Crystallography and ordering

Nathalie Dupin

nathdupin@wanadoo.fr

Calcul Thermodynamique

SATA / Port-Royal / 2015



Crystal structure data
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Fig. 78. Mgz aCusss recult 20 jours 4 500°C (K, Cul
Fig. 7b. Mgz nClisz,e non recuit [K,Cu}
Fig. 76, MgsNisss recuit 22 jours & 480°C (K,Cul avec indication des rales utiliséas pour ke caloul du paramétre a,
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Crystal structure data

=]

Fig. 78. Mgz aCusss recult 20 jours 4 500°C (K, Cul {
30, 7b. MsoClinz,e non recuit [K,Cul = .

; i . " 3 % s % 3B athMg-
Fig. 7. MgsaNiss recuit 22 jours & 480°C (K,Cul avec indication desrales utiisées pour ke caloul du paran

Fig. 4. Parametro a de Ia mafle cubiauo do MgCu; en fonction
oI composkion (% Ml e ds Is tampieaturs (1
10"

Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015

2/ 25



Crystal structure data

TasLe 11I.—Alloy A (5 per cent. Mg).
( Face-centred cubic.)

Radiation. Rkl Tuotensity. djn observed, djn caleulated,
* Kg ioviiinnnnnne 111 Y.W, 4186 4-043
* Ko vorvreeiiinnnn 111 V.W. 4029 4043

Kg 111 M. 2-089 2-089

Ky oiviiiiirnnns 111 St. 2-098 2098

Lg (tungsten) , 100 (2) w. 1-820 1-817

Ka 100 (2) St. 1821 1817

Ky orieeiinenn, 110(2) St, 1-283 1-284

Le (tungsten) . 131 w. 1093 1096

Ky oooovnmennn.. 131 St. 1:094 1085

Nore.—Lines of 3 phase are marked with an asterisk (»).
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Crystal structure data

Intensity (counts)
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Crystal structure data

Tabla 4

Atomic coontinstes and stomic displacement parametess of the R, , Ta, compounts (0115 0B1) 36 mfine in the 12/m space grop

Atom

Occupancy rate * site mulliplicity

Rh, .Te,
Te(1)
Te(2)
RhiD)
Riu2)
RWY)

Ry uTe,
Te(1)

Te(n
Rhil)

x

=z Riy, 5 Ty
Fug. 3. Perspective view of the B, Te, sctures (s>0.5). The gy gy
sphire comsgorsls (0 the ocibedral siles fllad by dodian (RO R
beyon

the Bh, T, composition isee Fig 2 for detalls of the other  Rh2)
chiodim positine. Larges open circles are Te stoas Rbty

03302
0.37(3)
0.00615)
0

05

0.338(1)
0.333(1)
~0.000(3)
0
05

03437
0.335(1)
~0.015(1)
0
05

0.338(1)
Q]I
— 0011}
0
05

0.3308(7)
0.34206)
0.0165)
0

05

0.336(2)
0.13(2)
0001114
0

05

037N
QETH()
02511

o
036861
0ETIHT)
0.256(1)
0

o
0.3659(4)
0BT}
02615
0

o
037736}
086985}
0.230%5)
0
0:3828(3)
0882401}
0241165
0
0377
0851}
0.25942)
o

0

486

L12)
Lazqly
Lazqly

AT
L6
L&(1)
L6(1)

178
L6
L1
191}

2450
245
12(1)
21
L2011

133(6)
038(6)
0a3(5)
na3(s)
0938

B36(5)
0L36(5)
L57()
157(9)
L57@)
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Crystallographic information

» Nature of the phase
~> prototype, StrukturBericht

v

Number of sites

v

Site multiplicity
~ 2/1 to be preferred to 0.67,/0.33

Site occupancy

v

Volume

v
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Same crystallographic structure
= Same phase in the database

» Obvious when similar composition, similar elements, known continous
solubility

» Not obvious when different compositions in simple systems, very
different crystallographic parameters, no reciprocal solubility

