
Metallurgical and
Ceramic Protective
Coatings

Edited by

Kurt H. Stern
Chemistry Division
Naval Research Laboratory
Washington D.C.

CHAPMAN & HALL
London • Weinheim • New York • Tokyo • Melbourne • Madras



Contents

Contributors ix

Acknowledgment xiii

1 Introduction 1
Kurt H. Stern
1.1 Protective coatings 1
1.2 Stresses 1
1.3 Selection of coating materials 2
1.4 Methods of application 3
1.5 Electroplating - an example of a technology 3
1.6 Plan of this book 5

References 8

2 Electrodeposition of refractory metals from molten salts 9
Kurt H. Stern
2.1 Introduction 9
2.2 Experimental techniques 12
2.3 The refractory metals 16

References 34

3 Metalliding 38
Kurt H. Stern
3.1 Introduction 38
3.2 The metalliding process 39
3.3 Properties of metallided layers 43



vi Contents

3.4 Individual metalliders —
3.5 Conclusions

References

4 Electrodeposition of refractory compounds from molten salts -
borides, carbides and silicides
Kurt H. Stern
4.1 Introduction
4.2 Methodology
4.3 Boron and the borides
4.4 Silicon and the silicides
4.5 Carbon and the carbides
4.6 Conclusions

References

5 Laser assisted surface coatings
J. Mazumder
5.1 Laser surface alloying
5.2 Laser surface cladding
5.3 Laser chemical vapor deposition (LCVD)

References

6 Sol-gel derived ceramic films - fundamentals and applications
C. Jeffrey Brinker, Carol S. Ashley, Richard A. Cairncross,
Ken S. Chen, Alan J. Hurd, Scott T. Reed, Joshua Samuel,
P. Randall Schunk, Robert W. Schwartz and Cathy S. Scotto
6.1 Introduction
6.2 Sol-gel chemistry
6.3 Deposition by dip-coating
6.4 Deposition by spin-coating
6.5 Effects of entrained condensed phases
6.6 Drying of films
6.7 Control of film microstructure
6.8 Applications
6.9 Summary

Acknowledgments
References

7 Solid phase cladding
S.B. Dunkerton
7.1 Introduction
7.2 Explosive cladding
7.3 Roll bonding



Contents vii

7.4 Friction surfacing 168
7.5 Resistance cladding 183
7.6 Hot isostatic pressing 186
7.7 Summary 191

References 192

8 Thermal barrier coatings 194
R.L. Jones
8.1 Introduction 194
8.2 Material requirements 196
8.3 Stabilization of zirconia 197
8.4 Phase transformation reactions of stabilized zirconia 199
8.5 Identification of phases in stabilized zirconia 203
8.6 Zirconia thermal barrier coatings 204
8.7 Causes for failure of zirconia TBCs 215
8.8 Alleviation of TBC hot corrosion 222
8.9 Future uses and trends for zirconia TBCs 223

References 229

9 Pack cementation diffusion coatings 236
Robert Bianco and Robert A. Rapp
9.1 Principles and history 236
9.2 Range of applicability 243
9.3 Technical aspects 244
9.4 Possibilities for improvement 246
9.5 Summary 257

Acknowledgments 257
References 257

10 Thermal spray coatings 261
H. Herman and S. Sampath
10.1 Introduction 261
10.2 Thermal spray processes 262
10.3 Feed materials 267
10.4 Particle-plasma interaction and process control 269
10.5 Deposit formation dynamics 271
10.6 Materials science of thermal spray deposits 275
10.7 Thermal spray coating applications 280
10.8 Thermal spray and advanced manufacturing 286
10.9 Summary 286

References 287



viii Contents

11 Degradation of coatings by high temperature atmospheric
corrosion and molten salt deposits
N. Birks, G.H. Meier and F.S. Pettit
11.1 Introduction
11.2 Metallic coatings
11.3 Ceramic coatings
11.4 Erosion

References

12 Measurement of coating adhesion
David Rickerby
12.1 Introduction
12.2 Surface engineering
12.3 The requirements of an ideal adhesion test
12.4 Methods of adhesion evaluation
12.5 Summary

References

290

290
291
299
303
304

306

306
307
309
313
331
331

Index 334


