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Table 1 Classification and selection rules of cladding materials

Coating Materials and technology

Mechanism

Property

Ti-6Al-4V substrate
NiCoCrAlY powders

. 750 W, 3~7 mm/s, #3 mm
Wear resistant

coating TC21 substrate
(nickel base Ti+Ni+SiC powders
alloy+ceramic 1000 W, 6 mm/s, #3 mm
materials)

Ti-6Al-4V substrate
WC+NiCrBSi powders
600~1000 W, 25~50 mm/s, @4 mm

Austenite y-Ni
Grain refinement
Dispersion strengthening

TiC, SiC

TiC, WC

The average microhardness of the
coating is two times higher than
that of Ti-6Al-4V substratet*

The average friction coefficient
and volume wear rate of the matrix
are 54.3% and 57.9% lower than
those of the substrate 22
Micro-hardness is increased by 3

times, wear resistance increased by
400 times &

Ti-6Al-4V substrate
F102Ni +TaC powders
300 W, 5 mm/s, @6 mm

Corrosion resistant

coating (Co based
and Ni based self
soluble alloys+

ceramic materials)

Ti-6Al-4V substrate
Al, Co, Cr, Fe, Ni powders
3000 W, 5 mm/s, #6 mm

Ti-6Al-4V substrate
Ti, TiBCN powders
1400 W, 7 mm/s, ®1.5 mm

Ta,0s passive film
Ti,Ni, TiNi solid
solution strengthening

Cr203, COO, F€203

Al,03, TiO,
TiN solid solution
strengthening

Ecorr increases from
~0.634 V to —0.348 V¥

Ecorr increases from
—0.273 V t0 0.25 VI*!

Corrosion current density
decreases from 1.172e™ Alcm? to
4.035e° Alcm?14®!

Ti-6Al-4V substrate
Ti, AIB, powders
1500 W, 2 mm/s
High temperature
oxidation resistant
coating (TiOg,
A|203, Cr203
coating)

Ti-6Al-4V substrate
Cu, NiCoCrAITaY powders
1500~2000 W

Ti-6Al-4V substrate
Ti48AlI2Cr2Nb powders
600~900 W, 1.6~5 mm/s

TiOy, Al,03

Cr203, A|203

TiO,+Al,03+TiN oxide film

The mass gain of coating is
20%~30% and the oxidation rate
constant is 4%~10% of the
substratel*

The oxidation resistance is greatl
improved at high temperature*’

The oxidation resistance is 10
times higher than that of the
substratel*®!

Pure Ti substrate
Tis1ZrsCus1Sns powders
300 W, 5 mm/s, @1 mm

Biological coating Ti-6Al-4V substrate
Chydroxyapatite, ca,(PO,),, CaF,, Al,05/ZrO; powders

tricalcium 800 W, 6.67 mm/s
phosphate and other

iocerami
bioceramics) Ti-6Al-4V substrate

CaHPO4 2H,0, CaCOs, Ti, La,03
powders
1800 W, 4 mm/s, &4 mm

Cu, Ca, P

Ca, P, ZrO,

Ca, P, L3203

Induced hydroxyapatite deposition,
bone formation, good
biocompatibility*’

Good biocompatibility®®”

Significant improvement in
biocompatibility™"
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Table 2 Application and mechanism of rare earth additives

Rare earth

Substrate Cladding material element Mechanism Conclusion
Ti-48Al-2Cr- - Refine and purify the Abrasion resistance is increased
2Nb NiCr-CrsC, powders L2;0s microstructure by 40%!°"!
The microhardness, wear
. . Refine grain, dispersion resistance and high temperature
Ti-6Al-4v Ti+AlIB, powders LaBs strengthening oxidation resistance are
improved®®
. Ti-6Al-4V+B,C Refine grain, uniform Ameliorative microhardness and
Ti-6Al-4v powders LaBs distribution wear resistance!®!
The microhardness is increased by
Ti-6AI-4V C042-B.C powders CeO, Refine grain, dispersion 3.44~4.21 times, and the wear
strengthening resistance is increased by
14.26~16.87 times!®”
The microhardness, wear
Ti-6Al-4V Ni25 powders CeO, Grain refinement resistance and corrosion
resistance are improved!®®
. . . . . . The microhardness is increased by
Ti-6Al-4V T'C?Aé"l\g\:'vl(\j:fsr CeO; Reflnesgi:eel:]n,ﬂs]glnlidnsolutlon 23%, and the wear resistance is
2P 9 9 increased by 57%4
Ti-6Al-4V TCA4+Ni45+Co-WC Y20; Grain refinement Increé_lset_j vvear reswta_nce{eglnd
powders anti-friction properties
The microhardness and wear
Ti-6Al-aV Co42+TiN powders Y,0; Refine grain, restrain the resistance of the coatings are

growth of TiN increased by 3~4 times and

9.5~11.9 times, respectively®®
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Research and Prospect of Laser Cladding Technology on Titanium Alloy Surface
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(1. School of Civil Aviation, Northwestern Polytechnical University, Xi’an 710072, China)
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(3. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Based on laser cladding technology of titanium alloy surface, the research progress of functional coatings with good wear
resistance, corrosion resistance, high temperature oxidation resistance and biological activity was reviewed. And the law of material
selection and strengthening mechanism of cladding layer were analyzed. The advantages and necessity of laser cladding biomimetic
coupling unit and multifunctional coating were discussed. Aiming at the causes of major defects such as cracks and pores in the cladding
layer, improvement measures such as preheating the substrate, post-treatment, adjusting process parameters and preparing gradient
coatings were proposed. Meanwhile, the future application and development trend of laser cladding technology on titanium alloy surface
were prospected in order to promote the innovation and development of this surface coating technology and provide new ideas for the
preparation of high quality, high efficiency and low cost new cladding coating.

Key words: titanium alloy; laser cladding; bionic coating; research perspective
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