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Laser-oxidation-assisted micro-milling process of binderless tungsten carbide
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Abstract: Binderless tungsten carbide ( BTC) is an ideal material for high-temperature resistant molds, but the
high hardness and low toughness characteristics lead to a poor machinability, making efficient and precise
machining difficult with existing cutting methods. In order to improve the machinability of binderless tungsten
carbide and achieve high-efficiency and high-quality machining of binderless tungsten carbide, a laser-oxidation-
assisted micro-milling process for tungsten carbide was proposed in this study. The oxidation ablation experiments
were carried out on the surface of BTC using a 1 065 nm fiber continuous laser. The effects of different laser power
levels, scanning speeds, and the number of scans on the morphology of the ablation grooves were studied to analyze
the oxidation mechanism of BTC. Then micro milling experiments on the oxidation grooves were carried out.
Meanwhile , a control group without laser-induced oxidation process was set up for comparison with the micro milling
experiments. The advantages of the laser-oxidation-assisted micro-milling process in the machining of high-hard,
brittle tungsten carbide were explored. The results show that the surface of BTC showed obvious oxidation and
ablation traces when the laser power was greater than 7 W. Higher power levels and the slower scanning speed lead
to more intense oxidation ablation. Under the high-temperature effects of the laser, thermal cracks generated at the
bottom of the grooves, and the length of the thermal cracks was reduced by multiple laser scans. The tungsten
carbide grains were oxidized at high temperatures, and the oxidation product was mainly the loose WO,. The laser
oxidation process can lower the tool wear and improve the machinability of BTC.

Keywords: binderless tungsten carbide ( BTC); laser processing; surface morphology; oxidation mechanism;

micro milling; tool wear
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Fig.2 Laser oxidation experimental device
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Fig.3 Schematic of laser ablation assisted micro-milling

SRR ) HSR AR AR R 247 0.25 mm [ PCD
PTIERKBET] . BT IO RE A AR AR AL s U IR
J& 4150 nm, PRI EBEHI IS 3 0 =20 000 t/ min, #F
AV £=0.025 mm/s, LI EREL EZSH N 75 nm <
150 nm, BEHISE0L B G F, A SR O ERE
214 100 pm , KRR E AL 2 8 58 2 VIRR , %
SEBEHRIE 58 B 120 wm, AR4EBR S J) A1
BEHIVRE R 7.3 wm, BEE BR YTHI R B R 500 nm,
TR 2R A5 F) Ao el FH ) R
1.4 RAHERESMK

WO RE /) FAE LTS e 58 JFO A0 | B0
SRR HOWZH L WA RS . O TS A A
AT AR RAAIE , 38 o X0 S A be b f5 R R4 T i AT
JE UGS T SRR, SR H AR 3
SRR W AUEE VK-X260K {58 it i vy i 14 3% 1
JEBURHE . >R H A JSM7200F 14 L Ba WL £¢
S8 Tk TR AR P 2 T/ AR T RO A SR A AT R i 2%
BC A5 9 2 AL A X-Max B35S0 i 45 ¢ i X3 Y
JEEAMN,

R T RAETCEEEE AR AL B AR WOCE I R A
fe7=¥y , % A & 52 D8 Focus X HF 2 A7 5 X ik
SRl By # T #EAT XRD K. | T i IX XRD
K i e /MR SF R 1 mm x 1 mm, OEEHEE R B
FHO0.1 mm, WE 4 PR, EEBEEBCTR P =
27.0 W, FWli#63 S =5 o/min, HIHHEF K
0.50 mm/s RHIBEFE A I LM% TFE R =2 mm
AIRFE, THRERSE R b, 5 —E | Jestm 4
Bah0. 1 mm, IE4F 568 B AR MW &, W 4
7N, X I %% 28 s IR, p PG B 4 i UELAT
REFEVERY 3 4~ (1.2.3) (B AT XRD &, 2341 4
TP,



- 134 - Mmook E T Ak K% o 5T
N
F
(a) WAL %
(b) HOETHE12.0 W, 3 #3% F0.05 mm/s

Bty o B b NN s

o BS BASRERENRALSZRAR

Fig.5 Initial oxidation and accumulation on the surface of BTC
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Fig.4 Schematic of XRD sample preparation and detection
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Fig. 19 SEM of tool flank wear of the experimental group and
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Fig.20 Schematic of the ablated groove cross-section
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