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Abstract
Oil spill is common to oil producing nations of the world. Various researches have been carried out. However, most 
of the materials used for oil spill clean-up are non-biodegradable and require expensive treatment to become an 
adsorbent. In this study, adsorptive capacities of cost effective raw hard and semi-hardwood particle sizes were 
investigated and compared. Semi-hard wood of various particle sizes was found to have better adsorptive capacities. 
Maximum uptake of the oil by both adsorbents occurred at 180 and 240 minutes for all the observations made. The 
maximum uptake also occurred in smaller particle sizes for all results. This study recommends that further research 
be done on the use of modified smaller particle size of semi-hardwood sawdust so as to increase its potential as a 
low-cost adsorbent in oil spill clean-up.

Keywords: Particle size; Performance; Oil spill; Crystal grain; Wood; 
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Introduction
The particle size of a material influences many of its properties and 

can indicate the quality of the material and its performance. Whether for 
stability in suspension, reactivity, appearance, viscosity, flow, packing 
density, texture and flavor or many other characteristics, the particle 
size of a material is a very important component in understanding 
how your product performs. Particle Size analysis can be as simple 
as measuring the diameter of a sphere, or measuring the amount of 
material that will pass through a mesh of a specified size. It can also be a 
very complex analysis examining the shape of the particles, its texture, 
and the distribution range of the various particle sizes. The information 
you need will determine which type of testing techniques to employ [1].

Effect of particle size is a complex phenomenon associated with 
significant change in physical and chemical properties of substance 
due to direct reduction of the particles (grains, crystallites), the 
contribution of the interface to system properties and due to particle 
size being commensurate with the physical parameters of length 
dimension [2-6]. Size effects are observed with the reduction in size 
of structural elements, particles, crystallites and grain below a certain 
threshold. Such effect occur at the average size of crystal grain of less 
than 100 nm and is more clearly observed at the grain size below 10 nm 
[7-9]. The specific surface area is increased as the particle size becomes 
small. The specific surface area is also increased if the particle has pores 
[10]. The specific surface area is important for the industrial process 
and chemical reaction. Even with the same material that has the same 
weight and volume, the surface activity and adsorption volume are 
changed according to the specific surface area. So it is important to 
measure the specific surface area to evaluate the activity and adsorption 
capacity of materials. (e.g., catalysis and adsorbent) [11-17].

The process of adsorption involves separation of a substance 
from one phase accompanied by its accumulation or concentration at 
the surface of another. The adsorbing phase is the adsorbent and the 
material concentrated or adsorbed at the surface of the phase is the 
adsorbate [18]. Adsorption can perform many separations which are 
practically by convectional techniques such as distillation, absorption 
and even membrane – based system. Adsorption phenomena are 
operative in most natural, physical, biological and chemical system and 
adsorption operations employing solids such as saw dust and synthetic 

applications and for purification of waters and wastewater or oil spillage 
[19]. The process of adsorption involves separation of a substance 
from one phase accompanied by its accumulation or concentration 
at the surface of another. The adsorbing phase is the adsorbent and 
the material concentrated or adsorbed at the surface of the phase is 
the adsorbate [20]. On the basis of type of force of attraction existing 
between adsorbate and adsorbent, adsorption can be classified into two 
type; physical adsorption or chemical adsorption.

An oil spill occurs when liquid petroleum is released into the 
environment by vehicle vessel or pipeline. As oil spill, it float on water 
and prevents sunlight to pass through it, this makes it difficult for plant 
and sea animal to survive, and oil spill can prove fetal for plant, animal 
and human life. The substance is so toxic that it can cause massive loss of 
specie that live the sea (There are also an environmental effect, economic 
effect caused by this oil spillage. In environment effect, it kills the animal 
in the water or near threshore. In the case of economic effect, it brings 
loss of refined petroleum, and gas available for use when oil spill occur 
various materials are used for its clean-up. Materials such as booms, 
sorbents, etc. was employed for clean-up of oil spills. For this study, 
adsorbent material from wood was used to investigate its functionality 
as a clean-up material. Recently, available agricultural by products have 
being used as adsorbents and some had shown tremendous success. 
Hence in this work will be made to investigate the performance of these 
adsorbent with respect to their particle size. Since the particle size of 
these materials play a major role in its performance as an adsorbent. 
The end of the study will indicate the appropriate particle size of good 
adsorbent. The significance of this research is to study the particle size 
as well as the performance of these adsorbents in an oil spill situation. 
The research will also involve determining the adsorption capacity with 
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respect to the various particle size of the selected sample. The aim of 
this research is to study the effect of particle sizes on the performance 
of wood-based adsorbent [21].

