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Chapter 11. Phase Transformations (& 2EH)

Material properties depend on microstructures produced as a
result of phase transformations.

* Classifications of phase transformations

1) Simple diffusion-dependent transformation
(no change in the number or composition)
ex) solidification of a pure metal & recrystallization
2) Diffusion-dependent transformation
(change in the number or composition)
ex) eutectoid reaction
3) Diffusionless transformation (metastable phase)
ex) martensitic transformation in steel alloys
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Transformation Rate vs. Time (2= 0f [FE HE} A|ZH
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Kinetics of Phase Transformation (&HE] £ &)

“Time dependence of rate”
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Microstructural & Property Changes in Fe-C Alloys
(A-BtA& 270 O = 2 HE Q| #43})
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Temperature (°C)

Iron-Iron Carbide (Fe-Fe,;C) Phase Diagram
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Isothermal transformation diagram (S284E} ) or T-T-T plot
or Time-temperature-transformation plot (A|ZF-2 E-2IE} S 4)
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Continuous cooling transformation diagram (1% ZHHEN L)
- Curves are shifted to longer times and lower temperatures.
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Mechanical Behavior of Fe-C Alloys
(A-Bta &EZAH e 7[HXM S&

Pearlite

Cementite: harder but more brittle than ferrite
Fine pearlite: harder and stronger than coarse pearlite

Spheroidite

Softest and weakest in steel alloys
Extremely ductile, much more than either fine or coarse pearlite
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Bainite
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Martensite

Hardest and strongest in steel alloys,but most brittle
< interstitial C atomO| dislocation motionS 2o} 3 H
BCT *+Z & slip systemO| 27| [HE
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Table 11.2 Summary of Microstructures and Mechanical Properties for Iron-Carbon Alloys

Microconstituent

Spheroidite

Coarse pearlite

Fine pearlite

Bainite

Tempered
martensite

Martensite

Phases Present

o Ferrite 4+ Fe;C

o Ferrite + Fe;C

« Ferrite + Fe:C

o Ferrite + Fe;C

« Ferrite + Fe;C

Body-centered
tetragonal, single
phase

Arrangement of Phases
Relatively small Fe;C sphere-like
particles in an g-ferrite matrix
Alternating layers of « ferrite
and Fes;C that are relatively
thick
Alternating layers of « ferrite
and Fe;C that are relatively
thin

Very fine and elongated particles
of Fez:C in an e-ferrite matrix

Very small Fe;C sphere-like
particles in an e-ferrite matrix

Needle-shaped grains

Mechanical Properties
(Relative)

Soflt and ductile

Harder and stronger than
spheroidite, but not as ductile
as spheroidite

Harder and stronger than coarse
pearlite, but not as ductile as
coarse pearlite

Hardness and strength greater
than fine pearlite; hardness
less than martensite; ductility
greater than martensite

Strong: not as hard as martensite,
but much more ductile than
martensite

Very hard and very brittle
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General Trends of Mechanical Properties
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Crystallization, Melting & Glass Transition Phenomena
In Polymers (12X =z0Mel 283, 88 & REITO0| 244
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Melting & Glass Transition Temperatures
(B8 =2k & RE|™O[ 2E)
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Table 11.3 Melting and Glass Transition Temperatures for Some of the More
Common Polymeric Materials

Glass Transition Temperature Melting Temperature

Material [°C (°F )] [°C (°F )]
Polyethylene (low density) —110 (-165) 115 (240)
Polytetrafluoroethylene —97 (-140) 327 (620)
Polyethylene (high density) —90 (-130) 137 (279)
Polypropylene —18(0) 175 (347)
Nylon 6,6 57 (135) 265 (510)
Poly(ethylene terephthalate) (PET) 69 (155) 265 (510)
Poly(vinyl chloride) 87 (190) 212 (415)
Polystyrene 100 (212) 240 (465)
Polycarbonate 150 (300) 265 (510)
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Factors Affecting T,, & T, (T, & T,0ll @& O|x = 24)

Both T,, & T, increase with increasing chain stiffness.

Chain stiffness increases by the presence of

Bulky side groups (ex., PP vs. PS)

Polar groups (ex., PP vs. PVC)
Double bonds & aromatic groups in the backbone

T, lies somewhere between 0.5 and 0.8 T, (in Kelvin).



Materials Science & Engineering Chapter 11. Phase Transformations

| | | A
/ /
z‘f //
ile ligui Rubber
Mobile liquid // Viscous f/ u
/ liquid / r
//’ }./ Fm
@ 4
= Tough plastic
© .
B g
E
@
|_
Partially
Crystalline solid crystalline
plastic
| | | |
101 o 16° 10* ke 10° 107

Molecular weight
Fig. 11.48 EXE0| 88 2 7, Reldol 2 7,
DEX HEo 0lx|le .

=200

THE UNIVERSITY OF SLIWON



Materials Science & Engineering Chapter 11. Phase Transformations

(Probs.)
11.7,11.9, 11.15, 11.18, 11.30, 11.32 & 11.44.

=#CH2
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