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/ Accepted: 13 November 2020 # The Author(s) 2020 Abstract The major battle 

that the human civilization is facing in the present era is regarding pollution; 

one of a serious threat among these pollutions is the contamination of water 

bodies due to oil spills. Oil spills from ships, tankers, or leaks in marine oil pipes 

are something that is needed to deal with to make the earth a better place. To 

protect the water and the environment, this oil should be removed from the 

water or the surface. The chances for oil spills have reduced as we have 

observed there is a significant change in the pattern with the decrease of the 

use of tankers and pipelines for oil and petroleum derivatives. The point should 

be that according to the researchers, the marine ecosystem is damaged even 

more by the other sources of pollution even though the event of oil spills is 

certainly much sensational. There is an urgent requirement of advanced eco-

friendly tools to eliminate spilled oil. Some studies suggest that the use of 

organic matter may be an effective step in such an oil spilled scenario. Organic 

matter acts as a sorbent, a surfactant, and a separator and can make using a 
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variety of ingredients such as organic, inorganic, synthetic, or different, but they 

must interact with the biological system. Some organic materials can 

contaminate the water more than the oil that is spread, so eco-friendly, non-

toxic, low-cost organic matter should be used for oil removal and recovery. If 

the oil is recovered from the environmental surface, then after the successful 

removal of that oil, it can be conducive to sustainable development. This review 

summarizes the overall perspective on the potential of different biomaterials for 

the removal of accidentally spilled oils. Keywords Pollution . Spilled oil . 

Biomaterials . International convention . Sustainable development . Sorbent . 

Accidentally spilled oil Introduction Worldwide, oil is considered a source of 

energy in various industrial applications. Many raw materials for the production 

of chemical and synthetic polymers are derived from oils (Almeida et al. 2019). 

Increasing globalization has become a Responsible Editor: Santanu Banerjee * 

Sudip Chakraborty sudip.chakraborty@unical.it 1 Faculty of Engineering, 

Universitas Negeri Gorontalo, Gorontalo, Indonesia 2 Al Ain University, P.O.Box: 

64141, Al Ain, United Arab Emirates 3 Department of Biosciences, School of 

Liberal Arts and Sciences, Mody University of Science & Technology, 

Lakshmangarh, Distt-Sikar, Rajasthan 332311, India 4 Dipartimento di 

Ingegneria Informatica, Modellistica, Elettronica e Sistemistica - DIMES, via 

Pietro Bucci, Cubo 42A, 87036 Rende, Cosenza (CS), Italy major cause of over-

reliance on oil energy, and the use of such oils continuously pollutes the 

environment. Oil spill accidents have been observed very frequently for almost 

three decades, and several oil carriers are responsible for these accidents. 

These accidental spilled oils are one of the major causes of environmental 

pollution. Besides, salinity, temperature, and waves are also responsible for the 

increase in rates of oil trans- portation and weathering (Doshi et al. 2018). The 

world’s biggest spilled oil incident ever happened in the Gulf of Mexico in 2010. 

During that time, millions of gallons of oil spilled over the oceans over more 

than 85 days, during which time the crude oil continued to affect marine 

ecosystems (Allan et al. 2012). Accidental oil spills occur due to mechan- ical 

dysfunction, transportation, utilities, and poor storage condition, which we 

cannot avoid (Choi and Cloud 1992). Due to the evaporation process, most of 

the oil disappears from the ocean, some part mixes with the surface, and some 

remains in the environment as a fine droplet, and they contin- ue to pollute the 

environment. Crude and heavy oils like pe- troleum do not easily disappear from 

the environment unless it 1244 Page 2 of  11 Arab J Geosci (2020) 13

:1244 is removed by a proper method and that oil can lead to dan- gerous 

situations (Choi and Cloud 1992; Ivshina et al. 2015a; EPA 2016; Joye 2015; 

Wu et al. 2014; Broje and Keller 2007). Effective eco-friendly materials or 

technologies are needed to remove and recover HASH(0x7f2f496fd7e0)- 

systems HASH(0x7f2f496fdbe8) non-toxic, biodegradable materials along with 

dif- ferent types of biomasses at cheaper prices for the purpose of introducing 

micro- to nano-sized materials, membranes, aerogel or sponges, etc. to recover 

and remove oil from water resources (Fingas 2012). Among the most notorious 

oil spills in history is the Deepwater Horizon in 2010. The incident occurred 

HASH(0x7f2f496fdf30) spill to protect local flora and fauna, experimental 

materials were in wide application, some which had not been approved for 

usage by the Environmental Protection Agency (EPA) to respond to oil spills 

(Ivshina et al. 2015a). There is an adverse health effect of spilled oil in the 
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human body. Moderate to severe breathing trouble, eye, skin irritation, etc. may 

be experienced. From time to time, many scholars and researchers have altered 

their notion of the characteristics and influence of these oil spills on the marine 

