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Preface

Light alloys, which encompass magnesium-, aluminium- and titanium-based
materials, are the materials of choice for transport applications (such as
aerospace, automotive and light rail) because of their low-density and high
strength-to-weight ratio. Weight reduction in transport translates directly to
fuel saving and emissions deduction, thus greatly contributing to ecologically
and economically sustainable development. In addition, light alloys are
attractive for some specific applications due to their unique properties. For
example, outstanding biocompatibility makes titanium alloys the material
of choice for body implants.

On the other hand, the relatively poor surface properties of light alloys
represent a serious barrier to their wider application. For example, magnesium
alloys have a reputation for extremely poor corrosion resistance in most
environments; therefore, corrosion protection is essential for magnesium alloys
in many applications (see Chapter 1). Further, light alloys are characterised,
especially in sliding situations, by poor tribological properties manifested
as: low load-bearing capacity and low resistance to abrasion mainly due to
low hardness; and high adhesion tendency due to relatively high ductility and
reactivity (Chapters 2 and 3). Therefore, light alloys are normally restricted to
applications in which tribological performance is not critical.

Currently, however, there is a growing requirement to expand the use of
titanium alloys to non-aerospace tribological applications. For example, it has
long been the dream of designers to substitute titanium for steel components
in racing-car engines to reduce the mass of valve trains, increase top speed
and increase fuel efficiency. However, titanium alloys are characterised by
poor wear behaviour (Chapter 3) and therefore it is impossible to use titanium
components in valve train systems without proper surface engineering. More
challenging examples include: water droplet erosion in longer titanium blades
for high-efficiency low-pressure turbines, and adhesive wear of telescopic-
action titanium tubes for aerial refuelling systems.

Equally, while aluminium alloys and magnesium alloys have found
increasing application, particularly in aerospace and automotive industries,
these alloys are susceptible to surface degradation. For instance, aluminium
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XVi Preface

alloys are used in the space industry in launchers, space stations and satellites
because of their lightness, adequate corrosion resistance and good cryogenic
properties. However, UV degradation and cold welding (or adhesion) in
vacuum are concerns for successful long-term application of aluminium
alloys and their finishes in space (Chapter 18). Similarly, the poor corrosion
resistance of magnesium alloys in some service environments has limited
further expansion of applications (Chapter 6).

Therefore, the clear and major challenge to surface engineering researchers
and engineers, from both the scientific and technological viewpoints, is how
to improve the surface properties of light alloys. During the past two decades,
many surface engineering technologies have been developed to combat
surface related failures such as corrosion, wear and fatigue of steels. The
central problem is that surface engineering of light alloys is more difficult
than it is for steels.

Firstly, there is no martensitic transformation hardening in light alloys:
either there is no martensitic transformation — in magnesium alloys and
aluminium alloys — or martensite in titanium alloys is not hard. Consequently,
light alloys cannot be effectively hardened by induction hardening and, in most
cases, it is difficult to provide a hardened subsurface for thin hard coatings.
For this reason, although thin hard coatings could provide light alloys with
improved tribological properties in terms of low-friction and wear, provided
the applied load is low, the plastic deformation of the substrate, resulting from
high contact stresses, gives rise to collapse of the coatings — the so-called ‘thin
ice effect’.

Secondly, there is always an oxide film, thin or thick, on the surface of light
alloys. These oxide films confer good corrosion resistance to aluminium alloys
(Al,Os film) and titanium alloys (TiO, film). However, such oxide films may
cause difficult problems for surface engineering. They can reduce the bonding
strength of surface coatings (for example, varying success of Ni plating) or
retard diffusion of interstitial alloying elements during thermochemical
treatment.

Thirdly, light alloys are very active and have strong affinity with oxygen, and
therefore high purity gases must be used to prevent surface oxidation during
thermochemical treatment (e.g. plasma nitriding of aluminium alloys).

Extensive research has been conducted to develop advanced surface
engineering technologies for light alloys. However, surface engineering of
light alloys has not yet been covered in a single book. Therefore, the objective
of this book is to present a comprehensive review of the current status of
surface engineering of light alloys. It can be divided into three sections,
starting with a discussion on the surface degradation of light alloys (Chapters
1 to 3), followed by a portfolio of advanced surface engineering technologies
applicable to light alloys (Chapters 4 to 15) and finishing with some application
case studies (Chapters 16 to 18). Among these advanced surface engineering
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Preface XVii

technologies, plasma electrolytic oxidation treatment (Chapters 5 and 6) and
ceramic conversion treatment (Chapter 14) are designed for light alloys.

