W44 o8l b EH OB Ot Vol. 44, No. 8
2017 4E 8 A CHINESE JOURNAL OF LASERS August, 2017

W B BOCKE B TiB, Hun BB IR )2

EXILE, AL, B O£V REEV, BALYE, 2 BV
P TR R K FAM R TR SR, LI 2016205
2 I T VR SR OB BRI T AR O AR B R R 2 K Pl s g 201620

WE  LUBEERKE-6)F TiB, NGB B AT EOCE A R S 4 (Cr-Zr-Co R I #5187 LA KF-6 Jyid i
JZ, Uk TiB, #RE I AR ZE AL Z B IR Z . TS R B EE M A TiB, & AH . HAERMKZE P
HBUE BN B2 5 3R LR M B AT 1150~1450 HV ZJi] ;24 TiB, RSB0 10% 8 HE R EAA
Hi/J\E/] 122 TiB, Fitk /400 30 00 B8 B IR 2 B BN RN BEHE R A (20 0.4) s 4b T IL A R s Ak )2 22 [H]
B3 P 2 L BB 500 55 5 Ak 2 5 B A 2 T 40 R B A 5 70 (AR VAR U2 A B G T T R T L O

EEIE OMOLEAR: BORKEE; A4S BEs; TiB.: MERE

hESES TGI74.4 XERIRIRES A

doi: 10.3788/CJL201744.0802001

TiB, Reinforced Ni-Based Gradient Coating on Copper Alloy
Surface by Laser Cladding

Fang Liuyang"?, Yao Yansong'?, Yan Hua'*, Zhang Peilei’*, Gao Qiushi'*, Qin Yang"*’
'College of Materials Engineering , Shanghai University of Engineering Science, Shanghai 201620, China ;
®Shanghai Research & Development Center for Key Technologies o f Intelligent Equipments o f Ulira-Intense

Laser Processing, Shanghai 201620, China

Abstract The gradient coating with the nickel-aluminum (KF-6) as a transition layer and with the TiB, reinforced Ni-
based composite coating as a strengthened layer is fabricated by laser cladding on copper alloy (Cr-Zr-Cu) surface with KF-6
and TiB, as cladding materials. The study results show that the microstructural morphology of TiB, is obviously different in
the strengthened layer when the TiB, content is different in laser cladding powders. The average microhardness of the
strengthened layer is between 1150 HV and 1450 HV. The gradient coating has the lowest wear rate when the mass
fraction of TiB, is 10% . When the mass fraction of TiB, is 30%, the coefficient friction of the gradient coating is stable
(about 0.4). The transition layer between the strengthened layer and the substrate can effectively reduce the abrupt changes
of the composition and microhardness between the strengthened layer and the substrate, which makes the transitions of the
composition and microhardness smooth in the gradient coating.
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BIHEAT T 4 FPAEABE NI ESESS 2 F A B NS B EIZ M &, 45 B F U, 40 Ni,Ni-30Cu,
GH-01.Ni30 J& Nid5 54 Je bt 2 (8] i = M 55 2% L 0 78 2 B B T DX A7 A R d i B, 1 3 35 i AL KF-6 &
G TEBOC S ROV KR A VE T T B T 5 3R R AR 45 A A, B 2 ks IRk — 4
W T KE-6 15 8 )2 2 S 302 5 0 5 4 10 ST 25 & FR R I A2 E 20l v-Ni B 1 Ni; AL A Nis Al
ZH N A VB SN IR LT X 8 (N, Cu) [ VA 1A 2 BL IR 1A 4 454 LT i Sl

A SCAESE T ZE 10 B Al b 3l S OIS BB R EE & & RS — 2 s (KF-60O o )2, R 5 #
R LIEE—)2 TiB, M EE A WRE. 5% T AN TiB, & ®REE G ZER gl 26 & 5 fi
s B MR . A BT T TiB, 384 58 AH 76 47 1t v 1) B ol B 5 40 A R

2 MRS T

S FE AR B RE R Y Cu-0.9Cr-0.26Zr = JUH & 4 M\ 3% 55 45 & 4 40 A b D7 30, 8 F i st R
50 mm X 50 mm X 10 mm BYARIR , 28 Wi b 4b B 25 B R i Ak W . SE 3R T T00 8 M K I 7 v . AR R R R Y
S0 KF-6, By R 0 W3 1, TiB, By AR BE N 0.5~1 pm, 4K T%TF 99.5% . s fb 2 KB WK 2, 78
BOCAFRET R RS SR ARG VRS RNR A 5 BUE T4 6 4 5b b, 9008 o )2 0 oK R R 2
0.7 mm, K FHRINE T EOE TRARAF HV-V1-400 Bk oh 3 Nd: YAG #0625 K& B 0980658 IR 3OE s
Bt R Ar KT RY A R EN 25 L e min ' OB E BTG TAEDIR R 300 W, ik b v
BEHR 1.1 ms, Jkb 3N 60 Hz, B EAEN 1.5 mm, FARME RN 5 mm « s L BHERN 40% ., WERILZE
BIARIERELZN 1 mm, BOGIEE DK 350 W, HRSH RS EZSH.