ecosystem (Henkel et al. 2012; Chang et al. 2014a) and modified different 

types of methods and chemicals which are responsible for the oil spill (ITOPF 

Response Techniques 2014). The kinds of clean-up technologies are to be 

applied determined by the location and spill intensity (Henkel et al. 2012; Chang 

et al. 2014a; ITOPF Response Techniques 2014). Based in the US, many other 

agencies have been in collab- orative efforts with the United Nations to establish 

guidelines in the use of certain materials with the potential to alter the natural 

setting of communities. Following the widely criticized experimental oil spill 

removal, the EPA conducted an analysis on some of the dispersants used in the 

removal of the spill and have the following recommendations: firstly, the federal 

gov- ernment of the affected region has the right to discontinue the use of any 

dispersant should it be proved to have negative consequences. Secondly, 

dispersants used must apply the sub- sea application process, and finally, the 

coast guard is respon- sible for approving the use of dispersant from the NCP 

Product Schedule. Later studies disapproved the use of dispersants in oil spill 

removal on grounds of increasing toxicity levels on the ocean. In 2010, EPA 

gave a directive to reduce the use of Corexit EC9500A and Corexit EC9527A 

dispersant by up to 75%. Environmental regulation on the use of chemicals to 

disperse oil spills has led to focus drawn to more sustainable products like 

biosurfactants. However, the production of these substances is relatively 

expensive and is used minimally to contain oil spills in regions with high life 

(Fingas 2012). There are international rules to deal with the issue of oil spills. 

For example, there is the Stockholm Declaration of 1972 on the Human 

Environment (EPA Oil Spill Response Techniques 2017). It gives states an 

obligation to put in place measures to prevent pollution of ocean waters. This 

obligation to states is stated in principle 7, in which all member states are 

required to institute mechanisms to prevent pollution and the consequential 

harm to human health, as well as other living organisms the most affected being 

animals that live in oceans and seas. The Stockholm Declaration of 1972 on the 

Human Environment (EPA Oil Spill Response Techniques 2017) in its principle 22 

specifically addresses the issue of liability once oil spills occur in oceans and 

provides under international law for tackling the same. It also makes 

suggestions on the means of tackling pollution through environmental-friendly 

means. There are also regional conventions such as the Helsinki convention 

which addresses more concepts, one of them being precautionary the best 

environmental practice. In line with this, there are various ways in which oil 

spills are removed. Their duration will vary depending on the type and amount 

of oil spill. Due to the higher density of the water than that of oil, the latter 

floats on the water. Its removal is therefore easier than in a case where it does 

sink instead of float. One of the ways for removing such spills is by using 

biomaterials. This entails the use of microorganisms that breakdown the oil 

spills and other wastes into less toxic substances. Even though it is one of the 

cheapest methods, it has limitations. It cannot be used in deep seas. Also, the 

use of microorganisms encour- ages the growth of vegetation in the oceans. 

This will hurt the animals living there. By the use of a chemical method, in situ 

burning, bioreme- diation, and a mechanical method, it can provide an excellent 

result of spilled oil removal from the surface of the environ- ment (Choi and 



Cloud 1992; Ivshina et al. 2015a; EPA 2016; Joye 2015; Wu et al. 2014; Broje 

and Keller 2007). However, studies have shown that mechanical and chemical 

methods are not widely used due to their high cost and ineffective oil re- moval 

capacity (Alaa El-Din et al. 2018). Management of these wastes and later 

cleanup have necessitated the develop- ment of technologies to conduct the 

cleaning. The best avail- able technologies today include chemical treatment, 

gravity separation cyclone separation, and granular filtration. Despite all these 

technologies, biomaterials can be used to remove oil from the surface of the 

water. Biomaterials recover emulsified oil based on their absorption capacity. 

There are no adverse effects on the environment, and biomaterials are con- 

sidered to be a suitable method of oil extraction for low-cost and high-quality 

extraction (Yati et al. 2016). Biomaterials have some beneficial properties such 

as hydrophobic and oleophilic nature and high adsorption capacity; they are bio- 

degradable, environment friendly, and leaves no harmful res- idue after the 

process (Asadpour et al. 2016). It should be noted that environmental 

conditions will vary the performance Arab J Geosci (2020) 13 :1244 Page 3 

of  11 1244 of the applied biomaterial method, in addition to cost-efficien- 

cy. Most of the methods used in removing oil spillage are new, and there are 

limited international laws governing its usage. The rate of oil removal from the 

environment depends on various HASH(0x7f2f496faea0) spillage, the 

geographical nature, and the presence of biological communities (oil-eating 

germs) (Schrope 2011a; Wilson et al. 2017; Dicks 1999). Over the past few 

years, there has been a need to develop organic ma- terials for efficient oil 

removal, so research has focused on understanding some of the bio-materials, 

such as lotus leaves and beetles, and the mechanism behind their hydrophobic, 

oleophilic nature, and super-wettable surface (Feng et al. 2002). Several surface 

