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Abstract 

Considering the growing environmental concern, there is a dire need to understand 

the persistence of hydrocarbon-based toxic substances, both in pristine and mix 

forms, in different matrices. Most of these toxic substances pose hazardous threats 

directly or indirectly to entire living ecosystems. In this context, the uncontrolled or 

accidental leakage of petrochemicals and/or trace residues from the oilfields or 

refinery units are considered a rich source of emerging contaminants with a notable 

potential to damage the water matrices. Thus, effective treatment with standardized 

measures is of supreme interest to address the environmental pollution, at large, and 

water insecurity, in particular. Robust remediation measures should be taken to 

mitigate or at least lower the environmentally related adverse impacts and 

human-health related threatening concerns of hydrocarbon-based toxic substances. 

Several of in practice conventional treatments had been old-fashioned, insufficient, 

and expensive. Herein, we reviewed metal-organic frameworks (MOFs) based 

innovative approaches to tackle hydrocarbon-based petroleum source contamination. 

Metal ion or clusters incorporated in organic ligands leads to the formation of one, 

two-dimensional (2D) or three-dimensional (3D) hierarchy materials so-called ―MOFs‖.  

Besides, the bond flexibility between inorganic (metal) and organic polymers) units, 

intricate synthesis of MOFs with requisite functionalities for oil/water separation. The 

selection of accurate metal and organic components for the integration of chemically 

and thermally stable MOF crystals with high porosity is essential, especially to explain 

oil/water separation applications. This review spotlights to understand the hierarchical 
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assemblies and structural geometries of MOFs, followed by applications in the 

separation of oil/water mixtures for a safer environment.  

Keywords: Environmental contamination; Metal-organic frameworks; Synthesis; 

Emulsion; Oil/water separation 

 

1. Introduction 

In MOFs, the inorganic component (metal ion/clusters) is strongly harmonized with 

organic linkers through covalent bonds coordination. Proper coordination between 

organic and inorganic structures generates a wide variety of material with tunable 

properties and unique geometries [1,2]. Considering these structural and functional 

aspects, MOFs are of supreme interest to generate a tailored structure of the desired 

size, geometries, and functionalities [3,4]. Indeed, MOFs are available in a verity of 

different designs and morphologies made from metal ions/clusters as a (joint) and a 

linker (organic ligands) [11]. In the entire structure of MOFs, there is coordination 

between metal ions/clusters and organic ligands in a multipodal form, as a secondary 

building unit (SBUs). Inside the porous network, the SBUs arranged themselves in a 

unique morphology by the effective sharing of podals with each other. The distinct 

adjustment of linkers and joints leading to the final structure of MOFs with different 

morphologies and texture properties [6]. A variety of organic functional groups and 

their host-guest chemistry, both, are essential in the construction of MOFs (Fig. 1). 

The optimization and tuning of the organic functional group are one of the rational 

ideas to improve the applications of MOFs in different fields. Every functional group 
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with different attributes in the body of MOFs impart a wide variety of applications 

(Scheme 1), such as separation [5, 7], adsorption [8, 9], catalysis [10, 12], chemical 

sensing [13], toxic gas removal [14], water adsorption [15], and energy storage [16]. 

The synthesis and design of MOFs rely on the targeted selection of the central metal 

ion/metal clusters and organic ligands, which can be self-assembled under specific 

conditions. A variety of such materials can deliver the world of hybrid organic and 

inorganic combinations [17-19]. The organic ligands are mostly oxygen or 

nitrogen-containing donor compounds, which work as a bridge between metal ions. In 

the synthetic process, there is no one-plane limitation for interatomic bonds: 

self-assembly is involved through the coordinate covalent bond between metal 

ions/clusters and organic ligands resulting in a crystal type 3D hierarchy [20-22]. Fig. 

2 explains the possible MOFs construction process.  

The rapid growth in the petroleum industry and the production of emulsion or the 

discharge of hydrocarbon-contaminated wastewater received significant attention 

because of their pollution problems to the outer environment [23-25]. Both crude oil 

and water emulsions and oily wastewater contain many toxic chemicals, which for 

sure, affect the ecosystem and humans [26]. Therefore, the first-ever task is to 

separate oil/ water emulsions, and oily wastewater to reduce the severe issues and 

challenges to the environment and ecosystem. To address the separation of an 

oil/water mixture, it is essential to know about the surface wettability of MOFs, which 

play a crucial role due to the improved water flux and anti-fouling ability [27, 28]. 

Specifically, the most important material under consideration for oil/water separation 
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is those, which surface exhibits superhydrophobic or oleophilic and 

hydrophilic/oleophobic wettability [29, 30] (Fig. 3). 

The high surface area, porosity, and functionality of MOFs show great potential 

leading to their wide range applications [31-34]. The applications of MOFs for the 

adsorption, sensor, catalysis, storage, and separation of oil/water mixture has been 

reported, such as a superhydrophobic ZIF-8/melamine sponge with high porosity and 

excellent oil, water emulsion separation [35]. Furthermore, a general strategy was 

adopted for the one-step fabrication of MOFs reduced graphene oxide (GO) using a 

self-assembly technique for the treatment of wastewater [36]. Due to the very small 

size of oil or water droplets in an emulsion, these materials may have excellent 

separation ability but facing difficulty as the small droplet can easily penetrate through 

the large pores of MOFs having different wettability properties [37-39]. A well-known, 

ammoniated zirconium (IV) (UiO-66-NH2) material with high porosity, amino 

hydrophilic group show stability and promising oil-water separation applications [40, 

41].  

This review presents the recent progress in the different synthetic techniq ues of 

MOFs, with a summary of their rationalization, exploration, and applications. 

Adjustment of the synthetic conditions and fruitful applications in the field of oil/water 

separation is one of the significant challenges. Various kinds of MOFs may reflect 

effective affinities to polar and non-polar materials because of the different wettability 

characters while emphasizing the relationship between their properties and structure. 
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The final perspective is to highlight the unsolved challenges of MOFs with reference 

to the progress in sustainable applications.  

2. Structural Features of MOFs  

MOFs exhibit a variety of useful characteristics such as porosity, stability under 

different conditions, large surface area, low cost, and easy preparation. The ligand 

part of MOFs plays a significant role in the construction of symmetrical pores with the 

desired size [42]. MOFs shows wide-ranging pore sizes and MOFs with smaller pore 

size present comparatively high adsorption capacity [43]. The organic linkers with 

metals ions can be used to create a considerable number of MOF structures [1]. 

MOFs with distinct crystalline structures are the primary source of the various 

functions. The combination of MOFs secondary building units (metal ion/metal 

clusters) with organic ligands (carboxylic or amino groups) leading to the formation of 

a well-designed hierarchy (Fig. 4) [4, 44].  