» Not recommended when no common elements, no reciprocal
solubility, very different interactions, ex: CsCl/NiAl
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Same crystallographic structure
= Same phase in the database

Prae  stciwevpe  [me  seaemoupNo My (Cu) and (CO) ht

(cu) Cu cF4 225 4, search
(Co) ht cu cF4 225 , No Data prototype Cu
(Co)t Mg hp2 194 ., NoData

= same model.

e

Temperature, °C

20

data |
[Binary Alloy Phase Diagrams, Il Ed., Ed. T.B. Massalski,1990,2,,1181-1183,Nishizawa T. |
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Same crystallographic structure
= Same phase in the database

Phase Structure type ':;,:.’.;’; Space group No. '::::.":I (M ) and (CO) rt
(Mg) Me hP2 194 C§ Search g
(Coy ht cu cF4 225 4 NoData M
(Co) 1t Mg hP2 194 4 NoData prOtOtype g
MgCoz MgZns P12 194 4y Search
= same model.
1ass
et B L
1200
& riae
g 1000 o7
§ =
g 2
£ oo S
k3
638 e
600
3 =
wf @ i =
Ng
S S S
Co

at. % Mg

data |
Binary Alloy Phase Diagrams, Il Ed., Ed. T.B. Massalski,1990,2,,1205-1206,Nayeb Hashemi A.A. |
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Same crystallographic structure
= Same phase in the database

Fe-Mo-Ta Phase Diagram (1992 Raghavan V.)

Mo 900°C  (1173k) APD phase label

Published phase
label

(Fejn
a

5 Mos 1Ferg i
% FeTMos.j1

Mos Fers rt
e,lo/a
g

3
3

TeTFes
FeTap

{7a,Mo)
(Mt Ta)

(Fe)rt

(TaFez MoFez )
Fez{Mo,Ta)

10 20 30 40 50 60 70 80 90
Fe at.% Ta TaFes Ta

ASM International 2006.  Diagram No. 2000191
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Phases shown in thts diagngni:

w

Mos gaFer gz WeFer

Tag.sFeqs

symhbaol

cl2
|im-3m,

hR32
R-3m

hR33

R-3m

clz

Im-3m

hPLz
P&3fmmc
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Same crystallographic structure
= Same phase in the database

Fe-Mo-Ta Phase Diagram (1992 Raghavan V.)

Mo 900°C  (1173k) APD phase label

Published phase
label

(Fejn
a

MosiFergn
FeTMos.i

TeTFes
FeTap

7a,Mo)

(Mt Ta)

(Fe)rt

(TaFez MoFez )
Fez{Mo,Ta)

10 20 30 40 50 60 70 80 90
Fe at.% Ta TaFes Ta

ASM International 2006.  Diagram No. 2000191
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Formula FProtobype

Phases shown in thts diagngni:

Fe w

Mos gaFer gz WeFer

TagsFegs |WeFeT

symhbaol

cl2
|im-3m,

hR32

R-3m

hR33

R-3m

™ Fe,Ta and FéﬁzMo

w prototype WeFe;
= same model.
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Crystallographic structure
= thermodynamic model

Peason Material
Phase Structure type symbol Space group No. search
(Mg) Mg hP2 194 €, Search
MgCuz MgCuz cF24 227 & Search
icu Cu cF4 225 ‘4 No Data
MgzCu MgzCu oF48 70 &, Search
Tioodite
000 |
800- 15
© wed | 7
g
s 2
B o (
g [ a1
£ |
& s
| 552 %
so0d | a5
' 3
=/ ] l
g 2 z
o % % @ W e 7 4 % 100
Cu at. % Mg

[Binary Alloy Phase Diagrams, |l Ed., Ed. T.B. 1990,2,,1433-1435,Nayeb Hashemi A.A.

