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Introduction: impurity segregation from DFT N IQL

Impurity segregation to grain boundaries:
« Even tiny amounts of impurities segregating to interfaces can affect properties of Cu
Characteristic fundamental quantity:
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Introduction: impurity segregation from DFT at OK
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Introduction: impurity segregation from DFT at OK N IQL

Segregation profiles:

 '}:; * More than 1 GB site can be « This result is valid for all types
occupied (valid regardless GB of impurities (interstitial &
type) substitutional)

" * Most efficient GB segregation
' sites are located at a rather
narrow distance from the GB
plane (GB width § = 54)
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5 .« More than 1 GB site can be .
occupied (valid regardless GB

type)
' * Most efficient GB segregation .

sites are located at a rather
narrow distance from the GB
plane (GB width § = 5A)
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This result is valid for all types
of impurities (interstitial &
substitutional)

This result is valid for all
studied (by us) materials
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How to process DFT segregation
orofiles:
- segregation isotherms (GB concentration

& effective segregation energies)




DFT+ McLean vs. Experiment: methodology 1 l¢|—

Segregation at T>0 gb
: : Cgb Chulk _Eseg
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DFT+ McLean vs. Experiment: direct comparison m | -
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DFT+ McLean vs. Experiment: indirect comparison A lQ'—

Segregation at T>0 c c _E gb
Langmuir-McLean segregation gb _ _ “bulk Seg
isotherm (Oriani’s equation): 1=cgp 1- Cbulk kB
Average concentration within a Cgp = {Ck) = N (k) Z Cgb
GB width §: k€es
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How to process DFT segregation
orofiles:

- Impurity depletion in the bulk (GB size
effect)




Introducing grain size effects n lQL

Ratio of GB/bulk sites: Half of the GB width
(it is assumed that 2
Site density grains share a GB)
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Grain size
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Methodology: GB impurity concentration at T>0 n IQL

Segregation at T>0 ; . _p9b
McLean segregation isotherm . 9b  _ ; bulr - 5;9
(Oriani’s equation): — Cgb — Chuik B
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Grain size dependence at T>0 O == Fepun + fz ck,
Actual ¢y, depends on the =

ration of the GB to bulk sites f =
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—SB_ and on the nominal bulk
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concentration of the solute ¢,
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Methodology: GB impurity concentration at T>0 n IQL

Segregation at T>0 ; . _p9b
McLean segregation isotherm gb _ _ “bulk seg
(Oriani’s equation): 10_ Cgb 1 = chuik kgT
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How to process DFT segregation
orofiles:

- Ssite competition at GB




Site competition model m

One segregating element:

b
k___Co —Eg,, (k)
1—c, 1—cq P kT

Multiple segregating elements:

Clic _ C(i) exp _E.sl:’éggb (k)
1-Y;ck 1-Y;¢ kT

cL of a solute i depends on the GB concentration and bulk
concentration of all other solutes




Interstitial element site competition with H N IQL

Occupation probability at grain boundary

1.0 e e e e P 1 H
Within the framework of the E E:
D B e the Slte Competltlon mOdeI’ O o "
| ~ and P interstitial impurities )
- o (among H, He, Be, C, N, O,
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H | \ at GBs in Ni even at 2 ppm
é \ bulk content (Cbulk)
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How to process DFT segregation
orofiles:

- combine with cohesive energy calculations
for evaluation of the cohesive strength of
alloys
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Effect of solutes on cohesive strength

Bulk cohesion

" Partial cohesive energy

_ aEcoh
aCi

Xi =

AP

Crystal

Free atoms

° o

x > 0: strengthening
x < 0: destrengthening
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n < 0: strengthening
n > 0: embrittlement

Free Surface (FS)
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Solute effect on the cohesion of Ni

bulk and GB

new (extended) data

Single solute in Ni bulk/GB

GB strengthening 1) and lattice cohesion y
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Solute effect on the cohesion of Ni bulk and GB
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Fig. 3. E%,

—n map (GB segregation energy vs. GB strengthening energy). Elements

that strengthen GB are located on the left side of the figure (green area of the plot);
elements that embrittle the GB are located on the right side of the figure (red area of
the plot). (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.) Razumovskiy et al. Acta Materialia 82 (2015) 369



Summary: towards ICGBE m | .

Segreqgation at T>0

. . ke
McLean segregation isotherm for gb __ _ Cbuik seg
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