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Fabrication and characterization of nanostructured
hydroxyapatite (HA)/ yttria stabilized zirconia (YSZ) composite coatings
with various contents of yttria

S. Salehi, M. H. Fathi and K. Raeissi

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

Abstract: The addition of ZrO, particles to the HA coating has received considerable attention because ZrQ, particles
increase the bonding strength between HA coating and substrate. In this study, nanostructured hydroxyapatite (HA)/yttria
stabilized zirconia (YSZ) coatings were prepared by a sol-gel method. It was found that at 950°C, the dominant phases were HA
and tetragonal (1)-zirconia in 3YSZ, cubic (c)-zirconia in 8 YSZ and t-c-Zirconia in 5YSZ phases with the small amounts of f-
tricalcium phosphate (f-TCP) and CaZrO; The crystallite size of the coating was about ~20-30 nm for tetragonal and cubic
Zirconia grain size and 40-80 nm for hydroxyapatite grain size. Crack-free and homogeneous HA/YSZ composite coatings were
obtained with no observable defects. In vitro evaluation in 0.9% NaCl showed that Ca** dissolution rate of composite coatings was
lower than that of pure HA coatings. The decrease in electrochemical performance of these coated samples in comparison with
the uncoated type 316L St.St could be associated with chloride ion and water penetration into the coating, transport of ions
through the coating, and the subsequent electrochemical reactions at the coating—metal interface.

Keywords: Hydroxyapatite, Zirconia, Sol-Gel, Nanocomposite, Yttria, Nano particles.

Sl L3 5 lerndlS as b sledy, aber andie —)
Ot S8 A0 i spbe Al T )L (HACa0(POY(OH),) il 5o

ol bl o2 Ry S JAS L i g o e T 1l Dl A g bl L Jleb
P Y s i el (S b Ses L e ol as it Ly IS e ST el
o> 2o s 3 ge (Vb (5205 23815 4T s S 0 il s i LSl g o Sles LT oS50
RS slenbs b ks, Jdg 5 edd 00D o5k 5 ol S S e i i Sl ol
elS Sledbg el el B a5 gl e S8 GlendlS mhw S35 n by Dope 4 Lo 5
Bl s il obe S Iinde Pos el a8 0l s s LI L e ol s s 5, LS
o=l o3 sl glasletle o e AL Sl U sl s
S ol A sl St RPN T s St el S iy sy
gk =l Ve Sl el e S e el S0y s s oS o 0T Pl £ 5 5 il

o i U b sl il a6 )85l

34ty ol o il o 53 1 ST 005 s QR s s S sl e gl D] 5l
e e R el s s PR UCCHI O | PRSI P PN S YT
S Sl Sl sl Selsm G S G e VL S St s 4 S5
Er IS osdlae Jbins 5 s Bsr il L LS 5 ol 8 415 g 5 g0 coslall G b
e b S ol e e s G Pl TG L 05 b oS S L JU S sl
Sl S S Pt A S i e et e oSl Ol WG 353 e Ity G

CJ}@.& ﬂJL_io l_» Y )\J‘.“oli LSL;J}SJ.“:)/C,.:JQ\&S_})J?A 4—“"9;3)44 u»:w:j-,’ ; e b Ml}?- 5 3 Juﬁ\)}

s JIVVP 055805 Y53 i Sl sl s s 2 L2 YT () e s LB s 4 50

(omdige 03 48 i 3150) \WAR Sle o) 3ol (YA Jlu (DUl vy



suaie 4 oY oS 5 Yo<SYO Ao (gla 15 63 s
RilS by (S Ol 5 30 oS5 )
L il o301 s esbinul Lagils o311 Ly 5 e 0l
- S soden (Kssh 5 [¥]0()) adaly o adaly 5l eslinal
A el [0 (Y) sl 5 eslinad L ousl]
t=0.89X /B Cos0 QD)
S8 Sl eslial 3,58 7 se dsb A daails o3t OF s oS
Coas 53 od Ol Ky Lo,e B (o) OF nm L il s
el a3 e S 505 0Ll e pli
Xe = 1- (Viizi00/ I'300) )
(Foo) G5 Sy ol Igg 04 g5k Olpwe Xe ol 3 &S
(Foo) 5 ONVY) 8,8 LSy oy 02 A3V 112300 3
el C T S 5

(SEM, Philips XL30) &5, s il o sSs Soo
Cby e gl S50 e 5 Dbl addllas )
(g eSS s mae LSy Al e
S s SiSS SaS a3 0 (s e T S
g sleidp Cubs s oad (EDS) WSS 5, 55
(Dual Scope MP40, mw Cuslss NCC S I
ool 5 Do Sl 5y S & »S o 3151 Fischer)
~Cll S 55l Gledd s Bl
S TS s iy ol L OT a5 LS
°) Sisd s o e o Leddiy ()5 ab e Ll
S A il 55 Dl Dby e (et IS Ao
2l S Glettg 5 S 0y Slals Ol O
Sl i S S8 w4 LS bl S
i 5,5 (AAS) ol

