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Structure and Properties of NiCrAlY/MoS, Composite
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ABSTRACT: The paper aims to prepare NiCrAlY/MoS, composite films with good tribological properties in wide temperature
range by ion source combined with magnetron sputtering method. The NiCrAlY/MoS, composite films was prepared by ion
source combined with magnetron sputtering method. The effects of MoS, doping content on the film structure, mechanical
properties, tribological properties and anti-oxidation properties of the composite films were studied. The element composition,
microstructure and phase structure of the films were analyzed by EDS, SEM and XRD respectively. Micorhardness, adhesion
strength, friction and wear performance and oxidation resistance of the composite films were analyzed by microhardness tester,
Rockwell hardness tester, ball-on-disc friction and wear tester, 3D profilometer and high temperature oxidation test. The results
showed that NiCrAlY films and NiCrAlY/MoS, composite films grew in columnar crystal structure and the phase structure was
mainly composed of Ni;Al, Ni-Cr and MoS,. With the increasing of MoS, content, the columnar crystal size increased and the
density of the films decreased, and the microhardness of the films gradually decreased from 503HV to 336HV. The composite
films had good adhesion strength, which reached to HF1 level. Doping MoS, could significantly improve the tribological
performance of the composite film. When the MoS, content reached 48.1at.%~69.8at.%, the NiCrAlY/MoS, composite films
showed good tribological properties with the friction coefficient of 0.038~0.09, and the wear rate of 2.14x107° mm*/(N-m),
which was more than one order of magnitude lower than that of the NiCrAlY films. The high temperature oxidation tests of
NiCrAlY and NiCrAlY-48.1at.% MoS, composite films were carried out at 400 C and 500 ‘C. NiO, Al,O; and MoOs phases
formed in the composite films after oxidation test. The composite films showed good tribological properties after oxidation test,
and the wear rate of the composite films decreased to 1.41x10™°mm*/(N-m) after oxidation at 400 “C for 2 h. The amount of
MoS; has an important impact on the structure and performance of the NiCrAlY/MoS, composite films. The NiCrAlY/MoS,
composite films with MoS, content of 48.1at.% possessed good tribological properties in air and after high temperature
oxidation.

KEY WORDS: magnetron sputtering; NiCrAlY/MoS, composite films; tribological properties; high temperature oxidation
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Tab.1 Deposition parameters of NiCrAlY/M oS, composite
films

Parameter Value
Working pressure/Pa 1.0
Bias voltage/V =50
NiCrAlY target current/A 1.6,1.2,0.8
MoS, target current/A 1.5
Substrate temperature/C 180
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Tab.2 The composition of the NiCrAlY/M oS, composite films
at.%

Current/A
Ni Cr Al Y Mo S
No. NiCrAlY MoS,
1# 1.6 0 59.18 21.33 18.74 0.74 — —

2# 1.6 1.5
3# 1.2 1.5
4# 0.8 1.5

41.74 14.58 12.85 0.33 10.88 19.62
31.20 10.62 9.14 0.35 17.84 30.22
18.13 6.82 4.75 0.20 26.18 43.63
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Fig.1 Surface morphologies of NiCrAlY/MoS, composite films with different MoS, content
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Fig.2 Cross-sectional morphologies of NiCrAlY/MoS, composite films with different MoS, content
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Fig.3 XRD patterns of the NiCrAlY/MoS, composite films
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Fig.4 Microhardness of NiCrAlY/MoS, composite films with
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Fig.5 Micrographs of Rockwell indentation of NiCrAlY/MoS, composite films with different content
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Fig.6 Friction coefficient curves of NiCrAlY/MoS, composite
films with different MoS, content
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Fig.7 Wear rate of NiCrAlY/MoS, composite films with
different MoS, content
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Fig.8 Morphologies and cross-sectional profiles of wear tracks of the NiCrAlY/MoS, composite films: (a) (b) NiCrAlY; (c)

(d)30.5% MoS,; (e) () 48.1% MoS,; (g) (h) 69.8% MoS,
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PEB 2 A RS A EE 82 TR 5K . B IR KR RRAIG, R
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Fig.9 Wear track morphology of the Si;N4 counterpart paired with (a) pure NiCrAlY, (b) NiCrAlY-30.5%MoS,, (c)

