9 s alio

VNN iy gy yb /AN 2Bl 3 5,

olguol (S5 39 035Ul ddxo
1WA (S50 g P 3iuo) Aol 0339 /1Y E 0 losd/ i 9 vy Juw

O i g b Sl 5 90 CdliT S gy (5 LSl (sAmilio

 nls S aan S0 5 i (5 el o ¢ 598 Lid yaans
" S 1 S sl il L i

e

3 ookl 390 (sla giilS ol b g lgseinl Sluls loyd j3 a8 wisb e Hlossinl (osimd JSuts Lol g (Sine 253 Coil] nSgyiun tdodde
52 4638 5 liond S5 s (o5 Sl Sl S gy (a8 ) gl 2,8 o 6l g e 4 ol b (Sl
S sin o ] s S 33t 3 4 Sy s S5 50 o 55 i Lo B3 s ol ol
MBS )5 a5 390 sl e (59 2 i ploinl St g Sl

el a5 8 o saalio 3,90 5 005 s (s 5 ()l slagbs & CllnSnyhn Sl SHU 39 (3 a3 s
Sl Slowlre guls s osalie (BLsl b B wsSoun g bl o Cubl S gyin B G il g3 o 5l sdal Cand 4 Jgamme tBABL
sob 4 Gl Ll 0dgy doyd FIVY 5 AVIN iy 4y olaudgillo o ()l slojbey 4 osd Wlg Jaamee (b (gyol (s yd &Sm0
Sy ol OA 9 AD 393> i & lrand o g () P9y 4 00 Fw (igel 53 D (gojll g B> (69 4nd (Solshyg0 pdee
SBog)S (g 53 S 3l Al o el punSg)am 5B ST Ul 93 ya 5l Jols Jpao o amd o (LS (536 U gl 35 S A
ol J5y53 0 oYL ogls (gan 3 5l Jaame 530 359 Jgame ;D Cuib S g hn cdasiio clacSy plos &5 cul o Sl ele

bl S gyt s Lol ( olendlSe ¢ 5yl it 150 B 39

s 4 g3daze gla g 5 5l (V) il 3515
45 LS 4 bl S5 dn sladl S50 A5
L Y ame i) g d A &S L s s
Sslite 55k s 5 AL (gl Slasiis
s sl S b e (1) Wil e ol
Sladal b os S 5o an Ol b il oS 550
A e s Sa e (F) 3 se el 55 S
e ssdn s 5 (V) 5550 ((0-7) (18

5 Jsmame O o W5 Jsame 55b 0 )

oias JS25 ol 5 e e ST S50
L 5 Ol el Olagls Oleys 53 a8 AL 0 Ol el
L Sl 0lss s eslatal 550 sla oS o lo
Olsl 8 3,5LS O (85 s e a4 sy 550
Jelse o wkfwﬁw%ﬁ e OB, (V) 50
Ol 55 (L8 5 pleed S 5l 635
P vy I PRIV T FY P o= 3 o3l
=B s s 4 %!Tg«sﬁ)v\:ﬁ sladbus S 56

&Q}&l?@w‘@b[{&x{rﬁd@j‘wj

Ol Olgasl T Casms oty oSl T oKl slge (suwdige (02Kl (g po |

Ol clghiol ool (K3 pole slEils (K GoaKiils (Kb (i 5 Kpsd 09,8 okl

Email: foroughi@iaun.ac.ir

Ol Olginol LT Cass a1 ol 33T ol&sls walge s i (S0 ails ¢ Ludals r

98 Lo eme i gimme (GO ¢

WA (K gmkige) asbo s NIVF o)l / YA Jlo— Olgiusl S5 0uSKiils aloes rYYY

WWWw.mui.ac.ir



Ololsan g of 9 8 b jaaas

ol () iztls a0l il 51 ol i
sRivera kv g odS AST A5 5wl Al 5
bS5 s gy ramen il o (1)) O Ken
by 4y 5L Ol 5l sl S5 s
OF) cl el 5158 0K 5 Jinawath
Sl S oder A5 A ol tassy 5
Sldes gy 4 5LS Ol 51 Jliwy S50
b IS sladsy 3 5 eslial Ly 5 5,0~
N s ot Slasitie s 5 LS 4l

