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Bulk Niz7 — x — yMoyCryNbsP14Bs (x =7y =0;x=8y=0;x=9y=0;Xx=5y=3;x=5y=5;x=5y=3§;
x =8y = 3;x =8y = 5,allin at.%) glassy alloy rods with the diameters of 1.0-1.5 mm were synthesized by
combining fluxing technique and J-quenching technique. The effects of Mo and Cr substitution for Ni on the
glass forming ability (GFA), thermal stability, mechanical properties and corrosion properties of the present
Ni-based bulk metallic glasses (BMGs) had been studied systematically. It is found that the substitution of an ap-
propriate amount of Cr and Mo for Ni can enhance the GFA of the present Ni-based alloys, while excessive sub-
stitution will lead to the degradation of the GFA. The corrosion tests show that the corrosion current density and
corrosion rate of most of the present Ni-based BMGs in 1 M NaCl and 1 M HCI solutions are in the order of
10~ A/cm? and 10~2 mm/year, respectively, exhibiting very high corrosion resistance. The addition of the
appropriate Mo content and the Cr content as much as possible are benefit for the enhancement of the corrosion
resistance of the present Ni-based BMGs. The compressive tests show that that the present Ni-based BMGs exhib-
it a compressive strength of 2.5-3.4 GPa, but nearly zero compressive plasticity.
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1. Introduction

Due to unique atomic arrangement in comparison to crystalline
counterpart, amorphous alloys exhibit many excellent properties, such
as high mechanical strength, excellent magnetic properties and good
corrosion resistance [1,2], and thus are attracting more and more atten-
tions and becoming one of hot topics in the research of new materials in
recent decades. Conventionally, an alloy can only be amorphized at a
very high cooling rate. As a result, at least one dimension of the resultant
amorphous alloys is very small, which has so far limited commercial
applications of this class of materials. Through the efforts of many
researchers, a large number of bulk metallic glasses (BMGs) such as
La-, Zr-, Fe-, Co- and Ni-based alloys [3-6] have been successively devel-
oped in the past three decades. Among these BMGs, Ni-based BMGs
usually exhibit high thermal stability, good mechanical properties and
excellent corrosion resistance [5,7-9]. For instance, the fracture strength
of NisgZr6Ti13Si3Sn,Nb; can be reached 3 GPa and the plasticity can be
reached 6.5% [10]. The corrosion rate of (NiggNbgTasg)g.95P5 BMG in
12 M HCl solution determined by weight loss of the immersion test is
almost zero [11]. However, at present most of the research on
Ni-based BMGs has focused on all-metal Ni-based alloy systems, and
only a few has focused on Ni-metalloid based alloy systems. This may
be due to the low glass forming ability (GFA) of Ni-metalloid based
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alloys. Further, many of the recently reported Ni-metalloid based
BMGs contain a considerable number of precious metal element Pd
[12,13], which greatly increases the production cost of these Ni-based
BMGs and thus limits their commercial application. So it is of both aca-
demic and industrial significance to develop new Ni-metalloid based
BMGs.

At present the FegoP13C; BMG with a maximum diameter of
2.0 mm has been synthesized by means of the combination method
of fluxing treatment and J-quenching technique [14]. This reveals
that J-quenching technique has unique advantages in the prepara-
tion of BMGs compared with the conventional copper mold casting
technique, and thus provides us a great opportunity to develop
new Ni-based BMGs. In addition, it is found that the suitable addition
of some elements to metallic glasses may produce significant chang-
es of their GFA, magnetic properties, mechanical properties and cor-
rosion resistance [15-19]. For example, through the substitution of
6 at.% Fe by Mo in FegoP;3C5 alloy, the critical diameter for fully
glass formation of the alloy increases from 2 mm to 6 mm, and mean-
time the compressive fracture strength and plasticity of the BMG are
also greatly improved [18]. The appropriate addition of Cr and Mo re-
sults in the effective enhancement of the corrosion resistance of
FegoP13C7 amorphous alloy [19]. Based on the above considerations,
a new series of Niz7 — x — yMoxCryNb3sP14Bg (x =7y =0;x =8
y=0;x=9y=0;x=5y=3;x=5y=5,x=5y=8;x=38
y = 3;x = 8y = 5, all in at.%) BMGs has been developed, and the
effects Mo and Cr contents on the GFA, corrosion resistance and
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mechanical properties of the present NiMoCrNbPB BMGs are studied
systematically in this work.