The editor would like to take this opportunity to thank all the contributors,
who are world-leading experts in their own research areas, for their willingness
to share their time and knowledge. The contributions of Woodhead Publishing
Limited, Rob Sitton, Lucy Cornwell and Francis Dodds are gratefully

acknowledged. Finally, I must express my special gratitude to my family for
their love, encouragement and support.

H. Dong

© Woodhead Publishing Limited, 2010



Contents

Contributor contact details

Preface

Part | Surface degradation of light alloys

1 Corrosion behavior of magnesium alloys and

protection techniques
G.-L. Song, General Motors Corporation, USA

1.1 Introduction

1.2 Corrosion behavior of magnesium (Mg) alloys

1.3 Corrosion mitigation strategy

1.4 Future trends

1.5 Acknowledgements

1.6 References

2 Wear properties of aluminium-based alloys
C. SuBramANIAN, Black Cat Blades Ltd, Canada

2.1 Introduction

2.2 Classification of aluminium alloys

2.3 Composites

2.4 Introduction to wear

2.5 Sliding wear of aluminium alloys

2.6 Wear maps

2.7 Future trends

2.8 References

3 Tribological properties of titanium-based alloys
H. Dong, University of Birmingham, UK

3.1 Introduction

3.2 Wear behaviour of titanium alloys

© Woodhead Publishing Limited, 2010

Xi

XV

25
31
32
33

40

40
41
43
43
45
52
56
56

58

58
60



Vi

33
3.4
3.5
3.6

Part Il

4.1
4.2
43
4.4
4.5
4.6
4.7
4.8
49
4.10
4.11

5.1
5.2
53
5.4
5.5
5.6
5.7
5.8

6.1
6.2

6.3

Contents

Wear of titanium-aluminium intermetallics
Conclusions

Acknowledgements

References

Surface engineering technologies for light alloys

Anodising of light alloys

A. YEeroOKHIN, University of Sheffield, UK, and R. H. U. KnaN,
University of Birmingham, UK
Introduction

Formation of anodic films
Structural evolution of anodic films
Practical anodising processes
Pre-treatment processes

Anodising equipment
Post-treatment processes
Anodising magnesium

Anodising titanium

Future trends

References

Plasma electrolytic oxidation treatment of aluminium
and titanium alloys

B. L. Jiang, Xian University of Technology, China, and

Y. M. Wang, Harbin Institute of Technology, China

Introduction

Fundamentals of the PEO process

PEO power sources and process parameters
Properties and applications of PEO coatings
New process exploration

Future trends

Acknowledgements

References

Plasma electrolytic oxidation treatment of
magnesium alloys

C. BLawerT and P. BaLa Srinivasan, GKSS-Forschungszentrum
Geesthacht GmbH, Geesthacht, Germany

Introduction

Plasma electrolytic oxidation (PEO) treatments of
magnesium (Mg) alloys

Microstructure of PEO-treated Mg alloys

© Woodhead Publishing Limited, 2010

71
76
77
77

83

83
84
90
93
96
97
99
100
102
105
107

110

110
113
123
132
141
145
145
146

165

155

156
158



6.4
6.5
6.6
6.7
6.8

7.1
72
7.3
7.4
1.5
7.6
7.7
7.8
7.9

8.1
8.2
8.3
8.4
8.5
8.6
8.7

9.1
9.2
9.3

9.4
9.5

9.6
9.7
9.8

Contents

Properties of PEO-treated Mg alloys

Recent developments in PEO treatments of Mg alloys
Industrial PEO processes and applications

Summary

References

Thermal spraying of light alloys
C. J. Li, Xi’an Jiaotong University, China

Introduction

Characteristics of thermal spraying

Introduction to physics and chemistry of thermal spraying
Microstructure and properties of thermal spray coatings
Bonding between coating and substrate

Case studies

Future trends

Acknowledgements

References

Cold spraying of light alloys

W. Li, Northwestern Polytechnical University, China, H. Liao,
University of Technology of Belfort-Montbeliard, France, and
H. WanNg, Jiujiang University, China

