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Abstract

Hydroxyapatite (HAp), a biocompatible ceramic material, has garnered significant interest in medical
applications due to its natural bone type replica. The current study investigates the physical, wettability,
and thermal properties of a novel HAp derived from eggshell waste and reinforced with silver
nanoparticles at 0.0, 0.1, 0.2 and 0.5 weight % concentration using chemical precipitation method and
termed as HAPO.0Ag, HAPO0.1Ag, HAP0.2Ag and HAPOQ.5Ag respectively. As observed, the Fourier
transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM) morphology confirms
the synthesis of eggshell-derived silver-reinforced HAp, and doping improves the voids content in the
material. The increase in contact angle from 66.20° + 2.80° (HAP0.0Ag) to 71.35° + 1.45° (HAP0.5Ag),
decrease in calculated total SFE from 43.15 + 0.32 (HAPO0.0Ag) to 38.21 + 0.36 (HAPO0.5Ag) and
decrease in water absorption by 21.31 % between unreinforced and 0.5% reinforced HAp reveals the
surface hydrophobicity leading to improved wettability characteristics. The thermal stability and
decomposition properties of the materials are assessed using Thermogravimetric analysis (TGA) and
Derivative Thermogravimetric curve (DTG), and the results show 7- 8 % decomposition of HAp
material when heated till 1000°C, providing insights into their suitability for high- temperature
applications. The overall analysis opens avenues for diverse use of silver-reinforced HAp, from implant
coating to dental implants and catalytic supports.
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Biomaterials and biowaste utilization are the keys
to sustainable development in the current research
scenario [1]. Hydroxyapatite (Caio(PO4)s(OH)a,
HAp), a component of bone and teeth, has drawn
much interest because of its potential for use in both
medicinal and industrial applications [2,3]. In recent
years, HAp has been synthesized from biowaste
using a wide variety of synthetic processes,
including hydrothermal [4], sol-gel, precipitation
[5-7], Mechano-chemical [8], and mechanical
activation methods. The high cost of the precursors,
the complexity of the processes, the severe particle
aggregation, and the low yield are just some of the
issues that plague these methods. Chemical
precipitation is the most promising method for
producing HAp because it requires little energy,
produces high vyields and purity, results in

homogenous mixing, and allows for precise control
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over microstructure, porous size, Nanophase particle size, and the scale at which HAp is produced,
among other benefits [9-12].

Biomedical uses for hydroxyapatite include soft tissue regeneration, scaffolds, bioactive coatings,
bone fillers, and drug delivery systems. It has good biocompatibility and osteoconductive qualities, and
its chemical make-up is comparable to that of the inorganic portion of human bone. Pure HAp has a
stoichiometric ratio (Ca/P) of 1.67, resulting in the highest level of chemical stability. In most cases,
porous scaffolds are used to implant HAp bioceramics. However, due to its compromised mechanical
qualities, HAp has limitations in load-bearing applications [13]. In order to obtain hydroxyapatite with
organic matter, plentiful eggshell debris can be employed as a source of calcium. The superior
dissolution, biomineralization, and Osteointegration properties of eggshells make it an ideal starting
material for synthesizing hydroxyapatite [14-17]. Chicken eggshell is used as the primary ingredient in
this study because the calcination of the chicken eggshell has comparatively higher calcium oxide (CaO)
purity than duck and quail eggshell [18,19].

The wettability of a material is a key factor in how it reacts with liquids, which affects everything
from surface layers to medical implants. By looking at how wet this mixture is, its interaction with
fluids has to be analyzed. Percentage of water absorption (WA%), contact angle (CA) measurement and
total surface free energy (SFE) is used to identify the wettability behavior of the material. Similarly,
thermal analysis is necessary to comprehend the response to temperature and stress changes for any
material. The TGA and DTG investigation must be evaluated to identify the decomposition rate during
high-temperature applications. The research results may help pave the way for creating high-end
biomaterials with tailored qualities, fostering creativity, facilitating technological progress, and
improving people's health in numerous ways [20].

