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Abstract—In this study, the effects and interactions of reaction 

time and capping agent assistance during sol-gel synthesis of 
magnesium substituted hydroxyapatite nanopowder (MgHA) on 
hydroxyapatite (HA) to β-tricalcium phosphate (β-TCP) ratio, Ca/P 
ratio and mean crystallite size was examined experimentally as well 
as through statistical analysis. MgHA nanopowders were synthesized 
by sol-gel technique at room temperature using aqueous solution of 
calcium nitrate tetrahydrate, magnesium nitrate hexahydrate and 
potassium dihydrogen phosphate as starting materials. The reaction 
time for sol-gel synthesis was varied between 15 to 60 minutes. Two 
process routes were followed with and without addition of 
triethanolamine (TEA) in the solutions. The elemental compositions 
of as-synthesized powders were determined using X-ray fluorescence 
(XRF) spectroscopy. The functional groups present in the as-
synthesized MgHA nanopowders were established through Fourier 
Transform Infrared Spectroscopy (FTIR). The amounts of phases 
present, Ca/P ratio and mean crystallite sizes of MgHA nanopowders 
were determined using X-ray diffraction (XRD). The HA content in 
biphasic mixture of HA and β-TCP and Ca/P ratio in as-synthesized 
MgHA nanopowders increased effectively with reaction time of sols 
(p<0.0001, two way ANOVA), however, these were independent of 
TEA addition (p>0.15, two way ANOVA). The MgHA nanopowders 
synthesized with TEA assistance exhibited 14 nm lower crystallite 
size (p<0.018, 2 sample t-test) compared to the powder synthesized 
without TEA assistance. 

 
Keywords—Capping agent, hydroxyapatite, regression analysis, 

sol-gel, 2- sample t-test, two-way ANOVA. 

I. INTRODUCTION 

ITHIN the last four decades a revolution has occurred 
in the innovative use of specially designed ceramics for 

the repair and reconstruction of a diseased or damaged part of 
the bone [1]. Synthetic HA, [Ca10 (PO4)6(OH)2] has widely 
been used for repairing hard tissues due to its chemical and 
structural similarity to the mineral phase of bone and tooth [2]. 
This inorganic phosphate has been studied extensively for 
medical applications in the form of powders, composites, and 
coatings [3]. Biological apatite contains trace ions like Na+, 
Mg2+ and K+, which are essential in biological processes. 
Magnesium plays a key role in bone metabolism as it affects 
osteoblast and osteoclast activity and thereby bones growth 
[4]. Mg2+ ion stabilizes the crystal lattice of HA [5]. The 
properties and applications of synthetically prepared HA are 

 
S. Sharma and S. Kapoor are with the University Institute of Chemical 

Engineering and Technology, Panjab University, Chandigarh-160014, India 
(e-mail: soniaphd@yahoo.in, seemakapoor@pu.ac.in). 

U. Batra and A. Dua are with the Dept. of Materials and Metallurgical 
Engineering, PEC University of Technology, Chandigarh-160012, India 
(phone: 91-0172-2753090, e-mail: umabatra2@yahoo.com, 
dua_ankit09@yahoo.co.in). 

influenced by the size and morphological characteristics of 
their particles [6]. The crystallite size of HA for adult enamel 
is 130 nm, for dentine is 20 nm and for bone is 25 nm [7]. 
Published work show that the synthesis procedure, control of 
experimental parameters and reagents used influence the 
resulting crystallite size. In addition, the process parameters 
also cause change in the constituent phases and Ca/P ratio of 
the final product. The Ca/P ratio of HA and β-TCP is 1.67 and 
1.50, respectively and for a biphasic mixture consisting of HA 
and β-TCP, it is between 1.50-1.67. In order to have uniform 
chemical composition and particle size, sol-gel synthesis route 
was selected for present study.  

The HA powder with different phase constituents and sizes 
find different implications in biological applications. In view 
of this, the present investigation deals with the study on the 
influence of reaction time of sols and capping agent (TEA) 
assistance on the HA/β-TCP ratio, Ca/P ratio and crystallite 
size of resulting MgHA powders through experimental results 
and their statistical analysis using 2 sample t-test and two way 
ANOVA.  

