Vol. 31 BHEFEALFEFIR No. 2
2010 42 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 253 ~259

KB % HA/ZrO, WK EF R EN
2 E MR E Y EEN

IRk, G M, ok, BRI, B A
(VURE 2SI R BB 5 T RSB, MR R B E SS9 E, M#Hf 610031)

WE  CRANKh i A2 DUR L T i AE A Wy B2 K 4 SR R 11 ) 4 R 3 51 4k HA/ 200, BAWRZE. i
A PR i vR B ECEE, AR R TR B RAA S Y. B T R R SRS . B AR
PR EE. X SFRATH IR, EAWRIZRG N HA 1 Zr0,. FARERE WAL I, PUbH G SRIZ M
BEMA TR, PP A, 20, MIMA KR KM T HA/ZO, B ARZEN S FRBRCEE, #57T
HA/Zr0, EAWRIZM A e, ORISR EY, HA/Z0, BEAWEBEA B MG mE. @ik
FRCEH AR T EAGEEN A, Alamar Blue #6530 2205 | HA/Zx0, B2 AE VR )2 2% 1 40 I B B R b mE
REJIBCAF. ALP Bl R 3, $UbHES HA/Zr0, BAIRIZRA AR LRI B0R. LA MR FRE R EBIR,
HA/Zx0, B4 WRIZA B A YA .

KEIR  HA/ZO, BEIRZ; WAk U0R,; R vk ARk

HESES 0614; R318.08 XEAIRIZED A XEHS 0251-0790(2010)02-0253-07

FIWE AT Ca,y (PO,) (OH),, AR HA & AARRE 2215 U 0 2 TCHLEL S, HA BPBHEA
NG 258853 i, W Es RS FwE , W AR ZURICRI A, i HA MORFRURA S A fh 2 G, R
WL A E YA AR A YT, R RE 2 SR 2 ER, CHTEEENEE ST BT
HA BPEH A Re s 22, Wtk K B BEAR, BRI T IAE AR E IO A . Sk, AR HA il 25
BAEMBRBEEGRN T 2 W E SR 20k b, R0 E A R 48 A5 B sk, X
B 2E R RE.

AR (Zr0, ) AT BRI B | Bt BUE Dl R b i AR AR A v, SR i, R s MR AR
W FH e YR EM R, FI, fIERYS HA 61 REAEY . HA/Zr0, BAWRIZ M %05 3
B EEFHIRIED | mEEATIRTE | EIR-BERET R ITREAT T AR Gu O RIS B PR
Hil% T HA/Zr0, HAURIZ, EAUWZET HA PR R RSE/NF 10 wm, SARES BUR 9k g, (BAF7ER
EARIG, WA RBR A RS, IRHZ O R mR AR S, S EGHR S HA . Li
K BURABTIR LT A 1) HA/Z:0, B 512, MR AL ES 3R & HA 43/ %6 A, Balamurugan
ST R - £ 700, ARG EIN HA B ATRZE, HIRZE5MBR. Xiao 45-* HIX 57y 4
HIsR R DU AR it B B 45 T HA/Z00, B ARIZ, (HIRIZ RN 200, ¥R R B A7 15
THMRT, B 200, Bk EOR 2.

SEEE Zr0, 7 HA WRJZ Y RAF43 0% HA/Ze0, BAWR 25 BMERE , SEIMis2m HA/Zx0, B ATk
Z b RE. FRATISR A Bk b F DR ol R AL B DL F 0 AP e T b, B PR, oK
T Zr0, fEEAWZ IS, IR T 200, 152 AR ZE PR S [0 AR %
FT BB FEXT 25 5110 HA/ 700, BGWRZNEm, FIBHIR T HA/Zr0, 24120 A B E M
AR,

WeAR H 391: 2009-02-16.

FGIH . [E5 A RRE R GIEHES  30700172) | o A2 M e 22k s G URHAIF (BT 00 ) 4 (L HE S 20070613019 ) A1 554
B s BT (HEHES . 2006BATI6BO1 ) ¥ B

RGN & M, 5, Wb, 8180, FENFAEYME IS, E-mail: luxiong_2004@ 163. com



)54 BE SR 2R Vol. 31

1 SEIGE Y

1.1 RXFI5EE

Ca(NO,), + 4H,0, (NH,),HPO, MAsEREE YA A Hr 47 ; Alamar Blue ( Biosource A H], ) ;
Triton X-100 ( Sigma-Aldrich AF], &) ; 4-fFHE K BERR (4-nitrophenyl phosphate, 4-NPP, Sigma-Aldrich
NFE, SEED) ; sk (TG REE B R AR, 4 >99.9% ).