A large number of research publications are available on the synthesis and characterization of HAp
and metal-reinforced HAp [21]. Also, the works of literature are available on various synthesis methods
and resources for extracting HAp [22-25]. Unfortunately, the effective wettability and physiothermal
characterization of eggshell-derived silver-reinforced HAp is not currently available. However,
Maidaniuc et al. [26] examined the induced wettability and surface volume correlation of Bovine bone-
derived HAp for enhanced oil recovery applications. Mirzaee et al. [27] synthesized HAp using the sol-
gel technique and reported the antibacterial nature of silver-reinforced HAp. Similarly, several authors
[28-32] experimentally determined the antibacterial characteristics of silver doping in commercially
available HAp. Recently, Vijayaraghavan et al. [33] synthesized silver-reinforced HAp but used
eggshell bone of black Sumatra as a calcium precursor and reported antibacterial nature in gram-positive
and gram-negative microorganisms. Nurfiana et al. [34] used duck eggshells and synthesized silver-
reinforced HAp for antibacterial applications. Therefore, the literature confirms the antibacterial nature
of silver-reinforced HAp. The current research was performed for the thermal and wettability analysis
of the silver-reinforced eggshell-derived HAp. Fig 1. highlights the brief objective of the current
research.

In the present investigation, the eco-friendly and biocompatible silver-reinforced hydroxyapatite was
synthesized using waste eggshell through modified synthesis route i.e., multistage calcination followed
by a chemical precipitation method. The novel combination of heat and water was used for the
characterization. The study aimed to analyze the wettability and the Physiothermal behavior of a
bioceramic material synthesized using a varying molar concentration of silver doping in HAp. The FTIR
and SEM characterizations were performed to examine the formation of functional groups and
morphology of the synthesized powdered samples. The wettability behavior on the sintered samples
was diagnosed by measuring the contact angle, total surface free energy and water absorption
percentage. However, the thermal analysis was done by determining the TGA and DTG curves of the
samples to examine their decomposition and phase transformation temperatures. The experimental
density, relative density, porosity and morphology were determined to study the physical nature of the
eggshell-derived silver-reinforced HAp. Collectively, these characterizations expose an eco-friendly
and novel biomaterial with high thermal stability and acceptable wettability characteristics.
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Raw material Synthesis Sample preparation

Thermal analysis
Figure 1. Schematic diagram of the synthesis and characterization of silver-reinforced Hap.

MATERIALS AND METHODS
Materials

Waste eggshells collected from Hostel mess (GEU, Dehradun), Orthophosphoric acid (HsPO.) (extra
pure, 1.70g/mL (at 20°C)), silver nitrate (AgNOs) (assay 99.8 %) purchased from SRL Pvt. Ltd,
Mumbeai, India and NaOH (assay 97 %) purchased from AMIL, Thane, India.

Synthesis of Eggshell-Derived Silver-Reinforced Hydroxyapatite

The waste chicken eggshells collected from the hostel's mess (GEU Dehradun) were washed and
boiled in distilled water at 110°C for 30 min to remove all undesired contaminations and semipermeable
inner shell membranes. After that, the eggshells were dried in an electric oven for 3 hours at 120°C and
then crushed using a mortar and pestle. The cleaned eggshells were subjected to multistage calcination
at 200 °C, 450 °C, 650 °C, 900 °C, and 1050 °C with a dwell period of 10 minutes and thorough mixing.
The Ca(OH), formed using eggshell waste acts as a calcium precursor, and Orthophosphoric acid as a
phosphorous precursor. The synthesis parameters are mentioned in Table 1. The calculated amount of
precursors was added and synthesized using the chemical precipitation method, with slow addition of
defined molar concentrated AgNOs (0.2mL/min) for doping and vigorous stirring for 18 h at 660 rpm
and 55 °C. Later the precipitate was separated from the suspension by decanting 5- 7 times. Finally, the
precipitate was dried in an electric oven at 120 °C for 24 hours and kept for another 24 h inside a closed
oven. Four combinations formed by doping 0, 0.1, 0.2 and 0.5 molar % concentration of AgQNOs in HAp
were nomenclate as HAP0.0Ag, HAP0.1Ag, HAP0.2Ag and HAPO.5Ag.

