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INTRODUCTION  

 

Oil pollution represents a visible and most significant case of marine pollution. During 

the last decade, approximately thousand tons of oil are spilled by tankers annually 

worldwide (Karakasi and Moutsatsou, 2010; Chang et al., 2014; Michel and Fingas, 

2016). Immediate action for preventing of oil pollution is required and to this direction 

several oil spill clean-up techniques. Various methods have been used for controlling oil 

spills, minimizing their impact on human health and the environment. (Delaune et al., 

1999; Lessard and Demarco, 2000; Hussein et al., 2011; Elkady et al., 2015) 

ARTICLE INFO ABSTRACT 
Article History: 

Received: Nov. 26, 2020  

Accepted: March 22, 2021 

Online: April 15, 2021 

 _______________ 
 

Keywords: 

Oil spill,  

sorption,  

field application, 

natural fibers.  

An oil spill was simulated in a basin connected to the sea, which 

presents inside the National Institute of Oceanography and Fisheries. Two 

available natural fibrous materials were used after modification as sorbent 

materials for the treatment of oil spills. Sorption capacities of LCLA and 

PFLA onto crude oil were preliminarily examined in the laboratory before 

applying in the field. An amount of LCLA and PFLA were wrapped in a 

polyester circular pad. Cylindrical-shaped acrylic vessels, with perforated 

sides, were fixed with cork sheets to keep them floating on the water 

surface. 1.1 mm thickness of light crude oil was spilled inside the acrylic 

vessels. LCLA and PFLA containing pads were then dipped into an oil layer 

floating on seawater. Pads were laid into the interface between oil and 

seawater for 30 min (one pad per each vessel). Sorption capacities were 

measured as 11.0 and 9.8 as gram oil per gram of sorbent for LCLA and 

PFLA, respectively. These results were close to the sorption capacities 

produced in the laboratory using the same oil and sorbent materials 

indicating that the tested sorbents have a cheerful application in the real 

field. 
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The seriousness of oil spills through accidents depends on several factors, such as the 

amount of spilled oil, the final destination of the spilled oil, the weather and the season of 

the year (Toyoda and Inagaki, 2000; Zamparas et al., 2020). 

In order to treat a massive oil spill, quick and large scale skimming is required; one uses 

sorbents with high sorption capacities and rates. In the case of oil spill in water, the 

sorbent materials used must be hydrophobic so they can adsorb oil only without water. In 

order to protect the aquatic environment from pollution, sorbents that have a large 

capacity and easy manipulation are needed (Abdelwahab et al., 2017). 

Natural fibers are among the alternatives for oily wastewater treatment for their 

simplicity, excellent oil removal properties, environmentally friendly characteristics and 

easy availability and feasibility (Shi et al., 2019; Do et al., 2020; El-Gheriany et al., 

2020). It was found that investments in natural sorbents as a sustainable oil spill cleanup 

technique will overcome the limitations of existing cleanup techniques (Wahi et al., 

2013; Kyzas and Kostoglou, 2014). In this study, the potential of organically modified 

fibers of Lauffa Cylindrica and Palm Fibers to remove crude oil was investigated to 

provide an easily, eco-friendly and cost effective method of cleaning oil spills and oil 

recovery.  Meanwhile, sorbent Pads were designed to control and clean up spills in small 

closed aquatic areas. They were made of fabric which can repel water and absorb only 

petroleum-based fluids to ensure efficiency in the cleanup operation. Oil Pads can be 

used to catch leaks, drips and spills or use them outdoors to soak up oil sheen off the 

surface of water. 

MATERIALS AND METHODS  

 

1. Preparation of sorbent 

Two available natural fibrous materials were used after modification as sorbent 

materials for treatment of oil spill. The fibers of luffa cylindrical and palm fibers were 

collected from the local market in Egypt. Fibers were treated after cleaning and 

classifying in a standard set of sieves to uniform particle size. Lauric acid solution of 1M 

concentration was used for sorbents modification. Fibers were suspended in the acid 

solution while the stirred for 6 h and then it was filtered. The resultant adsorbent sample 

was washed with n-hexane several times before being oven-dried overnight. The resultant 

treated fibrous sorbents were labeled as LCLA and PFLA for treated luffa cylinderica and 

treated palm fibers, respectively.  

2. Sorption laboratory experiments  

To study the capacity of sorbents. A calculated volume of crude oil was poured into a 

250-ml beaker containing 100 ml of sea water at different oil film thicknesses (1.1, 2.3 

and 3.4 mm). 0.2 g of adsorbent with grain size > 0.2 mm, was added to the oil-water 

mixture as the method of Abdelwahab (Abdelwahab et al., 2014; Abdelwahab et al., 

2017). Shaking was persisting for an hour at 140 rpm, while samples withdrawn 
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according scheduled time interval of (1, 5, 10, 15, 30, 60 min). The sample weight was 

determined and capacity of oil was calculated at time intervals using the following 

relation 

sorbent  of mass

removed oil of mass
(g/L)capacitySorption   (1) 

3. Field application experiment 

To simulate a real oil spill in the field, the study was crafted in a basin connected to the 

sea present in the National Institute of Oceanography and Fisheries, NIOF, Alexandria. 

