RALIEXINI/TI AICE &+ 1L 7 45 R FEE = M RE R R2 M

5%, EXH, XL, HIRE, ek, I ES

Influences of Annealing on Microstructures and Tribological Properties of Ni/Ti,AIC Composites

GAO Qiang, WANG Wenzhen, YI Gewen, SHI Peiying, FENG Xiaochun, SUN Huwei
TELR L View online: https://doi.org/10.16078/j.tribology.2021036

BT R BRI =

Articles you may be interested in

RAGREX SRR SRS REZF RN

Influence of Annealing Temperature on Structure and High Temperature Tribological Properties of Chromium oxide Films

FEHEE2EAR. 2019, 39(2): 164 https:/doi.org/10.16078/j.tribology.2018178

Ni-Mo£ &R B iR E &M EZEFHRNTHR
Tribological Properties of Ni-based High Temperature Self—Lubricating Composite
FEHEF AR, 2018, 38(2): 161 https://doi.org/10.16078/j.tribology.2018.02.006

Cu-2Ni-5Sn-(F2£+PbO) BifliF E &M KRR EZEFEANHR
High Temperature Tribological Properties of Cu—2Ni-5Sn—Graphite—PbO Self-Lubricating Composites
JE 22 2018, 38(1): 84 hitps://doi.org/10.16078/].tribology.2018.01.011

SRIBFEWC-CoBE R A M RIRERF MR ERINIE RN AL LR R
Wear Mechanism, Tribological and Anti-Oxidation Properties of Al Doped WC—Co Hardmetals under High Temperature
FEYE2E AR, 2019, 39(5): 565  https://doi.org/10.16078/j.tribology.2019044

BEXCu-12.5Ni-5Sn-A £ HilliFE A MBI EERF RN IT
Effect of Temperature on Tribological Properties of Cu—12.5Ni-5Sn—Graphite Self-Lubricating Composites
FEHEZE2EAR. 2019, 39(2): 213 https:/doi.org/10.16078/j.tribology.2018117

KERBELAS, RRESHNER



CRVEC R BE By ik Vol 42 No2
2022 3 H Tribology Mar, 2022

DOI: 10.16078/j.tribology.2021036

,miIEXTNI/leAlC'EAM 2 2 2R A0
F’FT%% % g Y =2

B R ELST, SR, BB, F0A, IR
(1. TP E R} ZERE 22 M AL 2RI SO T A 3 [ 2K 28 A sz 36 ==, Hl 2240 730000
2. FEFRLEERT RS MRS S A ARG, JE 5T 100049)

1l S R T I S NYTLAICE G AR, FE I RLE AT #3582 T AR R I T 20 24
MR B 2H SR 2 R . 800 C T EEER S PERE B . 45 SRR B4 5, Ni/10%Ti,ALC ST & b4 Fh A 2 N [ V2 4
TiC, Ni;AIFI/DE AL O;, MNi/50%Ti,AICE 2 HINi, TiAl TiC,. TisNiALCH/bEALOALEL. 43 T 1 20011 350 °C
PALFEL6 hE, Ni/10%Ti, AICH FINi; AIFFINI/S0%Ti, AICH I TisNIALCARH 5. b B S TiC MK, E &4
B R MA LB R, FIR AR T R EUE N, ARG, PR E AR 4 R TR, X EBINET
Nis AR 7 R AP A K. B S 3R T s, S0 T 2 A M B BB R BRI, X R B4 T #b s
Mtk T B, B T BARGE A oR B, AN T TIC Bk A, 8D T B b BE R R AE 5 800 CCEEHES AT,
PIRFIHT S, B A PR R R B B RO B 2R, X T TR S5 T iR N B 1 3R 1 Y L) B TiO .. NiOA!
NITiO;2H AR 1)V 15 FEL T 72 28] 110 9 B8 0 B8 1 T, Bt b, A Ak B3 A8 15 B 4 43 58 1 5, B8 R T 88 457 3% THI TiOL AN
NiTiO i #F AR T i, Hof BE45 24 1k G .

