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Fig. 1 XRD patterns of the laser clad coating
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Fig. 11 Wear morphology of the sample at 800 °C

3 &ig

i LB, A5 DA E A5
1) R FHOG K B H R AE 304 A5 9 R T il & 1

WHoRHE, 45« o IRATUIES NiCrALY/Co VA 22 B H8 B 5 M RE A 52 33
2 Elhgcr:tm 0| Co Ni Cr Al Y Fe c
g LSsix o
%( % Mussimw% 31.23 4007 | 1036 | 2.88 | 035 | 007 | 577 | 927
=f g
- sl G
0 2 4 6 8 10

X SR fiE & X-ray energy/keV

E 12 NiCrAlY/Co % 800 ‘C TR RE AL ST ILLER
Fig. 12 EDS analysis results of NiCrAlY/Co coating wear surface at

800 °C

. e y-Co
= . 0 AINi,
5 - #A1,0,
g . *Cr,0,
‘g vCo,0,
B i ®Ni,Cr,0,
~ i @®CoCr,0,
i
= .
bl

LY
= 0
EE o &

<
0o PO

20 30 40 50 60 70 8 90 100
4 1 & Scanning angle 26/(°)

E13 800 ‘CHR/Z &R E XRD EiZ
Fig. 13 XRD pattern of the coating wear surface at 800 °C

R NiCrAlY/Co U2 IRIZIE RN 1.1 mm,
H y-Co. (Cr, Ni) F1 AINi, FH£H 5 , ¥4 )2 A8 B2 >4 303 HV,
ARIEIRA L 665 REEH B, SRIRE R KK

HEaa.

2) B BE T 5, 304 AN 559 5L I EE 48 AU E TR
J BEARR , Uk J2 B B R BSOS E BE AR S T 7 5 7E 200~600 °C
I 34% J2 B8 452 DK B T /)N, 800 °C B B8 488 R BSR4 , 9 HL
TR J2TE 600 °C i JBE 452 IR A5 R 1K (0. 5) 5 B I B T
304 ANEEANELIR 51 2 B R RIS T, H= R~
800 °CH I 2 iy B P R B AR, HLIR JZAE 400 °CH J 431
FAK[1.91x10° mm*/(N-m) |, 29 K ILJEK MY 173, %
W] NiCrAlY/Co 1% )2 i 25 20038 T 304 55 4N 7E % il ~
800 “CT My EEE 2= Mg

3)ZE I ~400 °C, 304 55 B9 (14 5 40 BIL ) A2 s e
PORNZE 25 BE AL, U 25 1 S AL ) e P A S 5 RT3 347 ik
B2 MG B BT L 304 N EE AR 1 B R AL i 48 AL
PR R SAPE AR | U 2 B ML A SR A

2 2% 3 ik (References)

[1] LIB,GAO Y M,HAN M M, et al. Microstructure and tribological
properties of NiCrAlY-Mo-Ag composite by vacuum hot-press
sintering[ J]. Vacuum,2017,143:1-6.

[2] XINBB,YUYJ,ZHOU J S, et al. Effect of copper molybdate on
the lubricating properties of NiCrAlY laser clad coating at elevated
temperatures [J]. Surface and Coatings Technology, 2017, 313:



34 IR S S 3 2025 4F:
328-336. 304 stainless steel [J]. Surface Technology, 2014, 43(5) : 100-104.

[3] BOLELLI G, CANDELI A, LUSVARGHI L, et al. Tribology of (In Chinese)

NiCrAIY+AI203 composite coatings by plasma spraying with [14] LIY,LIAN Y,JING F Y, et al. Improvement in the tribological
hybrid feeding of dry powder+suspension [J]. Wear, 2015, 344 behaviour of surface-nanocrystallised 304 stainless steel through
69-85. supersonic fine particle bombardment[J]. Applied Surface Science,

[4] HE BM,LIU X B,ZHANG F Z, et al. Tribological and oxidation 2023,627:157334.
behaviors of TiN reinforced Co matrix composite coatings on [15] Eusdh . Lotk BoAR f N K & R shia [T, EAMLG 441
Inconel718 alloy by laser cladding [J]. Tribology International, 25,2021(1):1-5.

