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* Vacancy concentration
 What is it all about?
 Why do we care about?
* How does it evolve?

 Why does it (sometimes) take so long to evolve?



What is it all about?

* Real materials are not perfect crystals...
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What is it all about?

 Equilibrium vacancy concentration = thermodynamics make them
appear

variables | value

[ kinetics: pd spedial

- EIRX SV
- | PX_SV_EQUILSalu

9,85073e-09

category: kinetics: pd special
expression: PX_SV_FQUILSalu
legal unit qualifiers: *none®

- equilibrium substitutional vacancy site fraction in

precipitation domain

n

variables | value I;I

f _\yf
GVa_HV_
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L -

[l state variables
EIHM svs=

- HM_SVSFCC_A1 64863.3

EISMEY

-5M_SVEFCC_A1 0

Thermodynamics

: Variables & Functions

Diffusion | Physicaldata |

MatCalc

Engineering

iables | String Variables | Functions | Syml*l"

.
»

category: state variables

expression: HM_SWSFCC_A1

legal unit qualifiers: *none®

-= molar enthalpy of substitutional vacancy formation

—Available items ...

—Mame /..

| <<all=> |
Element: I ;I

HMVAFCC A1 CLEVA;T)

[vAFCC_A1,AL:VA;D)

Rename ... |

—Expression ...

AEEEEEEEEEEEEE RS

G(FCC_A1,AL:VA;0)
G(FCC_A1,CU:VA;0)
G(FCC_A1,AL,CU:VA;0)
G(FCC_A1,AL,CU:VA; 1)
G(FCC_A1,AL,CU:VA;2)
SE(THETA_AL2CU)
G(THETA_AL2CU, AL:AL;0)
G(THETA_AL2CU, AL:CU;0)
G{THETA_AL2CU, AL: AL, CU;0)
SE(THETA_AL2CU_PQ)
G(THETA_AL2CU_P0,AL:AL;0)
G(THETA_AL2CU_P0,AL:CU;0)
G(THETA_AL2CU_PO,AL:AL,CU;0)

Mew ... Hemowve |

273 +64163; 6000 M

Set

—Current value

I:'J.kt'-.-'al_T: 64163, Aktval_F: 64070.7, Paolylndex: 1

Close |




MatCalc

Engineering

What is it all about?

 Equilibrium vacancy concentration = thermodynamics make them
appear Hgazzyin .

Va,
[

i [vae | 20x
[ kinetics: pd spedial
EPE{F‘_ETS_EEELSII:I?L:EIU 9.85079€-09 f Thermodynamics I Diffusion | Physicaldata | Varisbles | String Variables | Functions | Syml ﬂl
categnr}-': kn;ihn;sv pEdQSLII:lIT_da: y |74
expression: PX_SV_| Zalu . .
legal unit qualifiers: *none™ -Vaca NCy formation entro ples are curre ntIy not
- equilibrium substitutional vacancy site fraction in Rena |
precipitation domain bk

used in MatCalc

variables

=w=wq -Vacancy formation enthalpies come from

thermodynamic database. Feel free to change it, se

f _ygf f
Gyo = Hyq — TSy, _
EXPression:

<=t if you need it (Variables& function)

070.7, PalyIndex: 1

Page = 5 Cloze |
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What is it all about?

* Equilibrium vacancy concentration = thermodynamics make them
appear
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What is it all about?

* Equilibrium vacancy concentration = thermodynamics make them
appear
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What is it all about?

* Equilibrium vacancy concentration = thermodynamics make them
appear
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What is it all about?

* How to change the vacancy concentration?

* New equilibrium

* Change temperature

e Transform to a new phase
* Out of equilibrium

 Deform material

* |rradiate material



Why do we care?
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‘Vacancies ‘
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Why do we care?

acahcids Nucleati | Precipitation
ucieation | 4 - -
kinetics
16my3
G* = i 2
Yva AGY ae AGy,  9(1 —v) (dl? G*
dCV}? = RTIn (yva eq) 3 l ;aem e vca Av + U; + 4E® vca ]~exp _ﬁ
Chemical part Elastic part

dCV,f - Vacancy contribution to driving force ¥ — Interfacial energy preciptate/matrix