Objective of the research includes: to determine the effect of particle 
size on the use of wood based adsorbent, to determine the absorption 
capacity of known absorbent with respect to different particle size, to 
compare this study with respect to time of adsorption capacity and to 
use the data obtain to ascertain the appropriate particle size was selected 
as a good adsorbent. The scope of this study is streamlined to the effect 
of particle size on the capacity of the adsorbent and to investigate the 
influence of particle size on the performance of the various type of 
selected adsorbent for this study.

Materials and Methods
Materials

The equipment/materials used for this investigation includes: 
standard laboratory coat, selected adsorbent (sawdust) which include 
iroko sawdust (hard wood) and palm tree sawdust (semi-hardwood), 
crude oil (Bonny light), tap water (underground water), sieve, working 
table, electronic weighing balance, desiccator, conical flask, stop watch, 
viscometer and pH meter.

Sample collection and preparation

The sawdust from hard wood (Iroko tree) was used for this research 
work and the samples were collected from saw-mill (timber) industry 
at Ilabuchi in Port Harcourt Rivers State, Nigeria. The semi hardwood 
(sawdust) from palm tree used for this study was collected from palm 
tree in area of River State university of Science and Technology, Port 
Harcourt, Rivers state of Nigeria. Underground water (tap water) was 
collected from the existing borehole in area of laboratory of Chemical/
Petrochemical Engineering and transferred into the main laboratory for 
analysis. Crude oil was obtained from Port Harcourt Refinery, Eleme, in 
Rivers State of Nigeria.

The wood-based adsorbent (sawdust) were crushed and sieved to 
obtain difference particle sizes (0.8 mm, 1.4 mm and 3.5 mm). The 
particle size was washed with tap water to remove muddy materials 
and impurities and then dried in an electrical oven at 100 -110°C, the 
sawdust was then immersed in 2.0N of NaOH aqueous solution for 8 
h. It was observed that a dark-red solution was generated during this 
treatment, which indicated the removal of lignin from the adsorbent 
material. Thereafter, it was washed several times with tap water to 
remove the lignin content and excess of NaOH. The sawdust was 
repeatedly washed with distilled water till no red coloration was 
observed. After washing, sawdust dried in an oven at 100 -110°C for 6 
hours. It was then immersed in 0.2N H2SO4 for 8 hours to remove the 
traces of alkalinity and other impurities. The acid-treated sawdust was 
again thoroughly washed with tap water to remove the excess of H2SO4 
and other coloring materials till the wash-found water was colourless. 
After the wash water became colourless, the treated sawdust adsorbent 
material was dried at 100 -110°C and stored in a desiccator for use as an 
adsorbent. Polyethylene material was introduced to prevent adsorption 
diffusing into the water environment, but only have contact with the 
crude and the sawdust adsorbent.

Experimental method

The following methods were carried out for this study: 200 ml of 
water at its room temperature was poured into a conical flask and the 
water was allowed for 30 minutes to attain its stability. A sample of 

Nigeria crude oil (bony light) was measured at constant volume of 10 
ml and poured gently to avoid emulsion formation as well it was then 
allowed to spread for 15-20 minutes. The spreading of oil discharged 
in water was because of forces acting on it, such as gravitational force, 
viscosity and surface tension. A constant weight of 10 g of particle 
sized was obtained, and poured into the mixture as well the mixture 
was bowered with fan for more surface agitation. It was monitored at 
different range (60 min, 180 min, 120 min and 140 min) of time. It 
was then removed at time interval of 60 minutes and then weighed, 
the weight was recorded. The process was repeated for four times at 
constant weight of 10 g for each wood-based adsorbent using different 
particle sizes 0.8 mm, 1.4 mm and 3.5 mm. Weighing of the adsorbent 
before and after experiment help to determine the adsorption capacity 
of the material.

Measure of adsorption capacity

The formula below is used to determine the amount of oil adsorbed 
at a given period of time;

( ) 0

0

  stAdsorption capac
A

i Ay AC At −
=                        (1)

Where, Ao is the initial weight of dry adsorbent and Ast is the weight 
of adsorbent after experiment.

Results
The results obtained from the research work are presented in Tables 

1-7 and Figures 1-6.