The MOFs structure is mainly explained by the geometry of SBUs, the size and shape 

of the ligand to tune the structure to the desired degree, and functionality. As a 

representative example, a series of isoreticular structures of MOF-74 (IRMOF-74-n) 

were generated by the systematic elongation of ligands [45]. About 20000 MOFs 

structures have been reported and this number keeps growing each year [1]. A 

well-defined structure and geometry of MOFs are vital for the relationship between 

the structure and properties. Moreover, this relationship leads us to construct new 

ideas for the preparation of MOFs with promising applications. The available 

functional groups (sites) inside the MOFs are presented in Fig. 4. As an example, 
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amino and carboxyl functional groups are well capable of the recognition of specific 

functional properties, e.g., hydrophilicity and hydrophobicity, which can directly be 

incorporated in the organic ligand. The incorporation of Fe3O4 by a building block of 

polymer with amino and carboxyl functional groups generated an amphiphilic material 

with excellent oil-water separation applications [46-50]. The modification of 

post-synthetic organic ligands or SBUs can effectively introduce desirable functional 

groups that may be incompatible with the synthesis of MOFs. Care should be made in 

the construction of MOFs for specific applications because of the different magnetic, 

optical, and bearing properties of metal ions and organic ligands. Furthermore, 

surface properties such as wettability and pore space can be accomplished through a 

variety of functional groups for multiple applications. 

3. Construction of metal-organic frameworks 

Owing to the unique structural and functional attributes, MOFs have recognized one 

of the most important groups of the composite family. MOFs are the linkage between 

metal ions/metal clusters and organic ligands in proper geometric shape and 

morphology. Furthermore, another concept prominently involved in the final structure 

of MOFs is their primary bui lding block, followed by some other synthetic parameters 

such as pH, temperature, pressure, reaction time, and solvent. The infinite number of 

various synthetic methods such as diffusion [51-53], Solvothermal or hydrothermal 

[54-56], mechanochemical [57, 58], electrochemical [59, 60], microwave-assisted [61, 

62] ultrasound and heating [63-65] can be used for the construction of MOFs in a 

desired geometries and morphologies (Fig. 5). 
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3.1. Mechanochemical approach 

Mechanochemistry bears a long history in the field of synthetic chemistry, which were 

utilized for multicomponent reactions to generate crystals in solid-state inorganic 

chemistry, organic synthesis and polymer chemistry. Mechanically activated 

synthesis of MOFs is of interest due to some good reasons, such as their 

environmentally friendly nature. Furthermore, mechanochemical synthesis is useful in 

a situation where we can neglect the use of solvent, and the synthesis can be 

performed at room temperature without any solvent. Along with chemical reactions, 

there are many physical techniques (mechanophysics) which can be used to create 

mechanical force. The chemical response accelerated by the breaking of 

intermolecular bonds through mechanical forces leading to mechanochemical 

synthesis [66, 67]. The synthetic reaction completes in a very short time with a large 

number of products [68-70]. Water is the only by-product produced by metal oxides 

initially as starting materials, which can be used as alternate for metal salt as a 

solvent in many cases, but the low solubility of metal oxide in water leading their 

utilization as a solvent in some reactions. It may be beneficial to use hydrated metal 

salt at a low temperature for the organic reaction; especially there is a low 

concentration of anions. Therefore, simple acetate-assisted mechanosynthesis were 

utilized to prepare crystalline compounds, where acetic acid is the known by-product 

present in the pores of the MOFs, which can easily be removed by thermal activation 

[71, 72]. A notable number of benefits are reported while using a very small amount of 

solvents, which is demonstrated as a liquid-assisted grinding (LAG). Liquid-assisted 
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grinding accelerates the reaction of mechanochemical synthesis on the molecule 

level of mobility through the escalation of reactants. At the same time, features 

related to structure appears in the liquid. Recently, ion- and liquid assisted grinding 

(ILAG) technique shows high efficiency and widely used for the selective preparation 

of MOFs, in which both ions and solvent are used for the development of 

well-structured MOFs [73-75]. 

3.2. Diffusion approach 

In a well-defined diffusion method, there is a gradual interaction of different species 

such as: (i) In the method of solvent liquid diffusion, there is the formation of two 

layers having different densities in which one working as a precipitant solvent and the 

other one retain the product in the solvent. It is worth notable that they are divided by 

solvent layers. After gradual diffusion at the interface, the growth of crystals happens 

due to the contribution of solvents into the separate layer. (ii) Secondly, the 

progressive diffusion of reactants by diving the physical barrier, including two vials of 

different sizes. Sometimes, gels can have applied as diffusion and crystallization 

medium mainly to prevent the precipitation of bulk materials and reduce the diffusion 

space. To prepare a single crystal, which is useful for X-ray diffraction as an alternate 

to polycrystalline or non-crystalline materials are more expected to prepare through 

the diffusion approach when the prepared material is not much soluble [76-81]. 

3.3. Solvothermal approach 

In the solvothermal/hydrothermal method, the solubility of the precursor material 

leading to produce the desired product with proper self-assembly. This method is 
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widely used for the synthesis of metal oxides, zeolites, and MOFs. Ali et al. utilized 

the hydrothermal method for the preparation of inorganic/organic iron 

oxide-poly(methyl methacrylate-acrylic acid-divinylbenzene) 

(Fe3O4-P(MMA-AA-DVB)) Janus and raspberry type magnetic hybrid materials with 

tuneable surface functionalities [48, 50]. The prepared metal oxide/polymer hybrid 

material bears unique surface properties with amphiphilic nature and migrates to the 

oil-water surface. Hence, quickly separate the oil-water mixture by the action of the 

external magnetic field. The reaction mixture is sealed in the autoclave and kept for 

about 12 h and 260 °C followed by gradual cooling. It is imperative to seal the 

autoclave tightly before going for heat treatment to get a product in the desired shape 

with proper self-assembly.  

3.4. Electrochemical approach 

The electrochemical technique is widely used for the large-scale preparation of 

powder MOFs. As compared to the solvothermal method, the electrochemical method 

is beneficial in many ways as this method can be carried out at a low temperature, 

avoiding anions from salts such as nitrates and the reaction is swift. There are some 

limitations in the crystallization of MOFs by electrochemical technique because of the 

generation of the metal ion/metal cluster in situ near to the surface support, which 

may because of the decrease in the unfavourable gathering of crystals in the 

preparation of membrane. Furthermore, as compared to a solvothermal approach, 

the heating and cooling process in the electrochemical method is much important as 

this method complete at a reasonable temperature [82]. In the thermal growth 
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coefficient, the incompatibility between various support structures and MOFs leads to 

cracking, that is why the thermal expansion coefficient of MOFs is negative [83]. Also, 

compared to the hydro/solvothermal approach, the electrochemical method produces 

MOFs with fine-tuning because of the straightforward adjustment of signals and 

imposing voltage.  

