sorbitol is among the most commonly used sugar alcohols
for taste correction, as a filler/dry binder for direct compression of
tablets, a wet granulation agent, a plasticizer for coated tablets and
in chewable tablets; the crystalline or spray dried form of sorbitol
represents an example of a free flowable excipient (Bolhuis &
Chowhan 1996; Nabors 2012; Grembecka 2015). Generally, sugar
alcohols have lower sweetening power than sucrose, but they have
the advantage of similar sensation properties and are therefore
often combined with other sweeteners. Recently steviosid, the nat-
ural sweetener, is in the forefront of interest.

The highly refined preparations of Stevia rebaudiana, that is,
steviol-glycosides (rebaudioside A) can be considered GRAS
(Generally Recognized as Safe) and have been approved by the
FDA. Of approximately 100 different compounds, stevioside and
rebaudiosides A to E are the most important (Goyal et al. 2010;
Nabors 2012). Rebaudioside A (Reb-A) has a pleasant sweet taste,
higher water solubility and better stability in comparison with ste-
vioside; a sweet taste starts off slowly and a slightly bitter after-
taste or licorice flavor can be suppressed by mixing with other
sweeteners (Caracostas et al. 2008; Goyal et al. 2010; Nabors 2012;
O'Donnell & Kearsley 2012).

In this work, the influence of the addition of rebaudioside A
0.2% w/w and/or 0.5% w/w on the bulk (angle of repose, apparent
bulk and tapped densities, Hausner ratio and compressibility index),
dynamic (the flow rate) and shear (cohesion, the angle of internal
friction, the flow function) properties of sorbitol for direct compac-
tion, Merisorb®200, was investigated. The effect on the compaction
behavior was studied by the force-displacement method and the
tablets were tested for tensile strength and disintegration time.

Materials and methods
Materials

Sorbitol for direct compaction (Merisorb®200, MS; Tereos Syral SAS
Nesle) and rebaudioside A 97% (Stevia Reb-A 97 powder, Reb-A;
NP Sweet A/S) were used.

Y

SEM HV: 5.0 kV
View field: 1000 um
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Figure 1. Scanning electron micrograph of sorbitol (a) and rebaudioside A (b).

The particle morphology of MS (Figure 1(a)) and Reb-A (Figure
1(b)) was investigated using scanning electron microscopy (SEM)
with a FEG electron gun (FIB-SEM TESCAN LYRA3GMU) at an accel-
eration voltage of 5kV. To conduct the measurements, the sam-
ples were placed on a carbon-conductive tape. Subsequently,
approximately 10nm thick gold layer was sputtered on the sam-
ple surfaces. The particle size distribution of substances (Figure 2)
was estimated by Malvern Mastersizer 2000 (Malvern Instruments
Ltd, UK) using the Mie theory for light scattering. The measure-
ments were carried out in a dry mode (air dispersion). The median
particle diameter x55=250.38 um and/or 4.23 pm was noted for MS
and/or Reb-A, respectively.

Methods

All measurements and manipulations were carried out at a con-
trolled ambient temperature of 22+ 1°C and relative air humidity
of 374 5% (Hygrometer 608-H1, Testo, China).

Preparing of mixtures

The mixtures of MS and 0.2% w/w (MSReb-A 0.2) and/or 0.5%
w/w of Reb-A (MSReb-A 0.5), respectively, were prepared by
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Figure 2. Particle size distribution of sorbitol (MS) and rebaudioside A (Reb-A).
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mixing the substances for 25min at 18rpm in a cube mixer
(Erweka, Germany).

Measurement of moisture content

In order to characterize the samples, the moisture content was
measured gravimetrically at 70°C (Moisture Analyser XM60,
Precisa, Switzerland) before and after experiments using 1.000g of
the powder.

Measurement of bulk and tapped density

The density of samples was measured using a tapped density
tester (Erweka, Germany) in compliance with the European
Pharmacopoeia 9.0 (2. 9. 34). Fifty grams of powder was carefully
poured into the 100.0 mL graduated cylinder and the bulk density
d. (g/mL) was calculated from the mass and the volume of the
powder. After 1250 taps (250+15 taps/min from a height of
3+0.2mm) the volume of powder was measured and the tapped
density d, (g/mL) was estimated. Table 1 lists the means of ten
measurements; data are completed with standard deviation (SD).

The Carr compressibility index, Cl (%), and Hausner ratio (HR)
were calculated using Equations (1) and (2) where V; is the bulk
volume (mL) and V, is the tapped volume (mL).

o= =Y 100 ()
Ve
Vo
HR—V‘ (3}

Measurement of angle of repose

The static angle of repose (AOR) of powder samples was meas-
ured in compliance with European Pharmacopoeia 9.0 (2. 9. 36)
and ASTM (C1444-00). A base with a fixed diameter of d=100cm
and a protruding outer edge was used to retain a layer of powder
upon which the cone is formed. In order to avoid any segregation,
consolidation and/or aeration of the powder, the cone was care-
fully formed by raising the 200.0-mL stainless steel conical hopper
having an internal angle wall inclination of 40° and a circular
aperture with a diameter of 1.0cm. The angle of repose AOR (°)
was calculated using Equation (3) from the height of the pile h
(cm) and the diameter of the base d (cm). Table 1 summarizes the
mean for 10 repetitions of measurements with the SD.

tg AOR = (3)

05xd

Estimation of the flow rate

To measure the flow rate of powder samples, an automated pow-
der and granulate tester (Erweka, Germany) with the same hopper
and aperture as above was used. The hopper was uniformly filled
with the sample of tested powder. The mass flow rate was meas-
ured in discrete samples such that the time (s) for 100.0g of pow-
der to pass through the aperture was recorded and the mass flow
rate Q (g/s) was calculated. The mean of ten measurements with
the SD are presented in Table 1.

Shear cell measurement

All measurements were performed with a translational Jenike
shear tester (@ home-made model with a diameter of the shear
base 100.0mm and the total volume of shear cell 274.8mL) in
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Table 1. Properties of sorbitol (MS) and its mixtures with rebaudioside A
(Reb-A) 0.2% w/w and 0.5% w/w.

d2 (g/ml)  d°(a/ml) C° 6 HRY Q°(g/s)  AOR ()
Ms 0666001 0752002 1148 113 971+007 338+024
MSReb-A 0.2 0.647+0.01 0.736+0.01 1211 1.14 959+0.04 33.8+0.26
MSReb-A 0.5 0.643+0.00 0.736+0.00 1267 1.15 943+0.03 33.8+0.20

Data are completed with standard deviation.
*d =bulk density.

Pd—tapped density.

“Cl = compressibility index.

“HR = Hausner ratio.

“Q=mass flow rate.

fAOR—angle of repose.

Table 2. The shear characteristics of sorbitol (MS) and its mixtures with rebau-
dioside A (Reb-A) 0.2% w/w and 0.5% w/w.

o’ (g/ml)  o,° (kPa) " (KPa) ' (kPa) of() /()
MS 0.598 15.17 0.13 005 2050 2074 117
MSReb-A 0.2 0.592 15.78 0.25 008 2744 2774 63
MSReb-A 0.5 0.589 17.18 0.36 0 2758 2800 48

°d ons—consolidated density.
bmzmajor principal stress.

‘o ~unconfined yield strength.
=cohesion.

©;= angle of internal friction.
fp.=effective angle of friction.
“ff =flow function.

o

€

compliance with the recommendations of ASTM (D6128-16).
A constant speed of 4mm/min was used for the force-measuring
pin. The consolidated sample (consolidating normal stress o of
10.15kPa, 20 twists) was subsequently subjected to shear at the
same normal stress to achieve steady state (preshear point, P). To
measure the actual values of shear stress t, the normal stresses
were reduced to 7.62kPa, 521kPa and 2.72kPa to obtain the
shear points. The measurements were repeated three times, each
time using a fresh powder sample.

To evaluate the results, the yield locus of the shear stress vs.
the reduced normal load was obtained using Mohr's circle analysis
(GeoGebra SW) from which the basic characteristics of the sam-
ples were determined. Table 2 shows the average of three meas-
urements for each powder as the values were similar. The flow
function ff was calculated as the ratio oy/c., where o, is the
major principal stress (kPa) and o, is the unconfined yield
strength (kPa).

Preparation of tablets

Tablets without facets and breaklines (diameter of 13.00+0.02 mm,
height of 3.76+0.02mm, mass of 0.5000+0.0010g) were com-
pacted using the compaction punches (Adamus HT, Machine
Factor Group, Poland) in the material testing equipment T1-FRO
50 Zwick/Roell (Zwick GmbH & Co., Germany). The machine was
adjusted as follows: distance of jaws 13 mm, rate of compaction
05mm/s, preload 2N, rate of preload 0.5mm/s and compaction
pressure of 75.34MPa. Twenty tablets were compacted out of
each powder sample; tablets were stored in closed plastic
tubes. No glidants or lubricants were used. The evaluation of
tablet properties (see below) was carried out at least 24h after
the compaction.

During the compaction, the values of energy parameters for
the force—displacement record (Ragnarsson 1996; Gad 2008) were
automatically registered and statistically processed using the com-
puter program testXpert V 9.01 (Zwick GmbH & Co. Germany).
The energy consumed during precompression E; (J), the energy of
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Table 3. Energy profile values of compression and tablet properties for sorbitol (MS) and its mixtures with rebaudioside A (Reb-A) 02% w/w

and 0.5% w/w.

E° () £’ () ES () PLY (%) T5° (MPa) DT (seq)
Ms 9.04+020 6.13+0.04 1.65+0.01 78.74+0.19 1.12:£0.04 4350+1.22
MSReb-A 0.2 934+027 6.26 +0.03 1.63+0.01 7937+0.11 128 +0.04 4817 +2.64
MSReb-A 0.5 961+0.22 6.26+0.03 1.63+0.01 79.37+0.06 1.34+0.02 7067 +2.50

Data are completed with standard deviation.
°E,=energy of precompression.

PE,—energy of plastic deformation.
“E;=energy of decompression.

9pL = plasticity.

TS = tensile strength.

DT = disintegration time.

plastic deformation £, (J), the energy of elastic deformation E; (J),
and plasticity PL (%) are listed in Table 3 with the SD.

Measurement of the resistance to crushing and the tensile
strength of tablets

The resistance to crushing was measured by the destruction force
for 10 tablets using a Schleuniger apparatus (Dr. Schleuniger
Pharmatron AG, Switzerland) according to the European
Pharmacopoeia 9.0 (2.9.8). The tensile strength of tablets TS (MPa)
was subsequently calculated according to the Equation (4) (Fell &
Newton 1970), where CF is the force needed to disrupt the tablet
by crushing (N), D is the diameter of the tablet (mm), and H is the
height of the tablet (mm). The mean value and the SD are pre-
sented in Table 3.

2xCF

TS=———
nxDxH

(4)

Disintegration time of tablets

The disintegration test (without discs) was performed on a basket-
rack apparatus Erweka ZT 301 (Erweka, Germany) for six tablets in
compliance with the European Pharmacopoeia 9.0 (29.1). Each
tablet was placed into the basket and immersed in purified water,
maintained at 37°C+1°C. The time to complete disintegration
(no fragments remaining on the sieves of the apparatus) of all the
units was recorded. The mean of six measurements and the SD
are presented in Table 3.

Mathematical and statistical processing of results

To evaluate the results of shear tests and determination of the
basic characteristics of materials, the GeoGebra software was used
(GeoGebra Inc,, https://www.geogebra.org). The values of energies
and plasticity were statistically processed by the computer pro-
gram testXpert V 9.01 (Zwick GmbH&Co, Germany) during com-
paction. The results of the resistance to crushing and
disintegration time of tablets were statistically processed by
means of the computer programs Excel and QCexpert (TriloByte
Statistical Software, s.r.o., Czech Republic). For the evaluation of
the influence of the addition of Reb-A, analysis of variance
(ANOVA) at a significance level of 0.05 was employed.

Results and discussion

Powders represent a large amount of materials in various indus-
tries. Their flowability and compressibility significantly determine
their manipulation. However, the properties of the powder sub-
stance itself can be easily influenced by the addition of further
powders and additives. The main aim of the present paper is to

study the effect of rebaudioside A (Reb-A) addition on the flow-
ability and compactability of free-flowable sorbitol for direct
compaction.

Flowability is not a physical property of the powder substance
itself, but a complex characteristic which is influenced by the par-
ticle properties as well as by environmental and processing factors
(Prescott & Barnum 2000; Schwedes 2003; Qiu et al. 2009).
Generally, regular and round particles produce better flow, while
the small ones have a tendency to agglomerate that increases the
friction force and reduces their ability to flow. As can be seen
from Figure 1(a), particles of sorbitol are relatively regular, slightly
rough surface crystals; the median size xso= 25038 um was esti-
mated experimentally (Figure 2). In contrast, Reb-A has very small,
irregular and agglomerated particles (Figure 1(b)) with a median
size Xso of only 4.23pum (Figure 2). If the particles are very small
(<50 um), generally, the cohesional forces are higher than the
gravitational force decreasing flowability (Prescott & Barnum 2000;
McGlinchey 2005). A decrease in flowability, however, can be
expected in advance after mixing free-flowable sorbitol with stevia
powder.

Since the moisture content is another factor which influences
the flow significantly (Crouter & Briens 2013) and both sorbitol
and stevia are described as hygroscopic materials (Bolhuis et al.
2009; Nabors 2012; O'Donnell & Kearsley 2012), stable experimen-
tal conditions were used and the loss on drying was checked
throughout the experimental time period in this work. A slightly
higher content was observed in the mixtures with stevia in direct
proportion to the concentration used but the moisture content in
all mixtures studied did not exceed approximately 1% w/w.

The bulk properties of mixtures

The static angle of repose (AOR) represents a simple and fast flow-
ability test that relates the interparticulate friction between par-
ticles or resistance to movement to flow properties. However,
the results depend on the way the pile of powder was formed
on the base (Geldart et al. 2006). Apparatus in which the height
of the funnel may be varied as the cone forms was used to avoid
any compaction of material or distortion caused by impact. In the
concentration range used, no effect of Reb-A on the sorbitol AOR
(33.8°) was noted (Table 1) and good flow properties were
detected in agreement with the general scale of flowability for
AOR (Carr 1965).

