Synthesis and Characterization of Hydroxyapatite From
Waste Natural Resources

Thesis submitted in partial fulfillment for the
Award of Degree
Doctor of Philosophy

By

Gagan Bansal

DEPARTMENT OF MECHANICAL ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY (BHU) VARANASI
INDIA

Roll No. 21131018




CERTIFICATE

e

It is certified that the work contained in the thesis titled “Synthesis and

Characterization of Hydroxyapatite From Waste Natural Resources” by -

GAGAN BANSAL has been carried out under our supervision and that this work

has not been submitted elsewhere for a degree.

It is further certified that the student has fulfilled all the requirements of

Comprehensive Examination, Candidacy, and SOTA for the award of Ph.D.

Degree.

Supervisor
(Prof. R K Gautam)

Mechanical Engineering Dept.

IIT (BHU) Varanasi, India

c

Co-Supervisor

(Dr. J P Misra)

Mechanical Engineering Dept.
IIT (BHU) Varanasi, India

Page | i



DECLARATION BY THE CANDIDATE
e

I, GAGAN BANSAL certify that the work embodied in this thesis is my own

bonafide work and carried out by me under the supervisioh of Prof. R K Gautam
and Dr. J P Misra from July 2021 to June 2024, at the Department of
Mechanical Engineering, Indian Institute of Technology (BHU) Varanasi,
India. The matter embodied in this thesis has not been submitted for the award
of any other degree/diploma. I declare that I have faithfully acknowledged and
given credits to the research workers wherever their works have been cited in my
work in this thesis. I further declare that I have not wilfully copied any other’s
work, paragraphs, text, data, results, etc., reported in journals, books, magazines, .

reports dissertations, theses, etc., or available at websites and have not included

them in this thesis and have not cited as my own work.
Date: ///06/2029 | %

e
—

Place: Varanasi (GAGAN BANSAL)

CERTIFICATE BY THE SUPERVISORS

It is certified that the above statement made by the student is correct to the best

O’W Qo

Co-Supervisor

of our knowledge.

(Prof. R K Gautam) Dr. J P Misra
Mechanical Engineering Dept. Mechanical Engineering Dept.
IIT (BHU) Varanasi, India IIT (BHU) Varanasi, India

Signatg}kﬁead of Department




COPYRIGHT TRANSFER FORM
%_\

Title of the Thesis: Synthesis and Characterization of Hydroxyapatite From

Waste Natural Resources

Name of the Student: GAGAN BANSAL

Copyright Transfer

The undersigned hereby assigns to the Indian Institute of Technology (Banaras
Hindu University), Varanasi all rights under copyright that may exist in and for

the above thesis submitted for the award of the Doctor of Philosophy.

Date: Il/Oé/lOZ_L/ | %
er———

Place: Varanasi (Gagan Bansal)

Note: However, the author may reproduce or authorize others to reproduce
material extracted verbatim from the thesis or derivative of the thesis for author's
personal use provided that the source and the Institute's copyright notice are

indicated.

Page | iii



ACKNOWLEDGEMENT

The author is pleased to express his sincere thanks and gratitude beyond words
to his supervisor, Prof. R K Gautam, Professor, Mechanical Engineering Dept., IIT
(BHU) Varanasi and co-supervisor, Dr. J P Misra, Assistant Professor, Mechanical
Engineering Dept., [IT (BHU) Varanasi for their consistent help, encouragement and
valuable discussions during the entire period of his research work. The author would
not have been able to complete the thesis without their utmost involvement and
invaluable efforts.

Most affectionately, the author would like to thank Prof. Kamal Ghanshala,
Founder and Chairman of Graphic Era Educational Society for providing initial push
and support in everything desired for career enhancement. The dream of pursuing PhD
would have never been transformed into reality without the kind support and
motivation of Ghanshala sir. The author also feels delighted to thank Prof. H N
Nagaraja, Pro Vice-Chancellor, GEU for providing all kinds of moral and logical
support whenever desired during the admission process.

Besides supervisors, the author would like to thank his RPEC members, Dr. M
R Majhi, Associate Professor, Ceramic Engineering Dept., I[IT (BHU) Varanasi and
Dr. Pawan Sharma, Assistant Professor, Mechanical Engineering Dept., IIT (BHU)
Varanasi for their insightful comments and encouragement. The author acknowledges
his deep sense of gratitude to Prof. S Kumar, HOD, Mechanical Engineering Dept.,
IIT (BHU) Varanasi and Prof. A P Harsha, Professor and Ex. HOD, Mechanical
Engineering Dept., IIT (BHU) Varanasi for providing all the research facilities to
accomplish his research in the department successfully. The author feels very delighted

to express his sense of gratitude to Dr. Abhilasha Mishra, Associate Professor,

Page | iv



Chemistry Department, Graphic Era (Deemed to be University), Dehradun for her
technical advice, research motivation and kind support.

