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Thermal Stability and Bonding Strength of Hydroxyapatite/zirconia Composite Coatings
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Abstract: Hydroxyapatite(HA)/zirconia(Zr0O,) composite coatings were prepared by hydrothermal electrodeposition
method through the introduction of ZrO, particle as the second phase particle in the HA coating to improve the
bonding strength of the coatings. The effect of ZrO, crystal phase was studied on the surface morphologies, phase
composition, thermal stability and the bonding strength of the coatings. The results show that the addition of ZrO,
reduces the HA crystal size, but does not change the mechanism of hydrothermal electrodeposition of HA. After
being heated at 1200 °C for 2 h, monoclinic phase ZrO, and tetragonal phase ZrO, tend to react with the released
CaO to form cubic zirconia, meanwhile this reaction promotes the complete decomposition of HA stable into more
a-TCP phase. The bonding strength of HA/ZrO, composite coatings were higher than pure HA coatings, and the
strength increased with the content of ZrO, in the composite coatings and the heating temperature. After being
heated at 1000 °C, HA/ZrO, composite coatings would have higher bonding strength, and would form a biphase of
HA+B-Ca3(P0O,)»B-TCP) beneficial to bone growth.
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Fig.1 Surface and cross section morphologies of the coatings

(a) HA/ZrOLT); (b) HA/ZxOI); (c) HA/ZrOLI; (d) pure HA coating; (e) HA/ZrOLII).
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Fig.2 Cathod polarization curve of electrodeposition coatings
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XRD patterns of HA/ZrOLI) composite coatings after
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(a) before heating; (b) 600 °C; (c) 800 °C;
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= T T T T T T T T ™ J
0 el 30 iz k] 43 it

ze.-'zr“)
HA/ZrO(DS £ 1 2 4 AN ) i 2 A4k U 9 XRD
XRD patterns of HA/ZrOJIl) composite coatings after
being heated at different temperatures
(a) before heating; (b) 600 °C; (c) 800 °C;
(d) 1000 °C; (e) 1200 °C. (V) HA; (1) t-ZrOy;
(O) ¢-ZrOy; (*) B-TCP; (@) a-TCP.

|
i * 3]
__M.nfw__m_u.,.,Jij'm.,.m‘w‘\.AM-\.._.. PR B
!
[T f o v
' Yook iy r Ty T
LN »w—"v'-w\l.} Iy 'u?)ls‘am,.m._d!'w;mul\h:w,'h
Loiwy
L i v
3 ] vy v
(-2 SIS LSRN, SURPT -
b T L g 4 v
Pt .|,J....!‘...a)'\llg.!\‘1 SR SR -
I? v
s i L4 v
EMMMTMII\'—"I ﬁ 'D“WM\-MWA}\M\
T T - T ]
0 25 0 Ei 0 45 S0

HA/ZrO (DS 5 ¥ J2 45 AN (] I B $4b B B9 XRD [
XRD patterns of HA/ZrOJl) composite coatings after
being heated at different temperatures

(a) before heating; (b) 600 °C; (c) 800 °C;

(d) 1000 °C; (e) 1200 °C. (V) HA; (OJ) ¢-ZrOy;

(*) B-TCP; (®) a-TCP.

70-0364), FEAK TR ZMADIEM . ZrOoLD i B -
7r0, W A7 B Zr0,(IDAY +-Zx0, 75 1Y, ¢-7x0,, 710,
(¥ c-Zr0, FE FEAAE AT KA M BUGAR

ZrO(1) i m-Zr0, M -ZrO, W5 Fl A 4L 0k, bt %5
AL BE 0 T 1200, AT S A T U5, m-Zr0,
(AT ST IGERE 38 o m-ZrO, AR & 0] LUGE o DL A
AR R,