[Bibiographic data |
]
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Crystallographic structure

. MgCu Structure type Pearson symbol Space group Ne
= thermOdyna micC 2 MgCu cF24 Fd-3m 22
*Standardiz
Acta Crystallogr. C.1984,40,.1-5,0hba T., Kitano Y., Komura Y.
Phase Structure type ':::‘1";: Space group No. Preparation
o W prer 158 Synthesis No data.
(Mg) B Starting materials No data.
MgCuz MgCuz cF24 227
(Cu) cu cF4 225 ¥ X-ray Diffraction Properties
MgoCu MgzCu oF48 70
P Crystal Structure (Published)
¥ Niggli-reduced cell
:
R Crystallographic data
1000 Cell parameters a=0.49738 nm, b = 0.49738 nm, ¢ = 0.49738 nm,
a=60",B=60",y=60
a0, & Cell volume 0.08701 nm?
9wl 7 ¥ Crystal Structure (Standardized)
é Vo N Crystallographic data
B o
2 [ Cell parameters a=0.7034 nm, b = 0.7034 nm, ¢ = 0.7034 nm,
£ " a=9%0",8=9"y=%
. | 52 =i Cell volume 0.3480 nm?
sood | s Cell density (calculated) 5.78 Mg m'?
| 3 z 8
4o é‘ 2 Atom coordinates
No Site notation  Atom  Multiplicity ~ Wyckoff  Site symmetry x y 2z Occupancy
T S ® py B = £ = 1o ) 6 c 3m 0o 0 o 10
Cu at. % z Mg Ma 8 b -43m 3/8 38 38 10

[Bibiographic data
[Binary Alloy Phase Diagrams, Il Ed., Ed. T.B.

1990,2,,1433-1435,Nayeb Hashemi AA. |
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Crystallographic structure

. MgCu Structure type Pearson symbol Space group Ne
= thermOdyna micC 2 MgCu cF24 Fd-3m 22
*Standardiz
Acta Crystallogr. C.1984,40,.1-5,0hba T., Kitano Y., Komura Y.
Phase Structure type ':::‘1";: Space group No. Preparation
o W prer 158 Synthesis No data.
(Mg) B Starting materials No data.
MgCuz MgCuz cF24 227
(Cu) cu cF4 225 ¥ X-ray Diffraction Properties
MgoCu MgzCu oF48 70
P Crystal Structure (Published)
¥ Niggli-reduced cell
:
R Crystallographic data
1000 Cell parameters a=0.49738 nm, b = 0.49738 nm, ¢ = 0.49738 nm,
a=60",B=60",y=60
a0, & Cell volume 0.08701 nm?
9wl 7 ¥ Crystal Structure (Standardized)
é Vo N Crystallographic data
B o
2 [ Cell parameters a=0.7034 nm, b = 0.7034 nm, ¢ = 0.7034 nm,
£ " a=9%0",8=9"y=%
. | 52 =i Cell volume 0.3480 nm?
sood | s Cell density (calculated) 5.78 Mg m'?
| 3 z 8
4o é‘ 2 Atom coordinates
No Site notation  Atom  Multiplicity ~ Wyckoff  Site symmetry x y 2z Occupancy
T S ® py B = £ = 1o ) 6 c 3m 0o 0 o 10
Cu at. % z Mg Ma 8 b -43m 3/8 38 38 10

| = (Cu)z(Mg)

[Binary Alloy Phase Diagrams, |l Ed., Ed. T.B.