R — Gas constant v%- Molar volume

T — Temperature Av — volumetric misfit of precipitate

Yva- Vacancy site fraction on subst. lattice (current) v — Poisson’s ratio

Yvaeq - Vacancy site fraction on subst. lattice (equil.) E?% - Young‘s modulus

G:t= Critical nucleation energy J — Nucleation rate



Why do we care? Matcalc
. Precipitation
Vacancies ion | ) S
> Nucleation M kinetics
3
ot = lémy _
a Yva AGchem dga AGy | 9(1 —v) dCVa G*
den = RTln (yVZ,eq> - vlgf _ v‘? Ay v“l T 4Ea <v‘?> ] ez <_ RT)
Chemical part Elastic part

- Generation/anihilation of the excess vacancies results in a strain of the matrix (last term)

- Volumetric misfit of the precipitate may augment/decay the previous effect (second term)
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Why do we care?
[ ]
16my3
dVa . 2
3 (== (A6 NGy - dVenv + S (dV2)?
& chem el 4 Eava ( ) YJ
variables ;I variables I value ;I
=l kinetics: pd spedial El kinetics: nudeation
EIPX_SV_EQUILE® EINUCL DFMS™ ¥
P RPY SV EQUILSal 1.09253e-08 ¢ INUCL_DFMETHETA_AL2CU_PO 42‘34.31'
& JCL COrMes
—p | |MUCL COFMSTHETA AL2CU PO |44-46 a5
EJNUCL MDEME*
— INLICL MDFMSTHETA _AL2CL PO IIEIEI3 25

ElPx SV _CURRS®
. | |PX_SV_CURRSalu | 3.54342e-07 =
‘| | B

tegory: kinetics: pd il E]NLICL?‘-.-'ADFMIS‘
Espresson: PX. SV CURR$S ¢ SNUCL_VADFM1STHETA_AL2CU_PO [1224.1
expression: PX_SV_CURRSalu & N A
e . “NUCL_VADFM2STHETA_AL2CU_P0 -3?3.38'3_|;|

(| | »

-= current total substitutional vacancy site fraction in
Fategory: kinetics: nudeation

precipitation domain
expression: NUCL_VADFMZ2STHETA_AL2CU_PO

legal unit qualifiers: *none™®
-= mechanical misfit strain energy for nudeus

Page = 13
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Why do we care?

16my3

G* = >

2
dVa 9 1 — dVCl
3G e T AGy — - Av + (4E“ ) =

: Phase status ...

variables value N ~Phases... General | Constraints | Precipitate  Mudeation | Nud. sites | Structure | Spedal |
= kinetics: nudeation FCC_A1 —General ...

E] r:,||_||:|__|:.|=|'u'| el THETA_AL2CU

é]r;.&q(lﬂl_l:LcT:l:?FFhTmEm_M 2CU_PO 4254.31 THETA_AL2CU_PO Mudeation model IBEdcerJ"Dcuering time-dep, LI

i §*

ENJQECIFSESELWHA_AL 2CU_FO  4446.85 Mudeus composition: ||:|rth|:| -equilibrium ;I Calc...

¢ LNUCL_MDFMETHETA_AL2CL PO 1003.25 .

EMUCL VADFM15= Mudeation constant: I 1.0

| “NUCL_VADFM1$THETA_AL2CU PO 1224.1 .

EINUCL VADFM2&* Incubation time constant: I 1.0

{SNUCL_VADFMZSTHETA_ALZCU_PO -373.339 = - - . .
> Minimum nudeation radius [m] II:I. 35e-9

« |

Fategory: kinetics: nucleation

I ¥ account for coherent misfit stress I|7 ignore misfit stress during deformation

expression: NUCL_VADFM2STHETA_AL2CU_PO [™ | t2ke into account shape factor [ account for gb / disl, line energy
legal unit qualifiers: *none™
-z mechanical misfit strain energy for nudeus I ¥ account for excess va contribution I|_ nudeate only with valid major constituents
™ restrict nudeation to prec domain I LI
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Why do we care?
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‘Vacancies | Diffusion )—;‘

Precipitation
kinetics

Vacancy
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06> 00 ., © 000
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http://www.doitpoms.ac.uk/tlplib/diffusion/diffusion_mechanism.php

Page = 15

D; = Dy ;exp (— }?71") (yiva )
a,.eq

D; - Diffusion coefficent
Dy ; - Pre-exponential factor
Q; - Activation energy of subst. diff.



Why do we care?
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‘Vacancies
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Diffusion )—t‘
Vacancy
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http://www.doitpoms.ac.uk/tlplib/diffusion/diffusion_mechanism.php
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Why do we care?

