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Fig.1 Schematic illustration of laser modification of NiCrBSi-
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Fig.2 SEM images of specimen section (a) and local

amplification (b) of thermal spray welding
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Fig.3 SEM images of the microstructure of the coating surface before and after laser remelting: (a, c) before laser remelting

and (b, d) after laser remelting
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Fig.4 EDS analysis spot (a) and EDS spectrum (b) in the micro

area of the coating by laser remelting
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Table 1 Quantitative results of EDAX energy spectrum in
the micro area of the coating by laser remelting

Element /% at% Net intensity Error/%
(0} 8.75 50.77 69.16 12.01
Fe 2.72 4.53 69.40 7.34
W 88.53  44.70 667.23 2.31




354 - G E AR

847 %

o, N R BERA BRI AR R R ) WC, R R
X 2T G s SR I OR B, A vl 38 B A T A
T B T IR 2 JE N BB ORI HUBURE I
R 2P AHA L WOs. WO, IX B8 i fii LU K A AL I 5
1) HH B0 2% 3 SO BT AH IR 2%, R ARV )25 1 s BT
PERE
2.3 HAERAIEYESHTK

Kl 5 R LR AE NiCrBSi-WC ¥R /2 & WOL &
ARG XRD B3, {FH jade BA-F3 A BE I LX)
FrifE PDF R AT R I,  WWOG AL B FT AR 2 3 ZE YA
} Nip.oCro-Fegs6« WC. FeNisy WoC, JLri 5t 331
y-Ni FJJEE Fe J Cr At A, BB S i) IX I
ORI WL, LT C BAK CrsCy U HA St i 45 22
(PUERE . C M CryCo AR HER, U6 BH AR R )2 W
LV LI 0 i, AR WoC IR 5 25 T WC, H 2
24N WC A A 1A WoC, &l 2 R 3 AL,

Bl 5 B 2 o OGRS ), R Ee bRV
J B 9'-Ni £ 42 NiyoCro sFeq 360 WC K WoC,s
L T (Cr, Fe),Cs &AL . Ni FEh A A S C,
3 B A DV TR L B R N 12 R S WC 23 i 1
T4 C LI DA AE O G AL E R WC A fi# 1) C T B
D6 PR RS J b, e [ v kS A . A STk
RIE Ni FAR P IREC T MeC (NisW3C. NigW4C).\
Cr,Csv CrapsCo F5EA FTRRALIIAH, X LEHT HI 1) p ik AL AH
T LD I H— 2o A A, A A 1) B
A A DL HE BT IO I SRR OO X 4
WS (B A I 22, MOVRECT p A s T A () i
MAEFE, AR I BT PR P A 21 16 5

BOCTE IS — B2 S AR U HE S BOR SN,
M XRD R EG B 1% v DL HAE 20=44°F 3T Nip o-
Cro7Feq 36 1 FeNiy [ 32 W06 i RS =y, WOLA B 5
CI1D) i tin b AR A7 01 B W AR Bi Ak, 75 51.4°F1

1:Ni Cr Fe 5:CrC,
29707 T0.3% 372

2: FeNi, 6:Cr, G,
3:WC 7.C
4WC

)
7 5

Intensity/a.u.

42 44 46
2
I 2

N ———

Laser remelting 3 64

pray welding Y
20 40 60 80
20/(°)

Kl's  WOLERHTE NiCrBSi-WC /)2 1 XRD & i
Fig.5 XRD patterns of NiCrBSi-WC coatings before and

after laser remelting

75.6° /7 A7 I UR i A T P A ) B ORI AR B I %
VLI Z 0 NI JE A kA T4 DL HES1 A4 K B
—EME A, SRR ES ST (11D 1R
BALSEAK, WG RO A R S X, S A A
F SR BE AR AT RN, W2 IR G A AR 4 i 1S 3
L.
2.4 HAERBRUREESHLTK

