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ABSTRACT

The most useful dosage form taken from a patient’s point of view is tablets because of its
simplicity and portability (Takeuchi ef al., 2004:132). Manufacturing of tablets can be done
by wet granulation or direct compression of powders. For direct compression it is important
that the powder has good particle flowability and compactability. Various methods to
investigate these properties of the powder have been developed, which provide comparative
indices to assist in the process and formulation design (Li ef al., 2004:77).

Chitin is the second most abundant naturally occurring biopolymer after celiulose (Asada ef
al., 2004:169). Chitosan is produced by the partial alkaline N-deacetylation of chitin (Berger
et al.,, 2004:36). The structure of chitosan is simiiar to that of cellulose, an excipient with
acceptable compression properties. According to Olsson and Nystrém (2001:204) hydrogen
bonds are considered to be one of the dominating bonding mechanisms for most
pharmaceutical powders. The extent of the effect will depend on the particle shape and
surface characteristics (Hiestand, 1997:237-241). Considering the structure of chitosan it
predicts the ability to form H-bonds, and produce tablets with acceptable mechanical
strength. '

The two major problems identified in terms of the use of chitosan as directly compressible
filler in tablet formulations is its poor flow and compressibility properties (Aucamp, 2004;
Buys, 2008; De Kock, 2005). During the characterization of chitosan raw material the aim
was to determine to which extend its physical properties affects the flow of the material and
to compare its flow properties to that of other commonly used tablet fillers. Two batches
chitosan were compared to each other to determine the effect of morphology on their
physical properties. When ranking the composite index of the pov&ders it was clear that in
regards to the other materials used, chitosan was ranked the lowest. These results
confirmed the poor flow of chitosan. The characterization of the two chitosan batches used
in this study revealed significant differences in the morphology of the particies of the different
batches. Because of these large inter-batch variations with respect to the physical
properties of the different batches even when manufactured by the same company via the

same method, these variations also affected the flow characteristics of the two batches.

From the particle characterization in chitosan it could be concluded that the previously
observed poor compression characteristics (De Kock, 2005; Aucamp, 2004) could be
attributed to the low density and high porosity of the material. Only one of the batches
studied could be compressed on a standard eccentric press, which could be attributed to the
differences between the physical properties of two batches. Chitosan showed promising

Vi



ABSTRACT

bompression characteristics at specific machine settings (limited range of upper punch
settings), with good crushing strength and low friability. The drawbacks of the compression
properties for chitosan on the standard press was the relative low tablet weights that could
be compressed for a specific die size and the narrow range for the upper punch setting to
achieve an acceptable mechanical tablet strength and friability.

The results of Buys (2008) showed promising results for chitosan when changing the
compression cycle from a single fill to a double die fill for each compression cycle. The
advantage of the modified eccentric tablet press in terms of improvement of the
compactibility of low density materials was clearly demonstrated by the results from the
compression studies of both chitosan batches. With the double fill cycle on the modified
press it was possible to fill the die with a sufficient amount of powder to produce acceptable
tablets with sufficient crushing strength and low friability. The modified tablet press made it
possible to compress the batch (021010) chitosan which couldn’t be compressed on the
standard tablet press. Baich (030912), which was compressed on the standard as well as
the modified press, showed improved results in the crushing strength and friability with
increase of the percentage compression setting at a constant upper punch setting. Batch
030912 showed better results than that of batch 021010 and this could be attributed to the

physical differences between the two batches.

Key words: Chitosan; Flow; Compressibility; Standard eccentric press; Modified eccentric

press; Crushing Strength
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OPSOMMING

massagrense (100 — 200 mg) en bostempelverstelling (wat persdruk bepaal) wat vir 'n
bepaalde stempelgrootte ( 8 mm) beskikbaar was om tablette met aanvaarbare breeksterkte
en verbrokkeling te lewer. Hierdie resultate het bevestig dat die saampersbaarheidprobleme
van kitosaan herlei kon word na die lae digtheid (en hoé& porositeit) van die grondstof, en nie
toegeskryf kon word aan die onvermoé van deeltjies om effektiewe bindingkragte te vorm

nie.

Uit die resultate van Buys (2006) is afgelei dat, met 'n toename in die volume poeier in die
matrys, kitosaan wel goeie saampersbaarheideienskappe kan lewer. 'n Verhoging in die
poeier volume is verkry deur 'n modifikasie waartydens die enkel vulsikius van die standaard
enkeltabletpers verander is na 'n dubbel vuisiklus. Gedeeltelike samepersing van die poeier
na die eerste vulling is opgevolg met 'n tweede vulling van die matrys waarna samepersing
dan weer plaasgevind het. Die samepersingresultate op die gemodifiseerde pers het getoon
dat beide kitosaanlotte wel saamgepers kon word; en dat hoér tabletmassas (steeds in 'n 8
mm matrys) met hoér breeksterktes en laer verbrokkeling verkry kon word. Lot 030912 het
steeds beter saampersbaarheideienskappe as lot 021010 gelewér met beduidende hoér
tabletmassas breeksterktes en laer verbrokkeling. Hierdie verskille is weereens toegeskryf
aan die verskille tussen die poeiereienskappe van die twee lofte. Die
saampersbaarheidresultate op die gemodifiseerde pers het ook getoon dat kitosaan wel oor
goeie saampersbaarheideienskappe beskik, mits die volume poeier in die matrys (en dus die

poeierdigtheid) verhoog kon word.

Sleutelwoorde: Kitosaan; Vioeibaarheid, Saampersbaarheid; Standaard tabletpers;
Gewysigde tabletpers; Breeksterkie



AIM AND OBJECTIVES OF THE STUDY

AlM

The aim of the study was to investigate the flow and compression properties of chitosan.
The study included a comparison of two different batches of chitosan obtained from the same
manufacturer in order to determine the effect of inter-batch variation on their physical

properties and compression characteristics.

BACKGROUND

Chitosan, a natural occurring and abundant polysaccharide, is widely used in the
pharmaceutical and cosmetic industry as an excipient in a wide range of dosage forms and
applications, mostly due to its low toxicity, biodegradability and biocompatibility. The
properties of chitosan relate fo its polyelectrolyte and polymeric carbohydrate character. The
presence of a number of amino groups allows chitosan to react chemically with anionic
systems (Jones & Mawhinney, 2005). The most significant pharmaceutical importance of
chitosan can be ascribed to its mucc-adhesive properties and its ability to open the epithelial
tight junctions in the gastro-intestinal tract which allows for the oral absorption of large
molecule drugs (Kotzé ef al., 1997:251-252). Recently, chitosan has gained importance as a
disintegration agent due to its strong ability to absorb water. It has been observed that
chitosan contained in tablets at levels below 70% acts as a disintegration agent (Kumar,
2000:19). Previous studies (Aucamp, 2004; De Kock, 2005) showed its limited use as a filler
in directly compressible tablet formulations, mainly due to its low apparent density, poor flow
and compressibility (especially on standard eccentric tablet presses), resulting in tablets with
very low mechanical strength. Even granulation or the inclusion of dry binders seemed to fail
to induce the required mechanical strength. The chemical structure of chitosan shows a high
resemblance with that of celiulose which possesses excellent compression characteristics
due to the formation of hydrogen bonds under pressure. Results from the study of Buys
(2006) on the use of chitosan in minitablets showed promising compression profiles for the
material when the powder volume in the die cavily was increased through a double filling
cycle on a modified tablet press. It was therefore postulated that if enough powder could be
filled into the die cavity of a {ablet press to increase the packing density of the material, then
éfﬁcient particle bonding during compression should be able to produce tablets of acceptable

mechanical strength.



AIM AND OBJECTIVES OF THE STUDY

OBJECTIVES
To achieve the aim of the study, the following experiments will be undertaken:

» Characterization of the morphology and flow properties of two chitosan batches.
« Compression studies on an eccentric tablet press.

o Compression studies on a modified (double fill) tablet press.

xi



CHAPTER 1

THE FLOW AND COMPRESSION PROPERTIES OF
PHARMACEUTICAL POWDERS

1.1 INTRODUCTION

There are various types of oral dosage forms such as tablets, granules and capsules.
Tablets are the most useful dosage form for its simplicity and portability to take from the
patient’s point of view (Takeuchi et al., 2004:132). The majority of prescriptions dispensed
by pharmacists are for solid dosage forms such as tablets, capsules or sachets. These are
manufactured on an industrial scale involving extremely sophisticated equipment and
processes. To ensure efficient manufacture a fundamental understanding of the processes is
essential (Podczeck &Wood., 2003:57).

Two essential process parameterg tested when a pharmaceutical material is formulated for a
tabletting process are particle flowability and compactability. Geometrical, physical, chemical
and mechanical particle properties, as well as operational conditions strongly affect these
behavioural descriptions. Various measurement methods have been separately developed
for each of these properties, which provide comparative indices to assist in process and
formulation design (Li et al., 2004.77).

The pharmaceutical industry relies on powder processing since approximately 80% of
pharmaceutical products are in solid form, i.e. tablets and capsules (Jivraj et al.,, 2000:58).
Pharmaceuticals have especially demanding quality requirements with regard to uniformity in
content, consistent appearance, longevity for storage, transportation and shelf life,
demanding an incomparable degree of control and precision in their manufacture (Muzzio et
al., 2002:3). An added complexity is that medicinal products are often blended mixtures of
many different powders comprising active ingredients and various excipients for improving
the dosage delivery and bioavailability. Among the many particle properties, flowability and
compactability are two essential characterizations to ensure a successful tabletting process
(Guerin et al., 1999:92).

Various excipients are added in tablet formulations acting as binders, lubricants and
disintegrants in order to improve the process ability and bioavailability of the tablet product,
often through granulation processes. However, direct compaction without granulation, is

gaining interest as alternative means of changing particle properties become available.

1



CHAPTER 1

Direct compression offers a number of advantages; it requires fewer unit operations in
production which means less equipment and space, lower labour costs, less processing time,
and lower energy consumption (Bolhuis &Chowha, 1996:435). The following flow diagram
(figure 1.1) shows the two general methods used by pharmaceutical industries for
manufacturing tablets.

Active Ingredient - Excipients
Indirect method » Blending ¢«  Direct method
Y ! Y
Wet granulation Hopper
Y y
Drying Tablet press
A4 r
Milling ‘ Coating (Optional)
A
Packaging

Figure 1.1: Flow chart of pharrmaceutical tabiet production (Bodhmage, 2006:71)

The indirect method shown in figure 1.1 may be considered as a particle size magnification
method. Small particles adhere to each other, facilitated by certain mechanisms to form
larger and physically stronger granules than the original particles (Aucamp, 2004:8).
Agglomeration is the formation of powder particle assemblies. Agglomeration can occur

spontaneously, but for purposes of dosage form manufacture it is generally forced either by
2



CHAPTER 1

dry or by wet granulation (Podczeck & Wood, 2003:57). The formation of wet granules
depends on the particle size of the powder, the viscosity of the liquid binder, the contact
angle between binder liquid and solid, and the interfacial free energy (Keningley ef al,
1997:98). The main objectives of granulation are to improve the flow properties and
compression characteristics of the powder mix and to prevent segregation of the
constituents. The granulation process improves the flow properties and the compression

characteristics of the powder (Aucamp, 2004:8-9).

Péwders used in direct compression formulations have to adhere to certain prerequisites.
The powder should have good flow properties, ensuring that the powder flows into the die.
Furthermore, the powder should have high bulk density to ensure that sufficient powder fill
the die, otherwise the resultant tablet will be correspondingly thin. Particle flowability and
compactibility are the two critical bulk properties in the tabletfting process. The lack of either
is detrimental to the production. Particle flowability and compactibility are shown to share
fundamental similarities, although the behavioural outcomes may be different depending on
the dominating factors in particular circumstances (Li ef al,, 2004:92).

1.2 POWDER FLOW

Pharmaceutical tablets are produced on a commercial scale by filling the die of the tablet
press by volume. The flow properties of the powder mixture are important to ensure
uniformity of tablet mass (Lindberg ef al, 2004:785). The flowability of the powdered
materials used in a tablet formulation is a major consideration in the production of this
popular dosage form. Flowability may be defined as the powder’s ability to flow e\)enly, by
means of gravity and other forces from the top to the bottom of the hopper and then on to the
dosage, compaction, and crushing chambers (Gioia, 1980:1).

Given the importance of powder flow, the pharmaceutical industry still relies surprisingly
heavy on flow properties that are poorly understood and applied. Powder flow is complex.
Flow behaviour is multidimensional and depends on many powder characteristics. For this
reason, no one test could accurately quantify flowability (Prescott & Barnum, 2000:60;
Kamath et al., 1993:2?‘7). There are many parameters that determine the flowability of
powder i.e.. particle size; fines; unit surface; particle shape; tapped density; bulk density;
porosity; air permeability through the powder; electrostatic charge; humidity; settling effects;
and cohesion forces - all of which can have contrasting and interdependent influence (Gioia,
1980:2). The flow properties of powders depend on the joint effects of an immense number
of physical and environmental variables such as packing conditions, particle size distribution,
humidity, electrostatics and rate of flow (Freeman, 2000:1).
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1.2.1 Methods used to predict powder flow

A powder mixture consists of particles and air. Prescott and Barnum (2000:60-62)
suggested that powder flowability is a combined result of the influence of a materials physical
properties and the equipment used for handling, storing or processing the material. There
are several methods used for measuring flow properties for bulk powders. Each method
uses different types of parameters of bulk powder behaviour, and there is no single test that
fits all requirements (Lindberg et al., 2004:786).

According to Hancock et al. (2004:980) powder characterization is one of the methods used
to predict powder flow. The physical powder characterization (mean size and size
distribution, particle shape, moisture content and density) influences powder flowability
(Velasco ef al, 1995:2385). The above physical properties can be characterized using
different techniques such as the laser diffraction method, image analysis, pycnometery and
halogen moisture analysis to name a few (Bodhmage, 2006:17). According to Lavoie ef al.
(2002:892) the morphology of the powder particles influence the flowability by their packing
formation. Carr (1965:163) described two types of flow — free flow and floodable flow. Free-
flowing powder will tend to flow steadily and consistently, as individual particles, even
through a fine orifice, the individual particles flow stable, uniform and consistent. Floodable
flow is an unstable, liguidiike flow that can de discontinuous, gushing, uncontrollable and
spattering. The particles of a free flowing powder are usually large (relatively small surface
area per unit weight), are more or less spherical in shape, smooth and uniform, and are high
in density. The particles of a powder that show floodable flow have a larger available surface
area, are spherical in shape and uniform in size, exists as individual particles that can be
seen as such under a low-power microscope, are low in density and consist of porous
particles. As mentioned above particle size and shape influence the friction and flow
properties of powders. The friction properties depend more on the asymmetry or elongation
of the particles, while powder flow depends more on the geometric shape. For single bulk
powders, the flow factor increases from needle shape, cubic, angular to round particles
(Podczeck & Yasmin, 1996:194).

Angle of repose is ancther popular method to characterize the flowability of powders. There
are two main types of angles of repose, i.e. the static and dynamic angles. According to
Geldart et al. (2006:104-105) there are eight methods of measuring these angles of repose,
and each method will give somewhat different values. The particle size, size distribution and
particle shape as well as density, porosity and moisture content of the powder influence the
angle of repose (Lahdenpaa ef al,, 2001:131). The four most common methods in use for

the angle of repose until recently are shown in figure 1.2.
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N

A\

s

Fized height cone

Tilting table Rotating cylinder

Figure 1.2: Measurement of static and dynamic angle of repose (Geldart et al., 2006:105).

In establishing a relation between flowability of powders and some‘ simple physical
measures, an angle of repose below 30° indicate good flowability, 30°45° some
cohesiveness, 45°-55° true cohesiveness, and >55° sluggish or very high cohesiveness and
very limited flowability (Geldart et al., 2006:104).

Active flow is an important factor in pharmaceutical manufacturing, the most impbrtant aspect
controlling flow rate is the diameter of the orifice. For free-flowing powders the flow rate for a
given orifice increases to a maximum rate as the particle size decreases and then a further
reduction of particle size results in a slower flow rate. The flow rate increases as the
diameter of the orifice increases. Thus, only bulk powders with the same critical orifice
diameter can be compared to each other regarding the flow rate (Danish & Parrott,
1971:549-553). According to Chowhan and Yang (1983:232), the rheological behaviour of
cohesive particles is not very well understood. The orifice flow rate decreases as the particle
size decreases due to the changing relative magnitude of dispersion forces and gravitational
forces per particle as particle size decreases. According to Yamashiro and Yuasa
(1983:225), the packing characteristics of powders are fundamental and differ according to
the packing method and the action of the external force. A simple test has been developed
to evaluate the flowability of a powder by comparing the poured density and tapped density
of a powder and the rate at which it packed down. A useful empirical guide is given by Carr's
compressibility index (Wells, 2002:133).

1.2.2 The reasons for poor flowability of powder

Powder flows when the forces acting on the powder bed cause the resulting shear force to
exceed the shear strength of the bed. Flow properties of powders are influenced by factors
5
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acting on and between the particles in a powder such as air content, state of compaction of
the powder, and humidity, as well as particle surface, size, shape, and size distribution
(Lindberg ef al., 2004:785; Lindberg ef al.,, 2002:18). Particle shape and surface roughness
could influence true contact area between solid particles and forces of adhesion. There is a
great difference in the packing arrangement of fibrous particles or irregularly shaped particles
compared to that of spherical particles. In the former, bridging and mechanical interlocking
between individual particles greatly reduce free running characteristics (Tawashi, 1970:48).
Fine powders may form a rathole when it flows out of a storage bin or hopper. A rathole is a
self-supporting vertical channel extending from the outlet to the top surface of the powder, as
seen in figure 1.3 (Bo'dhmage, 2006:2).

— Fowder

Hopper

Rathole

Figure 1.3: Rathole formation (Bodhmage, 2006:2)

1.3 COMPRESSION OF POWDERS

Levin (2000:2) defined compression as a reduction in powder volume. According fo
Sonnergaard (2005:270) compaction properties of pharmaceutical powders are separated in
two distinct terms, the compressibility and the compactibility of a powder. Compressibility is
the ability of the powder to deform under pressure and the compactibility is the ability of a
powder to form coherent compacts or, otherwise stated, the ability of the powder to increase
its strength under pressure (Levine, 2000:2; Michrafy et al., 2002:257).

1.3.1 Tablet manufacturing

There are mainly three ways to manufacture tablets i.e. wet granutation, dry granulation and
direct compression. Shagraw and Demarest (1993:23) conducted a survey for the

6



CHAPTER 1

preference for the granulation process. The results were in favour of direct compression,
although less than 20 percent of pharmaceutical materials can be compressed directly into
tablets.

1.3.1.1 Advantages and disadvantages of direct compression of powders

The primary advantage of direct compression is the reduced production cost (Alderborn,
2002:404; Kawashima et al, 2003: 283). Other advantages include saving space,
machinery, personnel and time by fewer processing stages (shorter processing time and
lower energy consumption) and the elimination of heat and moisture, therefore, the tablets
show an improved chemical and physical stability over the tablets produced by wet
granulation.  Direct compression is ideal for the manufacture of tablets containing
thermolabile and moisture-sensitive drugs. Fewer excipients may be needed in a direct
compression formula (Bolhuis & Lerk, 1973:469; Gohel & Jogani, 2005:79; Jivraj et al.,
2000:59-61; Khan & Rhodes, 1976:1835).

Although cost effective there are still some disadvantages for this method. There are issues
with segregation; however this can be reduced by matching the particle size and density of
the active ingredient with the excipients. The active ingredient content is thereby limited to
approximately 30%. Direct compression can’t compress materials with a low bulk density;
tablets produced are too thin or don’t compress at all. Another disadvantage is the fact that it
isn’t suited for poorly flowing excipients. Lastly static charges may develop on the active
ingredient or excipients during mixing, which may lead to agglomeration of particles

producing poor mixing (Jivraj et al., 2000:59-61; Shangraw & Demarest, 1993:23)
1.3.1.2 Tablet presses

According to Alderborn (2002:399-400) the tablet presseé that are used most during
_ production is the single-punch (eccentric press) and the rotary press. In addition, in research
and development work hydraulic presses are used as advanced equipment for the evaluation

of the tabletting properties of powders.

The single-punch press is the only one that will be discussed here. It possesses one die and
one pair of punches (upper and lower punch) as shown in figure 1.4. The powder is held in a
hopper which is connected to a hopper shoe located at the die table. The hopper shoe
moves over the die table to fill the die with powder by gravity (this movement can either be a
rotational or a translational movement). The amount of powder filled into the die is controlled
by the position of the lower punch. When the hopper shoe is located beside the die, the

upper punch descends and the powder is compressed. The lower punch is stationary during

7
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compression and the pressure is thus applied by the upper punch and controlled by the
upper punch displacement. After ejection the tablet is pushed away by the hopper shoe as it
moves back to the die for the next filling cycle (Alderborn, 2002:399-400).

Hopper shoe

Upper punch

Die

Lower punch

Ejection regulating screw

Capacity regulating screw

Figure 1.4: A sing/e-punch tablet press (Aiderborn, 2002:400).
1.3.1.3 The stages in tablet formation

According to Alderborn (2002:399) the process of tabletting can be divided into three stages;
die filling, tablet formation and tablet ejection (figure 1.5).

Die filling

The powder fills the die through gravitational flow from the hopper. The volume is
determined by the position of the lower punch in the die; the lower the punch is in the die, the
heavier the tablet and vice versa (Alderborn, 2002:399).

