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Fig.1 Schematic diagram of sample fabrication process of

surface porous NiTi gradient alloy
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Fig.2 XRD patterns of surface porous NiTi gradient alloy at

different sintering temperatures
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Fig.3 Optical micrographs of surface porous NiTi gradient alloy sintered at different temperatures:

(a) 650 ‘C, (b) 700 C, (c) 750 °C, and (d) 800 C
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Fig.4 SEM-BSE micrographs of the matrix of surface porous NiTi gradient alloy sintered at different temperatures:
(a) 650 C, (b) 700 C, (c) 750 C, and (d) 800 C
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Fig.5 Porous framework and hole wall feature of surface porous NiTi gradient alloy sintered at different temperatures:

(a) 650 °C, (b) 700 C, (c) 750 ‘C, and (d) 800 C
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Fig.6 Average pore size and the porosity of surface porous
NiTi gradient alloy sintered at different temperatures:

(a) surface porous layer and (b) inner part
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Table 1 Average pore size and the porosity of surface
porous NiTi gradient alloy sintered at different

temperatures
Sintering temperature/C 650 700 750 800
Contents of NH;HCO3/% 15 15 15 15
Inner part’s porosity/% 4.5 3.7 3.1 2.1
Surface’s porosity/% 504 48.8 46.1 42.6

Inner’s average pore size/pm 7.2 6.8 5.3 4.5
Surface’s average pore size/um 333 320 296 417
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Fig.7 Effect of sintering temperatures on compressive strength

and elastic modulus of surface porous NiTi gradient alloy

TR T 1 T A 5 RNE 4 4 B DAL A < M i P 5t
WG T g s R, TR 2 LR AT
1, FECE ARG R b N 15 2K SR, kA
YA S SR E TS 2 L& ST s bl T
B AR 2 L2 FLBR A AP FLAR R m A, PR i
R AR AN B

ZRAEYM RISk R S RS K
T 2%y WAL W AR, PR Y 750 C R NiTi %
1H1 22 SR FE B G B AT 706 B 00 28-S0 230 1) P 4 U, o
Lt R B 8 AZAESETEEREN 4%
MIZAE T, S G 0 OCECT PR 28 - S 488 ) Y g - 2 A%
Mgk, METETCUE H, 58— N -0 2o 0E 2R ] 52
() N 92.5%, AL T 4 WHIPEI I -5 23831 25
Ja, PR RE N EAE B, M RRIE T 58
AR BT E, 182 18 KK 100%[H] 5 %,
JR 4G5 B b AR 0 R A A T BUR N 13 e A

1400 -
1200
1000
800+
6001
400

- ':llruurm'

W),
0 L L L L L L L L
0 2 4 6 8 10 12 14 16 18
Strain/%

Stress/MPa

B8 R gk - BB R HOR NiTi R 1H 2 FLER B 5 4l st
fly
Fig.8 Stress-strain curves of loading-unloading compressive

tests of porous surface NiTi gradient alloy



* 376 - G E AR

847 %

X0 D) S i B 5 AR AR, B R R O N, ot
[IEEZRVQIIE: %S en L A PN R VA EE =S Sihp IR T L4
PEAS T L5 — 200, Dtk 8] 7k — 2
o 23 AN Z I, AN FLBE T 4R 328 7 i 1 e i v e
SNARYRN, PIRR R, fE 25 IRTGRJE 58 W i,
WIS &, Be8AE 27 I R A W5,

g BTIR, ARSI NiTi R 1 2 fLBRE &
B SCHR[6]4R I8 B4R NiTi A 4 DL i SUIF 9% T4
Hl % M2 FL NITi'® A EL,  f T LB 5] 736
v HUA NiTi (48 GPa) A LE & 25 BRI,
52 L NiTi (10.2 GPa) MZEAK; MR Sk
A& NiTi %4 (980 MPa). % {L NiTi (280 MPa) #tt
WA BORIE S, FLRERE S 27 RN Z8%- 0 4L4h
RS, L2k R 5 st RE R O A . BRI,
SPS il #% 1) NiTi 2 [ 22 FLB6 B 5 4 B AT R 4 1) S 1 45
G IR ZALBURAIE , REAE AT 25053 A4 =y NiTi & 421
A, TR SCEA B PR R . RAR
B DL S S B s v ik R, E N 41 20 AR R
73 T A ¥ A 19 N T 5%

3 &£ it

1) FH SPS HiARMI % THARN NiTi. Kilih 2
FL NiTi [EIE B & 4. B RS T, &
4 Tiv Niv TiNiv NiTis @& AHZHE A 5 L NiTi
AN R /D EER B TioNiL NiTis 4L, Hetk
1522 1 )2 5 10 A 2R 0 B e B 328 W 0 D I T iR S 1 4
gy, WANZRBIAW I, HidmrkestE g &S
EE R AN S SUS TR RS P2y b ECIL 27 N |
I 1 2 fL)Z LR 5 B fL AR 218 ik

2) Jiriil 4% NiTi 0 2 FLBABE A 4 1 4 o 1k A
BERESEE T AR AN s, B O R
L (9.4~10.5 GPa); Mt Hs o i B 8 45 i P T s
BERIOES, | 998 MPa # 5 F 1350 MPa.

