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Abstract 

Fabrication of filtration membranes with opposite wettability for the separation of 

immiscible oil/water mixture has aroused extensive attention owing to the avoidance of 

oil/water density relationship limitation. Herein, we demonstrate a low-cost, mild and 

environment-friendly method to prepare underwater superoleophobic graphene oxide 

(GO) coated fabric through dip coating of GO nanosheets onto cotton fabric, and the 

super hydrophilic GO-coated fabric can be converted to superhydrophobic reduced 

graphene oxide (rGO) coated fabric after chemical reduction of the coated GO. The GO 

and rGO-coated fabrics show excellent efficiencies for the unidirectional separation of 

various light oils and heavy oils from water, respectively. Both types of fabrics could 

maintain their original wettability in harsh environments, and demonstrate high 

efficiency and recyclability for the separation of oil/water mixtures containing hot 

water, acid and salt. Furthermore, a T-shaped bidirectional separation device was 

devised by integrating the two fabrics with opposite wettability, which can realize 

highly efficient continuous separation of various oil/water mixtures regardless of the oil 

density. 
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Introduction 

The filtration membranes for water/oil separation can be divided into two types 

according to their wetting natures. One kind is the superhydrophobic/superoleophilic 

membrane, which is an “oil removal” material and only applicable for separating heavy 

oil (ρoil >ρwater) from water [1-5]. The other kind is called 
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superhydrophilic/underwater superoleophobic membrane, which can be utilized in 

discharging water from the mixture of light oil and water (ρoil < ρwater). Nevertheless, 

such oil-repellent and water-permeable material are unfit for unidirectional separation 

of heavy oil from water since water will be blocked by the oil layer with higher density 

sandwiched between the water phase and membrane. In a word, both types of separation 

membranes are not universally applicable. Therefore, it is necessary to devise a couple 

of filtration membranes with opposite wettability based on the same materials and 

assembled them into a separation device to achieve continuous separation of the 

oil/water mixture regardless of the oil density [6-11]. 

Graphene oxide (GO), the oxidation state of graphene, is exfoliated from graphite oxide. 

Possessing carboxyl, hydroxyl, and epoxide functional groups on both sides and 

borders, GO is super hydrophilic and can be used for constructing underwater 

superoleophobic surfaces. On the other hand, after removing the oxygen functional 

groups via chemical, thermal or electrochemical treatment, GO can be converted to 

reduced graphene oxide (rGO). The lack of hydrophilic oxygenated groups and the 

restoration of graphitic domains endow rGO with superhydrophobicity and 

superoleophilicity. Previously, we prepared rGO-based aerogel and foam through in situ 

reduction assembly of GO and demonstrated their superhydrophobicity and 

superoleophilicity as well as recyclable absorption of oil from water. Therefore, GO and 

rGO could be a pair of candidate materials for the construction of filtration membranes 

with opposite wettability for effective oil/water separation of any oil density [12-17]. 

Herein, we demonstrate a facile, mild, inexpensive, and green route to fabricate flexible 

membranes with super hydrophilicity/underwater superoleophobicity and 

superhydrophobicity/superoleophilicity via dip-coating of GO nanosheets onto cotton 

fabric and chemical reduction of the GO-coated on fabric, respectively. The GO and 

rGO-coated fabrics exhibit high efficiencies for unidirectional separation of various 

light oil/water and heavy oil/water mixtures, respectively. Both fabrics also show 

excellent heat and corrosion tolerance as well as high efficiencies and recyclability for 

separating the oil/water mixtures containing hot water, acid, and salt. In addition, we 

also design a T-shaped bidirectional separation device equipped by the two fabrics with 

opposite wettability to achieve continuous oil/water separation without consideration of 

the oil/water density relationship. 
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Experimental part 

Fabrication of GO and rGO-coated cotton fabrics. 