W3S 15 slie 5 o 355

B w95

ol s =N
el ) e 1 L B O, Ol sl saug Sl
Mo O Jate slag 2 U 3,8 55 o 2T
a3 53 sl 53 0T 038 St (gl y g L5
Lo, K ol 0,8 Sla a3 00 ool >
Aol ol 5l ol gosle 33§ Si of s
A5 gl 4 il e Ol el K sl zuSE
St o 3,8 o 513 ookl 550 SoSLT S 5
Laol Osls &l 50,55 S5 Lol gl 0313 513 dm
il e 423 4 e a3l S Sl g4z 3 A0
Sy M 535 cad o ool 5l ol (gosls &S

ol gl oS 5

o2 boued #50 pitew =¥

Ly 51 Jes S50 bl Sk A5 skt 4,

oeelS S5 odea 5 (P2Os;Merck) i (65 LS

i eslenal 5 281y ilee (Ca(OH)y;Merck)

10Ca(OH),+3P,05—Ca o(PO4)s(OH),+9H,0(1)
S0 el sl i L olpe ol a6l

oLl 5 sl 4 S L5 (Sloslm SIS Ol

aud s 5 anls Jlics S50 el e o0 oA L sealis

A gp S o e S ff1 568 1S,
G s S5 L e A5 K00 S5
S sl sl oot (S 5 s i el el ye
S g e3liial 35 50  sles (Lo PH coslinal 5,50
Jsb i Lajsy ol Sas (Ca/P (g 2 58 5l
LS ool a5 1 pae ol 3 A 5 4 dalnily
Sl e g aS el eds (5158 aean ()
o e 5 A5 s sl Dl LS 5 e b
4 on by () 350 gp o Jae S5
Lol o e Jloy S LT S osken o5l A5
G3lwdlss aul b o 53 So U5l 5 3
5 el s bl b 5l as ol Sl
= sl s el 53 035 Ol 5 3dee
a5 Aas e 0L Ll 5 sl (F) daes S sllae
5 Gl el 5 Sl Gl i 5l SS
A3l g e b 5 OT 2l Al (S ke
5OV oo Sy 10) ol Ol s
bl S a5 gl (V) &m0 ey
3 on 050 Ol Sl 0 Slr S Olge 4 b
Ll S 15 Gl
Ol il Cowgy (g ooy S5 ol (sesle
(43 1) (ool i 5 (o3 AF) oolS by S
S 32 OB o L O, Sen g Rivera a3l o
Vo ol Sl garpn A sl jaf e
b f e Sevsy 03 35 e eSOl S sl
L1 G5 S 2S5 S oS S S
J—ol osle 5 s S bslse S Dland Jslos
S8 5l gamys 100 gles s el ¥ Ske o
) sty ol bl oS aoder W55 shate &,

)Jﬁ@j@éhﬁ&:&bﬂj‘f}ﬁbb&@))

Ty WA (i qdige) aal oy /NIVE o5lad / Y4 Jlo— Olghonl (S5 0iSCiils ales

WWWw.mui.ac.ir



Intensity (a.u.)

ololsad g £ 98 Ld jaane

CT S sken 5B Sl s e Sl el s
3 s odalie LI Ll 5B £ 58 s 5 AL 0
dmams Gl oSy o (olin Sl s
53 Camtl il eSS 5l 3 g s 0l 4l 35k L
Sl e S Sas g Ol o sles O K
Gl o gie yn sl (el LS 4 S ol
O S a5 Lepl by o Jlies S slals
o 5l AT 3 5 ol J guamen o8 555 0 Uiz
Oljpe A D1, 52 2 65 mly sl oIl Lo g2
53 Slslp 3, &l e el 5l S 0t e
S ader Sl Jpmams (ol Dlasila s

..))‘) d.\.& LS)}L

g 2

P

JCPDS: 024-0033 HAp

20 30 40

50 60 70 80

26(°)

0dd A 5 il S g yder S5l 55 B sl S IS
(odd i) glend 5156 (O) 9 (Lamd) S,1 >~ () By, 4