Introduction: General features of cold spraying (CS)
Potential applications of CS technique

CS of aluminium (Al) and its alloys

CS of titanium (Ti) and its alloys

Surface modification of magnesium alloys by CS
Future trends

References

Physical vapour deposition of magnesium alloys
S. ABeLA, University of Malta, Malta

Introduction

Surface engineering of magnesium alloys

Ion beam assisted deposition (IBAD) and reactive ion
beam assisted deposition (RIBAD)

Effects of ion bombardment

RIBAD deposition of titanium nitride (TiN) on
magnesium alloys

Sliding wear and aqueous corrosion of Mg alloys
Conclusion

References

© Woodhead Publishing Limited, 2010

Vil

162
167
178
180
180

184

184
185
192
210
219
227
230
232
232

242

242
245
247
274
287
289
290

294

294
295

298
302

307
309
319
320



viii

10

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8

11

11.1
11.2

11.3
11.4
11.5
11.6
11.7
11.8

12

12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8
12.9
12.10
12.11

13

13.1

Contents

Plasma-assisted surface treatment of aluminium

alloys to combat wear
F. AsHraFizaDeH, Isfahan University of Technology, Iran

Introduction
Effect of plasma on surface oxide film
Plasma nitriding of Al alloys

Physical vapour deposition (PVD) of aluminium alloys

Duplex surface treatment

Load bearing capacity and interface design
Summary

References

Plasma immersion ion implantation (PIIl) of light alloys
Y. C. Xiv and P. K. CHu, City University of Hong Kong, China

Introduction

Processes and advantages of plasma immersion ion
implantation (PIII)

PIII surface modification of titanium (Ti) alloys
PIII surface modification of magnesium (Mg) alloys
PIII surface modification of aluminum (Al) alloys
Future trends

Sources of further information and advice
References

Laser surface modification of titanium alloys
T. N. BAKeR, University of Strathclyde, UK

Introduction

Lasers used in surface engineering

Laser surface modification methods

Laser processing conditions for surface engineering
Laser surface melting and cladding

Laser surface alloying

Effect of laser surface modification on properties
Summary

Acknowledgements

Sources of further information and advice
References

Laser surface modification of aluminium and

magnesium alloys
J. C. Berts, University of Malta, Malta

Introduction

© Woodhead Publishing Limited, 2010

323

323
328
331
335
348
351
358
359

362

362

363
369
375
387
392
393
393

398

398
399
400
405
410
413
419
433
433
434
434

444

444



13.2

13.3
13.4
13.5
13.6
13.7
13.8
13.9
13.10
13.11

14

14.1
14.2

14.3
14.4
14.5
14.6
14.7
14.8

15

15.1
15.2
15.3
15.4
15.5
15.6

15.7
15.8
15.9
15.10
15.11

Contents

General considerations on the laser processing of light
alloys

Laser surface remelting of light alloys

Laser surface alloying of light alloys

Laser surface cladding of light alloys

Laser surface particle composite fabrication processes
Laser shock treatment of Al alloys

Future trends

Sources of further information and advice

References

Bibliography

Ceramic conversion treatment of titanium-based
materials
X. Li and H. DonG, University of Birmingham, UK

Introduction

Ceramic conversion treatment (CCT) of titanium and
titanium alloys

CCT for TiAl intermetallics

CCT of TiNi shape memory alloys

Summary and conclusions

Future trends

Acknowledgements

References

Duplex surface treatments of light alloys
R. Y. Q. Fu, Heriot Watt University, UK

Introduction

Duplex surface treatment of titanium (Ti) alloys
Load bearing capacity of duplex surface treatments
Tribological properties of duplex surface treatments
Erosion performance of duplex surface treatments
Duplex surface treatment based on diamond-like carbon
(DLC) or titanium nitride (TiN) films with plasma
nitriding

Duplex surface coating with oxygen diffusion inlayer
Other duplex surface treatments for titanium alloys
Duplex surface treatment of aluminium (Al) alloys
Summary

References

© Woodhead Publishing Limited, 2010

445
448
454
458
461
465
467
468
469
473

475

475

477
487
491
496
496
497
498

501

501
504
506
511
522

523
527
530
532
539
540