The author is grateful to all his friends especially Lalit, Abhay, Sankata,
Govind, Rupesh, Gulshan, Rohit Jha, Vishwajeet, Mayank, Rajneesh, Durgesh,
Ankit and Aakansha. The author would also like to thank the seniors Dr. Chandra
Kishore, Dr. Pushpendra, Dr. Anurag Pandey, Dr. Dileep Pathote, Dr. Nitish
Mehto, Dr. Adarsh, and Dr. Pankaj Singh for their constant encouragement, making
a joyful and memorable life with them in moments of joy and complexities.

The author is also thankful to all the lab and office staff of the department,
especially Patel ji, Harishankar ji, Rai ji, Satya Prakash ji, Anil ji, Jay ji, Manas
ji, Naveen, Rohit, Akash and Abhishek.

The author would like to special mention his wife. Dr. Vartika Agarwal for
keeping him motivated and bearing all the uneven disasters during his Ph.D. tenure.
The author would like to thank his parents Mr. Kamlesh Bansal and Mrs. Rachna
Bansal for their priceless blessings, without which it was impossible to pursue the
education. The author would like to thank his elder brother Mr. Nitin Bansal, sister-
in-law Himani Bansal, sister Sneha Agarwal, brother-in-law Mr. Pankaj Agarwal
and niece-nephews Niti, Akshat, Sanvika and Akshita Agarwal for being by his side
all the time. The author also wishes to thank all those who have helped in any manner
during the course of his research work. At last, thanks to the almighty God Baba
Bajrangbali, Baba Kashivishwanath Ji and Mata Saraswati Ji who have given the

spiritual support and courage to carry out this work.

(GAGAN BANSAL)

Page | v



LIST OF ABBREVIATIONS/SYMBOLS

Symbol

u
°C
p
A
SEM
BTSEM
XRD
FTIR
EDS
ICPMS

20

Meaning

Coefficient of friction

Degree Celsius

Density

Angstrom

Scanning electron microscopy

Bench Top Scanning electron microscopy
X-ray diffraction

Fourier Transform Infrared Spectroscopy
Energy-dispersive X-ray spectroscopy

Inductively coupled plasma mass
spectrometry
Atomic force microscopy

Vickers Hardness Number
Maximum Compressive Strength
Contact Angle

Surface free energy
Hydroxyapatite

Poly (Methyl Methacrylate)
Silver

Silver-doped Hydroxyapatite
Silver Nitrate

Sodium Hydroxide

Gram

Hour

Incident angle

Two- theta

Integer representing order of the diffraction

Page | vi



d . Interplanar spacing

K . Kelvin
MPa . Mega Pascal
GPa . Giga Pascal
pum . Micrometer
min . Minute
N . Normal load
% . Percentage
rpm . Revolution per minute
mL . Millilitre
m . Sliding distance
S : Sec
T . Temperature
A% . Volume loss
A . Wavelength of the X-ray
K . Wear coefficient
W : Wear volume loss
wt.% . Weight percentage
Sq : Root mean square roughness (3D)
Sa . Average surface roughness (3D)
Rq : Root mean square roughness (2D)
Ra . Average surface roughness (2D)
APS . Average particle size

Page | vii



LIST OF FIGURES

Fig. 1.1. Composition of Eggshell...........cccoooiiiiiiiieiiieeeeee e 3
Fig. 1.2. Crystal Structure of Hydroxyapatite (Caio(PO4)s(OH)2) ....veevveveeveerieenrennee. 4
Fig. 1.3. Applications of Hydroxyapatite material .............cccceerviieinciieniieeiee e 7

