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Abstract: Nickel-based composites with addition of Ta and Ag were prepared by high-energy ball milling and vacuum
hot-pressing (HP) sintering methods. The tribological and mechanical properties of the composites in a wide temperature
range were investigated. The phase composition, wear mechanism and fracture mechanism were analyzed by scanning
electron microscopy and X-ray diffraction. During the HP sintering process, Ta reacted with C in the graphite die and
formed a TaC ceramic phase which dispersed in the matrix. The addition of Ta and Ag reduced the friction and wear of
the material, and the NiCrMoAl-Ta-Ag composite achieved continuous lubrication from room temperature to 800 °C. Ag
provided lubrication at room temperature, and discrete lubricant film was formed by abrasive debris and Ag at
intermediate temperature, while at 800 °C, a continuous lubricant film containing oxide, silver molybdate and Ag was
formed on the worn surface. The addition of Ta significantly enhanced the mechanical properties of the material. The

NiCrMoAl-Ta alloy had excellent mechanical properties in wide temperature range (room temperature ~ 1 000 °C),

Received 29 July 2020, revised 21 August 2020, accepted 9 September 2020, available online 28 May 2021.
*Corresponding author. E-mail: wzhwang@licp.cas.cn, Tel: +86-931-4968135; E-mail: gwyi@licp.cas.cn.

The project was supported by the National Natural Science Foundation of China (51471181, 51575505, 51675508).
o HARRIEFE SR H (51471181, 51575505, 51675508) % 3.


http://dx.doi.org/10.16078/j.tribology.2020163
http://dx.doi.org/10.16078/j.tribology.2020163

394 BE ¥ F R

341 %

which was attributed to the dispersion strengthening effect of the in-situ generated TaC and Al,O5 ceramic phase. The

fracture mechanism of the materials varied from micro-void coalescence fractures to the fracture combining micro-void

coalescence and oxidative fractures with increasing temperature.

Key words: Ni-based composites; wide temperature range; tribological properties; mechanical properties; fracture

mechanism

] 42 31 Vi R 2 R e 3 AR AE = L (T>500 C)
RV EE A5 T 2 L PR R B A ) ) RO AR,
L R S5 v T A A A R T (] A i Y A ) i L R
(RT~1 000 °C)PA FIHLBE M e FHBE g4 PEBE S HH 1 o8
T SR T AR R A & DR R A Ak it
o sk R v I 3 5 P R T L 2 T O JBE 2 25 A A N )
ZU R R, A St R A AT LU E AL
RE, T HLIE ] DAk s BE R M RS QAL Cra MoFI Ta%5 &
& ou %, Al LLE NITE oy (NADRE, &30 5401
H, B4k, AV R EACA BE AR, T R AR AR 1 7
SPERE 177 Cry Mo Ta%% 70 3 ANV AT LU I [ v 5314
B LR, MofE Myl ™ AL Y MoOy F BE #8148, %2 J
o2 A= R AHTR 26 B D07 A R i v S Ta il
JEE P Ak 25 S 7 A S AEL R R A0 R P v e T 71, T
TR A1 000 °CHH 2 3 K47 A 7E ™, Stone!”
8 T AgTaO5i 2 #E750 °CF BEHE R BT I £0.06;
Crif 8 b mT e 3 s B 1R . B4 J8 AgrE PRI
0 AR A S PR i 1 .