Cotton fabrics were first to cut into strips with a width of 30 mm and then washed with 

water. The GO-coated fabric was prepared by dipping the cotton fabric into a GO 

suspension with a concentration of 2 mg mL− 1 and subsequent drying it by hanging it 

in the air. The obtained GO-coated fabric was cut into squares (30 mm × 30 mm) before 

use. The chemical reduction of GO nanosheet coated on fabric was accomplished by 

heating the GO-coated fabric in a 0.3 M Vitamin C (VC) aqueous solution under a 95 

◦C water bath for 2 h. After washing with deionized water to remove the redundant 

reactants and then air-drying, the rGO-coated fabric was obtained [14-18]. 

 

 
Fig. 1. Photographs of original cotton fabric (left), GO-coated fabric (middle), and 

rGO-coated fabric (right) (a); water droplet in the air (b) and chloroform droplet 

in water (c) on the original cotton fabric; water dripped on GO-coated fabric (d); 

chloroform droplet on GO-coated fabric in water (e); underwater OCAs of the 

GO-coated fabric for various oils (f); water (g) and chloroform (h) dripped on the 

rGO-coated fabric. 

 

Water/oil separation 

The unidirectional separation device was constructed by fixing the GO or rGO-coated 

fabric between two quartz tubes using a clip. The separation was accomplished by 

decanting the mixture of oil and water (moil: mwater, 1: 1) onto the tube above the fabric 

followed by collecting the permeated phase driven by gravity in a baker blow. The 
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bidirectional T-shaped separation device was assembled by clamping the GO and rGO-

coated fabrics at both horizontal sides of a T-tube, respectively. The oil/ water mixture 

was put into the upward opening of the T-tube, and the permeated oil and water were 

collected by two beakers beneath the two outlets of the separation device, respectively. 

The GO-coated fabrics were prewetted by water before oil/water separation. The 

separation efficiency was computed according to the equation η = m2/m1, where m1 and 

m2 are the weight of oil or water before mixing and after separation, respectively. 

 

 
Fig. 2. Unidirectional separation process of the mixture of motor oil and water 

using GO-coated fabric (a); separation efficiency of the GO-coated fabric for the 

mixtures of various light oil and water in terms of water permeation and oil 

rejection coefficient (b); unidirectional separation process of the mixture of 

chloroform and water using rGO-coated fabric (c); separation efficiency of the 

rGO-coated fabric for the mixtures of various heavy oil and water in terms of oil 

permeation and water rejection coefficient (d). 

 

Conclusions 

In summary, GO and rGO-coated fabrics with underwater superoleophobicity and 

superhydrophobicity were prepared through dip-coating of GO sheets on cotton fabric 

and chemical reduction of the GO-coated fabric, respectively. The underwater 

superoleophobic GO-coated fabric exhibits separation efficiencies above 98.3% for 
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removing water from various light oils, and the superhydrophobic rGO-coated fabric 

can remove various oils from water with separation efficiencies over 97.1%. The two 

fabrics also maintain their original wettability in harsh environments and show high 

efficiencies for the separation of oil/water mixtures containing hot water, acid, and salt. 

In addition, the T-shaped bidirectional separation device equipped with the two fabrics 

presents excellent capability for continuous separation of various mixtures of oil and 

water without consideration of their density relationship, demonstrating its potential 

application in practical oily wastewater treatment. 

 

References 

1. Chu, Z., Feng, Y., & Seeger, S. (2015). Oil/water separation with selective 

superantiwetting/superwetting surface materials. Angewandte Chemie International 

Edition, 54(8), 2328-2338. 

2. Zuo, J., Liu, Z., Zhou, C., Zhou, Y., Wen, X., Xu, S., ... & Pi, P. (2021). A durable 

superwetting clusters-inlayed mesh with high efficiency and flux for emulsion 

separation. Journal of Hazardous Materials, 403, 123620. 

3. Si, Y., & Guo, Z. (2015). Superwetting materials of oil–water emulsion 

separation. Chemistry Letters, 44(7), 874-883. 

4. Zhang, Z. (2017). The flocculation mechanism and treatment of oily wastewater by 

flocculation. Water Science and Technology, 76(10), 2630-2637. 