+ Precipitation domains ...

—Predpitation domains ...

alu

MNew ... Remove |

Rename ... |

General | Mech. Props

Grainstructure | Substructure

M5 Evolution I Solute trapping I Spedal

Vacancies I

Vacancy evolution model Imean diffusion distance j

Substitutional diffusion ...

I ¥ consider excess SV excess vacancy effidency (0-1) I 1.0

—Vacancy annihilation and generation ...
eff. loop line energy [Ijm] ¥ auto

jog fraction on dislocations [~ auto

Frank loop nud, constant I 1.0 jog fraction on Frank loops ||:|.2

Ifru:um shear modulus (1/2Gb"2)

[0.02

Mean vacancy diffusion distance ...
{* automatic.  Accelleration factor

" manual, Mean diff. distance [m]

1.0

[ 1.0e-8

—Vacancy diffusion ...

corr, factor I 1.0

Deformation-induced vacancy generation ... —

wa gen. coeff |1.EI

2l xi

Cancel Ok

D; = Do,iexp —

MatCalc

Engineering

Qi Yva
RT yVa,eq

variables value I:I

[ kinetics: pd spedial
| E1XSV_DCFé*
. XSV_DCFsalu 6732.75 |

Page = 17

category: kinetics: pd spedial

expression: X5V _DCFEalu

legal unit qualifiers: *none®

-z diffusion correction factor due to non-equilibrium
substitutional vacancy concentration




How does it evolve?

e Sources and sinks

Source > Material s Sink |
)

Vacancy flow

* Equilibrium = Generation rate at source = Anihilation rate at sink

l\/IatC Ic

Engineerin ing
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How does it evolve?

—Predpitation domains ... zeneral | Mech. Props MS Evolution | Solute trapping Special
ol Grainstructure I Substructure Vacancies |
° d I H I A Vacancy evolution model jno vacancy annihilationfgeneration ;I
3 m O e S I n M atca C * s ihstitutional diffusion | eRE s R E T = :
mean diffusion distance
v e FSAK vacancy dynamics -
L] L] L] T 1 o
 Mean diffusion distance '
—Vacancy annihilation and generation ...
(% d I eff. loop line energy [Ijm] ¥ auto Iﬁu:um shear modulus (1/2Gb~Z)
([
,FSAK“* mode o
jog fraction on dislocations [~ zuto IEI.IIIE
. . Frank loop nud. constant | 1.0 jog fraction on Frank loops Inj. 2
® Va Ca ncy generatlon d U rl ng the Mean vacancy diffusion distance ...
{* zutomatic, Accelleration factor I 1.0
deformation (with FSAK only!) € ‘manual,  Mean diff, dstance ] [1.0e8
—Vacancy diffusion ... Deformation-induced vacancy generation ... —
R R | corr, factor | 1.0 |7'ua gen. coeff 1.0
Rename ... |

Cancel QK

*  Fischer-Svoboda-Appel-Kozeschnik®, Fischer et. al., Acta Mater. 59 (2011) 3463-3472
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How does it evolve?

* Mean diffusion distance
 Dislocations are taken as a vacancy source/sink

e s - Mean diffusion dist
* Default mean diffusion distance: @V agallIESTETTCIStANES

a =10"(—0.5log(p))

p — Dislocation density

* Evolution eq uation: C - Constant y; - Element subst. site fraction
DAt

oue0 =t =em () Orua ) 0=




How does it evolve?

* Mean diffusion distance
* Dislocations are taken as a vacancy source/sink

variables | value ﬂ
* Default mean diffusion distance: e s
: =5

legal unit qualifiers: *none™
-= mean diffusion distance for substitutional vacandes
to sources/sinks

[a]=10"(-0.5l0g(p)) S

* Evolution equation:

DAt
A)’Va(At) =C|l—exp| —— (YVa eq yVa)

o

Yva
:VVa,eq

MatCalc

Engineering

)ZyzDz
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How does it evolve?

 Mean diffusion distance
e Dislocations are taken as a vacancy source/sink =——— Lo LT T

Vacancy evolution model Imean diffusion distance LI
—Substitutional diffusion ...

¥ consider excess SV excess vacancy effidency (0-1) I 1.0

—Vacancy annihilation and generation

* Default mean diffusion distance e

jog fraction on dislocations [~ zuto |E|.II|2

Frank loop nud. constant I 1.0 jog fraction on Frank loops ID.2
lphlean vacancy diffusion distance ...

