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Synthesis, characterization, and comparative bioactivity evaluation of
nano structured hydroxyapatite

M.H. Fathi, A. Hanifi and S.I. Roohani Esfahani

Biomaterials Research Group, Department of Materials Engineering, Isfahan University of Technology

Abstract: Due 10 its biocompatibility, bioactivity and high durability properties, hydroxyapatite (HA) has a wide range of
applications in medical cases such as bone defect treatment and bone tissue regeneration. Biological apatite as the most
important integrity of the mineral part of hard tissues consists of tiny hydroxyapatite crystals in nanoregime. It seems that using
the artificial hydroxyapatite with similar structure and chemical composition to biological apatite could increase its durability
inside the natural hard tissues. The aim of the present work was the synthesis of nano structured hydroxyapatite via different
routes, comparison of their characterization and enhancement of the bioactivity and bioresorbability of prepared hydroxyapatite
by controlling its crystal size and chemical composition. Nano structured hydroxyapatite was prepared by mechanical activation
and sol-gel routes. X-ray diffraction technique (XRD), Fourier transform infra red spectroscopy (FTIR) and transmission
electron microscopy (TEM) were used to characterize the prepared hydroxyapatite powders. The synthesized powder was soaked
in simulated body fluid (SBF) for various periods of time in order to evaluate its bioresorbability and bioactivity after immersion
in SBF. Atomic absorption spectroscopy (AAS) was used to determine the dissolution rate of calcium ions in SBF media. Results
showed that the mechanical activation prepared HA powder had nano scale structure with mean size of 29 nm and the sol gel
prepared HA powder had nano scale structure with mean size of 25 nm. Ionic dissolution rate of prepared nano structured
powders was higher than the conventional HA (with micron size) and were similar to biological apatite. It could be concluded that
bioactivity behavior of hydroxyapatite powder is affected by its crystalline size. By using the nano structure HA powder with less
than 50 nm crystalline size, the optimum bioactivity and bioresorbability would be achieved.

Keywords: Hydroxyapatite, Nano structure, Mechanical activation, Sol-gel, Bioactivity, Bioresorbability.

Oles 5 VL A5 & 5 cdelr Il (lglisTy 5l ealinad b andio —\
Jo i i o ot ol A0 B ST (s 1 (S S e ST oY bl s
Jrame s e o Ol W2 TR i s e s O ol T e S
7S et S S pa e o B T WS el Sl L bl B s el Sl
DT o0 ol 5 (5855 4ls o314 losas e 5 S 5 I s shosls Tl oS sn [F1] S sl
e ) Ol 4 SO (g5l gl 5 S50«

S askea Sl S POY] bl eSsds ol sl

= YoV P] i e e LT, 5 s s L]

oS spdea Cul Ol 5 Olggal Sdme s tege
538 wd sl o e S 6 S ER Ok o syl
S o 5Ll U olin Sl | s 850
gasee cosliinl 550 sy 5o 4, B 4 gla sl ol L sy 3ol Ul ST oS sdn ol esdle 55l s
s S Olsee 5 ails o310 (6 2 58 g2l (5558550 Sl wb] S aoden 535y [A-0] 3,15 1y Ol gl b s

2R S 0l e leiSTs s S i o Bee et
5 Gl 5 e bt Sl SN JS e Al Gl ol s i e amlo 5 ecd sledaSTy
P s Sl L el S0 T S SleiSls 05,5 53 pbord SOl el 57 SGLS
dpasee (5ol delr S gledis) b anslis 5 (g 20l W5 = s O smon ladyl 55 05,8 e 5 el S
S35l ol VL et s ol b ool s 4y Gl mlord LESTs Sl b Skl 35 5 6108 gy

TNl o J5 28 Vo s e eslitd Caill S pdin (620506 55 il

(M) V¥Qe 50l oY 6l o Jli ¢ pwdige )3 b i 350 v


www.SID.ir

Gl Olul s SOl 3ladle glgissly as
39 L A bl 485 55 595 OFe Lo b slolws
Laad S JS ez 5 Yo 4 G adins (ST sl pe 40 IS
Sl Sllas (121 b SO (s3Ldlas o5 0 S VP
Cogo ol Fo Yo OF AT & & F Y sl e

i Sl sl clT S g e so g oSl Y-
5= s

s bl S (s e sl Ly ol b
ol 03,50 55 i el L3 oS ail wlie U5 -
Ol S S Gy ol 3 el Ll [V 5 8]
Jierd A S| Loy 5 (Ca(NO3).4H,0, Merck) ol ydual 5
Slias as eslewl aJ ol sl4 s O 4 (P,Os, Merck)
RS L eblis Open (555 = adsl slge 51 aste
V08 5l e g Blad 5 Il e 5 el bl
Ol 3o pody 5 0S1,5 GlelSly oo glas 5o 5 sl
Y Ol e 4 ol agd J5 el s 40 JJ 5 ok eSS
D8 05,8 S Sldes s e gbes g 5 sl
QLé.w_év.sm_lS)aj_; a;;&;_;u?f J g g;_ejf
S 23 51 0T 03,8 Jlas S5k 68 55 el
Al eslanal sl S Sl amgnFeo glas 305 S

