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Various excipients are used in the pharmaceutical tablet industries to present desirable
properties in the final product. All excipients should have suitable flowability to
produce homogenous distribution at the point of mixing. In addition, the excipients have
to be hydrophilic as a disintegrant, have proper compactibility as a binder, and confer
acceptable taste results as a diluent. In fact, there is no one type of excipient that has all
these characteristics. Therefore, the focus point of this research is to formulate the
desirable tablets consisting of different types of excipient mixtures to achieve tablets

that meet requirements of recommended tablet formulation.

In this study, the components of compacted tablets by direct compression consist of
Microcrystalline Cellulose as a plastic material (binder), Sodium Starch Glycolate as an
elastic material (super disintegrant), and alpha Lactose monohydrate as a brittle material
(filler). The physical and flow properties of the excipients used have been investigated.

The uniaxial compaction process was conducted by using a universal testing instrument.



The tablets were compacted under pressure ranging from 75 to 375 MPa. A 13 mm
diameter cylindrical die was used to investigate the compression characteristics of the
single binary and tertiary mixtures with 1.0 + 0.01 g of powder. The loading and
unloading stages of the compaction process for the tablets were evaluated based upon
the energies derived from the force-displacement data obtained for the tablets with
different mass ratios compacted at 150 MPa. The effect of increasing the compression
pressure from 75 to 375 MPa on the volume-pressure measurements for single, binary
with different mass ratios and tertiary tabletted mixtures was investigated. The tabletted
mixture characteristics and recommended tablet formulations were evaluated by using

elastic relaxation, indirect tensile strength, friability, and disintegration tests.

The strong influence of the physical powder characteristics on the flow properties of the
powders used was observed. The plastic material (MCC) shows a dominant property
over the elastic (SSG) and brittle (LAC) materials in terms of their tensile strength and
their behaviour during compaction events. Applying a high pressure produces tablets
with a low elastic relaxation, higher tensile strength, low friability percentage and a long
disintegration time. Increasing the MCC and decreasing LAC and SSG percentages lead
to an increase in tensile strength, disintegration time, and decreases the friability
percentage. According to the recommended formulation of the tablets, tertiary
formulation can be considered as the best formulation. One of the more significant
findings to emerge from this study is that the use of mixtures of the direct compression
excipients has proven to be significantly more appropriate for use compared to the

individual components.
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Terdapat pelbagai jenis eksipien yang digunakan dalam industri tablet farmaseutikal
bagi memperolehi ciri-ciri yang dikehendaki dalam produk akhir. Semua eksipien harus
mempunyai daya alir yang optimum untuk menghasilkan campuran yang homogen
ketika proses pencampuran. Tambahan pula, eksipien perlu bersifat hidrofilik sebagai
penyahintegran, mempunyai daya pemadatan yang sesuai sebagai pengikat dan
memperlihatkan rasa yang boleh diterima sebagai pencair. Hakikatnya, tiada eksipien
yang mempunyai semua ciri-ciri tersebut. Oleh itu, fokus penyelidikan ini adalah untuk
memperkenalkan rumusan tablet ideal yang dibentuk daripada pelbagai jenis campuran

eksipien dan mampu memenuhi syarat-syarat formulasi tablet yang disarankan.

Dalam kajian ini, komponen-komponen tablet yang telah dipadatkan secara
pemampatan langsung termasuk Mikrokristal Sellulosa sebagai bahan plastik
(pengikat), Natrium Kanji Glycolate sebagai bahan elastik (penyahintegran super) dan

alfa Monohidrat Laktosa sebagai bahan rapuh (pengisi). Sifat-sifat fizikal dan daya alir



eksipien yang diguna telah dikaji. Proses pemampatan ekapaksi telah dilakukan dengan
menggunakan sebuah alat penguji universal. Tablet tersebut telah dipadatkan dengan
tekanan dari 75 hingga 375 MPa. Kelulitahan karat berbentuk silinder dengan diameter
berukuran 13mm telah digunakan untuk menyiasat sifat pemampatan campuran binari
dan tertier dalam bentuk serbuk dalam kuantiti 1.0 + 0.01 g. Peringkat pembebanan dan
penyahbebanan proses pemadatan tablet dikajiselidik berdasarkan kepadatenaga yang
diperoleh daripada data daya-anjakan bagi tablet berlainan nisbah jisim yang dipadatkan
dengan tekanan 150MPa. Turut dikaji ialah kesan peningkatan tekanan pemampatan
daripada 75 hingga 375 MPa terhadap ukuran isipadu-tekanan untuk campuran tablet
secara tunggal, binary dengan pelbagai nisbah jisim dan juga tertier. Pencirian
campuran tablet itu telah dilakukan melalui ujian pelonggaran kenyal, kekuatan

tegangan tidak langsung, kerapuhan dan penyahintegran.

