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Abstract: TiVNbTa refractory high-entropy alloy was prepared by vacuum electromagnetic levitation
melting technology. The hydrogen absorption and desorption properties of the alloy were tested by multi-
channel hydrogen storage tester, the hydrogen absorption-desorption behavior and corresponding kinetic
mechanisms were investigated. The results show that BCC single-phase structure in the alloy is
transformed into three new phases including TiH, 71, Nby 606V 204H and Nby 405V 50.H: after the hydrogen
absorption process. The hydrides in the hydrogenated high-entropy alloy decompose at 519, 593 K and
640 K, respectively and change to BCC phase again after hydrogen desorption process. Therefore, the
hydrogenation reaction is reversible. The alloy exhibits high hydrogenation (dehydrogenation) rates at 423-
723 K. The kinetics of hydrogen absorption and desorption can be described by Johnson-Mehl-Avrami
(JMA) model and second-order rate model, respectively. The apparent activation energies E, of hydrogen
absorption and desorption are —21. 87 J/mol and 8. 67 J/mol, respectively.
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Fig. 2 XRD patterns corresponding to TiVNbTa refractory
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Powder morphology(a) and particle size distribution(b) of TiVNbTa bulk alloy after hydrogenation
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Fig.4 Hydrogen absorption curves of TiVNbTa refractory high-entropy alloy

(a)hydrogen absorption kinetics curves; (b)hydrogen absorption pressure curves

KT 0.99, F BT IMA J7 B2 BE B4 A 38 5 4 8 K 1 i
AR, A 4 B W RN A2 T AR T R R
KRt #2032 18 Johnson-Mehl-Avrami(JMA) 75
i ([—In(1—a)]""=r) S 1WA R, P a H R
L5385 m R I R 5 e Ry R s ¢ o R IS (] 40
BILEHN0.15<a<C0. 95, MG IMA FRIIA HLE,
A LA S 7EAS R  BER G 4 W S AR 0 B 1 G R n
B A MESERME SR NESHATLE
IR EAE 423,573 K M 723 KIF, & 4 89 S AL R
H—Br B Sk i sy 2E HLE Oy R A
TiZrNbTa & 4 1 W A 3l J1 2= MU E AT 50 b7, o Hr 45
R F U], TiZrNbTa & 4 0 W = 3h 7 2% it 2 324 38 1R
IMA 7. dit a1, TiVNbTa #l TiZrNbTa & i &
& W A B I 2E B AR A

®1 TiVNbTa R SHEERE S ENH
PAEER(IMAFIE)
Table 1 Fitting results of hydrogen absorption kinetics
mechanism of TiVNbTa refractory high-
entropy alloy(JMA model)

Temperature/K  g(a) n F/(107%s7) R?

423 [—In(1—a) ] 0.44  0.069 0.997
573 [—In(1—a)]"" 0.53  0.017 0.992
723 [—In(1—a)]¥* 0.57  0.005 0. 996
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Fig. 5 Fitting results of hydrogen absorption kinetic

mechanism equation
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Dehydrogenation curves of hydrogenated TiVNbTa refractory high-entropy alloy at different temperatures

(a)dehydrogenation kinetics curves; (b)dehydrogenation pressure curves
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Table 2 Fitting results of dehydrogenation kinetics
mechanism of TiVNbTa refractory high-entropy

alloy (Second-order model)

Temperature/K gla) k/(107%sH  R*

423 [1/(1—a)]—1 2.152 0.976
573 [1/(1—a)]—1 5.723 0.983
723 [1/(1—a)]—1  5.606 0.969
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