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OVERVIEW

Light Metal Amide/Imide Systems for On-Board Hydrogen Storage Materials
Shigehito Isobe, Takayuki Ichikawa and Hironobu Fujii
Institute for Advanced Materials Research, Hiroshima University, Higashi—Hiroshima 739-8530

We have investigated hydrogen storage materials composed of light elements such as MgH,, Metal-N-H, Metal-C-H and
Metal-B-H (Metal=Li, Na, Mg, Ca) for automobile applications. Particularly, our recent research results on H-storage proper-
ties of the metal-N-H system are reviewed in this paper. The mixture of LiH and LiNH, catalyzed with titanium compound
desorbed ~6 mass% of hydrogen in temperature ranges from 150 to 250°C under a He gas flow. However, the hydrogen desorp-
tion (H-desorption) temperature at Py, =0.1 MPa was 250°C which is too high for on-board applications. We investigated the H-
desorption mechanism in the reaction from LiH + LiNH, to Li,NH + H, by Thermal Desorption Mass Spectroscopy (TDMS) and
Fourier Transform Infrared (FT-IR) analyses for the products replaced by LiD or LiND, for LiH or LiNH,, respectively. The
results indicated that the H-desorption reaction progresses through two-step elementary reactions mediated by ammonia. On the
basis of the ammonia mediated model, we successfully designed a new Li-Mg-N-H system composed of 8LiH and 3Mg (NH,),.
The mechanically milled composite desorbed ~7 mass % H, in range from 120 to 200°C and the H-desorption pressure was higher
than 5 MPa at 200°C, being suitable for on—board applications. Moreover, for understanding the role of titanium compounds as
catalysts, the chemical state of the titanium compounds doped in the mixture was examined by X-ray Absorption Near-Edge
Structure (XANES) and Extended X-ray Absorption Fine Structure (EXAFS) measurements.
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et ie & BAZE RS (NEDO) D481 % 2007 4R O BLd K3
fr A RN B4 2 B EEE, OKFEREE : 5.5 &% (150°C
LIF), @it A : 90% CHEIAA &, 2000 EIfEHE) TH
5. —Ji, BEHTE, OKZERHRE : 3'HEEX (100°C L
), @i A : 90% Gt #1fi%s &, 5000 @A) T
AU W5 e, EHRATIEILVEWKERBEDLHE &
INTWA. T, EBHZX—7y M ELIBE, BED
720 OIRFEE /2T Tl { FREHEEICOVWTL, Joauvn
7 P IEMEIARO BENG . FEROEGFRKEIFEM BT,
REEEO S TIREAKEL Lica v /Xy MiFETE5 2
P LEFAOLEM AL T A, EREEOSTIRE
WAl L TWwinh. §b b, LaNig 7n & ORI KR
W EE T, BFREBEGEEFOBENZLZLRETE
HEWSTEN, TOFRRELTHEZLNS. DL REY

=06, BOLOKRIEMEBFREOM I N Vv Fid, B
LR TSI LOHRICETEN TV S, BIZ, FRUTA
7 Z%—F NaAlHy,, VF T AZEGLT IF - 4 IFHRRY
F ARENA S5 A F LiBH, 20 MG 4 R K E R Bk
B8, BIZER S L L CTIRD LiFSh, EEEMICEZ BT 5
HPBDINTHN TS, KT, Z OB AR
OFTYH, ERLCHT TREIEHRO—D>THALT I -
A IFRICOVT, 4D INETOWERBEHRES S.

2. 73K A3 RRKEITEME

72 - A I FRKBEFBEMEORRL, VU HR—ILK
% Chen HIZ X % 2002 FEOREITWGAE TS 5Y. Fhid
LizN (24 U F 7 L) O n] ¥ ) 75 K 2 BOs i B i B 5 %
WETH 7. LigNFLUTICR L 22 BB OKEL - Bk
FALKIGIZ X - T 10.4 mass% &\ 5 KEOKEA THAYIC
Wk - L S 5.