‘a = 10~ (-0.5log(p)) ‘

* Evolution equation

DA
AYVa(At) =C [1 — exp (_ _t>] (YVa eq YVa)
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How does it evolve?

* FSAK: Generation/anihilation on dislocation jogs

e Evolution equation:

21D
Ayll,)c{ (At) —— o In ( ' ) bH f — Diffusion correlation factor (0.75)

f Yvaeq Yvaeq b — Burger’s vector

H - Jog density
H = Xjoqp

Xjog —Jog fraction on dislocations



How does it evolve?

* FSAK: Generation/anihilation on dislocation jogs

* Evolution equation:

2D
AYI?C{(ALL) — Yva o Yva

f yVa,eq yVa,eq

i Lok

Page = 24

bH

—Precipitation domains ...

alu

MNew ... Remove |

Rename ... |

MatCalc

Engineering

General | Mech. Props MS Evolution I Solute trapping Special I

Grainstructure | Substructure Vacancies I

Vacancy evolution model |[FflETETeylatle iy &=y e

—Substitutional diffusion ...

¥ consider excess SV excess vacancy effidency (0-1) I 1.0

—Vacancy annihilation and generation ...

eff. loop line energy [3jm] W auto

Iﬁ'u:um shear modulus (1/2Gb~2)

e
I jog fraction on dislocations [~ auto

[0.02

Frank loop nudl. constant | 1,0

jog fraction on Frank loops ||:|. 2

Mean vacancy diffusion distance ...
{* zutomatic,  Accelleration facton

" manual, Mean diff. distance [m]

J1o

J1.0e8

—Vacancy diffusion ...

corr. factor | 1.0

|

Deformation-induced vacancy generation ... —

va gen. coeff 1.0

Cancel | (a4 I

4
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How does it evolve?

* FSAK: Generation/anihilation on dislocation jogs

—Predpitation domains ...

General I Mech. Props I M5 Evolution | Solute trapping Speciall

alu Thermodynamic matrix phase ...

* Evolution equation: e

Microstructure parameters ...

equilibrium dislocation density [m-2] I 1.0e11 I

excess dislocation density [m-2] IEI

agrain diameter [m] I 100e-6 elongation factor I 1

subgrain diameter [m] | 1e-5 elongation factor I 1

21D
Ay‘?C{ (At) - — yva ln ( yVCl )H—] Burger's vector |

f yVa’eq yva’eq [~ automatic manual value [m] |2. Ge-10
Mew ... | Remove |

=]
Rename ... |

Cancel | Ok I
Page = 25 A
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How does it evolve? Mat

* FSAK: Generation/anihilation on grain boundaries

e Evolution equation:

Ayyge (At) = aaagus ln( L )R—Z
f yVa,eq YVa,eq

R — Radius of the spherical grain
(0.5 * grain size)



How does it evolve?

* FSAK: Generation/anihilation

* Evolution equation:

BySE(ae) = ——2 ey ( La il
f YVa,eq yVa,eq

Page = 27
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Engineering

; Precipitation domains ... ed |
~Predpitation domains ... General I Mech, Props | MS Evolution | Solute trapping Special
alu —Thermodynamic matrix phase ...
|Fcc_a1 =l
—Microstructure parameters ...
equilibrium dislocation density [m-2] I 1.0e11
excess dislocation density [m-2] ||:|
I grain diameter [m] I 100e-5 I elongation factor I 1
subgrain diameter [m] I 1e-G elongation factor I 1
—Burger's vector
[~ automatic manual value [m] I 2.5e-10
MNew ... | Remaowve |
Rename ... |
Cancel QK
&
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How does it evolve?

* FSAK: Generation/anihilation on Frank loops (test-phase?)

e Evolution equation:

2 2
AvEL(AF) = 4D yyq l Yva b°yi | NrLTrL
Va,eq Va,eq FLI*B P np = (xjog,FL)
v, - Effective loop energy np - Jog spacing on Frank loops (number of atoms)
7y - Frank loop radius (defined in the console) Xjog,F1 - 108 fraction on Frank loops

Ng; - Frank loop density (defined in the console) kg - Boltzmann constant



How does it evolve?

MatCalc

Engineering

* FSAK: Generation/anihilation on Frank loops (test-phase?)

