Contents

1 Production, Properties and Applications of Glassy Metals ... ... 1
Introduction .............. it 1
References . ........c.iuiiiiinii it e

2 Most Important Methods for Production of Amorphous
Metallic Alloys ...ttt 9
The Chill Block Melt Spinning (CBMS) Method ............... 13
Influence of the Production Parameters upon the
Geometric Characteristics of the Amorphous Ribbons
by the CBMS Method .......... .. ... iiiiiiinn.. 14
Planar Flow Casting (PFC) Method . ................ ... ..... 17
Relation Between the Production Conditions and
the Geometric Characteristics of Wide Amorphous

Ribbons by the PFC Method ............. ... ... ... ... .. 18
Production of Bulk Amorphous Metallic Alloys by Rapid
Cooling from the Melt and Study of Their Structure ............. 23
References . ........ ..ottt 27

3 Experimental Methods for Determination of the Magnitude
and Temperature Dependence of the Viscosity of Amorphous
Metallic AIloys ........ .. i e 31
Experimental Methods for Viscosity Determination of
Amorphous Metallic Alloys Under Isothermal and

Nonisothermal Conditions . ........... .. ..., 34
Experimental Techniques for Viscosity Study of Metallic
Glasses Under Nonisothermal Conditions ..................... 38

Analysis of the Overall Deformation Curves Obtained
Under Continuous Heating Conditions and Viscosity

Calculations . ........iutiiii e 42

Estimation of the Critical Melt Cooling Rate for Obtaining

the Alloy in Glassy State . ...........ccoiiiiiiiii ... 44

References ......... ... 50
ix

Bibliografische Informationen o
http://d-nb.info/1072003503 digialisiert durch NATI



http://d-nb.info/1072003503

Contents

4 Viscous Flow Behavior of Amorphous Ribbonlike Metallic

Alloys Depending on Different Factors ..................... 53
Influence of Chemical Composition Upon the Viscous
Flow Behavior and Thermal Stability of Some Binary

Glassy Metals . ... ...t e 54
Binary Nijgg_xZrx Glassy Metals ......................... 54
The System Nijgo_xPx oo 59
The System Fe1go—xPx o v vviii i 64

Viscous Flow Behavior of Ternary

Fegy xTM,B;5 (TM = V, Cr) Amorphous Metallic Alloys ........ 67
Influence of Vanadium Alloying Additions .................. 68
Influence of Chromium Alloying Additions ................. 69

Viscous Flow Behavior of Quaternary
AlgsNisCo,REg (RE = Ce, Gd, U) Amorphous

Metallic ALloys . ..ottt 71

Influence of Thermal Prehistory on the Viscous Flow

Behavior of Amorphous Metallic Alloys ..................... 73
The Amorphous Pdg,Sijgg Alloy .......................... 73
The Amorphous FeoNigoByo Alloy ....................... 76

Influence of Technological Production Parameters Upon the

Viscous Flow of the Amorphous Metallic Alloy Fe4oNisgSigB4 . . . . 79

References ....... ... 83

Basic Concepts of the Free Volume Model: Structural

Relaxation and Viscosity in the Framework of the Model . ..... 85
Basic Ideas of the Free Volume Model ....................... 85
Structural Relaxation and Atomic Free Volume ................ 87
Viscosity Temperature Dependence of Amorphous

Metallic Alloys in the Framework of the Free Volume Model . .. .. 88

The Influence of Structural Relaxation Upon Viscosity:
Useful Tool for the Study of the Mechanism and Kinetics

of Free Volume Relaxation Changes ........................ 90
Viscosity and Relaxation Under Isothermal Conditions ... ..... 90
Viscosity and Relaxation Under Nonisothermal Conditions . . . . . 93

References ........ ... ... ... .. ... . 97

Glass Forming Ability, Crystallization, and Viscosity of Rapidly

Solidified Amorphous Coy¢9.Zr, and CuygoxZry Alloys . ....... 99
Glass Forming Ability (GFA) and Melt Fragility Number.

Equation of Angell and Moynihan Interpretation ............... 99
Crystallization, Viscosity, and Glass Forming Ability of

Rapidly Solidified Amorphous Co;¢o.xZr, Alloys ............... 102
Crystallization, Viscosity, and Glass Forming Ability of

