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ABSTRACT As a new kind of biomedical material for human hard tissue repair and replacement,
porous NiTi shape memory alloy (SMA) has arisen great concern due to its special superelasticity,
excellent biocompatibility, good mechanical property and unique porous structure. In this paper, the
development history, fabrication technique, biocompatibility, mechanical property and application of
porous NiTi SMA have been reviewed. The characterization of elemental powder sintering, pre—alloyed
powder sintering and self-propagating high—-temperature synthesis for the fabrication of porous NiTi
alloy has been compared. It is indicated that mechanical property of porous NiTi SMA is dependent
on its porosity and distribution of pores. Also, porosity and heat treatment have great effect on shape
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memory effect and superelasticity of porous NiTi SMA. The porous NiTi SMA has not only similar

biocompatibility to that of bulk NiTi SMA, but also its porous structure favors ingrowth of bone tissue,
which indicates that porous NiTi SMA is ideal material for human hard tissue repair and replacement. In
Russia and other countries, porous NiTi SMA has been successfully used in orthopedics, cardiovascular
surgery and other medical fields. With the improvement of fabrication technique, there should be a
promising prospect for porous NiTi SMA.
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TREI, HRFMEIEGE (EL. MRS BRST, XEBISBERE. BIE
RERNEHTELAERSENAS. TELXEEMKNERTY SEEMEAR, EINEA
BT S (22%), B AR RIEIZS Sl 52 MM Bk, WIFHE
Vs R, BT RSTLEWAMS BN, S Ti-N BRICIZ & EEFEHRETT
T B AR R . it R AR bl ol FERE 28 48 A 08 5 0 T 9 42 7=k 23 143R0T,
3 BN B R DGE %~12% R R B E, fERE. RWRFRERIEA
Se e E R, £7 Ti-Ni 8 EH MES AR, Bl RFH. SRZEZHT
L7 Ti-Ni ERBRITIZE &N BT FRAEA SRS IEREE. SRERME). mT
Jo. B, HEH. SEAPFEEASHIRXTHNSESHE. PERERERTTIE
1995 4EDI3E, RAEEMNFRE T EWEH ST Ti-Ni BRICILESHHER, HFERIFHIEZ
7L Ti-Ni BRIEIZE €.

1 %7 Ti-Ni BRICIZEEHF

H& 27 TiNi BRIDIZE SN T EE £/, BREERARAMETE, BRTEHRR
AR 30 | (F) &akEgs 1Y MEBERRAR%E L. XETNARARA
e TR — RS, IR T BRR ST RS A RRITIAR, EEERSEBY. F
B, ATEERREZe. MIEERTTE, MO MTRF, REELE ™ m.

1.1 TEBKRESRSHE Ti-Ni BRiCZES

BroeR 412 Ti | NiRRIEA RIS [ BREERS, TSRS RS
7L TiNi 4. ERASE Nib, WiHE—SRESS0REMITICIERE. BLRMm TiH, R
R Ti TREE &P RH A, B RfEER TR LR SRR, SEE
STz ERE, SETLIRETEETE 30%~40% (KB . FLBR/INT 100um . FFHLEAE 95% KA
FrZFL Ti-Ni A& B

SHMESMFME, Ti. NiBSWWEERSS, ERPEEERZET, LRGBS
EHEBE. WAE TTAMPa (T F, HUBE IR RS e & B 0 B EE Ay 66%, T Ti .
Ni MY RIE A R4 2 BNy B Y 81%.
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1.2 (F) €&€MREHESI Ti-Ni BRicize g

BEEUBARTTLU BERENRIGE= R BiTHE (F) SemurETEg
UT=%: SLHFBHRE. REEE YRS &k, '

