Chapter 7 Phase Transfor mations

8§ 7-1 Phase Transformationsin Metals
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A. TheKinetics of Phase Transformations
Kinetics - study of reaction rates of phase transfor mations

- measure degree of transformation as function of time (while holding
temper ature constant)

Solidification stages:
® Nucleation
- nucle (seeds) act astemplates on which crystals grow

- oncenucleated, growth proceeds until equilibrium is attained
Nucleation Types

Homogeneous nucleation (F&%1551%;)
- nucle form in the bulk of liquid metal
- requiresconsiderable supercooling (typically 80-300°C)
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r* = critical radius
ﬂ vy = surface free energy

r*=
AH{ AT T., = melting temperature

AT =T, - T = supercooling

Driving force to nucleateincreases asweincrease AT

Small supercooling = slow nucleation rate - few nuclei - large crystals
Large supercooling = rapid nucleation rate - many nuclel - small crystals

Heterogeneous nucleation (£ #7555%)
- much easier sincestable “nucleating surface” isalready
present — e.g., mold wall, impuritiesin liquid phase
- only very dlight supercooling (0.1-10cC)
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@ Growth
Avrami equation = y=1-exp(-kt")

100

80—
680

40—

Percent recrystallized
|

20

Time (min)
(Logarithmic scale)

§ 7-2 Microstructural and Property Changesin Iron-Carbon Alloys

A. Isothermal Transformation Diagrams (TTT, {¥3Eiffr& lm‘ﬁ?ﬁ')

©. Eutectoid transformation: Transformation of austeniteto pearlite
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» Balnite: non-Equilibrium Transformation Products

--a lathes (strips) with long rods of FesC
--diffusion controlled.
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I sothermal Transformation Diagrams (TTT, {¥jEiffe [’“‘ﬁl)
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 Martensite:

-- v (FCC) to Martensite (BCT)
--y to M transformation.. A
-- is rapid!
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®. Mechanical Behavior of Iron-Carbon Alloys

Increase C content: TSand YSincrease, % EL decreases
Hardness: martensite>> fine > coar se > spheroidite
% RA: martensite <<fine < coar se < spheroidite
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B. Continuous Cooling Transformation Diagrams (CCT, @?@Iﬁ Al I"*w)
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©. Superimposition of isothermal & continuous cooling transfor mation

diagrams
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©. CCT curvefor the 4340 stedl alloy
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§ 7-3 Heat Treatment of Steels

A.Annealing ( i3 % ): Heat to T gnneql, then cool slowly
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» Stress Relief: Reduce » Spheroidize (steels):
stress caused by: Make very soft steels for
-plastic deformation good machining. Heat just
-nonuniform cooling below T & hold for
-phase transform. 15-25h.

* Full Anneal (steels):
Make soft steels for
good forming by heating
to get v, then cool in
furnace to get coarse P.

Types of
Annealing

» Process Anneal:
Negate effect of
cold working by
(recovery/

recrystallization)

e Normalize (steels):
Deform steel with large
grains, then normalize
to make grains small.

B. Normalizing ( & ¥ i* )
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E. Quenching & Tempering ( i+ 2w L )
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Tempering Martensite
* reduces brittleness of martensite,

* reduces internal stress caused by quenching.
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* produces extremely small Fe;C particles surrounded by o.
e decreases TS, YS but increases %RA



F. Hardenability ( & it st )
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® CCT curves
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Effect of carbon content:

60

@ %\ iR AT @ < fsf
= A
® te&~4maz s L
Cooling rate at 700°C (1300°F)
480 305125 56 33 163 10 7 5.1 3.5 °Fis
270y 170 70 31 18 9 5.6 39 28 2 °Cls
| | 1 | 1 | I i I j UL
B 8660 i
(0.6 wt% C)

Hardness, HRC

8640
(0.4 wt% C)

8630
(0.3 wt% C)

30 40 50 mm
Distance from quenched end
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Medium Severity of Quench Hardness
air low low
oll moderate moderate
water high high
Effect of geometry:
When surface-to-volumeratio increases:
-- cooling rate increases
-- hardnessincreases
Position Cooling rate  Hardness
center low low
surface high high



§ 7-4 Precipitation Hardening ( Age hardening )
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Procedure:
solution heat treatment = quench toroom temperature = precipitation
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Strength and hardness as a function of the aging time at constant temperature

Overaging
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Logarithm of aging time

The strengthening process is accel erated as the temperature is increased.
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§ 7-5 Glass Transition Phenomenain Polymers

The temperature at which the polymer experiences the transition from rubbery to rigid
statesis called the glass transition temperature, Tg.

What factors affect Tmand Tg?
Both Tm and Tg increase with increasing chain stiffness
« Chain dtiffness increased by presence of
1. Bulky side groups
2. Polar groups
3. Chain double bonds and aromatic chain groups



« Regularity of repeat unit arrangements - affects Tmonly
« Increasing the molecular weight tendsto raise Tmand Tg .
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§ 7-5 Summary

* Heat treatments of Fe-C aloys produce microstructures including: -- pearlite,
bainite, spheroidite, martensite, tempered martensite

* Precipitation hardening
--hardening, strengthening due to formation of precipitate particles.
--Al, Mg aloys precipitation hardenable.

* Meélting and glass transition temperatures for polymer
-- Both Tm and Tg increase with increasing chain stiffness
-- Regularity of repeat unit arrangements - affects Tmonly
-- Increasing the molecular weight tendsto raise Tmand Tg .