Li3N +H, <— Li,NH + LiH, (5.2 mass%) !
Li,NH + LiH + H, <— LiNH, + 2LiH, (5.2 mass%) /& 2

CORIEETTIC, 1911 4F, Ruff 35 LU Goerges IZ & - T



866 H & & &+ 2 5t(2006)

FERINTW2HAY, Chen HOHEIT, TOREHDTK
FHFEMEE & U CRRER L, R 2 SFICBIgE L 72 & v D
BCIEHICKE A FRE B, K, HRATOPEED O
HEhAREm-7z. TOROEHIT, 1/ EmThHAH
LiHOK#E Y F7 L) & LiNH, (U F 7 A7 2 F)db b 0id
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OKRFEHBORKIGEL, MGl 2108\ T, #ERILEY
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FHHIGPE L < &FEIN, RNEWET ATH T 150~
250°C DIREICBWT, #6 HEIW DKED K AIEER C &
FRELTVEY. Lal, 1 REEEOKEKEELZE%
7odicid, 250 CREOSR A LE L THI ELHLP L
D, FERICET TIBNEN AL EPALEETH - 72
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LiNH,
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AN Z X LDBIRDZ DBRDOMEIREHES N’ D R %
FToENTWAEDTHA.
£, KERBRREZ B FEHOA 4 VS RIcOWTx
NENOBS M % 84 L /2. LiNHy 3 HEICEWT v
EoT HERM T A, —J7, LiH i358T 500°C £ THE
L CHESMBET RN\, LaL, LiHi3uAg
AT /ERTHY, WS T L OMEIEHPE ZEiR TS
ZIKGIRIN DA PFEFED. 7T V/EZTIIRED Bk
WO\ T Thsb. 2T, LiIH &7 VEZTORIGH
A& L 7o Fig 1LICEREAXK %<7 . LiNH, O EiC
LiH # O+, FRBLHEH 20 HrFEka1T - /2. Fig. 2 ICHR
g . X LINH, OBIGRIC L 57 VEZ TR
075 AV TCh5b. FHIE, LiNH, ® FiC LiH % O 7=
BC, LINHy 2Bkl a7 Ve 7 LiH & 5L K
EoBHsh s, 2ICLHET7T VvEDT &K
IGLTWAT Ehbhotz. DFED, ROZODKIGNFELE
LTW5C LRI N,

2LiNH, —> Li,NH + NH,

LiH+NH; — LiNH,+H,
K3 & 4#RLE®D ETHE,

LiH +LiNH, — Li,NH+H,

B 3
B 4

B 5

Intensity (a. u.)
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Temperature, 7/°C

Fig. 2 H, (mass no.=2) and NH3 (mass no.=17) desorption
spectra from LiNH, (upper) and LiH on LiNH, (bottom),
which were detected by the TDMS equipment at a heating rate
of 5°C/min under a helium flow.

LiH

(NHy)— ()

LiNH,

NH,

(i1)

Sample Pan

Sample Pan

Fig. 1 Schematic diagram for sample arrangements of (i) LiNH, alone, and (ii) a two-layered sample with LiH on LiNH, used for
TDMS analysis, both of which were put in the sample pan. Here, NH; is emitted by decomposition of LiNH, to Li,NH.
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L%, $hbb, OO0 (LiH, LiNH,) 2 )G L
TRELE T ARIES O AN AL, K3, 4 OELE
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BAMICHE, UFICRET LD & LiNH, OKERIGLE S A
B RISORESR, £ SN 5% & CREHEOMR O
A, OFEDpiqg, x:y:zDLERDLERTHA.

LiD + LiNH, —> pLi,NH +¢Li,ND +xH, + yHD + 2D,
FIG7 Ot 2L L TEODPOETFIVRRETE L. FE
LREZL [T VEZTHARIGANZ AL wHHRICT 5
LEODETIVAAREE E L THETFOLNS. LIS, Thb
ETIVICHE - 1B EORINBEDOLERH %, RKIEA & L THIRE
LTk,

