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We investigated the effect of hydrogen on the electrical re-
sistance of melt-spun amorphous alloys. It was found that Mg-
based amorphous alloys show the increases in the electrical re-
sistance when they are immersed in hydrogen-dissolved water
and that the electrical resistance increases by hydrogen absorp-
tion and returns to the initial level by hydrogen desorption.
These results show the possibility that the Mg-based amorphous
alloys may be applied to hydrogen sensing materials in water.

The catholyte obtained by water electrolysis has been recog-
nized to give good effects for mitigating intestinal and stomach
ailments, and hydrogen dissolved in water has been supposed to
be one of the factors of the effects.! When the effect of hydrogen
dissolved in water is clarified, a hydrogen sensor in water will
gain more attention. Recently, we have proposed a new type
of hydrogen sensor in water, which is made of a hydrogen stor-
age alloy with a single amorphous phase and senses hydrogen by
the electrical resistance change accompanied with hydrogen ab-
sorption at room temperature in water. In general, compared
with crystalline alloys, amorphous ones are known to have more
superior properties such as less hydrogen embrittlement, higher
strength, and higher corrosion resistance.>* Although there are
some gas sensors sensing objects by the electrical resistance
change,*> there is none of this type which can sense hydrogen
dissolved in water. In order to verify the possibility of our hydro-
gen sensor in water, the effect of hydrogen on the electrical
resistance of melt-spun amorphous alloys was investigated in
this work.

From pure metals, ingots of Ni-, Zr-, and Ti-based alloys
were prepared with an arc-melting furnace, and those of Mg-
based alloys were prepared with a high-frequency induction fur-
nace. From the master alloys, ribbon-shape amorphous alloys of
about 0.5 mm width and 15 um thickness were produced by the
single-roller melt-spinning technique. The amorphicity of the
melt-spun alloys was examined by X-ray diffractometry (Cu Ke,
40kV, 30mA). Each amorphous sample of 67 mm length was
immersed partially, i.e. 47 mm, in pure water of 500 mL, then,
the electrical resistance of the alloy was measured with hydrogen
bubbling through a glass filter. The hydrogen flow rate was
0.35mL/s. The hydrogen concentration in water was measured
with a hydrogen sensor (TOA DKK, DH METER DH-35A).
Electrochemical hydrogen charging and discharging were per-
formed for the Mgg;Al;Pd;y amorphous alloy in 6 N KOH solu-
tion using a Pt counter electrode and a Ag/AgCl reference elec-
trode. The charging was performed galvanostatically for 300 s at
a current density of 24 A/m?. On the other hand, the discharging
was performed potentiostatically at —0.7 V until the current den-
sity decreased to 0.02 A/m?2. The potential for the discharging

was determined by cyclic voltammetry in 6 N KOH solution.®
In order to confirm that hydrogen was absorbed and desorbed
by the charging and the discharging, differential scanning calo-
rimetry (DSC) was performed for the alloys before and after the
charging/discharging at a heating rate of 0.67 K/s. The electrical
resistance of the alloy was also measured before and after the
charging/discharging.

Figure 1 summarizes the amorphous alloys prepared in this
work. Figure 2 shows the X-ray diffraction (XRD) patterns of
some of the amorphous alloys. In the XRD pattern of each
melt-spun alloy, any distinct crystalline peak is not seen, indicat-
ing that each alloy possesses a single amorphous phase. Since
the interatomic spacing of an amorphous alloy influences the po-
sition of the halo peak in the XRD pattern, Figure 2 suggests, for
example, that the structure of the Nig;Zr33 amorphous alloy is
denser than that of the Mgg;Al;Pd;y amorphous alloy.
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Figure 1. List of the amorphous alloys prepared in this work.
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Figure 2. XRD patterns of the (a) Nig7Zr33, (b) ZrgoPd4, (c)
Tie7Nis3, and (d) Mgg7AlsPd;g amorphous alloys.

