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Abstract—The influence of suspended inert solid particles on the rate of mass transfer was investigated
by measuring limiting current densities for the reduction of ferri-cyanide at a vertical parallel plate electrode
in the presence of 5-15% particle concentrations. It was found that the rate of mass transfer calculated from
limiting current densities was increased by adding solid particles and was increased by 40% compared to
that of solid-free flow. The tendencies of experimental data could be well explained by the theoretical equation
derived on the assumption that the clinging film of reactant around the particles had a significant effect
on the rate of electrochemical reaction.
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1. Mixing tank 2. Impeller

3. Centrifugal pump 4. Test cell

5. Acrylic tube 6. Manometer

7. Ball valve 8. Stop valve

9. Motor 10. Temperature regulator

Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Size distribution of sample sand

Size range in pm Arithmetic mean diameter (pm)

44- 53 475
63- 74 66.0
88-105 94.1
125-149 135.5

Table 2. Composition of electrolytic solution

Component Concentration
K; Fe(CN)s 0.01M
K, Fe(CN)¢*3H:0 0.01M
NaOH 1.00 M
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Fig. 2. Electrical setup of experimental apparatus.
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Fig. 3. Effect of slurry velocity on the limiting current den-
sity (47.50 ym sands).
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Fig. 4. Effect of slurry velocity on the limiting current den-

sity (94.06 um sands).
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Fig. 7. Effect of volumetric particle concentration on the
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a : radius of particle [cm]

Co*(0) : initial concentration at the surface of particle
at t=0 [mol//]

Cs : bulk concentration of liquid [mol//]

Cs : concentration at electrode surface [mol//]

d : tube diameter [cm]

Do : diffusion coefficient of species, O [cm?/s]

F : Faraday constant, 96500 [coulomb/equiv.]

i : limiting current density [mA/cm?]

L : length of cathode [cm]

n : number of electrons transferred in the reac-
tion

No :number of moles of species electrolyzed
[mol]

N, : number of particles per unit area of electrode
within A from the electrode surface [-]

Sh : Sherwood number

Vv : superficial velocity of slurry [cm/s]

W : width of particle [cm]

Xv : relative kinematic viscosity [-]

Xp : relative mass diffusity [-]

Jgjo|A 22X

A : thickness of liquid film surrounding particle
(um]

v : kinematic viscosity [cm?/s]

D : volume fraction of solid [-]

Pr * Psolial Psotution [-]

u : viscosity [g/cm-s]
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