Ol b9 583 05031 (gl o it 4y
by O3y 5 0dd odls Ay gladised ¢ Snlyd ponily
bl esls JLail 35S s e b JITVE 035 S35 5V 58
Gy e BB S As ey Gle b S 4 el o
L e 5 S s Sl s €500 el 33T O sl o3l

Y

&:«.ﬁﬁjl).; 4::.5&.4 J)jﬂk{‘j:{“e./\MS)\JaL:fJuﬂ

GRS gy 9 3 ge =Y
J= T 5 Ul 55 (GH30)3P) i Ll (5 5 1z
Sl A 5l 03,55 0n Lowd ol Y Ds 4 5 S
r:..._iS Ol CalP =) PV (e 0S sl G a4 plaas
o & e 5 A3 = J 561 55 (Ca(NO3),4H,0) ol e
om0 o Sela YY 5 il en g8l el Gy s okl
S5 552l p i sS 2 5 ShaS p 35S 25 s ey OF S|
el A = Jsbs =Y U313 (Zi(OCsH7),0C3Hy)
o AS Gl Joelse Olsme a5 Bade Siaal a5 Sl
(D) Slwl a2l 045 o b o 3l Sl i A eslind
Sde 5 b esbel J s =Y JSU1 s ((CH3CO,);Y . XH,0)
o o plin b LSS 5 ol dpmamme 534S sl S 4 O
I e P T U P P R N ]
ot O3, e Lo ol Jalone A 338 LSS 25
PUICON{ . PPN VN W L PHIR AP JCINCIVE WHR | ICIR S
=38 Ao a Vo sdiS g 58 Ulse S S0 4 BsS p5 e
Ao 3 0 s sl ol e A 3380 il
53558 Cy 5elS | 4 HCONH, ] o5 Usle o
YV a5 .03 8 15 sy es o el Y 5 S
oslicw b 55 (g3l osbal 51 s (e sV xYox) eslal) JI
el o3 aie O 5 It sl Lo iy 5 (5
05 DS 5 WS 155 e Cele S Do 4 S gl T
oo oslal o 3 Culg 53 5 Ldd S e 5 0
oy S 03y 25 (Sosab s Aoty Ll s
a3 Ao ps Laalgal 55 adds p e he 00 as (i
maal ol ey 5S35 e 5 0dd St 05l 3 ol S e
a3 W00 gles 3 la ol 5 adds pax ¥ #53L i
Pl sl U e S cole & ot 4 sl S Sl

(XRD) g)"‘—{il}-?ﬂ &\ﬂ&b&@)‘xﬁ bf.u 0))5

(g;w.’u.@,d L w% 3\}.&) \Y’/\‘\ ‘)Le_v c\ Z‘)La.«: ‘Yak JL\A cdm‘



Intensity(a.u.)
[ ]

*Hydroxyapatite ATCP
mZrO:z (c) o Fe,Ni
o Zro2(t) eCaZr03
HA-8YSZ
(|
[
Fh g B oo * * g
HA-SYSZ
n
n

HA-3YSZ

20 25 30 35 40 45

50

55 60 65 70 5 80

2Theta(degree)

}L_{ﬂ‘ a.k...sj‘.kilg’ Q}u&a 6\AMJDL3EJ§J§‘}—&§HI J.SJJJ:A 6:;_5”15 v’&.&x u..i_ﬂjﬁ dmlﬁ 6‘,{”—\ Jg':‘

UV I IECTR PR K S| WP P Vo LR T Rt L4

2l Sy e ) sl

Eow ) @L‘.’J -y
(s3B) ol oL, -V

L;"-i)'j:;*’l S :}géjl 5 L=l "
a3 00 (sles 53 el wnndS LS 5 - T S s
03555 O30 LS 53 48 das e OLES (V) IS ool 5 ol
ol b S bl b el S s ltle s L 3l
SealS 550 bl b BUI slos s ol LS 5ol

T “on

SBSILSS 5 bl e dops o 4sed o Ll Sl
b Sl Sasden 5 B S 50 4 S e
dr ST oS oes i STy el 0 e o

V] sl (V) aasly oy 50
()
a2 Sl Jeol Ca0 (LS 55 e iS58 51 o slme o
5Ll Ss Gldas 5 o535 e o LSS 05 53 050

Cal0(PO4)6(OH)2—>3C33(PO4)2 + CaO + HzO

(L;V:.L.G,c B ‘\.Tﬁf:,.g )‘}A) \YAQ )L@J Al s)l-‘)-vl AR dl.w ‘Jmﬂl

amn YVEY (los 3 (oo LIS Ao 3 08) (S5 55508 0 e
P SV e W P 4 NS VRN VGG S PR g
Lo s (e o 5l e UL oled o ) 45
b S 0yl o SOl 6 Se sl s S
Ol 259 et ol sl gl (S35 O gl 5
Moyl 3,58 Ol e a4 oty i ealizal Sooliys soniliy
Pl oIS 55 S S w5580 5 2 S ((S6S)
o3 o Q) Jla s Sl 4 psryn S350 pmr Jsbos 2
Slgomn ds G o oy iSOl e 4 (il 1 IS
oS Sl oaliteal L 50 2 (5 (Soliys seandly 0ol 22
el sy 1331 o5 a0 seeme Il S L Sl ol
ke 031 28 k) L e sy O3 ol )
Jga 3 oy Ll SLET L gl [P] (aids 0 55 ot
Joly s gd o (sl ST 5 IS Ll My (gl s
o S Ol J&o e 5 Al asie O (S35