5. Shi, X., Ranellone, R. T., Sezer, H., Lamie, N., Zabilansky, L., Stone, K., & 

Rangwala, A. S. (2017). Influence of ullage to cavity size ratio on in-situ burning of 

oil spills in ice-infested water. Cold Regions Science and Technology, 140, 5-13. 

6. Ahmadjonovich, K. S., Lolashbayevich, M. S., Gayratjonovich, M. A., & Erkinzon, 

S. D. (2021). Characteristics of yarn spinned on different spinning 

machines. Збірник наукових праць ΛΌГOΣ. 

7. Izatillayev, M. M., & Korabayev, S. A. (2020). Experimental studies of shirt tissue 

structure. The American Journal of Applied sciences, 2(11). 

8. Ahmadjanovich, K. S., Lolashbayevich, M. S., & Tursunbayevich, Y. A. (2020). 

Study Of Fiber Movement Outside The Crater Of Pnevmomechanical Spinning 

Machine. Solid State Technology, 63(6), 3460-3466. 

9. Korabayev, S. A., Mardonovich, M. B., Lolashbayevich, M. S., & Xaydarоvich, M. 

U. (2019). Determination of the Law of Motion of the Yarn in the Spin 

Intensifier. Engineering, 11(5), 300-306. 



International Multidisciplinary Scientific  
Global Conference on Education and Science 
Hosted Online from Vienna, Austria 

on October 20th, 2022. 
www.conferencepublication.com 

34 | P a g e  

 

10. Korabayev, S. A., Matismailov, S. L., & Salohiddinov, J. Z. (2018). Investigation of 

the impact of the rotation frequency of the discretizing drum on the physical and 

mechanical properties of. Central Asian Problems of Modern Science and 

Education, 3(4), 65-69. 

11. Ugli, I. M. M. (2020). Experimental Studies Of Shirt Tissue Structure. The American 

Journal of Applied sciences, 2(11), 44-51. 

12. Tursunbayevich, Y. A. (2021). Investigation of Influence ofa New Twist Intensifier 

on the Properties of the Twisted Yarn. Turkish Journal of Computer and 

Mathematics Education (TURCOMAT), 12(5), 1943-1949. 

13. Axmedovich, A., Fakhritdinovna, V. Z., & Fakhritdinovna, M. S. (2021). Influence 

of the Geometric Dimensions of the Measuring Chamber on the Tone of the Wool 

Fiber on the Acoustic Device. Annals of the Romanian Society for Cell 

Biology, 25(6), 10158-10165. 

14. Fakhritdinovna, V. Z., AkhmedovAkmalAxmedovich, O., & 

UbaydullayevaDiloraXamidovna, K. (2021). Possibility to Use Acoustic Device 

Pam-1 to Determine Quality Characteristics of Wool Fiber. Annals of the Romanian 

Society for Cell Biology, 25(6), 10166-10173. 

15. Lu, R., Yu, Y., Adkhamjon, G., Gong, W., Sun, X., & Liu, L. (2020). Bio-inspired 

cotton fabric with superhydrophobicity for high-efficiency self-cleaning and 

oil/water separation. Cellulose, 27(12), 7283-7296. 

16. Эркинов, З. Э. Ў., Ўғли, Ғ. А. Б., & Эргашев, М. М. Ў. (2018). Определение и 

анализ свойств крученой нити, выработанной из разноструктурной одиночной 

пряжи. Universum: технические науки, (6 (51)), 44-48. 

17. Adkhamjon, G. (2021). Durable cellulose aerogels for high separation of oil and 

water. Analysis of changes in fiber properties in processes opening, cleaning and 

carding. ACADEMICIA: An International Multidisciplinary Research Journal. 

11(4). 96-104. DOI: 10.5958/2249-7137.2021.01043.0 

18. Эркинов, З. Э. Ў., Абдувалиев, Д. М. Ў., Изатиллаев, М. М. Ў., & 

Иззатиллаевна, П. Қ. (2020). Исследование равномерного распределения 

крутки и показателя качества пряжи, выработанной на новом крутильном 

устройстве. Universum: технические науки, (6-2 (75)), 60-65. 

 


