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Abstract—Because of hazard to aquatic life and 

environment oil spills are considered as major disasters in the 

world. Oil transport, disposal of oil wastes into sea, collision of 

ships contributes to oil spills in the world. It is estimated that 

more than 5 million tons of crude oil are transported through sea. 

The oil spills mostly affects fishes, birds, and other organisms 

inside sea. Usage of chemical dispersant, in situ burning etc. can 

cause serious environmental pollution as well as poisoning inside 

aquatic organisms. 

Adsorption of oil from ocean by using sorbents is one of 

popular methods used in the world to remove oil spills. Here we 

introduce a new methodology for oil spill removal, by using 

natural sorbents. Cotton, sawdust, and banana peel are selected 

as natural sorbents and tested for it buoyancy and oil sorption 

properties. Oil sorbent pads are made with most effective sorbent 

material. Further studies are also required for applying natural 

sorbents at practical situations. The use of organic sorbents for 

oil spill removal can reduce the side effects of spill response, 

effective waste management and cost reduction.  
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INTRODUCTION 

 
It is estimated that approximately 706 gallons of oil 

are disposed every year into ocean. Collision of ships, 

Leakage from ships, oil rig operations, waste disposal etc 

contributes oceanic pollution due to oil spills. 

 The various methods involved in removing oil spills are 

mechanical removal, using dispersants, using skimming, in situ 

burning, using hot water ,using adsorbents and chemical 

grafting. The Chemical grafting methodology on polymer 

surfaces is also responsible for oil repelling behaviour. The 

mechanical treatment can not applied in Rough Ocean.Using 

chemical dispersant is effective but can cause toxicity in 

marine ecosystem. The oil can be removed by adsorbing the oil 

into adsorbents is considered as cheapest and effective method 

for oil spill removal.[2] 

In recent years the researchers are focused to find an alternate 

organic adsorbent instead of synthetic polypropylene adsorbents 

which currently used for removing oil spills. 

 

 

 

 

Adsorption is considered as low cost and effective method for 

removing oil from water. It is environmental friendly technique, 

which uses agricultural wastes as adsorbing material for oil sorption. 

 

 In this paper we discuss about the efficiency of organic sorbents in 

effective removal of oil spill by using sawdust, cotton and banana 

peel. The efficiency is observed in terms of reusability, film 

thickness, temperature sorbent weights etc. The efficient sorbent and 

sorbent combination is used for making oil sorbent pads. Different 

combinations of banana peel saw dust and cotton are experimentally 

tested. The results are used to determine which sorbent or their 

combination are good to use as sorbent material for oil sorbent mats, 

booms etc.[2] 

 

                                  

                      METHODOLOGY 
A) Test for Buoyancy: It is to determine the mass of sorbent in 

grams which will float above water static conditions and at 

dynamic conditions. 

Static conditions: In static conditions, 5g of sorbent is weighed 

and placed into beaker containing 500 ml sea water. The water is 

kept stagnant. After 15 minutes, the floating particles are taken and 

dried inside oven and weighed. 
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Table 1 
Floating particles for static condition 
 

Material Average floating particles 
In grams 

Banana Peel 2.59 

Sawdust 3.82 

Cotton 4.49 

 
Dynamic Conditions: In dynamic conditions, 5g of sorbent is 
weighed and placed into beaker containing 500 ml sea water 
Here the beaker was set in a rotary shaker and shaking is done for 
15 minutes. After 15 minutes, the floating particles are taken and 
dried inside oven and weighed. 

 
Table 2 

Floating particles for static condition 
 
 

Material Floating particles in 
grams 

Banana peel 1.79 

Saw dust 3.05 

Cotton 4.05 

 

 
B) Test for oil sorption capacity: This test is to 

determine oil sorption capacity of sorbent fiber at 

various conditions by testing the sorbents by varying 

water temperature, oil film thickness, and sorbent 

weights. The reusability of sorbent is also checked. 

Banana peel was collected from market. Then the peel 

was washed with water to remove undesired materials. 

Banana peel was left to dry under sun light for 7 days.  

Along banana peels sawdust was also dried under 

sunlight for 7 days. Dried cotton was also purchased 

from shop. Crude oil was obtained from BPCL- 

refinery. In order to stimulate same situation of an oil 

spill the oil is exposed to weathering for 1day, by 

putting crude oil in beaker with sea water for 1 day. The 

banana peels was dried in a drying oven at 700C for 4 

hours in order to remove any moisture content. Five 

hundred milliliters of seawater (3.5% NaCl) were 

placed in a beaker filled with a 5 mm thick layer of oil 

to form a specific layer of oil at the top of water. One 

gram of dried sorbent was put in a pad, then spread over 

the surface of the system. 

 The beaker content was set up in a rotary shaker for 15 

min at 100 cycle/min and temperature was kept constant. 

