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Effects of Y,0O; on Microstructure and Properties of Plasma Surfacing
WC/Ni60 Surfacing Layer

WANG Zhenyu, LIU Zhengjun, Al Xingyu, LIU Zheng
(School of Materials Science & Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: The nickel-based composite surfacing layer was prepared on Q235 steel plate by plasma surfacing, and the
effects of different contents of Y,O; on the microstructure and performance of the nickel-based tungsten carbide surfacing
layer were studied. The microstructure of the surfacing layer was analyzed by SEM and XRD, and the hardness and wear
properties of the surfacing layer were tested by Vickers hardness tester and end-face high temperature friction and wear tester.
The results indicate that the addition of Y,0; makes carbide regularization in the surfacing layer, and it grows around with WC
as the core. The main phase in the surfacing layer is y-Ni (Fe), WC, W,C, MxC¢, M(C, Cr,C; and FeNi; phases. The
microhardness of the surfacing layer added with 1.2%Y,0; reaches the maximum value of 970 HVO0.5, which is 283 HV0.5
higher than that of the surfacing layer without Y,Os;. Under high temperature friction and wear conditions, the minimum wear
amount 1s 2.8 mg, and the friction coefficient is about 0.32. At this time, the wear mechanism 1s slight abrasive wear.
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R EHIEANE SRR Y0, kg WC HEE 2 o Ni60 , H a4 W3 1, 100~300 H 4l & 99.9% 1) 7= I
T T Y0 & E NI WC(30%)HE R 2 0 20 241 WC, LA & 300~500 H 4l & 99.9%1) Y,0,, El 1 X4

0 TR BE DA K B 0% 1 HE Y 52 e R AR KB R EFEREBEE .
L s J % 1 Ni60 %ﬁ%*%wéﬁiﬁ(mﬂiﬁﬁ,‘yﬂ)
1 ﬁtgﬁﬁﬂ * d 7'7_ fi Tab.1 Chemical composition of Ni60 alloy powders(wt%)

1.1 iR H R » B Si Cr Fe Ni
R ) Q235 ﬁﬁﬁé‘%ﬂ,, :

K1 3 #*ﬁﬂiﬂﬁfﬁ%ﬁ%

Fig.1 Morphologies of three powders

1.2 KEFHE |

R B0 e PR BB b LA AT, P L e e
i 2= BRI TS, B JE TR B T iR AR R L % Y,0, B |
BN 0% .0.4% .0.8% .1.2% . 16%*}}51651‘%5 30%
WC-Ni60 ¥3 K& 5 FHIE M PLIR &, 8 FH A7 B BRI
%Eﬂﬁﬁ%m 5 FhAS [l R EKEE 2h Ij%?;—.ﬁF ) 43 AR T
= 150 C L TFAE R 1R 2h, R BX-ZH-400A %55
TR R R EITIAE , ALK T 2S8R E

. w(C GMGC

CES—

i 120 A 2% 100 mm/min 2%} 3 BE 15 g/min 55 & A .
AU E 4L/min R IHE 10 L/min, B8 B % 2 AR Y0, &8 HEEE 6 XRD K%
A-FE B 12mm . i B 6 B 5 W 28 o 18 = O 2H 22 Fig.2 XRD pattern of surfacing layer

with different Y,O; contents

UL R B 45 e i RE B BB T 3, 1 X ST e AT ST A o
P HE LR Z P AR X HE AR 2 AT 4 FCAE B IR 1 5 2, v-Ni (Fe) [BE#ANEEEM; [FBF A2 WC A
Fi M 0.5ke JNERETE] R 15s, A REREEREK  W.CH ,RIFHEZTH KK WC K, w7 WC
a5 AL 3 1 1Y B i BE, R IR L b4 mmix 15 BURLTE =S IRAVER o f# 8 WL,C, XRD 53R A . HE
mm Y [B] 4, X B I 1%k B8 i 5 B 29 61lHRC HY B =E P b FFE MuCe MLC.CriCs FF ik tb 9 LA X

GGrls R &, FEEEHRIRAKSECN iz /1 300N, FeNi; L &89,

#5100 t/min B E) 30 min R 400 °C . 76 iR 56 /i K 3 NSRS & Y0, W HERE RO 4H 21 SEM
f5 4 % BB AR AR, BAE TS L 1 g 1% JRk &, A&, ﬁf%ﬂ%ﬂﬂl?i?ﬂmiﬁﬁ*m%%k%
210 SH IR 5G B B EEE B BN WC.IF BFEH Y0, B8, &£ 45 WC [ Bl 8 45 4
. i A4, JHEEBRZE R Y0, B, WCJ"I]
2 HBRERIITW oh WY WINPT RS o A ST 1 B S N E I 53
2.1 HWIEEWHEEMMAEL 75 . RGN 0.4%Y,0; J5 , MR Z B O 4H 28 1 15 &

