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Carbon materials as oil sorbent: A review on synthesis and 

performance 

Shivam Gupta and Nyan-Hwa Tai ⃰ 

The oil spill accidents have attracted scientists across the world to develop an immediate clean up technology because the 

spilled oil significantly affects the ecological and environmental system. Superhydrophobic and superoleophilic materials 

have shown potential application in the field of oil spill cleanup due to their outstanding absorption capabilities, high 

selectivity, chemical inertness and excellent recyclability. In this regard, carbon-based absorbents have been considered to 

be the best candidate as they possess high surface area, low density, excellent mechanical properties, good chemical 

stability, environmental friendliness and large pore volume. Carbon aerogels, graphene or carbon nanotubes (CNTs) 

coated sponges, carbon nanotube forests, graphene foams or sponges, carbon coatings, activated carbon, porous carbon 

nanoparticles and carbon fibers have been widely investigated for water filtration, water/oil separation, oil-spill cleanup, 

wastewater treatment, gas separation and purification. In this paper, the synthesis, applications and reusability of these 

carbon-based absorbents have been reviewed and their performance are compared. 

Introduction 

During the past few decades, there have been many oil spill 

accidents during extraction, transportation and storage of oil. 

Most of the oil spill accidents occurred in the sea as most the 

oil transportation is done through the sea. In a massive oil spill 

accident in the Gulf of Mexico in 2010, approximately 4.9 

million barrels oil spilled which outstripped the estimated 3.3 

million barrels spilled into the Bay of Campeche by the 

Mexican rig Ixtoc I in 1979, previously believed to be the 

world’s largest oil spill accident. This accident mostly impacted 

the marine species and seagrasses. Out of 322 species, 53 

species were threatened and 29 were nearly threatened, 

including 16 species of sharks, and eight corals.
1 

On December 

2014, around 3000 barrels of oil spilled into the waters of the 

world famous Sundarbans nature reserve in Bangladesh after a 

collision between a tanker and another vessel. The oil spill 

blackened the shoreline, threatening trees, killing large 

numbers of sea birds, small fishes, dolphins and mammals 

because of its poisonous chemical constituents. In July 2015, 

on the beach of Kinmen County of Fujian province, a large 

black viscous oil patch was found with a total length of 

approximately one kilometre, as shown in Fig. 1. After primary 

investigation, it was concluded that the oil leaked from a ship 

and was immediately cleaned-up to protect the environmental 

and ecological system. 

The oil spill in the sea is more dangerous than that on land as 

most of the oils floats on the sea surface and spreads over 

wide areas by waves and wind so a rapid removal of spilled oil 

is required in order to prevent oil diffusion into a larger area. It 

can cause wide ranging environmental impacts such as 

physical damage to wildlife and their habitats, chemical 

toxicity, ecological changes and consequent elimination of rare 

species.
3
 The cleanup operations of oil spill greatly reduced the 

environmental loss and highly improved the economic 

resources of that area.
4
 Not only the oil spill accidents, but also 

the oil in industrial waste water is a problem for the 

ecosystem, which need to be solved. 

To address these environmental issues arising because of oil 

spills, organic pollutants and industrial oily waste water, there 

are three different methods for oil spill cleanup, viz., 

mechanical
5
, chemical, and biological

6
. Generally, mechanical 

cleanup is the primary line of defense against oil spills. A 

typical mechanical cleanup system includes skimmers, booms, 

barriers and natural as well as synthetic sorbents. Chemical 

cleanup includes in situ burning
7
, the use of solidifiers and 

chemical dispersants
8
. Chemical dispersents help to break the 

slick of oil into droplets, which makes it easier for the oil to mix 

with water, and finally speed up its natural biodegradation. 

Biological methods or bioremediation involves bioremediation 

agents which make use of micro-organisms to alter, transfer 

and breakdown hydrocarbons of oil into other substances, 

such as fatty acids, carbonic gas and water.
9-11

 Among these 

techniques, absorbent materials are considered to be one of 

the most effective approach because of their low production 

cost, easy fabrication, high selectivity, environmental 

friendliness and good recyclability. In this regard, the solid with 

surface possessing both superhydrobhobicity (water contact 

angle (CA) greater than 150°) and superoleophilicity (oil 

contact angle less than 5°) are promising candidate because of 
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its capacity of selective absorption of oils or organic solvents 

while repelling water completely.
12,13

 Although many natural 

absorbent materials, including sawdust,
14

 wool fiber,
15

 and 

zeolite
16

 have been widely used for the separation and 

removal of organics or oil from water due to their porous 

structures and high surface area, but these materials possess 

some major drawbacks such as low absorption capacities, poor 

recyclability and selectivity as they absorb both the water and 

the oil. Thus there is a growing demand to develop new porous 

materials and adsorbents with high absorption capacity, good 

selectivity, and environment-friendly properties. With these 

properties, they can be used to absorb, remove and transfer 

oil and organic pollutants from water. In 1964, Johnson and 

Dettre first studied the phenomenon of superhydrophobicity 

by using rough hydrophobic surfaces.
17

 In 1996, Kao 

Corporation also demonstrated artificial superhydrophobic 

surfaces using the material with fractal surface made of 

alkylketene dimer.
18

 After that, many different techniques 

have been reported to produce rough surfaces with 

superhydrophobicity. In recent years, numerous of oil sorbent 

materials such as organic-inorganic hybrid,
19-21

 crosslinked 

polymers and resins,
22-25

 fibers,
26

 polymer gels,
27,28 

nanocomposites,
29,30

 silicas
31

 and carbon-based materials
32-36 

etc. have been developed extensively. Among these, carbon 

materials have been considered as the most suitable 

candidates for superhydrophobic and superoleophilic surfaces 

due to their high oil uptake capacity and environmental 

acceptability. 

Theoretical aspect for superhydrophobic and superoleophilic 

surfaces: 

The water contact angle (CA) θ was used to measure the 

wettability of a flat surface, which is depending on the solid-

vapour, solid-liquid, and liquid-vapour surface tensions, and 

can be expressed by the Young’s equation 

cos � = 	
��	 −	���

��	

 

 where γSV, γSL and γLV  are the interfacial tensions between 

solid and vapour, solid and liquid, and liquid and vapour, 

respectively, as shown in Fig. 2. Depending on the value of the 

contact angle, surface properties are determined as 

hydrophilic, hydrophobic and superhydrophobic. If the water 

contact angle (θ) is less than 90°, the surface is described as 

hydrophilic, if θ is between 90° and 150° then hydrophobic and 

if θ is above 150°, the surface is described as 

superhydrophobic. 

