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Abstract
This paper investigates the flotation of oil from wastewater in a laboratory-scale mechanically agitated flotation cell. Mechanical flotation cells are used commercially for oil flotation but, to the authors’ best knowledge, there are no studies on their
flotation performance in the literature. Some researchers have suggested that mechanically agitated systems are inappropriate
for oil flotation as the high shear rates may break up the fragile organic flocs. The chemical pretreatment operating factors of
pH and type of acid adjustor, coagulant type and dosage and flocculant dosage were firstly investigated. When using H3PO4
for pH adjustment, a preferential pH of 5.5 was identified. When using H 2SO4, a pH of 5.5 was not optimal. The acid type
was subsequently the determining factor. Al 2(SO4)3 was a more effective coagulating agent than lime, based on coagulant
and flocculant dosages required (0.5mg/ℓ when using Al2(SO4)3 and 1.5 mg/ℓ when using lime). The flotation cell operating
factors of aeration rate and impeller speed were subsequently investigated. Oil removal rates were found to increase at higher
levels of aeration and agitation. This suggests that oil flotation is both possible and beneficial in high-shear turbulent environments. However, residual oil concentrations could not be reduced to below 50 to 100 mg/ℓ which is higher than the desired
target of 50 mg/ℓ.
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Introduction
The effluent treatment area at FFS Refiners (Pty) Ltd in South
Africa, processes oil-contaminated water for release into
municipal sewers. The company aims to reduce their residual oil
content to below 50 mg/ℓ for downstream removal of chloride
ions and subsequent reduction in COD. The oil is derived from
a variety of sources, e.g. refinery recycle streams, bilge water,
light industries and rain water runoff. The exact oily water and
surfactant composition is unknown due to raw material variations. Initially a DAF cell was used, as is common practice in
effluent oil flotation, but this was replaced by an IAF cell due to
capacity constraints on the DAF unit. The IAF attains residual
oil contents in the vicinity of 200 mg/ℓ which is higher than the
desired specifications.
MFCs are widely used in the minerals industry and offer
the advantages of large capacities, high aeration rates and vigorously turbulent particle/droplet-bubble contacting. MFCs are
used commercially for oil flotation (e.g. Wemco Depurator) but,
to the authors’ best knowledge, there are no literature studies on
their flotation performance. Some researchers suggest that the
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high shear rates may break up the fragile organic flocs (Jameson,
1999 and Rubio et al., 2002). However, MFCs have been used
in experimental studies on de-inking flotation and agitation has
been found to improve the rate of flotation of ink droplets (Saint
Amand, 1999). In addition, there is a trend towards increased
levels of turbulence in DAF designs (Kiuru, 2001) as well as in
applications of ultra-flocculation and turbulent micro-flotation
to wastewater purification (Rulyvov, 1998). The bubble-droplet
contacting efficiency due to inception increases with increasing
turbulence (Nguyen et al., 2004).
The aim of this paper is to investigate the flotation of oil from
wastewater in a laboratory-scale mechanical flotation cell. The
paper first explores the effects of chemical factors (pH, coagulant, flocculant) on flotation performance and then investigates
the effects of cell operational variables (air flow rate, impeller
speed) under optimal chemical conditions.

Background
Oil-water separation techniques
Oil can be present in free, dispersed, emulsified or a soluble
form up to 1 000 mg/ℓ. Free oil is non-dispersed and floats
on the surface or coats equipment. The oily layers can be
skimmed off. Non-emulsified dispersed oil can be removed by
gravity separation, e.g. hydrocyclones, gravity filters or sedimentation (Da Rosa et al., 2005). Filters are generally avoided
due to the high-pressure drop, although recent studies on oil
removal by microfiltration/ultrafiltration have proven successful (Schoeman and Novhe, 2007). Settling tanks are popular
on oilfields due to ease in management, steady operation and
lower cost (Deng et al., 2004). If the oil droplets are small,
the separation efficiency is accelerated through the addition
of chemicals to the settling tanks to increase oil droplet size
(Hamza et al., 1995).
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