In Table 1, the values of the bulk and tapped densities of pow-
der samples are summarized. Of the samples, the lowest bulk
density of 0.643 g/mL was found for 0.5% w/w of Reb-A which is
the result of the increase in the cohesion and the higher friction
between the particles (Abdullah & Geldart 1999). However, the
change in density during manipulation, that is, densification by
tapping is necessary to know before the production of tablets.
The ratio of the bulk density (apparent, aerated) to tapped density
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(packed) is, therefore, a useful characterization of material cohe-
sion in prediction of the compression rate of powders (Carr 1965;
Qiu et al. 2009; Traina et al. 2013). The larger value of the Carr
compressibility index and/or Hausner ratio, the worse the com-
pressibility of the material. The values of the Cl and/or HR in a
range of 11.48-1267% and/or 1.13-1.15, respectively, were
detected (Table 1). The results of all mixtures tested were located
in a “good flow character” group in agreement with the general
scale for flowability. However, the weakness of the empirical crite-
ria Cl and HR is that they are calculated from the bulk volume
including the voids between particles in which the filling method
plays a crucial role (Abdullah & Geldart 1999). The standard pro-
cedure for the routine measuring of the powder bulk and tapped
densities (European Pharmacopoeia 2.9.36 Powder flow) was used
in this work. Although the differences in Cl and HR were insignifi-
cant (ANOVA, p <.05), an increase in values was observed for
both used concentrations of Reb-A illustrating the effect of the
particle cohesion due to the stevia addition.

The dynamic and shear properties of mixtures

The mass flow rate through an orifice of the hopper which is con-
sidered more illustrative method to evaluate the dynamic flow
properties of powders (Prescott & Barnum 2000; Schwedes 2003)
was measured in order to investigate the blends behavior in
detail. An aperture of diameter 1.0cm was used and the time
taken for 100.0 g of powder to pass was registered for all samples.
For this orifice size, the best results were previously obtained for
sorbitol and its size fractions (Sklubalovd & Hurychova 2015). As
can be seen in Table 1, the mass flow rate decreased significantly
(ANOVA, p <.05) from 9.71 g/s for sorbitol itself to 9.59 g/s and/or
943 g/s in proportion to the concentration of Reb-A demonstrat-
ing the cohesive properties of Reb-A.

To show the stevia effect at particulate level, a shear test was
performed using a translational Jenike shear tester. The yield loci
(YL) and Mohr's circles acquired from o-t relationship (Schulze
2008) for MS, MSReb-A 0.2 and MSReb-A 0.5 were used to obtain
the powders’ characteristics (Table 2). For sorbitol, a low value of
cohesion 1. (kPa) was detected proving its noncohesive behavior.
In contrast, this characteristic was increased in mixtures with Reb-
A; a detailed view of the cohesions of samples as the intercept of
the YL lines is shown in Figure 3. The increased friction between

02{T (kPa)
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particles which was found to depend both on particle size and
shape for the unlubricated powders (Podczeck & Miah 1996)
resulted in higher values of the angle of internal friction (Table 2).
Finally, the value of the flow function is higher for sorbitol (117)
than that of 63 and/or 48 found for MSReb-A 0.2 and/or MSReb-A
0.5, respectively, showing the significant (ANOVA, p <.05) reduc-
tion of sorbitol flowability after the addition of stevia. Similarly to
the general scale of flowability known for AOR and/or HR, the
flow function ff can be used for classification of flow behavior
(Schulze 2008). Although for all tested samples a ff>10 was
noted, a considerable influence of Reb-A on the flow function of
free-flowable sorbitol was exhibited. This effect would be more
evident whenever stevia is processed with poor flowing tableting
mixtures or pharmaceutical excipients. Therefore, its deteriorating
effect on the flow properties should be carefully taken into con-
sideration during formulation.

The compressibility properties of the mixtures and tablet
properties

A compressibility test was performed using the force-displacement
method (FD). A plots of upper punch force versus upper punch
displacement during the compression and decompression
(Ragnarsson 1996) were recorded. To characterize the properties
of the tableting material itself, no glidants or lubricants were
used. Each tablet was made separately. The mass of MS or its mix-
ture with Reb-A was weighed on an analytical balance, carefully
filled into the die and compacted. The values of energy parame-
ters were registered automatically and they are summarized in
Table 3.

In the first column of Table 3, the energy consumed during
precompression, £, (J), is shown. The visibly higher values of E,
9.34 J and/or 9.61 J for MSReb-A 0.2 and/or MSReb-A 0.5, respect-
ively, were noted in comparison to sorbitol itself (9.04J). The
energy E, is associated with the rearrangement of powder bed
and reduction of the interparticulate voids at the beginning of the
compression process (Ragnarsson 1996; Augsburger & Hoag 2008).
It is therefore directly connected to the bulk properties of the
powder and the density change if the powder bed is packed.
The results are consistent with the bulk properties of samples and
the increased HR and Cl values (Table 1) mentioned earlier. The
efficiency of bulk volume reduction is also directly related to the

=0.05 0
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Figure 3. Detail of the yield loci and Mohr circles for sorbitol (a), MSReb-A 0.2 (b) and MSReb-A 0.5 (c) at consolidating normal stress o of 10.15 kPa.
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interparticulate friction. The more friction, the higher energy input
is needed for material to be densified (Augsburger & Hoag 2008).
The E, parameter, therefore, should be as small as possible. In this
context, the increase in the E, values also relates well to the wor-
sening of the mass flow rate (Table 1) and the shear characteris-
tics (Table 2) due to the presence of stevia.

A further reduction in powder bed volume results in particle
elastic, viscoelastic and plastic deformation which is associated
with their fragmentation or breakage, the elimination of voids and
the formation of interparticular bonds when forming a compact
(Ragnarsson 1996; Augsburger & Hoag 2008). The energy accumu-
lated by the tablet after compression, E> (J), shows the work used
in the formation of the compact and the work needed to over-
come die wall friction. The energy E; was increased (Table 3) for
the mixtures with Reb-A (6.26 J for both concentrations used)
compared to sorbitol itself (6.13 J) indicating stevia behavior simi-
lar to that of binders which are known to increase the resistance
to deformation (Bastos et al. 2008).

The energy of elastic deformation, Es (J), is measured during
the decompression phase. The value of E; for MS was very low
(1.65 J) and decreased with the addition of stevia (1.63 J), that is,
stronger bonds between particles were created during compac-
tion and less energy was released during decompression.

Finally, the total energy of compression Eqa (J), which is the
sum of all energies needed during the tableting process, and plas-
ticity PL (%) which is the ratio of the energy used to form the
compact to the total energy input (Ragnarsson 1996) were esti-
mated. Ep, of 16.82 J, 17.23 J and 17.5 J and/or plasticity 78.74%,
7937% and 7937% for MS, MSReb-A 0.2 and MSReb-A 0.5,
respectively, were detected showing that more energy input was
utilized in ireversible deformation of the material, ie. plastic
deformation and forming bonds in the presence of stevia.

The force-displacement record results can be correlated with
the tablet strength or disintegration time (Ragnarsson 1996). As
can be seen in Table 3, the tensile strength as well as the disinte-
gration times were significantly increased (ANOVA, p <.05) with
the addition of Reb-A even for the 0.2% w/w concentration.

Conclusions

In conclusion, the addition of Reb-A 02% w/w or 0.5% w/w
resulted in the increase in Carr compressibility index and Hausner
ratio in comparison to sorbitol itself. However, the empirical tests
cannot demonstrate the effect significantly and all values obtained
for mixtures corresponded to good flowability. On the other hand,
the significant decrease of the mass flow rate through a circular
orifice 1.0cm of a model conical hopper, the twofold increase in
the cohesion resulting in the significant increase in the angle of
internal friction, and the approximately 50% decrease of flow
function showed the higher cohesivity of mixtures even after the
addition of Reb-A 0.2% w/w which is usually used in tablets for
sweetening effect. In view of the differences in flow and shear
properties observed by adding stevia to the pharmaceutical free-
flowable excipient, sorbitol, it is quite possible that other tableting
mixtures or pharmaceutical excipients would be prone to suffering
from poor powder performance once stevia had been added.

The binder behavior of Reb-A was detected using the force-
displacement record leading to the increase in the total energy
input for compression Eya and plasticity of the tableting mixture.
As a result, the tablets containing stevia had significantly higher
tensile strength and a longer disintegration time. Due to the fact
that the disintegration time directly influences the release of the
drug from the dosage form, stevia could affect drug bioavailability

after oral administration. However, this needs to be confirmed by
the future testing of other pharmaceutical formulations.
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Priloha 4

HURYCHOVA, H., KUENTZ, M., SKLUBALOVA, Z., Fractal aspects of static and

dynamic flow properties of pharmaceutical excipients, J. Pharm. Innov., 2018, 13 (1),

s. 15-26, doi: 10.1007/s12247-017-9302-0, ISSN (online): 1939-8042, IF2016 = 2,234

Pro rozsdhly soubor celkem 19 vzorki farmaceutickych pomocnych litek rozdilnych
sypnych vlastnosti, velikostnich frakci a modelovych smési byly vyuZity statické a
dynamické metody hodnoceni sypnych vlastnosti a sledovdno jejich ovlivnéni
fraktalitou Céstic a praSkového loze. Mezi vzorky patfily béZné excipienty pouzivané

v pevnych 1ékovych formach i moderni materidly s upravenym povrchem.

Pomoci optické mikroskopie (SW analySIS auto 5.1) byly pro pomocné latky urceny
granulometrické charakteristiky a linearni fraktdlni dimenze Castic (particle fractal
dimension, pDr) Minkovského metodou. Pouziti statickych metod hodnoceni sypnosti
(Hausneriiv pomér, HR, a staticky sypny uhel, SA) dovolilo rozdélit testované
materidly do skupin podle sypného chovéni. Pro n¢které kohezivngjsi materidly vSak
byly zaznamendny experimentdlni problémy, které pro absenci toku otvorem nasypky

pii méteni SA znemoznily ziskat potfebné vysledky.

Stanoveni hmotnostni rychlosti sypani Q (g/s) otvorem kénické ndsypky o primeéru
1,0 cm prokazalo rozdily v dynamickém sypném chovani sedmi pouzitych druhti
laktosy ziskanych rozdilnym technologickym postupem piipravy. U tii vzorki
(bezvoda laktosa, potravinarskd laktosa a Granulac 70) doslo k tvorbé klenby nad
vysypnym otvorem a blokddé otvoru. To se projevilo také u modelovych smési volné
sypné a kohezivni laktosy. Ve zminénych ptipadech nebylo mozné experimentalni

vysledky Q ziskat.

Tradi€ni metody byly doplnény lavinovym testovdnim v rotujicim bubinku s
dynamickou analyzou obrazu. Na zdklad¢ lavinového chovani byly testované
materidly rozd€leny do tfi skupin vykazujicich sesuvné (slumping), kaskadové
(cascading) a petejové (cataracting) proudéni. Dobré tokové vlastnosti praSkovych
vzorkli byly potvrzeny niz§imi hodnotami dynamického sypného twhlu, lavinové

energie a kratkymi dobami lavinového Casu; pro kohezni prasky byl zaznamenén opak.
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Byla prokdzana vyhodnost testovani v bubinku zejména pro kohezivnéjsi latky, u nichz

nebylo mozné urcit tradi€énimi metodami experimentalni hodnoty.

Obrazova analyza povrchu vrstvy praSku béhem lavin umoZznila urc¢it povrchovou
fraktalni dimenzi (bulk fractal dimension, bDr). Byly zkoumdny korelace mezi
rychlosti sypani, parametry lavinového chovéni a fraktdlni dimenzi Castic pDr a
praskového loze bDr. Vysoka korelace (PCC a SRCC 0.97 (p = 0,0000) ptip. 0.95 (p =
0,0001)) byla zjisSténa mezi bDr a lavinovou energii; vyssi hodnoty byly detekovany
pro kohezivnéj$i vzorky. Ackoliv byla zjiSténa relativné silnd zaporna korelace mezi
pDr a rychlosti sypani, nebylo mozné vyvodit zobeciujici zaveéry pro chovani latek,
protoZe korelace s rychlosti sypani byla zkomplikovdna absenci experimentdlnich

hodnot pro nékteré vzorky.

Zavérem bylo lavinové testovdni doporuceno pro dynamické hodnoceni sypnosti,
nebot’ rotujici valec umoznil méfit i sypné vlastnosti kohezivnich materiéla, které byly
tradicnimi statickymi i dynamickymi metodami obtizné métitelné nebo nemétitelné.
Vzhledem ke komplexnosti ovlivnéni tokového chovéani partikuldrnich materidlti na
casticové (mikroskopické) 1 ,,bulk® (makroskopické) urovni nebyla prozatim mezi
hodnotami linedrni fraktdlni dimenze a povrchové fraktdlni dimenze pozorovédna
vyznamnd korelace. Fraktalita Castic i jejich vrstvy patii mezi prediktory toku a Spatné

tokové vlastnosti byly spojeny s €lenitéj$i konturou vrstvy, a tedy i vysSsi hodnotou

bDr. Vzijemné vztahy budou déle studovany.
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Abstract

Purpose Characterisation of powder flow is important for pharmaceutical processing and manufacturing. This work aims at a
better understanding of how fractal particle and bulk properties affect the static and dynamic flow of excipients.

Methods Traditional methods of flowability testing, e.g. the angle of repose or the flow through an orifice, were complemented
by avalanching in a rotational drum. Dynamic image analysis provided a fractal contour line dimension of the powder bulk in the
drum (bDp). This was compared to the contour line fractal dimension of particles (pDf) as obtained from the box-counting
method. Avalanche testing was able to measure also cohesive materials that were otherwise difficult or not measurable at all using
the classical methods.

Results The values of the avalanche energy were in good agreement with the different flow properties of the samples. These flow
properties showed good correlations with 5D in that poor flow properties were associated with a more rugged contour line of the
bulk and hence higher bDp.

Conclusions Interestingly, there was no correlation observed between pDf and bDp, which may suggest that a distinct bulk
structure typically emerges from the particles under dynamic flow. Future research should further clarify how fractal powder
aspects affect pharmaceutical manufacturing processes.

