The Data Clearing House
in the

Li-battery project

Klaus Hack & Michael Schick, GTT-Technologies, Herzogenrath

e



The WeNDeLIB project

GTT-Technologies

coce Materials with New Design

UJeNDelLl& for Improved Lithium lon Batteries

S P P 17 4 7 3 C F G

Priority Program 1473 of the German Research Foundation

Program Commission:

Hans Jurgen Seifert KIT Karlsruhe (Chair)
Rainer Schmid-Fetzer TU Clausthal (Co-Chair)
Martin Winter Uni Munster (Co-Chair)

International Member:
Alexandra Navrotsky University of California, Davis




The WeNDeLIB project

b, scientific aim:

GTT-Technologies
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Major Tasks of Clearing House

GTT-Technologies

GTT-Contribution:

- Provision of information on ,,thermochemistry“:
data for various chemical subsystems of WeNDeLIB
—> use of the online cooperation tool (LIBworks)

- Translation of thermochemical base-data:
data available for chemical systems (databases)
—> translation into various formats:
FactSage, ChemSage, Pandat, ThermoCalc

- Check of thermochemical third party data:
—> check for consistency and correctness
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GTT-Technologies
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. $ From database: User data 2011. 7.27
ELEMENT /- ELECTRON_GAS 0.0000E+00 0.0000E+00 0.0000E+00!
- aSe I S S ELEMENT VA VACUUM 0.0000E+00 0.0000E+00 0.0000E+00!
ELEMENT CU FCC_Al 6.3546E+01 5.0041E+03 3.3150E+01!

ELEMENT FE  BCC_A2 5.5847E+01 4.4890E+03 2.7280E+01!
. ELEMENT O 1/2_MOLE_02 (G) 1.5999E+01 4.3410E+03 1.0252E+02!
SPECIES CU+1
- SPECIES CU+2
SPECIES CU20

SPECIES CUO culo1!
FUNCTION GFE304 2.98150E+02 -161731+144.873*T-24.9879*T*LN(T)

[
- =.0011952256*T**24+206520*T** (~1) 7 3.00000E+03 N !
FUNCTION BFE304 2.98150E+02 +46826-27.266*T; 3.00000E+03 N !

FUNCTION GCUFE204 2.98150E+02 +139.6201*T-139.6201*T*LN(T)-.0588898*T**2
+1171520%T** (-1) -967968-146.758*T-54721.2+843.794*T+20000;
6.75000E+02 ¥
+227.191*T-227.191*T*LN(T) -897390-295.737*T-153353. 925+1480.08409*T
+20000; 7.95000E+02 Y
+166.021*%T-166.021*T*LN(T) -~.0205015*T**2~870127-332.912*T~144944.156
+1141.34242*T+20000; 9.53000E+02 Y

- +166.021*T-166.021*T*LN(T) -.0205015*T**2-870127-332.912*T-144944.156
-Thermodynamic databases
+225.936*T-225.936*T*LN (T) -738753-454.502*T-306821.088+1629.84996*T;

3.00000E+03 N !




Proviced Information on “Thermocnermistry”

Base files on LIBworks (online):

General CompoundData.xls - numeric compd. data

GeneralCompoundData.doc - comments on compd.
data

Sy-St-Em_Constituents _SpeciesList.txt - list of species + const.
In a system

Sy-St-Em_Author _assess.pdf - complete thermodyn.
assessments

Sy-St-Em_ThermoCalc.tdb (TC) - databases

Sy-St-Em _ChemSage.dat  (ChemSage)

NaMeBASE.CDB (FactSage)

NaMeSOLN.SDB (FactSage)

Sy-St-Em _SGTE Lit.txt —> lists of literature
references

Qr




Relevant Systerns for WeNDeLIB
Cathode materials:
Li-Mn-Co-Ni-O (+Mg(?), Al)
Li-Fe-P-O (+Al) i o | o
Si-C-N-O Li,.C, ? C,+xLi +xe Li; MO, + xe +xLi = LiMO;,

Anode materials:
Co-Li-Sn
Cu-Li-Sn
Li-Ni-Sn

L. S C Negative Bectrode  Electrolyte Positive Electrode

"Anode" "Cathode"
Li-Sn-C

) oxygen - Graphite ~ —m= Discharge
D Metal @ Lithium ~a— Charge

Conversion electrodes
Li-Cu-Fe-O

Qr

Source of image: H. Seifert, KIT Karlsruhe



AR

tern Lis

(0
Uv
(L
Ua

SYS

The Cathode Il System : Li-Fe-P-O (+Al)
Binary Subsystems (6/10) Quaternary Subsystems (1/5)

GTT-Technologies

Li-Fe, Li-P, Li-O, (Li-Al) Li-Fe-P-O, (Li-Fe-P-Al)
Fe-P, Fe-O, (Fe-Al) (Li-Fe-O-Al)