CHI660 AUHL Ak 27 T AR 14 i 7 B85 (SEM, QUANTA 200, FEI /AR, ff22) ; X HHERMRAT
B (XRD, PW3040/ 60, FEI A #], fuf %) ; E#FRIY ( w-Quant, Bio-Tek Instruments, 3E[H) ; JRF UL
IIOEEETE(AAS, 361MC, FIREERF AU ABRA A ) 5 9K AIY ( Nano-scratch, CSEM 23 A, Fii
€.

1.2 RIETFE

1.2.1 ok s AR AT 4k ko TAL 38 e FH IR FHZUERAE MR, HORGE 10 mm x 10 mm x 1 mm. K
REEGRE SSRGS T, BRI M TR AR, & 0 i TR A B s, 25
HEGWEAZ M. B, TERHTE GRS ARET BRI | 200k s AL SE TR 3. S FH VR R 25 ik 75
TEYE 3 K, BHK 10 ming SRJ5 FAL2AR M V(H,S0,): V(HCL): V(H,0) =1:1: 1]7F£ 60 °C FAbHL 3 ~
5 h; FJEFEEALI (5 mol/L NaOH 7)) 1 60 C F i 1 h. DL b Hiab e —H 554w =1 T H
FE TG

1.2.2 EBFR WIZNHESLE 60 CHEEKIETHIT. HA/ZO, B 4020 R e & ik h .
B A4l Ca(NO, ), « 4H,0 FI(NH, ),HPO, %18 n(Ca)/n(P) =1. 67 FLHIAEW, A5 FASmRES H
JoK 2R, “FHIRAIEEE] Ca® WIE A 1. 67 mmol/L, PO;~ HFEE A 1.0 mmol/L ., B5¥E 7 0. 0835
mmol/L ARG, FHZUKIATT pH =6. 4. 4 HUMRIRAE — R R S0 ( LABK 4@ A IR, A4 A FH
e, WRRTH IR A Z LA ) AR AFRE b PRI R R T DR b R AR, rEAk 2R SC IR A5 . L]
10800 s, ki 100 s, fkfafir —3.5 V. koAb 2 DR 58 iU S 20 1 K8 K e e i, AR
S5 THE B2 R P AT | BRAS TR R 1200 °C, FHEBIZ K 3 °C/min, 1200 CIEME2 h 5, B
PAHI EZIE. HA BZMHE A HA/ZeO, B-A1R)Z T 5 7 i REAR AR, R A P A 35 il
1.2.3 HA/ZxO, B &% B0 AN R o R S EE IR 22 vl (PBS) H, T 37 ClEER
W15 d )5, RAEF R EE T E R Ca®t ARG (P K 422. 7 nm, 4798 0.5 nm, AT
HLIE S mA, 255K 77 0.2 MPa, 3k 1.2 L/min). MREGFREMZR HIRHRP Ca®* MIRIE, DIt %52
HA/Zx0, B4 URZ 0 AR e .

Ca®* FRUEIh R O & . Zr IR 0, 2.0, 4.0, 6.0, 8.0 &% 10. 0 mL ¥ JE 100 me/L 4 Ca®* bR
T 50 mL A, F 9 2 mL R [ V(HCL): V(H,0) =1:3 /13 mL 10% @4LEE, Hj5
IR R 2R, $5)8 . AnfE R EE 53518 0, 4.0, 8.0, 12.0, 16.0 52 20. 0 mg/L.

1.2.4 KRR LR Rt CSEM AR A F2 ) Nano-scratch KRR {UN B IR E S G, K
SR ARIA (EARZ 2 wm). BN AR ms, nEEERE 0 ~50 mN, RIJEKE 1 mm.

1.2.5 HA/ZrO, B &% B8 & A 2 AR R R 35 5 i A ( MC3T3-E1) Z80R 2 Y
FHEME. DL HA BREHAE TS & HA/Ze0, BEATRIZPUEBERTIG 43 AL 4 A S250 4, A SC 4 6 4
TATRE, B E T 24 FLIEFEMRN, B MC3T3-E1 403 fh TR R0, $ER 35 1 x 10° cell/
mL, FFLIIA 1.0 mL a-MEM[ %% 15% HA2F I3 ( Fetal bovine serum, FBS) ], & CO, Kig#4 T 37 <C
BigR. AT LT R

