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The Changes of the Hydrogenation Properties of Zr, o Ti, ,Cr, ,Fe, ; Alloy
Upon the Pressure Induced Hydriding-Dehydriding Cycling

Jon-Ha Lee and Jai-Young Lee

Korea Advanced Institute of Science and Technology, Department of Materials
Science and Engineering

Abstrgct: The effect of pressure cycling of Zr, , Ti, , Cr, ,Fe, , on the hydrogenation proper-
ties was investigated using the P-C-Isotherm curves and hydrogen absorption rate curves in the isotherm
condition. The reversible hydrogen absorption capacity was decreased about 45 % after 3300 cycles.
In the case of activated sample, the rate controlling steps of hydriding reaction changed from the sur-
face reaction to theé hydrogen diffusion process through hydride phase scquentially as reaction pro-
ceeded. After 3300 cycles, the sequential change of rate controlling step was same as activated one.
However, the hydrogen absorption rate significantly decreased. It is suggested that the degradation of
Zry o Tigy Cry, Fey 5 canbe interpreted with the formation of ZrFe, phasc at the particle surface.
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Table 1. Pressure Cycling Conditions

g ow |ET
&1 Vacuum(102—107 torr)
& = 3 >
F5: 108
Cycle Time | ¥2&: 10%
208 /Cycle

Table 2. Impurity Concentration of H:

Gas | O2 Nz { CO [ COz | H:0 | THC

Conc.| 0.1 | <0.1 | <0.1 | 0.1 | <1 |<0.1

Unit : ppm

Hydrogen absorption rate

0 02 04 08 08 10
Reacted fraction (F)

Fig. 1. Schematic diagram of various types of

hydriding and dehydriding rate depending

on reacted fraction, F.

A: Surface reaction (Chemisorption or
recombination)

B: Diffusion (through o or 8 phase)

C: Chemical reaction (& = f8)

D: Time dependent nucleation and grow-

th.
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A

Hydrogen absorption rate

Puq
Hydrogen pressure ( PH, )

Fig. 2. Schematic diagram of two types of hydri-
ding rate depending on the hydrogen
pressure.

A: Surface reaction
B: Diffusion or chemical reaction.
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Fig. 3. Pressure-Composition isotherm curve for
Zry o Tiy , Cr, ,Fe, 5 at 30°C
(a) After activation
(b) After 750 cycle
(c) After 3300 cycle
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Fig. 5. Hydriding rate vs Pu_, F=0.1 after activa-
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Fig. 6. Hydriding rate vs Py,, F=0.1 after 3300
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Fig. 7. Hydriding rate vs Py 2 F=0.7 after activa-
tion.
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Fig. 8, Hydriding rate vs PHz, F=0.7 after 3300
cycles
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Fig. 9. Arrhenius plot of the apparent rate con-
stant vs. 1/T.

Table 3. Apparent Activation Energy

Activation 3300 Cycles &
Zro.9Tio.1Cro.-Fe1.s AF (Kcal /moleH:)
(Kcal /moleH:)
Surface Reaction
ol 2.59 4.28
Bulk Diffusion
= or 6.63 8.93

Table 4. Apparent Activation energy[48-52]

Apprent Activation Energy
(Kcal /moleHz)
LaNis 6.9—10.9
LaNi4, 7Alo.3 8.83—13.53
MmNia.15Feo.ss 18.85
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Fig. 11. DSC curve of the Zr, o Ti, , Cry , Fe, ;
after 3300 cycles
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Fig. 12. X-ray diffraction pattern of
Zry o Tip, Cl_'o.7 Fe, 5.
(a) After activation
(b) After 3300 cycles
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Fig. 13. X-ray diffraction pattern of
Zry o Tiy ; Cr,y ,Fe, 5 after annealing tre-
atments.
(a) At 200°C (b) At 300°C
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(a) After activation
(b) After 3300 cycles.
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Fig. 16. Hydriding rate vs F,-170°C

7} A 99de FHo| EX3t= ZrFes phase
e $28 3 2 Bste EH 9 chemisorbed
site area® ZAAA SY9ANY FFHe F49
o] Holx]7) wjRd FA8 vhg £xrt =R
RO g oA}

5. 4 B

L Zro.oTio.1Cro.7Fe1.s &3¢9 F43} ug2 ut
2 z7)o= &% ©A7} surface reaction, 71
o= nucleation and growth, 7]+ bulk
diffusion 2. & vlH@ AT}

2. pressure cycle Foll= activation AEPc} gt
2457 BolAden 4438 mechanismol
= Wsbyt 9ot 3 annealing Folle 4
g ue &5 oA FHEE YT

3. pressure cycle Fole activation ZHFRT

45% W& capacity7lt 7+4A 319 ™ annealing
2 ¥ 83% 74 3E3H .

4. pressure cycle 39 FAaX A &3] 74 Q<!

£ stable hydride\} site exchange model 2+
B 3}29] degradation mechanism& 4 3}7|
A REZD £4E F43HA ¢+ ZrFes phase
40 2 chemisorbed site area”} ZHAHE R
o 71”1 Aoz A

5. Zro.oTie.1Fe1s €52 71&2] $£4x% g3

HlE e £A8 g 548 AT e #
gk oohal 2 Ay Az A A7 cycleol] 93)
HE $4A% 833 $£438 vkg £57) 29
A1} annealing M2} shd 4A BEgng AR
S8 Boto] AT FAAF FFYL I3kt

n]

Ho
]

1. G.G. Libowiz, Proc. Int. Symp. on the
Hydrides for Energy Storage, Norway, 1977,
pergamon, Oxford (1978) 1.

2. JJ. Reilly and R.H, Wiswall, Jr., Inorg.
Chem., Vol. 73, No. 1 (1974) 218.

3. E.L. Huston, Proc.,, WHEC V. Toronto,
Canada, pergamon, (1984} 1171.

4. R.H. Wiswall, Hydrogen in Metals II, Top.
Appl. Phys., 29 (1978) 201.

5. K.D, Beccu, Proc. 2nd Int. Congress on
Hydrogen in Metals, P_a.ris, 1977, Vol. 3,
613.

6. Jong-Man Park and Jai-Yound Lee, J. Less-
Common Metals, 160 (1990) 259,

7. S.R. Kim, M.S, Thesis, KAIST (1989).

8. C.N. Park and J.Y. Lee, J, Less-Common
Metals, 83 (1982) 39.

9. S.8. Park, M.S. Thesis, KAIST (1988).

10. K.M. J Buschow and A.R, Maeland (eds),
Proc. Int. Symp. On Hydrides for Energy
Storage, Geilv, Norway (1977) 235.

-37-