modification techniques are understudied, and this research assumed that by 

using new surface modification techniques, the process cost of oil remov- al can 

be reduced manyfold by using substrates like bio- materials and paper waste 

(Carmody et al. 2007; Sarkar and Mahapatra 2014; Korhonen et al. 2011). This 

review sums up the overall view on the environment-friendly biomaterials for oil 

spill management and the capability of absorbing the oil in the form of 

absorbent, separator, and surfactants. Globally, to handle the oil spill incident, 

different biomaterials are exten- sively studied because each biomaterial cannot 

be suitable in all kinds of oil spill scenarios. The importance of this review is to 

evaluate the adsorption capacity of different biomaterials for oil spill 

management along with their strengths and weaknesses. Method As discussed 

earlier, spilled oil must be removed from the environment; otherwise, the 

environmental surface gets pol- luted, and due to this, along with human 

civilization, different animal species might face the consequences. Before 

knowing the beneficial aspect of biomaterials in oil spill management, three 

methods are widely used for the recovery of oil from the surface of the 

environment (Fig. 1). Different types of oil spill treatment methods are grouped 

as physical/mechanical, chem- ical, or biological (EPA 2017). Mobile floating 

devices such as booms fall under physical and mechanical kinds which address 

the oil spills and aid in stopping their movement. High-temperature booms 

usage can burn the oil spill on the site itself (IOGP 2016). On the contrary, 

removal of floating or emulsified oil from the water and the surface is done by 
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skim- mers of stationary nature (Fingas 2012). Another method, a different 

technology named hydrophobic meshes, can be also used for the removal of an 

oil spill. The work of mesh is to allow the pass-through of oil by rejecting water 

flow (Graham et al. 2016b; NOAA 2017). An oil spill can be broken into small 

droplets by using chemical spraying methods, and for small-scale oil spills, 

sorbent materials may be used. Now Fig. 1 Process of spilled oil removal from 

the environmental surface (Ivshina et al. 2015b; Schrope 2011b; Graham et al. 

2016a; Walther 2014; Oil Tanker Spill Statistics 2018; Chang et al. 2014b) 

comes the biological method, several of which incorporate microbes and oxygen 

stimulants for bacterial growth and the culmination of biodegradation of the 

spilled oil (Azubuike et al. 2016), whereas physiochemical methods are limited 

to crude oil clean up (Das and Preethy 2011; Gupta and Tai 2016). Spilled oil 

can be recovered through various processes, but each of these did not have the 

equal ability to recover it. In the use of different chemicals to coagulate the oil 

and in the form of dispersant, this chemical removes the oil from the ocean. 

Despite having a decent result, this chemical process did not follow too much 

because this chemical component may be harmful to marine animals and can 

pollute the marine ecosys- tem (Goodbody-Gringley et al. 2013). Although it is 

the sim- plest and widely used technique to remove oil from the ocean, this 

process can emit a huge amount of dangerous smoke and this leads to 

environmental pollution (Evans et al. 2001). The most intensive-labor method 

for oil recovery is the mechanical method. This is a technique where the 

absorbent material ab- sorbs the oil. This technology uses a net-like structure 

which is made up of absorbent material which basically encircled the pool of 

spilled oil and slowly shift to collect the oil from the surface (Chang et al. 2014c; 

Barry et al. 2017). It should be noted that the sorbent is essentially chemically 

and mechani- cally stable, for the treatment of the oil spill, in addition to 

environment-friendly, recyclable, low density, and impressive buoyancy 

properties (Gupta and Tai 2016). Due to the chances of polluting the 

environment, high cost, less adsorption capacity, the physical and chemical 

methods are not used in any kind of oil spill scenario. So as an alterna- tive 

method, biodegradable cheap biomaterials are widely used for the removal of 

spilled oil from the surface. Different types of biomaterials are extensively used 

globally as discussed below. As shown in Table 1, the natural products, kapok, 

rice straw, cotton, etc. are available abundantly, cost- effective, biodegradable, 

and non-toxic and can be considered ideal as oil absorbents in oil-spill 

treatment. Biomaterials which act like sorbents are mostly used for small-scale 

oil spilled scenario. A good oil sorbent material 1244 Page 4 of  11 Arab J 

Geosci (2020) 13 :1244 Table 1 Biomass-based sorbent used for the 

degradation and removal of oils (Ben and Kallel 2019; Tijani et al. 2016) Method 

Oils Sorbent White ash (Pyrolysis) Black ash (pyrolysis under N2) Pyrolysis at 

480 °C Alkaline treatment Drying (110 °C), cutting, and milling Drying (sunlight 

and 70 °C), crushing, and sieving Drying (70 °C) and crushing Cutting, sieving, 

washing, and drying (105°) Shaking flask method, autoclave, and drying 

Hybridization of peels with NaOH and drying at 70 °C Media Diesel Crude oil 

Diesel Crude oil Gasoline Diesel Light crude oil Motor oil Heavy crude oil Marine 

diesel Motor oil Vegetable oil Crude oil Waste lubricating oil Diesel oil Heavy 

crude oil Mineral oil Vegetable oil Cutting oil Mineral oil Vegetable oil Cutting oil 
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Lubricant oil Petrol oil Mineral oil Vegetable oil DoALL Bright-Edge Oil Rice husks 

