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Fig.1 XRD patterns (a, d), particle size distribution (b, e), and SEM morphologies (c, f) of raw powders
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Ni content,

Ti content,

Area /% /% Phase
A 37.19 62.81 NiTi;
B 48.63 51.37 NiTi
C 50.04 49.96 NiTi
D 36.27 63.73 NiTi;
E 52.73 47.27 NiTi
F 37.31 62.69 NiTi;
G 5451 45.49 NiTi
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| 74.95 25.05 NisTi
J 75.87 24.13 NisTi
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Table 2 EDS analysis results for the selected areas A-J of
55NiTi alloys marked in Fig.7

Ni content, Ti content,

Area /% /% Phase
A 35.77 64.23 NiTi;
B 51.66 48.34 NiTi
C 57.7 42.3 NiTi
D 37.32 62.68 NiTiz
E 54.51 45.59 NiTi
F 36.99 63.01 NiTiz
G 5.11 94.89 Ti
H 37.51 62.49 NiTiz
| 52.1 47.9 NiTi
J 74.96 25.04 Ni3Ti

N #) 4860.8 MPa, 285 k/NF 4566.8 MPa, I H.7E
B BN 50%IT NITi B 4 Sl fuf i P28 i 3 K o 3K o 34
&4 a-Tiv NiTiv NiTip A1 NigTi A 6055 5 2% D14
K, 4 AP BT (HV 00 o) JUF /2 NiTi,>NisTi
>NiTi>a-Ti (NiTi,: 6860 MPa; NisTi: 5978.0 MPa;
NiTi: 4900 MPa; o-Ti: 2077.6 MPal*®?*%) 5] 53
ATEN, A PAHE S B & AME, & 50% Ni i NiTi &
S AELE NiTis NiTip & NigTi 3 FhECECRE I AE, Hitk
H R K. fE Ni S8BT 50%N, &R
NiTi, M %, RA B NisTi A1 NiTi 8. AL
NITi A 4 Y (ot 57 A Bl o 8 7 2 109 m 52 IR 0 38 K ok
ANFIEA S RV B NITI & 4 SO0 B e 4l ek
X2 R AR G 3 22 T8 BUBE 1Y 4 J8 A &) NiTi,
1 NigTi A5 CILIE 6), 7EA &R NiTi, F1 NisTi #r
R RS BVAT FLAE I R FEAS AL HE 2 3, T2 o & 4 il
FE o FEMEMEE R N, HORBRES R ) NiTi &4 1
MR . MR ESMENEERES: A8
BERE LM AR R B NITE AR R R T2, N
B e AL SRR R A
H=Kd?%™ (1)
X, HNEGEMBERE: d & aH NiTi A&k R

p NILERIE; K, a, b Jyw s, AT s £L R e B
U N A A AR FE R, SRR ST N A
& W RGN . TEM RS R R, B T R
T RE B0 o5 4 =i, R, KRR gh s &t
MG EEERE, SEAS DM EN.
2.4 SWEBEMREENM NTI E&EEFHERN

A

N TR S BB K I NITi & & R
PERE RIS, FE [ 58 8 T T IR R S .
9 N e st e 71 il 1 NiTi & & B S ih2k. Bt
A ONITI A G B 5l AR W] Ry 4 B & AN B 5
W2 BB, HARERY B BEE R BN 3 . K
F GCr15 BRAE X E I T EEEE KA T, NIiTi &4 (1 B
BER B T AR, R RO AR FEE 0.5~0.6. 4
WL R 7179 50 MPa v, B8R NITi & 4 1 BEHE R 40
EIRG, HAETE 0.4 K47 . 5 Farhat 2 P3% B4 4%
PRIk & NIT S &M b, A T AR Bl & & 4 10 BE 4
FREA — R PR

Kl 10 24 NiTi & 4a A5 T BEH KT NP3 B R
BRI . M 10a ATLLEH, TEREL K1/ T

< 1.00

< 0.98l 5 MPa

o 377 AN\ 25 MPa

S 0.96 Y450 Mpa
£0.94 R

Z 092

2 090}

s

S 0.88]

1]

5 0.86 1

g ] L

S 000 N NVINYINY NV N

' 0 45 50 55 60 65

Content of Ni, /%

8 REEEREE N NITI & 4 S RE 17 50
Fig.8 Influence of nickel content and sintering pressure on the

microhardness of NiTi alloys

08 2] 038 0.8
- ,
S 0.7} N '" " 0.7} 0.7}
5 Ak’ﬂﬂh@%ﬂ%%ﬁ
T V) N 2T A Pl A i
s '(w*"“'mmn 0.6 [Py " 0.6
3 05 05
é 0.5 ey
2 Wm 0.4 ——TNO —— TN45 0.4 p¥ ——TNO  ——TN45
O 0.4 ——TN50 —— TN55 | ——TN50 —— TNS55 | —TNS0 ——TN55
W ——TN60 —— TN65 T 7 ——TN60 —— TN65 T T ——TN60 —— TN65 7
0.00 . L L v v 0.00 . . . . . 0.00 . : v .
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 10 15 20 25 30
Time/min Time/min Time/min