The wettability of solid surfaces depends upon the topography 

and the chemical composition of the surface.
37

 Butterfly 

wings
38

 and lotus leaves
39

 are fine examples of natural 

hydrobhobic materials. The artificial hydrobhobic surfaces can 

be created by introducing roughness (micro or nanoscale 

asperities) and low surface energy materials.
40-42

 For rough, 

hydrophobic surfaces, there are two possible states of wetting: 

(i) the droplet can skip between the peaks of roughness (the 

Wenzel state)
43

 and in complete contact with the solid 

surfaces i.e. homogeneous wetting, as shown in Fig. 3a, (ii) the 

droplet can suspend on the top of the asperities (the Cassie–

Baxter state)
44

 and the air was trapped in between the 

asperities i.e. heterogeneous wetting, as shown in Fig. 3b. The 

surface energy plays an important role in both the cases. The 

relationship of water contact angle on rough surface (θrough) 

and flat surface (θflat) for homogeneous and heterogeneous 

wettings are described by the Wenzel and the Cassie–Baxter 

equations, respectively. These two equations are listed as 

follows: 

Wenzel’s equation                  

cos ��
��� = � cos �����  

Cassie–Baxter’s equation 

 								cos ��
��� = 	�� cos ����� − (1 −	��) 

where r is the roughness factor, defined as the ratio of the 

actual surface area to the geometrical one, and �s is the area 

fraction of the solid surface that contacts water. Both the 

theories pointed out that a rough surface is essential for 

enhancing hydrophobicity and they are commonly used to 

explain the wetting behaviour on rough hydrophobic surfaces. 

Carbon as a superhydrophobic and 

superoleophilic material: 

An ideal sorbent material must have high porosity, large 

specific surface area, high selectivity, chemical inertness and 

excellent recyclability. Micro porous polymers
45-47

 have been 

used as sorbent material, but they take long time for 

degradation so cost environmental and ecological risk. In 

addition, they have brittle mechanical properties and relatively 

long and complicate preparation method. Superhydrophobic 

carbon-based materials can be produced by various 

methods.
48

 High surface area, low density, excellent flexibility, 

good chemical stability, environmental friendliness and large 

pore volume of carbon materials make them suitable 

candidates for water filtration, water/oil separation, oil spill 

cleanup, wastewater treatment, gas separation and 

purification.
49

 Carbon aerogels, carbon nanotube forests, 

graphene foams or sponges, carbon coatings, activated 

carbon, porous carbon nanoparticles and carbon fibers have 

been widely used as sorbents owing to their excellent oil 

absorption capacity and reusability. The absorption capacity of 

the materials are defined as 

������ !�"	#$�$#! % =	
&� − &'

&'

 

where, ma and md are the weights of the material after and 

before absorption, respectively.  

Carbon nanotubes-based sorbent: 

Carbon nanotubes have been demonstrated to have potential 

application in the fields of oil-water separation and gas 

adsorption, with a number of advantages, including stronger 

mechanical properties, rapid sorption rates, high sorbent 

capacity and engineered surface chemistry.
50-57

 Various 

techniques have been reported to synthesize carbon 

nanotubes such as arc discharge,
58

 laser ablation,
59

 pyrolysis,
60

 

electrochemical methods
61

 and chemical vapour 

deposition
62,63

 etc. Sun et al.
64

 reported p-phenylenediamine 

modified carbon nanotubes (P-CNTs) synthesized by 
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diazotization reaction. The functionalization of CNTs by p-

phenylenediamine was done to increase surface roughness 

and lower its surface free energy by the introduction of 

organic molecules.  The P-CNTs showed rough and incompact 

morphology with high mesopore ratio, and the pore volume 

and mesopore volume were calculated to be 0.65 and 0.64 cm
3
 

g
-1

, respectively. Brunauer–Emmett–Teller (BET) surface area 

was measured to be 285 m
2
 g

-1
. The P-CNTs showed good 

hydrophobicity with water contact angle of 140.8°. The 

maximum absorption of the P-CNTs for oil and organic solvent 

was 3 to 12 times their own weight while repelling water 

completely. The absorbed oil and organic solvent can be 

recollected simply by heat treatment or solvent washing. The 

P-CNTs sorbent can be reused several times but the absorption 

capacity decreased a little after every use because of the 

residual oil and organic solvent which cannot be removed 

completely during heat treatment or solvent washing. 

Gui et al. fabricated carbon nanotube sponge
65

 and magnetic 

CNT sponge
66

 by chemical vapour deposition (CVD) using 

ferrocene and dichlorobenzene. The CNT sponges showed 

highly interconnected, porous three-dimensional framework, 

as shown in Fig. 4a and b. The pore sizes of the sponges were  

ranged from several nanometres to a few micrometres. The 

sponges have excellent mechanical properties such as large 

strain deformation with almost full volume recovery and 

resistance to structural fatigue under cyclic stress conditions in 

oils, as shown in Fig. 4c and d. The sponge also exhibits 

excellent chemical stability in the air as well as oil and organic 

solvent with pH values ranging from 1-13. Under atmospheric 

conditions, the magnetic CNTs sponge can retain its 

hydrophobicity at least for one year. The CNT sponge and 

magnetic CNT sponge possessed hydrobhobic properties with 

water contact angle of 156° and 140°, respectively. The density 

of carbon nanotube sponge and magnetic carbon nanotube 

sponge was measured to be 5-10 mg cm
-3

 and 15 mg cm
-3

, 

respectively. The absorption capacity of magnetic sponge and 

CNT sponge ranged from 49-56 and 80-180 times its own 

weight for different oils and organic solvents, respectively.  

The high absorption capacity of carbon nanotube sponge 

compared with magnetic carbon nanotube sponge was 

attributed to its lower density and better hydrophobicity. A 

spherical monolith of carbon nanotube sponge, when placed in 

an oil-water mixture, completely absorbed all oil and became a 

rectangular monolith, as shown in Fig. 4e. The sponge can be 

used more than 1000 times without significant change in its 

structure, water contact angle and absorption capacities. 