S Lol 5 s 7 Ad e B L0 o

¥



2500

2000

1500

1000

Temperature (°C)

500

1 1 1 I
0 2 4 ] 8 10

Y:0; content (mol%)

[V e] Zr0,-Y,05 536 g;u_; A

330 OLSE WS 15 5 bl S asdor om 2ST5 G b 5
e G U LS ) bl S ST 5555 1
320 S a4y Oy b g 0 JUS1 bl glk
Sl g3 s se e ISTL dolre s 5 L35S 55 4K 5o
S 53 W 4] 555 e JKis kil s 56 opl CaZiO;
5 oS S s 0 it 45 355 g0 St (g S ansd
a1y Ol 5 das o O 53 (5308 bl S 5 Skl
o S 3 CaZiOs oS Olze 35l o Iy ilision (Ut 50
LSiss 5 555 5 5CaZi0y 28Ty s Ols o |y bl 3l
Sl leislS o Lmls bsie (oS S SS 25
Ao e 0L 1) (6,503 5y Ll Lo Sl WS 5
Solal e WS o5 sl o Ll Jse Ao a1V s>
S el Js s ol ol eds JU S S ksla b ol
JU S5 (g3bss Jlle Lal Jse 403 0 (g5l ooselS
Ao 3 A Gol S plS das e DL L LS 5 oaSe
s e OLES | 55 5 oS SBGSS Skl 0 bl s
S Vo] (F) JSE Y205 200, (636 sl ol SLs
Ll e doos Yo 3 st 53 15 JU 815 5605 ksl
DL Jge di s A 5 53 |y a5 Sl
LSS s obrbe 5o bl Jse Ao 3 0 Hsa> 53 s o0
S e re S 5 JU SIS (55 D e 4

Yo

L
2500 | L+ CaZrO4
Le Cg
Q
jé‘ 2000
= Cgg* CaZrO,
m
@
£ 1500}
@
— Cgs* CaZrO,
Al
1000 |
CaZryOg+ CaZrO,
I MSS' CaZr4Og

0 10 20 30 40 50
Ca0 (mol%)

JAl ZrO,-Ca0O 3L g;u_; A

a1y O 5 [A] doas e o 15 LS 5 kel CaO-ZrO;
33l e S0k BT sles 53 S L JU ST 8 o5
L (sl Oo) SGulS 550 LS 5 ST (Y ISKS)
Odd o e ST S sden i (S5 J peaen
e GBS 5 5 el LS s st 5o BLSI S
(8) bl JA] das o 4 |y JU S5 Skl b sl Il
Cay [O(PO,),] + m- ZrO, = Ca3(PO,), + Ca- doped t- ZrO,
()

o 0 STy Bllae oS 55 bl 53 Ca0 Ol > aalsl
[A] A& dal = CaZrO; 5L LSS

Cay [O(POy),] + Ca- doped t- ZrO,= Caz(PO,4), + CaZrO;
)

oS R 555 e 200, LCaZtOy 21, aol|
Ah Al S Do w0 O L 5 LSS 5 skl
Ll el S Il Ol € ga 5o xS Ll (gl e
gl 5l s (S Ol 4 (CA0) oIS A ST g >
3 peedS L8103 BT B o el S 5 (glae eSSl
Sl S 23 Ml LS 55 s el s o 1SS
Lol s oo ol JUSST,5 50 a5 al jals S i 5e
Sl 4 0T 358 5 Sl oSk Sl Sl oodS =5 =
53 0elS O o Jodlly 8 Ao el o b LS 5

(g;w.’u.@,d L w% 3\}.&) \Y’/\‘\ ‘)Le_v c\ Z‘)La.«: ‘Yak JL\A cdm‘



Lyl oS Il 5 cilisee oy b ) gelS Kool g slgtid g (Ko 55k Olee 5 &l 031050 =Y J gk

&l e}‘JJ‘ &l e}‘JJ‘
D S , =
(nm)LisS 53 (nm)esbl oS 5,40
Yo ¥ AO HA-0YSZ
4) o) 4 HA-3YSZ
Ae ZA a0 HA-5YSZ
qe FA A HA-8YSZ