3.5. Microwave approach 

The microwave approach is mostly used for the preparation of metals and metal oxide 

nanoparticles. In this process, microwaves are used to increase the temperature of 

the reaction mixture, which helps to produce nano-size MOFs. This method is much 

useful to produce crystalline MOFs with controlled particle size. Therefore, we can 

reduce the time for the MOFs synthesis for many operational uses. Besides the 

above-mentioned attributes, the microwave approach also useful to control the size 

and shape of the prepared MOFs [84, 85]. During the microwave approach, a suitable 

condition is needed for the evaporation of reaction sample, crystal development in a 

saturated solution, and the improvement of solubility with a change in temperature, 

which leads to the crystal appearance during the cooling time [86]. 

3.6. Sonochemistry approach 

Sonochemistry is the combined use of chemistry and high voltage ultrasound to a 

reaction medium to produce MOFs. During the sonochemistry process, if there 

nearby a solid surface, then cavitation and micro jet accompanied together, which 

increases the corrosion and the cleaning of the surface. In the sonochemistry 

technique, the homogeneous liquid chemical reaction takes place in the interfacial 
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cavity at intermediate temperature and pressure or in a bulk medium, where the share 

forces are very strong. With addition reaction, the formation of radicals, bond 

breaking, and the molecules establishment in the excited state can occur through 

reaction conditions and shear forces. Along with the initial compounds, the 

ultra-sonication process further improves solubility at the nanoscale organic synthesis. 

In the science of (MOFs), the main idea of Sonochemistry is to frame a quick design, 

energy-efficient, simple, environmentally friendly reaction conditions. It can be 

performed at room temperature, as is particular interest from the scientist and 

researchers for scaling up a quick reaction for the synthesis of MOFs [87, 88].  

4. Oil/water separation applications of metal-organic frameworks 

Oil/water separation is one of the emerging fields because of the increase in the 

production of emulsions and oily wastewater from different petroleum and 

petrochemical industries, [89-91]. Therefore, low cost, effective and 

environment-friendly materials exhibiting unique wettability properties are under more 

focused research for the separation of oil/water mixtures [92, 93]. Recently, the 

material with super wetting properties are widely reported for oil/water separation 

[94,96], such as modified meshes [97, 98], carbon nanotubes [99, 100], functionalized 

fabrics and textiles [101] hybrid materials for bio-membranes [102] and nanofibrous 

materials [103]. All these materials were fabricated for hydrophobic/oleophilic or 

hydrophilic/oleophobic surfaces. Generally, the oil/water separation efficiency of the 

prepared materials are dependent on the chemical composition, structure, and 

surface wettability [104]. Some elements with functional smart surfaces show 
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switchable wettability because of the outer response such as pH-responsive [105], 

light and solvent responsive [106], temperature, and electric field [107]. These 

materials with smart surfaces exhibit transition in surface wettability. However, to deal 

with these kinds of materials may be time-consuming and complex [108]. The 

intricate geometry and structural architectures of MOFs shows a wide range of 

applications [109-111]. The major drawback of MOFs is its poor stability. Especially, 

MOFs in an aqueous environment with binuclear SBUs are recognized in their 

practical application [112, 113]. A typical MOF named, HKUST-1 (Cu2(COO)4) 

paddlewheel centers shows more sensitivity to moisture [114, 115]. Many efforts and 

research work have been made to develop MOFs with improved moisture stability. As 

an example, the group leading by Jiang adopted a straightforward strategy to change 

the poly- (dimethylsiloxane) (PDMS) hydrophobicity on the HKUST-1 surface with 

improved moisture stability [116]. Another very fruitful effort made by Sun’s group in 

which they used pentiptycene-based carboxylate ligand in the construction of 

Cu-MOF (UPC-21), which resist water with high hydrophobicity [117]. However, 

looking at the past reported literature, there are very few examples of MOFs having 

strong stability against moisture. The data presented in this study will provide 

encouraging and creative information related to the structures (2D and 3D), wettability,  

and application for oil, water separation. Table 1 listed some of the effective MOFs, 

their formation, and oil/water separation applications. 

MOFs having hierarchal topology and well geometric shape with super and switching 

wettability are still challenging but still highly desirable for oil/water separation. The 
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design and synthesis of Polyacrylonitri le, a well-known nanofibrous membrane with 

UiO-66-NH2 MOFs using an easy and straightforward self-assembly approach 

leading to the formation of a super-hydrophilic membrane. As the prepared 

UiO-66-NH2 MOFs membrane contains amino and hydroxyl groups, which enable the 

membrane, more efficient to separate oil/water emulsions. It was found that the 

separation of oil/water emulsion carried out under 0.01 bar under gravity was about 

99%, with a high flux of about 2107 Lm-2h-1 [160]. The hydrophilicity and underwater 

oleophobicity of UiO-66-NH2 MOFs were remarkably improved due to the presence of 

both amino and carboxyl groups [118]. Furthermore, owing to the very small gaps 

between neighbouring UiO-66-NH2 MOFs and their underwater oleophobic features, 

it is difficult for the oil droplet from the emulsion to pass from the pores of the 

hydrophilic membrane. On the other side, water droplets can easily penetrate the 

UiO-66-NH2 MOFs membrane and improve the membrane flux. Hence, the 

construction of nanoscale fibrous UiO-66-NH2 MOFs membrane is a novel addition 

and shows excellent performance in the separation of oil/water mixtures. Fig. 6 

explains the complete synthesis of UiO-66-NH2 and their oil/water separation 

efficiency. 

Another robust and excellent MOF is a porous coordination Zeolite imidazole 

frameworks (ZIF) polymer having extraordinary flexibility and chemical stability. It can 

be used for hybridization, along with highly fluorinated graphene oxide (HFGO) [161]. 