Crude oil was spilled inside cylindrical-shaped acrylic vessels floating on the surface of 

sea water. The vessels had a diameter of 26 cm and were fixed with cork sheets to make 

sure of their buoyancy. The cork sheets keep them floating on water surface. All 

cylinders were opened from both sides, which facilitated seawater exchanges between 

interior and exterior sides of the vessels. A Pre-calculated volume of oil was poured 

inside each vessel to attain 1.1 mm thickness of the oil film. Stoichiometric amounts of 

LCLA and PFLA were wrapped in a polyester circular pad (25.5 cm diameter) where it 

was subjected to shaking by the natural waves of water basin. Each pad was introduced to 

the interface between oil and sea water for 15 min (one pad/ vessel). After that, the pads 

were detached and the amount of adsorbed oil was determined. After which, sorption 

capacity of LCLA and PFLA was calculated and compared with the one obtained in the 

laboratory. 

RESULTS AND DISCUSSION 

 

1. Effect of Thickness and Time on Sorption Capacity  

Figs. 1 and 2 represent sorption capacities of LCLA and PFLA as a function of the time 

using different thicknesses of crude oil, respectively. The used oil viscosity was 62 cp 

and its density 85 g/cm
3
. It is obvious that the sorption capacity increases with the 

increase in the sorption time until it reaches a maximum capacity of 18.0 g oil/g of 

sorbent using LCLA after 60 min shaking time, while it reaches 17 g oil/g of sorbent by 

using PFLA.  

Meanwhile, it was found that the sorption capacity increases with the increase in oil film 

thickness. These results are in agreement with the previous studies, as they discussed 

effect of contact time on oil adsorption capacity using activated recycled rubber, date 

palm powder, low grade raw cotton fibers, coconut, raw bagasse and barely straw, 

respectively (Said et al., 2009; Hussein et al., 2009; Aisien and Aisien, 2012; Al-

Zubaidy, 2012; Okafor et al., 2012).  

 

 



Ola Abdelwahab et al., 2021 

 

460 

 

Fig. 1. Sorption capacities of LCLA as a function of time exposed to different crude oil 

film thicknesses 

Due to the addition of LCLA and PFLA onto the crude oil floating on the water, it was 

noticed that after 60 min shaking the layer of oil disappeared in case of using LCLA due 

to its sorption by the adsorbent while, the oil layer became less dense after the use of 

PFLA. Typical photographs of the appearance of the crude oil floating layer before and 

after the addition of LCLA and PFLA onto the oil surface are shown in Fig. 3. The 

complete disappearance of the oil layer after using LCLA refers to its higher sorption 

efficiency than PFLA 

Fig. 2. Sorption capacities of PFLA as a function of the time exposed to different crude 

oil film thicknesses 
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(a) (b) 

Fig.3. Typical photographs of the crude oil floating layer before and after the addition of 

(a) LCLA and (b) PFLA 

2. Sorption of Oil Spill- Simulated Experiment 

Fig. 4 represents a test simulates the actual spill in the environment. The experiment 

was built in a basin connected to the sea. In the beginning, the oil was spread on the water 

surface inside the cylindrical-shaped acrylic vessels to attain 1.1 mm thickness of the oil 

film, as shown in Fig 4a. Then, two polyester circular pads containing LCLA and PFLA, 

individually, were immersed in the oil layer at the interface between oil and sea water to 

attain good contact between the pad and oil, as shown in Fig 4b. The pads were left for 30 

min floating on the oil surface layer, they were then removed for analysis. Fig 4c and Fig. 

4d indicate the surface and internal appearance of the LCLA and PFLA pads after 

sorption, respectively. The pads look saturated with crude oil.  
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a. b. 

 
 

c. d. 

Fig. 4 (a) calculated amount of oil is powered inside each tube. (b) pad immediately after added to 

the oil/water interface. (c) and (d) surface and internal appearance of the LCLA and PFLA pads 

after sorption 

Pads acted as a large sponge that adsorbed the oil from the water. Capacities were 

measured as 11.0 and 9.8 gram oil per gram of sorbent for LCLA and PFLA, 

respectively. These results were close to the capacities produced in the lab after 30 min 

shaking, indicating that the tested sorbents have promising application in the field. 

CONCLUSION 

 

Two available natural fibrous materials were used after modification as sorbent 

materials for treatment of oil spill. The sorption capacity of LCLA and PFLA was studied 

first in the laboratory. Sorption capacity of the fibers was increased with time and 

thickness of oil film. LCLA and PFLA were wrapped in a polyester circular pad. The 

pads exhibited excellent sorption capacity for oils, under simulated field conditions (sea 

water in NIOF basin with the oil layer). Pads adsorbed the oil spill from the water. Pads 

sorption capacities were measured as 11.0 and 9.8 gram oil per gram of sorbent for LCLA 

and PFLA, respectively. These results were nearly close to the capacities produced in the 

lab after 30 min shaking. Based on the results obtained, the pads containing LCLA and 

PFLA have excellent commercial potential as a sorbent for oil.  

There is as yet little information containing a field study of comparison between 

different sorbents. Although much has been accomplished in the area of low-cost 

sorbents, much work is necessary to (i) predict the performance of the adsorption 

processes for oil spill removal from simulated spills under a range of operating 

conditions, (ii) better understand adsorption mechanisms, and (iii) demonstrate the use of 

inexpensive bio-sorbents at real field applications. 
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