B9 AIEIBESE S )T RIAS R B & & NITI & < 1 B 2 b 42

Fig.9 Tribological curves of NiTi alloys with different nickel contents under different sintering pressures: (a) 5 MPa, (b) 25 MPa, and (c) 50 MPa
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Table 3  Average friction coefficient of NiTi alloys with different nickel contents under different sintering pressures

5 MPa 25 MPa 50 MPa
Allovs Coefficient of  Coefficient of Coefficient of  Coefficient of Coefficient of Coefficient of
Y friction at friction at friction at friction at friction at initial  friction at stable
initial stage stable stage initial stage stable stage stage stage
TN-0 0.44 0.48 0.42 0.47 0.46 0.51
TN-45 0.61 0.65 0.58 0.59 0.62 0.61
TN-50 0.66 0.68 0.59 0.59 0.64 0.63
TN-55 0.66 0.69 0.66 0.63 0.45 0.48
TN-60 0.64 0.61 0.62 0.60 0.46 0.49
TN-65 0.76 0.74 0.64 0.69 0.51 0.50
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Fig.10 Average friction coefficient (a) and wear rate (b) of NiTi
alloys with different nickel contents under different

sintering pressures
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Fig.11 3D-profile morphologies (a, d, g, j), width (b, e, h, k) and depth curves (c, f, i, I) of wear scars of NiTi alloys with different nickel
contents under sintering pressure of 25 MPa: (a-c) TN-0, (d-f) TN-45, (g-i) TN-50, and (j-1) TN-65
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Table 4 Wear dates of NiTi alloys with different nickel

contents under sintering pressure of 25 MPa

Alloy Wear , Width of wear Depth of wear
volume/mm track/mm track/um
TN-0 0.105 1.3 41
TN-45 0.098 1.1 55
TN-50 0.051 0.9 43
TN-65 0.032 0.8 25
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Fig.12 3D-profile morphologies (a, d, g), width (b, e, h) and depth curves (c, f, i) of wear scars of 55NiTi alloys under different sintering
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Table 5 Wear dates of 55NiTi alloy under different sintering pressures

e o
5 0.064 1 50
25 0.048 0.9 31
50 0.016 0.8 20

K 13
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Fig.13 SEM morphologies of worn surfaces of NiTi alloys with different nickel contents under sintering pressure of 25 MPa: (a) TN-0,
(b) TN-45, (c) TN-50, (d) TN-55, (¢) TN-60, and (f) TN-65
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Table 6 EDS analysis results of different regions of NiTi alloys wear surface in Fig.13 (@/%)

Region Ni Ti Fe 0
A 0 98.57 1.43 0
B 46.67 53.33 0 0
C 49.04 50.96 0 0
D 27.86 22.76 13.29 36.18
E 22.75 31.37 1.7 38.18
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Fig.14 SEM morphologies (a) and EDS element mappings (b-e) and results (f) of worn surfaces of 65NiTi alloys under sintering pressure

of 5 MPa
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Influence of the Nickel Contents and Sintering Pressure on Microstructure and
Tribological Properties of NiTi Alloy Prepared by Spark Plasma Sintering
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(3. Beijing Jiaotong University, Beijing 100044, China)
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Abstract: In this investigation, NiTi alloys were prepared by high-energy milling and spark plasma sintering (SPS) at 1000 °C. The effects
of the Ni content and sintering pressure on the relative density, microstructure, microhardness and tribological properties of NiTi alloys
were investigated. The experiments show that the particle size of the powders decreases after high-energy ball milling, and the diffraction
peak of Ni phase shifts to high angle with the increase of nickel content. The relative density of NiTi alloys is added to the increase in
sintering pressure. At low sintering pressure, the relative density of NiTi alloys decreases from 94.7% to 84.6% with the increase of nickel
content. While the relative density of NiTi alloys first increases and then decreases as nickel content increase at high sintering pressure.
However, the nickel content is 45wt%, the relative density of NiTi alloys is the lowest. NiTi phase, NiTi, phase and Nis;Ti phase are
presented in the microstructures of NiTi alloys. The content of NisTi phase increases with the increase of nickel content and sintering
pressure, and the increase of nickel content and sintering pressure will cause lattice distortion of NisTi phase. The microhardness of the
alloy first increases and then decreases as the nickel content increases from Owt% to 65wt%. The microhardness of the NiTi alloy has the
biggest value of nickel content of 45wt%. At the same chemical compositions, the microhardness of NiTi alloys increases to the augment
of sintering pressure. The wear rate of NiTi alloys reduces as the nickel content and sintering pressure augment and the wear resistance of
the alloys is significantly improved. The wear mechanisms of NiTi alloys at room temperature are abrasive wear and adhesive wear.
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