Tablet formation

The upper punch descends and enters the die and the powder is compressed until a tablet is
formed. The lower punch can be stationary or can move upwards in the die. After the
maximum applied force is reached, the upper punch leaves the powder and the

decompression phase commences (Alderborn, 2002:399).
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The sequence of events involved in the formation of tablets (Alderborn,

The lower punch rises until the tip of the punch reaches the level of the top of the die. The
tablet is subsequently removed from the die by a pushing device (Alderborn, 2002:399).

Compression is defined by Levin (2000:2) as a reduction in volume. When looking at powder
particles in a die the volume is reduced when a force is applied (Armstrong, 1982:64). A

The particles in the die will undergo
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rearrangement to form a less porous structure (voids that exist between the particles is
occupied). This will take place at very low forces, the particles sliding past each other.
Fragmentation can occur in this stage because of the rough surfaces that move relative to
one another and rough points are abraded. As the force increases and the particles can no
longer rearrange theniselves, the particles can either fragment or deform (or both) -this is
called deformation. The deformation characteristics may be elastic, plastic, brittle fracture or
a combination of these mechanisms in which one of these mechanisms will dominate
depending on the material characteristics, the compaction speed, compaction pressure
and/or particle size of the powder. When the elastic limit of the material is exceeded,
compaction takes place. Fragmentation is permanent and there is no way in which the
fragmented particles will recombine into the original particles when the force is removed.
When the force is removed decompression/relaxation takes place. Plastic deformation is
also permanent and the particles will remain deformed even after the force has been
removed. Plastic deformation will assist bonding because it increases the contact area
between particles, and fragmentation produces new surfaces which also favours strong
bonding. Elastic deformation is time independent, reversible deformation of a particle, and
can create residual stresses within the compact during the decompression/relaxation phase.
Because of the reversion of the particie to its original shape, coherence will be lost as the
area of interparticulate contact is reduced (figure 1.6) (Armstrong, 1982:64; Celik, 1992:773;
Graf et al.,1984:280; Jain, 1999:21-22; Jivraj ef al., 2000:60).

% Particles defrom

under compressive
force

: Compressive force
/ \jemoved

5

Elasfic deformation Plastic deformation

Particles retun to their Particles remain
former shape deformed
Cohesion is lost Cohesion is retained

Figure 1.6: Schematic illustration of particle deformation (elastic and plastic) during

compression (Armstrong, 1982:64).

10



CHAPTER 1

1.3.2.2 Punch and die-wall forces involved during powder compression

In a single punch tablet press, the force (Fa) of compression is applied by means of the
downward movement of the upper punch. The lower punch is static, and will have a force
(Fb) transmitted to it through the powder bed. The force from the upper punch also transmits
laterally to the die (Fw). Ejection of the tablet involves the application of an ejection force by
the lower punch. This force received by the lower punch will always be less than that applied
by the upper punch (Alderborn, 2002:429; Armstrong, 1982:65). Figure 1.7 illustrates the
punch and die-wall forces involved during powder compression in a cylindrical die. The
distribution in pressure will probably be associated with local variations in porosity, pore size
and strength within the tablet (Alderborn, 2002:428). When the upper punch force is
measured against punch-tip displacement, the resulting curve shows a progressively
increasing slope, reaching maximum force as the punch achieves maximum penetration
(Jain, 1999:24). The characteristic shape of the force displacement curves, recognizable in
terms of its slope and elastic recovery, can be correlated to the ability of material to undergo
plastic deformation and form strong compacts. The relation between the forces transmitted
to the die wall can be expressed as a “stress ratio”, i.e. ratio of radial to axial stress (Carless
& Leigh, 1974:289). Bolhuis & Lerk (1973:477-478) found that the ideal ratio of lower to
upper punch force and for the ejection force must be high for the upper and lower punch and
the ejection force must be low. A high ejection force results in the crushing of the tablets
during ejection. They also found that the ejection force showed a corresponding
characteristic; a pronounced increase and subseguent slight decrease with increase in
applied force.

Figure 1.7: Schematic illustration of punch and die-wall forces involved during powder
compression (Alderborn, 2002:429). |
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1.3.3 Fundamental aspects of the compaction of powders

1.3.3.1 The bonding process in tablets

The forces believed to hold tablet particles together in a tablet include solid bridges,
interfacial forces, adhesive and cohesive forces, attraction forces (coulombic forces between
charged species, covalent bonds, hydrogen bonds and Van der Waals forces) and
mechanical interlocking of irregular particles (Leuenberger & Rohera, 1986:14; Luangtana-
Anan & Fell, 1990:197; Olsson & Nystrém, 2001:203).

According to Olsson and Nystrom (2001:204) Van der Waals forces, hydrogen bonds, and
electrostatic attractions, are considered to be the dominating bondihg mechanisms for most
pharmaceutical compacts. Solid bridges, the strongest bond type, are described as areas in
which particles are partially fused together and can thus be considered as a continuous
phase between two particles. Mechanical interlocking is described as the hooking and
twisting together of particles in a packed material and may occur in tablets of particles with a
fibrous or irregular structure. The extent of the effect will depend on the particle shape and
surface characteristics (Hiestand, 1997:237-241; Leuenberger & Rohera, 1986:14; Narayan
& Hancock, 2003:24).

According to Adolfsson et al. (1897:249-250) knowledge of the chemical structure and
volume reduction behaviour of the tested material is necessary. The intraparticulate
chemical structure of the powder is of importance for the interparticulate bonding structure.
A simple chemical structure facilitates development of solid bridges during compression (it is
easier for the particles to orientate in such a way that solid bridges can form). Solid bridges
forms easier if the powder undergoes volume reduction by plastic deformation. An increase
in compaction pressure also affects the bonding structure within compacts. For powders
consisting of irregularly shaped particles a reduction in particle size and an increase in
compaction pressure would make it more difficult for the particles to bond by mechanical
interlocking.

According to Coffin~Beach and Hollenbeck (1983:324) the energy of formation is a
parameter which indicates the development of compact coherence through bond formation.
Changes in the internal structure of the tablets (tablet porosity, pore size distribution, and the
size and shape of the particles) as well as changes in the bonds between the particles have

been reported to affect tablet properties, such as mechanical strength (Olsson & Nystrém,
2001:203).

12






CHAPTER 1

in the percentage of fine particles which could influence the flow characteristics as well as

the compression of powders.
1.3.3.3 The tensile strength of tablets

A standard procedure for assessing the ability of a powder to be formed into tablets by
powder compression is to study the relationship between the tensile strength of a tablet, as
calculated from diametral compression, and the compaction pressuré (Alderborn, 2003:367).
According to Olsson and Nystrém (2001:203) tensile strength can be considered to reflect
the bond type, where a low value indicates bonding by weak forces and a high value
indicates the presence of strong bonds (solid bridges). Olsson & Nystrém (2001:205-2()&/')
used various powders in their study and found that the tensile strength of the tablets
increased with increasing compaction pressure and decreasing particle size for all powders
and size fractions. This founding was repeated several times in other studies (Alderborn,
2003:367; Kuentz & Leuenberger, 2000:151; Riippi ef al., 1998:339; Sebhatu & Alderborn,
1999:235; Shotton, 1972:256; Sonnergaard, 2005:270). The tensile strength of various
tablets can either be correlated with the plastic work or the volume reduction. The volume
reduction is associated with the elimination of pores. Reducing the number of pores results in
a higher tensile strength of the tablets (Mohammed ef al., 2005:3946}. The applied pressure
reducing the volume is the result of increasing pressure reducing the porosity (particles are

deformed plastically and elastically) resulting in an increased area of contact for bonding,

(Shotton, 1972:257). %7 :

The flow and compression properties of a powder gg@,[mpoﬁ%f in the production of a good
tablet. Therefore, before manufactggﬁgpfab’/é%é,y}% is necessary to investigate the flow and
compression W@& of fhey‘powder that is fo be used m the production process. The
physical and chemical characteristics of a material play an important role in the compression
and flow properties of the material. In this study chitosan raw material was used and will be

discussed in the next section.

1.4 CHITOSAN

1.4.1 Introduction to chitosan

A chemist and botanist, Henry Braconnot, discovered chitin in 1881 (Muzzarelli, 2002:1).
Chitin, (1-4)-linked 2-acetamido-2-deoxy-B-D-glucan, is the second most abundant naturally
occurring biopolymer after cellulose (Asada ef al., 2004:169; Brugnerotto ef al., 2001:3569;
Sankalia ef al, 2007:217). Chitin is the principal component of protective cuticles of

crustaceans such as crabs, lobsters, prawns, shrimps and cell walls of some fungi such as
14
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aspergillus niger and mucor rouxii as well as insects like the true fly and the suifur butterfly
(Berger et al., 2004:36; Ghaffari ef al., 2007:3 ; Santos ef al., 2002:155; Sinha et al., 2004:4).
Chitosan is a copolymer of B-[1-4]-linked 2-acetamido-2-deoxy-D-glucopyranose and 2-
amino-2-deoxy-D-glycopyranose, it is a cationic natural biopolymer produced by ’;he partial
alkaline N-deacetylation of chitin (Asada et al, 2004:169; Berger et al., 2004:36; Kumar,
2000:3; Santos et al., 2002:155; Sinha ef al., 2004:4). A clear classification with respect ;to
the different degrees of N-deacetylation between chitin and chitosan has not been defined,
and as such chitosan is not cne chemical entity but varies in composition depending on the
manufacturer (Kumar, 2000:4-7). The structural details of cellulose, chitin and chitosan are
shown in figure 1.8. Cellulose is a homopolymer, while chitin and chitosan are

heteropolymers (Kumar, 2000:5).

OH
o
P OHH OH
H
H H

Cellulose

Chitin
OH
I
O
/ H
HH
NH,

Chitosan
Figure 1.8: Structures of celiujose, chitin and chitosan

The production of ohitosan-gjlucan complexes is associated with fermentation processes,
similar to those for the production of citric acid from Aspergillus niger, Mucor rouxij, and
Streptomyces, which involves alkali treatment yielding chitosan-glucan complexes. The
alkali removes the protein and deacetylates chitin simultaneously. Depending on the alkali

concentration, some soluble glycans are removed. The processing of crustacean shells

15

i



CHAPTER 1

mainly involves the removal of proteins and the dissolution of calcium carbonate which is
present in crab shells in high concentrations. The resulting chitin is deacetylated in 40% w/v
sodium hydroxide. This treatment produces 70% deacetylated chitosan (figure 1.9) (Kumar,
2000:4).

i

OH OH
Ol—ll_i H o O}—ﬁ H o NaCOH _
deacetylation
HH HH NH v
NH 0
OH OH
oH off /
Ol—h H 0 Of—ﬁ H 0
{
H H
H
H NH, NH,

Figure 1.9: The deacetylation process of chitin.

1.4.2 The applications of chitosan

The applications of chitosan are numerous. lts important use in photography is due to
chitosan’s resistance to abrasion, its optical characteristics, and film forming ability. Chitosan
has fungicidal and fungistatic properties and is used in cosmetics (creams, lotions and
permanent waving lotions). Chitosan also has applications in the food industry and helps for
example, the intestinal microflora to utilize whey. Global warming is a huge concern at the
moment and therefore, the relevant industries pay attention to the development of technology
which does not cause environmental problems. Chitosan is used for metal capture from
wastewater and colour removal from textile mill effluents. Another application of chitosan is
that it imparts wet strength to paper (Gschaider et al., 2002:347-348; Kotzé et al., 1997a:244;
Kumar, 2000:11-15).

The advantages of chitosan include high availability, low cost, high biocompatibility,
biodegradability and ease of chemical modification and therefore have many applications in
the pharmaceutical industry (Kotzé, 1997b:1197). The applications of chitosan as va
component of pharmaceutical formulations for drug delivery have been investigated lin
several studies (Buys, 2006; Dodane & Vilivalam, 1998; Ghaffari ef al., 2007; Kotzé et al,
1997a; Kotzé et al., 1997b; Kumar, 2000; Nunthanid ef al., 2004; Sinha ef al., 2004). These

include controlled drug delivery applications(Cevher ef al., 2008; Liu ef al., 2007; Rege et al.,
16
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1999), use of a component of mucoadhesive dosage forms (Kotzé et al., 2002; Portero ef al.,
2002), improved peptide delivery that could be of immense applicaﬁon in the future
(Hamman & Kotzé et al., 2002; Kim ef al., 2003; Krauland ef al., 2004; Portero ef al., 2002;
Senel et al., 2002; Van der Merwe ef al., 2004; Verhoef et al., 2002), colonic drug delivery
systems (Buys, 2008; Orienti et al, 2002), and use in gene delivery (Murata ef al.,1997).
Other pharmaceutical applications include parenteral, ocular and nasal dug delivery (Dodane
& Vilivalam, 1998:249-251; Kumar, 2000:10-14), dentistry (Senel ef al., 2000:241-256),
dietary supplements (fat trapper) (Muzzarelli, 2000:3-40) and topical delivery systems, e.g.
wound dressings (Mi ef al., 2002:141-144).

Chitosan has been processed into several pharmaceutical forms e.g. hydrogels (hydrogels
are highly swollen, hydrophilic polymer networks that can absorb large amounts of water and
drastically increase in volume) that is widely used in controlled-release systems. Another
form is tablets; which is usually directly compressed in addition to lactose or potato starch.
Chitosan tablets for controlled release (anionic-cationic interpolymer complex) is also
manufactured because of the disintegration properties of the powder (chitosan has a strong
ability to absorb water). Microcapsules or microspheres of chitosan is another
pharmaceutical form. This could either be in the form of crosslinked chitosan microspheres;
chitosan/gelatin network polymer microspheres; chitosan microspheres for controlled release
or chitosan nanoparticles; or chitosan beads (Kumar, 2000:16-22). Another field that
chitosan is used for is biotechnology. According to Kumar (2000:24) chitosan inhibited the
growth of Escherichia coli, Fusaium, Alternaria and Helminthosporium; the cationic amino
groups of chitosan probably bind to anicnic groups of these microorganisms. Chitosan
sulphates have blood anticoagulant and lipoprotein lipase releasing activities and are also
anti-throbogenic and haemostatic. These properties, together with the safe toxicity profile,
make chitosan and exciting and promising excipient for the pharmaceutical industry for

present and future applications (Kumar, 2000:24).

1.4.3 Pharmaceutical aspect of chitosan

Cellulose like most of the other natural polysaccharides found in nature e.g. dextran, pectin
etc. are neutral or acidic in nature, whereas chitosan is an example of a highly basic
polysaccharide. The term chitosan describes a series of chitosan polymers with different
molecular weight, viscosity and degree of deacetylation (40-98%). Chitosan occurs as an
odourless, white or creamy-white powder or flakes. Fiber formation is quite common during
precipitation and the chitosan may look cottonlike. It is a linear polyamine with a number of

amino groups that are readily available for cherical reaction and salt formation with acids.
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Chitosan has a high charge density, adheres to negatively charged surfaces and chelates
metal ions (Jones & Mawhinney, 2005; Kumar, 2000: 4; Singla & Chawla, 2001:1048).

Chitosan is an excellent viscosity enhancing agent in an acidic environment due to its linear
unbranched structure and its high molecular weight. It acts as a pseudo-plastic material,
exhibiting a decrease in viscosity with increasing rates of shear. The viscosity of chitosan
solution increases with an increase in chitosan concentration, decreases in temperature and
with and increasing degree of deacetylation (Jones & Mawhinney, 2005; Singla & Chawla,
2001:1049).

At a neutral and alkaline pH vaIUe, most chitosan molecules will loose their charge arina
precipitate from solution (insoluble). Chitosan is a weak base and a certain amount of acid is
required to transform the glucosamine units into the positively charged, water-soluble form.
The solubility of chitosan in inorganic acids (except insoluble in phosphoric and sulfuric acid)
is limited when compared with its solubility in common organic acids. Upon dissoiutibn, the
amine groups of the polymer become protonated, with a resultant positively charged soluble
polysaccharide (RNH;") and chitosan salts (chloride, glutamate, etc.) that are soluble in
water. Therefore, the solubility is affected by the degree of deacetylation. ‘llhe solubility of
chitosan is also greatly influenced by the addition of salt to the solution, the higher the ionic
strength, the lower the solubility as a result of a salting-out effect, which leads to the
precipitation of chitosan in solution (Jones & Mawhinney, 2005; Kotzé ef al., 1997b:1197;
Singla & Chawla, 2001:1049).

The density of chitosan is between 1.35-1.40 g/cm® with a particles size distribution of <30
um (Jones & Mawhinney, 2005). Chitosan adsorbs moisture form the atmosphere, the
amount of which depends upon the initial moisture content, the temperature and the relative
humidity of the surrounding air (Gocho et al., 2000:88-90; Jones & Mawhinney, 2005).
Chitosan powder is a stable material at room temperature, although it is hygroscopic after
drying and should be stored in a tightly closed container in a cool, dry place (Jones &
Mawhinney, 2005). In studies done by Arai ef al. (1968:89-94) they found that the lethal
dosage of chitosan is in the same region of sugar and salt. Chitosan has low oral toxicity
with an LDs, in mouse of 16g/kg; it is generally regarded as a non-toxic and non-irritant

material (Jones & Mawhinney, 2005).

According to Davis and lllum (2000:141) various concepts of bicadhesion have been
advanced, but most of them rely on the concept of a polymeric material interacting either with
the cell surface or with the mucus that lies on top of a cell surface. Interactions involving

hydrogen bonding, hydrophobic bonding and electrostatic bonding have been proposed as

i '
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potential strategies. Chitosan represents a material where electrostatic interaction between
the biopolymer and the charged sialic acid groups of mucin could be of benefit.

1.4.4 Tabletting problems with chitosan

In previous work done by Aucamp (2004), Buys (2006) and De Kock (2005) it could be seen
that raw chitosan could not be compressed into tablets on an eccentric tablet press. Aucamp
(2004) came to the conclusion that even if combining chitosan with fillers (Avicel PH200 and
Prosolv®*SMCC™Qg0) the tablet strength was still weak. The combination of chitosan to the
filler in the ratio 70:30 gave the best results, her conclusion was that the filler improved the
flowability of the powder resulting in better die filling and therefore, increasing the tablet
strength. Buys (2006) and De Kock (2005) compressed chitosan into minitablets. De Kock
(2005) could not compress raw chitosan powder into tablets with desirable tablet strength,
however with the combination of binders and fillers chitosan minitablets could be
compressed. Buys (2006) found that chitosan could only be compressed at high
compression forces. It was difficult if not impossible to obtain these high compression forces
needed to compress the powder when using an eccentric tablet press. The force exerted on
the powder was achieved by adjusting the distance between the upper and lower punches.
The problem of obtaiﬂning these higher compression forces was solved when a sufficient
amount of chitosan powder filled the die before compressing the powder. These results
concluded that although more chitosan powder could be filled into the die, the tablet weight

was still relatively small.

Some questions that remain are:
+ How does the difference in the physical properties of different chitosan batches affect their

flow and compressibility?
» How do the characteristics of the powders reflect in the physical properties of the tablets?
+ What would be the effect when filling the die with a sufficient amount of chitosan powder?

+ Would it have an effect on the physical properties of the tablets?
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EXPERIMENTAL METHODS, APPARATUS AND MATERIALS '

2.1 INTRODUCTION

This chapter discusses the experimental methods and apparatus that were used to conduct

this study.

2.2 MATERIALS

The raw materials utilized in this study is presented in Table 2.1

Table 2.1: Raw materials utilised in the study.

MATERIALS LOT NUMBER MANUFACTURER
Chitosan 021010 & 030912 Warren Chemicals Ltd, Durban, RSA
Emcompress® 8070 penwest, surrey, ENGLAND
Avicel®PH200 Ma26C FMC INTERNATIONAL, cork, ireland
Ludipress® 25-0194 BASF, LUDWIGSHAFEN, GERMANY
}_“Tablettose‘@ """ - ‘10116 - meggle gMBh, wassenberg, germany

2.3 POWDER FLOW

When examining the flow properties of a powder it is useful to be able to quantify the type of
behaviour and various methods that have been described, either directly or indirectly
(Staniforth, 2002:205). Parameters that were used to determine powder flow was the
following: angle of repose, flow rate, Carr’s index (alsc known as percentage
compressibility), the critical orifice diameter (COD) and a composite flow index (Cl). The

following methods were employed to determine these parameters.
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2.3.2 Critical orifice diameter

The COD (critical orifice diameter) is defined as the smallest hole through which a powder
will flow freely without the application of any external aid. The apparatus developed by Buys
& co-workers (2005:40-42) were used to determine the COD of the powders (figure 2.2).
The apparatus consists of a set of brass discs between 5 and 10 mm thick which can be
stacked on top of each other to form a funnel. Each disc has a different size opening and the
orifice of each disc was machined to a set angle. A cylinder could be fitted to the top of the

funnel to create a holding chamber for the powder.

The COD of each powder was determined by placing 100 m! of the powder in the holding
chamber and then allowing the powder to pass through the hole at the bottom of the funnel.
The diameter at the bottom of the funnel was varied (by removing or adding a brass disc)
until the smallest diameter was found through which each powder could flow freely. The

experiment was done in triplicate.

Figure 2.2: Critical orifice diameter apparatus.
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2.3.3 Flow rate

The flow rate describes the amount of powder that could be discharged through a funnel in a
specific time unit (normally per second). The same apparatus was used as for the
determination of the COD, except that the powder was discharged into a beaker which was
placed on the pan of an analytical balance. The balance was connected to a computer fitted
with a chart recorder program which could record the change in the powder mass on the
balance as a function of time (in seconds). The experiment was repeated at least tree times
for every powder at different critical orifice diameters, and the average flow rate (in
gram.second™), standard deviation (SD) and percentage relative standard deviation (%RSD)
were calculated.