NiCrAlY-48.1%MoS,, (d) NiCrAlY-69.8%MoS,

% 3 NiCrAlY #HE 5 NiCrAlY/MoS, £ &Rt EEBk R E I
EDS &8

Tab.3 EDSresults of the wear track on the SizN, counterpart
at.%

Area  Ni Cr Al Mo S (0] Si

1 45.15 2290 7.62 — — 2142 2091
2475 9.51 8.17 12.07 423 3937 —
9.17 722 533 1540 2232 39.53 —
464 508 3.69 19.16 26.13 3990 —

2.4 BESMMIRESH

F T LG NiCrAlY/MoS, & 4 R it 25
IREALPERE , ¥ NiCrAlY #1 NiCrAlY-48.1%MoS, &
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48.1%MoS, & & K & 22 A b Ab B 453 400
500 CHALE ) XRD Elif% NiCrAlY # i Zead 500 C
FALiE, RAEDREE ALOs. NiO WA, 15 I K
BAMRSSMPEALTERE, 11 NiCrAlY-48.1%MoS, &
£ B B NiO . ALO; & MoOs ¥R 45 4 46 i,
HEiE SR EN T, 500 CHAMG NiO. ALO,
K MoOs F T 5 e B i 3858 , 11 MoS, AYAT S I8 8 55 ,
AR o H 5 & RS AT A7 AE B S Y Mo S, fiT 5 I,
VLA A 353 B9 MoS, A8 Ak .
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Fig.10 XRD patterns of NiCrAlY and NiCrAlY-48.1%MoS,
composite films after oxidation at different temperatures
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Fedg, g5 11 fiaR, NiCrAlY #iE % m i Ak
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BEIR IR 8.94x10° mm®/(N-m), NiCrAIY-48.1%MoS,
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PSEAL IR R, DL R KER A MoS, # 48k sk, B
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JEHR B SR AR 3 22 | [)SEE A MoS, itk — 45 2>
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Fig.11 The friction coefficient curves and wear rate of

NiCrAlY and NiCrAlY-48.1%MoS, composite film after

oxidation at different temperature

3 #it

1) il B IR A RS IR S B AR 5 1) NiCrAlY
WS NiCrAlY/MoS, & & o HIR ekt , FE
MoS, #8244 e (3N, i 2 T Ok, R 3 K L LA
Wz, WRERECREMEZREREIL, NICrAlY w2 H
NisAl, Cr41i%; #7¢ MoS, )5, NiAl;snkigiftt, &

A AR S B8 K T RAETE

2) MoS, B4 FEAIN T Wi AR FE , NiCrAlY
T >k S03HV, Fi#5 MoS, 7t A3 /T, NiCrAlY/MoS,
024 TR R B S PRI 2 336HV & A i 5 Rk B
ARIFMEEE T, 458 1% H5E% HF 4,

3) MoS, B2t 1Y B A R fR, A
MoS, &I, EEEECRE TR, BRRE
FEAGEES; MoS, $B4htN 48.1%~69.8%MF, H A
) EEHE R 0.038~0.09, “EIEE IR /N, A5
2.14x10 mm®/(N-m), FEIH K400 1 1 v e s v Ak

4) NiCrAlY F1 NiCrAlY-48.1%MoS, il 25 i
400 ‘CH1 500 ‘CHEfk 2 h )5, NiCrAlY #iREb)EE
B NiO | ALO; #, b ¥ B8 B A T2 55 NiCrAlY
TG EE 4 A VERE, 500 CAEAL G B R E R 8.94x
10" mm®/(N-m), NiCrAlY-48.1%MoS, E k5 TE R NiO .
A1203\ MoOs; M, [HATSE 7 MoS, A8 A AR AL;

25 B G A A R B BT BT R AR, 20
400 CHEALIG, BIHFFER 1.41x10  mm*/(N-m).,

S % 30k

(11 E®), ERW), ZEEE, 55 SREEEREAEEL S

PR BT SEHERED). b A @ E 4, 2012, 22(7):
1945-1955.
WANG Chang-chuan, WANG Ri-chu, PENG Chao-qun,
et al. Research progress of metallic solid self-lubricating
composites[J]. The Chinese journal of nonferrous metals,
2012, 22(7): 1945-1955.