Sl Figs 90 b edd 4g J gz pbaaseie Y Y
Gl oo s 4 sel s & J s (30 S 5

oty 5 LS ¥o 3L e ¥ gls (XRD) " S 55
As Gl e/eY ofs Loy Sk s el e Voo OL >
25 gl o3Il SOl 5 A sla S Sl eslizad L
— Ogalls s oy Sl eslinl U sl 5 cill S5 50e
Osmrtldes S & Sl sl (51 A3 s [TV] NUls
Ao Sl Bl L Jliy S Olis 4 by e sl 51 e —
e b LSS 1A eslizad (Yo)) 5 (YYY) (e0Y)

S O mad bl S ks (S ol J S L
Ols e 0 0o gl8T Oln 5 03 w55 (SO el
Co bl S aoder i g L OF (S50 ol
Ol pmwln Plmasl gy 5 Jd sy Gl gl
bl Ol sl b 1) (6 50kl LB g e 55 5 s s
[YO-YY]LS o

3y a0 53 b s sb 4 a8 (S5 Sl
g a5 el Ll o Dl S 2l el ol
Sy Od Coew CL 53 el 00 31 xaS sl L (g 2 50U
Sl U bl S sgdes Sl S5l esliad ol plo 5l
adoz Sl e Sl OAS U 5 T se <O 3 (8 s
ST St Pl Sl e b
[¥9)350 0" S5 o <l 0 o pms

bl S Il U as (255 fasis opl o
Cdlugl ) (SOl (giledlad ¢ a9y g3 an sl gl
0o 5l xS slal L (5 oo 2a0) J5 = 58 5 (b
ltaseie Sl ey 5 358 A5 le ol s el
T ool gy ol 5 a3 5l o g sl
TS ST L Gas 53 ol Ol el s 4y J e

Dl denlie O

GRS gy 9 3l Y
o LSl gl Cwbl Sy o cle ) Y

e ldlad s,
a5 Sl LT Sy e sl
Chds 63 Sla IS (65 ) Sl gl
Vo alls o3l .Sl L (CaHPO4.2H,0, Merck>98%)
Sl (CaCOs, Merck>98%,) odS Sl S s S
e o eslined adsl 3lpe Olgie 4 ey e O a3 o310
byl SaG LYY Joo o sl slg 1 el
o 3l oS ol es @ odel s 4 b gliie e S
s 3V55 Glgd b x e Jue Yoo a4 05 K55 Y

(dm‘) \Y4e j‘.‘.‘.’.L." Al ;)La.si' Yo JL» ¢ kfﬂw BE 4.'.'3]..';.3_1 J\).A


www.SID.ir

CaC0o; A
CaHPO,2H,O0 @ :
Cayy(PO)s(OH), B
2 hour
MW 4 howr
& 6 hour
g 9 hour
12 hour
16 hour
20 hour
40 hour
Il Il 1 Il
20 25 30 35 40 45 50
20(deg)

ailites g\l 55 W bl Sldhas 31w o35 bge WSl sip Sl 6 IS

aemlis S5 sm bl 6l ol (6 S ol olie b ool

A

Cow g thg -y
w.Jj)J.;.h 6‘-A4J|J c}‘.’d" 9 LSJ.L; g_a.;SJS -\ -Y
bl

S bt Sl 55 a6 s

fo 5 Y) Cilises slgle; 5 aS11; CaCO; 5 CaHPO,2H,0
(ol 4 § )5 SOLsG il Slles cov (Cela
ol (Slul ol g &8 (55 bl 53 s e 0L
4> CaCO; 3 CaHPO42H,0 4 b 5 1o sl g (ol
S 55 P Gy (LT Ol RIS L s e
Slge SRl s 3 e 4 WS LSy ol 5l g el S
Oley L usy)y ol caladils o3lusl 00 55 s w0 LS
558 mm ks o ol 3 L e sl el VY oL
sd> CaCO; 5 CaHPOL2H,0 Sls 5 5l (¢ S0 S
09- ol JCPDS s |kl sLg S wlal 5 5353 o

el CSUT S5 sden g 5 50 LS 432

(JM\) \\'"\° J:‘.'.Ll Al ;)L‘)-v: 4Y’° dl—w ¢ L;w-’\-«-@ﬁ DL ‘\:ﬁf:a-;-.[ 5‘}-‘

ol Glgas S s 1 FTIR) s b b ok
Vs s S Sy San 5 g edal s oy
Jypasee Gladils 5 by 3l 5 K& s 5] (TEM)

