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Abstract The electrochemical corrosion properties of in situ TiggZry0V12CusBey;
metallic glass matrix composites (MGMCs) in HCI solutions have been investigated.
The EDS results show that the decrease of protection properties of passive film is
caused by reduction of element content of Ti and Zr in passive film, leading to the
acceleration of corrosion rate with the increase in of HCI solution concentration. The
SEM results indicate that a galvanic effect between matrix and crystalline results in
prior dissolution of matrix. With the increasing of Clion concentration, the corrosion-
induced damage on sample surface augments and crystalline dendrites are completely
revealed.

1 Introduction

Bulk metallic glasses (BMGs) produced huge interests and extensive attention in
scientific research fields in recent years, because of its high strength, high hardness,
excellent soft magnetic properties, and high corrosion resistance [1, 2]. However,
the engineering application of BMGs was hindered because of their brittle frac-
ture behavior [3-5]. To circumvent the poor damage tolerance of BMGs, so-called
dendrite-reinforced metallic glass matrix composites have been exploited, such as a
series of materials named as in situ metallic glass matrix composites (MGMCs) [6,
7]. This achievement was considered as a breakthrough because room temperature
plastic deformation improvement was achieved from these MGMCs materials. How-
ever, as a excellent performance and wide application prospect material, researchers
are less concerned about its electrochemical corrosion properties. There are only a
few reports on this aspect about this materials previously. Previous studies on cor-
rosion properties of BMGs have focused on single amorphous materials. Debnath
et al. [8, 9] investigated the corrosion behaviors of Ti-based in situt MGMCs. They
found that the introduction of the second phase had a major impact on the corro-
sion properties of this material, which was ascribed to the preferential dissolution
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by a galvanic effect in matrix compared to crystalline because of different corrosion
resistances between different structure and composition.

The electrochemical properties of TisZry0Vi,CusBe; in situ MGMCs with
mechanical excellent properties were researched [10], containing B-phase (bcc) and
conduct the electrochemical corrosion tests on these samples in different HCI solu-
tions. For researching the mechanism of corrosion behavior, the analysis of consti-
tution and microstructure after electrochemical test were conducted.

2 Experiment

The alloys of ingots with nominal composition of TissZry0V1,CusBe;; were cast
into ®3 mm rods by using a copper mold. The microstructure of alloys was obtained
by using X-ray diffractometry (XRD) and scanning electron microscope (SEM)
coupled with energy-dispersive X-ray (EDS). Before the electrochemical corrosion
test, for the purpose to samples surface clean, the samples were polished with 2500
grit SiC paper and ultrasonically cleaned. All electrochemical tests were conducted
in different concentration HCI solutions, respectively. Testing system is a three-
electrode cell setup, with a Hg/HgSO,4 (K;SO,) reference electrode and platinum
as counter electrode. Testing system about CHI660E was employed to conduct
measurements. The scan rate of dynamic potential polarization testis 1 mV/s, and the
test range is —1.0 to 1.5 V. Before test, to ensure open-circuit potential, the samples
were immersed in solution for about 1 h. The corrosion current density (ico) values
were calculated by Tafel slope method. Each electrochemical measurement was
tested at least three times for repeatability in order to ensure the test data is stable.

3 Results and Discussion

3.1 Structure Characterization

Figure la presents a typical XRD pattern obtained from these MGMCs ingots.
Figure 1b is SEM images of cross section surface of rod. The presence of body-
centered cubic (bcc) B-Ti solid solution can be observed by the diffraction peak.

3.2 Electrochemical Corrosion Measurements

Figure 2 shows potentiodynamic polarization curves for TigeZr29V2,CusBe7 in situ
MGMC:s rods in different HCI solutions. As can be seen from Fig. 2, the samples
have a similar corrosion tendency in different solutions through the pattern. However,
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Fig. 1 a XRD spectra for as-cast ®3 mm TigeZrp0V12CusBe|7 composites rods; b SEM images
of cross section surface of rod
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the sample in different solutions have different values of icorr, Ecorr, and ipqgs. The test
data are listed in Table 1. The values of i.o for sample in 0.1% HCI solution are the
lowest, while samples in 10% HCI solution possess the highest values, in addition, for
sample in 0.1% HCI solution, the value of E is the highest among all the samples,
and the value of ip, is the lowest among all the samples, suggesting that sample
in 0.1% HCI solutions shows the best corrosion resistance. As the concentration of
solutions increases, the corrosion of materials gradually deteriorates.

Figure 3 shows the results of EIS about TiysZr9V12CusBe;7 in sitt MGMCs rods
in different HCI solutions. The equivalent circuit was shown in the inset of Fig. 3.
The radius of capacitance arc implying much more dense passivation layer formed
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Table 1 Calculated

; ; —6 2
corrosion parameters of all Solutions E (V vs. Hg/HgSO4) | icorr (x107° A/cm”)
alloys 0.1% HC1 —0.01 £ 0.01 328 £1.13

1% HCI —0.12+0.03 72.8 +£10.4
10% HCl —0.49 +£0.15 828 £ 125
Fig. 3 Nyquist plots of 15004 0.1 % HCl - Bt
®3 mm .
TiseZraoV12CusBey7 — 1%HC | c;"‘; |
composites rods in HCI — 10%HCI
solution of different
concentrations. Inset of the . 10004
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on the surface after electrochemical test in 0.1% HCI solution. It is also noteworthy
that the result is consistent with the potentiodynamic polarization curves.

