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Structure changes of TiVCrFe solid solution alloys
during desorption process
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Abstract: The desorption characteristics of Tijg25Cra6.50V3725F€691Cer.19 alloy hydride were investigated by XRD,
neutron diffractometry, in-situ temperature dependent XRD and TG analysis. The results show that the metal atoms of the
main phase and most deuterium atoms in deuteride (plateau pressure 2 MPa) occupy the 4a and 8c sites, respectively. The
deuterides have FFC structure with space group Fm3m . The two hydrides experience twice phase transformation during
the desorption process. The phase change occurs at low temperature corresponding to the transformation of £ hydride
with high hydrogen content to o hydride with low hydrogen content, while the phase change occurs at high temperature
corresponding to the transformation of o hydride to hydrogen-free BCC alloy. The f hydride in two samples have the
same deformed FCC structure (SP: P4/mmm). The a hydride in Tiyg 53Cra657V372Fe70Ce; 19 sample has BCT structure (SP:
14/mmm), while o hydride in Tiys 5V4sFeg sCryoCeg s sample has BCC structure.
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Table 1 Interstice characteristics of tetrahedral and octahedral

in two typical crystals'"!

Crystal Tetrahedral interstice Octahedral interstice

structure N/N, RJ/RY Ni/N, R/R"
BCC 6 0.291 3 0.155
FCC 2 0.225 1 0.414

1) Np: Interstice number; N,: Atom number; R,: Interstice

radius; R: Atomic radius.

Tiy0Vi.1Mngy (Ti10V1.1Mng9)D2 2 VFe
NaCl ) Table 2 Chemical component of commercial VFe alloy (mass
(Ti1oV1.1Mng9)Ds 4 GaF, fraction, %)
) \% Fe Si Al Mn C S P O
83.09 1599 0.55 0.13 0.05 0.05 0.03 0.01 0.75
VFe Tiz925Cra659V3725F€6.01Ce1.1
3
2 MPa
298 K Bruker D8
1 X (In-situ temperature dependent X-ray
diffracometer, TXRD)
Tiz925Cr26.59V3725F€6.01Ce1.1 PCT
Ti Vv 99.8% Cr 0.1 MPa Cu
99.0% Ce 99.4% VFe TXRD 323~673 K
V75Fe 2 0.1 K/s(323~523 K) 0.08 K/s(523~623 K)
3 1 673 K 0.05 K/s(623~673 K) 0.06° 26
5 min — — (P—C— 34°~84° 323 K 373~
T) Sievert 673K 25K
I mm XRD TXRD
P—C—T FullProf Rietveld
3 [13]
63 (TG)
pm Bruker D8 X XRD
CukK, 0.04° 16s 260 PCT 0.1 MPa
25°~95° TG
Saclay LLB SETARAM SETSYS Evolution
3T2 20 mL/min
2.5°~120° 0.05° A 122535A 10 K/min
3
Table 3  Activation parameters of alloy
Desorption process Absorption process Absorption and
Temperature/K Time/min H, pressure/MPa Temperature/K Time/min desorption cycle
673 60 7.5 298 30 3
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— Fitting results
2 * Experimetal results
21 XRD
1 XRD Rietveld
I I 10 1 11 1 1 1 lle—Deuterde
I I [ | «— Stainless steel
—_—a o Tl STo o™ [=Raxn] R
=S H A SEIYn 3 Ry~ jndex of
( ) 1 1 1 M L ) L
. 0 20 40 60 80 10 120
Ti925Cra6.50 V37.25F€6.01Ce1.10 28/(%)
BCC A% (@=3.039 0 A 2 Tiyg25Cra6.59Va7.25Fes91Ce1.10 ()
Im3m) Rietveld Ti V Cr Fe Rietveld
2a Fig.2 Neutron diffraction pattern and Rietveld analysis result
CeO, ( Fm3m) Ce 0f Tizg 25Cra6.50V37.25Fe691Ce1 10 deuteride
(0] o
(8] Ce  Ti-V-Cr-Fe 4 Tiz5Cr26.50V3725Fe91Cer 10 ()
. Table 4 Refinement results of neutron diffraction patterns of
2 Tiz925Cra6.59V37.25F€6.91Ce1.10 () . . P
Rietveld Tiz9.25Cra6.59V37.25F€6.91Ce1 10 deuteride
Atom
2 ) ) c.V Cpl)/ )
R 2 Atom Site occupation a/A RI% X
X % %
FCC rate/%
Fm3m Ti V Fe Cr M  4a 96.5 Ry=5.32
4a 4265 1.844 1.84 R,,=4.63 834
8¢ 4b D 8¢ 922 Reyy=1.60
1) M: Metal atoms; C.: Deuterium capacity calculated by
4 P— refinement; R: Convergence factor; C,: Deuterium capacity
C—T determined by P—C—T curve
2.91A°
3 [14]
= 3A
B =
a 2.2 X
3 X
X 20 y z
N o
(]
. }L k S:_ V based 3
1 I | | «——1— solid solution
| | [ | I ———(Ce0, XRD
II! ‘lll\’
32 46 60 74 88 102 3 323 K 34°~44°
20/(%)
1 Tiyg25Cra6.50V3725Fe€s91Ce XRD Rietveld
20250T26.50 V37.25F€6.910€1 1 Rictveld
. 4 323K XRD
Fig.1 XRD pattern and Rietveld analysis result of )
Tizg25Cr26.59V37.25F€691Ce1 1 alloy FCC (dFCC) Pa/mmm
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5 Tiz25Cra59V3725F€691Ce1 10
TXRD
Table 5 Refinement results of TXRD patterns of
Tizg‘25Cr26A59V37‘25Fe6‘91C61Alo alloy hydrldes at different
temperatures
Lattice parameters/A
Temperature/K S phase aphase  Ry,/% i
a c a c
323 4269 4242 3.133 3194 13.0 1.93
373 4269 4242 3.139 3193 126 19
(b) ~, Fiting results 398 4270 4241 3141 3.195 123 1.85
e Experimetal results
5 423 4270 4237 3.137 3201 12.0 1.74
448 4268 4231 3.141 3.199 12.6 1.98
473 4267 4220 3.138 3.197 134 2.27
498 4266 4207 3.136 3202 141 238
523 4264 4190 3.132 3201 158 3.66
548 4264 4155 3.126 3205 154 2.84
573 4259 4107 3.119 3.197 143 243
598 - - 3.106 3.192 13.6 2.33
20/(%)
623 - - 3.091 3.185 163 3.5
3 Tiy,sC V3725Fe6.91C TXRD
(0 Tiwas s TanasteeneLI0 648 - ~ 3078 3.170 155 27
F|g3 TXRD results of T129A25Cr26'59Fe@91V37A25Ce1'10 alloy 673 _ _ 3.069 3.155 167 2.99
hydride: (a) TXRD pattern at 323—-673 K; (b) Main peaks at -
323K 1) Ry,: Weighted profile factor.
(a) i (b)
# phase: 62.6% £ phase: 60.0%
« phase: 37.4% a phase: 40.0%
— Fitting results — Fitting results
* Experimetal results * Experimetal results
J L - <-7-dFCC
f D . m_g_%FCCTC N M B O T T B —g-BCT
N it ko e s < - “'TL" ' i~ Wi Lr iy
34 44 54 64 74 84 34 44 54 64 74 84
20/(°) 20/(°)
(©) (d)

