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fabricated by nanosecond laser, the composite processing technology of ion beam etching (IBE) and nanosecond laser was put
forward. For the first time, we propose an IBE-assisted laser processing approach to fabricate pit-type micro-textures on the
surface of WC/Co cemented carbide substrate. The effects of laser scanning speed, repetition frequency, pulse width, and etching
time on the surface morphology and structure size of micro-pits were studied, and the evolution model of micro-pits profile in
this composite process was preliminarily predicted and established. The accumulation of molten materials at the edge of pit-type
micro-textures increased with the increase of laser repetition frequency, which was inversely proportional to laser scanning
speed and pulse width, and laser repetition frequency had the greatest influence among them. Besides, the diameter and depth of
micro-pits fabricated can be adjusted by changing laser repetition frequency and etching time. After IBE for 150 min, the height
of irregular bulge at the edge of micro-pits fabricated by nanosecond laser at 20 kHz, 25 kHz, 30 kHz, and 35 kHz repetition
frequency decreased from 1.112 pum, 1.675 um, 2.951 um, and 3.235 pm to 0.222 pm, 0.689 pum, 0.976 um, and 1.364 um
respectively, and the etching rate was proportional to laser repetition frequency. What’s more, the surface roughness of polished
cemented carbide increased from 0.022 pm to 0.079 um after IBE for 150 min, while which of laser textured cemented carbide
decreased with the increase of etching time. In conclusion, the evolution of surface micro-textures profile based on IBE-assisted
nanosecond laser is established, and the high precision controllable fabrication of micro-textures on WC/Co cemented carbide
surface is realized.

KEY WORDS: ion beam etching (IBE)-assisted laser processing; WC/Co cemented carbide; pit-type micro-textures; processing

parameters; surface topography; profile evolution model
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Tab.1 Physical properties of cemented carbide materials

. Fracture Thermal Thermal expansion
- Density Hardness Flexural . h
Composition/wt% Ag-om) /GPa strenath/MPa toughness conductivity coefficient
& & /(MPa-m'?) J(W-m™ KT /(x107°K™)
WC+6%Co 14.6 16.0 2300 14.8 75.4 4.51
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Fig.1 Process flow of IBE-assisted laser method
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i ' ' | exclusion i Process Parameters Value

i Vaport T E Center wavelength/nm 355

; i Nanlosecond Focal length/mm 160

! ' aser .

: ! Working power/W 20
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Fig.2 The schematic illustration for laser micro-texturing Ultimate vacuum/Pa 1x107*
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Tab.3 Orthogonal experimental scheme and results

Scanning  Repetition

Test speed frequency I_’ulse H/pm
number /(mm-s ™) KHz width/ns
1 300 20 2 1.742
2 300 25 4 1.889
3 300 30 6 3.012
4 400 20 4 1.112
5 400 25 6 1.667
6 400 30 2 3.026
7 500 20 6 0.407
8 500 25 2 1.140
9 500 30 4 2.803
K, 2214 1.087 1.969
K 1.935 1.565 1.935
K; 1.450 2.947 1.695
Range 0.764 1.860 0.274
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Tab.4 Variance analysis of factor level of irregular bulge

Source of Typelllsums Degree of Mean

difference of squares freedom  square F
A 0.897 2 0.449 4.768
B 5.597 2 2.799 29.735
C 0.134 2 0.067 0.710
Error 0.188 2 0.094
Total 6.817 8
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Fig.4 SEM and 3D morphology of laser textured cemented carbide surface before and after etching
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Fig.5 SEM of laser textured surface after ion beam etching for 100 min and 150 min
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Fig.10 Surface roughness of IBE-assisted laser textured cemented carbide under different processing parameters
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