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Abstract
The composite coating of suspended inert particles « -Al,0; and copper from acid sulphate bath was investigated at
the Rotating Disk Electrode. Effects of rotation speeds of electrode, physical properties of electrolyte, the size and
concentration of suspended particles on the codeposition ratio of Al;0; and the enhancement of mass transfer of
copper ions were examined. Particularly, new experimental method for the measurement of the codeposition ratio
was suggested and also the characteristics of the composite coating layer were measured by Rutherford -
Backscattering Spectrometry. _

Mass transfer rates of suspended particles system were increased up to 40% more than those of without suspended
particles system. Optimum conditions of current density, hydrodynamics of RDE,and particles concentration
showing maximum codeposition ratio were appeared in our experimental ranges. It was shown that the suspended
inert particles were codeposited mainly near the surface of the composite coating layer.
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Fig 2. Schematic diagram of experimental apparatus
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Table 1.Experimental conditions and relevant data
for Cu- «-ALO; codeposition.

Hydrodynamics of RDE 500 < RPM < 1220
cf. at RPM = 1220
de=124 gm
Particle characteristic @ -AlLO,

Size =03 pxm,10 #m.
Density = 3.4g/cm’
Caros = 20,50,100 g/1.
Electrolyte 0.1M CuSO, + 1M H;50,
at 20

D =5.67 x 10-%em?/s

v = 1.052 cst.,
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I . copper electrode + electrolyte
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Ii . codeposited electrode + electrolyte

Fig 3. Schematic diagram of experimental methods of
system 1,2 and 3
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Fig 5. Current densities for system 1,2 and 3 at differ-
ent electric potentials, 1,220 RPM, and particle
concentration 20g/liter, particle size 10 #m
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Fig 6. Inertia force of a particle from electrode
surface with the parameter pf particle size at
constant RPM
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Fig 7. Hydrodynamic effect on the electrocode-
position ratio in the Cu- @ - Al,0, system at
the condition of particle size 1.0 #m and
particie conentration 50g
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Fig 8. Particle size effect on the electrocodeposition
ratio in the Cu-a-Al,Q,system at the
condition of particle concentration
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Fig 9. Particle concentration effct on the electrocode-
position ratio in the Cu- #-A1,0Q; system at
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Fig 10. Viscosity effect on the electrocodeposition
ratio in the Cu-a-Al,O; sytem at the
condition of particle concentration 50g/liter
and 740 RPM
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Fig 11. Current density effect on the electrocode-
position ratio in the system at the condition
of particle sizel( # m and 740 RPM
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Fig 12. Analysis of electrocodeposition layer by
Rutherford Backscattering spectrometry
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1. 7E% a-AlL0Y BEF=TAY AL ¥ 47
A metd WHEe @A A59 #u8d &
BEFHE H£E gisd s EdAegle
o, BEEFEL RBSEAY d3pd BEg=Fd
a -ALDE =E34 EWd #HadEe, ¥gd ®
£g Jvehie ReE wwdc

2. BPEIFANAE FHolLe vgy FAGEH (
a-ALOYE AAZ ZdEA st AL

&% 8 A 40% o1 SVHIAE ALE vHge
o, BRrIPPds 2 4TS U Res o
2=3= 0

3. a-AlLO,9 BEUEFe] AL HA AFd=Es &
sag a2l WEdEe FFFErst EAse
Ao @ veen, 30mA/cm2e AFDEAA F
0 2g=ae vEdgth

A
P a3 §RgAey A6 4 (91-1001-
026-2) o 23t FHR L o A=FYT

AE 5 R

a @ Particle radius (m)

A Hamaker constant {Joule)

C : Concentration of electrolyte{g mole/
liter)

D : Diffusivity (m2/sec)

e, ' Elementary charge (C)

F : Faraday’s constant (C/equiv)

F, : London-Van der Waals force{Newton)

Fa : Drag force {Newton)

F, * Net gravity and buovance force

{(Newton)
F, : Double layer repulsion force (Newton)
g @ Gravity acceleration velocity (Newton)

[ : Current density (mA/cm?2)
ap(Cu-Al:0y : Apparent cathodic current
density (mA/cm?2)
Irealicw : Actual cathodic current density
{mA/cm?)
k : Boltzmann’s constant (Joule/°K)
m, : Mass of a particle (kg
E; : Radius of RDE (m)
Raios: Codeposition ratio of @ -Al05(%)
t : Time (sec)
T : Absolute temperature (°K)
Vaios: Volume of a-Al,Q; codeposited {m3)
Ve,: Volume of Cu codeposited (m?)
V, : Component of fluid velocity in a Z-
direction {m/s)

7 : Distance from electrode (m)
Zi ! lonic valence (-

§ : Boundary layer thickness (m)

g + Diffusion boundary layer thickness (m)
F3 Hydrodynamic boundary layer

thickness (m)
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: Dielectric constant (-)

: Debye’s reciprocal double-layer
thickness (m™1)

# : Fluid density {kg/m%

: Particle density (kg/m3)

= m

e

P

v : Fluid kinematic viscosity (m2/sec)
@ : Angular velocity {(sec™?)

¢  Electrical potential (volt)
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