Rice husks Rice husks Rice husks Silkworm cocoon waste Banana skins Banana 

skins Luffa (an agricultural waste) M. rouxii (32.7% chitosan) A. coerulea 

(10.4% chitosan) Hybrid peel waste (banana skins + orange peel) Hybrid peel 

waste (banana skins + orange peel) should have high adsorption ability and 

hydrophobic and oleophilic property, must ensure biodegradability, and should 

be reused again. These properties of biomaterials make them different in 

comparison with all other methods and techniques (Abdullah et al. 2010a; 

Adebajo et al. 2003). Natural sorbent biomaterials have a high oil removal rate 

and also do not harm the environment during the oil recovery process. 

According to the studies, some of the plants show a high affinity for oil. This is 

because this type of plants has wax in their body. This waxy structure makes 

them able to float in the water (Gupta et al. 2015; Al-Majed et al. 2012). 

Barley, oats, wheat, rice straw, and rice husk all come under organic sorbent 

biomaterials as mentioned above Table 1. These organic sorbents have higher 

adsorption capacity like advantages as well as some disadvan- tages such as 

they can absorb water during the oil removal process if the oil is present in an 

aqueous medium. Research has shown that some of the biomaterials described 

above have higher absorption capacity than others. For example, Kapok fiber, 

raw cotton, chitosan, and Chorisia speciosa. The higher oleophilic nature of 

Kapok fiber (20–50 g/g) or the cotton after acetylation of cellulose gives them a 

higher affinity towards oil and helps the biomaterial for efficiently removing the 

spilled oil (Choi et al. 1993; Choi and Moreau 1993; Lim and Huang 2007; 

Deschamps et al. 2003). Normal raw cotton can also re- move the oil from the 

surface, but after the acetylation process, the cotton becomes more stable and 

biodegradable. The Chorisia speciosa shows the highest oil adsorption ability 

among all the biomaterials. In wet conditions, the Chorisia speciosa has less 

affinity towards the water as compared to all other biomaterials and that is why 

it is used for a more efficient oil removal process. Research has shown that due 

to high hydrophobicity and oleophilic nature, the Chorisia speciosa fiber can 

adsorb up to 85 g of oil per gram of adsorbent in 1 day (Amico 2010). Chitosan 

can be used as an oil-removing biomaterial. It is a different form of chitin which 

is found in the body of many aquatic animals. Structurally, it is a charge 

bipolymer having a good attraction towards the opposite charge if it is present 

in the oil-water mixture. Chitosan is a polysaccharide containing N-acetyl-D-

glucosamine residue in its C2 position, and this composed structure is 

responsible for the electrostatic interac- tion between chitosan and oil-water 

emulsion, hence behave as an emulsifier (Aranaz et al. 2010). Chitosan is 

derived from Arab J Geosci (2020) 13 :1244 Page 5 of  11 1244 chitin, 

and after a chemical and physical modification of the structure, it can become 

more soluble in water than before, and in this, the modified form is used in a 

different type of industry for the removal of contaminant from water 

(HASH(0x7f2f49701458)). Chemically hydrophobicity moie- ties can be added in 

a chitosan structure, and this helps to form more stable amphiphilic chitosan (Lü 

et al. 2015). Recent studies have shown that biomaterials such as chitosan in 

the form of aerogel might be found in seafood waste. Kapok is a type of natural 

fiber which has excellent oil- removing capacity from the surface. It has a good 

amount of oil adsorption capacity due to the porous nature of this fiber and the 

waxy coating on their structure (Wang et al. 2012). Several surface modification 
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techniques such as acetylation and esteri- fication are used to increase the 

amount of oil adsorbed. Kapok fiber has a large number of the 

HASH(0x7f2f49701560) main reason behind the limited oil sorption ability. 