1990,2,,1433-1435,Nayeb Hashemi AA. |

Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015 7/25



Crystallographic structure

Structure type

. Pearson symbol Space group Ne
= thermodynamic & fwc. réan _22
*Standardiz
Acta Crystallogr. C.1984,40,.1-5,0hba T., Kitano Y., Komura Y.
Phase Structure type ':::‘1";} Space group No. Preparation
™ ™ P — Synthesis No data.
(Mg) B Starting materials No data.
MeCuz MgCuz cF24 227
(Cu) Cu cF4 225 rystal Stru 2| X-ray Diffraction Properties
MgoCu MgzCu oF48 70
P Crystal Structure (Published)
¥ Niggli-reduced cell
:
R Crystallographic data
1000 Cell parameters a=0.49738 nm, b = 0.49738 nm, ¢ = 0.49738 nm,
a=60‘,B=60",y=60
800 Cell volume 0.08701 nm?
£ 9 ¥ Crystal Structure (Standardized)
é 2] Crystallographic data
B o |
2 | Cell parameters a=0.7034 nm, b = 0.7034 nm, ¢ = 0.7034 nm,
E o a=90°,8-9"y=9
= | a5y _ s Cell volume 0.3480 nm?
sond | 5 Cell density (calculated) 5.78 Mg m'?
| 3 z 8
4o é‘ 2 Atom coordinates
No Site notation  Atom  Multiplicity ~ Wyckoff Sitesymmetry x y =z  Occupancy
0 20 20 40 50 80 T0 1 Cu u 16 c -3m o a 1] 1.0
Cu at % 2 Mg M 8 b -43m 3/8 3B 38 10

+ homogeneity range = (Cu,Mg),(Cu,Mg)
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Crystallographic structure
= thermodynamic model

(Cu,Mg)2(Cu,Mg)

Cu:Mg Mg:Mg

1.0 L 1.0 L

/ V.
8b
0.9 PR 0.9 Jt
0.8 4 o 0.8 7 o
Ve Ve
0.7 ~ = 0 0.7 ~ =
0.6 4 L S 0.6 4 L
s 3 /

£>‘§o_57 / F £ o054 4 r

0.4 ’ = % 04 ’ =

. Y @ o. ,

0.3 - F = 0.3 / F

/s /s
0.2 v = 0.2 v 16c =
/s Ve
014 = 014f =
0 T T T T 0 T T T T
0 0.2 04 06 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Cu:Cu 16¢ Mg:Cu
Yo Xvg
_ 2 16¢ 1 8b 8b __ 16¢
Xi = 3Yi TV yi© =3xi = 2y;

3 3
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Crystallographic structure
= thermodynamic model

(Cu,Mg)2(Cu,Mg)
C15 16¢ ,,8b ~C15 16¢ ,,8b ~C15
G = yCuC YCu GCu:Cu + yCuC yMg GCu:Mg

16¢c  8b ~C15 16¢ C15
+YMg YCu GMg:Cu + YMg GMg:Mg

+RT <2Z yF€ln yltoe 4 Z y81n y,-8b>
j i

1

8b
YMg

16¢ ,,16¢ 8b  C15
+yCu Mg Z Yj LCu,Mg:j
J

8b  8b 16¢c ; C15
+ YCu YMg Z Yi Li:Cu,Mg
i
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Crystallographic structure
= thermodynamic model

(Cu,Mg)2(Cu,Mg)

Cu:Mg Mg:Mg
1.0 . 10
/
0.9+ s = s
0.8 / 3 b
/
0.7 ) 3 o
0.6 = =
4 g
8 205 / + > 5+
ES P 2
0.4 ., F s
0.3 . 3 107
s/
0.2 s/ L
P -15+
01{ 3
0 T T T T -20
0 0.2 0.4 0.6 0.8 1.0 0
Cu:Cu 16¢ Mg:Cu Cu

Nathalie Dupin (CT)
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Crystallographic structure
= thermodynamic model

CupMg ZnpMg Ni; Mg
C15 Ccl4 C36

CusMg is the prototype for the C15 Laves
phases.

The Laves phases are a familly of
intermetallic phases appearing in many
binary and ternary systems. They have
all often been modelled with a 2SL
model with substitution in order to
describe their stoichiometry.

The C14 is often identified in
e S e T o multicomponent alloys of industrial

U. Kattner et al., Calphad XLII interest.

athalie Dupin T rystallography and ordering T ort-Royal / 2015 7/25
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Crystallographic structure
= thermodynamic model

1995 Joubert J.M. Ni

1000°C

(1273K)

10 20 30 40 50 60 70 80 90
Cr ZrCrart

© ASM International 2009.