Furthermore, the preparation of ZIF is straightforward and easy in well-designed 

nanoscale sizes while using different substrates. It can be used for fruitful 
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applications such as catalysis and separation [162]. ZIF-8 nanocrystals act as pillars 

in the in-situ form that position between the fluorinated layers of GO under control 

growth and through selective nucleation during the synthesis of liquid-phase 

nano-ZIF-8 (Fig. 7 a). The addition of ZIF-8 nanopillars between the layers of HFGO 

generates a hybrid structure with improved porosity [35]. Especially, the 

carbon-fluorine bond and low surface energy at the surface of graphene remarkably 

affects the surface wettability of the final HFGO@ZIF-8 and import excellent 

superhydrophobic and superoleophilic nature. As-prepared HFGO@ZIF-8 MOFs 

were checked for oil/water separation and the separation of other organic solvents 

with high efficiency (Fig. 7 b and c). Also, HFGO@ZIF-8 MOFs shows excellent 

recyclability, rapid absorption kinetics, and can quickly separate petroleum water 

emulsions [35]. The hybrid sample of HFGO@-ZIF-8 MOFs was designed and 

prepared by the HFGO exfoliated sheets, while chloroform was used as a solvent, 

where the prepared exfoliated sheets are the sources of host substrate for the growth 

and nucleation of ZIF-8 MOFs surface.  

Efficient oil/water separation needs novel and robust materials with requisite features. 

The amphiphilic nature of the material may show excellent results in the separation 

process. Copper-based MOFs UPC-29 having amphiphilic nature in a pentipycene 

structure effectively separate oil/water mixture such as naphtha/water, diesel/water, 

and gasoline/water [126]. Also, under the tight pressed and loosed packing from their 

hydrophobic and hydrophilic opposite phenomena, which highly improve the oil, water 

separation application of UPC-29 MOFs [122]. In the experimental process, UPC-29 
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was kept in water for about 8 hours, during this process right at the apical positions of 

the SBU paddlewheel, one of the DMF coordinated molecules was replaced by H2O 

molecule and produced UPC-29 MOFs. With the extension of soaking time for 

overnight, there were more replacement of coordinated DMF molecules by H2O and 

produced UPC-29′′. The whole conversion process from UPC-29 to UPC-29′ and then 

UPC-29′′ was confirmed by powder X-ray and single-crystal X-ray diffraction (Fig. 8 a).  

The completed detailed analysis of the structure of UPC-29 shows that all UPC-29, 

UPC-29′, and UPC-29′′ were formed in similar geometrical structures. Still, the 

smallest parallelogram exhibits different dimensions, and dihedral angles different 

(Fig. 8 c). The hydrophilic and hydrophobic characters of the prepared UPC-29 were 

evaluated through contact angle. In the loose-packed state, the observed water 

contact angle was noted about 178º, which indicates the very poor wettability of the 

MOFs materials (Fig. 8 d). Under the high pressure of about 10 MPa, the pressed 

pellet the water contact angle was observed about 118º (Fig. 8e). The contact angles 

are more significant than 90º, so the material shows more hydrophobic characters. In 

the loose-packed form, the larger water contact angle indicates that UPC-29 shows 

high surface roughness. On the other hand, the Wenzel equation explains that with 

an application of pressure is not unfavourable for hydrophobicity [163]. The material 

hydrophobicity was checked by the material in water and was found floating on the 

surface of the water for about 15 days (Fig. 8 f). Still, surprisingly, after oscillation, the 

UPC-29 sink in water (Fig. 8g) and the property said that the material is amphiphilic. 
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Looking to the amphiphilic nature of UPC-29 MOFs, the material was passed for 

oil/water separation tests, as explained in (Fig. 8 h and i).   

Steel mesh may be useful in the separation of oil-water mixtures because of their 

enhanced chemical stability, integrated operation, low cost, and environment-friendly 

nature and [95, 164, 165]. Meshes are available in two different wettabilities, i.e., 

hydrophobic (oil removing) and hydrophilic (water removing), which can be effectively 

used for oil/water separation [166-168]. Hydrophilic and underwater oleophobic 

meshes allow water to pass through and stop oil, but in the long run, the 

contamination of steel meshes by oil blocks the small pores of the mesh and causes a 

decrease in the separation of oil/water mixtures—causing the reduction of the mesh 

separation efficiency. The oil/water separation performance of steel meshes is 

affected through the surface wettability and its performance of oil resistance [169]. 

The oil resistance ability of the meshes can be improved through the regular chemical 

composition, its nanostructure surfaces engineering, and enhanced 

hydrophilicity/underwater oleophobicity or hydrophobicity/underwater oleophilicity. 

UiO-66-NH2 a well-known porous material, also called  Zr-based MOFs of 

ammoniated zirconium (IV) dicarboxylate shows high porosity, proper geometry, and 

enhanced hydrophilicity, high thermal stability, and improved chemical stability in 

comparison with other MOFs [170, 171]. The above mention properties make 

UiO-66-NH2 MOFs one the excellent candidate for the separation of oil/water 

emulsions. Meanwhile, GO a very popular two-dimensional material, exhibits extra 

hydrophilic characters because of their epoxy, carboxylic, and hydroxyl functional 
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groups, which can be successfully utilized for the separation of oil-water mixtures 

[172-175]. However, the parallel construction of GO and MOF on the surface of steel 

meshes with enhanced wettability and geometrical topology are not yet reported.  

Therefore, the decoration of negatively charged steel meshes surfaces with 

UiO-66-NH2 MOF nanoparticles through the NH2 amine functional group, followed by 

the addition of GO nanosheets on UiO-66-NH2 surface through hydrogen bonding 

between GO and UiO-66-NH2. The oil/water separation performance was specially 

improved by the addition of GO nanosheets [176]. Finally, stainless steel mesh 

decorated with UiO-66-NH2 and GO nanosheets in proper geometrical shape named 

(SSM-UiO-66-NH2-GO) was prepared. The prepared SSM-UiO-66-NH2-GO can 

effectively block oil droplets and captured water leading to enhanced separation (Fig. 

9a).  

Due to the proper hierarchical structure, the as-prepared SSM/UiO-66-NH2/GO 

shows super-hydrophilic/underwater super-oleophobic characters with high oil 

resistance ability and enhanced oil, water separation efficiency (Fig. 9b and c) [124]. 

The advantages of porous sorbents having hydrophobic and oleophilic characters are 

more prominent over simple booms, skimmers, solidifiers, in-situ combustion, or 

dispersants applied in removing for the remediation of the oil spill [177, 178]. There is 

low density, superhydrophobic, and highly porous MOFs, which can be used in the 

sewage treatment [145, 179-181]. Sponge made from melamine-formaldehyde is 

called Melamine sponge (MS). Melamine sponge is light, cheap, very easy in 

modification, and also readily available in the market, which can be used as an 
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excellent substrate for the preparation of different composites [182, 183]. The MOF 

known as (HPU-13) is reported as a well-engineered oleophilic in nature, highly water 

stable, and shows high adsorption capacity for Cr (VI) [184]. Taking advantage of 

oleophilic characters, PU-13 may be a good candidate for the separation of oil/water 

mixtures and can be integrated on to the effective substrate. By taking advantage of 

its great benefits, HPU-13 may be an ideal oil/water separation material to be 

integrated onto a substrate. But it is known that the surface of the melamine sponge 

lacks the required functional groups. Carboxymethyl cellulose sodium (CMC) was 

used to effectively wrap sponge’s branches generating a surface with carboxylic 

groups, in cooperation with a metal ion to firmly attach to HPU-13 MOF. Furthermore, 

in HPU-13, the partial Cu(I) must be oxidized to Cu(II) with a high coordination 

number and diversified coordination configurations. It can also increase the 

carboxylic group and the HPU-13 coordination possibility in the body of MS-CMC. 

