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Surface modification methods Modified lyaer Objective

Mechanical methods

Machining

Griding

Polishing

Blasting

Rough or smooth surface formed by

substration process

Produce specific surface topographies;

clean and roughen surface; improve

adhesion in bonding

Chemical method

Chemical treatment

Acidic treatment

Alkaline treatment

Hydrogen peroxide treatment

<10 of surface oxidelayer

1 of sodium titanate gel

5 of dense inner oxide and

porous outer layer

Remove oxide scale and contamination

Improve biocompatibility, bioactivity or

bone conductivity

Improving biocompatibility, bioactivity

or bone conductivity

Sol-gel
10 of thin film, such as

calcium phosphate, TiO2 and silica

Improve biocompatibility, bioactivity or

bone conductivity

Anodic oxidation

10 to 40 of TiO2 layer,

adsorption and incorporation of

electrolyte anions

Produce specific surface topogrphies;

improved corrosion resistance; improve

biocompativility, bioactivity or bone

conductivity

CVD
1 of TiN, TiC, TiCN, DLC

thin film

Improve wear resistance, corrosion

resistance and blood compatibility

Biochemical method

Modification through silanized

titania, photochemistry,

self-assembled monolayers,

protein-resistace, etc.

Induce specific cell and tissue response

by means of surface-immobilized

peptiteds, proteins, or growth factors

Physical method

Thermal spray

Flame spray

Plasma spray

HVOF

DGUN

30 to 200 of coatings, such

as Ti, HA, calcium silicate, Al2O3,

ZrO2, TiO2

Improve wear resistance, corrosion

resistance and biological properties

PVD

Evaporation

Ion plating

Sputtering

1 of TiN, TiC, TiCN, DLC,

and HA thin film

Improve wear resistance, corrosion

resistance, blood compatibility and

biological properties

Ion implantation and deposition

Beam-line ion

implatation

PIII

10 of surface modified layer

and/or of thin film

Modify surface composition; improve

wear, corrosion resistance, and

biocompatibility

Glow discharge plasma treatment
1 to 100 of surface

modified layer

Clean, sterilize, oxide, nitride surface;

remove native oxide layer
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Technique Thickness Advantage Disadvantage

Thermal spraying 30~200 High depositon rates; low coast

Line of sight technique; high

temperature induce decomposition;

rapid cooling produces amorphos

coatings

Sputtering

coating
0.5~3

Uniform coating thickness on flat

substrate;dense coating

Line of sight technique;

expansive time consuming;

produces amorphous coatings

Pulsed laser

deposition
0.05~5

Coating with crystalline and

amorphos; coating with dense and

porous

Line of sight technique

Dynamic mixing

method
0.05~1.3 High adheisve strength

Line of sight technique;

expensive; produce amorphous

coating

Dip coating 0.05~0.5

Inexpensive; coatings applied

quickly; can coat complex

substrate

Requires high sintering

temperarture; termal expansion

mismatch

Sol-gel < 1

Can coat complex shapes; low

processing temperature relatively

cheap as coatings are very thin

Some processes require controlled

atmosphere processing; expansive

raw materials

Electrophoetic

deposition
0.1~2.0

Uniform coating thickness; rapid

deposition rates; can coat

complex substrates

Difficult to produce crack free

coating; requires high sintering

temp.

Biomimetic

coating
< 30

Low processing temp.; can form

bonelike apatite; can coat

complex shapes; can coat

complex shapes; can incorporate

bone growth stimulating factors

Time consuming; requires

replenishment and a constant of

pH of simulated body fluid

Hot isostatic

pressing
0.2~2.0 Produce dense coatings

Cannot coat complex substrates;

high temp. required; thermal

expansion mismatch; elastic

property differences; expansive;

removal/interaction of

encapsulation material
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H+ H+ H+

H2

M2+ Acid Solution

Cathodic reactionAnodic reaction

2H + 2e-→ H2 M → M2+ + 2e-

H+ H+ H+

H2

M2+ Acid Solution

Cathodic reactionAnodic reaction

2H + 2e-→ H2 M → M2+ + 2e-
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composition

(wt%)

sample

Ti Al V C Fe O2 N2 H2

Cp-Ti

Ti-6Al-4V ELI

99.7

89.62

-

6.1

-

4.0

-

0.04

0.12

0.16

0.16

0.106

0.004

0.008

0.0019

0.0022

Table 9. Chemical composition of alloy used in this

experiment
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