2023,188:108781. WANG Binyan. Application and development trend of surface

[5] kA%, B SRIFHE, 45 . SCHI3 MR I MOL I CoNiCrAlY & modification technology [J]. Foreign Locomotive & Rolling Stock
&[T]. J452E41,2010,31(5) : 49-52. Technology,2021(1) :1-5.(In Chinese)

ZHANG Song, WANG Mingsheng, ZHANG Kaixiang, et al. [16] REN X Y, ZOU H B, DIAO Q W, et al. Surface modification
CoNiCrAlY alloy deposited on surface of SCH13 steel by laser technologies for enhancing the tribological properties of cemented
cladding [J]. Transactions of the China Welding Institution, 2010, carbides:a review[ J]. Tribology International,2023,180:108257.

31(5):49-52.(In Chinese) [17] CHANG W, XIAO G C, ZHANG H, et al. Microstructure and

(6] 27, BUFIR, M OTES . SOG4 X 304 ANES 50 2 1w 41 1k BE 1Y properties of graphene reinforced co-based composite coating by
SEM LT ], MOBHAKE B2 4], 2020,41(8) : 128-134. laser cladding [J]. Surface and Coatings Technology, 2023, 453:
LI Yu, HE Lile, YE Fangxia. Effect of laser alloying on surface 129139.
wear performance of 304 stainless steel [J]. Transactions of (18] mhoz W SCHr, S I, 55 . HI3 O Co IR E T Ak
Materials and Heat Treatment,2020,41(8) : 128-134.(In Chinese) HLUERE[T]. S AL RE,2016,41(12):117-121.

(7] WhSCH, AR T4 4R SR, 46 RIENLIE MO T R AL TR 2 1Y YE Hong, YU Wenxin, LEI Linping, et al. Process optimization of
Brgstael) ] i 5% E,2022,47(11) : 82-88. Co-based coating on HI3 steel by laser cladding and its
HAN Wenpeng, CUI Gongjun, CUI Haotian, et al. Wear resistance microstructure and properties| J]. Heat Treatment of Metals, 2016,
of laser clad FeNi-based coatings on sliding shoes of shearers[J]. 41(12):117-121.(In Chinese)

Lubrication Engineering,2022,47(11) :82-88.(In Chinese ) [19] FER WM, SRR AR EHOLEE Co LG &2 T2

[8] CHEN G D, LIU X B, ZHANG F Z, et al. Fabrication and FELI]. RO, 2015,35(4) :397-401.
tribological properties of laser cladding WC-Cu/Co-based CUI Gang, HAN Bin, ZHANG Mengke. Study on the process of
composite coatings [J]. Surface and Coatings Technology, 2023, laser cladding Co-based alloy coating prepared on the surface of
472:129930. stainless steel [J]. Applied Laser, 2015, 35 (4) : 397-401. (In

[9] ZHANG L J,ZHANG M D, ZHOU Z, et al. Effects of rare-earth Chinese)
element, Y, additions on the microstructure and mechanical [20] EBRME, EINZE, 05 M, % . WKAEL T CoCrFeW £ 42 1 BE 2
properties of CoCrFeNi high entropy alloy [J]. Materials Science FVERERTSELT ). HUMRER R, 2023,45(5) :1096-1102.
and Engineering: A ,2018,725:437-446. WANG Xiaobo, CUI Gongjun, LI Fangzhou, et al. Tribological

[10] ZRZ2Fy | 0 SCLT, R, 5. 304 W8 B AR AS 45 9 B8 8 24 52 16 T 5T properties of CoCrFeW alloy under seawater condition[J]. Journal
[7]. MUK 5% ,2020,48(16) : 10-14. of Mechanical Strength,2023,45(5): 1096-1102.(In Chinese)

LI Anling, QU Wenhong, SONG Lei, et al. Experimental study on [21] Fuk, XNFEP, X0 —W, 55 . 304 R HIOEE Co-Ti3SiC2 [11d
tribological properties of 304 austenitic stainless steel[J]. Machine AR OWZH 205 BE 222 PERE LT ], MR TR, 2021,49(11)
Tool & Hydra ulics,2020,48(16) : 10-14.(In Chinese) 105-115.

[11] OUYANG C S, LIUX B, LUO Y S, et al. Preparation and high WANG Gang, LIU Xiubo, LIU Yifan, et al. Microstructure and
temperature tribological properties of laser in-situ synthesized self- tribological properties of Co-Ti3SiC2 self-lubricating composite
lubricating composite coating on 304 stainless steel [J]. Journal of coatings on 304 stainless steel by laser cladding [J]. Journal of
Materials Research and Technology,2020,9(4) : 7034-7046. Materials Engineering,2021,49(11):105-115.(In Chinese)

[12] LIUY F,ZHUANG S G, LIU X B, et al. Microstructure evolution [22] JIANG C P, ZHANG J, CHEN Y N, et al. On enhancing wear
and high-temperature tribological behavior of Ti3SiC2 reinforced resistance of titanium alloys by laser cladded WC-Co composite
Ni60 composite coatings on 304 stainless steel by laser cladding coatings [ J . International Journal of Refractory Metals and Hard
[J]. Surface and Coatings Technology,2021,420:127335. Materials,2022,107:105902.