Liquid Density at room temperature 
25°C

Viscosity at room 
temperature 25°C

Crude oil 0.832 g/ml 29.7700 centistoke
Where the characteristic of water surface area is 0.1455 N/mm 

Table 1: Properties of Liquid Used in Experiment.

Time of 
adsorption 
(minutes)

Initial weight 
of adsorbent 

used (g)

Weight of 
adsorbent after 
Experiment (g)

Net weight of 
oil adsorbed 

(g) 

Amount of Oil 
adsorbed by 
adsorbent (g)

60 10 32.20 22.20 2.22
120 10 47.20 37.20 3.72
180 10 70.20 60.20 6.02
240 10 80.00 70.00 7.00

Table 2: Adsorption Capacity of Crude Oil by Hardwood Sawdust Size (0.8 mm) at 
Constant Weight of 10 g at Difference Time Interval of 60 minutes.

Time of 
adsorption 
(minutes)

Initial weight 
of adsorbent 

used (g)

Weight of 
adsorbent after 
Experiment (g)

Net weight of 
oil adsorbed 

(g) 

Amount of Oil 
adsorbed by 
adsorbent (g)

60 10 30.20 20.20 2.02
120 10 41.70 31.20 3.17
180 10 60.62 50.62 5.062
240 10 70.00 60.00 6.031

Table 3: Adsorption Capacity of Crude Oil by Hardwood Sawdust Size (1.40 mm) at 
Constant Weight of 10 g at Difference Time Interval of 60 minutes.

Time of
adsorption 
(minutes)

Initial weight 
of adsorbent 

used (g)

Weight of 
adsorbent after 
Experiment (g)

Net weight of 
oil adsorbed 

(g) 

Amount of Oil 
adsorbed by 
adsorbent (g)

60 10 25.25 15.25 1.52
120 10 37.18 27.18 2.71
180 10 43.19 33.19 3.32
240 10 59.00 49.00 4.9

Table 4: Adsorption Capacity of Crude Oil by Hardwood Sawdust Size (3.50 mm) at 
Constant Weight of 10 g at Difference Time Interval of 60 minutes.
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Discussion
Effects of particle size

The following adsorbents were used in the research work which was 
classified into three different particles sizes (0.8 mm, 1.4 mm and 3.5 
m). Adsorbent with largest surface areas (0.8 mm) was found to have 
adsorbed most crude oil than those with smaller surface areas (1.4 mm 
and 3.5 mm). This means that the higher the surface area, the higher the 
adsorption capacity, the lower the surface area the lower the adsorption 

Time of 
adsorption 
(minutes)

Initial weight 
of adsorbent 

used (g)

Weight of 
adsorbent after 
Experiment (g)

Net weight 
of oil 

adsorbed (g) 

Amount of Oil 
adsorbed by 
adsorbent (g)

60 10 60.18 50.18 5.01
120 10 70.20 60.20 6.02
180 10 80.31 70.31 7.03
240 10 89.21 79.21 7.90

Table 5: Adsorption Capacity of Crude Oil by Semi-hardwood Sawdust Size (0.8 
mm) at Constant Weight of 10 g at Difference Time Interval of 60 minutes.

Time of 
adsorption 
(minutes)

Initial weight 
of adsorbent 

used (g)

Weight of 
adsorbent after 
Experiment (g)

Net weight of 
oil adsorbed 

(g) 

Amount of Oil 
adsorbed by 
adsorbent (g)

60 10 46.72 36.72 3.67
120 10 61.44 51.44 5.14
180 10 70.31 60.31 6.03
240 10 80.10 70.10 7.01

Table 6: Adsorption Capacity of Crude Oil by Semi-hardwood Sawdust Size (1.40 
mm) at Constant Weight of 10 g at Difference Time Interval of 60 minutes.

Time of 
adsorption 
(minutes)

Initial weight 
of adsorbent 

used (g)

Weight of 
adsorbent after 
Experiment (g)

Net weight of 
oil adsorbed 

(g) 

Amount of Oil 
adsorbed by 
adsorbent (g)

60 10 30.12 30.12 2.12
120 10 42.20 32.20 3.22
180 10 60.00 50.00 5.00
240 10 71.00 61.00 6.10

Table 7: Adsorption Capacity of Crude Oil by Semi-hardwood Sawdust size (3.50 
mm) at Constant Weight of 10 g at Difference Time Interval of 60 minutes.

