
UNIVERSITI TEKNOLOGI MARA 

THE INFLUENCE OF ZINC 
INCORPORATION ON THE 

PHYSICOCHEMICAL PROPERTIES 
OF ZINC DOPED CALCIUM 

PHOSPHATE 

MOHAMAD FIRDAUS BIN ABDUL WAHID 

Thesis submitted in fulfilment 
of the requirements for the degree of 

Master of Science 

Faculty of Mechanical Engineering 

June 2016 



AUTHOR’S DECLARATION

I declare that the w ork in this thesis was carried out in accordance w ith the regulations 

o f  U niversiti T eknologi M ARA. It is original and is the results o f  m y ow n work, 

unless otherw ise indicated or acknow ledged as referenced work. This thesis has not 

been subm itted to any other academ ic institution or non-academ ic institution for any 

degree or qualification.

I, hereby, acknow ledge that I have been supplied w ith the A cadem ic Rules and 

R egulations for Post G raduate, U niversiti Teknologi M A RA , regulating the conduct o f  

m y study and research.

N am e o f  S tudent 

S tudent I.D. No.

Program m e

Faculty  

Thesis T itle

S ignature o f  Student 

Date

M oham ad Firdaus bin A bdul W ahid 

2013601488

M aster o f  Science (M echanical Engineering) -  

EM 750

M echanical Engineering 

The Influence o f  Z inc Incorporation on The 

Physicochem ical Properties o f  Zinc D oped 

C alcium  Phosphate

June 2016



ABSTRACT

Calcium  phosphate ceram ics have generated grow ing interest in biom edical 
applica tions because o f  the biocom patibility  properties. H ow ever, calcium  phosphate 
ceram ics are not identical enough com pared to the m ineral com ponents o f  hum an 
bone and teeth. It is observed that bone consists o f  various substituted ions. Thus, 
ionic substitu tions have been proposed to m im ic the bone chem ical com position. Ionic 
substitu tion  can alter the chem ical and physical characteristics o f  calcium  phosphate 
ceram ics. In addition, having hydroxyapatite and P-tricalcium  phosphate as biphasic 
m ixture is favourable for biom edical applications such as bone defect repair. In this 
study, several zinc concentrations (0, 5, 10 and 15 m ol% ) w ere substituted and the 
characteristics such as phase com position, crystallinity  (the fraction o f  com pletely 
crysta llised  phase), crystallite size (single crystal size), lattice param eters and particle 
size o f  the as-synthesized  sam ples w ere evaluated. The resu lt show s w ith increased 
zinc content, the X R D  peaks w ere broadening, the lattice param eters w ere decreased, 
the crysta llite  size and crystallinity  o f  the as-synthesized  sam ples w ere also decreased. 
Then, based  on  therm ogravim etric  analysis, the as-synthesized sam ples w ere calcined 
at several ca lcination  tem peratures (600, 700, 800, 900, 1000 °C) to  identify the 
suitable biphasic m ixture ratio. In calcination process, hydroxyapatite phase in all 
sam ples w as stable at 600 °C and started to  decom pose into P-tricalcium  phosphate at 
700 °C. C alcination  tem perature at 700°C w as chosen as pre-sintering tem perature 
since hydroxyapatite  phase w as the dom inant phase for zinc substituted calcium  
phosphate ceram ics. The effects o f  sintering tem peratures from  900 to 1100 °C on the 
sam ples in term s o f  phase stability, physical and m echanical properties were 
determ ined. The sintered sam ples show ed an increase in  P -tricalcium  phosphate phase 
in all sam ples and form ation o f  a-tricalcium  phosphate phase in sintering tem perature 
o f  1100 °C. A n increase in density w as observed in  all sam ples as sintering 
tem perature increased. 5 m ol%  zinc substituted show ed the highest density  value o f  
2.94 g /cm 3 at the sintering tem perature o f  1000 °C w hile the com pressive strength was 
found to be h igher at 112 M Pa and the hardness value at 2.0 GPa. The hardness value 
and com pressive strength decreased w ith further increase in zinc content at the same 
sintering tem perature. This study dem onstrated that the properties o f  calcium  
phosphate can be tailored  by ionic substitution and affected the calcination and 
sintering behav iour process.
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CHAPTER ONE 

INTRODUCTION

In this chapter, it covers the background o f  the study, problem  statem ent and 

research objectives that give the fram ew ork for th is thesis. Then, the scope o f  this 

study is d iscussed  and follow ed by the significance o f  this study and lastly the thesis 

outline.

1.1 B A C K G R O U N D  O F T H E  RESEA R C H

Bone is a com plex living tissue know n as hard tissue w hich has a sophisticated 

structure. The bones and skeleton system  serve an  im portant role in protecting vital 

organs and also provide support and m ovem ent. B one consists o f  inorganic minerals, 

organic soft com posite organised together by a structural fram ew ork. Bone is m ade up 

o f  69 w t%  o f  biom ineral constituents in protein m atrix, 22 w t%  o f  organic 

constituents and 8 w t%  o f  w ater [1 ,2 ] . There are tw o types o f  bone structures know n 

as a  cortical and cancellous bone. Cortical bone also know n as com pact bone w hich 

form s the outer shell o f  m ost bones while cancellous bone know n as spongy bone 

w hich fills the in terior o f  the bone as show n in Figure 1.1.

Figure 1.1: The typical bone structure categorise at different length scales [3]

Bone is vu lnerable to fractures due to dam age and deteriorating.diseases w hich 

is frequently related to ageing. Thus, there has alw ays been a  need, for the repair o f

1
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