
Contents

1 Basics of Surface Alloying . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 General Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Mechanism of Surface Alloying . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 Chemical Potential of Surface-Alloying-Atmosphere . . . . . . . . . 3

1.3.1 Carburizing Potential . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3.2 Nitriding Potential. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.4 Equilibrium of Nitriding Atmosphere with Iron Surface . . . . . . . 9
1.5 Diffusion and Case Depth. . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.6 Nitrogen Concentration-Depth Profile of Nitrided Iron. . . . . . . . 17
1.7 Improvement in Mechanical Properties Due

to Surface Alloying . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.8 Some of the Interesting Researches in Nitriding

and Carburizing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
1.8.1 Nitriding of Fe–Me Alloys and Occurrence

of Excess Nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
1.8.2 Low-Temperature Carburizing . . . . . . . . . . . . . . . . . . . 26

1.9 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2 Nitriding of Binary Iron-Based Alloys: An Overview. . . . . . . . . . . 29
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.2 Precipitation Morphologies in Nitrided Fe–Me Alloys . . . . . . . . 30
2.3 Excess Nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
2.4 Compound-Layer Formation . . . . . . . . . . . . . . . . . . . . . . . . . . 38
2.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3 Influence of Process Parameters in Plasma-Nitriding,
Gas-Nitriding, and Nitro-Carburizing on Microstructure
and Properties of 4330V Steel. . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3.1.1 Nitriding and Nitro-carburizing of 4330V Steel:
Motivation and Objectives . . . . . . . . . . . . . . . . . . . . . . 45

vii

http://dx.doi.org/10.1007/978-81-322-1889-0_1
http://dx.doi.org/10.1007/978-81-322-1889-0_1
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec7
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec7
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec8
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec8
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec9
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec9
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec9
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec10
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec10
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec10
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec11
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec11
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec11
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec12
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec12
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec13
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Sec13
http://dx.doi.org/10.1007/978-81-322-1889-0_1#Bib1
http://dx.doi.org/10.1007/978-81-322-1889-0_2
http://dx.doi.org/10.1007/978-81-322-1889-0_2
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_2#Bib1
http://dx.doi.org/10.1007/978-81-322-1889-0_3
http://dx.doi.org/10.1007/978-81-322-1889-0_3
http://dx.doi.org/10.1007/978-81-322-1889-0_3
http://dx.doi.org/10.1007/978-81-322-1889-0_3
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec2


3.2 Experimental. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.2.1 Specimen Preparation . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.2.2 Surface Alloying. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.2.3 Specimen Characterization . . . . . . . . . . . . . . . . . . . . . . 51

3.3 Results and Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.3.1 Effect of Specimen Geometry. . . . . . . . . . . . . . . . . . . . 51
3.3.2 Nonuniform Iron-Nitride Growth . . . . . . . . . . . . . . . . . 55
3.3.3 Effect of Temperature . . . . . . . . . . . . . . . . . . . . . . . . . 58
3.3.4 Effect of Gas Composition . . . . . . . . . . . . . . . . . . . . . . 62

3.4 Comparison of the Results . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
3.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

4 Recent Advances in Surface Alloying of Austenitic Stainless
Steel by Plasma Nitriding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.2 Issues in Nitriding of Austenitic Stainless Steels . . . . . . . . . . . . 69
4.3 Process and Mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4.4 Surface Alloying by Plasma Nitriding . . . . . . . . . . . . . . . . . . . 72

4.4.1 DC Plasma Nitriding of Austenitic Stainless Steel . . . . . 72
4.4.2 Pulsed Plasma Nitriding of Chromium-Plated

Austenitic Stainless Steel . . . . . . . . . . . . . . . . . . . . . . . 72
4.4.3 Characterization Techniques . . . . . . . . . . . . . . . . . . . . . 74