(1) Blige 1, 3 M7 d Y 4 giREor 5 PBS M50E 3 Wk, 1E 2. 5% WX R BOh EE, KRG
MWK, R CBRIEE , ZEIG FE S TS e L84, fJa H SEM MLE 40 M TE 45

(2) FEYNMIEEFE 3 f17 d JGPEAT Alamar Blue 2076 Pk K 3058 18 OAGIN . 1 2e 57 22 HE R 5 A
PBS VEVE 1 K, SRIGRAFLIMA 0. 5 mL JTCH 2L 035375 (% 10% Alamar Blue) , 7E CO, 54 F 37 C



No. 2 FHEF . BT EIRARE S HA/Zr0, 9K B Ak B A8 8 B & M A MR 255

75 3 h, MEFLIZHR 200 pL 85325600 96 FLAR T, LARGAR{GS24k

(3) fEANAEEESR 7 d ST ALP 43-fLAE S 5E . 7€ Alamar Blue K2UJ5, 3#2% Alamar Blue [¥)
B3k, FEA PBS wpik 3 ¥k, TERHALTINA 1 mL 1% 4 Triton X-100 LABEIR A KL B A9 40, 8 = A
=20 CYKFHHYRR 10 min, B A0MOBRE RO T FSE A 200 wL 4-NPP WY 96 FLARH, LAREHRIX
N 5 TR

2 HRSWiL

2.1 AEBFBRAILLE

FERK AL AA TR R F AR ) BT bk o e (67 551 S S R R I RE R AT — i R . AR
FEEBHET IRhHLAL R - 3.5 VI AS ] L A S A
DUBIELL. H XRD 24T AT AT, FEES BV i FeL ORR
BB R HA FIBEFR /\E5 [ Ca, (PO,),(HPO,),
5H,0, OCP] (B 1 %4k o). TE55HEH W him A
Lt JE IR LS HA | Zr(OH), (NO, ), - xH,0
I OCP( &l 1 1%k b). SEM WREL & P, A [6] () H i
WO TR 2 BT S BOR R ). 5% F R FD & A

« Ti

° ZI’O(NO_\):'XH:O
v HA

= OCP

Ze't BT RS B RS BRI B AR Y 100 nm | K o Wa

25800 nm fH)— 4K e, S04 B B AR LY Ik 20 2830 8 346 384
EEAIE2(A) ], A 2 BT RIEZL  Fig. 1 XRD patterns of calcium phosphate coatings
BNEEEEE [ K 2(B) ]. Zr B FRImARE T (a) and Zr contained calcium phosphate
BE RS coatings(b) before heat treatment

_Loun,

Fig.2 SEM images of calcium phosphate coatings(A) and Zr contained calcium

phosphate coatings(B) before heat treatment
2.2 ANBEWNARRBREANESRENIMN

TEPAE B AR WORE 2 8] Hy T 3R A AT AR B e, (R 2 AR B 208 A0 5 B A B
i P, i P B RERA B —E S G IR Z. N TSR R I SR, TR AL
PR, (HIX 2 FHCHA ARSI, 40 HA —RTE 1250 ~ 1450 CIERN &40, P, b 1B
1k HA B4, HUEBER AR 1200 €. E3(A) F4 1200 CH2 #AE T HA/Z:0, A1
MRMIES. FTLE Y, SiES BB B0 UM HA IR 2 P BE A0K SRR, BUmtEde s, fvhiz
] IR R IR G, FLBRL s & 2t BT R LR IOE iU HA/ 200, B 5 1R 2 2R B S AR K
K, ARLZ RIBEHEEE, AR E SR, WWZMBCRIEIE— e, [N HA 20, Z 5 TRIZR MR B
T E N ARG K 3(B) ].

ZPNEE HA/Zr0, HETRZ1FEIRE HA AR AL (m-Zr0, ) , XRD 2087 (1814) A8, #4
ALBERTLE 26. 0°4bE) OCP BRI IEAEE IR TR, AR HA AYIgAE %, HFRET, OCP /&
HA [HTIRIR, e R R 78 HFaE i) HA RN EATRIZ M HA RBRaRIG IH BLE 32. 2°4L, 5
HA OBRIETE (#74-0566 ) X LA, 32. 20X WA (112) fivifd B T BRI, [, SAAh 5 Bl R
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Fig.3 SEM images of pure HA coatings(A) and HA/ZrO, composite coatings(B) after heat treatment
BRI R | Ak Bt — AR ES . XRD W A, m-Zr0, MR | B m-ZrO, kLR AL
K, KE KL IAF, RV KA A2 TRE T 3 T 395 308 9K R HA/ 200, B EIRIZE, Al
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Fig.4 XRD patterns of HA coatings(a) and Fig.5 AAS results of the coatings immersed in
HA/ZrO, composite coatings(b) after phosphate buffer solution( PBS)
heat treatment a. HA(before sintered) ; b. HA/ZrO, ( before sintered) ;

c. HA(after sintered) ; d. HA/ZrO, (after sintered).