WA (K gmkige) asbo s NIVF o)l / YA Jlo— Olgiusl S5 0uSKiils aloes

s S gands Yl S b il oS g8 s AL sunlis

Glaad IS 5 63V 58 (5 aak (¢ ataizs 5l Slles
5 035 4 I8 il e S eslinal SLS 5
Jiasl Frarpm 5 ) 4 Yo S5 4 A5 o S
Sds 4 B2 STy gl ol sl Oldas S
s a2l el e il s sl Y
ol B3 ol s b VU Sl 6,8 s
VO s 4 (bl 4iB3 FO a5l e oSz

sl plbaasnio Y
sl ol b a3l (g anllas 5 g litle Ol is )
L X-ray diffraction) .Gl 45 5 il (i,
CuKa 55 31 5T 61— a5 S plssil (XRD
SWs cakds 5 amsn ) dobee gy F 5 A ealal
ol e T dslas 0L > 5 kS Y Ll Jlesl
olslasynqe By 51 20) 3, sl 5o
(S 55 Py 65 I Sl ey 2 S
O3ls growcib 31 ale (slaey S (5 andllas Cogr
L Fourier transform infrared spectroscopy) ;» ,3
osla Ll (FT-IR:6300,JASCO,Japan) (FT-IR

(Scanning electron microscope L,

allas e & 55 (FE-SEM: HITACHI S-4160)
oaleul S) 4 JW (.5]“"19 Olasin EOR D
28515

sl

eSSl S S sl A S S s
L$—>;J‘J> L)juj)‘\_).o.’s..:a J.:J)SQ.:SQIH))M
RGN IS 4 4)\)‘ (cu\«;f J:MI/) &Wﬁ’&j(@:‘b)

YYYf

WWWw.mui.ac.ir



Glolsad g £ 5 8 Ld jaane

Transmittance (a.u.)

4000 3000 2000 1000 370
Wave number (cm-1)

3
2
s 4l
;.
8 55 h
E= & X
G : 20
§ =N
= I e
< kL
4000 3000 2000 1000 500

Wave number (cm-1)

51 (Fourier transform infrared) FT-IR v <

5 () SOl ooy () 4 o 5 b S g5

(odd mw) dL_«»_-iyKd (&)

SLais, 4 ol 455 Y yuams I (FE-SEM)
bl asls DL Y s s aberi 556 5 1~
A Ol aS spd e a0 4 e g Lo
Sell 5 Lils (655 a4k 550 edes b
3 =l SR am el e (G4 sed 53 D)3
FaPlSOA S A0 s sd i 5 A pled S
5 e alde (JSS 4 ax 5 L e L s
ol e Aol b 5l sdel s w0 J guame oS
ol ol s oS s ls 0 slas S 4 g i sles
Sl il 3 b s Sld 4 sl sl g5 5!
il e a5 Sl WOT L 5s g 0 s
skl hlin 3 g5 0 ST sl 5> S3 ules
3 ol SV s 45 Wl e Aol ol wl |
Slastio 3l sl gl 5 Sl > slaal

Slas 8 53 Wil g oo 5 Ksls, 5 el g 8l

s S gands Jliow S b il oS 5508 LA LL sunlis

o3li sl Ly J geames OAS (5o 5k (a5 o00l
(\()) Sl 0 wbu J‘i) 64@‘) J\
) Xc = (K/BY

s Asl e FWHM (%) Sy (Sa—s g
Ol (o5 a3 a8 s e OLLS Dlisls
3=l Gl s am el )5 J e
Sl Ao )3 PIVY SAVAR Lo 5 a pland 515
S ol O S0l La e sy ol s (s
laals ol s Jalye mlS g5k arss
Sosk ez b dsame &S (sosb vl s S
G el bwgie b i S gladls (g5l i
ol plil Slslws & a5 L cpl ol A2l 0 VL
3 b e Jhas 4 b e Sl S
el 13,57 2 S Sl s#ls eIl o e

SIFTAIR 5w ossl e i LY IS5 s
PRP ISRt { W yg FPR U WSV LRI PUBL
b ol sl sdld el QLIS plns SIS
Ofdem” >l 53 Sl 0,5 ol glasy
Sy Ll sl Ve ¥Aem™ 5 4#Yem! & Yom'!
o by e YEFACIT (Go35doms 53 5 0 deiS 5 e
55 Sy a S ged ol 3 ol (ol O
o5 S (ol L& YOViem! 5 #Yeem’
s Al e STkl s oS
VFovem™! 5 VFY fem™! AVAem! Slay i
S das e OLES il Sy S 05 8w by e aS
Slid glady Sl Slu S oy 5l >
s a5 L aleds oL sl s
ol s 4y N s 3 psle i
L o Sl el oS