£ 1: LiNH,+LiD —> 4/5Li,NH + 1/5Li,ND

+9/25H,+12/25HD +4/25D,

&5l 2 : LINH,+LiD —> 2/3Li,NH + 1/3Li,ND

+5/9H,+2/9HD +2/9D,

€5l 3 : LiINH,+LiD —> Li,NH + HD
EFNV1 L2, 3DEVIKIE 4 ICBITAKKOEREDE
FETHDH., OFD, KEBRBRISHIC, KERFLEDOHT
ICRTIE L T\ 7220 & 0 KR RIGL AN 77 A Hy, HD, Dy @
DACER LRI SE (BIRER B L) #EERL T 4. RIG
4OLH % LiDICE Sz 70 b &, KIGHIC D (38R
CEMRICT I F EMBTANDGBINDS LD —ADE
TIV1ITHY, EFINV2EFTIFN, EFNVIFHKEET A
N EFIRIIC D PR S N A RIEDE X 5B EICHY 3 5.

—J5, VU HIR—IVKFED Chen H1%, TOFRDKEKHL
ARNZALE LT, ZoORBMERAESBEERIG L TKFE L
HEHEWDETIVERIBLTWA. 2%, TAICHMmL
7o-LiHDOH=? &, [EIZHL /2 LiINH, © H*9 5 AEEH
LH, LTSNS ] EEFE26NTWS. TOANZR
LIZ &% & LiD & LiNH, OKFE R H RS Tid HD 2388 R1Y
SN2 EFHEING. ChHBETIVAICHST 5.

€54 : LINH,+LiD —> Li,NH+HD

I6I, 58 —F% & LT, BRI mAm CEZEL
T, RAAAY LiNH,/LiD 25 T2 R L 7248, SRR 5 v
DK FERCAET ADREINDE] EWD AN ALEE
FIVE T hH. TOHRET,

E5)1'5 : LINH,+LiD —> 2/3Li,NH + 1/3Li,ND

+4/9H,+4/9HD +1/9D,

LR TEA.

CCETIE, HLETHANZREGREYHEL TV 5.
LaL, BRI, IV VIFICEWT, Zh 2O
ICFTB L T\ 7oK E LA H, D A EERIR &AM k- T
RBEDE&-5TLED Z &%, (2) TiCls OfiEfEMIC & > TK
FRINAAT ZH RS, HEDRETFHAZ S5 7L TL
EDENBEZLNSL. INHOR, (DIZOWTIE, EBIC
2 B¢ LiD & LiNH, %R —)L 3 )V L 7o, /RIS
Y 5 T, LINH; © N-H #5E&E— FIZRIRd 2N AR 7 |k
VBRI LIND, OfE & E— FRBEllcs iz -7/ &
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B, KERMAKREBRIIE > TWigWT E2MERL . I
DWTCIE, KFERERIEE DALY T % LipNH & LipND
B, AZSVTIVHRIIT LA EHEIN W EEZLNS
728, WGEERWEETH 5.

WIZ, ERRFERICGGEEAR T, KERREMET ARHEOE
B <& 5 Li,NH & Li,ND Ot 7 — 1 TGRSR
.57 (Fig. 3), B4 A Hy, HD, Dy O Held HIRITEE S i
BT B BE M (Fig. H)IC k- TRELA. 77— TEH
AR i R 1%, Li,NH & Li,ND o Fid, 1213
3.8: 1 DfExB/-. ¥z, LiH+LIND, D& &{LEEHTH L
Tid, Li,NH & LiND o3, 1#F1: 3.9 OffixE. &
nooklE, TV 1 »6FHEINLKITE. —7F, Fig.
4 10, KFEFALAAT AR AR OEE L 0 3l L 72 Hy,
HD, D, 7 ADGELE,IT, 9:131:29 TH-7-. ThbHD
i, E5v1abFllcnbil9 12 42, Eiris
R, HD OEEPETIVFRE LD ETEV. ChiE, B
ZOETOART SV TIVRHRPHELEL TWBH I EhREL
TWw5b. Uk, WFhoEBRERLET VI ZZHEL T
7o, TNHOER LY, LiH+LINH, OKERH A 5= XA

] AL
leND_\ LiH+LiND,

1:4(reference

[~ LiNH

1:1(reference)

LiD + LiNH,

1 1 I 1 1

1
3200 3000 2800 2600 2400 2200 2000
Wave number, kem'”

Absorbance (a. u.)

