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Abstract — In order to investigate the influence of suspended inert solids on the rate of mass transfer,
limiting current densities for the reduction of ferric cyanide at a rotating disk were measured in the presence
of 5 - 25% by volume of particles. Experiments were conducted with eight different particle diameters,
and with rotation speeds in the range of 600 - 3000 rpm, using a 0.564 cm radius disk electrode.

It was found that at a given rotation speed upon addition of particles the limiting current density increas-
ed to about two times its value without particles, and this increase was greater at high rotation speeds; the
28.2 um particles yielded the highest value.

A mass transfer model was proposed to explain this behavior, assuming that the particle with its clinging
film of fluid was in contact with the disk electrode and was rotating parallel to disk surface. The film pro-
moted mass transfer rate by alternately absorbing and desorbing the diffusing species. The proposed model
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well explained the observed behavior of the limiting current desnity.
The proposed model could be expressed by the following correlation:
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NOMENCLATURE

a Particle’s radius, cm

A Electrode area, cm?

b Value of exponent defined in eq.(8)’

C Proportionality constant

Co Concentration of reactant, mole/liter

c? Concentration of reactant at electrode
surface, mole/liter

C *(0):Initial concentration at a particle surface
at t=0, mole/liter

C ¥ (1) : Concentration at a particle surface at t=t,
mole/liter

C. Bulk concentration, mole/liter

D Diffusivity of Ferricyanide ion, cmz/sec

Ds Diffusivity of reactant of suspension,

cm? [sec
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les]

F*

G*

I, st -

I, wr 2

T an, 1o,

ke

Np

Mean diameter of particles, cm

Faraday’s constant, 96500 coul./equiv.
Dimensionless radial velocity function of
dimensionless distance at the solution
without particles [ 19]

Dimensionless radial velocity function of
dimensionless distance at the solution
with particles
Dimensionless circumferential velocity
function of dimensionless distance at the

solution without particles [19]

Dimensionless circumferential velocity
function of dimensionless distance at the
solution with particles

Dimensionless axial velocity function of
dimensionless distance at the solution
without particles

Steady state component of limiting cur-
rent density, mA/cm2

Transient component of limiting current
density, mA/cm2

42 Limiting current density for each dia-
menter, mA/cm2

Limiting current density according to
mixed ratio, mA/cm2

Proportionality value on the volume of a
particle clinging reactant per electrode
area, cm3/cm?

Proportionality constant defined in eq.
@8y

Proportional constant to the dimension-
a\(:' /
Number of electrons transferred in elect-

less group ((

rode reaction
Moles electrolyzed, mole

Number of moles of reactant in a particle

film, mole

Rate of mass transfer at the surface
dC,

(= XpDo dz) ’ zzo)

Number of particles per unit area within
4 of the electrode as calculated in refer-

Hi23d X1z 19854 2

Vv,

Xp

X

ix‘.

X
Z

ence(l 8],<:m'2

Clear solution property

Appropriate property of the suspension
Charge passed in electrolysis, coulombs
Radial distance from the center of the
electrode, cm

Outer radius of the disk, cm
QR’

vV

Solid suspension Reynolds number (=

)

Solid suspension Schmidt number
(= (1—¢)X,v

XpDo
Solid suspension Sherwood number
A )
(Co=Co,0) XoDg
Time (= WY_ ), sec

Reaction rate, mole/cmz. sec,

Relative velocity of a particle traversing
the surface of a RDE as calculated in
reference (18} cm/sec

Volume of a particle clining reactant,
liter

Width of interaction of the particle film
with the electrode surface as calculated
in reference 18, cm

Some function of the volume fraction
solids

Relative viscosity defined in eq.(22)
Relative density defined in eq.(23)
Relative Kinematic viscisity defined in
eq.(24)

Relative diffusivity defined in eq.(25)

Distance from electrode surface, cm

Greek Letters

A

Vs

Thickness of a particle film (=c,,a), cm

Mass transfer boundary layer thickness,
cm

Kinematic viscosity, cm? [sec

Kinematic viscosity of supension, cm2/

secC

Rotation speed, rad/sec



¢ :

vl mAlq)atel Aztz A £

Volume fraction of particles

P souq . Solid particle density, g/cm3

0 sorurion - Density of ferri-ferrocyanide solution,

g/cm3

Density ratio (=-£setd
Osotution

Viscosity, g/cm., sec.

Dimensionless z-disance (=Z (Q /y ) :

Definition (——, 4
2a (P sT O e
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