A eslatal

W Bl s 5 (Jrd Sy ol Y Y
Cale gy 95 b edd 4 Sl oSy A
Silmted Jglon 53 S 0 AR LST sl s
35y S Ly 5 PHEVY L Lass 3 (SBF) 0 e
sl b ol b plam s 1) oo 2 p S o VUsles sloma
S oo Sl plaassed A ol 3,8 ol ax s YV
5> Oy o (S3luand Jskome 53 gy 55 b ol g L]
Gl a3 Ol oas A el 5l 3 ;ljit:.}u a5 YV gles
SoVY LY Glgbey o3 O el (gilwans J e 5 (pH)
e b S 4 s S el 55, Y Sl ol b
baoms 53 S 0y bl ks (AAS) Tl s
Sy 3 31 ol Ol 4 O 0l (glwand Jploe
oz gl LS L) WUl S g Ses]


www.SID.ir

[counts]
1400

1200

1000 -

800 +

600 -

400-

L.;

m Hydroxyapatite

T
70 [2T] 80

5 de o) 4 edd M5 el CSlT oS gk so s A1 S Bl SR K

IYA Gl 20 56 YO sles Sl oS5 dn 35 Sl
(3 33 A 3 a8 s e DL (V) 5 (1) S a i
S el 0l 5 s ol b LT S5k 35
(S gledlad Lol 550 0 - e SIS oy age )
Sb s LetaSTy plndl o 3 Jpamen 3 0t sl Sl
Ol ) s SOl 5 i b S [V Jeh gL
Oles als (s asl b sl eyl dpxs Lias e s
Sl 53 o IS 5 8 b sl s 5 (L]
SalS 1 odal sy Jgeames S M@l = b Ol 5 s
ol > oo (5Ll Sldae Oy 28 (opl o gdle sl
Al e ol 533 (6 RS ebiledl gl S
3353 Ll 035 (65005 Wasls o3I (Sl 035 s 3
=35 J =8 Jlasl Sles 5= e 5 SGISG (3lls i,

el a5 Gl s W5 sladul b la il
"'Qw 32 4 hdd e ib s b (7)) S
Gl Gllu 56 csbl S ssden 530 gl |, FTIR)
aoys s cab s e LS el VY Gley e el
ot 33l anmslie sl 53 [T ] (S5 bl e 5
LSy old Sl a5l C bl e Ssdn i b o

(Sl el Yo 5l oSl 55 Bl S

Sl s e OLE YO =00 © 6310l & 1) o gme Ui
Lol 53 Sless olle 4 Wl 55,5 5 Olowl daises
Bade s L S JE

QL_A) de “ ol L§)L§qul BEEY) LSLAM‘J o)‘Ju\ LJ&L:A

)aJJSJbu‘&wu

sl Cill S 3L SOkl oS el VY
Lol 20 50T olas ok ond dla = Ol s 25
3ol 53 Sl 5 e S S s
Sl Gl am am s b oo odis J5 = Jo Al 3
ST oSt Y eyl 5 T09-432 6 Lot JCPDS
o=l s sdel T Gy e Gl sdd g 5B
S Sledbl 55 el planil Slilows 4 a5 L Al b
a5 s Sl o a0 51 VLY 5 YA el sy
g snsl 5 slse Olojle F-1185 — 1188 o,led 5kl 4
ot U ] St 3 i (ASTM) P8
bl S ssde Ol 4 U0l e o3 40 1 5L
o311 s dosloe [Y4 5 YATS S 13 eslinad 5,50 5ol
33 Sl s = O semallis i, 5l esliad U oS Lawls

o3l SSle S 313 OLES A el U5 = Jow il 3 51 Jol

(DY) Ve 50l Y 8jlad Yo Lo o pwdige 55 ab iy 5l e


www.SID.ir

:
Nano EA/’/-\\

Absorbance

Apatite of Bone
1 1 1 1 1 1 1
400 900 1400 1900 2400 2500 3400 3900
Wavenumbe n(cm'l)

K5t ST s g ek i S g ST S5 s g ek b Y K

RS PR ob)‘gi MLE.A 6‘},;4

100
80
@
Qo
| =
5
E
2
o
|'_" 604
404 §
o o —
Sol gel dericed HA nanopowders FTIR spectrum YSP-O
8
4000 3000 2000 1000

Wavenumber (cm-')

