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Effect of catalysts on dehydrogenation of
LiAlHs+MgH, composite and catalytic mechanism

DING Xiang-qian, ZHU Yun-feng, WEI Ling-jun, HUAN Qing-qing, LI Li-quan

(College of Materials Science and Engineering, Nanjing University of Technology, Nanjing 210009, China)

Abstract: The LiAlH,+MgH, composites doped with different catalysts were prepared by mechanical milling to improve
the hydrogen desorption properties. Structural and dehydrogenation properties of the composites were investigated by
XRD, SEM, EDS, XPS and Sieverts method. The catalytic mechanism of TiF; was also discussed. The results show that
doping with TiF; decreases effectively the onset hydrogen desorption temperature, and increases the dehydrogenation
kinetics of the composite. The TiFs;-doped system exhibits the onset hydrogen desorption temperature of 84.1 ‘C and
hydrogen desorption capacity (mass fraction) of 8.0%. The unknown Ti**-containing compound forms during thermal
desorption of the composite, which promotes effectively the synergetic dehydrogenation of LiAlH, and MgH,. In
addition, the dehydrogenation activation energy E, of the composite doped with TiF;is calculated by JMA equation to be
79.1 kJ/mol, which is much lower than that of the composite without TiF;addition (91.3 kJ/mol), indicating that TiF;
addition decreases greatly the kinetic barrier for dehydrogenation.

Key words: LiAlH,; MgH,; TiF;; catalytic mechanism

SREDNE WA RN AR ARG UR. JF 3LiAIH;—Li; AlHg+2AI+3H, (1)
RIERELBR M EM BHESREDT U E R 2. k%2 LiAlHe—3LiH+AI+3/2H, 2)
Mt R, !, BRAAY® %2 3LiH+3AI-3LiAI+3/2H, 3)

BT 2 S RMNAE 150~220 Cxlm kA, 2r s

AR
LiAIH, (O 0 BL T 3 A B,

5.3%M01 2.6%H Ho(J5 &5 50) . 55 3 20 FOIR SRS 45 v,
BRI AN TR . T BRI 2 W

EEWMB: EFRARRFILEHIINE (51071085, 51171079); VLAE“HE TR W H,; Tor s ARl g TR I H

s HER: 2012-07-18; &iTHHER: 2012-12-28
BIEEE: Kok,

B, Wt A% 025-83587242; E-mail: yfzhu@njut.edu.cn



523 %5 5

VIR, 55: AR LiAlH+MgH, 75 R TR RE IR0 K AL 1357

LB 12 2 LiAH, N EZ R T L5EkK,
X LiAIH, AR 3 BEAR v e 1B -5 3 1) A A 75 Bl
R AT B AR FR B g . A S
FKEW, B 2% TiF(E/R 7 B0 LiAlH, M 80 CIF
AR LEARAVEAT AT AL B 1K) LiATH, ARSI Ui I
70 °C, WAR(REDH)FIL 6.6%. VITTETOE %
X LIAIHY/A0K 5 MgH, I REEWT TR, B S0
It 40 AR AT A — A FR 2 Gy 1 I S A AR R AIG
LiAlH, +7% MnFeO4( /B /R 73 H50) FF it i 5 A0 T3 A A
(U H) N 7.45%, 73 4E 62 K1 119 CIFER AL
LU AR 20 A3 1T LiATH, XoF S 5 S B PR T 88 A1 71
chol,

X MgH, FISCPERFFL, I G I 78 )2 6 H
T XIE SR T 42k MgH, JRidsin 5%
TiF; (i 7 H0 /AU N ERES 5 it PE e . D9k
I, £ 300 C. 100 Pa kT, FFib 6 min AJHEE
N 4.5%. FEREEI Ni B4 MegH, 7k R A
REMINLERE LRI IR F Ni BHC MgH, S
Mg, HZEIRE N MgH, RAFEAS, gt A tae
] MgoNiH,, 75+ MgH, /& & it . GASAN %17 %
I MgH, Fil 5% AN FEES ANV, Nb, Ti)7r AT L
BRI J5 1) M S T LR AR BRI MgH, FRAR T 40~
50 °C.

