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Abstract—In experimental electroplating copper ion on copper electrodes from CuSO4-H>SO, solution, the
limiting current technique was used in order to investigate the critical time of natural convection and charac-
teristics of mass transfer. A correlation of the critical time vs. the Rayleigh number was depicted experimental-
ly for 2000<5c<3000 amd 10°<Ra<10* It is found that experimental values of the critical time are about
four times larger than theoretical values in the isothermal heating system. This trend is consistent with
that of heat transfer. The present mass transfer correlation represents favorably not only the experimental
data of this study but also the existing experimental data.
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Fig. 1. Experimental result of voltage-current curve.

SI=nFN 4)

o374 F¥ Faraday 4(96487 C/mol), St M) 4]
nfe] AAprh ol gsh=dl A o], I+ oy |
Ak AfF, N& 8458 vehinh £ 7oA A8
Al §doll A S o™, ne 27}

iz AFFde o] Fralels ¢ o T4 o
&3} 2ol 7% + Qi)

N=k(C,—C,) (5)

o] W G R4 ¥x, C HFEHL For}
IARFEE 43D AFEHAA w8 5
=¥ 00] e} 2 AAA <l APAA6]o o5t
Azjolgastel] st} AFEA FEr} 1/56C,0F
FAHE & = vk w2k (4) 2} (5) Ao & A
HEAAGATE oo 2 BAMe] Y.

I!im

k= 4nFCb (6)

o] ¥ Lin2 FAAFUES vfehdic)

2-3. AEBX W Hi

AT dETelel Zfaldte] dAse 2dd Feol
A3t Arollxe Alge] AU A EAe] vl &
Ssfct mebx B dA7oxe Eed SRS & o
22 e - A S Addsidch A 3
] FERfe 0.01M-04 Melglen AH7je]5&

528 H30A Mes 1992 129

Fig. 2. Experimental apparatus.
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Fig. 3. Limiting current vs. width.
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Fig. 4. Effects of bulk concentration on the limiting cur-
rent.
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Fig. 5. Effects of bulk concentration on the individual
mass transfer coefficient.
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Fig. 6. Current-time behavior under condition of hoth na-
tural convection and diffusion.
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A :arbitrary constant
C  :concentration [mol/m?]
D :diffusion coefficient [m?*s]
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d  :fluid layer thickness [m]

e : electron

F  :Faraday constant [96487 C/mol]

g  :gravitational acceleration [m/s*]

1 : current [mA/m?]

L :limiting current [mA/m?]

k : individual mass transfer coefficient [m/s]

N  :mass flux [gmol/m’s]

n : number of electrons transferred in the electron
reaction

Nu :Nusselt number

Pr :Prandtl number

Ra :Rayleigh number defined by eq. (2)

S :number ions participating charge transfer reac-
tion

Sc  :Schmidt number defined by eq. (1)

Sh  :Sherwood number defined by eq. (3)

agzlolA 22Xt

p  :density [kg/m*]

u  :viscosity [kg/ms]

T : dimensionless time

YK}

c : refers to the critical state

m :refers to the maximum state
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