W5 = s 4 ok U 56 e 5l ST (S syt 3 s s fods ib Y IS

;,_:.:U S aoha o aain LSy sled ool s
hile o5, S b bl s esdle 3l 3y
L oS 255 et Ol oo gpnlply L 4Bl gl 50 by S
Sl St Sl S 5 5 - e Al b Sl eslinad
e 0 A g Skl it
Ul sl (bl oS ssdn) Ol Gtas iy
S eslial [PV Cmal Sl s Sy S Sis Aoy i
P s e Fe 9 dsh S o b Oyl
S bl e Sl S slgle s 00l 0L (6l

euTw:géﬂqu)y&péw.wl@g

(JM\) \T"\° J.‘.'.'.li Al ;)LQ-«: 4Y’° JL\A ¢ L;w-’\-«-@ﬁ DL wj..::..“. 5‘}-‘

Olis 1y palls ol St Jole sleas S aaseia
5 (C05) Sl S Jlls 05,5 Sy ol 5 oMl 5 oo o
bl s e atis WP em™ 5 VFOF em™ AVF em™ s
S ol DLy S el 0p 8 Gl i Ol (S5 8 s
Csllan by i b 5 Jole os S onl Sy Hsam
Cbl s 1 0 (530 oS 5l old ags bl gl
S o e S5 s
o 5w b e b e Sl ol b
2 3= de s ek W5 ST Sk 3y

“ ;.Q.Ja B PLY Jj-\;'gﬁ odalice .l ol eals QLIS () Jg.i


www.SID.ir

-----

(o)

== |
| ——

A

@yl

(“7) gu.i_.;& L;,'L,Jbé &}JQA&%(J‘ Cokds J._Jj C.:ﬂgj ws‘”.\._.n,;_,.;}l So9* ua'}}ﬂ‘ @,Q..‘,Ji:.aﬁ‘,.,a:—ok}.{.z

5 B b e 4

Odd ) g e 3L o Sbd e S mis Jead Ll
Sl 1 58 Cdlis coge I 21530 Lol en il
S e b3 1 OF ey 5 0l

Sl S 550 3 g G5 g oSy Sen s
(=0) JSd o 5 = i) amedd a5 jlr bl iU
sl 53 O3 o3Il aS 5y 3 e sdalioe .l 0l )l
oy el e g Yo Y0 o xS 55 505 (5 %5k
g Sobl S soden D3 ST St Bl S
sl 0313 (S35 oS Tiond O 00 J8T sdgily 5 83,50 5 iin

o301 Sls 5 e (gl b 5l kel o 4y Jiguases
Sl B edd A 5 OV pame 4 Cod § S 55 3
3 ol Siass glassbs Ugdls 5o [V 5 )Y Jod dels
Sl ss L eddiag 535 oS 355 e 4D Y75 VO]
sl St oS sy b ol rags s (SOl
s (a5l 3 S5 Al 3 O sad o ST Jg 55
Cbl e Sids s35m 45 Jls 3 (iH0) IS wed
L oL 5l 50 bl el oJ5 Jo a3 5 Jool
SN (0) St el lsp 5 5 (5 5 sl
oS sy 5o L a5 b (658 e 3 el sdalis
B (Pomedl s S, 3 Sl s

Goledlad Al J g 53 5550 YL el (655
S el ol Sl ol s 48 eld o ge SIS

spa SOL il B, 53 & oS g 35 55 A Gl
Sleiass L 33 s ol edle ol Sl s ol S
O w3ty O I sl 5 [YY]0 s ol Jas 5 0 ol
Ol adial s @ sl 53 Sl S Ol st Sy
o) 02 Bl B g il g5 5l Sl S 0 S oS das
Sl slely eiilr Sl S 0l (il o5 S 8
S35 sl LBl 5 (S35 ST o 3 s

[FY]ans e

S5 S9N Ky Son by b5, =Y Y
3 ey 03 A ST S soden oy 5l 5 IS
(o35 SN Sy Sy 53 (S Lwl Lol VY
oS 4S5 a5, Siles .ol o o3ls OLES (LIH0) S
S 3 o3I L bl sl ST S s 3 g e
el ol a5 (SOLSe ol B, b e sl 00
O T P L P Y B K AN L B R PO
Il ol ealgl e (50 5 3 a5
Al s STy 5 38 il 8 e e
55 Leadl 3 5 s 00 0,0 6lST cpl e [TF]5d
I8 G bl s sl 1 s a5 el OF Jases (slos
ooy o 4 e g e IS i Slrs D3 oy S
D N e e I ABLEC P S S

(dm‘) Y. _).:"L_g Al ;)Lo..j) Yo JL..A ¢ ‘;.».L.e.d DL ADM J“}A
WWW.SI D.ir


www.SID.ir

Ca Concentration

70
65 -
¢ : : ¢ nano HA 1
— 60 . [ ]
£ enano HA 2
a8 . H .
2 554 * 2 = Bio HA
o 1 A A A
O 5 i A A Con. HA
A
45 ~
40 T T 1
0 5 10 15
Time(days)

odkd 4y Ll gt Cﬁ.;lgj =Sy ol O odd (gilwand J&um&bﬁwc|ﬂ@)|:}d—9‘}$ﬁ
Sl 3Ll g 4 edd A Skl 5L Cibl S 500 (nanO HADJS = J' 55, 4

(Con. HA) 5 bw <l S 5,008 5 (Bio HA) S5 Jsm <l ((nano HA2)

