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T e U, I B SR B
AEEHRZEZ —. PS304 )2 EH LR o0 14 -
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£ PM304 (powder metallurgy) &2, Wt EReskE 5
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1T % W

JRAE K A 4> )8 Ni8OCr20(JH &4 ¥, 60%, T
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Table 1 Spraying parameters of PS304 coatings

Parameter Value
Current/A 600
\oltage/V 30~32
Standoff distance/cm 8~10
Ar gas flow rate/L min™ 35
Powder flow rate/kg ™ ~1
Powder gas flow rate/ m® h? 0.4

H, a NIRRT ALK, o IR H Ol & 2
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Fig.1 XRD patterns of PS304 and PM304 coatings
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R 2 5 R ] FE R HEA,  PRE A
WG, Z5ZEZ IR RN FENERRPN AT .
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Fig.2 SEM images of cross section of PS304 (a) and PM304 (b)

coatings as well as EDXS result of transition layer (inset)

K 3 PS304 5 PM304 & E [ =i fis SEM B
Fig.3 High magnification SEM images of PS304 (a) and

PM304 (b, c) coatings
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(R Ko CroOg A& Tk H o FH A B 571, 32 [
J¥ 8.5, WYL T BaF,/CaF, 5 KK 4, £ AEEk
BE I AR 1, CroO4 B8 25 5y TE AN Bk (1 4 o B 51 Fc 2t /)N
(IR o T H. CrO5 B ik 2435 °C, 1f BaF,/CaF,
s sl R 1024 °C, fEkediid g, RPEOR. 16
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WZ M FLBR 2 B R R .

F4h, M 3c it TR F], PM304 k)2 H Ag
WF 5HAE NiCr B% 4 &, AL TEARNRLAE
fE. T HH T #IZK RECECRK Ag 28R £ R IK
REIB/NHEAR NiCr 200, MRBEREAH)E, 1E
Ag KT 5B NiCr 2 ] (5% 4 # 8 ) 32 B R AR hr
NSy BRIEIX HEHE Ag RL 55 B4k NiCr 2 [8] ) B AR i
N JI/NT Ag KT 534K NiCr 2 [a) 45 A4 98 . Bk Ak
PR G HRIEIK R B ERA L, W HS5REZER XK.
M5 I IS ORL - 76 55 B9 - @ b P A i il B2 ] Ik
10000 ‘CLA 1), TMEZS KL PM304 12 I e i £
XN 1200 °C . A8 b ] A1 B 22 B B FEA, {375 PM304
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ATLLE H, PM304 B A B m R 45 G o 5 R el
J&J1. MBI RAR W R SE bR R A A PR
W2 F2 . MRS R Dy, U B R 2R
WA RE ML, MR SR B . PM304 i £
AR S R E AL TR LA ER: (D 8U%E
e m. MEFHATE L, PM304 [KE0 R B .
W90 3R B, 5 v I B0 FE A R T 92 = I 2 IR R R S A
M R 86 % 2 A R AR LG o 3 R R 3 e 1T (2) 4R
BLALBR B D> . L PS304 5 PM304 ) SEM [
HAAlEH (K 3a, 3b), PM304 )2 281 FLER 1%L
R REFLBE AR RGO E R, i
HAemRBa iy . 400, Bk 88 FLER $0E 1
> W B my PM304 [R5 G 5 E . (3) RiF 2 [A]
TEHGG &4 6. WE 3c TLUEH|, PM304 iRkJZ2H Ag
AR NiCr 2 [MJE R T B RIR & 46, mER T
BEAEHHERSRERBRE. X TBIRERER
Y, EIRAHZ LG EE AN E S, xR
A2 T BRI A IR S I, U RV AT R AR PR
i 10%K/s, FEUNBRAE RIS T, R AL AR K
A RF Y BN B8 & 45 & . B R S b B T LA
ERHE sy BRALZ M SR &S, BN TESE
Z I E A TE MRS JZ R B R T RN T -

T B SR R VR RS B A A S R
SO, ASHIE TN IR 2 B BT CVEEAT T 0. B 4as
4b 4379 PS304. PM304 ¥ 2 Hr i34 1) SEM &
Jo PS304 R EMIHATW AN HIEREL T, W
WU E SRR G4, XU PS304 1R E H &1
iR g S5IRE SRR 2 M4 & mEMHEZEAN K. 1M
PM304 i 2 F 7 24 1= B ILAE IR EA &, X UL i
THRESERZMERGELS S, HaamEa TR
EH SRR AR . N PS304 Hi {4 (& 4a) AT
CLE H, Wi b ok ks, i BT A A RSP R 10
um KPP XK e A TR IX EJLFEEARME
T ZIR A . P IF XA 7= A= T B2 B T B AR
B LR IE i . W 3a rTLLE Y, B 5 E 2 471
BRI LB, AL RS 10 pm, RSTECR
FFLERK B D B S B 2 M A S AT, A
PR IR 2 RORE 455 EE 5 B0 2 I At W T 43 A LR 3
FEFLRRAL . By 7P X4k, £ PS304 Wi ik v & 2
— 3 ]~} 10~30 pum FIRLF (FikATas), EDXS &
INIXEER F E BN A S Cry0s0 AHEL AT RN, 1K L5
F5E 3a F k&R T RS AL, xR PS304
WEER S R, R EUR I E R E AR S Cr0;

