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Abstract — A mathematical analysis of bipolar electrode reactor model for complex electrochemical reactions could
estimate total current from time-concentration data, which coincided well with experimental total current data. Thus
behaviour of bipolar electrode reactor could be described by a proposed simulation model. This paper demonstrates

how such a model can be used a useful tool in the design for pilot plant experimentation.
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Fig. 1. Equivalent circuit established in bipolar packed-bed elec-
trode cell. r,: Faradaic resistance, r,: Bypass resistance, r,: Sandwich
resistanc.
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Fig. 2. Packed-bed electrode reactor model with recirculating feed.



F2R/9ER) A2, A 13, 1999

olth. @ HIFEEE Tafel o2 It @ A ANSAE
ESTAE I @ EFAE 549 ERAGATE FAE
® 87190l R EF o] o] Fo] ).
A7 A7HIASAZ B3 HEV-Er|2 3y
o} ¥k8-7] dol xof] gt Zt A9 NS T BA LS

dC,(t, x)/dx =—(0/Q)k,C, (¢, x)
dCy(t,x)/dx =(6/Q)k;Cya (¢, x) = (6/Q) k,Cp (¢, X)

G714 o dHg7] deld A RAHAL), e g
SE, kb, k= (VA9 F5880d A 24, G Ge 7
Zt TBTS TBME®] sxoltt. Aaukdrlodxe AFet uhe&
=9 #AE

X

L
Lo

i/2,F =k,Ca(t, ), iy/2,F =k,Cy(t, x) (10)

Z Yehdoh. OHdA ZE A58 FoAA o3t 2ol 3
SEETE drt

o/0k, =K, o/Qk,=K, (11)
(1053} (11)2& @) Bysted HEsta
C,(t,x)=C, (¢, 0) EXP(-K, x) (12)

(12)4& Oyl AY3kR Cals, x)el el A

Cp(t,x)=C4 (¢, 0)[K1/(Ky — Ko [EXP(—Kx ) - EXP(-K 1x)]
+Cy(t, 0)EXP(—K x)

BEE7] ol £ = FES FAESOIT By BAFAE

o
-
[o2)

012

0.08

0.04

Concentration Lmol ™13

Time Cks]

Fig. 3. Time-dependent changes in concentrations of TBT, TBME
and TBDA. Electrolyte; methanol-acetic acid (9 : 1) mixture con-
taining 0.01 mol L', NaBF, and 0.16 mol L™ TBT. 1,=0.8A, flow
rate=14 mL s,
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Table 1. Experiment and calculated total current with different electrolysis conditions*

Run No. Q [mL/mim] x [S-m™] L [A] E [V] K, x10 K2x 10 KX 10 LIy [A] Ly [A] Iy [A]
13 130 13 0.8 77 2.59 4.56 213 0.808 0.759 0.049
17 840 038 0.8 110 4.07 3.95 0.81 0.781 0.660 0.121
19** 840 1.18 0.9 90 7.69 9.14 1.01 0.89 0.79 0.10
22 840 1.14 0.8 90 35 43 1.5 0.81 0.71 0.09
28 1560 144 0.8 82 35 43 1.2 0.83 0.69 0.16
29 130 1.43 0.8 82 3.67 4.96 04 0.808 0.675 0.133
30 840 1.43 11 100 3.74 5.33 1.06 1.121 0.986 0.134

*Crsr{(0) : 0.16 mol/l, Methanol-AcOH =9 : 1 (vol), electrolysis temperature : 30-35°C.

** electrolysis temperature : 16-17°C.
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Nomenclature

‘A resistance coefficient for bypass current [m™']

A,: resistance coefficient for total current passing sandwich
electrolyte [m™']

C : concentration [mol-m™]

E :cell voltage [V]

e :potential difference between each side of pellet [V]

e, : decomposition voltage [V]

I, :bypass current [A]

I, : Faradaic current [A]

I, :total current [A]

k :reaction rate constant [m-s™']

L :distance between feeder plates [m]

n :number of bipolar pellet layers [—]

r : equivalent bypass resistance [€2]

Iy
T

A H < e E

: equivalent Faradaic resistance [Q]
: equivalent sandwiched solution resistance between two

bipolar pellet layer [€2]

: total bypass resistance [€2]

: total sandwiched solution resistance [Q]
: total reactor resistance [Q]

: cross-sectional area of cell [m’]

: reaction volume [ml]

: distance from bed inlet [m}

: circulation rate [m®s™']

s electrolyte conductivity [S-m™]
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