[13] XUBGHS , Zobk, ZR50 78 45 . 304 REFAIR I Mo & & fh itk 24141 (23] Zoffi Wele, 552, 45 JEUE NbC XU B Co BEUR 2 UL SURI

SR i BEVERIESE LD ], AR IR, 2014,43(5) 1 100-104.
LIU Chengsong, QIN Lin, LI Cuiling, et al. Study on

microstructure and wear resistance of Mo surface alloying layer on

PR mszm (1], b [E#0'E,2020,47(3):0302010.
YI Wei, CHEN Hui, WU Ying, et al. Effect of in situ NbC on

microstructure and wear properties of laser cladding Co-based



[24]

[25]

5 47 B4 8 Mooy, 4 . IR NiCrAlY/Co 1k J2 BE S B IR ME RERIF 52 35
coatings[ J]. Chinese Journal of Lasers, 2020,47(3) :0302010.(In WANG Changliang, CUI Yongjing, TANG Zhihui, et al. High
Chinese) temperature oxidation and friction behavior of nickel based and
PEIE TR MOINEE BE L BOGKEE Co B4 42/MoSi2 B & ik cobalt based coating deposited by super detonation spray [J].
JZE T ESEALT]. MR, 2016,49(10) : 72-73. Equipment Environmental Engineering, 2020, 17 (1) : 90-96. (In
LIANG Zefen, NA Renhua, LIN Xiaojun, et al. Optimization of Chinese)
technological parameters of laser cladding Co-based alloy/MoSi2 [26] CUI G J,YOU S Q, LI F Z, et al. High-temperature wear and
composite coatings|J|. Materials Protection, 2016, 49(10) : 72-73. friction behavior of Co matrix composites reinforced by MoSi2
(In Chinese) over a wide temperature range [l Tribology International, 2023,
FARSE R AR T A B PUREBR BR R E RL TR 2 R 189:108920.

Al S B MR RE [T ] 2RE 28 PR TR, 2020, 17(1) :90-96.

Research on friction and wear properties of high temperature anti-wear
NiCrAlY/Co coating

YANG Ronggian'>® CUI Gongjun'*? YOU Shiquan"*’ FENG Xiaogang">® LIU Yusong' "
(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China)
(2. Shanxi Mine Fluid Control Engineering Laboratory, Taiyuan 030024, China)
(3. National-Local Joint Engineering Laboratory of Mine Fluid Control, Taiyuan 030024, China)

Abstract: In order to improve the high temperature wear resistance and extend its service life of 304 stainless steel, the
high temperature wear-resistant NiCrAlY/Co coating was prepared on the surface of 304 stainless steel by the laser cladding.
The morphology, phase composition and microhardness of the coating were analyzed. The tribological properties of 304
stainless steel and NiCrAlY/Co coating at different temperatures (the room temperature to 800 °C) were studied, and the wear
mechanism was analyzed. The results show that the coating is metallurgically bonded to the 304 stainless steel substrate; the
coating is mainly composed of y-Co,(Cr, Ni) and AINi, phases; the average microhardness of the coating(303 HV) is about 1. 6
times that of the substrate (194 HV); Compared with the substrate, the coating has a smaller friction coefficient at 200-600 °C,
the friction coefficient is comparable at 800 °C, and the lowest friction coefficient of the coating is 0. 5 at 600 °C. The wear
rate of the coating from the room temperature to 800 °C is lower than that of the substrate, and the lowest wear rate is 1. 91x
10”° mm*/(N-m) at 400 °C, which is about 1/3 of the substrate, indicating that the NiCrAlY/Co coating improves the high
temperature wear resistance of 304 stainless steel. At medium and low temperatures, the wear mechanism of the substrate is
mainly abrasive wear and adhesive wear, and the wear mechanism of the NiCrAlY/Co coating is mainly abrasive wear and
gradually slight adhesive wear. At 800 °C, the wear mechanism of the substrate is plastic deformation, and the wear
mechanism of the coating is oxidation wear.
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