Lee et al.
67

 fabricated vertically-aligned CNT on stainless steel 

substrate by thermal chemical vapour deposition with a 

diffusion barrier of Al2O3 film. This stainless steel-CNT mess 

can be used as a filter for oil and organic solvent. This filter 

showed water contact angle of 150° and prevented 80% of 

water to pass through the mess. Heating the mess enhanced 

the flow rate of the viscous emulsion passing through the 

mess. Also, the water droplet size influenced the filtration and 

the mess was unable to prevent the pass of fine droplets. Gea 

et al.
68

 demonstrated a magnetically superhydrophobic bulk 

material having absorption capacity of 0.71-1.15 times its own 

weight. The bulk material was prepared by hot pressing 

method using PTFE, multiwall CNTs and iron oxide. The surface 

as well as interior of the bulk material was found 

superhydrophobic with water contact angle of 158°. The 

absorbed oil can be removed by burning in air while the bulk 

material is thermally stable. The absorption capacity of the 

bulk material only slightly decreased even after 10 oil removal 

cycles. Liu et al.
69

 fabricated CNT foam with high mechanical 

strength and controlled shape by low temperature chemical 

fusion. The CNT foam exhibited highly entangled CNT well 

covered by disordered carbon species. The absorption capacity 

of the CNT foam was calculated to be 650 Kg m
-3

. Hashim et 

al.
70

 synthesized 3D macroscale nanotube elastic solids using 

aerosol-assisted catalytic chemical vapour deposition via a 

boron doping strategy. The boron doping resulted in the 

formation of elbow junctions and nanotube covalent 

interconnections which enhanced the mechanical properties of 

the bulk material. Also, it provided high aspect ratio which 

enhanced the absorption capacity. The as-prepared sorbent 

has shown the absorption capacity of 22-180 (described as the 

ratio of the weight after and before absorption) for different 

oils and organic solvents. 

There are several benefits of magnetic sorbents
65, 68, 70 

in the 

absorption of oil and organic solvents from water. After 

saturated absorption, the magnetic sorbent can be easily 

collected under manipulation by a magnetic apparatus. 

Moreover, the magnetic sorbent can be easily moved towards 

the polluted area with the help of an appropriate external 

magnetic field, thus it provides fast absorption of oils and 

organic solvents. In some applications where the accidental 

damage to the sorbent is unpreventable, all the broken parts 

of the magnetic sorbent can be collected in a controllable way 

more safely by a magnetic apparatus. Also, the magnetic 

sorbents can be easily kept in sight through magnetic tracking 

even with small fields. 

The CNTs coated sponges have been widely used as a reusable 

oil sorbent scaffold in water, with high oil absorption capacity 

and good reusability.
71-73

 Sponge is a three-dimensional porous 

polymer material which can absorb both oil and water, as 

shown in Fig. 5a. The CNTs on sponges altered its nature to 

only absorb oil while repel water completely, as shown in Fig. 

5b. The coating creates micro and nano textured surface which 

provides superhydrophobic surfaces, as shown in Fig. 5c. Also, 

CNT coating significantly improved its thermal and mechanical 

stability. In some reports, several polymeric materials, such as 

PDMS and PVDF, have been used to not only improve the 

adhesion between CNT and sponge but also provide lower 

surface energy. The absorption capacity of CNT coated 

sponges ranged between 15-50 times their own weight and 

the absorbed oil can be reclaimed by mechanical squeezing
71,72

 

and vacuum sucking
73

. 

Graphene-based sorbent: 

Graphene-based materials have attracted significant attention 

in the field of oil spill cleanup because of their intrinsic 

hydrophobicity, high specific surface area along with excellent 
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chemical, thermal and mechanical stability.
74-77

 Graphene can 

be derived from various techniques such as mechanical 

exfoliation, chemical vapour deposition,
78

 reduction of 

graphene oxide,
79

 carbon dioxide reduction
80

 and carbon 

nanotube slicing
81

 etc. Bi et al.
82

 reported spongy graphene 

absorbent with fast absorption rate of 0.57 g g
-1

s
-1

 of dodecane 

and absorption capacity of 20-86 times its own weight. The 

spongy graphene having micro porous needle like structures 

was fabricated by chemical reduction of graphene oxide in 

suspension followed by shaping via molding. The work 

mentioned that it was difficult to completely remove all the 

functional groups but small amount of proper hydrophilic 

groups increased the interaction between polar solvents and 

graphene surfaces thus enhanced absorption capacity. The 

absorption capacity of thermally reduced graphene (TRG) 

fabricated by Iqbal et al.
83

 depended on the bulk density, total 

pore volume and C/O ratio of TRG, which can be tuned by 

controlling the exfoliation condition. As the C/O ratio 

increases, the surface area and the cumulative pore volume 

increase resulting in better sorption capacity. The TRG samples 

with highest C/O ratio of 17:1 showed highest sorption 

capacity of 131-108 g g
-1

. Wang et al.
84

 proposed a green 

method for chemical reduction of graphene oxide using a 

range of natural phenolic acid. Among various natural phenolic 

acid, the best results were found in case of gallic acid in terms 

of low density, better mechanical properties and absorption 

capacity. Graphene reduced by natural phenolic acid can 

absorb not only oils with absorption capacity of 15-61 its own 

weight but also different kinds of dyes with absorption 

capacity of 115-1260 mg g
-1

 sorbent. 

Graphene aerogels, fabricated by different approaches such as 

solvent exchanging followed by freeze-drying,
85,86

 

hydrothermal cross-linking and polymerization,
87,88

 freezing-

drying,
89,90

 oil bath followed by a chemical reaction vessel and 

freezing-drying
91

 etc., have shown great potential in the field 

of oil spill cleanup due to their ultra-lightness, high 

compressibility, tremendous porosity and high specific surface 

area. Li et al.
92

 reported compressible and fire-resistant 

graphene aerogel produced by ethylenediamine and graphene 

oxide. The aerogel has a low density in the range of 4.4-7.9 mg 

cm
-3

 and porosity up to 99.6% resulting in high absorption 

capacity up to 250 times its own weight for carbon 

tetrachloride. Also, the aerogel has shown faster absorption 

rate of 27 g g
-1

s
-1

 as compared to pure graphene
82

 (0.57 g g
-1

s
-

1
). The graphene aerogel can be reused by compression, 

combustion, distillation and squeezing with a little decrease in 

absorption capacity of 4% after ten cycles, 10% after five 

cycles, 7% after five cycles and 6% after five cycles, 

respectively. Zhao et al.
93

 reported ultra-light, three 

dimensional, nitrogen doped graphene framework produced 

by graphite oxide and pyrrole using the hydrothermal method 

followed by freezing drying and annealing. The electron rich N 

atoms present in the pyrrole structure facilitated its 

attachment to the galleries and surface of GO sheets through 

hydrogen bonding or π-π interaction and also provided fire 

resistance properties, as shown in Fig. 6a. It can sustain up to 

1200 °C in N2 and 600 °C in air. The graphene aerogel has 

shown self-assembled, porous, interconnected, three-

dimensional framework, as shown in Fig. 6b, with an ultra-light 

density of 2.1±0.3 mg cm
-3

, which is comparable to the density 

of air (1.2 mg cm
-3

) at room temperature, as shown in Fig. 6c. 

