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Introduction

The separation of oil-water mixtures has been one
of the most attractive research areas in recent years
due to oily water discharge into nature that causes
severe environmental problems and ecosystem
damages [1]. Up to now, tremendous traditional
methods such as flotation, centrifuge, oil absorbents
and Electrical coagulation have been used to isolate
oil-water mixtures [2]. However, most of them have
some drawbacks such as inapplicable for emulsified
oil/water mixture, low separation efficiency, high
energy consumption and generation of secondary
contamination. In recent years, the membrane-based
methods have attracted considerable attention in
this field. The pore-clogging with surfactants and
membrane fouling are the most critical problems in
the membrane systems [3]. In order to solve these
problems, development of the surface technology and
fabrication of surfaces with opposite wettability to oil
and water have been recently considered [1]. In this
study, the superhydrophilic hierarchical ZnO structure
was fabricated with regulating the morphological
structure and its surface free energy simultaneously.
The study of prepared surface reusability and its self-
cleaning properties were the most important innovation
of this study.

Accepted: September/14/2020

Materials and Methods

Sample Fabrication

The superhydrophilc ZnO surface was performed
by two steps. The first step includes the pretreating
substrate and seed layer formation. In the second
step, the nanostructured ZnO has been coated on the
seeded meshes using the chemical bath deposition
method. In this way, the substrates (2.5 cmx 2.5 cm)
were ultrasonically cleaned by distilled water, acetone
and ethanol solutions for 20 min, respectively. The
substrates were immersed into the HNO, solution (4
M) to eliminate the surface oxide layers for 30 minutes.
Then the pretreated substrates were submerged in the
ethanolic solution of zinc acetate (20 mM) for 30
minutes. The surfaces were removed from the seed
solution and followed by drying in an oven at 90
°C. Finally, the annealing treatment at 400 °C for 2
h was used to create the nano ZnO seed layer. In the
second step, the zinc nitrate solution (0.025 M) was
prepared and the ammonia solution (28%) was added
to the aqueous solution until the pH of 12 reached.
The seeded substrate was transferred to the mentioned
solution and vertically placed. Subsequently, the glass
bottle was sealed and heated in an oil bath at 90 + 5 °C
for 2 h. The coated substrates were picked up from
solution and rinsed with distilled water and dried in an
oven at 100 °C.
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Oil/Water Separation

The separation performance of the superhydrophilic
ZnO surface was evaluated using a dead-end system.
The fabricated surface was held between two glass
tubes (inner diameter of 25 mm) by stainless steel
clamps. 50 ml of wastewater was poured into the glass
tube and the separation process was done using the
gravity force solely.

Results and Discussion

Characterization Analyses

Figure | presents the XRD pattern of the superhydro-
philic surface. As shown in Figure 1, the diffraction
peaks observed at 20 of 31.7°, 34.3°, 36.2°, 47.5°,
56.6°, 62.9°and 68.1° are attributed to the hexagonal
wurtzite structure of zinc oxide [4]. The other appeared
diffraction peaks can be indexed to the stainless steel
substrate with the cubic structure [5].
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Fig. 1 XRD patterns of synthesized ZnO surface.

Oil/Water Separation Tests

The studied sample was input effluent to the O.W.S unit
of Shahid Hasheminejad Gas Processing Company. The
Characteristics of wastewater are shown in Table 1.

Table 1 Values of the wastewater parameters.

Parameters value
TSS (mg/L) 1000
Total oil (mg/L) 50000
Sulfide as H,S (mg/L) 250
Temperature (°C) 30
TDS (mg/L) 10000
pH 9

The TOG and TPH content of the permeated water
were measured 17.3 ppm and 15.5 ppm, respectively.
These results confirm that the separation efficiency
was obtained above 99%. Moreover, the water flux
was reached 5846 L m? h! that is much more than
the reports of typical micro/ultrafiltration membranes.
Figure 2 shows the separation process.

Fig. 2 the oil contamination separation process (a-d).

Conclusions

The chemical bath deposition method was employed
to fabricate of Superhydrophilic hierarchical struc-
tured ZnO surface. The prepared surface exhibited
superhydrophilc-superoleophobic features with the
water contact angle of 0° in the air and an oil contact
angle of approximately 161° underwater. The coated
mesh was successfully used to separate oil contami-
nation from wastewater with high efficiency (> 99%),
satisfying flux and excellent reusability (about 5846
L.m?h").
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