50k F12l
2021 4F 12H

mRERMBSIRE

RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.12
December 2021

Ni & EXRINE S A FIEEFERERIF M

F & B

myl, ENE 5 R, !

(1. @R Wwe L%, B 767 710055)
(2. WHHERY: REtmim 45k, K 300300)

OE: NS SRR S B TR S5 (SPS)TE 1000 C A% B A AR Ni & B IELEkA 4, FH X SHE AT
AT BAEBERAE T NiTi & S MARG R A2, KA BAEE AU FUAN ] Ni & & NiTi A 43 10 2 00 R A8 A )
T REAR I LA EE B RIS MU T T NITI & & =7 2 VE R BR R 2 P R, SR = 4 OGRS A B TR
U NITL & S B AR B B0%, SR 7 B M B AR MBS 45 R T I BRI SPS % 1
NiTi &8 8 5, HESEET 50%RE S FON, BRI NiTi AHR NiTi 41, 815 84 50%0, g
FEALL NIT A NiTi AR NisTi 45 M8 2w T 50%H, BA4IZH NiTi A A NisTi AHAL 8. A Z Ll B
TR NITI A4 BAEEE, 24 Ni FiE 08N 50%I, NiTi &40 S0 V)oK, HAE A 5930 MPa. NiTi &4
TR0 s 58 82 B A 0 Y 1 0 S8 3k /0 I 388 K VAN IR 78 2 TT AR 8 NATi & 4 (R 0 BE B S BURe P, N T 23 B0 55% K
NiTi & 4 009 B IR 55 B AR B doe /s FLAE 20500 0.8 1 15 umoe NiTi £ 4 32 B BESSUML B Jhar B 153 A0 05 55 R 453 o

KR WO E: BABEE TS, WAL JrErihe,

FEESES: TGl146.175 XHERARIRED: A

JEE B2 M e

XEHS: 1002-185X(2021)12-4418-11

B G G BA 0 I R b L R L AR
(VA QAN Tl = i - AN 8 8 = QNE X/ R R B
ESNTR (S Rl = 1= 0 S AP VAR e d B /s o B Y e
BHUEU, BRr, SRS S R B TR B0l
SER T Res (SPS) ML MAERE (HIP) Pl A&
ri A (SHS) 0 S g g el (MIP) L 4%
W%, 5HA KR & TS, Bb%s
L4k (spark plasma sintering, SPS)He A& F Ky A i
L FR) 45 1 TBCH A 50 AR UL 3 T i A 1 PR A 45
HoR, RATHEE B Fegin . iy sy, &
PR S ARG U SR 0 R,
K S B TR L2 A B AR A e — R R AL
[EE QIR 7 AR

Z AR SR B G S g — M, W RUE Bl
AR MR AR R AR N T R, NiTi & @A n]
A 25 H A b EE R LA . O T SE K NAT Bl
(P 3w, 75 6 NiTi & 4 1 BEH 24 AT O R TR
WGt KHILAR, ANEZEE 0T T AN A 7 ik 6 4% 8K
Ee I EEE ARG . Abedini 25 NVYHESY T B 25 KN
JEHRI Ti-50.3%Ni (B 120 80 & S e AN R RS K 1)
FEBEZEVERE, R NITI & &0 B, 5 401 Bl G B

= HEA: 2020-12-05
E&WME: EXRARESES (519754500

B B T s BRI NiTE &4 WC XS,
A 5 56 i 5 P U T B 1 T 5 1 384 0« Zhang %5 A1)
SEFSY Ni I HE J0 R AR K & & R 2# PR RE I S,
RV I N R HE ] DUBE s ARG e B . Li
A NPV b 0 v 55 85 1 e 45 VA I 4% HE T SR R T LB 1Y)
BUAKA 4G, RILZ LI NITi & 2B i B i, e
BERFTLAM 0.391 PR R 0.041, H AR 3 2%
H . Neonila % AU'MHF5E T Ni-50.7%Tiv Ni-55.6%Ti
Bar I EEE AL VERE, R NITI & 4 1T BE ML 2 JLLE Y
F1-RASEEVE (520 . Farvizi AU7WESYJ50REGS NiTi B
PAPERE M E 0, R ILTC R K H# H NiTi & R AH
UFI T B T R . 25 BRTIA,  H AT 2 S e A [
TEAZE LAY 1 NITi A & BEEE A PERE, SRR = 1 A
AXF NITi A 4P A (05 i A R

DRt AR 508 3 T A6 1 e &5 7 1 AN TR
B RIS 4, WFIUERER S S0 e Ao R
AL, T2 PE e DL R 2 MR R S e A, AR
BRA 4 TR L AL g 4R S .

