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Electrochemical Corrosion Performance of Zr,TiCuNiBe High-entropy Metallic Glass
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ABSTRACT: The work aims to design a high-entropy metallic glass with high glass forming ability and investigate its electro-
chemical corrosion performance. Zr, TiNiCuBe (x=1.5, 2, 2.5, 3 and 3.5) alloy was designed according to the empirical parame-
ters and rules of atomic size difference, mixing enthalpy and mixing entropy and samples with a diameter of 6 mm were pre-
pared by copper die suction casting. The microstructure of the samples was characterized by X-ray diffractometer and the elec-
trochemical corrosion performance of the Zr,TiNiCuBe HE-BMGs in 1 mol/L H,SO4, 1 mol/L NaOH and 3.5% NaCl solutions
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was analyzed by electrochemical workstation and the effects of solution temperature and crystallization on electrochemical

corrosion performance of the alloy in NaCl solution were also studied. The designed Zr-Ti-Ni—Cu-Be alloy was single

amorphous structure with strong glass forming ability. The Zr,TiNiCuBe HE-BMGs showed a typical passivation behavior and

had uniform corrosion. The corrosion current densities and passivation current densities in H,SO4 and NaOH solutions were
respectively 6.42x10°%, 3.49x10°® and 1.59x1077, 5.66x10°° A/cm® In 3.5% NaCl solution, the Zr,TiNiCuBe HE-BMGs

showed pitting corrosion. The corrosion current density and pitting potential were 7.26x10°° A/em? and —0.103 V, indicating

superior pitting corrosion re-passivation abilities. Zr,TiNiCuBe HE-BMGs shows better electrochemical corrosion performance

than 304L stainless steel in the above aggressive solutions.

KEY WORDS: high-entropy metallic glass; Zr,TiCuNiBe; electrochemical corrosion; H,SO,4 solution; NaOH solution; NaCl
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Fig.1 X-ray diffraction spectrum of suction-cast ZrxTiNi-
CuBe alloy (x=1, 1.5, 2, 2.5, 3 and 3.5)

£ 1 ZnTiNiCuBe i hE#S#HitHE
Tab.1 Calculation results of thermodynamic parameters
of Zr,TiNiCuBe alloy

Alloys  6/% (kﬁ;ﬂﬁ{‘) (J.Ié‘ﬁmg(/) 1y Bvie 7
ZITiNiCuBe 1253 —30.24 1338 6.20 022
Zr, sTiNiCuBe 14.43  —32.60 1325 6.00 0.23
Z6,TiNiCuBe 1449 —33.78 1298 5.80 0.24
Zry sTiNiCuBe 13.09 —35.03 12,63 5.69 0.24
ZryTiNiCuBe  13.00  —34.37 1226 5.57 0.24
Zr, sTiNiCuBe 12.87 —33.56 1189 5.47 0.24
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Fig.2 Polarization curves of Zr,TiCuNiBe and 304L stainless

steel in H,SO, and NaOH solutions
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Tab.2 Fitted parameters derived from the polarization
curves of Zr,TiNiCuBe HE-BMGs and 304L stainless in
H,S0,4 and NaOH solutions

Jcorr/ Jpass/
(Accm?) (A-ecm?)

lmolL ZrnTiCuNiBe  —0.258 6.42x10°* 3.49x10 ° 1.483
H>S04 304L stainless steel —0.378 8.90x107° 1.81x107 1.022
I mol/L. ZrTiCuNiBe  —0.538 1.59x1077 5.66x10°0.738
NaOH 304 stainless steel —0.446 6.12x1077 4.10x107° 0.265

Solution Alloy Eo/V AE/V

H,SO0, Zr,TiCuNiBe
304L 120 mV
304L 0.1% 304L
460 mV 304L
20% NaOH
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Fig.4 Corrosion morphology of Zr,TiCuNiBe HE-BMG in H,SO, (a, b) and NaOH (c, d) solutions
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Tab.4 Fitted parameters derived from the polarization
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NaCl solution

Alloy
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Fig.7 Polarization (a) and EIS curves (b) of Zr,TiCuNiBe HE-BMG in 3.5% NaCl solution at various temperature
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Tab.5 Fitted parameters derived from the polarization curves and EIS of Zr,TiNiCuBe in 3.5%
NaCl at various temperature

Temperature/C ~ Eeon/V Jeor/(Arcm™?) Epi/V RJ/(Q-cm?) R,/(Q-cm?) Cepe/(F-em?)
20 -0.420 7.26x10°° -0.103 3.856 212 700 2.98x107°
30 -0.349 3.74x10°* —0.082 3.383 383 130 2.16x107°
40 -0.368 4.42x10°* -0.093 3.195 367 530 2.66x107°
50 —0.456 4.22x1077 -0.100 2.776 100 232 2.60x107°
60 -0.493 6.33x1077 -0.075 2.388 56 021 3.15x107°
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