II.  MATERIALS AND METHODOLOGY 

A. Synthesis of HA with and without TEA 

 To synthesize MgHA nanopowders (MgzCa10-z(PO4)6OH2, 
z = 0.2), calcium nitrate tetrahydrate (CNT, Ca(NO3)2.4H2O, 
Merck, AR grade) and potassium dihydrogen phosphate 
(KDP, KH2PO4, Merck, AR grade) were used as precursors of 
calcium and phosphorous, respectively. Magnesium nitrate 
hexahydrate (MNT, Mg (NO3)2.6H2O, Merck AR grade) was 
used as magnesium precursor. 1.0 M solution A was prepared 
by mixing 0.98 M of aqueous solution of CNT and 0.02 M 
aqueous solution of MNT. The Solution A was then added 
drop-wise to 0.6 M KDP solution under vigorous stirring at 
2100 rpm for 1 hour at 10°C. (Ca+Mg)/P molar ratio was 
maintained at 1.67. The pH was continuously monitored and 
adjusted to 10±0.1 by adding 25% NH4OH solution to 
improve gelation and polymerization of HA structure. MgHA 
nanopowder with TEA assistance was synthesized by adding 
0.6 M TEA (Merck, India) into KDP and then following the 
procedure as explained above. The molar ratio of CNT + 
MNT: TEA was maintained at 1:0.6.  

During the mixing and stirring step, a part of sol mixture 
was withdrawn at regular interval of 5 minutes starting from 
15 minutes till 60 minutes and then aged for 24 hours at 
25±2°C. Gelatinous precipitates thus formed were centrifuged 
and washed thoroughly by double distilled lukewarm water. 
The precipitates were dried in an oven at 70°C for 48 hours. 
The dried mass from above step was crushed and ground with 
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the help of a mortar and pestle to obtain fine powders. As-
synthesized MgHA nanopowders were calcined for 2 hours in 
a silicon carbide programmable muffle furnace at a heating 
rate of 5°C/min. at 900°C and finally cooled in furnace by 
switching it off. 

B. Powder Characterization 

The elemental analysis (by weight) of MgHA powders was 
carried out by using wavelength dispersive X-ray 
Fluorescence Spectroscopy (WD-XRF, Model: S8 TIGER, 
Make Bruker, Germany). Approximately 8.0 grams of powder 
was pressed at a load of 15 tons using hydraulic press to form 
pellets of 34 mm diameter and 1.5 mm thickness. The pellets 
were analyzed for 17 minutes in WD-XRF. XRF spectra were 
obtained for determination of elemental concentration in 
powders. Infrared spectra (FTIR, Perkin Elmer) were recorded 
in the region 450–4000 cm-1 using KBr pellets (1% wt/wt), 
with spectral resolution of 2 cm-1 for the nanopowders by 
taking four scans for each sample. The spectra were analyzed 
to identify the various functional groups such as hydroxyl, 
phosphates, nitrates and carbonates present in nanopowders. 
XRD, Philips X’Pert 1710 was used for XRD analysis. The 
test was performed for MgHA powder using 
CuKα radiation, λ = 1.54 Å, 2θ- 20˚ to 90˚, step size 0.017°, 
time per step 20.03 s and scan speed 2.12°/min. XRD analysis 
was carried out to determine the phases, mean crystallite size 
and lattice parameters. Crystallite size of nanopowders was 
calculated using Scherrer’s equation [8], [9]. 
 




cos

9.0
sX                               (1) 

                     
where XS is the crystallite size in nm, λ is the wave length of 
X-ray beam, β is the broadening of diffraction line at half of 
its maximum intensity in radians and 2θ is the Bragg’s 
diffraction angle (o). The silicon standard was used to measure 
the instrument broadening in order to correct the value of β. 
To calculate mean crystallite size of nanopowders, three peaks 
of XRD spectra which were well separated and had high 
intensities were chosen. 