Solwand gl 55 iy 93 2 Ledd W5 jlrla sU
Ol s S O Sln Ol o, VT B O e
S 9oded Ol aedS O lay Olse ol edle il o
3 i O el (il Il 53 Skl 56 gl
s o3I L sl T S ) S 05 SHila
O PR PR (W PVRPR P R WP CIVA N gl PRGN gy S0
Dl S5 5 5l 5U LT S50 5l [YV]
b ol 5ol Olas (S5 s LT et ey s
SL, o el b Sl 50 @l a3l a8 el 0T SO
S8 o T oS5
Sl etalie & JSCs @lajlspe s ey LB 4O
ol Jsdomn 55 oS 0 Aala) Ol (g 3 50 S
Soleled gy am el Ay Skl sl Sl S s
S el s 4y ST eSsdes ol Il L SO
ol 33 0 i 53 oS a8 Ol .ol U = Jo Ayl 3
3bedlad gl b s et a5 S SUT S a0 05 e
O O gnl o 8T Ol e J 5 el (6,20 536 sl (515 SIS
J5 e Al b Sl el sy sl oSosden Sl i

(JM\) \T"\° J.‘.'.'.li Al ;)LQ-«: 4Y’° JL\A ¢ L;w-’\-«-@ﬁ DL wj..::..“. 5‘}-‘

I3 Jedul b 51 folo s 40 S (s O o] o ST
Bl Jpare sl b 95 8 3 b I LLU(O) K8 5
el ool s 4 e L 00 3 zaS &ils sbal U bl 56

Cobl S des DL S o Sl tags
O 95 e L el 00 Sl S adls ol b bl B0
b b bas sl 5 el s 4 5 ard 5 el I
JBIYP 570 O O o]oliime K5 sleinss 5l odel s
501 3lmig 5 Al b sla eyl U8 ol eyl
J=8 a5l pds 5 (53580 2lse Sl eslinal pde rioman
Ll o ege 515 o Al 03 (PH) gl a2
St banslie 5o Jasis ool po el |l slads] 8
Al [YY 5 Vo] Oliime s Jaww 5 esliul 3 4o

AEELST sl sl b (Pomadl oy 23] 1 Y
U O W] I P RO SR W | eedS 05 ey

Jodoee 53 J5 = o 5 SO (g5ldlad 255 95 8 Lo
el G5 5, sy st Ok ek (g 3luand
Ol il (7)) s oo S 51,5 (a8 bl s, ol

CSUl S soder > Ols) il 8l L aS das s


www.SID.ir

pH vs. Time

*D

7.6 -
748
A
[ ; A
T
- ]
7.2
7 T
0 5

Time (days)

+ nano HA1
@ nano HA2
A A m Bio HA
N 2 ] A Con. HA
. . .
10 15

0 s 45 Lo BB ST (S g5 o g sl O 0 (leand J sl (PH) (sl 43 )3 Sl sl gas -V I3
SOl gildlad Gy, 4 edd 4 Sl b g:,..:sl.;i eSas4a 53 (nano HAD) J3 - o Sy, 4

(Con. HA) i bw Coibl S 5,0 5 Bio HA) 5950 il «(nano HA2)

ISl 5 ISl Olse 0 (PH) sl 53 s o
a5 L plad ol sl (o ST S sun
Gy 45 bl Ol e sl 4 (V) S sl e
SRRt W] VIV (UL SYN WA P
Sl ST e 5 030 ol CLT S shua
RGN U A B9
=l ahSe (7)) IS slals saiiys o il Ales
SMadl G s @ Lgs e (V) JSE glalsges 55edd 4l
G 3 5= dee Sias L sddangd bl S sl Sl
e ol ds sl s >l SEe (g5l
e Sl e e e P e e B
5 S 3ldled A ) ol s &S s
el S Sl 56 e o sIST 0 55 e 03 (52 5L
L aslae 53 e el oly3 5L CEM (DH0) IS el
DLy 53 (I i s e bl U sl e ST
J=B (V) ISs slaslsgad 3 aS Cod Pl C s
5 iy Il Ol S il il i ki
S8 F o an s L Ll g e T S ssder Pleas

B S s o3l s b 5ol 51 lasl s 4 SdS

L oobss 3 Sld il Ol O e (S5luand Jslos
BU PGS W IR SPR WP R 7=ls el gl
Ol s grme 5L D3 sy s & 5= Jo iy & o
Oljme ame 55 5 3515 Jydome L olad 5o 1) (6 iy ke
s el 2y SKIOT S eedS 05 Gla,

= 2 L (PH) o a5 Sl il 5ed (V) IS
Sl O 0l (ilmand J s 3 (00 Ol
5 ol Sl St sl sU sl Sy
(PH) (sl sz ) Sl it Ans o 0L (0550 3 L]
53 Sbl S il Olee (5SSl il
Jis 5 o 53 S O Dl b 15 ol Jslos
53 5 edd sl s ;5 H 05y (pedS AonS 55 den oS S
Al o alS J g (PH) glonsl a2 )3 aed

