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Difuze k defektum

V tuhé fazi existuji mista, kde 1ze nalézt primisené atomy ve vyssi koncentraci (defekty).

Migrace atomi pokracuje tak dlouho dokud existuje gradient chemického potencialu.

Dusledky:
-segregace vétSich atomii na hranicich, C a N na dislokacich, P As apod na hranicich zrn v
ocelich (tzv. teplotni zkfehnuti), ...
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Model segregace na
hranicich

VSse prilis slozité. Proto omezeni na BULK difuzi
(DICTRA)
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Atomarni mobilita

Definice: Kde ff‘_ﬂ Je termodynamicka hnaci sila diftize
ox
Jo = =MpC dpg
. BB ax Mg Je atomarni mobilita = kineticky faktor difuze.

V kombinaci s Gibbs-Duhemovou rovnici a definici chemického potencialu
ziskame: g = Gg + RT In yg Xy

RT|  dlnwvyg

J My |
B TRy ,J!i.’H.:_L d In Xg

3 X g
d.x Aktivitni koeficienty y
ziskavame z experimentu

nebo z termodynamickych
modeli

Le.

[ dlnys]aCs
Jp = — Mg l{1 - —
v : 1 dIn Xg| ox

Vyraz ve slozené zavorce {} =

Po porovnani s 1. Fickovym e appply . 40 Y | termodynamicky faktor
zakonem plati: Dg = Mg T dIn Xa
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Pusobeni jinych sil na chemicky
potencial

Pokud je chemicky potencial ovlivnén i pritomnosti
elestickych napéti (viz napr. dislokace) pak: g = Gy + RTIn yg X5 + E

1C DL C dr
Jg = =Dy - ﬂ,_ % I.. _
0x Rf (ol o

Podobné je treba chem. potencial, pokud atomy difunduji v elektrickém
poli U (elektromigrace), nebo v mistech s teplotnim gradientem.
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- F...
termodynamicky
faktor pro 900stC

je vyznamny !
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http://www.metallurgy.nist.gov/phase/solder/cusn-w.jpg

- _ dIn vyg ] Dﬁ=MﬁRT=MBRT
Jo = ~MaRT{1 + F1 2

M3z Mobility for element B

My  frequency factor

Oy activation energy

mg () Ferromagnetic contribution
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Objem - Volny povrch - hranice

Metal A4

Weld interface




Bulk difuze a difuze po
hranicich

A B C
D [
Doyt
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J= U + Jd)/d = —(Mf)dc

d dx

Dyyp = Dy + Dyb/d

D_HPE=1 DbE .
Dy Dd




Riuzny nizkoteplotni a vysokoteplotni mechanismus difuze.
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Difuzni par
Cu-5%Si/Cu-11%Al

& C1:Cu-4.78 5i/Cu-11.2 Al
O C2: Cu-5.47 Al/Cu-2.89 8i
¢ C3: Cu/Cu-11.2 Al-2.55 Si
Z C4:Cu-7.563Al-4. 1081 Cu
¥ C5:Cu-2.9SifCu-10.8A|

Present work
1073 K, 48 h

Fig. 8. Isothermal section of Cu-rich Cu-Al-5Si system at 1073 K [32], together with
the measured and the fitted diffusion paths of the six diffusion couples in the
present worl

Couple 1
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i Matano plane

600 BOD 1000 1200
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Fig. 2. (a) Measured concentration profiles of Al, 5i and Cu for ternary diffusion
couple C1 (Cu-4.78 at# SifCu-11.2 at.% Al) after annealing at 1073 K for 48 h and
(b) computed interdiffusion fluxes by using the numerical integration. Si develops a
zero-flux-plane (ZFP) in the diffusion couple. Symbols are from the experimental
measurement.
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1 fazova slitina !1!

V pripadé koexistence vice
fazi zahrnuje difuzni cesta
rozhrani (dle operating
tie-line)
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Experimentalni
VYVOj

(b)

V/Ni/Cr (1150stC/16 a
49hod).
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DICTRA - dlfoSIOﬂ path AICrNi
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A
Measured diffusion
path for a diffusion
couple similar to Fig. 1.

DICTRA simulation of the
diffusion path in a Ni-Cr-
Al couple.
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Interdiffusion
microstucture of the Ni-
Cr-Al diffusion couple
described in Fig. 2. The
dark areas in the gamma
layer are Kirkendall
porosity.
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Kirkendalova
rovina (Kirkendal
plane)
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Extrémni pripady

*Pohyb hranice je limitovan difuzi (fizen rychlosti difuze).
Vlastni reorganizace krystalové mrizky je okamzita.

*Pohyb hranice je limitovan reorganizaci krystalove

mrizKky (rizen reakcni rychlosti vzniku faze). Difuze je
vZdy dostacujici.
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Diskuse

& DICTRA: DIffusion Controlled TRAnsformation

2 Pozor: Posuv fazové hranice muze byt rizen
reorganizaci krystalove mrizku. Tj. Rizen
fazovou reakci.
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Vice Kirkendalovych
~rovin

(b) v /

The Kirkendall velocity in a hypothetical A—
B diffusion system, in which the intrinsic
diffusion coefficients of A and B are chosen
arbitrarily in such a way that on one side of
the diffusion zone A is the faster diffusing
x component and on the other side B has the
highest diffusivity. One (a), two (b) or three
(c) “Kirkendall” planes (K, K,, K;) can
emerge.
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Marker velocity curve in the multiphase Ti/Ni
diffusion couple after annealing at 850°C for 196 h
calculated using experimental data of Ref. [21]. Note:
the Matano plane is located at x=0 (B8-Ti_=b.c.c. solid
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(@) (b)

Bulk flow Isotropic diffusion Restricted diffusion
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