Pellet Sample Preparation

The synthesized HAPAg powder was firstly ball milled using high-energy planetary ball milling
(RETSCH PM400) for size uniformity. The pallets of 10 mm dia are prepared through die steel
compression die using uniaxial pressure of 318 MPa for 60 sec. The compacted samples are further
sintered in a muffle furnace at 900 °C for 1 h at 5 °C/min ramp rate and 2 h socking time. The prepared
samples were preserved in the vacuum desiccator till it was used for investigation and characterization.

Table 1. Parameters used in the Synthesis of Eggshell-Derived Silver-Reinforced HAp

Parameters Values
Precursor (calcium) Waste Eggshells
Precursor (phosphorous) H3POa4 (extra pure)
Calcination Temperature 1050 °C (maximum)
Initial molar concentration (Ca/P) | M

Synthesis time 18 h

Temperature 55°0C

Stirring Speed 660 rpm

Ag doping molar percentage 0.1,0.2and 0.5
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CHARACTERIZATIONS
Wettability Analysis

The water absorption test, contact angle measurement and surface free energy analysis were
amalgamated to analyze the wettability characteristics of silver-reinforced HAp samples.

Water Absorption Test

The ASTM D 570-98 standard was followed for the water absorption test. The absorbed water content
of the composite samples was determined after immersing the sample in distilled water at room
temperature for the prescribed duration. The accurate weight of the sample was measured using an
electronic weighing machine (Model AR2140, Essae Teraoka Ltd.) with an accuracy of 0.0001 g. The
dry weights (Wary) of the composite samples were measured prior to immersion, and their wet weights
(Wwet) were measured after immersion in water for 8 h, 16 h, 24 h, 48 h, 72 h, 96 h, 120 h and 144 h.
The weight measurement was taken at least three times per observation per sample. The water
absorption % (W, (%)) was determined using equation (i).

Wa (%) = (Wwet - Wdry)/ Wdry X 100 % . (l)

Contact Angle Measurement

The Contact angle measurement machine (model: DSA 25S, Kruss Germany) measures the
hydrophobicity/ hydrophilicity of the composite sample using sessile drop orientation of water/ethanol
droplet with tangent fitting and manual baseline correction. The contact angle above and below 90°
represents the degree of hydrophobicity and hydrophilicity, respectively, of the composite samples. The
average of minimum of 5 drops is considered for determining the contact angle for wettability analysis.

Surface Free Energy

The direct magnitude of surface free energy (SFE) is obtained through a contact angle measurement
machine (model: DSA 25S, Kruss Germany) using the contact angle (0) of deionized water and
diazomethane droplets. Also, the values of contact angle obtained are used for evaluating the surface
free energy (SFE) of a material (Es) using equations (ii and iii) termed as Owens Wendt Equation [35].
The equation helps to determine the polar and dispersive components of SFE, which further determines
the total SFE at any particulate contact angle.

1+CosH ’ d E? ’ p Ef) .
T = ES E_] + ES E_l (”)
Es = EJ + E} (iii)
Where,
o 5 50.8m] 72.8m]

E, = surface free energy of liquid droplet (dilodomethane = — and water = —
Eg = Dispersive component of SFE
ESp = Polar component of SFE

d _ _ o . 50.8m] 20.8m]

E;" = Dispersive component of liquid (dnodomethane = >— and water = 5 )
m m
51m
Elp = Polar component of liquid (diiodomethane = 0 and water = — ])

Thermal Analysis

It is possible to recognize and describe the different types of thermal events occurring in a sample by
analyzing the DTG curve along with the TG curve and other thermal analysis data. This knowledge is
helpful in disciplines like materials science, chemistry, and process engineering, where a grasp of
thermal behavior is essential for quality assurance, research, and development.
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Thermogravimetric Analysis (TGA)

The TGA was performed to analyze the degradation of material with temperature using TGA-50,
220/240V machine manufactured by M/s Shimadzu (Asia Pacific Pvt. Ltd.). The temperature range was
taken from room temperature to 1000°C, ramping rate of 10°C/min under a nitrogen-based inert
atmosphere with a maximum 10mg sample weight placed in a platinum crucible.