Keywords Flowability - Avalanching - Dynamic behaviour - Rotating drum - Particle fractal dimension - Bulk fractal dimension

behaviour of powders can significantly influence the
quality parameters of the final products [1]. To avoid
technical problems in pharmaceutical processing of solid
dosage forms and to comply with pharmacopoeial re-
quirements, it is particularly important to analyse and

Introduction

Handling of particulate materials is an essential part of
various unit operations in pharmaceutical manufacturing.
The manipulation of powders includes the transport,

storage, sieving, mixing, flow through hoppers, die-
filling and compaction. However, the multifactorial

Teaser The article contributes to a better understanding of how fractal
particle and bulk properties affect static and dynamic flow of
pharmaceutical powder excipients.
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specify the characteristics of powder flow.

The ability of a particulate material to flow is directly in-
fluenced by (i) the characteristics of the individual particles
such as the particle size and shape, its density, the surface area,
the moisture content, the electrostatic charge, etc. and (ii) their
bulk properties. This includes also its ability to dissipate cap-
tured air because a powder generally represents a two-phase
system (solid/air). Moreover, (iii) the environmental factors,
e.g. temperature, air humidity or storage time, and (iv) the
testing method used and equipment can affect results of pow-
der flow testing significantly [2—4]. Thus, this multifaceted
nature of powder flow behaviour makes the description of
flowability using only one simple method difficult so that
results of different analyses may have to be compared.

@ Springer
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In powder flowability testing, the characterisation of the
bulk and tapped densities, the Hausner ratio and/or compress-
ibility (Carr’s) index [S] and the angle of repose ranking pro-
vide fast methods (Ph. Eur. 9.0, 2.9.36) that give an initial
assessment of how a powder flows and consolidates.
However, such simple indicators may not act as reliable
markers of powder flow because of the complex nature of
flow that depends on material as well as external factors. It
is therefore necessary to also study dynamic powder behav-
iour, for example, by evaluation of discharge rate through an
orifice [6, 7]. More recently, avalanche testing can be consid-
ered as an alternative method [8].

The evaluation of powder flow rate through a hopper ori-
fice by the force of gravity necessitates to some extent a re-
producible, uniform powder flow. This method is therefore
generally recommended for free-flowable materials showing
no significant failures in flow pattern. General guidelines for
cylinder hopper geometry can be inferred from Ph. Eur.
(2.9.36): (i) the diameter of a cylinder is greater than twice
the diameter of the orifice and (ii) the diameter of the hopper
orifice is greater than six times the diameter of the particle.
The flow is virtually independent of the powder head if the
height of the powder bed is much greater than the diameter of
the orifice. This phenomenon in known as the hourglass the-
ory [6, 7,9, 10]. Although a cylindrical, flat-bottomed hopper
is generally recommended, commercial testers mostly employ
a funnel.

Not all powders can be measured through an orifice. In
cohesive powders, the formation of craters, arches or blockage
of the outlet can occur [3]. To measure such powders, shear
cells are therefore the preferred instruments. In principle, the
force needed to shear the bed of a consolidated powder is
measured. Because this directly corresponds to the forces act-
ing between the particles of the inner layer, a good represen-
tation of flow/friction at a particulate level is expected. A
translational Jenike shear tester and annular tester are exam-
ples of traditional equipment [11]. The shear measurements
enable the detection of considerable cohesive properties of
some pharmaceutical additives even in very small amounts
that are undetectable by traditional methods as reported, for
example, by Hurychova et al. [12] for stevia mixtures with
free-flowing sorbitol. Recently, powder rheometry [13] repre-
sents a progressive technique that can determine traditional
shear characteristics as well as obtain various unconfined flow
indices as demonstrated for binary blends of pharmaceutical
excipients with glidants by Majerova et al. [14]. The use of a
relatively small sample amount is another benefit in compar-
ison to other classical techniques.

It is generally accepted that the particle size, shape and
surface structure are key factors in particle flow behaviour
[2]. Besides the granulometric characteristics as for example
the mean diameter, shape factor, sphericity and aspect ratio,
the regularity/irregularity of a particle boundary can be
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described by a boundary fractal dimension pDy [15-20]. In
two-dimensional projection, a fractal dimension is related to
the outline perimeter:

P=N X7Pr (1)

where P is the particle perimeter, N is the number of
steps having the length A and pD is the particle fractal
dimension [15].

In pharmaceutical technology, fractal theory is often used
to describe properties of crystals, particles and aggregates of
the solid material as well as the kinetics of their dissolution
[21, 22]. Moreover, it can be a predictor of powder flow as
described, e.g. by Kaye [17, 18], and the differences in the
particle fractal dimension were related to the flow pattern of
the pharmaceutical excipients. Thus, higher pDy was associ-
ated with flow irregularities [23].

The study of powder flow in a rotating drum is still con-
sidered a rather non-standard method even though early re-
ports had already appeared in the 1990s [24]. This first gener-
ation of powder avalanching instruments had only a small
photocell area, and therefore, a quite limited part of the mov-
ing powder bulk was analysed. It was possible to detect kinet-
ics of avalanching, which was used to characterise, for exam-
ple, pharmaceutical excipients [8, 25, 26]. The method ap-
peared to be even suitable to measure rather cohesive powders
[27]. More recently, a second instrument generation is avail-
able that is capable of full-scale dynamic image analysis,
which was used to measure different excipients and their mix-
tures with drugs [28, 29].

The new imaging capabilities also enabled the detection of
the fractal dimension of the moving bulk, bDg, from the con-
tour line of the dynamic shadow images in the rotating drum.
This fractal property of the bulk was recently found to be a
main determinant of powder flow for a range of excipients
[30]. The use of fractal concepts is gaining increasing momen-
tum in pharmaceutics [22]. Even though the application of
fractal concepts to powder flow was already proposed by the
pioneer Brian Kaye [17, 18], the rotating drum methods have
changed over the years as well as the parameters that were
obtained. One should in particular differentiate characteristics
and fractal dimensions obtained from individual particles as
compared to emerging bulk properties like 56Dp. Analysis of
the boundary fractal dimension of individual particles pDris a
different approach [23] and has been applied recently to char-
acterise free-flowable size fractions of sorbitol [31].

There is a need to study a wider range of different pharma-
ceutical materials with an emphasis on fractal aspects and their
effects on static and dynamic flow properties. A particular area
of research is interested in clarifying the role of pDr and 6Dg
on flow properties of more or less cohesive pharmaceutical
samples. Accordingly, the aim of the current work was to
characterise such a range of powder samples by classical
methods as well as by using powder avalanching. The fractal
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contour dimensions on the level of individual particles pDy- as
well as of the bulk bD were determined to study a potential
correlation between themselves as well as relationships with
the obtained flowability parameters.

Experimental: Materials and Methods
Materials

In this work, powder flow behaviour of individual substances,
powder size fractions and the powder blends was assessed.
Ten pharmaceutical powder excipients of different flow prop-
erties were used: Neusilin US2 (N) Fuji Chemicals Industries,
Co., Ltd., Japan; Rebaudioside A 97% (RA) NP Sweet A/S,
German; Merisorb® 200 ~ Sorbitol (S), Tereos Syral SAS
Nesle, France; Excipress™ GR150 (EP) Armor Pharma,
France; Lactopress® Granulated (LPG) DFE Pharma,
Germany; Tablettose® 80 (TB80) Meggle, Germany;
SpheroLac® 100 (SL100) Meggle, Germany; Granulac® 70
(GL70) Meggle, Germany; Lactose PP 60-80 mesh (LPP)
Lactalis ingredients, Italy; and Lactopress® Anhydrous
(LPA) DFE Pharma, Germany.

Four particle size fractions of sorbitol of 80400 um were
obtained using a vibratory sieve shaker AS 200 basic (Retsch,
Germany). The fractions were labelled with the mean size as
the geometrical mean of the screens used, i.e. S100, S158,
$245 and S346 for the fractions 80125, 125-200, 200-300
and 300400 um, respectively.

The five powder mixtures were prepared: the blends of
Sorbitol and 0.2% w/w (S-0.2RA) and/or 0.5% w/w
(S-0.5RA) of Rebaudioside A, respectively, and the mixtures
of Excipress and Lactopress Anhydrous in the ratios 3:1 (3EP-
1LPA), 1:1 (1EP-1LPA) and 1:3 (1EP-3LPA). The powder
components were mixed in a cube mixer (Erweka,
Germany) for 2.5 min at 18 rpm.

Methods

All measurements and manipulations were carried out at a
controlled ambient temperature of 24+2 °C and relative air
humidity of 27 + 3% (Hygrometer 608-H1, Testo, China).

Loss on Drying

In accordance with the European Pharmacopoeia 9.0 (2.2.32),
the loss on drying (%) was measured gravimetrically
(Moisture Analyser XM60, Precisa, Switzerland) for 1.000 g
of powder at 105 °C. For Sorbitol, temperature 70 °C was
used. The measurement was repeated five times for each pow-
der sample (n =5).

Particle Size Distribution

Particle size distribution (PSD) was determined by a Malvern
Mastersizer 3000 (Malvern Instruments Ltd., UK) using the
Mie theory of static light scattering. The dispersing agents
were water (N), heptane (S) and isopropanol (RA, EP, LPG,
TB80, SL100, GL70, LPP and LPA). Particle sizes of x;o
(um), xso (um) and xo (um) were detected for 10, 50 and
90% of the cumulative frequency, respectively. De
Brouckere mean diameter d4/3y (pm) and “span” value
characterising the width of the particle size distribution were
determined.

Microscopy

The particle shape for ten used powder excipients was exam-
ined using the scanning electron microscopy (SEM) Phenom
Pro (Phenom-World B.V., Netherlands) at magnification of
%300 with the backscattered detector at an acceleration volt-
age of 10 kV. To conduct the measurements, the samples were
placed on a carbon conductive tape. Subsequently, an approx-
imately 10-nm-thick gold layer was sputtered on the sample
surfaces.

The particle fractal dimension (pDr) was estimated using
an optical microscope BX 51 (Olympus, Japan) that was
equipped with a digital camera DP72 (resolution of 4140 x
3096 pixel) and video (resolution of 1360 x 1024 pixel). A
small amount of a dry powder was laid uniformly on a glass
slide without agglomerates. Using an automatic software de-
tection (SW analySIS auto 5.1), pDr was obtained by means
of box-counting, i.e. the Minkowski principle [16, 20], for
about 200 particles at a magnification of an objective x10
(pixel size of 0.2164 pm). The individual particles were de-
tected and recorded. The particles were lined (a line having the
width of 1 pixel) and then enveloped using 20 steps. The
binary images were obtained from digitalized images using a
relative grey level threshold of 40% and the pixel connectivity
of 4. All results involving less than 20 steps were eliminated to
reduce bias.

Bulk Properties of Samples

In accordance with the European Pharmacopoeia 9.0 (2.9.34),
the bulk density d. (g/mL) of the nonconsolidated powder was
estimated in a graduated cylinder as the ratio of the mass of the
powder to its volume 100.0 mL. Subsequently, the tapped
density was determined using the density tester SVM 102
(Erweka, Germany). After 1250 taps (250 + 15 taps/min from
a height of 3£0.2 mm), the volume of powder V, (mL) was
measured and the tapped density d, (g/mL) was calculated.
The Hausner ratio (HR) was computed from the ratio of the
bulk volume V;, (mL) and the tapped volume. The measure-
ment was repeated ten times for each powder sample (n = 10).
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Static Angle of Repose

Measurement of the static angle of repose, SA (°), was per-
formed for the individual powders, the sorbitol size fractions
and the powder blends in accordance with the European
Pharmacopoeia 9.0 (2.9.36) and the recommendations of
ASTM (C1444-00). The powder cone was formed on a base
with a diameter of d=10.0 mm. The base was filled with a
layer of the same material to carefully build the cone. The
distance between the stainless steel conical hopper
(200.0 mL) and the cone tip was slowly increased as the cone
was formed avoiding vibration. A circular aperture with a
diameter from 6.0 to 15.0 mm was used; the smallest diameter
of an orifice through which the powder sample flowed freely
was chosen for each sample experimentally to avoid any seg-
regation, consolidation and/or aeration of the powder heap.
The static angle of repose, SA (°), was calculated using Eq.
(2) from the height of the cone 4 (mm) and the diameter of the
base d (mm).
h

1gSA = 054 ()

The measurement was repeated ten times for each powder
sample (7 =10).

Mass Flow Rate Through the Orifice

In accordance with the European Pharmacopoeia 9.0 (2.9.36),
the mass flow rate of each powder sample was measured using
an automated powder and granulate tester (Erweka, Germany)
with the stainless steel conical hopper (200.0 mL) having an
internal angle wall inclination of 40°. The general guideline
that the dimension of the opening should be six times greater
than the diameter of the particle was taken into consideration
[6, 10]. The time (in seconds) was estimated for a 100.0 g
powder sample to pass through a circular aperture with the
diameter of 10.0 mm. The mass flow rate Q; (g/s) was then
calculated. The average of ten measurements for each powder
sample was expressed (n=10).

Avalanche Testing

The dynamic flow properties were measured in a rotating
drum using the Revolution powder analyser (Revolution®,
Mercury Scientific Inc., USA) with a digital camera (resolu-
tion of 648 x 488 pixel) for scanning of moving of powder
during the avalanching and a computer software
(Revolution® V3.00, Mercury Scientific Inc., USA). A drum
consisting of an anodised aluminium ring and two borosilicate
transparent glass plates and having a diameter of 110.0 mm
and a width of 35.0 mm was used [28, 32]. The drum was
filled with the constant sample volume of 118.3 mL using a
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calibrated cell. A sample was filled into the drum and inserted
into the test instrument to initially rotate for 60 s (a preparation
time) before the analysis was started for standardisation pur-
poses. A drum rotation speed of 0.5 rpm was selected and the
images were recorded at a rate of 10 frames/s. The data col-
lection was set to 2048 data points (run time was 264 s). The
avalanche angle, AA (°), from the centre point on the powder
edge to the top of the powder edge was registered at the max-
imum position just before the avalanche occurrence started as
illustrated in Fig. 2. The avalanche time, AT (s), was recorded
as the average time between powder avalanche events. The
avalanche energy, AE (kJ/kg), was calculated from the differ-
ence in the energy of the powder before and after the
avalanche.

In addition, the surface fractal number was determined
from the avalanche contour line of powder shadow images.
Then, the bulk fractal dimension, bDy, was determined:
bDr= (surface fractal number/100) + 1 [30, 33]. The average
of the values detected for each avalanche was calculated and
measurements were repeated with n=5 for each powder
sample.

