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Heat treatment processes
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Tools used by the heat-
treaters
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Phase diagram
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Solid lines indicate Fe-Fe,;C diagram; dashed lines indicate iron-graphite diagram.

Fig. 10.1 The Fe-Fe,C diagram. Source: Ref 1

Source: Flake C. Campbell, Elements of Metallurgy and Engineering Alloys, ASM International, Jun 30, 2008
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Isothermal transformation diagram
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Flg. 11.8 Isothermal transformation diagram for 4340 steel. Austenitized at 870 °C (1600 “F), ASTM grain size 6-7. Source: Ref 4

Source: Flake C. Campbell, Elements of Metallurgy and Engineering Alloys, ASM International, Jun 30, 2008
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Continuous cooling transformation
diagram
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Fig. 11.9 Continuous cooling transformation diagram for 4340 steel. Source: Ref 5

Source: Flake C. Campbell, Elements of Metallurgy and Engineering Alloys, ASM International, Jun 30, 2008
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Heat treating industry needs
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Needs

Better prediction and model of

o the phases present in steels,

o the microstructures of steel

o the resulting physical properties of steel during and after processing.

o Addressing these questions has many practical implications
not just for the usage of the final product,
but also for the optimizing the production and processing aspects of steels.

Increased predictive capabilities through ab initio modeling can thus be anticipated
to have significant practical benefits.

For a multi-component alloy system
o Thermodynamics

Precipitation kinetics

Diffusion

Phase transformation

Microstructure

U 0 0 O
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Simulation scenario

Casting and solutionizing

Casting, heat treatment and welding
Precipitation kinetics in micro-alloyed steel
Carburization, guench and temper
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Simulation software

Easy to use
Pre- and post-processing through GUI-based
Scripting capabillities in the back-end

Universal interface for exporting data

o Coupling with macroscale modeling software
(FE/FD) for property/microstructure prediction
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Casting

Microsegretation of alloying elements
Gas porosity prediction
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Precipitation kinetics

Precipitate/matrix volumetric misfit
Temperature dependent Young's modulus,

Composition-, temperature- and size-
dependent interfacial energies,

Bulk and grain boundary diffusion
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Tempering kinetics

[ 7 T T T T T T T 1s
.\ ',.h - ~e-=""" *
o_:g L ./ . .J,‘ 44 = Tempering temperature, °F
2 o 4340 ! = O 400 600 800 1000 1200
2 ; . Y = 60 =~ T I |
5 .- b= . <3
200 ] [ el T 2 PR DN NN AL T
L N Ptide 8 T I
_E f . ’x,« g 'g \ 2% Mo \
g 2¢ g‘-"""“—-_____ ? PR 12 b £ 40 J \\"--..___ \
s + "\‘\_ . re e © o
§ "x 7 = S | | os%mo /&\\ \
8 O 4130A 3 ’ g s 30 | o
s 2 | \ \
+ 4130B E | Carbon steel
g 20 BN
x 4130C - |
o} —Ho g Quenched
1 ! . 1 : 1 L 1 L S 1ol 1
ASQ 100 200 300 400 100 200 300 400 500 600 700
Tempering temperature (°C) Tempering temperature, °C

11.24 Secondary hardening of molybdenum alloy
steels. Source: Ref 11
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Fig. 11.23 Transformation of retained austenite in 4130 and 4340 steels. Source: Ref 10

Source: Flake C. Campbell, Elements of Metallurgy and Engineering Alloys, ASM International, Jun 30, 2008
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Martensitic transformation

Modeling athermal transformation
o Predicting retained austenite fraction

Temper kinetics of martensite


Presenter
Presentation Notes
There is a growing attention in recent years to the physics of martensitic phase transformations in metal alloys [1,2], though these phenomena were known by materials scientists for many years as diﬀusionless transformations characterized by speciﬁc transformation kinetics [3] not described by the classical nucleation theory [4]. Two diﬀerent kinds of martensitic transformations are known, i.e., an athermal and isothermal ones. In the athermal case the transformation begins at some start temperature Ms, but the parent phase still exists until the temperature goes down to Mf - a martensite ﬁnish point. In the isothermal case the transformation proceeds in time at a constant temperature and, generally speaking, could be completed in some ﬁnite time, which might be very long and depends in turn on temperature. There is a particular sub-class of a so-called ”thermo-elastic” martensite  within this class of transformation, which is characterized by the reversibility of a structure change - the alloy regains its high-temperature structure upon heating from a martensitic low-temperature state through the transition point. This means that the lattice of product phase is coherent with respect to the parent one. This phenomenon gives the ground for the ”shape-memory eﬀect” [5] and is, thus, of a great practical importance
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