The pyrrole also prevented re-stacking of reduced GO sheets, 

resulting in the formation of high porous volume of graphene 

framework. The graphene framework has excellent mechanical 

and thermal stability as well as high absorption rate of 41.7 g g
-

1
s

-1
 which is the highest among the previous reported pure 

graphene
82

 and graphene aerogel
92

; in addition, it has high 

absorption capacity of 200-600 times its own weight for 

different oils and organic solvents, as shown in Fig. 6d. 

Gao et al.
94

 fabricated reduced graphene oxide foam using 

three different freezing-drying methods i.e. unidirectional, 

non-directional and air freezing-drying method. The graphene 

oxide concentration and different freezing-drying methods 

affected the pore size of the material. The largest and most 

ordered pores were found in case of unidirectional freezing-

drying method. The reduced graphene oxide foam has 

absorption capacity of 90-123 times its own weight but the 

absorption capacity decreased by one third in second cycle 

and after second cycle it remained constant. Also, the 

absorption capacity varied with temperature and found 

maximum at 15 °C. Covalently intercalated graphene oxide, 

prepared by Liu et al.
95

 using graphene oxide and octavinyl 

polyhedral oligomeric silsesquioxane, can effectively separate 

two miscible solvents according to their solvent density. But it 

can only separate the mixer of two solvent if one solvent has 

density higher than water and the other lower than water. It 

cannot separate the solvents have densities both higher or 

lower than water. The material is superhydrophobic and 

formed a stable dispersion in solvents except water so it can 

easily push out water from oil and organic solvents. 

The rapid evolution of the gaseous species (e.g. H2O and CO2) 

formed during chemical reduction of graphene oxide can 

trigger the formation of porous structure. The compact layered 

graphene oxide structures as “dough” were very important for 

the rapid evolution of the gaseous species. The crosslinked 

structures of pore walls can prevent the restacking of 

graphene sheets without the help of any spacers or templates 

resulting in open porous network. Based on this idea, Niu et 

al.
96

 reported autoclave leavening process to synthesize 

porous reduced graphene oxide foam. The absorption capacity 

of reduced graphene foam was measured to be 26-37 times its 

own weight. Yang et al.
97

 also synthesized freestanding 

reduced graphene oxide film by adjusting the heating rate to 

control the macroporosity of the film. The work concluded that 

the higher heating rate can rapidly generate gases resulting in 

the significant volume expansion. The film can absorb 8-45 

times its own weight depending on the density of the oil and 

organic solvent and can be reused by heating under vacuum or 

mechanical squeezing. 

The intrinsically hydrophobic graphene coated porous 

materials such as sponges, fibers and cottons prepared by dip 

coating,
32,98-104

 hydrothermal,
105

 and grafting polymerization
106

 

have been reported as oil absorbent. The low densities, good 

mechanical properties, cost effectiveness and high absorption 
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capacities of porous materials make them very useful in this 

field. However, these commercially available porous materials 

absorb both oil and water so further modification is required 

to switch their wettability from superhydrophilic to 

superhydrophobic while maintain their capability of absorbing 

oil and organic solvent. 

Our group
98

 reported graphene nanosheets coated melamine 

sponge, as shown in Fig. 7a, which performed 

superhydrophobic and superoleophilic properties showing 

high absorption capacity of 54-165 times its own weight for 

different oils and organic solvents, as shown in Fig. 7b. As 

shown in figure 7c, the water contact angle on graphene 

nanosheets was measured to be 132° while it was found 160° 

on graphene coated sponges with a graphene loading of 7.3%. 

The smooth sponge skeletons, as shown in Fig. 7d, turned to 

mono-roughened surface composed of the micro-porous 

structure after coating with graphene nanosheets and PDMS, 

respectively, as shown in Fig. 7e and f. TEM image of graphene 

nanosheets confirmed the planar structure with wrinkling 

surfaces and folding edges, as shown in Fig. 7g. The work 

reported that the unsaturated graphene loading (less than 

5.1%) cannot alter its wettability while oversaturated loading 

(more than 7.3%) cannot further improve its 

superhydrophobicity (water contact angle 160°) and may block 

the sponge pores. The absorption capacity of the graphene 

coated sponges for oils decreased to less than 20 times and 18 

times the weight of the previously used sponge after first and 

second cycle, respectively, owing to residual oil which cannot 

be extracted by mechanical squeezing while it remained 

almost the same for organic solvents till five cycles, as shown 

in 7h and i, respectively. 

Liu et al.
99

 prepared oil absorbent by coating polyurethane 

sponge with graphene oxide and reduced graphene oxide. The 

absorption capacity of the reduced graphene oxide coated 

sponges (80-160 times its own weight) was found better than 

graphene oxide coated sponges (70-140 times its own weight) 

because of its higher porosity and presence of fewer oleophilic 

polar groups on its surface. Moreover, the graphene oxide 

coated sponges have shown better reusability compared to 

our group
98

 and did not change even after 50 cycles.  

Sun et al.
100

 fabricated reduced graphene oxide coated cottons 

with absorption capacity of 11-25 times its own weight. Ge et 

al.
104

 reported graphene coated cotton with absorption 

capacity of 30-50 times its own weight. The absorption 

capacities of cotton-based absorbents were found much lower 

compared to graphene coated sponges
98,99

.  The absorption 

capacity of the absorbent strongly depends on the porosity, 

density and hydrophobicity of the material. The huge 

difference in the absorption capacity of the graphene coated 

sponge
98,99

 and graphene coated cotton
100, 104

 is due to the 

differences in these properties. It is known that the porosity of 

cotton is much lower than that of sponge. This is why the 

absorption capacities of graphene coated sponges are much 

higher than graphene coated cotton. 

Sun et al.
102

 also synthesized three dimensional superwetting 

graphene mesh film on stainless-steel grids. It was found that 

the water droplet has taken spherical shape with water 

contact angle 152° and did not slide even if the film was tilted 

vertically or kept upside down. Owing to this unique property, 

the film can be used to remove small amount of water from 

oil-water mixture. 

For better adhesion between graphene and sponges or cotton, 

the low surface energy materials like PDMS have been used to 

cement the graphene with the porous materials.
98,99,102

 Li et 

al.
103

 coated polyurethane sponge with 11.96% loading of KH-

570 modified graphene to increase its roughness, which have 

absorption capacity of 39 times its own weight. The as-

prepared sponges have good recyclability because the 

absorption capacity did not change even after 120 cycles. A 

water-oil separation material with separation efficiency of 

more than 90% was fabricated by Wu et al.
32

. The sponge was 

prepared by the self-assembly of graphene sheets on a 3D 

polymer skeleton. The as-prepared sponges have a crinkled 

and rough textured morphology and excellent mechanical 

properties because of flexible graphene sheets. 