Sl Jsdows (PH) sl am 55 45 550 0 odalios
S el 03,0 Gl i ol Ll S5 s
G SRSV W ARCW [ P BV ISICI U B PR RS
23 sl (S5 s Gl 5o 0l oLl Sk
Sie 5o S skl iU cll S0« Llie i

O s e Iosil Silis oS das o 05 (PH) (gheusl 45

(DMl Yo 5ol oY slas Fo Jlo o podige 55 ab oy 3l 50


www.SID.ir

)‘ oalaul [\‘Y‘ - ‘f\];}& 03 )lS “ &VL’ dl«:«]ﬂ‘ g_,;“pr L
S S g e (5050 ST S5

LY 5 YA]LS sl g L;S";f

& S domi =¥
Al b Gk 3l bl sl Sl S ds Sl S
e s s Sl el VY L Sl sl
S edal s & ST eSsden Sl S 3 As W5 U
s YA &l 3l il shls o Sl (s3Ludles a5
sl YO &l o311 1 Kla Slyls J5 = fow iyl 3 J gomme
Sl S s Jlsd s 5 Pl Sl 5 35
Sy 5 05 AT Gle a5l 53 T S s un
oS soen LS 3y il ails 311 4 (g3L5
G o5l 00 3 2aS alils o311 L el 56 sl
OLic s sl alin 5 3k Jlad s 5 Seosl
bl baails o310 J 28 o tass ol slaasl Lalal s 8l
S aoden ey bbby S (gl ded s Sl

el Sy slas 8 gl S 5 LT

biological bone-like apatite
bioactive

hydroxyapatite
biocompatibility
mechanical activation
biodegradation

biological apatite

X-ray diffraction (XRD)

NN BB =

1. Kokubo, T., Kim, H. M., and Kawashita, M., “Novel
Bioactive Materials with Different Mechanical
Properties,” Biomaterials, Vol. 24, p. 2161, 2003.

2. Siriphannon, P., Kameshima, Y., Yasumori, A.,
Okada, K., and Hayashi, S., “Formation of
Hydroxyapatite on CaSiO; Powders in Simulated

(dm‘) \T"\° J.‘.'.'.li Al ;)LQ-«: 4Y’° JL\A ¢ L;w-’\-«-@-ﬂ DL 4-:3;3-;-1 5‘}-‘

slas, )8 = sl sl bl S5
AS o313 OLEs OIS /s 2 sl ST S ssdn Blie 5o
SsodeA K e 3 S e e D3 5L
Jete alassls JUESH 5 55ls il o (626 oLl
Sy 53 S a5 a5 e eslinal S s L;:.:Ij Cyed g
S ooder D3 SS ol slay e g F o Ol
S olenselS ol sdd adllas 5 ) 52 5b ol
B o A5 Lapedy nLa b5 O3NS J2e slse nla
53580 O L35 5 Ol 3L Gsdinen Sl 31 Cor 5o
a [YA] 5 55 o ol Sl e Sl lee Sl sl
5 Sl e IS S50 Slesliul an a5 S5
05 6l s oS Rl sl ssS L T S
[Fe s Y] ol ol 5 ate ilas
GG el 3 et A5l sU LT S s
Sl S e 5 ol Jlle o Slu S 05 ssa> Mo
sl Skl s a e 5 ST S
Cobl w alie Il sy 5 Jb s codel s
e o el LS 3 Wl e 5 s e 0L (S35

b oloss Gt s olesl by el Oleys gl 2 Ol s

4l ejb

9. Williamson — Hall

10. Fourier transform infra red spectroscopy (FTIR)
11. transmission electron microscopy (TEM)

12. in vitro tests

13. simulated body fluid (SBF)

14. atomic absorption spectroscopy (AAS)

15. american society for testing and materials (ASTM)

e
Body Fluid,” J. Eur. Ceram Soc., Vol. 22, p. 511,
2002.

3. Oyane, A., Onuma, K., Ito, A., Kim, H. M., Kokubo,
T., and Nakamura, T., “Formation and Growth of
Clusters in Conventional and New Kinds of
Simulated Body Fluids,” J. Biomed. Mater Res,


www.SID.ir

Vol. 64, pp. 339, 2003.

4. Leng, Y., Chen, J. Y., and Qu, S. X., “TEM Study of
Calcium Phosphate Precipitation on HA/TCP
Ceramics", Biomaterials, Vol. 24, p. 2125, 2003.

5. Fathi, M.H.,, Azam, F., "Novel Hydroxyapatite/
Tantalum Surface Coating for Metallic Implant,”
Materials letters, Vol. 61, pp. 1238-1241, 2007.

