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Abstract

Fe thin films containing Si particles were prepared on metallic substrates by electrodeposition method in sulfate
solutions and the content of codeposited Si particles in the films was investigated as a function of applied current
density, the content of Si particels in the solution, solution pH, solution temperature and concentration of
FeSO,7H,0 in the solution. The amount of Si codeposited in the film was not dependent on the applied current
density, sotution pH and solution temperature, while it was dependent on the content of Si particles in the solution
and the concentration of FeSO,7H,0 in the solution. The amount of Si codeposited in the film increased with
increasing content of Si particles in the solution but reached a maximum value of about 6 wt% when the content
of Si particles in the solution exceeds 100 g/l. On the other hand, the content of Si codeposited in the film
increased up to about 17 wt% with decreasing concentration of FeSO,7H,0 in the solution. These results would
be applied to the fabrication of very thin Fe-6.5 wt%Si sheets for electrical applications.
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Table 1. Composition of sulfate bath for co-deposition
of Fe-Si particies

FeSO, - TH,O 05M~2M
Si particles 10~80 g/l
Ethylene glycol 56 ml/l
Ascorbic acid 1 g/l
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Fig. 1. SEM micrographs of the cross-section of Si
particle-containing Fe fims deposited at 75°C
and pH=3 at different applied current densities
of: (a) 10 A/dm? (b) 20 A/dm? (c) 30 A/dm?.
Bath composition: FeSO,7H,O 556 g/l, Si
particles 10 g//, ethylene glycol 56 ml/ and
ascorbic acid 1 g/l.
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Fig. 2. SEM micrographs of the cross-section of Si
particle-containing Fe films deposited at 10 A/
dm?® and 75°C at different pHs of: (a) pH=2 (b)
pH=3 (c¢) pH=4. Bath composition: FeSO,7H,0
556 g/I, Si particles 80 g/, ethylene glycol 56
mi/l and ascorbic acid 1 g/l.
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Fig. 3. SEM micrographs of the cross-section of Si
particle-containing Fe films deposited at 10 A/
dm? and pH=3 at different temperatures of:
(a) 50°C (b) 60°C (c) 75°C. Bath composition:
FeS0O,7H,0 556 g//, Si particles 80 g/l, ethylene
glycol 56 ml/l and ascorbic acid 1 g/l.

Fig. 4. SEM micrographs of the cross-section of Si
particle-containing Fe films deposited at 10 A/
dm?, 75°C and pH=3 at different contents of Si
particles in the solution: (a) 10 g/l (b) 40 g//
{c) 80 g/l. Bath composition: FeSO,7H,0O 556 g/
I, ethylene glycol 56 m//l and ascorbic acid 1 g/l.



813] 37 (2004) 319-325 323

€ Si Y=kl °ok°ﬂ% A3t fls
ZRHE Si 42y FF
Fe ’b‘%%ﬁ]ﬂ N

34 Si gixfel S4of o|x|
A
hw i 4= Si olx],7}_ 1/«]% Fe ©&&

rir
Hn
oy
2
=
@
oot
o
lo

01)1:
o,
aV)
)
o

=2 F Si YA F=o] mE HelF3 g
=7 F Si YA FEIF SEFE F4E Si
o F2 VL dES A & 7 Aok Ay
S2 AVFEel A% HAEY 49 H4ee
Hamakeroll 2JsiM Aok o= 4 (H& TWE= 2

o2 4HA A,
m=CueEt o))

A7M, me AEE FE, Ce 89 T dAe &
F, uwe 89 F YA °lFE, Ex A7 1
= = A veRdth A ()ellA BE XY A
7]0:]5:_01] 93] ey Bz 9o g = 9zl
To] vt B dFodM= &9 F Si gF
o) TS F7 1000 ml B 10 g8 150 g7kAl
HAsIA 7| 1 G ARt

¥ 594 E T e AAE Fe =%
AEd Si F& &q F Si YA P
A% FA7Mele F43) F7kstrt 100 g/l ©1%d
A7Vl =W Z3PdE el ol2n HiE ?é% T
AE Si YA HEHFSe 6 winE FA Eh o

2 ol

_ag
Y o

l

= 4 )M E F de 79T o R
A Jxle] HEH 895 FF RHAA Y=
7 .
® 6 o
E 5t °
S o
g 37 °
§
£ 27
Q
&)
s 1
0 ‘ . ,
0 50 100 150 200

Si Content in Solution f g 11

Fig. 5 Variation of Si content in the film against the
amount of Si in the solution of pH=3.
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Fig. 6. SEM micrographs of the cross-section of Si
particle-containing Fe films deposited at 10 A/
dm?, 75°C and pH =3 in various concentrations
of FeSO,7H,0 in the solution: (a) 0.5 M (b) 1 M
(c) 1.5 M. Bath composition: Si particles 80 g/l,
ethylene glycol 56 m/// and ascorbic acid 1 g/l.
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Fig. 7. Plots of (a) Si content and (b) thickness of the

films deposited at 75°C and pH=3 against the
concentration of FeSO,7H,0 in the solution.
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Fig. 8. Typical CSLM micrographs of the cross-section
of Si particle-containing Fe films deposited at 10
A/dm?, 75°C and pH=3 in (a) 0.5 M FeSO,7H,0O
and (b) 1 M FeSO,7H,0O solutions. Bath com-
position: Si particles 80 g//, ethylene glycol 56
mi/l and ascorbic acid 1 g//.
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