2. Experimental procedure

Niz7 — x — yMoxCryNbsP14Bs (x =7y =0;x=8y=0;x=9y =0;
Xx=5y=3;x=5y=5;x=5y=8;x=8y=3;x=8y=>5,allin
at.%) master alloy ingots were prepared by torch-melting the mixtures
of high-pure Ni powder (99.9 mass%), Cr powder (99.9 mass%), Mo
powder (99.9 mass%), Boron particle (99.9 mass%), Niobium powder
(99.9 mass%) and Ni,P powder (99.5 mass%) in a clear fused silica
tube under a high-purity argon atmosphere by a torch. Subsequently
the as-prepared master alloy ingots were fluxed in a fluxing agent com-
posed of B,0O5 and CaO with the mass ratio of 3:1 at an elevated temper-
ature for 4 h under a vacuum of ~50 Pa. After cooling down to room
temperature, the alloy ingots were cleaned in an ultrasonic cleaner
with absolute ethyl alcohol. Subsequently the alloy ingots were casted
to be the alloy rods by J-quenching technique of which details can be
found elsewhere [1]. As a result, Nizz — x — yMoxCryNbsP14Bg (x = 7
yV=0;x=8y=0;x=9y=0;x=5y=3;x=5y=5;x=5
y=8;x =8y =3;x=_8y =>5,allin at.%) alloy rods with the various
diameters and the length of a few centimeters had been fabricated by
J-quenching technique.

The glassy nature of the as-cast specimens was confirmed by X-ray
diffraction (XRD, Bruker D2 PHASER) with Cu K « radiation (30 kV
and 30 mA) at room temperature. The thermal behavior of the as-cast
specimens was examined by differential scanning calorimetry (DSC,
NETZSCH DSC 404F1) at a heating rate of 0.33 K/s under an Ar atmo-
sphere. Electrochemical measurements were conducted in a three-
electrode cell using a platinum counter electrode, a K/KCI reference
electrode and a working electrode which is the as-prepared glassy
alloy rod. Potentiodynamic polarization curves were measured with a
potential sweep rate of 1 mV/s in both 1 M HCl and 1 M NaCl solutions
open to air at room temperature after having immersed the specimens
for about 20 min in order to make the open-circuit potential steady.
The corrosion rates were evaluated from the weight loss after immer-
sion for 1 week in 1 M NaCl solution at room temperature. Three spec-
imens for each alloy in the same solution were examined for the
weight loss test and the average value was used for corrosion rate esti-
mation. Electrochemical impedance spectroscopy (EIS) of the speci-
mens in both 1 M HCl and 1 M NaCl solutions was measured at room
temperature using CS350 electrochemical workstation (Wuhan
CorroTest Instrument Co. Ltd., China). EIS were recorded at open circuit
potentials in the frequency ranging from 10° to 10~2 Hz, with a sinusoi-
dal signal perturbation of 5 mV. The specimens held in the corrosion so-
lutions at open circuit potential for 20 min to get a stationary open
circuit potential before the test of EIS. Compressive tests of the speci-
mens were performed on a testing machine (Reger, RGM-4100) at a
strain rate of 5 x 10~*#s~! at room temperature. The compression spec-
imens were prepared in the shape of cylindrical rods with a diameter of
1 mm and a length of 2 mm, and both end faces were polished carefully
to ensure parallelism.

