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Research Progress on Surface Treatment and Coating Protection
Technology for TiAl Alloys
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Abstract: TiAl alloys represent among the most advantageous alternative materials to nickel-based high-temperature alloys
for aeroengine applications because of their low density, high specific strength, and superior high-temperature performance.
However, their oxidation resistance above 700~800 C is inadequate, severely restricting component reliability and service
life. This paper reviews and discusses recent advances in surface protection technologies for TiAl alloys, organized by
coating material systems, preparation methods, and failure mechanisms. In response to the growing demands for
comprehensive material performance in aerospace engine components, a research trend in which protective coatings for
TiAl alloys are evolving from barrier protection toward functional integration solutions has been identified.
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Fig.1 Schematic diagram of the oxide film and oxygen diffusion zone on the titanium alloy surface!
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Fig.2 Statistical chart of the oxidation weight gain of the TiAl alloy oxidation-resistant coatings at different temperatures and
holding times

1 TiAl
Tab.1 Data sheet of oxidation weight gain for high—temperature long—term oxidation coatings on TiAl alloys

Coating Substrate Exposure Mass gain Lit.
AlSi Ti-31Al1-8.6W 800 'C,3900 h 0.67 mg/cm? [10]
AISi+F Ti-45A1-2Nb-2Mn 950 “C, 1 000 h 1.08 mg/em? [13]
AlPt Ti-45A1-8Nb-0.8C 950 ‘C, 1000 h 0.50 mg/cm? [15]

Pt Ti-45A1-8.5Nb-0.2W-0.2B-0.02Y 850 'C, 3000 h 1.26 mg/cm? [79]
SiBCN Ti-48A1-2Cr-2Nb 800 ‘C, 1 000 h 0.59 mg/cm? [101]
TiAlICr Ti-50Al 900 C, 1 000 h 0.68 mg/cm” [34]
TiAICrY Ti-45A1-8Nb-0.2C 850 'C,2000 h 1.01 mg/cm? [103]
TiAICrY+7YSZ Ti-45A1-8Nb-0.2C 850 'C,2 000 h 1.01 mg/cm? [103]
TiAICtZr Ti-48A1-2Cr-2Nb 900 ‘C, 1000 h 0.35 mg/cm? [37]
TiAICrHf Ti-45A1-8Nb-0.2C 900 ‘C, 1000 h 1.23 mg/cm? [34]
NiCrAlY Ti-45A1-2Nb-2Mn 900 ‘C, 1000 h 1.08 mg/cm? [28]
CrAIN Ti-45A1-8Nb-0.2C 850 'C,2 000 h 1.25 mg/cm? [100]
CrAIN-2YN Ti-45A1-8Nb-0.2C 850 “C,2 000 h 0.80 mg/cm? [100]
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Fig.3 Schematic diagram of thermal spraying!'”
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Tab.2 Advantages and disadvantages, typical representative coatings and application scopes of different preparation
processes
Coating technology Advantages Disadvantages Typical coatings Applicable components

Physical vapor deposition
(PVD)

Thermal spraying

Diffusion infiltration

Laser cladding

Double glow plasma

surface alloying

Dense coating, strong Challenging for deposition on

adhesion to substrate, no large/complex components; high

substrate damage equipment cost

High deposition efficiency, ) ) . )
. High porosity (requiring sealing
excellent adaptability to . .
. treatment); relatively low bonding
complex/large-sized
strength
components

Excellent bonding (no Thin infiltration layer; poor

spalling), mature process, low  uniformity on components with

manufacturing cost complex cavities

Dense metallurgical bonding Susceptible to thermal

with substrate, precise stress-induced microcracks; low

selective cladding processing efficiency

Controllable composition . .
Complex equipment configuration;

gradient, moderate process ) o )
low industrialization maturity

temperature

TiN, AICTN

NiCrAlY, YSZ

Al-X, Si-Y

CoCrMo, NiCrAlY

Multi-element alloy

coatings

Precision cutting tools,

engine blades, gears

Combustor liners, guide

vanes

Turbine blades, fasteners

Wear-repaired turbine
blades, load-bearing

components

Chemical industry valves,

small-sized components
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Tab.3 Compound formation and effects of elemental excess

in the coating

Element

B-(Ni, Co)Al

[123]
o

3
Cr,0;,

=0.05 , Al

[3.46]
) o

B-NiAl

[9,34]
o

. MCrAlY
Ni,TiAl/
NiO, bt

,Ni

’

Main compounds

Cr TiCrAl, CrN, Cr,0;

Y04

TiN, AIN, TLAIN

Ni NiAl, Ni,Al;

HfO,

Hazards of excess Lit.

Ti/Al imbalance, inhibits the

formation of a-Al,Os, and

Ti TiAl, Ti;AL TiN

[83, 124]

increases coating brittleness

and internal stress

Forms brittle TiAl; phase,

reduces coating adhesion, and

TiAl TiAl;, ALOs

[77-78]

intensifies interfacial

interdiffusion

Forms o phase, reduces

toughness, and hinders the

[76, 125]

formation of Al,O; film

Y,0; segregation, accelerates

internal oxidation, and

[126-127]

increases coating brittleness

Increases coating brittleness

and internal stress, prone to

[47, 106]

microcracks and spallation

Accelerates coating-substrate

interdiffusion, causing

[84, 128]

coating spallation

Increases coating brittleness,

hinders the formation of AL,O; [34, 129]

film, and prone to cracks
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