Table of contents

First Part

The history of iron and steel - of swords and

ploughshares

1 From iron to steel
1-1 The long history of iron
Y2 "Thie thive sauress 0PN o v s e s Srei 950 SR e e e e e
1-3 Eartly ironmaking technology ......... ... ... . ... i
1-4 The spread of ironmaking technology ........... ... ... .. ..o ool L.

2 Of swords and swordmaking
2-1 Swordmaking, the cutting edge of metallurgical history .....................
2-2 The Celvie swordsiaking sradition’ « covmmsvnes sos vas s s s s v s i v
2-3 Merovingian and Carolingian swords ............. ...ttt
2-4 True or oriental Damascus steel swords produced using wootz steel ............
2-5 Mechanical or pattern welded damascene swords . ....... .. ... ... .. ... ...
20 D BOCIEOR B AORERID, - oo s cosmsmonin s ass S SBT3
DI ASEARTC B <o womns b WA M MR R e U e A i
2-8 Contemporary damascene StIUCTUIES . ..« i ocvuveostasassrasasssiossssss

..............................................

Part 2
The Genesis of Microstructures

3 The principal phases in steels
oo W E 5 IR S RO S RS S PP P
3-2 Solid solutions .. ... ...
33 Order-disorder FAnEIORMAIONS « v v nov i v v imem miss dm s s msmims e R TR
Fi Inteerediate PRASEE . .o v cuiaim viemiiss s R S o R T

4 The basic phase diagrams
4-1 Equilibria berween condensed phases ......c.ccviiiiiiiiiiiiiiiiiiisiiieen
4-2 Theoretically calculated phase diagrams ................. ... ... ... ...
4-3 Experimentally determined phase diagram . ..............................
44 The Fe-CrC sysretn : Bguidng sinbaee. « v oo wosmmsniswnsmanonss o smssn s
4-5 The Fe-Cr-C system : isothermal sections and isopleths .....................
4-6 The Fe-Cr-C system : solidification paths ....... ..ottt
4-7 The Fe-Cr-C system : the austenitefield ............ ... ... oo,
4-8 The Fe-Cr-Nisystem . .......oiiiiiiiiiiiiiniiin it
B0 The P& NS BYSHEIL «.c cuove vions v s & asie ¢ 50008 ¥ i am o 6000 4B S30.578 006 00 088
40 The Pe-Ct-Co austlint <o s miws sums sva b st s e iS5 a1 e ass s §o%
11 The FeMoCrapstem vos e sas i s sh@ s € aa sl S8ea8i s digs 943



LA MICROSTRUCTURE DES ACIERS ET DES FONTES

4-12The Fe-C-Vsystem . . ..o uvt it ie e e e 84
4-13Mixed carbides . .. ... e 86
5 The formation of solidification structures
5-1 Solute partitioning phenomena during solidification ....................... 91
5-2 Local solute partitioning .. .........oiiiiiii i i 94
5-3 The growing solidinterface . . . ....... ... .. i 95
5-4 The evolution of dendritic microstructures ... ...... ... ..o 101
5-5 Secondary dendrite arm spacings . ..... ... i e 106
5-6 Eutectic MICIOSIIUCTUTES . . ..o ot v i i it ittt e e i e 108
§5-7 PeritectiC MICTOSITUCTIITES &+ v « v v v v e s e et e e e s e e e e e e e e e raanns 116
6 Liquid/solid structural transformations
6-1 Experimental techniques : controlled solidification ................. ... ... 121
6-2 Experimental techniques : thermal analysis . ................ ... ... .. .. 124
6-3 Solidification paths .. ... .. e 127
6-4 Metastable solidification paths . ...... ... .. ... o i 138
6-5 Peritectic transformations .. ... ... ... .. ...t i 141
7 Grains, grain boundaries and interfaces
7-1 General @spects .. ..o v v ttitt e e 151
7-2 Characteristics associated with grain boundaries .......................... 157
8 Diffusion
8-1 Chemical diffusion . ... ... .. . . e 163
8-2 Zones affected by diffusion .. ....... .. 165
8-3Caschardening ....... ... ... i 168
8-4 Diffusion couples .. ... .. e 172
8-5 GalvanisSing . ..\ttt e e e 173
9 The decomposition of austenite
9-1 The different types of solid state transformatione ......................... 179
9-2 The representation of solid state phase transformations ............... . ... 180
9-3 Growth mechanisms .. ... ... . i e e 184
9-4 Diffusive exchangesatinterfaces .. ............o i, 187
9-5 The formation of pro-eutectoid ferrite and cementite ..................... 191
10 The pearlite transformation
10-1 The eutectoid transformation in the Fe-Csystem ........................ 195
10-2 The kinetics of pearlite transformation ................. .. ..coviiiei.. 199
10-3 The influence of alloying elements . ........ ... ... ... .. ... 200
10-4 The re-dissolution of pearlite ........ ... ... ... ... . i iiiiiiiiininn... 206
11 The martensite transformation
11-1 Displacive transformations in the Fe-C system ............... ... ....... 209
11-2 Characteristics of the martensite transformation ......................... 211
11-3 The morphology of martensite .............coutitiiiininnnrennnnnnn. 215
11-4 Softening and tempering of Martensite . ... .......vveuuuunnnereenrnnnns 219
12 The bainite transformation
12-1 Bainite StrUCTUIES . . ..ottt ittt et e et et et et e 223
12-2 Upperbainite .. ... ... e s 225
12-3 Lowerbainite .. ... ... e e 232
13 Precipitation
13-1 Continuous precipitation . ... .......ueuiuneeruunenrnnneeineennnn.. 239
13-2 Discontinuous precipitation . .............ouieeeeruroineeenernunnnn. 245