2.3.4 Density

Density is universally defined as weight per unit volume. Several parameters are used to

define powder densities, including bulk density, tapped density and porosity.

2.3.4.1 Bulk density (Py)

Bulk density is defined as the weight of powder that occupies a volume. This volume
consists of particle volume and the pores between the particles. Approximately 100 mi of
powder was gently poured into a graduated cylinder and the initial volume and weight of the
material were recorded. The bulk density was calculated according to equation 2.2. This

procedure was repeated in triplicate and the mean value was calculated.

W
Py =— [2.2]
Vs

Where:

Po is the bulk density (g.cm™), w is the weight (g) and vs is the bulk or poured volume (cm?)

of the powder.

2.3.4.2 Tapped density (P1)

The tapped density is defined exactly the same as the bulk densify except for the volume
consisting only of particle volume. Tapped density was determined by placing the graduated
cylinder with the powder from the bulk density on a vibrating surface (Fritsh® analysette) set
at an amplitude of 5 ampere and vibrated for 5 minutes intervals (up to 20 minutes).

Repetitions of the procedure were performed until the powder volume reached a consitant
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level (after 10 minutes) (De Kock, 2005:66). The mean value of the tapped density was
calculated according to equation 2.3.

-

W
Jop v, [2.3]

Pt is the tapped density (g.cm™), w is the weight (g) and vt is the tapped volume (cm®) of the

powder.
2.3.4.3 Porosity (€)

Porosity (€) of a powder is defined as the proportion of a powder bed that is occupied by
pores. Therefore, the porosity could be considered as the packing efficiency of a powder
(Martin et al,, 1993:442-444). Equation 2.4 was used to calculate the porosity of the powder.

e= [1—&%100 [2.4]
Pr

Where:

€ is porosity expressed in percentage (%), P» is the bulk density (g.cm™) and Pr is the true

density (g.cm™).
2.3.5 Carr’s index

Carr's index, also known as “percentage compressibility”, is calculated from the bulk and
tapped densities. Using equation 2.5 Carr’s index can be calculated, this provides a better

understanding of the flowability of powders.

Carr's index (%) = P Ps 100 [2.5]

t

Where:
Pt is the tapped density (g.cm™) and Py is the bulk density (g.cm™).

The index shown in Table 2.2 was used to characterize powder flow.
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Table 2.2: /ndication of powder flow by means of Carr's index (Wells, 2002:134).

CARR’S INDEX (%) TYPE OF FLOW
515 EXCELLENT
12-16 Goob
18-21 FAIR TO PASSABLE
23-35 PoOOR
33-38 VERY POOR
>40 EXTREMELY POOR

2.3.6 Composite index

Taylor et al. (2000:3) introduced a composite index as a new parameter to describe powder

flow. They used data from the COD, angle of repose and Carr's index of a powder to

construct a new, more comprehensive flow index (called the composite flow index) for

various pharmaceutical powders. According to the authors powder can be classified in 3

basic categories based on their respective composite flow index scores (a value between 0

and 100), namely poor (<80); average (60-70) and good (>70). The composite index of the

various powders used in this study was calculated using the equations from Taylor et al.

(2000:3) (equations 2.6-2.9) and the data from the various flow parameters determined as

described in sections 2.3.1 (angle of repose), 2.3.2 (critical orifice diameter) and 2.3.5 (Carr's

index).

7
Critical orifice diameter: Point value (A)= —1~;—>< COD result + 37 )

2
% Compressibility: Point value (B)= —%x % compressibility result +36 §

2
Angle of repose: Point value (C)= _EX AoR result +50

Composite index=A+B+C

[2.6]

[2.7]
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2.4 INFRARED (IR) ANALYSIS

The stretching and bending vibrations of different groups on a molecule can be analysed and
identified with the use of infrared spectrometry. These spectra may also be used to identify
compounds, as they are unigue to those compounds (De Kock, 2005:60). The IR-spectra
was used do determine if the two batches of chitosan was the same powder. [R-spectra
were recorded on a Nicolet Nexus 470 FT IR ESP spectrometer (Madison, USA) over a
range of 400-4000 cm™ using the KBr reference technique. Samples weighing approximately
2 mg were collected after drying for 1 hour at 40 °C and mixed with 200 mg of KBr (Merck,

Germany) before analysis.

2.5 PARTICLE MORPHOLOGY

The morphology (the study of the shape of things) of a powder can shed light on the
behaviour of the powder during processes like flow and compression. Scanning electron
microscopy was used to identify particle shape and surface structure of the chitosan
particles, whilst standard sieving and laser diffraction were used to determined particle size

and particle size distribution of the different chitosan batches used in this study.

2.5.1 Scanning Electron Microscopy (SEM)

A scanning electron microscope was employed to observe the shape and surface structure
of the particles in the different chitosan batches. SEM analysis provides information on a
microscopic level to better understand the behaviour of the powder. SEM photos of the two
different batches and their various size fractions were taken. The powders were affixed on
double-sided conductive carbon tape to a sampling tray and dusted with an inert gas.
Samples were consequently sputter-coated with a mixture of gold/palladium (80:20) to form a
layer of approximately 28 nm on the surface of the samples. An Eiko® ion coater (model IB-
2, Eiko Engineering, Japan) was used in all coating procedures and operated under a
vacuum better than 0.06 Torr. Samples were studied using a Philips®XL 30 DX 4i SEM
microscope (Eindhoven, The Netherlands). The SEM was also used to determine the
outside diameter (length diameter) of a number of particles in each sieve fraction of both
batches. From this data the mean, minimum and maximum diameter, standard deviation

(SD) and percentage relative standard deviation (%RSD) were calculated.
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2.5.2 Determination of particle size and particle size distribution

The particle size and size distribution of the two chitosan batches were determined using a
standard sieve apparatus and laser diffraction according to the methods described in section
2.5.2.

2.5.2.1 Sieve analysis

A sieve analysis was performed on both batches. Several stainless steel sieves (Labotec
test sieve, Industria, Johannesburg, South Africa) ranging from 45 pum — 355 um with a
woven mesh were stacked on top of each other on a collector tray. The stack of sieves
(ranging from the smallest mesh at the bottom on the collector tray to the coarsest mesh at
the top) was placed on a vibrating plane (Fritsh® analysette, Germany, TYPE 03.502). Each
sieve was first individually weighed. A certain quantity of powder (approximately 100 ml) was
weighed and placed on the coarsest sieve at the top of the stack. The apparatus was set at
an amplitude of 6 ampere and vibrating was continued until the powder mass on each sieve
remained constant. Each sieve with the remaining powder on it was weighed and recorded.

The amount and percentage of powder on each sieve were then calculated.
2.5.2.2 Laser diffraction using a Malvern Mastersizer 2000

Particle size analysis was conducted with a Malvern Mastersizer 2000 (Malvern Instruments
Ltd, Malvern, UK) fitted with a Hydro 2000 Mu wet accessory and a computer. Results were
obtained with software for the Mastersizer 2000 version 5.31.

A volume of 800 ml of ethanol was used as dispersant in a glass beaker (capacity 1000 ml).
Prior to every measurement background measurements were taken. After completion of the
background measurement a sufficient quantity of the raw material was added to render an
obscuration of 10-20% where after the particle size measurement was made. Two
measurements 20 seconds apart consisting of 12000 sweeps each were taken. Samples

were analyzed in triplicate.

2.6 COMPRESSION STUDIES

Previous studies by Aucamp (2004) showed poor compression characteristics for the pure
chitosan raw material on an eccentric tablet press. The unsuccessful attempt to produce
tablets from pure chitosan raw material (chitosan batch 021010 with an average particle size
in the range of 215.6 um) was attributed to its poor compressibility and flow properties. This

study, however, showed that combination with microcrystalline celiulose (Avicel® PH200) in a
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ratio of at least 30/70% (MCC/chitosan) could produce tablets with a crushing strength in the
150-180 N range, although mixing time played an important role in the efficiency of tHe
tabletting process (Aucamp, 2004:45). The addition of dry binders (Kollidon® VA-684 oIr
Methocel® K100M between 4 and 20% w/w) contributed little in improving the combressibilijcy
of chitosan, whilst the wet granulation of chitosan with Kollidon® VA-64 and/or HPMC didn’t

improve the compressibility of the raw material.

From the results of a study done by Buys (2006:75) it was be concluded that the poor
compressibility of chitosan (resulting in tablets with low crushing strength and relative high
friability) on eccentric tablet ‘presses (single stroke) could probably contribute to the high
porosity (high volume to mass ratio) of the raw material. Therefore, the mass of chitosan
filling the die was relative low (compared to its volume), and during compression the tablet
press (operating on a single die fill during each compression cycle) could not sufficiently

accommodate the volume reduction of the material even at the highest compression setting.

The compression characteristics of chitosan in this study were initially done on batch 30912
using a Manesty® eccentric tablet press (Manesty Machines, Liverpool, England). These
preliminary compression studies were done to confirm previous compression results
obtained by Aucamp (2004), de Kock (2005) and Buys (2008) as well as to set a baseline for
the chitosan batches used in this study (namely batches 021010 and 030912). Chitosan
tablets of varying weight (100, 150 and 200 mg respectively) were prepared in an 8 mm die

using flat-faced punches.

2.6.1 Tablet compression using a standard eccentric tablet press

In order to produce 100 mg tablets the lower punch was set to a depth of 8.80 mm (from the
top of the die). The setting on the upper punch (on a scale from 0 to 50) determined the
strike depth of the upper punch (i.e. the distance the upper punch moved into the die during
compression) and thus determined the force exerted on the powder during compression.
The press was set on the lowest upper punch setting able to produce an intact compact
(tablet) when removed from the die after compression. One hundred tablets were
compressed at this setting and then the upper punch setting was increased on setting
(interval) and the process repeated. One hundred tablets were compressed at each setting
up to the maximum upper punch setting that could still compress the powder volume in the
-die. In order to produce tablets at 150 and 200 mg, the lower punch setting was adjusted to
110.38 mm and 13.56 mm respectively and the process repeated. The first 20 tablets
‘produced at each weight and upper punch setting were discarded. The tfablets were

transferred to glass containers, sealed with Parafilm® and then closed with a screw cap. The
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containers were stored in a cabinet at room temperature for at least 24 hours before

analysis.

2.6.2 Tablet compression on a modified tablet press

During the second phase of the.compression studies both chitosan bathes (021010 and
030912) were used and compression was done on a modified Manesty eccentric tablet press
which could provide a double (or more) fill of the die during each complete compression
cycle developed by Buys (2007:78-85).

2.6.2.1 Press modifications

The modification of a standard Manesty® eccentric tablet press involved replacing the motor
with a stepper motor which could be stopped and reversed after each filling and compression
of the powder in the die. This allowed for subsequent fillings of the die with additional
powder before the compression cycle was completed and the tablet ejected. The stepper
motor was operated from an embedded controller with a human machine interface for

controlling the compression cycle. A presentation of the modified press is shown in figure

2.3.

Figure 2.3: The modified Manesty® tablet press and controller.
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Control over the first compression cycle allowed for changing the stroke length of the upper
punch into the die through a manual input into the computerized system prior to starting the
press. The amount of compression of the powder after the first fill cycle (called the
percentage compression) could be varied manually between 0 and 80% at any upper punch
setting (ranging between 0 and 50 units). Other parameters which could be set are the
machine speed and the number of tablets to be produced.

The compression cycle on the modified press progresses as follows (read with the sketch in
figure 2.4)

The lower punch is adjusted to accommodate the volume of powder required for a specific
weight (for example 200 mg). The volume available in the die for powder is given in equation
2.10.

Die volume =nr’h [2.101
Where:

h is the distance (in cm) from the top of the lower punch to the top edge of the die and ris

the radius of the die opening (in cm).

The weight of the tablet to be produced is determined by the relationship between the
volume in the die cavity and the density of the powder.

In the case of the standard eccentric press, the distance the upper punch descents into the
die is determined only by adjustment of the upper punch setting (UPS) on a scale between 0
and 50. On the modified version, the depth is determined by the UPS on the press and the
percentage compression setting on the interface connected to the press. Therefore, at a
percentage compression setting of 60% at a UPS of 17, the upper punch will only descend
60% of the total distance the upper punch displaces (determined by the UPS).

Explanation:

Say for instance the UPS setting is set at 17, at the maximum descent (displacement) the
upper punch will have travelled 4.255 mm into the die. However, at a percentage
compression setting of 60% the upper punch will only descent (60% x 4.2556 mm) 2.553 mm

into the die cavily.

After partial compaction of the powder during this first compression cycle the stepper motor
will change into reverse and the upper punch will be withdrawn from the die cavity (without
the lower punch moving). The hopper will once again discharge powder into the die and then
the upper punch will move into the die again (now to its full extend as determined by the
UPS). The powder will be compressed again (100%) and then the lower punch will move

upwards to eject the tablet.
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Figure 2.4: The sequence of events involved in the formation of tablet using a double cycle

press (Alderborn, 2002:399).
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The major advantage of the modified press’s mechanism is that it could produce heavier
tablets using the same punch and die sets available for the standard eccentric press due to
the additional powder discharged into the die after a percentage compression of the first
volume has been done, thus enabling the direct compression of powders with poorly

compressible characteristics.

2.6.2.2 Compression studies

The same punch and die set as before was used (i.e. die with an opening of 8 mm in
diameter and flat-faced punches). The depth of the lower punch was set at 13.56 mm to
produce a tablet of 200 mg-after the first fill cycle. The upper punch strike length was set at
30 for chitosan batch 03912 and at 33 for batch 021010 then the percentage compression
setting on the controller was initially set at 10% and increased with 10% intervals to the
maximum of 80% for each chitosan batch. For each batch 100 tablets at each percentage
compression were produced of which the first 20 were discarded. Tablets were once again
transferred to glass containers, sealed with Parafim® and closed with a screw cap. The
tablets were stored in a cabinet at room temperature (20£5 °C) for at least 24 hours before

analysis.
Environmental conditions were monitored and all tabletting was done below 50% RH and at

17+3 °C.

2.6.3 Analysis of tablets

Each batch of tablets was analyzed for the following physical properties and according to the
methods described below: individual tablet; crushing strength; diameter; thickness and
friability. In addition the weight variation (%RSD) and tensile strength of each batch were

calculated.

2.6.3.1 Weight variation

Twenty tablets from each batch of tablets were randomly selected. Each tablet was
individually weighed on a Precisa® analytical balance (model 240A, PAG OERLIKON AG,
Zurich, Switzerland) and the reading was recorded. The average of the 20 tablets, the
standard deviation and the percentage relative standard deviation were caliculated.

2.6.3.2 Crushing strength, diameter and thickness

The crushing strength, diameter and thickness were determined with the use of a Pharma
Test® (model PTB-311, Switzerland) tablet test unit. Ten tablets selected randomly from each
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batch were used. The readings were recorded and the average of 10 tablets, the standard

deviation, and the percentage relative standard deviation were calculated.
2.6.3.3 Friability

Ten tablets of each batch were selected randomly and lightly dusted. The ten tablets were
weighed on a Precisa® analytical balance (model 240A, PAG OERLIKON AG, Zurich,
Switzerland) and the reading recorded. The ten tablets were placed in a Roche® friabilitor for

4 minutes at 25 revolutions per minute; lightly dusted and weighed again and the reading
recorded. Equation 2.11 was used to calculate the percentage friability.

WB ‘“WA

B

% F =100x [2.11]

Where:

% F is the calculated percentage friability; W5 is the total weight of dusted tablets before the
onset of rotation and W, is the total weight of dusted tablets after completion of rotation.

2.6.3.4 Tensile strength

Tablet tensile strength was determined from the force required to fracture tablets by
diametral compression on a motorized tablet hardness tester (David & Augsburger,
1977:155). The tensile strength was calculated (Fell & Newton, 1968:658) using equation
2.12.

2P

T=2" [2.12]
7Dt

Where:

T is the tensile strength (N/mm?); P is the crushing strength (N); D is the diameter (mm) and ¢

is the thickness (mm)

2.7 CALCULATIONS

All the calculations were computed with Microsoft® Exce™ XP for Windows™ (Microsoft®,
Seattle, Washington, USA). The statistical analysis was done using Microsoft® Excel™ XP

for Windows™ with the ANOVA, single factor analysis.
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CHARACTERIZATION OF THE POWDER FLOWABILITY OF
CHITOSAN

3.1 INTRODUCTION

The term powder flowability is used loosely and has generally been more closely associated
to the test method used to measure it than the significance to the process. To the formulator,
. flowability is linked fo the product. To the engineer, flowability relates to the process.
Relating powder flowability results to actual behaviour in the production process is the frue
reason flowability is measured. A simple definition of powder flowablility is the ability of a
powder to flow without a great amount of energy input. By this definition, flowability is
sometimes thought of as a one-dimensional characteristic of a powder, whereby powders
can be ranked on a sliding scale from free-flowing to nonflowing. Unfortunately, this
simplistic view lacks the science and sufficient understanding to address common problems
encountered by the formulator and equipment designer. Powder flow is complex; flow
behaviour is multidimensional and does in fact depend on many powder characteristics. For
this reason, no one test could ever quantify flowability. The flowability of the powdered
materials used in a tablet formulation is a major consideration in the production of this
popular dosage form (Gioia, 1980:1; Freeman, 2000:3; Prescott & Barnum, 2000:60).

The two major problems identified in terms of the use of chitosan as directly compressible
filler in tablet formulations is its poor flow and compressibility properties (Aucamp, 2004;
Buys, 2008; De Kock, 2005). However, another possible reason in the difference in the
characteristics may be found in the difference in the morphology of different batches of the
raw material. Chitosan is obtained from chitin (a polysaccharide in the exoskeleton of
crustaceous water animals) through a chemical process called alkaline deacetylation. A
series of chitosan polymers exist which differ in molecular weight, viscosity and degree of
acetylation. Variations in the various process factors during the manufacturing of chitosan
may lead to major differences in the morphology of the raw material, such as particle shape,
particle size, size distribution and porosity. ’

During the first phase of characterization of chitosan the aim was to determine to which
extend its physical properties affects the flow of the material and to compare its flow
properties to that of other commonly used tablet fillers. Two chitosan batches (021010 and

030912) were examined in order to determine the effect of differences in morphology on their
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physical properties.

3.2 INFRARED (IR} ANALYSIS

[nfrared analysis was performed on the two chitosan batches to establish that both products
indeed represent the same material. The analysis done on both batches of chitosan confirm
that these two powders were indeed the same excipient. The infrared énalysis was done as
described in section 2.4. Figure 3.1 (and annexure A.4) shows that the two excipients are
the same product and both depict the IR-spectra of chitosan.

Ked - Clitosai batch 030912
Biite~ Chitosai biateh 021070

7L Bateh 021010

- S PR e

o

. T
o Waverumbersioms1)

Figure 3.1: Infrared analysis. Overfay of chitosan batch 021010 and chitosan batch 030912.

The IR-spectrum of chitosan showed a weak band of C-H stretching at 2874.1 cm™ for batch
030912 and 2886.6 cm™ for batch 021010. The absorption band of the carbonyl (C=0)
stretching of the secondary amide (amide I band) at 1660 cm™ representing the structure of
N-acetylglucosamine as well as the NH, stretching peak at 1600 cm™. The peaks at 1420

cm™ and 1320 cm™ belong to the N-H stretching of the amide and ether bonds and N-H
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stretching (amide III band),respectively. The bridge oxygen (C-O-C, cyclic ether) stretching
bands at 1066 cm-1 and 989.2 cm™ were also observed. The strong peaks in the range
3400-3200 cm™ correspond to combined peaks of hydroxyl and intramolecular hydrogen
bonding (Nunthanid ef al., 2004:22; Ghaffari et al., 2007:12; Banerjee ef al, 2002:100;
Sankalia ef al., 2007:25).

3.3 MORPHOLOGY

Particle shape, particle size and particle size distribution of the two chitosan batches were
determined in order to evaluate the effects of these properties on the flow characteristics of

the material.

3.3.1 Particle shape

The particle shape of powders plays an important role in the flowability of the material and in
general the more the shape deviates from spherical the more flow is impeded. The particle
shape was observed by scanning electron microscopy (SEM) as described in section 2.5 and.
the results are shown in figure 3.2 and 3.3 (and Annexure A.3). These figures clearly
showed that the shape of the two batches differ markedly, with the particles from batch
021010 being oblong in shape and rather curled (almost like dried leaves), whilst particles
from batch 031912 were more consistent in shape, with a disk-like form. These differences

" might suggest significant differences in flow and possibly also compression behaviour.
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Figure 3.3: SEM photo of chitosan 030912: fraction 125-150 um.
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Both batches were divided into four sieve fractions (obtained as described in section 2.5.2),
namely <80 pm; 80-125 um; 125-250 um and >250 uym. In order to determine the
consistency of the particle shape of the material, the outside diameter of a number of
particles in the unsieved material and sieved fractions were measured using the SEM. The
results are tabulated in table 3.1.

Total R
. Mean Min Max
. articles SD 5 ,
Fraction(um) rrr:easur ed (um) {um) (um) 7%RSD

Batch

The results from measurements of the ouiside diameters of the particles showed marked
differences in the two batches. Particles of batch 030912 (for the unsieved material and
sieved fractions) showed consistently lower variation in particle size (as indicated by lower
values for %RSD) compared to that of batch 021010.

