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Abstract
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In order to improve the hydrogen storage capacity and the activation properties of the hydrogen storage

alloys, the rare-earth metal alloy series, MmNi, sMno sZr{x=0, 0.025, 0.05, 0.1), are prepared by adding excess Zr in
MmNi. sMne s alloy. The various parts in hydrogen storage vessel consisted of copper pipes reached the setting temper-
ature within 4~5 minutes after heat addition, which indicated that storage vessel had a good heat conductivity re-
quired in application. The performance test on storage vessel filled with rare-earth metal alloys of 1000 gr was also
conducted after hydrogen charging for 10 min at 18°C under 10 atm. It showed that the average capacity of discharged
hydrogen volume was found to be for MmNi, sMno s and MmNi, sMng sZr samples indicated that the released amount
of hydrogen for this ABs type alloys was more than 92 % of theoretic value, and also it was found that the optimum dis-
charging temperature for obtaining an appropriate pressure of 3 atm was determined to be 70°C for MmN sMno sZr( X
=0, 0.025, 0.05, 0.1) hydrogen storage alloys. The released amount of these hydrogen storage samples was 125 ¢, 122.4
£ and 108.15 £ /kg for MmNi. sMno sZro 05, MmMNis sMno sZ10.0s, and MmNis sMno sZre., at 70°C respectively. Amount of
the 2nd phases increase with increase on Zr contents in MmNiy.sMno sZr, ; alloy. This phenomenon indicates that ZrNis
in MmNIi, sMno sZr. phase, which shows the maximum storage capacity and the strong resistance to intrinsic degrada-
tion, is considered as a proper alloy for hydrogen storage. As the Zr contents increase, the activation time and the pla-
teau pressure decreases and sloping of the plateau pressure increases.
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Fig. 1. The cross section of vessel for hydrogen storage.
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Fig. 2. The performance test system of vessel for hydrogen
storage.

2 3ARA AH4-3lew, gas flow controller (LOKAS,
GMATE 2000} <l 93] Ai=E=E o). 213 S
& FaAALE7 FR5T AL AT F PFE 44
/minZ &8 A447) 255 18CE & og 45 A%
ot 23T oS WE e FRz 258 44/
min&3 2u ARE7)9 LEF A5AA ARG F
2AE7)e L5 A - 259 T ¢ &7, A%
2719 YE 2 ¥ 7 v) Yxlo) SANE FAst &
=& &A%k =3, AR $ES 457 Fo £4A
47 WEE T2 3] ¢l8) 2FH= (300 £ /min)
£ AH23do

25 AR de $oEw e EE regulator®
245 [0atmoZ 311, V1, V4, V8& o] £45 A
B47)o) AR ek HAE71e] hEe V3E B hY
AR & 55 &stAct.

S wHE Aols RE @83 93 VE V8E oo Tt
ol Wi £ast#H g AAT ¥ V5, V&S 21, V3, V2,
VEE 92 the V8E 234 Ao 4] WEse] 54/
mine] HE& 2Aste] W&} o] o £4o] HAHT
Wp&ek o) " Aleke mass flow meter ¥ gas flow con-
troller 222 flow meters £3) &elslgdel. 403 0]
2= g Ed V], V2, V3, V5, V8& 21 V49 V6&
oo} AFHZE 2AFA)A Fo|Z Yo} FaHRFE7E A
o2 shgdch

3. &t nE

31 TaXFEI|Y MEE

ApA AdAse] Azbg Wl FaAAE7] o iR AgEF
< &A1) Y84 4 4o oE FaAEHE 43
Aot A oA FE7) WEE AFHEZE FEAA AT
AR $2)8k), o)ol F42F AREY gt 2E &
18CellA 28 5, 10, 15 ¥ 20atme] ¥ =2 7} o
< whEsle] AL WREHALFS Tt 1
AFE Fig. 3o bl

Fig. 3o)4] 2= u}e} 7o) 5atme] A% 1.47 £, 10atm
o} 7% 284 £, 1batm®] 7% 4.05 £, 20atm S} A%
578 L% A ¥ F gled, ¢Ho] F/YSTF ARAE
Z718¢ #3985 ek B A AT T

Integrationd)

T T T T
0 5 10 15 20 25

Pressure(atm)

Fig. 3. The integrated amount of stored hydrogen with pressure
at 18T.

