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FOULING OF SOLID ELECTRODES IN NON-AQUEOUS ELECTROCHEMICAL REACTION

Takeshige TAKAHASHI and Kazuhiko SAWA™

In order to clarify the effects of the spacing of electrodes and current density on the fouling of
solid electrode surfaces for non-aqueous electrolysis, the current controlled electrolysis of benzoic
acid in N, N-dimethylformamide was carried out both in a batch reactor and in a continuous stirred
reactor,

In a high concentration of benzoic acid, the current efficiency was approximately constant and
fouling was not observed. A decrease in concentration of benzoic acid caused a decrease in the
current efficiency.

The fouling of electrodes began with a concentration of benzoic acid below a certain concen-
tration level, which varied with the spacing of electrodes and current densities.

The fouling was represented by a simple exponential function of electrolysis time under the

same concentration of benzoic acid,
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Fig. 1 Experimental apparatus
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Fig. 2 Variation of the concentration of benzoic
acid with electrolysis time in a batch

reactor
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Table. 1 Relationships between k and current effi-
ciency, and experimental conditions in
batch reactor

k 7 W 1 A%
[gmol/ ¢ -hr] [%] [mm) [A/dm?])  [1073%X ¢]
0.133 85.6 4 24.0 90
0.121 86.4 4 19.1 80
0.116 88.0 8 19.1 85
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Table. 2 Experimental conditions in stirred tank
reactor
v i Cao Cas T
Ex. N
X0 um]  [Adn?] [gmol/¢] [gmol/g] [Mr]
1 4 24.0 1.208 1.208 1.80
2 4 24.0 1.166 1.166 2.46
3 4 24.0 1.039 1.039 5.18
4 4 19.1 1.022 1.022 1.86
5 4 19.1 0.8593 0.8593  5.30
6 8 19.1 1.283 1.283 3.39
7 8 19.1 1.257 1.257 5.77
8 8 19.1 0.8593  0.8593  5.23
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Fig. 4 Experimental results of Ex. No. 1—3 and
calculated ones from Eq.(2)—(7)
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Fig. 5 Experimental results of Ex. No. 4 and 5

and calculated ones from Eq.(2)—(7)
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Fig. 6 Experimental results of Ex. No. 6—8 and
calculated ones from Eq.(2)—(7)
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Fig. 7 Relationship between current efficiency
and the concentration of benzoic acid
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Table. 3 Relationships between coefficients of
Eq.(6) and experimental conditions

Aj

W=4 W-4 W=g
i i=24.0 i=19.1 i=19. 1
0 -2.533x1074 -2.763x1074 7.835x10 4
1L 3,258 3,559
2 —1.9%8x107! -2.657x1071 4.5%
3 -1.0g3x10t] —2.918x1011 -9.121x1011
¢ 7.xiot] 1.566x10%1 3.733x10*1
5 —2.35x1012 -3.958x1012 -8, 244x1012
6 4.2muxiot? 5.939x1012 1.124x1073
7 -4s8x10t? —ssyx0tt g 7ex10te
8 2.8ux10t? 31491012 5. 481012
9 —9.47mx10t! SLO02X1042  —1.604X+2
10 1.33x10t! 1.369x107! 2.108x101 1
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Fig. 8 Relationships between 7./ 7w and ( t—to )
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Nomenclature

A= cofficient of Eq.(6) [(¢/gmol)]
b= deactivation coefficient [hr]
C.= concentration of benzoic acid (gmol/ (]
C.o= intial concentration of benzoic acid [gmol/ []
C. = feed concentration of benzoic acid  [gmol/ ]
F = Faraday constant [9.649X10* coul. /equiv. ]
i= current density [A/7dm?]
k= rate constant [gmol/{-hr]
S= electrode area [dm?]
t = electrolysis time [hr]

o= electrolysis time at the beginning of the elec-
trode fouling [hr]
V= reactor volume [
W= spacing of electrodes ' [mm]

z= number of electrons associated with the reaction
of a molecule [equiv. /gmol]
7= mean residence time [mm]
n= current efficiency [—]
m= current efficiency at the beginning of the elec-

trode fouling [-]
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Appendix
—RICBS(FBE2ESOCRIEOEENIE, Eq.()
EEDTENTES,

—V-dCuy/dt=1iS/(zF) (i)

EBROZXHTTHIREORIGZE{TZ 2, Eq.
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