During the calculation of the water contact angle, the water droplet stands on the 

surface of MS-CMC-HPU-13, and the noted value of water contact angle was about 

126.5° The prepared MS-CMC-HPU-13 composite, having hydrophobic characters 

must be a possible adsorbent, which effectively adsorbs oil from oil, water mixture. 

The reported oil adsorption capacity up to 100%, with excellent performance of oil, 

water separation [126]. Fig. 9 (d-h) explains the construction and separation 

efficiency of MS-CMC-HPU-13 composite MOF. 

It is worth mentioning that the preparation of under oil super hydrophilic surfaces is 

complicated because of the water high surface tension. Chinese yam (sarcocarps) 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



20 
 

can keep the water fresh for a long time. Sarcocarps was the source of inspiration for 

a researcher to design and prepare super hydrophilic MOFs that can easily capture 

moisture from the atmosphere. Therefore, sarcocarps were considered the proposed 

well-constructed building block having under oil hydrophilic characters, and the 

mussel-inspired synthetic method was utilized for the tight costing of HKUST-1 on the 

surface of stainless-steel meshes. Then, oxidative polymerization was used, and 

polydopamine (PDA) was successfully incorporated on the ESSM and prepared an 

ESSM@PDA. The whole synthetic procedure is mentioned in Fig 10 (a). After 

complete solvothermal treatment at 120 ºC for 12 hours, the ESSM@PDA was 

coated with HKUST-1, and a film ESSM@PDA@MOF was produced [129]. The 

prepared surface of HKUST-1@ESSM@PDA composite MOF showed excellent 

properties of self-cleaning in a crude oil underwater emulsion (Fig. 10).  

The high efficiency and on-demand oil, water separation of stable emulsions through 

selective adsorption and, respectively [129]. The adsorption of water in 

HKUST-1@SS-MS composite MOF could be further improved for the extra-wettability 

and another interfacial issue. Therefore, efforts were made to prepare GO hydrogel 

reduced MOFs in a single step in less than one-hour time with crosslinking through 

metal ion and synergistic chemical reduction effect [36]. The prepared 

MOFs@reduced GO hydrogel possesses high porosity and application. As prepared 

sheets contain binding moieties for the decoration of the MOFs on the wall of GO. 

During the process of GO chemical reduction, the carboxyl and hydroxyl are removed, 

which push the graphene oxide self-assembly due to the enhanced π–π orderly 
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interactions. Furthermore, the ultrasonic system was used for the addition of ZIF -8 as 

a source of Zn2+ ion into the MOFs@reduced GO hydrogel.  

A strong coordinate covalent bond formed between free Zn2+ centers and 

oxygen-containing hydroxyl, carboxyl, and epoxy groups of GO and was supported by 

strong electrostatic interaction leading to the fast self-assembly and GO nanosheets 

linkers agglomeration. The cumulative effects of crosslinking agents and chemical 

reduction would significantly improve the reduction in reaction time and the process of 

assembly. It is worth mentioning that compared to simply reduced rGA aerogel, the 

mechanical of ZIF-8/ rGA is for better with excellent oil absorption capacity, which 

gives a new application to the prepared ZIF-8@rGO aerogel. Furthermore, with oil 

absorption, ZIF-8@rGO aerogel displayed excellent photocatalytic degradation of 

dyes because of the high porosity and surface area [36]. The high adsorption and 

recycling capacity of ZIF-8@rGO aerogel to separate oil-water mixtures and other 

organic solvents may be the effective reclamation of water resources and the 

remediation of other heavy metals and toxic dyes and pollutants (Fig. 11). The 

reported technique can be extended for the preparation of different kinds of MOFs or 

metal oxide aerogels such as Fe3O4/GA with a high magnetic domain and 

remediation of organic pollutants and reusability applications. The operated surface 

wettability of different MOFs can be divided into board categories, i.e., i) incorporation 

protocol [1, 123, 185], which is the pre-functionalization of the hydrophobic linker as 

one of the critical components of MOFs. Here the required affinity between host 

framework and the targeted guests can import to porous MOFs material with intrinsic 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



22 
 

crystallinity [186, 187]. Ii) Post-modification technique [188, 189], which can be 

prepared by the combination of MOFs and superhydrophobic components. This kind 

of research is very encouraging for the students and academicians as most of the 

hierarchical MOFs membrane with constant wettability characters and smart surfaces 

for the separation of oil/water mixtures, and other targeted guest’s remediation. There 

is an excellent addition to the family of materials having switching wettability in the 

form of Cu(OH)2@ZIF-8 core/shell nanowire membrane having a high-flux separation 

of oil/water mixtures and the removal of heavy metal ions in a single attempt [98]. 

Copper mesh is one of the excellent porous material, which is commercially available, 

mechanically reliable, as well as low low-cost, and scientifically one of the selected 

nanostructured for the sustainable separation applications [154, 190].  

For high stability, superhydrophobicity, and straightforward preparation procedure, 

ZIF-8 was selected as one of the suitable candidate MOF [128]. The prepared 

Cu(OH)2@ZIF-8 nanowire membrane with a core-shell structure exhibits a large 

water contact angle of about 153, and the water slide angle is less than 9°, with 

extraordinary flux rate of about 4800 L m–2 h–1 to separate water/petroleum ether 

mixture. Furthermore, the hydrophobic smart surface can be switch to underwater 

superoleophobic after the prewetting in combination with dichloromethane (DCM)) 

WCA of about 155° and oil underwater SA less than 5°. Due to excellent switching 

wettability, the separation efficiency of as-prepared Cu(OH)2@ZIF-8 core/shell 

nanowire array membranes is about 97.2 % for both water and oil in stable oil/water 

mixtures as explained in Fig. 11(f and g). Moreover, Cu(OH)2@ZIF-8 core/shell 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



23 
 

nanowire membranes are also very useful in the removal of Cr3+ ions up to 99.2 % at 

10 ppb in a very short time [96]. Based on the concept of double scale roughness, an 

effort was made through the vertical wrapping of copper mesh with a microphone like 

a novel Cu-CAT-1 microstructure named as a CCMOF. Cu-CAT-1 is one of the 

available MOFs with a highly porous surface, high stability, and super hydrophilicity 

[191, 192]. The exceptionally smooth surface with high mechanical stability and 

corrosion resistance (Fig. 12a) followed by the growth of Cu(OH)2 nanowires on the 

surface of pristine Cu mesh (Fig. 12b and d). The development of Cu-CAT-1 

nanorods having microphone like hierarchy via the novel solvothermal method (Fig. 