EET °)%
gl 275 .

et 45 AR o ARG He] 20atm ojdd A
SollE T4 2ot el et $4e 2aE g
Wgo R ohyAlelx]e H A4y 2batm$ A EEHA
5o} &As}7]7} ol ¢ Z3hsle] B AP M 28719 A
A HE -8 MmNiy sMne s3352 10atm, MmNi, Mno Zr.3
22 90atmo B AAstATh

32 =AMFET| Y MY £4

F2F F2ARET A8 FaALE FETAS
B2 ARY o 28% AL £49 olFH o Lol
£ AYo) A8 FaAE7s F4d olF £EE 37
2]717] 9184 HE4l] 250mesh?] Stainlessw-& o} 4
2XAZ47] Hole) ] whekel] 247t Abqlebdnt. =%k o A
2 28-S F7H41717) 8 QARES) % F gz
FoA 4718 ARt o] 4 AE B&E FUKEY)
A FaARESE F2HRE7 AT F ARE
719 W - 2% F ¥ 7, WiE 2 e dANE Z
4 AXF oS ¥ 25F 44 /minE SHAA AL
9o EE 40T 70CE 22 AR o, 28l 4
Z A5E 224 18CE @& o $4A4%44-7] ¥ 93
o) A|7tel) }E 2EWEE £A3l 77} Fig. 4~59 1
2anibeia

Fig. 4 (@) & F23AE7)) F2A4PFTE 22T 4
ol A Wztse) 2=l 18Col4 40CE A5A1 9 &
vl 9]x19] A7kel] w2 & wEHE Jehd Ze 2 oF 300
2 AL oA v} 9% &7} 40°C o BF dxs}gich.

Fig. 4(b) & Ta2XA47 FaXZE5S $3%=,
40CE 257} 44" A daTE €8AA A4
719 £EF 18CE @& 9 A|7tel] & 2=93HE Y&t
W Ao 94 ¥ YR 22U} BF 18T E dAFE
A7re F 300 A= 28 E T

Fig. 5a) ¢ (b) o} A$E BH S2HZ{FE F47
A471e 2% Aol 25 F 18ColA 7T0CE A%
Y 70T 18CE & o A7t & 2= H3E
el o2 B F o2 99 v, Aee 2402, 32
e 2 2702 HEoM v 93] =7t AT 2= B
F dA=E At

).
oL
e
>

fo
ki
A



Temperature®C)

)
©

~m— input —e— output
—~a— inner —v— wall
T T T —
0 80 120 180 240 300
Time (sec)

(a)

40 ~-m—input —e— output
g —A— jnner —w— wall

Temperature’C)
b g
Lo 1

204 \°\.

Time (sec)

(b)

Fig. 4. The distribution of temperatures in various parts of ves-
sel filled with hydrogen storage alloy during heating to 40C (a)
and cooling to 18C (b).
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Fig. 5. The distribution of temperatures in various parts of ves-
sel filled with hydrogen storage alloy during heating to 60C
(a) and cooling to 18T (b).
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Fig. 11. The change of hydrogen discharge volume with time at
various temperatures for MmNi, sMng sZ10 025
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Fig. 12. The change of desorption hydrogen pressure with time
at various temperatures for MmNi, sMno sZro ss under 5 £ /min.
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Fig. 13. The . change of temperature with time during
desorption process at different temperatures under constant
flow of 5 £ /min for MmNi, sMno sZrg 5.
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Fig. 15. The change of desorption hydrogen pressure with time
at various temperatures for MmNis sMno sZro, under 5 £ /min.
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Fig. 16. The change of temperature with time during
desorption process at different temperat-ures under constant
flow of 5 ¢ /min for MmN, sMno sZr
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Fig. 17. The change of hydrogen discharge volume with time at
various temperatures for MmN, sMny sZro ;.
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Table. 2 Amount of hydrogen discharge volume of samples.
MmNi. sMno sZr, e o2 ul&f 23 ulzep g & wEs R il ke
AT (c) (2 /kg) (2 /kg) (%) (2 /kg) (%)
40 130.0 87.84
50 139.8 94.46
x=0 60 148.0 143.0 96.62 140.74 95.09
70 145.3 98.18
80 145.6 98.38
50 121.7 91.23
60 110.2 83.30
x=0.025 1323 118.85 89.65
70 1254 94.78
80 118.1 89.27
50 111.3 70.91
60 1146 73.01
x=0.05 156.97 117.08 74.59
70 122.4 77.98
80 120.0 76.45
50 111.2 93.56
60 101.7 85.57
x=0.1 118.85 — 108.15 90.99
70 113.8 95.75
80 105.9 89.10
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Fig. 18. SEM photographs of samples before and after hydrogen
reaction tests. ; (a) MmNiAstno_s, (b) MmNh 5Mno_ 5Zru,nzs, (C)
MmNi4.5Mnl). szro. 5, (d) MmNi0.5MnD.SzrD.J
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