RWFTER M, R A B S N A I (A7)
AT LA 3 LiATH, FI MgH, R RE . S pibe
& %% (Hydriding combustion synthesis, HCS) & —
PR A A SR ik, ZIERIS T Bl
SUGAA . ER T ARG et s e Rk, A
VB R T 3204 & LiAIH, I MgH, I3 RE, K
AsLG = [l HCS MgH, 1 LiAIH, & 4 455 4k
R, WAEZER PRI FRERAEL R, R
T EE RN L LRI E RS, IR T TiFs ik
FU AL .

LiAlH;. FeCly. LaCls F1 TiO,(40 52351 2k 98%.
99.5%- 99.9%F1 99.99%), ZnClL(ZiE%54%: PT)IT
BT R TR FR 6] 5 TiFs(Z65 99.5%)H T Alfa
Aesar A Ti K (ZE1E 99.0%) T L [E 2538575 FR
ATl MgH, 4 HCS il # i 9 1=, LiAlH, Al
MgH, DA 1:1 I EZR LEIR 2, NN 3% AL 7 (5 i 43 50
o 2% e N Bh BSR40 5, B EHER A GRS A
PERBSHET, SRANUERES 7 kL. RN SN

B RS 1) QM—-3SP2, BRI 4 400 r/min,
BREHE A 40:1, FrAFE I EREE IS (] 3524 2 ho

MRHAHZE R XRD W52, A5 Thermo
Electron Corporation /=[] ARL X’ TRA fiTHM% . #HK
ZH: CuK, 4L, 45 kV, 35mA, #K 0.020. ¥k
PRI BN T35 % FH RS 52y TSM—6360LV F 413t i 1 B4
BERAE, MR Ti TR /A0 KA EDS W72
MBI T 70 # A RASR ] PHI-550 21 X S48 a1
AETE(XPS) S E .

FEMII B EMERE R Sieverts V2205, X 2% 436
[ 4% 33k A48 F] 1 Gas Reaction Controller. IR
A (EFLE A T ANE IR THE R 350 °C, FHEIE N 20
K/min, 8310 s AF i 3 s ) AL RS (9 AR Ak 1T 45 2]
P it ot e RN PR DG R T 2k

SR A TR 73 (11 KWL s N o o M. p U e
B I o I S N M M B o £ s v A
(MIKROUNA, Super (1220/750/900), 7KFI% K5
T 1X1079,

2 HR5UHE

2.1 TR & &R FR PR B 1 R RZ 00

1T AR INET 5 LiATH,+MgH, 4 2R 1
PR BE IR . 2 1 B T ASRIRE S R AR T S
FERB G T, @&, e
THRE— ZMBRINEAS) % kGe, HE R EY
1E 6.7%2c A7, T Ti RMEAFIBIARRIN, AEOCE B R
KT 6 ERNRGBENREE, [ IG5 m T
A% A AT B T AR EE T Hoh TiF,
R 0 SR Ay S5 3%, LIAIH,AMgH,+TiFs H &K R 40
84.1 ‘CHIFFAAMIE, BORMSIIHEALFMA R 127.9 C
FRAK T 43.8 'C, HIMELEIS 8.0%, 5391 1)
LiAIH,+ZK i MgH, 74 2 IR 2R &0 5 118 °C Ml
S 5.2%AH L, B B AL

2.2 TiF; HRINX & &R R ML 200

2 ik LiAIHAMgH, 28K R8N 3% TiFs
BREEJS ) XRD %o & 2 AT 4N, 4R RAHZE SR LiATH,
A MgHyo WL, BESRFESERES 2h, (2B HILHT
A, X EWRAE MgH, Al LiAIH, 78 3R B fE v e &2k
N teAh, RS IEAR KL LisAlHg AH, #56W]
LiAIH, 7E3RBE iR o A7 A 23 o THF AHIAS I 1),
AT AR TS IR I HL28 0 BREE i 4 A8 oK
LR | e a2 9 s