Pengaruh kuat sifat fizikal serbuk pada kebolehaliran serbuk telah diperhatikan dalam
penyelidikan ini. Bahan plastik (MCC) mempamerkan sifat dominan berbanding bahan
elastik (SSG) dan bahan rapuh (LAC) dari segi daya tegangan dan pencirian ketika
proses pemadatan. Pengaplikasian tekanan tinggi menghasilkan tablet yang mempunyai
pelonggaran kenyal yang rendah, daya tegangan yang lebih tinggi, peratusan kerapuhan
yang rendah dan tempoh perpecahan yang panjang. Peningkatan peratusan (MCC) dan
pengurangan peratusan LAC dan SSG dapat meningkatkan daya tegangan, tempoh
perpecahan dan mengurangkan peratusan kerapuhan. Berdasarkan formulasi tablet yang
disarankan, formulasi tertier adalah formulasi terbaik. Satu penemuan yang paling
penting daripada penyelidikan ini ialah campuran eksipien secara pemampatan langsung

lebih sesuai digunakan berbanding dengan komponen-komponen secara individu.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter provides an introduction and a brief review of the processing steps in the
compaction of pharmaceutical tablets and the advantages of tablets including a
summary of the properties of powder and the importance of measuring tablet
characteristics. Lastly, a discussion of the knowledge gap and the objectives and scope

of this study are given.

1.2 General View of the Background of the Processing Steps in Compaction and
Pharmaceutical Tablets

Tablets are the most popular and common dosage form for administering drugs via an

oral route, occupying two thirds of the global market (Pitt et al., 2007).

Powder compaction which is used in tablet manufacturing, is a process commonly
utilized in various industrial fields, for example the ceramic and powder metallurgy
industries, the detergent industry and chemical engineering, food industry, and in the
pharmaceutical industry. The latter will form the focus in this study as millions of

tablets are produced every day by the compaction technique.

The employment of the compaction technique for pharmaceuticals is primarily due to
the many advantages of tablets as a final product in comparison with other dosage

forms, such as:



e Physical and chemical stability

e Acceptable accuracy, shelf life of dosage and ease of controlling active
ingredient (API) release

e For users, tablets are convenient as they are easy to administer and are portable

e Coatings or sweeteners can be used to cover up any unpleasant taste

e On the industrial side, tablets can be mass-produced with high production rates

(Wu et al., 2005).

The processing of tableting can in general be divided into four distinct stages:

(1) die filling, where the powder is delivered into the die cavity under gravity (2)
loading, this stage includes a compression stage where the powder is compressed inside
a die by upper and lower punches (3) unloading, where the applied pressure or stress is
removed, and finally (4) ejection, where the tablet is removed from the die (Pitt et al.,

2007).This is summarised in Figure 1.1.



Upper punch ———
" ‘ \ ‘ ol 1 ‘ | E\ ‘ /H
Lower punch———» Powder Tablet H
1% Stage 2" Stage 3" Stage 4" Stage
Die filling Loading Unloading Ejection

Figure 1.1.A typical laboratory-scale compaction process (compaction cycle)

The behaviour of the powder within these four stages all establishes or characterize the
properties of the final product. Thus, understanding the mechanical behaviour of
powders at every stage is crucial and has attracted much attention over the past 50 years.
In this current study the compaction process (loading and unloading stages) will be
specifically focused on due to its effect on the tablet properties being greater than the

other factors.

Wu and his colleagues in their article divided the compaction process into two phases
regarding the movement direction of the upper punch: compression and decompression
(Wu et al., 2005). During the compression phase, when the upper punch moves towards
the bottom punch, the powder bed experiences intensive densification and the particles
of powder compress together to form aggregates with considerable cohesive strength
because of van der Waals forces, the formation of solid bridges and mechanical

interlocking (Alderborn, 2007). As the distance between the upper and lower punches



continues to decrease, the packing density of the powder bed and the compression
pressure increases dramatically. Decompression occurs when the upper punch starts to
move in the opposite direction to the lower punch. During this stage, the compression
pressure decreases quickly since the distance between the upper and lower punches
increases, and some of the elastic strain that emerged within the compression phase will
recover. This is accompanied by an increase in the powder bed volume and then a

decrease in the relative density.

A successful production process can minimize the defects of the tablets produced as a
final product, and this requires an understanding of not only the process stages but also
the essential characteristics of the powders. These characteristics include both physical
and flow properties to predict how formulations will behave during all stages starting
from tablet processing, packing, transportation, marketing, storage, and finally, handling

of the product by the end user (Furll and Hoffmann, 2013).

In the pharmaceutical industry the uniformity of powder flow is one of the most
significant considerations in the solid dosage industry (Sarraguca et al., 2012). Improper
powder feeding from storage hoppers into die-presses can result in an inconsistent
quality of product and may cause health impacts and economic consequences.
Therefore, an investigation into the flow properties in addition to the properties
affecting the powder flow such as moisture content, particle size and morphology and
also the powder density is crucial. The importance of these properties also comes from
processing equipment and parameters can be opted depending on the behaviour of the
materials under specific stress conditions. Hence, it is possible to obtain a better
understanding of why particular materials are prone to problems and defects during

compaction (Jain, 1999). Finally, the optimum tablet production, as a whole, to produce



desirable products is a complex process as it is required to evaluate the final product
after production. In other words, producing desirable products usually requires
subjecting the final product to a number of tests to see the impact of the previously
mentioned factors on the final product, namely, process parameters and powder
properties. Based on all the above-mentioned aspects, the elucidation of the factors that
lead to integrated tablet production is a challenging task, which has to be based on an
improved understanding of the powder properties, powder behaviour during the
compaction process, in addition to studying the tabletted powders specifications after
ejection. Therefore the structure of the current research objectives is based on these

basics as will be described in Section 1.4.