Nathalie Dupin (CT)

at.% Zr Zr

Diagram No. 200795

Crystallography and ordering

The C14 often appears as an
extension of a binary phase
in temperature and compo-
sition along an almost con-
stant composition line,

SATA / Port-Royal / 2015
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Crystallographic structure
= thermodynamic model

Ni 800°C  (1073K)
1969 Gladyshevskii E.I.

as a ternary phase,

10 20 30 40 50 60 70 80 90
Nb NbsSis it at.% Si NbSi, Si

© ASM International 2006.  Diagram No. 952160
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Crystallographic structure

:> t h erm Odyn am | e ::ruetuletype Pearson symbol Space group_ No.

gZnz hP12 PGa/mmc 194
“Standardized
Inorg. Mater.,1969,5,,1882-1884, Gladyshevskii E.|., Koshel' O.S., Skolozdra f
Ni Preparation
- Synthesis Nodata.
1969 GladysheVSk“ El i Starting materials No data
Crystal S | X-ray Diffraction| Properties
> Crystal Structure (Published)
V¥ Niggli-reduced cell
Crystallographic data
Cell parameters a=0.4804 nm, b = 0.4804 nm, ¢ = 0.7825 nm,
a-9",8-%"y=-120
cell volume 0.15639 nm?
¥ Crystal Structure (Standardized)
Crystallographic data
Cell parameters a = 0.4804 nm, b = 0.4804 nm, ¢ = 0.7625 nm,
a=%",6-90",y=120"
Ccell volume 0.1564 nm’
cell density {calculated) 8.28 Mg m?
z 4
Atom coordinates
No Ste . Mtom muttptciy Wyckott S %y oz ocupaney
g " ik B n mm2 01657 019 14 10
= P Mo 4 i 3m, 13 3 0.5629 1.0
.70 +
Nb NbsSis 1t at.% Si NE - 025053 3 o e W om

= (Ni,Si)s(Nb),(Ni,Si),

© ASM International 2006. D
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P s No.
NbNi1 sSloss type earson symbol pace group o

Crystallographic structur

*Standardized

— J. Less-Common Met.,1985,106,,293-300.Trojko R., Blazina Z.

:> t h e rm Odyn a m i NIPreparation

__ Synthesis arc-melted, several times remelted
Starting materials No data.
Inorg -

Ni Prepal -Vt e X-ray Diffraction Properties
Synthe b Crystal Structure (Published)

Startin

L. ¥ Niggli-reduced cell

1969 Gladyshevskii E.I.

> G Crystallographic data
= | Cell parameters a=0.4796 nm, b = 0.479 nm, c = 0.7907 nm,
VN a=90",8=90",y=120
Crys Cell volume 0.15751 nm?
1 [ cell; ¥ Crystal Structure (Standardized)
cell | Crystallographic data
Cell parameters. a=0.4796 nm, b = 0.4796 nm, ¢ = 0.7907 nm,
a=9%",6-9",y=120
Cell volume 0.1573 nm?
Cell density (calculated) 8.32 Mg m™?
z 4
Atom coordinates
No 0% e Aom Multiplicity Wyckoff :;:melw x y oz Occupancy
1w i A h mm2 01697 0339 14 10
2 M g-ﬁ;‘f * P f 3Im, W3 U3 05629 1.0
P \ VY4 I 3wz i 2 a -am. o © o 1o
g : .« = (Ni)s(Nb,Si);(Ni); -
10 20 30 40 50 60 7 Lo ( I)6( ’ I)4( 2
Nb NbsSi> 1t at.% Si NE ER) T . - v ooe w0

= (Ni,Si)s(Nb),(Ni,Si),

© ASM International 2006. D
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type Pearson symbol Space group No.

