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Fig.2 Cross-section microstructures of Ni60 coating of difference processes: (a) spraying coating, (b) induction remelting coating,

and (c) forced cooling coating
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Fig.3 Scanning distribution of section primary elements of forced cooling coating: (a) Ni, (b) Cr, and (c) Fe
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Fig.4 XRD patterns of surface of Ni60 coating of difference processes: (a) spraying coating, (b) induction remelting coating,

and (c) forced cooling coating
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(b) volume wear rate vs load

FREBCIR IR B IR R AR I R A — e R I AL, [RII
e BT I S EE R AR R, BE R R AR T R A AL RN
—E R LR AR 7RG BRI Y, A R e
FESE R BN . N 3 SRR R B At HoRE, Sl
R I T R U T R TN B + R o) v ) R R BEHE AR
B Lewiir = AR 2, JUHE SRR A IIRE
FEYRE R B RIIR . A 3 Flig 2 B th &R
MR R R AR KRR, A 2 R iR R B R
AN, IR SR ED IR R R B AR R, T8y
BEHE P R TR IRE L 8.5 A5 AR H AR IR 2 4
2 ffy (&l 6b Fron). X ULHY, SR ATER S H A RE % 2
R TR R IR PR Ak BE T B T S ) 4 20 £ SRR A
RS TIRET BB RE, IR 2RI AL
L IR B . BEL B R

SN, RAE R R B A BRI, (H
MBI BE 7 Al 2R, MR JZ R 1= 200~500
pum () J5E J3E i ] pAY A8 P38 S0 A1K T J O = R O +
SRV ENIRIR AT R A R K R RE S TR R R T
PEREFIXT R ZE . BESR B — DN EE . 54,
H N AR A SR AR, ER R TR R A SRR
FEden il 2b Fron ). iR SR RS B s DK R
JEW R IR R 3R w, [F] B 54 S 0 A o O I 21,



5 3 1

PR A ST Ni JE G )= I 2S5 H R RE I AR AL - 697 -

Bl 7 AFILZ Ni60 ¥ 2 BB 3

Fig.7 Wear morphologies of Ni60 coating of difference processes: (a) spraying coating, (b) induction remelting coating,

and (c) forced cooling coating

T ASE 25 3% 5 PO i 5 P 73 B4R K 53t o B e sl 74 20
(1) % N7 L JEE T S 1 e ) v T At 2 R R B 1 R
B, AL R 2 G/ R e 2 o A i AT 40 b Cn i
2 R 3 Fio), PR Insm i) 4 5 13 2 AR i T AhE A K
(58 ) G5 A L2, IX b IR BT S AR K 1 1 2 i 4
S P TR 1 S A B, T B A R R I AR
] 16 I A SR IVE 2 D7 W), BN 7 1 [R] 1) 30 2 58
) 20 A G I, XK AEAS IR S A R R A L AR AR AT
FEAME . P 57 M RBAS 31 KR FE 3 s JF HARE E M)
MM TRSMITLER], & Cr MG YA Ni
BE [ I Ak AT A S5 M AP R R , 3K Fh 25 ) AL T 4 4 1
SEIER M AR, p-(Fe,Ni)EEIR A 4 [ 7 48 AT H
W, f’E TIRENENE, &8 Cr mAEWHE B A B
(R REE FEE IS B 2K R 5 3 e A 2808 ol BE 4 D) JS 77 68 MIR
L (18 Fr W S Ao ARV o A P B 7% 5 [ I R 8 BEL RS S i (1)
B A KRR R, ARk s T E i B .

B 7 7345 T 3 FliRJELE 200 N T [ JBE #4525 45
TEH. MWE Ta~7c AT LLE H, WER IR Z B 41 3% m 2% 1
TGRSR, I AN ) B T Can
7a), Wi I 32 R R 7 RN B AR RV (19 57 B
i, KRR AR Y X AT EE R AR T, 4
BEW, BHX EEITEK Fe N 48.43%. Ni A 25.39%
(JREDH, FFHD, Fe BRI RMIL T Ni ZEER
ERASE, UHHTEREEES SRS, KA T XEMF
TCE R Z R, WUl R IR 2 B A RO A T
L R B P B o ] 7l BN HE J R S 2R T 2 P AR T R E
BAHBGBIRERFERIGHE, BARREERTE X
RGBS AR R T I RRAE, W R EZ TR KL, Fe
N 62.13%. Cr 4 16.6%. Ni A 9.21%, H: i 304
AEEANE S, RITEBE B FE R A2 T % BE AR A1 REK
BRRERMNER, HERKRERZRT, WK
JS7 I BB IR IR JE B TR L (R B AR . 1] Te sR A

HIRE R B IS A KR, BEERVLN,
A BRMRIE, BAHIMRTERT, e m o3
BT R Fe N 64.48%. Cr A 14.25%. Ni A 13.22%,
& B I B 45 7 SORT R R, A U R 2R AL, (HL B PR AL T
BN IR E