Derivative Thermogravimetric Analysis (DTG)

The DTG curve (derivative weight (%/min) v/s temperature (°C)) refers to the first derivative of the
smooth Thermogravimetric (TG) curve that represents the sample's weight change during cooling or
heating. The peaks on the DTG curve represent the area where the highest rate of weight change is
observed, i.e., the temperature at which rapid decomposition or volatilization of the component occurs.
Valleys indicate the stable region where minimal change is observed mainly due to steady-state
conditions or phase translation.

Experimental Density and Porosity Percentage Calculation

The experimental density of the sintered samples was determined using Archimedes' principle by
accurately measuring its suspended weights in air and distilled water (p = 1g/cm?®). The Wensar HPB220
(220 g capacity; 0.0001g readability) density measuring equipment was used to calculate density. The
average and standard deviation of a minimum of three readings were considered for determining the
final magnitude of each sample. The weight fraction method determined the theoretical density, and the
relative density and porosity percentages were further calculated using the obtained values.

Morphological Characterization

Fourier Transform Infrared Spectroscopy (FTIR): The FTIR spectroscope (Model: Nicolet iS5 by
Thermo Electron Scientific Instruments LLC) identifies functional groups and bonding characteristics
using KBr Technique. Operating parameters include two spectrums with a LiTaOj3 detector, 5 °C- 45 °C
temperature range and eight split frequency range 4250- 250cm?.

Scanning Electron Microscopy

The SEM. (EVO - SEM MA15/ 18 model, manufactured by Carl Zeiss Microscopy Ltd.) was used
for morphological characterization under 39 °C ambient temperature with 52 % RH. The SEM
micrographs at 500X magnification are taken in the current analysis.

RESULT AND DISCUSSIONS

Figure 2 shows the FTIR curves of the silver-reinforced hydroxyapatite powder, and the
interpretations of the peaks and valleys at various wave numbers are tabulated in Table 2. Fingerprint
region (450-1500 cm™t) contains the maximum peaks. The perceptibility of O-P-O bending mode near
607.23 cm™ and 657.01cm! [36], parallel P-O bond between 1050 cm™- 850 cm™ [37], asymmetric
stretching bond of O-P-O at 1065.84 cm™, 987.55 cm™ and 861.61 cm™ [38,39], v, stretching bond of
OH functional group at 1631.09 cm™ and 3329.47 cm™ and silver-based bonding at 1065 - 1100 cm™
[40] reveals the presence of desired functional groups in the synthesized HAp powder.

Figure 3 highlights the SEM morphology of HAP0.0Ag, HAPO.1Ag, HAPO0.2Ag and HAP0.5Ag
powder at 500 X magnification. The morphology indicates the uniformity in the shape and size of the
synthesized samples. Also, the non-visibility of any individual dispersion of silver particles indicates
that the Ag ions are well accommodated in the crystal structure of HAp through chemical synthesis.
However, a small reduction in the average particle size with the increase in doping concentration was
observed in the analysis.

