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Thermo-Calc Software History

1969: Formation o PHAD,

1971: Sublattice model for 2 components. (Hillert & Staffansson KTH*)
1977: Development of Thermo-Calc starts.,

1977 KTH* member of SGTE.

1981: First version of Thermo-Calc.

1981: Sublattice model for multi-component systems.

1982: First commercial training course for external users,

1984: First sale of Thermo-Calc Classic,

1984: First sale of the TCFE database.

1986: First wversion of Thermo-Calc for WaxAWMS,

1088: SGTE solution database (550L)

1990: First UNIx vepsan of Thermo-Calc

1992: Thermo-Calc Te=hit DOSAvindows version,

1994 First sale E@

1997: The compa rmo-Calc Software is formed.,

2000: The first real wihidows version, Thermo-Calc Windows, TCW, is launched.
2004: The subsidiary Thermo-Calc Software Inc. is formed,
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THERMODYNAMIC MODELING OF ORDERED
PHASES IN THE Ni-Al SYSTEM

L ANSARA', B. SUNDMAN and P, WILLEMIN'

'Laboinlelre de Thermodynamique et de Physico-Chimie Métallurgiques, UA 20 CNRS, ENSEEC, BP
75, 38400 Saknd Marlin d'Héres Ubdea, France and *Drasen of Physcal Metallungy, Royal lnglitute of
Technolegy, 510044, Stockholm, Sweden

(Received | Qerober 1986, in revised formi 23 Jume 198T)

Abstract—The thermosdynamic properties of the srdering in the L1, D5, and B, phases existing in the
Al-Ni sysiem were deseribed using the sub-lnitice model, For the B2 phase, aluminium and niokel are
wirisilered o vocipy v of Uie subelatices whereas vacancees and nickel oocupy the second. Ver the L4,
5, phases, alummium and mickel mix on both sub-fattices. When, the phases are disordered the site
fractions of the two clements are oqual on bath sub-lattices, The interagtion parameiers are evalunted
walng an nsssssment procedune aking info sccount availnble experimentil information en thermochemonl
properties and phase disgram d.l[ﬂ.u'nlt caloulated phase dingram is comparsd to previously caloulated
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Ta: bosgefortho.macsc.keh, =g O=CTI0G-GW
From: "BO SUNDMAN. ETPH. BOSAREMATESS, FTH.SE"
bossefortho .matac, kth. se Q=CICHF—GR

Subj: AL-NT

___________ e one has to give explicit

RFC=822-HEADERS ; " "

Received: by ortho.matac. kih.ss [MX VZ.3=I) id 4268 Thu, 14 Mow 1891 80:13:08 Start Cﬂmpﬂ'$ltlﬂﬂ
CET

Date: Thu, 14 Now 1891 00:13:06 CET

———————————— Letbar Body Part 2 = Text —————=mmama- The rec“Pe for ma“y cases

Hallo Himo,

I have ehapked Chie dita and there i5 pne ecror, The parameters

for GRALINIZ AL:NI) and G{ALINIZ,NI:AL) are referred to GHSERNI

and GHSERAL, At should be GHCPAL and GHCPNI. However, this is

A guite msmall error and cannot explain why ALINIE does not appear
wigre 1t should, The resson for that is that one has to give esxplicit
start composition for this phase, otherwige it bessmes disordsced.
Falow ia your cosmand file slighcly edired.

T bave still not managed to calculate the whole didgram

3 sst verity I have still not managed to calculate the whole diagram

& C
&0 DATA
DEF-5Y5S AL NI

iy o2 Not that easym!

& P—3

F=C P=1ES N=1 X{NI)=0_ 35 P=1200
L=

5—A-5

¥

o-E

S-5-C AL3INEZ
NCWE

S|

523

L=K



Date: 1982~-01-21 03:40:38
Msg-ID: RFC-822
00854F14.89482460,.5787Forthe.matsc. kth.se oU=
CICG-GW

To: bossefortho.matsc.kth. aa OU=CICG-GN
From: YBO SUNDMAN, KTH. BOSSEEMATSC . KTH SE"

bossefortho.matsc.kth. se OU=CICG-GW That is a bug

Subj: FAX about activity stepping

==ssuvsesw=— Letter Body Part 1 — Taxt ——s——ce—e——

RFC-822-HEADERS !