1.3 Knowledge Gap and Research Significance

There is not much information in the previous literature regarding the effect of physical
properties on the flowability of pharmaceutical powders. There are several studies on
coal and food powders, and various other powders, but limited studies that deal with
pharmaceutical excipients. Precisely, currently there are few published papers on the
flowability of the chosen materials in this study (Microcrystalline Cellulose (MCC), o -
Lactose Monohydrate, and Sodium Starch Glycolate (SSG) in particular). There is also
a necessity for a proper understanding of which properties of the three powders used
affects flowability the most. On the other hand, there is controversy over the effect of
the physical properties on the flow properties of fine powders in general. The effect of
fine powder content such as the composition of ordered mixtures on tablet

specifications is another area that is not well understood.



More recent literature has provided little discussion concerning the use of binary
component excipients in direct compression tableting process (DC) (Liu et al., 2013). In
addition, there is no one who offers considerable findings regarding the use of tertiary
mixtures of the chosen materials by using the DC technique. Thus, one of the
significance of this study is to evaluate tablets compacted by using binary and tertiary
excipient mixtures used that cover the requirements for satisfactory tablet production. In
addition, this study will present how these excipients are influenced by each other and
by the process parameters during tableting and after ejection. Moreover, most studies
related to SSG tableting have only been carried out by using wet granulation (Patel et
al., 2011). In contrast with previous studies, another significant of the current study is
using SSG in a single formulation and mixtures including SSG by DC. Industrially,
there is a need to formulate the tablets covering a wide range of medical needs in order
to improve the patient compliance as antacid, stroke, and heart attack medicines in term
of all the medicines for these cases have to dissolve fast. On the other hand by adding
disintegrants as SSG, the tablets will be brittle and break easily so it need to be
improved by adding binders as MCC. Furthermore, as these tablet dissolve fast in the
mouth according to the medical case requirements, so it have to has good mouth feeling
by adding diluent as LAC. Hence, in term of patients and markets requirements there is
a need to form tablets satisfy the patient compliance and have acceptable taste from one
side and these tablets have to still intact till reach to the end user from the other side.

As a result, this study proposed to enhance the understanding of the criteria and
parameters that lead to improving the quality of pharmaceutical tablets. This can be
considered in terms of how the tablets can be made by mix different types of excipients

with certain manufacturing parameters to stay intact starting from manufacturing



through packing, transportation, storage stages, and finally supply to the end user and

the same time can be used efficiently, properly, and comfortably by patients

1.4 Research Objectives

The selected gaps in the knowledge prescribed above supports the following four

objectives of this study:

1- To study the relationship between physical and flow properties of the powders
used (MCC, LSC, and SSG).

2- To determine the effect of the changing the tablet mixture compositions (single
and binary) mixtures compacted under the same compression pressure on force —
displacement measurements, volume-applied pressure and tablet tensile strength
with respect to changing the compression pressure and mixture compositions.

3- To formulate the desirable tablets covering a wide range of medical and markets
needs by subjecting compacted tablet to the basic tests to evaluate under which
conditions and by using any components the recommended formulation can be

achieved.

1.5 Outline of Thesis

Chapter 1 introduces the thesis, gives an outline of the processing steps for the
compaction of tablets, describes the knowledge gap, research objectives, and explains

the outline and scope of the thesis.

In Chapter 2 the related technical background and the literature review are presented in
this chapter. The background theory discusses the raw ingredients used in this study in

addition to the physical and flow properties in the relevant literature. A background



review is given that is relevant to understanding the mechanics and fundamentals of the
compression and compaction of powder particles, analysis, and tests involved in this

study.

Following in Chapter 3, the physical and flow properties of the powders and a better
understanding of the relationship between these properties is discussed. Physical
properties such as particle size, shape, moisture content and density for different
powders of varying shapes and sizes are characterized using different techniques.
Furthermore, the flowability of the test powders using different techniques such as the
measurement of shear strength, measurement of angle of repose, and measurement of
powder compressibility using the Hausner ratio and the Carr index are covered and

discussed in this chapter.

Next in Chapter 4, the effect of feed powder guantities or mass ratios on the tablet
force-displacement measurements as total work, plastic and elastic energies and total
displacement are examined. This is in addition to an investigation into the tensile
strength of these tablets which are formed at an ultimate compression stress of 150 MPa

and using deformation behaviour materials in a single form and binary mixtures.

Following by Chapter5 which presents the effect of change of the applied pressure by
applying high pressures in the tableting process on the essential properties of single
component, and mixtures with different mass ratios in terms of volume-applied pressure
profile measurements. The applied pressures in this part start from 75 to 375 MPa. The
properties of the tablets of single, binary and tertiary mixtures are determined by
essential tests for checking the tablet characteristics and quality such as elastic

relaxation, Brazilian, friability, and disintegration time tests. By doing these tests the



recommended tablet formulation assesses. In this thesis, chapter 3 to 5 is similar to

journal layout as it has its own methodology, results, and discussion.

