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Metallurgical material synthesis

1) reactive synthesis (or sintering)
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4 Guidelines

"% 1. Destabilization of LiBH, and LiNH,
cation with larger electronegativity

2. Combination of amide and hydride
lower T, / faster reaction with “NH,”

3. Prevention of NH;-contamination
“tunable” composition / starting material

4. Provision of new reaction pathway
Intermediate phase formed by dehydriding



Dehydriding reaction

A. Zlttel, S. Rentsch, P. Fischer, P. Wenger, P. Sudan, Ph. Mauron and Ch. Emmenegger,
J. Alloys Compd. 356-357 (2003) 515

LiBH, < LiH + B + 3/2 H,

69 (74 *) *obtained from
kJ/mo|H2 calculation

P. Chen Z. Xiong, J. Luo, J. Lin, K.L. Tan, Nature 420 (2002) 302
LiNH, + 2 LiH © Li,NH + LiH + H, © Li;N + 2 H,
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Atomic and electronic structures

LiNH,

Tetra., 14 (No. 82)
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c=1.0278 nm
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Charge transfer

cation substitution...
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Dehydriding temperatures
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Mg substitution in LIBH,

LiBH,
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4 Guidelines

1. Destabilization of LIBH, and LINH,

"% 2. Combination of amide and hydride
lower T, / faster reaction with “NH,”

3. Prevention of NH;-contamination

4. Provision of new reaction pathway



Amide and hydride

................ dehydnc“ng process AR S Ideal
Hydrogen Ref.
Hydriding Partial Dehyd. Dehyd (mass%)
LiNH, + 2LiH Li,NH+LiH+H, | Li;N+2H, | 104 |palteta.
Ca,NH + CaH, CaNH + 2H, 2.1 | Natun ooa) o 2
i i Ichikawa et al.,
LINH, + H LiNNaNH + H, 4.2 JPChem B (2004)
Luo, JALCOM (2004)
2LiNH, + MgH, Li,Mg(NH), + 2H, 5.6 | Wang, DOE Report
(2004)
Nakamori et al.,
: Mg;N, + 4LI,NH + | Mg;N, + Appl. Phys. A,
SMg(NH,), + 12LIH | , SH 5 8H, ALI,N + 12H, 9.1 15 Power sources
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(| MggN, + 4Li,NH + Leng etal,
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: + Luo et al., MH2004,
3Mg(NH,), + 6LiH Sl g0 A 5.6 | Xiongetal.,

6H,

Adv. Mater. (2004)

and so on...




Dehydriding process

“redox process”
H in LINH, : H°o+
inLiH : Ho-
— redox pair H° + H% — H,
N3~ + Li+ — LisN

P. Chen, Z. Xiong, J. Luo, J. Lin, K.L. Tan, J. Phys. Chem. B 107 (2003) 10967
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T. Ichikawa, N. Hanada, S. Isobe, H. Leng, H. Fujii, J. Phys. Chem. B 108 (2004) 7887



15t step (formation of “NH")

Point : MNH, with lower decomp. temp. T
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2"d step (H, emission)

Point : MH with faster reaction with “NH.,"
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Optimized combination

Mg(NH,), — “NH;" + MgNH
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Y. Nakamori, G. Kitahara, S. Orimo, J. Power Sources 137 (2004) 309



4 Guidelines

1. Destabilization of LIBH, and LINH,

2. Combination of amide and hydride

YB. Prevention of NH;-contamination
“tunable” composition / starting material

4. Provision of new reaction pathway



H, / NH, from Mg(NH,), + x LiH
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Y. Nakamori, S. Orimo, submitted



Affected by composition and ...

Mg(NH,), + X LiH
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Mg(NH,), + 4 LiH

3Mg(NH,), + 12LiH = Mg,N, + 4Li,NH + 4LiH + 8H, <*|Mg,N, + 4Li N + 12H,

amide + hydride

hydridi .
— ydriding oo nitrides

a0 - : : |
dehydriding starting materials

“NH; mediating process”

Y.H. Hu, E. Ruckenstein, J. Phys. Chem. A 107 (2003) 9737

T. Ichikawa, N. Hanada, S. Isobe, H. Leng, H. Fuijii, J. Phys. Chem. B 108 (2004) 7887

S. Hino, T. Ichikawa, N. Ogita, M. Udagawa, H. Fujii, Chem. Commun., in press

Y. Nakamori, G. Kitahara, A, Ninomiya, K. Aoki, T. Noritake, S. Towata, S. Orimo, Mater. Trans., in press

affected by...

composition,

starting material (= elemental dispersion),

atmosphere,
heating rate,
open/close system, ...



X, depending on applications
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Leng et al.
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4 Guidelines

1. Destabilization of LIBH, and LINH,

2. Combination of amide and hydride
3. Prevention of NH;-contamination

Y4. Provision of new reaction pathway
Intermediate phase formed by dehydriding



Mixing effect

LINH, — 1/2 Li,NH + 1/2 NH, — 1/3 Li;N + 2/3 NH,
NH, emission, 600 K

LIH< Li+1/2 H,
13.8 mass%H,, 953 K

(O LiNH,+2 LiH © Li,NH +LiH + H, ¢ Li;N+2 H,
5.5 mass%H,, 473 K 5.2 mass%H,, 700 K

Any intermediate phase after/during dehydriding?

(O LiBH, +LiNH,  : “Li-B-N(-H)" exists
x LiBH, +LiAlH,  : “Li-B-Al(-H)” may not exist



Combination of LIBH, + LINH,
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S. Orimo, J. Power Sources in press Appl. Phys.A 80 (2005) 1409



4 Guidelines

1. Destabilization of LiBH, and LINH,
cation with larger electronegatlwty

2. Combination of amide and hydride
lower T, / faster reaction with “NH,”

3. Preventlon of NH;-contamination
“tunable” composmon / starting material

4. Provision of new reaction pathway
Intermediate phase formed by dehydriding
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