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Investigation of Reaction Mechanism in Li,NH Hydrogen Storage System by TEM
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In order to clarify the reaction mechanism of the hydrogenation process in the Li,NH system, we have observed the partially
hydrogenated samples by transmission electron microscopy (TEM). From the TEM images of partially hydrogenated samples, it
was shown that the LiNH, phase was located between Li,NH phase, which was almost at the center of the particle, and LiH parti-
cles with the size of 100 nm. This result indicated that LiH was generated and grew up at the outside of the complex particle of
Li,NH and LiNH, with Li moving from the center to the surface of the particle. [doi:10.2320/jinstmet.JC201307]
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1. & ]

PRORLTE th ] BhEE O KA 18 CE M RE 7 K SR R A RO BR
FPENPN TS, BHHHOKEEEM IR S 58t
D—DICEHVKEEREEETHLZ ERBTFONS. EKE
HEEREEPHE L7200, BILE TR SN SEHCEH 2%
F o TW5. 2002 i Chen 512 L » T S/ Li-N-H
SARFEIFEM NS, BRI OREFO—>TH 2.
Li-N-H Rk EW @M RN, TiCls # 4 &¥ind 5 2 & TK
FRH R IGEE 25 A B L, # 200°C T 6.5 mass% & D KFE
RIS R I 5 LA TE 529, (R(1))

LiNH,+LiH <> Li,NH+H, (1)

COKRERBIIGHEREICOWT, TV EZ T RN éd5
ZREORICHEBROFLEPRE S, —T), ZOW
ST % KREMRIEOEREIIE O I > Tz, —fi

ModndEE K RFERAE, BAE 0 8 Y = v 7 8 (Graduate
Student, Hokkaido University, Present address: Panasonic
Corporation)
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BIC, REROIKFERR A% TIIKEILIREE & K F LR RE
Brhzh—EEOBIMEE L THEETA. L ITAH Li-N-H
FZCTIKEIRRE L L C LiH & LiNH, O —fH O EAH 23 F
HIT5H. NS EEOBEMOAERBST I & U7KERIEIC
eSO REEALZ WIS 5 2 213, SHBOMEEEHTmD
TEETHA. KPR TIE, LiNH OKEBRITHT S
Li,NH, LiH, LiNH, & DOALE R (R I L O AR OBURHEE
IOV BRI T BEMET & I\ CGRAE L, KECSIOHERS
OffAZ Y E L.

2. 2 B A &

KW TR FA LR D275 2 MIFE O (FEL L 72
LiNH, ¥} K (Sigma-Aldrich #%) D#LEE (400°C, HEZEA,
SHEMMGEE)ICK > THEOLNALL,NH %, £/ 73T
TEM BZSnfe/e e & CH#E L, KEZRPZ 1.0 MPa T,
200°C T 10, 100, 200, 2000 R ZENENKRILL 72, &R
ROKFBMRIGRIT, Rt inehd 52 & TR Sh 5 KFE
7 AD & (Mass Loss) # LA FTOR () ICRATAHZ & THH
L7c. 22T, AUOHRCH 5 6.5, WK TREx i Ak
F & (BEH{E 6.5 mass%) # EET 5.

IKFAL IR (%) =Mass Loss X 100/6.5 (2)
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¥, KFEAABHER, BEESH I LU A RBIEED A
S EOBEEL 7. AR OBILICIE, FRE T BN
(JEOL2010) = i\ 7z, F£/z, O P 750HI KRR L
TAREETH A0, BRI REET AKBS D7 0 —"7R
v 7 ANTRO 57z, 7a—"T Ry 7 A HEBE T HM
BEARE BT BT, BRIV AT T ATy 78y 7
AN TRIEYE T AFH R CRAF L 7o & £ 5058 T B
FHELI

3. BR LEE
3.1 KFEREE

ZHBB O KFEAKIER % Table 1 12774, 10 50fE & W5
WK EALER R TR ORI 1 EI23KFE L, 2000 5O
BHISERITKFILL Tz,

3.2 BIHMEOAERR

Fig. 1 I EAR THEMS* AV TE O N2 KFIERIGR
3% AR OHBEE B (a), BHREGS XCEITE D) 2R
T AR DIC L - T, BRBEOAZEIRL THEHR LD
2SI 8% (bright field image), & A4 EDOMEIFTEH O AT
HINL THB L 72 b OIS 8 (dark field image) TH
%. BEREE T, ESEEERE L 2D A5 kbl
o, HEWED L WEERYOME & iEfT YA X E T
& %. LipNH & LiNHp (3@ /8% — B EL L Tw A7
&, BEHRE G2 TP AR CTh 575, LiNH
BZDFREN OB LBEOKRESI T L > HBERTHH
LTINS, DBV THLEOB K AEH 5
LiuNH CTH Y, KFITHES MMboREBIC LD, TOR
D OBKF 7 LiNHy B CE 5. 7nds, AR X #REHTH
EORERN HRKBIKIER 23% REHT & £ 5 Li,NH Off
B FA A% 40nm & BiEd 5/, Fig 2 1IC&E &R T

Table 1 Hydrogenation ratio.