The experimental, theoretical and relative density of the prepared HAPAg pellet samples were
determined with a high level of accuracy. Figure 4(a) shows the calculated experimental density of the
eggshell-derived silver-reinforced HAp pellet samples. The experimental density of HAP0.0Ag,
HAP0.1Ag, HAP0.2Ag and HAPO.5Ag. are 2.84 +0.12, 2.90 + 0.08, 2.93 + 0.16 and 2.96 + 0.20 g/cm?®

© STM Journals 2025. All Rights Reserved S304



Wettability and Physiothermal Analysis of Silver Bansal et al.

respectively. The increase in the density with an upsurge in silver doping was observed. The calculated
theoretical density of HAP0.0Ag, HAP0.1Ag, HAPO.2Ag and HAPO.5Ag. are 3.16, 3.174, 3.189 and
3.23 g/cm?®. Also, the relative density (shown in Fig 4(b)) of HAP0.0Ag, HAPO0.1Ag, HAPO0.2Ag and
HAPO.5Ag. are 90.12 %, 91.37 %, 92.03% and 91.62 % respectively. The maximum relative density of
HAPO.2Ag composition shows the minimum porosity percentage (7.97 %) and high compactness. The
sample's relative density helps to determine the strength and hardness [14] of the sintered material.

657.01
—\ \/-\/ ﬁ =/
" /’/’ I‘v /?'4?‘
/:? /1\ /// ~I ‘r‘j'l S\
B 1631.09
E; 3329.47 / \ ’
= 2950 1384.33
£ 2750 /
E 98755 607 23
z 1065.84
s 861.61
F
---A--- HAP0.5Ag
-~@== HAP0.2Ag
-]~ HAPO.1Ag
--@--- HAP0.0Ag
| ] 1 1 1 1 1L 1L
4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm-')
Figure 2. FTIR spectra of silver-reinforced eggshell-derived hydroxyapatite.
Table 2. FTIR interpretations at different wave numbers.
Wave number Interpretation Reference

607.23 cm!

O-P-0 bending mode

Sebastiammal et al. [36].

657.01 cm?

O-P-0 bending mode

Sebastiammal et al. [36].

1050 cm®- 850 cm?!

PO4% functional P-O

vibrations

group and parallel

Ganesan et al. [37]

1065.84 cm, 987.55 cm™ and
861.61 cm?

large intensity vs asymmetric stretching mode of
O-P-0

Kumar et al. [38] and Chappard
etal. [39]

1631.09 cm™ and 3329.47 cm!

v2 bending mode of the O-H functional group

Chappard et al. [39]

1384.33cm?!

silver-based bonding

Iconaru et al. [40]

1065 - 1100 cm?

due to silver doping

Iconaru et al. [40]

Broadband 2750cm™ - 2950cm"
1

symmetric stretching of hydrated silver-

reinforced HAp

Kumar et al. [38],
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Figure 3. SEM morphology of (a) HAPO0.0Ag, (b) HAPO0.1Ag, (c) HAPO.2Ag and (d) HAPO.5Ag
powder at 500 X magnification.

Water absorption tests on the synthesized samples were performed for six days. The percentage of
water absorbed with time is plotted as shown in Fig 5. The initial dried sample of HAPO0.0Ag,
HAPO.1Ag, HAPO0.2Ag and HAPO.5Ag weighed 1.56 g, 1.82 g, 1.61 g and 2.11 g, respectively, and it
was increased by 1.49 %, 1.32 %, 1.25 % and 1.16 % after eight h of immersion. The sample weights
were taken continuously until the constant mass between three consecutive readings was observed. The
maximum water absorption was observed in unreinforced HAp (HAPO0.0Ag, 1.974 %) after 144 h. As
observed, the Ag doping improves the water-socking ability of the samples, and thus the reduction in
open pores is interpreted. The percentage of water absorption also decreases with an increase in Ag
doping concentration in HAp and divulges the slight hydrophobicity of reinforced samples, which is
also testified during contact angle measurement. Reis et al. reported increased flexural strength of an
acrylic-based denture resin after 30 days of immersion [41]. The flexural change could be due to the
continuous polymerization of the monomer, which acts as a plasticizer and leaches from the specimen
to increase flexural strength. The specimen’s weight variation was a combination of weight rise due to
absorption and weight loss caused by sample leaching [42].

