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ABSTRACT

Hydroxiapatite (HAp) is a multiused biomaterial and it can stimulates hard tissue repair. HAp is biocompatible, non-
toxic and similar with bone and teeth structure. It can be synthesized from natural sources, such as eggshell waste. 
Eggshells waste contain almost 94% calcium carbonate, which preferable for producing CaO as calcium resource 
for synthesizing pure HAp powder with nanocrystalline form. Compared to other poultry eggshells, chicken eggshell 
has higher HAp composition. This study aims to review nano hydroxyapatite (nanoHAp) from chicken eggshell waste 
and its characterization using Scanning Electron Microscopy (SEM), Energy Dispersive X-ray spectroscopy (EDX) , 
X-ray Diffraction Analysis (XRD), and Fourier Transform (FTIR) Spectroscopy. 
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INTRODUCTION

Hydroxyapatite is biomaterial that widely used. Its 
chemical properties has an excellent  biocompatibility, 
bioactivity, stimulates growth of bone tissue and 
economically cost. There were several experiment 
concerning to produce best quality HAp because of its 
advantages. It was synthesized through various methods.
(1-2) There are many natural sources of HAp, such as 
bovin bone, aquatic source, and eggshells.(3-4)  Among 
them, Chicken eggshell is interesting to be reviewed 
because it contains 94% calcium carbonate and low 
cost biomaterials. It consists of higher hydroxyapatite 
than other poultry eggshells.(2,5) 

Function Of Hydroxiapatite In Dentistry
In Implantology, calcium source from nanoHAp creates 
osseogenesis, inhibits the growth of bacteria, reduced 
inflammatory, and reconstruct  bone defects.(6) In 
periodontology, HAp is used to fill bone loss in surgical 
procedure and binds chemically in osseointegration 
process.(7) Nowadays, HAp is also used in tissue 
engineering, It is known as excellent material approach 

for hard tissue reconstruction and repair. It support 
alginate or other polymers as reinforcement and 
osteoconductive material to promote a successful 
tissue regeneration.(8-9) Another study performed 
gelatin,magnesium doped hydroxyapatite mixed with 
alginate thus they concluded that it is possible to achieve 
scaffolds with fine microscopic pore.(10) Earlier clinical 
tested the hypersensitivity effect of nanohydroxyapatite 
compared with Pro-Argin and fluoride varnish, and 
it showed nanohydroxyapatite effective as dentin 
desensitizing.(11) 

Source of Hydroxyapatite
HAp can be synthesized from natural and synthetic 
source. Synthetic HAp was common material used in 
tissue engineering, bone regeneration and replacement. 
It was suitable to human hard tissue with 1,67 
stoichiometry. The main of its composisition is calsium, 
so similar to HAp from living source. Natural HAp 
carries advantages such as reduces the impurity and 
production cost, also biological origin and overcomes 
environtment pollutant.(12-13) It can be synthesized 
from mammalian bone, clam shell, coral, poultry 
eggshell.(14-15) Chicken eggshell is one of common 
derived HAp with economically cost, and consumed 
tons yearly.(2) It also contains higher HAp (0,0950 g/g) 
than other poultry eggshells (0,3315 g/g - 0,0559 g/g).
(5) Synthetic nanoHAp can achieved 534 nm particle 
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size and natural HAp can be synthesized to 250–550 
nm with appropriate milling process, so natural HAp is 
acceptable for bone replacement application.(16) 

Review of HAp Characterization
Characterization of HAp derived from eggshell usually 
uses several tools , such as Scanning Electron Microscopy 
(SEM)-Energy Diffraction Spectroscopy (EDX) which 
can observes the morphological and elemental study. 
Heating process with  appropriate method resulted in 
well shaped nano HAp particle with agglomerates shape 
creates pore in between.(2) Calcination at 1100 °C can 
performed smooth surface of agglomeration in spherical 
shape.(16) Figure 1 (Fig.1) showed SEM analysis of HAp 
at 2 hours aging time performed fluffy agglomerates 
rounded edge morphology, and highly agglomerated 
HAp figure at 1000 °C calcination (Fig.2).(3,17) 

