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Table 1 Parameters for APS spraying

Parameter Value
Current/A 500
Voltage/V 55
Argon flow rate/(L-min ") 55
Powder feed rate/(g-min ') 30
Spray distance/mm 80

1.2 MHEEMNR KRB 5

KH JSM—=5600LV B4 4 BB (SEM)X Wi A K
R 2 M RS TRAE, IR 20 kV; ff
F H A Rigaku 24 7] D/Max—2400 % X 5 £RR7 5L #r
BEMYM AR . R CSM JE 8 B 153 56 L
(Switzerland) ABR B el 1) 77 S PEA NiMoAl-Ag iR )Z
B R PR RS, JRUE] SisNg BRI A BERE N E ., 78
FEEEE BRI EAT AT, AKUAER 20007 SiC WP 4RI 4
NI BB B IOGIR =, A3 R RS L R, 7 0.15~0.20
pm 2 [A] o BRI R R EE G 25 A g BAT S N T
BEZ 20 cmy/s. BRI ] 20 min, FEHEEAE 6 mm,
RIGIRE 7354 20, 200, 400, 600 1 800 ‘C. FEEHE
DA 45 bl 5 B AR I LA 22 (1 FUG [ B s, B AR AR
BH Al 4% fi X = 4 %8 BR A I 4 (ADE  Corporation ,
Massachusetts, USA). i@t AL w=V/SF 5
B, Hrb v R ERARL, mm?’; S 2 SIEEhEEE, m;
F I3, No BEERBOR BRI R 3 ORI s SR
SFIAME - 12 B IR AR TH ) AR SRR 4H i ik SEM A
Raman Y1 {% (Jobin-Yvon HR—800)3& 1

2 HER5TR

2.1 HRERHIE REHIFRIE
Kl 1 fis NASE Ag &8 NiMoAl-Ag £ &2

A SEM 18, FILUE H = MR Z AR ER B N EUE,
WEHA MR EE TRIRIMER, e R —
BefUNALI . =R E SRS S WL ELR I, F
AL A R R EEFLBR . EDS 45 L0, IR
JZ PR3 R NiMoAl J:iliAf, S22 Ag. 7T LA
B, BH Ag SEIIK, Ag TEIRE 1~MRZ 3 1l
ATEETH R . 550 PS RANREAHLIE,
NiMoAl-Ag iR E R — M &BMHIRZE, MMrIEE/Em
Ay, PidhE B RS iR S S E G g5 3
ARG B Rl 7 LV < JeA R A L2 ) 0 AT S A
(A YE, DRI i) % B U S 2 A B N B0

B 1 KR Ag &5 NiMoAl-Ag B &4 ZH#iE SEM 4
Fig.1 Cross-sectional SEM images of NiMoAI-Ag composite
coatings with different Ag contents: (a) Coating 1; (b) Coating 2;
(c) Coating 3
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Fig. 2 XRD patterns of NiMoAl-Ag coatings with different
Ag contents: (a) Coating 1; (b) Coating 2; (c) Coating 3

22 REMERERM RERIE

Bl 3 B N =Fi A A Ag & & NiMoAl-Ag 5 &
JEAEAS A BE R B T I R 2. e 3 mT LR 3,
XF =R E UL, B A IR R ) v R 2 R B DR
HBLZ T PRAR I S, =R R AR I B ) iR

091 —=—NiMoAl
—— NiMoAI-10%Ag
——NiMoAI-30%Ag

0.6 F

03F

Friction coefficient

0 260 200 660 860
Temperature/'C
B3 A Ag & NiIMoAl-Ag 142 i FE R %
Fig. 3 Friction coefficient of NiMoAl-Ag composite coatings

with different Ag contents
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Fig. 4 Wear rates of NiMoAl-Ag composite coatings with
different Ag contents
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Fig. 5 3D surface mapping profiles of worn surfaces of NiMoAl-Ag composite coatings at 20 ‘C and 800 C: (a), (d) Coating;

(b), (e) Coating 2; (c), (f) Coating 3
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Fig. 6 SEM images of worn surfaces of NiMoAl-Ag composite coatings at 20 ‘C and 800 C: (a), (d) Coating; (b), (e) Coating 2;

(c), (f) Coating 3
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Fig. 7 Raman spectra of coating 3 at 800 ‘C before and after

wear
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Effect of Ag content on lubrication behavior of
NiMoAl based coating in wide temperature range

CHEN Jie', SONG Hui', ZHENG Zi-yun', AN Yu-long?, CHEN Jian-min?, ZHOU Hui-di’

(1. Ningbo Branch of Chinese Academy of Ordnance Science, Ningbo 315103, China;
2. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: This work aims to satisfy the urgent need for materials that possess good lubrication and wear resistance under
the wide temperature range (especially high temperature) for many industrial moving parts. Three kinds of NiMoAI-Ag
solid lubricating coatings were prepared on stainless steel substrate by atmospheric plasma spraying (APS), using the
composite powders that contained 0%, 10% and 30% Ag in mass fraction as feedstock powders. Scanning electron
microscope (SEM), X-ray diffractometer (XRD), CSM tribometer and 3D optical profiler were used to evaluate the
microstructure and tribological properties of as-sprayed coatings at temperatures from 20 C to 800 ‘C. The experimental
results show that friction coefficients of NiMoAl-Ag coating decreases significantly with the increase of Ag content, and
the coating containing 30% Ag has the lowest friction coefficient of 0.12 at 800 ‘C. However, the increase of Ag content
reduces the wear resistance of the coating at 20—400 ‘C. When the temperature further increases to 600 ‘C and 800 C,
the addition of Ag can obviously reduce the wear volume of the coating. Further analysis of the lubrication mechanism
indicates that when the Ag content in the coating increases, the synergistic lubrication effect of liquid Ag and molybdate
silver lubricating enamel layer can be formed at the high temperature friction interface, so that the coating has low
friction coefficient and wear rate. Therefore, NiMoAl-Ag composite coating prepared by APS has excellent
self-lubricating properties in wide temperature range. It is also expected that the suitable reinforcement phase may greatly
improve its low temperature wear resistance, thus NiMoAl-Ag coating is a potential new wear-resistant and
self-lubricating coating material in wide temperature range.

Key words: atmospheric plasma spraying; NiMoAl; Ag; self-lubricating; wide temperature range; lubrication mechanism
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