Statistical Analysis

Data were processed in MS Excel in the standard way. The
analysis of variance (ANOVA) at a significance level o of
0.05 was used for the evaluation of the influence of the addi-
tion of Rebaudioside A to Sorbitol or Lactopress Anhydrous
to Excipress, respectively. Additionally, Tukey’s multiple
comparisons test was applied to these data (GraphPad Prism
7, version 7.03, GraphPad Software, Inc., USA). The calcula-
tion of the Spearman's rank correlation coefficient (SRCC)
and Pearson correlation coefficient (PCC) were based on
Statgraphics® Centurion XVI (version 16.2.4)
(StatPointTechnologies Inc., USA).

Results and Discussion

In line with the objective to study powder flow by using a
fractal approach, ten powder excipients of different flow char-
acteristics were selected. The selected materials are used in
pharmaceutical technology for the production of solid dosage
forms (e.g. tablets and capsules). The samples included an
aluminium metasilicate, Neusilin US2 (N), that is a promising
carrier for liquisolid systems [34]; fillers for tablet compres-
sion: Sorbitol (S), a spray-dried lactose Excipress (EP), a gran-
ulated lactose Lactopress Granulated (LPG), a spray-
agglomerated lactose Tablettose 80 (TB80), an anhydrous lac-
tose Lactopress Anhydrous (LPA), for filling of capsules and
sachets: a sieved lactose SpheroLac 100 (SPL100), for wet
and dry granulation: a milled lactose GranuLac 70 (GL70)
or a Lactose PP (LPP) used in food industry. Finally, a new
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alternative sweetener, Rebaudioside A, with a very high
sweetening power [35], was included too.

In order to study the influence of particle size on the flow
properties, four particle size fractions (in a range of 80—
400 pum) were prepared for the free flowable excipient
Sorbitol. Moreover, powder blends of Sorbitol and
Rebaudioside were prepared in a concentration of 0.2% w/w
(S-0.2RA) and/or 0.5% w/w (S-0.5RA), respectively.
Furthermore, mixtures of lactose of good (Excipress) and poor
(Lactopress Anhydrous) flow properties were also tested to
analyse the impact on the flow properties and to compare with
the pure substances.

Generally, higher moisture content increases the cohesivity
of powders and reduces the flowability [4]. Because some
pharmaceutical powders are hygroscopic, the moisture con-
tent was measured by a loss on drying (LOD) method. Apart
from Neusilin US2 and Rebaudioside A, the LOD (%) was
always less than 1.0% (n = 5). Percentages of moisture content
of N and RA of 3.9 and 3.1%, respectively, were registered.
All analytical and preparation work was carried out as men-
tioned above at a controlled ambient temperature and relative
humidity.

Powder Properties of Samples

The static light scattering method was used to determinate the
particle size and size distribution, PSD, of excipients used.
The particle size and shape are well-known key factors for
good powder flow. Irregular, small, fine and agglomerated
particles as well as samples having a large particle size distri-
bution generally result in flow difficulties [2, 11]. The particle
sizes xyg, Xso and xqo of powder samples are summarised in
Table 1. Data are completed with the span showing the width
of particle size distribution. The mean particle size xs in the
range of 125-248 um was detected for eight out of ten pow-
ders evaluated; a mean particle size of 94 pm was noted for
GranuLac 70. The largest spans were registered for LPP and
LPA (2.07 and 2.38, respectively) showing a large distribution
of particle size. The finest particles (xso=8 pm) were ob-
served for RA whose span of 2.95 appeared to be a function
of the small median particle.

Data in Table 1 are completed with the Brouckere mean
diameter d(43) (um). The values of d(4/3) were similar to that of
xso for all substances investigated excluding that of RA. As
the volume mean diameter of particles, it is affected by the
sphericity of particles [36]. Therefore, the irregular and co-
lumnar particle habitus of Rebaudioside A exhibited a dy/3)
that was about twice that of xsq. In the last column of Table 1,
the particle shape of powder excipients is described and this
morphology is also illustrated in the SEM micrographs given
by Fig. la—j.

Particle static and dynamic flow properties are of special
importance in pharmaceutical manufacturing. However, flow

characterisation methods analyse flow properties essentially
for given testing conditions. Flow is influenced by the prop-
erties of a powder as well as by the external conditions used
[3, 4]. This should be differentiated from powder properties
that are static but may hold for a predictor of powder flow.

Pharmaceutical powders are, for example, characterised by
bulk and tapped densities. The average results of ten measure-
ments of d, (g/mL) and d, (g/mL) for powder substances are
listed in Table 2 with the standard deviations (SD) in brackets.
However, the bulk density is directly associated with the par-
ticle size, their structure, size distribution and the arrangement
in a powder bed [37, 38]. Being an apparent density, it in-
cludes the void volume between the particles and the contri-
bution of the inter- and intraparticular pores. Generally, finer
particles agglomerate and entrap a high portion of air, which
decreases bulk density. However, similarly sized particles may
organise less efficiently than distributions with a wider range
of particle sizes as has been shown, for example, with micro-
crystalline celluloses [39]. Out of ten powders evaluated, the
lowest value of d_ was noted for Neusilin US2 (0.160 g/mL), a
highly porous aluminium metasilicate (Fig. 1a), and
Rebaudioside A (0.355 g/mL), a very fine powder (Fig. 1b).

The Hausner ratio (HR) obtained from the ratio of tapped to
bulk density is one of the classical measures of powder flow.
According to the detected HR in the range of 1.13-1.30
(Table 2), the evaluated powder excipients can be divided into
three categories of flow behaviour. The first group with good
flow properties included Neusilin US2, Sorbitol and
Excipress. The middle category of fair flow included
Lactopress Granulated, Tablettose 80, SpheroLac 100,
GranuLac 70 and Lactose PP. Finally, a third group of rela-
tively poorer but still acceptable flow properties consisted of
small and cohesive particles of Rebaudioside A and
Lactopress Anhydrous. For the latter, the highest change in
volume after tapping was observed. As mentioned above, HR
is often a useful measure of powder packing efficiency, but it
is necessary to compare results with other methods to fully
assess powder flow.

Results for four size fractions of Sorbitol in a range of 80—
400 pum (S100, S158, S245 and S346) are summarised in
Table 3. No effect of particle size on the values of the
Hausner ratio (1.13-1.15) was observed. On the other hand,
addition of fine, cohesive RA (0.2%, 0.5%) caused a slight
increase of the HR when compared to Sorbitol itself although
the blends are included in a group with good flow properties
(Table 3). In Table 3, the results for mixtures of LPA and EP
are also shown. The worsening effect of LPA addition on bulk
and flow properties of EP was directly proportional to the
increasing amount of LPA in the mixture due to the fine,
agglomerated LPA particles.

The static angle of repose (SA) represents the most com-
mon simple demonstration of flow behaviour. The powder
should flow freely onto the base from the hopper until a cone
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Table 1 Granulometric characteristics of used powder substances. Standard deviations for particle fractal dimension, pDp; in brackets (n = 200)
Material ~ xjo (Um) x50 (um)  Xxgo (um)  span  dup, (pm) pDp Shape and structure

N 60 129 234 135 139 1.088 (0.015)  Regular, rounded, porous surface

RA 2 8 26 295 16 1.072 (0.012)  Irregular, columnar, agglomerated

S 119 248 445 131 283 1.064 (0.008)  Regular, angular, rough surface

EP 49 178 304 143 180 1.069 (0.008)  Regular, rounded, rough surface

LPG 60 155 280 142 164 1.064 (0.007)  Regular, rounded, rough surface

TB80 53 190 372 1.68 202 1.075 (0.013)  Regular, rounded, rough surface

SL100 32 135 221 140 134 1.069 (0.006)  Regular, angular, smooth surface, sharp-edged

GL70 14 94 179 1.76 95 1.074 (0.012)  Regular, angular, rough surface, sharp-edged

LPP 18 130 287 207 146 1.075 (0.014)  Regular, angular, smooth surface, sharp-edged

LPA 11 125 308 238 14 1.071 (0.007)  Regular, angular, rough surface, sharp-edged, agglomerated

is completely formed. The results for the powder samples are
listed in Table 2. In agreement with the general flowability
scale [5], excellent flow properties (SA = 30°) were detected
only for Neusilin US2. The excipients used in direct compres-
sion, Sorbitol and Excipress, demonstrated good flow proper-
ties indeed (SA approximately 34° and 35°, respectively),
whereas rather fair flow properties were observed for LPG,
TB80, SL100, GL70 and LPP. As can be seen in Table 2, a
high variability of SA was detected for GL70 (SD = 1.79) and
LPP (SD =2.06). Typical problems of passage through a hop-
per orifice were observed for these materials, i.e. formation of
craters and occasional blockage of the flow, which entails the
necessity to tap the hopper. In the case of Rebaudioside A and
LPA, the estimation of SA was impossible because of the
creation of arches above the orifice due to particle cohesion.
Values of static angle of repose for four particle size frac-
tion of Sorbitol are summarised in Table 3. A slightly higher
value of SA was detected for the smallest size fraction (S100)
due to finer and more cohesive particles in comparison to the
other size fractions (S158, S245, S346). When the mixtures

were studied, however, the addition of RA to Sorbitol did not
affect the formation of a powder cone of Sorbitol. In contrast,
increased values of SA were noted for blends of LPA with EP
as the amount of LPA in the mixture was increased. The grad-
ual increase in the cohesive effect of LPA particles led finally
to blockage of the flow for 1EP-3LPA and the estimation of
SA was again impossible.

Evaluation of Flow Rate

The evaluation of flow rate through a hopper orifice represents
a classical method for flowability testing [3, 38] which is
primarily recommended for free-flowing powders that exhibit
a uniform flow without failures. In this work, a 200.0-mL
conical stainless steel hopper was uniformly filled with
100.0 g of powder. In the case of Neusilin US2, however, only
20.0 g could be used, as this is a very voluminous material. In
order to compare the discharge rate of powder samples inves-
tigated, the same orifice size having a diameter of 10.0 mm

Fig. 1 SEM pictures (magnification of x300) of a Neusilin US2, b
Rebaudioside A, ¢ Sorbitol, d Excipress, e Lactopress Granulated, f
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Tablettose 80, g SpheroLac 100, h GranuLac 70, i Lactose PP and j
Lactopress Anhydrous
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Table 2 Bulk and flow
characteristics of powder Code d. (g/mL) d, (g/mL) HR SA () Q10 (gs)
substances with standard
deviations in brackets (= 10) N 0.160 (0.002) 0.182 (0.001) 1.14 (0.02) 30.2 (0.44) 0.49 (0.01)
RA 0.355 (0.006) 0.458 (0.005) 1.29 (0.02) NF NF
S 0.666 (0.006) 0.752 (0.015) 1.13 (0.02) 33.8(0.24) 9.71 (0.07)
EP 0.658 (0.006) 0.773 (0.003) 1.17 (0.01) 35.4(0.42) 4.79 (0.14)
LPG 0.527 (0.002) 0.650 (0.003) 1.23 (0.01) 37.6 (0.23) 522 (0.04)
TBR0 0.590 (0.006) 0.728 (0.003) 1.23 (0.01) 38.0(0.43) 4.72 (0.08)
SL100 0.667 (0.008) 0.831 (0.003) 1.25 (0.01) 37.6 (0.16) 5.32(0.13)
GL70 0.697 (0.008) 0.866 (0.007) 1.24 (0.01) 37.2(1.79) NF
LPP 0.738 (0.013) 0.905 (0.010) 1.23 (0.02) 40.2 (2.06) NF
LPA 0.590 (0.017) 0.767 (0.008) 1.30 (0.03) NF NF
NF no flow

was used. The mass discharge rate Q) (g/s) was calculated
from the registered time in seconds.

In the last column of Tables 2 and 3, the average of ten
measurements of Qo (g/s) is presented for the powder sub-
stances and/or size fractions and mixtures, respectively.
Excellent flow was noted only for Sorbitol (9.71 g/s). In the
order of SL 100 > LPG > EP > TB80, a decrease in flow rate
was registered for lactose powders. In the case of GL 70, LPP,
LPA and RA, an uneven flow pattern or occasional arch for-
mation above the hopper orifice was observed due to the co-
hesive forces between particles and the powder did not pass
through the orifice diameter used.

The particles of Neusilin US2 were spherical (Fig. 1a) with
amean particle size of 129 pm (Table 1), and therefore, a good
powder flow would be expected. Interestingly, the discharge
rate Q¢ (g/s) of a rather moderate 0.48 g/s was recorded. This
was likely due to the very low density (d.=0.160 g/mL) as-
sociated with the porous structure and the release of the
entrapped air from the material bulk that flow under gravity
conditions was complicated. Moreover, the electrostatic forces
between the particles also reduced the flow through the hopper
orifice.

As can be seen in Table 3, the mass flow rate increased with
the particle size of Sorbitol fractions. A non-linear dependence

between the mean particle size and the flow rate was regis-
tered previously having the maximum of Q, for particles of
245 and 346 pm [31].

In Table 3, the results of the mass flow rate estimation are
summarised for all mixtures tested as well. The significant
(ANOVA, p value <0.0001 at o=0.05), concentration-
dependent influence of adding Rebaudioside A on the gravi-
tational flow rate of Sorbitol was noted; the flow rate de-
creased in order 9.71 g/s (S)-9.59 g/s (S-0.2RA)-9.43 g/s
(S-0.5RA). The results were additionally tested using
Tukey’s multiple comparisons test, which resulted in the same
conclusion (p value <0.0001 at o= 0.05). Similarly, to the
results of angle of repose measurement, a higher proportion
of Lactopress Anhydrous resulted in relatively lower Q.
Finally, blockage of the hopper orifice was observed (no flow)
for the mixture 1EP-3LPA due to the cohesive forces induced
by LPA small particles.

