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Abstract— Among various biocompatible materials 

hydroxyapatite (HAP) is widely used in medical applications. As 

nanocrystalline Hydroxyapatite is similar in composition and 

crystal structure of natural bone it can be used as temporary 

substitute materials for human bone. A simple combustion 

technique for synthesizing nanocrystalline hydroxyapatite powder 

from eggshell has been carried out. The resulting powder was 

characterized using XRD, SEM and FESEM measurements. The 

particle size was calculated by Debye-Scherrer equation using 

XRD data. The range of size of resultant HAP powder was 

between 23nm-75nm. The average particle size was 34 nm.   

Keywords— Nanocrystalline HAP, combustion method, Debye- 
Scherrer’s equation, XRD, SEM 

 

I. INTRODUCTION 

HAP is chemically similar to the composite of bones and 

hard tissues in mammals. As it is useful as versatile material for 

implantation purposes, biologists and biomaterial scientists has 

placed considerable attention to this material. It has been 

proved that HAP is highly biocompatible and bioactive when 

use in bone implantation. However, the use was limited only to 

non-loading bearing applications due to its mechanical property 

such as poor sinterability.  Nanocrystalline HAP could be 

synthesized from eggshell using combustion method. The 

combustion method is a very simple and inexpensive one 

among various methods of synthesis of HAP. With this 

method, it is possible to improve the mechanical properties of 

the material concerned by controlling the parameters such as 

particle size, distribution and morphology, thus rectifying the 

drawback of poor sinterability. 

 

II. EXPERIMENTAL PROCEDURES 

The experimental procedure is as follows. Eggshells were 

boiled in water for 30 min. Water and moisture content of the 

shell were removed by placing them in a hot air oven for a few 

minutes. Dried shells were crushed into fine powder using a 

blender. The obtained powder is then dissolved in HNO3 

forming froth. The solution was kept settle down and then was 

filtered into a measuring cylinder to get a known volume. The 

egg solution was added to 1M citric acid with thorough mixing 

using magnetic stirrer. Its pH value was adjusted to 9.5 by 

adding 1: 1 NH4OH.  1M (NH4)2 HPO4 solution is added to the 

above mixture at a rate of 1mL per minute with vigorous 

stirring. The precipitate of HAP was dissolved by adding HNO3 

until the pH reached to 1. The solution was then stirred until 

the transparent gel was formed at 70°C. The Gel obtained was 

kept in a preheated muffle furnace at 250°C. It was found to 

undergo combustion with a bright flame leaving the black 

coloured precursor. When this precursor was heated at 900°C 

338



for 

obta

 

 A

fuel 

with

citric

deco

evol

Th

usin

X-ra

deter

wher

       

       

       

Th

23nm

aver

the 

patte

HAP

in go

patte

Th

inve

(SEM

of t

pow

in 

1hr, a pure 

ained. 

III. R

Addition of citr

for combusti

hout any precip

c acid and the

omposition, it 

lution of CO2. 

he synthesized

g powder X-r

ay Diffractome

rmined by Deb

0.D = 
Bc

re   D = the siz

     B = full wid

     λ = the diff

     θ = the diff

he calculated r

m - 75nm.  It 

rage particle si

XRD pattern 

ern was found

P pattern. This 

ood purity. ( n

ern shows HAP

he morpholog

estigated using

M: JEOL JSM

the sample. S

wder shows tha

globular sha

white nanocr

RESULTS AN

ric acid to the

on and it also

pitation. When

e organic const

 forms into 

d hydroxyapatit

ray diffraction 

eter). The gra

bye –Scherrer  

.9λ
cosθ

  

ze of particle  

dth at half max

fraction wavele

fraction angle

range of partic

showed narro

ize of obtained

for Hydroxy

d to be exactly

indicates that 

early 100% ) A

P is in good cry

gy and size 

g a scanning 

M-5610). Fig. 2

SEM photogra

at individual hy

ape. The na

rystalline hyd

D DISCUSSIO

e egg solution 

o makes the 

n the Gel, whi

tituents of egg

a fluffy mas

te sample was 

(XRD: RIGA

ain size of HA

formula  

 