Fig. 3 FT-IR spectra for the ball milled mixtures of LiD+
LiNH, and LiH+LiND, after gas desorption. In this figure,
FT-IR spectra for the samples with the Li,NH/Li,ND ratios of
4:1,1:1,and 1 : 4 are also shown as references.

H2:HD:Dz=9:l3.l:2.9
’; I,\\ H2
i ----HD
b _____ D2
‘@
=
o
S
ey
- \‘\‘\
100 200 300 400
Temperature, 7/°C

Fig. 4 H, (massno.=2), HD (mass no.=3) and D, (mass no.
=4) desorption spectra from the ball-milled mixtures of LiD +
LiNH, measured at a heating rate of 20°C/min under a helium
gas flow.
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i3, 7VEZT #MN &+ 5 2 DOFKIGIC & - THETT 5
ZEDRFETE I NI,

T, BIEICH VT, Li-N-H BHEHE, KEREBICHES
IVANWVE—BALDPEHEH S LTI AKESTE, LiTIF -
4 I FROKEHHEIEE E O RELENL %R Thbixnw
LEBRRTEZ. 2T, ZOREEIDT-DOMEEET
IZOWTT VEZTHNMET VR EICERT 5.

Bk k212, LIHIET7 VEST EMD TEZHITIIRL
KEEHETSH. 2FD, KEBHKIGOREMLICE, XD
KET7 VEZT7 257 I FRé LH EOBEEER
HHETHDLEDOEZIT/IEDEL. BIIFEMICLINH, £ D
TNEETHLHT I FELTUL, TEORTEREEEOM X
D, =72y Mg(NHy), 8A DERE L TET bR
5. EE, Mg(NHy), #F# L, ZOBG RIS RHEL
7ok TH, WEMICLINH, XD KR THEL, BHICEAD
HECEESA/BRAR L. TVEZ TR LD n B
FEDIGIC & » TR E N 5.

3Mg(NH,), —> 3MgNH + 3NH; —> Mg;N,+4NH;
Bl &30, OB H ORIE £ CHBRKER ClEfr 4
HDT, £ TCOT V/EZT wKRERBICFIH S 53280 5,
FOE

3Mg (NH,),+8LiH <> Mg;N,+4Li,NH + 8H,,

(7 mass%)
wEE L 7. T 3Mg(NH,),—8LiH &bkl %, KEE
HRPC2RIR— LIV V7952 LIk THIBL
7o B O NoKREKRE MR A Fig. 5 1ICR4. COMEOK
FEhH g 190CIcy—2 %2 L0, 250C T COKEL
BHLTWA. ds, #250°C 1Tl SN 5 g7 o —
R7a ¥ — 2713 FI1C MgNH + LiH (< X A KEREICERT 5
LOrEZOLNA. Tio, HAREREDT, EROICHES

r(a)

—— 3Mg{NH,),+8LiH
LiNHZ+LiH

N (=)
J
1 1

[+-]

" 50 100 150 200 250 300 350 400
Temperature, F°C

Mass loss percent (mass%)

Fig. 5 (a) H, (mass no.=2) desorption spectrum and (b)
mass loss percent measured by thermogravimetry (TG) for the
mixture of 3Mg(NH;), and 8LiH. Both measurements were
performed at a 5°C/min heating rate in the heating process up to
400°C under a helium gas flow. Here, H, (mass no.=2) desorp-
tion spectrum for the 1 : 1 mixture of LiNH, and LiH with a
small amount (1 mol%) of TiCl; is also shown with the dotted
line.

570 &

NAHWTEEXICETS. BIZ, TOROKEKRBEENZ
HlryE <, BEHA S L COEFZITTMETHRT Vv r
WaBHL TSI ERELMCEIN/Y. BFF S TlE, B
ALLTh- EERIGECHEITH S LIEREINTWA.

