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 ¢/h-m? for the first six runs and from 114 to 150 £/h-m? 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 £/h-m? and from 195 to 264 £/h-m? 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/0) 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 oxida-
tion and contact welding of metal parts (Benito et al., 2002).
After use, the fluids become less effective because of their ther-
mal 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 treat-
ment 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; Ben-
ito et al., 1999; Benito et al., 2002; Fabish et al., 2001; Gryta et
al., 2001; Jonsson and Triagardh, 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 (Ken-
neth, 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 ultra-
filtration/membrane distillation(MD) (Gryta et al., 2001), mem-
brane 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 cut-
ting-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 com-
pany. The spent cutting-oil was pretreated by passing it through
a 70 p bag filter to remove metal fines prior to MF treatment.
The cutting-oil was then treated in batches (150 £) in an MF pilot
plant (Fig. 1) by passing it through a Membralox MF ceramic
membrane (0.1 p) module (0.2 m? membrane area) at an inlet
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Figure 1

Simplified diagram of the experimental set-up for the MF treat-
ment of the spent cutting-oil
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Figure 2a
Permeate and CWFs as a function of time during the MF
treatment of the spent cutting-oil (Runs 1 to 6)
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Figure 2b
Permeate and CWFs as a function of time during the MF
treatment of the spent cutting-oil (Runs 7 to 12)

pressure of 400 kPa and a flow rate of approximately 5 250 {/h
(Schoeman and Steyn, 1999). A compressed air back-flush was
automatically carried out every 3 min for 1 s to control mem-
brane fouling. The permeate flux, temperature and water recov-
ery were measured as a function of time. The batch runs were
terminated at approximately 87% water recovery. The COD and
oil and grease (O&G) concentration levels in the feed and com-
posite permeate were determined at regular intervals.

All the batch runs, except two (approximately 40°C) were
conducted at ambient temperature. One batch run was also con-
ducted at an inlet pressure of 300 kPa.

The clean water flux (CWF) was determined before and after
the batch runs to determine the extent of membrane fouling. The
membranes were cleaned with a 1% caustic soda solution as and
when required.

Results and discussion

Permeate flux during MF treatment of the spent cut-
ting-oil

The permeate and clean water fluxes as a function of time are
shown in Figs. 2a and b.

The permeate flux for the first six batch runs remained
fairly constant and varied between approximately 78 and 126
¢/hrm? (Fig. 2a). Note: No temperature control was applied and
permeate flux increased as the result of a temperature increase
by pumping and decreased as a result of fouling. The permeate
flux then increased for the next three batch runs (Runs 7 to 9)
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and varied between approximately 114 and 150 £/h-m? (Fig. 2b).
This increase in permeate flux can be ascribed to a change in
the composition of the spent cutting-oil sample used for the runs
(new samples from the same source).

The average temperature during the 9 batch runs remained
approximately the same for each run. Therefore, it appears that
no significant membrane fouling had taken place. The tempera-
ture of the spent cutting-oil was increased to approximately
40°C for the next two batch runs (Runs 10 and 11) (Fig. 2b).
Permeate flux varied between 183 and 282 £/h-m? and between
195 and 264 £/h-m? for the two runs, respectively. Therefore,
permeate flux could be significantly increased by an increase in
the feed temperature. This will result in a decrease in membrane
area required and a reduction in capital cost. One run (Run 12)
was conducted at an inlet pressure of 300 kPa. Permeate flux
varied between 84 and 99 £/h-m? during this run and was lower
as a result of the lower applied pressure.