P 6 g Mt v J2 20 O A BRI i BT T A S fRl
FEor A, RILAE W Q235 B 3 H0 FE AR (1) 1 3 0 ket
7 1630 MPa, 7780 MPa >4 Ni60 3 {4 [ 44 &b fichifi J5£ .
M it S 1) g v A FEE AN AR 1T, T AR AR VR JE R 0.2
mm oA AT, AR ] 1 U2 TR SEM. K
Wi 1% F1 WC 7E Ni FErh i A 0%, fESERR T
PRI AT WL, DRI TR vE 4 4 A i R e R R O 1 i
7 S R JE () AR . I 6 Hp S AR R AR Ak mT DLy
3RSy A1 JEAE WA R R T A A AR A B Ay B
By, AR 0.25 mm A4 N EOEE K E, HAF
57 S PR FE PR O AR BT I 8560 MPa 3 Jin B kb B 5
9090 MPa., —J51HI A4 Ni JEA 4 E WGl iR id
R R [ Sk i v R T ) 2 FLIX AR AR B, 534 WC
IYRII4H /N WoCL C F By Si Je B HE Ni v, flik
T X 3 14D 5 1 45 B3R v o 58 2 B SRR VE KR R 0.1
mm Z5A7 IR, B TR 100 MPa, R iX—
4 A AE A Rl AR X 2 B A R, HUAT /D B b A
FORL . 55 3 FB oy e SR SR DI, X — 040 DN 52 2 1
HOE N, AR A TR
2.5 WEHEZEMETL

7 A SR AR AR 2 R e Tl A 395 4 16 h ) XRD
B, S5 bl R I D A M A 2 o R B A 40 B e A A A (1 U
SRAR /N, IXJE R NiCrBSi [ B Si 76 W5 R 4 i v
Bt R B ™ . AE 20=36° M1 ITH 1591 NisB A
U,  20=31.5°FUc 7 NiSi [15506, B B0 RE R A 1

12 ‘ -
< —®—Thermal coating
o |—®— Laser modification
S10}f Sl
= gl 7Moo ] LR
5 Quenching zone
Z 6
an
73
S 4T Do .
_g : Binding region
52
s —a L

Substrae Coating

-0.4 0.2 0.0 0.2 0.4 0.6
Point Position/mm

Bl 6 OGS T 5 ¥R )2 W I kel 8 43 A A2 Ak
Fig.6 Change of microhardness distribution of the coating

surface before and after laser remelting



B WAL 55 WIS RO TS Ni 2k WC WU B PRI 5T * 355
5 160

#*Ni;B " 143.8mg 7771 Wear loss of coating 0

0 Niy;Sip g | |Wearloss of GCr15 g

v NiSi w4 {120 &

5 © Ni,B g =

é 6 h after borosiliconizing o W,C g 3 8

2 v O 80.2 mg 80 =

= by T o

= * s

L @2 2F 8
=} =}

™ |4 h after borosiliconizing —~ 1.3 mg 40.8 mg 40 —

51 140 5

) 0.6 m o

Original spray welding layer 3 B

10 20 30 40 50 60 70 80
20/(°)

Bl 7w Rl IL8 4 Al 6 h JS ¥R )2 XRD Pl
Fig.7 XRD patterns of spray welding layer and the coating

borosiliconized for 4 and 6 h

FEKC AT DL I P A Ve s R B Sl i . T HLOANEL 7
] LLE R AR EE L ) 40 NisSips NipB 7E
XRD B35 o H I HL A S Aa v J2 e s 19 noof b BH o i
WL BB N T By Si o, BN TERZM
Ni;B. Ni,B. NiSi ZW#EY), 1 HAEAN NiCrBSi &
SR SRA, B ARSI TRAR T AR A e g
B. Si SRECH, SFHE0E Ni JEA S B ERE A R K B .
0 T T L PR 5 R 4 SI 60 > B IE X —
2.6 PEEIEESIT LRI

