EREWHE $£260%5 H£4H 200158 H
Journal of Medical Biomechanics, Vol. 26 No.4, Aug. 2011 349

X EHS:1004-7220(2011)04-0349-06

LREMZABRREGENFEERBEFTHEN RN

B, BEB, E2H0E7, RHER, R OE!
(1. il St O 2 Belt i O s R B, I 22350 0F, ) M 510055 ;2. FERG 3 T K2 Mop Rl 5 TR0 ,) Ml 510640)

WE: BN BEREYHEHERERMNTENEARZILEKE S, Wi S48 (Ti0,) 5 R EB KA (HA)
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PR snte , o s B S W 3R R R A IR -BE R L /0 AR B Ti0, 5 HA R E ME 1.3.7.15 d BB T
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1.82) % ; PR E 4 (9.55 £0.19) ~ (4.28 £0.32) GPa, WiZdss B{H A (133 £6.75) ~ (80.5 +5.58) MPa, FEH
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Effect of different porosities on mechanical properties and ion
release of porous NiTi alloy

XU Wei', SHI Xin-ying', GUAN Rui-feng’, ZHANG Xin-ping®, ZHAO Ke'(1. Research In-
stitute of Stomatology, Guanghua School of Stomatology, Sun Yat-sen University, Guangzhou 510055, China;
2. Department of Material Science and Engineering, School of Mechanical Engineering, South China University

of Technology, Guangzhou 510640, China)

Abstract; Objective To prepare the porous NiTi alloy with good biocompatibility for jaw bone implantation and
compare the amount of the nickel ion release from NiTi alloy with TiO, or HA coatings, respectively. Methods
The porous NiTi samples were fabricated by powder metallurgy and the morphological characteristics were ob-
served by metallographic microscope and X-ray dispersive spectroscopy ( XRD). The elastic modulus and frac-
ture strength of the porous NiTi samples were recorded after the compression test. By sol-gel method, TiO, or
HA coatings were obtained on the porous NiTi samples, and the amount of nickel ion release from the samples
was measured at 1,3,7,15 d, respectively. Results The pores were interconnected with the pore size of 50 ~
200 ym and ~50 ym. The porosities of porous NiTi samples ranged from (23.5 +5.24)% to (38.8 +1.82)%,
the elastic modulus from (9.55 +0.19) GPato (4.28 +0.32) GPa, the fracture strength from (133 £6.75) MPa
to (80.5+5.58) MPa (P<0.05). The amount of nickel ion release from porous NiTi samples with HA or TiO2
coatings were obviously lower than that of porous NiTi samples uncoated. There were no statistic differences be-
tween HA-coating group and TiO,-coating group( P>0.05). Conclusions The mechanical properties of porous
NiTi alloy declined with the increase of pore-forming agent and porosity. Coating treatment could effectively inhibit
the release of nickel ion from the porous NiTi alloy.

Key words: Niti; Porosity; Elastic modulus; Fracture strength; Biomechanics; Mechanical testing;
Biocompatibility

s H#:2011-02-10; #&E HHA:2011-03-23
EEME : HK AARREES TR H (50671037) o
BEIRESE BT, Tel: (020)83802805; E-mail; zhaoke@ mail. sysu. edu. cn; 5K, Tel: (020)22236396; E-mail : mexzhang@ scut. edu. cn,



EREMAE $£2608 £4H 2011 F8AF
350 Journal of Medical Biomechanics, Vol. 26 No.4, Aug. 2011

WUE AR S AR WA 1= Re
VUPC. SR, AT R I PR AR A bR 22
SEERER Bk &, IR RO = T8 BRI AR
ZIRR G RA BRI, B A&
ZALPEA  FITB AR A, AR A
RAMRHREE T W BEHES . [BALBRE XS bR
1R RE (R R PR AR A LB
/N PR EAERCR S5 AR A RO K R ER H
(RT3 8 7 5 FLBE 3K, W2 Mg B A 58, S A LA
EEZR N BTHENEARSILRKEGEN
FLBRERFE | FLAR R/ T LR Ty 221 B B4 52 Wi <[]
BB, T ZIRA RGBT

BEEE& T ERE TR — BRI R BT B
BB W RAR G SR T I PR, A U AR R T
R A HI BB T AT H

AW TR H AR AR IR S5 W & 2RSS
&, I RS S s FLR & B e A W 1 %
AR & T3 AEA RN SRR EM
B IR R - BBk 7E AR 1 235 B 4T — S A8k
(TiO,) W2 M EBE KA (HA) W)=, LB P& 1)
BT,

1 ##F7GE

1.1 FEHHRMNE

Ni #3 ( EZ 61 wm, ZHEF99.9% ) ,Ti ¥y ( B
50 wm, #EPF 99. 9% ), NH,HCO, Hik: ( ~ 200
pm) SR (LEEE 99.9% ) ,AG-X L7 RER BHE IS
HL(SHIMADZU, H#),DFC320 448 8185 (Lei-
ca, T8HE) , FHELDEIVUR (T HIBE S XIRE
FRAF, 1 E ), CARYS0 5£4h 435858 & 11 ( Varian,
EH) BRUAR (AR o
1.2 Sk GH&E