Figure 1: Effect of Contact Time on the Adsorption Capacity for 0.8 mm Sized 
Hardwood Sawdust.

Figure 2: Effect of Contact Time on the Adsorption Capacity for 1.40 mm Sized 
Hardwood Sawdust.
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Figure 3: Effect of Contact Time on the Adsorption Capacity for 3.5 mm Sized 
Hardwood Sawdust.

0
1
2
3
4
5
6
7
8
9

0 50 100 150 200 250 300

Ad
so

rp
tio

n 
ca

pa
cit

y 
(g

)

Adsorption time (min)

A graph of adsorption capacity (g) against 
Time (min)

Figure 4: Effect of Contact Time on the Adsorption Capacity for 0.8 mm Sized 
Semi-Hardwood Sawdust.
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Figure 5: Effect of Contact Time on the Adsorption Capacity for 1.40 mm Sized 
Semi-Hardwood Sawdust.
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capacity. Again, the semi-hand wood particle was found to have greater 
adsorption capacities than the corresponding hardwood particle of the 
same weight as result of difference in porosity of the adsorbents.

Effects of contact time

Tables 1-6 shows the various time intervals by which the adsorbents 
were remove from the solution between 60 to 240 minutes. The result 
shows that the maximum uptake (adsorption capacity) occurred at 240 
minutes for both hardwood adsorbent and semi-hardwood adsorbents. 
The maximum uptake increases from 0 to 140 minutes, and as the 
contact time of the adsorbent with the oil increases, adsorption of the 
oil also increases until saturation point occurred. Here, the higher the 
surface area, the higher the rate of adsorption.

Conclusion
This research work concludes that the smaller particle sizes are 

more effective on the performances of wood-based adsorbent than 
corresponding larger particle sizes of both sawdust (semi-hardwood and 
hardwood). Again, the particle size of semi-hardwood is more effective 
in oil-water clean-up than the corresponding particle size of hardwood. 
This is attributed to its low density and high porosity. Maximum uptake 
(amount adsorbed) of the oil by both adsorbents occurred at 180 and 
240 minutes for all the results. This study recommends that further 
research be done to investigate and modified on the use of smaller 
particle sizes and semi-hard wood to increase its performance as an 
adsorbent in oil spill clean-up.

References

1. Velizar S, Dragana B, Milan G, Bogdanović G (2009) Heavy Metal Ions 
Adsorption from Mine Waters by Sawdust. Chemical Industry & Chemical
Engineering Quarterly 15: 237-249.

2. Sokker HH, El-Sawy NM, Hassan MA, El-Anadouli BE (2011) Adsorption of
crude oil from aqueous solution by hydrogel of chitosan based polyacrylamide
prepared by radiation induced graft polymerization. Journal of hazardous
materials 190: 359-365.

3. Aboul-Gheit AK, Khalil FH, Abdel-Moghny T (2006) Adsorption of spilled oil
from seawater by waste plastic. Oil & Gas Science and Technology Rev IFP
61: 259-268.

4. Lilibeth l, Shigehisa I, Yuji I, Toshimitsu M (1996) Research and Development of 
Carbon Compositesfrom Wood Charcoal for Environmental Clean-up and their 
Applications. Wood research Journal 83: 43-46.

5. Sueyoshi M, Al-Maamari RS, Jibril B, Tasaki M, Okamura K, et al. (2012)
Preparation and characterization of adsorbents for treatment of water
associated with oil production, Journal of Analytical and Applied Pyrolysis
97: 80-87.

6. Ukpaka CP, Edwin I (2013) Adsorbent in bioremediation of crude oil polluted

environment: influence of physicochemical characteristics of various saw 
dusts. International Research Journal of Biotechnology 4: 124-141.

7. Abudu A, Goual L (2010) Adsorption of Crude Oil on Surfaces Using Quartz
Crystal Microbalance with Dissipation (QCM-D) under Flow Conditions. Energy 
& Fuels 23: 1237-1248.

8. Thompson NE, Emmanuel GC, Adagadzu KJ, Yusuf NB (2010) Sorption studies 
of crude oil on acetylated rice husks. Archives of Applied Science Research 2:
142-151.

9. Uzoije AP, Onunkwo A, Egwuonwu N (2011) Crude oil sorption onto groundnut
shell activated carbon: Kinetic and isotherm studies. Research Journal of
Environmental and Earth Sciences 3: 555-563.