Fig. 2.1. (a) Yearwise, (b) subjectwise, and (c) countrywise number of publications on
“synthesis of hydroXyapatite™..........ccoviiiiiiieiiie et e e eseae e 14
Fig. 2.2 (a) Overlay visualization, (b) Network visualization, and (c) Density
visualization of the co-authorship analysis based on countrywise unit...................... 16
Fig. 2.3. (a) Overlay visualization, (b) network visualization, and (c) density
visualization of the co-occurrence analysis of keywords related to “synthesis of
NYATOXYAPALILE™ ....eeiiiiiieeie ettt ettt ettt et e e et eesaeeebeeeeeas 17
Fig. 2.4. Synthesis methods for biocompatible Hydroxyapatite ............ccceeereuennenee. 20
Fig. 2.5. Experimental parameters, synthesis, application, and morphology of
NANOCTYSTAl HAD [57] coeiiieiieeee e 26
Fig. 2.6. Flowchart of the current study .........c.ccoceviininiiniinieeee, 44

Fig. 3.1. Final prepared samples of hydroxyapatite synthesized for 6, 12, 18 and 24 h

Fig. 3.2. Step by step methodology for HAp preparation ..........ccccceceeevveeerieeennenns 48
Fig. 3.3. Systematic representation of Step by step synthesis of siver- doped
RYATOXYAPALILE ....eeeiiieeiiie ettt e et e e sebe e e enreeenaaeesenseeenneeas 50
Fig. 3.4. Enlarged image for the chemical synthesis of silver-doped HAp............... 51
Fig. 3.5. Prepared HAP0.0Ag, HAPO.1Ag, HAP0.2Ag and HAPO.5Ag powder
T 1010 (1 USRS 51

Fig. 3.6. Schematic diagram of composite sample preparation.............ccceeeeveerennennns 53

Page | xii



Fig. 3.7. Samples with a coating of PMMA/Ag-Doped Eggshell Derived HAp on

Ti6Al4V (a) immediately after coating and (b) after 24 hours of coating................... 55
Fig. 3.8. Various characterizations performed in the current thesis............c.cceeeeuveennn. 56
Fig. 3.9. Schematic Diagram to determine Angle of Repose .........ccccveevevvievciieennenns 59
Fig. 3.10. Details of bacteria samples used for antibacterial characterization ........... 65

Fig. 4.1 (a) Systematic workflow for synthesis of optimized hydroxyapatite from
waste eggshell, and (b) schematic experimental setup for simultaneous preparation of
four SAMPIES OF HAD ....eiiiiieeeeeee et earee e 71
Fig. 4.2. Schematic of eggshell composition and Energy Dispersive X- Ray
Spectroscopy of crushed eggshell...........coooiiviiiiiiiiiiiiccece 75
Fig. 4.3. XRD Spectra (a) Cleaned crushed eggshell, (b) eggshell calcinated at 200 °C,
(c) 450 °C, (d) 650 °C, () 900 °C (during multistage calcination), (f) 1150 °C, (g) direct
calcination to 900 °C, (h) pure CaCO3, and (i) pure CaO..........cocoevevrrrrererererrnnne. 77
Fig. 4.4 (a) Experimental, theoretical, powder bulk and powder tap density, (b)
Hausner’s Ratio and Carr Index, (c) Angle of repose, and (d) Relative density and
porosity percentage of eggshell-derived HAp at different stirring timings ................ 79
Fig. 4.5. Scanning Electron Morphology of (a) Crushed Eggshell, (b) Eggshell powder
calcinated at 900°C, (c) HAPO6HTr, (d) HAP12Hr, (e) HAP18Hr and (f) HAP24Hr .81
Fig. 4.6. SEM images to diagnose the particle size of (a) HAPO6Hr, (b) HAP12Hr, (c)
HAPI8Hr and (d) HAP24HT .......ccoiiiieeeeeee ettt 81
Fig. 4.7. Particle Size Analysis using Histogram graph of hydroxyapatite (a)
HAPO6HT, (b) HAP12Hr, (c) HAP18Hr and (d) HAP24HTr ....c.oovvvviiiiiiiiiieee, 82
Fig. 4.8. SEM- Energy Dispersive Spectroscopy of the hydroxyapatite (a) HAPO6HTr,