* Evolution equation:

Ayy g (At)

_ A*D Yy, In Yva bm ] NpL7rL
f yVa,eq yVa,eq TFLkB

-1
np = rxjog,FLj

Page = 29

—Precipitation domains ...

alu

New ...

Remaove |

Rename ...

General | Mech, Props MS Evolution I Solute trapping | Spedal |

Grainstructure I Substructure Vacancies I

Vacancy evolution model ||gEL T Talla [, Ey e

—Substitutional diffusion ...

¥ consider excess 8V excess vacancy efficency (0-1) I 1.0

Vacancy annihilation and generation ... J

eff. loop line energy [3fm] ¥ auto from shear modulus (1/2G0~2)

jog fraction on dislocations [~ zuto 0.02

Frank loop nud. constant | 1.0 jog fraction on Frank loops ID. 2
Mean vacancy diffusion distance ...
{* zutomatic,. Accelleration factor |1.-:|
= manuzl, Mean diff. distance [m] I 1.0e-8
—Vacancy diffusion ... ——————— —Deformation-induced vacancy generation ...
corr. factor | 1.0 |71ra gen. coeff 1.0

Cancel | Ok I

Z




How does it evolve?

* Vacancy generation during the deformation

e Evolution equation:

Gb3 L
47T(1 _U)kBT \/ﬁ

Ay‘fsf(At) = aMelexp | —

variables | value -

=l kinetics: pd spedal
—|P¥ SV S558%

+ def x I.EUDEEiE-DBLIﬂ
Yvaeq T Yya

category: kinetics: pd spedal

expression: PX_SV_S5%alu

legal unit qualifiers: *none®

-= steady-state substitutional vacancy site fraction in
precdpitation domain during deformation

MatCalc

Engineering

o — Constant
M — Taylor factor
(G — Shear modulus

€ - Strain rate



How does it evolve?

* Vacancy generation during the deformation

* Evolution equation

Gb3

Ay‘?cff(At) =EI’VIS' [exp e

Page = 31

- U)kBT

_W]

: Precipitation domains ...

—Predipitation domains ...

alu

Mew ... Remove |

Rename ... |

General I Mech. Props

Grainstructure I Substructure

=Ll = WL Tl e 2l [F S A vacancy dynamics

MS Evolution | Solute trapping

Vacandes I

MatCalc

Engineering

2=

Spedial |

—Substitutional diffusion ...

¥ consider excess SV

excess vacancy efficency (0-1) I 1.0

—Vacancy annihilation and generation ...
eff. loop line energy [Ijm] ¥ auto

jog fraction on dislocations [~ zuto

Frank loop nud. constant I 1.0 jog fraction on Frank loops ||:|.2

Iﬁ'u:nm shear modulus (1/2Gb"2)

{0.02

Mean vacancy diffusion distance ...
{* automatic, Accelleration factor

" manual, Mean diff. distance [m]

[10

[1.0e8

—Vacancy diffusion ...

corr, factor I 1.0

Deformation-induced vacancy generation ...
|i‘Illa —— %

Cancel | oK I
A
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Why does it take so long to evolve?

* The idea:

 Some vacancies are trapped in the material and do not proceed to the sinks.

e Equilibrium between the trapped an ,free-to-move“ vacancies

* Needed:
 The amount of traps
* The trapping strength

* Relation between the amounts of trapped and free vacancies



Why does it take so long to evolve?

* Possible traps

Solute atoms

* Dislocations

Grain- & subgrain

boundaries
* Precipitate surface
Page = 33

MatCalc

Engineering

; Precipitation domains ... ed |
~Predpitation domains ... General | Mech.Props | MSEvoluton  Solute trapping | spedal |
alu
SFK-traps | Dislocation trapping |
ind. |act. Itrapped element Itrapping site delta H [1/mol] Imurd. num.
o W s 1.0
THETA_AL2CU_PO
4 [
Mew ... Remove | I I —I
Add | Remove Coupling in equilibrium calculation: IfLI" VI
Rename ... |
Cancel | oK
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Why does it take so long to evolve?

* Possible traps

Ng - Number of bulk sites

Solute atoms X; N¢g - Number of sites at grain boundary
Dislocations nrg.p Ngsp - Number of sites at subgrain boundary
Grain boundary Ngp/Ng 14c - Dislocation core radius (5*107%° m)
Subgrain boundary Nsp/Np x; - mole fraction of component ,,i“
Precipitat f 1 . : »
recipitate surtace A a3t < z erj2> N; - Number of precipitates in class ]
class

1; - Radius of precipitates in class ,,j“

V¢ - Atomic volume



Why does it take so long to evolve?