10. Bethrand T, Nabut D, Emmanuel U (2014) Preparation of sawdust as an
Adsorbent for oil pollution Remediation. Journal of Natural Science Research
6: 97-102.

11. Asiagwu AK, Omuku PE, Alisa CO (2013) Kinetic Model for the Removal of
Methyl Orange (Dye) From Aqueous Solution Using Avocado Pear (Persea
Americana) Seed. Journal of Chemical, Biological and Physical Sciences 3:
48-57.

12. Hameel BH, Chin LH, Rengaraj S (2008) Adsorption Of 4-Chlorophenol onto
Activated Carbon Prepared from Rattan Sawdust. Desalination 225: 185-198. 

13. Olufemi BA, Jimoda IA, Agbodike NF (2014) Adsorption of Crude Oil using
Meshed Corncobs. Asian Journal of Applied Science and Engineering 3: 63-75.

14. Alihosseini A, Taghikhani V, Safekordi AA, Bastani D (2010) Equilibrium
sorption of crude oil by expanded perlite using different adsorption isotherms at 
298.15 K. Int J Environ Sci Tech 7: 591-598.

15. Jadhav AS, Naniwadekar MY, Shinde NH, Anekar SV (2011) Study of
adsorption of oil from oily water using human hair. International Journal of
Advanced Engineering Technology 2: 37-51.

16. Ali I, Asim M, Khan TA (2012) Low cost adsorbents for the removal of
organic pollutants from wastewater. Journal of Environmental Management
113: 170-183.

17. Sidik SM, Jalil AA, Triwahyono S, Adam SH, Satar MAH, et al. (2012) Modified 
oil palm leaves adsorbent with enhanced hydrophobicity for crude oil removal.
Chemical Engineering Journal 203: 9-18.

18. Tan IA, Ahmad AL, Hameed BH (2008) Adsorption of basic dye using activated 
carbon prepared from oil palm shell: batch and fixed bed studies. Desalination 
225: 13-28.

19. Angelova D, Uzunov I, Uzunova S, Gigova A, Minchev L (2011) Kinetics of oil
and oil products adsorption by carbonized rice husks. Chemical Engineering
Journal 172: 306-311.

20. Arivoli S, Hema M, Prasath PMD (2009) Adsorption of malachite green onto
carbon prepared from borassus bark. The Arabian Journal for Science and
Engineering Journal 172: 30-45.

21. Özer A, Dursun G (2007) Removal of Methylene Blue from Aqueous Solution
by Dehydrated Wheat Bran Carbon. Journal of Hazardous Materials 146:
262-269.

Figure 6: Effect of Contact Time on the Adsorption Capacity for 3.5 mm Sized 
Semi-Hardwood Sawdust.

