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1. Introduction 

At the present time there is considerable indus- 
trial interest in the indirect two-stage electro- 
chemical process ('ex-cell' process) for the syn- 
thesis of organic compounds. In this process a 
carrier (M n+) is electrochemically oxidized (or 
reduced) and then allowed to react with the 
organic compound in a separate vessel. When 
reaction is complete a separation of product 
takes place and the spent liquor is returned to 
the electrochemical cell, where the carrier is 
regenerated: 

M "+ ~ m (n+ml'~ --}- me 

M ("+m)+ + reactant ~ M ~+ + product 

This method and its advantages have been 
described in a number of publications [1, 2], but 
its application on an industrial scale is limited. 
One reason why this process has not become 
common is the loss in current efficiency observed 
in working processes due to organic matter 
present in the recycled electrolyte [3-5]. In 
previous work [6] it has been found that the loss 
in current efficiency using the Mn2+/Mn 3+ sys- 
tem in 88% H2SO 4 was due to the oxidation of  
the organic compounds (mainly to CO2) carried 
over with the electrolyte back to the electro- 
chemical cell. 

In this work we extend the study in 50% w/w 
H2SO4, and a simple relation is proposed which 
permits the calculation of the loss in current 
efficiency from the total organic carbon present 
in the recycled electrolyte. 

2. Experimental details 

The electrochemical oxidation of  MnSO 4 slurry 
(1.85 tool kg-  1 ) in 50% H 2 SO 4 was carried out in 
a parallel plate cell having two lead electrodes of 

area 100 cm ~ each. The electrolyte was circulated 
through the cell with an Iwaki MD 50 R centri- 
fugal pump; electrolysis was carried out at con- 
stant current density (400mAcro 2) and tem- 
perature (80 ~ C). 

The amount of Mn 3 + formed during electroly- 
sis was determined by iodometric titration, and 
the gas evolved was measured using a gas burette 
and analysed by gas chromatography. The elec- 
trogenerated electrolyte was introduced in a l- 
litre agitated glass reactor. After thermostating 
at the required temperature the organic com- 
pound was introduced. After reaction the mix- 
ture was cooled, the organic phase was separ- 
ated by decantation and the electrolyte was 
returned to the cell for the electrogeneration of 
Mn2(SO4)3. 

The total organic carbon present in the elec- 
trolyte before electrogeneration was determined 
using a Shimadzu Total Organic Carbon Analy- 
zer model TOC-500, and the composition of  the 
organic phase after reaction was estimated by 
gas chromatography using a Perkin Elmer ga:~ 
chromatograph model 8410. 

3. Results and discussion 

The oxidation of toluene and its derivatives to 
the corresponding benzaldehydes has been car- 
ried out with electrogenerated manganic suL 
phate in H2 SO4: 

CH3 

X @ / ~  + 2Mn2(SO4)3 + H20 .~ 

CHO 

+ 4MnSO4 + 2H2SO 4 
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Table 2. Current efficiency for the electroregeneration of Mn e (S04) 3 in recycled electrolyte 

Starting Reaction TOC in Current efficiency.for Current efficiency recycled electrolyte 
material product eleetrolyte the electrogeneration 

(g kg- l) of  recycled 
electrolyte (%) 

Current efficiency fresh electrolyte 

Experimental Calculated 

CHO 

3.7 42 0.61 0,57 

CHO 

+ + 
CHO 

3.5 44 0.64 0.59 

5.0 35 0.51 0.50 

CHO 
@ C I  @ C 1  

1.2 60 0.87 0.81 

The results obtained are given in Table l, which 
shows that the oxidation and material yield 
depends strongly on the substituant present on 
the benzene ring. 

At the end of the reaction the organic phase 
was separated and the electrolyte was electro- 
generated: 

2MnSO4 + H2SO4----} Mn2(SO4) 3 + H2 

It has been found that the current efficiency for 
the electrogeneration of Mn2(SO4) 3 in the 
recycled electrolyte was much lower than that of 
fresh electrolyte. This decrease in current effi- 
ciency is due to oxidizable organic material car- 
ried over with the electrolyte back to the elec- 
trochemical cell where it is oxidized to CO2 [6]. 

The 'carry-over' can be treated by equations 
for diffusion-controlled processes; thus, to esti- 
mate the current efficiency in the recycled elec- 

trolyte the following relation can be derived: 

(r/c)r~r [MnSO4]X 
Z 

[MnSO4IX + ~ [TOC] 

(1) 

where qc is the current efficiency for MnSO 4 
oxidation, [MnSO4] is the concentration of the 
manganous sulphate slurry (1.85 mot kg-a ), X is 
the conversion of MnSO4 (0.97), TOC is the 
amount of total organic carbon in the electrolyte 
(gkg J), B is the amount of carbon in the 
organic compound, Z is the number of electrons 
involved in the oxidation of the organic com- 
pound to CO2, and M is the molecular weight of 
the organic compound (substituted benzal- 
dehyde). 

For the organic compounds studied we can 
consider the following average values: B, 0.75; 
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Z, 35; M, 130. Equation l becomes 

(~]c)recycled __ 1.g (2) 

(r/c)rr~sh 1.8 + 0.36TOC 

The calculated values from Equation 2 are in 
good agreement with the experimental values, as 
shown in Table 2. 
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