3.3 Proposition of Possible Corrosion Mechanism

EDS analysis has been conducted on the samples before electrochemical tests and
after electrochemical tests. For in sitt MGMCs rods samples in different HCI solu-
tions to shed light on its corrosion mechanisms. Table 2 lists the compositional
data obtained by EDS analysis on TissZr20V12CusBe;7 samples before electrochem-
ical tests and after the electrochemical tests in 0.1 and 10% HCI solutions. Careful
inspection of Table 2 shows that the composition of each element after in 0.1% HCl
solutions is not much different than before tests, and elemental concentration of Ti
and Zr undergoes a considerable variation after electrochemical tests in HCI solu-
tions with concentration changing from 0.1 to 10%. To be brief, in the amorphous
matrix, the atomic concentration percentage of Ti exhibits a considerable reduction
from 58.5 to 54.7%, while Zr content drops from 21.7 to 18.4%. In crystalline den-
drites, Ti content drops from 62 to 55.5%, and Zr content drops from 22.2 to 18.6%.
It is believed that this observed elemental content variation is a good indicator of the
surface protective layers evolution.
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Table 2 The compositional information of alloys after electrochemical tests

Percent (at.%)

Crystalline dendrites Amorphous matrix
Atomic Ti Zr v Cu Ti Zr \% Cu
Pretests 62.5 22.4 12.1 2.5 58.6 22.1 12.5 6.8
0.1% HC1 |62.0 222 13.6 2.2 58.5 21.7 14.3 5.5
10% HC1 |55.5 18.6 22.1 2.1 54.7 18.4 23.7 32

Since element Ti and Zr are active metals, it will be oxidized in an acidic solution
to form a passivation layer, thereby protecting the surface and preventing impurities
damaged the alloy surface. Previous studies had shown that the passivation films
containing Ti and Zr elements have a strong protective effect on the surface of the
material [11-14]. As a logic postulation, the elements Ti and Zr play a crucial role on
the formation of protective layers on the surface of in sitt MGMC:s, and it combines
with oxygen to form a metal oxide which is effective against impurities and further
destroys the metal surface through the passivation layer. Due to the corrosion envi-
ronment embrace Cl ion that can damage passive layer, with the increasing of the
content of Cl ion, the quality of passive film in surface is not well gradually. There-
fore, Ti and Zr content reduction, demonstrated by EDS measurements, strongly
suggests that the protective Ti or Zr containing films are diminishing. Another piece
of evidence comes from the topographical observation. As displayed in Fig. 4, the
corrosion extent induced damage on sample surface augments with the increasing of
Cl ion concentrations.

Additionally, the crystalline dendrites can be seen emerging from the surface of
the alloys, which indicated that the matrices could have been corroded in the HCI1
solution. Table 2 indicates that Ti and Zr content decrease in both glass matrix and
crystalline dendrite. We assume more Ti and Zr content are beneficial to the passive
film formation. By the same token, the relatively more Ti and Zr content in crystalline
dendrites might imply that the passive film in crystalline phase has a superior property.
Due to the composition and phase discrepancy between the different structure and
phase, the glass matrix might serve an anode to the adjacent crystalline dendrites.
The preferential dissolution of the amorphous matrix indicates that there is a galvanic
between the amorphous matrix and the dendrite due to the difference in composition
and structure, and it accelerates breakage of metastable phase [9, 15]. Gebert et al.
[15] accredited the similar conclusion about electrochemical corrosion properties of
MGMCs.



Fig. 4 SEM images of the TiseZr20V12CusBe7 alloy surface after potentiodynamic polarization
test in HCI solutions of different concentrations. The images of sample in 0.1% HCI, with a full
image, d partially magnified image, respectively. The images of sample in 1% HCI, with b full
image, e partially magnified image, respectively. The images of sample in 10% HCI, with ¢ full
image, f partially magnified image, respectively

4 Conclusions

A comprehensive electrochemical performance analysis of in situ
TiseZr0V12CusBej; metallic glass matrix composites in different HCI solu-
tions was conducted. The decrease of protection properties of passive film is
caused by reduction of element content of Ti and Zr in passive film, leading to the
acceleration of corrosion rate with the increasing of HCI solution concentration.
The composition and phase discrepancy between the different microstructure leads
to a galvanic effect which results in the dissolution of the less stable amorphous
matrix. With the increasing of Cl ion concentrations, the corrosion-induced damage
on sample surface augments and crystalline dendrites completely appear and
amorphous matrices almost disappear.
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