3. Results and discussion

Fig. 1 shows the XRD patterns of the as-cast Ni;; — x — yMoy
CryNbsPi4Bg (x =7y =0;x=8y=0;x=9y=0;x =5y = 3;
Xx=5y=5x=5y=28;x=8y =3;x=38y =>5,allin at.%) glassy
rod specimens with the maximum diameter (D,,qx). The XRD patterns
of all the specimens reveal only a broad diffuse peaks and no apparent
crystalline phase peaks, indicating that all the specimens just consist of
a single glass phase at the sensitivity of XRD. When Ni is substituted solely
by Mo in the Ni;7NbsP14Bg alloy, the bulk glassy alloy rods with the diam-
eter of 1.0 mm can be prepared for the Mo substitution content of 7, 8 and
9 at.%, respectively. When the Mo content is fixed and Ni is further
substituted by Cr in the present Ni-based alloys, the D, of the obtained

Cu-Ka Ni,, Mo CrNbP B

I 46

o ¢:J Iiﬂmmuu x=7 y—q A

6= 1.0 mm x=8 y=)0 .

¢ = 1.0 mm x=9 y=

e
e sianal o M A AV B aare bl o WA AL e U AR

¢=1.0mm

‘ ¢=1.5mm

Intensity(a.u.)

AT N

o= l‘.O mm x=5 y=8

™ ‘ ) b= 12 rnrqn x=8 y=3
T *\’-‘\Wmmm#wmwwmwmmm«.
i ¢=10mm x=8 y=5

30 40 50 60 70 80
20 (deg.)

Fig. 1. XRD patterns of as-cast Niz7 — x — yMo,CryNbsP14Bg glassy rod alloys with the
corresponding maximum diameters for fully glass formation.

bulk glassy alloy rods are 1.0, 1.5 and 1.0 mm for the Mo content of 5 at.%
and the Cr substitution content of 3, 5 and 8 at.%, respectively, and are 1.2
and 1.0 mm for the Mo content of 8 at.% and the Cr substitution content of
3 and 5 at.%, respectively. When the Mo and Cr contents are beyond the
above range, the glassy alloy rod with a diameter larger than 1 mm cannot
be obtained for the present Ni-based alloys in our experiment. It is indi-
cated that the proper substitution of Mo and Cr for Ni can effectively en-
hance the GFA of the present Ni-based alloys. Based on Inoue's three
principles for BMG formation [1], the larger negative heats of mixing
among the constituent elements will facilitate the glass formation of
alloy. The heats of mixing for Mo-P, Cr-P, Ni-P, Mo-B, Cr-B and Ni-B
atomic pairs are —53.5, —49.5, —34.5, —34, —31 and — 24 kJ/mo], re-
spectively [20]. Therefore, the substitution of Mo and Cr for Ni will in-
crease the average bond energy of the alloy and improve the stability of
liquid phase, thus enhancing the GFA. Moreover, since the atomic sizes
change in the order of Mo > Cr = Ni > P > B [20], the substitution of Ni
by Mo and Cr will lead to the wider atomic size distribution, which is fa-
vorable to increase the atomic packing density of the molten alloy. So this
will improve the stability of liquid phase and increase the difficulty of the
atomic rearrangement, thus leading to the enhancement of the GFA of the
present Ni-based alloys [1]. Additionally, compared with the solely addi-
tion of Mo, the co-addition of Mo and Cr can more effectively enhance
the GFA of the present Ni-based alloys. According to the “confusion prin-
ciple” [21], the co-addition of Mo and Cr further increases the entropy and
dense random packing of the molten alloy, thus leading to the enhance-
ment of the GFA. However, it can be noted that the too much substitution
content of Mo and Cr for Ni will degrade the GFA of the present Ni-based
alloys. As mentioned previously, Mo and Cr have the larger negative en-
thalpy of mixing with the metalloid elements of P and B compared with
Ni. Therefore, the excessive substitution of Mo and Cr for Ni could induce
the formation of the Mo/Cr-contained intermediate phases in the molten
alloy [18], which leads to the degradation of the GFA of the present Ni-
based alloys.