Superhydrophobic foam prepared by the grafting 

polymerization method was first reported by Liu et al.
106

. They 

synthesized the superhydrophobic foam by directly grafting 

primary amine groups functionalized graphene oxide onto 

polyurethane sponges with nitrile group using in situ 

amidation. Compared with the blank foams, the as-modified 

foam has shown enhanced absorption capacity for solvents 

due to better interaction force between modified foam and 

solvents. The absorption capacity of the modified foam was 

measured to be 26-41 times its own weight for different oils 

and organic solvents. 

Carbon aerogels: 

To date, pyrolysis of biomass is considered to be the simplest 

approach to produce carbon materials as it is cheap, 

sustainable, green preparation process and the as-prepared 

materials are biocompatible and biodegradable. Various kinds 

of biomass such as raw cotton,
107,108

 winter melon,
109

 kapok 

wadding materials,
110

 waster paper
111

 and bacterial cellulose 

pellicles
112

 have been used to prepare carbon aerogels. During 

the pyrolysis process of biomass, the hydrophilic functional 

groups such as C=O, C–O, C–H, and O–H were removed while 

keeping its oleophilic properties. These carbon aerogels have 

porous and interconnected three dimensional networks with 

good mechanical and fire resistant properties. Also, it is 

reported that the pyrolysis temperature has played an 

important role in achieving hydrophobic surfaces.
107,111

 Carbon 

aerogel prepared by the pyrolysis of winter melon have shown 

density of 48 mg cm
-3

 and absorption capacity of 16-50 times 

its own weight
109

. Carbon aerogels prepared by Huang et al.
110

 

using kapok wedding materials have shown ultralow density of 

≈2.4 mg cm
-3

 which is comparable to previously reported 

graphene framework
93

. The absorption capacity of carbon 

aerogel derived from kapok wedding material was measured 

to be 87-273 times its own weight. Wu et al.
112

 have 

synthesized carbon aerogel by destroying the crystalline 

structure of bacterial cellulose pellicles to form amorphous 

carbon aerogel through freezing-drying process followed by 
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pyrolysis, as shown in Fig. 8a and b. Also, the pyrolysis 

temperature has an effect on water contact angle which 

increases with increases temperature, as shown in Fig. 8c. This 

kind of carbon aerogel has high absorption capacity of 106-312 

times its own weight and can be regenerated by distillation 

and direct combustion in air. The aerogel has shown fire-

resistance property, as shown in Fig. 8d, and it can sustain 

more than 90% volume reduction once subjected to 

compression and almost recover its original volume when 

released, thus showed good mechanical properties. There is a 

significant difference of absorption capacities between the 

aerogels prepared by three different raw materials i.e. winter 

melon, kapok wedding material and bacterial cellulose 

pellicles. The absorption capacity of the materials is highly 

affected by the bulk density of the materials. Less dense 

materials show high absorption capacity because they provide 

more internal free volume for absorption. The density of 

winter melon aerogel is remarkably high compared with kapok 

wedding aerogel and bacterial cellulose pellicles aerogel. This 

is why the absorption capacity of winter melon aerogel was 

much lower than that of kapok wedding aerogel and bacterial 

cellulose pellicles aerogel. 

Men et al.
113

 reported that the sugar-based molecules and 

polysaccharide biomass can be converted into porous 

functional carbon absorbent by ionic liquid or poly(ionic liquid) 

at low temperature of 400 °C under nitrogen atmosphere. The 

ionic liquid or poly(ionic liquid) acted as activation agent and 

effectively induced carbonization and pore generation, 

resulting in the formation of porous carbon absorbent. 

Besides pyrolysis of biomass, other techniques and materials 

have also been reported to synthesized carbon aerogels. Wang 

et al.
114

 prepared hydrophobic carbon aerogel by dissolution, 

gelation, regeneration, freeze-drying and carbonization of 

cellulose. The as-prepared carbon aerogel have shown high 

porosity (98%) and fast absorption to organic dyes and heavy 

ions with absorption capacities of different dyes in the range 

from 195 to 1947 mg g
-1

. Moreover, the carbon aerogel has 

shown fire resistant property and good reusability since the 

saturated absorption capacity did not change after five cycles. 

Wu et al.
115

 produced carbon nanofibers aerogel using 

template directed hydrothermal carbonization method 

followed by freeze drying and pyrolysis, which can sustain over 

a wide temperature range from liquid nitrogen to 400 °C. The 

self-assembled, interconnected, three-dimensional structure 

of carbon aerogel possesses both micropores and macropores 

and has shown porosity of more than 99%. The absorption 

capacity of carbon nanofibers aerogel was 139 times its own 

weight and it did not change over ten absorption-reclamation 

cycles. Nitrogen rich carbon aerogel fabricated by Yang et al.
116

 

can absorb micrometre sized oil droplet with high efficiency 

which is an important feature in marine oil-spill recovery as 

spilled oils often breaks into many micrometre sized droplets 

by waves and wind. 

Graphene and CNTs aerogels have shown good absorption 

capacity and reusability because of their low density, high 

aspect ratio, good elasticity and excellent mechanical 

properties. As compared with others, the absorption capacity 

can be enhanced by taking the advantage of both CNTs and 

graphene by preparing the hybrid structure of graphene and 

CNTs. CNTs can be used to increase the surface roughness of 

graphene resulting in better hydrophobicity and enhanced 

absorption capacity. Based on this idea, different techniques 

such as ultrafast microwave irradiation (MWI)-mediated 

approach,
117

 two-step chemical vapor deposition,
118

 thermal 

process followed by freezing drying
119

 and freezing drying 

followed by chemical reduction
120

 have been reported to 

fabricate graphene-CNTs hybrid structure. Hu et al.
117

 

prepared ultra-light graphene aerogel (ULGA) and graphene 

aerogel-CNTs (GA/CNTs) hybrid and concluded that the water 

contact angle of ULGA without containing CNTs is 100° which 

increased with the incorporation of CNTs, and it was found 

that with 14 wt.% CNTs, the GA/CNTs showed a water contact 

angle of 110° and it increased with increasing the amount of 

CNTs until 37 wt.% where the GA/CNTs performed 

superhydrophobicity. The improved hydrophobicity can be 

attributed to the nano-roughness created by the CNTs on the 

smooth walls of ULGA and the air trapped in the nanoscopic 

voids in the CNT forest. Dong et al.
118

 used two steps CVD to 

prepare highly flexible superhydrophobic 3D graphene–CNT 

hybrid foam with water contact angle of 152.3° and absorption 

capacity of 80-130 times its own weight. For a comparative 

study, Dong et al. also prepared 2D and 3D graphene and the 

water contact angle on 2D and 3D graphene were found 89.4° 

and 108.5°. As compared with 2D graphene, the air trapped in 

the microscopic structure of 3D graphene is responsible for the 

improved hydrophobicity while in the case of 3D graphene–

CNT hybrid foam, the superhydrophobicity was found because 

of the nano-roughness created by CNTs and the air trapped in 

both macroscopic voids of 3D graphene as well as nanoscopic 

voids of CNTs.  

