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Effect of Scanning Speed on Properties of Laser Surface Remelting
Layer of CuCr Alloy

Wang Xu"’, Yu Gang"*”, He Xiuli"’, Li Shaoxia'’, Tian Chongxin"’, Shao Jiayun"’, Liu Baohua'
'Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China;
*Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049, China;
’School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China;
‘Beijing Orient Vacuum Electric Co., Ltd., Beijing 101500, China

Abstract The effects of scanning speed on the remelting layer depth, microhardness, surface roughness, and
tensile and fracture behaviors of high energy density laser surface remelting CuCr50 alloy were investigated. The
results show that with the increase of scanning speed from 2000 mm/min to 8000 mm/min, the average depth of
remelting layer decreases from (486.24-32. 8) pm to (26. 8413. 4) pm and the average microhardness increases from
203 HV to 250 HV, which is about three times of the substrate microhardness (85 HV). The surface roughness
increases with the decrease of scanning speed. The yield strength of CuCr50 alloy after laser remelting treatment on

one side surface is 16.5% —~28.0% higher than that of untreated alloy. The fracture morphology of the remelting
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layer is equiaxed dimple, showing the ductile fracture.

$£59%5 F18/2022F 1 A/HEBEFFHRE

The fracture morphology of the substrate is mainly

intergranular fracture extending along the grain boundary, showing the brittle facture. Thus, mechanical properties

including microhardness and yield strength of the modified CuCr50 alloy are greatly improved. By modulating the

scanning speed, laser surface modified alloy with better comprehensive performance can be obtained.
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1 CuCr50 & 4 o (a) filh 35 J5t 4 5 () o 4141

Fig. 1 CuCr50 alloy. (a) Contact specimen; (b) microstructure
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FHAT LA B0, 75 A RE 35 0 R 3% 220G 3k 1T
B (3 B A 3k 10000 mm/min) FHHE N T, S8 T
FmSrm T A k.

P2 WO 3 T PR e 5 DA 52 36 R R R A
Fig. 2 Schematic diagram of laser surface remelting

experimental system
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Table 1  Processing parameters of laser surface modification
process
Laser processing parameters Value
Scanning speed / 2000, 4000,

(mm-min ') 6000, 8000, 10000

Laser power /W 530
Spot diameter /mm 0.09
Overlapping rate / % 20
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3 CuCrb0 & 4 B2 S T OS5 44 o (a) B RS540 5 (b) SRR R 181 1%

Fig. 3 Cross-sectional microstructure of the remelting layer of CuCr50 alloy. (a) Overall view; (b) local magnified image
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(e) 10000 mm/min
Fig. 4 SEM images of remelting layer under different scanning speeds. (a) 2000 mm/min; (b) 4000 mm/min; (c) 6000 mm/min;
(d) 8000 mm/min; (e) 10000 mm/min
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PELS 30 4l X 8 B 22 T L 1) 52 T
Fig. 5 Influence of scanning speed on the depth of

remelting layer
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Fig. 6 Influence of scanning speed on microhardness
distribution of remelting layer r R kG T A T )RR B e K
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Table 2 Relationship between scanning speed and surface roughness of CuCr50
Scanning speed /(mm+min ') 2000 4000 6000 8000 10000 Original
R, /pm >10 5.49 5.27 5.06 3.34 0.81
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Table 3  Tensile property parameters of laser treated and

original specimens

Scanning speed /

4000 6000 8000  Original

(mm-+min~")
Yield strength /
MPa

233 225 212 182

L7 TR I 35 R TR 70 2R 20 A1 1 (a) J B2 5 (b) A

Fig. 7 Fracture morphology and element distribution map. (a) Remelting layer; (b) substrate

4 4k

AR SCZI T R T A (8,33 X 10° W/em®)
FeAE T CuCr50 A 4 11 3 T ER 3 I 8 okt (VB
BFIE] A 0. 6~3. 0 ms) , A& 04 $i 5 J3 2 52 i 475 5k )2
PE i A0 5 5 2 80, 6 2 T 0P S R R TR R
FHLRS B2 S 0B 3R Ao M BB S WY B RE A AT 0
Br, EELAENF .

1) CuCr50 f 4 28 WO 3 T P 34 BE b 31 35 15
T TR 43 P T A e VA B AT Cor A Aok 40 4k B
B, DLBRIR 4 &8 218 50 R 003 A FE 1S BEJE N 5
T B O BV R ) B 2 A R Y 1S 0 i
/N T B R BUER RN R A BE R R N (486. 2+
32.8) um fEE (26.8+13.4) pm,

2) Btk S5 CuCrb0 & 4 M b Bl B 5 A K i 42
AN (BN T 9 S (i SIS TR N
2000 mm/min 5 hi 2| 10000 mm/min, % & 2 1Y F
Y uE A h 203 HV AT 42 F1 ) 250 HV, J& k4 il 2
(85 HV ) 1 2. 4~2. 9 4% ; 2 THDHLRE B Bl 43 4 2 145 11
Rof AV T 388 O o 3 4 T 2 0 ot R A R IR Ak A

994-2022 China Academic Journal Electronic Publishing llfotbquGAll rights reserved. http://www.cnki.net

o1l

[ A 1 FH S [ 5 S 1), HELRE B2 11 186 K 5 30 B
AR

3) B % 1 KOG A B AL B TS CuCr50 & 4 1
Il iR 5 A AR Ab BB ORHE T T 16, 590~28. 000, H )
2Pk RE AE AN R A AR TR A T B R 5 B )2 Y T 1
L2 B0 H TR ) S5 Al T bR ) M R R R T A D)
S AV i SR R 1 A DB 2 2 A DB 24 Ok 3 1 e
PEWT AR AE

& % x #

[1] Zhang X H, Zhang Y, Tian B H, et al. Review of
nano-phase effects in high strength and conductivity
copper alloys[J]. Nanotechnology Reviews, 2019, 8
(1): 383-395.