4.5 Nitriding Behavior of Austenitic Stainless Steels . . . . . . . . . . . . 75
4.5.1 Structure, Microstructure, and Microhardness . . . . . . . . . 75
4.5.2 Internal Nitriding Model . . . . . . . . . . . . . . . . . . . . . . . 78

4.6 Nitriding Behavior of Cr-Plated Austenitic Stainless Steel . . . . . 80
4.6.1 Microstructure and Microhardness. . . . . . . . . . . . . . . . . 80
4.6.2 Kinetics of Nitriding . . . . . . . . . . . . . . . . . . . . . . . . . . 82
4.6.3 Thermal Stability, Distortion, and Wear Resistance. . . . . 83
4.6.4 Nitriding Mechanism. . . . . . . . . . . . . . . . . . . . . . . . . . 84

4.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

5 Chromizing, Carburizing, and Duplex Surface Treatment . . . . . . . 89
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
5.2 Experimental. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
5.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
5.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
5.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

viii Contents

http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec8
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec8
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec12
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec12
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec13
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec13
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec14
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec14
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec17
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec17
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec20
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec20
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec21
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec21
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec22
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Sec22
http://dx.doi.org/10.1007/978-81-322-1889-0_3#Bib1
http://dx.doi.org/10.1007/978-81-322-1889-0_4
http://dx.doi.org/10.1007/978-81-322-1889-0_4
http://dx.doi.org/10.1007/978-81-322-1889-0_4
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec7
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec7
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec8
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec8
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec9
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec9
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec10
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec10
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec11
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec11
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec12
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec12
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec13
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec13
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec14
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec14
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec15
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec15
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec16
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Sec16
http://dx.doi.org/10.1007/978-81-322-1889-0_4#Bib1
http://dx.doi.org/10.1007/978-81-322-1889-0_5
http://dx.doi.org/10.1007/978-81-322-1889-0_5
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_5#Bib1


6 Characterization of Surface-Treated Materials . . . . . . . . . . . . . . . 103
6.1 X-Ray Diffraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
6.2 X-Ray Photoelectron Spectroscopy . . . . . . . . . . . . . . . . . . . . . 110
6.3 Scanning Electron Microscopy . . . . . . . . . . . . . . . . . . . . . . . . 112
6.4 Transmission Electron Microscopy . . . . . . . . . . . . . . . . . . . . . 116
6.5 Auger Electron Spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . 118
6.6 Coating Adhesion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
6.7 Measurement of Mechanical Properties . . . . . . . . . . . . . . . . . . 119

6.7.1 Microindentation Hardness Tester . . . . . . . . . . . . . . . . . 119
6.7.2 Nanoindentation Hardness Tester . . . . . . . . . . . . . . . . . 122

6.8 Thickness Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

7 Conclusions and Future Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
7.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
7.2 Future Scope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

7.2.1 Effect of Surface Mechanical Attrition Treatment
on Surface Alloying of Metals/Alloys . . . . . . . . . . . . . . 128

7.2.2 Laser Surface Alloying . . . . . . . . . . . . . . . . . . . . . . . . 128
7.2.3 Friction-Stir Surface Alloying. . . . . . . . . . . . . . . . . . . . 129
7.2.4 Plasma Source Ion Implantation . . . . . . . . . . . . . . . . . . 130

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

About the Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

Contents ix

http://dx.doi.org/10.1007/978-81-322-1889-0_6
http://dx.doi.org/10.1007/978-81-322-1889-0_6
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec7
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec7
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec8
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec8
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec9
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec9
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec10
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Sec10
http://dx.doi.org/10.1007/978-81-322-1889-0_6#Bib1
http://dx.doi.org/10.1007/978-81-322-1889-0_7
http://dx.doi.org/10.1007/978-81-322-1889-0_7
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec1
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec2
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec3
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec4
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec5
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Sec6
http://dx.doi.org/10.1007/978-81-322-1889-0_7#Bib1


http://www.springer.com/978-81-322-1888-3


	Contents