12 c and e) under the proposed local concentration effect. The calculated water 

contact angle for copper mesh is 118.9° in the start and then decreased to 110° 

shows that copper mesh is hydrophobic and was further reduced to 11.5° after the 

surface was fabricated with Cu(OH)2. This changed the material from hydrophobic to 

hydrophilic. But CCMOF shows a 0° contact angle within 0.24 seconds (Fig. 12e), 

which indicates a very high-water affinity. Looking at the super hydrophilicity of the 

prepared CCMOF, the water-absorbing capacity were noted about 62.3%, which is 

about 183% more than pristine copper mesh (22.3%) [136]. The development of 

Cu(OH)2 nanowires may be beneficial for the separation of water from emulsions. Still,  

there is no enough stability in the layers of water, and the tendency is very high for the 

water to escape easily from Cu/Cu(OH)2. In comparison, the water-absorbing 

capacity of CCMOF is very high with high stability due to the double scale roughness 

and hierarchical structure (Fig. 12f-i). 
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A new class of zirconium-based hydrophilic MOFs (UIO-66) with a highly porous 

surface and chemical stability were prepared to show high efficiency in the treatment 

of oily wastewater and oil/water separation [103, 170]. Furthermore, the mode of 

hybridization of MOFs materials with suitable compounds, such as graphene or the 

derivatives of graphene, may a suitable solution to solve the problem of hydrophobic 

UIO-66 MOF preparation [193, 194]. The UiO-66 MOF and graphene integration form 

a well-designed porous superhydrophobic UiO-66@graphene (G) hybrid MOF, which 

shows high chemical and physical stability [35].  

UiO-66-F4@G exhibits extremely high hydrophobic and super-oleophilic properties 

with excellent oil/water separation applications [143]. Two kinds of hybrid MOFs, i.e., 

UiO-66-F4@rGO/melamine sponge and UiO-66-F4@rGO/filter paper were designed 

and fabricated via a simple dip-coating method. The interfacial adhesion was 

improved by hydroxyl-fluoropolysiloxane (FPSO) as a bridging source to connect 

through crosslinking the UIO-66-F4@rGO and substrates material. Therefore, the 

collective superhydrophobicity and micro-nano hierarchical effect of the prepared 

stable and robust UiO-66-F4@rGO hybrid MOF shows excellent oil, water separation, 

and adsorption applications. Furthermore, UIO-66-F4@rGO hybrid material shows a 

high level of stability to high or low temperature, physical damage, and acidic or basic 

solutions and maintains its original super-hydrophobic/super-oleophilic characters. 

Fig 13 explains the synthetic route of UiO-66-F4@rGO composites, their wettability, 

and potential applications for the separation of oil/water mixtures under harsh 

environmental conditions. 
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5. Challenges and pilot-scale up-gradation 

Due to the very rapid economic development leading to the increasing demand for 

organic solvents and oil, as they are of the direct sources of energy and also the 

source for the raw materials used in the production, many useful materials, fuels, and 

petrochemicals. However, with many applications crude oil and petroleum-based 

petrochemicals, there are many environmental and instrumental problems related to 

the production of crude petroleum in the form of emulsions, and also other oil 

pollutants arise from the spillage of oil and other solvents. As these emulsions and 

organic solvents are difficult to decompose both physically and biologically in the 

external environment, therefore these are creating severe environmental problems in 

animals, plants, and human beings. The separation of oil/water emulsion while using 

materials with smart surfaces and robust wettability’s are believed to the optimal 

approach under low cost concerning its economy and operations. Looking at these 

situations, it seems essential to have will documented progress at a high level in the 

unreported separation processes. In the proceedings of MOFs with both molecular 

organic and inorganic reactivity to fabricate chemically active sites either within the 

backbone of MOF for effective separation activities. MOFs are facing the problem of 

its both mechanical and thermal stabilities due to the adsorption of oil content in the 

pores at the MOF surfaces.  

The introduction of MOF into the family of smart materials with special and switching 

wettability may be promising. MOFs materials with proper hierarchy and engineered 

topology in their structure are reported with acceleration for the separation of oil/water 
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mixtures. Literature is missing to separate stable emulsion of thick crude oil and water,  

which is the major reported problem in the exploration and production of the 

petroleum industry. More focused research work needed to design projects and 

implement strategies for the fabrication of MOFs with super and switching wettability’s,  

high level of thermal, mechanical and chemical stabilities to be employed for the 

destabilization of stable crude oil and water emulsions. Furthermore, there are many 

approaches, which are actively practiced in laboratories and need to be upgraded to 

pilot scale for large-scale commercial production. The need to follow the standard 

operating condition with high accuracy and efficiency under different conditions. 

Therefore, variation in the production strategies, accuracy, and reproducibility for the 

robust MOF material with multiple functionalities is the significant concerns that 

should be kept focused under consideration to improve further the separation of oil, 

water mixtures in the available resources.  

6. Conclusions and future perspectives 

The sustainable mitigation of environmental pollution at low energy footprint and 

fostering to improve the strategies to address the relevant industrial demand for the 

separation of oil/water mixtures will pave a comprehensive idea for the scientific 

community. MOFs with smart, responsive surfaces and switching wettability have 

been used for separation applications due to their adjustable pore size and high 

compatibility. Notably, bare MOFs need to be improved in their stability with high 

porosity and wettability. Different synthetic strategies such as self-assembly, 

electrospinning, anti-diffusion, sonochemistry, and interfacial polymerization are 
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widely practiced methods. But the full range oil-water separation applications of 

MOFs and other nanocomposites to generate new functional material can be 

improved to a full breath due to the present advantages of MOFs. Therefore, focused 

consideration should be made in the construction of MOF composites with a high 

level of sustainable separation application and reusability.  

It is realized that the fine-tuning of MOF materials with adjustable pore size and pore 

chemistry for the targeted separation is one of the cornerstones and prime demand. 