DL Ni BRI TR R, $#250.8 1 49.2 |y
FRFHECE, HERES 4 1% 2% 2. 5% 5% |
7.5% \10% [¥) NHAHCO3 JFRifF 1 FLIFI 2y 6 4
A4 (AB.C.D.E.F4) , 2FHETF VEERIES
VLA RIR G S AW ESTT fedhEHA g
MLAEZE R T B ¥ &8 R B, R &
200 MPa,JE AL 3R, LA R IR E R Fag
TEMAEIPFESPIAIE 543 KRR 1 h, HRTHRE
IR FHE 1000 K £3E 3 h, B R H3R15 2 fLEE

B,

1.3 BEHUE

BREE 5 WA N ETNER 75% BT 258
FKBRIEYE 5 min £ 3 3K, MK A 200%, 360
600%.800% .1 000* .1 200% .1 500* FI 5L FERD AR VS I
RN M0, S IRMEAE T, T X SR S (
X-ray dispersive spectroscopy, XRD) YE# 40 4+, &
AH AR T ST A, F1 A Tmage J 34345
LR .
1.4 FLEAZENE

Fr £k VYIS (IR 4% GB/T1966-1996 il %
W% BE , LR AGE L A XI5

P:(1-P—)><100% (1)
Po

AH :p ARE RS BE , A o T = AR B T ok
FE spo WGSBS R, NI 5 Ti E/R LR
50.8: 49.2 ARG A S HHIL TN 6.45 g/em’,
1.5 E4sEEENE

RABBEEZVIEEM T2 RRKE £ 6 4(A
~F @) 588 A (G A) i, TE IEED (4 +
0.2) mm x A (12 +0.25) mm RHAX, G4HS5
=

FI R BT 7 B B LB 1) R R A T 2, i
ML Trapezium 34 RE FE 40 H7 I #Rd BAF
5, ARIOBE o He 48 B 1) L P R T 7 - oy R
Ko
1.6 HITEIASEIE

AL BB T 244G 4 6 4 (A
~FH) KA (G H) i, T ML E(25 +
0.2) mmx(4+0.2) mmx (3 +0.2) mm,&45 |
s

il ZE—B T BTy iR L &
TAEE b, XAREER2.5 mm, FEEF 10 mm, XK
SUAIEECR 20 mm, FEKBHLER S AR N
2.5 mm BEREON 10 mm [FRE BN EE ARk iz 4%
R o NERSk H O AL TF SRR D ELR B
S, By e 3 H AR, L 0.5 mm/min )
HREE MR ZRABER(LE 1), R TR
AR T 2R B 1A

3F]
= 2
TE T opp? (2)

KA o IFPRHEIBTRGR BEAE (MPa) 5 F R




# B.% IIBRENSIEREGENFERREFIHENTN
XU Wei, et al. Effect of different porosities on mechanical properties and ion release of porous NiTi alloy 351

B FRIZRATME (N) 51 24 2 A SOR A OB (mm)
b AT (mm); h )R E (mm ),
Trapezium H 3fj 10 5% £ K 277, Bl A4 4 i) B 24 53
BEfH.

Bl ZARAEELEREHELEM(A: 50 x,B: 100 x )
Fig.1 Metallographic micrographs of porous NiTi alloy (A: 50 x ,
B:100 x )
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Fig.2 XRD spectrum of porous NiTi alloy
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Tab.1 Bulk density, porosity and elastic modulus of porous NiTi
samples with different amount of pore-forming agent

QU5 FWERE/ (g om™) FLBE/%  E4EAPERUR/ MPa
A 4,59 +£0.02 23.5+0.52 9.55+0.19
B 4,55 +0.01 23.9 +£0.37 8.78 +0.35
C 4.41 £0.01 24.3 £0.29 8.76 +0.69
D 4,18 £0.02 35.2 £0.60 8.40 +0.04
E 4.05+0.02 37.3£0.10 5.10+£0.28
F 3.95+0.01 38.8 £0.27 4,28 £0.33

1A B LA 1% , B 483U 2% ,C AR LA 2.5%,
D 4 HiE LA 5% ,E 4 NIELA 7. 5% , F 4 0L 10%

WrEd s 5/ MPa

il
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HHIELH 7.5% ,F A AE AL 10% ,G 4 AHsigka)

Fig.3 Comparison of fracture strength of porous NiTi samples
with different porosities ( Group A: 10% NH,HCO,, Group B.
10% NH,HCO,, Group C: 10% NH,HCO,, Group D: 10%
NH,HCO,, Group E:10% NH,HCO,, Group F: 10% NH,HCO,,
Group G: Pure titanium)
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Tab.2 lon release of porous NiTi samples with TiO2 coatings at
different time

H5) 1d 3d 74d 15 d

A 4.6£0.01 6.9£0.02 7.4+0.03  7.8x0.02
B 6.9+0.01 7.1+0.11 8.4+0.04  8.920.01
C 7.5+0.03 8.5+0.21 9.1+0.02  9.4+0.03
D  11.80.21 16.40.01 17.7x0.04 18.3+0.06
E  23.5:0.07 40.90.03 44.520.11 45.520.21
F 55.8+0.09 112+0.14 1220.10 123 +0.20
G 123£0.19 133+0.11 1430.11 144 20.17
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Tab.3 lon release of porous NiTi samples with HA coatings at

different time

A 1d 3d 74d 15d

A 3.8+0.09 6.2+0.19 7.5+0.11 7.6 +£0.15
B 6.5+0.19 6.9x0.21 8.2+0.07 8.6 +£0.21
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G 112 +0. 15 132 £0.19 141 +0.21 144 £0.23
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