(b) HAP12Hr, (¢) HAP18Hr and (d) HAP24HT .......oooooiieiiieeeeeeeeeeee e, 83

Page | xii1



Fig. 4.9. X-Ray Diffractogram of the synthesized hydroxyapatite (a) HAPO6HTr, (b)
HAP12HTr, (c) HAP18Hr and (d) HAP24HT .......ccoooiiieieeeeeeeeeeee e 84
Fig. 4.10. Crystallite Size (in A) of the synthesized hydroxyapatite (a) HAPOG6HT, (b)
HAP12Hr, (c) HAP18Hr and (d) HAP24Hr samples.........ccocveeeiiieeiieeeiieeciee e 86
Fig. 4.11. Lattice Strain (%) of the synthesized hydroxyapatite (a) HAPO6Hr, (b)
HAP12Hr, (c) HAP18Hr and (d) HAP24Hr samples.........ccccveeeieieecieeeniieeeiee e 87
Fig. 4.12. Fourier Transform Infrared Spectroscopy (FTIR) of the eggshell-derived
hydroxXyapatite SAMPIES .......ccueeeiieriiiiieiie ettt et 88
Fig. 4.13. Contact angle of eggshell-derived HAp at different stirring timings........ 90
Fig. 4.14. Water absorption percentage of eggshell-derived HAp for 6 days ........... 91
Fig. 4.15. (a) Compressive stress v/s strain diagram, and (b) Maximum compressive
strength and young modulus of eggshell-derived HAp at different stirring timings.93

Fig. 4.16. Vickers microhardness of eggshell-derived HAp at different stirring timings

Fig. 4.17. Thermogravimetric Analysis of HAp at different stirring timings............. 96
Fig. 5.1 (a) Density (b) Hausner Ratio and Carr's Index, (c) Angle of repose and (d)
Relative density and porosity percentage of HAP0.0Ag, HAP0.1Ag, HAP0.2Ag and
HAPO.SAZ SAMPIES ...ceveinriiiiiiieiiiieeeee ettt 98
Fig. 5.2. Compression Test (a) Stress-Strain curve (b) Maximum Compressive
Strength and Young Modulus for silver doped HAp samples ........c..ccceeceineeiennee 102
Fig. 5.3. Benchtop SEM morphology of the samples after compression test (a)
HAPO0.0Ag (b) HAPO.1Ag, (c) HAP0.2Ag, and (d) HAp 0.5Ag ...ovviriiviiriiie 102
Fig. 5.4. Vickers microhardness of eggshell-derived silver-doped hydroxyapatite

SF 3101 o) (USRS PSRRUR 103

Page | xiv



Fig. 5.5. Scanning Electron Micrographs of (a) HAP0.0Ag, (b) HAPO.1Ag, (c)
HAPO.2Ag and (d) HAPO.5Ag powder at 10K magnification ............ccccceeeeveeennnen. 105
Fig. 5.6. Particle size analysis using Histogram graph of (a) HAPO0.0Ag, (b)
HAPO.1Ag, (c) HAP0.2Ag and (d) HAPO.5AZ samples.......ccccccvvveecrveeecrieenrieennnen. 106
Fig. 5.7. SEM- Energy Dispersive Micrographs of (a) HAP0.0Ag, (b) HAPO0.1Ag, (c)
HAPO.2Ag and (d) HAPO.SAZ c..oovieieeeeeeeee et 107
Fig. 5.8. FTIR spectra of HAP0.0Ag, HAPO.1Ag, HAP0.2Ag and HAPO0.5Ag
POWAETEA SAMPIES ....eeeeiiieiiiecciee ettt et e e et e e e e e beeesebeeeenseeennns 109
Fig. 5.9. XRD spectra of HAP0.0Ag, HAPO.1Ag, HAP0.2Ag and HAPO0.5Ag
POWAETEA SAMPIES ....eeeiiiieiiiicciee ettt e et e e e e e e bee e sabeeeenseeeeens 111
Fig. 5.10. Diameter of Inhibition for Waste Eggshell Derived Silver Doped
Hydroxyapatite samples under (a and al) S. Epidermidis, (b and b1) P. Aeruginosa (c
and cl) E. Coli, (dand d1) E. Coli DH5a (e and e1) S. Aureus, and (fand f1) B. Subtilis
bacterial culture after 24 hours of incubation .............cccceeviieiieniiiiiiieceeee 112

Fig. 5.11. Water Absorption (%) of silver-doped hydroxyapatite composite with time

() e ettt et a e 115
Fig. 5.12. Contact angle of silver doped hydroxyapatite............ccceevervierernenucnnnnn 115
Fig. 5.13. Surface free energy of the silver-doped HAp......ccccoceriiiiriiniininiinne 117

Fig. S5.14.(a) Thermal Gravimetric Analysis (TGA) and (b) Derivative
Thermogravimetric (DTG) Curve of eggshell-derived silver-doped HAp................ 119