The wettability of the silver-reinforced hydroxyapatite samples examined using contact angle is
shown in Figure 6. The average + SD value of the contact angle for HAP0.0Ag, HAP0.1Ag, HAP0.2Ag
and HAPO.5Ag are 66.2 + 2.8, 66.75 + 2.45, 66.85 + 4.85 and 71.35 * 1.45 respectively. The values
thus obtained show the hydrophilic nature of the HAPAg samples. The low contact angle for HAp
promotes higher surface courage in coating applications [43]. The hydrophilic material exhibits better
results in biomedical applications, diagnostic devices, drug delivery, surface coating, heat dissipation
and hydrogel applications. Maidaniuc et al. [26] reported that the contact angle of HAp was influenced
by particle size and forming pressure.
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Figure 4. (a) Experimental density, and (b) Relative density and porosity of silver-reinforced
hydroxyapatite.

The calculated and the direct magnitude of SFE for the silver-reinforced hydroxyapatite samples are
graphed in Figure 7.SFE contributes to cell adhesion to HAp through wettability [44]. It is the inverse
of the contact angle and influences an implant's biological interactions [45]. The calculated values are
obtained using Owens Wendt Equation [35], while the direct values were obtained from the contact
angle measurement machine (model: DSA 25S, Kruss Germany) through distilled water and
diazomethane droplets. The decrease in the mean values of total SFE with the increase in doping
concentration reveals the hydrophobicity of the silver-reinforced samples, which directly correlates with
the water absorption % and the contact angle. The Es and Es values for HAP0.0Ag was 29.43 mJ/m?
and 13.62 mJ/m? whereas HAP0.5Ag decreased to 26.28 mJ/m? and 11.92 mJ/m?, respectively. The
mean + SD of the contact angle and SFE are tabulated in Table 3. SFE determines the wettability and
adhesion characteristics of the liquid with solid surfaces [44]. Szcze$ et al. [46] compared the SFE
between synthetic and natural (obtained from pig bones) HAp using the thin-layer wicking method and
concluded that the average total SFE for natural HAp is slightly higher than synthetic HAp. However,
the result obtained in the current research has a total SFE lower than that reported by Szczes$ et al. [46].
The variation in the precursor, the methodology adopted, and doping concentration directly affect total
SFE magnitude.

© STM Journals 2025. All Rights Reserved S307



Journal of Polymer & Composites
Volume 13, Special Issue 3
ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print)

21F
iy & B8
18 F
| G Y —
~15F
S |
5
2 12 F
=
2
e}
S 09f
B 4
<
= L —8— HAP0.0Ag
0.6 —@— HAPO.1Ag
—&— HAP0.2Ag
0.3 —¥— HAP0.5Ag
00 1 L L L L L L L

0 8 16 24 48 72 96 120 144

Time (hours)

Figure 5. Water absorption (%) of silver-reinforced hydroxyapatite composite with time (hours).

80
-
& \
3 [
E |
e 70 I
<
B
2 ] |
=]
@]
O
] |
60 T T T L)

HAP0.0Ag HAPO.1Ag HAP0.2Ag HAPO0.5A¢g
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TGA results of the powdered samples are illustrated in Figure 8 (a). The curve represents the
percentage of weight loss with the increased temperature of the synthesized powder. As observed, the
mass decomposition was between 6.9- 8.4% till 1000°C, depending upon the doping concentration of
the powdered sample. The initial weight loss between 23-250°C is attributed to the absorbed water
during chemical synthesis [47]. The degradation in the mass near 250°C- 450°- corresponds to the

conversion of hydrogen phosphate to phosphate via pyrophosphate, releasing water of hydration as
shown in equations (iv and v).

2HPO,Z — P,07* + H,0 1 (iv)
P2074_ +20H — 2PO43' + H,O T (V)
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Figure 7. Surface free energy of the silver-reinforced hydroxyapatite

Table 3. Contact angle and surface free energy values for silver-reinforced hydroxyapatite samples.