2.3 EAREWBRBRES

KR F R OGN A 20, J5 2 A 1R ZAEBEIRZE il (PBS) Hh Ca’* IRBEIUIE L. A
PR ifeE AN AP JE Y pH (BTSN 5. 66 ~7. 7818 | MK AR SC PBS B pH fEHAE N 5. 7. 5 J& HA/
700, EEBIZPUEHFT S IR Z R T PBS W 15 d J5 Ca®* i AAS KR IEl. mTLIE H, R FH Y
HA/Zr0, BEIRIZTH Ca® WREEWI AL T HA WR)Z Ca** MR EE. RUIRIIRES A A K IR g 75
BURET Ca® BBHGERE , & TIRZ0Re . Frtar L, #UbHE i HA U2 HA/Z:0, B A0
JEH Ca® REIGH FE AR R BRI, HA/ZrO, B ATR)ZH1 Ca® WREERT HA WRJZ Ca® VR, X
TR & T RZECEN:, e T ESRIET Ca¥ B, S TR E R E .
VARPERES L, HA/Zr0, AU )2 HA B iy A Bifa e v,
2.4 ESREWNAFMEEST

KRR RGN 2 5 R A P 25 A 0m . YRR — 2L BRIE 4 KA Sk 7 36 2 i
Sy, RS AR, A SN SRR N AR L, 24 LRI A A (L) B, TS S
BRI IRF . HA/ZxO, WRIZFR MR SLIR L5 R Won, Sk sh 3 230 wm £ 47, T B A5 FEE 52 ) 28
SRIGIN, IXH AR AN 11.6 mN[ 6 (A) HHTEE R LI ], RARZWZ, FFMILE L.
M, @ R (L) M 11.6 mN, XWARE T HA/ZO, IRZM R4S A, 4l HA B2 54550
A2 6.4 mN[ [l 6(B) FHHIEEH An it |, X R HA/ZrO, IR)ZM FRSE 508 B R T 46 HA Tk
2. ¥ HA/ZrO, 72 M Huang 25U FEEK G4 IS E R BR IR ( DLC) (Il B sk b A7 e, k&
4 L0 DLC MG S5 308 75 mN, SIATIEERILIE L6l &0 HA/Zr0, Uk 2 A5 14 A8 LAk T [H
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Fig.6 Friction force, displacement variation along the scratch path with increasing the compression
load from 0 to 50 mN during the nanoscratching testing
(A) HA/ZrO, coatings; (B) HA coatings.

2.5 E8RENEYMHEBMETEMN

P 7 SR R BB R A MC3T3-E1 BE % THUEBETIS HA %2 . HA/Zr0, B4 182 KR,
FEIfi 1, 3 M7 dJFRMRIES. MHEEFE 1 A5, REPAEIE HA/Zx0, 5405 2R M3 A0 2L K
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Fig.7 SEM images of the cell morphologies on coatings

(A;)—(A;) Cells cultured on HA/ZrO, for 1, 3 and 7 d before sintering, respectively; (B;)—(Bj;) cells cultured on HA/ZrO, coatings for
1, 3 and 7 d after sintering, respectively; (C;)—(C;) cells cultured on pure HA coatings for 1, 3 and 7 d before sintering, respectively;

(D;)—(Dj3) cells cultured on pure HA coatings for 1, 3 and 7 d after sintering, respectively.
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ZHAEPHY HA/Zr0, B A TRIZXT AN ZEHT TR R B g m. MBS HA/Z0, E 51
AT, BB R R RTS 2 AR, JLF R R R [ &1 7(B, ) ], ZHB Rl R
ARG HA/Zr0, BATRIZLF, TRFRIIFAE B 4 i ZR R | TS F e JC ] b 5w

IETE 3 d i, REHRAEIEN HA/Zx0, B 512 40 M A KB AT, 22504 M Bl J 7 41 k) 3R
i, (A AN VRIS, FEET G WEL 1 d B B 7(A,) ], EEE HA/Z0, B &R
FMAMI AT, FEREC 1 d BRI BT AR 3 2 JLPas R R [ 8 7(B,) ], S5#k
ACBRJE B HA 32 A0 A5 K sl I 2250 [ B 7(D,) ], RHME;FE 3 d i, HA/Zr0, B &% )2
FRAD FHAS 5 1) 240 1% 8 B 1 .