4. BREBEDIER

ORI, MILETHERIN T LE, EEHIDOKE
GEHEENS . KA, RISECKELUMNORT - 5F - A4
VOPRER A FED J201T, KREWEKHRICEE P E . £ 2
T, RIGEESFELY AL L T iS5, FEE,
Li-N-H ZHRHZ BT, Ti Rfillfts A= hV3I 97
T XD RA NI L 23R O K B R I BRI 23 S h
7-. Fig. 6 ICHMALFIRBERCY A XD 5 Ti Rl %48
FBLARBOKERE 707 7 4 )L %5 (TiOgee,
Timicre : < 4 7 ok, TiOFe, T : + k). MUY
BaEML CORRIC K - THIBERITRE S Rx L. KE
TR 28 ks S e CRAD Bkbh o Ti O k22 REE, K
FHHEEASE SN - 2 (EFDRhO TN L3 LD
OB BLDOTHA D 1. TNHOFEANDRRBERIN
WIIVVITAEICLY T AUl T B T &0,
fREOWE ERINEDPHETH L 205, BIREL LD
X ARESTHIE 2> 5 5 BRI LRI 2 B a5 5
CHIRREETHES. LhL, MOMREERARFHAL, &
D EMERE MR SR AT AL, AR A PR S A O L A8
FEWICEETHSH. LI T, MBEREMEORE 5 &L TR
MO IRPER E % EH ¢ 5720, SPring-810 Tk
FERCE T L0, X AR 5 ek © Li-N-H 52K F 7 s b
B ORI NP DACEARRE W 21T - 7=

Fig. 7 {Z TiCl;, TiO§°, Ti"n°, Timco }3 J (f TiOyicre % %
NZENEML 72 Li-N-H RE &5k, &8 & LT Til,,
TiOgire zh Zn o X fRRIRRE S (X-ray Absorption
Near Edge Structure; XANES) 7007 » A L& Rd . filfii(E
F % 7R & 757 o 72 T Jiin,  Fs L O° TiOR™ fin skt
ik, Thzh2RARE Til, 35 L0 Tioy o7 a7 » A

(a) without catalyst (d) +Ti (hano)

HZ
4//,\\\\\ - NH,

(b) +Ti (micro) (e) +TiCl,

1

(e) +TiO (micro) (f) +TiO (nano)

100 200 300 100 200 300 400
Temperature, 7/°C

Intensity (a.u.)

Fig. 6 TDMS profiles for hydrogen and ammonia gas from
mixtures of LiH and LiNH, with and without additives: (a)
without additive, With additive of (b) Ti™°, (¢) TiO5""°, (d)
Ti"° (e) TiCl3 and (f) TiO%*°, heating rate 5°C/min.
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Fig. 7 XANES profiles of the LiH+LiNH, catalyzed by
several kinds of titanium compounds.

—— LiH+LiNH, +1mo% TiCl,
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Fig. 8 XANES profiles of ball-milled LiH + LiNH,, LiH and
LiNH, with TiCl;. XANES profiles of TiH, is also shown as a
reference.
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L 7-# K XANES 717 7 A )V%& 7 d. LiH & LiNH, IZ
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AiE, LiINH, ISR L 723t o 2N LIFIER L TH
%. —7, LiH ¥y s 7z TiCly 13 TilHy 12T\ e
REABILIND EVWOBRABOLNTNS. DD, fildl
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sorption Fine Structure; EXAFS) ZAX 7 F )L HE 6N 2R
FTREEICBE 9 A1 O3, MUslER OF & & B %
WERT A LI TERDP 7. OFD, AEER L L DiRv
MR R ON/-DE, MO RIS L DEFRETH - /C
Ti-K WIsiid, Sl hz IsuEs» 5 20O8E Th 5
dp MIE~NOERZBHL Tk, XANES 27 LD
RIT 4p BUEOH S REFE 2o < KL TW5. 4@,
ZOIRREFEE & i EFICHBAR R ON DR e o7, O
£, 7oI)VIME R 4p BLEOHE S K EIREBHEEOF
TEAMMBLER MBI L T A C L amE L T\ 5. ok
DETE > TNTh, FLL 7 4p OREFEE LR L Thh
IR E R A RIS 5 &0 D B RITIEFICHERE . ERRIC
FRIEVER 2405 O, B O 7 £ )V IWEEHEOBRT, B
5L, REEBETEXLO>TIONFKET B DT =V
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B By FIE B K B AR O E ALIC R <, ENO A
SNV Th, JEHITIEFRLPIREENRVINT Hh
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