Received: by ortho.matsc.kth.se (MX V2.3-1) id 5787; Tuve, 21 Jan 1982 00:55:14
CET

Pate: Tua, 21 Jan 19892 00:55:14 CET

m=msmmmmms=== Letter Body Part 2 - TBXt ====—ccoc---
Helle Himo,

When you give the STEP command you use STEP SEFARATE and t
the activity is calculated in sach phase separately. Thu

not have constant activity in the two-phase region. In
get that use STEFP NORMAL

you will
rder to

Even with step separately you get the one and tlé%ﬁaae regions
cutputted during the STEP command. That is a bug. With step SEP
you calculate each phase separately.

Bosse

& END OF MESSAGE *v
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Thermodynamic assessment of the Al-Ni system
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Thee sub-laitice rodel = osed 0 describe the thermodynamic beheviour of the crdered phases existing in the Al-Ni system. The moded
parnmeters -ore. denved from an optimisntion procedune using all awvalable expenimental datn. The ordér-digorder mnsformason
fiec=l l.I: phase is modelisd nging either twio o fogr sub-lnitices witich are soathernaticelly squivalent.

Kepiwedrr Al=Niz Thermodrmamic madelling: Sub-kntice model; Order-disorder tressition; =3 " #quilibe

1. Imtroduction

The uze of the sub-latice model, developed by Hillert
and Staffanson [1] baged on Temkin's model for fosuc
solutions [2] end extendsd by Sundman and ﬁlgnm 3],
pllows a variety of solution phases 0 be treated, This
el 15 thus very adequate o describa the thermedynzmic
properties of the ordered phases in the Al-Ni system
which is characterised by five intermetallic compounds
with different stroctures: the AINi,-L1, phase disorders 1o
gn feoc-Al stricture; AINI b -B2 15 of the Cell vpe;
AlNL, presents a range of non-stoichiometry: Al NI, 15
formed by five sub-lattices and decomposes above 1173 Kt
Al i is sinichiometric

2, Experimental information
2 1. Phase diggram dora

The phase dinpram of the Al=Ni system is Tather well
established The solid phases and thelr crystal stracoures
mre presantad in Tabla 1,

The experimental results relative 1o the phase diagram
cbigined by several investigators are represented in Fig. |
1r_|gr1'.'|v.-.r with the assesced |1|::grarr. by Dkamato i_l';"_l.
There 1% & general agreement between these different
investigations. The mein imporiant differences appear in
the solubility of aluminivm in the aickel-rich solid solutdon
4 Alexander and Vaupghan [6]. who were the frst fo

[GI5-HAREAT/SITO0 &
P S0025 8384006016527

1507 Flesvler Seasncs 54 All dghts ieserved

analyse in detsi] ihe phase diagmam, determined Jower
solubilities compared with moge recent investigations.

There are saveral studies of the reglon where eqoilibeia
between the liguld, & and 4" phoses exist becouse of the
ancarminty of the matere of the invasiant 2guiliseia invalv-
ing the formation of the 3" phase. Alexander and Vaughzan
(6] soggested the following reactions:

liguid=7+ ¥ at 1385 "C (1658 K)
Teguid + F==y"' ut 1395 *C (668 K)

which differ notably from Schramm's [7]

Liquid + ="' ar [362 °C (1635 K)
liguid=1" + [ nr 1360 °C {1633 K)

In recent publications, Bromar and coworckers [15,14]
confirm that the eutectic reaction takes placa with the B2
phase a5 suggested by Schramm. The invariant tampera-
tupes tneasuced by Hilpert er al. [13] are respectively
Le42 K ond 1645 K for the eutectic and peritestic re-
actons, approximately 10 K higher than Schramm's. By
directional solidiflcation measuremments, Veshosven of al,
[17] confirmed Schramm's observation on the nature of the
eurectic reaction, as well a5 Les and Verhoeven [20] who
wsed the same technigue but lower cooling rates,

22 Thernodyramic dain

The thennodynamic properdes of the liguid, B and
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A thermodynamic database for Ni-base superalloys

