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Abstract
Electro-oxidation reactions using a nickel anode were carried out on the calcium-spent liquor effluent obtained from Sappi
Saiccor (formerly South African Industrial Cellulose Corporation) dissolving pulp mill as well as on lignin- and lignan-type
compounds previously identified in the effluent. Voltammograms were obtained for each solution in order to identify the
oxidation potentials of the compounds to be electro-oxidised. Value-added products such as vanillin and syringaldehyde
were identified in the electro-oxidised reaction mixtures using gas chromatography-mass spectrometry (GC-MS) and high
performance liquid chromatography (HPLC). Profiles of the changes in concentration of these compounds were determined
as a function of time with maximum concentrations reached within the first half hour. These findings are significant in that
few electro-oxidation reactions have been carried out on the effluent of a pulp mill which uses the acid bisulphite pulping
process and no results have previously been reported on the electro-oxidation of syringaldehyde. This study contributes to a
further understanding of the electro-oxidation of lignin and is of value to the paper and pulp industry at large. Reduction of
the organic content of the effluent by electro-oxidation was shown to be possible.
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Introduction
Sappi Saiccor, situated near Durban, South Africa, is one of
the few pulp mills that still partially use calcium bisulphite as
the base for the acid bisulphite pulping process. This process
produces a high-grade cellulose pulp but significant volumes
of effluent waste are also generated, which are discharged to
sea via a 7 km pipeline. Environmental regulations require
that effluent reductions are made and therefore Saiccor has
embarked on an investigation of the effluent itself.
Research on the effluent has shown it to contain the lignan isomer syringaresinol, as the major constituent, some
lignin-type precursors, fatty acids, sugars and lignosulphonates (Moodley et al., 2003). The aim of this project was
to oxidise the effluent to produce value-added products that
could be extracted for commercial purposes, thereby reducing
the amount of effluent pumped out to sea as waste, as well as
investigating the use of electro-oxidation as a means of reducing the organic content of the effluent. This is the first attempt
at performing any type of oxidation on Sappi Saiccor’s effluent
and the results could be of value to the industrial paper and
pulp community. Previous work on the oxidation of lignin was
based primarily on Kraft pulping effluent, which is alkaline,
compared to our acid bisulphite pulping effluent. Furthermore,
Saiccor uses hardwoods with a higher syringyl content compared to mills that use softwoods which have higher guaicol
content. Thus, the source of the wood and the pulping process used combine to produce an effluent unique to Saiccor.
Previous electro-oxidation reactions have been done on pure
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compounds but not on a mixture of compounds obtained from
effluent, as carried out in this work. The results presented in
this paper for the electro-oxidation of syringaldehyde are also
the first reported results in literature.
Many chemical oxidants have been employed for the oxidation of lignin. Although nitrobenzene is a suitable oxidising
agent, high temperatures and pressures are necessary and the
formation of nitro derivatives make these oxidations commercially and environmentally undesirable. The use of oxygen
as an oxidant also requires high temperatures and pressures,
which again makes it an undesirable process. Reactions with
hydrogen peroxide tend to form acids and often lead to degradation of the aromatic ring. Thus electrolysis of lignin could be
an attractive alternative in the oxidation of lignin and lignosulphonates, as it offers several advantages over the traditional
chemical oxidation processes. In particular, electrolysis of
lignin and lignosulphonates in basic media can use relatively
lower temperatures and pressures compared to reactions with
oxygen and nitrobenzene, and there is better control of the
reaction, leading to greater selectivity (Varey, 1987; Utley and
Smith, 1986; 1987; 1988). Degradation of lignin often produces
products such as aldehydes, ketones and acids.
Some of the earliest studies on the electro-oxidation of
organic molecules involved phenolics, and it was found that
electro-oxidation was comparable to chemical oxidation
reactions, forming the aromatic aldehyde and acid (James,
1899; Law, 1906). Electro-oxidation of phenolics and lignin
model compounds was investigated with the aim of using the
technique as an identification tool, and for the oxidation and
synthesis of phenolics and lignin derivatives such as vanillin
and syringic acid (Hedenberg and Freiser, 1953; Gaylor et al.,
1953; Lund, 1957; Vermillion, 1963; Kovalenko et al., 1973;
1976; 2000; Demin et al., 1980). Various graphite and platinum
electrodes were investigated and it was realised fairly early that
the nature of the electrode surface played an important role
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