When these amorphous alloys are immersed in hydrogen-
dissolved water, all the Mg-based amorphous alloys show the in-
creases in the electrical resistance with time, while the Ni-, Zr-,
and Ti-based amorphous alloys show no increase. Figure 3
shows the changes in the electrical resistance of Ni-, Zr-, and
Ti-based amorphous alloys and some of the Mg-based amor-
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Figure 3. Changes in the electrical resistance of the amorphous
alloys in hydrogen-dissolved water; BM: MggoNioPd;o, O
MggsPdr, @: Mgg;AlsPd g, O: Ni-, Zr-, and Ti-based alloys.
The change in the hydrogen concentration (A) in water is also
shown.

phous alloys along with the change in the hydrogen concentra-
tion in water. The electrical resistance (R) is normalized against
the initial one (Ry).

In order to confirm the effect of dissolved hydrogen on the
electrical resistance of the Mg-based amorphous alloys, we also
measured the electrical resistance of the Mgg;Al;Pd;y amor-
phous alloy immersed for 300 s in water with three different hy-
drogen concentrations of 0.4, 0.9, and 1.1 massppm, which
reaches the R/R, values of 1.002, 1.006, and 1.033, respectively.
This result suggests that the electrical resistance of the Mg-based
amorphous alloys increases more largely in water with higher
hydrogen concentration. The effect of hydrogen on the electrical
resistance of the Mgg;Al3Pd;y amorphous alloy was also inves-
tigated by the electrical resistance measurement during the elec-
trochemical hydrogen charging and discharging. Figure 4 shows
DSC curves of the Mgg7Al;Pd;y amorphous alloy (a) before
charging, (b) after charging for 300s, and (c) after discharging.
Three exothermic peaks are seen in curve (a), indicating that the
Mgg;AlsPd;p amorphous alloy crystallizes through three stages
with the heat treatment. As shown in curve (b), the DSC curve
of the hydrogenated sample contains a large endothermic peak
due to hydrogen desorption at 380 K which is not seen before
the charging. After the discharging, the endothermic peak is
not seen in curve (c) and the curve is similar to that before the
charging. These results show that the Mgg7Al;Pd;oy amorphous
alloy absorbs and desorbs hydrogen by the charging and the dis-
charging, respectively. Table 1 summarizes the R/R, values of
the Mgs7AlsPd;o amorphous alloys before and after the electro-
chemical hydrogen charging/discharging. Considering the re-
sults of the DSC measurements, it can be said that the electrical
resistance increases and decreases by hydrogen absorption and
desorption, respectively. This is probably due to the change in
the electrical conductivity caused by formation and deformation
of hydrides of the amorphous alloy.

The DSC curve of a hydrogenated TisoNiysCuys amorphous
alloy, like that of the hydrogenated Mgg; Al;Pd;y amorphous al-
loy, exhibits an endothermic peak due to hydrogen desorption
followed by an exothermic peak due to crystallization of the
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Figure 4. DSC curves of the Mgg;Al;Pd;y amorphous alloys
(a) before charging, (b) after charging for 300s, and (c) after
discharging.

Table 1. Electrical resistance of the Mgg;Al;Pd;g amorphous
alloys (a) before charging, (b) after charging for 300s, and (c)
after discharging

(@) (b) (©)
R/Ry 1.00 1.16 1.00

amorphous phase.” However, the endothermic peak temperature
(500K) of the hydrogenated TisoNiysCu,s amorphous alloy is
much higher than that (375 K) of the hydrogenated Mgg; AlsPd ;g
amorphous alloy. This indicates that hydrogen absorbed in the
Mgs7AlsPd;o amorphous alloy is easier to be desorbed than that
in the TisoNipsCuys amorphous alloy. In addition, the results of
cyclic voltammetry performed in the previous work indicates
that the Mggy;Al;Pd;p amorphous alloy can absorb and desorb
hydrogen more easily than the NigyNb,gZra amorphous alloy.b
It is conjectured that the mobility of hydrogen in an amorphous
alloy influences the hydrogen-sensitivity, and that the interatom-
ic spacing in the amorphous alloy and the formation energy of
hydrides are related to the mobility of the hydrogen.

In summary, we have shown that the electrical resistance of
the Mg-based amorphous alloys is sensitive to an extremely little
hydrogen dissolved in water and that the alloys show good rever-
sibility between the increase and the decrease in the electrical re-
sistance corresponding to hydrogen absorption and desorption. It
would appear that hydrogen can be absorbed and desorbed
smoothly in the Mg-based amorphous alloys, which leads to
the corresponding change in the electrical resistance. The results
of this work show the possibility that the Mg-based amorphous
alloys may be applied to hydrogen sensing materials in water.
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