M. Dupin' and B, Sundman?
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A Iherodynamic dalabase has been developed for Ni-base su-
pamboys. Folowirg (he CALPHAD procedurne. i is based on iha
REsEsEment of tharmodynamic bahaviow of the relevend con-
ulitutng sut-syainma ol e complox systorm of inkereal. Thi cur-
il dalabane carleing 7 alsments Al Ca, On NI T, W, Bo, Tha
{harermdyisainics of He oy aid ' plases ane modelied with &
single Gibbs erargy lunclion taking inio account the crystalio-
graphic relation betwisen these two phases. The formalism of the
marmodynamic madals used s brially ivreduced. A lew phase
dingramas caloulatad with 1he curend detabans n assesaed bi
nery mnd lemary syaleme are prasanied Some esparimenis
availabla I hl-mlr nrﬂr mhml g wwpln-d wnh 'h‘ll thlll.i
of calculalions wi™ e

aiion of the delsbase is vedfied lor salid state egquilibria as wall
s for soldfication bahaviour [iquidus termpesature and pamition
ranoa]. The Introduction of Mo and Ta 1o tha current dotabose s
I pragress, Olher alemenis (WMo, Fe, Zr, B, C, 8, ) are planed
B o mtrodiead,

Key worda: CALPHAD, superalioys, tharmodynamio dalabass,
vy aquiibia, oder-disorder modelling, salidHiguid partition
ratin, Houidus,

o Monbspsard, 2007
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Comples com

applied to Al/LI2

hanical properties

af elaberation sibrle beciie both
superalloys to Al is a disordered
der b develog a“d &iSO *0 AZ/BZ appears between
lh.l! eng;lneu':lnu E VLA SLABLFY R NP AR SN L LENE LAARANAEELL GAVEE. b RIRR G —.-.-.—u-qu-.‘l.“j' t”“Ft'“trEd h_'f

rh and thermedynamic behaviour of the comples sys-
tems under consideration need 1 be known. The
CALPHAD procedure allows an estimation of them
from the combination of the thermodynamic descrip-
tion of lower order sub-systems. In the current work,
it has been applied in order 1o obtain a thermody-
namic database for M superlloys,

The cohenancy of thie v (A1) and ¥ (L13) phases s

Fig 1 &b

i ||lf e 1 I ekt mlructured i!ll'
the ¢ {A1) and ¥ rLiz_Ilphnus I'i'J‘ M[hhrm'fam equiznfent, [k The
wblea ol fie cormars (40 are winly occupied by the AL Ti atoms, thosr
it e comler of ench fiace (1, 2 ard 3) by WL Co,

184

Flg. 1. A single thermodynamic description depend-
ing on the site fractions of the elements in the differ-
enl crystallographic sites has been used for these two
phiases as introduced by Ansara et al. (1)

The use of a single Gibbs energy curve for the y and
' phases and thus making the thermod ynamics more
closely related mo the crystllography of these phises
I= the main difference between the present work and
previais studies of the thermodynamic behaviours of
the superalloys or of their relevant sub-system carried
out following the CALPHAD method [2-7]. The +
wns moddelled stolchiometrie in the work of Kaufman
and Mesor and with the sublattics formalism but ot
ally independent of the ¥ phase in Saunders’ work,

The curment database contitutes a revision and an
extension of a previous work [9, 14]. 1t is comstituted
by seven elements: Al Co, Cr, Ni, Re, Ti, W. The
thermaodynamic description of the 21 binary systems
hive been elther exteacted from the available lteratu-
e or assissed in the present work. Temary systams
invalving Mi have also been studied. The nelations
necessary 1o allow the stability of the disordered

Tlig, Al-Cr-Ni-Ti

Ti, Al-Cr=Ni amd comparison of caleulslal and experi

awnn

mr

a4
Cr { al, Inaction
Fig. 3 Isobhermal section calouloted at 1273 K for thid bitporhind dssessnd Wenary sshems comstitnting the curnered database: A-Co-NIL AT
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On the Compound Energy Formalism Applied to fce Ordering.
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Abstract The influence on the phase disgram and thermodynamic properties of some parameters |
Compound Energy Formalism (CEF) is studied for different simple binary and tornary cases she
fer ardering. It i shown that the fexibility of this Toemalism should enable to model most real «
Becommendations for the ternary parameters that should be set from the binary systems are made,

© 2002 Published by Elsevier Science Lud.
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Une nouvelle évaluation thermodynamique du systéeme Al-Ni

Bo Sundman
Material Science and Engineering Royal Institute of Technology S 100 44 Stockholm, Sweden
Nathalie Dupin
Calcul Thermodynamique 3, rue de 'avenir, F-636° fﬁ COree t Frd.n( e