Further, the chemical, thermal, and mechanical stability with improving reusability 

may show far-reaching impacts in the practical implementation of MOFs as a 

separating material. Therefore, the consistent stability of MOFs material for the 

targeted separation under controlled reaction and environmental conditions is 

required. After a comprehensive literature survey, it was noted that MOF material 

needs proper pore functionalization. More rational and tailored pore size with optimal 

dimensions will effectively leverage sustainable applications.  

Regardless of the challenges, it should be a clear vision that the design and synthesis 

of MOF materials in a different hierarchy with precision, sequences, and synergism 

for the targeted applications of oil, water separation need to be continued in the 

coming years. For the application of MOF composites having super wettability and 

smart surfaces for the separation of oil/water mixtures, wastewater treatment, and 

water regeneration, the first need is the stability of MOFs. Secondly, the large-scale 

low cost and environment-friendly production is a challenge for future studies. In 

summary, there is a long way to use MOFs and MOF composites on large-scale 
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oil/water separation applications and it is expected that further research efforts will 

increase the prospective of MOFs towards practical implementation. 
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Scheme and Figures Captions 

Scheme 1. Applications of Metal-organic framework MOFs. 

Fig. 1. Different organic functional groups based on their structure and chemical 

properties. 

Fig. 2. Possible construction mechanism of Metal-organic framework MOFs. 

Fig. 3. (a) Superhydrophilic and superhydrophobic wettability, (b) Young’s model for 

water and oil droplets, and (c) Oil droplet on the smooth and structured surface. 

Fig. 4. Explanation of the construction components of functional MOFs. 

Fig. 5. Illustration of different methods for the preparation of MOFs. 

Fig. 6. (a) Schematic explanation of composite nanofibrous membrane (CNFM) 

preparation, (b) The obtained permeate flux of CNFM and PANM, (c) flux rejection 

ration, (d and e) CNFM-0.2 penetrates and rejection ratio corresponding to a different 

surfactant ratio [118]. 

Fig 7. (a) Explanation of the formation concept and structure of highly fluorinated 

graphene oxide@ zeolite imidazole framework  (HFGO@ZIF-8), (b) separation of oil 

from emulsion with ZIF-8, and the HFGO@ZIF-8 hybrids and (C) oil separation 

HFGO@ZIF-8@sponge [35]. 

Fig. 8. (a) Metal ion coordination mode in pentiptycene-based copper UPC-29. (b) 

different π···π stacking, (c) cluster of Cu (II) dinuclear paddlewheel in UPC-29, 

UPC-29′, and UPC-29′′, (d) left image of water and right (oil) droplets on the 
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loose-packed surface of loose-packed crystals with a water contact angle of 178, (e) 

Image of a water droplet on the surface, (f) UPC-29 image floating on the water 

surface, (g) after oscillation UPC-29 image sinking in water, (h). Photographs of 

diesel/water separation while loose-packed before and after and (i) in case of 

tight-packed UPC-29 MOFs [122]. 

Fig. 9. (a) Synthetic procedure of stainless steel mesh SSM@UiO-66-NH2 and 

SSM@UiO-66-NH2/GO, (b) wettability of SSM@UiO-66-NH2/GO and (c) oil-water 

separation applications [124]. (d) Fabrication scheme for hyperbranched 

polyurethane HPU-13 coated melamine sponge, (e) the porous structure, triangular 

micro-pore (red arrow) and hexagonal micro-pore of HPU-13 (green arrow) [126]. 

Fig. 10 (a) Schematic preparation of a (HKUST-1@stainless steel@polydopamine) 

HKUST-1@ESSM@PDA, (b and c) SEM images, (d) wettability and (e) images of 

oil-water emulsions before (left) and after (right) separation using 

ESSM@PDA@MOF [129]. 

Fig. 11. (a) The self-assembly mechanism in preparation of zeolite imidazole 

framework@ graphene oxides (ZIF-8/rGO) composite hydrogels from ZIF-8 and rGO 

nanoparticles, (b and c) images of water drops on the surfaces of simple GA and 

ZIF-8/rGA aerogel and (d) the adsorption of hexadecane (oil-red) from the surface 

water by ZIF-8/rGA [36], (e) Schematic preparation of Cu(OH)2@ZIF-8 core/shell 

copper mesh and (f) switching wettability of Cu(OH)2@ ZIF-8 core/shell nanowire 

membrane and (g) Separation application of Cu(OH)2@ZIF-8 core/shell nanowire for 

different oils [98]. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



61 
 

Fig. 12. (a) Diagram of Cu mesh, (b, d) Cu/Cu(OH)2, (c, e) CCMOF, (f) in air WCA of 

the Cu mesh, Cu/Cu(OH)2 and CCMOF, (g) percentage water absorption capacity of 

Cu mesh, Cu/Cu(OH)2 and CCMOF, (h) Explanation of water-capturing ability of 

Cu/Cu(OH)2 and CCMOF and (i) Separation for different oil/water mixtures [136]. 

Fig. 13. (a) Shematic illustration of the fabrication procedure of UIO-66-F4@rGO 

hybrids, and UIO-66-F4@rGO/FP and their water-in-oil separation for various 

water-in-oil emulsions [143]. 
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Table 1 listed some of the effective MOFs, their formation, and oil-water separation 

applications. 

MOF type Central 

Metal  

Ligands Wettability/Co

ntact angle (o) 

Emulsion 

type 

Separati

on (%) 

Reference 

UiO-66 Zr 1,4-Benzene 

dicarboxylate 

Hydrophilic Diesel/ 

water 

99 [118] 

Sponge@H

FGO@ZIF

8 

Zn highly fluorinated 

graphene oxide 

(HFGO) 

Super-hydroph

obic 

Hexane/ water  [35] 

UiO-67, 

UiO-68 

 Biphenyl-4,4-dicarbox

ylate,1,4-Di(4-carboxy

phenyl) benzene 

Hydrophilic Cyclohexane/

water 

99.99 [119] 

ZIF-90 Zn midazolate-2-carboxy 

aldehyde 

Super 

hydrophobic/1

50° 

Oil/water  [120] 

NMOF-1 Zn dialkoxyoctadecyl-olig

o-(pphenylene 

ethynylene) 

dicarboxylate 

Super 

hydrophobic/ 

160-162° 

  [121] 

UPC-29 Cu Pentiptycene 

carboxylate 

Amphiphilic/11

8° 

Diesel/water 95 [122] 

S-MIL-101(

Cr) 

Cr Octadecylamine Super 

hydrophobic/ 

150° 

Toluene/water 99.55 [94] 

UHMOF-10

0 

 hexafluorinated 

dicarboxylate linker 

aimed 

Super-hydroph

obic/ 176° 

Toluene/water 90 [123] 