1 £ 1§
SIZG BT Rk Ry (4B 99.99% ) Fl45-H (4

fEEENY: £ O, 55, 1985 4k, W, EIZEE, W @siRHEoR e e LR AERE, B E42 710055, E-mail: gackmol@163.com



12

£ 5 Ni S BB A ) ) AR PR RE K 52 ) * 4419

J% 99.98%), ¥ FIBTRL T A4 B HE 4 A7 BR 2 7
At P S AR 1 TR A B I 0% 45%-
50%- 55%-. 60%- 65%I[1 LLBIFREUH K, 2 )5 E4TEk
BEIRNT, BREE T 2S48 HiE 200 r/min, BRELLL A
10:1, BREERFAIY 16 ho Fifi f5 5K AR 2% 8 1 he 4t ik
BRA TG ARG I, Beek T 208 FRERERN
1000 °C, fiilh 10 min JGREYA AT, Pegiid R a2
{R¥FE J7 50 MPa.

SR FH 4 PGS A0 5 A PE A 52 AR I Sl et
13K 200 g, {RJEH AN 10's, e s 5 (e ik
14 N REAE, BOHCFBE RS . 7 7 sl bl
MR A MR PR SR, N8 2 0.5 mm/s,
FERSE J @6 mm X9 mm fRIAE; P e ds Bk 2L 5
BB AL VEN A MR S B A P RE, tn
ATl 10 N, JEss 4% 4 mm, WKEAE] 30 min, 33
JEoh 83.77 mm/s, PEEERIN FIXFE R GCr15 iz,
TRARKE R BT A AR RS 4. AE IR B RS BT ah
A5 P A7 ik T R 2 5 ) R 45 I P 375 0k o

FIFH X SR ATHEMX (XRD) 387 5 4ok AR Ak A
(IR A o SR P4 H 7 S A o0 M AR 1 B 4
210 W ORI B R . K = gk O ERAC BT

ooy

o >

Element powder

Applied load

XRD @ GCrls ball f

SEM
pps C = i LM
3D profile ; : y
e o\
AT

Friction test

HE ) o

Cumi i

High-energy ball milling

JEE 45 J WA (0 B3 3R T T B0
K1 s,

2 HREDR

2.1 HMERBRMFIELEE 5T

Bl 2 4 SR K 1K SEM T3 A HEAN[R] X 355 £ 2
A AT XRD B n AR AR R AR 23 0] b Ak FERKD o
B BURL T ARFN «“ 2 8H” ARRL, BRI « 228 RAE
KANA— R A SR (L 220 BRoR BURL 2 20
AFNBBHOIR, RSF 2 10~40 pm LB 2¢) . X UEESAE
ST T U AR KN T k'™ e 2b g ST O
3775 (fee)Ni 1) 3 AMITHTIE, FT5 £ 53 5l 44.496°C111)
51.849° (200). 76.381° (2200, 7E[ 2d FFAIELH Ti oo
RINATUEE LN o A, AT 5508 35.096° (100D,
38.387° (002). 40.169° (101). 52.985° (102). 62.963°
(110)+ 70.621° (103). 76.208° (112). 77.366° (201),
(100)~ (002). (101) ALRIFTHIUERE AR, X5 HAA%
HENTT 85K Chep) o-Ti RS TRIFE BOR Y o

Pl 3 Ay A () 3K 5 I [) R R K RORLIK) SEML TS0
TR 0] LU SORL R AOM T8 3 n] DA S ok R TR
KA FH A S5 BRSO AR AT LG, Ry K Ok

HEAS S R R R

Electrode (+ )
Graphite space

.-‘
._.
o

Graphite m

Graphite mold

Graphite space
Electrode (+

..‘

Spark plasma sintering

Sintered sample

K1 SR BRrr sl

Fig.1 Schematic diagram of the experiment processing



* 4420 - W &AM RS TR 50 %

6000

‘ J 1 E oNi b
soool POt =
Ni 99.98
SO 2 4000{
e
£ 30001 -
:
E 2000} g ~
g
1000 8
0 |
20 30 40 50 60 70 80 90
500 '
Point 2 g a-Ti d
400} 2
i:i 300 F
-%' —~ ]
é 200 gg
=) Y\:
2 5 5 @ a~
100} 11 g : g %g
0 PR W W
20 30 40 50 60 70 80 90
20/(°)

K 2 JRIGEEF AR SEM JES . 15 B XRD &%
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Fig.4 XRD patterns of alloy powders with different Ni contents after same ball milling time: (a) whole section and (b) 34°~54° close-up

section
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Fig.12 SEM morphologies of worn surfaces of NiTi alloys with different Ni contents: (a) 0%, (b) 45%, (c) 50%, (d) 55%, (e) 60%, and