As reported by [10]-[12], thermal decomposition of calcium 
deficient hydroxyapatite, CDHA (Ca10-x(HPO4)x(PO4)6-x(OH)2-

x) results in the formation of a biphasic mixture consisting of 
HA and β-TCP phases at temperatures above 800°C according 
to:  
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where, x is the calcium deficiency and ஼௔
௉
ൌ

ଵ଴ି௫

଺
. The ratio of 

mole fraction of β-TCP to mole fraction of HA in the calcined 
samples is given by (3): 
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The weight fractions of hydroxyapatite phase (WHA) and β-

TCP phase (Wβ-TCP) estimated from XRD patterns using 
external standard method were converted into mole fractions 
and then used for calculating x and Ca/P values. 

The two way ANOVA test was applied to analyze the effect 
of reaction time on HA/ β-TCP and Ca/P ratios of 
nanopowders. Two sample t test using Minitab software was 
performed to predict the effect of TEA on mean crystallite size 
of resulting MgHA nanopowder.  

III. RESULTS AND DISCUSSION 

A. XRF Spectroscopic Analysis 

The energy dispersive spectra of MgHA nanopowders 
synthesized by reaction of sol for 15 minutes with and without 
TEA assistance were used to determine the amount of Ca, Mg 
and P in nanopowders. The MgHA nanopowder synthesized 
with and without TEA assistance consisted of 0.13 wt.% and 
0.21 wt.% of Mg, respectively. This confirmed substitution of 
Mg in hydroxyapatite at an early stage of synthesis.  

Figs. 1 (a) and (b) show the FTIR spectrum of MgHA 
powders synthesized by reaction of sol ranging from 15 to 60 
min. with TEA assistance and without TEA, respectively. All 
characteristic peaks of hydroxyapatite in the spectra i.e. 
phosphate vibrations of apatite:ν1 PO4

3- (962 cm-1), ν2 PO4
3-

 (473 cm-1), ν3 PO4
3- (broad band 1031-1093 cm-1) and ν4 PO4

3-

 (569 cm-1 and 602 cm-1); and hydroxyl group of hydrogen 
bonded to OH-at 3569 cm-1 and 631 cm-1were present in 
MgHA powders. The weak absorption peak at 868.7cm-1 in 
MgHA powder was ascribed to P–O–H vibration in HPO4

2-

 group, typical of CDHA [13]. The stretching vibration of 
CO3

2- at around 1400.3 cm-1 was detected. The incorporation 
of carbonate ions in the apatite structure might have taken 
place during the synthesis of HA, where the atmospheric CO2 
reacted with OH- in the HA, forming carbonate ions [14]. 
Bone apatite contains 2-6 wt.% carbonate which commonly 
substitutes for PO4

3- group in the HA structure [15]-[18]. As 
reported earlier CO3

2- presence can improve the bioactivity of 
HA [17].  

Broad envelop around 3400 cm-1and 1648 cm-1 was ascribed 
to the O-H and H-O-H vibrations of the absorbed water 
molecules on the HA crystal structure, respectively. As the 
reaction time of sol was increased from 15 to 60 min., strength 
of PO4

3-and OH- bands in resulting powders increased while 
that of HPO4

- band decreased.  

B. XRD Analysis 

Figs. 2 (a) and (b) show the XRD patterns of MgHA 
powders synthesized by reaction of sol ranging from 15 to 60 
min. with TEA assistance and without TEA, respectively. The 
lattice parameters of TEA assisted MgHA powder changed 
from 9.42 to 9.46Å (for a) and 6.82 to 6.86 Å (for c) and 1816 
to 1833 [Å] 3 (for volume of HA unit cell) and the mean 
crystallite size changed from 8.75 to 29.43 nm as the reaction 
time was increased from 15 to 60 minutes.  



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:12, 2015

1400

 

re
pa
6.
ce
nm

ca
tes
us
Ne
Hy
Al
µ1

na
Fo
 

F

For MgHA 
action time w

arameters chan
88 Å (for c) a

ell) and the me
m.  