[2] Xian A P. Cu-Cr contact materials for high power
vacuum interrupters[J]. The Chinese Journal of
Nonferrous Metals, 2001, 11(5): 731-740.

VBT KT E A TT A Sk MR P A
RS, 2001, 11(5): 731-740.
[3] Chai L J, Zhou Z M, Xiao Z P, et al. Evolution of

surface microstructure of Cu-50Cr alloy treated by



595 F18/2022F 1 A/HEBEFFHRE

(4]

(7]

[10]

(11]

(C)1994-2022 China Academic Journal Electronic Publishin

high current pulsed electron beam[J]. Science China
Technological Sciences, 2015, 58(3): 462-469.
Wang Y H, Sun Z B, Zhou X, et al. Effects of
cooling rates on solidification of CuCr25 alloys[J].
Rare Metal Materials and Engineering, 2006, 35(8):
1289-1293.

Chen Y H, Ren S B, Zhao Y, et al. Microstructure
and properties of CuCr alloy manufactured by
selective laser melting[J].
Compounds, 2019, 786: 189-197.

Shuai C J, Yang Y W, Wu P, et al. Laser rapid
solidification improves corrosion behavior of Mg-Zn-
Zr alloy[J]. Journal of Alloys and Compounds, 2017,
691: 961-969.

LiM Y, Chao M J, Liang E J, et al. Investigation
on laser surface modification of copper[J]. Chinese
Journal of Lasers, 2011, 38(8): 0803001.

FHE, B, BT S CubRHEOG R R
WFFE(7]. s EOE, 2011, 38(8): 0803001,

Zhao J Z, Ahmed T, Jiang H X, et al. Solidification
of immiscible alloys: a review[J]. Acta Metallurgica
Sinica (English Letters), 2017, 30(1): 1-28.

Zhao S Z, JinJ B, Xie M, et al. Effects of scanning

speed on microstructure and wear resistance of

Journal of Alloys and

Cu80Fe20 immiscible coatings prepared by laser
cladding[J]. Chinese Journal of Lasers, 2019, 46(3):
0302005.

B, SO0, W, S 1 R BOL e A
Cu80F e20 i it 1% 2 2H LU 5 f 5 PE e OS2 mm [T, v [
Ok, 2019, 46(3): 0302005.

Majumdar J D, Manna [. Laser surface alloying of
copper with chromium-I. Microstructural evolution
[J]. Materials Science and Engineering A, 1999, 268
(1/2): 216-226.

Majumdar J D, Manna I. Laser surface alloying of
copper with chromium-II. Improvement in mechanical
properties[J]. Materials Science and Engineering A,
1999, 268(1/2): 227-235.

(14]

[15]

[17]

b7

%lllli)é se, All rights reserved.

Liang S H, Fan Z K. Structure and properties of
CuCr50 prepared by laser fast remelt[J]. Laser
Technology, 2000, 24(6): 388-391.

HRIE M . OB TR B CuCrs0 i S bR 9
BT HERE(T). MORHEA L 2000, 24(6): 388-391.
Miao B H, Zhang Y, Chang X H, et al. CuCr50
alloy contactor by laser alloying[J]. Applied Laser,
1999, 19(5): 253-255, 288.

PR, SR, W, A BOLIR T BE CuCr50 4}
Kof g d R0 B M Bt L 1999, 19(5): 253-
255, 288.

Tian B H, Zhang Y, Liu Y. Preparation and
properties of Cu-Cr alloy coating on Cu matrix by
laser surface alloying[J]. Advanced Materials
Research, 2012, 581/582: 467-470.

Si S H, Zhang H, He Y Z, et al. Liquid phase
separation and the aging effect on mechanical and
rapidly  solidified
Cuyy ,Cr, alloys[J]. Metals, 2015, 5(4): 2119-2127.
Liu J, Zhou Z M, Tu J, et al. Microstructure and

electrical properties of laser

properties of CuCr50 processed by laser surface

treatment[J]. Surface Technology, 2016, 45(5):
169-174.
XA, JAEW], W, L HOERMEH CuCr50 6 4

9 S 2 B K bk B [J]. 3R £ R, 2016, 45(5):
169-174.

Zhang L. T, Yu G, He X L, et al. Phase separated
characteristics affected by cooling rate of immiscible
Cu-Cr alloy by laser surface melting[J]. Journal of
Alloys and Compounds, 2019, 772: 209-217.

Zhang C L, Li P, Cai J, et al. The microstructure
and properties of tungsten alloying layer on copper by
high-current pulse electron beam[J]. Applied Surface
Science, 2017, 422: 582-590.
LiZY, Yu G, He X L, et al. Numerical and
experimental investigations of solidification parameters
laser dissimilar

and mechanical property during

welding[J]. Metals, 2018, 8(10): 799.

http://www.cnki.net