To overcome the two-step process proposed by Dong et al.,
118

 

Kabiri et al.
119

 suggested a one step process to fabricate 

graphene-CNTs aerogel without using harsh chemicals. The 

graphene oxide was reduced using the iron (Fe) nanoparticles 

by heating which were mixed with the acid treated CNTs to 

fabricate the aerogel. The CNTs acted as a spacer between 

graphene sheets thus resulting in a highly porous structure of 

graphene-CNTs aerogel. One gram of aerogel can absorb 28 L 

of oil and the absorption capacity was found 21-35 times its 

own weight for different oils and organic solvents. Sun et al.
120

 

used giant graphene oxide and CNTs to prepare ultra-flyweight 

aerogels (UFAs), as shown in Fig. 9a, by freezing drying of 

aqueous solution of CNTs and giant graphene oxide followed 

by chemical reduction of giant graphene oxide with hydrazine 

vapour. The as-prepared UFAs have shown interconnected, 

porous three dimensional graphene structure covered with 

entangled, spaghetti-like CNTs network in form of overlapping, 

twisting and enwrapping, as shown in Fig. 9 b-d. The UFAs 

have shown low density (0.16-22.4 mg cm
-3

), excellent porosity 

(≈99.9%) and ultra-high absorption capacity of 215-913 times 

its own weight for different oils and organic solvents. 

Moreover, the UFAs have shown fast absorption, as shown in 

Fig. 9e, elasticity-responsive conductivity and temperature-

invariant super recyclability. UFAs can also absorb solids by 
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converting into phase change energy storage materials 

through melting infiltration. 

Graphite: 

Exfoliated graphite has also been a promising candidate in oil 

spill recovery as it can quickly absorb heavy oil floating on 

water.
121-123

 Exfoliated graphite can be prepared by rapid 

decomposition of natural graphite at high temperature 

(≈1000-1200 °C). When natural graphite was heated at high 

temperature, it generated various gaseous compounds which 

helped in the exfoliation of natural graphite resulting in the 

formation of porous structure. The exfoliation of natural 

graphite can be prepared by various methods such as 

microwave irradiation method
124

 and chemical intercalation 

followed by thermal treatment
125,126

. One gram of exfoliated 

graphite absorbent, prepared by Bayat et al.
125

 using a mixture 

of sulfuric acid and nitric acids, followed by thermal shock of 

graphite intercalated compound, can absorb 70-87 grams of 

different oils. Hristea et al.
126

 also prepared exfoliated graphite 

absorbent through thermal expansion of H2SO4-graphite 

intercalated compound. KMnO4 or FeCl3 were used as an 

oxidizing agent but the KMnO4 treated compounds have 

shown better specific volume expansion compared with FeCl3 

treated compounds due to its higher degree of graphite 

oxidation. In spite of better specific expansion volume shown 

by KMnO4, the FeCl3 treatment is considered to be most 

desirable because of its slightly exothermic reaction and easier 

filtration procedure. Also, different pore volumes and surface 

areas were shown by different molar ratios of H2SO4:HNO3 

reagents, which resulted in different absorption capacities. The 

absorption capacity was measured to be 2.4-9.7 L per 100 g of 

absorbent. 

Toyoda et al.
127

 tested the absorption capacity of commercially 

available exfoliated graphite prepared by industrial process in 

terms of temperature and compression. Different bulk 

densities of exfoliated graphite were prepared by compressing 

the bulk graphite, which resulted in different pore volumes 

thus, different absorption capacities. It is found that the 

absorption capacity decreased with decreasing temperature 

which is attributed to the increase in viscosity of oil with 

decreasing temperature. The maximum absorption capacity 

was measured to be 80-90 gram of oil per gram of absorbent 

with recovery ratio of 60-80% through simple compression or 

suction filtration. Graphite/isobutylene-isoprene rubber 

cryogels, prepared by Hu et al.
128

 through freeze-thaw or 

cryogelation method using sulfur monochloride as the 

crosslinker, have shown an interconnected porous network 

with fractured surfaces. The reaction temperature and the 

amount of graphite were adjusted to obtain better 

hydrophobicity and absorption capacity. The nonporous 

structures with compact surfaces were found at the 

temperature above 0 °C because the temperature was not low 

enough to freeze the benzene and thus form pores. The 

porous structures were found below 0 °C but the pore volume 

decreased with decreasing temperature because of higher 

nucleation rate. It was also concluded that the high amount of 

graphite can lead to low absorption capacity, thus appropriate 

amount of graphite is required for better results. One gram of 

cryogels, prepared at -15 °C with 2 wt./wt.% graphite, can 

absorb 17.6-23.4 gram of different oils and lubricants with 

faster absorption rates. 

Wang et al.
129

 prepared modified expanded graphite (MEG) 

nanomaterials by strong acid treatment using H2O2 as the 

oxidant and concentrated H2SO4 as the intercalator. Field 

emission scanning electron microscopy analysis revealed that 

the MEG has worm-like morphologies, as shown in Fig. 10a, 

with three different kinds of pores; (i) many V-type pores 

(dimension from several dozens of (m to several hundreds of 

(m) on the surface (ii) willow leaf type pores (dimension from 

several (m to several dozens of (m), as shown in Fig. 10b and 

(iii) pores formed by up and down of the pore walls, as shown 

in Fig. 10c. The V-type pore and willow leaf type pores 

provided the internal storage for oil absorption. The as-

prepared MEG can absorb different kinds of industrial oil with 

absorption capacities ranging from 43.25 to 84.68 g g
-1 

of MEG 

for expanded volume of 100-320 mL g
-1

, as shown in Fig. 10d. 

In addition, it was also found that the absorption capacity 

increases with increasing viscosity since the high viscosity of 

the oil provides higher glutinosity. 

