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Single class grain growth

ASingle quantity: Mean grain size
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Single class grain growth MatCaic

ASingle quantity: Mean grain size

variables ... b 4
4 prec_domain struct sc
4 D5
GD%austenite 0.000 v
Fallw E Wk S

category: prec_domain struct sc

expression: GDSaustenite

legal unit qualifiers: *none™

-= mean grain diameter (number weighted) in precipitation domain
(single-dass model)



Growth driving pressure MatCalc

ADriving pressure dependent on

AGrain interface energy

AGrain size
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[ - Graininterfaceenergy

0O - Meangrainsize(diametel)



Growth driving pressure MatCaic

ADriving pressure dependent on

AGrain interface energy

AGrain size

5 Ly r
variables ... i C Q ’O

variables value

4 prec_domain ms evalution
4 OF_GGS*

. [ - Graininterfaceenergy

category: prec_domain ms evaolution

expression: DF_GGSaustenite ’O - M ean g ral n Slze(d | am etel)

legal unit qualifiers: *none™
-= driving force for grain growth of unrecrystallized grains

Q- Scalindgactor



Growth driving pressure

ADriving pressure dependent on

e FrE . ]
b Precipitation domains ... !
AGrain interface € reewsor. oo e v e o
austenite™ -
| Diffusion control Energies Mobilities

AGrain size

Grain boundary [1/m2] 0.5

Subarain boundary [3/mZ] |0.3

Dislocations [1/m] 0.0

Stacking fault energy
automatic SFE manual [Ijm2] 0.0
~
C !Q
’O

[ - Graininterfaceen:

C

’O - Mean graInSize(d Set active Rename ...

Q- Scalindgactor
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Growth driving pressure

ADriving pressure dependent on

Precipitation domains ...

AGrain interface e ...

Genera | Mech. Props MS Evolution Trapping Special
austenite” Grainstructure Substructure Solute drag Vacances Heat g
A G rai n S i Ze Grainsize evolution model Single dass model
Size distribution ...
size dasses

Grain growth ...

~ P~ r
3 . k.d 2.0 r 1.5
U ' S 2 —— scfmc fact gg (4.0 scfmc factre (4.0
)
O topology factor (0.0=none, 0-1): 0.5

Recrystallization contral ...

[ allowrexx € _gb

[ - Graininterfaceen: impingment e, growth 0.5 coarsen
’O - Mean gra|nSiZE(d Set active REMNEME ...

Q- Scalindgactor
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Mobility — general approach MatCalc

AGeneralform 0 (1) Y Y

Precipitation domains ... ?

see
tH

Precipitation domains ... General Mech. Props MS Evolution | Trapping Spedal

austenite® -
Diffusion control Energies Mabilities

= G ral n bo u n d ary Grain boundaries (HAGE) ...
intrinsic M0 0.01"MOB_HAGES@

m O b i I Ity solute drag MO |0, 1¥GB_MOB_INTS@

pinned M0 0.01%GE_MOB_INTS@
= M O bl I Ity p re'faCtor Subgrain boundaries (LAGE) ...
infrinsic M0 |0.01*MOB_LAGES® Q |00
= ACt|Vat| O N e N e rgy solute drag MO |0, 195GB_MOB_INTS@ Q |0.0
pinned MO 0.01*5GE_MOB_INTS@ Q |00

Y - Gasconstant

"Y- Temperature

New ... Remave

Set active Rename ...



Mobility — general approach MatCalc

~y

AGeneralform O] 0 QanLuTY"Y

variables ... ®

[‘) = GralnbOUHdary variables value 2

mobility

D - M 9) bl I |'ty p re_factor category: prec_domain ms evolution

expression: GB_MOBE_GGSaustenite
legal unit qualifiers: *none™
i -= effective grain boundary mobility for grain growth

L - Activationenergy
'Y - Gasconstant

"Y- Temperature



No obstacles
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TurnbullD., Trans. AIME, 191 (1951), pp. &&b

Grainboundarywidth
(hardcoded- 1 nm)
Diffusioncoefficient
for grainboundary
Molar volume

Bur gveaof s
Gasconstant
Temperature

Scalindactor
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No obstacles MatCalc

& FrE . 9
Ser Precipitation domains ... :

y ™ 7
O U U Predipitation domains ... General | Mech. Props | MSEvolution | Trapping | Spedal

austenite®

Diffusion control Energies Mobilities

Grain boundaries (HAGE) ...

intrinsic MO D.DIIMOB_HAGBS@ Q 0.0
3 solute drag MO |0, 19G8_MOB_INTS@ Q 0.0
U pinned MO 0,01*GE_MOB_INTS@ Q0.0