6. Fathi, M.H., and Hanifi, A., “Evaluation and
Characterization of Nanostructure Hydroxyapatite
Powder Prepared by Simple Sol-Gel Method,”
Materials Letters, Vol. 61, pp. 3978-3983, 2007.

7. Fathi, M.H., Hanifi, A., and Mortazavi, V.,
“Preparation and Bioactivity Evaluation of Bone
Like Hydroxyapatite Nanopowder,” Journal of

Materials  Processing Technology, Vol. 202,
p- 536-542, 2008.
8. Fathi, M.H., and Mohammadi Zahrani, E,

“Mechanical Alloying Synthesis and Bioactivity
Evaluation  of  Nanocrystalline  Fluoridated
Hydroxyapatite,” Journal of Crystal Growth,
Vol. 311, pp. 1392-1403, 2009.

"JT’JU-} Jﬂ_/}) R 4‘_;lw" E) I ¢ ’J.Mk-'“' “zp ,,>w“' A
ATM Dlils

10. Banerjee, A., Bandyopadhyay, A., and Bose, S.,
"Hydroxyapatite Nanopowders: Synthesis,
Densification and Cell-Materials Interaction,”
Materials Science and Engineering C, Vol. 27,
pp- 729-735, 2007.

11. Zahi, S., Daud, A. R., Hashim, H., "A Comparative
Study of Nickel-Zinc Ferrites by Sol-Gel Route and
Solid-State Reaction,” Materials -Chemistry and
Physics, Vol. 106, pp. 452-456, 2007.

12.Kim, W., and Saito, F., "Mechanochemical Synthesis
of Hydroxyapatite from | Constituent Powder
Mixtures by Dry Grinding,” J Chem. Eng. Jpn.,
Vol. 35, p. 768, 2000.

13.Yeong, B., Juamin, X., and Wang, J. J,
“Mechanochemical Synthesis of Hydroxyapatite
from Calcium Oxide and Brushite,” J. Am. Ceram.
Soc., Vol. 84, p. 465, 2000.

14. Kim, W., Zhang, Q., and Saito, F., “Mechanochemical
Synthesis of Hydroxyapatite from Ca(OH)2-P205
and CaO-Ca(OH)2-P205 Mixtures,” J Mater. Sci.,
Vol. 35, p. 5401, 2000.

15.Silva, C. C., Pinheiro, A. G., and Miranda, AMR.,
"Structural Properties of Hydroxyapatite Obtained
by Mechanosynthesis,” Solid State Sci., Vol. 5,
p- 553, 2003.

16. Suchanek, W. L., Shuk, P., Byrappa, K., Riman, R.E.,
Ten Huisen K. S., Janas V.F., “Mechanochemical—
Hydrothermal synthesis of Carbonated Apatite
Powders at Room Temperature,” Biomaterials,
Vol. 23, pp. 699, 2002.

R

17.Riman, R. E., Suchanek, W. L., Byrappa, K., Chena,
C. W., Shuka, P., Oakesa, C. S., “Solution Synthesis
of Hydroxyapatite Designer Particulates,” Solid
State lonic, Vol. 151, p. 393, 2002.

18.Rhee, S. H., “Synthesis of Hydroxyapatite via
Mechanochemical Treatment,” Biomaterials, Vol. 23,
p. 1147,2002.

19.Fathi, M.H., and Mohammadi Zahrani, E,
“Fabrication and Characterization of Fluoridated
Hydroxyapatite Nanopowders Via Mechanical
Alloying,” Journal of Alloys and Compounds,
Vol. 475, pp. 408-414, 2009.

20. Mohammadi Zahrani, E., and Fathi, M.H., “The
Effect of High-Energy Ball Milling Parameters on
the Preparation and Characterization of Fluorapatite
Nanocrystalline Powder,” Ceramics International,
Vol. 35, pp. 2311-2323, 2009.

21.Liu, D. M., Troczynski, T., Tseng, W. J., “Water-
Based Sol-Gel Synthesis of Hydroxyapatite:
Process Development,”  Biomaterials, Vol. 22,
pp. 1721-1730,.2001.

22.Stupp, S.I.; and Ciegler G.W., “Organoapatites:
Materials for Artificial Bone. 1. Synthesis and
Microstructure,” J. Biomed. Mater. Res., Vol. 26,
pp- 169, 1992.

23. Webster, T. J., Ergun, C., Doremus, R. H., Siegel, R.
W., and Bizios, R., “Enhanced Osteoclast-Like Cell
Functions on Nanophase Ceramics,” Biomaterials,
Vol. 22, pp. 1327, 2002.

24. Vasconcelos, 1. F., “Optical Properties of Bi12Si020
(BSO) and Bil2TiO20 (BTO) obtained by
Mechanical Alloying,” J. Mat. Sci., Vol. 36,
pp- 578, 2001.

