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AIM OFTTHHENVORK

Abinitio calculationshave been performed to computéhermodynamic

properties of selected high capacity hydrides and, particularly, to evaluate \VWorking TemperatureScoord dr. KlauFaube GKSS Research Cen@eesthachiGmbH, Germany

energy differences in enthalpy, entropy and free energy of thigstitution
reaction of H with KFLYHY project).

The obtained values will be used within theALPHARpproach to design
phase diagrams, as well as given to experimentalists as a guide for
materials syntheses and interpretation of thecharacterisationresults.

THEFELYHY:BROUJECT
Fluorine SubstitutedHigh CapacityHydridesfor HydrogenStorageat Low

The idea:anion substitution in nanostructuredhigh capacity hydrogen
storage materials to stabilize adestabilizeunstable or stable,
respectively, structures. The grounroreaking nature of the FLYHY projegt
IS therefore to preparehigh capacity hydrogen storage materials with
tunable thermodynamic properties

CONMRUTATIONALISTRATEGY ANDIDETAILS

Hamiltonian DFT, GGAerdew-Burke-
Ernzerhof (PBE perdewet al, Phys. Rev. Lett. 77, 3865 (1996)
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~ XD GCEU WX [E} v ZX }A «]e Al§Z]v 82 Zz~d > } o <SI] . segsitvyplihg igsits 1@ 15 afoRippUNetIO83 hmeX TED FOR ALL CALCULATIONS SHOWMORK IN PROGRES$S
AlH; (Dphase trigonal, sp.gr.R3CH J= 120) i AlF; (trigonal, sp.grR3CH J= 120) AI |_|3/ AI F3 MQgH, (tetragonal, sp.gr.P4/ mnm, J= 90) i MQF (tetragonal, sp.gr.P4/mnm, J= 90)
EXPT. (1) CRYSTALO6 EXPT.(2)CRYSTALOG N/ Hv/ s/ Ve EXPT. (3) CRYSTALOG EXPT. (4) CRYSTALO6
a(A) 4.431 4.335] 4.931 5036 | KA/ a(A) 4.517 4.447) 4.628 4.695
c(A) 11.774 11.796 12.446  12.649 @' c(A) 3.021 2.954 3.045 3.111
Vol. (&) 200.2 192.0 262.0 277.8 s Vol. (R) 61.623 58.416; 65.219 68.588
Dens (g/cn?) 1.493 1.557 3.193 3.012 Dens (g/cn?) 1.401 1.478 3.156 3.001
ALH (A) 1.709 1.720! 1.797 1.828 @ i ALH (A) 1.954 1.912 1.984 2.019
(1) J.W. Turley, and H.W. Ritmprg. Chem.1969, 8 (1), 122, ICSD 15226, R = 0.026 - (3) F. HEllingey C. E. Holley Jr., B.NBcInteer, D.Pavone R. M. Potter, EStaritzkyand W. HZachariasenJACS1955, 77, 2642648, ICSD 26624.
(2) P. Daniel, A. Bulou, M. Rousseau, J. Nouet, JI. Fourquet, M. Leblanc, RPiBageidlrans1992, 38, 12-220, ICSD 68826, R = 0.026. j (4) G. Vidavalat J.P. Vidal, C.M.Eeyenand KKurkiSuoniq ActaCrystB (24,196838,1982), ICSD 8121, R = 0.01.