After 15 min, the sorbent was taken away and the sorbent 

was left to drain for 5 min.  
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Sorbent weight was determined and recorded, after that the 

sorbent was transferred to the piston to extract the oil. During the 

pressing stage, a small amount of n-hexane (10–20 mL) was 

added to the mechanical stage to help in the extraction of the oil 

in order to separate it from the water. After mechanical pressing 

stage the oil was collected in a test tube. After the oil was 

collected in a test tube, and the test tubes were placed in a water 

bath at 600C for 20–30 min to break any emulsion presence. The 

oil and water gets separated and the water was weighed to get oil 

sorbent capacity. Oil sorption capacity of sorbent is given by:   

So = St - Sw – Si 

Where, 

St = Total weight of oil and water. (g/g sorbent) 

Sw =Water weight (g/g sorbent) 

Si = Initial sorbent weight. (g/g sorbent) 

So = oil sorption capacity of fibre (g/g sorbent) 

 

RESULTS AND DISCUSSION 
 

The experiment was repeated to determine oil sorption   

capacity at different conditions by varying parameters. The 

Parameters are considered: Sorbent Weights, Temperature, 

Film thickness and Reusability. 

 
1) Effect of Sorbent Weight: The effect of sorbent weights on 

oil sorption capacity of different sorbents is studied. The 

sorbents were taken in the following quantities 3g, 5g, 7g and 

9g, and the experiment for oil sorption capacity is conducted 

 
Table 3 

 

Sorbent weight 
(g) 

Banana Peel 
(g/g) 

Sawdust 
(g/g) 

3 2.553 4.206 

5 2.891 5.416 

7 3.558 6.314 

9 3.997 6.985 

 
Effect of Sorbent Weights for Oil Sorption Capacity 
 

As shown in the table the sorption capacity of sorbents for 

1day weathered oil increases steadily by sorbent weight 

increases from 3 to 9 grams. The oil sorption is maximum for 

cotton due to its continuous fiber structures. The water 

absorption of cotton is also high .The oil sorption for saw dust 

and banana peel tends to increase with increase in sorbent 

weight; it may due to increase in capillary pores for 

adsorption. In combining the sorbents it is noted that the 

sorption greatly depends on cotton content in combination. In 

absence of cotton, the water sorption may decrease, but more 

amount of sorbents are required to get same oil sorption capacity of 

less amount of sorbents on combining with cotton. Thus the results 

indicate that increasing the amount of sorbent, large amount of oil is 

removed. 

 
2) Effect of Reusability. 

 
Table 4 

Effect of Reusability 

. 

Trial No. Banana Peel Sawdust Cotton 

1 3.455 4.202 30.330 

2 3.020 3.599 28.078 

3 1.102 3.002 26.007 

4 0.936 2.223 22.949 

5 0.332 1.231 18.127 

6  0.787 13.127 

7  0.332 9.263 

8   8.514 

9   6.124 

10   5.987 

 

The reusability is one of the major criteria for selecting 

fiber material. The above table gives information about 

number of cycles for sorbents reused by removing oil by 

mechanical action and n-hexane extraction. The effect of 

reusability was checked with 5 grams of sorbent, and it can be 

seen that the oil sorption of sorbent decreases after each trial. 

The cotton gives considerable amount of oil sorption even 

after 10 numbers of cycles. 

The decrease in oil sorption capacity after each cycle will be 

due to the consequence of irreversible deformation of sorbent 

by mechanical pressing and hexane extraction that effect 

chemical composition and stability of the fiber. 
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3) Effect of Temperature: 

 
Table 5 

 

Temperature 
(0C) 

Banana 
peel 

(g/g) 

Sawdust 
(g/g) 

Cotton
(g/g) 

25 3.073 4.929 28.893 

30 2.728 4.022 26.32 

35 1.698 3.252 20.89 

40 1.232 2.494 16.232 

Effect of Temperature on oil sorption capacity. 
 
 
 

The effect of different temperature at 25, 30, 35, 400C on 
oil sorption capacity of sorbents is studied. As shown in 

table the oil sorption capacity of sorbent gradually 
decreases with temperature. 

 

This result may be due to increase in Brownian motion of 

oil molecules is increased, so that energy required for 

attaching oil particles to the sorbent increases. The other 

reason may due to solubility of crude oil which increases in 

water and decreases its viscosity, making it drain off the 

sorbent surface easily. 

 
4) Effect of Film Thickness: 

 
Table 6 

 
Film 

Thickness 
(mm) 

Banana Peel 
(g/g) 

Sawdust 
(g/g) 

Cotton 
(g/g) 

5 2.553 4.206 23.326 

10 4.135 5.956 29.407 

15 4.963 6.842 32.642 

20 5.122 7.035 33.042 

Effect of Film Thickness on Oil sorption capacity 

 

 

 

As shown in the table the oil sorption increases gradually as the 

film thickness increases in the case of banana peel and saw dust. In 

the case of cotton there is rapid increase in sorption capacity with 

respect to increase in film thickness. 

 

    In the case of water sorption it is observed that the water sorption of   

saw dust and banana peel decreases with the film thickness. This may 

be due to less contact between sorbent and water. In case of cotton 

water absorption increases due to submergence of cotton into water 

after absorbing oil. As shown in the table the oil sorption increases 

gradually as the film thickness increases in the case of banana peel and 

saw dust. 

