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Challenge




“Gotta Have” Fuel Cell Vehicles




CHALLENGE (cont’d)
Gravimetric Energy Density vs.
Volumetric Energy Density
of Fuel Cell Hydrogen Storage Systems
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CHALLENGE (cont’'d)

HYDROGEN STORAGE PARAMETER

GOALS

METRIC

GOAL

System energy per unit weight for conventional
vehicles with 300-mile range

System energy per unit volume for conventional
vehicles with 300-mile range

Usable energy consumed in releasing H,

H, Release Temperature

Refueling Time

H, Ambient Release Temp Range

Durability (to maintain 80% capacity)

> 6 MJ/kg

>6 MJY

<5%

~80 °C

<5 minutes
-40/+45 °C
150,000 miles




M otivation

o Assessthe capability of density functional theory
(DFT) for modeling properties of solid hydrides,
Including electronic structure, enthalpies of

formation, hydrogen site preferences, and maximum

hydrogen occupancy




Calculational Methodology (briefly!)

* Viennaab initio ssimulation package (VASP)
* Projector-augmented wave (PAW) potentials
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Benchmark Results:;
LaNi., LaNicH-




LaNi; and LaNiH, Crystal Structures

(LaNigH,),

_ hexagonal P6;mc
LaNi, OO
hexagona CaCu., P6/mmm

EEEEE




E(V) (eV/LaNigH-)
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Crystal Structure Parametersfor LaNiz and LaNiH-

LaNi5

Cdlc

a(A) 5.008

c(A) 3.967

B (GPa) 135

LaNi5H7

Cac  Expt Calc
La(2a)z  0.0029
a(A) 5363 5409 Nil(2b)z 0.0077
c(A) 8723 8600 Ni2(2b)z 0.4854
Ni3 (6c) x  0.4995
z 0.2542

Expt
0.0218
0.0024
0.4889

0.4975
0.25

EXpt

5.017

3.986
137, 139

H1 (2b) z
H2 (6¢) x
Z
H3 (6¢) X
Z

Calc
0.8221
0.1508
0.2761

0.5058
0.0630

Expt
0.8137
0.1596
0.2804

0.5640
0.0556
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Band Structur es of
LaNi; and LaNigH,

Energy (eV)

LaNicH-
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op =p(LaNicH,) — p(LaNicH) - p (7H non-int)

LaNisH; (P6smc)
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LaNi:H, Electron Localization Function (ELF)

LaNi5H7 (P63m C)
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ELF for NaCl
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ELF for Na Metal

ELF

0.8

0.6

0.4

0.2

o

EEEEE




[001]

21 @ % ]
/\Q/\/\/\
Q0 0.070.

ELF for Diamond

NT0,870,
= C o) <

=N &N

W%‘. ﬁ‘ oi
/\W\

|

[110]

ELF

1
0.8i

0.6

0.4

0.2

EEEEE




Enthalpies of Formation AH

AH(LaNicH-,) = 2/7[E(LaNicH,) — E(LaNic) ] — E(H.)
=—40 kJmole H,
expt: —32 - —-37
other calcs: — 57 (1998); — 45 (2001)
1 kJmoleH, =0.01 eV/H,
AH(LaNi) = E(LaNig) — E(La) —5 E(Ni)
= —168 kJ/mole LaNix
expt: —159+ 8; — 166
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Elastic Constants of L aNi.

@ LaNi5 (expt)
| LaNi5 (calc)




Results:
LaNiH, , LaCoH,




707?

* For agiven crystal structure, can DFT
— Identify the sites preferred by hydrogen?
— establish the filling sequence of
nydrogen sites?

— provide an estimate of the maximum
nydrogen concentration?




LaCo; and LaCo:H, Crystal Structures

LaCo. (LaCo:H,),

hexagona CaCu. P6/mmm base-centered orthorhombic Cmmm




E
Strategy

 Focus on LaNigH,, (P6;mc structure) and LaCosH,,

(Cmmm structure)
e Calculate
AH(LaNicH ) = E(LaNiH, ) — E(LaNig) — (n/2)E(H,)
AH(LaCo:H,) = E(LaCo:H,) — E(LaCo:) — (n/2)E(H,)
for various hydrogen configurations and occupancies

« Examined 38 hydrogen configurationsin LaNizH,

93 configurationsin LaCo:H,,
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Site-dependent Enthalpies of Formation in LaNi:H

I | I I I I I I I I I I I I ]
B Y |
i 2a ]
oL LaNigH,, |
a i P6smc structure |
]
"&5‘ B i
c
8) - —
o ! 2a2b 12d .
-g’- 05 [ J ¢ _
§ ' 2a6c¢
2 i [ i
~ [ 2a2b2b 2b12d 6cq6c,12d
T | 1772 o [ ) PS ® ) ° |
o i ° ° g
Z
% L 2b,2by2by o . . 1
T 00 e o ® S
< 2be o P ® ° )
| 2by2b W\ _
- Gc/ / 2b,2b,6¢,6¢,6¢;
05k 6C16C2 2b6Cl6CZ 6C16C26C3 2b6C16C26C3 _
| L L L L | L L L L | L L L L |
0 5 10 15

nin LaNi5Hn

RD




Site-dependent Enthalpies of Formation in LaCo:H |,
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Energetics of a Novel
Hydrogen Stor age Reaction:

LiNH, + LiH < Li,NH +H,

EEEEE




Crystal Structures

LINH, amide
tetragonal 1-4

Li,NH imide
orthorhombic Ima2
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ELF for LiNH,
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ELF for Li,NH
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&
Enthalpies of Formation

T=0:
AH(LiNH,) = AH(LiNH,) + AH,o(LiNH,)
= [Eq(LINH,) —Eq4(L1) —%2E4(N,) — Eg(H))]
+ [Ezpe(LINH,) — Ezpe(L1) - Y2E,5:(Ny) — Ezpe(H))]

T =298K:

8AH 0g(LiNH,) = E (LINH,) — EypLi)
— Y2 712KT + E,jn(N5)] — [72KT +E,;5(H,)]
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Enthalpies of Formation AH 4, and

Reaction AHy

LiNH, LiH Li,NH
AHg -196 -84 -194
AHzpge 31 3 16
6AH298 '8 '4 '6
AH>0s kd/mole -173 -85 -184
AH,o5 expt  kJ/mole -176 91 -222

LiNH, + LiH <> Li,NH + H,

AHg = A Hagg(Li,NH) — AH,q(LiNH,) — AH,gq(LiH)

AHL(components, expt) = —222+ 91+ 1/6 =

45 kJmole

AHg(calc) =— 184 + 85+ 173 = 74 kJ/mole

AH(direct expt) = 66 kdJ/mole

= AH o expt (LI,NH) =—222 kJ/mole likely inaccurate




Summary

 DFT iscapable of accurately describing properties of
metallically-bonded hydrides such as LaNi-H,, and
LaCo:H,,, aswell as complex hydrides such as LiNH,
and Li,NH

e Large, growing body of DFT results on other systems:
binary hydrides, NaAlH,, LIAIH,, LIBH,, etc.

Session U14: Modeling Thursday 3/24 8a

* No guestion regarding the power of DFT for known
hydrides
** Going forward: one goal isthe imaginative use of

DFT to spur discovery of technologically viable
hydrogen storage materials
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