Lastly, Chapter 6 which includes the conclusion and summary of the thesis, followed by
the discussion of the key contributions of the proposed work. There are several

directions for future research which are also suggested for further investigation.

A summary of the scope of this thesis is illustrated in Figure 1.2. In this figure the
direction of the flow of the proposed schemes is indicated by the bold lines, whereas the
dotted lines indicate related research areas which are beyond the scope of this thesis. As
stated in Figure 1.2, the experimental work in this study starts with measuring the
physical and flow properties of the excipients used which have been investigated so as
to obtain a more comprehensive understanding of the compression and compaction
behaviours which will be conducted in the second stage. The second stage of the
experimental work as it is clear in the mentioned figure, including tableting the
excipient powders used “filler, binder, and disintegrants” in an individual and mixtures
state. Final stage, to ensure achieving adequate tablet properties and to avoid damage of
the final product (tablets) during transportation, storage and ending with handling by the
end user, the recommended tablet formulation by conducting the basic test was

evaluated.
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Figure 1.2: Thesis scope



REFERENCES

(WHO) W. H. O. (2012). Bulk Density and Tapped Density of Powders Retrieved 14
June, 2012, from
http://www.who.int/medicines/publications/pharmacopoeia/Bulk-tapped-
densityQAS11 450FINAL_MODIFIEDMarch2012.pdf.

Abdel-Hamid S., Alshihabi F. and Betz G. (2011). Investigating the Effect of Particle
Size and Shape on High Speed Tableting through Radial Die-Wall Pressure
Monitoring. International Journal of Pharmaceutics 413: 29-35.

Abdellah A., Noordin M. I. and Azman W. (2013). Importance and Globalization Status
of Good Manufacturing Practice (Gmp) Requirements for Pharmaceutical
Excipients. Saudi Pharmaceutical Journal 0: 1-16.

Adolfsson A. and Nystrom C. (1996). Tablet Strength, Porosity, Elasticity and Solid
State Structure of Tablets Compressed at High Loads. International Journal of
Pharmaceutics 132: 95-106.

Ahmad M. Z., Akhter S., Anwar M., Rahman M., Siddiqui M. A. and Ahmad F. J.
(2012). Compactibility and Compressibility Studies of Assam Bora Rice Starch.
Powder Technology 224(0): 281-286.

Ahmat N., Ugail H. and Gonzalez Castro G. (2012). Elastic and Plastic Contact Law for
Simulation Af Tablet Crushing Using the Biharmonic Equation. International
Journal of Pharmaceutics 427(2): 170-176.

Alderborn G. (1996). Particle Dimensions Pharmaceutical Powder Compaction
Technology. Alderborn, G. and C. Nystrém, MARCEL DEKKER, INC.

Alderborn G. (2007). Tablets and Compaction The Design and Manufacture of
Medicines Aulton, M. E., ELSEVER. 441-482.

Alderborn G. and Nystrom C. (1996). Pharmaceutical Powder Compaction Technology.
MARCEL DEKKER, INC.

Amidon G. E., Secreast P. J., Mudie D., Yihong Q., Yisheng C., Geoff G. Z. Z., Lirong
L., William R. PorterA2 - Yihong Qiu Y. C. G. G. Z. Z. L. L. and William R. P.
(2009). Chapter 8 - Particle, Powder, and Compact Characterization. Developing
Solid Oral Dosage Forms. Academic Press. 163-186.

Armstrong N. A. and Haines-Nutt R. F. (1972). Elastic Recovery and Surface Area
Changes in Compacted Powder Systems. Journal of Pharmacy and
Pharmacology 24: 135-136.

Armstrong N. A. and Morton F. S. S. (1977). Journal of Powder Bulk Solids Technol
1(32): 85-93.

148


http://www.who.int/medicines/publications/pharmacopoeia/Bulk-tapped-densityQAS11_450FINAL_MODIFIEDMarch2012.pdf
http://www.who.int/medicines/publications/pharmacopoeia/Bulk-tapped-densityQAS11_450FINAL_MODIFIEDMarch2012.pdf

Asgharzadeh H., Simchi A. and Kim H. S. (2011). A Plastic-Yield Compaction Model
for Nanostructured Al6063 Alloy and AI6063/Al203 Nanocomposite Powder.
Powder Technology 211: 215-220.

ASTMD6128-00 (2000). Standard Test Method for Shear Testing of Bulk Solids Using
the Jenike Shear Cell

Biljana G., Rade I, Rok D. and Stane K. (2011). Formulation and Evaluation of
Immediate Release Tablets with Different Types of Paracetamol Powders
Prepared by Direct Compression. African Journal of Pharmacy and
Pharmacology Vol. 5(1): 31-41.

Bodhmage A. (2006). Correlation between Physical Properties and Plowability
Indicators for Fine Powders. Retrieved 14 September, 2012, from
http://www.collectionscanada.gc.ca/obj/s4/f2/dsk3/SSU/TC-SSU-
07032006115722.pdf.

Bolhuis G. k. and Chowhan Z. T. (1996). Material for Direct Compaction.
Pharmaceutical Powder Compaction Technology Alderborn, G. and C. Nystrém,
MARCEL DEKKER, INC.

Cain J. (2002). An Alternative Techneque for Determining Ansi/Cema Standered 550
Flowbility Ratings for Granular Materials, Powder Handling and Processing
Powder Handling and processing 14(3): 218-220.