3.3.2 Surface structure

The surface structure of the two batches showed marked differences. The surface structure
of batch 030812 is rugged and uneven, whereas the surface sfructure of batch 021010 is
smoother. The particles of batch 030912 were flat whilst those of batch 021010 were puffy.
These findings point towards a difference in the flowability of the powder and/or in the

compressibility of the powder.
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Table 3.2: Results from the particle size analysis of chitosan batches 030912 and 021010
by means of laser diffraction.

o 10% particles . 90% particles Geometric
Excipients smaller (um) Median (um) smaller (um) mean particle
size (um)
Chitosan 77.863+3.527 | 188.277 +4.300 | 3B85.97 +8.564 | 206.855 +5.286
021010
Chitosan 56.261+0.926 | 153.188 £1.502 | 297.686+1.640 | 166.659 +1.103
030912

The results once again confirmed the larger average particle size of batch 021010 (206.855
um +5.286) compared to that of batch 030912 (166.659 um +1.103), although much closer

than suggested by the results from the sieve analysis.

The results from morphology studies clearly demonstrated significant differences between
the particles in the two chitosan batches, but prediction about flow and compression
characteristics at this time would be mere speculation. The obtained results could, however,
be valuable in terms of explaining observed differences (if any) in the flow of the raw
materials. The following section provides the results from the various flow tests that have
been conducted.

3.4 POWDER FLOW STUDIES

The various flow parameters commonly used to describe powder flow were conducted on
both chitosan batches and some commonly used pharmaceutical fillers. These methods
have been described in section 2.3. The results are presented in table 3.3 and the data in

annexure A.5.

The results are also presented graphically in figure 3.7 and 3.8. In both figures the y-axis
used is an arbitrary scale resulting from setting the value of the filler with the highest valQe
for each individual parameter to 1, and then expressing the values of the other fillers as a
ratio thereof. The values obtained for the angle of repose confirmed the general believe that
this parameter is less discriminative in terms of indicating differences in flow between
different materials. No significant differences (p>0.05) were observed between the Angle of
Repose of the various fillers examined, whilst both the other two flow parameters (Carr’s
index and the critical orifice diameter) indicated significant differences (p<0.05) between the
two chitosan batches and all the other fillers, with chitosan performing significantly poorer
than the other fillers. The composite flow index (CFl), as determined according to the
method suggested by Taylor et al. (2000), confirmed this poor flow (for materials with a value
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below 60) of the chitosan batches compared to the other fillers. Table 3.4 presents a rank
order of the various fillers for each of the flow parameters, with a value of 1 for the filler with
the best performance and 6 for the poorest flow properties. From the results it can clearly be
observed that both chitosan batches rank the poorest in terms of almost all the flow

parameters.

Table 3.3: Flow parameters for chitosan (batches 021010 and 030912} and some commonly

used tablet fillers.
Excipient CI* (%) | AoR*(°) A COD Density (g.cm”) Porosity | cfp
' (mm) (%)
Bulk Tapped
Chitosan (021010) 37.94 39,71 11 0.157 0.253 88.58 59.04
+0.0399 | +6.719 +0.002 = +0.003 +0.0148
C'hitosan (030912) | 38.98 37,44 13 0.302 0.486 78.04 60.41
+1.0613 | #2.118 +0.007 | +0.004 +0.2741
Emcompress® 17.20 38,46 2 0.757 0.914 . 68.31 85.91
+1.9089 | #1.787 +0.011 +0.022 +0.2008 ‘
| Ludipress® 18.50 34,75 2 0.583 0.715 62.27 86.72
; +0.2489 | +1.350 +0.003 | +0.001 +0.0332
Tablettose® 23.67 | 37.11 6 0.594 | 0.778 6155 | 7726
+0.3664 | +1.303 +0.003 | #0.007 +0.0329 ‘
Avicel®PH200 18.03 32.49 15 0.368 0.449 76.86 89.10
+3.8522 | +0.573 +0.002 | +0.009 +0.0136 ;

“¥CI = Carr's index, AoR = angle of repose, COD = critical orifice diameter, CFl =

Composite index

Table 3.4: Rank order of two chitosan batches and various other commonly used tablet

fillers for various flow parameters.

ipient

Cl

AoR

COD

CFl

{ Emcompress® 5 1 2 3
| Ludipress® 2 3 2 2
| Tablettose® 3 4 4 4
| Avicel®PH200 1 2 1 1

*C!m: Carr's index, Aéé = éné'le of repose, CQD?—'A critical oriﬂéé diameféf,ﬁﬁ(/:lfl = Composite iﬁdex
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Porosity
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Figure 3.8: Flow properties of excipients (tapped densiz‘y, bulk density and porosity).
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From the density and porosity data of the various fillers examined (table 3.3 and figure 3.8) it
was clear that both chitosan batches differed significantly from the other fillers as well as
from each other. The bulk and tapped density of both chitosan batches were markedly lower
than most of the other fillers. Only chitosan (batch 030912) and Avicel®PH-200 showed ea
comparison. These differences between the densities of the two chitosan batches could
probably be ascribed to the variation between the particle size, particle size distribution and
particle shape of the two batches resulting in a difference in the packing geometry of the
particles in each powder. The larger average particle size of batch 021010 and the presence
of more large (>250 um) and less small particles (<100 um) in this batch contributed to the
lower bulk and tapped densities (almost 50% lower) and higher porosity (approximately 10%)
of this batch compared to that of batch 030912. This high porosity of chitosan (>75%) could
be responsible for the previously observed poor compression characteristics of the material.
Since 75% of the volume occupied by the material consists of voids (intra- and
interparticulate spaces, which converts to almost 38% of void space between particles in the
tablet die), the conversion of upper punch force to effective compression force might be
largely neutralized during compression due to applied pressure been wasted mainly on
particle consolidation (volume reduction) and rearrangement of particles rather than bond
formation.  This hypothesis will, however, be tested in the following chapter during

compression studies on chitosan raw material.

One of the most disériminaﬁng flow parameters proved to be the critical orifice diameter.
Compared to COD’s varying form 1.5 mm for Avicel® PH200 to 6 mm for Tablettose®, the
chitosan batches produced flow through orifices with diameters in excess of 10 mm (11 mm
and 13 mm for batches 021010 and 030912 respectively), indicating significant poorer
natural flow than the other materials. This could either be due to cohesive forces (forces
between like surfaces, like interparticulate forces and particle interlocking) or the low density
of the material. Comparison of the flow rate of the two chitosan batches (determined using a
recording flow apparatus — see section 2.3.3, data given in table 3.5 and annexure A.5)
through a funnel with an orifice of 13 mm, showed a markedly higher flow rate for batch
030912 (4.394 g.sec™ than for batch 021010 (2.785 g.sec™). This difference in flow rate
might be attributed to the differences in the particle shape and surface structure of the
particles (discussed in section 3.3.1 and 3.3.2) and/or the differences in the average particle
size of the two batches (indicated in section 3.3.3).
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Table 3.5: Flow rate of excipients using a recording flowmeter. Percentage standard

Excipient Opening size (mm) Average mass (g) powder per
second
, 13 4.394 (13.48)
Chitosan 30912 14 7.240 (21.49)
15 7.856 (8.32)
11 1.795(1.50)
Chitosan 21010 12 1.892 (8.2)
13 2.785 (2.42)
2 0.108 (6.75) !
Emcompress® 3 0.597 (0.72)
4 0.680 (5.97)

In order to further examine the properties of chitosan raw material, the density, porosity, and
flow properties of various sieve fractions of the two chitosan batches were determined
(obtained as described in section 2.5.2.1). The results are presented in table 3.6 and the

data in annexure A.5.

Table 3.6: Properties and flow parameters of different sieve fraction of two chitosan

batches.
Sieve fraction (um)

| Parameters Batch 030912 Batch 021010

<90 | 90-125 | 125150 | >150 | <90 | 90-125 | 125150 | >150
COD (mm) 26 11 6 5 30 16 6 6
[ AR © 1960 | 2321 | 41.85 | 41.71 | 3753 | 31.48  46.91 | 44.45
| AoR () +1.475 | +4.235 | +2.565 | +1.650 | £3.917 | £1.955 +2.001 | +1.814

38.67 | 3467 | 32.33 39.33 28.67 |
Cl (%) £1528 | +0.577 #0577 | 0% |sos77 | 3T | 3TE | i1 4ss
| cFr* 5671 | 73.64 | 68.33 | 67.75 | 39.87 | 61.02 | 6584 | 69.03 |
| gapp‘?d 0472 | 0466 | 0487 | 0427 @ 0281 | 0250 | 0232 | 0.232
, (932:%’ +0.013 | £0.004 | +0.001 | +0.003 | +0.003 | +0.007 | #0.002 | +0.006
| Bulk 0200 | 2305 0330 o278 | 0070\ 0458 | 0460 | 0.165
| Density +0.002 | = +0.002 | £0.002 +0.002 | £0.0008 | +0.004
{ (g/em”) 2 5
Porosity 7891 | 77.82 76 79.78 | 87.64 | 8851 | 88.36 88
(%) | $0.134 | 0.011 | +0.175 | +0.167 | £0.038 | +0.166 | +0.055 | +0.289

* COD = Critical oriﬁoé diameter, AoR = angle of repose, Cl = Carr's index, CFl = Composi{é index
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Considerable differences were observed between most of the flow properties of the various

sieve fractions'compared to the matching unsieved chitosan batches.

For the unsieved chitosan batches, batch 030912 showed densities (both bulk and tapped)
almost twice as high as that of batch 021010 (table 3.3). Comparison of the tapped and bulk
densities of the various sieve fractions of the two batches, revealed the same tendency. The
speculated reason for this is that the particle size and shape influence the packing geometry.
Sieving changed the porosity of the material to a minimal, suggesting that compression
problems might still occur during tabletting of the sieved fractions. The porosity of batch
021010 is £10% higher than batch 030912, suggesting that the particles of batch 021010
pack poorer and therefore have weaker bonds between the particles which could result in

poor compression characteristics.

Significant differences (p<0.05) were observed for flow through an orifice (as measured by
the COD) for sieve fractions of both batches containing particles <90 um compared to the
unsieved chitosan. The relative large orifice diameters (30 and 26 mm for batches 021010
and 030912, respectively) needed to induce flow; proved the negative effect of small particle
sizes on efficient powder flow. Sieve fraction of both batches containing particles in the
range of 120-150 um and >150 um produced flow properties comparable with that of
Tablettose® and confirmed the theory that larger particles are more free flowing due to less
contact between particles resulting in less interparticular cohesive forces. The AoR seemed
to be a less reliable parameter to judge powder flow. The results of AoR indicated that the
particles in the range <90 um and 90 — 125 um showed good flowability: This contradicts all

the other parameters.

The observed better flow of the sieve fractions containing larger particles were also visible in
the composite flow index (CFIl} with values that matched or even exceeded that of the
unsieved material. The better flow of the particles in these sieve fractions (125-150 um and
>150 um) compared to the unsieved materials confirmed that the presence of smaller
particles (which were present in the unsieved chitosan batches) might reduce powder flow in
some instances. Then again, it is possible that the small particles can increase the
compressibility of the powder because it fills the spaces between the larger particles that
could contribute towards effective bonding during compression. The flow properties of
particles of batch 030912 in the range of <80 um and 90-125 um were markedly better than
that of the same sieve fractions of batch 021010 as indicated by a lower angle of repose,
smaller critical orifice diameter and higher composite flow index.
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3.5 CONCLUSION

Characterization of the two chitosan batches used in this study revealed significant
differences in the morphology of the particles of the different batches, especially in terms of
average particle size, particle shape and particle size distribution. These differences could
probably relate to poor control of the various steps involved in the manufacturing process.
As could be expected, these variaticns also affected the flow characteristics of the two
batches, since particle flow is to a large extend depended on particle-related properties such

as size, shape, surface structure and density.

The flow properties of both chitosan batches compared rather poorly to other pharmaceutical
fillers examined. With the exception of the angle of repose, which proved less accurate in
discriminating between free-flowing and cohesive powders or materials; all the other flow
parameters clearly confirmed the poor inherent flow properties of chitosan. The flow
parameters also revealed, as expected, significant differences between the two chitosan
batches in both the unsieved materials and the various sieve fraction. These results clearly

demonstrated the relationship between particle properties and flow characteristics.

From the particle characterization in chitosan it could be concluded that the previously
observed poor compression characteristics (as indicated by De Kock, 2005; Aucamp, 2004
and Buys, 2008), could be attributed to the low density and high porosity of the material
which could impair effective compression on eccentric tablet presses. This hypothesis,
however, will be studied and tested in the following section concerning the compression

behaviour and characteristics of chitosan.
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material on its compression characteristics and the compression behaviour of the material
using a modified tablet press which allows double compression (and a higher powder volume

to be contained within the die cavity).

4.2 COMPRESSION STUDIES ON CHITOSAN
TABLET PRESS

USING AN ECCENTRIC

Chitosan tablets (batch 03091), of varying weight, were compressed on an eccentric tablet
press (Manesty) at varying upper punch settings as described in section 2.6.1. This was
done to set a baseline for the compression behaviour of the material during a single fill
compression cycle. The tablets were analyzed in terms of weight variation, thickness,
diameter, crushing strength and friability using the methods described in section 2.6.3. The
results are presented in tables 4.1 — 4.3 (data in annexure B).

Table 4.1: Physical properties of 100 myg chitosan tablets (batch 030912) produced on a

Manesty eccentric tablet press at different upper punch settings. %RSD indicated in
brackets.

. Upper punch setting (UPS)
Physical property

17 18 19 20
| Weight variation (mg) | 101.54 (1.57) 101.96 (1.43) 102.10 (1.59) | 102.28 (1.43) |
| Thickness (mm) 2.33(0.61) 1.91 (.56) 1.62 (1.16) 1.54 (1.37)
| Diameter (mm) 7.98 (0.24) 8.00 (0.13) 7.94 (0.07) 8.04 (0.17)
| Crushing strength (N) 8.31 (13.45) 28.81 (11.98) 89.45 (9.82) 103.75 (2.65)
Friability (%) 11.46 1.80 0.56 0.24

Table 4.2: Physical properties of 150 mg chitosan tablets (batch 030912) produced on a
Manesty eccentric tablet press at different upper punch settings. %RSD indicated in
brackets.

Upper punch setting (UPS
Physical property pperp g )

24 25 26 27
Weight variation (mg) | 151.79 (1.19) | 151.36 (1.72) | 151.63 (1.83) | 152.81 (1.99) |

| Thickness (mm) 3.43 (0.52) 2.88 (0.43) 2.48 (0.64) 2.29 (2.51) |
Diameter (mm) 7.98 (0.12) 7.95 (0.21) 7.91 (0.09) 7.90 (0.17)

| Crushing strength (N) | 12.87 (13.56) | 34.76 (10.74) | 91.49(8.99) | 16227 (6.57)

| Friability (%) 12.67 2.77 0.88 0.23
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Table 4.3: Physical properties of 200 mg chitosan tablets (batch 03091 2) produced on a
Manesty eccentric tablet press at different upper punch seftings. %RSD indicated in
brackets.

Physical Upper punch setting (UPS)

|  property 30 31 32 33 34

| Weight 196.31 196.63 196.77 198.48 196.20
variation (mg) (1.47) (1.41) (1.43) (1.94) (1.24)

| (Tn?‘ni‘;“ess 447 (1.03) | 3.93(0.80) | 3.49 (0.35) | 3.14 (0.40) | 3.01(0.89) |

| Diameter (mm) | 8.01(0.25) | 7.97(0.15) | 7.96 (0.08) | 7.93(0.15) | 7.94(0.18) .

| Crushing 16.10 29.98 80.75 136.76 202.07

| strength (N) (20.13) (19.51) (7.45) (7.73) 6.31)

| Friability (%) 18.08 3.97 1.29 0.47 - 0.18

The range of the upper punch settings used for each tablet weight were the minimum and
maximum sefting at which tablets of sufficient hardness (to be tested) could be produced.

The data from the compression studies revealed that none of the upper punch ranges
overlapped between the different tablet weights. In each case the higher the tablet weight,
the higher the upper punch setting (UPS) needed to produce tablets of sufficient hardness.
This could probably be explained in terms of the mechanics of the press used to produce the
tablets.. On eccentric tablet presses the lower punch setting determines the available volume
in the die cavity. Since the lower punch stays stationary during the filling and compression
stages (and only moves upwards after compression to eject the tablet) the volume available

in the die for powder is given by equation 2.10

Theoretically, the descent (displacement) of the upper punch into the die for a specific tablet
weight could be calculated using the density of chitosan (0.302 g.cm™ for batch 030912) and
the tablet weight required (for example 0.1 gram). From these values the powder volume
can be determined (0.331 cm®). Using equation 2.10, and taking the die radius as 0.4 cm
(diameter = 8 mm), it relates to a setting of the lower punch to 6.58 mm from the top edge of
the die. Lowering of the lower punch to 9.88 mm and 13.17 mm (measured from the top of
the die) would accommodate 150 and 200 mg of this material respectively. In practice,
however, the descent of the upper punch was determined manually to produce tablets of 100
mg. For this weight the displacement of the upper punch was determined to be 6.8 mm.
Increasing the upper punch displacement to 10.38 mm and 13.56 mm produced tablet
weights of 150 and 200 mg respectively (using the same 8 mm die).

The UPS determines the distance the upper punch descents into the die, resulting in
reduction of the volume between the upper and lower punch which is occupied by the

powder in the die. This volume reaches a minimum (Vqi,) when the upper punch reaches its
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lowest level (determined by the setting), at which stage it would have compressed the
powder and reduces its volume to V.. Using the values of the known variables in the press
set-up (i.e. the available die volume for a desired tablet weight, die depth, die diameter,
upper punch setting and distance of upper punch into the die) and the tablet dimensions
produced at this particular set-up (tablet weight, tablet thickness and tablet diameter which
were obtained from the results of the tablet testing as described in section 2.6.3.2), data can
be calculated which could be helpful to explain the compression characteristics of the
powder. These values are presented in table 4.4.

Tablet Upper Maximum distance of | Initial die | Final die Volume

weight punch descent of upper | volume™ | volume® | reduction
(mg) setting punch into die (mm) (cm?®) (cm?) (%)
17 4.467 0.117 85.72
18 4.887 0.098 71.90
100 0.342
19 - 5187 0.081 76.31
20 5.257 0.077 77.34
24 8.946 0172 66.94
25 7.946 0.145 72.24
150 0.522
26 7.896 0.125 78.10
27 8.086 0.115 77.93
30 , 9.087 0.225 87.03
31 9.627 0.198 71.01
200 32 10..067 0.682 0.175 74.28
33 10.417 0.158 76.84
34 10.547 3 0.151 77.80

1o determined by the setting of the Jower punch.

2 = determined by the distance the upper punch descents intc the die {dependant on the upper punch setting).

For an increase in the tablet weight from 100 to 150 mg, the lower punch was adjusted
(lowered) to increase the depth of the die cavity from 6.8 mm to 10.38 mm (an increase of
3.58 mm) which resulted in an increase in the available die volume for powder from 0.342 to
0.522 cm® At an UPS of 17 the compression of 150 mg of chitosan only resulted in a
volume decrease of approximately 43%, which was insufficient to produce tablets which
could be tested. Only at an upper punch setting of at least 24, the volume reduction were
sufficient (approximately 67%) to produce tablets. The same tendency was observed with an
increase in the tablet weight from 150 to 200 mg — where tablets were only produced at a

volume reduction of 87%.
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For every tablet weight (i.e. 100; 150 and 200 mg) the lowest upper punch setting which
produced tablets of sufficient strength to be handled and tested, resulted in tablets with poor/
low crushing strength (8-16 N) and high friability (11-18%). This was mainly due to the low
volume reduction which occurred in the die cavity at these seftings (between 65-67%). From
the data in tables 4.1 — 4.3 it is clear that sufficiently strong tablets, with hardness in the
order of 80 N and higher and friability lower than 1%, were only obtained at upper punch
settings of at least 2 units above the lowest setting which produced tablets (for each of the
selected tablet weights). In all these cases, the approximate volume reduction was between
74 and?S%, which seems to be the minimum volume reduction reguired to produce tablets
of sufficient strength and low friability {i.e. between 81 — 91 N and less than 1% friability).

Figure 4.1 clearly indicates that a volume reduction of approximately 65-67% was required to
produce tablets of sufficient hardness at each selected tablet weight, i.e. tablets that could be
handled and thus tested. This was accomplished at the lowest UPS for each weight, namely
17 for 100 mg; 24 for 150 mg and 30 for 200 mg tablets. For this reason, no tablets of weight
150 mg could be produced at an UPS below 24, and none at an UPS below 30 for 200 mg
tablets.

—%—100mg ~—o—150mg  —24—200mg

80

Volume reduction (%)

15 20 25 30 35
Upper punch setting

Figure 4.1: Effect of upper punch sefting on the volume reduction in the die cavity (8 mm in
diameter) for various weights of chitosan tablets (batch 030912). '

The maximum UPS possible at each tablet weight related to a percentage volume reduction
of approximately 76-78%. The tablet press failed to compress the powder with an increase
in the UPS by one unit or more (on a scale between 0 and 50). These results confirmed that
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chitosan has a very narrow compression range (in terms of volume reduction). The reaction
of the material under compression is quite stern as indicated by the rapid increase in
crushing strength with an increase of 1 unit in the UPS at every tablet weight (tables 4-1 —
4.3). Anincrease of 1 unit in the UPS at every tablet weight resulted in a significant increase
in the crushing strength of the tablets (from 8 to 28 N [+250%] for an increase in the UPS
from 17 to 18 for the 100 mg tablets; 12 to 34 N [£180%)] from 24 to 25 for the 150 mg and 16
to 29 N [£80%)] from 30 to 31 for the 200 mg tablets). This narrow range for compression
force adjustment (a maximum of 3-4 units at each weight) is not considered advantageous in

the case of fillers, especially in the case of direct compression processes.

