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ed into tartaric acid have been standardised.
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INTRODUCTION

Tartaric acid is used in textile printing, dyeing and pharma-
ceutical industries [1,2]. It is also used in the preparation of
effervescing drinks, baking powder, fruit jellies and in the manufac-
ture of artificial wine 2]

Tartaric acid is obtained as a byproduct in wine industry [1 ,3].
Industrially, tartaric. acid is. produced by the oxidation of car-
bohydrates and maleic acid [2]. Earlier many methods have been
tried for the oxidation of carbohydrates, maleic and fumaric acids,
using different oxidizing agents. Carbohydrates have been oxidiz-
ed by nitric acid [4] in presence of vanadate catalyst. Bacterial
fermentation of glucose to tartaric acid is also reported [5]. A detail-
ed study of the oxidation of maleic and fumaric acids [4] has been
made using a number of oxidizing agents like -dilute alkaline
potassium permanganate [6], nitric acid [7], gaseous oxygen in the
presence of a catalyst [8,9], hypochlorous acid and hydrogen perox-
ide [4,10-14]. It is reported that oxidation with KMnO, and nitric
acid gives tartaric acid as one of the oxidation products directly
with low yield. But oxidation with H,0, and HOCI gives tartaric
acid through the formation of epoxysuccinic acid as intermediate.
Recently electrochemical hydrodimerization of glyoxylic acid to
tartaric acid has been reported [15].

At present tartaric acid is obtained synthetically by treatment
of maleic acid with H,O, in the presence of a catalyst and this pro-
cess has reached the commercial stage [16]. This process involves
the addition of 60% H,0; to 40% aqueous maleic acid in the
presence of a transition metal salt as catalyst. The epoxysuccinic
acid which is formed as an intermediate is hydrolysed by boiling
and tartaric acid is isolated from the solution.

In this paper the results of the study on the electro-oxidation
of maleic and fumaric acids into tartaric acid in presence of sodium
bromide have been reported. Tartaric acid is obtained through the
formation of haloohydrin and epoxide and both the electrode reac-
tions are being utilised to get the epoxide within the cell. The epox-
ide is hydrolysed by boiling with alkali to get tartaric acid.
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Tartaric acid has been electrochemically synthesised by hydroxylating the olefinic double bond of maleic and fumaric acids
through epoxidation and hydrolysis. Epoxidation of these olefinic compounds has been electrochemically achieved using in
situ regeneration of redox reagents containing suitable catalysts. Effect of various experimental parameters on the epoxida-
tion, such as current density, pH, temperature, concentration of the reactant, concentration of the catalyst'and nature of
the supporting electrolyte-cum-reactant has been studied. Conditions for the conversion of the corresponding epoxides form-

EXPERIMENTAL

Cell set up

The cell consisted of one litre beaker cut to a height of 18 cm and
fitted with a wooden cover, having necessary openings for the in-
troduction of the rotating cylindrical graphite anode and two sta-
tionary graphite plates as cathodes kept on both sides of the anode,
thermometer and for feeding or removal of electrolyte. A graphite
rod of 2.5cm diameter was fitted to a 30 (1) x 1 cm (dia) copper rod
and attached to the lower end of the shaft of a fractional H.P.
motor. The electrical contact was given through mercury taken in a
mercury cup attached to the top end of the shaft. The speed of
rotation of the electrode was kept at 1000 rpm. The electrolyte (500
ml) was sodium or potassium salt of maleic and fumaric acids
(30-40 g/1) to which sodium bromide/sodium chloride was also add-
ed for generating hypohalite through oxidation of halide ion. The
temperature of the cell was maintained at the desired level by a water
bath with an electrical heating arrangement. Required amount of
current was passed under different experimental conditions.

Product isolation

After the electrolysis, the solution was made alkaline by the addi-
tion of 15g of KOH and hydrolysed by boiling for one hour. Tar-
taric acid content was estimated using ceric sulphate solution [17].
Potassium acid tartrate was isolated by acidifying the solution to
pH 3.2 - 3.5 using HCI. The tartaric acid content of the filtrate
was estimated and isolated as calcium tartrate.

RESULTS AND DISCUSSION

Table I shows the effect of temperature, catalyst concentration and
alkali halide on the current efficiency and yield of the product at
a current density of 0.4 kA.m-2.

The current efficiency was found to increase with increase in
temperature upto 318K. Above 323K the current efficiency and
yield of product decreased. Catalyst concentration above 1 g/1 for
the reactant concentration of 30 - 40 g/1 has almost no effect on
current efficiency. The increase of the concentration of sodium
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TABLE-}: Electrolysis conditions for the epoxidation of maleic acid and fumaric acid in presence of NaBr/NaCl

Electrolyte volume: 500 ml; Cathode: Graphite plate; Anode: Rotating cylindrical graphite rod; Current density: 0.4 kA.m-2; pH 6 - 8

Expt. Maleic acid Fumaric acid NaBr Catalyst Temp Tartaric acid Current Yield
No. taken taken estimated  efficiency % (estimated %)
(8 (8 (8 ® K (8
1. 20 - 5 0.5 308 -313 18.3 71 71
2. 20 - 5 0.5 308 -313 16.7 65 65
3. 20 - 5 0.4 303 -308 19.1 74 74
4, - 15 5 0.5 308-313 9.4 70 68
5. - 15 5 0.5 313-323 9.5 77 64
6. - 20 5 1.0 313-323 12.7 79 64
7. - 20 10 0.5 303-308 13.1 64 80
8. - 20 10 0.5 313-318 19.5 86 88
9. - 20 10 0.5 318-323 16.3 78 81
10. - 20 10 0.5 313-318 15.2 74 80
0.6 kA.m2)
11. - 20 10 0.5 313-318 17.5 81 85
12. - 15 10 1.0 313-318 - 28 -
(NaCly

troi

bromide has increased the current efficiency and yield. The use
of sodium chloride has decreased the current efficiency.

It has been observed that the pH of the electrolyte is self main-
tained and this gives an indirect indication that epoxide is the elec-

ysis product.
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