53 CaZrO; S slos [A] 5 Aal s 55 50 (S LS
5l 5l S Sl a3 oo ol LS 5 (gl S smlS
J?MS\Sjéer&JthA{ngiﬁjoxi)l%litj});b:cﬁlﬂls
.[/\]g;_..ulL:jjSﬁ)'C]a“):tl?ﬂiléjéﬂqe\j&.‘i);m..li
oS et 55elS sy Sl L SELKea 57 el
JHMJJMJMcP))&)J\)L:})SﬁJ—%HT
&A}})Jg&%bé%ﬁ Juh;wjfbﬁ\omﬂ.)\i[i
L o5 sl s Il sl alin glads s L ol
Sleidg o adlasla all ) Sie Jags bawlis o
N‘MJJM‘Q)JUJJJM&j)MOM%‘ﬁ)}:&S
9 ol axllae eJ\LJS)\J\iL;

borlh S 65 oS 50 Gl 6N
sk aa Lonlas das e Olis Cllas pl sl OLiS bl &
OA Lk g s el ol - LS 5 4SS s S
Ll gl sl ol aSe b JU ST sl L LSS 505
5 dUS1S VU sles slasl ol (LS o5 skl s
slasb Larli LSy ke 518 o sgdome | S
saties s o 3kl LS oy s bl S5 0
Sl S IS5 Ju5 B sl o s a5 5
Ssgin Jltle 3 AN 551 Sy Olge 4 Fe-Ni 56 so
et 5 (s aelS laas sed s ol s ol
A bl () o 5 bl Sk Sk

eMJJ&&‘Pl%EJPd%WASJ}EQM

(L;w.k..é.a B 4.:3}.::..”. )(}A) \YAQ )L@J Al s)l-‘)m:l AR dl.w ‘Jmﬂ‘

BERCI W U PR WAP SN §5 o 2o S
L SBS bl oS ol Souke WS n5 ol
sy 53 Ol el rals 4 [A] 58 Sle ax 3 ) Yeo
oL LSS 25 (gl CaamlS 53 a5 S e SLwsls s
o L5055l s 4y 51 el S ST 1 L
IV] codls dalgs (8) dlaly oy o 0 (glalady 5 ol
CaO + y- doped ZrO, (t) — Ca,Y- doped ZrO, (t) ®)
IV] 55 dal gt (V) alaly oy s 35 STy IS alal 1
Cao(PO,)s(OH),+Y- ZrO, (£)—3p- Cas(POs),
+CaO- doped Y-ZrO, (c)/ Y-doped CaZrO; +H,O
)
VLodd ol oo LSS 23 sl ladisei 5o il anslie
SLi S p3 ppa a8 ol QLS el Sl 5 L ol Jss ds s
bl S 50n S g e ok L o JUSS1 s
ol 7o Ll Jse Ao s A 5 0 (ol (slgn s 5elS 050
S5 CaZ0y (L35S 15 o 5 b 53 izl el
355 pldl i 4 S ST B D) s 4 oS 550
Cogo & Sl el AlSHU CllS S 5 b Ck.w‘).)
Lol L odd DUl (i WS 25 25 0 S s CaZiO;
SRSty =l s 5 s ol A STL (6 S (6 S
ol SLads pod 3 oS e ST el 558 28 6
53 eSS 358y A Ll G Wl sl
Ll s 03 558 5 sberla 53 35 50 o gee (Ol S 5

Sj_éd\jdjwéuw‘;\jaﬂbjwsjﬁo‘))o“w

Ys



Substrat

Magn ~ Dot WD b=—7————1 &ium
B0l - SES 1N o v ;-
(&) :

(<

W i P
Y onet wn L mTr’. -
SiEb -‘u__z»“__ 4 - |

Ny
M'fav;n ® b w‘f)-l‘r—‘ﬂ 10 pm
103 .

PE

2000
- ”. »

HA3YSZ (5508 sl gy (O) (28 ghite 5 () o (5055550 —0 JS

I 5 sl e (S5 5l el wg sleddy
el s ol oo 5 LT IDloma sl Fm S sl
A V] il dde Wl oo O 53 g de YL
S Sty S5 s L, 5 Dl s Sk
Sk L sletdg oS das e 0L Dliiew sy dal

D] 5 dals (6 28 Phmasl &5 sl VL

g sl S5 9 S3dBue 2l-Y-Y
Ul S 255l slgid s Tl S5 se
el a5 Lol ediS Il sline glado s L LSS 5
s s A S S o 5 I e S
3 H\-w Sleid g dsam Al ) (VI Y il ldS2)

))%é)ﬂd“dﬁd‘ﬁ&\l.}bwuj@

v

Sladls (6 25U Glaelbil . Wls e s 558 (Slgtdi gy
sy s 4 00,8 IS (VL gl 085 e S 505
S o3 Bl L sl el (aali S 5 skl s b
CS o LS L sl e oLSOT el Sl Ll S
INT 25 e Lendlis S 0, a8 5 55 o3Il 4 cails) 1
3 e o e 358 ok Sl e JWEILSS 5 00
Saasbes Ly Lol ad, LS 5 sl 5o b2l
LS 5 s IV ] iz o 2l 5wl 50 a4 35k
slaadls dd) Sl 50 C T S soden Sl
52 5= CaZiOs 5Ls o [¥] 353 n Sl S 550
Slles o Laails A 5l Sl CLT S 5 sden Lol e
Sleids (Kol oz e DY 25200 01~
oS Slw ;3800 53 S das e Olid usuls

