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Research Progress of Laser Cladding Coating on Titanium Alloy Surface
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ABSTRACT: Laser cladding is one of the important technical methods for surface modification of titanium alloys, and has
become a current research hotspot. The research status of cladding materials, phase composition and strengthening mechanism
of laser cladding high-temperature and oxidation-resistant, corrosion-resistant, wear-resistant and bio-ceramic coatings on
titanium alloys at home and abroad was summarized. The high-temperature and oxidation resistant coating was mainly attributed
to the oxygen barrier effect of TiO,, Al,03 and other phases, which improved the oxidation resistance of titanium alloys at high
temperature; the corrosion-resistant coating was mainly due to the solid solution strengthening of TiN and Ti,Ni phases and the

fine-grained strengthening of martensitic o', which improved the corrosion resistance; the wear-resistant coating mainly
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improved the wear resistance due to the dispersion strengthening of TiC, TiB, TiB, and other phases; and bio-ceramic coating

enhanced the biocompatibility of titanium alloys due to the presence of HA, CaO and other phases. Then, the main defects such

as un-melted particles, spheroidization effect, cracks, pores and inclusions caused by the differences in thermal properties

between the cladding material and the substrate, improper sample pretreatment, and improper process control were described,

and the laser power, scanning speed and other process parameters were regulated to preheat the base material and introduce

protective gas and add appropriate component additives to control and improve related defects. Finally, the development

direction of laser cladding coating and technology on the surface of titanium alloy was prospected.

KEY WORDS: titanium alloy; laser cladding; surface modification; oxidation resistance; corrosion resistance; wear resistance;

bioceramic coating
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Tab.1 Resear ch progress on high-temperature oxidation coatings
Ref.  Substrate Powers Coating Phases Related properties Action
[17] Ti-6Al-4V  Ti, V, Cr, Al, TiVCrAlSi (Ti,V)sSiz, Alg(V,Cr)s, Improve the oxidation resis- SiO,, (Ti,V)sSi;, TiO,,
Si and a BCC tance of Ti-6Al1-4V at 800 ‘C Al,O; and a small amount
in air of V,05
[18] Ti-6Al-4V  Ti, AlB, (Ti;Al+TiB) o-Ti matrix, Ti;Al and High temperature oxidation TiO, + ALO; layer and
/Ti TiB and wear of resistance B,0; particles was formed,
effectively hindering the
oxygen diffusion
[19] Ti-6Al-4V ~ Ni, Ti, Si Ni-Ti-Si TiSiy, TipNi and TisSi; Higher microhardness, good TiO,, Al,Os, Si0,, TisSi3
phases wear resistance and good oxida-
tion resistance of coatings
[20] TA6Zr4DE TigAl,CryNb TiAl-based ¢-TiAl and o,-TizAl Better oxidation resistance than Nb and Cr inhibite the
phases substrate intensive growth of TiO,
[21] Ti-6Al-4V ~ NiCrBSi, TaC TiNi/Ti,Ni  TipNi, TiNi, TiB,, TiB Improved the oxidation resis- Ta,Os and TaC
and TiC tance
[22] vy-TiAl Co, Cr, Mo Co-Cr-Mo  y-Co (fcc), e-Co (hep), Improves the oxidation resis- CoCr,Oy
and CryCq tance of coating
*2 WEMRERARHAR
Tab.2 Research progress on corrosion-resistant coatings
Ref. Substrate Powers Coating Phases Related properties Action
[24] Ti-6Al1-4V CPTi CPTi o’-Ti, Anodic current density was Acicular o’ martensite and
acicular/widmanstat lower increasing scanning speed
ten o
[25] Ti-6Al-4V Ti-6Al1-4V  Ti-6Al-4V o, a’, B phases Noble corrosion behavior com- Formation of martensite and
pared to the untreated substrate grain refinement
[26] Ti-6Al1-4V Ti-6Al1-4V  Ti-6Al-4V  o-Ti, B, o’ martensite Improving the electrochemical Increase of the scanning
corrosion resistance speed, the decrease of crystal
surface spacing
[27] Ti-6Al1-4V Nb Nb a-Ti and B(Ti,Nb) Corrosion resistance resulted AlTi;, AlTip,, AlyesTig 36,
to about 81.79% compared to Al;;Ti;s, AINbTi, and AINb;
the substrate
[28] Ti-6Al1-4V Co, Ni CoNi TioNi, Co;Ti, Al;3Co,4, Improving the corrosion be- TioNi, Co;Ti, Alj3Co,
intermetallic NiTi, Ni;Ti havior
[29] Ti-4Al-1.5Mn Ti, TiC, TiB, TiC/TiB, o-Ti, B-Ti, TiC, TiB, Corrosion resistance of the Grain refinement and the

laser cladding specimens is
clearly becoming better than
the substrate

formation of TiC and TiB,
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Tab.3 Resear ch progress on wear-resistant coatings
Ref.  Substrate Powers Coating Phases Related properties Action

[30] Ti-6Al1-4V  Ti, TiBy, Ni  TiC/TiB/Ti,Ni

/TiNi composite

Ti, TiC, TiB, Ti,Ni, TiNi 863HV,,, friction coefficient TiC, TiB

lower and wear resistance was

improved
[31] Ti811 TC4,Ni60, Ti-based TiC, Ti-2Ni, TiB,, and the = Improved the microhardness TiC phase, an appro-
CeO, matrix o-Ti and the microstructure refined priate amount of
CeOz
[32] Ti-6Al-4V  NiCrBSi, WC reinforced  y-Ni, TiC, TiB,, Ni3B, 813~1109.8HV 5, the micro- WC, Y,0;
WC,Y,0;  Ni-based M,;C¢ and WC hardness improved and the

wear resistance increase

[33] Ti-6Al-4V  NiCr/Cr;C,- y-NiCrAlTi/TiC o-Ti, TiC, TiIWC,, 1005HV,, friction coefficient Einforced TiC and