The tensile strength is a parameter incorporating both the crushing strength and tablet
dimensions (thickness and diameter), thus providing a better indication of the effect of
compression force on tablet properties. The higher the tensile sitrength, the better the
strength of the compaction, which would indicate effective particle bonding. The tensile

strength (o7) at each tablet weight was calculated from equation 2.12.

Figure 4.2 shows the effect of UPS on the tensile strength of the tablets. Each selected
tablet weight exhibited a sharp increase in tensile strength with an increase in UPS, which

could primarily contribute to the significant increase in tablet hardness.

8.0 x 100 mg < 150 mg A 200 mg

y = 3E-24x1878 |
R? = 0.9325 y = 3E-36x25425 y = 3E-37x24-368
R = (00886 R 981

7.0

6.0
5.0
4.0
3.0
2.0

Tensile strength (N/mm?)

1.0
0.0 -+ T T

25 . 30 35
Upper punch setting

Figure 4.2: FEffect of upper punch setting on the crushing strength of chitosan tablets at
various weights.

The relationship of percentage friability to crushing strength for the 100 mg tablets is shown
in figure 4.3. Both the other two tablet weights exhibited the same tendency, with regression

lines (y = ax™) showing r*-value higher than 0.92. At the lowest UPS the friability for each
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x 100 mg 0 150 mg A 200 mg
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Figure 4.4: Hardness-friability index (HF!) as function of the UPS of chifosan (batch 030912)
tablets of varying weight.

4.3 CONCLUSION

Chitosan raw material showed promising compression characteristics at specific (carefully

chosen) machine settings, with good crushing strength and low friability at the top of the

compression range of each tablet weight selected. The main drawbacks of the compression

properties of the material on a standard eccentric tablet press, however, may be summarized

as follows:

+ Relative low tablet weights and/or a small weight range available for a specific die size;

+ Narrow range of upper punch settings available to achieve a suitable tablet hardness and
friability; and

«  Very limited (small) range between minimum and maximum upper punch settings which
produce tablets of sufficient hardness and friability (not very large margin for adjustments
available).

Thesé characteristics may render the material rather ineffective as a direct compressible filler

where it would be the major constituent in the formulation, when considering that in these

formulations its major function is to impart good flow and compression properties in the

mixture.
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4.4 COMPRESSION OF CHITOSAN USING THE DOUBLE FILL CYCLE

The standard eccentric press has one die filling per compression cycle. In order to increase
the amount of powder in the die, an eccentric tablet press was modified using a stepper
motor which allows for muitiple fillings per cycle, and changing the amount of compression
(percentage compression) per cycle. The modifications and press setup was discussed in
section 2.6.2. The limitation of the standard eccentric press and the physical properties of
batch 021010 prevented this batch to be effectively compressed on an eccentric press, whilst
batch 030912 produced tablets although at relatively low weights (maximum 200 mg in an 8
mm die) and restricted UPS ranges at each weight selected. This failure of batch 021010 to
- produce tablets could be ascribed to the differences observed in the physical properties of
the material, especially the density, particle size and particle structure, compared to that of
batch 030812 (section 3.3 and 3.4).

Since 200 mg tablets of batch 030912 provided the widest range for upper punch settings
(30-34), this weight was selected as the target weight of the tablets to be produced on the
modified eccentric press. Both batches of chitosan (021010 and 030812) were used in order
to evaluate and compare their physical tablet properties. The press was initially setup to
accommodate 200 mg of chitosan (batch 030912) and a UPS of 30 was selected. The
percentage compression setting on the controller was varied between 0% and 80%, and 50
tablets were compressed at each setting. For batch 021010 the volume in the die cavity was
kept equal to that being used for batch 030912 (which produced 200 mg tablets), and the
UPS setting was increased to 33. This UPS was the lowest setting that produced tablets of
sufficient hardness for batch 021010. The percentage compression was varied between
30% and 80% and 50 tablets were compressed at each setting. Tablets of an average
weight of approximately 118 mg could be produced at the lowest percentage compression
setting (i.e. 30%). The data of the physical properties of the tablets from the two batches are
presented in tables 4.5 and 4.6. The raw data is presented in annexure B.2
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Table 4.5: Tablet properties of chitosan (batch 030912) tablets (initial weight 200 mg) at
various percentage compression seftings using double compression. The percentage
relative standard deviation ( % RSD) Is shown in brackets.

: % Upper punch setting = 30
compression Weight (mg) Height Diameter Crushing | Percentage
(mm) (mm) strength | friability (%)
(N)
16.10
0 19631 (147) | 447(1.03) 8010025 | 018 18.08
10 210.16 (1.32) | 4.67 (0.69) | 8.07 (0.12) (fg% 13.76
20 203.97 (1.57) | 4.59(0.41) | 8.06 (0.10) | 35.91 (9.17) 5.64
59.02
30 23322 (1.44) | 454(0.39) | 8050.10) | 2200 3.31
40 246.20 (1.05) | 4.52 (0.24) | 8.04(0.11) | 78.05 (9.49) 219
50 259.17 (1.55) | 4.49 (0.14) | 8.02 (0.06) 1(5?4232 153
60 270.02 (1.68) | 4.51(0.28) = 8.02 (0.08) 1(29.{.;%2 0.94
70 288.06 (0.84) | 4.58 (0.56) | 8.00(0.09) | é"g ;,i% 0.64
80 301.31 (1.47) | 4.73(1.05) | 8.01(0.12) 2(2153;" 0.54

Table 4.6: Tablet properties of chitosan (batch 021010) tablets (initial weight +118 mg) at
various percentage compression seftings using double compression. The percentage
relative standard deviation (% RSD) is shown inpracketg.

% Upper punch setting = 33
compression Weight (mg) Height Diameter Crushing Percentage
{mm) (mm) strength (N} | friability (%)
11.12
30 118.11(3.08) | 354(1.09) | 801(027) | (59735 10.31
13.55
40 121.66 (5.30) | 3.51(1.26) | 8.03(0.18) 7o 13.19
15.89
50 130.65 (3.81) | 3.52(2.19) | 8.03(025) | 00 4.10
60 136.99 (5.14) | 3.38(3.15) | 8.04 (0.14) 35.71 1.59
99 (5. 38 (3. .04 (0. S .
70 152,46 (5.35) 3.21(0.52) | 8.02(0.08) 70.32 0.62
46 (5.35) 3.21(0.52) | 8.02 (0. (1228 .
80 17039 (5.38) | 3.20 (0.69) | 8.01(0.20) | 1030 0.45
39 (5. 20 (0. 01 (0. 3061 .
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higher density) and its particles exhibiting better flow and superior shape and texture, the
improvement in compression characteristics were even better.

Due to the superior compactibility of batch 030912, probably due to more sufficient particle
rearrangement: possible fragmentation and particle deformation under pressure, a weight
increase of approximately 53% could be achieved within an 8 mm die at a constant UPS
through variation of the percentage compression. In comparison, batch 021010 could only

produce an increase in tablet weight of approximately 44% (figure 4.5). ,

e Batch 030912 a Batch 021010

350

y=1.2617x+ 197.55
2.

300 99

250

200 <

150

Tablet weight (mg)

100

50

0 10 20 30 40 50 60 70 80 90

Percentage compression

Figure 4.5: Tablet weight of chitfosan batch 030912 (at UPS = 30) and batch 021010 (at
UPS = 33).

Noteworthy from figure 4.5, is the linearity (for both batches) of the increase in tablet weight

with and increase in percentage compression for both chitosan batches; and the poorer

compression characteristics of batch 021010 compared to batch 030912. This poorer

compression behaviour is deducted from the fact that this batch (021010):

e produced significantly lower tablet hardness at a higher UPS (33) compared to that of
batch 030912 (UPS = 30); and

e could be compressed over a smaller percentage compression range (30 — 80%)
compared to batch 030912 (0 — 80%).

This increase in the tablet weight for both batches resulted in an improved tablet structure
with markedly higher hardness and lower friability. Although the crushing strength of batch
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021010 (116.3 N) at the highest percentage compression setting possible (i.,e. 80%) was
acceptable, it was still poor compared to tablets from batch 030912 which exhibited similar
hardness values at approximately 50% compression and a maximum hardness of 291 N at

80% compression.

The hardness friability-index as a function of percentage compression for the two batches is

presented in figure 4.6.
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Figure 4.6: HF-index of chitosan batches produced on a modified eccentric tablet press at

different percentage compression settings.

Both batches exhibited excellent HF-indexes as a function of compression force, with the
tablets of batch 030912 once again outperforming those of batch 021010. The difference in
results could once again be ascribed to the better compaction properties of batch 030912
which resulted in better tablet hardness and lower friability at each percentage compression

setting.

It is, therefore, concluded that the superior compaction and compression characteristics of
batch 030912 compared to that of batch 021010 were primarily due to the higher tablet
weight (which is directly related to the higher powder volume that could be accommodated in
the die cavity) which could be achieved for the first mentioned batch.

For a comparison of the differences in the results obtained from the two tablet presses
employed in this study, the tablet properties of batch 030192 were used. Figures 4.7 and 4.8
present a comparison of the crushing strength and friability (respectively) for tablets from this
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particular chitosan batch as a function for the percentage compression settings obtained

from the two tablet presses used.

On the standard single fill eccentric tablet press, tablets with a maximum weight of 200 mg
(in an 8 mm die), with a hardness of approximately 200 N were obtained, but only at an UPS
of 34. Conversely, on the modified press with a double compression cycle, a maximum
tablet weight of approximately 300 mg (in an 8 mm die) could be obtained whilst the tablet
hardness increased to a maximum of £290 N (an increase of 44%). This was obtained at an
UPS of only 30 {figure 4.7).

Upper punch setting
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Figure 4.7: Comparison of the crushing strength of chifosan tablets (batch 030912)
produced on a single and double fill eccentric tablet press. Data from the standard press
(open triangles) was obtained at UPS 30-34, whilst data from the modified press (solid
triangles) was obtained at UPS = 30 at different percentage compression settings (0-80%).
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Upper punch setting
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Figure 4.8: Comparison of the friability of chifosan tablets (batch 030912) produced on a
single and double fill eccentric tablet press. Data from the standard press (open triangles)
was obtained at UPS 30-34, whilst data from the modified press (solid triangles) was
obtained at UPS = 30 at different percentage compression settings (0-80%,).

The minimum UPS that chitosan (batch 030912) could be compressed at gave poor results
in regard to the compressibility of the powder (table 4.5). The percentage volume reduction
at an UPS of 30 was 67.027% (table 4.4). The percentage volume reduction remained the
same for each compression although the amount of powder that filled the die increased.
This could be explained by the illustration in figure 2.4; with a percentage setting of 10% at
an UPS of 30 the volume available for extra powder in the die was 0.046 cm® and for every
10% increase the volume increased by 0.046 cm®. The extra volume was calculated using
equation 2.10 and taking the distance the upper punch descented into the die as 10% of
9.087 mm at an UPS of 30.

By only increasing the amount of powder in the die, the crushing strength of the tablets
increased whereas the friability decreased. On the modified eccentric press it was possible
to produce a tablet that was approximately 100 mg heavier than the original tablet weight at
an UPS of 30. The crushing strength was also approximately 18 times higher than that of the
tablets produced at an UPS of 30 (on a standard tablet press), Whiist the friability of the
tablets also decreased approximately 30 times. It was therefore possible to produce tablets
with markedly higher weights (with good crushing strength and friability) on the modified
eccentric tablet press at a lower UPS.
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CHAPTER 4

4.4 CONCLUSION

Chitosan raw material has the ability to compress into tablets with high crushing strength and
low friability which makes it a pbwder with good compressibility characteristics. It was
possible to produce heavier tablets with good compressibility characteristics with the double
cycle on a standard press. The narrow range of upper punch settings available to achieve a
suitable tablet hardness and friability on the standard eccentric tablet press has been
increased on the modified tablet press; lower UPS with increasing percentage compression
settings can be used to produce heavier tablets than that of higher UPS on a standard
eccentric tablet press. A batch of chitosan, which could not be compressed on an eccentric
tablet press when using an 8 mm die, was compressed with the modification of the tablet
press at that setting.

The structure of chitosan (figure 1.8) suggests that the bonding mechanism for chitosan is
most likely H-bonding which is dependent on the distance between the particles. With the
double fill cycle of the modified press it was possible to fill the die with enough powder so
that when the upper punch descents into the die, the voids between the particles were
already reduced during the first cycle. Therefore, the particles were close enough to bond,
which was confirmed by the high crushing strength that was obtained at the higher

compression settings.

The percentage compression setting on the modified tablet press made it possible to predict
more or less the tablet weight that we could expect at that specific UPS and die setting.
Heavier tablets can now be compressed on the modified tablet press at the same UPS used

on the standard eccentric tablet press.

Preformulation studies on chitosan raw material are necessary to determine the physical
properties of the specific material. The physical characteristics of the raw material differ from
batch to batch even when manufactured by the same company. As seen from the results in
chapter 3 and 4 it is clear that the particle shape and size, and the roughness of the powder

play an important role in the flowability and compressibility of chitosan.
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A NEW FLOW METER FOR THE MEASUREMENT OF POWDER FLOW BY MEANS OF
THE CRITICAL ORIFICE DIAMETER.

MARAIS, AF., BUYS, G.H., SONNEKUS, J. & VAN WYK, C.J.

Department of Pharmaceutics, School of Pharmacy, Potchestroom campus of the
North-West University, Potchestroom, SOUTH AFRICA.

BACKGROUND

The critical orifice diameter (COD) is one of the well known parameters used in quantifying
powder flow. This parameter can be defined as “the smallest orifice diameter through which
a powder can flow freely under the influence of gravity.” Taylor et al. (2000} included this
parameter in their composite index (Cl) for a variety of pharmaceutical powders with different

flow properties.

Many flow apparatuses used to determine the COD show inherent problems including (i)
static powder regions in the corners between the cylinder wall and the cylinder floor, (i) static
regions between the floor and the shutter, (iii) formation of “rat holes” or *pipes” in the powder
bed through which powders fall rather than flow and (iv) adhesion phenomena due to the
material from which these apparatuses are manufactured (Staniforth, 2002:202-205). These
factors affect spontaneous powder flow and result in inaccurate results, especially in

powders exhibiting poor to extremely poor flow.
The results obfained with the new flow meter indicate:

e a more accurate determination of actual powder flow ;

s« a higher scale of scrutiny for distinguishing between the flow of commonly used
pharmaceutical powders (especially those with good and poor flow) and

e the value of the COD as indicator of powder flow (compared to the angle of repose [AOR]
and Carr’s index or the % compressibility (%C).

Other advantages of this apparatus fall in the field of education. It is relatively cheap, easy

for students to set-up and use, strong and rigid with low maintenance and “student proof”.
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each excipient was determined as the average (of 3 successive runs) of the smallest orifice

through which the powder flowed freely on.

Figure 2: Set-up showing the funnel formed by the cylinders when stacked correctly.
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Figure 3: A picture showing the set-up of the flow mefer.
Angle of repose

Approximately 200 ml of powder was poured through a funnel from a height of 8 cm onto a
leveled glass plate. The angle of repose (6) was determined from the angle that the side of
the conical powder heap made with the horizontal plane. Lower angles of repose represent

better flow.
Carr’s Index (Percent compressibility index)

Approximately 100 ml of powder was gently poured into a tared graduated cylinder and the
initial volume and weight of the material was noted. The cylinder was vibrated until the
volume remained constant and the final volume was noted. Lower percent compressibility

values represent better flow (see equation below)
Compoaosite Index

The composite index (Cl) of each powder was calculated using the integrated equations
supplied by Taylor ef al. (2000).
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The results of the tests are presented in table 1, whilst figure 4 provides a graphical view of
the data.

Table 1: The COD, AOR, %C and composite index (Cl) of the various excipients.

EXCIPIENT COD (Mm) AOR (DEGREES) % C Cl
AVICE®L PH-200 1.5 32.5 18.0
CHITOSAN 12.0 45.8 34,7
EMCOCELL® 50M 24.0 41.7 28.3
EMCOCELL® SOM 11.0 37.5 25.0
EMCOMPRESS® 1.5 36.8 16.0
LUDIPRESS® 2.0 34.1 17.3
TABLETTOSE® 6.0 34.1 17.3
ProsoLY ®SMCC50 16.0 39.2 30.3
ProsoLv ®SMCC90 9.0 38.0 25.3
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Test results

Figure 4: Graphical presentation of the results of different flow tests on various

pharmaceutical excipients.

Figure 5 shows the relationship between the test results (COD, %C and AOR) of the
excipients and the composite index for that particular excipient.

100
1 y=-1.7838x+90, =.2.0607x + 123.79! .
1 thoxg Gg? 1774 y Rz:;(g;m 7924 y =-3.0878x + 181.3029
. : : R =0,7410
90 +
% 80+
g )
£
[4)1 p
B 70+
2 ;
-3 ]
g ]
o ®07 A
50 4
40
0 5 10 15 20 25 30 35 40 45 50
Test results
$COD - %C AAOR

Figure 5: Relationship between the composite index and the COD, %C and AOR of the
various pharmaceutical excipients.
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Discussion

All three tests could distinguish between the flow properties of the excipients that were
tested. The difference between the results for a particular test however varied from 18x for
the COD, 2.2x for the %C and 1.4x for the AOR, indicating a much higher degree of
sensitivity for differences in powder flow obtained with the test for COD than for the other two
tests (table 1 and figure 4). These results could possible be contributed to the specific
design of the flow meter used to determine the COD, especially the material used, the angle

of the tapered funnel and the absence of static areas in the apparatus.

The low COD's (1.5 to 2.0 mm) measured for Avicel® PH200, Ludipress® and Emcompress®
clearly demonstrated the ability of the flow meter to identify (recognize) excellent flow
properties and its ability to distinguish / discriminate between powders with subtle differences

in flow,

The relationship between the COD and the composite index showed a much higher
correlation over the entire range of excipients tested (r* > 0.91), compared to values of r* >
0.84 for the %C and r? > 0.74 for the AOR, which emphasized the accuracy of the COD (and

the apparatus used) as an indicator of powder flow (figure 5).

Interestingly, although maybe not significant, there was a higher correlation between the
results from the tests for %C and the COD (* ~ 0.598) than between the AOR and the COD
(* ~ 0.484), whilst the highest correlation was obtained between the results from the tests for
AOR and %C ( ~ 0.774). |

CONCLUSIONS

e All three tests could separate between the various powders according to their inherent
flowability. From figure 5 it is clear that the selected excipients could be divided into
three categories, namely those with Cl values:

> between 80 and 90, namely Avicel® pH200; Emcompress® and Ludipress® (indicating

excellent flow);

> between 70 and 80, namely Tablettose® Emcocell® 90M and Prosolv® SMCC90

(good to fair flow) and
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> below 70, namely chitosan, Emcocell® 50M; Prosolv® SMCC50 (poor to extremely
poor flow)..

Whilst both the test for COD and %C could accurately distinguish between powders with
fair/good to good/excellent flow (concluded form the deviation of the individual scores
from the straight lines drawn through the scores), all three tests somewhat fall short in
accurately measuring the flow properties of the powders with poor to extremely poor flow

(indicated by a much larger deviation from the respective lines).

The composite index, as constructed by Taylor et al. (2000), provides an extremely
accurate estimate of the flowability of powders. However, due to the apparent higher
accuracy or sensitivity of the COD test (compared to the other two tests used in
determining the ClI), this model can perhaps be refined by increasing the weight assigned
to this parameter in the determination of the composite index. Furthermore, the inclusion
of the flow rate of powders (which is an important factor in high-speed tablet production)

could also be introduced into this model.

The flow meter can also be used to accurately determine the flow rate of pharmaceutical

powders through the critical orifice diameter for each powder.

REFERENCES

TAYLOR, M.K., GINSBURG, J., HICKEY, AJ. & GHEYAS, F. 2000. Composite
method to quantify powder flow as a screening method in early tablet and capsule
formulation development. AAPS PharmSciTech., 1(3), article 18.

STANIFORH, J. 2002. Powder flow. (/n Aulton, M.E. ed. Pharmaceutics: the science of
dosage form design. 2" ed. Edinburgh : Churchill Livingstone. p.202-205)

a3



TECHMICAL DRAWINGS

22

MMM

A mnmmmiminms

; 201
/ 20
I
164N N 02

14.2—
22 Gl /111
Ry SN 3;\\\\\\§>\"2
4 L2
o2
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Drawing 2: Exploded perspective view A
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Drawing 3: Side view of the apparatus



ANNEXURE A

CHARACTERIZATION OF THE FLOWABILITY OF CHITOSAN

A.1: SIEVE ANALYSIS

POWDER

Table A.1.1: Sieve analysis of chitosan 030912. -

Chitosan 030912
Size (pm) Average size (um) % Powder
>212 212 0
180-212 196 16.44
150-180 165 14.65
125-150 137.5 28.32
106-125 115.5 12.19
90-106 98 10.87
63-90 76.5 6.97
45-63 54 9.73
<45 22.5 0.83
Table A.1.2: Sieve analysis of chitosan 021010.
Chitosan 021010
Size (um) Average size (pm) % Powder
>355 355 0.51
300-355 327.5 29.06
250-300 275 20.06
180-250 215 24.71
125-180 152.5 16.45
106-125 115.5 4.72
90-1086 98 3.83
45-90 67.5 0.59
<45 22.5 0.07
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ANNEXURE A
AZ: PARTICLE SIZE ANALYSIS

Table A.2.1: Particle size analysis for chitosan 021010. Sample 1; Run number 1.