http://scindeks.ceon.rs/article.aspx?artid=1451-93720904237S
http://scindeks.ceon.rs/article.aspx?artid=1451-93720904237S
http://scindeks.ceon.rs/article.aspx?artid=1451-93720904237S
http://www.sciencedirect.com/science/article/pii/S030438941100358X
http://www.sciencedirect.com/science/article/pii/S030438941100358X
http://www.sciencedirect.com/science/article/pii/S030438941100358X
http://www.sciencedirect.com/science/article/pii/S030438941100358X
http://link.springer.com/article/10.1007/BF03326168
http://link.springer.com/article/10.1007/BF03326168
http://link.springer.com/article/10.1007/BF03326168
http://ci.nii.ac.jp/lognavi?name=nels&lang=en&type=pdf&id=ART0001527662
http://ci.nii.ac.jp/lognavi?name=nels&lang=en&type=pdf&id=ART0001527662
http://ci.nii.ac.jp/lognavi?name=nels&lang=en&type=pdf&id=ART0001527662
http://www.sciencedirect.com/science/article/pii/S0165237012000848
http://www.sciencedirect.com/science/article/pii/S0165237012000848
http://www.sciencedirect.com/science/article/pii/S0165237012000848
http://www.sciencedirect.com/science/article/pii/S0165237012000848
http://www.interesjournals.org/irjob/august-2013-vol-4-issue-7/adsorbent-in-bioremediation-of-crude-oil-polluted-environment-influence-of-physicochemical-characteristics-of-various-saw-dusts
http://www.interesjournals.org/irjob/august-2013-vol-4-issue-7/adsorbent-in-bioremediation-of-crude-oil-polluted-environment-influence-of-physicochemical-characteristics-of-various-saw-dusts
http://www.interesjournals.org/irjob/august-2013-vol-4-issue-7/adsorbent-in-bioremediation-of-crude-oil-polluted-environment-influence-of-physicochemical-characteristics-of-various-saw-dusts
http://pubs.acs.org/doi/pdfplus/10.1021/ef800616x
http://pubs.acs.org/doi/pdfplus/10.1021/ef800616x
http://pubs.acs.org/doi/pdfplus/10.1021/ef800616x
http://www.cabdirect.org/abstracts/20103357088.html
http://www.cabdirect.org/abstracts/20103357088.html
http://www.cabdirect.org/abstracts/20103357088.html
http://www.airitilibrary.com/Publication/alDetailedMesh?docid=20410492-201108-201507220021-201507220021-555-563
http://www.airitilibrary.com/Publication/alDetailedMesh?docid=20410492-201108-201507220021-201507220021-555-563
http://www.airitilibrary.com/Publication/alDetailedMesh?docid=20410492-201108-201507220021-201507220021-555-563
http://www.pakinsight.com/pdf-files/eng/63/IJNSR-2014-2(6)-97-102     JUNE.pdf
http://www.pakinsight.com/pdf-files/eng/63/IJNSR-2014-2(6)-97-102     JUNE.pdf
http://www.pakinsight.com/pdf-files/eng/63/IJNSR-2014-2(6)-97-102     JUNE.pdf
http://search.proquest.com/openview/0d349c0bc9340ec036f8fcd5bcef71a5/1?pq-origsite=gscholar
http://search.proquest.com/openview/0d349c0bc9340ec036f8fcd5bcef71a5/1?pq-origsite=gscholar
http://search.proquest.com/openview/0d349c0bc9340ec036f8fcd5bcef71a5/1?pq-origsite=gscholar
http://search.proquest.com/openview/0d349c0bc9340ec036f8fcd5bcef71a5/1?pq-origsite=gscholar
http://www.sciencedirect.com/science/article/pii/S0011916408001008
http://www.sciencedirect.com/science/article/pii/S0011916408001008
http://www.journals.abc.us.org/index.php/ajase/article/view/63-75
http://www.journals.abc.us.org/index.php/ajase/article/view/63-75
http://link.springer.com/article/10.1007/BF03326168
http://link.springer.com/article/10.1007/BF03326168
http://link.springer.com/article/10.1007/BF03326168
http://www.technicaljournalsonline.com/ijeat/VOL II/IJAET VOL II ISSUE II APRIL JUNE 2011/ARTICLE 4 IJAET VOLII ISSUE II APRIL- JUNE 2011.pdf
http://www.technicaljournalsonline.com/ijeat/VOL II/IJAET VOL II ISSUE II APRIL JUNE 2011/ARTICLE 4 IJAET VOLII ISSUE II APRIL- JUNE 2011.pdf
http://www.technicaljournalsonline.com/ijeat/VOL II/IJAET VOL II ISSUE II APRIL JUNE 2011/ARTICLE 4 IJAET VOLII ISSUE II APRIL- JUNE 2011.pdf
http://www.sciencedirect.com/science/article/pii/S0301479712004367
http://www.sciencedirect.com/science/article/pii/S0301479712004367
http://www.sciencedirect.com/science/article/pii/S0301479712004367
http://www.sciencedirect.com/science/article/pii/S1385894712008625
http://www.sciencedirect.com/science/article/pii/S1385894712008625
http://www.sciencedirect.com/science/article/pii/S1385894712008625
http://www.sciencedirect.com/science/article/pii/S0011916408000878
http://www.sciencedirect.com/science/article/pii/S0011916408000878
http://www.sciencedirect.com/science/article/pii/S0011916408000878
http://www.sciencedirect.com/science/article/pii/S1385894711006954
http://www.sciencedirect.com/science/article/pii/S1385894711006954
http://www.sciencedirect.com/science/article/pii/S1385894711006954
http://www.sciencedirect.com/science/article/pii/S0304389406014725
http://www.sciencedirect.com/science/article/pii/S0304389406014725
http://www.sciencedirect.com/science/article/pii/S0304389406014725

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Materials
	Sample collection and preparation 
	Experimental method 
	Measure of adsorption capacity 

	Results
	Discussion
	Effects of particle size 
	Effects of contact time 

	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	References



