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Abstract: In this study, a feed of NizAl matrix self-lubricating composite powder has been fabricated by high-energy
ball milling combined with spray granulation methods. Then it was deposited on the steel surface by plasma spraying to
form a self-lubricating coating. The friction and wear properties of the NizAl matrix self-lubricating composite coating at
elevated temperatures in atmosphere were tested on a HT-1000 pin-on-disk type high-temperature tribometer. In
addition, the microstructure, phase composition and wear mechanism of the coating were characterized and analyzed by
scanning electron microscopy, energy dispersive spectrometer and Raman. The results show that the coating had a good
self-lubricating property from 25 C to 800 “C, characterized by friction coefficients of 0.14~0.42 and wear rates of
2.41x10* ~ 5.76x10* mm’/(Nm). The wear mechanism can be explained as follows: (1) within temperature range 25 ~

400 ‘C, an effective transfer lubricating film formed on the worn surface due to the increase of the toughness of NizAl
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intermetallic and the improved plastic-deformation ability of soft metallic silver at higher temperature, thereby

improving the friction and wear properties of the coating, the wear mechanisms were brittle fracture, abrasive wear and

adhesive wear. (2) At 600 C, the wear surface was partially covered by a complete lubrication film due to the excessive

softening of Ag and incomplete brittle-plastic transformation of BaF,/CaF, eutectic, thus deteriorating the tribological

properties, and then the wear mechanism was peeling and abrasive wear. (3) At 800 C, due to the formation of a

continuously smooth enamel layer rich in high-temperature lubricant (NiO, Ag,Mo0O, and NiCr,0,4) on the worn surface,

the friction coefficient and the wear rate were greatly reduced, and the wear mechanism was mainly oxidation wear and

adhesive wear.

Key words: plasma spraying; Ni;Al based; self-lubricating; tribology

UL LBAE, 7E R iR R (5650 C)FR1G H (R R ) BE 2
FE 5 K R e R 48 2 3 T s ) e EL B R ) 1) R 2 —,
JUHBE A T — ARSI R B Skt S R BN ALY
R, X HE R R (800 CEEE 1 000 C)ff FH (i BE
TEVERRHR T e O R

T, B — 2 A [ A M A PRI AR A%
T AR A9 G, i R B0 T A i T R A0 5 AT MoS, 7R
500 °C LA bl T7E 2 S 55 B P A0 P i 2k 2 v vk
B, e i ] A T R SR A A A A B — S TE L
i ERTE AR MR B AN B MR RE, B R AR 7E500 C LA
EER T AT e R T AR R, SR £
TP A ) 3 7] 4 W TR RO, S A A B B T DX 338 P 4
A R RS RV R 00 v iR B T T AR R
2t UE30%2 H 1% 7, NASATF K T — R HIAE 58 135
u Bl N B A RO R A YRR IR JE MR (PS200.
PS300. PS304F1PS400) A HLA4& 44 KL (PM212, PM300FH!
PM304)" ™, X 64T & R R DUAR FE & & N AR,
Ag/BaF,-CaF, 3t & il v A, JE7E = iR £650 Cl
P B AR ) BE 5 R AL 1T LAAL O ZrO,-Y,05FHSisN,
N R I e B A MR R AR R T
K800 C, {H A 2 Ay AT S vk BR o) 3L iz v
D R TR 75 R, 575 K R LE SR N RN B e
580 P FH S T PR T L e R B R A AR

201H 22 804EAX LK, Ni;Al& @Atk &4 i T A
A5 1 8% 4 T T 0 T e L AR A T % 32 . 2k
S AR i a0 SR FH A e R A O
VAT 145 T — Z 51 LAAg/BaF,-CaF, 3 i A v 751 1
Ni; AU il B iE W 2 A MR 20l T % R FE A
&SR

AT HCR G S FH A6 40 3 B A, R FH e e Bk &5
55 25 18 KL 1] 2% AR PRORE, SR FH A5 B 1R L 2 %
TNGAUE SR BEE EARE, I8 T IR E % I
(25 "C #2800 °C)3is [ P 11 JBE 43¢ 5 4 M e A Vi g L
T, DUIA A B 47 2R R0 22 5 A R THI 2 52 BUR e 23 A
I BRI E B & R AR 5 B K.