FEHIR): Nk B SRl THAIC; Pub s, BEH MRS, ik

FES S TH117.3 HRFRAERD: A XEHS: 1004-0595(2022)02-0242-12

Influences of Annealing on Microstructures and Tribological
Properties of Ni/Ti,Al1C Composites
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(1. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of
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2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: The Ni/Ti,AlC composites were prepared by vacuum hot-pressing sintering at 1 200 °C/25 MPa for 1 h and
annealing was conducted for composites. The effects of two different annealing processes at 1 200 °C and 1 350 °C for
16 h in Ar atmosphere respectively on the microstructures and the tribological properties at room temperature and 800 °C
were investigated. The wear tests were carried out in the UMT-3 friction test machine under a load of 10 N with a sliding
speed of 0.105 m/s coupled with Al,O5 ball of @6 mm. The results showed that the Ti,AlC was decomposed fully and
reacted with Ni during the hot-pressing sintering process and the sintered Ni/10%Ti,AlC composite contained Ni-based
solid solution, TiC,, Ni;Al and a small quantity of Al,O;, while the Ni/50%Ti,AlC composite was mainly composed of
Ni,TiAl, TiC,, Ti;NiAl,C and a small amount of Al,0;. After annealing at 1 200 °C and 1 350 °C for 16 h, the Ni;Al
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phase in Ni/10%Ti,AlC composite and the Ti;NiAl,C phase in Ni/50%Ti,AlC composite disappeared. The annealing
processes also gave rise to the growth of TiC, particles and the optimization of microstructures and compositions of
composites, meanwhile the compactness of composites was maintained. The Vickers hardness of sintered Ni/10%Ti,AlC
and Ni/50%Ti,AlC composites reached 566.10HV and 1 065.88HV respectively, while that of annealed at 1 350 °C was
reduced to 411.52HV and 786.17HV respectively, which was attributed to the disappearance of Ni;Al and Ti;NiAl,C
strengthening phases and the growth of TiC, particles. After friction test at room temperature, with the rise of annealing
temperature, the friction coefficients and wear rate of composites presented a decreasing trend and shortened running-in
period. The wear rates of the composite sintered at 1 200 °C and annealed at 1 350 °C were 33.13x10° mm’/(N-m),
20.43x10 ° mm’/(N-m), 8.64x10° mm’/(N-m) for Ni/10%Ti,AlC and 5.56x10 ° mm®*/(N-m), 4.25x10"° mm’/(N-m),
0.78x10 " mm’/(N-m) for Ni/50%Ti,AlC. No new phases were formed on the wear surface at room temperature, and the
wear mechanism of sintered composites were abrasive wear and adhesive wear, but that of annealed composites
transformed to adhesive wear and fatigue wear. The alleviation of abrasive wear and the decrease of wear rate of
annealed composites was attributed to the improved bonding strength between TiC, and metal matrix and the resulted
stronger inhibiting effect of TiC, extrusion out of matrix caused by annealing. Under wear test at 800 °C, for
Ni/10%Ti,AlC, the friction coefficients and wear rates of annealed were lower than that of sintered, and the lowest
friction coefficient of 0.2 and wear rate of 8.64 x10~° mm’/(N-m) appeared after annealing at 1 350 °C for 16 h. For
Ni/50%Ti,AlC, the wear rates increased slightly with the rise of annealing temperature, nevertheless, the wear resistance
were excellent with the lowest wear rate of 0.31x10~° mm’/(N-m). Adhesive wear and oxidation wear were confirmed as
the main wear mechanism at 800 °C, and the NiO, NiTiOs, TiO,, and Al,0O; phases were generated and the glaze layer
consisting of these oxides and bimetallic oxides formed on the wear surface, which was responsible for the low friction
coefficient and wear rate. In addition, Raman spectra showed higher characteristic intensities of TiO, and NiTiO; inside
wear track than that outside wear track, and hinting that annealing processes can promote the formation of TiO, and
NiTiO; as the high temperature lubricating phases on wear surface, which was beneficial for the tribological properties

at high temperature.
Key words: Ni-based composites; Ti,AlC; annealing; tribological properties; high temperatures
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Fig. 1 (a) The XRD patterns and (b~d) BSE (Back Scattered Electron) morphologies of Ni/10%Ti,AlC composites: (b) before
annealing, and after annealing at (¢) 1 200 °C/16 h, (d) 1 350 C/16 h
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Fig. 2 (a) The XRD patterns and (b~d) BSE morphologies of Ni/50%Ti,AIC composites: (b) before annealing, (c) after annealing at

1200 C/16 hand (d) 1 350 °C/16 h
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Table 1 The EDS results of different sites in Fig. 1

Composition (atom fraction/%)

%*3

AACIERTARALIR S & SR B A RERE

Table 3 Density and Vickers hardness of composites

before and after annealing

Composites Process Density/(g/cm’)  Vickers hardness
Before annealing 7.42 566.10+33.89
Ni/10%Ti,AlC 1200 °C/16 h 7.38 432.82+12.13
1350C/16 h 7.26 411.52+17.86