Calvert G., Ghadiri M., Dyson M., Kippax P. and McNeil-Watson F. (2013). The
Flowability and Aerodynamic Dispersion of Cohesive Powders. Powder
Technology 240(0): 88-94.

Carr R. L. (1965). Evaluating Flow Properties of Solids. Chemical. Engineering 72:
116-168.

Cecile M. D. G., Micael G., Jean-Claude G., Philippe S. and Dominique C. (1999).
Effects of True Density, Compacted Mass, Compression Speed, and Punch

Deformation on the Mean Yield Pressure. Journal of Pharmaceutical Sciences
88(7).

Chamsai B. and Sriamornsak P. (2013). Novel Disintegrating Microcrystalline
Cellulose Pellets with Improved Drug Dissolution Performance. Powder
Technology 233(0): 278-285.

Chen P., Yuan Z., Shen X. and Zhang Y. (2012). Flow Properties of Three Fuel
Powders. Particuology 10(4): 438-443.

Chi-Ying Wong and Anthony (2000). Characterisation of the Flowability of Glass

Beads by Bulk Densities Ratio. Chemical Engineering Science 55(18): 3855-
3850.

149


http://www.collectionscanada.gc.ca/obj/s4/f2/dsk3/SSU/TC-SSU-07032006115722.pdf
http://www.collectionscanada.gc.ca/obj/s4/f2/dsk3/SSU/TC-SSU-07032006115722.pdf

Coulomb C. A. (1776). Essai Sur Une Application Des Regles Des Maximis Et Minimis
a Quelquels Problemesde Statique Relatifs, a La Architecture [Test on an
Application of Rules of Maxima and Minima for Some Problems in Statics,
Relitive to Agreculture]. Memories de Mathematique et de Physique, Presentes,
A 1' Academie Royale des Sciences [Transactiona of Mathematics and Physics,
Presented at the Royal Academy of Sciences] 7: 343-387.

Debacqg M., Vitu S., Ablitzer D., Houzelot J.-L. and Patisson F. (2013). Transverse
Motion of Cohesive Powders in Flighted Rotary Kilns: Experimental Study of
Unloading at Ambient and High Temperatures. Powder Technology 245(0): 56-
63.

Decagon. (2009). Measuring Moisture Content Using Water Activity Retrieved 14 June,
2012, from http://www.agualab.com/assets/Uploads/AN-Measuring-Moisture-
Content-Using-Water-Activity.pdf.

Desai P. M., Liew C. V. and Heng P. W. S. (2013). Assessment of Disintegration of
Rapidly Disintegrating Tablets by a Visiometric Liquid Jet-Mediated
Disintegration Apparatus. International Journal of Pharmaceutics 442: 65-73.

ElShaer A., Hanson P. and Mohammed A. R. (2013). A Systematic and Mechanistic
Evaluation of Aspartic Acid as Filler for Directly Compressed Tablets
Containing Trimethoprim and Trimethoprim Aspartate. European Journal of
Pharmaceutics and Biopharmaceutics 83(3): 468-476.

Emery E., Oliver J., Pugsley T., Sharma J. and Zhou J. (2009). Flowability of Moist
Pharmaceutical Powders. Powder Technology 189(3): 409-415.

Enneti R. K., Lusin A., Kumar S., German R. M. and Atre S. V. (2013). Effects of
Lubricant on Green Strength, Compressibility and Ejection of Parts in Die
Compaction Process. Powder Technology 233(0): 22-29.

Fell J. T. and Newton J. M. (1970). Determination of Tablet Strength by the
Diametralcompression Test. Journal of Pharmaceutical Sciences 59: 688—691.

Fitzpatrick J. J., Barringer S. A. and Igbal T. (2004). Flow Property Measurement of
Food Powders and Sensitivity of Jenikes Hopper Design Methodology to the
Measured Values. Journal of Food Engineering 61: 399-405.

Furll C. and Hoffmann T. (2013). Flow Properties of Components for Dry Compound
Feed. Powder Technology 235(0): 838-841.

Ganesan V., Muthukumarappan K. and Rosentrater K. A. (2008). Flow Properties of
Ddgs with Varying Soluble and Moisture Contents Using Jenike Shear Testing.
Powder Technology 187(2): 130-137.

Garr J. S. M. and Rubinstein M. H. (1991). The Effect of Rate of Force Application on

the Properties of Microcrystalline Cellulose and Dibasic Calcium Phosphate
Mixtures. International Journal of Pharmaceutics 73(1): 75-80.

150


http://www.aqualab.com/assets/Uploads/AN-Measuring-Moisture-Content-Using-Water-Activity.pdf
http://www.aqualab.com/assets/Uploads/AN-Measuring-Moisture-Content-Using-Water-Activity.pdf

Gustavo V., Barbosa-Canovas, Enrique O.-R., Pablo J. and Hong Y. (2005). Food
Powders: Physical Properties, Processing, and Functionality. Kluwer
academic/Plenum publishers

Habib M. J. (2001). Parmaceutical Solid Dispersiontechnology. Technomic Publishing
Company, Inc.