Fig. 2 displays the DSC thermal scans for the as-cast Ni;; — x — yMox
CryNbsP14Bs (x =7y =0;x=8y=0;x=9y=0;x =5y = 3;
x=5y=5x=5y=8;x=8y=3;x=8y =5,allin at.%) glassy
rod specimens at the heating rate of 0.33 K/s. All the specimens show a
clear glass transition, followed by an extended supercooled liquid region
and a single-stage crystallization process. The glass transition tempera-
ture (Tg), the onset crystallization temperature (T), the melting temper-
ature (T,), and the liquidus temperature (T;) parameters (marked by
arrows in Fig. 2) are summarized in Table 1. It can be seen that the T,
values of the present Ni-based BMGs increase with the total content of
Mo and Cr. It is known that the T, of amorphous alloys mainly depend
on the atomic bonding strength between the constituent elements [22].
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Fig. 2. DSC thermal scans of as-cast Niz; — x — yMoyCryNb3P14Bg glassy rod alloys at a
heating rate 0.33 K/s.

The bond strength between atoms will be reflected by the enthalpy of
mixing between them and the larger negative mixing enthalpy corre-
sponds to the stronger bond strength. As mentioned before, the negative
enthalpy of mixing for Mo/Cr-P and Mo/Cr-B atomic pairs are larger than
that of Ni-P and Ni-B atomic pairs, respectively. So the substitution of Mo
and Cr for Ni will result in the stronger bonding between the constituent
elements of the present Ni-based BMGs, thus the higher Tg.

To further explore the effect of Mo and Cr contents on the GFA of the
present Ni-based alloys, three common GFA parameters (the reduced
glass transition temperature T,; (=T,/T;), the supercooled liquid region

AT, (=T, — Tg), and the parameter y (:Tgr«fr,)) are calculated for the
present Ni-based BMGs and listed in Table 1. It can be seen, except for
the specimen with x = 5y = 8, these three GFA parameters show rel-
atively satisfactory correlations with the GFA, which refers to the exper-
imental results of the Dqx.

Fig. 3 shows the potentiodynamic polarization curves of the present
Ni-based BMGs in 1 M HCl and 1 M NaCl solutions open to air at room
temperature. The electrochemical parameters of the specimens includ-
ing the corrosion potential (Ec,), corrosion current density (Ico) and
the corrosion rate (R.,,) calculated according to the I, are derived
from the polarization curves and summarized in Table 2. The lower
I.orr implies the better corrosion resistance. It can see that the I, of
most of the present Ni-based BMGs is in the order of 107% A/cm?,
exhibiting the excellent corrosion resistance. The high corrosion resis-
tance is firstly contributed to the structurally and chemically homoge-
nous amorphous structure of the Ni-based BMGs, which results in a
uniform and stable surface passive film which can protect the alloy
against corrosion [23,24]. Moreover, Ni tends to form compact and sta-
ble passive layer during the corrosion process [25], which leads to the

Table 1
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Fig. 3. Potentiodynamic polarization curves of the present Ni-based BMGs open to air at
room temperature in 1 M HCl solution (a) and 1 M Nacl solution (b).

high corrosion resistance of Ni-based alloys. In the following, we first
consider the case in the 1 M HCl solution. When Ni is individually re-
placed by Mo, the I, of the specimens firstly decreases and then in-
creases with increasing the Mo substitution content from 7 at.% to
9 at.%, and reaches the minimum value at the Mo substitution content
of 8 at.%. When the content of Mo is fixed at 5 at.% or 8 at.% and Ni is fur-
ther substituted by Cr, the I, of the specimens increases continuously
with the Cr substitution content. The results in 1 M NaCl solution are
similar to those in 1 M HCl solution. It is known that both Mo and Cr
are corrosion resistance elements and can form a stable passive film
during the corrosion process, thus improving the corrosion resistance
of the alloy [26,19]. Therefore, the addition of the appropriate amount
of Mo leads to the improvement of corrosion resistance of the present
Ni-based BMGs. However, it also indicates that the excessive addition

Summary of the thermal parameters determined from the DSC curves and the mechanical properties of the present Niz7 — x — yM0xCryNbsP14Bg BMGs (Djnqx: the critical diameters for fully
glass formation; T: the glass transition temperature; T,: the onset temperature of crystallization; T,,: the melt point; T;: the liquid temperature; Tyy = Tg/Ti; ATy =Ty — Tg; Y = Ty / (Tg +

T)); 0y, compressive fracture strength, &,: plastic strain).