 

MANUFACTURE OF OIL SORBENT PADS 
The pads will increase the area of contact of sorbent with oil 

spill. The pad consists of 3 sections 

1. The sorbent material 

2. Perforated biodegradable outer covering 
 

3. A foam flotation material to improve the buoyancy of pads 

 

    DISPOSAL OF USED SORBENTS 
A) Landfill: Disposal of used sorbents are strictly controlled    

by local or national regulations. Modern sites are enclosed by 
a impermeable membrane to prevent automatic runoff. 

 
B) Bio degradation: Organic sorbents have advantage of 

being biodegradable. The oiled sorbent is spread over a large 
area and biodegradation is allowed to proceed. Faster 
degradation can be achieved by using fertilizers. Thus the 
organic sorbents eliminate the need of incineration which 
causes huge air pollution. It helps to reduce the cost of oil 
spill response and helps in effective waste management. 

 
   

    FUTURE WORKS 

 
1. Redesigning pads for practical applications. 

2. Decrease water sorption of organic sorbents. 

3. Reducing hexane and crude oil mixture which 

retained within the used sorbent to minimum. 

4. Increasing resistance of sorbents to salinity and 

solvents. 

5. Increasing reusability of sorbents. 
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CONCLUSION 

 
It is found that surface properties, temperature of 
water, film thickness, sorbent weights and number of 
cycles affect oil sorption capacity. The cotton gives 
maximum oil sorption but it absorbs relatively more 
amount of water. Saw dust and banana peel absorbs 
less amount of water and gives considerable amount 
of oil sorption. The combination of banana peels and 
saw dust gives considerable oil sorption. On 
combining with cotton the oil sorption capacity of 
the combination depends on the mass of cotton. 
Among all sorbents and their combination, the 
combination of sawdust and cotton shows good oil 
sorption and reduced water sorption. 

 

The sorbent are packed and made oil sorbent 
pads. The main disadvantage of organic 
sorbents is its decreased buoyancy. So, 
floatation materials are to be provided inside 
the pad .The oil sorption of the pad mainly 
depends on the film thickness. The sorbents 
can be disposed by landfills, biodegradation, 
decomposition etc. It eliminates the need of 
incineration which causes air pollution and it 
reduces the cost of production of oil sorbent 
pads and helps in effective waste management. 

 
.

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VII, Issue II, February/2020

ISSN NO: 2394-8442

PAGE NO:17



 

 

REFERENCES 

 
1. International Tanker Owners Pollution Federation Limited (ITPOF), 

Country Profiles: Use of Sorbent Materials in Oil Spill Response, 

Impact PR & Design limited, 2012. 

2. T.R. Annunciado, T.H.D. Sydenstricker, S.C. Amico, Experimental 

investigation of various vegetable fibres as oilsorbent materials for oil 

spills, Mar. Pollut. Bull. 50 (11) (2005) 1340–1346. 

 

 

3. Cleanup of water surface from oil spills using natural sorbent materials 

Rotar Olga V.a , Iskrizhitskaya Darina V.a , Iskrizhitsky Alexandr A. 

b , Oreshina Alexandra А. National Research Tomsk Polytechnic 

University, 30, Lenin Ave, Tomsk, 634050, Russia b TomskNI PIneft, 

72, Mira Ave., Tomsk, 63405 , Russia. 
 

4. Oil removal from crude oil polluted water using banana peel as sorbent 

in a packed column U.M. Aliyu Chemical Engineering Department, 

Faculty of Engineering and Engineering Technology, Abubakar 

Tafawa Balewa University, Bauchi-Nigeria 
 

5. Disposal of oil and Debris , ITOPF journal , Technical Information 

Paper. 
 
 

6.    Low cost biosorbent ―banana peel‖ for the removal of phenolic 

compounds from olive mill wastewater: Kinetic and equilibrium 

studies 

M. Achaka, A. Hafidi b, N. Ouazzani a, S. Sayadi c, L. Mandi a,∗ a 

Laboratoire d’Hydrobiologie, d’Ecotoxicologie et d’Assainissment, 

Université Cadi Ayyad, Faculté des Sciences Semlalia, Boulevard 

Prince Moulay-Abdelah, BP 2390 Marrakech, Morocco b Laboratoire 

Sciences des Aliments, Université Cadi Ayyad, Faculté des Sciences 

Semlalia, Boulevard Prince Moulay-Abdelah, BP 2390 Marrakech, 

Morocco. 

 

7. Rengasamy, R.S. & Das, Dipayan & Renuka, S. (2014). Nonwoven oil 

sorbing pads from sustainable fibrous materials for marine oil spill 

removal. Indian Institute of Technology Delhi, Proceedings of the 

37th AMOP Technical Seminar on Environmental Contamination and 

Response. 701-713. 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VII, Issue II, February/2020

ISSN NO: 2394-8442

PAGE NO:18