MbNI 5505
NbNis 55i0.5 MeZna W12 P63/ mmc 194

Crystallographic structur
— J. Less-Common Met.,1985,106,,293-300.Trojko R., Blazina Z.

:> t h e rmOdyn a m i NIPreparation

__ Synthesis arc-melted, several times remelted

Starting materials No data.
Ni ;::;5 Crystal Structure |X-ray Diffraction Properties
1969 Gladyshevskii E.I. o) i:::"l': P Crystal Structure (Published)
= Niggli-reduced cell

» Experimental site occupan-
~ cies are not directely from
'« diffraction patterns.

= Assumptions are made.

© Critical assessment is also

I

VE needed for these data.

Cell v | Atom coordinates

| cellc S "
i< 2 No ks Atom Multiplicity ‘Wyckoff sy ® ¥ z Occupancy
o T M . v e S oo A 10
om
1 10.800NL + s P
2 m 02005 4 f 3m, 13 3 0.562% 1.0
3 hi2 N 2 a -3m, o o o 1.0
=
B Vom ( N ') ( N R o
. w = (Ni)g(Nb,Si);(Ni),
10 20 30 4 50 60 7 6 ’ 4 2
q ER s - g - - v 1.0
Nb Nb:Sis 1t at.% Si Nt o505

= (Ni,Si)s(Nb)4(Ni,Si).

Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015
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Crystallographic structure
= thermodynamic model

2001 Ding J.J. Ni 900°C  (1173K)

with different
homogeneity
range topology.

10 20 30 40 50 60 70 80 90
Al TiAl TiAbit at.% Ti  TiAlrt (Ti)rt Ti

© ASM International 2009.  Diagram No. 200336
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Crystallographic structure
= thermodynamic model

TINIG.5811.5 hp12 467 a=0.50095 a=90
o Ti2,13M11.30812.57 | MgaCussl * b=0.50005B=20 |[12]
T3, TIMNIAI PE3MmMC 0.1763 c=0.81117 [y=120

[12] Huneau B., Rogl P, Zeng K., Schmid Fetzer R., Bohn M., and Bauer 1., The ternary system
Al-Ni-Ti Part I: Iscthermal section at 900 °C; Experimental investigation and thermodynamic
Vol. 7, 1999, p 1337-1345

calculation, Intermetallics,

with different
homogeneity
range topology.

20 30
Al TiAl

TiAbit at.% Ti  TiAlrt (Ti)rt

© ASM International 2009,  Diagram No. 200336
Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015
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Crystallographic structure

= thermodynamic model Ty Al NiTig*

(Mg Zna~type)

TINIg, 54115 hp1z ol Occupation of the 22 ste (0,0,0)
e Tiz.13MI1.308l2.57  MgzCu3sl e — *”
[12] Huneau B., Rogl P, Zeng K., Schmid Fetzer R., Bohn M gm
Al-Ni-Ti Part I: Iscthermal section at 900 °C; Experimental | '°
calculation, Intermetallics, Vol 7, 1999, p 1337-1345 =1
= |
70 mT
m
20
-§w
g

3

8

*
1. ~ L
?_, | Oceupationofthe e e, 25, 1) n
N =
10 20 30 / 40 50 60 70 80 90 2 =
Al TiAl TiAbrt at.% Ti  TiAlrt (Tt » * ueo M - "’

Fig. 8. Occupation of the atomic sites for the t3-phase as a function of
the Al-content.

© ASM International 2009.  Diagram No. 200336
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Crystallographic structure
= thermodynamic model Ty Al NI Tiy"

(Mg Znz-type)

TINIp, 5815 hPiz
Tl Ml I ™ u3sl
T3 TINIAI 2.13M11.30A12.57 gzCus

P&z mr

Occupation of the 2a sits (0, 0,0)

occupation in %

[12] Huneau B., Rogl P, Zeng K., Schmid Fetzer R., Bohn M
Al-Ni-Ti Part I: Iscthermal section at 900 °C; Experimental |

Compilations may reinterpret original data.
Original data are safer for crystallography also

w

.
|
|

o Ni
R i

[

(—— <

occupation In %
8
/

occupation in %

10 20 30 40 50 60 70 80 90
Al TiAl TiAbit at.% Ti  TiAlrt (Ti)rt

5
- A A SN 5. 4 U8 NN 2N

P s Alat% as s ©

Fig. 8. Occupation of the atomic sites for the t3-phase as a function of
the Al-content.