MG 7 d J5, REHEHR HA/Z:0, EAIR)Z AR 2R b 1 13 d B Rl difi s
TFRRE[E 7(A) ] HA/Zr0, AIRIZPC S A A K A0, ZhMHPECE G 2, TU-T- 5 b Rt 2 i
[E7(B,)]. S4HACIER HA U2 A0 ZEH SR o W22 5[ B 7(D,) 1, RMAAIMEEEFE 7 d &,
HA/Zx0, B4 12 I RS 52 0 0 %) 66 B Sl e

A MBS SRS R ] 5 %) SEM LR AT LA, 3555 3 07 d A 28 AR b JHE 40 i 26 A4 L 35 T A7 AE
TG, BEE S IR R A3E N, 20 M0 B ACE e b, X B AR 48 A B 1 A 22 3 T S A
FILERE | 2Bt 1 RS ) SE K AR i 7% T k. HA/Zx0, B AIRJE A HA R E 4P | B2 5
% HAR B — 2 MRS b, TEAG 0 40 L P 285 B S e

&l 8 Sy AN[F]E ] A5 Alamar Blue 6710 (% B 40 MO RS (58, 4HMORG 3R 3 A7 d SR WoR, Ratiub
Y HA/Zx0, AU 2R ARG RE KT HA W2 R 4045 R 1. b5, HA/Z0, &
AU E R AN R T A T T AT, S HVE IS HA IR 2 R 0 G AR S KRB, Bk
SR, SHAEELS , HA/Z:0, A TRIZ A BRI AN FERE f1. B SCEk[ 15,16 ] AT, fokLRE Y
FEIA AT AN FEREAE . AR5 ] 4 10 ARk s R kb L0 3% v 5028 Ab, 0 B 1 4 5 1B T B T 1 5
X AT BB T BT AR 2 T 25 AR, B 2 i T IV %y 488 o A S 0 4 6 Y s 1. A
AbFRE VR AR SR, HARE T ORISR 45k, AR T4 B S AR K
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Fig.8 Alamar Blue test for cell proliferation Fig.9 ALP results for cell cultured after 7 d
a. HA(before sintered) ; b. HA/ZrO, ( before sintered) ; a. HA(before sintered) ; b. HA/ZrO, ( before sintered) ;
c. HA(after sintered) ; d. HA/ZrO, (after sintered). c. HA(after sintered) ; d. HA/ZrO, (after sintered).

KO 25 T e 40T 2 ALP 364, SRALARMIE A R IR 2R M AL RE ). diigsisR 7 d )5, &
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W1 2550, W HA/Zx0, 25 R)IZEA BUFATE UM LRI RE . A IR BT T4 R K], HA/
Zx0, G2 BAT YT 1 AR YA A
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Investigation of the Stability and Biocompatibility of HA/ZrO,
Nanocomposite Coatings Prepared by Pulsed
Electrochemical Deposition

WANG Ying-Bo, LU Xiong“, FENG Bo, QU Shu-Xin, WENG Jie
(Key Laboratory of Advanced Technologies of Materials, Ministry of Education, School of Materials
Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract The dense and uniform HA/ZrO, composite coatings were fabricated on titanium substrates by
pulsed electrochemical deposition. The composition, morphologies, biocompatibility and physiological stability
of the composite coatings were studied. X-ray diffraction showed Ca, (PO,),(HPO,), - 5H,0 in the coating
was converted into hydroxylapatite( HA) and the coating was composed of HA and ZrO, after heat treatments.
Scanning electron microscopy (SEM) indicated that ZrO, was uniformly distributed in the coatings and the
coatings became dense after heat treatments. Atomic absorption spectrometry analysis was used to measure
Ca’" release rate of the coatings immersed in PBS. It was found that the Ca’* release rate of HA/Zr0O, was
lower than that of pure HA coatings. Nanoscratching testing revealed that HA/ZrO, coatings had better interfa-
cial bonding strength than that of pure HA coatings. Osteoblasts were cultured on the coatings to evaluated the
biocompatibility of coatings. The results of the Alamar Blue and ALP test indicated that the composite coatings
could favor the proliferation and differentiation of the osteoblasts. In summary, the as-prepared nanocomposite
coatings have good biocompatibility.
Keywords HA/ZrO, composite coating; Pulsed electrochemical deposition; Stability; Biocompatibility
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