1 Introduction

Le systéme Al-Ni, abondamment étudié, est en
particulier intéressant parce qu'il constitue la base
des superalliages base nickel. Différents types
de calcul thermodynamique ont éié effectués sur
ce gystéme sulvant soit une approche ab inilio
[2.6,7.8] soit une approche CALPHAD [2,9,11].
L'extension des descriptions (CALPHAD & des
systémes polycontitués a permis le développement
de différentes bases de données comimerciales
[10,12] décrivant de manitre globalement satis-
faisante les équilibres de phases dans les alliages

2L : CALND, CALND

2200

Figure 1: Schéma de la structure crystallographique
des phases Al (a), L1s (b) et L1y ().
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Thermodynamic models for crystalline phases. Composition depende:
models for volume, bulk modulus and thermal expansion
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Abstract

The thermeodynamic modelling of solid (crystalline) phases forms a central topic within the Calphad appreach and a vansty of 2
been discussed at previous Ringberz workshops. At the present Bingberg workshop, modelling of volume and its temperature, p
composition dependence formed a major part of the discussions. In addition, modelling of the heat capacity above the (equilibriv
temuperature, sublattice modelling of complex phases, modelling of ordenng and mnterstitial selutions m the bee lattice and the effect of
were addressed.

(@ 2006 Elsevier Ltd. All nights reserved.
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t option

5 SUBLATTICES, SITES .25: .25: .25: .25: 1

CONSTITUENTS: AL,NI : AL,NI : AL,NI : ALNI : VA = 2" =16 compounds
G(L12_FCC,AL:AL:AL:AL:VA;0)-H298(FCC_A1,AL;0) = 0.0 actually for symmetry reason
G(L12_FCC,NI:AL:AL:AL:VA;0)-0.75 H298(FCC_A1,AL;0)-0.25 H298( p |
G(L12_FCC,AL:NI:AL:AL:VA;0)-0.75 H298(FCC_A1,AL;0)-0.25 H298(

0) = +AL3NI Y £ Oohi
G(L12_FCC,NI:NIAL:AL:VA;0)-0.5 H298(FCC_A1,AL;0)-0.5 H298(FC > £ Option
0) = +AL2NI2
L12_FCC,AL:AL:NI:AL:VA;0)-0.75 H298(FCC_A1,AL;0)-0.25 H2
&l 0) AT 01075 H298(FCC_A1.AL:O)-0.25 H298( 5 SUBLATTICES, SITES .25 .25: .25 .25: 1
G(L12_FCC,NI:AL:NI:AL:VA;0)-0.5 H298(FCC_A1,AL;0)-0.5 H298(FC CONSTITUENTS: ALNI- AL NI = AL NI ALNI: VA
0) = +AL2NI2 AL AL AL VA 0) =
G(LJ)Z_FiEéﬁlll_ém:Nl:AL:VA;O)-o.s H298(FCC_A1,AL;0)-0.5 H298(FC g&]E—Egg’mﬁ‘LL_Z\‘\LL_ﬁtgﬁ&{ﬁgﬁ;g&%gfkfﬁ_85?(
= _FCC,NI:AL:AL:AL:VA;0)-0. _A1AL;
G(L(;)z_Fcher\Ilé:N|:N|:AL:VA;0)-0.25 H298(FCC_A1,AL;0)-0.75 H298(F G(L01)2= IJ-:éIC_JBIr\\JIII'NI'AL'AL'VA'O)-O 5 H2SB(FOC. A1 ALION.
=, _FCC,NI:NI:AL:AL:VA;0)-0. _A1,AL;0)-0.
G(LJ)Z_FgEéﬁ%:AL:AL:NI:VA;O)—0.75 H298(FCC_A1,AL:0)-0.25 H298( e (L01)2- ;éézl’\‘:l'?,\“_m_ ALVA0$0.25 H288(FCC_ A1 AL:0)0
= _FCC,NINENEAL:VA;0)-0. ATAL;
AL-ALNIVA: . 0) = +ALNI3
G(L12_FCC,NI:AL:AL:NI:VA;0)-0.5 H298(FCC_A1,AL;0)-0.5 H298(FC NN o
0) = +ALANI2 G(L12_FCC,NI:NENINI:VA;0)-H298(FCC_A1,NI;0) = 0.0
G(L12_FCC,AL:NI:AL:NI:VA;0)-0.5 H298(FCC_A1,AL;0)-0.5 H298(FC
0) = +AL2NI2
G(L12_FCC,NI:NI:AL:NI:VA;0)-0.25 H298(FCC_A1,AL;0)-0.75 H298(F faster calculations and
0) = +ALNI3
G(L12_FCC,AL:AL:NINI:VA;0)-0.5 H298(FCC_A1,AL;0)-0.5 H298(FC avtomatic naming
0) = +AL2NI2
G(L12_FCC,NI:AL:NI:NI:VA;0)-0.25 H298(FCC_A1,AL;0)-0.75 H298(F
0) = +ALNI3
G(L12_FCC,AL:NI:NI:NI:VA;0)-0.25 H298(FCC_A1,AL;0)-0.75 H298(F
0) = +ALNI3