BMGs Dpnax (Mm) Thermal properties and the indicators of GFA Mechanical properties

(at%) T, (K) Ty (K) Tin (K) T; (K) AT, (K) T Y o¢(GPa) &%)
x=7y=0 1.0 688 729 1144 1236 41 0.601 0.379 247 £0.16 0
x=8y=0 1.0 691 729 1145 1247 38 0.603 0.376 2.52 4+ 0.05 0
x=9y=0 1.0 693 730 1143 1236 37 0.606 0.378 2.57 +0.04 0
X=5y=3 1.0 694 746 1124 1263 52 0.617 0.381 2.60 + 0.08 0
X=5y=5 1.5 697 751 1124 1206 54 0.620 0.395 3.10 4 0.05 0
x=5y=28 1.0 699 752 1124 1161 53 0.622 0.404 3.11 + 0.07 0
Xx=8y=3 1.2 701 743 1140 1216 42 0.615 0.388 3.22 + 0.06 0.3 + 0.06
x=8y=5 1.0 703 742 1139 1264 39 0.617 0.377 3.40 4+ 0.17 0.1 +£0.03
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Table 2

Summary of the electrochemical parameters of the present Niz; _ x - yMoxCryNbsP;4Bs BMGs obtained from potentiodynamic polarization curves in 1 M HCland 1 M NaCl solutions (Eo:

corrosion potential; I.oy: corrosion current density; R, corrosion rate).

Solution BMGs Ecorr Teorr Reorr
(at.%) (mV) (10~° A/cm?) (mm/year)

1 M HCl solution x=7y=0 —0.050 £ 0.009 7.38 4+ 0.609 0.057 + 0.003
x=8y=0 —0.036 £+ 0.157 3.49 + 0.267 0.026 + 0.005
x=9y=0 —0.055 £ 0.039 9.91 + 0.762 0.078 + 0.005
x=5y=3 —0.049 £ 0.033 3.35 4 0.846 0.024 + 0.001
x=5y=5 —0.047 £ 0.026 1.34 + 0.399 <1073
x=5y=38 —0.033 £ 0.012 1.10 £ 0.342 <1073
x=8y=3 —0.051 4 0.034 2.50 4+ 0.631 0.019 + 0.002
x=8y=5 —0.049 + 0.0005 2.03 4+ 0.101 0.015 + 0.003

1 M NaCl solution x=7y=0 —0.244 £ 0.011 5.742 £ 0.210 0.163 + 0.006
x=8y=0 —0.224 4+ 0.029 4.641 4 0.092 0.035 + 0.001
x=9y=0 —0.328 £+ 0.021 29.503 + 1.021 0.223 £+ 0.012
x=5y=3 —0.317 £+ 0.006 3.394 + 0.106 0.025 + 0.004
x=5y=5 —0.259 £ 0.015 1.824 +£ 0.117 0.014 + 0.002
x=5y=28 —0.247 £ 0.027 1.685 + 0.045 0.001 + 0.001
x=8y=3 —0.288 + 0.014 2.871 £+ 0.032 0.022 + 0.006
x=8y=5 —0.238 £ 0.003 2.385 £ 0.043 0.018 £ 0.002

