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Preparation of TiFe based alloys melted by BaZrQO; crucible and
its hydrogen storage properties

LI Chonghe'***, ZHOU Han "**, CHEN Guangyao "**, HU Renmin ***, WU Zhu °, LI Zhilin *
(1. Shanghai Key Laboratory of Modern Metallurgy & Materials Processing, Shanghai 200072, P.R.China;
2. Shanghai Key Laboratory of Advanced Ferrometallurgy, Shanghai 200072, P.R.China;

3. School of Materials Science and Engineering, Shanghai University, Shanghai 200072, P.R.China;
4, Shanghai Special Casting Engineering Technology Research Center, Shanghai 201605, P.R.China;
5. Shanghai Institute of Microsystem and Information Technology Chinese Academy of Sciences,
Shanghai 20050, P.R.China)

Abstract: TiFe-based hydrogen storage alloy was prepared by using a self-made 25 kg BaZrO; crucible with
7ZG-0.05 type vacuum induction melting system. The melting conditions are argon atmosphere of 0.6 MPa,
refining time of 5~10 min and temperature of 1 450 ‘C. The chemical composition of the as-cast sample

was examined by means of inductive coupled plasma emission spectrometer (ICP) first, and then its
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microstructure, surface topography, element distribution in micro-domains and phase were examined by
optical microscopy (OM), scanning electron microscopy (SEM), X-ray diffraction (XRD) and energy
dispersive spectrometer (EDS), and finally its PCT curves were measured by gas reaction controller. The
results show that, the oxygen contents of alloys prepared by the BaZrO; crucible and the graphite crucible
are are less than 0.1% (w) , meanwhile the carbon content of alloys obtained by the electro graphite crucible
is 0.417 % (w) » which exceeds the tolerance of commercial alloys (1 000 ppm). The microstructure of the
alloy melted by the BaZrO; crucible is equiaxed crystal, but the alloy melted by the graphite crucible is
composed of the equiaxed crystal and the spherical TiC particles distributed along grain boundaries or
within the grain. The maximum amount of hydrogen absorption of the alloy melted by the BaZrO; crucible
is larger than that of the alloy melted by the graphite crucible, and the hydrogen desorption and absorption
plateau pressure of the alloy meted by the BaZrO; crucible is also lower.

Keywords: TiFe alloy; hydrogen storage property; BaZrO, refractory; vacuum induction melting;

carbon contamination
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L& Al BaZrOy HESR A9 BUAE ROSF 2 AR iR = 150 mm X 300 mm; § 58 ROSF LM 29 0 - B2 X =
150 mm X200 mm. H{ B HME S i 505 09 & 0 WA 1o I MR B 2G-0.05 B B0 JRONL G B A o I o )
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Table 1 Oxygen content of the raw materials

(mass fraction, %)

JEEE C O
99.9 % gk A% 0.035 3 0.072 6
99.9 % 4li gk 0.004 9 0.033 5

H, 7 il 0.013 5 0.060 8

o 4l 0.006 5 0.008 7

B 1 BaZrO, 1R K% T 15 %R
Fig.1 BaZrO; crucible and the ingot

I Leca S22 B M JSM6700F U4 RE TG S LB 0 BT 12 1 2 % & &S MA R X TR 7>
fii SR J5 AT D/ Max-2200 8 X ST OO0 M0 05 1 & B 95 5E 21T AR 0 AT . 1 & 2 2 BESRIE BTG &
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Table 2 Chemical composition of the sample 14 and 2 £

R i H wn /Y% An/% wr /Y% Xe Y% o /% X/ % weo /Y0 Xeol U
52 B B4y 46.11  50.00  50.56  47.00 1.06 1.00 2.27 2.00

= % ULy 46.18  50.08  50.38  46.82 1.12 1.05 2.32 2.05
2 UG 5 SR B4 1 A 25 +0.15 +0.16 —0.36 —0.38 +4.72 +5.00 +2.20 +2.50

SR Ay 46.11 50.00 50.56 47.00 1.06 1.00 2.27 2.00

2% % LAY 46.23  50.13  50.27  46.72 1.11 1.05 2.39 2.10

%4 U4y 5 52 BR R 43 B I 22 +0.26 +0.26 —0.57 —0.60 “+4.72 +5.00 +5.29 +5.00
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BB R =R S &N fbrm o MR 2T BHE 1522t /LA
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Fig.3 Optical micrographs of the sample 1# and 2 # alloys

2.4 SEM K EDS &#f
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®3 1£M 24 S&H EDS MR
Table 3 EDS results of the sample 1# and 2 #