1 iR ERSY

1.1 RIEMR

Ny« AUKY < Cr,058) « Mo#f} « Aghfy « BaF ) Al
CaF, ¥ (LB 75 pm, it 2 73 20K F99.99%) 4 i F I
48 20 5 K R, Ni ARy >R FH B & 98 L5 & Bl 45
BaF,/CaF, 3Lk A A 7EL 100 CFIRIFE20 min
%, LR IR IR EFE R AR E TR AR
EREE ML (Fritsch Pulverisette 5), 7E &< PRY <5 DAL
A a i N BEER, BROBFEE2.501, #IE300 r/minEk
JE8 hiF B2 58 K. R FWE 55 38Rk s 2 &k AR Y
I, 25 B 7K Ak AR D [ 25 & B 50% 1) &
TF BREE 1 hJE T8I0 2R IR BE3 Y 2 B 1 %0 ATV VD
T %o (VS N7 5T B K0 T B LL), 4R 223K R 0.5 h)m K
FALX-5 251 B 005 55 T AL — & kL, 1 M3 ek
SEFIIRINI3Al-Cr,O5-Mo-Ag-BaF,/CaF, i i k]

£ 1 NAIESEESHRMES

Table 1 The composition of the Ni;Al matrix
composite powder

w(NAD/%  w(Cr,03)/% w(Mo)% w(Ag)% w (BaF,/CaF,)/%

63.5 10.0 4.0 12.5 10.0
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Table 2 Parameters of plasma spray process

Ar flow H, flow Spray
Current/A  Voltage/V

rate/(L/min) rate/(L/min) distance/mm

500 80 140 9 100
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Fig. 1 SEM micrographs of mixed powder after high energy ball milling (a) and agglomeration (b)
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Fig. 2 XRD pattern of the coating (a) and the cross-sectional morphology of the coating (b) and a selected area (parital enlarged
view) of the zone (¢)
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Table 3 EDS analysis results of the coatings in different
sections[marked in Fig. 2(c)]

Region Composition (w/%)
A Ni93.1 Al5.1 Ag0.8 Cr0.7 00.3
B Ba31.2 Cr26.3 Cal3.5F9.1 07.1 Al5.4 Ni4.9 Ag2.6
C Ag88.5 Ni6.2 Bal.6 Crl.4 O1.2 Mo0.4 Al0.4 Ca0.3
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Fig. 3 Friction curves of the coating at elevated temperatures
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Fig.4 Variation of wear rates of the coating at elevated
temperatures
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Fig. 5 SEM micrographs of the worn surface of the coating at elevated temperature
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Fig. 6 SEM morphologies of worn surfaces of mating material
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Fig. 7 Raman spectra of the coating after abrasion at elevated temperatures
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Table 4 Compositions of transfer materials at elevated
temperatures

Test temperature Composition (w/%)

25°C Ni66.16 Al11.25 Cr6.91 Ag6.68 Ba7.26 Cal.74
200 C Ni62.82 Al12.28 Cr8.31 Ag7.53 Ba7.28 Cal.77
400 C Ni62.6 Al12.02 Cr8.27 Ag7.64 Ba7.66 Cal.82
600 C Ni59.26 A19.92 Cr11.79 Ag8.23 Ba9.19 Cal.61
800 'C Ni53.22 Al4.19 Cr20.96 Ag7.53 Bal2.27 Cal.82
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Fig. 8 Wear morphology of the coating at elevated temperatures
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Fig. 9 Schematic diagram of wear mechanism of coating
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