The CWF decreased from 222 {/h-m? at the start of batch Run
1 to 180 ¢/h-m? at the end of the run. The CWF then remained
approximately constant between 168 and 177 £/h-m? for Runs 2
to 9. This indicates that very little membrane fouling had taken
place during the batch runs. This can be ascribed to the com-
pressed air back-flush which occurred every 3 min for 1 s during
the batch runs. Membrane cleaning was conducted with a 1%
caustic soda solution after Run 9. Cleaning at ambient tempera-
ture appeared to have no effect on the CWF; however, cleaning
at approximately 40°C increased the CWF to 228 £/h'm? com-
pared to 222 £/h-m? at the start of the batch runs. Therefore,
membrane fouling should be effectively controlled by cleaning
with a 1% caustic soda solution at elevated temperature.

The CWFs dropped somewhat after Runs 10 and 11 and
were lower after Run 12 (feed pressure 300 kPa). The COD of
the feed during Run 12 was significantly higher than during the
other runs (Table 1). Therefore, more membrane fouling could
have taken place resulting in a lower CWF.

COD and oil and grease concentration levels of the
MF feed, permeate and brine

The COD and O&G concentration levels in the spent cutting-oil
are very high. The COD concentration of the different feed sam-
ples varied between 12 000 and 73 800 mg/L (Table 1). The COD
of the permeate varied between approximately 2 940 and 7 430
mg/L(75.5 to 90.3% COD removal). Therefore, the COD of the
spent cutting-oil could be significantly reduced with MF treat-
ment. The COD of the brine increased to 268 000 mg/C (Run 5).
Excellent O&G removal was achieved during MF treatment
of the spent cutting-oil. The O&G concentration in the feed var-
ied between 13 690 and 19 794 mg/€and in the permeate between
approximately 10 and 490 mg/t (97.2 to 99.7% O&G removal).
Relatively high O&G concentrations of between 320 and 490
mg/l were experienced in the MF permeate during Runs 5 to 9.
This could be ascribed to a change in the characteristics of the spent
cutting-oil collected. The spent cutting-oil treated in Runs 5 to 9
had a different colour than previous and later samples collected,
suggesting different oil characteristics. The O&G in the spent
cutting-oil could be concentrated approximately 5.6 times (Run 5
from 17 600 mg/{ in the feed to 98 300 mg/C in the retentate).

Electrical conductivity and pH of the spent cutting-oil
feed, permeate and brine

The electrical conductivity of the feed and permeate varied
between approximately 161 and 393 mS/m and 135 and 362
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TABLE 1
COD and O&G concentration levels of the spent cutting-oil feed, permeate and brine
during microfiltration treatment
Run Feed Permeate Brine Removal (%)
coD 0&G coD 0&G cobD 0&G coD 0&G
(mg/e) (mg/e) (mg/e) (mg/e) (mg/e) (mg/e)
1 52300 13 690 6070 10 248 000 | 71590 88.39 99.93
2 61 000 13 690 6 950 18 88.61 99.87
3 51 400 13 690 5670 29 88.97 99.79
4 51 400 13 690 5190 26 89.90 99.81
5 58 800 17 600 6 790 370 268 000 | 98300 88.45 97.90
6 58 800 17 600 7123 470 87.89 97.33
7 34900 17 600 7 430 490 78.71 97.22
8 12 000 17 600 2 940 380 75.50 97.84
9 31 700 17 600 6 870 320 78.33 98.18
10 38 600 17 600 6 650 130 82.772 99.26
11 35400 17 600 6310 110 82.175 99.38
12 73 800 19 794 7 140 64 90.325 99.68
TABLE 2
Conductivity and pH of the spent cutting-oil feed, permeate and brine
during microfiltration treatment
Run Feed Permeate Brine Conductiv-
pH mS/m |pH mS/m |pH mS/m |ity
removal
(%)
1 9.21 161 9.05 139 8.9 155 13.66
2 7.86 226 8.94 163 8.74 181 27.88
3 8.57 209 9.21 135 8.74 165 35.41
4 8.75 164 9.02 138 8.27 236 15.85
5 9.00 291 8.23 301 8.94 310 -
6 8.93 304 9.10 285 9.08 318 6.25
7 8.64 393 9.08 362 8.92 408 7.89
8 8.41 190 8.86 161 8.52 228 15.26
9 8.66 201 8.75 172 8.77 235 14.43
10 8.39 323 8.62 288 8.42 352 10.84
11 8.71 285 8.82 227 8.76 299 20.35

mS/m, respectively (Table 2). It is interesting to note that salin-
ity removal was achieved with MF treatment of the spent cut-
ting-oil. Electrical conductivity removal as high as 27.9% was
achieved in one case (Table 2). The salinity of the permeate
should not have any adverse effect on biological treatment of
the permeate.