MASTERSIZER

Result Analysis Report

Sample Name: SOP Name: Measured:
Chitosan (Yolanda) Chitosan - 14 Hovember 2007 09:18:35 AWM
Sample Sotroe & type; Weasured bys Awnalysed:
Micron Scientific 14 November 2007 09:18:36 Al
Sample buik fot ref: Result Seurce:
21010y Meastrement
Particle Name: HAccessory Name: Amnalysis modek: itivity:
Tailc Hydro 20008U {A) General purpose Enhanced
Particls Rix Abserption: Size range: Ubscuration:
1,589 0.1 G020 to 2000000 um 1074 %
Dlspersant Namae: Disparsant RE Waeighted Reslduat: Result Emutation:
Alcohof 1,320 1.368 % off
Concerntration: Span s Hodformity: Result units:
G.2008 %Vot 1.518 0,469 Volume
Specific Surface Area: Sucface Weighted Mean DE3,2]: Yol. Weighted Mean D{4,31:
0.5475 mg 126370 um 212227 L
d{oi) #1.655 wn 405k 192.849 i3] df8.8}: 374238 e
Particie Size Distribution
s : .
7
— 8
a-Q
s 5
E 4
[a3
> 3
2
LY 1 10 1006 3000
Paiticle Size {um}

[fChitosan {Yolanda), 14 November 2007 09:18:35 AM

Vi %

HZ

Mluson:

Hidmendl [Sealpm

Sezalpmi| Yoo %

Operator notes:

#aivern mstrumants Lid.

Mastarsizer 2000 Ver. 531

Filo nemer Ghitosan (Yolandalsap

Bertal Number | MALTIOD7S48 Rucotid Husmber, 2

14 Now 2007 1A 15 A

Nalvom, UK
Tod - 1HAAT (01 SRRLANDASE Frv 1441 I\ TARA-AR2IAR
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ANNEXURE A

Tahle A.2.2: Particle size analysis for chitosan 021010. Sample 1; Run number 2.

MASTERSIZER

Result Analysis Report

Bample Name: S0P Name: Measured:
Chitosar {Yalanda) Chitosan s 14 November 2007 09:19:23 AM
Sample Source & fype: Measured by: Anatysed:
Micron Scientific 14 November 2007 09:19:24 AM
Sampls bulk ot ref: ‘Result Source:
21010Y Measurament
Particls Name: Accassory Name: Analysis modsi: Sensitivity:
Talo Hydro 2000MU () General purpase Enhanced
Particle RE: Absorplion: Size range: Dbscuration:
1.589 a1 0.020 to 2000000 um 13.23 %
Disparsant Mameo: Dispersant Ri: Weighted Residuak: Resuft Emidation:
Aleohol 1.320 1.323 % Gif
Concantration: Span Uniformity: Resuit units:
(.2488 %ol 1529 0473 Volurie
Specific Surface Arear Surface Welghted Mean D[3,21 Vol. Weighted Mean DJ4,3]:
0.0478 i 125548  um 212565 um
a{0. 1) 51,168 um d{8y 192850 e 409} 37587 um
Particle Size Distribution
8
7
— 8
®
P 5
E 4
o
> 3
2
1
b1 8.1 1 10 1000 3000
Particle Size (um)}
Ghitosan {Yolanda), 14 November 2007 09:19.23 AM

Stz iy | Volume ¥
oo

s e

| ek g %

[Seetom

a1l

Shalprl L VoRma %! | S (0] | YOurue in g
56 : DI

Operator notes:

Malyemt Istruments Lid,
Malvorr, UK

Tal e +idAl {1 1RALRGTASA Fay L4111 18R4-RADTRG

Masterstzer 2000 Ver, £.31

Seris! Hombsr | MALIDDT48

o name. Chitosan {Yolaoda).stg
Rucord Numben 3
14 s POUE VVETRA RS
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ANNEXURE A

Table A.2.3: Particle size analysis for chitosan 021010. Sample 2; Run number 1.

MASTERSIZER

Result Analysis Report

Sample Name: SOP Hame: Measursh
Chitosan {Yolanda) Chitosan " 14 November 2007 08:32:47 AN
Sample Source & fype: Measured by: Analysed:
2nd SAMPLE Micren Scientific 14 November 2007 09:32:48 AM
Sample bulk Tot raf: Resylt Saurce: : ‘
21010Y Measurement
Particte Name: Acgessory Hame! Analysis mads Sensitivity:
Talo Hydro 2000MU {A) General purpose Enhanced
Particle R Absorption: Bize range: Obsouration:
1.589 o1 0,020 to 2000000 um 16,61 %
Dispersant Name;: Dispersent Ri: Weighted Residual Result Emulation:
Adcahok 1.320 . 16863 % Off
Concentration: Span: UnHformity: Result units:
02809 %Vot 1.548. 0.479 Volume
Bpecific Surface Area: Surface Welghled Mean DIS,Z Vol Weighted Mean D§4,3]:
0.0538 mig $11.268  om 200418 um

dioi)s 73.836 it d(t.5): 1834158 um #HD.ok  357.256 um

" Parficle Size Distribution

Volume (%)
N W B N O

Parficle Size ()

Opeator notas:
Mafver instrumends Lik Mastarsizor F000 Ver, 5.31 Flie pama; Chilosen (Yolandal.sop
Malvern, LS Sortal Numbser | MALIOOZS48 Reacoud Number, 4
Tal - HA4T 00 1BRLBRIARN Fre AL AARLAGITES T4 Nest KT $4RR1S &34
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Result Analysis Report

ANNEXURE A

Particle size ansalysis for chitosan 021010, Sample 2; Run number 2.

MASTERSIZER

Sample Mama: S0P Name: Measurad:
Chitogan (Yolanda) Chitosan 14 November 2007 49:33:36 AM
Sample Source & type: Heoasured by: Analysed:
2nd SAMPLE Micron Scientific 14 Noveraber 2007 09:33:36 AM
Sample bulk fot ref: Result Source:
21010Y thoasuremant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Talc Hydro 2000MU (A) Genersl purpose Enhanced
Particie R Absorption: Size range: Obseuration:
1.589 [N 0.020 to 2000.000 um 1680 %
Disparsant Name: Dispersant Ri: Weightod Residual: Result Emulation:
Alcohol 1.320 1.773 % Off
Connentration: Span : Uniformity; Result units:
Q.2793 A 1.53¢ 0477 Volums
Specific Surface Area: Surface Weighted Mean D{3,2]: Vol Weighted Mean D[4,3]:
0.0542 g 110.761 G 200.282 um
[iiiR 34 73.558 am d(0.5% 182,437 U GfG.9)  355.169 33
Farticls Size Distribution
8
7
—- B
=
< 5
£
5 4
= .
> 3.
2
1 .
b o1 01 1 10 1000 3000
Particle Size {(pm)
hChitosan (Yolanda) , 14 November 2007 09:33:35 AM

Stzalum} | Volune s % Stze {um) | Vol n % B ( Volume in % e (umi} Volure ln % Size {pro} | Voline b % | S (um} | Voume in%
B0 oW 1062 ) T [P ”‘Tﬁ% "
; o et i) iy o 008 <] #11
s w159 1426 fa: ) B g g0
B0 . 006 006 a0 423 2%
Qs A 05 i poss bos o o129 el | oMrT bt
st ox0 ] 1415 - 10084 . ey ; BEAY o
\ n X fies Ny h1y] ; 412 24 @
e B234 ) [21 8 1247 me seamrr :
. S plo i - o ; EAT) g fi v
o} D28 ; 1783 2B ) B35y |- fizos ool
g {0 X ong e w4 : s : A8t e 900
4R 3] : 200 o i lickcrd : s j
noo ol ol : et o1 . 44 Mg oo
o sy 2544 . [ i5ER7 112468 TN
ae : 20 ; 00 : 024 ) 53 [eXed]
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- coe Reled] . am o 614 . 000
I 2388 R 28 200 141550 MBI
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oz 70 : foiicrd s} - b g N0
oo g 600! o 0o . JBEF L
fit o2 atp fit:xc3 %23 S8 1444 P fatdon o .
By 1002 ’ 7008 - s0em WHEH
Qperator notes:

Malvern Raguments Lo,
Balvam, UK

Tai = ¢14dE (N (RA4HNDIEN Faw 41441 10 1R84-NOTIRG

Mazjersirar 2000 Vs, 534
Senal Numbor © MAL1DGT S
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Rucord Number 8
14 Kov 707 1957 2% AM
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ANNEXURE A

Table A.2.5: Particle size analysis for chitosan 021010. Sample 3; Run number 1.

MASTERSIZER

Resuit Analysis Report
Sample Name: S0P Name: Measured:
Chitosan [Yolanda) Chitosan ® 14 November 2007 08:42:25 Ald
Sample Source & fype: Meastired by: Analysed:
3rd SAMPLE Micron Scientific 14 Novernber 2007 09:42:28 AM
Sample bulk lof ref Rosult Source:
21010Y Measurement
Particte Hame: Accessory Namae: Analysis modet: Sensitivity:
Tale Hydro 2060MU (A) General purpose: Enhanced
Particle Rl Ahsorption: Slze range: Ubscuration;
1.588 X 0.1 0.020 fo 2000000 oum 1502 %
Dispersant Name: Dizpersant Rk Waelghted Reshdual: Result Emulfions
Aloohol 1320 1837 % Off
Concentration: Span: Uniformity: Resuft unjts:
02732 %ol 1532 0472 Valume
Specific Surface Arexr Surface Weighted Mean D[3,25 Val, Welghted Msan DI4,31:
0.0458 i 120511 um 208334 um
d{odx 78799 um S d{o5E 188438 um H0.8) 388038 um
Particle Size Distribution
8 ce /
7.
- 8 :
= .
po 5
5 4
= -
> 3 -
2 .
1 B
E ) . . s .
i %.01 0.1 ki
Baticle Size (um)

{8 Chitosan (Yolanda}, 14 Nowvember 2007 09:42:25 AM

Sz (g e Sias (e}
a1

sr{pin Vol %

Qperator notes:

talvem Instuments Ltd, Hasterstzer 2000 Yer 831
Malvars, UK Seral Humbar : MALIODTS48

Tal wo+5A4T 101 IRRA-AN245E Fae 421N 1HALER07RE

Fita neme: Chitosan {Yolanda)sop
Record Humben §
14 Now 9DN7 1106837 AM
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ANNEXURE A

Table A.2.6: Particle size analysis for chitosan 021010. Sample 3; Run number 2.

MASTERSIZER

Result Analysis Report
Sample Name: SOF Name: Measureds
Chitosan (Yolanda) Chitosan « 14 November 2007 034314 AWM
Sample Source & fype: Measured by: Analysed:
3rd SAIAPLE Micron Scientific 14 November 2007 09:43;15 AM
Sample bulk lot ref; Result Source:
21010Y Measurement
Particle Name: Accessory Name: Analysis modet: Sensitivity:
Tale Hydro 2000MU {A} Beneral purposa Enhanced
Pasticle Ri: Absorplion: Skre range: Obscuration:
1.588 o1 a02¢ o 2000000 um 1807 %
Dispersant Name: Dispersatt Ri: Welghted Reslidual: Result Emulation;
Aleohol 1.320 171 % Ooff
Concentratiom Span Uniformity: Resuit unibs:
02723 Mol 1517 0AS8 Volume
Speciiic Surface Area: Surface Weighted Mean 013,41 Yol Welghted Mean DE31:
30801 m¥g 118.653 uny 208,596  um
401 78482 feiand d{0.5p 188503 ditr.s): 364470 um
Particle Size Disfribution
7. ;
— B
2
2 5 .
5 4
ke .
> 3.
2
1.
) f
’ %.61 01 1 i

FEi

Operator notes;

Katvern Ingiraments Lid.
Halvern, UK
Tk < HA4L I 1ARAARZARE Fax 41441 1) 1RRL-ARITAS

Mastersizer 2000 Ver: 531
Serial Nurnber ; JaL 1007548

Flie narte: Cliossn (Yolanda).sop
Rucond Hemben 7
14 Now 3007 14584 A1
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ANNEXURE A

Table A.2.7: Particle size analysis for chitosan 030912. Sample 1; Run number 1.

MASTERSIZER

Result Analysis Report
Sample Name! SOP Name: Measured;
Chitosan (Yolanda) Chitosan - 14 November 2007 09:51:42 AM
Sample Source & type: Measured by: Analysed:
1st SAMPLE Miceon Scientific 14 November 2007 08:51:43 Akt
Sample bulk fof ref: Result Source:
30e12X Measurement
Particle Rame: Accessory Name: Analysis model: Sensitivity:
Talo Hydro 2000MU (&) Baneral pupose Enhanced
Particte Rl Absorption: Size range: Ohscuration:
1.589 0.1 . 0.020 fo 2000000 um 1348 %
Dispersant Name: DispersantRE ~ - Weighted Residual: Result Emulation:
Aleshol 1.320 . 1.841 % Off
Concentration: Span s Uniformity: Resuft units;
0.1370 YeVot 1.57 0.487 Volume
Specific Surface Area: Surface Weighted Mean D[3,21: Vol Weighted Mean 04,31
0,0855 m¥g 70.08% um 165.084 um
diesty: 58460 ui 408 4812683 um (0.9} 294.85%2 umn
Particle Size Distribution
oy
<
®
£
p g
o
>
4 et
Boi 7o
Particle Size (pm}
[ Chitosan {Yolandaj, 14 November 2007 09:51:42 AM
Operator notes:
Fateson Instruments Lid. * Mastorsizes 2000 Yer, 53¢ File namer Chltggm {rolaade).sop
Matvern, UK Sarlal Nurber : MALIOOTS4B fecord Numbags
Tol vz 144) HIY BRABUDABA Fray +144] I} RRA-RAPTRR & How 20077
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Table A.2.8:

ANNEXURE A

Particle size analysis for chitosan 030912. Sample 1; Run number 2.

WMASTERSIZER

Result Analysis Report
Sample Name: SOP Hame: Measured:
Chitosan {Yolanda) Chitosan » 14 November 2007 0$:82:30 AM
Sample Source & type: Moasured by: Analysed:
1st SAMPLE Micron Sclentific 14 Novaember 2007 09:52:31 AM
Sample butk lot ref: Result Source: :
30812 X Measurement
Particle Hame: Accessory Name: Analysis modeiz Sensitivity:
Taic Hydro 2000MU (A) Beneral purpose Enhanced
Particts RE: Absorption: Size ranget Obseuration:
1.589 ot 8.020 to 2000000 um 1340 %
Dispersant Name: DispersantRE Weighted Residual: Result Emulation:
Alcohol 1320 . 2447 % Off
Concentraion Spars © Uniformity: Resutt units:
01354 %vol 1.585 0488 Volume
Specific Surface Arpas Syrface Weighted Mean D[3,28 Vol Weighted Mean D{4,3):
00868 g 88,735 um 165877 um
4o 55843 um OB 1B20M um e 296584 um
) Particle Sze Distribution
g o
7
&
o
g
£
2 4
o
- 3
2

10
Particle Size {pm)}

%.01

Chitosan (Yolanda), 14 Noember 2007 08:52:30 AM
% D | o e T ; :

B
Operator notgs!
tatvam Wstrumpents Lid, Hastersirer 2000 Ver, 531 Files paow, Chitosan (Yolends).sop
alyam, DK Sasiat Humber : MALTOD?648 Recortd Number: &
Ted 'z +1A4) I HARAKIRARR Fat 44] 01 4BRARSIIAR € Now 7007 11 80ema A
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ANNEXURE A

Table A.2.9: Particle size analysis for chifosan 030912. Sample 2; Run number 1.

MASTERSIZER

Result Analysis Report
‘Sample Name: S0P Mame: Measured:
Chitosan (Yolanda} Chitosan " 14 November 2007 09:567:5% AM
Sample Source & type: HMeasured by; Analysed:
2nd SAMPLE Micron Scientific 14 November 2007 08:58:00 AM
Sample bulk ot ref: Resuft Source:
912X Measuremest
Parficle Name: Accessory Name: Anadysis model: Sensithvity:
Tale Hydro 2000MU (A) General purposs Enhanced
Particle RI: Absorption: Sire range; Chscrration:
1.588 0.1 ) 0.020 fo 2000000 wom 1524 %
Dispersant Name: DispersantRE © " . Weighted Residuat: Resolt Emulation:
Afcohot 1.320 - 3.071 % Off
Concentration: Span Uniformity: Result units:
0.1565 %Vol 1558 048 : Volurme
Spacific Surface Arog! Suface Welghted Mean D[3,2): Vol Welghted Bean D{4,3]:
0.0844 mfg 71063 ot 167.808 um
disfl 57458 um didsk 154,883 Uy di0s:  209.869 um
Parficle Siwe Distribution
8. ; LS00 IS $ ORI O T 00
7
. 6
S
e S
E 4.
K= :
> 3.
25
1o
b6 1000 3000
Particle Size ()
hitosan {Yolanda), 14 November 2007 08:57:50 AM
e N e e S e AT Y
Operator notes:
Malvern inatniments Lid, Mastendzer 2000 Yor. $31 Fis parme: Chitosen {Yolonda).sop
Malvem, UK. Sadal Humber : MAL1007548 Reword Number: 10

Tl $LL4] (Y TRRLAAIASS Fae 11441 0L {6R4.8957R0 1 M 2007 1158 10 ARG
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ANNEXURE A

Table A.2.10: Particle size analysis for chitosan 030912. Sample 2; Run number 2.

MASTERSIZER

Resulf Analysis Report
Sample Name: S0P Name: Heasured:
Chitosan {Yolanda) Chitosan ® 14 November 2007 09:58:48 AM
Sample Source & typa: Measured by: Analysed:
2red SAMPLE Micron Scientific 14 November 2007 09:58:49 AM
Sample budk lot ref Resulf Source:
30912 X Measurement
Particie Mame: Accessory Name: Analysis model: Sensitivity:
Tzl Hydro 2000MU (A} General purpose Enhancad
Particle RI: Absorption: Size range: Obscuration:
1.589 a1 0,020 fo 2000000 Bm 1528 %
Dispersant Name: Dispersant R Weighted Residuak Result Emulation:
Alcohol +.320 3.441 % Off
Concentration: Span: Unifonmity: Resuit unitst
0.1579 %ol 1558 0478 Vohuee
Specific Surface Areax Surface Welglted Mean DR,ZL Yol Weighted Mean DJ4,3k
(.0838 m¥g T.688 um 187779 um
{01} 57.183 um dfns) 155028 e a8 288,671 urm
' Particle Size Distribution
8 o
7
— g
s :
5 5 i
§E 4.
K< :
> 3
2
‘1 B

Parlicle Size {um)

09:58:48 AM

{)

Qe

Operator notes:

Malvorn instrumpnis Ug, Mastersizer 2000 Ve, 535 Flle e Chitosaa {folenda).sop
Hatvern, UK Sariod Mumber : ALAKIZES8 Record Humbar 11

Tab = H4A1INY 183-BHPAK8 Fax 134210} 1684802 TRE 44 New 20037 148 1T AR
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ANNEXURE A

Table A.2.11: Particle size analysis for chitosan 030912. Sample 3; Run number 1.

MANIZEN MASTERSIZER

;Y p

DEEUSEIA SRIRREY

Result Analysis Report

Sample Name:! S0P Name: Weasured:
Chitosan {Yolanda) Chitosan - 14 November 2007 10:08:19 AWM
Sample Source & type: Measured hy: Analysod:
3rd SAMPLE Micron Sciemiffic 14 November 2007 10:08:20 AM
Sample bulk lot ref: Result Source:
30912X Measurement
Particle Name: Accessory Hame: Analysis moedel: SansHiviy:
Talc Rydeo 2000MLU (A} Gensral plrpose Enhanced
Particle Rl Absorption: Bize vange: Obscuration:
1.589 a1 . 0.020 to 2000000 um 2009 %
Dispersant Hame: DispersantRE ~ > Welghted Residual: Result Emulation:
Alcohol 1320 N 1.597 % off
Concentration: Spani: Uniformity: Result units:
02110 Vol 1.582 0481 Volirme
Specific Surface Area: ' Surface Weighted Mean Df3,2}: Vol. Welghted Mean DE,3]:
01865 milg 69,378 wm 185908  um
digfy  B586E unt dih.5):  182.878 wn 4.8k 288034 i
‘ .. Particle Sf:r,isE Distribution
? i

e 51

i .

[E 4

i85 :

> 3 i
2
1 o
Aty &1 1
Patticle Size (um)
Chitosan (Yolanda), 14 November 2007 10:08:19 AM

Operator notes:
Hatram instruments Lid, Moslersizer 2000 Yeor, 5.37 Fie memo: Chitesart (Yolanda).sop
Falvamn, UK Serta! Hursber | MALINIZS4E Reenid Nursber: 12
e 5 (44) IO} HHRABEDAHE Frre HALHIM IAALRE0TRG T4 Riny 2007 116825 434

98



ANNEXURE A

Table A.2.12: Particle size analysis for chitosan 030912. Sample 3; Run number 2.