Other carbon forms: 

Porous carbon nanoparticles, prepared by Dai et al.,
130

 have 

also been reported as superhydrophobic material with a water 

contact angle of 150°. These porous carbon nanoparticles were 

prepared by glow discharge of hydrocarbon plasma without a 

catalyst at room temperature by using C2H2 and a gas mixture 

of C2H2 and CF4. The low surface energy resulted in better 

hydrophobicity which is attributed to the fluorine content 

present in the porous carbon nanoparticles.  Also, the CF4/C2H2 

ratio and deposition pressure were crucial for surface 

morphology. The as-prepared porous carbon nanoparticles can 

separate oil/water mixture as well as the mixtures of liquids 

with different surface tension levels. Gao et al.
131

 fabricated 

carbon soot sponges which have shown good absorption 

capacity and recyclability for different oils and organic 

solvents. The carbon soot was prepared by the combustion 

flame method using ethylene and oxygen as precursors with a 

flow ratio of 5:3 and then carbon soot was loaded on 

melamine sponges by simple dip coating, as shown in Fig. 11a. 

The amorphous carbon structures with size ranges of 5-50 nm 

have shown randomly entangled and rippled graphitic 

striations in the inner cores and on the outer layers, 

respectively. The uniform coating of carbon soot on the 

sponge resulted in the nanoscale porous surface with 

hierarchical porous structure, as shown in Fig. 11b-d, which 

facilitate the successful absorption of oil and organic solvent 

while repelling water completely, as shown in Fig. 11e. The 

water contact angles on the carbon soot surface and carbon 

soot sponges (loaded with ≈9 wt% carbon soot) were 

measured to be 140° and 144°, respectively. The absorption 

capacity and hydrophobicity were highly affected by the 

loading percentage of carbon soot, as shown in Fig. 11f. The 
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absorption capacity did not change till 10 cycles but after 10 

cycles, it became 94% of the initial absorption capacity. The 

carbon soot sponges have shown the absorption capacity of 

25-80 times its own weight for different oil and organic 

solvents, as shown in Fig. 11g. The as-prepared carbon soot 

sponges were quite economical compared with other carbon 

forms. 

Xiao et al.
132

 used coal liquefaction residue to synthesize 

carbon nanofibers/carbon foam composite with absorption 

capacity of 15-28 times its own weight for different oils and 

organic solvents. First, the carbon foam was prepared by the 

template synthesis of carbon and then catalytic chemical 

vapour deposition was used to grow carbon nanofibers on 

carbon foam substrates. The iron species present in the coal 

liquefaction residue were acted as a catalyst. The entangled 

carbon nanofibers covered the entire surface of carbon foam 

thus enhanced surface roughness resulting in better 

hydrophobicity (water contact angle ≈140°). Cortese et al.
133

 

roughened the smooth surface of cotton textile, using oxygen 

plasma pre-treatment followed by the coating of diamond-like 

materials through plasma enhanced chemical vapour 

deposition, to fabricate superhydrophobic cotton fabrics. The 

surface morphology of the cotton fabrics was highly affected 

by the plasma pre-treatment time as well as content of 

methane and hydrogen in the coating process. Longer oxygen 

plasma pre-treatment process increased the etching of the 

polymers and cellulose containing oxygen groups in the cotton 

textile which resulted in the formation of the nanometre-scale 

rough surface available for the diamond-like coating. This 

effect can be seen while measuring the water contact angle on 

oxygen plasma treated surfaces (169.3°±2.2°) and untreated 

surfaces (143°±2°). The absorption capacity for this kind of 

cotton fabric was measured to be 55-94 times its own weight 

and it did not change even after 5 cycles of oil–water 

separation. 

Shi et al.
134

 fabricated carbonaceous nanoparticles (CNPs) 

modified polyurethane (PU) foam using ultrasonication 

technique. This work concluded that the jets and shock waves, 

originated through the ultrasonication, softened or even 

partially melted the PU foam as well as pushed the 

carbonaceous nanoparticle towards the PU foam which 

resulted in the successful attachment of carbonaceous 

nanoparticles on the PU foam. The effect of nanoparticle 

dimension was also investigated and it was concluded that the 

nanoparticle anchored foam has rougher surface compared 

with CNT or GO anchored foam because the nanoparticles 

gained high kinetic energy because of its size and shape. The 

CNPs-PU foam can sustain 500 cycles of compressing at 80% 

compressing strain without any plastic deformation. The CNPs-

PU has shown water contact angle of 127.6° and it can absorb 

different organic solvent to 50-121 times its own weight. A 

superhydrophobic and superoleophilic disc made from hollow 

carbon bead was fabricated by Zeng et al.
135

 using a simple 

phase inversion method and subsequent carbonisation of 

polysulfone bead. It was found that the pore-forming additive 

tetraethyl orthosilicate was responsible for the big hollow 

pores which were formed in the polymer during the phase 

inversion process. The silica powder also supported polymer 

beads during carbonisation because without silica powder the 

beads collapsed. The percentage of silica also influenced 

absorption capacity as it acted as a template and provided big 

hollow sphere. The carbon beads can absorb different oils and 

organic solvents to 50-55% of their own weight and it 

remained same till five absorption/heat treatment cycles.  

Briefly, the best performances of different carbon-based 

absorbents have been summarized in Table 1. 

Conclusions 

Carbon-based sorbents have shown great capabilities in oil-

spill cleanup operations owing to their superior properties. 

Moreover, they are biodegradable and chemically inert which 

make them superior over polymer-based sorbents. Different 

forms of carbon-based sorbents such as carbon aerogels, 

carbon nanotube forests, graphene foams or sponges, carbon 

coatings, activated carbon, porous carbon nanoparticles and 

carbon fibers have been widely used as sorbents because of 

their excellent oil absorption capacity and reusability. Coating 

of CNTs, graphene, graphite or hybrid of these on polymer 

sponge has also been widely used to produce 

superhydrophobic and superoleophilic materials; as a result, 

altered its intrinsic nature to only absorb oil while repel water 

completely. Also, these carbon materials significantly 

improved its thermal and mechanical stability. The pyrolysis of 

biomass has also been used to produce carbon aerogel 

sorbents as it is a cheap, sustainable, chemical free green 

preparation process. CNTs-graphene hybrid aerogel have also 

been reported in which CNTs were used to increase the 

surface roughness of graphene resulting in better 

hydrophobicity and enhanced absorption capacity. The 

exfoliated graphite sorbents can be prepared by the rapid 

decomposition of natural graphite at high temperature which 

generates various gaseous compounds which helped in the 

exfoliation of natural graphite resulting in the formation of 

porous structure. These carbon-based sorbents have shown a 

wide range of absorption capacity from 3 to 913 times their 

own weight. Some sorbents can follow the continuous 

absorption/removal process through the vacuum pumping 

process. Carbon nanofibers/carbon foam composite, carbon 

soot sponge carbonaceous nanoparticles modified 

polyurethane foam and hollow carbon beads have also been 

reported for the water-oil separation.   
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Fig. 1 Spilled oil pollute on the beach of Kinmen county, Fujian province. Adopted with permission from Apple Daily
2 

 

  

Page 12 of 19Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 13 

Please do not adjust margins 

Please do not adjust margins 

 

 

 

 

 

 

Fig. 2  A liquid drop on the flat surface. 