of Mo leads to the degrading of the corrosion resistance of the pres-
ent Ni-based BMGs. Many researches [27,19] have shown that the
excess of Mo can cause the instability of chemical compound in the
passive film of amorphous alloys, which causes the instability of pas-
sivation film and thus reduces the corrosion resistance of amorphous
alloys. However Cr can form a stable passive film during corrosion
process and its valence state does not change with the change of Cr
content. Therefore, the higher Cr content leads to the thicker passiv-
ation film, thus the better corrosion resistance. Fig. 4 presents the
corrosion rate of the present Ni-based BMGs determined from
weight-loss measurement by immersing the specimens in 1 M HCl
solutions open to air at room temperature for 168 h. The corrosion
rate determined from weight-loss measurement as shown in Fig. 4
visually displays the corrosion resistance varied with the content of
the present Ni-based BMGs, which is in good agreement with the
corrosion rate calculated according to the I, as shown in Table 2
in both quality and quantity. The present Ni-based BMGs, especially
Ni57M05Cr5Nb3P1 4B5 and Ni64M05Cr8Nb3P14BG BMGs, exhibit a very
low Reorr in the order of 1072-10~3 mmy/year and a I, in the
order of 10~ A/cm? in both 1 M HCl and 1 M NaCl solutions. It is re-
ported that Fe-Cr-Mo-(Nb, Ta)-CB BMGs exhibit a I, in the order of
10~ A/cm? in 1 M HCl solution [28] and Fegy _ xNixP14Bg (x = 20-
50 at.%) BMGs exhibit a R.o,r in the order of 10~ ! mm/year and a
Icorrin the order of 10~° A/cm? in 1 M HCl solution [29]. It is indicated
that the present Ni-based BMGs exhibit much higher corrosion
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77 3146
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b
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Fig. 4. The corrosion rate of the present Ni-based BMGs determined from weight-loss
measurement by immersing the specimens in 1 M HCl solution open to air at room
temperature for 168 h.

resistance compared with Fe-based BMGs, which can be attributed
to the uniform amorphous structure, the passive solvent element of
Ni and the addition of the corrosion resistance elements of Cr and
Mo.

The Nyquist plots for the present Ni-based BMGs in 1 M HCland 1 M
NaCl solutions at room temperature are shown in Fig. 5. All the EIS plots
as shown in Fig. 5(a) and (b) only consist of a single capacitance loop,
and the corresponding equivalent circuit is shown in Fig. 5(c). The
impedance data fitted from the equivalent circuit including the solution
resistance (R), the polarization resistance (R,), the magnitude of pure
capacitor in absence of dispersive effect (Y,) and the dispersion coeffi-
cient (n) are summarized in Table 3 [30]. The corrosion current density
(Icorr) can be calculated from the impedance data by the following
equation proposed by Diard et al. [31]:

RT
Icorr :WRt (1)

where R is the gas constant, T the temperature, F the constant of
Faraday. The calculated I, is also listed in Table 3. Larger R, and smaller
I.orr mean higher corrosion resistance. It can be seen that the result ob-
tained from the EIS analysis is consistent with the results of the poten-
tiodynamic polarization test and the weight-loss measurement in both
quality and quantity.

Fig. 6 shows the room-temperature compressive stress-strain curves
of as-cast glassy rod specimens with a diameter of 1.0 mm and a length
of 2.0 mm. The fracture strength (0y) and the plastic strain (g,) of the
specimens determined from the compressive stress-strain curves are
listed in Table 1. The present Ni-based BMGs exhibit the relatively
high fracture strength of 2.5-3.4 GPa. It is well known that the strength
of BMGs can be universal scaling rule with the T, because both the
strength and T, of amorphous alloys mainly depend on the atomic
bonding strength among the constituent elements [32]. It can be seen
from Table 1 that the oy of the present Ni-based BMGs change with
composition is positively associated with their Ty, which follows the
above scaling rule. Meanwhile, it can note that the reported fracture
strength values of Fe-based BMGs are roughly around 3-4 GPa [33].
The T, of Fe-based BMGs is around 700-900 K [33], and the T, of the
present Ni-based BMGs is 688-703 K. Therefore, it is understandable
that the present Ni-based BMGs exhibit a relatively low compressive
fracture strength as compared with Fe-based BMGs. In addition, the
present Ni-based BMGs appear to have almost zero compressive plastic-
ity. Recently it is suggested that the intrinsic plasticity of metallic glasses
can be correlated with their elastic constants, such as the ratio of the
shear modulus (G) to the bulk modulus (B) and the Poisson ration (v),
and the low G/B ratio and the high v correspond to good ductility [33,
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Fig. 5. Nyquist plots of the present Ni-based BMGs in 1 M HCl solution (a) and 1 M NacCl
solution (b), and the equivalent circuit for the EIS plots (c).
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Fig. 6. Representative compressive stress-strain curves for the Niz; _ x — yMoyCr,NbsP;4Bg
bulk glassy alloy rods obtained at room temperature.

