—

C = Vol. 36, No. 2, 69-79 (2023)

mposItes DOI: http://dx.doi.org/10.7234/composres.2023.36.2.069
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

A ARE L

Recent advances on Oil-water Separation Technology

Hong Ryul Park*, Woonbong Hwang*, Dukhyun Choi**'

ABSTRACT: Oil-water separation is a critical process for several industrial applications, including oil production,
wastewater treatment, food processing, and environmental area such as marine oil spills. The separation efficiency of
oil-water mixtures can be influenced by various factors such as mixture composition, oil and water conditions, and the
separation technology used. Over the years, various technologies have been developed to separate water and oil by
physical, chemical and biological methods. This paper presents an overview of the various methods and technologies
available for oil-water separation, including gravity separation, centrifugal separation, and separation using adsorbents,
filters. The strengths and limitations of each method are discussed, along with recent research trends and future
prospects. Furthermore, this paper aims to provide direction for future research and industrial application of
sustainable and environmentally friendly oil-water separation technologies. In conclusion, we provide a comprehensive
overview of recent oil-water separation technologies that will be beneficial to researchers and industrialists in the field
of oil-water separation.
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2. Principle and application of oil-water separation
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Fig. 1. a) Mechanism of oil-water separation. b) Three typical
types of oil-water separation methods. c) Various applica-
tions in oil-water separation field
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Fig. 2. A scheme of a) American petroleum institute separator. b) Corrugated plate interceptor separator. ¢) Centrifugal separator.
Reproduced with permission from Ref. [45]. Copyright 2022, ELSEVIER BV
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Table 1. A summary of physical oil and water separation technologies. Reproduced with permission from Ref. [45]. Copyright 2022,

