Evaluation of microfiltration for the treatment of spent cutting-oil
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Abstract
A pilot plant using ceramic microfiltration membranes which could be regularly back-flushed with air for fouling control
was evaluated for the treatment of spent cutting-oil. It was found that membrane fouling could be effectively controlled with
regular air back-flushes (every 3 min for 1 s) and chemical cleaning using caustic soda. Permeate flux remained approximately
constant and varied from 78 to 126 ℓ/h·m² for the first six runs and from 114 to 150 ℓ/h·m² for three more runs. An increase
in feed temperature from ambient to 40°C and cleaning of the membrane with 1% caustic soda, increased permeate flux from
183 to 282 ℓ/h·m² and from 195 to 264 ℓ/h·m² in two more runs. Excellent COD (75.5 to 90.3%) and O&G (97.2 to 99.1%)
removals were obtained. The permeate quality should be suitable for discharge to the municipal sewer system (O&G < 500
mg/ℓ) and the concentrated oil should be a useful energy source. Treatment of spent cutting-oil with microfiltration rather than
landfilling should save valuable landfilling space.
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Introduction
Emulsified fluids are used to act as lubricants and coolants in
metal-working operations to reduce friction between the metal
and mechanical equipment, and to avoid metallic piece oxidation and contact welding of metal parts (Benito et al., 2002).
After use, the fluids become less effective because of their thermal degradation and contamination by substances in suspension
and therefore they must be replaced periodically, resulting in
a waste stream called spent cutting-oil. It is claimed that spent
cutting-oil emulsions are one of the largest wastewater volumes
in metal-working industries. These emulsions must be treated
before their disposal due to their detrimental effects on aquatic
life and their interference with conventional wastewater treatment processes (Benito et al., 2002).
Spent cutting-oils are currently landfilled in South Africa.
This practice, however, takes up space in landfill sites and
the possibility exists that groundwater can be polluted in the
process. The unintentional discharge of spent cutting-oils
to the sewer system can affect biological treatment processes
adversely. However, technologies are available that can be used
for the treatment of spent cutting-oils to separate the oil from
the water, to reduce the effluent volume and to improve the
quality of the effluent significantly. These technologies include
microfiltration(MF)/ultrafiltration(UF) (Zaidi et al., 1992; Benito et al., 1999; Benito et al., 2002; Fabish et al., 2001; Gryta et
al., 2001; Jönsson and Trägârdh, 1990; Karakulski et al., 1998,
Janknecht and Lopes, 2004; Benito et al., 2001; Chang et al.,
2001; Siffert et al., 1994, Belkacem et al., 1994), settling (Kenneth, 1983), chemical treatment (Deepak et al., 1988), dissolved
air flotation (Pushkarev et al., 1983), centrifugation (Bokotho et
al., 1996), sorption processes (Silisio et al., 2002), hybrid ultrafiltration/membrane distillation(MD) (Gryta et al., 2001), membrane distillation (Gryta and Karakulski, 1999), reverse osmosis
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(Markind et al., 1974) and membrane bioreactors (Cheng et al.,
2005).
Treatment of spent cutting-oils with MF and UF has shown
that a relatively good quality permeate could be produced and
that significant effluent volume reductions could be achieved
(Zaidi et al., 1992; Gryta et al., 2001). Membrane fouling,
however, remains a problem during the treatment of spent cutting-oils. Ceramic microfiltration membranes with regular air
flushes and chemical cleaning under extreme pH conditions hold
promise for the treatment of spent cutting-oils. However, little
information is available in South Africa on the performance of
ceramic microfiltration membranes for the treatment of spent
cutting-oils. The objectives of this investigation were therefore
to evaluate ceramic MF membranes for the treatment of spent
cutting-oils.

Experimental
Spent cutting-oil was obtained from a glass-manufacturing company. The spent cutting-oil was pretreated by passing it through
a 70 µ bag filter to remove metal fines prior to MF treatment.
The cutting-oil was then treated in batches (150 ℓ) in an MF pilot
plant (Fig. 1) by passing it through a Membralox MF ceramic
membrane (0.1 µ) module (0.2 m 2 membrane area) at an inlet
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Figure 1
Simplified diagram of the experimental set-up for the MF treatment of the spent cutting-oil
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