UiO-66- 

NH2/GO 

Zr  super-hydrophi

lic/82° 

Diesel/water, 

Hexane/ water 

99.9 [124] 

PUM 210 Zn   PAH/water  [125] 

MS-CMC-H

PU-13 

Cu  Hydrophobic/ 

26.1–127.1° 

Diesel/water  [126] 

ZNM-SSM-

500 

Zn Imidazolate Super-hydroph

obic 140° 

Hexane/ water 99.8 [127] 
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ZNM-SSM-

2000 

Zn imidazolate Super-hydroph

obic 152.5° 

Hexane/ water 99.95 

ZFCM-1 Zn Polymethylphenylsilox

ane 

Hydrophilic/ 

105.5° 

Toluene/water 99.9 [128] 

ESSM@P

DA@MOF 

 polydopamine (PDA) Hydrophilic/ 

60-100° 

gasoline 99.9 [129] 

MFI-type 

zeolite 

  Hydrophobic/1

36.8° to 163.5° 

Hexane/ water 99 [130] 

FPUH-Ni Ni polyvinylidene fluoride 

(PVDF), polyurethane 

(UPU)/silica 

Superhydroph

obic/ 153.6° 

Toluene/water 99.7 [131] 

MS@Co-ZI

F-L 

Co  Superhydroph

obic/ 163° 

Hexane/ water  99.2 [132] 

ZIF-8 

MOF/GO  

Zn Graphene oxide Hydrophobic/1

20° 

Hexane/ water 99 [36] 

PIM-1 

-UiO-66-N

H2 

Zr 5,5′,6,6′ 

tetrahydroxyl-3,3,3′,3′-

tetramethyl-1,10-spiro

bisindance/ 

1,4-dicyanotetrafluoro

benzene (DCTB) 

Hydrophilic 

/79° 

 93 [133] 

Cu(OH)2@

ZIF-8 

Zn  Hydrophobic/1

55° 

Diesel/water 99.2 [96] 

ZIF-8-MS Zn Methyl imidazole Hydrophobic/1

20° 

Chloroform/wa

ter 

 [134] 

CuM/MOF/

Thiol- CuF 

/MOF/Thiol 

Cu Dimethyl formamide Hydrophobic/1

25° 

Hexane/ water 99.5 [135] 

Cu-CAT-1 Cu  Hydrophobic/1

18.1° 

Diesel/water  [136] 

CuBDC Cu benzenedicarboxylate Hydrophobic/ 

146° 

Toluene/water 99.95 [137] 

TiO2/PAN-

Si 

Ti 3-Aminopropyl) 

triethoxysilane 

Hydrophobic/ 

155° 

 99.99 [138] 
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UiO-66-coa

ted mesh  

Zr 1,4-Benzene 

dicarboxylate 

Hydrophilic / 

25° 

Cyclohexane/

water 

99.99 [139] 

NS‐CuBDC Cu Benzene 

dicarboxylate 

Amphiphilic   [140] 

HKUST-1 Cu Benzene-1,3,5-tricarb

oxylic acid 

Hydrophobic Bean oil/water 95 [41] 

MR/CNFs–

PDMS 

 carbon-nanofiber-reinf

orced 

polydimethylsiloxane 

Hydrophobic/ 

158° 

Gasoline/water

, diesel/water, 

lubricating 

oil/water 

99 [142] 

UIO-66-F4

@rGO/FP 

Zr 1,4-Benzene 

dicarboxylate 

Hydrophobic/ 

163° 

Crude 

oil/water, 

Diesel/water, 

Hexane/water, 

99 

89 

86 

[143] 

UiO-66-NH

2@PAA 

Zr 2-amino terephthalic 

acid 

Hydrophobic/1

60° 

 99.9 [144] 

MF-ZIF-8 

sponge 

 Melamine 

formaldehyde 

Hydrophobic/ 

140° 

Toluene/water 94.51 [35] 

(ZF-8@CM

s 

  Hydrophobic/ 

105.5° 

Cyclohexane/

water 

99.95 [145] 

NH2-UiO-6

6 

Zr  Hydrophobic/ 

161 ° 

Toluene/water  [146] 

MPN/MOF 

(TTN/ZIF/ 

TTN/PVDF

) 

Ti Poly(vinylidene 

fluoride) (PVDF) , 

poly(ether sulfone) 

(PES), poly- 

(tetrafluoroethylene) 

(PTFE), 

Hydrophilic/ 

21° 

Pump oil/water 99.4 [147] 

TiO2@h-P

PS 

Ti Poly(phenylene 

sulfide) 

Hydrophilic  98 [148] 

ZIF-L Zn 2-methylimidazole Hydrophobic 

/150° 

Hexane/water 99 [149] 

MIL-101 

nanoporou

s graphene 

  Hydrophobic 

 

Crude oil/water  [150] 

TMU-5 Zn Polyethersulfone Hydrophilic/70°  98 [151] 
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HKUST-1, 

and ZnBT 

Cu Poly dimethysiloxane 

(PDMS) 

Hydrophobic 

 

 100 [116] 

UPC-21 Cu Pentiptycene-based 

organic ligand 

Hydrophobic 

/145° 

Hexane/water, 

gasoline/water 

Crudeoil/water 

 [117] 

FMOF-1/ 

FMOF-2 

  Hydrophobic 

 

  [152] 

ZIF‐8/CN Zn  Hydrophobic 

135° 

Decane/water 58 [153] 

NiO/Ni(OH)

2 

Ni  Hydrophilic/ 

OCA (>150°) 

Hexane/water 100 [154] 

BTTMs Ti Poly (vinylidene 

difluoride 

Hydrophilic/ 

88.5° 

light 

oil/water 

92 [155] 

Cu-HDT Cu 1-hexadecanethiol Hydrophobic 

125° 

Diesel oil/water 98 [156] 

PVDF/TPTi  poly(vinylidene 

fluoride) 

Hydrophilic/ 

95° 

Decane/water  [157] 

PLA/γ-Fe2

O3 

Fe polylactide (PLA) Hydrophobic 

148° 

Hexane/water  [158] 

ZIF-90 

membrane 

 Zeolite imidazole Hydrophobic 

148° 

Hexane/water 99.98 [120] 

PF@PDA

@TiO2 

 polydopamine Hydrophobic 

156° 

Diesel oil/water 99 [159] 
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Highlights 

 Anthropogenic activities are the main reason for the oil spill in water matrices 

 Metal-organic frameworks-based approach is robust for the separation of oil-water 

mixtures 

 Industrialized and developing countries substantiated the need for sustainable programs 

 Factors affecting the separation of oil-water mixtures are discussed 
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