50— SN QS S sl

Yo WA (S ige) asbogs /IVF o5leds/ YA Jlo— Olghon! (S5 oAl

WWWw.mui.ac.ir



O San 5 o3 5 L psans

L Jams 15 Ol (658 Dbl jias pizen
2,1 55y Slae g Al 5 ol Dlasise
I So5 S o sSns Sn sl ¥ IS
Cosbite (535 sm b Sl S sshn 53 L
o3 el syl glaa s sad old Ll sl eals QLIS
S ol Jo 3 pl 3l e Skl e g4
503550 @olS Sla Jiadl (b jan s 45l 3150
IS Ll s el DSy S 0L
bl 56 Oy e T i sl bl
03 Al e ol 4l lasile 4 ats &S 8L o

Al a5 3y e B e 6 Kos glas

LS 2k

(SEM  Sc

aad w5 ands Yl S 50 el oS 5 un B L (el

S ol sl >g5a,, 0 S S
S35 S35 050 b I S 5 ST S g sn
Al s ol slagisd b 50 L a5
COO PN S SVICOUSOUN (5 P°5 (VOH1 PR
35 A0l e el s s Y ame ol
A2l a5 2, ge Ol SOk wkige slas )18
Gladul g s 4SS coul el Bl a5 ol SB
Ll oy bae sl (ol Sl
ol Fm o S Jole e Sl g5ludlad
Ol il o Sl S psin slasll it
5 Gk Lass (3 pme (sl 3l g s L Jlis

w3
m¥
=D =

5. 8k ¥ (XB8.8K

15.8kV X68.83K

anning electron mMicroscope) iy, s N @ sy S pslas ¥ K&

atbesd S5 Gy ) 5 ol s (05 AN & odd a5 LTS sk

y

LT S 5k 3 (TEM L Trans

mission Electron Mici’oscopy) G55 S9N Sy Kn ol ¥ S

(oY b galiizs (O (gl gadiizes (W) Cslus 0 0L3 53 09851 umedl 55 (olond 515 B35, 4 0dd dd 5

WA (K gmkige) asbo s NIVF o)l / YA Jlo— Olgiusl S5 0uSKiils aloes

Yvyye

WWWw.mui.ac.ir



Glolsad g £ 5 8 Ld jaane

s S gands Jliow S b il oS 5508 LA LL sunlis

S A3l e Sl S dn 5B ST Ayl 55
S des e Ol el sloos B ) 03 (S5
53 Sl S s der saasiie slacsy el
0P (§ A Sl e 5 LAl 5 J s
s ol Slasie LUl syt oYL
3 ool s 45 S e bl | i
e S S YL ol Sar o (Sl e
Slalie 35l slard sl son 5l Lol J s
A5 ot S S S
5l e Al Jly S5 Ul oS s
Aol b 5l ol J e 4 S A s DL
b g Al Slaie B ol Sl
S35 535N Ky Son yusbai by calis O
A5 3 L S Sl il 5 lae Comal 1
Ll o0l il bl S sk (gl sl it
yeobrle olasie gla )y mls 4y e
L odos A5 Jlis S 50 bl S 55n (s ol
Sl )8 5o LUlg e (55 ,—S ad 555050

AL s Sy

References

N5 G Sy S n5ai 0 IS

ST SN PN VI ) W PR WA Y P
C,,_w\ rzz>v_w.ﬂ b d)_j_bdl_a.ﬁ 45 J\_Jsb k5‘1 ;Q.M.]am

A3l e 55 oS sk DI (S s

=
TEM (5,55 55/ @ sSms S psai 0 JSS

5! (Transmission Electron Microscopy)

PP S PR W SO F N PPR W

L)

1. Fellah BH, Josselin N, Chappard D, Weiss P,
Layrolle P. Inflammatory reaction in rats muscle
after implantation of biphasic calcium phosphate
micro particles. J Mater Sci Mater Med 2007;
18(2): 287-94.

2. Orlovskii VP, Komlev VS, Barinov SM.
Hydroxyapatite ~and  Hydroxyapatite-Based
Ceramics. Inorganic Materials 2002; 38(10):
973-84.

3. Dorr LD, Wan Z, Song M, Ranawat A. Bilateral
total hip arthroplasty comparing hydroxyapatite
coating to porous-coated fixation. The Journal of
arthroplasty 1998; 13(7): 729-36.

4. Rhee SH. Synthesis of hydroxyapatite via
mechanochemical treatment. Biomaterials 2002;
23(4): 1147-52.

5. Asada M, Miura Y, Osaka A, Oukami K,
Nakamura S. Hydroxyapatite crystal growth on

U et o 5sb 0 Jlis S 5L LT oS50
5 bt 58 5 e sladul b 5 eslinad

ol J a5 a0 OLES (36 2IUT s s

calcium hydroxyapatite ceramics. Journal of
Materials Science 1988; 23(9): 3202-5.