The pH of the feed varied between 7.86 and 9.21. The pH of
the permeate varied between 8.23 and 9.21.

Oil and grease removal from the MF permeate

The current discharge requirements of O&G into the munici-
pal sewer system are 500 mg/¢(Bylaws 2004). However, this
requirement might change to 100 mg/l in future. Less than
500 mg/t O&G was obtained in the MF permeate. Therefore,
MF should be a suitable technology for the treatment of spent
cutting-oils if the treated effluent could be discharged into the
municipal treatment system. However, MF should not be in a
suitable technology if the O&G concentration in the permeate
should be less than 100 mg/f. Therefore, other methods were
investigated in an attempt to reduce the O&G concentration in
the MF permeate to lower levels (Schoeman and Steyn, 1999).
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These methods include coagulation/flocculation, absorption,
advanced oxidation processes, UF and MD. Of these methods,
only activated carbon adsorption, UF and advanced oxidation
processes could give O&G concentration significantly lower
than 100 mg/€. However, short-run lengths (activated carbon)
and excessive dosages and membrane fouling (UF) would make
these techniques ineffective. It was also shown that MD is an
alternative technology that should reduce the O&G concentra-
tion in the MF permeate to very low levels (< 10 mg/l) (Gryta
et al., 2001). This technology, however, appears to be expensive.
Consequently, MF treatment of spent cutting-oil to reduce the
0O&G concentration to less than 500 mg/fand discharge into the
municipal sewer system appears to be a suitable option for the
handling of spent cutting-oils. This will save space in landfills
and prevent possible groundwater pollution. The concentrated
oil might also be a useful energy source.

Conclusions
e The MF permeate flux remained approximately constant

during the batch treatment of the spent cutting-oil (78 to 126
£/h-m? for the first 6 runs and 114 to 150 £/h-m? for the next

247



3 runs). This indicates that membrane fouling should not be
a serious problem.

e A temperature increase of the feed from ambient to 40°C and
cleaning of the membranes with 1% caustic soda increased
permeate flux from 183 to 282 £/h-m? and from 195 to 264
£/h.m? for two runs

e The CWF declined initially and then remained constant.
This also indicates that membrane fouling should not be a
serious problem during treatment of spent cutting-oil with
MEF. The control of membrane fouling could be ascribed to
the automatic compressed air back-flush of the membranes.

e Cleaning of the membrane with a 1% caustic soda solution at
elevated temperature (40°C) restored the CWF to its origi-
nal value. This indicates that it should be possible to control
membrane fouling with chemical cleaning.

e Very good COD removal (75.5 to 90.3%) was obtained with
the MF treatment of the spent cutting-oil

e Excellent O&G removal (97.2 to 99.7%) was also achieved
with MF treatment. The O&G concentration in the permeate
varied between 10 and 490 mg/L.

e An O&G concentration of less than 500 mg/Cin the MF
permeate is currently satisfactory for discharge into the
municipal sewer system. Therefore, MF treatment of spent
cutting-oil should be a suitable technology for the treatment
of spent cutting-oil for discharge into the municipal treat-
ment system. This will save space in landfill operations and
the retentate should be useful as an energy source. However,
the discharge requirements might become stricter in future
in which case other technologies like UF and MD should
be considered for further treatment of the spent cutting-oil
prior to discharge into the municipal system.
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