According to
an be predicte
st known as 
sing Minitab-1
ecessary hypo

Hypothesis as 
lternate Hypo
1≠µ2)’. Here µ
anopowders sy
or this analysis

Fig. 1 FT-IR pat

powder syn
was increased
nged from 9.3
and 1800 to 1
ean crystallite

o Singh and K
ed with 95% 
‘2 sample t-T
16 software an
othecation wa

‘no effect o
othesis as ‘s
µ1 and µ2 wer
ynthesized wi
s, the significa

ttern of MgHA 
and (b) w

nthesized with
d from 15 to 
35 to 9.46 Å 
854 [Å]3 (for 

e size changed

Khanduja, the c
confidence u

Test’ [19]. Te
nd its output i
as formulated
of TEA (H0

significant ef
re mean parti
ith and witho
ance level is 0

 (a) 
 

 (b) 

synthesized (a) 
without TEA  

hout TEA, a
60 min. the 
(for a) and 6
volume of HA

d from 9.53 to

consistency of
using a hypoth
st was execut
s reported in F

d by assuming
0: µ1=µ2)’ w
ffect of TEA
icle sizes of M
out TEA assis
0.05. 

with TEA assis

 

as the 
lattice 

6.82 to 
A unit 
 40.99 

f result 
hetical 
ted by 
Fig. 3. 
g Null 

whereas 
A (Ha: 
MgHA 
stance. 

 

 

stance 

Fig.

 
S

was
size
was
valu
size
dev
with
dou

T
A

T

W
W

D

E
9
T

P

. 2 XRD pattern
TE

Since the p val
s predicted wit
e for MgHA n
s different from
ue suggested 
e of MgHA na
iation value 
hout TEA s

uble) than low

Two-Sample t-Te
Average Particle S

Two-sample T for 

With Capping agen
Without Capping A

Difference = mu (

Estimate for diff
95% CI for differ
T-Test of differe

P-Value = 0.0

(

(

n of MgHA synt
EA assistance an

Fig. 3 Two S

lue (0.018) wa
th 95% confid

nanopowder sy
m that withou
the degree of
anopowder du
(11.3) for M
suggested hig
wer standard 

est :
Size With Capping

With Capping ag

N   Mean

nt 10  22.68
Agent 10   33.6

(With Capping ag

ference:  -10.90
rence:  (-19.64,
ence = 0 (vs not

018 DF = 13

(a) 
 

b) 

thesized from 1
nd (b) without T

 

Sample t-Test 

as less than sig
dence level tha
ynthesised wit
ut TEA. The s
f variability in
uring synthesis

MgHA nanopo
gher unpredi

deviation (5

g Agent & Withou

gent vs Without 

n  StDev SE Mea

8   5.93      1.
6   11.3      3.

gent) - mu (With

0
, -2.15)
t =): T-Value = 

5to 60 min. (a) 
TEA 

gnificance lev
at mean crysta
th TEA assist
standard devia
n mean crysta
s. Higher stan
owder synthes
ictability (alm
5.93) for pow

ut Capping Agent 

Capping Agent

an

.9

.6

hout Capping Age

-2.69  

 

 

with 

 

vel, it 
allite 
tance 
ation 
allite 

ndard 
sised 
most 
wder 

ent)



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:12, 2015

1401

 

sy
wa
ch
4. 
sy
22
 

 

po
TE

of
an
of
of
ob
an

ynthesised wit
as obtained u

haracteristics o
Accordingly

ynthesized wit
2.68 nm and 3

C. HA to β-T

 Figs. 6 (a) a
owders synthe
EA assistance 
All calcined 

f HA and β-TC
n increase in r
f reaction time
f HA and β-
bvious but the
nd without TEA

th TEA assist
using Minitab 
of data distribu
, the mean cr
th TEA assista
3.58 nm, resp

TCP Ratio 

and (b) show X
esized for react

and without T
MgHA powd

CP phases. Th
reaction time f
e on HA propo
-TCP in calc
e degree varie
A assistance.  