* Trap , strength®:
delta H

K =exp (_ﬁ

AH - Trapping enthalpy
* Trap ,range” modifier:

| coordination number |

Page = 35

+ Precipitation domains ...

—Predipitation domains ...

alu

Mew ... Remowve |

Rename ... |

General | Mech. Props | MS Evolution

SFK-raps | Dislocation trapping |

MatCalc

Engineering

Solute trapping | Spedial |

2 x

ind. |act. Itrap-ped element

trapping site

delta H [1/mal]

Imurd. num. I

a

W sy

-

DISL

Add | Remove

]

5000

Ill

2

Coupling in equilibrium calculation: Iﬁ.l|| 'I

Cancel |

Ok
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Why does it take so long to evolve?

* The amount of traps

* Amount of lattice sites =2 expressed by molar volumes

N¢or - TOtal number of lattice sites

Neop = Ny + Ny n; - Number of sites on which the vacancy is free to move

ng - Number of sites on the vacancy traps
TlV g — Tlt tV
L el n; - Number of ,,i“-sites (e.g. n;, nr)

_ i Vintor Vin - Molar volume (volume for n;,; = 1)
Mot Vi

Vini - Volume of material containing 1 mole of ,,i“-sites

x; - Mole fraction of ,,i“-sites

Svoboda J., Fischer F.D., Acta Mater. 60 (2012) 1211-1220
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Why does it take so long to evolve?

C

* The amount of traps
* Amount of lattice sites 2 ¢ For clarity:

- Vi is the volume of the material under consideration
needed to have the amount of 1 mole of ,,i“-sites in it.
The less ,,i“-sites in the material, the more of it is

n; Vm,tot needed.

Vini ISNOT the volume of 1 mole of ,i“-sites! >The

material does not consist of ,,i“-sites alone

Svoboda J., Fischer F.D., Acta Mater. 60 (2012) 1211-1220
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Why does it take so long to evolve?

* VVacancy balance

VmI , VmL
Yva,L™

Xvatot = Yvatot = XLYval T XTYvaT= YvarT

VmI+VmL VmT+VmL

Yva,i - Site fraction of vacancies on ,,i“-sites (= fraction of ,,i“-sites occupied by the vacancies)

* Vot € according fraction of trapping sites*coordination number

* VinL € assumed as Vy, 1o (Molar volume of system)

Svoboda J., Fischer F.D., Acta Mater. 60 (2012) 1211-1220



Why does it take so long to evolve?

* VVacancy balance:

Vm, . Vm,
Xvatot = Yvatot = XLYvalL T xTVVa,TzvaJr;mLYVa,LTVmTJr;mLYVa,T
* Minimization of free energy:
5 QL Yia AH
* K+yb,(1-K) K=exp|—2r

* Combine these two above = solve for yy, ; and yyq 7

* The immobile vacancies 2 xX7Yya1 — X1 VvalL

Svoboda J., Fischer F.D., Acta Mater. 60 (2012) 1211-1220

MatCalc

Engineering



Examples MatCalc

Engineering

* Examples from MatCalc website (P2-1, P2-2)

* FSAK model
e Al-Cu system, 4.3 wt.% Cu
* Precipitates: TH_DP_GPB- (bulk), THETA_PRIME- (disl.), THETA AL2CU- (disl.)

e Al-fcc domain



Examples

* Al-Cu system (Example P2-1), tempered at 200°C

temperature [ C

200
450
400
350
300
230
200
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* Al-Cu system (Example P2-1), tempered at 150°C
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e Al-Cu system (Example P2-1), tempered at 100°C
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e Al-Cu system (Example P2-1)
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e Al-Cu system (Example P2-2), influence of cooling rate
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e Al-Cu system (Example P2-2), influence of dislocation density
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e System Al-Mg-Si

*Mg=0,4wt.%, Si=1,1wt.%

 Mg5Si6_B_DP-precipiate. Nucleates at bulk sites

* Al-fcc domain

* Trapping sites: Mg (2600 J/mol) and Si (3500 J/mol) solute atoms.

e FSAK model
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* Variation of grain size (FSAK)
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* Variation of grain size (FSAK)
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* Variati ft ' thal FSAK
ariation of trapping enthalpy
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e Variation of trapping enthalpy (FSAK)
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