Before annealing 5.13 1065.88+117.18

Ni/50%Ti,AlC 1200 C/16 h 5.03 1037.30+£133.42
1350 C/16 h 5.16 786.17+100.06

Sites Phase
Ni Ti Al C (¢}
Pl 47777 580 2.83 39.78 3.83 Ni-based solid solution
P2 26.17 2122 223 4253 7.85 TiC,
P3 1600 819 1950 29.82 26.49 ALOs
P4 299 5851 1.88 32.126 4.48 TiC,
P5 4674 1380 7.65 31.82 0.00 Ni-based solid solution
P6 058 488 4224 29.73 2257 ALOs
P7 4405 1233 450 30.12 9.00 Ni-based solid solution
*2 ERBELFXNNAEDSER
Table 2 EDS results of different sites in Fig. 2
X Composition (atom fraction/%)
Sites Phase
i Ti Al C O
S1 3.07 36.11 4.70 39.66 16.46 TiC,
S2 48.92 27.19 23.89 0.00 0.00 Ni, TiAl
S3 6.90 26.38 12.80 25.37 28.56  TizNiALC
S4 0.08 43.94 1.85 48.58 5.54 TiC,
S5 45.76 29.82 24.42 0.00 0.00 Ni, TiAl
S6 5.87 597 25.21 29.38 33.58 AlLO;
S7 44.32 27.59 28.09 0.00 0.00 Ni, TiAl
S8 0.04 41.21 0.20 53.55 5.00 TiC,
S9 241 15.92 22.38 11.42 47.87 Al 04

L3, IR, Ni/10%Ti, AICH RFA AL FE AT ) B35 R
UK, BB A BRI FE T, BEHE R ECE P AR
[E3(a)]; TNi/50%Ti, AICH K}, kb3 77 F11 200 °C/
16 hHAAbFE )5, FRas R HE R E0OH 24(£90.9), T 1 350 C/
16 hR AL B 5, AR BEHE R BN B 200.7[E3(b)], M
bR Rk FD P 45 2 4580 i o A AL BRI B () v T B AT (R
B T BLR B, Ni/50%Ti, AICHT R} kb B Ay BE 122 22 %
BAEBKMEEWEI 750 s), 251 200811 350 C
AL F IS A A K K 4 A [ 3(b)]. 17800 °C R, Xt F
Ni/10%Ti, AICHH R}, Ak B AT A5 R 452 51 H00R B8 437 6 [
% AT Ni/50%Ti, AICH K}, 1200 °C/16 h#R Ak BT



5% 2 3] R, S BSCEDE NI T AICKE A MR Sl 4 JUR RS 2 1 E PR R 247
(@) () ¢
— Ni/10%Ti,AlC before annealing
0.5 f; —— 1200 C/16 h
- ——— 1350 C/16 h
£ £ 04
2 5
£ £
o) g 03
= =
S 2
> 2 0.2
o— St
= Ni/10%Ti,AlC before annealing B~
0.2 ——— 1200 C/16 h 0.1
—— 1350 C/16 h
0 L L L L L L L 0 L L L L L L L
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Time/s Time/s
0.6
(b) (e) Ni/50%Ti,AlC before annealing
05 —— 1200 C/16 h
= E ——— 1350 °C/16 h
D o—
o— 9
£ £
> Y
H S
<
g g
g 5
& £
— Ni/50%Ti,AlC before annealing
02/ ———1200C/16h
—— 1350 C/16 h
0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Time/s Time/s
(c) S0 : (f) 40 .
40 | 331262 [_]Before annealing [—_] Before annealing
Z 30t I 11200 C/16h z 351 Lost [ J1200C/16h
; 204275 - £
z 2| [11350 C/16 h Z 30} I 24956 [11350 C/16 h
g %(2) i 86404 E 25 I
r 8r - 55622 42521 b J.
é 2 r = "e 2.0 18467
3 2t 07780 5 E
2 0sl I 515
= 0. - 0.8187
506 l 5 10}
Z 04t z 05| oang 3 T
0.2 ’—]—‘—F
0 L L 0 L L
Ni/10%Ti,AlC Ni/50%Ti,AlC Ni/10%Ti,AlC Ni/50%Ti,AlIC
Composites Composites

Fig. 3 Friction coefficients and wear rates of composites before and after annealing: (a~c) at room temperature (RT); (d~f) at 800 °C
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