Pa
rt

ic
le

 S
iz

e 
(n

an
o 

m
et

er
s)

tance. The in
software to c

ution graphica
rystallite size
ance and that 
ectively.  

Fi

F

XRD patterns
tion time from
TEA, respectiv
ers consisted 

he HA/β-TCP r
from 15 to 60
ortion present 
cined MgHA 
ed nanopowde
 

50

40

30

20

10

ndividual valu
clearly illustra
ally as shown i
 of MgHA p

t without TEA

ig. 4 Individual 

Fig. 5 Diagnost

 of calcined M
m 15 to 60 min
vely.  
of biphasic m
ratio decrease
 min. The infl
in biphasic m
nanopowder

ers synthesized

HA With TEA

18.4443

26.9257
25.97
24.53
22.41

19.36

23.93

28.69
29.43

24.38

8.75

19.40

Ind

 

ue plot 
ate the 
in Fig. 

powder 
A were 

T
reve
synt
pow

Value Plot for N

tic Report for N
 

MgHA 
n. with 

mixture 
ed with 
fluence 
mixture 
rs was 
d with 

A
biph
to 6
with
resu
had 
was
whe
and 
and 
sign
min

dividual Value

The diagnostic
ealed that m
thesized with 

wder synthesiz

Nano Size Vari

Nano Size Variat

A 2-way ANO
hasic mixture 
60 minutes in
hout TEA ass
ults from 2-w
d insignificant 
s greater than
ereas the react

d p <0.05. The
d β-TCP in 
nificantly whe
nutes. 

HA With

25.467

41.6944
42.65
40.15

e Plot

c report from 
mean crystall

TEA assistan
zed without TE

iation 

tion 

OVA was use
of HA and β-

n MgHA nano
sistance. Fig. 

way ANOVA. 
effect on HA

n the signific
tion time had 
e HA proporti

calcined M
en reaction tim

hout TEA

76

40.65

26.30

38.20

44.89

9.59

41.59

29.23

22.56

the above plo
lite size of 
nce was 14.1
EA. 

 

 

d to test the 
-TCP for reac
opowders syn
7 provides th
The Anova 

A proportion as
cance level 0

d significant ef
ions in biphas

MgHA nanop
me was increa

ot given in F
MgHA pow

5 nm higher 

HA proportio
ction time from
nthesized with
he summary o
showed that T
s p value obta
0.05 (p = 0.
ffect as F = 6
sic mixture of
powder incre
sed from 15 t

ig. 5 
wder 
than 

on in 
m 15 

h and 
f the 
TEA 
ained 
.095) 
60.09 
f HA 
eased 
to 60 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:12, 2015

1402

 

pr
ste
m
wi
TE
ra

Graphical a
roportion in b
eadily when 

minutes in ca
ithout TEA. H
EA assistance

ate. Thus after
 

analysis from
biphasic mixtu
reaction time
se of calcin

However, for c
e, HA propor
r 60 min. of 

Fi

m Fig. 8 su
ure of HA an
e was increas
ed MgHA p
calcined MgH
rtion increase

f reaction of 

g. 6 XRD patter

uggested that
nd β-TCP inc
sed from 15 
powder synth
HA synthesize
ed with fluct
sol, HA prop

rn of calcined M

 

t HA 
reased 
to 60 

hesized 
d with 
tuating 
portion 

incr
synt
resp
MgH
that
of H

(a) 
 

(b) 

MgHA powders

reased to 0.38
thesized wit
pectively. Thi
HA synthesis.
t reaction time
HA and TEA a

s (a) with TEA a

8 and 0.36 in 
th TEA ass
s suggested th
. Thus, the 2-
e had conside
assistance prom

and (b) without 

calcined MgH
sistance and
hat presence o
way ANOVA

erable impact 
moted MgHA

 

 

TEA 

HA nanopow
d without T
of TEA prom

A results sugge
on the propo
 synthesis.  

ders, 
TEA, 

moted 
ested 
rtion 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:12, 2015

1403

 

Fig. 7 Two wayy ANOVA test rresults to analys

Fig. 8 Mean lev

Two-way ANO

Source       DF 
HA            1 
Time (Mins)   9 
Error         9 
Total        19 

S = 0.02328   

HA              
With TEA     0.1
Without TEA  0.1

Time            
(Mins)      Mean
15      0.078299
20      0.055900
25      0.061780
30      0.068895
35      0.095275
40      0.144965
45      0.244185
50      0.295850
55      0.354039
60      0.375750

se the effect of 
TCP for rea

vel of HA prop

Fig.