Avalanching with Dynamic Image Analysis

Following a characterisation with the more classical methods
of powder flow, avalanche testing and fractal bulk properties
were evaluated in line with the study objectives. The
employed test instrument was equipped with a dynamic image

Table 3 Bulk and flow

characteristics of size fractions Code d. (g/mL) d; (g/mL) HR SA () Q10 (&s)
and mixtures. Standard deviations
in brackets (n=10) S100 0.561 (0.003) 0.647 (0.003) 1.15 (0.00) 34.5(0.26) 6.69 (0.08)
S158 0.602 (0.004) 0.681 (0.006) 1.13 (0.00) 33.6 (0.36) 9.28 (0.03)
S245 0.621 (0.005) 0.707 (0.005) 1.14 (0.00) 33.8(0.36) 10.3 (0.14)
S346 0.642 (0.003) 0.726 (0.005) 1.13 (0.00) 33.7(0.51) 10.4 (0.10)
S-0.2RA 0.647 (0.005) 0.736 (0.008) 1.14 (0.01) 33.8(0.26) 9.59 (0.04)
S-0.5RA 0.643 (0.004) 0.736 (0.003) 1.15 (0.01) 33.8(0.20) 9.43 (0.03)
3EP-1LPA 0.673 (0.007) 0.799 (0.010) 1.19 (0.02) 36.8 (0.20) 3.59 (0.06)
1EP-1LPA 0.662 (0.016) 0.822 (0.020) 1.24 (0.02) 38.8 (0.20) 2.83(0.13)
1EP-3LPA 0.645 (0.007) 0.819 (0.009) 1.27 (0.02) 40.3 (0.27) NF
NF no flow
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analysis of the entire drum as used before to characterise phar-
maceutical materials by Nalluri and Kuentz [28] and Nalluri
et al. [29]. The present study used a drum size of 110.0 mm
that was filled with a constant volume of powder (118.3 mL),
which occupied 36.0% of the total drum volume. A constant
rotational speed of 0.5 rpm was selected for all material sam-
ples. In Tables 4 and 5, the average of five measurements of
the avalanche parameters: the avalanche angle AA (°), the
avalanche time AT (s) and the avalanche energy AE (kJ/kg),
are presented for ten powder excipients, four sorbitol size
fractions and five powder mixtures.

As a result, different avalanche regimes from slumping,
cascading to cataracting [40, 41] were observed for the 19
samples tested. This enabled the classifying of materials into
three groups as illustrated in Fig. 2a—e. Slumping behaviour
was found for Sorbitol (Fig. 2a), its size fractions S245 and
S346 and its mixtures with Rebaudioside A (S-0.2RA,
S-0.5RA). Cascading behaviour was observed for most of
the samples: SpheroLac 100 (Fig. 2b), Excipress, Lactopress
Granulated, Tablettose 80, Neusilin US2 (Fig. 2¢), the sorbitol
size fractions S100 and S1580 and the 3EP-1LPA mixture.
Finally, the cohesive powders: Lactopress Anhydrous
(Fig. 2d), GranuLac 70, Lactose PP and Rebaudioside A
(Fig. 2e) as well as the mixtures 1EP-1LPA and 1EP-3LPA
exhibited cataracting behaviour.

The avalanche angle AA (°) at the maximum position just
before the avalanche (see Fig. 2) and the time between ava-
lanches AT (s) during a total experimental run of 264 s were
automatically recorded. From the difference in the energies of
the powder before and after the avalanche, the avalanche en-
ergy AE (kJ/kg) was calculated. The results are summarised in
Tables 4 and 5. An increase in AA and AE and a relatively
lower number of avalanches per time interval (i.e. increase in
avalanche time AT) can be expected for cohesive particles,
which is in line with previous work using multivariate analysis
[30, 32, 33, 42]. The values of AA of samples in the range of
37.08°-59.62°, the AE in the range of 9.60-51.10 kJ/kg and

Table 4 Dynamic parameters of powder substances with standard
deviations in brackets (n=5)

Code  AA() AE(Jkg)  AT(s) bDf

N 410(03) 9.60(0.35)  2.02(0.08)  1.015(0.000)
RA 468(17) S110(5.86) 542(0.59)  1.084 (0.007)
S 379(0.1) 1548(025)  2.54(0.05)  1.016(0.000)
EP 480(0.6) 1847(092) 2.80(0.14)  1.016 (0.000)
LPG  496(04) 18.81(083) 278(0.13)  1.018(0.001)
TBSO  491(02) 19.55(0.51) 2.88(0.08)  1.017 (0.000)
SLI100  51.5(0.6) 20.06(0.67) 2.62(0.08)  1.020(0.001)
GL70  585(0.8) 26.53(204) 3.08(026)  1.032(0.002)
LPP 544(05) 23.03(1.02) 292(0.13)  1.022(0.001)
LPA 596(1.0) 3688(1.79) 428(0.18)  1.047 (0.001)
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Table 5 Dynamic parameters of size fractions and mixtures with
standard deviations in brackets (1= 5)

Code AA(®) AE (kJkg) AT (s) bDg

S100 45.6 (0.5) 12.37(0.66) 2.54(0.11) 1.015(0.001)
S158 394(0.7) 1245(1.14) 2.58(0.13)  1.014(0.001)
S245 37.7(0.3) 1596 (0.76) 2.60(0.10) 1.016 (0.000)
S346 37.1(0.1) 1699 (0.15)  2.72(0.04)  1.017 (0.000)
S-0.2RA 37.9(02) 15.03(0.49) 2.50(0.07) 1.016(0.000)
S-0.5RA 38.0(02) 1512(0.76) 2.52(0.11) 1.016 (0.000)
3EP-ILPA 52,6 (0.5) 20.51 (0.68) 2.60(0.12) 1.023 (0.001)
1EP-1ILPA  56.6 (0.7) 25.77(1.27) 3.06 (0.15)  1.030 (0.002)
1EP-3LPA 593 (1.0) 31.05(1.41) 3.62(0.08) 1.040(0.002)

the AT in the range of 2.02-5.42 s are listed for the different
samples.

The correlation between the avalanche energy AE (kJ/kg)
and the avalanche time AT (s) is shown in Fig. 3. It is visible
that the powder samples are positioned according to their
avalanching pattern as explained above. The materials that
exhibit slumping (circles) are located in the bottom part, the
cascading ones (crosses) in the middle (with the exception of
Neusilin US2 and two sorbitol fractions as discussed below)
and the cataracting ones (squares) in the upper part of Fig. 3.
In order to describe how well the experimental data correlate,
Spearman’s rank correlation coefficient (SRCC) and Pearson
correlation coefficient (PCC) were estimated. The former is a
non-parametric measure that can also test for non-linear rela-
tionships, whereas the latter Pearson correlation is a test for
linear association that can be also more sensitive to individual
outliers. Relatively high values were detected for SRCC and
PCC of 0.68 (p=0.0041) and 0.74 (p =0.003), respectively.
Powders with increasing cohesivity obviously resulted in
more pronounced avalanche events of higher energy.

The lowest AE (9.60 kJ/kg) as well as the shortest AT
(2.02 s) was interestingly observed for Neusilin US2. This
was in line with the excellent flow properties that were expect-
ed from particle morphology and marks a difference in the flow
conditions through the hopper orifice, for which other flow
results were obtained. However, the interparticle electrostatic
forces were considered to cause a slight tendency to form cas-
cades (Fig. 2c). In contrast, an avalanche time of 5.42 s was
detected for Rebaudioside A located at the top of Fig. 3.

Direct proportionality between the particle size and AA
was evidenced for Sorbitol size fractions; AA decreased from
45.6° to 37.1° (Table 5). This was in close agreement with
higher cohesive forces for smaller particles detected previous-
ly using the Jenike shear tester [31]. Interestingly, the larger
particle size fractions resulted here in higher avalanche param-
eters AE and AT (Table 5). Reducing the particle size with an
increase of voids and pores may have led to a reduced density
of aggregates that were in turn dominating flow so that
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Fig. 2 Measurement of avalanche angle, AA (°). Schematic avalanche
regimes of a Sorbitol (slumping), b SpheroLac 100 (cascading), ¢

avalanching likely becomes less energy-consuming [43].
Another aspect is that initial particle size of the materials can
differ from in situ generated aggregates that are relevant for
powder flow. Thus, different mechanisms can play a role de-
pending on a given material and flow conditions applied.

For the mixtures with Sorbitol, no detectable effect of adding
RA 0.2 and 0.5 wiw % was observed (Table 5) and all samples
showed slumping flow. This confirmed our previous results that
effects of cohesive materials in very small amounts might be
difficult to demonstrate with traditional testing methods [12].
On the contrary, more energy is needed to break down a powder
bulk when increasing the proportion of Lactopress Anhydrous in
the EP mixtures, which led to the expected increase in AA and
AE, and prolonged AT (Table 5).

To compare the results of the static angle of repose mea-
surement with the avalanche angle, the corresponding data are
plotted in Fig. 4. The three groups of materials are arranged
based on the obtained avalanche regimes (as discussed above)
showing good correlation of the static and dynamic experi-
mental results. Unfortunately, some data are missing because
no SA was detected for RA and LPA (Table 2).
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Fig. 3 Scatterplot of avalanche energy (kJ/kg) and avalanche time (s).
The graph shows a slumping (black circle), cascading (cross) and
cataracting (white square) regime of studied powders

Neusilin US2 (cascading), d Lactopress Anhydrous (cataracting) and e
Rebaudioside A (cataracting)

Particle and the Bulk Fractal Dimension

It is well accepted that bulk flow properties are influenced by the
individual particle characteristics. However, bulk flow is essen-
tially an emerging property so the influence of individual parti-
cles can be for example less pronounced when more representa-
tive particle aggregates exist that dominate overall flow.

For individual particles, roughness of the surface boundary
can be described by the fractal dimension [15-19]. The fractal
dimension can be obtained from optical, scanning electron or
atomic force microscopy using different methods, of which
the structured walk technique or the box-counting method is
often used [16, 19, 20, 44, 45]. A newer method of measuring
a fractal dimension is by image analysis of the dynamic pow-
der contour line in a rotating drum. The surface fractal
contour dimension or the related number provides infor-
mation about the roughness of bulk powders but, how-
ever, not about the individual particles [30].

In this work, the influence of the particle linear fractal
dimension pDf obtained from the box-counting method
[16, 19, 20] (using an optical microscope with a digital
camera) and the bulk fractal dimension, bDg, obtained
from powder avalanching was investigated.

The average values of pDp-are listed in Table 1. The pDris
connected to the particle boundary and relates to its surface
structure. For the available samples, there was a correlation
with particle flow rate Q)¢ noted with PCC of —0.851 (p=
0.032) and a borderline SRCC of —0.853 (p =0.056).
However, some care is needed regarding final conclusions
because Qo was not measurable with all samples (Tables 2
and 3) so that the dataset was comparatively limited. Thus, the
bulk fractal dimension became the focus of our study as it
describes the structure of the powder bed surface. For the
excipients tested, the results of bD values are summarised
in Tables 4 and 5.

The extent of cohesive forces between particles was likely
very important for higher values of 5D However, rather low
values were found for most samples displaying slumping and
cascading avalanche. The contour line of powder bulk is here
rather smooth and not rugged (Fig. 2a—c), resulting in better
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Fig. 4 Scatterplot of avalanche angle (°) and static angle of repose (°).
The graph shows a slumping (black circle), cascading (cross) and
cataracting (white square) regime of studied powders

flow properties. In addition, no effect of particle size on bDg
(1.014-1.017) was observed for sorbitol fractions (Table 5),
which was in agreement with the previous results for pDp
[31]. Values of 1.022, 1.032, 1.047 and 1.084 were detected
for Lactose PP, GranuLac 70, Lactopress Anhydrous and
Rebaudioside A, respectively, for which a cataracting ava-
lanche was observed. In Fig. 2d, e, a rough and jagged contour
line of bulk powder is illustrated. The cohesive forces between
particles, particularly the small ones (Table 1), distinctly wors-
ened the flow.

In the case of the studied powder mixtures, no noticeable
effect of the addition of Rebaudioside A was observed on the
bulk fractal dimensions of Sorbitol (1.016). On the other hand,
the addition of Lactopress Anhydrous significantly influenced
(ANOVA and Tukey’s multiple comparisons test, p value <
0.0001 at a:=0.05) the bDr of Excipress (EP). With the in-
crease in the amount of cohesive LPA, an increase in the 5Dy
was registered (Table 5). In consequence, the transition from a
cascading (3EP-1LPA) to a cataracting avalanche (1EP-1LPA,

5.30 Rebaudioside A—> O
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+
.

+ <— Neusilin US2
1.00 1.03 1.05 1.08
Bulk fractal dimension

Fig. 5 Scatterplot of bulk fractal dimension and avalanche time (s). The
graph shows a slumping (black circle), cascading (cross) and cataracting
(white square) regime of studied powders
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kg). The graph shows a slumping (black circle), cascading (cross) and
cataracting (white square) regime of studied powders

1EP-3LPA) occurred thereby reducing the flowability as men-
tioned above.

The relationship between the mass flow rate 0y (g/s) and
the bulk fractal dimension was studied. In accordance with the
results in Tables 2 and 3, however, the highest values of Q¢
were noted for the slumping samples with lowest values of
bDp, the contrary was true for the cataracting samples.
Unfortunately, the flow rate data were incomplete again, as
the cohesive samples did not pass through the 10.0-mm ori-
fice. It seems that more data of 0, would be needed and it is
interesting to note that a previous study of powder flow testing
identified bD- as the most dominant influence on flow behav-
iour by using multivariate data analysis [30].

A relatively high linear coefficient (PCC) of 0.74 (p=
0.0003) was detected between the bulk fractal dimension
bDr and the avalanche time AT (s) for 19 studied powder
excipients as illustrated in Fig. 5. The Spearman’s rank corre-
lation coefficient (SRCC) was lower 0.61 (p = 0.0091), which
was expected for a non-parametric test describing the associ-
ation of how values are ranked. In Fig. 6, a high positive
correlation between the avalanche energy AE (kJ/kg) and
the bulk fractal dimension is shown. The close association
between the variables for all samples was documented with
PCC and SRCC equal to 0.97 (p=0.0000) and 0.95 (p=
0.0001), respectively.

