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Abstract: Electrodeposition of Gd Co alloy film from dimethylsulfoxide ( DMSO) electrolyte solutions has
been investigated using cyclic voltam mogram and potentiostatic technique . Potentiostatic depositions bet ween

-1.20 Vand - 2.70 V were applied to uncomplexed and complexed solution. The deposits obtained at poten-

tials within - 2.30 ~ - 2.70 V from complexed solutions are silver gray s mooth films .
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1 INTRODUCTION

The films of rare earth iron group alloy are
highly advanced materials and are now produced
by sputtering or vacuum plating , but the cost is
high, the productivity is low with high require-
ment to the equipments. To solve the proble ms
electrodeposition may be a good way. Because
the rare earth is very active, nonaqueous elec-
trolytes are often used. For example, Yb Ni and
Dy~ Ni alloys were obtained by electroreduction in

[1r.2]

molten chloride , yttrium-bariumcopper tri-

nary master alloy was prepared by electrodeposi-

tion from molten fluoride- oxide!?!

, yttrium was
obtained from a nonaqueous bath by electrode-
position[4], Sm- Co thin films were prepared by

ele ctrodeposition[ 31

, NdFe was electrodeposited
in organic electrolyte[(’] , Dy-Fe was obtained by
pulsed electrodeposition[”, Nd Ni and Y-Co
films were prepared in organic electrolyte[g’g].
Therefore , the technological application for elec
trodeposition of rare earth metal and their alloys
in nonaqueous electrolytes is promising. In this
work we prepared Gd Co alloy in the system of
Gd( C10y) 5- CoCl,- DMS O and Gd( Cl10y) 5- CoCl»-
EN-DMSO( here ,DMSO stands for dimethylsul-

foxide) by potentiostatic deposition, and EN

(ethylene diamine) was studied as a complexing
agent .

2 EXPERI MENTAL

The dehydrated Gd( C1O4); was obtained by
the reaction of Gd, 0;(99 .99 %) and HCIO,( AR
grade) at 298 K and dehydration in vacuum at
433 K. CoCl,( AR grade) was dehydrated in vac-
uum at 393 K. Before use , the DMSO was dehy-
drated with 0 .4 nm molecular sieves and distilled
at reduced pressure to re move impurities .

A simple three electrode cell was used in
study . The working electrode was Cu wire ( pu-
rity 99.9 %, area 0.05cm”) . A Pt foil was used
as counter clectrode . A saturated calomel elec-
trode (SCE) was used as the reference electrode
which was connected to the cell with a double
salt bridge system . All potentials were measured
with respect to SCE . All experiments were car
ried out under argon at mosphere at room te mper-
ature .

HD1 A low-superlow frequence function
generator, HDV-7C transistor potentiostat and
3086 X Y recorder were used for electroche mical
measure ments . The product was analyzed by
EDAX method to determine the content of Gd in
deposits and by X ray diffraction to determine
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the phase composition of electrolytic product.
The morphology of the surface of the plated film
was observed by scanning electron microscopy .
The Gd( C10,); and CoCl, concentrations in so
lution were measured by EDTA titration .

3 RESULTS AND DISCUSSION

Electrodeposition of alloy film depends upon
the deposition potentials , te mperature and com-
position of the electrolyte solution. The deposi
tion potentials of Gd Co alloy were estimated by
studying the cyclic voltam mogram curve .

Fig .1 is the cyclic voltammogram of Cu
electrode in 0.02 mol* L™! Gd( Cl0O,); —0.02
mol* L' CoCl, —DMSO at 298 K. Two cathodic
waves appeared at -1.20 and - 2.40 V. Ac
cording to the previous study, the peak at
- 2.40 V correspond to the reduction of Gd* " s
namely G + 3¢~ Gd.

IO.SmA
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Fig.1 Cyclic voltammogram of
Gd( C10,); —CoCl, —DMSO
(v=50mVss'; T=298 K)

The correlation between the deposition po
tential and the content of gadolinium in the elec-
trodeposited film is shown in Fig .2 . The content
ratio of gadolinium and cobalt (1:3;1:1; 3:1)
in solution is used as a parameter. The gadolini-
um content in the film increases with negative-
going deposition potential and increasing gadolin-
ium concentration in the solution. The effect of
concentration ratio of gadolinium to cobalt in so-
lution was weak as seen from Fig.2. However,
the quality of the electrodeposition becomes
poorer at higher polarizations .

Next, the influence of adding a complexing
0.02 mol* L'

agent (ethylene diamine) to

Fig 2
gadolinium content in film at 298 K

Relation of deposition potential vs

Gd( Cl10O;); —0.02 mol* L~ ! CoCl, —DMS O at
298 K was studied. The influence of the com-
plexing agent on the deposit potential is shown in
Fig.3 . As can be seen clearly from Fig.3, the
addition of the ethylene diamine leads the de-

positing potential of Co** shift to negative direc
tion .
|0.25mA
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Fig.3 Cyclic voltammogram of
Gd( Cl104); —CoCl, —EN—DMSO
(U= 50mVes'; T=298 K)

For the concentration ratios of gadolinium
to cobalt in the solution mentioned above it
caused increases in the quantity of gadolinium in
the film ( Fig.4) . Compared with the system of
Gd( C104)3; —CoCl, —DMSO, adding ethylene
diamine can clearly improve the morphology of
the deposited film and gadolinium content in the
films . However, the films obtained at high con-
centrations were black powder and of poor quan-
tlty .
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Fig .4 Relation of deposition potential vs
gadolinium content in film
(In solution with ethylene
diamine ; T =298 K)

Fig .5 is the SEM photograph for a film de-
posited for 1 .5 h, which was 7 pm thick with a
smooth surface . The film thickness for photo
magnetic me mory materials of Gd-Co alloy fil ms
is about 0.1 pm, which can be obtained within

e -

892481
Fig.5 SEM morphology of Gd Co film

a short time , as shown in Fig .5 .

The surface color and the shape of the de-
posited film depended on the deposition poten-
tials and the Gd content in the film . If the depo-
sition potential is high to - 2.70 V, the obtained
film surface is smooth and sliver gray in color.
The film obtained at potential low to - 2.70 Vis
crevassed on the surface . The best morphology
of the deposition was found in the potential re-
gionof -2.30~-2.70 V.

4 CONCLUSION

The GdCo alloy films can be deposited
from uncomplexed and ethylene diamine com-
plexed solution on copper substrate . It has found
that the 0.1 mol* L™ ' Gd( C10,); —0 .1 mol* L'
CoCl, —0.2 mol* L' EN —DMSO syste m is suit-

able for Gd Co alloy deposition at potentials
within - 2.30 Vto - 2.70 V.
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