Rapidly Solidified Amorphous Cujgg.,Zry Alloys ............... 108

References .......... ... ... ... ... ... ... ... .. . ... ... . 115



Contents i
7 Bend Stress Relaxation of Amorphous Metallic Alloys
Under Isothermal and Nonisothermal Heating
Conditions . ........ ... .. i e 117
Relaxation of Bend Stresses in Ribbonlike Amorphous
Metallic Alloys: Model Considerations ....................... 118
Structural Relaxation in Fe,oNigoSigB14 Glassy Alloy ............ 124
Direct Measurement of the High-Temperature
Viscous Creep Under Nonisothermal Conditions ............. 124
Study upon the Relaxation of Bend Stresses via
Isothermal and Nonisothermal Measurements ................ 125
REfeINCES . vt e ittt e 136
8 Structural Relaxation in Various Amorphous Metallic Alloys
Studied via Direct Viscosity and Bend Stress Relaxation
Measurements . .............c.ouueiumnranennennenneannens 137
The Amorphous Metallic Alloy Pd;75CugSijes o .vvvvvnevnennn 138
Direct Viscosity Measurements Under
Nonisothermal Conditions . ............coiiiiinennnenn. 138
Bend Stress Relaxation Study Under Isothermal Conditions . . ... 138
The Amorphous Metallic Alloy Al; sCuy7.sNijoZres - ...ooovvvnt. 142
Direct Viscosity Determination Under Nonisothermal
ConditioNS .. vvt vttt e e 142
Study of Bend Stress Relaxation Under Isothermal
and Nonisothermal Conditions .............. .. ... ... 142
The Amorphous Metallic Alloy AlpsLasoNizs .. ..oovvvnovnnt 147
Direct Viscosity Measurements Under Nonisothermal
ConditioNS .+ vt vt v e e 149
Bend Stress Relaxation Studies Under Isothermal and
Nonisothermal Conditions . ...........cciiiiiirnnenne. 149
Physical Significance of the FVM Model Parameters ............ 155
REfEIENCES .« oottt ettt e 158
9 Thermal Expansion and Heat Capacity of Amorphous
Metallic Alloys: Interpretation of Their Anomalous Behavior
in the Framework of FVM . ......... ... .. ... ... e, 161
Anomalies in Thermal Expansion of Amorphous
Metallic Alloys: Model Consideration ....................... 161
Viscous Flow and Thermal Expansion of
Amorphous Metallic Alloys Pdg,Si;g and FepsZrys ..o ovvvvn 164
CONCIUSIONS & v v vttt et e ee et ettt e e 167
Specific Heat Anomalies of Amorphous Metallic Alloys:
Model Interpretation . ...........vviieinieenneiiiis 167
Viscous Flow and Specific Heat of Amorphous
Metallic Alloy Fe,sZrss Under Different Constant
Heating Rates . .........ciuniririnerneennennenenannn, 169



Contents

xii
Viscous Flow, Thermal Expansion, and Specific Heat of
AlysLasgNiys Amorphous Alloy .. ... 171
ConClUSIONS .« v ittt e 175
References . .........c.iiiniiiinii i, 176
10 Relation Between the Density Changes and Thermal
Expansion Anomalies in the Amorphous Metallic Alloys ....... 177
Relaxation Changes of Density of Amorphous Metallic
Alloys: Free Volume Model Description ..................... 179
Relaxation Changes of Density of Amorphous Metallic
Alloys: Experimental Proof ............................... 180
Free Volume Model Calculations . .......................... 184
Conclusions . ..........iuiriinie i 187
References .......... ... .. it 187
11 Crystallization Kinetics of Bulk Amorphous Metallic Alloys
and Its Relation to the Forgoing Relaxation Processes ......... 189
Experimental Approach ............. ... ... ... ... ....... 191
Crystal Growth and Viscous Flow Behavior of Amorphous
Pd40CU3()Ni1()P20 Metallic AllOy ............................ 192
Crystal Growth Rate Kinetics ............................ 192
Relation Between Crystal Growth and Viscous Flow Behavior ... 195
Overall Volume Transformation Kinetics of Bulk Amorphous
Pd40CU30Ni10P20 Alloy ................................... 199
Conclusions ............... i 204
Crystal Growth Rate Kinetics . ......................o.... 204
Overall Volume Crystallization Kinetics .................... 204
References ........... ... ... .. .. . . . . .. 204
12 Mechanical Properties of Amorphous Metallic Alloys and
Their Relation to the Viscosity Characteristic Parameters . . . ... 207
Unified Equationof Yang ........................ ... ... ... 208
Viscous Flow and Mechanical Properties of
Co100.x Zry and Cuygg4Zry Glassy Alloys ................... 210
References ......... ... .. ... ... . . ... .. . . .. .. 215
13 Properties and Applications of Amorphous Metallic Alloys ..... 217
Amorphous Metallic Alloys Produced inthe USA ... ........... 218
Amorphous Metallic Alloys Produced in Europe ............... 221
Amorphous Metallic Alloys Produced in Russia . ............... 225
Invar-Type Amorphous Metallic Alloys Produced in Russia . . ... 227
Classification of Amorphous Metallic Alloys with Respect to
Their Application as Soft Magnetic Materials ............... ... 228

Amorphous Metallic Alloys on Fe Basis for
Application in Electrotechnics at Frequencies of
50-60 Hz



Contents xiii
Power Transformers Working at Frequencies of
Q00 HZ ..ot e 230
Applications in Electromotors ............... .o 230
Application of Amorphous Metallic Alloys on Fe-Ni
Basis with Improved High-Frequency Properties: Transformers
for Pulse Power Supply Devices
(Secondary Sources for Voltage Power Supply) ............. 231
Application of Amorphous Metallic Alloys on Co
Basis of Zero Magnetostriction and Good
High-Frequency Properties . ............ ..o, 232
Application of Amorphous Metallic Alloys for the
Production of SENSOrs .. ...... ...t 233
Sensors for Magnetic Fields . ............. .. ... ... ... 233
Brazing Amorphous Metallic Alloys . ......... ... ... ..., 236
PrOSPECES . vttt 239
REfeIeNCES . vv ittt e 240
14 Quick Reference to the Viscous Flow Behaviour of Glassy
Alloys at a Heating Rate of 20 K/min ...................... 243
Viscous Flow Behavior of Binary Amorphous Alloys at
Heating Rate of 20 K/min . ...... ... ..o, 244
Viscous Flow Behavior of Ternary Amorphous Alloys at
Heating Rate of 20 K/min . .......... ..o 245
Viscous Flow Behavior of Quaternary Amorphous Alloys at
Heating Rate of 20 K/min . ... ... .ooviieii . 246
Appendix 1: Quick Reference to Most Frequently Used
Important FVM Related Equations . ....................... 247
Appendix 2: Concluding Remarks ......................... 261