Sample Contact angle Total surface free energy % Error
water droplet Diiodomethane Calculated Instrumental
droplet
HAPO0.0Ag 66.20 + 2.80 5840+ 1.41 43.05 £ 0.32 4512 +0.23 481
HAPO0.1Ag 66.75 = 2.45 59.17 £1.82 42.47 +0.26 44.56 +0.30 4.92
HAPO.2Ag 66.85 = 4.85 60.12 £ 3.12 42.10 £ 0.45 43.44 +0.26 3.18
HAPO0.5Ag 71.35+1.45 63.89 £2.12 38.21+0.36 39.02 £0.40 212

The minimum mass loss (6.935%) was observed in HAP0.1Ag and the maximum (8.388%) in
HAPOQ.5Ag. The mass loss rate in HAP0.0Ag is minimum till 350°C. However, the total mass loss in
HAPO.0Ag was observed to be 7.4776% which is 0.54% more than the HAPO.1Ag, which can be due
to the decomposition of the phosphate phase in unreinforced HAp or the interstitial water loss reported
by Lazic et al. [48]. Also, silver doping may act as a binding agent when treated at higher temperatures.
Mass loss in HAPOQ.2Ag retains 92.29% of the total mass till 1000°C.

The degradation rate is minimal in unreinforced HAp and shows increasing trends with an increase
in silver doping. HAP0.5Ag has a maximum mass loss, and the loss is at a comparatively lower
temperature than other sequential compositions. It may be due to the release of nitrate ions, as nitrates
are easily replaceable. It is interesting to note that the HAPO.0Ag and HAPO.1Ag curves cross at
456.23°C. The remaining weight of sample HAP0.0Ag and HAPOQ.1Ag at an instant is the same, i.e.,
93.155%. It is the instantaneous temperature where both compositions have the same degradation rate.
It implies that the molar concentration of silver less than 0.1 can also be the optimum composition for
thermally stable silver-reinforced HAp. A similar observation was seen in Figure 4 (b), where the
porosity and relative density curve meets between zero and 0.1% doping. The DTG curve in Figure 8
(b) shows the deformation in phase near 400 °C where the weight derivative measured in weight
remaining percent per min is minimum magnitude between 350-450 °C. The curve helps to determine
the temperature associated with the phase transformation [49]. The rate of mass decomposition depends
upon the percentage of doping in the HAp. It is probably because the increase in temperature first
decomposes the impurity present in the stable calcium hydroxyapatite, which is highest in HAP0.5Ag.
The negligible mass loss between 500 and 1000°C concludes and confirms the high thermal stability of
HAp at higher temperatures.
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Figure 8. (a) Thermal gravimetric analysis (TGA) and (b) derivative thermogravimetric (DTG) Curve
of eggshell-derived silver-reinforced Hap.

CONCLUSION

Eggshell-derived silver-reinforced HAp was synthesized using a modified chemical precipitation
method and characterized in the current research. The physical analysis reports the increase in density
with the increase in silver doping concentration in HAp and the minimum porosity (7.97 %) observed
in the HAP0.2Ag sample. The wettability analysis concludes the hydrophilic nature of the prepared
samples with a contact angle change from 66.2° + 2.8° (HAP0.0Ag) to 71.35° + 1.45° (HAPO0.0Ag). The
variation is predicted to be due to the decrease in SFE with the increase in doping percentage. Moreover,
the minimum porosity and maximum relative density were observed in the HAPO.2Ag composition.
The minimal upsurge in the material decomposition with silver doping at higher temperatures related
to the decay of the Ag phase in the reinforced samples between 300-450 °C. However, the synthesized
HAp possesses high thermal stability and can be useful for antibacterial and high-temperature coating
applications. The obtained results conclude the high Physiothermal and wettability characteristics of
the synthesized samples. Further, the synthesis and characterization parameters could be altered and
explored as a future perspective on the current findings.
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