<g_5"”"“"'€" DL wf:«.:: b‘j.ﬁ) \Y’/\q )Lé_v c\ :)LQ-«:’ ch JL.» cdm‘



'S

.. Substrat

Substrat

Magn'- . Det WD~ r=——mar=n-v—-=—{ 60
BOUx s - SE -, Al y oL Y

HA-BYSZ 5 508 sleid gy (©) (o9 ghaite 5 () haw (535058 ,55-Y 52

3 S sls QLas Leid gy ahaie sy slal s Sty S
VLY © Gl ol sy (S5 by S e Juad
i3 e sl 5 O QYQY&&AC}@“};‘CE\});
Sy Sl ol (254 U aS Al sdalie Y 5
SRl OF e sl S aal a3
L e Gy STy oST e Sleddsy a0 S 5 L oo
Sl 3 Olpnd L35 s 5 (Sis [V F] S o sl
Ol 0y Jamen 53 Ll Plonasl 185 4 ST e 5500
Sed 3 edlS 65 mi 5 b 0 S als (S
ST sl Lt b Ol gl LSCES s 5 s
S S e P paed eSSl o O
Sl Sl Ay 5 adls Sl Sl o slme

VO] & a5 P

(2

?:::Jb u'“ ZS C]a "

(‘5..0.\.‘.6.& DL wj...:..:.l )‘jﬁ) \Y'/\Q )L@.’ c\ ;)Lq.».; (Yq JL..» GJM«)‘

il s 00,55 S5 5l Ciles pskaie 0 1 sy as il
L s esla .x_:ﬁips)-\ oY 5 e Lol Ol oS
L il Slles 5 058 S G b iy (S
L oded 4 osbas 1S (6,8 s Of O oS 5l 5 S
sdalin (V B F) ldSs s a8 iy, s S o sSns S
0L b ety o3y 55 5 oo mhaw 5 ebaws 555 0
3ol (S L el ey SO 5 e
sl 3V N 5 s SU e
sy 0L 5 et ol (1) JSE (XRD) (36 Jebows
=S5 03 Je aekd o8l gl sle 22 B S
ol SDlles plal 5 QUK e b oS g
Sleid s ol el sdaline (556 O uis 0,S e s
530 SO slhsdss b S opi o glls 35008

YA



.h-uj \.g—fqﬁx Sl ‘.;ﬁgej‘.m—\' J_,.X>
.@auws\{u:

Js 5l Jools jied @ odS o Y o
oSl S 65 S8

(g S0) Culsed 4 god (%Wt) jind 4 ooedS o & god
Ye-eo HA-0YSZ Yo HA-0YSZ
Qo= eA HA-3YSZ Yoy HA-3YSZ
Ye-e? HA-5YSZ A HA-5YSZ
Yeo-VO HA-8YSZ YYY HA-8YSZ

33l S by B S Lty e 3101 LU 6 55 e
.b_.ﬂjﬁ]uj)iﬁ.ﬂ‘c:j.b-); JJ‘:M%‘@JJL&}{' 4.«:JA
.JWTCMDA.!L&‘L:J)JJ:.A}JS.:A\°°)

S35 Caslie 5 lgid g IMomendl gy 4 —T-Y
0y e ol oSl (6l g IDea ] &
e iy GBS oMl deas e S S Ees o
St fadll oS il s 5 pailS LolS gleslnl
Lidgs O e K F] abnil e sbme Sl sl il
Baoms 53 i 5 oS Gl 3L5 nolie OLEST Cr e
oS 3k s3T55Ik b oS Jls s s e Db
RPSRER-NG] EF o s I a0l dls 4 1 s
deos oA sl o il Gosabss 5o, T b S
5> Sl TY Sley slaesl 5o gl 52 5 s LIS

el sl @l (A) Sl sad
Quygjj)f):m_lsbﬁwaljxﬁ 4 pazes
J= orl g5 0k IS L bl das e OLES Ty by o3l
035 5 sl 555 Sty 5T (slasss 03 5 0D eSO
cble el aml ialS sas o Seslll slekls Ol
Oles Cdd8 L1y Lplie Xy, iy S oS slei
J= 3 550 S YL s (o b e Jsl 5 53 Al
slos 0950 gy 3l Dlhd oS 5 5 S ST O
poedS O Bl 5 b e Al Plovedl 7 e
Sl VY o s Ll (ol pnd a5 Lo s o S

Y4

3 Sl slla Sl by ol VUL (6 pdn 28Ty
Al Gs ol oS el W15 e 35 e U LT ol
YV 05 S5 Y5 a5l g e U158 5l ool e
Sl ol ole pa s eddosls Aty
S (V) Jpdzr 203 QL ) 2] 5 0 S 05 pnd (oS
L lgidisy G Jos ) odd aales 2l o 0ndST 555
O ol s gl &S 350 e da>Dle ez e OLES
3 oS e an Leld 5o K005 V0 (6 058 sl
O o 5 Sl S sdes SIOl a2 s 4 Vlazs
3513 Bl (6 5 5 sl Olsen S5 5S 05 4K 53 S

s 03 LS sS ) e d S 58 DS CH B a5
ool 5 Plomassl 5 8 i 51 il e Sl S 55 n
Aledle e VPT a3l S5 ode GY5b ol L sy
S 5 b e WS s Sl el sy el
3 e DIV] s Aol ISl it ples o g
R Sosn pole mig A SGS @ 0 iy s ol
bS58 Slasl ole CFiSs s 5 28 S Ul
5 B pslad 5 S ALl s s 4 ol
el o2 3l 0L byl 3 s