 

 

 

 

  

Fig.  3  (a) Wenzel state or homogeneous wetting on a hydrophobic, rough surface, (b) Cassie–Baxter state or heterogeneous wetting on a hydrophobic, rough surface. 
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Fig. 4 (a) Cross-sectional SEM image of the CNTs sponge, (b) Depiction of sponge consisting CNT piles (black lines) as the skeleton and open pores (void space), (c) Twisting of 

sponge by three round turns at the ends without breaking, (d) Bending of CNT sponge at a large-angle, (e) Absorption of diesel oil film by CNT sponge. Inset shows that the size 

increased and shape becomes rectangular. Reprinted with permission from ref. 66. Copyright 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. 
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 Fig. 5 (a) SEM image of PU sponge, (b) an optical image of the CNT/PDMS-coated PU sponge. Inset showing the superhydrophobic nature of the as-prepared sponge, (c) SEM 

images of PU sponge after CNT/ PDMS-coating and (d) Absorption capacities of the CNT/PDMS-coated PU sponge for different oil and organic solvents. Reprinted with permission 

from ref. 73. Copyright 2013 American Chemical Society 

 

 

 

 

 

 

 

 

 

Fig. 6 (a) Fire-resistance property of GF, (b) SEM micrograph of a graphene framework, (c) Utlra-light GF of size 1.8 cm × 1.1 cm × 1.2 cm standing on a dandelion and (d) 

Absorption capacities of GF for different oil and organic solvents. Reprinted with permission from ref. 93. Copyright  2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim. 
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Fig. 7 (a) Graphene-PDMS coated sponge showing superhydrophobic and superoleophilic properties, (b) absorption capacity of the graphene-PDMS coated sponge for different 

oils, (c) graphene film showing water contact angle of 132°.  FESEM images of (d) pure sponge (e) graphene loading of 7.3% on sponge, (f) sponge after graphene and PDMS 

coating. Insets: higher magnification FESEM images, (g) TEM image of graphene nanosheets. Recyclability of graphene-PDMS coated sponge for different (h) oils and (i) organic 

solvents. Reprinted with permission from ref. 98. Copyright 2012 The Royal Society of Chemistry. 
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Fig. 8  SEM images of  (a) the BC aerogel and (b) the CNF aerogel treated at 1300 °C. Insets: (a) and (b) show the photographs of the BC pellicle and the CNF aerogel prepared by 

pyrolysis at 1300 °C, (c) Effect of pyrolysis temperature on water contact angle and (d) Photograph of CNF aerogel in a hot flame of an alcohol burner. Reprinted with permission 

from ref. 112. Copyright 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim. 

 

 

 

 

 

 

 

 

 

Fig. 9 (a) A 100 cm
3
 UFA cylinder standing on a flower like dog’s tail, (b) an interconnected, porous three-dimensional (3D) framework of randomly oriented, crinkly sheets with 

continuous macropores ranged from hundreds of nanometers to tens of micrometers, (c) SEM image and photograph (inset in (c)) of the lightest neat graphene aerogel (ρ = 0.16 

mg cm
−3

), (d) schematic illustration of idealized building cells of our UFA made by synergistic assembly of graphene and CNTs and (e) fast absorption process of toluene (stained 

with Sudan Black B) on water by the UFA within 5 s. Reprinted with permission from ref. 120. Copyright 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. 
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Fig. 10 SEM images of (a) worm-like MEG, (b) surface morphology of MEG, (c) the pore walls and (d) absorption capacity of MEG for different industrial oils with volume expansion. 

Reprinted with permission from ref. 129. Copyright 2014 LiqinWang et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 (a) Schematic showing the dip coating process of CS on sponge. SEM images of (b) sponge before coating and (c, d) sponge after uniform coating of CS, (e) CS-sponge 

showing superoleophilic and superhydrophobic properties with water contact angle of 144°, (f) effect of CS loading on water contact angle and absorption capacity of pump oil and 

(g) absorption capacity of CS-sponge for different oil and organic solvent. Reprinted with permission from ref. 131. Copyright 2014 American Chemical Society. 
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Table 1 Brief description of the best performances of different carbon-based absorbents 

Sorbent Materials Method Density 

(mg/cm
3
) 

Water 

contact 

angle 

Absorption 

capacity 

Method of 

extraction 

Ref. 

Carbon nanotubes 1,2-dichlorobenzene, ferrocene 

powder 

CVD 5–10 156 80-180 mechanical 66 

CNTs coated 

sponges 

PU sponge, Tris–HCl, CNTs, ODA, 

Anhydrous ethanol 

self-polymerization - 158 22-35 mechanical 71 

Graphene Graphene oxide, pyrrole Hydrothermal followed by 

freezing drying and annealing 

2.1 ± 0.3 - 200–600 - 93 

Graphene coated 

sponges 

melamine sponge, PDMS , 

graphene 

dip coating 11.3 162 54 - 165 Mechanical 

squeezing 

98 

Carbon aerogel Bacterial cellulose pellicles freeze-drying followed by 

pyrolysis 

4–6 128.64 106-312 distillation, 

direct 

combustion 

112 

Graphene-CNTs 

aerogel 

GGO, CNTs freeze-drying followed by 

chemical reduction 

0.16- 

22.4 

132.9 215-913 mechanical 

or heating 

120 

Graphite natural graphite, H2SO4, HNO3, 

KMnO4 or FeCl3 

thermal expansion of H2SO4-

graphite intercalation 

compound 

3.9-25.7 - 2.4–9.7 

L/100 g 

absorbent 

- 126 

Carbon Soot 

Sponge 

ethylene, oxygen and melamine 

sponges 

combustion flame method 

followed by dip-coating 

- 144 25−80 heating 131 

Carbon 

nanofibers/carbon 

foam composite 

CLR, THF, polyurethane (PU) foam 

slabs 

template synthesis of carbon 

foam and CCVD treatment 

- 140 15-28 - 132 

Carbonaceous 

nanoparticles 

modified 

polyurethane 

foam 

Carbonaceous nanoparticles, PU 

foam 

Ultrasonication - 127.6 50-121 - 134 

Hollow carbon 

beads 

Polysulfone, N-methyl-2-

pyrrolidone, tetraethyl 

orthosilicate, 

cetyltrimethylammoniumbromide, 

sodium hydroxide 

simple phase inversion 

method and subsequent 

carbonisation 

200 148 50–55% of 

their own 

volume 

heat 

treatment 

135 
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