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The development of flotation techniques for oil-in-water emulsions in wastewater effluents
has attracted the attention of many researchers. This is essential for ensuring the compliance of
water reuse and oil recovery with environmental policies. This dissertation presents the results
of using tiny microbubbles and/or microbubbles combined with cyclone bubbles for the
treatment of oily wastewater by three modified flotation processes.

The first, a modified column flotation with high rate of induced microbubbles (MBs) was
used to separate synthetic emulsified palm oil (EO, d < 16 pm), with using polyaluminium
chloride (PAC) as a coagulant and cetyltrimethylammonium chloride (CTAC) as a cationic
surfactant. Using MB treatment process alone showed less impact on EO reduction compared
to MB-PAC or MB—-CTAC. However, MBs presented significant removal EO in acidic water
condition. The high concentration of emulsified palm oil (~1000 mg L") was successful
separated approximately 90% by MB(2.5 min)-PAC(50 mg L™ from pH 3 to 7 and more than
82% by MB(2.5 min)}-CTAC(0.5 mg L") with pH between 5 and 7. These data indicated that
the good efficiency of EO removal by using the small dosage of CTAC (0.5 mg L™) with 100
times smaller than using PAC dosage (50 mg L) was a meaningful result for further studies
that focus on developing flotation system in order to achieve high treatment efficiency and
economic.

The second, flotation process presents the results of using tiny microbubbles (MBs,
diameter range: 1-16 pm) and MBs combined with “normal cyclone bubbles” (NBs) for the
separation of finely emulsified palm oil (EO, d < 16 pm). Treatment by a combination of
MB/NB was more efficient for EO separation than was treatment by MB alone. For instance, at
an EO concentration of 1009 mg L™ and under identical treatment conditions (treatment time:
60 min, pH: 7.0, temperature: 36.5 + 0.5 °C, and sahmty 0.0 mg L™), treatment by MB and
MB/NB combination (NBs flow rate: 2.5 L min’ ! yielded high EO removal efficiencies of



73% and 86%, respectively. The performance of this flotation technique for EO removal was
improved in the presence of NaCl (< 30 mg L") and at low temperatures (< 40 °C) or low pH
(< 7). These promising results indicate the potential application of this approach for oil field
treatment; because of the simple design, reduced floated product, and enhanced oil recovery.

The third, flotation process reveals the results of using MBs (dissolution type) and cyclone
MBs (ejector type) for the treatment of real palm oil mill effluent (POME) under batch and
continuous operations. This modified flotation method was designed to be a potential approach
for reducing the floated product and enhancing oil recovery in POME. Here, POME was
collected and treated after decanters processing at the palm oil mill (Synn Palm Oil Company),
in Simpang province, Malaysia. According to the analysis results (n = 9), this POME is hot
(74.9 £ 4.6 °C), low pH (4.9 = 0.1) and possesses high fluctuation of oil and grease (O&G:
13,167 + 4,105 mg L™), total solid (TS: 60,844 + 7,194 mg L™), and chemical oxygen demand
(COD: 98,697 + 10,723 mg L™"). The rapid assessment pollutants loading rate estimated about
7.9 tons O&G, 36.5 tons TS, and 59.2 tons COD were generated in the milling process per day.
The separation of these contaminants was well achieved by batch mode operation in a long
retention time (i.e. influent O&G: 5,800 mg L, removal efficiency: > 60%, at 60-min). For
continuous modes, low efficiency of O&G, TS, and COD removal were observed.
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