F 1 OBREEB RS (KF-6) JFi & 2040, %)

Table 1 Compositions of nickel-aluminum powders (KF-6) (mass fraction, %)

Composition Al Impurity Ni
Content 4-6 <2.5 Bal.

K2 AR TR AL 2B AR 4 OBt 4, 200

Table 2 Compositions of strengthened-layer powders for different samples (mass fraction, %)

Sample No. K, K, K,
Composition 90% KF-6+10% TiB, 80% KF-64+20% Tib, 70% KF-6+30% TiB,
I n AR P Z U BN LI T2 BT B0 05 1m0 U0 %0 51 4 AR R 1R 28 4 A 0 40 - i O s

AT i B FR) y 1e 1e A A CORFREL) B UK R A 1R R R K IO TR G W /K A 2 30~40 °C L Ji itk 120 s,
K I H A7 S3400 BUFT 4 L 1 308 (SEMD W88 I 20 2 1 oW 2 2. R 40 4 Pl 45 TE 42 19 g 0 [ (EDS) 43
MR 2 1 Ay TG R A A o R T 22 M9 FE2 7] X pert Pro 5 28 £ 55 A (XRD) 43 # FVEG 22 U )2 (14 9
FHZ R I FARS sh 26K R 0.02°, 454 ff B2 LA 20°~90°, I Sl B 3 SR FH 1 1A 28 W O 22 AU 28 A FRA )
HX-1000 & s 2 [ A B2 THHE 470 22 L 2044 100 g PRAFITE] 2 15 s, BR8P i M fig i DU R A 5 s 23 )
) UMT-3M-220 2 D) AEJEE #8451 B L, 3367 10 kg, B804 100 v« min ', IR E AR 6 mm, I [A]
30 min, iz B BR A B SK A B BB AN

3 SLYRAAR T
31 BERENWEARS
L O A B T, RSB VR 2 I R RS, L L AT AT th LR K K, RO T iR
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Fig. 1 Surface morphologies of gradient coating with different contents of KF-6 and TiB, .

(a) Sample K, ; (b) sample K, ; (c¢) sample K;
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Fig. 2 Cross-sectional morphology of gradient coating. (a) Bonding zone; (b) transition layer
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Fig. 3 XRD patterns of strengthened layer for different contents of KF-6 and TiB,
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(R AL, DB AR AR AR, SCER TR AR TiB, B AR, 5iE8 )2 b8 TiB, PR IRF AR K 2
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o EBE AR v BT G TiB, UKL I E 4 S 0 R [ S R SR L BEREL S Y TiB, UKL IR 3R E 4R W A S
P 11 18 i AL 5 P T I R T R R AR L SR O [ DA G D G TB, U Bl TR S i A AR 5 S
SR AR AE RN L Sk e RIS A B A /N FIURE X B 2 Bl R R B R BELAS 1 R A0 Ak RO R
TR Z RN
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Fig. 4 Microstructure of strengthened layer for sample K,. (a) Top; (b) middle; (c¢) high magnification
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5 Ce) s g iR A J2 i A8 R ROR 25 A T A R B 20, ] DA Y 5 A 28 R AR Ay S o ) 32 82 IO AR 20 210, A B A
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Fig. 5 Microstructure of strengthened layer for sample K,. (a) Top; (b) middle; (c¢) bottom; (d)(e) high magnification
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Fig. 6 EDS maps of element distribution in strengthened layer for sample K,
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Fig. 7 Microstructure of strengthened layer for sample K;. (a)(b)(c) Top; (d)(e) middle

3 ISR EDS 238 g 8 R B8, 9

Table 3 EDS analysis results of different test points (atomic fraction, %)

Point No. Ni Al Ti B
A 4.63 0.35 30.96 64.06
B 81.87 9.16 1.61 7.36
C - - 32.37 67.63
D 82.47 8.99 1.33 6.21
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Fig. 8 Longitudinal distributions of microhardness of gradient coating
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