P-0O, (P-Al) (Li-P-O-Al)

(O-Al) (Fe-P-O-Al)

Ternary Subsystems (4/10) Quinary Subsystems (1)
Li-Fe-P, Li-Fe-O, (Li-Fe-Al)  (Li-Fe-P-O-Al)

Li-P-O, (Li-P-Al) _
(Li-O-Al) Check of completeness with
Fe-P-O, (Fe-P-Al) combinatorial mathematics
(Fe-O-Al) N, =5!/(3!21)=10
(P-O-Al) N, = 5!/ (2! 3!) = 10

Qr




GTT-Technologies

Search in Standard Databases:
Li-containing compounds in the system
Al-C-Fe-Li-N-O-P-Si:

(relevant for anode and cathode materials,
Co,Cu,Mn,Ni and Sn missing yet)

- SGTE = 144 entries

-FACT =2 109 entries
- SGTE is used
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SGTE list of compounds in Al-C-Fe-Li-N-O-P-Si system
Unary:

AI(SLG), AL(G), C(SLG), C,(G), C,(G), C,(G), C.(G), C.(SG), Fe(SLG),
Fe,(G), LI(SLG ),Li,(G), N(G), N,(G), N.(G), O(G), O,(G), O,(G), P(SLG),
P.(G), P,(G), P,(G), Si(SLG), Si,G), Si,(G)

Binary:

AIC(G), AIC(G), ALC,(G), Al,C,(S), AlLi(S), AIN(SG), ALO(G), AIO(G),
ALO,(G), ALO,(SLG), AIO,(G), AIP(SG), AIP(SG), ..., Si,P,(G)

Ternary:
AlL,CO(G), Al,CO,(S), AIPO,(S), AlSIO(S), Al,Si,O.(S), Al.Si,O_.(S),

27277 213

CNO(G), FeAL,O,(S), FeCO(S), Fe(CO) (LG), FePO,(SL), FeSiO,(S),
Fe,SiO,(SL), LIAIO(SL), Li,ALLO,(S), ..., Si,N,O(S)

27274

Quaternary: Li,Al,Si,O,(S), Li,ALSi,O.,(S)

Qr
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Compound
Phase

A BT ol ™"

Sygld K mol™

Function

e

G(M

Compound
Phase

AHLAT -mol™
SogpdJ-K ol ™

Function

Xy

G(T)

»

Base Data for Elements and Compounds

example: Fe (bcc and fcc phase)

] enthalpies and entropies of formation
enthalpies, entropies and temperatures of transition
magnetic properties

] polynomials for ¢ (T) and G(T)

- : :
AHTE . see sl J-mol ! 825 8 magn. Properties [
ASE el T-mol K 0.459 T, (Curie) /K 1043
36.863499 + £ nefic Trecas—zecad K | 1667.47 magn. moment 222 | | |
| | \p-factor 04 | |
235143 8.79504E-03 | 3.53562E-07 | 154718 298.15-1811
46 | | | | | | -2.066427E+33 1811-6000
45 999966 _ _ _ _ _ 6000-6001
+¢, magnstic
1225.69998474632 124.1339996578 235143 -4230752E-03 -5.8927E-08 77359 298.15-1811
25383.5790910647 209 312551966292 T _ : | 229603E+31 1811.6000
25383.3523077817, 299.312218765298 -45.999966 . 6000-6001
+G magnetic
AHPE | recad T -mol™ | 1012.9 magn. Properties
AST o eeadTmol KT 0855 1. (Neel) /K 67
T el K 1184.61 magn. moment p 07
| | \p-factor 0.28
structure factor 3
| T-Range/lK
235143 8.79504E-03 . 3.53562E-07 | 154718 . 298.15-1811
46 _ | _ | _ | 2.066427E+33 1811-6000
45.999966 . . . 6000-6001
| +c, magnetic
1225 69998474632 124.1339996578 235143 -439752F-03 -5.8027E-08 77350 _ _ j 298.15-1811
-25383.5790910647 299.312551966292 46 2.29603E+31 1811-6000
-25383.3523077817 209312218765298  -45999966 _ : _ _ . 60006001

+G magnetic




rReporis on Data Assessments
Thermodynamic assessment from WeNDeLIB (Cu-Fe-O)
Alexandra V. Khvan, Olga B. Fabrichnaya, Galina Savinykh, Robert Adam,
Hans J. Seifert, JPEDAV 32(6) (2011) 498

system components:
1: Cu 2: Fe 3: 0
4: e(HALITE) 5: e(SPINEL)

mixture phases:
1: GAS 2:IONIC_LIQ 3:BCC _A2
4: FCC_A1 5: HALITE 6: SPINEL

stoichiometric condensed phases:

1: CORUNDUM 2: Cu20 3:CuO
4: DIAMOND_ A4 5:F5 1 6:HCP_A3
7: SP2

Qr




GTT-Technologies

rReporis on Data Assessments

Thermodynamic assessment from WeNDeLIB (Cu-Fe-O)
Alexandra V. Khvan, Olga B. Fabrichnaya, Galina Savinykh, Robert Adam,
Hans J. Seifert, JPEDAV 32(6) (2011) 498

GAS
IONIC_LIQ
BCC_A2
FCC_A1
F5 1
HALITE
SPINEL

SP2

Model IDMX:
Model SUBI:

Model SUBL.:
Model SUBL.:
Model STCO:
Model SUBL.:
Model SUBL.:

Model STCO:

<02>

<Cu+1, Cu+2, Fe+2>p <0O-2, Va, Fe03/2>q
<Cu, Fe>1.000 <O, Va>3.000

<Cu, Fe>1.000 <O, Va>1.000

< Cu+1>1.000 <Fe+3>1.000 <O-2>2.000
<Fe+2, Fe+3, Va>1.000 <O-2>1.000
<Cu+1, Cu+2, Fe+2, Fe+3>1.000 <Cu+2,
Fe+2, Fe+3>2.000 <O-2>4.000
<Cu+2>1.000 <Fe+3>2.000 <O-2>4.000

Qr



GTT-Technologies

Translation of Thermocnemic Base Data

Translation of Thermocalc data (TDB-file)
into database for FactSage is a two step process:

1) TDB - ChemSage using CSFAP

2) ChemSage - FactSage using Equilib feature




Translation of Thermochemical Base Data

GTT-Technologies

Load
database file
(tdb)

Choose output
format + save

List of phase
components

© 2001-2004 GTT-Technologies

all rights reserved

special release - only for internal use
unauthorized distribution prohibited

CurentFie: CACSFaphosdtatzazgooeids |




Translation of Thermochemic Base Data

GTT-Technologies

=1 o (] X

File Edit Table Units DataSearch Help

Skrg+M

Open ... Skrg+0
Directaries ... Skrg+D

! Filz isodensalMg Inpuk For iso-density curve For the binary swsk .

i File FCNG Steels with C, Mand O far+ N+ O+ Fe+Ni+ Cr ...

: File 4291 Input Far Scheil from Harikz mail, Phases chosen by KH L.

» File Si0z-C-aAr-1400C comments | SI02 + C+ <A= Ar

+ File CHOMNFeCaMgSial_simple_Z FactS3insteadofFact f C+ H+ O+ ...
' File Config2ExMen comments [ Fe203 + C+ Cal + Mol + Si0Z +

» File ConfiglExMen comments [ Fe203 + C+ Cad + MgD + Si0Z +

¢ File TEMDMchgle3040Frisch Chg 163040 Frischen, PScm, T=1635C ) ...

[ e I T 3 I O T e Tl

il 2IE 4

Chem3age files

Macro processing

Exit

Pltotall™  Stream$t Dala

e =

Tnfarmakinn

Translate ChemSaoe file ko FactSage format ...

Surnrnary of ChemSage fles ..

Ascii solukion File (*.dat)
v Binary solution file (*.sdb)

[ Initial Conditions

Hext »»

FactSage B.2 Compaound: 3/4E databazes Solutior: | 2/45 databazes

Choose output
format
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[ranslation of Thermocnemic 2ase Data
GTT-Technologies
Cu-Fe-0O system
5 6 1 9 4 4 3 12 7

Cu Fe (0]

e (HALITE) e (SPINEL)

63.546 55.847 15.999

0.0005 0.0005

ChemSage format (dat)

SPINEL

SUBL

(Cu+l) 1 (Cu+2)2(0-2)4

13 5 3.0 0.0 4.0 0.0 3.0

675.0 -5.821523177E+05 393.3686773 -69.0297 -0.1599362416 0.0 6.2328E+05
795.0 -6.663164927E+05 2118.0146473 -331.7424 0.0167331584 0.0 -2.89128E+06
953.0 -5.592981857E+05 806.7546373 -148.2324 -0.0447713416 0.0 -2.89128E+06
1358.0 -6.192981857E+05 806.7546373 -148.2324 -0.0447713416 0.0 -2.89128E+06
3000.0 -7.108069817E+05 2087.2522573 -327.9774 0.0167331584 0.0 -2.89128E+06
3