Fig. 6.1. FTIR spectrum of PMMA/HO, PMMA/H10, PMMA/HI15 and PMMA/H20

COATIME ..ttt eite ettt et ettt et e et e e bt e e tteesbeessbeenbeeesbeenseessseenseessseenseeasbeensaessseenseansnennseas 122
Fig. 6.2. XRD spectra of Silver-doped eggshell-derived hydroxyapatite................. 123
Fig. 6.3. SEM images of the Dip coated samples at 3000x magnification............... 124

Page | xv



Fig. 6.4. Macrograph, 2D and 3D topography of scratch test images on (a) PMMA/HO,
(b) PMMA/H10, (c) PMMA/H15, and (d) PMMA/H20 coated samples................. 127
Fig. 6.5. Micrograph representing coating thickness of (a) PMMA/HO, (b)
PMMA/HI10, (c) PMMA/HI15 and (d) PMMA/H20 on Ti6Al4V substrate, and (e)
average Ccoating thiICKNESS .......c.uiiiiiieiiii et 128
Fig. 6.6. Contact angle measurement on coated and uncoated samples using water and
Diiodomethane droplet...........cuveiuiiiiiiiieiieeeeeee e e e 129
Fig. 6.7. Polar component, dispersive component and total SFE of the coated and
UNCOAEA SAMPIE ..eveviiiiiiiciee ettt e e e sbe e e sab e e e saaeeerbeeennaeeennns 130
Fig. 6.8. Three-dimensional topography of (a) PMMA/HO, (b) PMMA/HI10, (c)
PMMA/HI5, and (d) PMMA/H20 sample using AFM........cccccooiiniiiiienieiiee 132
Fig. 6.9. Two-dimensional topography of (a) PMMA/HO, (b) PMMA/H10, (c)
PMMA/H15, and (d) PMMA/H20 sample using AFM........ccccoooiiviiiiiinieiieee 134
Fig. 6.10. Two-dimensional roughness profile of (a) PMMA/HO, (b) PMMA/H10, (c)
PMMA/H15, and (d) PMMA/H20 sample using AFM........ccccoevviiniininniniinenns 134
Fig. 6.11. Pictorial representation of Diameter of Inhibition of 0.2 wt% silver-doped
hydroxyapatite (a) S. epidermidis, (b) P. aeruginosa, (c) E. coli, (d) E. coli DH5a, (e)

S. aureus, and (f) B. subtilis bacterial culture after 24 h of incubation................. 135

Fig. 6.12. Diameter of Inhibition of 0.2 wt% silver-doped hydroxyapatite under
different MIiCTOOTZANISINS ......cc.viriiiiiriirtieie ettt ettt st 135
Fig. 7.1. FTIR spectra of (a) PHAO, (b) PHA2.5, (c) PHAS and (d) PHA7.5 ........ 138
Fig. 7.2. XPS spectra of pure PMMA (PHAO sample).........ccceveevieniinennienienennens 139
Fig. 7.3.(a) XPS spectra of PMMA reinforced with 7.5wt% silver-doped HAp
(PHA7.5), deconvolute peaks for (b) Cls, (c) Ols, (d) Ag3d, (e) Ca2p and (f) P2p139

Fig. 7.4. Water contact angle measurement of composite samples ........c...coceeveenee 140



Fig. 7.5. Average Vicker microhardness (HVN) of composite samples................... 142
Fig. 7.6. Coefficient of friction v/s Sliding distance at varying load for (a) PHAO, (b)
PHA2.5, (¢c) PHAS and (d) PHAT7T.5. oo 143
Fig. 7.7. Variation in (a) COF and (b) wear rate with varying wt % of silver-doped
HAp in PMMA at different normal 10ads ..........ccceeeviieeiiiiciiieceeceeee e, 145
Fig. 7.8. Stereo zoom images of worn track for PHAO (a, b, ¢), PHA2.5 (d, e, 1),
PHAS.0 (g, h, i) and PHA7.5 (j, k, 1) at 20 N, 40 N and 60 N........ccceecvvvirrireiennne. 148
Fig. 7.9. Worn area and maximum depth measurement along transverse direction by
surface profilometer for PHAO (a, b, c), PHA2.5 (d, e, f), PHAS (g, h, 1) and PHA7.5
(g, k, ) at 20 N, 40 N and 60 N normal load.........ccceeviiriiieiinniiiiiiiececeeen 149
Fig. 7.10. Schematic illustration of the wear mechanism during the tribological
analysis of (a) PHAO, (b) PHA2.5, (c) PHAS and (d) PHA7.5 .o, 150
Fig. 7.11. SEM micrographs of worn surface of PHAO at (a) 20 N, (b) 40 N and (c) 60
N Normal Load, (d) point EDS, (e) line EDS at 60 N and (f) elemental mapping...151
Fig. 7.12. SEM image of worn surface of PHA2.5 at (a) 20 N, (b) 40 N and (c) 60 N
Normal Load, (d) point EDS, (e) line EDS at 60 N and (f) elemental mapping ...... 152
Fig. 7.13. SEM image of worn surface of PHAS at (a) 20 N, (b) 40 N and (c) 60 N
Normal Load, (d) point EDS, (e) line EDS at 60 N and (f) elemental mapping ...... 153
Fig. 7.14. SEM image of worn surface of PHA7.5 at (a) 20 N, (b) 40 N and (c) 60 N