25. Murugan, R., Rao, K. P., and Kumar, TS. S., “Heat-
Deproteinated Xenogeneic Bone from Slaughterhouse
Waste: Physico-Chemical Properties,” Bull. Mater.
Sci., Vol. 26, p. 523, 2003.

26.Silva, G. A., Introduction to Nanotechnology and Its
Applications to Medicine, Elsevier Inc., 2004.

27. Williamson, G. K., and Hall, W. H., “X-ray Line
Broadening from Filed Aluminum and Wolfram,”
ActaMetall., Vol. 1, p. 22, 1953.

28.Fathi, M.H., and Hanifi, A., "Fabrication of
Hydroxyapatite Nano Powders by Sol Gel Method",
Proceeding of NanoEurope 2006 Conference &
Fair, Abstract No.17, 12-14 September 2006, St.
Gallen, Swiss, 2006.

29.Hanifi, A., and Fathi, M.H., "Sol-Gel Derived
Nanostructure Hydroxyapatite Powder and Coating-
Aging Time Optimisation", Advances in Applied
Ceramics: Structural, Functional and Bioceramics,
Vol. 108, p. 363-368, 2009.

30. Kokubo, T., and Takadama, H., "How Useful is SBF
in Predicting in Vivo Bone Bioactivity?",
Biomaterials, Vol. 27, pp. 2907, 2006.

31.Sinha, A., Ingle, A., Munim, K. R., Vaidya, S. N,
Sharma, B. P., and Bhisey, A. N., "Development of

() V¥e 5ol oY 5ylas o Jlo ¢ onikige 55 43 10y 314


www.SID.ir

Calcium Phosphate Based Bioceramics,” Bull.
Mater. Sci., Vol. 24, pp. 653-657, 2001.
32.Emerson, W. H., Fischer, E. E., “The Infrared
Absorption Spectra of Carbonate in Calcified
Tissues,” Arch Oral Biol., Vol. 7, pp. 671-683, 1962.

33. Elliott, J. C., Holcom, D. W., and Young, R. A,
“Infrared Determination of the Degree of
Substitution of Hydroxyl by Carbonate Ions in
Human Dental Enamel,” Calcif. Tissue Int., Vol. 37,
pp- 372- 375, 1985.

34.Roohani, S. I, and Fathi, M. H., “In Vitro
Characterization of Bone Like Nanocrystalline
Hydroxyapatite,” Proceeding of First International
Congress on Nanoscience and Nanotechnology
2006, Tehran, Iran, pp. 101-104, 2006.

35. Comby, S., Gumy, F., Biinzli, G., Saraidarov, T., and
Reisfeld, R., “Luminescent Properties of an Yb Podate
in Sol-Gel Silica Films, Solution, and Solid State,”
Chemical Physics Letters, Vol. 432, pp. 128-132,
2006.

36.Kalita, S. J., Bhardwaj, A., and Bhatt, H. A,
“Nanocrystalline Calcium Phosphate Ceramics in
Biomedical Engineering,” Materials Science and
Engineering: C, Vol. 27, pp. 441-449, 2007.

37.Muragan, R., and Ramakrishna, S., “Aqueous
Mediated Synthesis of Bioresorbable
Nanocrystalline ~ Hydroxyapatite,” J.  Crystal

(dm‘) \v‘\" J‘:‘.'.li cY Z‘)La..f-': 4Y’° JL\A ¢ L;w-’\-«-@-ﬂ DL 4-:3;3-;-1 5‘}-‘

Growth, Vol. 274, pp. 209, 2005.

39. Hanifi, A., Fathi, M.H., and Mirmohammad Sadeghi,
H., “Effect of Strontium ions Substitution on Gene
Delivery Related Properties of Calcium Phosphate
Nanoparticles,” J of Mat Sci: Mat in Med, Vol. 21,
pp- 2601-2609, 2010.

40. Hanifi, A., Fathi, M.H., Mirmohammad Sadeghi, H.,
and Varshosaz, ., “Mg2+ Substituted Calcium
Phosphate Nano Particles Synthesis for Non Viral
Gene Delivery Application,” J of Mat Sci: Mat in
Med, Vol. 21, pp. 2393-2401, 2010.

41. Webster, T. J., Siegel, R. W., and Biozios, R.,
“Enhanced Surface and Mechanical Properties of
Nanophase Ceramics to Achieve Orthopaedic/
Dental Implant Efficacy,” Key Eng Mater, Vol. 192,
p- 321, 2001.

42. Webster, T. J., Ergun, C., Doremus, R. H., Siegel, R.
W., and Biozios, R., “Enhanced Functions of
Osteoblasts on Nanophase Ceramics,” Biomaterials,
Vol. 21, pp. 1803, 2000.

43. Webster, T. J., “Specific Proteins Mediate Enhanced
os-. Teoblast Adhesion on Nanophase Ceramics,” J.
Biomed Mater Res, Vol. 51, p. 475, 2000.

'Y


www.SID.ir