SEH EHE SN RE G EELT “EIL - B - IS TER&WEK, FslBanE
FERAHN, SEBIFEAEE. Fet, EH& SR PRnRATE e85 Hit, %T
CRERTH—ETE —R RASEHERE SRR ARE, TR EENERESth
R RIS S B TR N R R A R, R, R EHRETHS SR, §HF
O R  F12EERE B XM R E N M B T RAE IR, R R — s T,
WHEFHER T, HEFAHMN T, BTREERSETES. EHXMHEHEUTE Sy
RS R B s PR SILBR B BaA 57% M Z 7L Ti-Ni BARIEIZE &, EAERE BUIE S St
R—FERMEFEAR. ERE Ti. Ni TRESGWMASHRE, BIELE4E, Btk
IR EREE, IS ERL, BRSSP R TiNi . TiNi. TiNis £4BALSWHIRSY
18], 2 gt — BRI RALEE, A, BRI LA Ti-Ni BARCIZE 4. FIXF L
EHBTHGERMR, RN KERERORSTEE, HEEHaAETEERRERS
& E8E, VHE SR ROEEMRS, EAERMTES, FEREHEE. B WSS
R B FERRBEL R A 5 M K AR 2R, 32 P BRES G BEBRAY 15 e 00 5

SXERMRBEREEML, (F) GEMNREEETENEERE. X2 E H7ER e
GHRMT, XT (B) a&NTE, RESRPOESDNBRINTREMNEERN, FTaIEM B
REEKD, TR BRPEFEHREURRE N ARNE, Ti. NiBRKESEEAHEELS
BRSNS, ST RE M, A& AR IR R ERE R 4 MR, B Ti. Ni
WRIR & FRESEMXBURAIREE T (0 1173K) BIATHAT, T (1) & Sbh bess N & S s il
ZEERE (1323K LU ).

(M) &SN RESRERLE S RPZHEFL, MTERRESRERS TR RRESE
KRR, LB XEERATEMKREEEELRS, BF Ti, Ni T2AEE Sk
AR Kirkendall f4fL. [, ZEAXF|—ERE (1215K) B, BT MR R SR
R RA LSS AR (Ti-24.5%Ni, JRF43%0), 44 mILE.

1.3 BHEEFBREKZ3I Ti-Ni BRiZIZE&2

HEERIR S MR 30 R R BERMHIBAT RSB RN &, &R ML &Y 5
&, ERE—ENEETH— M SRR EERMS 2 P2 R, A 8
2RI R I ZEBERRIRTH T 5| RIS TR, X qb 2 17 7 LRI i ) T 2 8 9238 1t
TRRERTAERFYRALE. §EERESREFRRE TR, Byt 10111507 &
HRBEAE (18], SR B R RO FE SR A E SR AR [ R Ak, AR ER [ A o B R
N5 #RBEAR A RS ROk R SR BB — R 1R BE IS PO ANERRE U K, 18R R ph R B — 38 | % 2
SER 55—, ARBRATTRGBUNNEA Ti-Ni 845, FREEANTHRLI TiNi &
&, 2RI ERIHARICIZEY, FRBABIFMIERE £ 15, s %5,
KRB AR DA R IR BIE 423K DU b, SR R A BE H A4S T 3. [FIRE, A5 fl
BAFRPEE T. 294 1513K, KT Ti-Ni {b & Y804 5.

HEIERR S MM LI Ti-Ni &6 8 TiNi MM TiNi A @) Eoh TioNi 87 87
L. HEBEERRSERBENER, TN B, SHEFES. A, G8E5RS
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RO B, AR MR SRR R R R R A R Y, SXREBRRESEAL Y, M RBRRE
HILBBEMIFILE, FLBRERE 70%, FLFR T4 400um, fLERE=4EM %R (A 1).

FHTCEMKIE ARG H % Ti-Ni & &mFLBERARRT8/N, TR B TR K
B IR U T ) & B FLIBREE . R FLBRA B L Ti-Ni &, T ELR /G & ATl & AT,
FE B AR, Y. PRAEFSMA. Eik, BRBREMHAIFHRA B EESREG K
& 21 Ti-Ni BRIEIZE 4.