Normal Load, (d) point EDS, (e) line EDS at 60 N and (f) elemental mapping ...... 154

Page | xvii



LIST OF TABLES

Table 2.1. Top 15 Countrywise documents and citations on the “synthesis of
RYArOXYAPALIEE™ ....ceviieiiie ettt e et e et e e sb e e b e e eaaeeeaaeeenreas 15
Table. 2.2. Properties of pure hydroxyapatite [45] ..cccceeoveeeiiiieiiecie e, 18
Table. 2.3. The main synthesis methods and properties of synthesized HAp [50]....20
Table. 2.4. Synthesis method of HAp using various Sources ...........ccceeeeveeeeveeennnenns 28
Table. 2.5. Doping material introduced into HAp structures and their improved
PIOPEILIES [ L]ueiiiriieiiiieiiieeeiee ettt et e et e e e te e e e be e e e abeeesabeeesbeeenaseeeaseeennseas 30

Table 2.6. Characteristics of various coating methods adopted for Hydroxyapatite

C0AtING [114] ettt et e st e ettt e et esat e et e snaeenneans 34
Table. 2.7. PMMA/ HAp composite for dental implant..............ccceeevveeeireeinieeinnenns 38
Table 3.1. List of consumables and non-consumables in the current research........... 45
Table 3.2. ISO/ASTM Standards ........c..ceceriireiiinieneieeeeee e 46
Table 3.3. Synthesis Parameters for Optimizing Reaction Rate ............ccccoervenneenne. 49
Table 3.4. Nomenclature and composition of the coating solution............cc.ccceeeneee. 54

Table 3.5. Standard range to determine flow property of powdered sample [144]....57
Table 3.6. Experimental process parameters of wear tests .........coceveeverienerieneenne. 68
Table 4.1. Synthesis Parameters for Optimizing Reaction Rate .............ccceeeveeennnnn. 74
Table 4.2. Flow property, mass density and porosity % of HAp at different stirring
100010 014 RS SR 79
Table 4.3. Average Crystalline Size [A], Lattice Strain (%) and Particle Size (nm) of
the Hydroxyapatite Samples.........cccveeiiiieiiieeiiieecieeeeeee et e 85

Table 4.4. Average Contact angle of HAp samples.........ccceevvieeiiiiiiieeniieeiee e, 90

Page | xviii



Table 4.5. Maximum compressive strength and young modulus of eggshell-derived
HAp at different Stirring timings........c..ceecveeerieeesieeeiieeesieeeceeeeseeeeaeeeeaeeesreeesseeenes 92
Table 4.6. Vickers microhardness of HAp samples.........cccccccveeeiiiieciieecieecieeeieeeas 94
Table 5.1. Bulk density, Tap Density, average angle of repose, Hauser’s ratio, Carr's
index and flow property of HAP0.0Ag, HAPO.1Ag, HAP0.2Ag and HAPO.5Ag
OO R (S T 11 01 ) (SRR 100
Table 5.2. FTIR interpretations at different wave numbers ...........ccccceeeevveervieennenn. 109

Table 5.3. Diameter of Inhibition (Kirby- Bauer's Zone) for different Microorganism

Table 6.1. Elemental Analysis of synthesized eggshell-derived silver-doped HAp.122

Table 6.2. Theoretical density, coating thickness and critical normal load of coating

Table 7.1. Theoretical Density, Experimental Density, Porosity % (n=3) and Vickers
MICTONArdNESS (IT5) . ..eeiiieiieeie ettt ettt et iee e e s eneeas 142
Table 7.2. Transverse wear area, FWHM, wear depth, volume loss and average wear

TALE OF the WOITL SUTTACE ...neeeeeeeeeeeee et e e e e e e e e e e e eaaaeeeaaaees 149

Page | xix