34]. Ni has a higher v (0.31) and lower G/B ratio (0.42) compared to Fe
[35]. As a result, the room-temperature plasticity of Fe-based BMGs is
greatly enhanced through the substitution of Ni for Fe [29,36]. There-
fore, from the above perspective, it can suggest that the ductility of Ni-
based BMGs should be good, at least better than that of Fe-based
BMGs. However, the present work does not support the above sugges-
tion, indicating that the elastic constants are not the crucial and unique
factor for the ductility of the present Ni-based BMGs. In fact, besides the
constituent elements and the composition (which determine the
weighted average of the elastic constants), the intrinsic mechanical
properties of a BMG also depend on the atomic arrangement structure
[35]. The further research is needed on this problem.

4. Conclusion

The new Ni77 — x — yMoxCryNbsP14B (x=7y=0;x=8y=0;x=
9y=0;x=5y=3;x=5y=5;x=5y=8;x=8y=3;x=8y=
5, all in at.%) bulk glassy rod alloys have been successfully prepared by
combining fluxing treatment and J-quenching technique in this study,
and the critical diameter for fully glass formation reaches the maximum
value of 1.5 mm at x = 5y = 5. The present Ni-based BMGs exhibit the
excellent corrosion resistance, and among the Nig4zMosCrgNbsP4Bg
BMG has the highest corrosion resistance with a I, in the order of

The fitted results from EIS for the present Ni-based BMGs in 1 M HCl and 1 M NaCl solutions (R;: solution resistance; R,: polarization resistance; CPE: constant phase element; Y,:
magnitude of pure capacitor in absence of dispersive effect; n: dispersion coefficient; I.,.: corrosion current density calculated from the impedance data).

Solution BMGs Ry R, CPE Leorr
(at.%) (Q cm?) (x10* Q cm?) Yo (x10 Qs cm?) o (107Acm™2)

1 M HCl solution x=7y=0 0.106 0.854 1.141 0.939 3.025
x=8y=0 0.119 1.180 1.138 0.940 2.181
Xx=9y=0 0.102 0.745 1.908 0.925 3.519
Xx=5y=3 0.111 1.01 1.562 0.930 2.583
x=5y=5 0.135 1.98 0.710 0.943 1.300
Xx=5y=38 0.122 238 1.056 0.921 1.107
x=8y=3 0.127 1.51 0.976 0.930 1.730
x=8y=5 0.103 1.66 1.822 0.889 1.646

1 M Nacl solution x=7y=0 0.367 1.041 1.124 0.900 2.589
x=8y=0 0.415 1.447 1.084 0914 1.834
x=9y=0 0.346 0.803 1.279 0.926 3.262
Xx=5y=3 0.345 1.355 1.741 0.860 2.082
X=5y=5 0.428 1.819 0.744 0.926 1.440
x=5y=28 0.492 2410 0.574 0.924 1.090
x=8y=3 0315 1.808 1.367 0.867 1.549
x=8y=5 0.347 1.888 1.368 0.870 1.478
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1075 A/cm? and a Reor <102 mm/year in both 1 M HCl and 1 M Nacl
solutions. The present Ni-based BMGs exhibit the fracture strength of
2.5-3.4 GPa, but almost no compressive plasticity. The combination of
the excellent corrosion resistance and relatively high strength, the
present Ni-based BMGs show a promising application as advanced
structural and functional materials in the future.
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