3) 750 CHe4h i BT il #% 1) NiTi & 1f 2 LR &
SAREA BUF R 45 A RER T FLBRUERIE (FLBR
46.1%-F-¥JFLAE 296 pm) 5 = (4T K 558 % (1350 MPa)
FARI e (10.1 GPa), 1 Hid HAM 18
BAVEVERE CRT[E] AR > 4%, 27 IRIN-ENEAEER) .

S0k
[1] Rhalmi S, Odin M, Assad M et al. Bio-Medical Materials and

References

Engineering[J], 1999, 9(3): 151
[2] Chen Q, Thouas G A. Materials Science and Engineering R[J],
2015, 87: 1
[3] Xu J, Jin X, Luo J et al. Materials Letters[J], 2014, 124(6):
110
[4] Bansiddhi A, Sargeant T, Stupp S et al. Acta Biomaterialia[J],
2008, 4(4): 773
[5] Bassani P, Panseri S, Ruffini A et al. Materials Scienc[J], 2014,
25(10): 2277
[6] Huang Yicheng( & 7K J%), Mi Rong(iiX %i). Progress in
Biomedical Engineering( %) b= %% T. F4 2% it Ji&)[J], 2015,
36(03): 169
[71 Wu S, Liu X, Wu G et al Biomedical Materials[J], 2013,
101A(9): 2586
[8] Lee J, Hwang J, Lee D et al. Journal of Alloys and Compounds
[J1, 2014, 617: 505
[9] Liao Zheng(E ), Lin Jianguo(#k & [H), Ma Mo(L) %) et al.
Rare Metal Materials and Engineering(%i 3 4= )@ M Kl 5 T#2)
[J], 2010, 39(4): 642
[10] Bassani P, Panseri S, Ruffini A et al. Journal of Materials [J],
2014, 25(10): 2277
[11] Zhang X, Hou H, Wei L et al. Journal of Alloys and Com-
pounds[J], 2013, 550(2): 297
[12] Torres Y, Lascano S, Bris J et al. Materials Science and Eng-
ineering C[J], 2013, 37: 148
[13] Li H, Yuan B, Gao Y et al. Journal of Materials Science[l],
2011, 99(4): 544
[14] Gibson L J, Ashby M F. Structure and Properties[J], 1997,
33(11): 487
[15] Kim S W, Jung H D, Kang M H ef al. Materials Science and
Engineering C[J], 2013, 33(33): 2808
[16] Zhang L, Zhang, Y Q, Jiang Y H et al. Journal of Alloys and
Compounds[J], 2015, 644: 513
[17] Di Yuli(3k £ 1li), Feng Bo(i%h ¥), Fan Xingping(yti %°F) et
al. Rare Metal Materials and Engineering(¥if & B ¥l 5
THFE)[J], 2013, 42(4): 814
[18] Wegrzyn J, Kaufman K R, Hanssen A D et al. The Journal of
Arthroplasty[J], 2015, 30(6): 1008
[19] Li Yonghua(Z:7k #£), Rong Lijian(GR A 4), LiYiyi(ZEH#AK).
Chinese Journal of Dialysis and Artificial OrgansGENT 5 A\
T B[], 2003, 14(1): 1



ERE] S SPS e NiTi SR IH 2 LB & AL 5 DA MERENT ST <377+

Microstructure Evolution and Mechanical Properties of Porous Surface
NiTi Gradient Alloy Prepared by Spark Plasma Sintering

Li Zhi ', Zhang Lei', Meng Zengdong?®, He Zhengyuan', Zhang Yugqin'?, Jiang Yehua'
g g g g gy g Yuq g
(1. Kunming University of Science and Technology, Kunming 650093, China)
(2. First People's Hospital of Yunnan Province, Kunming 650032, China)

(3. Engineering Technology Research Center of Titanium Products and Application of Yunnan Province, Chuxiong 651209, China)

Abstract: The effects of different sintering temperature on the microstructure, microstructural evolution, surface porosity and mechanical
properties of porous surface NiTi biomedical gradient alloy were investigated. The results show that the gradient alloy originally consists
of complex Ti, Ni, Ti,Ni, Ni;Ti mixed phase; then it gradually transforms into NiTi phase with a little Ti>Ni, Nis;Ti phase with increasing of
the sintering temperatures. The cracks and defects at the interface between the matrix and the porous layer are gradually reduced and a
stable metallurgical bonding is formed. The inner and outer grains are refined continuously, but the higher sintering temperature leads to
the porosity fusion of the porous layer, resulting in the damage of the gradient structure. The porosity and the average pore size of surface
layer decreases slowly. The compressive elastic modulus of the alloy changes with the sintering temperature slightly, while the compressive
strength shows a significant increase trend. Compared with bulk NiTi alloy and porous NiTi alloy, the prepared gradient alloy has good
interface bonding and surface pore characteristics, high compressive strength and low elastic modulus; it also has excellent super-elastic
properties.

Key words: NiTi gradient alloy; sintering temperatures; microstructure evolution; surface pore characteristics; mechanical properties
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