1.0000 2.0000 4.0000

4 3 1

Cu+l Cu+2 Fe+2

Fe+3

Cu+2 Fe+2 Fe+3

0-2

(."r




Check of Thermocnhemic Base Data

GTT-Technologies

Click on %iew Mezzage' for warning and ermor meszages ==
Click. on 'O when finished or 'Cancel to quit. .
Yiew Meszage
n
WDLE Compound Database WDLE Solution Database
* Mew compound databasze 0+ Mew solution database
G View Wernings important: =B %)
- - p m e
il_e Eu:llt_ - -
r Sl =IE] .
List of warnings: -
[File: D:\FSAGEEZYChemS age'wDLEBASE.COE] File:| || WARNING: The ChemSage file might contain data with the wrong reference state
{for VA:0-2/HALITE/S) =
HWLENIMG: & transformation enthalpy is set equal to 0 J (value in file =
3_30E-0&6 J) (for DIRMOND FCC R4)
WLBNIMG: & transformation enthalpy is set equal to 0 J (value in £file = e
1_75E-05 J) (for DIRMOND FCC R4)
WABNING: & transformation enthalpy is set equal to 0 J (wvalue im file =
Cancel | 3_77E402 J) (for F5 1)
WABNING: & transformation enthalpy is set egqual to 0 J (value im file =
N

EEEEETOENN (for F5_1)

Warnings indicate WABNIMNGE: A-transfnrmatl',inn EnEhalpy is set egqual to 0 J (wvalue in file =

—-5_5BE-03 J) (for HCP A3)

kinkS in Gibbs_energy | WABNING: ?_:;::::n;:;mi:;:; :r;;];lalpy iz zet equal to (value in file

WLENING: & transformation enthalpy is set equal to {wvalue in £file
functlons 7.95E-0Z J) (for 5PZ)
WABNING: & transformation enthalpy is set equal to {value in £file

ISSTEFOEN) (for SP2)

L] L]
WLENIMG: & t© £ ti thal i t 1 © {wval i fil
=> jumps in enthalpy e m o e e

WABNINGE: & transformation enthalpy i set equal to {wvalue i file

funCtionS Rer 3_850E-05 J) (for OZ/GAS/)

m




GTT-Technologies

670
-1.094E+06

-1.095E+086

-1.096E+086

-1.097E+086

-1.098E+086

-1.099E+086

-1.100E+06

2 -

Check of Thermocnemic 2ase Data

system Cu-Fe-O, phase SP2:

examination of function GSP2CUFE

Intervals: 298.15 - 675 K, 675 — 795 K,
795 - 1358 K, 1358 — 3000 K

671 672 673 674 675 676 677 678 679 680 670 671 672 673 674 675 6/ 67/ 6/8 G679 680
-8.960E+05

-8.965E+05
-8.970E+05

-8.975E+05

TIK

-8.980E+05

-8.985E+05
-8.990E+05
-8.995E+05

-9.000E+05

Gibbs-energy G enthalpy H
difference: 0.30 J difference: 752.8 J

Qr




GTT-Technologies

-1.130E+06
-1.131E+06
-1.132E+06
-1.133E+06
-1.134E+06
-1.135E+06
-1.136E+06
-1.137E+06
-1.138E+06
-1.139E+06

-1.140E+06

Qr

Check of Thermocnemic Base D

\T

&
el
~

(G0

system Cu-Fe-O, phase SP2:

examination of function GSP2CUFE

Intervals: 298.15 — 675 K, 675 — 795 K,
795 - 1358 K, 1358 — 3000 K

790 791 792 793 794 795 796 797 798 799 800

TK

\ I

Gibbs-energy G
difference: 0.18 J

790 791 792 793 794 795 796 797 798 799 800
-8.680E+05

-8.685E+05
-8.690E+05
-8.695E+05
-8.700E+05
-8.705E+05
-8.710E+05
-8.715E+05

-8.720E+05

enthalpy H
difference: 7.95*1072 J
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Checx of Thermocnemic Base Dat

&
el
~

(G0

system Cu-Fe-O, phase SP2:

examination of function GSP2CUFE

Intervals: 298.15 — 675 K, 675 — 795 K,
795 - 1358 K, 1358 — 300Q K

135 13 1354  13% 1358 1360 1362 1364 1355 1356 1357 1358 1359 1360 1361 1362 1363 1364 1365
-1.350E+06 7.300E+05
-1.351E+06
e 7.350E+05
-1.353E+06

7.400E+05
-1.354E+06
13558406 T 7.450E+05
-1.356E+06
A 7.500E+05
1.358E+06
7.550E+05
-1.359E+06
-1-360E+08 -7.600E+05

Gibbs-energy G enthalpy H
difference:; 1.37 J difference: 1.305*10% J !

Qr



iemic Base Data
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Checx of Tnermoc

GTT-Technologies

Jumps in G, H (and S) functions of single phase
- thermodynamically not permitted (intrinsic phase
transitions)

Such databases are not recommended for calculation !

Qr



Conclusion

GTT-Technologies

Clearing House

- central information hub:
provision of thermochemical
information on systems for WeNDeLIB

-> translation service:
translation of databases for thermodynamic
systems

- checkpoint:
check of thermodynamic data
used in the project




chnologies

Thank you for your
attention !




