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Study on high-temperature tribological properties of Ni;Al-based coatings
by ultrasound-assisted laser cladding

YUAN Jianjun, CUI Yidan, LI Xiang, PAN Guanghao,ZHANG Shengming,ZHU Ruixian, LU Hongtu
(School of Intelligent Equipment , Shandong University of Science and Technology , Taian 271000, China)

Abstract In this paper, Ni;Al-based composite coatings were prepared in-situ on the carbon steel surface by using ultrasonic
vibration-assisted laser cladding process using Ni powder with a molar ratio of 3:1, Al powder, and different mass fractions of
SizNs and SiC (mass fraction of 1:1) powder as the reactive powder, and the effect of ultrasonic vibration on microstructure,
microhardness, and tribological performance of the NisAl-based composite coatings at 600 “C was systematically and comparatively
investigated. The effect of ultrasonic vibration on the microstructure, microhardness and tribological properties of NisAl
composite coatings at 600 “C was investigated. The results show that the composite coating is mainly composed of Ni;Al, NiAl,
SisNs, SiC and other phases. After the application of ultrasonic vibration, the macro-crack of the coating are significantly
improved, and the microstructure of the coating is more refined. The average microhardness of the coating can reach 446HV .-
559HV,,, which is about 23% higher than the maximum hardness of the coating with the same composition. When the mass
fraction of Si;N4+SiC ceramic powder was 5%, the coating presents the lowest coefficient of friction (0.39), and wear rate (5.1X
10” mm’/N+m). The results also show that the wear surfaces all exhibits oxidized wear, but the Ni;Al composite coating surface
is transformed from severe abrasive wear and plastic deformation to slight plastic deformation and abrasive wear after using
ultrasonic vibration.

Keywords laser cladding; Ni;Al/Si;N./SiC composite coating; ultrasonic vibration ; high temperature tribological properties

— R, Ni-AIR RISV BA ®iRpTEL (A5, B AL, fEso e aE i R
MR A RO PERE e Tl —RhAR R e s YRl al LUSR T 2= 00 T o 0 i T ok 1 i
AR o N ALV 4 BA L5 Bt 5 %’Tﬂﬂﬁ””%ﬁﬁ?ﬂ*lﬁ‘]ﬂ?ﬁﬁl il HO A A )= 00

HE e il AR RE VR 9 A7 U0 L A T — 2D R AR

‘\‘.‘.T

FH

[9-10]
o

TR

AV, SEER R A R P PR sh A B O G ] 5 AN

i RN SRR RO ETOR M TR FERERR AT RN, 8= 0 B A e, B
RERE I T A BLI S S e ™ (B  TAaR N A B/ DRI R, LISE il & 1 Ni-WC-CaF. &

T RAREN A A (RO B RS MR W ORI R . EA T RO

e

4

i H 31 . 2024-08-03 ;& 101 H 1 : 2025-01-10
i H . EHZ AR e FIiH (52174145) ; IR A RHL R /N EAETEE 1827 TR H (2022TSGC1271);
(W44 1 R34 (ZR2020KE013)

F—EH G B A BIHE . E-mail:yjj502@126.com.

i)

Rz, R IERO GRS R Pt i = SR i Bl o] LI

78




26 ERMEREE TR

#F 48 145

ff R = 38, S IR S RE S P R OB IR E INT 181K )2
FiA) R 3 TS P A
5 2SS AR RENE R , MNLALE B R &9 s
o s LA Canz ik ik Sk e 55 ) ol DLtk —
A TR )2 A RE P A S ek, SiNLAISIC
B EA YL 0 12 vERe Brab PR Jﬂfz‘;ﬁ%y_ﬁ ie
B N TR 4 A T m IR, K — A H A H
B AR BT A R00 , SIC I B ] Ll 5s 14 2 1)
FETATASE L, ol /D EE BRI F01 , 1117 Sis NG U T LS BhIKHT 224
Y RS 2 N, A IR AR R
TR B I3 SERAE H a7 SR OB ] &
BAEMEEE, BT IRAL N 2 SR ZE K E
FLIAFIZEL . N T e R )2 R T AR RN B4 , 350
ﬁffﬂ%ﬁﬂﬁﬂkb’%’é%%T LR R Py e b P
GFEORMGERZ " ARG BOCIE Bk H 5
E%@EH&@E%EE/E%E%%\V\]J‘Bﬁﬁw PAGRS
AR A AN A ) @, SGE LA T A S 8Oe ik GE
AR AT SR 2 S S IR s BRI R R
AR 2 IR N TP RE 5 5 | S I 3t PN 4 i A4 R Y Sl
&, BEE TR B WO ZS 14, T i 5] BUE 1 ok
ZEA SRS TR R A S AP T R S T R
S BSO G 8 NLAL-SEN,-SICE S8 R 5T
fE A il . WONER R IR ZE BB A PERE , A SR ETE
JFA SR LR b, R A JCHE = IR sl Ot 5
%) 7 3 T T X 5% T Tl 48 4 4 A [R) B 4 3 B Nis ALY/
SENJSICE S M EHA S, 18 o8 %] 58 5k 2H 25 80 BE 482 2 4
PEREBYXT A H , 5 AR IR B0 2 S A B R 2 & i
PEYEE == VERR 2 ), SN2 U 2 76 e i i s o 4 1) et FH
P E PG LA

1 K57k

1.1 iRHFEH &

A SCLANA (543808 99.5% , Kids 25~40 pm,
N IED) CAVEY  SLNK | SiCHy SIS IR Ga MR EA T IO
Vo 52 R A 5 BN AL SisNy SiICH R o 8 J0 75 3R Bl 4l
IO CIAE & IR 26 M AT, A2, A3, A4, A R
sl BhOC s il 2 TR ZFR B, B2, B3, B4, 5L
AR RITE R 1RSI Y o FESCIG AT, H200~6004%
FE I SICRP AN FEAR TR i FEA 0 20 BFBE | S8 I FH TR L
WA TRV, LA ORISR TR T o5 4, $2 im0k
R IR BR R AR . K S 50 FH 2] ik R P2 A ARt
T4, 72150 C LT 1~2 b, ARG IERY AR R 7K 435 |8
MRS o KR AR I i B T ER B e 72 iR 514

1 REREIESYRNUERS (RESE/%)
Table 1 Chemical compositions of coating raw material mixture
(mass fraction/%)

= Ni;Al Si:N, SiC Ni/AIEEJR H
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A2 97 1.5 1.5 3:1
A3 95 2.5 A 3:1
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Fig.1 Schematic diagram of ultrasonic vibration assisted

laser cladding
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Fig.2 Macro-morphology diagrams of Ni;Al composite coatings

with and without ultrasonic vibration assistance
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Fig.10 Two-dimensional and three-dimensional wear morphologies of Ni:Al composite coatings with and without ultrasonic vibration assistance ( um )
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