2 3 Ti-Ni BRICIZEERIERE

EFERARICIZEEH, TiNi §&REANAMRN, ERAFSRMNIERE, Mifw
FrRVERE. PURS M AMEANS. R 1M T HRE Ti-Ni #8527 Ti-Ni §2HHMK
VERERIERITIZS . AT, S Ti-Ni BRICIZA SR A RMIKER . R ApLsERE (2
M. HURRE) AR ARITIZIERE.

1 HEEMES RS TN BIRIEIZE S0 B S RIS 1 °
Fig.1 Macro-morphology and pore distribution of porous Ti-Ni SMAs produced by SHS®

(a) macro—morphology (b) pore distribution (c) pore morphology

2.1 #HLaRERE

£ Ti-Ni FBARIEAZ A SHERBUR T ALBRA IR, R, K/, Bl Al St Rk
4%, %7 Ti-Ni BRITIZ A S AHUHGR B T AR P FLBRI SR MR BORLAY 3 534
BRSO/, B BRI S8, GE%, BORBURLR TRV, Pedfiih @ BOaE, AHRLAYes ik
AR R, RN, R E A B B ME RS, P RaUMERERAE. Ssh, K
HUBRPERE X LB R R BUR, FLER AN A RBUL AR N FEF X, XTERKRE LR
THOREOIRE, LR MY PO 3 FRALBE SR (e >50%), FRAIRRMLE T HIIEIL
A&ME, HMESRRGH, EHREANEMR, THETHRE.
2.2 FARICICMERER th3EME

—fHs, 7ETi. Ni ZEFHMEHLTL TiNi §E88 —ERHLE, MERILIEIR
OB Dy, T ELFLBRE R, TR R Y. 4L Ti-Ni g &R B R—AH
fy, BMEER/MOBHIERT, ERMKEE N A TR Ti-Ni &S IRE 2R ARR
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(10%), =AEBUAE, FEEAREMNE D RAARE U B RET2KE 22 X 58k
BERAFEN. #H—EMERENH, L4 Ti-Ni §SHEER/DNOERET, @i e
RIKREREBA T 70%. (HEat/BA N - MG I RIK X F] 100%, 4%
T X PRI EN S B AR AT R, B, SRR A Tt B i SR RUR AR J5 7, (]
ZALAPRHE RRRE 48 S S B B R AR A b, FERAE T R LB s, AR PR AR
/N ABTERICIZR S R, FLBRSCE RRREER “it12” ek, 3E#m TR E KES ATl
BES. KA. BESAERICILAE SRR KE, WL 0 “RRITIZ 8.

ZfL Ti-Ni 5& /B IRGEE B RIKE K
VA7 AR S N A 2 HALBRBE AR K. Y
FLBREE. /MYEEHASIE S BUm M IRIK E R
AKE AR B 23 Ti-Ni 4 @rFLBRRTHE
FARAT RA . WX P AT REFEFE A AL 2
2k, ZHL Ti-Ni JBARICIZ & & A AR A P 52
b, HBUREIER B S (E 2). FE, LB
H A 12 W] REFRAR T IR AR AR AR IR B 7, (R3S IR
AR, 8 M, &, BUMEZERE (As-M,),
HE M, &TF AP SRR, s R
R R BE S WG B L1l Ti-Ni &
SH M, SREKE, EERE TR g E
PR A HE S BT ARGk, T kL ]
MARBE, HRIB DRI, M, 55 T T E—v
K.
2.3 23 Ti-Ni BRICIZE&SNEmBERS

1972 4E, Andreasen fi Brady /NHAFF3E B 2 %4l Ti-Ni SMA ## DSC 4
T Ti-Ni %%ﬁmﬂ:ﬂiﬁ%&é@%‘fﬁ BUET Fig.2 Typical DSC curve of porous Ti-Ni
REFARCR 9. 3R, TN BRITIZA S SMAs
A TIERGETIERS . 0B NBEE RS EED
BEBTRIY. TN BRI E G 1E A A
MEE. PEMEZHAERYHERERTIE 20 EH2%.  Ni RSO, (BEELENHEN
T, Ti-Ni ERIEIZ G &M RABRIK SR Tio, LR, HBT Ni BFMrH, R,
Ti-Ni EARICIZE &R ARG WA APERM I B AP0, SR oy R sl (25:26) i i g
HEPR A B 2728, Ti-Ni JORIEIZ A & RAMEN, BA SRS, 48454 RE Rk
HEMIRPRAR LAY A A 2.