G(L12_FCC,NI:NININI:VA;0)-H298(FCC_A1,NI;0) = 0.0



 option

OUTPUT TO SCREEN OR FILE /[SCREENY!:
Options /VWNS/: c
Output from POLY-3, equilibrium = 1, label A0 , database: USER

Conditions:
P=1E5, N=1, T=1200, X(NI)=0.8
DEGREES OF FREEDOM 0

Temperature 1200.00 K ( 926.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass 5.23484E+01
Total Gibbs energy -8.76558E+04, Enthalpy -5.68209E+03, Volume 0.00000E+00

Component Moles  W-Fraction Activity Potential Ref.stat
AL 2.0000E-01 1.0309E-01 4.7628E-09 -1.9119E+05 SER
NI 8.0000E-01 8.9691E-01 2.0474E-03 -6.1772E+04 SER

L12_FCC Status ENTERED  Driving force 0.0000E+00
Number of moles 3.3201E-01, Mass 1.7948E+01 Mass fractions:
NI 9.27091E-01 AL 7.29091E-02

L12_FCC@2 Status ENTERED  Driving force 0.0000E+00
Number of moles 6.6799E-01, Mass 3.4401E+01 Mass fractions:
NI 8.81169E-01 AL 1.18831E-01



B option

B Option for BCC ordering 6 different compounds (irreqular tetraedra)

DO3_BCC
EXCESS MODEL IS REDLICH-KISTER_ MUGGIANU
4 SUBLATTICES, SITES .25: .25: .25: .25
CONSTITUENTS: AB:AB:AB:AB

o

G(DO3_BCC,A:A:A:A:0)-H298(BCC_A2,A;0) = 0.0 \l

G(DO3_BCC,A:A:A:B:0)-0.75 H298(BCC_A2,A;0)-0.25 H298(BCC_A2,B:0) = o B
+2*UAB+1.5*VAB

G(DO3_BCC,A:A:B:B:0)-0.5 H298(BCC_A2,A;0)-0.5 H298(BCC_A2,B:0) = +4*UAB B2 ¥

G(DO3_BCC,A:B:A:B:0)-0.5 H298(BCC_A2,A;0)-0.5 H298(BCC_A2,B:0) = B32
+2*UAB+3*VAB

O
G(DO3_BCC,A:B:B:B;0)-0.25 H298(BCC_A2,A;0)-0.75 H298(BCC_A2,B;0) =
+2*UAB+1.5*VAB [ B

G(DO3 _BCC,B:B:B:B;0)-H298(BCC_A2,B;0) = 0.0

L(DO3_BCC,A,B:A,B:*:*;0) = +W2AB b
L(DO3_BCC,A,B:*:A,B:*;0) = +W1AB

L(DO3_BCC,A,B:*:*:*;0) = +LOAB

L(DO3 BCC,AB:*:*:*;1) = +L1AB



B option

DO3_BCC’ Status ENTERED  Driving force 0.0000E+00
Moles 6.96 /=01, Mass 2.8188E-02, Volume fraction 0.0000E+00 Mass fractions:
B 5.80637E-01 A 3.55522E-01 C 6.38416E-02

Constitution:

