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Metastabilni stavy:
prechlazeni a prehrati
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Figure 1 Schematic representation of the contracting geometry and nucleation—growth
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Cesta A: napr. oxidace povrchovych vrsteyv,

cesta B napr. vznik hydridu v Zr slitinach 12
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Let us consider eutectoid reaction as an example

eutectoid reaction:
¥(0.76 wt% C) Perlit: lamely cementitu a feritu

2

a (0.022 wt% C)
_I_

Fe,C

Nukleacéni zona

1.0
Composition (wt% C)

| | .
1 10 10° 10°

Time (s)
The S-shaped curves are shifted to longer times at higher T
showing that the transformation 1s dominated by nucleation

(nucleation rate increases with supercooling) and not by / /
diffusion (which occurs faster at higher T).
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Shrnuti difuzne fizenych premeén

The family of S-shaped curves at different T are used to constructthe TTT
diagrams.

The TTT diagrams are for the isothermal (constant T) transformations
(material is cooled quickly to a given temperature before the
transformation occurs, and then keep it at that temperature).

At low temperatures, the transformation occurs sooner (it is controlled by
the rate of nucleation) and grain growth (that is controlled by diffusion) is
reduced.

Slow diffusion at low temperatures leads to fine-grained microstructure
with thin-layered structure of pearlite (fine pearlite).

At higher temperatures, high diffusion rates allow for larger grain growth
and formation of thick layered structure of pearlite (coarse pearlite). At
compositions other than eutectoid, a proeutectoid phase (ferrite or
cementite) coexist with pearlite. Additional curves for proeutectoid
transformation must be included on TTT diagrams.
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Difuzi rizené bez zmény chemického slozeni a pocCtu fazi
(e.g. melting, solidification of pure metal, allotropic
transformations, recrystallization, etc.)

Difuzi rizené se zmenou chemickeého slozeni a pocCtu fazi
(e.g. Eutectoid transformations)

Bezdifuzni transformace - produces a metastable phase
by cooperative small displacements of all atoms in
structure (e.g. martensitic transformation discussed In




Introduction to Materials Science, Chapter 10, Phase Transformations in Metals

[o01]y
4 [001)a

* Each atom displaces a small (sub-atomic) distance to
transform FCC y-Fe (austenite) to martensite which has
a Body Centered Tetragonal (BCT) unit cell (like BCC.
but one unit cell axis 1s longer than the other two).

The martensitic transformation involves the sudden
reorientation of C and Fe atoms from the FCC solid
solution of y-Fe (austenite) to a body-centered
tetragonal (BCT) solid solution (martensite).




Martenzit

* Martensite forms when austenite is rapidly guenched to room
T.

* The austenite-martensite does not involve diffusion — no
thermal activation Is needed,this is called an athermal
transformation.

« Each atom displaces a small (sub-atomic) distance to
transform FCC 7 -Fe (austenite) to martensite which has a
Body Centered Tetragonal (BCT) unit cell (like BCC, but one
unit cell axis is longer than the other two).

« Martensite is metastable - can persist indefinitely at room
temperature, but will transform to equilibrium phases on
annealing at an elevated temperature. Martensite can coexist
with other phases and/or microstructures in Fe-C systém. It
does not appear in phase Fe-C phase diagram
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Ideal TTT-curve for 0,65% carbon steel depicting time interval required for
beginning, 50% and 100% transformation of austenite at a constant temperature
A= Austenite F= Ferrite P = Pearlite B = Bainite
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Obr. 4 Pribéh ochlazovani tlustych plechii z oceli
0,5 Cr-0,5 Mo-0,3 V na vzduchu a ve vodé

—

TEPLSTA [*C1

A

 TheTTT dingram for a entectoid Fe-C alloy

Eutectoid

¥ (stable) tomperatun:

T

(metastable)

i

--SII%.------u’w’————---———--

JRUTTRS

r
1 o L L

10! 102 10° 10+
time (s)