Z1L Ti-Ni FERICIZ & SEADRNEA R RO EMMEEYE, TEEHNTEAAHEAR
&, ZERTHETNAFEAZA Ti-Ni BARITIZE S 29, RPEd TRlER, RGNS
=R B A AL RNILRA, HEEBAYEBRER — 2S5 a5y, MAYS
VAL B 25 SR Bt B R S T S 0. ZE S FRER RN Z7L Ti-Ni & & 4% B R,
EREFER T EEHAEMREAR, XASBRE Ti-N BRICZAEBAGEETEE
H, HEAEMERHFEEK.

Heat flow / mJ - sec”

Temperature / K
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3 %3l Ti-Ni BRigiZa &Ny

B 4 T LA AE S £ 7L Ti-Ni FORITIZ A S FLBREE, DT (5 HL AR R 2 4 7
LHAMNESR, SAESWTERESSAEHERNTREFASNRA, EEANKEE
WER, EAS IR RIRIZAU A AR A A RUTIZ B AT R A 8, RO TR
N, HAEEA IR T A SUUAA LR Y S E A R, 24 TiNi G2
EEE R A AR, Sk Ti-N &84 4 AU SRR RNIREEL. Bt £
7L Ti-Ni BRICIZ & &4 B A SR A T W A A&

Ti-Ni FEARIEAZ & A KA A\ TE t B o i B A B I B e 32, B PR R A T IE B
OISV T E BV B A B2 4, 283031 (R B P Ti-Ni BT 88 ¢ CAEM i
R EREESZHIERE R, FETHRN. BITFSI TN BRiCiL & &N T R
Bh. I AN, HEATME AR A ARV R B ST TE R AR BRI . ML fTTRF
HEATE. FTHRERBAGZI TN ADERE, TTMEERE, REEEASERELRELE
K, AT BR B SOUE S TR AR SRR HR R T AR bR A SO RO R
WU, IRRE TSR ME R, HEE R ERAS, HR T MR E R LB B
BRI RAS B ZILEBEIN, T THL. LSS, RRE. BanE EEE
B REESH e EN. FE, EOHH T IRT MR S, LR EASMERKE. i
RS B R, R RS BAES. XEEAYRREE AR SHREASIMENER, WH
R DO AR T AR S LR LR [ i A ) ) S A .

BH#7, 27 Ti-NUBRISIZASMIRE2AMER. BA. BE. HE. BEMRESE
Blasspiictn:. REERE Ti-Ni BRIDIZ &S0 ERFEEIR ST, MASEE
FREER. HER. ARENRS EREXEYERZI TN BRIDIZE PR RN
FAIEME. HYHEY, RE 1096 FERHENPAIBRATHHE BBLN 15 0T, fEiTH
2000 44 E] 10 258, (BRELE SR AR R & i B BN 2 1%, B T4
SR, BE SRR RO, HA R 0 B 70%.

TS I

EYIMRE SR LR A, EARE. HEETRRE, HARNRERMAREL T
BRI TR, BOF 20 €, SRBREMERSHST. EWBE. SV EMRELEEWHE
M, ERSBHEE—ARBREBOTR. (Hi TR RG L EMBARGE LUH =H
HUBGR AL B MRS 1ERE, H ATIVARIGIR B B 2 MR SR 24 TiNUBR
EIZA S EBETRITIZHN . thiltE. EMRAIER R SR, HS LA AP E
SEARE, HHT ARERE SR ER, TRREERAMRES. £ TN afFy
B LR SEAS N EAE RS BHEARR, EEM PR SR T 9 Y B AR
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