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Abstract: Oil spills and contaminated water sources are responsibf@fiuting marine
environments, which in turn has adverse effects on marine ecosystems and public health.
Among various oil removal methods, adsorption is the preferred technique due to its speed,
simplicity, low cost, and edédriendliness.In this paper, w will review methods for
modifying the oil adsorption properties of cellulose to enhance its adsorption capéeity.
have reviewed 287 relevant worldwidltbcuments in recent years and selected 142
documents for use in this study. The review results ohtimeber of documents show that
there are three main methods for transforming cellilloesed adsorbents, includid)
Physical transformation methods such as mechaaiaahing,or pressing, heat treatment,

and the plasma techniqu€) Chemical modificdion methods such as mercerization,
acetylation, grafting, acidification, aerogel modification, cationic surfactant; (@8hd
Bioremediation(immobilization of microorganismisAmong these modification methods,
cellulosé based aerogels have shown remarkablabsorption capabilities of up to 170.0

g/g, superhydrophobicitfwith a water contact angle of 156),7and the ability to be reused

up to 80 times. Cellulase denaturation and microbial immobilization ardriecally
techniques that have potential replace nonbiodegradable oil adsorbents. Furthermore,
utilizing agricultural byproducts to produce highapacity absorbent materials is a
promising solution that benefits both the economy and the environment.
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1. Introduction

The worldwide deterioration of water quality and negative impact on the underwater
ecosystems caused by oil pollution resulting from oil spills and leaks during various
activities such as transportation, shipping, exploration and production, oil refining, and
disposal1]. This has led to severe health consequeie¥he majority of oil spill volumes
in water originate from oil refinery por(@5%), ships(25%), oil tankerg20%y), barge tankers
(15%), and oil rigs (15%)l'he oil spills consist of various types of oil, with crude oil being
the most common (35%), folieed by diesel oil (20%), marine oil (10%), gasoline (8%), and
the lowest is bunker oil (3%}].

There are various methods available for removing oil from water, includirsgtun
burning, chemical techniques such as solidification and dispersion, bailoggthods, and
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physical methods such as skimming and oil sorbg#its Nevertheless, oil absorbent
materials are the most favored method due to their quickbgs®hvenience, affordability

[6], and ecofriendlinesq 7]. There are about 200 different sorbent materials available in the
market, and the choice of sorbent material depends on factors such as availability, cost, and
safe usagg¢s]. The three main categories of oil sorbent materials are inorganic mineral
produds, synthetic organic products, and natural organic prodékt$norganic products

like perlite, vermiculite, and diatomite are mostly buoyant and have low oil absorption
capacity[10], while organic polymer products such as polypropylene, polyethyserte,
polyurethane have a major drawback of being difficult to biodegfadp However,
lignocellulose sorbent materials have significant advantages over other materials, especially
in terms of their environmental friendliness and lightweight nature, makieign easily
recoverable and reusaljle”].

Natural adsorbents from agricultural waste and byproducts, incluti@gtraw[13],
sawdus{12], onion skin[14], garlic skin[14], walnut shel[15], bagass§l6], barley straw
[17], banana stem fibefs8], banana sterfiLg], peanut shell19], rice husi20], corn stalk
[21], corn co27], pomelo pee]23], wheat straw24], mango seed coft5], banana peel
[4], rice brar{26], Cha Laseedg27], flax fiber[28], durianpeel[29], and coconut coi30],
have gained significant attention from researchers in recent years for their effectiveness in
removing oil from water.

Natural absorbent materials are an appealing choice for cleaning up oil spills owing to
their cost effectiveness, widespread availability, biodegradability, and tosic nature.
Nevertheless, they exhibit limitations such as low adsorption capacity, limited floatability,
and hydrophilicity{31]. Researchers have reported different conversion meithditerature
to enhance the properties of natural absorbent materials, such as their adsorption capacity and
buoyancy, while maintaining their original properties. Ideally, these modifications should be
minimal and should not affect the biocompatiilitf the material 37].

To improve these properties, adsorbent materials can be modified by physical methods
mechanical33], thermal[34i 35]; chemical methodsalkaline treatmenf36], acetylation
[37], benzoylation and graftifg S 40], and biological methodg 1], which can significantly
enhance the adsorption properties of the natural base material.

This study will delve into investigating and evaluating methods to improve the oll
adsorption capability of natural organic sorbents derived from environmentally friendly plant
sources

2. Cellulosd based adsorbents

Lignocellulosic whichrefersto wood and plant materiais,a type of composite material
that consists of three different polymers, namely cellulose, hemicelluloses, and4ignin
Cellulose is made up of straight crystalline chains of glucose units that are joined together by
1,4i bi glycosidic bonds, and the lethgof the polymer chain can be as long as 15,000 units
[43]. One of the remarkable characteristics of cellulose is its ability to biodegrade and
regenerate. Additionally, cellulose exhibits high strength and stiffness, low density, and
excellent biocompatility [44)].

Natural organic sorbents are composed of cellulose, hemicellulose, and lignocellulose,
whichmainly composedf carbon(C), hydrogenH), oxygen(O), and nitrogeriN), as noted
by [45]. As pointed out by4€], high levels of carbon or oxygen content are important for
improving the oil recovery capacity of sorbent materials in water. Although cellulose can
serve as an efficient oil sorbent, its hydrophilic characteristics due to the hy@rGty)
groups on thena t e rsurfack @ impede oil cleanp efforts in water. One solution is to
substitute the hydroxyl groups to modify the sorbent's surface and increase its hydrophobicity
[47]. This is also the rationale behind numerous modification methods usdubtiiga the
hydroxyl groups.