ELSEVIER BV
Tech. Capacity Effectiveness removing Oil Cost Energy Space Adapeability Development Trend
API 1.2-144m’h Removes all droplets > 150 pm  $5,000 -$50,000 + Low 1.53 m diameter Slow separation rate, large footage  Combining with other
Separator > 20 ym under special « 7.3mwith a separation tech. and
circumstances Removal to capacity of 113 m”/h techniques to maximize
10 ppen TPH for light oils efficiency
TPL/CPI 1.2-600 m*/h Removes all droplets > 50pm.  $30,000-$300,000 for Low 36mx24m Medium footage, not effective on Integration with other types of
Separator » 4.5 pm under special capacity more than « 24mwith a demulsification, chance of fouling by cleanup/ separation of small
circumstances Removal to 10m*/h capacity of 91 m*/h  heavy oil, use as the pre-separation  dissolved hydrocarbons
10 ppm TPH
Centrifuge Varies by type. 0.06- Removes droplets > 10 ym to $20,000 - $500,000 + High 23mx 15m Highest energy ¢ P Develog focused on
9 m’/h for batch, up S ppm TPH « 25mwitha increasing performance, size,
to 300 m*/h capacity of 130 m*/h and energy efficiency
Flotation 1.2->660 m*/h More suited to suspended solid < $1,000 for adap Low  Compatible and Effective on demulsification, more  Pocus on supplementing
removal. In combinaton with to existing tech, $1,000 highly versatile effectve on heavy crude, require pre- alternate technologies (e.g.,
centrifuge can remove 90 % of oll $10,000 + for dedicated separation centrifuge, coalescer,
components, 50-70 % dicpersed  device hydrocyclone)
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Various oil absorbents for oil-water separation. a) Hierarchically porous PP through annealing and selective extraction. (a1)
Scheme showing the ternary polymer blending strategy to prepare the hierarchically porous PP. (a2) Digital image of a water
drop on the surface of the prepared hierarchically porous PP. (a3) SEM image of hierarchically porous PP. (a4) 3D X-ray nano-CT
scan of the hierarchically porous PP. (a5) Digital photos showing the effect of the pore diameter on the chloroform sorption rate
under water using the porous PP. Reproduced with permission from Ref. [50]. Copyright 2021, American Chemical Society. b)
Superhydrophobic sponge coated by AC. (b1) Pictures showing the water drops positioned on various powders of AC, AC-TiO,,
and AC-TiO,- PDMS. WCAs for (b2) pure sponge and (b3) coated sponge. SEM images of (b4) the pure sponge and (b5) coated
sponge. (b6) Absorption processes for various types of oils from water by the coated sponge. Reproduced with permission from
Ref. [51]. Copyright 2020, American Chemical Society. c) Porous PDMS oil-absorbent using CAM (c1) Schematic illustration of the
preparation of the 3D interconnected porous PDMS sponge. (c2) Ethanol and water contact angles on the surface of porous
PDMS. (c3) SEM image of the porous PDMS sponge. (c4) Micro-CT image of the porous PDMS sponge. (c5) The performance of
porous PDMS sponge in oil/water separation process. Reproduced with permission from Ref. [52]. Copyright 2016, WILEY-VCH.
d) Layered Double Hydroxide (LDH)s coated textile. (d1) lllustration of the modification of commercial Textile with LDH and its
application for oil-water separation. SEM images of (d2) pristine, (d3) LDH coated and (d4) sodium laurate treated textile. Water
contact angle (d5) of pristine, (d6) of LDH coated textile before, and (d7) after the modification with sodium laurate. (d8) Photo-
graphs of (i-iii) water and (iv-vi) oil placed on the surface of the above three kinds of textiles. (d9) Photographs of oil adsorption
and recycling process by using the superhydrophobic textile. Reproduced with permission from Ref. [53]. Copyright 2014, Amer-
ican Chemical Society
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Fig. 4. Plasma-treated filters for oil-water separation. a) Functionalized membranes using cold plasma. (a1) Schematic illustration of the
atmospheric-pressure plasma source. (a2) Water contact angle in air and oil contact angle in water for untreated mesh (refer-
ence), plasma treated mesh with case 1 and case 2. (a3-5) SEM images of untreated, case 1 and case 2, respectively. (a6) The
device during continuous and simultaneous oil-water separation experiment. Reproduced with permission from Ref. [56]. Copy-
right 2021, Springer Nature. b) Membrane with grooved nanotrichomes for lubricating-induced oil repellency. Oil repellency
behavior by oil attachment and detachment procedure on the fibrous membranes with the SWIS and the WIS under the same
condition. A heavy oil droplet was touched, spread, and lifted on the membranes with (b1) the SWIS and (b2) the WIS, which
were covered (b3) with and (b4) without the thick water layer, respectively. (b5) A membrane of cellulose fibers 10-20 pm in
diameter with (b6) GNT structures and (b7) two microchannels fully covered with GNTs fabricated by plasma etching. (b8) A
series of oil scooping-releasing procedure. Reproduced with permission from Ref. [57]. Copyright 2022, Wiley-VCH
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Fig. 5. a) underwater superoleophobic nanofibrous cellulosic membrane. (a1) Fabrication process of the NFC membrane. (a2) Sche-
matic diagram of an oil/water separation with the underwater superoleophobic NFC membrane. (a3) Underwater oil contact
angle. SEM image of (a4) cross and (a5) surface of the NFC membrane. (a6) Experimental set-up of the oil/water separation pro-
cess. Reproduced with permission from Ref. [60]. Copyright 2018, The Royal Society of Chemistry. b) Superhydrophobic glass
microfiber membrane. (b1) Fabrication process. (b2) SEM images of modified GMF membrane. (b3) Optical images of liquid
droplets with different surface tensions on modified GMF membrane. (b4) Continuous oil/water separation device. Reproduced
with permission from Ref. [61]. Copyright 2020, Springer Nature. c) Robust superhydrophilic depth filter and oil/water separation
device. (c1) Schematic illustration of the PAM modified filter fabrication process. Photograph of water droplets on (c2) the pris-
tine depth filter and (c3) the PAM modified depth filter. (c4) Simultaneous separation of oil and water using the developed
device. (c5) Oil and water separation efficiency during continuous treatment of 50 L of an oil/water mixture. Reproduced with

permission from Ref. [62]. Copyright 2021, ELSEVIER
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Table 2. Comparison of absorbent materials and filtration materials for oil-water separation
Separation Material Hydropl.lilic Pore size Water contact Seeflf;i:ss; Seeflgiilir:::; Separation flux | Reference
type /phobic angle of water of oil
polypropylene hydrophobic | 1-100 pm 142° >98% 5Lcm?h! (50]
Absorbent | AC-TiO,-PDMS | hydrophobic >150° >999% (51]
materials PDMS hydrophobic | 0.1-0.5 mm 110.9° >99.8% [52]
LDHs-coated textile | hydrophobic | 10-15um 154° >97% (53]
stainless steel /ltl;,g:gglil:ll;c 124 um 0°/150.2° >99.9% >99.9% [56]
Filtration | cellulose membrane | hydrophilic 0° >99% [57]
materials | cellulosic membrane | hydrophilic 450 nm 0° >99% >99% | 120000 Lm™>h [60]
glass fiber hydrophobic 1 um 154.8° >99% 4418 Lm?h?! [61]
polypropylene hydrophilic 10 pm 0° >99.9% >99.8% 300 mL min™ (62]
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