() 65%

* 3 BELAFNTI GEREARRXIE EDS A7 HER

Table 3 EDS analysis results of different areas on the

surface of NiTi samples in Fig.12 (/%)

Area Ti Ni Fe O
A 100.00 0 0 0
B 62.13 37.87 0.00 0.00
C 59.79 40.21 0.00 0.00
D 43.01 42.47 1.65 12.87
E 36.54 63.46 0.00 0.00

M TicE, H NiflTiM&ERKARE Fe HE 6~7
. BT GCr15 BRIMESE (8450 MPa) Lk NiTi K,

TETPEEAAE N GCrl5s BRSHE NS NiTi &4,

AT 3504 B 3R 1 7= A, DALBAE NiTi & @ 0 GCrl5
BRR MM S MBI A TR . NiTi & S0 B
T A R EERUE 57 BB 2 FRAL, A0 RE R R A
W5, WRE 7 AR I B JE 3EAT T SEM A EDS 43t (AL
140 X T8 0%Ni [alFE, BB S B oK 40 /)

13 AN Ni & &2 GCrl15 BRESH L M 1/ 31
Fig.13 SEM morphologies of worn surfaces of GCr15 balls with different Ni contents: (a) 0%, (b) 45%, (c) 50%, (d) 55%, () 60%, and (f) 65%
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Fig.14 SEM morphologies of worn debris of NiTi alloys with different Ni contents: (a) 0%, (b) 45%, (¢) 50%, (d) 55%, (e) 60%, and
() 65%

() UL A /D R HOR A e (LI 142D, X &1
B NITi FRFE, ST B S B SUEA AT ], #6A2&
B A BE 4510 HLR ) A 40~100 pmeo 38 35 %6 BE i3 1)
EDS 3ot (I3 5O, WLAHH Ni Ml Ti e &K
RIEEEILE, AP EN Feu C. O JLH . XA
T3 1T 1R 70 32 40 BT AR ABL o HRAR B8 Jig 1 77 2F A2 DA
h i Bl R 7 AR T e ST BT D) N ) S 5 e T 2
XK 2 S EE T MU A KMRTE, RARIR
P 5 R 12732,

% 4 [E 13 GCr15 BkRE AR XiH EDS NN TER
Table 4 EDS analysis results of different areas on the surface
of GCr15 balls in Fig.13 (/%)

Area Cr Ti Fe Ni C o Na Cl
A 1.87 1.09 9561 0.00 0.33 0.00 1.09 0.00
B 144 7.10 8435 6.81 030 0.00 0.00 0.00
C 091 10.64 57.07 13.60 0.88 13.55 2.71 0.63
D 155 5.00 84.70 8.39 0.37 0.00 0.00 0.00

x5 [E14PRERXEEE EDS BH 5 &R
Table 5 EDS analysis results of different areas of worn debris
in Fig.14 (w/%)

Area Ti Ni Fe C (0]
A 100.00 0.00 0.00 0.00 0.00
B 68.01 0.00 2.48 0.54 28.97
C 55.06 44.94 0.00 0.00 0.00
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Effects of Nickel Content on Mechanical and Tribological Properties of NiTi Alloy

Wang Wei', Cheng Peng', Li Xiaolei’, Gao Yuan', Wang Kuaishe'
(1. College of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Tianjin Research Institute for Advanced Equipment, Tsinghua University, Tianjin 300300, China)

Abstract: NiTi alloys with different Ni contents were fabricated by mechanical alloying and spark plasma sintering (SPS) at 1000 °C. The
phase structure and microstructure of NiTi alloys were characterized by XRD and SEM. The microhardness, mechanical and tribological
properties of NiTi alloys with different Ni contents were evaluated by microhardness tester, universal testing machine and friction and
wear tester. The wear volumes and wear rates were calculated by three-dimensional white light profilometer. The wear morphologies of
NiTi alloys were analyzed by SEM with EDS. The results show that the microstructures of NiTi alloys are uniform in general. When Ni
content is lower than 50wt%, the NiTi phase and NiTi, phase are presented in the microstructures. When the content is 50wt%, the NiTi
phase, NiTi, phase and Ni3Ti phase are presented in the microstructures. While the NiTi phase and Ni3Ti phase are presented in the
microstructures with more than 50wt%Ni. The addition of nickel can significantly improve the microhardness of NiTi alloy. when the
nickel content is 50wt%, the microhardness of the alloys is the highest and its value is 5930 MPa. The compressive strength of NiTi alloy
decrease as the Ni content increases. The wear resistance of NiTi alloys can be improved by adding Ni elements. When the nickel content
is 55wt%, the wear mark width and depth are the smallest, which are 0.8 and 15 pum, respectively. The wear mechanism of NiTi alloy is
abrasive wear and fatigue wear.
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