Slesleral L il g il blE 53 Culbes (5,505l
AE gl () Jsde s O 2 5 el el oS
Laard 53 Ygane osabsé i) am odd g sleidy
SDAT s by by s Ssline Slgnl s

o> ?"'—‘"":‘ :'ﬁ: .)Lw_} f\ﬁ))ﬁ)b)}ﬁ»}\)& u:"":’j‘i

(g;w.’u.@,d L 4.:3].:.:.3 3‘}.&) \Y’/\‘\ ‘)Le_v c\ Z‘)L‘)-n:i ‘Yak JL\A cdm‘



80

\w
70
R

o
b=

th
-3

Ca2+ concen:] ation (ppm)
7

30 &\\\\§

Pure HA HA-0YSZ

HA-3YSZ

HA-SYSZ HA-8YSZ

.&j}fs;ju&éw_gjam.ﬁbﬁMQ‘}rﬁ .U}J—/\JSJJ

3378 s 5 S Ly (53LelsT 5 b IV

L1 oo it gy 45 ol o Ol ol ol o
5 s b S5k b aS B eoual 5 gk 05
il sl 4 s Ssd o el e diS oy 8 Lol O 2SS
A S e Ml Bl i s S Gl oy
el 5 [T AiS SS il Slons 3 il gzl il
S el b Jombite 5 (6250 Sl 51 50 ol
FilS Sleid s o A edalie Sl iy sl s
o ld 28 Powasl 5 5 Ljlay 5 0l S5 leS 55
sl SBSS Gleid g o 4 S
5 Q) IS5 55 Ol N O3l 51 sl zl=
by a8 oo Gl il ol ol () Jsu
ol oals Adg sladsel 3l sy B S oSy S
U153 e (LS 5 5 il Jorliie jls Lty S 5l 0L
iy o 55 5ok @Y 5 4 LS 5l o8 550 e 0
o dsdon Sy SN 0550 Wil (605 ab st b s
TS 5 S sl mde IS Ao s 08 (55558
Vs i S ke Jab g 03,8 554 el 055«
LS slgin A el whda (g 5 dew ) Lal

——r 90 c3ls ui;jb MYJ&)%MQY\;YL éfu\.jbjm

(L;V:.L.G,c B ‘\.Tﬁf:,.g )‘}A) \YAQ )L@J Al s)l-‘)-vl AR dl.w ‘Jmﬂl

o> IMoea Bl Ol o SV Jsl 595 5 oS 54, 0 il
ol s 5oy pds Jds a0 il Ll gloe (0 505 L 5 550
Aol aslsl Jsdoe 5o @S Oy hle B 5l (Sealysge 5
)am“_lsgj_i Oljen sy O3 J 5 Ol LIS Js
FF on s il gl el A ey alS Ll
LSS i S s e ol Lgl domasl
3503 15 oS 05 (3033 Ol o VL LT S 5500
s el Sleddg s 0 S oS 0T -
PSCHUW [ 7 PSS U B N U3 TS 59
! 3 e ST S gy Oy I3l 555 55 45 Gl S
SselS Sleids 5o &S cod OF e ol S Lty
e e S T D i Bt
53 LS 5 3 el S Jgdoms Ly Sl S 5500
Ol CddS L 5 wile o BL 2dg 55 5 ot Jo> Jylos
SU s opam 35 Jos b sl mS st les e
oalS i PS50 5 edd 2SSl ol Okl
s o 3 S S e S s [Ye )] L
S s gl ks coale deidy (S sk
Powasl &5 51 Jool il 5 ains 53 08 o585 ,0lis

Er Ot et S S 3l 65 25 e salie Leid

fo



600

500 A

400 A

300 A

200

100 -

0

-100 A

Potential (inV/SCE)

-200 A

-300

-400

-500 A

_600 — T —T— T T——
1E-09 0.00000001 0.0000001 0.000001

0.00001

0.0001 0.001 001 0.1 1

Current (A/cm2)

JIvg C)Ja uga) AY}# Agy ﬂ)}&)#\s‘gjuﬁdw_’i ‘;:.éba‘bwla b_xaﬂ‘ﬁ))‘i 6‘.«.3."5;0)‘.:".«4—* JS.&

Lok osls Jidg 5 g 09k JITVF 05 K55 0¥ 8 So,58 Jeily 5 So,05 0L J&s jiolie —F s

38 Al w253 YV (sles 3 (S5 e sbme 53 aelS Gletd gy 5 Sl S 5

S5 Sty S5 0k S& o
4 9o
(MV)E ¢orr (pA/em®) T corr
~Y¥o o0 VS 05 Ky N5
—YYY o f HA
_Yvs oA HA-0YSZ
_Yos \ HA-3YSZ
vy \ HA-5YSZ
_sq Y HA-8YSZ