Hydrogenation time, #/min 10 100 200 2000
Hydrogenation ratio, 7(%) 9 23 34 100
(a)

IOTnm

w7 &

A % TR D 7oK FAL UGS 34 % 30k O B LB
%, BEHESs XUEPTHEY7RT. Fig 2(a), (b), (o), (d)
T NTR—EETH 5. (b, LiH(200) O E#Hr &0k 4 i
T L7ZBERERCTH S0, WAV 5 A FOFsH
LiIHK FCh 5 e T&l. ZORET 100 nm E DK
EXTHY, IV FFALBIUHMIROBE» L T HORT
& LIHK FTH5 LHWTE5. (o) Tid, LiH Ths LE
ELK T 2B CHMATHS. FMEIC, (d)id LiNH,
(100) D [EHT Ge k- % il 7= L 7R BB Cdo S 728, Bl A\
VEFESAFOREG N LINH, KT CTh o EHETE, TOK
T 4 A Fig. 1 To LiNH, & AEICH T nm Ok £ X
THsHT EHRMER SN, Fig. 2(c)ic LiNH, » Li,NH %
SR T % SR CHATHS. L5 L, LipNH & LiNH,
DB AR FRMEIC 100 nm R O B & LiH k7 2547
BHEWD T EHBEL 72

3.3 £BYomKERE

Fig. 3(a), ()T, KFLIRIEZE 34% 15 LU 100% DFk
OPETF R TN ZoRd. Fig. 2 THERL /- LIHK T &
DIV PS5 A B LCROK %84, LINH, &
Li;NH O# &5 F % 5 ik LiNH, $7F % S THA TH
B, wEEHC I W, K 100 nm & O LiH kL F A
LiNH, ¥, FORMEICEBAFFEL T b, KIEK 100% Otk
ICHFFET A LIH R T OB, KIGK 34% ORI TS
V. ZORRD D, KFEMCHEEICI VT, 100 nm B E
@ LiH OfEd 3R 2 10 2, -+ nm O #7e LiINH, O
AV EBS NS LB 2 B s (Fig. 1(b) & Fig. 2() &R).

3.4 XFRERE7OEZ

KFEACRIGE Bt ZOBRAN % Fig. 4 1I77. KFEK
IEAHEFTIC A, LiH R+1% LiNH, & Li,NH 08 &k FDF
WICAERT 5. ZOEEGKTFOBKIE, 0728 Li,NH, %
DRV ALINH, Th5. ZOBERICKTHERTOBEH %
E2 5. KT OICHEAET 5 LipNH 7 5 LiNH, % TF
HICE 2> CLIRTH5Wd A T vk L, LiHK T2
BERNTFORMICAERL 2 &I n 5. LiNH, SEUO
SRR FEALY LiBH, © Lit 4 4 viBEEE #HE I K Tk

LioNH (311)

Fig. 1 TEM images of sample hydrogenated under H, 1.0 MPa for 100 min at 200°C: (a) blight-field image, (b) dark-field image

and diffraction pattern corresponding to Li,NH.
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LiH (200)

LiNH; (100)

100nm

Fig. 2 TEM images of sample hydrogenated under H; 1.0 MPa for 200 min at 200°C: (a) (c) blight-field image, (b) dark—field
image and diffraction pattern corresponding to LiH, (d) dark-field image and diffraction pattern corresponding to LiNH,.

Fig. 4 Schematics of hydrogenation process.
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DO, KRBT Lit £ A VOIHAEE T ELTREMENE 2
bNb. L7eh->7T, LHARIT LY  H ORKIEICE S
DT, FHETIHH 0 F2HAHT & H- A#EEL 20 hide b
7o\ HY 1%, Lit &5 222 - THRB L LiNH, %45,
TAHEEZLNS. LLEOKIEERICIS T, NREFIEIE
WL TWiaw., CHIFEROREFHESHU F UL EKEICH
NTKEW, D2EDRDIEVTLRETH LoD LEH 2D
ThHbHEWET S, /t15, LipNH & LiNH, O f s 1B
LT NEFEEDPISBEULTWS EWSHERDD
Li;NH 725 LiNH; O##B TN R TFAFEA B LW
EDHBNTHAD.

4. #& A
Li,NH OKFEASISAEITIC -, LiH & LiNH, &

LiNH OB &R FORMEIAER L 72, ZOESGK I, &
028 LipNH, 2O D 2 LiNH, THER S 5. B OKE

w7 &

mF A AR KRERRIEEDO M2 5F, LiH :
100 nm, LiNH, : $t+nm TH o7z, TOKIEBEICE W
T, Lit A0 Li,NH 7 5 LiNH, %58 D £ZmiC 2 -
THRER L LiH &4, ¥ &2 H 23R L LiNH, %245
T 5.
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