K 2 REINA R & &M L Y0, #EEJZR XRD AR A, A 2 SRR B B AE B B s | [R] B R LR
Kk, Al E/ N, A I Y,0; X HELZ YA 25 AR i 358 2 A A ZE R RIS S G B, S Y0, 5 E
N HHR R R 3 A AT 5 1 R y-Ni(Fe) , 1368 a3 0.8% 5, 2H 23 45 #4) 43 A AH X %5 4 | ﬂ%k%;/—**

-101-



T T2
Hot Working Technology

b)0.2% Y20 ¢) 0.8% YO S
p R LA b Y | i

() 1.6%Y,0J

3 A Y0, & B HEARE R A

- SEM A

& (Fig.3 SEM images of surfacing layer
':' with different Y,O; contents

WC Jﬂmﬂlﬁaaﬁf}%’ft%[’ﬂﬁ iit_if:t.fd;‘%{t%ﬁ{ﬂm FE = 283HVO0.5, iX nl B2 B T#i L i i A e 2E 1 HE
B E KREW R, B YaO; m:hu%ijs #1.2%  BEPaieIE Bas R a3 20 4rak, Al A 2] 97K
A, MEAR 2 2H 20 0 20 |, 2 R A i Ak ) T iR AR AR ST T HEARZ B9 BN 2 Y,05 A
% JF H.ax s 3L i AL ) I 6 AR M5 9 WC Hzm oA, T Y0, M AR E, TR Z el e —
i) & B A XTI 1.6%Y,0; IHEREZE | vl & 3] e RIE I Y,0;, 18 e 2%, FRAK T HEXR 2 6 5

HZ5 ¥k & K284k (B 238 S bk A6 8 - 16 il 7) | &l 5 RHTER— B =5 AR Y0, &% &
A i RO AE RS J;igrlTﬁ‘éElEIiﬂJhn/\ﬁ w1 Y0, BHERERCEXYRE D G5 R R, RN Y0, H{Jrfffk:‘?:
{15 fa it i s A TR, BT s e iy BB EARREKR, ME Y0, Famism, nl &
e 2 LA GFHE Y | 50 v A R REAIG , X H R Z BT B A rek 3, A m 1.2%Y,0;

SR S NS A B 1 ) [R] 38 K e REESHEEREHI, N 2.8mg, LL R
2.2 RREE K ERERE Y0, WHEB Z R TR 35%., MUL 4558 n]

4 AR Y0, S EHERZEMLAEREEE nlFH  H, BiUKEN G SE S XTSRS0 R 21
1], MEXR 2 0 B BE JrC ey R B A A X2 T HE FH— 2
P2 vh RIS WC B AFAF DA B e il B8 i Ak B0 19 A= il
b, Bl Y,0; f"ihn PR N, HE R 3 I R
B Th e e BRI L 2 YL,0; RN 1.2%0) , HER JZE /)
S H A ECRE B G B e ey, A 970 HVO.5, 29k B 4 il
B 155HV0.5 /Y 6.26 1%, L AR MA Y,05 B HE LR 2 fiff

N

=N

o

=1

Jit ik i 451 /mig

2
T

—
i

1000F

0.4 0.8 [ 2 1.6
Y0, & (%)

&S AE] Y,0; & i HEE ZE 8 K H

7=
=,
-
= 600}
E
==

= 400 *0%Y,0;
+-0.4%Y,0; Fig.5 Wear mass loss of surfacing layers
200} ot 0 20 with different Y,0; contents
- | 60/DY O
! . , ! 73 ‘b KNIEl 42 B V. b M HE O B2 A C %%
077000 0 1000 2000 3000 4000 5000 K 6 FASA] & i Y0, otk HE 4R 2 7E 400 C 5%
BAG 3 SCHOHE RS / um B R AU & B L rT A L BE Y05 @8N
Kl 4 A[E Y,0, & HHERZ /Y W il B s T " e E o A _
2 | / ot hir - b3 3‘ FE 1 _:‘._I- — }if { ; -}'
Fig.4 Microhardness of surfacing layer s (1R HE KR 2R P R R S N R R R 5
with different YO, content 7 JBS 45 0) 300 B 45 2% AR 4 BRI A B, 3 2