However, this structure can be modified to create a superhydrophobic and 

oleophilic surface. Cotton is also used for the sorption of crude oil from the 

surface. Cotton is cheap, is biodegradable, has good oil reten- tion capacity, and 

can be reutilized again. All these properties of cotton make it a better choice for 

the oil removal process. Low micronaire cotton is referred to immature cotton 

fiber which is mostly used for oil recovery because they have higher wax 

content and fine fiber on their structure (Cui et al. 2002). If the cotton fiber has 

a high amount of cellulose deposition, that means the fiber is mature enough 

and it can adsorb less amount of oil. The linear density of the fiber also affects 

the oil recovery capacity (Montalvo Jr. 2005). Studies suggested that low 

micronaire cotton can adsorb more oil than normal cotton and it is economically 

valuable. Like India or China, there are many countries in the world where rice 

is produced and served as the main source of food. Statistics show that globally, 

more than 600 million tons of rice is produced and one-fourth of that represents 

the rice husk made each year worldwide (Chandrasekhar et al. 2003). Actually, 

rice husk is an agricultural waste, but the presence of cellulose in its cell wall 

pulled the attention of the re- searchers. Some researchers have shown that 

rice husk can be used as an oil sorbent biomaterial due to the presence of 

cellulose in its cell walls. To reduce the environmental pollu- tion caused by 

other types of oil-removing method, rice husk and rice straw are widely 

HASH(0x7f2f49701a58) (Hu and Hsieh 2014). About 30% of cellulose is present 

in the rice husk structure before to be extracted from the raw rice husk, and 

then, different modification techniques are used to achieve super-hydrophobicity 

and high cellulose concentration. Biodegradable property and high adsorption 

capacity make rice husk one of the most important biomate- rials used for the 

oil removal process. Walnut shells as a separant agent have shown a promising 

result for oil removal from the water. Walnut shells have selectivity to separate 

oily pollutants from the water, and that is why it is used on the filtration 

process. Due to their porous nature, they show different sorption capability 

towards the different medium. Studies have shown that viscous oil medi- um 

generally takes more time to adsorbed through the porous walnut shell, but 

they can effectively separate oil from the aqueous medium (Srinivasan and 

Viraraghavan 2010; Srinivasan and Viraraghavan 2008). Sometimes carbon 

fiber is used HASH(0x7f2f49701da0) morphological characteristics and a high 

sorp- tion rate of oil, carbon fiber shows almost 100% removal of oil. Then, the 

adsorbed oil can be recovered from the carbon fiber by doing centrifugation for 

a few minutes (Inagaki et al. 2002). Apart from the abovementioned 

biomaterials, barley straw, sawdust, cross-link cellulose, and oat straw are also 

used for the oil removal process. By using these biomaterials, one can also 

efficiently remove oil from the surface. So sorbents and surfactants which are 

used in the oil removal process must have good hydrophobicity and oleophilic 

nature, oil retention time, selectivity, good recovery rate, cheap, eco-friendly, 

do not cause any pollution; also, they should be biodegradable. We have 

observed that two things happen during the process of removal of an oil spill. 

Firstly, spilled oil is left for biodeg- radation which is a natural and time taking 

procedure. Secondly, it can be removed from the environment by the 

application of various biodegrading agents and the operation of different 



technical and mechanical methods. Effect of parametric trend in oil spill removal 

Particles A particle characterized by its size and porosity is the basis of particle 

mannerism of oil and water. Two types of classifica- tions such 

HASH(0x7f2f49707248)) under small volume fraction and large vol- ume cover 

up the emulsion system. Now, throwing light on strong hydrophilic particles and 

strong hydrophobic particles, the former get wetted only by water, and emulsion 

takes on an aqueous phase of dispersed particles, whereas the latter get wetted 

only by the oil and remain in that phase. Raw natural sorbents have low 

hydrophobicity which degrades oil sorption ability by increasing water uptake, 

but in a general sense, these sorbents are known for their incredible adsorption 

capacity, biodegradability, and non-toxicity when compared with syn- thetic 

sorbents. Nanoparticles and polymer-based blends are going higher up on the 

scale as its surface functionality and biodegradability are user friendly for 

removing oil alongside providing reusing facility and simple recovery (Fouad et 

al. 2016). If we now focus on smaller particles (5 nm–52 μm) (Lam et al. 2014), 

these are capable of getting absorbed at the oil-water interface, specifying 

wetness by both water and oil, 1244 Page 6 of  11 Arab J Geosci (2020) 13

:1244 Fig. 2 Oil spill treatment methods based on oil recovery or oil 

dispersion so these Pickering emulsions help in stabilizing emulsions. All these 

criteria need not be satisfied by particulate adsorbents as the aqueous phase 

cannot wet oil adsorbents, and so normally, they depend on hydrophobic 

preparation. Adsorbent particles are famous for their surface roughness and 

porosity resulting in an increased surface area of the absorbent. Pickering emul- 

sions’ (Lam et al. 2014) stability deteriorates with surface roughness and is not 

under desirable phenomena. The above particles mentioned can be various, 

acting as a surfactant, dispersing agent, emulsifying agent, herding agent, or 

coating materials. Table 2 signifies the various roles in the adsorption of oils. 

Commonly used adsorbents In recent years, due to the pollution caused by 

mechanical and chemical methods, biomaterials are widely used for the recov- 

ery of oil from the surface. Biomaterials are biodegradable, pollution-free, and 

cheap. Nowadays, research is going on the development of novel synthetic 

biomaterials which can work as a sorbent and can be efficiently used as the 

removing agent of oil. One biomaterial cannot be used in all kinds of oil spill 

scenarios because different biomaterials and different oils have their different 

characteristics. Some of the biomaterials can effectively remove oil at low pH, 

and some of them may effortlessly work at a different environmental condition. 