6. Jarcho M, Bolen CH, Thomas MB, Bobick J,
Kay JF, Doremus RH. Hydroxylapatite
synthesis and characterization in dense
polycrystalline form. Journal of Materials
Science 1976; 11(11): 2027-35.

7. Liu DM, Troczynski T, Hakimi D. Effect of
hydrolysis on the phase evolution of water-based
sol-gel hydroxyapatite and its application to
bioactive coatings. J] Mater Sci Mater Med 2002;
13(7): 657-65.

8. Sada E, Kumazama H, Murakami Y.
Hydrothermal Synthesis  of  Crystalline
Hydroxyapatite Ultrafine Particles. Chem Eng
Comm 1991; 103: 57-64.

9. Choi D, Marra G, Kumta N. Chemical synthesis
of hydroxyapatite/poly (e-caprolactone)

FYYY WA (S ige) asbogs /IVF o5leds/ YA Jlo— Olghon! (S5 oAl

WWWw.mui.ac.ir



Ololsan g of 9 8 b jaaas

composites. Materials Research Bulletin 2004;
39(3): 417-32.

10.Manjubala M, Siva Kumar TS, Sampath K.
PandurangaRao, crystallization in a large
volumecreatine supplement solution made from
effervescent powders. J Mater science Mater
Med 2000, 11: 705-9.

11.Rivera EM, Araiza A, Brostow W, Castano VM,
Diza-Estrada JR, Hemandez R. Synthesis of
hydroxyapatite from eggshells. Material Letters
1999; 41: 128-34.

12. Dupoirieux L. Powdered eggshell in the repair of
cystic cavities of the jaw. Br J Oral Maxillofac
Surg 1999; 37: 467-71.

aud s 5 anls Jlics S50 el e o0 oA L sealis

13.Lee SJ, Lee YC, Yoon YS. Characteristics of
calcium phosphate powders synthesized from
cuttlefish bone and phosphoric acid. J Ceramic
Process Res 2007; 8(6): 427-30

14.Jinawath S, Pongkao D, Yoshimura M.
Hydrothermal synthesis of hydroxyapatite from
natural source. J Mater Sci Mater Med 2002;
13(5): 491-4.

15.Landi E, Tampieri A, Celotti G, Sprio.
Densification behaviour and mechanisms of
synthetic hydroxyapatites. Journal of the
European Ceramic Society 2000; 20(14-15):
2377-87.

WA (K gmkige) asbo s NIVF o)l / YA Jlo— Olgiusl S5 0uSKiils aloes FYYA

WWWw.mui.ac.ir



Journal of Isfahan Medical School Original Article

Vol 29, No 174, Special Issue (Biomedical Engineering) 2012 Received: 12.11.2011  Accepted: 11.2.2012

Structural Comparison of Natural and Synthetic Nanocrystalline
Hydroxyapatite

Mohammad Reza Foroughi', Bahman Nasiri Tabrizi', Saced Karbasi PhD?,
Reza Ebrahimi Kahrizsangi PhD’

Abstract

Background: Hydroxyapatite is the main mineral component of bones. Due to its high
biocompatibility, it is widely used in the treatment of bone lesions or production of dental or
orthopedic implants. Biological behavior of hydroxyapatite depends on many factors such as chemical
composition and phase, microstructure, size, and porosity volume. On the other hand, other
hydroxyapatite nanocrystals have received increased attention due to their improved bio-efficiency
including connectivity and formation of new bones on their surface.

Methods: In this research, nanocrystalline hydroxyapatite powder was synthesized by thermal
synthesis or mechanochemical methods. The structures of the two types were then compared.

Findings: Products obtained from both processes was single-phase hydroxyapatite. No other stable
phases were detected. Degrees of crystalline of the products of thermal synthesis and
mechanochemical methods were 92.86% and 6.72%, respectively. Most particles had quasi-spherical
morphology. In addition, particle sizes of products of heating and mechanochemical methods were 85
and 58 nm, respectively.

Conclusion: Phase analysis showed that the product of both processes was single-phase
hydroxyapatite. On the other hand, all characteristic peaks were present in the product and it had high
purity.

Keywords: Thermal synthesis, Mechanochemical, Nanostructure, Hydroxyapatite
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