1358 P EA SRR 2013 45 A
. @ 1 s—LiAlIH,
] *—MgH,

X

=

[P}

on

e

o A

>

=

=]

(]

2

2 A

(3

@)

1 | | 1 | |
50 100 150 200 250 300 350
Temparture/C

Desorbed hydrogen/%

I | 1 | |
50 100 150 200 250 300 350
Temparture/C

1 ASIERCTRIRT S LiATH,+MgH, 085 BB th 2k

Fig. 1 Thermal desorption profiles of LiAlHs+MgH,

composite before and after doping with different catalysts
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Table 1 Onset hydrogen desorption temperature and total
hydrogen desorption capacity of LiAlHs+MgH, composite
before and after doping with different catalysts

Catalyst Onset hydrogen desorption Total hydrogen
temperature/ C desorption capacity/%

None 127.9 6.7

Ti 88.6 8.0
TiO, 92.9 7.8
TiF; 84.1 8.0
LaCl; 127.1 6.7
FeCl, 1159 6.6
ZnCl, 122.5 6.8
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Fig. 2 XRD pattern of LiAIH,+#MgH, composite doped with

TiF,
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Fig. 3 SEM image(a) of LiAlH,+#MgH, composite doped with
TiF; and EDS map(b) showing distribution of Ti on surface
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Fig. 4 XRD pattern of LiAlHs+MgH,+3%TiF; composite

after dehydrogenation
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Fig. 5 SEM image(a) of LiAlH,+#MgH,+3% TiF; composite
after dehydrogenation and Ti EDS map(b) showing distribution

of Ti on surface
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Fig. 6 XPS spectra of Ti 2p on surface of LiAlH4MgH,+
3%TiF; composite before (a) and after (b) dehydrogenation
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AWEFTAE 423,443 F1 473 K 500 F AR SRRk
AT T R AE DK . #45 Johnson-Mehl-Avrami (JMA)
I R,

In{-In[1—a(®)]}=nIn(¢)+nin(k) 4)

Kb a@ RN ¢ BN, 1 ) Avrami
FREL &k ROV T E ¥ In{-In[1-a(®)]} % In(H)IF
K, IS OV IR H ko #R)5, A4 Arrhenius

Ty FERO,
In k=—E,/(RT)+In4 (5)

e A NIRATHF, E, WiEALRE, R NPEEIRAUAH
B, T ARSIZERE . B n(ox) 1T ER, Baais
FEALRE B 45 REM: LiAIHA+MgH+3%TiF; §4
1A ZR AL B SR R R E A B 79.1 KI/mol, T AR
B TiF; # LiATHA+MgH, & 578 2R W3RN RS
1LREN 91.3 kJ/mol, UEH TiF; BN AE A 25 A
LiAlH+MgH, 5 RGN 5 )1 %344, G
HHEERMTETERE .

3 Zig

1) AN Ti R ARG, K A T LiATH,+
MgH, B &R R MR GINERE, $2m T REs) 1%,
I HIRE R = A 3] T AR 4t . Joh TiFs (1)
AR B3 . AR 84.1 CHAAMA, K
AL 8.0%.

2) TiF; £ & G A R ARG RE b A A N AR B T
o TR AE A Y. EXRE TR A A A
7t LIAIH+MgH, 6 WIER I, AUl LiAlH, F1
MgH, A, 1 HATR it LiAlH, F1 MgH, 2 [8] 1]
N E) &N

3) TiFs M I K T LiAlH+MgH, 2451k
RIME RN )B) 12553522, A R IRETE AL RE B AR
B TiF; B 91.3 kJ/mol R F& ¥R IN TiFs ) 79.1
kJ/mol,
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