[2] ~ ZHEN lJin-ming, CHENG Jun, LI Mao-hua, et al. Lubri-
cating behavior of adaptive nickel alloy matrix compo-
sites with multiple solid lubricants from 25 ‘C to 700 ‘C
[J]. Tribology international, 2017, 109: 174-181.

[3] CHEN Jie, ZHAO Xiao-qin, ZHOU Hui-di, et al. HVOF-
sprayed adaptive low friction NiMoAl-Ag coating for
tribological application from 20 ‘C to 800 ‘CJ]. Tribol
lett, 2014, 56: 55-56.

[4] AOUADI S M, SINGH D P, STONE D S, et al. Adaptive
VN/Ag nanocomposite coatings with lubricious behavior
from 25 C to 1000 C[J]. Acta materialia, 2010, 58: 5326-
5331.

[51  HT, Xk, BERE S HO0HHEE A E e

B HLEELT]. ﬁ*{ﬁéﬁﬂﬂ% 5T, 2018, 23(4):
347-353.
GAN Zi-yang, LIU Yong, LYU Xin-qun, et al. Lubrica-
tion mechanism of copper-based solid self-lubricating ma-
terials by lead[J]. Materials science and engineering of
powder metallurgy, 2018, 23(4): 347-353.

[6]  ZEU5¥, TOIH, HEGE, . MoS, & ) Ni HE[H A
HIRIZIERERYZMI[T]. FORHAAE PR 24, 2007, 28(4):
135-138.

LI Fang-po, WANG Yin-zhen, PAN Jiao-liang, et al. In-



H50% 5

PR . BRI NiCrAlY/MoS, & & Wi IE45 4 5 PERED T - 207 -

[12]

[13]

[17]

fluence of MoS, content on properties of self-lubricating
nickel-base coatings[J]. Transactions of materials and heat
treatment, 2007, 28(4): 135-138.

RS, % WLRRAT 2 0T I 1 2 I O G
TZSHUEBIFE[D]. T VLIRS, 2016.

TONG Zhao-peng. Study on laser manufacture process
and mechanism of wear-resistant and self-lubricating work
layers on extruder screws[D]. Zhenjiang: Jiangsu Univer-
sity, 2016.

XUA Shu-sheng, GAO Xiao-ming, HU Ming, et al. Nano-
structured WS,-Ni composite films for improved oxida-
tion, resistance and tribological performance[J]. Applied
surface science, 2014, 288: 15-25.

PR, T, RESEA. PIFMEREL A & R B
PEREDTR[I]. i 5%, 2005(6): 129-132.

XUE Mao-quan, WANG Zhi-ping, XIONG Dang-sheng.
Study on friction and wear properties of two Ni-based
alloys at elevated temperature[J]. Lubrication engineering,
2005(6): 129-132.

DEADMORE D L, SLINEY H E. Hardness of CaF, and
BaF, solid lubricants at 25 C to 670 °C[J].
research, 2010, 35: 154.

CHENG J, ZHEN J M, ZHU S Y, et al. Friction and wear
behavior of Ni-based solid-lubricating composites at high

Glenn

temperature in a vacuum environment[J]. Materials &
design, 2017, 122: 405-411.

MARGINEAN G, UTU D. Cyclic oxidation behaviour of
different treated CoNiCrAlY coatings[J]. Applied surface
science, 2012, 258: 8307-8311.

A, AfE, RBIVE, 5. EIE FHE NiCrAly Al
NiCoCrAIYHfSI ¥ JZ bt il AL PERE[)]. 4R,
2018, 32(13): 2267.

DU Wei, SHI Qian, DAI Ming-jiang, et al. High tem-
perature oxidation resistance performance of NiCrAlY
and NiCoCrAIYH{Si arc ion plating coating [J]. Materials
review, 2018, 32(13): 2267.

PR, ARAEBE, BT, 45 WE4a IR s 1 i A i
HIRIZHUIE S IR, PPEHRR, 2017, 31(2): 32-37.

CHEN Ya-jun, YU lJia-qi, ZHAO Jie-yu, et al. Research
and development of high temperature solid self-lubricating
coating prepared by magnetron sputtering[J]. Mater review,
2017, 31(2): 32-37.