Sublattice 1, Number of sites 2.5000E-01

B 8.40680E-01 A 9.07195E-02 C 6.86001E-02

Sublattice 2, Number of sites 2.5000E-01

B 8.40680E-01 A 9.07195E-02 C 6.86001E-02

Sublattice 3, Number of sites 2.5000E-01

A 9.75479E-01 C 2.39016E-02 B 6.19076E-04

Sublattice 4, Number of sites 2.5000E-01

A 9.75479E-01 C 2.39016E-02 B 6.19076E-04

DO3_BC Status ENTERED  Driving force 0.0000E+00
Moles 3.0330F=01, Mass 1.6113E-02, Volume fraction 0.0000E+00 Mass fractions:
C 9.28096E-01 A 4.78741E-02 B 2.40301E-02

Constitution:

Sublattice 1, Number of sites 2.5000E-01

C 8.82879E-01 A 9.42616E-02 B 2.28594E-02

Sublattice 2, Number of sites 2.5000E-01

C 8.82879E-01 A 9.42616E-02 B 2.28594E-02

Sublattice 3, Number of sites 2.5000E-01

C 8.82879E-01 A 9.42616E-02 B 2.28594E-02

Sublattice 4, Number of sites 2.5000E-01

C 8.82879E-01 A 9.42616E-02 B 2.28594E-02



B option

D03_BC Status ENTERED  Driving force 0.0000E+00
Moles 6.97 -01, Mass 2.8117E-02, Volume fraction 0.0000E+00 Mass fractions:
B 5.91849E-01 A 3.59976E-01 C 4.81748E-02

Constitution:

Sublattice 1, Number of sites 2.5000E-01

B 8.53085E-01 A 8.69925E-02 C 5.99220E-02

Sublattice 2, Number of sites 2.5000E-01

A 9.88850E-01 C 9.63968E-03 B 1.51047E-03

Sublattice 3, Number of sites 2.5000E-01

B 8.53085E-01 A 8.69925E-02 C 5.99220E-02

Sublattice 4, Number of sites 2.5000E-01

A 9.88850E-01 C 9.63968E-03 B 1.51047E-03

DO3 BCC_A2#2 Status ENTERED  Driving force 0.0000E+00
Moles 3.0265E-01, Mass 1.6184E-02, Volume fraction 0.0000E+00 Mass fractions:
C 9.51546E-01 A 4.14774E-02 B 6.97643E-03

Constitution:

Sublattice 1, Number of sites 2.5000E-01

C 9.11118E-01 A 8.22020E-02 B 6.68003E-03

Sublattice 2, Number of sites 2.5000E-01

C 9.11118E-01 A 8.22020E-02 B 6.68003E-03

Sublattice 3, Number of sites 2.5000E-01

C 9.11118E-01 A 8.22020E-02 B 6.68003E-03

Sublattice 4, Number of sites 2.5000E-01

C 9.11118E-01 A 8.22020E-02 B 6.68003E-03



B option

DOS_BC Status ENTERED  Driving force 0.0000E+00
Moles 6.0039E-01, Mass 2.7238E-02, Volume fraction 0.0000E+00 Mass fractions:
B 5.71839E-01 A 2.16894E-01 C 2.11267E-01

Constitution:

Sublattice 1, Number of sites 2.5000E-01

B 9.27911E-01 C 5.66469E-02 A 1.54418E-02

Sublattice 2, Number of sites 2.5000E-01

B 9.27911E-01 C 5.66469E-02 A 1.54418E-02

Sublattice 3, Number of sites 2.5000E-01

C 5.67945E-01 A 4.31394E-01 B 6.61458E-04

Sublattice 4, Number of sites 2.5000E-01

A 9.95233E-01 C 4.67599E-03 B 9.12916E-05

DO3 BCC _B32#2 Status ENTERED  Driving force 0.0000E+00
Moles 3.9911E-01, Mass 1.7063E-02, Volume fraction 0.0000E+00 Mass fractions:
C 6.44646E-01 A 2.86294E-01 B 6.90601E-02

Constitution:

Sublattice 1, Number of sites 2.5000E-01

C 9.63331E-01 B 3.29438E-02 A 3.72549E-03

Sublattice 2, Number of sites 2.5000E-01

A 9.03540E-01 B 7.27922E-02 C 2.36682E-02

Sublattice 3, Number of sites 2.5000E-01

C 9.63331E-01 B 3.29438E-02 A 3.72549E-03

Sublattice 4, Number of sites 2.5000E-01

A 9.03540E-01 B 7.27922E-02 C 2.36682E-02
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