P 8 S IR 4 NiCrBSi-WC W45 )22 1 25 30 4 Ab
BE DL K 28 0 F I I A 3 v A B S G e R B 4R
0 AL 7 P R 4 % A5 B b IF) AR Ak i 2, T DU Y B 4
W T ey B = ) PR 8 R AT ZE AR, (EL A I i) (1 38
K 46 WA JE 1) R R BT 0 KRR % B 2 Ja KT
1, FHT 52 A JEE 8 22 00T DR 35 T 00K 0T g 2 P 6T B A B} e
TR ) JRE B B e AR Ry e A DI BE g o) R PERE . AR
AWFFE I E T SEM IS AT LRI, X ) i

35

— Spray welding layer
Laserremelting layer
Laserremelting and boriding layer

w’u 1 1 1 1 1 |0¥28 1 1 1
0 200 400 600 800 1000 1200

Time/s

B8 WA WO T Ak FR O s T AR A FTR )2 Y
JEHE R B

Fig.8 Friction coefficient of spray welding layer, laser remelted

coating and laser remelted and borosiliconized coating

Spray welding layer

Laser remelted Laserremelted & borosiliconized

Sample Type

B9 MR WO T Ak FAN O IR A A B 2
GCrl5 ) JiE 45
Fig.9 Wear loss of spray welding layer, laser remelted coating

and laser remelted and borosiliconized coating with GCr15

BH )5 2 BT 3 T AN B PR O 46 R 3 i« 8 WO R
FE A G AT DL YRR R A 2 A LR A, 1
BOGAEHR 3 T 82 IO AL 2L, B T B B g
1 FLOE AR 3R 5 55 301 s i ik Ak 20 gt 2 45 D AH AL
B2 PR R Kl 0.583 [0 0.428, T H1E &L N ALK
MRE . BRAE R 48 R R AN, Ul IR X iR
21 125 R BT OO

i 9 WRAEY GCrl15 FEEEEHR 4 2k B 7] UG
i, PR BB OB AR EE AT 1.6 mg BRAKA Kb 2R J5
1.3 mg, BWOLMMEESLB ARG 0.6 mg, Ji4h
MR JZ2 0T B 1K) GCrl5 BRI EE A 0 143.8 mg, EIZ K
FHOGEE LR AE LRl 3B 2 X BE kB
I RO SSOHE (R J2 D2 2UAS 7 3 0T B A B b
XA R A T UIHIMER, 230 GCr15 MBI Z .
WOGTE AL B RENE 5 v 2 1 5 vk, ELIeE St is Re e
IE LA bR e B R L 115

3 & g
1) 48 B S 2 20 0 26 T e A T L K

AL BARILFI A0, W 2 AR ARG P B
F WC FIURLE T4 5 1 Ni JE5 & 7 5

2) JC Ni 3L 351 WC R RIEWROE G~ 5y
fift % WoC\ C, Horp—28 C R Ni 34 4 1 Rt i 16 Al
AR FE P [ % HE Feo Niv Cr oG&E Y, Al Cr;Cs.
(Cr, Fe);C; G RALMAANG 2, WERESE K. WR)ZR M
WOCHAE IR EIS 025 mm, “FRAEREH 8560 MPa
H4 0 E) 9090 MPa, A2 T J7 Bl B AR AL A K

3) B ILB R R NisB. NiSi 4561k ¥ M fik:
A%, WRAN T NICrBSi 75 mi 0 b 3 5% i v g /b
) By Si Bl JiAH o



* 356

G E AR

847 %

4) WOtk 2 1) R R A RAR AR 0.583, ¥R
2 TR B PR R B R, A Il AR LS R R A
BE— DAL E 0.428, JF Hid BEPEE & 1.17 %,

2 3k

[1] Qiu Wenping(JE 3 #), Zuo Yangchun(Z:FH#), Ye Fang(™:
77). Hot Working Technology(F\ i1 L 1T 2)[J], 2014, 43(5):
223

References

[2] Gonzéalez R, Cadenas M, Fernandez R et al. Wear[J], 2007,
262(3): 301

[3] Liu W H, Shengshieu F, Tienhsiao W. Surface and Coatings
Technology[J], 2014, 249(7): 24

[4] Wang Qun(E ##), Chen Zhenhua(%:J%4£), Ding Zhangxiong
(1'% M) et al. Journal of Hunan University, Natural Science
(IR R 2740, HARBRARR)[I], 2007, 60(4): 57