FTIR used to observe the type of chemical bonds and 
functional group in samples.(12) Usually samples uses 
with KBr to make a pellet and it is tested with 4000-
400 cm-1 wavenumber range.(18) Figure 4 showed 
adsorbance of H

2
O in graph broad band at 1643.48 

cm-1 and 3449.01 cm-1. Vibration mode was known by 
observed peak at 878.26 cm–1 and 1460.87 cm-1 which 
indicates elimination CO

3
2− ion because of calcination 

process of HAp. Band at 633,14 confirmed the OH 
structure in HAp. Peak at 926.81 showed starching mode 
of PO3-. From this graph it was confirmed crystalline 
phase.(2) 

Fig.1 SEM analysis of HAp performed fluffy agglomerates rounded 
edge morphology (Horta et al., 2019)

Fig.2 SEM analysis of HAp with highly agglomerated morphology 
(Agbabiaka et al., 2020)

Cristalline structure and composition phase can be 
determined by XRD analysis. XRD uses CuKa radiation 
with 40 - 45 kV voltage and data collects from 10o< 
2θ< 80o.(12,17) The diffraction pattern performed 
compatible HAp characterization phase with  crystal 
size range at 20.12 and 19.93 nm in eggshell HAp which 
calcinated in 1000°C and there were no secondary 
phase (Fig.3). It suitable with bone tissue HAp which 
has 15 nm crystallite size.(3) 

Fig.3 The XRD pattern performed compatible characterization phase 
in eggshell HAp which calcinated in 1000°C (Horta et al., 2019)

Fig.4 FTIR graph confirmed crystalline phase (Khandelwal and 
Prakash., 2016)

Several study concerned in HAp characterization 
are performed by Horta et al who synthesized 
nanohydroxyapatite by precipitation method using 
hen eggshell with 2 different aging time  (Table I), 
Khandelwal and Prakash synthesized HAp powder from 
eggshell with wet chemical method also characterized it 
by SEM-EDX, XRD, FTIR, TGA-DTA (Thermogravimetric/ 
Differential Thermal Analysis) (Table II). Another study 
performed due to develop tissue engineering biomaterial 
by Agbabiaka et al who also characterized HAp  from 
eggshell using three calcination temperature (Table 
III).(17) Hamidi et al  characterized derived HAp from 
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Table I. Horta et al HAp characterization result

Char-
acteri-
zation 

Method

Remarks

Precipitation method using 2 aging time

1 hour 2 hours

SEM lamellar, such as plates like Fluffy morphology 
(Fig.1)

EDX Ca/P ratio : 1.59 Ca/P ratio : 1.49

XRD complete decomposition of 
CaCO3 to CaO 
monoclinic hydroxyapatite 
phase  with no secondary 
phases 
average crystallite size: 
20.12 

complete decomposi-
tion of CaCO3 to CaO 
monoclinic hydroxy-
apatite phase  with no 
secondary phases 
average crystallite size: 
19.93

Specific 
Surface 
BET 

73.17 m2/g 68.15m2/g

Concluding remark : Aging time variation performed no significant differences in the 
characteristics of the materials, Chicken eggshell were very promising for biomedic 
applications

Table II. Khandelwal and Prakash HAp characterization result

Charac-
terization 
Method

Remarks°

Wet Chemical method with 900°C  calcination for 
2 hours

SEM Microcrystalline molecule with irregular agglomer-
ates shapes with pores

EDX Ca/P ratio : 1.68 and it was acceptable.

XRD 2θ range 15 °C to 80 °C. Intense reflection peak be-
tween 31.8 ° - 32.5 ° of 2θ values, confirmed of the 
apatite phase, with 31,5 nm average particle size 

FTIR H
2
O  adsorbance at 1643.48 cm–1 and 3449.01 

cm–1

Vibration mode CO
3

2− ion at 878.26 cm–1 and 
1460.87 cm–1, confirmed elimination of  CO

3
2−    

because of calcination process 
OH stretching bond at 3570.35 cm–1 due to water 
adsorbance , at 633.14 confirmed OH in HAp. Peak 
at 926,81 confirmed HAp
PO4 3- starching mode at 565.53 showed crystalline 
phase (Fig.4)

TGA-DTA At 1400°C temperature obtained thermal stability 
without major loss of weight HAp samples

Concluding remark : HAp powder which Calcinate at 900°C  can performed pure and 
single apatit phase, with Ca/P ratio 1,68 

Table III. Agbabiaka et al characterization result (cont.)