I(] 1)m
+

+I<111

)m

xﬂlz
I( 11)m

Loy FA Loy 53 0028 m-Zr0, B (111) (1 1) T
(AT S5 1y, R 1-Z00, A (1T i T A9 A 55 388 5
2ot A B I BGE BE  TE R Ze0(D R m-Zr0,
(R A X 5 51 R 81.53% (18] 3a) .84.62% (& 3b).,
92.89% (1€l 3c)Fl 94.35% (1 3d), 234 k¥, Zr0,
18— o it TR A AN () Il 8 91 BT o] & 2R A B AR AL

1150 C 2370 C
950 C '

M Zr0, N i HN BRI, LT ¢ >t —
m W] S A 5 AR Hop ¢ — m (A AE i AR PR B
3%~5% MR B IK | B (AR AH AR . ) [Q A A 2
Zr0, HLA BERIHLE 0 240, AR TR Z97F 950
CHHIT, AARSZE ZrO(1)ZE 600 °C 800 °CHin#vib B
Ja VR > m A X5 — m AR
SRR I A TE R 5 AR B A O, 7E 600~
1000 CAEiE 2 h i R o ¢ AH AR RLZ K, i m AH
REAETE t/m MR D ANWIE KK, b 2 90 5 TR
G FE m-ZrO, BIAH RS & R,

HA 532 % B-TCP Fl a-TCP (1) )2 i U T

Cay(PO,)((OH), — 3Cay(PO,), + CaO + H,0

Sy fEFEYIGR T TCP Ak 3R WA CaO, {H A XRD
Bl & B CaO HYAT S >4 i #3800~
1000 CHY, BT HA #8434, CaO A= Jli i i 70 I
It XRD A A 2] CaO 9 777 5 06 5 24 fin #4782 0
1200 CH}  HA 58443 ff, {H XRD 175 3% A A ) )
CaO HYATHFIE T ZrO, 20K T A B 2 B T
e-Zr0, (AT HH6 , MR 38 ZrO,-CaO [ 17 A1 S i
A FRET ,Zr0, Al CaO 2 &AM B AR, Ca¥ 5 7 ik A
Zr0, fAS IR Zo B 7, TB R E e XA A, -
70, Fl ¢-Zr0, ZE =R T LR 24 CaO W% 28
it —E B RSB AR E B ¢-Zr0,, ff t-7:0, ¥
AN ¢-Zr0,, I T E XRD KA F| CaO 1 fiT 5 1
Kl 6 & HA/ZrOIDE &2 Zr0, 19 ¢ TR o i L
{EL(c/a) B 1 52 725 Ak 1 i 2R 11, DA T W] LU o ek

111)ym +[(111)x

m-7Zr0, 1-7x0, c-710,




%7 W

LT DT B T JE AR e N R RO 5 . 969 -

M 75
T cla WM EE, H—L UL T 1-Zr0, [7] c-
ZI‘OZ E"J%/Eo

1422 -

14200 = \

R —
16 __--\~
16144
15124
[REMIUE

=003

[REVE

E T T T T T T - 1
4o S0G S0 00 BOG SO0 LRI | 0L 200 1 300
T

6 AR EE AL 2 h 5 HA/ZrO )& Ak 2+
7x0, W cla {E
Fig.6 c/a values of Zr0, in the HA/ZrO(Il) composite
coatings after being heated at different tempera-

tures for 2 h

HA/ZrO, B & )24 1200 CHAL B 5 HA 58
S0 M2 HA W2 HU R AT A o s, B
710, 1 CaO [E Y RN AR HE T HA (950, R T HEK
AR AL Zr0, X HA 43 B 52 0 206 e T =
&2 AW JZ 2 800 CAHI 1000 CHAb B 5 A 1 B-
TCP R F4L, an e 1 fios . B-TCP R 50t
/N LT

PW,

ST,

I

W .= B(0210)

B~
IB(()210)+I H(211)

&1 800 T#H 1000 C#ALIE 2 h FiREH BFTCP
BERS

Table 1 Relative volume fraction of S-TCP in the

coatings after heated at 800 °C and

1000 °C for 2 h
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