CHEN lJie, AN Yu-long, YANG lJie, et al. Tribological
properties of adaptive NiCrAlY-Ag-Mo coatings prepared
by atmospheric plasma spraying[J]. Surface & coatings
technology, 2013, 235: 521-528.

LI Bo, GAO Yi-min, JIA Jun-hong, et al. Influence of heat
treatments on the microstructure as well as mechanical
and tribological properties of NiCrAlY-Mo-Ag coatings
[J]. Journal of alloys and compounds, 2016, 686: 503-510.
oskR, IV, BECR, 55 DhRE R SIS %
FARM]. dbut: 4 Tk kit 2012.

DAI Da-huang, DAI Ming-jiang, HOU Hui-jun, et al.
Functional thin films and deposition technology[M].
Beijing: Metallurgical Industry Press, 2012.

[18]

[21]

[22]

[23]

[24]

[26]

ok, BRI, AN, 5. DUBUREEXS NiCrAlY/Ag
S A R ERE 2 R (7], R AR, 2019,
48(12): 211-217.

WU Yi-qian, WEI Chun-bei, DAI Ming-jiang, et al. Effects
of deposition temperature on structural and properties of
NiCrAlY/Ag composite films[J]. Surface technology, 2019,
48(12): 211-217.

LI Zhi-ming, QIAN Shi-qiang, WANG Wei, et al. Micro-
structure and oxidation resistance of magnetron-sputtered
nanocrystalline NiCoCrAlY coatings on nickel-based su-
peralloy[J]. Journal of alloys and compounds, 2010, 505:
675-679.

ZHU Sheng-yu, LI Fei, MA Ji-giang, et al. Tribological
properties of NizAl matrix composites with addition of
silver and barium salt[J]. Tribology international, 2015(84):
118-123.

F[HEN, WOk, REE, & RIS MoS,-Ni &4
JE i) 254 5 R REBFSE (0], R AR, 2017, 46(10):
135-142.

WEI Chun-bei, OU Wen-min, HOU Hui-jun, et al. Struc-
ture and properties of MoS,-Ni composite films fabricated
by magnetron sputtering method[J]. Surface technology,
2017, 46(10): 135-142.

I, F/NE, AR, RIS NisAl & 4 W
(RO S # B L BHLARRPET]. TIREREL, 2006(1): 40-42.
LI Yi-bing, WANG Xiao-jun, ZHOU lJi-cheng. Micro-
structure and resistance properties of NizAl alloy thin
films by magnetron co-sputtering[J]. Journal of functional
materials, 2006(1): 40-42.

EH, Tk, B0, & GREESY NiAL #E
85 S PERERIFFR[T]. TIREATEL, 2012, 43(11): 1410-1413.
WANG Ming, XING Yong-yan, MA Yong-jun, et al. Inve-
stigation on the fabrications and properties of Ni;Al thin
film of intermetallic compounds[J]. Journal of functional
materials, 2012, 43(11): 1410-1413.

SH, XA, ZEnp, 4% Fe. Cr T ZH Ni;Al 3
r A e ALV PEREDT SRR (1], & Jm #2020,
56(1): 21-35.

WU lJing, LIU Yong-chang, LI Chong, et al. Recent pro-
gress of microstructure evolution and performance of
multiphase Ni;Al-based intermetallic alloy with high Fe
and Cr contents[J]. Acta metallurgica sinica, 2020, 56(1):
21-35.

DRCSCHEL. 4 W S o o5 45 2 — A o I A e e 52 45
AIPERERTSE[D]. J M ARG B TR, 2017.

OU Wen-min. Properties of doped MoS; solid lubricating
composite films by magnetron sputtering method[D].
Guangzhou: South China University of Technology, 2017.
RISk, ARERSE, BRNE K, S5 i ORI
TR 2 2 MR 4 2 AT R WP FE ). BRI,
2018, 38(4): 417-428.

SHANG Ke-dong, ZHEN Shao-xian, JU Peng-fei, et al.
Tribological performance of MoS,/Pb-Ti nano-multilayer
coating applied in marine atmospheric environment of
South China Sea[J]. Tribology, 2018, 38(4): 417-428.