There are various oil removal methods reported in this paper (see Table 3), 

such as distillation, vacuum filtration, and extraction. Chitosan is the most 

important oil-removing biomaterial as mentioned above. Normally, chitosan 

having a pH of 6.8, moisture content 2.8%, a porosity of 60–65%, and a degree 

of de-acetylation higher than 85% (Chi and Cheng 2006). Studies have shown 

that chitosan has a better oil removal rate at low pH (pH < 5), up to 99%. The 

reason is that at this pH level, the zeta potential value which refers to the oil 

stability in the water is low. When the pH is increased, then the zeta potential 

value also increases which means the stability of oil in water is so high that 

greater force is required to separate the oil from water (Reynolds and Richards 

1995). In this sit- uation where the zeta potential value of the emulsion is high, 

then the removal of oil will become very difficult for the biomaterial. As the pH 
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is increased (pH > 7), the oil removal rate also decreased. Acidic pH helps the 

adsorption process and catalyzed the reaction to help the oil droplet to fit in the 

active site on the chitosan molecule (Ahmad et al. 2005). Chitosan can absorb 

up to 99.9 mg/g of oil from the oil. Among the fungal biomasses, Mucor rouxii 

exhibits oil ad- sorption capacity up to 90% and researchers thought that this 

higher amount of oil removal rate is achieved due to the pres- ence of chitosan 

in their cell walls (Yan and Viraraghavan 2000). Figure 3 explains how different 

pH affects the chitosan adsorption rate. As time increases, the adsorption also 

in- creases until at one time the rate becomes constant. The highest adsorption 

rate achieved at 5 pH is 99.9%. If the pH of the surface is high, then the 

adsorption rate will decrease as the above graph has shown. Studies have 

shown that 191 kg of chitosan is required to remove 99% of oil from the 100 

m3 oily water. Along with chitosan, Kapok fiber is also widely used for oil 

removal. Studies demonstrated the structure of Kapok fiber and its state as 

seen in the scanning electron microscope, and the porous structure of the fiber 

is responsible for the high adsorption rate (Dong et al. 2014). The Kapok fiber is 

hydro- phobic in nature so it has a high affinity towards oil than water, so in the 

aqueous medium, the fiber tends to adsorbed oil. Since having a high water 

contact angle, Kapok fiber shows this super-hydrophobicity and oleophilic 

nature. The research suggested that its waxy structure may be responsible for 

the high water contact angle in Kapok fiber. Higher static contact angle and 

higher interfacial energy barriers between Kapok fiber and oil are also 

responsible for the slow oil spreading on the fiber. This is the reason behind the 

long Arab J Geosci (2020) 13 :1244 Page 7 of  11 1244 Table 2 

Different particles used in the formation of emulsions, removal, and recovery of 

oils Particles Method Oil Chitin Chitosan Chitosan Powder form Grafting using 

free radical polymerization Oil palm leaves Carboxymethyl chitosan (micro-

sized) Blending and mixing Partial carboxymethylation H-Oleoyl-carboxymethyl 

HASH(0x7f2f49707650) microspheres Chitosan-silica hybrid (nano-sized) 

Cellulose nanocrystals (nano-sized) Bifunctionalized cellulose (nano-sized) 

HASH(0x7f2f497079e0) or starch (nano-sized) Carboxymethylation and 

acylation Carboxymethylation and acylation Carboxymethylation and cross-

linking Sol-gel encapsulation Deep eutectic solvents Oxidation and amination 

Emulsion polymerization Electrospun polyvinyl chloride/polystyrene fibers 

(nanofibers) Electrospinning Eugenol-based polymeric microspheres Suspension 

polymerization and self-crosslinking HASH(0x7f2f49701098) 

Polyvinylpyrrolidone-coated magnetite nanoparticles (nano-sized) Hydrothermal 

method Polystyrene-coated magnetic hollow Fe3O4 nanoparticles Hydrothermal 

synthesis and emulsion (nano-sized) polymerization Toluene 

HASH(0x7f2f49707758) Marine diesel Diesel Neste 2T oil Wastewater of oil 

extraction Marine diesel Oil in water effluents of oil industry Toluene, 

cyclohexane, n-heptane, Chloroform Marine diesel Marine diesel Toluene 

Kerosene Hydraulic oil Motor oil peanut oil diesel Chloroform Toluene Gasoline 

Diesel Kerosene Peanut oil Crude oil MC252 oil Lubricating oil submergence of 

Kapok fiber (Abdullah et al. 2010b). If com- pared with cotton fiber, Kapok fiber 

has a high adsorption rate, but in cotton fiber, the oil will spread faster than 

Kapok fiber. Kapok fiber has almost 90% adsorption capacity. Kapok fiber has 

such a high absorption capacity that it can absorb almost twenty-five times its 

own weight of oil from the environment. The below figure (Fig. 4) shows how 
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Kapok fiber’s oil retention capacity depends on the oil adsorption rate (Fig. 4). It 

has been observed that maximum retention of oil happens when the adsorption 

capacity is greater than 25 g/g. If the adsorption rate decreases less than 23 

g/g, then the oil reten- tion rate decreases gradually, and in this kind of 

situation, the oil retention capacity decreases to less than 85% (Cao et al. 