102-



HmTTZ
Hot Working Technology

0.6} i 2% 1 2 UK i V& B4, FLBEE i 2C LB RL R 400 NG
o.sl ww 0-’ o BEEHON L M .00 AR 0.4%0 e85 i B
o NG Mo Lo o — R ST AL R ELAE B TAT IO AL S 4

W& 0.4 idm"w‘f J A0.8% S a8 b 5 =
= -l Wh T2k BRI A A0 . Y.0, YA A
| S, 51| 0.8% 0 , HE 2 B0 ] A58, 0 4 X 3k o1y B
e PR P | X B R LA R 451 O I FEBEER IR B
T T v T A Y BEA , FEE Y,0; B3] 1.2%00], B4 i vl & |
.. VF 25 0 AT TIOR8 5 AN
Fig.6 Friction-c-:;efﬁ;ent of surfacing layer B, IR B 453 72 2 D8 6 Bl PR L 401 K PR N A i
with different Y,O; content i 1Y Y0, {8 HEE = v 5 sk 4L 47 1 g -2 215040 4y
NAEI R b Bk R i AR E B P Br ., H P R AN i, e T HERR JZ AP BB AL I I RE ), HE AR J= 3K
Y,0; RYHELR Z FE R R B K LI 8] 0.51, Bl Y,0; & 7 Ry pt B R U B B9 PERE . [R] S i 1 b nT 4l 1k
HIEIN N 1.2%0F F‘*T@%ﬁﬁ“ﬁ@] 032 &%, E an Rz, BHL Lk = A RSy AW [n] |, (9745 HE X8 = b i o AH
FE 45 R B R B A R IR K T AGE  MELURIEE T ok, e 1 B R BB IPERE . 29 Y,0;
H Y Y0, _IQ[H%J?FH:F;::E’J?E..A,— AE_@E?«E}%@H@ o BN E] 1.8% T, HE KR 2 B 4 Y ) A T dn
AR Y 534650 A, Bt LA B A s 4 Y B 40 P e O Rl R M AE A IR 5T NN R BRI R | B

KT e i S 1 40 a0 T A [R) HE AR = 1) B 40t i 1] A AR T IR PR HESSJZ B 4 2 B AL
M, ATE RN Y0, (IHESRZ R A K- Bt R or BN £, A 8T Y05, ATHE =4 K
TTHAHE  wbr X B/ 2R E A A, W HER )R mok %MTﬁfﬂﬁfﬁfJ&F s

OIAER - R | [ ———

{

4(d)1.2%Y.0

Htll

5 i
==
L b3
o
[ayay
O

_?.

&7 AFE Y0, FREREDN
% 40 JE 3
Fig.7 Wear morphology of surfacing |
layer with different Y,O; content

SR A, o OT0HVO.5, 7 i 1 6 5 A% T i
PN GE R Y0, AT HE AR Z R e,
(1) Y0, BImASE THEZHHORA L iE Y0, 8 Inm oy 1.2%F HELR T2 ief B e dme 1 LH:BT
g 1Y Y,0, AT AR AP AL, L WC R0 32 2] 1Y F18) S 401 BIL ol A A A S R s 4t
K HEXR)Z E YA O y-Ni(Fe) (FeNi, [5 %14,
LK KAL) WC R4 i e IR WoC, llatic gy BB 3k
M..C, .M.C .Cr-C, ‘}Iﬁ?)'%’ftfm ) [1] Lu K, LuJ. Nanostructured surface layer on metallic materials
e _ : induced by surface mechanical attrition treatment[J]. Materials
(2) Y50; 1A i % e e Y P = Y Lo Y2y i - Science and Engineering A-Structural Materials Properties

= Y50, NNaE o 1.2%0 ; HE AR )25 1 33 48 [C A S aA Microstructure and Processing, 2004 ,375.38-45.

-103-



BT T2
Hot Working Technology

[2]

[3]

4]

[5]

[6]

[7]

8]

9]

(B 99 )G &R EEE
AT (111)F1(200) i T

X% ZFEHRA, £ XK, 5. TiN Xt Fe-Cr-C i B #E 47 & & 4
2 R B R[], KE R 4,2019,40(10):15-19.
Zhuang M H, Li M Q, Wang J, et al.

Microstructures and
wear resistance of high boron and low carbon ferroalloy using
hybrid powder/wire overlaying method [J]. China Welding,
2016,25(1):57-63.

SR XN, Ay f, % . R A A TiC 0B BR 5 i B HE A7
EREFEWE[T]. T Tk K714 ,2017,39(3):275-279.

Badisch E, Kirchagassner M. Influence of welding parameters
on microstructure and wear behaviour of a typical NiCrBSi
hardfacing alloy reinforced with tungsten carbide[J]. Surface &
Coatings Technology,2008,202(24):6016-6022.