© ASM International 2009.  Diagram No. 200336
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Crystallographic structure
= thermodynamic model

1998 Buhler T.
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Crystallographic structure
= thermodynamic model

Based on its limited non-stoichiometry in some systems and
on partial or bad site occupancies experimental results,

the C14 has often been modelled with two sublattices only,
like the C15.

However, in order to describe properly the C14, MgZno-type,
phase, 3 sublattices are needed to allow different occupations
for the 3 crystallographic sites.

Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015 7/25



Crystallographic structure
= thermodynamic model

For decades simplified models were used because of
computers limitations and the impossibility to assess
all the compounds.

These simplications were made grouping together similar
crystallographic sites. It is still interesting to use them
for phases that can be considered as stoichiometric.

However they oversimplify phases presenting large
multicomponent area. Nowadays that DFT can help,
models closer to the crystallography should be used.

Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015 7/25



Crystallographic structure + DFT
= thermodynamic model
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Crystallographic structure + DFT
= thermodynamic model
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Crystallographic structure + DFT
= thermodynamic model
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Crystallographic structure + DFT
= thermodynamic model
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Crystallography and ordering
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away from CVM for low Nb content,

possible problem in multicomponent extension
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Same phase in the database
= Different crystallography

> Interstitials
> Metallic ordering

> Interstitials and metallic ordering
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Interstitials
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Interstitials

The continuity between metallic solutions and carbides is observed
in very few systems.

4

64Bor
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& 2 MC-fec
\ . ®M2C-hcp+MC-fee
A \& O MC-fcc+C
\ \,“ \é ® M2C-hcp+MC-fee+C

\
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Interstitials
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Interstitials
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Interstitials

2001 Liang et al.: « and a'= Zr; (0,0) (0,0) (0,0)
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Interstitials
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Metallic ordering
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Metallic ordering
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Metallic ordering
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Metallic ordering
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Metallic ordering

The Gibbs energy of the different phases of a same familly can
be described with a single expression, G(y?), using the CEF,
function of the site occupation of the different sublattices, y?.
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Metallic ordering

The Gibbs energy of the different phases of a same familly can
be described with a single expression, G(y?), using the CEF,
function of the site occupation of the different sublattices, y?.

(A,B)(A,B)(A,B)(A,B) fcc based
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Metallic ordering

The Gibbs energy of the different phases of a same familly can
be described with a single expression, G(y?), using the CEF,
function of the site occupation of the different sublattices, y;.

(A,B)(A,B)(A,B)(A,B) bcc based

S O RN N T

1 1

S VO RN IO N T

o |y =y @ £ B o ) pogor 12,

o |y M =y B 2@ = &) B3

Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015 16 / 25



Metallic ordering

The Gibbs energy of the different phases of a same familly can
be described with a single expression, G(y?), using the CEF,
function of the site occupation of the different sublattices, y?

(A.B)(A,B)(A,B)(A,B) hcp based
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Metallic ordering

The Gibbs energy of the different phases of a same familly can
be described with a single expression, G(y?), using the CEF,
function of the site occupation of the different sublattices, y?.

1) (2). (3) (4
G(yf) = Zy’.( )yj( )y,E )y,( )Gi;j:kzl + RTZaSny Iny? + G
ijkl s i

Relations between the parameters of G(y?) are to be imposed

so that the disorder can become stable. This is obtained taking

into account the symmetries of the lattices.
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Metallic ordering

The Gibbs energy of the different phases of a same familly can
be described with a single expression, G(y?), using the CEF,
function of the site occupation of the different sublattices, y?