OVA: HA (proport

       SS         M
 0.001888  0.001888
 0.293111  0.032567
 0.004878  0.000542
 0.299877

R-Sq = 98.37%   

Individual 9
 Mean  ---------+--
187210              
167778  (----------*

---------+--
0.165

Individual 95% CI
  Pooled StDev
n --------+--------
9    (---*---)
0  (---*--)
0  (---*---)
5   (---*---)
5      (---*--)
5           (--*---)
5                   
0                   
9                   
0                   

--------+--------
0.10      0

 

reaction time an
action time from

 

ortion for proce
 

 9 Regression a

tion) versus Time

MS      F      P
81   3.48  0.095
79  60.09  0.000
20

R-Sq(adj) = 96.57

95% CIs For Mean Bas
--------+---------+-
 (----------*------
*----------)
--------+---------+-
5     0.180     0.19

Is For Mean Based on

--+---------+-------

)
  (--*---)
       (---*--)
             (--*--
               (---
--+---------+-------
0.20      0.30      

nd TEA on the 
m 15 to 60 min

esses with TEA 

analysis 

e and TEA 

7%

sed on Pooled StDev
---------+
-----)

---------+
95     0.210

n

---+-

--)
-*--)
---+-
0.40

HA proportion 

and without TE

 

in biphasic mix

 

EA 

 

xture of HA andd β-



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:9, No:12, 2015

1404

 

 

D. Variation of Ca/P ratio 

The data collected for Ca/P ratio was calculated using (5) 
reaction time from 15 to 60 min. To investigate the 
relationship between Ca/P ratio and reaction time orthogonal 
regression tool was used. The correlation graphically 
presented in Fig. 9 was estimated and p and R2 were found and 
results obtained were significant as p < 0.05 and R2= 0.946. 
The fitting equation (5) correlated Ca/P ratio with reaction 
time: 
 

஼௔

௉
1.568 ൅ ݐ	0.006141 െ 	ଶݐ	0.000189 െ  ଷm    (5)ݐ	0.000001

 
where t is the reaction time. 

IV. CONCLUSIONS 

The effect of reaction time and assistance of capping agent 
like TEA during the sol-gel synthesis of magnesium doped 
hydroxyapatite powder has been studied on proportion of 
hydroxyapatite phase and Ca/P ratio and the crystallite size. 
The magnesium doping occurred in HA as early asat a 
reaction time of 15 minutes. There were 90% chances to 
obtain MgHA powder during sol-gel synthesis by TEA 
assistance with crystallite size lower by 14 nm than that 
without TEA. The reaction time has significant influence on 
the HA phase proportion in the biphasic mixture of Ha and β-
TCP and Ca/P ratio of synthesized powder while TEA has 
trivial impact. The Ca/P ratio had cubic relation with reaction 
time given by equation Ca/P = 1.568 + 0.006141 t – 0.000189 
t2 – 0.000001 t3. Only 58.3% of sol-gel synthesis of MgHA 
nanopowder could be completed in 60 min. of reaction time in 
present investigation. 

REFERENCES  
[1] L. B. Hossein-Nezhad, A. Maghbooli, Z. Bandarian, F. Mortaz, S. 

Soltani, Association of Bone Mineral Density and Lifestyle in Men, 
Iran. J Publ Heal. Vol. 35 2007, pp. 51–56. 

[2] M. H. Fathi and A. Hanifi “Evaluation and characterization of 
nanostructure hydroxyapatite powder prepared by simple sol-gel 
method,” Materials Letters, 2007, vol.61, pp. 3978-3983. 