13-3 Precipitabe BraWthi «conns sommnmmam mvi sma e s araas s aesi ¢ s v 248

Part 3

Steels and cast irons
14 Steel Design

141 Mechanical praperties o coupvams s sniain mvgevews sesims s S s e s 295
14-2 The effects of alloying elements . .............cooiii i, 263
14-3 The cotmpmion alloyiog additions «o e eseve smameses v o e s 265
15 Solidification macrostructures
15-1 Solidificafion oF Sbells: i v e s savtvereas e A5 SaeeE v e 269
15-2 Solidification structure of a continuously caststeel ...................... 270
15-3 Solidification structures in large conventional ingots . ..................... 273
15-4 CGuality of solidiBcation strmomnes « sowivnis svvsvs i oy s s sagvs vismes 276
16 Macro- and microstructures of sintered powder products
101 SEIMBEIINE - s s.50mmim o1 @igiosnings mimmm wom o o 9 msm im0 NS 85 B SERCIRY 8988 281
16-2 Steels produced by solid state sintering ........cicicinniesiiniieiainias 284
16-3 Steels produced by transient liquid phase sintering ....................... 286
16-4 Sintered Fe-Cu-Co compositealloys .......... ... ..ot 287
17 Plain carbon and low alloy steels
V-1 Mild steels for desp I vs oo vwommansppemssmie s sare s s s 289
17-2Cowdllorsiructivnal steels oo vvn swvss comas TSRS TS RS SRS RS SR B 291
L e IR GO .« o woivinmmsmrosn B A &6 S BT S0 B S o B s 295
18 Quench hardening steels
18- Blyptititectoid SRS oemoin wammren cmemem i s S R 297
182 Hypereutectord 8teels oo vnn apovie i vaaiedes Blaiedl ssesans g ae 3 300
18-3 Tool steels and high speed steels .......... ... ... .. ... ... .. .. ... 302
19 Stainless steels
19-1 Martensitie SEARIESITOBE v v wns vaesio s s wmese e S o B » 305
19-2 Awstenivicstamlessatedls: ..o aramimaianeiivnrsne sie s saemieie o 313
19-3 Nitrogen-containing stainless steels .. ... .. 318
19-4 Manganese-containing austeniticsteels .......... ... ... i, 320
195 Resulphoisptl stainless Steels o iuanssvmnms s vanis swisniiig vasinss sies 321
19-6 Ferritic stainlesssteels ..........ccoviieiniiiiiiiiiiineinienronn. 323
19-7 Driiples raindest BEElE: «nvx s mvemmmumm s dxmevims e s s - a0 325
20 Heat resisting steels and iron-containing superalloys
20-1 Perrgtic heat-resistingrgteels o snspasmnave s e SRS AEE G ISeEE BV 331
20-2 Austenitic heat resisting steels . ..........cc it i 335
20-3 Precipitation hardened alloys . .. ........ooiiiiiinin. S R ST 338
21 Cast irons
21-1 Phases and microstructural constituents in cast irons .. .............co.voun. 347
21-2 White CASTITOMS . « .« o et eeie e et e e et in ettt 347
21-3 'Gtey cast 1H0N8 s v v vumwe iv e 4R B R R R GRS 349
21-4 Sphecoidal graphite (SG) cascivons: .4 oo sveios G0 sEv Slage v o 25 356
21-5 The heat treatmentof grey (SG) At HONE v vommevmmvamns v wmasmne s 363
22 Appendices

X1



LA MICROSTRUCTURE DES ACIERS ET DES FONTES

22-1 General COMMENTS . .. ottt ittt i e e 367
22-2 Interface energies .. ... ... .uuuiiie it 367
22-3 Chromium and nickel equivalents ............. ... ... ... .. ... ... ..., 367
22-4 Erching reagents . ....... .. ..t 368
22-5 Characreristic diffusion lengths ... ... ..o oo oo 369
22-7 Effects of alloying elements insteels ... ... ... oo i 370
22-6 Empirical formulae for determining the Ms and Mf temperatures . ........... 370
22-8 Typical hardness values of various constituents found in steels ............... 373

23 References
24 Index



	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]


