The chemical oxidation of lignin found in
Sappi Saiccor dissolving pulp mill effluent
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Abstract
Sappi Saiccor (situated in Durban, South Africa) dissolving pulp mill effluent, produced from an acid bisulphite pulping
process, uses acacia and eucalyptus hardwoods to produce a unique and different blend of lignin that has not been previously studied. The chemical oxidation of lignin found in Sappi Saiccor’s effluent has been investigated using a number
of different chemical oxidising agents, such as nitrobenzene, oxygen with and without the presence of a copper sulphate
pentahydrate catalyst, and hydrogen peroxide. The reaction products were extracted with acid and identified using GC-MS
and LC-MS techniques. Nitrobenzene is a good oxidising agent but tends to produce many toxic by-products and would not
be acceptable on an industrial scale. Oxygen oxidation has previously been shown to produce aldehyde-type compounds,
and in this work has produced good yields of both vanillin and syringaldehyde compared to previous oxygen oxidation reactions. Hydrogen peroxide is a strong oxidising agent that tends to over-oxidise the lignin during long reaction times.
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Introduction

Nitrobenzene oxidation on Kraft pulp effluent

Various chemical oxidations of lignin have been investigated
over many years. The use of strong oxidising agents has shown
the break-up of the aromatic ring whereas milder oxidising
agents caused changes in the side-chain whilst keeping the ring
intact. Oxidation reactions were initially used to identify the
structure of lignin polymers and the mode of linkage between
the precursors (Morohoshi and Glasser, 1979). Degradation
of the lignin polymer yielded various compounds containing
phenylpropanoid units which confirmed these as the building
block of lignin.

Later, studies by Villar et al. (1997) on nitrobenzene oxidation
of lignin obtained from industrial black liquor from a eucalyptus
Kraft pulping process showed that an optimised 14% yield of
aldehyde could be obtained using 40 min reaction time, a temperature of 190°C, pressure between 1 013.25 and 1 519.875 kPa
and a nitrobenzene concentration of 6 mℓ∙g-1 of lignin.
In addition to aldehydes, many other phenylpropanoid-derived
compounds were produced, such as the corresponding syringic
and vanillic acids, aceto-derivatives and other condensation
products. However, nitrobenzene oxidation does require the
use of high temperatures and pressures and a large portion of the
reaction mixture is made up of toxic nitrobenzene derivatives,
such as azobenzene, 4-(phenylazo)-phenol and azoxybenzene,
many of which are volatile. These toxic products also have an
unpleasant odour and are difficult to separate from the useful
products, making this procedure unfavourable on an industrial
scale. Therefore, even though high yields of useful compounds
could be obtained from this method, it would also increase the
presence of toxic substances and might even lead to increased air
pollution and further contamination of the environment.

Nitrobenzene oxidation on pure lignin and lignan
compounds
Nitrobenzene was one of the earliest chemical oxidants used
and it produced reasonable quantities of syringaldehyde and
vanillin depending on the source of lignin. Lignin from
hardwoods contained a higher syringyl content and produced
more syringaldehyde whereas lignin from softwoods contained a higher guaiacyl content and produced more vanillin
(Pearl, 1969). Nitrobenzene reactions have been carried out
on a variety of lignin-related compounds and on spruce lignin.
Reactions with eugenol produced over 70% yield of vanillin,
5-carboxyvanillin produced only 1.9% vanillin and lignin from
spruce wood yielded 25% vanillin (Pew, 1955). Studies by
Leopold and Malmstrom (1951) on pure lignans showed that
olivil gave the highest yields of vanillin, greater than 70%, and
concluded that the stereochemical arrangement of the hydroxyl
group and the ether group influenced the yield of vanillin.
These results were based on analysis of total methoxyl content
and not on pure aldehyde formed.
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Oxygen oxidation of Kraft pulp waste
Oxygen is a fairly inexpensive oxidising agent that has been
used in the conversion of lignin to aldehydes. It is popular in
that it does not involve the use of added toxic chemicals to the
reaction, but, here again, the use of elevated temperatures and
pressures is required if any reasonable quantities of aldehyde
are to be produced.
A patent in 1978 claimed to be the first to identify a
method of producing syringaldehyde from alkaline or neutral
sulphite wastes of the Kraft pulping process using oxygen
as the oxidising agent at elevated temperatures and with the
optional use of catalysts. Various examples confirming aldehyde yields between 5% and 12% were quoted, using catalysts
such as ammoniated manganese sulphate and copper sulphate
(Marshall and Vincent, 1978).
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