Char-
acteri-
zation 
Meth-

od

Remarks

800oC calcina-
tion

900oC calcination 1000oC 
calcina-

tion

XRD The temperature 
wasn’t suitable 
so there were 
no HAp phase 
identified 

Main phase was mone-
tite and hydroxyapatite. 
There were  incomplete 
process of CaO during 
calcination, so Ca4H2(-
P3O10)2 phase wasn’t 
available

There 
were 
strong 
peak HAp 
phase 

Concluding remark: HAp 1000oC performed strong peak of HAp in XRD analysis, EDX 
result also similar to stoichiometry ratio,morphology were vary depends on the synthesis 
of HAp, 

Table IV. Hamidi characterization result

Char-
acteri-
zation 

Method

Remarks

200 rpm (800°C and 
1100°C)

400 rpm 
(800°C and 

1100°C)

800 rpm 
(800°C and 

1100°C)

SEM 800°C : irregular form with 
spherical shape, small and 
large particles clusters with 
mean particle size: 263 nm. 
1100 °C : mean particles 
513 nm (Fig.1)

Large ag-
glomerates 
with fine 
particles 
, mean 
particles 
257 nm

smooth surface 
of agglomera-
tion in spheri-
cal shape.

FTIR 1 reaction 
process

2 reaction 
process

1 reaction 
process

1 reaction 
process

H
2
O ad-

sorbtion  at 
3600 and 
2600 cm-1

At tempera-
ture 800 
and 1100 
° C:  major 
peak at  

3435 cm-1 

PO43- weak 
stretching 
peak at 963 
cm-1 

Lower  H
2
O 

adsorbtion  
at 3448 cm-1 

(less water 
molecule)

Streching OH 
group : peak 
at 3642cm-1

(HAp is 
present in the 
sample)

PO43- asym-
metrical 
stretching 
vibration 
modes 602

H
2
O ad-

sorbtion  at 
3436 cm-1

Streching 
OH group 
: peak at 
3567 (HAp 
is present in 
the sample)

PO43- asym-
metrical 
stretching 
vibration 
modes : 
566cm-1

H2O ad-
sorbtion  at 
3435cm-1

Streching OH 
group  :  peak 
at 3569 cm-1

(HAp is present 
in the sample) 

PO43- asymmet-
rical stretch-
ing vibration 
modes:  1040 
cm-1

, and  and 471 

XRD 800°C : 
Low crys-
tallite size 
(19.00 nm) 
1100 °C : 
high HA 
crystallite 
size (34.89 
nm) 

HAp crystal 
size 0 nm (no  
HAp phase) 

Suitable 
crystal size

Suitable crystal 
size

Concluding remark: higher rotational speed forms chemically more complete HAp, heat treat-
ment to 1100 °C results in stoichiometric HAp and promoted the particles to agglomerate and 
form bigger size due to increase of degree of crystallinity

Table III. Agbabiaka et al characterization result 

Char-
acteri-
zation 
Meth-

od

Remarks

800oC calcination 900oC calci-
nation

1000oC calci-
nation

SEM crystallites flake /crys-
tallites agglomerate 
like arbitrary flower 
structure

Agglomerates in 
spherical shape

Irregular 
agglomerated 
shape (Fig.2)

CONTINUED
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eggshell using calcination and ball milling method with 
different rotational speed and heat treatment temperature 
using SEM,XRD and FTIR. (Table IV).(16)

CONCLUSION

Hydroxiapatite is a biomaterial used due to its 
biocompatibility and the similarity with bone and teeth 
structure, whether it was synthetic or natural source. 
Eggshell waste is one of popular natural source which 
can be synthesized into nanohydroxiapatite. According 
to several research before, calcination using high 
temperature and appropiate ball milling process has 
considered to give several effect in achived proper HAp. 
Selection of suitable HAp characterization tools can 
performed appropriate interpretation result. 
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