[3] M. M. Savalani, L. Hao, P. M. Dickens, Y. Zhang, K. E. Tanner and R. 
A. Harris, “The effects and interactions of fabrication parameters on the 
properties of selective laser sintered hydroxyapatite polyamide 
composite biomaterials,” Rapid Prototyping Journal, 2012, vol.18, 1, 
pp.16-27. 

[4] M. Percival, “Bone Health & Osteoporosis”, Appl. Nutr. Sci. Rep., 1995, 
vol.5, pp. 1-5. 

[5] T. Ioanovici,  “Influence of magnesium doping on synthesized 
hydroxyapatite using the wet precipitation method”, E-Health and 
Bioengineering Conference (EHB), 2011, pp. 1-4. 

[6] R. Ramachandra, H. N. Roopa, T. S. Kannan, “Solid state synthesis and 
thermal stability of HAP and HAP-β-TCP composite ceramic powders”. 
J Mater Sci Mater Med 1997, vol.8, pp. 511-518. 

[7] N. Pramanik, A. Tarafdar, and P. Pramanik, “Capping agent assisted 
synthesis of nano sized hydroxyapatite comparative studies of the 
physicochemical properties,” Journal of materials processing 
technology, 2007, vol.184, pp. 131-138. 

[8] M.H. Fathi, A. Hanifi, and V. Mortazavi, Preparation and Bioactivity 
Evaluation of Bone-Like Hydroxyapatite Nano-powder, J. Mater. 
Process. Technol., 2008, vol.202, pp. 536–542. 

[9] R. Jenkins and R.L. Snyder, Introduction to X-ray Powder 
Diffractrometry, Wiley, New York, 1996.  

[10] S.V. Dorozhkin, Mechanism of solid-state conversion of non-
stoichiometric hydroxyapatite to biphasic calcium phosphate: Russ 

Chem Bull Int, 2003, 52, pp. 2369-2375. 
[11] B.D. Cullity and S.R. Stock, Elements of X-Ray Diffraction, 3rd ed., 

Prentice-Hall Inc., Englewood Cliffs, 2001. 
[12] S. Kannan, J.M. Ventura, and J.M.F. Ferreira, Aqueous Precip- itation 

Method for the Formation of Mg-Stabilized b-Tricalcium phosphate: An 
X-ray Diffraction Study, Ceram. Int., 2007, vol.33, pp. 637–641  

[13] I. V Fadeev, L. I. Shvorneva, S. M. Barinov, and V. P. Orlovskii, 
“Synthesis and Structure of Magnesium-Substituted Hydroxyapatite,” 
Inorg. Mater., 2003, vol.39, pp. 947–950 

[14] S. C. Afshar A, Ghorbani M, Ehsani N, Saeri MR, “Some important 
factors in the wet precipitation process of hydroxyapatite,” Mater Des. 
24 (n.d.) pp.197–202. 

[15] H. K. Varma, S. S. Babu, “Synthesis of calcium phosphate bioceramics 
by citrate gel pyrolysis method,” Ceram Int, 2005, vol.31, pp. 109-114. 

[16]  Z. Aizawa, H. Ueno, K. Itatani, Synthesis of calcium-deficient apatite 
fibers by a homogenous precipitation method and their characterization, 
J Eur Ceram Soc., 2006, vol.26, pp. 501–507.  

[17] J. H. Park, D. Y. Lee, K. T. Oh, and Y. K. Lee, “Bioactivity of calcium 
phosphate coatings prepared by electrodeposition in a modified 
simulated body fluid,” Materials Letters, 2006, vol.60, pp. 2573-2577. 

[18] U. Vijayalakshmi, S. Rajeswari, “Preparation and characterization of 
microcrystalline hydroxyapatite using sol-gel method,” Trends Mater 
Artif Org, 2006, vol.19, pp. 57-62. 

[19] B. J. Singh, and D. Khanduja, “Perspectives of Control Phase to manage 
Six Sigma implements: A Foundry Case”, International Journal of 
Business Excellence, 2014, vol.7, 1, pp. 88-111. 