GS sl I S L Y 5 e Sl LS 55k 4 o
G Cmiles (g3 sl 0T 51 Wl es Yiexsl 5 S
S35 ot Jlasl slgtd gy & S Ol 350 Jos &
598 Jos (Sop e s e S ke Wl el 5B &Y 5
53 ey 1S sla Sl 5l (6,8 e s Gl 5 1
Lles S ASE S5 cpl 5 6,505 Qs ) Y5 e

Al

3l Lt 5 bt slye Sl 53 5 0ld adse (S,
5> e S Ll 5 8 IYY] S o sy 5 ok Dl i
sanl e slome Sy SN s done 5 516 S 2l fad
ol P 03 s pe Gl 55 e S J ST
o LS o eal 3N 5 L J sl ales Gl ) e
U LS 55 il 5 s bl b bl oS

<‘.;vd-)\.«.€a¢ L wj.:.:.l 3‘}.&) \Y’/\‘\ ‘)Le_v c\ Z‘)LQ.JJ ‘Yak JL\A cdm‘



A P PP A IO W0y GO PRGN ) [V PPN WY
i L LS 5 63 ol 4 e LSS 5
RPN (LI -

Er 4 2l Ol (55l Gletd gy Donedl (s ¥
A s 3 aeelS Sleddg 3 oS O OS]
SV RCTW [JRE X SCR T [PV SUR WS |E E W a4
S 5 el s 2550l S ledid sy Some)
5yl

Ploadl oy adsl Ll 55 @ndS REEHIRCEE
3 oS O 55 0les B L 5 Sl i ey
O oadal3l Laalsil Ky, dgid y Ioeas! g yora )3
13 0L | S

Dsdomn 5 508 S e fas s Lty 0 DUl 5 i —#
3 ogh e 0A = STy ol o ge slas o5 S
s Sl b e ) i 03 25 SlellS
rlS Gletty LS oo eal B N 5 8 L J sl
3 e G il L8 ad 558 AN 5 s el Jlas]
S S s 52 Gl 21U 5 48 fes (S5 sl
DM AN 5 a3 pleand s 1SN (sleniST

[

reinforced 4,
2. stabilized 5.
3. auxiliary electrode

1. Ramachandra, R., and Kannan, T. S., “Synthesis and
Sintering of Hydroxyapatite—Zirconia Composites,”
Materials Science and Engineering C, Vol. 20,
pp- 187-193, 2002.

2. Balamurugan, A., Balossier, G., Kannan, S., Michel,
J., Faure, J., and Rajeswari, S., “Electrochemical and
Structural Characterisation of Zirconia Reinforced
Hydroxyapatite Bioceramic Sol-Gel Coatings on
Surgical Grade 316L SS for Biomedical
Applications,” Ceramics International, Vol. 33,
pp. 605-614, 2007.

3. Hench, L.L., and Wilson J., 4An Introduction to

(L;w.k..é.a B 4.:3}.::..”. )(}A) \YAQ )L@J Al s)l-‘)m:l AR dl.w ‘Jmﬂ‘

reference electrode
standard calomel electrode (SCE)
6. normal saline solution

i Ol e dsl Joe g S S Dl 5 Y 5 ol

Wl s A 1S il 4l (s ol

& S oms ¥

SleiSly e (alls S 15 sl Cajasls 5o )
Sl Ly Lo S 5 (L3S 5 5 ool mS 558 Ol
=958 Je o3 Y s ST cyens L lL P
23R A5 0 53 JUSI S LS o5 skl L 2
s Ao 3 A s s xS 5 JUST S g3l (b )
el s 4 LS 5 gl onSe 51 STkl 2

L5 S5 O (eS8 sltle b (25508 slelidy Y
Al s osabst oA ity SeeS s Jil
el 5 BB el o3 gl sl 035330 5 U5 e
s S Vo LYo o3l 5o 0550l8 glgdd n Culbs
Vs St St b 5 iKT ed LS s
Al edalie Ous Y AY 5 lis

3 LSS 55 sl slaaly Ly misels 5y Y

4l aj‘j

7. open-circuit potential (OCP)
8. Evis

ey

Bioceramics, World Scientific Publishing Co.,
Singapore, 1993.

4. Cullity, B.D., Elements of X-Ray Diffracton,

Addison-Wesley, 1978.

5. Pang, Y.X., and Bao, X., “Influence of Temperature,
Ripening Time and Calcination on the Morphology
and Crystallinity of Hydroxyapatite Nanoparticles,” J
Eur Ceram Soc, Vol. 23, pp. 1697-1704, 2003.

6. Fathi, M. H., Salehi, M., Saatchi, A., Mortazavi, V.,
and Mousavi, B., “In Vitro Corrosion Behavior of
Bioceramic, Metallic, and Bioceramic- Metallic
Coated Stainless Steel Dental Implants,” Dental

Y



Materials, Vol. 19, 3, pp. 188-198, 2003.