ximum of the p

ength (0.15405

cle size of HA

ow range of p

d HAP is 34nm

yapatite. The r

y coincide wi

the obtained H

A sharp and w

ystallinity as w

of the nan

electron mic

2 and 3 show t

aph of the as

ydroxyapatite 

anometric pri

roxyapatite w

ON 

contributes as

solution visco

ich composed 

gshell, undergo

ss showing t

characterized b

AKU-RINT 20

AP powder w

peak  

59 nm) 

AP was betwe

particle size. T

m. Fig. 1 show

resulting  XR

ith the referen

HAP powder w

well defined XR

well. 

noparticles we

croscope (SEM

the SEM imag

s-prepared HA

particles form

imary particl

was 

s a 

ous 

of 

oes 

the 

by 

00 

was 

een 

The 

ws 

RD 

nce 

was 

RD 

ere 

M) 

ges 

AP 

med 

les 

agglomera

shapes and

Scannin

evaluation

instrumen

FESEM i

particle si

 

ated tightly in

d sizes.  

ng electron mic

n of the powd

nt (model JSM

images of the

ze distribution

Fig.1 XR

Fig.2 SEM

nto micrometri

croscope meas

der was perform

M 6700F).  Fi

e sample. The

n is from 125-1

RD pattern of HA

 

M image of the HA

 

 

ic aggregates 

surement for m

med on a JEO

ig.4, 5 and 6

e photographs

42 nm.  

P powder 

AP powders  

of various 

morphology 

OL FESEM 

6 show the 

 show the 

 

 

339



Fig

Fig.4

Fig.5

g.3 SEM image of 

4 FESEM image o

5 FESEM image o

f the HAP powders

of the HAP powde

of the HAP powde

 
s  

 
ers  

 

ers  

 

   In thi

for synthe

egg shell

characteri

Debye-Sc

particle si

size of H

eggshells 

useful bio

cost raw m

enable to

distributio

properties

The aut
XRD and 

 

[1]    Liu M

[2]    Jarch
R H 1

[3]    Bost 

[4]   Wen

[5]    E.J.K

[6]    Sucha

Fig.6 FESE

IV.

s research, a s

esizing nanocr

l. X ray di

ze the sample

herrer equatio

ize was betwee

HAP was 34n

at a low tem

oceramic mate

materials, the e

o control the

on and morph

s of HAP. 

ACKN

thors thank Un
SEM measure

M 1997 J. Mat. Sc

ho M, Bolen C H, T
1976 J. Mater. Sci

S and Bonfield W

ng W, Hn G, Du P 

Kim, S.M. Halm 20

anek W and Yoshi

 

 

 

 

 

 

 

 

 

 

 
EM image of the H

. CONCLUSIO

simple combus

rystalline hydr

ffraction met

e. The particle

on using XR

en 23nm - 75n

nm. Synthesis 

mperature is a 

erial utilizing e

eggshells. This

e parameters 

hology for im

NOWLEDGEM

niversities Res
ements. 

REFERENCE
ci.(8) p.227 

Thomas M B, Bob
. (11) p.2027 

W 1994 J. Mater. Sc

nd Shen G 2002 M

001 Mater. Lett. (4

imura M 1998 J. M

HAP powders  

ONS 

stion technique

roxyapatite po

thod was em

e size was cal

RD data. The 

nm.  The avera

of HAP sta

method for p

easily availabl

s method is the

such as par

mproving the m

MENT 

search Centre 

S 

bick J, Kay J F and

ci.Med. (5) p.516

Mater. Chem. Phys

49) p.244-249 

Mater. Res.(13) p.

e was used 

owder from 

mployed to 

lculated by 

 range of 

age particle 

arting from 

roducing a 

le and low 

e one which 

rticle size, 

mechanical 

(URC) for 

d       Boremus 

s. (74) p.92 

94 

340