2017). Cotton is also used for the sorption of crude oil from the surface. Cotton 

cannot provide a high adsorption rate as com- pared to Kapok fiber and 

chitosan. Cotton fiber does not have a porous structure, and that is why cotton 

has relatively poor sorption capacity. But crude oil can be efficiently removed 

from the environment by the cotton fiber. Cotton has a lower contact angle, and 

this is one of the main reasons behind the faster spreading and adsorption in 

cotton. As discussed earlier, immature cotton fiber facilitates the oil adsorption 

rate due to its waxy structure. Studies have proved that low micronaire cotton 

has the highest adsorption rate as compared with all kinds of cotton fiber. The 

maturity of the fiber is inversely 1244 Page 8 of  11 Arab J Geosci (2020) 

13 :1244 Table 3 Conventional sorbent used for the removal and recovery 

of oils Raw material Synthesis Recovery cycles Kapok fibers 

Polybutylmethacrylate 6 (diesel, soybean oil, crude oil, 150NS, 20cst) Silica 

nanoparticles Lignin Organogel 5 (gasoline) Ambient drying Liquidambar 

formosana Pyrolysis >10 (paraffin and turpentine oil) Kapok fibers SiO2 

nanoparticles 8 (diesel and soybean oil) Silanization Cellulose foam Drop-casting 

stearic acid and graphite particles 15 (paraffin and motor oil) Heat treatment at 

100 °C Kapok fibers Fe3O4 nanoparticles and dopamine modification 16 

(toluene, gasoline, and diesel) Cotton SiO2 nanoparticle and 

octadecyltrichlorosilane modification 10 (n-hexane and chloroform) Poly (lactic 

acid) Vacuum 40 °C 5 (hexane, diesel, gasoline, vegetable oil, and petroleum 

ether) Dioxane and ethanol solvents proportional to the oil adsorption rate as 

shown in Table 4 (Singh et al. 2013). So the more mature the cotton fiber is, 

the lower the adsorption capacity is. Low micronaire cotton has less cellulose 

deposition in their surface, large surface area, and twisted structure resulting in 

a higher oil adsorption capacity (Montalvo Jr. 2005). The maximum oil 

adsorption capacity of cotton observed was 15 g/g, with about 92% of oil 

recovered from there. Despite being an agricultural waste material, rice husk 

has many utilities. Among the beneficial utility, adsorption of spilled oil from the 

surface of the water is an important exam- ple. For efficiently removing the 

spilled oil, rice husk must have some of the adsorption characteristics, in 

particular, the oleophilic nature of the material is one the most important. Rice 

husk has 70% cellulose and almost 20% SiO2 in their structure which are 

responsible for the high affinity towards petroleum products. But firstly, rice 

husk must be pretreated by doing pyrolysis at 480 °C to form a higher porous 

structure. After this process caused high SiO2 content, the new porous structure 

becomes able for more oil retention; then, rice husk has shown high adsorption 

capacity. Rice husk is mainly used for removing petroleum products from the 

surface because Fig. 3 Chitosan adsorption capacity at different times 

(Srinivasan and Viraraghavan 2010) this biomaterial is hydrophobic in nature 

and has good buoy- ancy characteristics. Low bulk density of the biomaterial 

helps form porous capillary in their structure, and it can affect the oil adsorption 

capacity. The oil absorption rate is directly propor- tional to the bulk density. 
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The GC analysis of the rice husk can determine the adsorption characteristics. 

Carbonized rice husk contains alkane molecules on their structure, and this is 

the reason behind carbonized rice husk has high oil adsorption capacity. 

Although there are several international treaties and conventions available, but 

due to restrictions in different places of the work, it is hard to regulate those by 

international laws and agencies. It will protect not only the environment but also 

the sea creatures and fauna (Gandevia and Tovell 1964; United Nations 1972). 