7. Guo, H., Khor, K.A., Boey, Y.C., and Miao, X.,
“Laminated and Functionally Graded
Hydroxyapatite/Yttria Stabilized Tetragonal Zirconia
Composites Fabricated by Spark Plasma Sintering,”
Biomaterials, Vol. 24, pp. 667-675, 2003.

8. Heimann, R.B., and Vu, T.A., “Effect Of CaO on
Thermal Decomposition During Sintering of
Composite Hydroxyapatite- Zirconia Mixtures for
Monolithic Bioceramic Implants,” J Mater Sci Lett,
Vol. 16, pp. 437-439, 1997.

9. Evis, Z., Ergun, C., and Doremus, R.H.,
“Hydroxyapatite-Zirconia ~ Composites: ~ Thermal
Stability of Phases and Sinterability as Related to the
CaO-ZrO, Phase Diagram,” J Mater Sci, Vol. 40,
pp. 1127-1134, 2005.

10. Piconi, C., and Maccauro, G., “Zirconia as a Ceramic
Biomaterial,” Biomaterials, Vol. 20, pp. 1-25, 1999.
11. Matsui, K., Yoshida, H., and Ikuhara, Y., “Grain

Boundary Structure and Microstructure Development
Mechanism in 2-8mol% Yttria-Stabilized Zirconia
Polycrystals,” Acta materialia, Vol. 56, pp. 1315-1325,

2008.

12.Li, H., Khor, K.A., Kumar, R., and Cheang, P.,
“Characterization of Hydroxyapatite/ Nano-Zirconia
Composite Coatings Deposited by High Velocity
Oxy-Fuel (HVOF) Spray Process,” Surf & Coat
Tech, Vol. 182, 227-236, 2004.

13. Sridhar, T.M., Mudali, U.K., and Subbaiyan, M.,
“Sintering Atmosphere and Temperature Effects on
Hydroxyapatite Coated Type 316L Stainless Steel,”
Corrosion science, Vol. 45, pp. 2337-2359, 2003.

14. Balamurugan, A., Balossier, G., Kannan, S., and
Rajeswari, S., “Elaboration of Sol Gel Derived
Apatite Films on Surgical Grade Stainless Steel for
Biomedical Applications,” Materials Letters, Vol. 60,
pp. 2288-2293, 2006.

15.Liu, D.M., Troczynski, T., and Tseng, W.J., “Water
Based Sol — Gel Synethesis of Hydroxyapatite

Al

Process Development,” Biomaterials, Vol. 22,
pp. 1721-1730, 2001.

16. Chang, E., Chang, W.J., Wang, B.C., and Yang,
C.Y., “ Plasma Spraying of Zirconia-Reinforced
Hydroxyapatite Composite Coatings on Titanium,
Part II Dissolution Behaviour Simulated Body Fluid
and Bonding Degradation,” J Mater Sci: Mater Med,
Vol. 8, pp. 201-211, 1997.

17.Sung, Y.M., Shin, Y K., and Ryu, J.J., “Preparation
of Hydroxyapatite/ Zirconia Bioceramic
Nanocomposites for Orthopedic and Dental
Prosthesis Application,” Nanotechnology, Vol. 18,
065602, 2007.

18. Verweij, H., “Ceramic Membranes: Morphology and
Transport,” J Mater Sci, Vol. 38, pp. 4677-4695,
2003.

19.Silva, V.V., Lameiras, F.S., and Lobato, Z.I.P.,
“Biological Reactivity of Zirconia—Hydroxyapatite
Composites,” J. Biomed Mater Res (App! Biomater) ,
Vol. 63, pp. 583-590, 2002.

20. Kokubo, T., Kim, H.M., and Kawashita, M., “Novel
Bioactive Materials with Different Mechanical
Properties,” Biomaterials, Vol. 24, pp. 2161-2175,
2003.

21.Gu, Y.W., Khor, K.A., and Cheang, P., “In Vitro
Studies of Plasma-Sprayed Hydroxyapatite/Ti6A14V
Composite Coatings in Simulated Body Fluid
(SBF),” Biomaterials, Vol. 24, pp. 1603-1611, 2003.

22.Balamurugan, A., Balossier, G., Kannan, S., Michel,
J., and Rajeswari, S., “In Vitro Biological, Chemical
and  Electrochemical Evaluation of Titania
Reinforced Hydroxyapatite Sol-Gel Coatings on
Surgical Grade 316L SS,” Mater Sci and Eng C,
Vol. 27, pp. 162-171, 2007.

23.Souto, R. M., Laz, M. M., and Reis, R. L.,
“Degradation  Characteristic of Hydroxyapatite
Coatings on Orthopaedic TiAIV in Simulated
Physiological Media Investigated by Electrochemical
Impedance Spectroscopy,” Biomaterials, Vol. 24,
pp. 4213-4221, 2003.

(JA-L‘.@J BE 4.'.'3]..';.3_1 J\)ﬁ) YYAQ )L@_' A ;)La..:r AR (JLA ¢JM¢:\




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 6.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