Hadzovic E., Betz G., Hadzidedic s., EI-Arini S. K. and Leuenberger H. (2011).
Investigation of Compressibility and Compactibility Parameters of Roller
Compacted Theophylline and Its Binary Mixtures. International Journal of
Pharmaceutics 416(1): 97-103.

Hardy I. J., Cook W. G. and C.D. M. (2006). Compression and Compaction Properties
of Plasticised High Molecular Weight Hydroxypropylmethylcellulose (Hpmc) as
a Hydrophilic Matrix Filler. International Journal of Pharmaceutics 311: 26-32.

Hayes G. D. (1987). Food Engineering Data Handbook Longman Scientific and
Technical.

llkka J. and Paronen P. (1993). Prediction of the Compression Behaviour of Powder
Mixtures by the Heckel Equation. International Journal of Pharmaceutics 94:
181-187.

Isengard H.-D., Christine E. B., Aleksandra S., Sangsuk O., Huub L.M. LelieveldA2 -
Christine E. Boisrobert A. S. S. O. and Huub L. M. L. (2012). Chapter 6 - Water
Determination in Food. Ensuring Global Food Safety. Academic Press. 109-123.

Jain S. (1999). Mechanical Properties of Powders for Compaction and Tableting: An
Overview. Pharmaceutical Science & Technology Today 2(1): 20-31.

Jenike A. W. (1964). Storage and Flow of Solids, Bulletin No. 123. Bulletin of the
University of Utah 53(26).

Jivraj M., Martini L. G. and Thomson C. M. (2000). An Overview of the Different
Excipients Useful for the Direct Compression of Tablets. Pharmaceutical
Science &amp; Technology Today 3(2): 58-63.

Kamath S., Puri V. M. and Manbeck H. B. (1994). Flow Property Measurement Using
the Jenike Cell for Wheat Flour at Various Moisture Contents and Consolidation
Times Powder Technology 81: 293-297

Kamba M., Seta Y., Takeda N., Hamaura T., Kusai A., Nakane H. and Nishimura K.
(2003). Measurement of Agitation Force in Dissolution Test and Mechanical
Destructive Force in Disintegration Test. International Journal of Pharmaceutics
250(1): 99-1009.

151



Karehill P. G., Glazer M. and Nystrém C. (1990). Studies on Direct Compression of
Tablets. Xxiii. The Importance of Surface Roughness for the Compactability of
Some Directly Compressible Materials with Different Bonding and Volume
Reduction Properties. International Journal of Pharmaceutics 64(1): 35-43.

Kasa P., Bajdik J., Zsigmond Z. and Pintye-Hodi K. (2009). Study of the Compaction
Behaviour and Compressibility of Binary Mixtures of Some Pharmaceutical
Excipients During Direct Compression. Chemical Engineering and Processing:
Process Intensification 48(4): 859-863.

Kendall K. (1988). Theoretical Aspects of Solid-Solid Adhesion. Science Progress
(Oxford) 72: 155-171.

Littringer E. M., Noisternig M. F., Mescher A., Schroettner H., Walzel P., Griesser U. J.
and Urbanetz N. A. (2013). The Morphology and Various Densities of Spray
Dried Mannitol. Powder Technology 246(0): 193-200.

Liu L. X., Marziano I., Bentham A. C., Litster J. D., White E. T. and Howes T. (2013).
Influence of Particle Size on the Direct Compression of Ibuprofen and Its Binary
Mixtures. Powder Technology 240(0): 66-73.

Mahmoodi F., Klevan 1., Nordstrom J., Alderborn G. and Frenning G. (2013). A
Comparison between Two Powder Compaction Parameters of Plasticity: The
Effective Medium a Parameter and the Heckel 1/K Parameter. International
Journal of Pharmaceutics (0).

Mao C., Thalladi V. R., Kim D. K., Ma S. H., Edgren D. and Karaborni S. (2013).
Harnessing Ordered Mixing to Enable Direct-Compression Process for Low-
Dose Tablet Manufacturing at Production Scale. Powder Technology 239(0):
290-299.

Meeus L. (2011). Direct Compression Versus Granulation. Pharmaceutical Technology
Europe 23(3).

Millan M. and Caraballo I. (2006). Effect of Drug Particle Size in Ultrasound
Compacted Tablets: Continuum Percolation Model Approach. International
Journal of Pharmaceutics 310: 168-174.

Mills L. A. and Sinka I. C. (2013). Effect of Particle Size and Density on the Die Fill of
Powders. European Journal of Pharmaceutics and Biopharmaceutics 84(3): 642-
652.

Mohammed H., Briscoe B. J. and Pitt K. G. (2005). The Interrelationship between the
Compaction Behaviour and the Mechanical Strength of Pure Pharmaceutical
Tablets. Chemical Engineering Science 60(14): 3941-3947.

Mohammed H., Briscoe B. J. and Pitt K. G. (2006). A Study on the Coherence of

Compacted Binary Composites of Microcrystalline Cellulose and Paracetamol.
European Journal of Pharmaceutics and Biopharmaceutics 63(1): 19-25.

152



Munkholm L. J., Heck R. J. and Deen B. (2012). Soil Pore Characteristics Assessed
from X-Ray Micro-Ct Derived Images and Correlations to Soil Friability.
Geoderma (0): 22-29.