MASTERSIZER

Result Analysis Report
Sample Name; SOF Name: Measured:
Chitosan {Yolanda} Chltosan 14 Novernber 2007 10:08:08 AM
Sample Source & type: Keasured by: Analysed
3rd SAMPLE Micron Scientific 14 November 2007 10:08:09 AM
Sample bulk iot ref: Resuft Source:
30812 X Measurement
Particle Nanwe: Accessory Name: Analysis model: Sensitivity:
Tale Hydro 2000MU (A} Beneral purpose Enhanced
Particie RI Absorption: Size range: Obscuration:
1.588 0.1 4.020 to 2000060 wm 2027 %
Dispersant Name: Uispersant Rz Weighted Residual: Resuit Emulation:
Alcohol 1.320 1,885 % off
Conpentration: Span: Uniformity: Result units:
0.2040 RoF 1.588 0.489 Volurme
Epecific Surface Area: Surface Weighted Mean D[3,21: Vol. Weighted Wean D[4,3:
D0Be2 g 67248 un 166.68¢  um
d{0.13 85,182 i =123 S SR EL et 4{esl 288326 4153
Parficle Sire Digtxibuﬁm e
8 : [ .
7
= :
© 5 )
= 3 .. .
2 . S
Yot 0.1 1 1000 3000
Parficle Size {pm}
I Chitosan (Yolenda), T4 Noveraber 2007 10:09:08 AM

Heaipn! ka

Helvan Instuments Lid,
Malymea, UK
Tl o HAL N TABARNFARA P 21431 f0) 16RARGATRR

Mastsrsizer 2000 Ver, 521

A File name: Chitosan (Yolanda) sop
Sein] Hinpbier | MALIDOTESE

Recond Hursber. 13
14 News JO0T 1 0R0AT ARE
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ANNEXURE A

A.3: SCANNING ELECTRON MICROSCOPY (SEM) PHOTOS

Figure A.3.2: SEM photo of chitosan 030912 (unsieved fraction).
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ANNEXURE A

Figure A.3.4: SEM photo of chitosan 030912; fraction <90 um.
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: ANNEXURE A

Figure A.3.6: SEM photo of chitosan 030912; fraction 80-125 um.
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ANNEXURE A

Figure A.3.8: SEM photo of chitosan 030912; fraction >150 um.
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ANNEXURE A

A5 FLOW PROPERTIES OF EXCIPIENTS

Table A.5.1: Angle of repose for chitosan 030912.

AAAAAAAAAAAAAAAA Chitosan 030912
Height (x) Radius (y) xly Angle
(mm) (mm) ©)
1 16.00 20.00 0.80 38.66
2 14.00 20.00 0.70 34.99
3 12.00 15.00 0.80 38.66
Averaage 14.00 18.33 0.77 37.44 £2.118
Table A.5.2: Angle of repose for chitosan 030912 fraction <90um.
Chitosan 030912 <90 ym
Height (x) Radius (y) xly Angle
(mm) (mm) )
1 11.00 30.00 0.37 20.14
2 11.00 34.00 0.32 17.93
3 14.00 37.00 0.38 20.73
Average 12.00 33.67 0.36 19.60 +1.475
Table A.5.3: Angle of repose for chifosan 030912 fraction 90-125um
Chitosan 030912 90-125 um
Height (x) Radius (y) xly Angle
(mm) (mm) )
1 21.00 27.00 0.78 37.87
2 21.00 35.00 0.60 30.96
3 20.00 25.00 0.80 38.66
Average 20.67 29.00 0.73 35.83 £4.235




Table A.5.4: Angle of repose for chitosan 030912 fraction 125-150um.

ANNEXURE A

Chitosan 030912 125-150 pm
Height (x) Radius (y) xiy Angle
| (mm) (mm) )
1 26.00 32.00 0.81 39.09
2 34.00 35.00 0.97 4417
3 10.00 11.00 0.91 42.27
Average 23.33 26.00 0.90 41.85 2.565
Table A.5.5: Angle of repose for chitosan 030912 fraction >150um.
Chitosan 0309712 >150 pm
Height (x) Radius (y) xly Angle
(mm) (mm) )
1 23.00 25.00 0.82 42.61
2 25.00 30.00 0.83 39.81
3 24.00 26.00 0.92 42.71
Average 16.00 27.00 0.89 41.71 +1.650
Table A.5.6: Angle of repose for chitosan 021010.
Chitosan 021010
Height (x) Radius (y) xly Angle
(mm) (mm) )
1 25.00 25.00 1.00 45.00
2 18.00 20.00 0.80 41.99
3 22.00 35.00 0.63 32.15
Average 21.67 26.67 0.84 39.71 £6.719
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Table A.S.T: Angle of repose for chitosan 021010 fraction <90 um.

ANNEXURE A

Chitosan 021070 <30 pm

Height (x) Radius (y) xly Angle
(mm) (mm) )
1 14.00 17.00 0.82 39.47
2 16.00 19.00 0.84 40.10
3 13.00 20.00 0.65 33.02
Average 14.33 18.67 0.77 37.53£3.917 |
Table A.5.8: Angle of repose for chitosan 021010 fraction 90-125 um
Chitosan 021010 90-125 ym
Height (x) Radius (y) xly Angle
(mm) (mm) )
1 11.00 17.00 0.65 32.91
2 14.00 25.00 0.56 29.25
3 12.00 19.00 0.63 32.28
Average 12.33 20.33 0.61 31.48 £1.955
Table A.5.9: Angle of repose for chitosan 021010 fraction 125-150 um.
Chitosan 021010 125-150 ym
Height (x) Radius (y) xly Angle
(mm) (mm) ©)
1 23.00 20.00 1.15 48.99
2 16.00 16.00 1.00 45.00
3 17.00 16.00 1.06 46.74
Average 18.67 17.33 1.07 46.91 £2.001




ANNEXURE A

Table A.5.10: Angle of repose for chitosan 021010 fraction >150 ym.

Chitosan 021070 >150 pm
Height (x) Radius (y) xly Angle
(mm) (mm) )
1 18.00 19.00 0.95 43.45
2 ~17.00 18.00 0.94 43.36
| 3 19.00 18.00 1.06 46.55
| Average -18.00 18.33 0.98 44.45 *+1.814

Table A.5.11: Bulk density of chitosan.

mass powderin g :
Batch Fraction 1 2 3 Average Densrgy
um (9) (g/lcm’)
- 0.302
31.030 29.640 30.010 30.227 +0.007
<90 28.820 | 29.160 | 28.870 28.950 +06209002
030912 90-125 30.490 30.470 30.460 30.473 +ggggz
0.330
125-150 32.700 33.150 33.070 32.973 +0.002
>150 27.980 27.750 27.520 27.750 +06207082
* 15.710 15.830 15.500 15.680 +Od105072
0.170
<90 17.100 17.000 17.020 17.040 +0.0005
021010 90-125 15.500 15.910 15.880 15.763 +06105082
0.160
125-150 16.040 16.060 15.920 16.007 £0.0008
>150 16.990 16.230 16.410 16.543 0.165
- . : : +0.004

*= unsieved fraction. bulk volume 100 cm”
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Table A512: Tapped density of chitosan.

ANNEXURE A

* = ynsieved fraction

Fraction \
Batch e 1 2 3 Average ]
mass (g) 15.710 | 15.830 | 15.500 | 15.680
* volume (cm?) 83.000 | 62.000 | 61.000 | 62.000
mass (g) 17.100 | 17.000 | 17.020 17.040
<90 volume (cm?) 61.000 | 61.000 | 80.000 | 60.667
1021010 | 90-125
mass (g)
125-150 .| volume (cm?)
’fhass (g)
150 volume (cm?)
mass (q) 31.030 | 29.640 | 30.010 | 30.227
* volume (crm?®) 62.000 | 60.000 | 61.000 | 61.000
mass (g) 28.820 | 29.160 | 28.870 | 28.950
<80
. mass (g)
030912 | 90-125 [Volume (cm’)
mass (q) 32.700 | 33.150 | 33.070 | 32.973
125.150 |_volume (cn) 67.000 | 68.000 | 68.000 | 67.667
mass (g) 27.980 | 27.750 | 27.520 | 27.750
>150 volume (cm?) 66.000 | 65.000 | 64.000 | 65.000
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rable A5.13: Bulk density of excipients.

ANNEXURE A

Mass powder in g

.. Average | Density
Excipient 1 3 (a) (glem®)
. ® 0.583 |
Ludipress 58.514 57.956 58.336 58.269 +0.003
® 0.594
Tablettose 59.670 59.402 59.105 59.392 +0.003
| Avice®PHz00 | 37.037 | 36824 | 36674 | 36845 | 23
Emcompress® |  75.864 74.495 76.601 75653 | OO0
*Bulk volume = 100 cm® — |
Table A.5.14: Tapped density of excipients.
1 Excipient 1 2 3 Average
mass (g) 58514 | 57.956 | 58.336 58.269
Ludipress® volume (cm?3) 82.000 | 81.000 | 81.500 81.500
. s 0.715
density (g/em?) 0.714 H 0.716 0.716 +0.001
mass (g) 59670 | 59.402 | 59.105 59.392
Tablettose® volume (cm3) 76.000 | 77.000 | 76.000 76.333
Lo s 0.778
E’,Vt:ferzsﬁ‘yf (glem?). | /0}’85 0771 0.?78:“ £0.007 -
mass (g) 54100 | 54.200 | 54.600 54.300
Emcompress® | volume (cm?) 57.900 | 60.800 | 59.600 59.433
; : e ' — 0.914
5 .
density (g/cm?) 0.934 0.891 0.¢16 +0.022
mass (g) 37.037 | 36.824 | 36.674 36.845
AvicePPH200 volume (em?) 84.000 | 82.000 | 80.000 82.000
. R : | 0.449
dentsﬁy (g/;m ) 0.441 | 0.449 “0.458 £0.000
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Table A.5.15: Angle of repose of excipients.

ANNEXURE A

el IR
35.50 49.00 0.72 35.92

35.50 55.00 0.65 32.84

31.00 46.50 0.67 33.69

L udipress® 31.00 43.00 0.72 35.79
32.00 47.00 0.68 34.25

32.00 36.03

3475

| $1.350

39.00 37.95

39.00 38.52

29.00 37.35

| Tablettose® 29.00 35.94
| 38.00 37.79
38.00 35.13

Average | 35.33 #1308

1 39.00 32.59

2 39.00 32.17

3 32.50 33.02

| AvicelPPH200 4 32.50 31.52 -
5 39.00 32.59

6 39.00 33.02

1 37.00 47.00 0.79 38.21

2 35.00 44.00 0.80 38.50

3 48.00 61.00 0.79 38.20

| Emeompress® 4 45.00 57.00 0.79 38.29
5 35.00 52.00 0.67 33.94

6 37.00 50.00 0.74 36.50
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Table A.BA6.1: Flow rate of chitosan 021010.

ANNEXURE A

: . . Powder
| Qocping | e et | Rt R aense@ @
) second
2 3.732 3.649 3.417 3.599 1.800
3 6.013 4.905 5.013 5.310 1.770
4 7.857 6.830 7.025 7.237 1.809
5 9.503 8.719 8.557 8.926 1.785
11 6 10.895 10.350 10.076 10.474 1.746

7 12.992 12.457 12.328 12.582 1.799
8 14.683 14,835 13.675 14.331 1.791
9 17.292 15.963 15.888 16.414 1.824
10 1 1 18.036 17.645 18.341

1.834

12

3.805

3 5

3.440

—~3

20.574

2 1.720
3 5.311 5.235 5.103 1.701
4 7.618 7.087 7.027 1.757
5 9.663 8.889 8.801 1.760
6 12.502 | 11.991 10.748 11.747 1.958
7 14.282 | 13.853 13.084 13.740 1.963
8 15.919 | 17.789 15.344 16.351 2.044
9 18.558 | 18.785 | 18.312 18.552 2.061

20.085 2.065

20.646

13

5288

2 5.061 5.221

3 7.719 9.114 7.933 8.255 2.752
4 10.318 | 11.390 | 11.127 10.945 2.736
5 13.290 | 15443 | 14.102 14.278 2.856
6 15.627 | 17.516 | 17.493 16.879 2.813
7 17.323 | 20.737 | 20.757 19.608 2.801
8 19.618 | 23.704 | 23.329 22.217 2777
9 21.885 | 27.096 | 27.373 25.451 2.828

~
S
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Table A.5.16.2: Flow rate of chitosan 030912.

ANNEXURE A

62.356

‘ . \ Powder !
et R e I
second |
2 13.358 | 5.337 6.170 3.657 7.131 3.565 |
13 3 18.195 | 12.108 | 11.555 | 11.823 13.420 4.473
4 18.572 | 15.056 | 19.935 | 19.541 18.276 4569 |
5 - 21.097 | 28.578 - 24.838 4968
4394
0592
g “ 13.48%. .
2 3.191 7.634 B8.274 7.700 3.850 |
3 23.202 | 18.086 | 12.802 18.063 6.021
4 38.054 | 28.803 | 27.706 31.521 7.880
14 5 43.454 | 35.393 | 35.515 38.121 7.624
6 53.081 | 45.368 | 42.391 46.940 7.823
7 61.184 | 58.819 | 48.769 58.257 8.037
8 B86.770 | 79.703 | 53.465 66.646 8.331
9 72.884 | 90.263 8.352

75.168

79.482

78.088

7:240°
"1.556
o T e o A o 21.49%
2 14.805 | 10.142 | 15.008 13.318 6.659
3 25.875 | 18.882 | 23.840 22.866 7.622
4 33.619 | 23.438 | 39.848 32.302 8.075
5 41.286 | 37.901 | 44.917 41.368 8.274
15 6 47.963 | 47.103 | 50.104 48.390 8.065
7 52.890 | 52.170 | 57.368 54.143 7.735
8 58.879 | 59.891 | 71.7668 63.512 7.939
9 64.373 | 69.799 | 86.597 73.590
10 87.264

81.611
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Tebls A.5.16.3: Flow rate of Emcompress®.

ANNEXURE A

f O;:;z;l;ng Run 1 Run 2 Average (a) ?S;VS::
(mm) (9) (9) second .
0.113 0.254 0.093
0.188 0.386 0.100
0.306 0.535 0.107
0.387 0.685 0.110
2 0.480 0.819 0.111
0.573 0.8954 0.112
0.676 1.086 0.113
0.768 1.233 0.114

0.872

1.382

2 1.169 1.175 0.607
3 1.733 1.747 0.595
4 2.301 2.377 0.593
5 2.868 2.946 0.597
3 6 3.494 3.520 0.597
7 4.115 4.164 0.599
8 4.682 4.744 0.596
9 5.243 5.327 0.593
10 5.864 5.975 0.600
: A’,\:;,{e‘ragef : . | ok 5

1.257

0.990

2
3 2.070 1.714
4 2.737 2.440
5 3.422 3.249
4 6 4.191 4.055
7 4.965 4778
8 5.656 5497
9 6.351 6.227
- 10 6.952
Average . . : : :
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ANNEXUREB

CHARACTERIZATION OF THE COMPRESSIBILITY OF

CHITOSAN POWDER

B.1: COMPRESSIBILITY OF CHITOSAN RAW MATERIAL BATCH 030912.

Table B.1.1: Compressibility properties of chitosan 030912, 100 mg tablets stroke length 17.

Tablet Weight Thickness Diameter Crushing strength
(mg) (mm) (mm) (N)

1 103.30 2.34 7.98 8.60
2 102.30 2.34 7.97 6.50
3 100.40 2.32 7.97 7.80
4 100.90 2.30 7.95 8.60
5 103.10 2.32 7.99 10.60
6 102.40 2.33 8.01 9.40
7 101.00 2.35 8.00 7.40
8 102.70 2.32 8.00 8.20
9 103.90 2.32 7.96 7.80
10 103.00 2.33 7.97 8.20
” 10790 : e _
12 102.20

13 99.40

14 100.00

15 103.00

16 102.60

17 97.70

18 100.10

19 100.20

20 100.60 o

S g
SD 1.5922 0.0142 0.0194 1.1180

%RSD 1.57% 0.61% 0.24% 13.45%

* n/a = no results were found.
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ANNEXURE B

Table B.1.2: Compressibility properties of chitosan 030912; 100 mg tablets stroke length 18.
Tablet Woeight Thickness Diameter Crushing strer;éth
(mg) (mm) (mm) (N)
1 102.40 1.92 7.98 31.90
2 102.40 1.90 7.99 26.20
3 100.70 1.90 7.99 2410
4 104.30 1.91 8.00 28.20
5 103.40 1.89 8.01 27.80
6 100.70 1.90 7.99 32.30
7 99.60 1.92 8.00 34.70
3 101.90 1.90 8.01 24.80
9 102.40 1.92 8.01 30.60
10 102.10 1.91 8.00 27.40
> 0140 —
12 103.20
13 103.50
14 104.30
15 100.80
16 101.80
17 98.50
18 101.90
19 102.50
20 101.40
SD 1.4609 0.01086 0.0103 3.4527
%RSD 1.43% 0.56% 0.13% 11.98%

*nfa = no results were found.
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Table B.1.3: Compressibility properties of chitosan 030912; 100 mg tablets stroke length 19.

Table’c Weight Thickness Diameter Crushing strength
(mg) (mm) (mm) (N)

1 102.60 1.61 7.94 89.90
2 898.70 1.65 7.94 94.00 .
3 101.30 1.61 7.94 93.20
4 105.30 1.58 7.94 77.60
5 101.90 1.62 7.95 90.70
6 102.00 1.63 7.94 76.40
7 101.20 1.63 7.93 103.00
8 101.60 1.63 7.94 93.20
9 103.80 1.61 7.94 79.70
10 100.70 1.63 7.93 96.80
» 5510 : —
12 103.30
13 103.70
14 103.00
15 102.80
16 100.90
17 99.70
18 103.60
19 103.90
20 101.80

SD 1.6211 0.0189 0.0057 8.7813
%RSD 1.59% 1.16% 0.07% 9.82%

* nfa = no results were found.
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ANNEXURE B

Table B.1.4: Compressibility properties of chitosan 030912; 100 mg tablets stroke length 20.

Tablet Weight Thickness Diameter Crushing strength
(mg) (mm) (mm) (N)

1 102.00 1.56 8.04 105.40
2 103.10 1.52 8.04 103.80
3 101.80 1.53 8.04 100.10
4 ©99.90 1.54 8.04 106.60
5 103.30 1.55 8.05 105.00
6 105.30 1.52 8.05 103.00
7 102.50 1.55 8.03 107.50
8 101.70 1.57 8.05 103.80
9 104.40 1.50 8.01 98.50
10 98.70 1.53 8.02 103.80
1 102.20
12 101.40
13 103.20
14 102.30
15 101.20
16 102.90
17 102.10
18 101.60
19 103.80
20 102.20

SD 1.4598 0.0211 0.0134 2.7472
%RSD 1.43% 1.37% 0.17% 2.65%

* n/a = no results were found.
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ANNEXURE B

Teble B.1.5: Compressibility properties of chifosan 030912; 150 mg tablets stroke length 24.

Weight Thickness Diameter Crushing strength
(mg) (mm) (mm)
1 154.10 3.43 7.98 12.30
2 154.00 3.41 7.96 - 11.40
3 154.20 3.43 7.97 10.20
4 152.90 3.43 7.99 13.10
5 149.50 3.44 7.98 12.30
6 151.70 3.39 7.97 15.50
7 151.00 3.44 7.98 12.70
8 151.20 3.43 7.98 11.40
9 153.50 3.41 7.99 15.10
10 151.10 3.45 7.99 14.70
11 150.10 " o e
12 152.50
13 147.70
14 153.90
15 149.40
16 152.20
17 153.40
18 150.60
19 151.60
20 151.10
SD 1.8039 0.0178 0.0099 1.7455
% RSD 1.18% 0.52% 0.12% 13.56%

*nfa = no results were found.
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ANNEXURE B

Table B.1.6: Compressibility properties of chitosan 030912; 150 mg tablets stroke length 25.

152.10

SD

0.0125

0.0165

Weight Thickness Diameter Crushing strength
(mg) (mm) (mm) (N)
1 148.80 2.91 7.97 37.60
2 150.70 2.87 7.95 34.70
3 153.60 2.89 7.94 34.70
4 148.60 2.87 7.93 28.60
5 152.80 2.88 7.94 30.20
6 149.70 2.87 7.93 40.00
7 151.50 2.89 7.94 37.20
] 151.60 2.88 7.94 33.80
9 154.80 2.89 7.98 38.80
10 150.80 2.88 7.94 31.90
» 5470 e -
12 154.20
13 152.20
14 154.90
15 152.60
16 145.90
17 149.70
18 146.40

3.7337

0.43%

0.21%

10.74%
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ANNEXURE B

Table B.A.7: Compressibilily properties of chitosan 030912; 150 mg tablets stroke length 26.

