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ABSTRACT

The conventional powder flow testers require sample volumes larger than 40g and are
met with experimental hiccups due to powder cohesion. In this study, gas-pressurized
dispersive powder flow tester uses high velocity air to disaggregate powder (9 g) and
eliminate its cohesion. The pressurized gas entrained solid particles leaving an orifice
where the distance, surface area, width and weight of particle dispersion thereafter are
determined as flow index. The flow indices of seven lactose grades with varying size,
size distribution, shape, morphology, bulk and tapped densities characteristics were
examined and compared against Hausner ratio (HR) and Carr’s index (CI) which were
chosen as standard parameters throughout this thesis. Both distance and surface area
attributes of particle dispersion had significant negative correlations with HR and CI
values of lactose and varied with powder physical characteristics. Further, this study re-
invented gas-pressurized powder dispersibility tester (9 g) to accommodate a lower test
sample mass (2 g). Powder contact surfaces with smooth, diffuse and dense asperities
were designed as rough surface was foreseen to result in cohesive powder exhibiting
poorer dispersibility thereby allowing differentiation from free-flowing powder. Using
smooth-surface variant, the powder dispersive distance and in particularly surface area
were correlatable to HR/CI to a greater extent with 2 g than 9 g load while dense
asperities surface shows insignificant correlations with HR/CI as a result of powder
shearing against the asperities into less aggregative particles which were not reflective
of those in HR/CI tests. Due to large test space required in dispersive mode, impact
chamber was established where the test powder bed was weight-impacted to produce
impact crater and ejecta, and imaged quantitatively to produce parameters crater
profiling signature, regional topography, Otsu threshold and edge segmentation. The
crater signature profiling and regional topography were correlated to HR, CI, dispersive
distance and surface area. A poorer powder flow was characterized by higher values of
crater signature profiling, regional topography, HR, CI, and lower dispersive distance
and surface area. The gas- pressurized dispersive and non-dispersive impact technology
demonstrated comparable powder flow characterization performances to HR and CI
methods using 2 g to 9 g of test sample. It enables the flow properties of powder with

varying degrees of flowability to be characterized using a small sample size.



ACKNOWLEDGEMENT

Firstly, I wish to thank God for giving me the opportunity to embark on my PhD and
for completing this long and challenging journey successfully. My gratitude and thanks
go to my supervisor Prof. Dr. Wong Tin Wui, and co-supervisor, Assoc. Prof. Dr. Mohd
Hezri Bin Fazalul Rahiman. Thank you for the support, patience and ideas in assisting
me with this project. I also would like to express my gratitude to the staff of the Faculty
Pharmacy and Non-destructive Biomedical and Pharmaceutical Research Centre, Smart
Manufacturing Research Institute for providing the facilities, knowledge and assistance.
My appreciation goes to my colleagues and friends for helping me with guidance and
morale support with this project.

Finally, this thesis is dedicated to my father, mother, husband and families for their
never-ending support and determination to educate me. This piece of victory is
dedicated to all of you. Alhamdulillah.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR’S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATION

CHAPTER ONE: INTRODUCTION
1.1 Background of Study

1.2 Problem Statement

1.3 Research Objectives

1.4  Research Scope and Limitations

1.5 Organization of Thesis

CHAPTER TWO: LITERATURE REVIEW
2.1 Importance of powder Flow in Industries
2.1.1 Importance of Powder Flow in Pharmaceutical Industries
2.2 Understanding Powder Flowability and Compactibility
2.2.1 Powder Properties Affecting Flowability
2.2.1.1 Particle Size and Shape
2.2.1.2 Surface Morphology
2.2.1.3 Forces of Interaction
2.3 Powder Flow Indicator Used in Industries
2.3.1 Shear Strength
2.3.2  Density

Vi

Page
ii
iii

iv

vi

xii

XV

Xvi

[ T N S O S T

o N N &

13
16
16
20
20
23