— Fitting results
* Experimetal results

ta-BCT
WP V) - - T "
~ oo 1 )
34 44 54 64 74 84

20/(°)

4 Tijg25Cra650V3725Fes91Cer.10

— Fitting results
* Experimetal results

-a-BCT

ok

260/(°)

XRD

74 84

Fig.4 XRD patterns of Tijg5Cr650V37.25Fe6.01Ce 10 alloy hydride at different temperatures: (a) 323 K; (b) 448 K; (c) 598 K; (d)

648 K
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3 2 «—3573K
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0 1 L ol
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Temperature/K
5
Fig.5 Relationship between relative contents of hydrides and
temperature 386 396 40.6 416 026 436
20/(%)
6 7 a 448~598 K
6 Fig.7 Characteristics of main peaks of a hydride at 448—598 K
448 K s
B o B o
o
2.3
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o
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b a
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8 Tizg25Cr6.50V37.25F€6.91Ce1.10 TG

FlgS TG analysis curve of Tizg_25Cr26_59V37_25F66_91CC]_10 alloy
hydride
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3
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ﬁl a' al
( )
ﬁl
Rietveld TXRD Fullprof
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s 42° 10(a)
7 o
a
(a=bZc a=p=y=90") g
(a=bZc o=p=y=90")
Ry 1 5
10(b)
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A
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Fig.9 P-C-T desorption curve of alloy at 298 K

— Fitting results
¢ Experimetal realts

1
38.2 39.6 41.0 424 43.8 452
26/(°)

(b -
) — Fitting results
* Experimetal realts

38.8 40.0 41.2 42.4 43.6 448

10 Tizg25Cr2650V37.25F€6.91Cer 10 498 K

FIglO Part fittll’lg results of Ti29'25V37‘25Cr26'59Fe()‘9ICeMO
hydride at 498 K
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