A 7 & wn /% Xn/% we /% An/ Y o /Y0 X/ Yo weo /Y0 Aeo/ Y we /Y0 Xe/ %
A 46.46 50.35 50.52 46.93 1.01  0.96  2.01  1.76 — —
e B 57.41  61.20 38.11 34.82 1.58  1.47  2.90  2.51 — —
C 45.76  48.85 50.45 46.17 0.84  0.78  2.49  2.15  0.46  2.05
2 D 72.40 48.63  3.97 2.29  1.99 1.17 472  2.58 16.91 45.33

B4 1£f12# 54K SEME
Fig.4 SEM images of the sample 14 and 2 £
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TiC A W AR RE T R 23 BEAR G 42 1 o5 R & 3
25 COEENE

A SCHRIRGE R A S5 3G ) % TiFe JEAE A& 00, Bk 5 FeTi 78 il T KA 1 e 4 2 i TiC,
1M TiC A JL-F- AR &0, NTTRRAR FeTi & 4 it U RE ) 5 1 A0 S e i i 2 i 48 K, B Ry FeTi A J2&: TiFe
R A A A i B AR AT RS FeTi X 0A JE 5 i 55 A ) R i BE L S A AE 8 FeTi i S RE 1 KR
JEREAR B0, FE ] 45 TiFe JEA% S A 4 i o B 7 A% 128 1 i L S0 1 TR, SRk L 48 & B B AR 0.1 %0 5 e B 1%
F0.01%,

HEAAUEFER 165822 580N E S 70 R4 14HM24EGENCOTHRIE
%Ujﬂ 0'097%ﬂ] 0.038% s ﬂﬂwjgﬁﬁ/i\kg}%ﬁ E‘Jﬁ’f\‘ Table 4 Oxygen and carbon content of the sample 11 and 2 #
() FE AR BER EE 14 B 5 R Bk B R 0.016 20, 53X J&: 12 0.097 0.016
TG 4 TR A U 1Y 2 £ FE S IR AN 22 0.038 0.417

0.417% . C 3 TiFe Bt &4 & X5 AR T0.1%0
A HARZR X R 5 B AE 4 BaZrOy HERIEIHRS
AT e R A B A A R T A Ok Y B B L AT K TiFe B A S & X 24 R C.O i EHIE 0.1 40 LT
AR R
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2.6 PCT fig S HEae M
F) 25 1 v R MBS 5] CANIC) 1 AR i i #5382k T

12 M2 547333 K FHE P-C-T #h. & 5 frs. H S
IR 333 K12 .2 % & IR T ATE N AN G835~ S
7.67) X 10° Pa M1 (8.19~9.92) X 10° Pa. AT G E MK & 1t

(2.81~4.35)X10° Pa #1(3.24~5.48) X 10° Pa, 3 H 1 £ .2 % &
G 1 B R B 7 ok 1,854 % 11,835 %0, Al UL, 1 # & 4 R AL oL | . . . .
28 A& W R W AR AN LT AL 1 £ & & IR A & T i o 05 Hz”a“g;% 1520
KT 22 G E TGRS, Bk BaZrOg 338 6

TiFe JLAEE A 4 T LA 58 MR A7 58 HE 308 6 5 5 kS 00 38 ik, [l i, 3

KSR A 4 A AN 55 T 0 BRI B A 4 0 i S hE g

BsS 1gf28 8RO RES
P-C-T i £ B9 L 5%
Fig.5 Absorption and desorption P-C-T

A\ f th le 1 d2
3 g:él: it curves of the sample 1# and 2 #

D1 BB RS S 28 MR 0 S 0 R & R LR R Bk 2 # #F A& AN
0.417%, C it TiFe S A A 4X C HREMLT 0.1 % M AR Z R, B BaZrO, 3 5 28 Y # #k TiFe &
G B S A A Ak 22 o R B TR S 3 RE IR DR A BB AR R S A 4 95 B 1 B 5%

20 Wl A 30 e 0 A 4 B T ZH AR 22 AR, BaZr O, 8 15 M55 45 4 5 4 by 25 Bl 0 4 5 T 7 282 34 39
W B I A 4 D) by 58 Bl 2 SR LE R P RV S A A ERIE. TC UKL 4 A

D1E LM 28 H 4 MKW AR5 1.854 % f1 1.835 % , I & F- & 43 R (5.83~7.67) X 10° Pa
F1(8.19~9.92) X 10° Pa, it & - & FE4r 3 7 (2.81~4.35) X 10° Pa H1(3.24~5.48) X 10° Pa. 1 £ 4 45 (1 1% i
DB IEH L 22 BAK . B2 BaZrO, IR H G 9 TiFe J68 A 4 4 BA A5 T 40 58 130 I 14 1 4 42 00 6
A MERE X R BaZrOy T FL28 RV AE MR AR 2 —Fh il 6 TiFe JRAE A G 0B B AR
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