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In this research, oil-in-water emulsion, as an example of oily
wastewater produced from crude oil desalting units in refineries,
using oleic acid-coated magnetic micron-sized particles. This novel
demulsification method is based on increasing the weight of dispersed
oil droplets using magnetic micron-sized particles, which does not
necessarily require the application of a magnetic field for
demulsification and does not necessitate the addition of a surfactant.
However, the magnetic property of the particles provides an
opportunity for their recovery. The effect of seven factors—mixing
time, temperature, acidity (pH), salt concentration, wettability
(weight ratio of oleic acid to magnetic particles), mixing speed, and
weight of magnetic particles, on the removal efficiency of the
dispersed phase were evaluated. The results showed that, firstly, all
the mentioned factors affect the demulsification efficiency and oil
removal from water. Secondly, the highest oil removal rate was
achieved by reducing the mixing time and increasing the amount of
magnetic particles. However, the effect of acidity on oil removal is
more significant, such that, the acidic conditions combined with the
use of pure magnetic particles can lead to complete oil removal.
Furthermore, to achieve an oil removal efficiency of 82% or less, it is
possible to offset the consumption of the magnetic demulsifier by
increasing the mixing time.
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EXTENDED ABSTRACT

Introduction

Emulsified oily residues pose a significant environmental threat. Existing wastewater
treatment methods are often inefficient, complicated, and energy-intensive, prompting a
search for more effective approaches. The magnetic demulsification method has emerged
as a promising solution due to its recyclability and eco-friendliness. This process consists
of three steps: 1) magnetizing the dispersed water phase with functionalized magnetite
particles, 2) separating the magnetized droplets using a magnetic field, and 3) recovering
the demulsifier. However, this method faces challenges, including time consumption and
the need for strong magnetic fields at low temperatures, limiting its industrial scalability.
Ghanbari and Esmaeilzadeh proposed a new demulsification approach that does not
require a magnetic field or surfactants. Their method involves mixing magnetite flocs with
the emulsion, sedimentation of the laden droplets, and recovery of particles, enhanced by
their magnetic responsiveness. This method effectively facilitates sedimentation and
coalescence of oil droplets, with the potential for eco-friendly recovery.

Methodology
Materials

The micron-sized MPs were obtained from Kimia Mavad Co., Iran. The particles were
round-shape, 298% purity and average size of 220 nm. The Oleic-acid, 298% purity, was
obtained from the local market. The NaCl, 299.5% purity, was purchased from the Merck
Co. (Germany). The crude oil with the properties reported in Table 1 was taken from
Sarvestan oil field, one of the oil fields in Iran. Distilled water was utilized, throughout.

Methods
Emulsion Preparation

An o/w mother emulsion was produced by ultrasonically blending of 150 mL of water,
0.6 mL of the crude oil. The blending was done by using an ultrasonicator (Qsonica, Q700)
at the amplitude of 70 for 10 min. Then, 600 mL of the collected mother emulsion was
then diluted to 1000 mL. The produced emulsion has good stability with no significant
breaking for a week. 10 mL of the emulsion were mixed with 10 mL of the deionized water
and adjusted its salinity and PH by adding NaCl, and the HCl/NH4O0H solutions.

Demulsification Procedure

Magnetite particles (0.2 - 1.2 g) were mixed with the emulsion in a 50 mL vial using a
mechanical stirrer (Mtops, MS-280D) at 500-1500 rpm and 25-60 °C for 30-180 seconds.
The collision of dispersed water droplets with magnetite flocs led to sedimentation within
minutes post-mixing. To assess the serum layer for suspended magnetite particles (MPs),
3 mL of supernatant was removed immediately and analyzed for overall absorbance (Ao).
A second 3 mL sample was analyzed after 1 hour to obtain ultimated absorbance (Au),
from which the Absorbance Index (Al) was calculated as the difference between Ao and
Ay, indicating turbidity from suspended particles. The Relaxation Period (PR) was defined
as the time until Al reached zero. Oil removal efficiency was calculated using:

0il removal (%)} = (Ci - Ce)/Ci x100 (1D

where Ciand Ce are the initial and residual oil concentrations, respectively.
Covering of MPs with Oleic Acid
Magnetite particles were coated with Oleic acid to study wettability effects on oil
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removal efficiency. This was done by adding 50 g of Oleic acid to 500 mL of water (adjusted
to pH 8) under stirring at 500 rpm and 80 °C, followed by the gradual addition of 12.5-25 g
of magnetite particles over 1 hour.

Experimental Design

A two-level fractional factorial design was used to explore the main and two-factor
interaction effects in the co-sedimentation demulsification of the oil-water emulsion. All
experiments, conducted in duplicate and randomly ordered, resulted in 32 experiments,
including three center points, as detailed in Tables 2 and 3.

Table 1. Properties of the crude oil used in this study.

No. Property Unit Value
1 Density g/cm3 0.852
2 Saturates wt.% 67.70
3 Aromatics wt.% 30.20
4 Resins wt.% 0.72
5 Asphaltenes wt.% 1.38
6 Sulfur content wt.% 1.60
7 Water content v/v% 0.1-0.2
8 Salt content g/lit 0.792
9 Sediment v/v% <0.01
10 Viscocity at 15 °C” mPa.s 5.63

Table 2. The selected factors and their experimental domain.

Factors Unit Factor ID Level

-1 0 1
Mixing time sec A 30 105 180
Oleic-Acid Weight/ Magnetite Weight - B 0 1 2
O0AW/ MW
Magnetite weight/Dispersed oil weight - C 0.2 0.7 1.2
MW/DOW
pH - D 4 7 10
Mixing Speed rpm E 500 1000 1500
Salt Content ppm F 0 3000 6000

Results and discussion

The effects of seven independent factors including: mixing time, temperature, pH, salt
content, magnetic wettability, mixing speed, and magnetite dosage have been taken into
account using two level fractional factorial design to investigate their effects upon the co-
sedimentation demulsification of crude oil in water emulsion. Based on the designed
experiments, the observed and predicted values of the separation efficiency and magnetite
residue were shown in Table 4.

Conclusion

In this research, crude oil emulsions in water, as a model of oil-contaminated
wastewater produced from crude oil desalting units, were demulsified using oleic acid-
coated magnetic micron-sized particles. This method does not necessarily require the
application of a magnetic field for emulsion removal and does not require the addition
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of a surfactant. However, the magnetic properties of the particles provide an
opportunity for their recovery. The effects of seven factors, including mixing time,
temperature, pH, salt content, wettability (weight ratio of oleic acid to magnetic
particles), mixing speed, and the weight of magnetic particles on the removal efficiency
of the dispersed phase were evaluated using the fractional factorial design by Design-
Expert version 7.1.5 on the oil removal efficiency.
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