Nordstrém J., Persson A.-S., Lazorova L., Frenning G. and Alderborn G. (2013). The
Degree of Compression of Spherical Granular Solids Controls the Evolution of
Microstructure and Bond Probability During Compaction. International Journal
of Pharmaceutics 442: 3-12.

Nystrom, G. Alderborn and Duberg M. (1993). Bonding Surface Area and Bonding
Mechanism-Two Important Factors Fir the Understanding of Powder
Comparability. Drug Development and Industrial Pharmacy 19: 2143-2196.

Odeku A. O. and Akinwande L. B. (2012). Effect of the Mode of Incorporation on the
Disintegrant Properties of Acid Modified Water and White Yam Starches. Saudi
Pharmaceutical Journal 20(2): 171-175.

Olu-Owolabi B. I., Afolabi T. A. and Kayode O. A. (2010). Effect of Heat Moisture
Treatment on the Functional and Tabletting Properties of Corn Starch. African
Journal of Pharmacy and Pharmacology 4(7): 498-510.

Opalinski 1., Chutkowski M. and Stasiak M. (2012). Characterizing Moist Food-Powder
Flowability Using a Jenike Shear-Tester. Journal of Food Engineering 108(1):
51-58.

Patel S., Kaushal A. M. and Bansal A. K. (2011). The Effect of Starch Paste and
Sodium Starch Glycolate on the Compaction Behavior of Wet Granulated
Acetaminophen Formulations. Journal of Excipients and Food Chemicals 2(No.
3): 64-72.

Peiponen K. E., Silfsten P., Pajander J. and Ketolainen J. (2013). Broadening of a Thz
Pulse as a Measure of the Porosity of Pharmaceutical Tablets. International
Journal of Pharmaceutics 447: 7-11.

Persson A.-S. and Frenning G. (2013). The Influence of Rolling Friction on the Shear
Behaviour of Non-Cohesive Pharmaceutical Granules - an Experimental and
Numerical Investigation. European Journal of Pharmaceutical Sciences 49(2):
241-250.

Pitt K., Sinka C., A.D. Salman M. J. H. and Seville J. P. K. (2007). Chapter 16

Tabletting. Handbook of Powder Technology. Elsevier Science B.V. Volume
11: 735-778.

Podczeck F. (1998). Particle-Particle Adhesion in Pharmaceutical Powder Handling
Imperical College press.

153



Podczeck F. (2012). Methods for the Practical Determination of the Mechanical
Strength of Tablets-from Empiricism to Science. International Journal of
Pharmaceutics (0).

Ramreiz N., Melgoza L. M., Kuentz M., Sandoval H. and Caraballo 1. (2004).
Comparison of Different Mathematical Models for the Tensile Strength—
Relative Density Profiles of Binary Tablets. European Journal of Pharmaceutical
Sciences 22: 19-23.

Rehula M., Adamek R. and Spacek V. (2012). Stress Relaxation Study of Fillers for
Directly Compressed Tablets. Powder Technology 217(0): 510-515.

Riippi M., Antikainen O., Niskanen T. and Yliruusi J. (1998). The Effect of
Compression Force on Surface Structure, Crushing Strength, Friability and
Disintegration Time of Erythromycin Acistrate Tablets. European Journal of
Pharmaceutics and Biopharmaceutics 46(3): 339-345.

Riley G. S., Mann S. and Jesse R. O. (1978). Angle of Repose of Cohesive Powders.
Powder & Bulk Solid Technology 2(4): 15-18.

Riley R. E. and Hausner H. H. (1970). Effect of Particle Size Distribution on the
Friction in a Powder Mass. International Journal of Powder Metallurgy 6(1): 17-
22.

Santl M., llic I, Franc V. and Baumgartner S. (2011). A Compressibility and
Compactibility Study of Real Tableting Mixtures: The Impact of Wet and Dry
Granulation Versus a Direct Tableting Mixture. International Journal of
Pharmaceutics 414: 131-1309.

Sarraguca M. C., Cruz A. V., Soares S. O., Amaral H. R., Costa P. C. and Lopes J. A.
(2012). Determination of Flow Properties of Pharmaceutical Powders by near
Infrared Spectroscopy. Journal of Pharmaceutical and Biomedical Analysis
52(4): 484-492.

Saw H. Y., Davies C. E., Jones J. R., Brisson G. and Paterson A. H. J. (2013). Cohesion
of Lactose Powders at Low Consolidation Stresses. Advanced Powder
Technology (0).

Schulze D. (2006). Flow Properties of Powders and Bulk Solids. Retrieved 12 April,
2012, from http://dietmar-schulze.de/grdlel.pdf.

Scieszka S. F. and Adamecki D. (2013). The Importance of Wall Friction between
Particulate Solids and Elastomeric Belt. Powder Technology 245(0): 199-207.

Shang C., Sinka I. C., Jayaraman B. and Pan J. (2013). Break Force and Tensile

Strength Relationships for Curved Faced Tablets Subject to Diametrical
Compression. International Journal of Pharmaceutics 442: 57-64.

154


http://dietmar-schulze.de/grdle1.pdf

Shariare M. H., de Matas M., York P. and Shao Q. (2013). The Impact of Material
Attributes and Process Parameters on the Micronisation of Lactose
Monohydrate. International Journal of Pharmaceutics 408: 58-66.

