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Table 1 Characteristics of high power lasers for laser surface
treatment processing

Parameter CO, Nd:YAG . Nd:YAG HPDL
lamp-pumped diode-pumped

Wavelength/

10.6 1.06 1.06 0.8~0.94

um

Efficiency! 519 1-3 10~12 30~50

%

Power/kW 40 5 5 6
(max)

Average

power 10%°® 10%7 10%° 10*°
density/J em?

Service ) 000~2000 200 5000~10000 5000~10000
period/h

Fiber No Yes Yes Yes
coupling
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Fig.1 Schematic illustration of laser surface treatment processing
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Table 2 Laser surface nitriding

Substrates Laser Atmosphere Properties Microstructure Ref.
N2 O "-TiNx [25]

Pure Ti CO; laser Microhardness . -
N2+Ar HV. 6.13 GPa TiN, Ti2Ni [26]

. Sliding and fretting wear enhanced; -
Pure Ti (IMI115) Nd-YAG laser N2 Microhardness HV, 16 GPa TiN,TizN, CrzN [27]
. Wear resistance enhanced .

Ti-6Al-4V 9 kW CO;, laser N> Microhardness HV, 15 GPa TiN [28]
Ti-6AI-4V (IMI318) 5 kW CO; laser Dilute N, Microhardness HV, 5~8 GPa TiN, a-Ti [9]
Ti-6Al-4V Nd-YAG laser N, Microhardness, 14 GPa a-Ti(N), 0-TiN [29]
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Fig.3 A schematic presentation of titanium nitriding
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Fig.5 Hardness-depth profile of the LGN samples
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Table 3 Average roughness measurements (um) (Ra: roughness

values, Rim: the maximum peak-to-valley roughness

values)
Laser nitrided
Substrate - Shot peened
Parallel Perpendicular
Ritm 1.16 3.96 10.43 12.95
Ra 0.15 0.70 2.71 2.27
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Table 4  Effects of parameter values on nitride layer
properties (+: increase;—: reduction)
Laser Laser Gas flow Dilute
Scan rate - Preheat
power spot rate nitrogen
Max.
thickness * * * *
Hardness  + - - + - -

Cracking + — — + — —
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Table 5 Laser cladding for Ti and its alloy

Substrate Material Laser Atmosphere Microstructure Properties Ref.
Ti-6Al-4V NiCoCrAlY powder LS kw Ar y-Ni Microhardness HV, 8~10 GPa  [44]
CO; laser
15 kW CO Microhardness HV, 5.0~6.5 GPa
Ti-6Al-4V NiAl + ZrO, powder ' | 2 Ar TisAl, AlZrs, Al,O3 Reduced vibration [45]
aser - -
Enhanced damping capability
Microhardness HV 1,
Pure Ti  TiN-B-Si-Ni mixed powders 1 kW CO; Ar TieNigSir, TiBz and TiN 15-16 GPa [46]
laser Low friction coefficient
Oxidation resistance higher
5 KW CW Microhardness HV, 6~12 GPa
CPTi Ni-SiC Ar TiNiSi, TisSis, TiSi, NiTi,  High-temperature properties [47]
CO; laser
enhanced
N Ti-Al &ML E), 85 TiAl, TiAl & AlsTi. iX 3
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Fig.6 Geometry of cross-section of single cladding layer
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Fig.6 Effect of various parameters on the performance of the
cladding layer (+: increase; -: reduction)

Property Laser power, P Laser spot, D Feed rate, V

Clad height - + +
Melt depth + — -
Geometrical

dilution
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Max. clad
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+ — —

— + +

+ — —
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Research Progress on Laser Surface Treatment of Titanium and Titanium Alloys

Zhang Jianbin®, Yu Dongmei®
(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technol ogy, Lanzhou
730050, China)
(2. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Laser surface treatment is an effective way to improve the hardness, and resistance to wear and corrosion. Laser surface
treatment (laser surface alloying, laser cladding and laser surface melting) for titanium and titanium alloys have received more attention
for it can expand their application. Combining with recent studies, this paper comprehensively overviewed the factors affecting two kinds
of laser surface treatment methods, laser surface gas nitriding and laser surface powder alloying. The surface microstructure, performance,
defect control after laser surface treatment and the optimization of laser parameters were also summarized. On this basis, current problems
and future development were described.
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