3 & it

1) HHFEEE TRIRG AR R RRREW, £
KRIGFORAFLE, WRE AR RN Z W WG, IR
JE 5 AR 25 G 7 DA ES & o8 3 . BB B A IR
ERAFERIT N, BEALMELL], KIEBRLHE
K, ERESIHARZ TG T 9 BOE BB & 456 .
SR FH IR L F S+ T 5 o] 94 00 1) 6 (R0 2 AN B AR R i T
FEIE DS, WET TR T 458 0% 1) € n)
M, EmARGEHBAmeEmGEKE, WEAT
A SR T 77 1) ) 4 2 AR T AR K

2) R T S RS R A% 1R R 2 T R
FE N AR I BB, 12 B 2 R i T Ah R
T X IR, R 2 10 Ok B R S 20 (HV) Ry
6319 MPa. I 8 jof Jak 57 F5 45 gk B 3 4% + 5 i) v # 1) 2
Tl 2 AE AT &% DX IR FE AR X 35, B b
WS T R A, 7E A YN T U 3 I A W R R 2 A 2
K I B A7 i A B ) A 0 (1 L I U 2 1 ST
il £ 43 591 ) 5972 A1 6005 MPa, HXf T 25 B 1 Wi i5 i
JZ (B A BT I

3) T TEEEEFAET, sl R E R ARSI
FER ZBAVBAR MBS, RIHAR T HoAh 2 Fhig 2
(T SV, P B A T BHR IR 8.5 fi K
L EIEIRE 1 2 £5 .

EEpa
[1] Wang Zhaohua(EJk4E), Zhang Peng(7k M5), Lin Xiuzhou(#k

References



* 698 -

Wity @A RS TR

46 %

&) et al. Material Surface Engineering (44} 2 [ L. £)[M].
Beijing: Chemical Industry Press, 2011: 245

[2] An Shuchun(Z# %), Chen Hanchi(F£ i), Li Zhuoxin(ZE 5
) et al. Surface Technology(# i £ AK)[J], 2009, 38(2): 73

[3] Su Yanging(Z5 E FX), Guo Jingzhe(¥F 5t %), Liu Chang(X] %)
et al. Special Casting & Nonferrous Alloys(#F#h# i & A o
£42)[J], 2006, 26(1): 25

[4] Zhou Zhenping(F#=F), Li Rongde(ZE5{#). China Foundry
Machinery & Technology(H Bl %% it 25 % 5 5 A)[J], 2003(2): 1

[5] Tang Guoxing(iz [H %), Mao Weimin(& TL[X), Liu Yongfeng
(X7k I%). China Foundry Machinery & Technology (* [F 4% it
& 5HAR)[I], 2007(2): 11

[6] Ou Xian(BX #it), Deng Changguang(*$i% %), Wang Richu(E

104
[7] Kamado S, Okubo Y, Kamado S et al. Advanced Materials
Research[J], 2005(11-12): 417
[8] Chang J H, Chang C P, Chou J M et al. Surface and Coatings
Technology[J], 2010, 204(20): 3173
[9] Liu Yancong(XlI7Hi), Xie Jianghao(if1L¥#%5), Li Chengkai(Z=
fPl) et al. Transactions of Materials and Heat Treatment(#4
BEH AL FE 224 )[J], 2015, 36(3): 147
[10] Gao Yuan(f Jii), Wang Chenglei(F i #), Huang Jiagiang
(K R) et al.
B4 EA RS T[], 2011, 40(2): 309
[11] zhang Jian, Tan Xiaojun, Hu Yu et al. Transactions of
Nonferrous Metals Society of China[J], 2014, 24(6): 1441

Rare Metal Materials and Engineering (%

H#%I) et al. Materials Review(#1 ¥} S%)[J], 2013, 27(21):

Evolution Characteristics of Microstructure of Ni-Based Alloy Coatings
and Their Properties under Complex Process

Yang Xiaotian', Wang Pengchun’, Li Xia?, Lu Yang®, Xiao Rongzhen*
(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

(2. Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: Ni60 coatings were prepared by supersonic plasma spraying on 45 # steel substrate, and they were subsequently treated by
induction remelting and induction remelting+forced cooling, separately. The microstructure, microhardness distribution and friction-wear
properties of the coatings were analyzed by OM, SEM, XRD, microhardness tester and pin-on-disk friction wear tester to investigate the
evolution characteristic of microstructure of Ni60 alloy coatings and their properties. The results indicate that there are great differences in
microstructure for the three kinds of coatings. The remelting treatment only by high-frequency induction refines the microstructures of the
coating, while the coating remelted by induction remelting+forced cooling forms directional crystal structure of epitaxial growth. The
hardness of the sprayed coating exhibits a downward trend from inside to outside, and the hardness of the other two coatings slightly
increases from inside to outside; therefore, despite the high average hardness of the sprayed coating, the surface hardness is lower than that
of the other two coatings. The three coatings all have well wear resistance, but subsequent treatment increases the friction coefficient of
the coating obviously, and wear-resisting performance is significantly enhanced. Particularly, the coating with forced cooling shows
excellent wear resistance, and its average wear rate is lower about 8.5 times than that of the spraying coating and about 2 times than that of
the induction remelting coating.

Key words: induction remelting; forced cooling; Ni60 coating; directional crystal structure; friction and wear
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