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Abstract: Titanium and titanium alloys have many advantages such as high specific strength, corrosion resistance, high
temperature resistance and excellent biocompatibility, and are widely used in aerospace, national defense and military indus-
try, marine ships, biomedical and other important fields. At the same time, they also have some disadvantages such as oxi-
dation-prone, low hardness, poor thermal conductivity and high electrode potential, which limit their application obviously.
Surface treatment can change the surface state of substrate, improve the visual perception and performance, and even obtain
some new functions that the substrate does not have, which is of great significance to improve the service life and reliability
and expand the application field of titanium products. At present, almost all surface treatment technologies have been
applied to the field of titanium and titanium alloys surface treatment, but still can not fully meet the performance require-
ments. In this paper, the characteristics and research progress of surface treatment technologies of titanium that commonly
used in four functional fields are reviewed, including surface modification, surface wear and corrosion resistance, surface
coloring and surface isolation, and the development direction of titanium surface treatment technology is prospected.

Key words ; titanium; titanium alloys; surface treatment technology; surface modification; surface wear and corrosion
resistance ; surface coloring; surface isolation
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Table 1  Functional fields and common technical means of titani-

um and titanium alloys surface treatment technology

Functional fields Direction Technology
Coarsenin Sandblasting, wire drawing, acid
Surface & etching, laser etching
modification Refinement Manual grinding, sandblasting,
S CNC, AFM, CP, EP, EPP
Traditional ; shot peening, ball
. rolling, plastic deformation, cyclic
4 ?urfac? friction
etormation
strengthening New: laser shock strengthening,
intense pulsed electron beam sur-
Surface wear face strengthening
and corrosion
resistance Surface Thermo-chemical treatment, ion
alloyir;é implantation, anodic oxidation,
MAO
Surface Electroplating, electroless plating,
coatin thermal spraying, laser cladding,
& liquid deposition, vapor deposition
Sutface alloying il;fac](\-:/l Argtndlng, anodic oxida-
Surf;%cc . Electroplating, electroless plating,
coloring Surface coating vapor deposition
Surface etching ~ Chemical etching, laser etching
Surface alloying  Anodic oxidation, MAO
Surface

Electroplating, electroless plating,
laser cladding, liquid deposition,
vapor deposition

isolation Surface coating

Notes: CNC represents computer numerical control, AFM represents
abrasive flow machining, CP represents chemical polishing,
EP represents electrochemical polishing, EPP represents elec-
trolyte plasma polishing, MAO represents microarc oxidation
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Fig. 1 Surface morphology of titanium alloy after plasma polishing

[20] .

(a) macromorphology of flat sample, (b) macromorphology of

small arc sample, (¢) surface micromorphology of flat sample
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Table 2 Characteristics of titanium and titanium alloys refinement technology

Category Manual grinding CNC AFM Ccp EP EPP

Structural complexity Low Low/medium Medium High High High
Ultimate R, >1 pm <0.03 pm >0.1 wm >0. 1 pm <0.03 wm <0.02 wm

Gloss High Medium/high Medium Medium Medium/high High

Surface integrity No No No No No Yes

Operation difficulty High Medium/high Medium//high High High Low

Efficiency Low Low/medium Medium Medium/high High High

Cost High Medium/ high Medium/high High High Low
Limited Limited Limited Limited Limited Theoretically

Applicable material

(high hardness) (high hardness) (high hardness) ( material type) ('material type) unlimited
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Waste treatment . . . . . .
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difficulty
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Eco-friendliness Medium ( dust) Medium ( dust, oil ) (e ll)u . 1;; Low ( corrosion ) Low ( corrosion ) High
abrasive
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Fig. 2 Comparison of wear resistance and corrosion resistance of TC4 substrate and TiAIN coatingwﬂJ . (a) weight loss after wear,
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