It is in general splitted into two contributions.
G(y7) = G (x) + DG (y)

This is not a requirement. It allows easier management of big databases,
avoiding to introduce the CEF for systems without significant ordering.

Gd's (x7) Zx,Gd’s—l—RTZx,lnx,

+ Z:x,-xJLd’S + Zx,xjka,’J P
—

ij,k
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Metallic ordering

The Gibbs energy of the different phases of a same familly can
be described with a single expression, G(y?), using the CEF,
function of the site occupation of the different sublattices, y?.

It is in general splitted into two contributions.
G(y7) = G (x) + DG (y)

The ordering part itself is the difference of two terms, expressed
in the CEF, allowing it to cancel when the phase is disordered.

AGT(y?) = G(y7) = G(y7 = x)

The relations allowing the phase to disorder are to be imposed
between the parameters defining G(y?). They can easily
be related to the crystallographic symmetry of the lattice.
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A2/B2 modelling

Weight Perceat Iron

A2 B2 L2
o—o o—o o—o—
o~ ./‘ o%o/\ [ o/\
® O o e
I N T o s

To be able to describe the 2nd order transition between the
A2, B2 and L2; phases in the ternary system Al-Fe-Ti, the
A2 and B2 phases have to be described with 4SL in Fe-Ti.
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bcc ordering
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bcc ordering
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bcc ordering
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bcc ordering

0 5
T v
2

From crystallographic symmetry,
the following configurations are equivalent.

5 5 5 5
o <y Ky
v g v Y
5 5 5 5
<y K K
7 7 7 v
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bcc ordering

g 5
T v
2

From crystallographic symmetry,
the following configurations are equivalent.

J )
a@ﬁ o 3 B2 configurations
v 2
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bcc ordering

g 5
T v
2

From crystallographic symmetry,
the following configurations are equivalent.

1 0 o 0
< Py Dy O
v 7 v 7

D03 configurations
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bcc ordering

g 5
T v
2

From crystallographic symmetry,
the following configurations are equivalent.

1 0 o 0
G
o] gl v g

B32 configurations

Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015

18 /25



bcc ordering

The fact to assign the same Gibbs energy to equivalent configurations
allows the disordered phase to be stable.

This stands for Gibbs energy of the stoichiometric compounds

as well as for the interaction parameters.

In Thermo-Calc software, there is an option - B - where the equivalence of
the Gibbs energy of the equivalent configurations of the irregular
tetrahedron constituting the bcc lattice is built in.

The use of DFT estimates for the compounds that are not stable

is recommended. When it is not possible up to the quaternary compounds,
a cluster expansion on the 1st and 2nd neighbours bonds can be used as
first approximation to extrapolate.

R

Nathalie Dupin (CT) Crystallography and ordering SATA / Port-Royal / 2015 19 / 25



fcc ordering

The fcc ordering is more simple as the lattice is

built on regular tetrahedra.
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fcc ordering

From crystallographic symmetry,
the following configurations are equivalent.

P [ I B
> I - b
P > 2 B
P P I B
P P - b
> P b b
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fcc ordering

From crystallographic symmetry,
the following configurations are equivalent.

A B B A,

L1, configurations
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fcc ordering

From crystallographic symmetry,
the following configurations are equivalent.

B B B By By A

L1y configurations
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A1/L12 modelling
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Interstitial and metallic ordering

Al L1, L1o

Bl E2

The E2; k phase, stable in Al-Fe-C for instance, should be
described with the same model as all these crystallographic
structures, considering ordering between metallic elements
and between C and vacancies.
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Conclusion

Conclusion

The phases crystallography knowledge is a key for a good
thermodynamic modelling.

To estimate properly the configurational entropy of phases
showing large homogeneity range, it is important to use a
model close to the crystallography.

Such models are in general more complex but the parameters
assessment can be tremendously simplified by the use of
DFT estimates for metastable configurations.
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