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Abstract
Nano-crystalline nickel-molybdenum alloys were electrochemically synthesized from
aqueous solution. With increasing molybdenum content in the alloy up to 23.6%, the
crystal grain size decreased down to several nanometers scale. The magnetic coercive
force decreased to several oersteds with increasing the molybdenum content. Soft
magnetic property of the alloy was improved compared with that of pure nickel.
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Introduction

It is well known that metallic molybdenum can not electrodeposit from aqueous solution
containing molybdate ions only. However, in the solution containing iron-group metal
ions such as Ni?*, Co®", and Fe?*, molybdenum can co-electrodeposit with iron-group
metal as metallic state. Usually the electrodeposited iron-group metal and molybdenum
alloy consist of small crystals with the diameter less-than one micrometer. On the other
hand, nano-crystalline iron-group metal shows excellent soft magnetic properties, which
can be applied to high sensitive magnetic field sensors [1, 2]. In this study, structure and
magnetic property of electrodeposited nano-crystalline nickel-molybdenum alloy were
investigated.

Experimental

Aqgueous electrolytic solution was synthesized from nickel sulfate, sodium molybdate,
and sodium citrate. Optimum condition for nickel-molybdenum alloy deposition was
determined by the cathodic polarizarion curve measured at a wide potential range.
Nickel-molybdenum alloy was electrodeposited potentio-statically on a copper sheet. To
observe the cross-sectional area of electrodeposited alloy films, the samples were
whittled using focused ion beam (FIB). Transmission electron microscope (TEM) was
used for observing the structure of nano-crystalline nickel molybdenum alloy. The
magnetic property was investigated by using a vibrating sample magnetometer (VSM).
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Results and Discussion

Figure 1 shows scanning ion microscopy (SIM) images of cross-sectional area in the
pure nickel film (Ni) and the nickel-molybdenum alloy films (Ni-Mo) electrodeposited
on copper electrode. Electrodeposited Ni consists of large crystal grains with the
diameter of several micro-meters, while NigssMoss alloy consists of pillar-shaped
crystals oriented vertically to the film surface. On the
other hand, Nizs4Mo0236 alloy consists of very small
crystal grains with the diameter of several nano-meters.
With increasing Mo content in the alloy, the film
thickness was decreased. The film thickness of
electrodeposited Ni was around 12 pum, the NigssMo04s
alloy was around 5.6 um, and the Nizs4Mo023¢ alloy was
about 2.8 um. These results were determined by the
decreasing current efficiency due to increasing molybdate
ions in the electrolytic solution. The transmission electron
diffraction pattern obtained by electrodeposited Ni was
consisted from spots, which corresponds to the typical
large crystals. While, the pattern of NigssMog s alloy was
consisted from rings and the one of Nizs4Mo0236 alloy was
hallow pattern, which corresponds to the typical nano- Cu .
crystalline or amorphous phase. Magnetic coercive force Figl SIM images of electro-
obtained from Ni-Mo alloy was decreased down to deposited pure nickel and
several oersteds with increasing Mo content. nickel-molvbdenum alloys

1.5 um

Conclusion

Ni-Mo alloy consists of nano-sized grains was synthesized from aqueous solution. With
increasing Mo content in the alloy, the film thickness was decreased due to decreasing
current efficiency of the alloy deposition. Magnetic coercive force of the alloy
decreased down to several oersteds with decreasing grain size of the alloy deposit.
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