WS, +TiWC,/CrS+  y-NiCrAlTi, Ti,CS and and wear rate are greatly dec- TiWC, carbides and
Ti,CS CrS reased the CrS and Ti,CS
sulfides
[34] Ti-6Al-4V TiB, Ti-based a-Ti, TiB, and TiB phase =~ High hardness and high wear TiB fiber bundle
resistance
[35] Ti-6Al-4V Ti, SiC Ti-based Ti-rich phase, and the in- 932.2HV, the wear resistance TiC and TisSi;
composite situ formed TisSi; and TiC was improved
phases
[36] Ti-6Al-4V  Niand Ti NiTi coating NiTi,, NiTi, unreacted Ti, Improved hardness and wear Hard NiTi, phases
and TiAl; resistance along with NiTi and
other intermetallic
x4 HEYBEREHARER
Tab.4 Resear ch progress on bio-ceramic coatings
Ref.  Substrate Powers Coating Phases Related properties Action
[29] Ti-6Al1-4V Nb Nb a-Ti and B(Ti,Nb) phases The toxic effect emanating Nb
from released vanadium
and aluminium ions
[38] Ti-6Al-4V Hf, Nb, and Zr Hf-Nb-Zr An acicular o-Ti and B- Alzheimer’s disease was Hf, Nb, and Zr

(Ti, Hf, Nb, Zr) solid solu- reduced

TizP, and Ca3Ti,O; and Bio-ceramic to promote the Tricalcium phosphate

growth of the bone (a-TCP) and HA

HA, a-Ca,P,0,, CaO and Biocompatibility of the materi- HA, a-Ca,P,0;, CaO

als used for implantation and CaTiO;

CaTiO;, Ca3(POy4),, and Higher cell attachment and HA, SiO,

proliferation rate

metal powders  composites
tion phase
[39] Ti-6Al-4V HA CaP coating
CaTiO;
[40] TA2 CaCOj; and HA coating
CaHPO4 2H20 CaTlO3
and titanium
[41] Ti-6A1-4V  HA and SiO, SiO,-HA
Ca,Si04 phases
[42] Ti-6A1-4V  HA and FGM CaP-TiO,

bio-ceramic and TiO,

CaTiO;, CaO, B-Ca,P,0; Higher cyto-compatibility

a—Ca3(PO4)2, and T102
rate
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Tab.5 Classification and characteristics of cladding materials

Cladding materials

Characteristic

Examples

Self-fusible powder

Ceramic powder

Composite powder

Rare earth oxide
powder

It can form good wetting and bonding with the base material and
improve metallurgical effect. Ni-based alloy powder has good
self-melting property, good toughness and heat resistance, etc., but poor
performance at high temperature. The self-fusibility of Co base is worse
than that of Ni base, but it has the best high temperature resistance and
good toughness, wear resistance and corrosion resistance, but the cost is
higher. Fe-based alloy powder self-melting effect and anti-oxidation
performance are worse than the first two, but the cost is lower

Excellent corrosion resistance, wear resistance and oxidation resistance

The formed cladding layer is compact and has excellent comprehensive
performance

Rare earth elements can easily react with other elements in the cladding
layer to form rare earth compounds, improve nucleation rate,
effectively refine the structure, and thus inhibit the crack tendency of
the cladding layer. It can improve the mechanical properties, oxidation
resistance, wear resistance and corrosion resistance of the cladding
layer from different angles

Ni-based, Co-based, Fe-based, etc!*®

Carbide ceramics, boride ceramics,
silicide ceramics, etc!*”!

Such as carbide, nitride and other
high melting point hard ceramic
materials and metal mixture into the
powder system

Such as adding Ce, La, Y and other
rare earth elements?®”
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Tab.6 Main problems and measures of laser cladding coating of titanium alloy

The main problems Mechanism of production

Countermeasure

Unmelt particles

Due to the unreasonable density of powder bed and the

: 1
Increase laser power and reduce scanning speed®!)

reduced solubility of some elements in melt during
solidification or the low laser power, the scanning

speed is too high®”
Balling effect

With laser scanning and melting of powder particles,
the formation of molten pool, laser scanning speed power

The balling effect can be avoided by using higher laser
or lower scanning speed to reduce the

will inevitably affect the movement and stability of length-width ratio of the molten pool or change the

molten pool, molten metal material due to a large

stability of the molten pool. That is to say, the

viscosity gradient, not wetting the solid layer, melt solidification time is shorter than the decomposition

under the action of surface tension into a spherical time

phenomenon, known as balling effect?®”

[53]
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The main problems Mechanism of production Countermeasure

Crack The interaction between laser and powder is a process Preheat the substrate, reduce the temperature gradient;

of rapid melting and rapid cooling of powder. Because Proper addition of nucleating agent can control the
the whole process is very short, far from the phase nucleation rate during solidification, reasonably control
transition equilibrium state, and the superheat and the laser power and scanning speed, and reduce the
super-cold degree are large, the thermal and physical generation of thermal stress. By ensuring the wetting
properties of cladding material and substrate material bonding between the substrate and the first cladding
and improper parameter control will form cracks in the layer, avoiding balling effect, selecting the appropriate

molding process

lap rate and the appropriate laser power density can
effectively enhance the metallurgical bonding between
the cladding layers and reduce the crack tendency!™”

Pores and inter- The protective atmosphere is not qualified or the Ensure the stability of the atmosphere and the quality of
layers molten pool is pushed too fast, the powder is wrapped the powder itself, and reasonably control the speed of

into the molten pool before melting

the molten pool
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