Subgrain boundaries (LAGE) ...

intrinsic MO 0.01*MCB_LAGESE qQ 0.0
solute drag MO |0, 1¥5GB_MOB_INTS@ Q 0.0
5 ~ r pinned M0 0.01%5GE_MOB_INTS@ qQ 0.0
U C Q — 0
variables ... it
variables value 2
. . MNew ... Remove
4 prec_domain ms evolution
4 MOB HAGBS* Set active Rename ...
MOB_HAGBSaustenite 7.40552e-11
v

category: prec_domain ms evalution

expression: MOBE_HAGE saustenite

legal unit qualifiers: *none®

-= mobility of high angle grain boundaries based on gb diffusivities
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No obstacles

L Td
e

C-
J—)l
@

variables ... b 4

>

variables value
4 prec_dornain ms evolution
4 GB_MOB_INTS*
7.40552e-13

GE_MOB_INTSaustenite

category: prec_domain ms evolution
expression: GE_MOB_INTSaustenite
legal unit qualifiers: *none™®

-= intrinsic grain boundary mobility

PageA14

Precipitation domains ...

Precipitation domains ...

General Mech. Props MS Evolution

austenite®

Diffusion control Energies Muobilities

Grain boundaries (HAGE) ...

intrinsic MO 0.0 IIMOB_HAGBS@

solute drag MO |0, 1*GB_MOB_INTS@

pinned MO 0.01%GE_MOB_INTS@

Subgrain boundaries (LAGE) ...
intrinsic M0 0.01*MOB_LAGES®@
solute drag MO |0, 1%5GB_MOB_INTS@

pinned M0 0.01%5GE_MOB_INTS@

New ...

Set active

Remaove

Rename ...

Special

Q 0.0
Q 0.0

Q 0.0

Q 0.0
Q 0.0

Q 0.0

MatCalc

Engineering
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System with precipitates MartCalc

Grain boundary movement

g Precipitateson the

grainboundary

Reductionof grain

boundaryenergy

g Grainboundary

pinning slowdown
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System with precipitates

AGrowth retarding pressure dependent on

APrecipitate phase fraction - Pinningforce (Zenerforce)

0
1. . "Q - Phasdractionof clasg of
APrecipitate radius * 3

precipitatei
Qr | 'd ) G | p - Meanradiusof clasg of
G Lk precipitatei
'Q - Scalindactor
variables ... b 4
wariables value " | - Plnnlngfactor Of
denmain ms evolution
] PPI;'PF'?PSEuEtEHitE 0 v preCI pltate I
coraason, pRpge e I - Pinningexponentof

legal unit qualifiers: *none®
-= ralculated precipitate retarding pressure (Zener force) from

internal MatCalc routine p reC| p |tate |
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System with precipitates

- - . 2
Precipitation domains ... :

Precipitation dom General | | Mech. Props | MSEwvolution | Trapping | Spedal
tenite ) - -
Grains tructure Substructure Solute drag Vacancies Heat genera tion
~
Grainsize evolution model Single class model A 0
Size distributi
das ;\Q
Grain growth ...
k d 2.0 I kr 1.5 I
scfmc factgg (4.0 scfme factrx (4.0
topology factor {0.0=none, 0-1): 0.5 I h -

Recrystalization contral ...
[] Allow rexx  C_gb

impingment exp, growth 0.5 coarsening 5.0

Cancel oK

)ndent on

Pinningforce (Zenerforce)
Phasdraction of clasg of
precipitatei
Meanradiusof clasg of
precipitatei

Scalindactor
Pinningfactor of
precipitatei
Pinningexponentof

precipitatei

MatCalc
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System with precipitates MatCaic

2
Phase status ... :

Phases ... General | | Constraints | Precpitate | Mudeation | Structure | Spedial

Feca ' ' ' 'ndent on
FCC_AT20] Properties Strengthening M5 Evolution b
EFCC_A1#01_PD Grain growth control

IEf'Fecﬁ\re pinning factor | 1.0 II pinning exponent | 1.0

0 - Pinningforce (Zenerforce)
"Q - Phasdraction of clasg of
precipitatei
I r - Meanradiusof clasg of
precipitatei
Q - Scalingactor
— | - Pinningfactor of
N — precipitatei
0 Qr_ d: ) & f - Pinningexponentof

precipitatei
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System with precipitates
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Grainboundarymobility for
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System with precipitates MatCalc

~ ~
(3 Z / 2 \
U « U o U
— A : 2
> U e Precipitation domains ... :
Precipitation domains ... General | Mech. Props | MSEwvoluton | Trapping | Specdial
austenite®

Diffusion control Energies Mobilities

3 7
-| O w Grain boundaries (HAGE) ...
-
W

intrinsic MO 0.01"MOB_HAGES@ Q |0.0

€ Y (14 Y solute drag MO |0. 1*GE_MOB_INT 5@ Q 0.0
pinned MO E B_MOB_INTS@ Q |0.0

Subgrain boundaries (LAGE) ...