[5] Chaliampalias D, Vourlias G, Pavlidou E et al. Applied Surface
Science[]], 2009, 255(6): 3605

[6] Zhou Liang(Ji #%), Cui Shan(4£ ), Zhang Yong(ik 5) et
al. Materials Review(F ¥ FH)[1], 2015, 29(7): 15

[7] Li C J, Yang G J. International Journal of Refractory Metals
and Hard Materials[J], 2013, 39(6): 2

[8] Zhang Wei(3k f§), Guo Yongming(¥57K B]), Chen Yongxiong
(MR7K ). China Surface Engineering(% [E £ 1 L F2£)[J], 2011,
28(6): 1

[9] Navas C, Colaco R, Damborenea J et al. Surface and Coatings
Technology[J], 2006, 200(24): 6854
[10] Wang Dongsheng(+ %<42), Tian Zongjun(H 5% %), Wang
Songlin(EMAMK) et al. Transactions of the China Welding
Institution(JE 24 [J], 2012, 36(11): 13
[11] Liang G Y, Wong T T. Surface and Coatings Technology|[J],
1997, 89(1): 121
[12] Mu Dong(#£ %), Hu Zhihua(#]:5 %), Shen Baoluo(JL £ 2).
Rare Metal Materials and Engineering (% 4B Mkl 5 1
F)[J], 2015, 44(8): 1979
[13] Zhang X C, Xu B S, Xuan F Z et al. Journal of Alloys and
Compounds[J]. 2009, 473(1): 145
[14] Lu Xuping(J5 %°F), Wen Zhixun(#d&E M), Yue Zhufeng(f;
BU&) et al. Rare Metal Materials and Engineering (%if 4=
JEAEHS TR[], 2015, 44(5): 1173
[15] Suo Jinping(Z#F), Feng Di({% %), Luo Heli($% & 1) et
al. Journal of Functional Materials( T g #4 #1)[J], 2003,
45(2): 221
[16] Hou Shuzeng(f%544), Bao Chonggao(#l 5% %)), Li Yefei(Z=
JEX). Rare Metal Materials and Engineering(Wif3 4 J&#4 1
5 T[], 2015, 44(7): 2270
[17] Wu Gang(%= HNl), Song Guangming(4<J%#]), Huang Wanjuan
(B Wil). Laser Technology(¥ 6 H: AR)[I], 2007, 45(2): 163

Wear Resistance of Laser Remelting Ni Based WC Spray Welding Layer
Reinforced by Borosiliconizing

Yang Lijun, Dai Wenhao, Dang Xin’an
(Shaanxi University of Science & Technology, Xi’an 710021, China)

Abstract: NiCrBSi-WC coating was prepared on Q235 steel using the oxygen acetylene flame spray welding. Afterwards the surface of the
spray welding layer was modified by laser followed by solid boronsiliconizing. The microstructure, phase structure and microhardness of
the coatings were analyzed by SEM, XRD, EDS and microhardness tester; and the wear resistance of the coating before and after treatment
was compared by the friction and wear testing machine. The results show that the surface of the spray welding layer under the laser
scanning process becomes smooth and dense. The main phase Ni, oCro7Feo 36 and FeNi; components of the coating are not changed, but the
main phase in the arrangement of crystal plane exhibits the preferred orientation and the crystallinity increases. The WC is partially
decomposed into W,C, W and C. And C is dissolved into the Ni base to increase Cr;C and other carbides. Thus the hardened layer depth is
0.25 mm and its microhardness increases to 9090 MPa; as a result, the wear resistance of the coating is improved. On the basis of the laser
remelting, boronsiliconizing can increase boride such as Ni3B, Ni,B, and NiSi, and silicide hard phase, the average coefficient of friction
decreases from 0.583 to 0.428, and the wear resistance is increased by one time compared with that of the laser treated coating.

Key words: thermal spray welding; Ni-based WC; laser modification; borosiliconizing; wear resistance
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