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SUBSTRATES BY ELECTROPHORETIC DEPOSITION METHOD 

NOBUYUKI KOURA, HIROMASA SHOJI, AND ARIHIKO MORITA’~ 
Tokyo University of Science, 
Zhiba 278, Japan 

5 Ishizunishimachi, Sakai, Osaka 592, Japan 

Department of Industrial Chemistry, 

Nisshin Steel Co.,Ltd., Hanshin R&D Laboratories 

Abstract 
The YBCO superconducting ceramics with various substrates of - 

various shapes were prepared by using the electrophoretic depo- 
sition method. The substrates were a Ag wire and an A1203 ceram- 
ics plate. In the case of A1203 ceramics, Ag was first coated on 
the ceramics by the electroless plating method. The superconduct- 
ing properties were proved by the X-ray diffraction method, the 
diamagnetic measurement, and the resistivity measurement. 

INTRODUCTION 

In the preparation process of the superconducting oxides, the 

calcined oxides powder is usually pressed. After that, the oxide is 

heat-treated. If the electrophoretic deposition method is used instead 

of the press process, the superconducting ceramics in various shapes 
and sizes can be prepared1)y2). Moreover, various substrates can be 

used, if their surface is conductive. In the case of noncoductive one, 
it is beforehand coated with a metal. 

EXPERIMENTAL 

In the case of the silver substrate, the powder of Y2O3, BaC03, 
and CuO were calcined, ground, then suspended in the acetone 

bath (100ml acetone, 20mg 12, 0.3ml H20, 1.Og oxides) by an ultrasonic 
washing machine. On the electrophoretic deposition process, the elec- 

trolyte was the acetone bath, the W.E.(negative electrode) was Ag 
substrate, and the C.E. was Pt wire:The superconducting oxides coated 

material was heat-treated. In the case of nonconductive substrate, 

e.g., A1203 ceramics, at first it was mechanically etched and chem- 
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ically etched3), then coated with a metal, e.g., Ag by the electroless 
plating method4). This Ag coated A1203 ceramics was used as the W.E. 
for the above process. The conditions for the calcination and heat- 

treatment are; r.t.+(2h)+88O0C( l0h)+(6h)+30O0C(Oh)+(3h)+r.t., and r.t.+ 

( 3h)+940"C(6h)+(6h)+450°C(4h)+( 3h)+r.t., respectively. 

The superconducting properties were proved by the X-ray diffrac- 

tion method, the diamagnetic measurement, and the resistivity measure- 

men t . 

RESULTS AND DISCUSSION 

(1) Superconducting oxides 
Amount of deposit of the superconducting oxides particle 

creased linearly with the cell voltage up to 1,200V as shown in Fig 
At 1,2OOV, the deposit thickness was about 1,OOOpm. 

n- 
1. 

FIGURE 1 Relationship between the amount of deposition and 
the applied voltage. 

The relationship between I2 content of the bath and the oxide 

The peak value increased with deposit was obtained as shown in Fig.2. 
increasing the cell voltage. 

The oxides deposited sample was heat-treated. Two examples of an 

The A1203 ceramics and a silver coil substrates are shown in Photo 1. 
coatings were dense and uniform. Their thickness was about 200pm. 

The coating was removed from the substrate, and pulverited. Then, 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
28

 1
9 

Fe
br

ua
ry

 2
01

3 



PREPARATION OF VARIOUS SHAPE SUPERCONDUCTING CERAMICS . . . 245 

X-ray spectra was measured. The pattern coincided completely with that 
of the YBa2Cu30x(x=6.8s6.9). The diamagnetic shift started at 93K. 

N 3,o  e 
V 
\ 
M 
N 

0 
4 

\ 2.0 
* I \  

I ?  content / mg/100ml acetone 

FIGURE 2 Relationship between 12  content in the bath and 
an amount of the deposit at various voltage. 
(Deposition time : 30 s )  
Cell Voltage: 0 50V. A 150V. 300V. 0 600V 

PHOTO 1 Photographs of AlgOg ceramics and Ag coil coated with 
the superconducting oxides. 
(a): A1203 ceramics. 
( b ) :  Superconducting oxides coating. 
(c): Silver wire( # 0. 7mm). 

Moreover, the resistivity of the coated superconducting material 
changed at about 90K from 2d.cm to zero(Fig.3). Zero means smaller 
value than O.lW*cm. 

(2) Electrophoretic deposition mechanism 
When the superconducting oxides powder was added to the acetone 
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bath, the conductivity became about half (Fig.4). This decreasing may 

be attributed to an adsorption of H+ onto the oxides particle surface. 
The bath conductivity increased significantly with increasing the H20 

content up to 3%, and increased gradually up to 10%. 

On the other hand, a zeta-potential of the oxides particle in the 

I 1  I 

10 100 200 300 
Temperature /' K 

Resistivity of the sample from (1)the acetone 
and (2)the acetylacetone bath. 

FIGURE 3 bath 

I~ content / m1/1OOml acetone 
FIGURE 4 Relationship between I n  content in the bath and 

a conductivity of the bath (1)without. (2)with 
superconducting powder. 
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bath was about +60mV. This fact also indicstes that the H+ ion adsorbs 
onto the oxides particle. Therefore, the mechanism shown in Fig.5 

consequently decided. Acetone generates the H+ ion according to the 
keto-enol reaction and the iodine addition reaction. This H+ ion ad- 
sorbs onto the oxides particle. The charged particle deposits on a 

negative electrode by a high voltage electrolysis. 

(3) Improvement of the electrolyte 

On the electrophoretic deposition process, an acetone bath has 

been used. But, acetone is flammable. Then, safe solvent was studied. 

FIGURE 5 Electrophoretic deposition of oxide powder. 

An acetylacetone bath was found. A uniform, thick, and dense oxides 

coating was obtained. However, the Tc,end decreased remarkably to 25K. 

Then, the drying process of the electrophoretically deposited sample 

in vacuo, the pre-heating process at lOO"C, and the 02 flowing during 
the heating process were devised. As the results, the Tc,end became 

about 80K as shown In F i g . 3 .  

2. N.Koura, et al., J.Surf.F. 
3 .  N.Koura, et al., J.Met.Sui 
4 .  N.Koura, et al., ibid., 3: 
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