IR, B R I W AR B S T — e g
J&, K 2 ik 53 O A [7) L 3 T 7 E A e JL v 0 )
(W1 Ag), 1) ARG IR Vi 7515 B A 2% I I SR A A il vy
T T T P P 1) Sk Sz LB 9L 3 P £ 3 i v L AR
M % IR (RT~1 000 °C) A ALk P4 BE TS #5227 14 e A
WG — AR AS 2 L. TR, A SCAE 33 DU R 344,

XA REAT B B2 LT AN BE AR B 15K 1, 5 1 Cr. Mo

ALRITa S IG 3R, Ag AT, JEE R K1 407
VI PRE, R T R I N LA e o R AN SR T 1)
RE A WP BF 9T Tafl Ag RN A B 5L & S 1om
2 £ 25 K A 55 TS (R T~1 000 °C) P9 KL I B8 48 2 1k
RE (4 52 S FUAE, 487~ B2 6 DRk B T Y 1) B I L

BEANAZ T WML, D B8 i S5k A LA A B 45 2 1k
REPRALGE — BOMP R BT il 2 4R BB AR S A,

1 RIuERsy

1.1 R ESE

JR A4 R SR A T BN (60 um)s Crffy (48 pum).
Mo#(48 um) ALK;(48 um). Ta¥(48 um)FA g 25 pm),
J > B R T 99% (T alidk). 1 et R 1A FI
Bk B RIS TN ZrO, M B ER BE b, BkR) BB
EE 9 10:1, 1 J5 N AT B2 2 A8 3K & Bl (Fritsch PS5,
Germany) 1 ER 20 hitb AT WL & 610, BREENLEE
250 r/min. BREE J5 1) 2 G0 R AE A S BH o 74 i TRk
A, RGBT B2 RE R (ZT-45-20Y, Lif R
ey AT IR B Al kel T2 N e 45 iR 1 100 ~
1200 °C, JK /1525 MPa, 325 B 45 % 107 Pa, {#if
R B [A] 2930 min~1 h, B85 B AEL. BB 4 5 iR
FEIN TR T 75 RSHRE i, BIFBE L o I F TR R 3R 47 8
PP BE, DLEAT 5 S A 4 A
1.2 REHE. MM ERERZE

K H AccuPyc 13307 4= 5 3 31 % & 43 B 430 X
SRR 25 5 SR FIMH-5-VM 5 Bt 55 i (b A
a6 B A P RE R AT I DA, 7E A 3 NS 15 R
295 sBIZR A FHET, BN 2 IR 107 LR MR
IR 72 IR 25 IR s B XS ATH{ (D8-Discover,
40 kV)TE207410°~80°3 [ N XF &2 &+ BLiEAT Y0 AH 7
Mt s A 1 46 B 7 2 BT (SEM, ApreoS) 1 BE 1% X
(EDS) /T & A MR I 4L 245 #4) Je 3 A W
TE S50 B 451 35 T Y A 2H 2R 5

K Fil Instron 558224 75 G A4 ki 56 HL I X 42 2 5
A FPBHFERT. 400, 800F11 000 °C K HyH AP B, 56

x1 EAMHNEARRT . BEEREE

Table 1 Composition of Ni-base composites and mechanical properties

Composition

Composite ™ w(Cn%  wMo)%  wAD%  wTay%  wAg% | Demsiy/ (@ em’)  Vickers hardness, HV
NC balance 5 5 5 0 0 7.64 487.42+14.79
NCT balance 5 5 5 5 0 6.45 424.02411.27
NCA balance 5 5 5 0 10 7.97 214£113

NCTA balance 5 5 5 5 10 7.21 309.54+17.97
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Fig. 1 XRD patterns of Ni-based composites before and
after sintering
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Fig. 2 The BEI microstructures of Ni-based composites
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Fig. 3 Tribological properties of Ni-based composites at elevatedt temperatures
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Fig. 5 SEM micrographs of the wear surface of Ni-based composite materials at elevated temperatures: ( [ ) NC,
(IT) NCT, (IIT) NCA, (IV) NCTA
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Fig. 7 Three-dimensional morphologies of wear surface of Ni-based composites at different temperatures:
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Fig. 8 Mechanical properties of Ni-based composites at elevated temperatures: (a) tensile strengths; (b) compressive strengths
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Fig. 9 Tensile fracture morphology of nickel-based composites at different temperature: ( [ ) NC, (II') NCT, (IIl) NCA, (IV) NCTA
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