- Y = intringic MO |0.01"MOB_LAGBS®E Q|00

O U U solute drag MO |0, 1¥SGE_MOB_INTS@ Q |00

pinned MO 0.01*5GE_MOB_INTS@ Q|00
variables ... b 4
variables value 2

4 prec_domain ms evolution

GB_MOB_PRECS*

GB_MOB_PRECSaustenite 7.40552e-15

New ... Remove

category: prec_domain ms evolution Set active Rename ...
expression: GB_MOEB_PRECS™

legal unit qualifiers: *none™
-= pinned (Zener drag) grain boundary maobility Cancel



System with precipitates
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System with precipitates
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Grainboundary
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Reductionof grain
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Case with solute drag

O 0O U
0 - Effectivegrain

boundarymobility

_ P _ P “p U - Grainboundary

U U U mobility with solute
drag

i U ¥
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Cahn impurity drag
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Effectivegrainboundary
mobility
Grainboundarymobility
with solutedrag
Inversemobility
Soluteconcentrationon
the grainboundary
Grainboundarysolute
interactionenergy
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coefficient
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Cahn impurity drag

Precipitation domains ...

austenite™

Mew ...

Set active

Precipitation domains ...

General Mech. Props MS Evolution

Grainstructure Substructure Solute drag

Solute drag model |Cahn: impurity drag

Solute drag interaction energies ...

Trapping

Special

Vacancies

Elemenll Inter. energy [J/mol]

CB diff factor

c | oo 2.0
FE § 0.0 2.0
N f oo 2.0
[v [ 2500 2.0

Heat generation

- I

Remaowve

Rename ...

(

O
N

OK

Effectivegrainboundary
mobility
Grainboundarymobility
with solutedrag
Inversemobility
Soluteconcentrationon
the grainboundary
Grainboundarysolute
interactionenergy
Crosshoundarydiffusion

coefficient(~tracerdiff.)
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Buken-Kozeschnik critical pressure

AContinuous mobility change dependent on the driving

pressure.
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Buken-Kozeschnik critical pressure MatCalc

L 11

R - 2
set Precipitation domains ... !

Precipitation damains ... General | Mech. Props | MSEwveolution | Trapping | Spedal

austenite™ - - -
Grainstructure Substructure Solute drag Vacancies Heat generation

AContinuous mobi 0

Solute drag parameters ...

Critical energy at grain boundaries ..

p reSS u re L] Critical P* | 200000.0 transf, range |5000.0

Critical energy at subgrain boundaries ...

Critical P* | 100000.0 transf, range |2500.0

New ... Remave

Set active Rename ...

0

c-
<
cR

C




Buken-Kozeschnik critical pressure MatCalc

e FrE = o
g8 Precipitation domains ... :

Precipitation domains ... General Mech. Props MS Evalution Trapping Special

austenite™ -
Diffusion control Energies Mobilities

AContinuous mobi )
intrinsic MO 0.01"MOB_HAGBS@ 0.0

| solute drag MO |0, I’GB&INTS@ t 0.0

p reSS u re ! pinned Md 0.01%GE_MOB_INTS@ Q 0.0

Subgrain boundaries (LAGE) ...

intrinsic MO 0.01"MOB_LAGBS® Q 0.0
solute drag MO |0, 1"5GB_MOB_INTS@ Q |00
. A pinned MO 0,01*5GE_MOB_INTS@ qQ (0.0
"™
MNew ... Remave
Set active Rename ...
o
0 \ |
: g : N
5 S'/ 3 5 SJ/ o5
7‘
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Case with solute drag

C

o

]
L

C

log M [m*)-1s1]

1200

Buken H., Kozeschnik E., Metall. Mater. Trans. A, (2016),
1E-08 - DOI: 10.1007/s1166016-35245
1 E-09 4
1E-101
1E-11-
1E-12 -
1E-13 -
1E-14 T r T
800 900 1000 1100
T[°C]
variables ... b 4
variables value 2

4 prec_domain ms evolution

-

GB_MOB._SDSaustenite

Pt B Pl ol

7.40552e-14 I v

category: prec_domain ms evalution
expression: GB_MOE_SDSaustenite

legal unit qualifiers: *none®

-= pinned (solute drag) grain boundary maobility

MatCalc
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