In order to describe the relationship between the par-
ticle boundary surface structure and the bulk powder
one for the excipient samples, the correlation between
the fractal dimensions pDr and bDr was lastly investi-
gated. Interestingly, no significant correlation was ob-
served. In light of the previous findings, it seems that
bDf is an emergent property of dynamically moving
particle assemblies (a macroscopic property), which is
likely affected by a number of parameters but a relevant
influence of pDg (a microscopic property) was not ob-
served here.
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Conclusions

In conclusion, 19 pharmaceutical excipients including the par-
ticle size fractions and the powder mixtures of various flow
behaviours were studied using different methods for
flowability testing. The results of the standard test methods
(e.g. Hausner ratio, the static angle of repose and the discharge
rate through the hopper orifice) and the more recent method of
dynamic image analysis in powder avalanching were com-
pared. The main benefit of the latter method is that even more
cohesive samples could be analysed, which was not the case
with all classical methods, such as flow through an orifice.
The relationship between avalanche energy and avalanche
time was investigated and the data correlated well with the
results of the flow properties of studied samples. The good
flow properties of the powders were confirmed by low values
of the avalanche energy and the short values of the avalanche
time; the opposite was true for the cohesive powders. A high
correlation was observed between the bulk fractal dimension
estimated from the contour line of the powder bulk (at the
moment of avalanching) and the avalanche energy. The higher
values of bD as well as that of avalanche energy were detect-
ed for materials showing cohesive properties. In line with the
main objective to study fractal aspects on flow properties, it
was also interesting to compare pDy with bDy. The lack of a
significant correlation underlined the emerging character of
the dynamic geometric bulk properties under flow.
Accordingly, bDr- is obviously not easy to predict from con-
tour properties of individual particles. Finally, powder flow is
certainly a multifactorial event for which fractal bulk proper-
ties merit further investigation. More research is also needed
to better understand how the geometric aspects of the bulk are
generated under different dynamic flow conditions.
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Nomendature AA avalanche angle (°), AE avalanche energy (kJ/kg),
AT avalanche time (s), d diameter of the base (mm), d, bulk density
(g/mL), d, tapped density (g/mL), d/3) volume mean diameter; De
Brouckere mean (um), A height of the cone (mm), HR Hausner ratio
(=), LOD loss on drying (%), P perimeter (um), Q;o mass flow rate for
diameter of a hopper orifice of 10 mm (g/s), SA static angle of repose (°),
Vo bulk volume (mL), V, tapped volume (mL), x,o particle dimension
corresponding to 10% of the cumulative distribution (um), xso mean
particle dimension corresponding to 50% of the cumulative distribution
(1m), xgq particle dimension corresponding to 90% of the cumulative
distribution (um), A length of steps (pm)

Abbreviations « level of significance, ANOVA analysis of variance,
bDp bulk fractal dimension, n number of replicas, N number of steps, p

p value, PCC Pearson correlation coefficient, pDp- particle fractal dimen-
sion, PSD particle size distribution, SEM scanning electron microscopy,
SD standard deviation, span width of the particle size distribution, SRCC
Spearman’s rank correlation coefficient
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VOD

Celety jsou povaZovany za idedlni ¢astice pro dalsi technologické zpracovani diky
jejich kulatému tvaru, hladkému povrchu a Gizké distribuci velikosti ¢astic. Pfi jejich
vyuZiti jako nosicl léciv miZe byt IéCiva latka soucasti pelety, nebo je na inaktivni
jadro nanasena ve formé roztoku, anebo je k povrchu jadra pfitahovana adhezivnimi
silami vznikajicimi pfi tvorbé interaktivni smési. Tato studie se zaméfuje na detailni
charakterizaci celet — pelet vyrobenych z mikrokrystalické celulosy.

MATERIALY

V této praci byly poutzity celety (Cellets® 100, Pro-
cess-Center GMBH&Co. KG, Némecko), které maji
Vvétsinu Eastic v rozmezi 100-200 pm (1).

Obr. 1: SEM snimek Cellets® 100 (zvétseno 140x)

METODY

Distribuce velikosti ¢astic byla stanovena pomoci analyzatoru velikosti ¢astic Mal-
vern Mastersizer. Tvar a povrch ¢astic byl pozorovan s vyuZitim skenovaciho elektro-
nového mikroskopu TESCAN Lyra 3 GMH (Obr. 1). Na susicich vahach Kern MLB 50-3
byl z 10 méfeni stanoven primérny obsah vihkosti v procentech.

Sypné vlastnosti

Sypné hustota (do) celet byl ovenana évolumetru. a hustota (d2s0)
po 1250 sklepnutich byla uréena na pfistroji Erweka SVM 102. Nasledné byl spocitan
index stlagitelnosti (Cf) a Hausnertiv pomér (HR) (2). Sypny thel byl vypoéitan z vysky
a praméru kuZele vytvoreného v souladu s Evropskym Iékopisem (Ph. Eur. 9.0, 2.9.36).
Dynamické chovani celet bylo hodnoceno v rotujicim bubinku Revolution® s digitalni
kamerou (rozliSeni 648x488 pixel) pro snimani pohybu pradku béhem lavin. Rychlost
sypani (Q) byla zméfena na pfistroji Erweka GT. Byla stanovena doba, za kterou doslo
k vyprazdnéni nasypky obsahuijici 100.0 g latky. Byly pouZity otvory nasypky s prii-
mérem 6.0, 8.0, 10.0, 11.3 a 15.0 mm. V8echna méfeni byla opakovana 10x.

Lisovani tablet

Po kompletni charakterizaci suroviny byly z celet lisovany tablety o hmotnosti 500 mg
a priiméru 13.0 mm na pfistroji pro testovani materialu Zwick/Roell T1 FRO 50. Tablety
byly lisovéany silou 10 kN a lisovaci proces byl popsan metodou zéznamu sila-draha
dle Ragnarssona (3). Pii této metodé je nastaven uréity lisovaci tlak (v tomto pfipadé
10 kN), po jehoZ dosaZeni se lisovaci trn zaéne vracet do své vychozi pozice. Vysledky
Ize poté zpracovat do grafu zavislosti lisovaci sily na dréze lisovaciho trnu (Obr. 2).

CHARAKTERIZACE TOKOVEHO CHOVANI
A LISOVATELNOSTI CELET, SLIBNYCH NOSICU LECIV

Z. Trpélkova, H. Hurychova, P. Ondrejéek, Z. Sklubalova

Univerzita Karlova, Farmaceuticka fakulta, Katedra fa[maceutické technologie,
Heyrovského 1203, 500 05 Hradec Kralové, Ceska republika

Zakladni namérené charakteristiky jsou shrnuty v tabulce €. 1.

Tab. 1: Zakladni charakterizace ©
Cellets® 100 " »
/
vihkost (%) 5.35 L ,
.
Xso (M) 142.50 - ol
AOR (9 28.77 g: » s
Q1 (g/s) 12.92 » &
do (g/ml) 0.738 »
dhzso (g/ml) 0.858 s
HR 1.16 ol
as o 3 n " 1
cl 13.97 D(cm)
AA() 33.78 Obr. 3: Zavislost rychlosti sypani na priméru
AE (kJ/kg) 20.47 otvoru nasypky

Cellets® 100 maji kulaty tvar, hladky povrch a tizkou distribuci velikosti éastic (span
0.5). Obsah vihkosti odpovidal tidajam uvadénym vyrobcem. Naméfeny sypny thel
fadi tyto celety mezi latky s vybornym tokem. Dle ziskanych hodnot Hausnerova po-
méru a indexu stlagitelnosti je vak jejich tok charakterizovéan jako dobry (CL 2009).
Rychlost sypani stoupa se zvét3ujicim se otvorem nasypky (Obr. 3); pro standardiza-
ci rychlosti sypani Ize doporugit otvor o velikosti 1 cm (Q1).

Také v rotujicim bubinku vykazuji ¢astice celet velmi dobré tokové vlastnosti
(slumping avalanche regime) s nizkym lavinovym Ghlem (AA) a nizkou spotiebou
energie (AE) (Obr. 4).

SN

building change

Obr. 4: Graficky zaznam z méreni v rotujicim bubinku

Uvedené velmi dobré tokové vlastnosti ceIeQ take korelovaly s niZsi spotifebou
energle pfi lisovacim procesu hod sila-draha. Po na-
sypani do matrice se celetové ¢astice snadno usporadaji, a proto neni potieba
dodavat velké mnoZstvi energie k jejich pfeskupeni (Tab. 2).

Tab. 2: Energetické parametry ze zaznamu sila-draha

Ep(J) 3.10(0.16)
EL(J) 6.35 (0.04)
Ee(J) 1.85 (0.04)

Bohuzel, u tablet vylisovanych z celet byla zjisténa velmi nizka radialni pevnost
0.287 MPa a nevyhovujici 100% odér. Tablety se rozpadaly jiZ pfi testovani ve fri-
abilatoru.

ZAVER

Vysledky této prace ukazaly, Ze Cellets® 100 maji vyborné tokové vlastnosti, kte-
ré vychézeji z jejich tvaru, povrchu a vysledki sypnych charakteristik ¢asticovych

Tere A- B...stlagovani materialu
B- D...uvolnéni a relaxace tablet
.energie predlisovani
.energie plasticka
.energie elasticka
compsction werk /docormprossion
P ik Obr. 2: Metoda za; 1 sila-drah:
A b c
Displacersent [nu

Po kompaktaci byly tablety nechany 24 hodin v klidu, aby se vyrovnaly energie a sily
vzniklé pfi lisovani. Nasledné byl dle Iékopisu zjistén odér tablet ve friabilatoru Sotax
FT 2. Pevnost tablet byla vyjadrena jako radialni sila podle stanoveni Fella a Newtona
(4). Drtici sila byla méfena na piistroji pro testovani pevnosti tablet Tablet Tester 8M.

PODEKOVANI

Tento vyzkum byl podpoien z Grantové agentury Univerzity Karlovy grantem
€. 322315/2015 a studentskym projektem SVV 260 401.

Jejich tokové chovani se nasledné projevilo i v niZsi spotiebé energie pii
lisovacim procesu Avsak diky velmi nizké pevnostl tablet a vysokému odéru nelze
dané celety pouZit jako samostatné plnivo pii pfipravé tablet. Abychom mohli vy-
uZit jejich vynikajici sypné vlastnosti a pouzit ¢astice jako nosice IéCiv ve vyrobé
tablet, je potfeba pfidat jesté jina plniva, napf. néktera s vyssi plasticitou jako je mi-
krokrystalicka celulosa, a ziskat tak smés s optimalnimi vlastnostmi pro lisovani.
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EFFECT OF NEW MICRONIZED SILICA EXCIPIENT ON PROMOTING A
DISINTEGRATION TIME OF ORODISPERSIBLE TABLETS

J. Stonis", H. Hurychova, Z. Skofepovd, Z.Sklubalova, P. Ondrejéek, P. Svadinova

Charles University in Prague, Faculty of Pharmacy in Hradec Kralové Department of Pharmaceutical Technology
Akademika Heyrovského 1203, Hradec Kralové 500 05, Czech Republic
Tel: +420 495 067 111, E-mail: stonisj@faf.cuni.cz

INTRODUCTION
Orodispersible tablets (ODT) are innovative
dosage forms. ODT disintegrate in mouth
within 3 minutes (1). The most important
parameters of ODT are disintegration time (DT)
and tensile strength (TS) (2). These parameters
have to be balanced well, so the ODT would
disintegrate in mouth quickly and they would
not need a special packing. In this research
work, the focus was placed on disintegration
time and its promotion. New excipient on the

MATERIALS
Potato starch (PS) (Skrobarny Pelhfimov, Czech Republic), Corn starch (CS) (Roquette, France),
Croscarmellose (CMC), Sodium starch glycolate (SSG) (Primellose, resp. Primojel generously gifted by DFE
Pharma, Germany), PVP (Kollidon 25, BASF, Germany), Micronized silica (SY) (Syloid 244 FP, generously
gifted by Grace, USA.

METHODS
Mixture of starch and superdisintegrant (10 %) was prepared. Granular powder was produced using the
UniGlatt fluid bed granulator (Glatt GmbH, Germany) in a batch size of approximately 550 g, with the use
of Kollidon 25 (10% aqueous solution). Four batches were prepared — CS CMC, PS CMC, CS SSG, PS SSG
(Table 1).
The granular powder (Figure 1) was mixed with glidant (0.5 %) and and used for preparation of tablets
having the mass 0.1 g and the diameter (D) 7 mm on material testing machine T1 FRO 50 (Zwick/Roell,

GmbH, Germany). Tablets were pressed with different compression force (CF), to have the same innitial
tensile strength of 1 MPa. (Table 2).

The mass (Analytical balance, precision 0.1 mg, HR 120, A&D, Japan), the diameter and the height (H) of
tablets were estimated as well as the crushing force (CRF), tensile strenght (Tablet tester SCHLEUNIGER
8M, Pharmatron AG, Switzerland) and the disintegration time (Tablet disintegration tester ERWEKA ZT|
301, Erweka GmbH). Results are listed in Table 2.

basis of micronized silica, Syloid 244 FP (3),
was used as a glidant. ODT were prepared by
direct compression of the granular powder
made by fluid bed granulation process from
different starches.

RESULTS AND DISCUSSION

Tablets were measured for disintegration time and for tensile strength after 24 hours. Syloid 244 FP decreases disintegration time of tablets and tablets compressed
with SY as a glidant can be produced with lower compression force (Table 2), they are also possessing higher tensile strength after 24 hours after compression. Namely !
batches PS CMC SY and PS SSG SY showed best the results with satisfactory TS and DT ratios (Figure 2 a, b).

Table 1: Composition of prepared batches

Table 2: Parameters of produced tablets

Batch cs PS cMC SSG PVP Batch CF (kN) H (mm) D (mm CRF (N) TS (MPa) DT (s)
PSCMC - + + - + CSCMCsY 3.00 229 6.97 19.25 0.77 79.00
PS S5G - + - + + PS CMC SY 5.00 207 6.94 24.00 107 81.83
cseme + - + - + CSSSGSsY 3.00 234 6.97 18.00 0.70 7033
CS SSG + - + + PS SSG SY 250 233 6.94 15.75 0.62 34.83
100 12
1 Innitial tensile strenght
80 - 10
0.8 1
60
0.6
40 -
04 1
20 A 02 1
0 - 0.0 -
200 pm- CSCMCSY PSCMCSY (CSSSGSY  PSSSGSY CSCMCSY PSCMCSY (CSSSGSY PSSSGSY

Figure 1: Microscopic picture of granular powder PS SSG

‘roduced by fluid bed granul Figure 2 a: Disintegration time (s) of produced tablets

Figure 2 b: Tensile strenght (MPa) of produced tablets

CONCLUSIONS

Experimental data confirmed, that tablets with micronized synthetic amorphous silica gel (Syloid 244 FP), which was used as a glidant in
the formulation, can be used as substitution for classic glidants such as Magnesium Stearate. Its influence on promoting disintegration
time in comparisson with classic glidants will be further studied.
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THE INFLUENCE OF MAGNESIUM STEARATE ON THE MASS
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INTRODUCTION

Evaluation of the flow and shear properties is very important
for the handling, storage and transportation of particulate ma-
terial as well as for the processes of blending, homogenization
and dosing of active substances and cxcipients in production
of solid dosage forms. To avoid any discharge problems, de-
termination how material flows is necessary. To increase the
flow of powders, glidants such as magnesium stearate is usu-
ally used.