W71 AY . MR T4 R IL7E WC-Co &
<2 PM304 1 PS304 By 11 &
Table 2 Characteristics of PM304 and PS304

Property PS304 PM304 Error/%
Relative density/% 91 95 +1
Crack extension force/J m™ 6.1 8.7 +4
Tensile binding strength/MPa 30 45 +5

Bl 4 PS304. PM304 ¥ = Hi i 2410 1) SEM B v
Fig.4 SEM images of tensile fracture of PS304 (a) and
PM304 (b) coatings
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AT DA H T B AR B R ARG (FR Sk TR

Kl 5a 2y PM304 Wi i) i fis SEM HE o Bl &
N, Wi EAEERZ RSN 1~2 um (055EHRF, B
sk 7 2 ZOIR, EDXS 401 R X R 3 AR
A FN Cr0z. AT LLAE H, X LR F R~ 5T R
3c ' PM304 i 2 b & ORI R 5T S M Z AR,
T HL 43 BURL (1) 3 ZAR 61 o X Ul hr g fE o,
RO FERIER T Z ARy R, H B IR E R B
HEB MR . SR AL, Rk
WLy REfc, SRRERLY RIS, &%
SERER RS SRR .

Fi4k, N PM304 2L 1 ¥ & £ SEM R v ik w]
BRI RSFAF L um ME1E (B 5, ¥1E &K
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Fig.5 High magnification SEM images of tensile fracture (a) and
EDXS of the voids zone (b) of PM304 coatings

2o SHEEWT AR, Y AR R S RIS £ AR
RE, T A5 A4 ) (0 5 55 38 0o AR AL 285 SR AR ko,
Wiederhorn [ 7t 2 B0, B3 SRR SF gkl TR
ARHEVEWT R SigN, B H I T O S T R, A
73 SigNg 13 38 K. 3 — 21 SEM JBUK I /v (&l 5b
F o AAEED FTRURIL, B2 98 P E AR E R TN T
500 nm (A4 /INKL T o 3K 0B X R ) g A SRR PR AR
PRSI EPIE . A TR AR TR, Xf
5 X AT 7 s 5E, EDXS BEil (B 5b A A
KD R, ZXEP A KER NIy Cr Rk FDE
") Ba. Cat#&. XULEHFIE M 34462 NiCr #H; #12
RN R B AL R CryOs, 1 - AEER BE L 72
NIRRT . XA/ AT CrpO5 FIURL AT B
SEAENRER B FE s, BT NERI S Re P, B EUR
EHIAT CryO4 [l 75 £ NiCr JEAR v 7 Bl ik v F R v 1
ROL, YERt G i be gt 2, VA I B0R UM NiCr 3%
T, T T R T IX S 4N R AP AL CroOg it
To 1T NiCr #H/2Z PM304 i 2 EE Y, B
FERKARE by TIRE A . Bk, Ef&H T
SBERECHT 0« 4B /N5 Rk 7 S 80 NiCr 24k 1
FEAE T B, N R T B 2 AR, 1
PM304 ¥4 J2 I i A 45 & 5 B 5 e o

3 & it

1) I REBRBE AR K 1R & BORH 4 B2 B
¥ PM304 33 /= H 414185 51 80 (B0 A 51 95%) .
EETEAH . sRAG AR T RS, s, Cr04
PP RSF/NTF 2 um, Ag FEF RSFZNF 10 ume
2) PM304 ixZ= 5 Ni & &R M4& R,
WER AL 45 MPa, W& THHRERZ
PS304 [R50 o S i ¢ 1 B BLAE B Z il
PP G oR BRI R E A T () FLBERFFRAK;
(b) REFLBEEWD: (o WEH Ag 5 NiCr 2
[T R 4245 s (dD) A NICr JE 4R s AT H 41/ b 7 1)
SRR AR R R AR ML R PR T e, B
5 TR ORI AR R 2 AT RE . SEURE RS &
SRS o
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Synthesis and Tensile Binding Strength of Ni-based Self-lubricating Coatings

Duan Wenbo, Sun Yanhua, Ding Chunhua, Geng Haipeng, Qi Shemiao, Yu Lie
(State Key Laboratory of Strength and Vibration for Mechanical Structure, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The microstructure and tensile binding strength of Ni-based self-lubricating coatings PS304 by plasma spraying and PM304 by
powder metallurgy were studied. The result shows that the PS304 coating prepared by plasma-spraying has a coarse microstructure and
high porosity. The lubricant phase fluoride and strengthening phase Cr,0s are distributed unevenly. However, the microstructure of PM304
coating prepared by mechanical milling and vacuum sintering is uniform and dense, and the size of particles is much finer. The tensile test
shows that the PS304 coating has a low tensile binding strength. The tensile fracture occurs not only in the interface of coating and
substrate, but also appears in the internal of the coating. The PM304 coating has a higher tensile binding strength, and a good metallurgical
bonding can be obtained between coating and substrate. The tensile fracture mainly appears in the internal of the coating. The higher
tensile binding strength of PM304 coating is mainly due to 4 reasons, including the increase of density, the decrease of the sharp pores
number, a metallurgical bonding formed between Ag and NiCr, and the dispersion hardening effect of fine particles precipitated from the
NiCr substrate which increases the strength of the NiCr substrate.

Key words: self-lubricating coating; tensile binding strength; powder metallurgy
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