Sinka 1. C., Motazedian F., Cocks A. C. F. and Pitt K. G. (2009). The Effect of
Processing Parameters on Pharmaceutical Tablet Properties. Powder Technology
189(2): 276-284.

Sinka I. C., Pitt K. G., Cocks A. C. F., Agba D. Salman M. G. and Michael J. H. (2007).
Chapter 22 the Strength of Pharmaceutical Tablets. Handbook of Powder
Technology. Elsevier Science B.V. Volume 12: 941-970.

Staniforth J. N. and Aulton M. E. (2007). Powder Flow. The Design and Manufacture of
Medicines Aulton, M. E., ELSEVER. 168-179.

Sune Negre J. M., Perez-Lozano P., Roig M., Fuster R., Hernandez C., Ruhi R., Garcia-
Montoya E., Miarro M. and Tico J. R. (2013). Optimization of Parameters of the
Sedem Diagram Expert System: Hausner Index (lh) and Relative Humidity
(%Rh). European Journal of Pharmaceutics and Biopharmaceutics 79(2): 464-
472.

Takeuchi H., Nagira S., Yamamoto H. and Kawashima Y. (2004). Die Wall Pressure
Measurement for Evaluation of Compaction Property of Pharmaceutical
Materials. International Journal of Pharmaceutics 274: 131-138.

Tips P. (2011). Introduction of Direct Compression Tablet. Retrieved 5 May, 2012,
from
http://pharmatips.doyouknow.in/Articles/Pharmaceutics/Tablet/Introduction-Of-
Direct-Compression-Tablet.aspx.

Twitchell A. M. (2007). Mixing. The Design and Manufacture of Medicines ELSEVER.
152-167.

Uddhav B. S. (2006). Despite Increasing Interest in Controlled-Release Drug Delivery
Systems, the Most Common Tablets Are Those Intended to Be Swallowed
Whole and to Disintegrate and Release Their Medicaments Rapidly in the
Gastrointestinal Tract (Git). Retrieved 14 October, 2012, from
http://www.pharmainfo.net/reviews/current-status-tablet-disintegrantsa-review.

Van Veen B., Pajander J., Zuurman K., Lappalainen R., Poso A., Frijlink H. W. and
Ketolainen J. (2005). The Effect of Powder Blend and Tablet Structure on Drug
Release Mechanisms of Hydrophobic Starch Acetate Matrix Tablets. European
Journal of Pharmaceutics and Biopharmaceutics 61(3): 149-157.

Van Veen B., Van der Voort Maarschalk K., Bolhuis G. K., Zuurman K. and Frijlink H.
W. (2000). Tensile Strength of Tablets Containing Two Materials with a
Different Compaction Behaviour. International Journal of Pharmaceutics 203(1-
2): 71-79.

155


http://pharmatips.doyouknow.in/Articles/Pharmaceutics/Tablet/Introduction-Of-Direct-Compression-Tablet.aspx
http://pharmatips.doyouknow.in/Articles/Pharmaceutics/Tablet/Introduction-Of-Direct-Compression-Tablet.aspx
http://www.pharmainfo.net/reviews/current-status-tablet-disintegrantsa-review

Vasilenko A., Glasser B. J. and Muzzio F. J. (2011). Shear and Flow Behavior of
Pharmaceutical Blends a Method Comparison Study. Powder Technology
208(3): 628-636.

Vassileva E. and Quetel C. R. (2008). Influence of the Correction for Moisture/Water
Content on the Quality of the Certification of Cadmium, Copper and Lead Mass
Fractions in Rice. Food Chemistry 106(4): 1485-1490.

Wu C.-Y. and Seville J. P. K. (2009). A Comparative Study of Compaction Properties
of Binary and Bilayer Tablets. Powder Technology 189(2): 285-294.

Wu C. Y., Ruddy O. M., Bentham A. C., Hancock B. C., Best S. M. and Elliott J. A.
(2005). Modelling the Mechanical Behaviour of Pharmaceutical Powders During
Compaction. Powder Technology 152: 107-117.

Wu M. R., Schott D. L. and Lodewijks G. (2011). Physical Properties of Solid Biomass.
Biomass and Bioenergy 35(5): 2093-2105.

Yuan J., Shi L., Sun W.-J., Chen J., Zhou Q. and Sun C. C. (2013). Enabling Direct
Compression of Formulated Danshen Powder by Surface Engineering. Powder
Technology 241(0): 211-218.

Yusof Y. A., Abdul Hamid A. A., Ahmad S., Abdul Razak N., Ling C. N. and
Mohamed S. (2011). A Comparison of the Direct Compression Characteristics
of Andrographis Paniculata, Eurycoma Longifolia Jack, and Orthosiphon
Stamineus Extracts for Tablet Development. New Tribological Ways.

Zou Y., Brusewitz, G.H., (2002). Flowability of Uncompacted Marigold Powder as
Affected by Moisture Content. Journal of Food Engineering 55: 165-171.

156



	MECHANICAL CHARACTERISTICS OF TABLETTED BINARY AND TERTIARY PHARMACEUTICAL EXCIPIENT MIXTURES
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