0.64%

Weight Thickness Diameter Crushing strength
(mg) (mm) (mm) (N) ‘

1 152.90 2.48 7.91 98.90
2 149.70 2.49 7.91 99.30
3 155.70 2.46 7.91 85.80
4 149.80 2.46 7.91 81.30
5 151.20 2.48 7.91 85.00
6 152.30 2.47 7.91 89.50
7 146.30 2.51 7.93 96.00
8 151.60 2.48 7.91 79.70
9 154.80 2.48 7.90 102.60
10 145.90 2.47 7.91 96.80
11 150.60
12 148.80
13 154.90
14 150.80
15 150.80
16 155.30
17 151.40
18 155.20
19 152.50
20 152.10

8§D 2.7679 0.0158 0.0074 8.2271
% RSD 1.83% 0.09% 8.99%
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ANNEXURE B

Table B.1.8: Compressibility properties of chitosan 030912; 150 mg tablets stroke length 27.

Weight Thickness Diameter Crushing strength
(mg) {(mm) (mm) (N)

1 151.60 2.38 7.90 176.10
2 159.00 2.27 7.89 162.20
3 152.10 2.29 7.93 159.40
4 151.90 2.26 7.92 155.30
5 151.00 2.27 7.89 164.70
6 153.30 2.18 7.89 136.50
7 154.70 2.32 7.90 167.90
8 156.80 2.25 7.90 165.50
9 152.90 2.31 7.89 169.20
10 147.10 2.36 7.90 165.90
» 50.90 - e
12 151.70
13 148.80
14 154.50
15 149.40
16 150.30
17 15510
18 152.50
19 156.00
20 157.10

SD 3.0353 0.0574 0.0137 10.6532
% RSD 1.98% 2.51% 0.17% B8.57%

* n/a = no results were found.
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ANNEXURE B

Table B.1.9: Compressibility properties of chitosan 030912; 200 mg tablets stroke length 30.

Weight Thickness Diameter Crushing strength
(mg) (mm) (mm) (N)

1 198.90 4.44 8.00 14.70
2 192.70 4.49 8.02 17.20
3 194.90 4.58 7.97 7.80
4 - 193.30 4.47 8.03 15.90
5 187.90 4.49 8.00 16.30
6 200.40 4.45 8.03 19.60
7 200.60 4.42 8.01 18.40
8 197.20 4.43 8.02 18.00
9 195.80 4.46 8.03 15.90
10 194.50 4.44 7.99 17.20
11 196.70

12 193.70

13 197.90

14 198.60

15 193.00

16 196.30

17 189.50

18 197.90

19 196.80

20 199.50

SD 2.8818 0.0462 0.0200 3.2411

% RSD 1.47% 1.03% 0.25% 20.13%

* nfa = no results were found.
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ANNEXURE B

Table B.1.10: Compressibility properties of chitosan 030912; 200 mg tablets stroke length
31.

Weight Thickness Diaheter Crﬁshing strength “
(mg) (mm) (mm) (N}
1 197.30 3.97 7.98 . 23.70
2 186.80 3.89 7.96 35.10
3 198.20 3.89 7.97 A 38.80
4 195.50 3.95 7.97 23.70
5 198.40 3.89 7.96 33.90
6 199.00 3.92 7.96 30.20
7 201.30 3.84 7.95 25.30
8 197.90 3.92 7.897 31.10
9 193.90 3.97 7.98 22.50
10 200.30 3.91 7.96 35.50
11 196.00 -
12 191.80
13 199.20
14 197.00
15 199.80
16 192.20
17 192.40
18 196.10
19 193.70
20 195.60
SD 2.7656 0.0314 0.0116 5.8488
% RSD 1.41% 0.80% 0.15% 19.51%

* n/a = no results were found.
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ANNEXURE B

Table B.1.11: Compressibility properties of chifosan 030912; 200 mg tablets stroke length

32,
Weight Thickness Diameter Crushing strength |
(mg) (mm) (mm) (N)
1 198.00 3.47 7.96 75.20
2 200.80 3.48 7.95 81.30
3 196.50 3.48 7.96 79.30
4 196.40 3.48 7.96 79.30
5 197.80 3.50 7.97 75.20
6 199.90 3.49 7.96 85.40
7 197.50 3.48 7.96 95.20
8 191.50 3.50 7.97 79.30
9 194.30 3.51
10 198.20 3.49
11 194.70 -
12 191.50
13 198.90
14 195.30
15 195.00
16 194.10
17 202.50
18 197.80
19 196.60
20
SD 2.8096 0.0123 0.0063 6.0191
% RSD 1.43% 0.35% 0.08% 7.45%

* n/a = no results were found.
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ANNEXURE B

Table B.1.12: Compressibility properties of chitosan 030912, 200 mg tablets stroke length
33

We{ght Thickness Diameter Crushing strength |
(mg) (mm) (mm) (N)

1 196.60 2312 7.92 125.00
2 204.60 3.14 7.95 123.80
3 195.80 3.14 7.94 122.60
4 199.30 3.15 7.92 148.30
5 189.60 3.16 7.93 150.00
6 203.70 3.16 7.95 147.90
7 197.30 3.13 7.92 133.20
8 197.80 3.15 7.93 137.70
9 199.00 3.15 7.93 143.80
10 199.20 3.14 7.94 135.30
11 200.30
12 198.70
13 201.10
14 199.30
15 193.80
16 195.20
17 203.80
18 192.50
19 202.40
20 199.50

~SD  3.8499 0.0126 0.0116 10.5651
% RSD 1.94% 0.40% 0.15% ) 7.73%

* nfa = no results were found.
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ANNEXURE B

Table B.1.13: Compressibility properties of chitosan 030912, 200 mg tablets stroke length
34.

Weight Thickness Dialumeter ........ Crushvi;lg strengtl&w |
(mg) (mm) (mm) (N) |
1 193.40 3.00 7.94 198.60
2 198.50 2.97 7.95 188.80
3 195.90 2.97 7.95 179.80
4 193.50 3.05 7.96 208.40
5 195.30 2.98 7.91 190.00
6 200.10 3.01 7.95 206.80
7 200.10 3.02 7.95 208.00
8 193.40 3.02 7.93 213.70
9 194.40 3.03 7.94 204.70
10 196.20 3.02 221.90

SD 2.4371 0.0267 0.0140 12.7488
% RSD 1.24% 0.89% 0.18% 6.31%

* n/a = no results were found.
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ANNEXURE B

Table B.1.14: Percentage friability of chifosan 030912; 100 mg tablets.

Weight (mg)
Stroke length Before rotation After rotation % Friability
17 1007.9 892.4 11.46%
18 1025.2 1006.7 1.80%
19 1014.7 1009.0 : 0.56%
20 1018.7 1016.3 0.24%

Table B.1.15: Percentage friability of chifosan 030912; 150 mg tablets.

Welght(mg) N

Stroke length Before rotation After rotation % Friability
24 1515.1 1323.2 12.67%
25 1500.3 1458.7 2.77%
26 g 1521.9 1508.5 0.88%
27 1526.4 1522.9 0.23%

Table B.1.16: Percentage friability of chitosan 030912; 200 mg tablets.

vvvvvvvvvvvv Weight {mg)
Stroke length Before rotation After rotation % Friability
30 1960.9 1606.4 18.08%
31 1970.1 1891.9 3.97%
32 1976.7 1951.2 1.29%
33 1977.5 1968.2 0.47%
34 19491 1945.5 0.18%
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ANNEXURE B

B.2: COMPRESSIBILITY OF CHITOSAN RAW MATERIAL; DOUBLE FILL
CYCLE (BATCH 021010 AND 030912).

Table B.2.1: Compressibility properties of chifosan 030912; stroke length 30, compaction
0%.

| .W(éig\ht B ('vlﬂ'f;ickness | D'ianiét‘e‘t(' | Crushiné svtly'engt'r;
(mg) (mm) (mm) (N)
1 198.90 4.44 8.00 - 14.70
2 192.70 4.49 8.02 17.20
3 194.90 4.58 7.97 7.80
4 193.30 4.47 8.03 15.90
5 197.90 4.49 8.00 16.30
6 200.40 4.45 8.03 19.60
7 200.60 4.42 8.01 18.40
8 197.20 4.43 8.02 18.00
9 195.80 4.46 8.03 15.90
10 194.50  4.44 7.99 17.20
11 196.70
12 193.70
13 197.90
14 198.60
15 193.00
16 196.30
17 189.50
18 197.90
19 196.80
20 199.50
SD 2.8818
% RSD 1.47% 1.03% 0.25% 20.13%

130



ANNEXURE B

Table B.2.2: Compressibility properties of chifosan 030912; stroke !engz‘hAS’O, compaction
10%.

Weight Thickness Diameter Crushing strength
(mg) (mm) (mm) (N)

1 210.50 4.66 8.06 24.90
2 207.00 468 8.07 17.20
3 212.4 4.74 8.07 15.50
4 211.80 4.67 8.07 22.50
5 212.30 4.68 8.09 26.60
6 208.20 4.62 8.06 29.00
7 214.90 4.64 8.08 - 21.20
8 210.00 4.67 8.08 20.80
9 211.00 4.66 8.07 26.60
10 214.50 4.64 8.06 22.90
11 206.40

12 210.00

13 210.890

14 208.30

15 213.90

16 212.20

17 208.60

18 206.60

19 206.90
20 211.00

SD 2.7667 0.0324 0.0099 42554

% RSD 1.32% 0.69% 0.12% - 18.73%
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ANNEXURL: B

Table B.2.3: Compressibility properties of chifosan 030912; stroke length 30, compaction
20%.

) ‘Weight | Thickness | Diameter | Crushing strength
(mg) (mm) (mm) (N)

1 217.20 458 8.06 37.60
2 222.00 458 8.06 38.00
3 215.50 4.60 8.05 31.90
4 222.40 461 8.07 34.70
5 226.80 4.59 8.07 34.70
6 228.90 457 8.05 41.30
7 227.70 458 8.06 36.80
8 221.50 4.6 8.07 30.20
9 22270 455 8.06 35.10
10 22520 460 8.07 38.80
1 222.30 |
12 222.80
13 225.10
14 222.80
15 228.10
16 226.20
17 225.10
18 224.50
19 229.00
20 223.60

SD| . 35184 0.0189 0.0079 3.2946
%RSD|  1.57% 0.41% 0.10% 9.17%
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ANNEXURE B

Table B.2.4: Compressibility properties of chitosan 030912; stroke fength 30, compaction

30%.
Weight Thickness Diameter Crushing strengthﬂ
(mg) (mm) (mm) (N)

1 228.50 4.54 8.04 83.90
2 236.80 4.54 8.04 47.00
3 235.20 4.56 8.04 54.30
4 234.00 4.55 8.06 59.70 |
5 230.80 4.56 8.04 48.60
6 235.80 4.53 8.05 64.20
7 225.50 4.53 8.04 51.90
8 233.40 4.53 8.05 58.40
9 235.00 4.55 8.05 60.10
10 233.10 4.50 8.06 62.10
11 238.20
12 226.60
13 234.50
14 235.40
15 231.90
16 234.80
17 230.20
18 233.90
19 236.30
20 234.50

SD 3.3632 0.0179 0.0082 10.4529
% RSD 1.44% 0.39% 0.10% 17.71%
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ANNEXURE B

Table B.2.5: Compressibility properties of chitosan 030912; stroke length 30, compaction

40%.
T _ .............. Weight Thickness Diameter Crushing strength
(mg) (mm) (mm) (N)

1 246.60 4.50 8.03 83.80
2 242.90 4.51 8.03 70.70
3 249.50 4.53 8.04 74.00
4 245.40 4.51 8.04 93.60
5 244.40 4.51 8.04 73.10
6 248.00 4.53 8.04 75.60
7 248.10 4.51 8.06 72.70
8 246.30 4.51 8.03 78.50
9 251.00 4.53 8.04 72.70
10 24490 4.51 8.04 85.80
11 247.60
12 243.80
13 240.90
14 248.20
15 246.50
16 243.80
17 248.90
18 248.90
19 244.00
20 244.40

SD 2.5826 0.0108 0.0088 7.4035
% RSD 1.05% 0.24% 0.11% 9.49%

* nfa = no results were found.
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ANNEXURE B

Table R.2.6: Compressibility properties of chitosan 030912; stroke length 30, compaction
50%.

. Weight Thickness Diameter Crushing strength

(mg) (mm) - (mm) (N)

1 253.30 4.50 8.02 138.90
2 256.10 4.48 8.02 141.00
3 262.00 4.49 8.03 . 116.00
4 260.40 4.49 8.03 125.40
5 250.70 4.49 8.02 134.00
6 261.30 4.50 8.02 133.20
7 262.70 4.49 8.03 116.90
8 254.10 4.49 8.02 - 131,60
9 259.90 4.49 8.02 122.60
10 264.20

4.50 8.03 115.60

11 264.00
12 25430
13 260.30
14 261.60
15 264.80
16 256.20
17 261.50
18 256.10
19 260.50
20 259.30
SD 4.0070 0.0063 0.0052 9.5359
% RSD 1.55% 0.14% 0.06% 7.48%

* nfa = no results were found.
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ANNEXURE B

Yable B.2.7: Compressibility properties of chifosan 030912; stroke length 30, compaction

60%.
Weight | Thickness | Diameter | Crushing strength
(mg) (mm) (mm) (N) |

1 273.90 4.50 8.02 154.50
2 260.90 4.51 8.01 168.80
3 268.30 4.50 8.02 165.50
4 257.30 4.53 8.03 176.50
5 273.40 4.51 8.01 185.90
6 275.80 4.53 8.02 152.40
7 272.40 4.50 8.02 174.90
8 270.80 4.52 8.02 185.10
9 273.20 4.50 8.01 171.60
10 273.40 4.50 8.01 163.00
11 269.70 b
12 274.70
13 272.60
14 271.30
15 270.80
16 268.00
17 266.00
18 270.90
19 267.90
20 269.00

SD| 4.5485 0.0125 0.0067 11.4018
%RSD | 1.68% 0.28% 0.08% 6.71%

* nfa = no results were found.
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ANNEXURE B

Table B.2.8: Compressibility properties of chitosan 030912; stroke length 30, compaction
70%.

,,,,,,,,,,,,,,,,, T T e e
(mg) (mm) (mm) (N)
1 289.60 . 4.83 8.00 261.50
2 284.70 457 8.00 226.40
3 288.00 4.54 8.01 194.90
4 2380.80 4.56 8.01 233.70
5 281.70 4.58 8.00 269.30
6 287.80 4 59 8.01 27210
7 285.30 460 7.99 254.20
8 285.80 4.56 8.00 216.20
g 288.20 4.58 8.01 235.40 A
10 284.80 4.60 8.01 251.30 ,
12 285.20
13 288.30
14 285,40
15 287.70
16 286.90
17 292.50
18 280.70
19 286.80
20 289.80
SD 2.4235 0.0256 0.00?0 24.7302
% RSD 0.84% 0.56% 0.09% 10.24%

* n/a = no results were found.
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ANNEXURE B

Table B.2.9: Compressibility properties of chitosan 030912; stroke length 30, compaction
80%.

"""""" "~ | Weight | Thickness | Diameter | Crushing strength
(mg) (mm) (mm) (N)

1 312.90 4.68 8.01 276.60
2 304.40 4.65 8.01 264.40
3 297.00 479 8.01 293.00
4 303.90 4.76 8.00 303.20
5 299.30 4.77 8.02 306:90
6 297.30 4.71 8.00 284.80
7 300.20 476 8.01 313.40
8 304.80 470 7.99 297.50
9 296.00 4.80 8.02 301.10
10 299.90° 4.71 8.01 272.50
11 295.30 |
12 298.90
13 302.00
14 296.10 |
15 296.90
16 303.70
17 302.90
18 305.10 .
19 306.50
20 303.10 -

SD| 44404 00498 | 00093 | 161456
% RSD | 1.47% 1.05% 0.12% . 5.54%

* n/a = no results were found.
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ANNEXURE B

Table B.2.10: Compressibility properties of chitosan 021010, stroke length 33, compaction

30%.
" | Weight | Thickness | Diameter | Crushing strength |
(mg) (mm) (mm) (N)
1 118.00 3.57 8.01 9.00
2 117.10 3.58 8.02 13.10
3 110.00 3.52 8.04 13.50
4 124.00 3.45 8.03 18.80
5 115.90 3.52 8.00 11.00
6 116.60 3.57 8.02 9.00
7 119.20 3.53 7.97 8.60
8 117.70 3.53 8.00 10.60
9 117.50 3.57 7.99 8.20
10 122.10 3.54
11 113.10
12 120.30
13 116.10
14 118.10
15 121.10
16 118.20
17 118.20
18 125.20
19 113.30
20 120.50
Average 3.54 8.01

SD 3.6152 0.0385 0.0213 3.2605

% RSD 3.06% 1.09% 0.27% 29.32%

139



ANNEXURE B

Table B.2.11: Compressibility properties of chitosan 021010; stroke length 33, compaction
40%.

Diameter Crushing strength

Weight Thickness

(mg) (mm) (mm) (N)
1 121.20 352 8.01 15.10
2 124.80 3.47 8.05 20.40
3 123.40 3.55 8.01 11.00
4 122.70 3.51 8.02 11.40
5 124.30 3.50 8.01 11.00
6 121.60 3.48 8.03 12.30
7 122.40 3.49 8.03 16.30
8 127.90 3.49 8.04 13.50
9 124.20 3.61 8.03 11.80
10 119.30 3.46 8.04 12.70

SD 6.4467 0.0442 0.0142 2.9789

% RSD 5.30% 1.26% 0.18% 21.98%
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ANNEXURE B

Table B.2.12: Compressibility properties of chitosan 021010; stroke fength 33, compaction

50%.
Weight | Thickness | Diameter | Crushing strength
(mg) (mm) (mm) (N)

1 134.70 3.53 8.02 18.00
2 125.80 3.53 8.03 11.00
3 131.50 3.65 8.00 8.20
4 © 136.60 3.47 8.07 21.20
5 129.10 3.59 8.01 11.80
6 124.70 3.45 8.05 18.00
7 134.70 3.57 8.02 11.00
8 124.70 3.48 8.04 14.70
9 130.70 3.38 8.04 32.30
10 130.70 3.50 8.04 12.70
11 139.00
12 135.50
13 135.10
14 129.20
15 127.90
16 132.80
17 131.10
18 133.70
19 119.70
20 123.80

SD 4.9690 0.0769 0.0204 7.0053
%RSD|  3.81% 2.19% 0.25% 44.09%
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ANNEXURE B

Table B.2.13: Compressibility properties of chitosan 021010; stroke length 33, compaction
60%.

" Weight | Thickness | Diameter | Crushing strength
(mg) (mm)}) (mm) (N)
1 15420 | 349 8.04 19.20
2 135.30 3.25 8.03 57.60
3 137.80 3.7 8.03 53.90
4 126.60 3.32 8.04 33,90
5 139.30 3.28 8.03 56.00
6 136.20 3.32 8.04 42.50
7 132.30 3.52 8.06 19.60
8 151.00 3.34 8.04 32.70
9 127.70 350 8.06 15.50
10 135.30 3.47 8.05 26.20
" 134.90
12 141.00
13 13310
14 136.90
15 128.80
16 136.30
17 143.40
18 133.60
19 143.60
132.40
SD| 7.0395 0.1064 0.0114 16.0249
%RSD|  5.14% 3.15% 0.14% 44.88%
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ANNEXURE B

Yable 8.2.14: Compressibility properties of chitosan 0210710; stroke length 33, compaction
70%.

- Weight Thickness Diameter Crushing strength

(mg) (mm) (mm) (N)

1 158.30 3.22 8.02 85.40
2 135.10 3.23 8.02 64.60
3 145.70 3.21 8.01 59.20
4 160.10 3.19 8.02 72.30
5 151.10 3.19 8.03 76.40
6 152.80 3.20 8.02 74.80
7 146.30 3.24 8.03 58.00
8 151.30 3.20 8.03 77.20
9 167.90 3.22 8.02 69.90
10 154.00

3.21 8.02 66.40

SD 8.1505 0.0166 0.0063 8.6168

% SD 5.35% 0.52% 0.08% 12.25%

* nfa = no results were found.
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ANNEXURE B

Yable B.2.15: Compressibility properifes of chitosan 0210710; stroke length 33, compaction

80%.
~ - —~Weight Thickness Diameter Crushing. strenhgth
(mg) (mm) (mm) (N)

1 144.80 3.21 7.99 159.80
2 177.60 3.18 8.00 111.60
3 174.20 3.19 8.01 125.00
4 163.80 3.17 8.00 110.70
5 168.80 3.19 8.00 126.30
6 181.40 3.19 8.01 83.80
7 177.40 3.18 8.01 96.00
8 172.80 3.20 8.00 145.10
9 186.60 3.20 8.00 159.80
10 163.40 3.25 8.05 44.90
1" 173.50
12 170.10
13 173.00
14 172.80
15 175.30
16 17010
17 167.50
18 169.40
19 153.60
20 171.90

sSD 9.1601 0.0222 0.0164 35.6049
% RSD 5.38% 0.69% 0.20% 30.61%
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ANNEXURE B

Table B.2.16: Percentage friability of chitosan batch 030912 and 021010~

- wetg ht (m m

| Batch | - C‘;fnrzfgi?{fn Before rotation | After rotation | % Friability '
0 1.9609 1.6064 18.08
10 2.0126 17356 13.76
20 22280 21024 5.64
30 23329 2 2557 3.31

| 030912 40 2.4429 23894 2.19
50 25535 25144 1.53
60 27067 26812 0.94
70 28893 2.8707 0.64
80 3.0163 2.9999 0.54

"""""" 30 11767 1.0554 10.31
40 12115 1.0517 13.19

| 621010 50 1.2955 1.2424 410

] 60 1.4221 1.3995 1,59
70 1.5381 15285 0.62
80 16536 1.6462 0.45

: 445
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