The flow behaviour of powders mostly depends on the in-
ternal friction between individual grains of the material. For
evaluation of the flow behavior of powders, various methods
can be used.! Out of the standard pharmacopoeial methods
(Ph. Eur., 2.9), the measurement of the mass flow rate through
an orifice of the hopper is belicved onc of the best. Recently,
the particulate materials are also described using the avalan-
ching?* and shear* behavior. Shear cell methodology has been
used intensively to obtain a wide variety of the flow parame-
ters, including the cohesion, the angle of internal friction, the
flow function, etc.

This work studies the influence of magnesium stearate (MgSt)
0.5 wt% and/or 1.0 wt%, respectively, on the mass flow rate
Q (g/s) of sorbitol for direct compression, Merisorb*200 (MS
200), through a circular orifice of the conical stainless-steel
hopper were evaluated. The influence of the concentration of
Mgst on the flow function and cohesion of MS 200 was stu-
died using Jenike shear tester.

EXPERIMENTAL M

MATERIALS

Sorbitol for direct compression (Merisorb® 200, MS 200; Te-
reos Syral SAS Nesle) and magnesium stearate (MgSt; Acros
Organics) were used. The sample morphology of MS 200 was
investigated using scanning electron microscopy (SEM) with
a FEG electron gun (FIB-SEM TESCAN LYRA3GMU) at
acceleration voltage of 5 kV (Figure 1).

The mixtures of MS 200 and MgSt 0.5 wt% and 1.0 wt%, re-
spectively, were prepared by mixing the substances for 2.5 min
at 18 rpm in the cube mixer (Erweka, Germany). Each pow-
der mixture was prepared in total amount of 400 g.

ODS

METHODS

The measurement conditions were in accordance with the
European Pharmacopocia (8.8) for measuring the bulk den-
sity and the mass flow rate through the circular orifice of
a hopper. All measurements and manipulations were carried
out at a controlled ambient temperature of 21.5 + 0.5 °C and
relative air humidity of 30.0 + 1.0%.

MEASUREMENT OF BULK DENSITY

The bulk density of MS 200 and its mixtures with 0.5 wt%
and 1.0 wt% of MgSt was determined by Scott's volumeter
(Capley, United Kingdom) in accordance with the Furope-
an Pharmacopoeia (Ph. Eur, 2.9.34). The powder was layered
into a cylindrical stainless cup (25.00 + 0.05 ml). The bulk
density d, (g/ml) was calculated from a known volume of the
cylindrical cup, and the weight of the powder. Table 1 lists the
average for ten repetitions of measurements with the relative
standard deviations (RSD) of less than 1.0 %.

Faculty of Chemistry, Institute of Materials Science, Brr

MEASUREMENT OF THE MASS FLOW RATE

In accordance with the European Pharmacopoeia (Ph. Eur.,
2.9.36), the mass flow rates of MS 200 and its mixtures with
0.5 wt% and 1.0 wt% of MgSt were measured using a stainle-
ss steel conical hopper with a capacity of 200.0ml having an
internal angle wall inclination of 40° (Granulate tester GTB,
Erweka, Germany). The time it took for 50.0g of powder was
pass-through the circular aperture with the diameter of 1.0 cm
was estimated. The mass flow rate Q (g/s) was then calculated
from the measured pass-through time. ‘Lhe mean for ten re-
petitions of measurements, the relative standard deviations of
which were less than 2.0 %, is presented in Table 1.

BULK PROPERTY MEASUREMENT BY JENIKE SHEAR TESTER
The Jenike shear tester (Figure 2) was used for meastring the flow and
shear properties of MS 200 and its mixtures with 0.5 wt% and 10 wi%
of MgSt in accordance with the recommendations of ASTM (Dé128-
14). The geometry of the shear tester is referred to in Table 2. The con-
stant speed of 4 mm/min was used for the force-measuring pin.

“Lhe shear test proceeded in the three phases. As first, the powder
was over-filled into the standard shear tester and correctly consoli-
dated using the normal stress of 10.36 kPa and twenty twist cycles.
The lidated sample subjected to shear at the
same normal stress to achieve sle—ady state (preshear point, P). To
measure the actual values of shear stress 7, the normal stresses with
decreasing values of the normal stress in sequence of 7.87 kPa,
5.37 kPa and 2.87 kPa were used. Three shear points (5,5 were
identified. To evaluate of the results, a yield locus of this shear stress
vs. the reduced load was obtained using the Mohr's circle analysis
(GeoGebra SW) from which the basic characteristics of the samples
were determined. The shear parameters are listed in Table 1.

RESULTS AND DISCUSSIO

The flowability of powder materials is usually influenced by the
addition of glidants such as magnesium stearate or colloidal silica.
Sorbitol is general considered as a free-flowing excipient. Under
such circumstances, a lubricant (e.g. MgSt) is used particularly to
prevent adhesion of tablets on the dic or punch wall.?

In the left part, Table 1 summarizes the bulk density d, (g/ml) and
the mass flow rate Q (g/s) through a circular orifice of the conical
hopper for MS 200 and its mixtures with MgSt. The orifice diame-
ter of 1.0cm was used which is the most often used in testing of
flowability in the pharmaceutical technology. Although sorbitol
is free-flowable, the positive effect of MgSt can be observed. The
higher Q was noted with the addition of MgSt 0.5 wt% than
1.0 wt%. This result is in the agreement with the literature.¢
Figure 3 illustrates the analysis of Mohr's circles of the o-t relati-
onship for MS 200 showing the shear points (S,-S,), the preshear
point (P), the major principal stress (o), the yield locus (YL),and
the effective yield locus (EYL). In Figure 4, the detail of the Mo-
hr's circles analysis of the a-t relationship for MS 200 is illustra-
ted with the unconfined yield strength (o ), the cohesion (1), the
angle of internal friction (&), the effective angle of friction (),
the yield locus (YL), and the effective yield locus (EYL). In the
right part of Table 2, shear parameters are summarized.
Generally, excipients for direct compression are expected to
be free-flowable, non-cohesive materials. For MS 200 and its
mixtures with MgSt, the very low values of the cohesion were
detected. This is in a good agreement with the obtained flow
function (ff)) values greater than 10. The best results were ob-
served with the addition of 0.5 wt% of MgSt again.

Table 1. The mass flow rate and shear characteristics of MS 200 and its mixtures with 0.5 wt% and 1.0 wt% of MgSt.

[ 1106 |

14.50

| 0022 0.008 | 2203 | 655.88 |

1046 |

14.56

| 0050 0.017 | 2026 | 294.14 |

Table 2. Characteristics of the shear tester.

Shear ring

Shear cover

, Czech Republic

CONCLUSION

The flowability of a bulk solid depends on the
cohesive forces between individual particles.
Free-flowable excipients are preferred in the
direct compression of the tablets, however, lub-
ricants are used to reduce the friction during
compression and ejection process. The very
lowvalues of the cohesion and very high values
of the flow function for MS 200 were detected.
We verified the excellent flow properties of MS
200. MgSt increased the mass flow rate of MS
200 through the opening of a conical hopper
and the flow function and decreased the co-
hesion properties. The better results were ob-
served with 0.5 wt% addition of MgSt.

Figure 1. SEM picture of MS 200.

sewm 5o

Figure 3. The Mohr's circle analysis of the o-t relationship for
MS 200.

faea

Figure 4. Detai of the Mohr's circle analysis of the a7
hip for MS 200.

Diameter (m) 0.100 0.100 0.099
He t (m) 0.0190 0.0160 0.002
‘Weight (kg) 0.3166 0.1136 0.0980
Volume (m?) 0.0001492 0.0001256 -—
Area (m?) 0.007850 e 0.007694
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TUDY OF THE INFLUENCE OF THE DIAMETER OF A CONICAL
HOPPER ORIFICE ON THE PARAMETERS OF THE FLOW EQUATION
FOR SIZE FRACTIONS OF SORBITOL GRANULES

Hana Hurychové, Malek Azar, Zdenka Sklubalova & Jan Stonis

Charles University in Prague, Faculty of Pharmacy, Department of Pharmaceutical Technology, Hradec Kréalové, Czech Republic | E-mail: hurychh@faf.cuni.cz

INTRODUCTION AND THE AIM

Pharmaceutical powders and granules are the dominant materials used
in the pharmaceutical industry. The knowledge of their flow properties is
very important not only for the handling and processing into solid dosage
forms but also for the standardization of production processes and the
quality of the final product. Flow properties of pharmaceutical powdets
and granules are primarily affected by properties of their particles and
ditions of (Hoag & 2008). Generally,
Pharmacopoeial methods (Ph. Eur.) could be used in evaluation of flow
properties; however, attention is also paid to methods which evaluate the
shear and avalanche behaviour of the particulate matter (Schwedes, 2003;
Hoag & Augsburger, 2008; Nalluri & Kuentz, 2010).
Wet granulation, in which the solid material is mixed with aliquid phasein

order to obtain aggl resistant to mechanical

i.e. granules, is
widely applied in the pharmaceutical industry. The change in particle size

of pharmaceutical powders (Ennis, 2010).

hwed:

2003). Measurement of the flow rate Q (g/s) through the aperture of
ahopper is considered to be one of the best methods. In order to describe
the relationship between variables (D, x, d, ), a power law function is used.
In pharmaceutical technology, the Jones & Pilpel power equation (1) is
employed (Jones & Pilpel, 1966; Kachrimanis et al., 2005)

40 1
D-d: 1
W] m
Q  (mass) flow rate 2k
D diameter of the hopper circular aperture em
@ the powder bulk density: gl
& the acceleration of gravity GBI canls
A parameter of the equation

Figure 1 Figure 3
Bulk density

‘The bulk density of the size fraction of the sorbitol granules was determined
by Scott’s volumeter (COPLEY, SOTAX, UK) in accordance with the
European Pharmacopoeia (Ph. Eur, 2.9.34). The bulk density d, (g/ml) was
calculated from the known volume of the cylindrical cup and the weight
of the sample. Table 1 lists the average for ten repetitions of measurements
with the relative standard deviations (RSD) of less than 1.5 %.

Mass flow rate

‘The flow rate of the size fractions of the sorbitol granules was measured
using a stainless steel conical hopper with a capacity of 200.0ml having an
internal angle wall inclination of 40° (Granulate tester GTB, ERWEKA,
Germany). The mass flow rate Q (g/s) was determined by measuring the
time it took to empty 50.0g of granules through the circular aperture with
diameter D =0.6 cm, 0.8¢m, 1.0cm, 1.13cm, and 1.5cm. The flow rate was

Yo Ly i oy

Table 1. Mass flow rate Q (g/5) of the size fractions of sorbitol gramules

Sizefracon  x  dy D (cm)
(gml) 06 08 10
0577 193 528 101

113 15
144

(mm)
0300~ 0.400

(tum),
0346

33

0447
0561
0.669

0542 167
0545 151
0555 140

85T

126
121
116

374
336
333

Table 2. The parameters of the flow equation (1) of the size fractions

of sorbitol granules
x(mm) dy(g/m) A n ¥
0346 0577 1095 336 09982
0447 058 1123 335 09986
0561 0545 1154 336 09994
0669 0555 1175 345 09992

Table 3. Accuracy A (%) of the flow rate prediction Qy(2/s) for the flow equation (1)

gh time. Table 1 iststh
for ten repetitions of measurements, the relative standard deviations (RSD)
of which were less than 4.5 %.

RESULTS AND DISCUSSION

In the pharmaceutical industry, the improving of flowability of powders is
often necessary to achieve optimal process conditions. Out of the possible

T parameter of the equation. the reciprocal value of the exponent

methods, wet

ofph:

is frequently used in solving poor flow properties

A fast method for testing of flow

i wodkatadicsthe rafl Bodi
aperture on the mass flow rate Q (g/s) of size fractions of sorbitol in the

of aconical hopper circular

range 0f0.300-0.710 mm. A non-linear dependence of the low rate on the
aperture diameter D (cm) is modelled by the Jones-Pilpel power equation
(1) (Jones & Pilpel, 1966) and using the proposed power law equation
in which the intercept represents the estimate of the particle flow rate
through an orifice of unit diameter. The precision of the reverse estimation
of the mass flow rate Q, (g/s) was the main criterion in evaluation of the
‘mathematical model’s suitability.

EXPERIMENTAL

Methods

Preparation of sorbitol granules

Sorbitol granules were prepared by wet granulation mixing of sorbitol
for direct compression (Merisorb® 200, MS; Tereos Syral SAS Nesle) with
purified water in the ratio of 1:10. The mixture was manually extruded
througha 1.0mm sieve. Th | dried at room temp The
‘moisture content 0.8 % was determined (N = 3) gravimetrically (Moisture
analyser XM60, PRECISA, Switzerland).

For the evaluation of sorbitol granules, the following methods were used:
1. Particle size by sieve analysis

o

. Optical microscopy
. Bulk density
. Mass flow rate

s oW

All measurements were carried out at a temperature in the range 23.0 +
1.0°C and relative air humidity in the range 0f 22.0 + 3.0 %.

Particle size and shape
An optical microscope with a digital camera (Olympus BX 51, Germany)
was used to observe the particles. The size and the shape of the sorbitol

granules are illustrated by at ten times

(Figure 1-3). The finished granules can be characterized as crusting
agglomerates of irregular shape.

A mean particle diameter x,, = 0.270mm and x,, = 0.620mm of granules
were estimated by the analytical sieving method (Vibratory Sieve
Shaker AS 200 basic, RETSCH, Germany) in accordance with European
Pharmacopoeia (Ph. Eur,, 2.938).

‘The granule size fractions were obtained using vibrating screens of
0.300 mm, 0.400 mm, 0.500 mm, 0.630 mm and 0.710 mm size. In Table 2,
the particle diameter x (mm) is referred to as the geometric mean of the
range of the sieves used.

required. The measurement of the flow rate through a hopper aperture is
an easy and illustrative method. However, the choice of a suitable orifice
diameter needs to be optimized.