Ye F X, Jiao Z P, Zhao L Y. Effect of Y,O, addition on the
microstructure and properties of Ni60 additives by micro-plasma
cladding [J]. Materials Research Express,2019,6 (2):7690-
7703.

Chakraborty A, Singh J K, Sen D, et al.

wear and corrosion resistance of laser composite surfaced

Microstructures,

austenitic stainless steel (AISI 304 SS) with tungsten carbide
[J]. Optics & Laser Technology,2021,134.106585.

BAE XBCE 2,55, BRPEGSEZIITHER Fe-Cr-C-B-
W & & HA RERE]. B ,2020,41(3):86-90.

He X, Song R G, Kong D J. Microstructures and properties of

i Ta AHZH A, H Ta F
%ﬁﬁéak Eﬁﬁtiﬂ*ﬁl i1 55

I B9 B A 2 PR, (B AT S 5 BE 2 P et AL
900 ‘C & 4 )2 XF I B Ta 477 59 U6 98 BF B 1) o

29% , K B

3) AFBEZET Ta g2 2/ B B
mTEMA M HEE B REERIK, B Ta 84
XE LA A H AR 2 J ik R g HL T b R B AIK, 900
& J= W R R e B A, Tl R A 8 R
R A i F 1k P BE

IH

2 % L Hk:

[1]

(2]

[3]

ORGE,FR L0, F. AN SRABRS
FE[]]. " EE,2015,30(2):41-48.

KA S B, kKT, %, REFHEMABE SRR
HHESERE [J]. mRGEMEFRFES T.#,2006,11(3):
127-132.

R KR E BKFH,E. RIHHBRS
ARBL[)]. P EEI,2015,30(2):49-52.

& BB 9 i

& AR BUR & &

[10]

[11]

[12]

[13]

[14]

[15]

(4]

15]

[6]

[7]

[8]

%]

[10]

N1/T1C/La,O; reinforced Al based composite coatings by laser
cladding[J]. Optics & Laser Technology,2019,117.:18-27.
XM . # o0 La X Cr26 RY & #% 85 2k 40 20 1 i B v BE A0 5
wJ]. T 1.4 ,2017,46(13):118-121.

Wang W, Chen Z, Feng S. Effect of CeO, on impact
toughness and corrosion resistance of WC reinforced Al-based
coating by laser cladding]J]. Materials,2019,12(18):2901-2915.
Zhang Z Y, Lu X C, Han A, et al.

microstructure and wear resistance of Ni-based coatings [J].

Rare earth effect on the

Materials Science and Engineering A-Structural Materials
Properties Microstructure and Processing,2007,454 .194-202.
Singla Y K, Arora N, Dwivedi D K. Dry sliding adhesive
wear characteristics of Fe-based hardfacing alloys with different
CeO, additives-A statistical analysis[J].
2017,105.229-240.

Fang ¥ C, Cui X F, Cai Z B,

addition on nano indentation hardness and residual stress of

Tribology International ,

et al. Influence of La,0O,
Stellite 6 coating prepared by plasma cladding [J]. Journal of
Rare Earths,2018,36(8):873-878.

Wang C L, Gao Y, Wang R,
laser-clad Ni60 cladding layers added with different amounts of

et al. Microstructure of

rare-earth oxides on 6063 Al alloys [J].
Compounds,2018,740.:1099-1107. [ﬂ

Journal of Alloys and

*F D RS, Y. REESSEMMFIIRD]. #mT
T.72,2014,33(12).5-7.

Fan J L, Gong X, Huang B Y, et al. Densification behavior
of nanocrystalline W-Ni-Fe composite powder prepared by
sols-pray drying and hydrogen reduction process [J]. Journal of
Alloys and Compounds,2010,489(1):188-194.

Xu 4, Lw X P, Zhang P Z,

et al. Double glow plasma

surface alloying and plasma nitriding [J]. Surface and Coatings
Technology,2007,201 .4822-4825.

tr skHa SR, 5F . XMUZMECTFE FRER R[] K
Ab 3 ,2009,24(1).7-17.

Braadk. BETHES SMBERKILZ®AVEMRE[D]. K
U T K% ,2016.

Wang Y, Zhang P Z, Wu H Y. Microstructure and electro-

chemical properties of plasma tantalumising on low carbon steel
[J]. Surface Engineering,2015,31(8):634-640.
Wei D B, Chen X H, Zhang P Z, et al. Plasma surface
tantalum alloying on titanium and its corrosion behaviorin

sulfuric acid and hydrochloric acid[J]. 2018,441:448-457. Iii

-104-