DIFFERENCE MABRRYSTAL ELECTRON DENSITY

0 Oyt b WO agthH (g

AND SUPERPOSITION OF IONIC CHARGE DISTRIBUTIDNSW DO

Mgh, it B (g WMOE ot B (g

CRYSTALOG CALPHAD COMPUTATIONAL CALPHAD PBE1 PBE: PBE: PBE< B3LYP:
Hdmolry) - -914.6 999.3 | Al PARAMETERS  'HgJmoh,  -10485 -1008.6 -980.2 -9753 -980.5 -1036.9 ;. };yvDrp wbzP
' S(I/molH*K) -42.0 -47.8 Al 3 lI_NHFé‘gﬁcN)gsNAMIC'S(J/moII—L*K) 456 -41.4 -43.4 441 443 4452 g\\//TTzZF?d; VE%/I;_ ]
Gmoy) 9021 965.2 SROPERTIESs Gdmory  -1034.8 -990.1 -967.3 -962.2 -967.3 -1023.7 4i\iy1p F vz T
H/F SUBSTITUTIONS MIXING ENERGIES FOR SOLID SOLUTIONS Al_H_F‘ M _H_I: MIXING ENERGIES FOR SOLID SOLUTIONS H/F SUBSTITUT |ONS
Pure AIH (1-a)AlH, +aAlF, W Q. F,, T=298K 9 (1-a)MgH, +aMgF, W 1D B, F,., T =298 K Pure MgH
1 Hsubst: 6 Configs (1-a) a AlE mx 0 mix ot mix nerm  mix  Xonf mix O (1-a) a MgF mix 1 mix ot mix herm  mix  onf mix O 1 Hsubst: 4 Conﬁgﬂ
ALLEQUIVALENT AlH; > (kImol)  (I/molK) (J/molk) — (J/molK) (kJ/mol) MgH, °  (kd/mol)  (I/MoIK) (J/molk)  (I/molK)  (kJ/mol) ALLEQUIVALENT
AH, R 56 1/6  11.0 6.8 -0.7 7.4 8.9 MgH, R s 314 1/4 3.6 11.9 0.3 11.5  0.05
AIHF (1) 2/3  1/3 14.4 8.0 0.5 7.4 12.0 MgHF (1 1/2  1/2 4.4 6.7 0.9 5.8 2.42
AH, F (1) 12 1/2 140 1.0 -1.9 2.9 13.7 MgH,shs 114 3/4 2.5 11.9 0.4 115  -1.06
ALH:F, AAIH, 5F 5 AHE (1) 1/3 2/3 128 102 2.7 7.4 0.8 ENTROPY MODELLING Mg, sF 5
2 Hssubst: 15 configs AH,F. 1/6 5/6 74 4.7 27 2 4 6.0 - Entropiccontributions considered are: 2 Hssubst: 6 conflgsIS
3 INEQUIVALENT CLASSES FOR BOTH Sherm = thermal entropy and 2 INEQUIVALENT CLASSHS
4 ) A-AND Sonfig = CONfigurationalentropy
MIBASEY (S =RINW W = number of t
svstemg (S =RINW W = number of symmetry
_ equivalentconfigurations)
¢ ¢ ¢ - S0 34t = Sherm T Xonfig
ALH,F, AAIHF (1) AIHF (2) AIHF (3) ’ ” MgHR1) MgHR2)
hst 6 CALPHAIAPPROACH  In the phase description, the Gibbs 3 Hssubst: 4 configs
SINEQUIVALENT CLASSES PHASE DIAGRAM PHASE DIAGRAM function of temperature and pressure:
Al Mg G, -H SER=a +b-T+c-T-IfT) + G- T + RT-I{1E05-P)
T=208K T=208.15,P=tE5 10 Metallic pure componentgi.e. Al and Mg):
_ X i standard UNARY database fr&GTE.
P=1bar N H and Fpure components: assessed data from ;o1
ALH,F, AAIH, F (1)  AlH, F :(2) AlH, F, - (3) &£ os JANAF. 15705
_ . s & Mff;—;:; STRAG-S*TETR‘“‘G-S#E Compounds assessed data frodANAF. Pure Mgk
4 Hssubst: 15 configs(not shown, see2Hssubst case) g 0P - Gas phase ideal solution phase with all |
SINEQUIVALENT CLASSES £, GAS+TETRAR_S+TETRAG_S#2  possible gaseous species mentioned in JANAFA calculations
5 Hssubst: 6 configs(not shown, seelHsubst case) / GAS+TETRAG_S Liquidsolution has been neglected. insteadof 14!
ALLEQUIVALENT o R . Solid solutionby mixing pure hydrides and
F H Fo 02 04 06 08 10H fluorides @binitio values).

"Pure AlR 11 calculationsinstead of 62!

CONCLUSIONS AND PERSPECTIVES

9 Abinitio calculationsof thermodynamic properties of pure hydrides and

fluorides are in good agreement with assessed databases, suggesting to stu

other systems.

9 Entropy modelling is undediscussionbecause of the limited sized dhe
presentunit cells, asupercellapproach is currently being investigated.

9 Thefree energy of formation for mixed compounds turns out to be positive
at room temperature, hindering the formation of a solid solution fdroth
systems. Forthe Al case, this iIs Iagreementwith experimental databy B
Hauback M. Saserby and coworkers(IFE Kjeller, Norway), who showed that
addition of fluorides (Nak Alk, TiK) during synthesis ohlanegivesunwanted
sidereactions and little/noalane(neither pure nor fluorine substituted)
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