Besides all the biomaterials, walnut shell media is also used for the sorption of 

oil from the surface. In general, walnut shell also is characterized by high oil 

adsorption capacity (96 mg/g) (Srinivasan and Viraraghavan 2010). Some of 

the adsorption characteristics of walnut shell are as follows: it gets efficiently 

adsorbed oil at pH less than 6, has 52% porosity, 0.64 kg/L of density, and a 

specific gravity of 1.2–1.4. Research has shown that walnut shell exhibits 

different oil sorption ability to a different oily surface. For example, the highest 

adsorption capacity observed is for canola oil, almost 90 mg/g, whereas Fig. 4 

The different scenario of Kapok fiber’s oil retention capacity (Cao et al. 2017) 
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adsorption rate depends on the maturity level of cotton fiber (Singh et al. 2013; 

Angelova et al. 2011) Maturity level Oil adsorption capacity(g/g) 4.6 30.5 4.4 

31.4 4 32.6 3.5 34.52 3.1 35.83 adsorption capacity for SMO oil is near 85 

mg/g. The higher viscosity of the oil takes more time to adsorbed through wal- 

nut shell. The porous surface of the walnut shell helps less viscous oil to 

penetrate or adsorbed faster (Srinivasan and Viraraghavan 2008). Challenges 

The greatest hurdle lies with the effectiveness of the absor- bents in the case of 

the rise in oil and emulsion density, as over a while, the emulsion viscosity 

changes due to evaporation and emulsification. As conventional sorbents, due to 

their biological origin and obtained from bio-based waste materials, they are 

generally eco-friendly and are available in cheaper prices. From an en- 

vironmental and economic perspective, sorbents should have the capability to 

recover the oil, and at the same time, it can be ready for reuse. Because of low 

hydrophobicity, these mate- rials exhibit low oil absorption capacity and 

buoyancy prop- erties. The enhancement of these properties is possible modi- 

fying these materials, but this modification may decrease their biocompatibility. 

Ecofriendly and effective modification to sorbent materials is therefore 

necessary to increase their po- tentiality for the treatment of the oil spills. 

Emulsion can be stabilized by hydrophilic and hydrophobic particles. It hap- 

pens when the wettability of particles is partial with CA 20– 120°. The porosity 

of microspheres and surface area simply commands over nano-particles in the 

oil absorption. To form a stable emulsion, nano-particles’ dispersion rate needs 

to be higher. Aerogels are considered ideal absorbent materials because of their 

good buoyancy properties and high absorption capac- ity due to low density and 

high surface area. Aerogels have some drawbacks so as conventional 

absorbents have. Biomaterials are generally amphiphilic, which they are obtain- 

ed from and to infuse hydrophobic attribute; there is a require- ment of further 

alteration. Otherwise, the aerogel synthesis process is also eco-friendly as there 

is no requirement of added reagents to constitute a hydrophobic absorbent. 

Here, in this process, the biomaterial is dissipated in water and then freeze- 

dried and pyrolyzed. On the other hand, the preparation procedure for aerogels 

is burdensome and add extra cost to the expenditure list. It is also not 
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considered user-friendly in coping with large-scale oil spills. Furthermore, hydro- 

philic and underwater superoleophobic material separators command over 

hydrophobic and oleophilic substances be- cause they have reduced in external 

fouling and water barrier capacity. Even though bio-based foam or mem- 

branes are capable of being broken down into innocuous  substances by the 

action of  living beings, because of ly- ophilization, the production along 

with scale-up expendi- ture is higher than that of mesh. Conclusion A variety of 

sorbents which are bio-based covered in this review paper are beneficial in 

treating oily wastewater, a steep reduction in oil content from water, re-

utilization of waste, and recovery of oil. The next challenge lies in curbing the 

cost- effective methods and producing materials which suit mini- mal, feasible, 

and eco-friendly changes but without compromising the beneficiary of the bio-

based materials which are native. So non-toxicity and biodegradability must be 

retained. So as research has shown, some of the biomate- rials have the 

potential ability to remove oil from the environ- ment, and then, the oil can be 

recovered from it. Natural, synthetic inorganic biomaterials can function as a 

good sor- bent for oil. As discussed, biomaterials which are used for the removal 

of oil have a good affinity towards oily product than water; otherwise, it can 

adsorb water easily from the surface of the ocean. Oil-adsorbing biomaterials 

must have certain char- acteristics such as good oleophilic and buoyancy 

nature, bio- degradable, cheap, and easy availability. Researchers have shown 

that various natural fibers such as cotton and Kapok fiber have high adsorption 

capacity of oil. Nowadays, research is focused on developing novel biomass-

derived cellulosic components for oil removal. Due to the high chances of envi- 

ronmental pollution, the oil must be removed from the envi- ronment because a 

huge amount of money is invested in this field. Most of the known oil adsorbent 

biomaterials have a high adsorption rate for low viscosity oil, but the sorption of 

high viscosity oil at a high rate is still challenging. Apart from these, in an ocean 

oil spilled scenario, biomaterials must have the ability to fight against big waves 

and strong wind power to adsorb oil from there. After the removal of oil from 

the sur- face, a proper method is required to recover the adsorbed oil from 

biomaterials. Research is going on the development of suitable oil-adsorbing 

biomaterials to overcome all these kinds of issues. Compliance with ethical 
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