1000

1251831 R

nRoTOR
Y o HOmm

@ 320mm
¢ 530 mm

@
=3
S

y po °l¢ P 5 --~'~¢-———- ......... ool
X 0, J 30 m, -~
‘)aazoh)m\‘\ [~ o~ ~’7’ -
140 l nena

N ~ [~
e | T ~da,
~ N
3 Bt -~
".LOOL

20’151
!} 1 1 1 )

15C [ min s
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Diagram casovych a teplotnich
prubéhu pri zihani
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RYCHLOST OCHLAZOVANI

1, 2 mala rychlost ochlazeni, vznik perlitu
3 vyssirychlost ochlazeni, vznik bainitu nasledné martenzitu
4 prichazi pfimo k bainitické premene vysledkem je bainit +

martenzit — —————-A,
steni

o kriticka ochlazovacirychlost |a

aust.
bainit By

Wﬂ austemt-,ma rtensit
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Vliv rychlosti ochlazovani na rozpad austenitu
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Summary of austenite transformations

Austenite
/ \
.
Slow Rapid
cooling quench
Y

Moderate !

- \
cooling \
l \
A
Pearlite (o + Fe,C) + Bainite Martensite
a proeutectoid phase (a0 + Fe;C) (BCT phase)
- ®
Reheat
\
<
Tempered martensite
(o + Fe;C)

Solid lines are diffusional transformations, dashed is
diffusionless martensitic transformation
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OBR. 1.: Isobaricky fez soustavou Pb-Sn s vyznatenim sloZeni
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Motiv ve FD:

Nahodna fluktuace  ~g_Ni

Koncentraéni profil pti
spinodalnim rozpadu:

Neni nutné nukleacéni stadium




Ethylena Glycol (%)

Schematic phase diagram for the NM—EG mixture, showing the different quench pathways
employed in this study. (I) Proposed pathway for the formation of bridged bijels through
combined spinodal decomposition and nucleation and growth. (I1) Off-critical quench in a
NM-rich mixture. (111) Off-critical quench in an EG-rich sample.
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Homogenni a heterogenni nukleace z liquidu

driving force for solidification, AG, exists below the equilibrium M NT
melting temperature, T_ and that this is approximately proportional H, = T
to the degree of undercooling AT: -

Homogenni nukleace:

iy = %ﬂfﬁﬁv + 4?rr'2'ySL

= —2Yg _ — 2 Ty ¥ _ 15“’?’;1_ _ 15?"?31,?:
MG AHAT A AHEATE

Heterogenni nukleace:

ﬂff}r; = VAT + Ay var T AoneYone ~ AoV

N _2"}' . ’ &Y% 4
Pt = &—G:L = A 0..uhel smaceni

Vapor

S8 - (2+ cos&)f— cos 8)°

Solid
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ME = ———= 508 = A S8
vt = oog U0 T Al S8
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http://www.matter.org.uk/matscicdrom/manual/nu.html



Snizene energetické bariéry

I Radius, r

Wetting angle, § (degrees) =hape Factar, S8

NEAT e Q 0.2535




Homogenni a heterogenni nukleace v tuhem stavu

-2
* Ve R T
(AG, + AG) T3AG FAGT
= a
] 1
i Ty T T
SEN T T
T L= a
5
b b T b
= =
(a) (b)
Interfacial structure for (a) coherent and (b) < - T
. . N \ ram nndary
semicoherent interfaces between matrix phase 2] “ Y

and particle phase . Smaller dislocation symbols v
represent coherency dislocations and larger ones
in (b) represent anticoherency dislocations.

Interphase boundary



Realne podminky

domain of heterogeneous
nucleation

domain of homogeneous
nucleation

Arsenic precipitates in single crystal Gads
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Metody usnadnujici dosazeni rovnovazneho stavu
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Faktory ovlivhujici rust nove faze
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