It is known, that the mass flow rate increases non-linearly with an increase
in the size of the aperture. This dependency can be modelled by the power
function with the constant exponent n = 2.5. The Beverloo equation is an
example (Beverloo et al., 1961). In this work, the JP equation (1) (Jones &
Pilpel, 1966) with the variable n (a reciprocal value of the exponent) was used
to study the relationship of the mass flow rate Q (g/s) of the size fraction of
sorbitol granules in a range of 0.300-0.710mm on the diameter D (cm) of
the mode! testing hopper ina range of 0.6 to 1.5cm..

‘The estimation of the parameters A and n is possible by plotting a complex
variable (Q/g"*n/4-d,) against the diameter of the aperture D (cm). In the
equation, parameter A (dimensionless) expressesthe influence of thehopper
wall. The results in Table 2 are arranged for the size fractions x (mm) in
relation to the apertures of the hopper D (cm).

deviation A (%) between the measured flow rate Q (g/s) and that calculated
Q, (/s) was expressed using the actual parameters of the equation (1). Data
are summarized in Table 3. In the last row, it can be seen that the JP equation
allowed the prediction of the flow rate with an average value of A =4.5 %.
Proposed mathematical model

‘The experimental data from Table 1 were similarly modelled using the
proposed power law equation (2}

0-G-0" @

h Tt

‘where n is an exponent and Q, is an intercept which represents the flow rate
Q(g/s) through the aperture with the diameter D = 1.0cm. The parameters of
the equation n and Q, are estimated due to the graphical dependency between
the experimentally obtained value of Q and the orifice diameter D. Using the
actual equation parameters detected, the precision of the flow rate prediction
Q, (g/s) was calculated again (Table 5). Non-significant differences between A
(%) 44 % and that mentioned above for JP equation were observed.

CONCLUSION

In Table 2 and 4, the correlation coefficients r demonstrates that both
mathematical models fit the experimental data well. The differences in the
average values of precision for the estimate of the flow rate are insignificant.

However, the clear meaning of the parameters makes the proposed power
equation(2)beneficilforpossibleusein pharmaceuticaltechnologyinfast routine
testing of particulate mater flow behavious, e, during formulation procedures.

D(em) x(mm) Q(gs) Qulgh) A(%) AverageA (%)

0346 193 189 207
047 167 165 240

0561 151 149 132 3
0660 140 138 420
0346 528 497 587
047 448 428 446

0561 404 391 32 i
0669 364 055
0346 101 396
047 837 904 58

10 0561 785 820 56l e
5 o6 735 T8 65
0346 144 159 104
047 126 136 1%

B T e
0660 116 110 250
0346 430 411 638
047 374 352 588

= 0561 336 324 357 2
0668 33 317 480

Average i3

Table 4. The parameters of the flow equation (2) o the size fractions of sarbitol gramules

s(mm) Qiigs) n r

0316 105 334 0998
0.447 904 334 09986
0.561 8§28 335 09994
0.660 783 344 09992

Table 5. Accuracy A (%) of the flow rate prediction Qp (g/5) for the flow equation (2)

Diem) x(um) Qg5 Qolgh) A(%) Averaged (%)

0346 195 191 104
047 167 164 180

- 13
T 151 150 066
0660 140 135 357
0346 528 500 530
OHT 448 4 4x

08 a1
0561 404 392 297
0669 364 364 000
0346 101 105 396
047 857 904 548

10 54
0561 785 828 548
0669 735 78 653
0346 144 159 104

61
0.669 19 250
0346 408 706
0447 350 64

15 57
0361 32 417
0669 36 sa

Average 44
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STUDIUM SYPNYCH VLASTNOSTI A STLACITELNOSTI GRANULATU

PRIPRAVENEHO FLUIDNI GRANULACI
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UvoD
Dillezitou vlastnosti farmaceutickych préskis a sranulith je sypnost, Kieté podmiiuje homo-
genifu piipravku a spravné divkovani ve vyrobé Iékovjch forem. a lisovatelnost. Sypnost
Litek je primameé ovlivnéna viastnostmi Edstic a vazbami mezi nimi, které mimo jin zvisi
na obsahu vikosti. (HOAG, W. $.. AUGSBURGER. L. L. (Eds): Phamaceutical dosage
forms: Tables, vol. 1, 3 Ed., 2008, New York: Informa Healthcare, 75-100).
Vsledky méfen jsou rovné? ovlivnény pousitym zaiizenim. Ve farmaceutické technologii
se pro hodnoceni sypnosti a lisovatelnosti pré¢kt a granulith vyu2iva celd fada metod
(PRESCOTT. J. K.. BARNUM. R. A,, Phann. Technol.. 2000, 24 (10), 60-84),

Fluidni granulace je metoda vroby eranuldtu ndstfikem tekutiny (vlhéivo, pojiv, 1é-
Givd latka) na dastice plniva ve vznosu. Vznikly granuldt je nésledné v témse kroku  suen.
V zdvénu procesu lze granulit smisit s kluznou latkou. Ve vrobnim procesu jsou automa-
ticky prednastaveny parameiry viroby. ukonteni procesu je viak zavislé na pracovnicich
obsluby a mize se promitnout do teploty, p které se ke granulétu piiddva kluznd litka

CILE PRACE
Hodnoceni sypnosti a lisovatelnosti dvou Sar3i komeréniho granulétu pripravencho meto-
dou fluidni granulace a poroviini s vlastnostmi sorbitolu, jako vstupni suroviny. Pouité
Zarze granulitu se likily koncovou teplotou vroby (G1 - 27°C. G2 - 29°C). Byl sledovin
wliv velikosi istic a velikosti ofvoru nasypky na hmotnostui rychlost sypni Q (gs) a syp-
uy kel (AOR)

Gramlte tester GTB

analyzator vibkosti XM60

enl

|

Topped dersiy eser

bty sieve
[ shaler AS 200 BASIC,

L
Scottiv volumetr COPLEY,

opticky milrosk
W OlympusBXSL

MATERIALY A METODY

Ve fluidnim granulétoru (Huttlin Pilotlab L, GmBH A BOSCH) byly pfipraveny dvé darse
aranulin (G1, G2) rozpradovanim 50%niho vodného roztoku panthenolu na dstice sorbito-
1 (S). V zivéru granulace byl pfidan stearan hoteénary (2.4 %).

Poutzité suroviny a vstupni podminky pro vyrobu granulatu fluidni granulaci:

ID-Panthenol 100% Dexpanthenol Teplota v komote 0°C
Cisténa voda Aqua punificata Rychlost pritoku roztoku 0.100 kg/mmn
Sorbitol Merisorb™200 [Promeer trysek pro nistik 080 mm
Stearanhotetnaty  Ligamed ME2V | |Relativai vibkost vomore  35%

Pro hodnocens eranulitu a sorbitolu byly vyuzity nisledujici metody-
1. Hodnoceni obsahu vlhkosti

2. Hodnoceni velikosti &4stic sitovou analjzou (C1.2.9.38)

3. Mikroskopické hodnocen velikosti Sstic (CL.29.37)

4 Sypnéi a setfesnd hustota (CL2.9.34)

5. Stlatitelnost (CL 2.9.34)

6. Méfen sypného dhlu (CL 2.9.36)

7. Rychlost sypani (€L 2.9.36)

Méfeni byla realizovana za standardnich laboratomich podminek (T 24 £ 1°C: RH 37+ 5 %)

VYSLEDKY A DISKUZE

1. OBSAH VLHKOSTI

3. MIKROSKOPICKE HODNOCENT VELIKOSTI CASTIC

4. SYPNA A SETRESNA HUSTOTA

Obsah vihkosti (%) byl sledovén suSenim 10 g vzorku v analyztoru viikost
do onstantni hmotnosti pii 50°C (G1. G2) a 80°C (S).

Obsah vihkosti zjiétén (a.=3 = SD) pro sorbitol byl 0.77 % = 0,03: po virobé
granulit byl 0.46 %= 0.02 pro Gl a 0,51 %= 0,04 pro G2. Béhem skladovani
a manipulace se postupné ustalil na hodnoté cca 0.8 % pro S a 1 % pro G Ve
stovnéni s granultem pripravenym vlhkou granulaci je mnohem nizSi

2. SITOVA ANALYZA

Velikostni frakee granulath a sorbitolu byly ziskiny vibradnim sitovénim
(Vibratory Sieve Shaker AS 200 basic. RETSCH, Némecko) s pouzitim sit
0.080; 0.125: 0.200; 0.300; 0.400 a 0.500 mm.

Je patmé rozsieni distribuce sc
Zv{éenim poétu Estic nad 0.3 mm
pro granulat

Vysoky obsah prachového podilu
(pod 0.2 mm) viak presahuie ob-
vykle doporucovany limit 10 %.
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Suchy vzorek o hmofnosti cca 0.009 g byl nanesen na podlozni sklitko, roz-
prflen a pozorovin pfi 10-ti nisobném zvétéeni v optickém mikroskopu
(Olympus BX 51. Praha) Velikost a tvar vzniklého granuléa ilustruji mikro-
skopické sniniky.

Pii nistiiku vodaého roztokn 1éciva, miise dochizet k &stenému rozpusténi
a spojent dstic sorbitolu sriistem krystalts v proudu teplého vzduchu. Vysled-
1§ granulét je mozné jako krustovity, ého tvanu

VLASTNOSTI GRANULATU A SORBITOLU

V tabulce jsou Eistice charakterizoviny stfednim rozmeérem xy (mm)
pro 50% kumulativai etnost, podilem prachovych Estic (%), sypnou husto-
tou py (gul), seticsnou hustotou pr (g/ml), indexem stlaéitcluosti (CT) a
Hausnerovym pomérem (HR)

% podilpnctn  py o IR
(om) (%) (g/m) (g/ml)
GL 0204 1896  0.674(0.008) 0.705 (0.004) 650 1.07
0,668 (0.003) 0,744 (0.001) 6.6 1.07

0,639 (0.004) 0.737 (0.001) 10.63 1.12

G2 0166 36.75

S 0146 3627

Sypna hustota byla uréena pomoci Scottova volumetru (COPLEY. GB).
Pristroj umozinje rozvolnit shiuky &stic vzerku pomoci sitek o rozméru
1.0 mm nebo 2,0 mm. P studiu viivn velikosti sitka byl zjiétén vyznamny viiv
(p 0,01) na syprou hustotu. Tsou wvedeny prisméry pro n = 10 (SD) pro sitko
1.0mm

Setfesni hustota byla stanovena mechanickym sklepévinim v odmérném
valei (Tapped Density Tester, ERWEKA, Némecko) Metodou 1 (CL 2.9.34).
Jsou uvedeny priméry pron = 10 (SD)

5. STLACITELNOST

Indes stlaitelnosti a Hausneriy pomér byly vypotitiny ze sypacho a se-
tiesného objemu (CL 2.9.34. Meteda 1)

6. SYPNY UHEL

Sypny tihel (AOR) byl uréen z vyiky  privméru kuZele préskn nasypaného na
podlozku (Granulate Tester GTB. ERWEKA. Némecko).

7. RYCHLOST SYPAND

Rychlost sypini Q (g/s) byla uréena méenim éasu pro vysypéni konstant-
niho mnostvi vzorku (50,0 g) otvory nésypky (Granulate Tester GTB, ERWE-
KA., Némecko) o velikostech 6.0; 8.0: 10.0: 11.3 2 15.0 mm (n=10).

STUDIUM VLIVU VELIKOSTI CASTIC A OTVORU NASYPKY
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Hodnoty py, pr. CT a HR se vyusivaji k porovndni interakei &astic prasku
(granulty) a hodnocens jeho lisovatelnosti. Cim je vy$éi rozdil mezi sypnym.
a seffesnym objemem (hustotou). tim se lisovatelnost zhoriuje (CARR.
R L. Evaluating flow properties of solids, Chem. Eng., 1965, 72, 163-168)
V obou piipadech mély granulty lepsi lisovatelnost ne vstupni sorbitol

Byl sledovén také tihel nasypén (n = 10). Hodnoty AOR jsou tradiéni mirou
sypnosti praskt.

Vliv velikosti ofvoru nsypky D (mm)
na thel nasypéni granulati a sorbitolu.

Vliv velikosti &dstic na index
stlatitelnosti a Hausneriiv pomér

Viiv velikosti édstic x (mm) na
rychlost sypéni Q (g/s) granulitu G1
jednotlivimi ofvory ndsypky.

Vliy velikosti otvoru nsypky D (mm)
na rychlost sypéni Q (g/s) velikostnich
frakei granulétu G1

Byly zjistény nelinedmi vlivy velikosti &stic, pfipadné velikosti otvoru nasypky na sledované vlastnosti granulai a sorbitolu. To je v souladu s literérnimi
poznatky (BROWN, R L RICHARDS, J. C., Trans. bust. Chem. Engrs., 1960, 38, 243256 PITKIN, C. G, MITRA, A K., PITKIN, Ir, C. G, J Phamn. Sci..

1973, 62. 693). Tyto zivislosti budou dale studoviny.

1. Granulaci se zvysilo procentudlni zastoupeni frakei nad 0,3 mm oproti sorbitolu. Granulat mé nizky ob-
sah vlhkosti (do 1 %), vysoky obsah prachového podilu (nad 18 %) a lze ho charakterizovat jako krustovity

s nepravidelnym tvarem.

2. Pouzité sitko Scottova volumetru mé na sypnou hustotu vyznamny vliv (p > 0,01)

3. Granuldt ma nizsi sypnou hustotu ve srovnani se sorbitolem. Nizsi hodnoty HR (< 10) a CI (< 1,11) ve

dol

srovndni se ji lepsi |

S vyjimkou prachového podilu a x5 nebyly zjidtény vjznamné rozdily ve vlastnostech G1 a G2

ZAVERY

hmotnostni rychlost sypani

thel nasypani
hmotnostni rychlost sypani

4. Velikost ¢astic vyznamné nelinedrné ovliviiuje
sypnou a setfesnou hustotu, tj. také Hausnerdv pomér a index stladitelnostt

5. Velikost otvoru nasypky vyznamné nelinedrné ovliviije

6. Rychlost sypani velikostnich frakei granulitd je vy33i nez rychlost sypéni velikostnich frakef sorbitolu. To

‘muze byt zpusobeno vlivem piidané kluzné litky, ale 1 obecns lep$imi sypnymi vlastnostmi éastic granulitu

T Autofs dékui za finanni podporu projeku specifického vyzkumu Univerzity Karlovy v Praze SVV 260 062.
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