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Fig.1 XRD pattern (a), SE image (b), BSE image (c), TEM image (d), HRTEM image (e), and its IFFT image (f) of NbZrTiTa HEA
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Fig.2  Oxidation increment of mass in unit area at various

temperatures
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Fig.3 XRD patterns of the surface of the NbZrTiTa alloys

oxidized at various temperatures for 30 min
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Fig.5 Cross sections BSE images of and EDS results of the NbZrTiTa alloys oxidized at 1200 ‘C (a) and 1400 C (b) for 15 min
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Fig.6 Cross sections OM (a~c) and BSE (a’~c’) images of and EDS results of the NbZrTiTa alloys oxidized at 1000 C for 5 min (a, a’),

30 min (b, b’), and 60 min (c, c')
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Fig.7 Cross section OM (a~c) and BSE images (2, b’, b”, ¢') of the NbZrTiTa alloys oxidized at 1200 “C for 5 min (a, a’), 30 min (b, b’, b")

and 60 min (c, ¢’)
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: : Element

8 NbZrTiTa il & & 7E 1400 C N ALA I A5 4T OM K& BSE [ 7 FlE 8¢/ i) EDS 734 45
Fig.8 Cross section OM (a~c) and BSE (a’, a", b’, ¢/, ¢”) images of and EDS results of the NbZrTiTa alloys oxidized at 1400 ‘C for

different time: (a, a’, a”) 6 min, (b, b’) 15 min, and (c, ¢’, ¢”) 30 min

P9 4353l A TSR A R 1000 A111200 C R 2 h
J& 7574 [F) NbZrTiTa s/ 4 1) BSE M. X En] b
FH, EAFEEE T, PAeHEERKE R, £LA
RES N AL BRI G 4 AR %2 21 78 2 AT, 11 G
HIZALERMAG AR XEEE, HEHLMAEL
B RS 580 F N K.

ZIEANFMEESEFUMEN TEZE M S 548N
AR (1 AR B ARABL, ELJG A AR AL BB R FE 3 5 T
T B n] BUA R, B 5 4R 3 fil 1) & 4 e R 2
Ab, JCE AT S T RO B, R VR AR X G TR
r=g . 58 b, AP G NbZeTiTa il & 4
RAETCEAMMT 2 A SR RATTYE . ik 2 fr
7K, {E NbZrTiTa PUoctA & H, Tiv Zr Z A LA J Ta.
Nb Z A [RR G4 0, eI T H Al 41 c 5 3 18] (1)
WAL . M H Ti A1 Zr (I F IR 58 hep, ANFA
T Ta FI Nb [¥) bee 8584 . X RIKE , AEHCPHRE T,
NbZrTiTa VUG R B4 5 JE il TiZr & %M TaNb &
B 10 DX S L AR B ol BI85 1 s A 4 10
BEM S g — Mk ) 2 WA Gk, Sk HE
(1 3 2 rp R AR T IO RS A AR, T R
TiZr X AL 4% TaNb [X .

K9 NbZrTiTa mihi & &0 FARE T AR AR 2 h J5 1
#1f BSE K%

Fig.9 BSE images of cross sections of the NbZrTiTa alloys

annealed at different temperatures: (a) 1000 ‘C and

(b) 1200 C
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High-temperature Oxidation Behavior of NbZrTiTa High-entropy Alloy

Wang Ruixin, Tang Yu, Li Yongyan, Ai Yuanlin, Li Shun, Zhu Li’an, Ye Yicong, Bai Shuxin
(National University of Defense Technology, Changsha 410073, China)

Abstract: The high-temperature oxidation behavior of NbZrTiTa high-entropy alloy (HEA) was characterized by cyclic oxidation test,
XRD and SEM. The results reveal that the oxidation kinetics curve of NbZrTiTa HEA in the temperature range of 1000~1400 °C satisfies
the parabolic law. The oxidation rate constant and oxidation activation energy achieve 1.1x107~1.0x10° g*cm™s" and 97 kl/mol,
respectively. The oxidation type is internal oxidation. During high-temperature oxidation, oxygen diffuses along the TiZr-rich region with
the severe lattice distortion and a large number of dislocations, and then reacts with the metal components to form unsaturated oxides and
saturated oxides sequentially. Because of the high activity of constituent elements and the severe lattice distortion, NbZrTiTa HEA
displays an extremely high oxidation activity, thus exhibiting strong potential as structure energetic material.
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