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Adsorption study on mixture material of granite
residual soil — palm oil fuel ash (POFA)

Abstract

Granite residual soil mixed with up to 15% of palm oil fuel ash (POFA) by dry weight
was investigated to ascertain its adsorption capacity with regards to its use as an adsorbent
material for leachate. A batch equilibrium adsorption study was carried out in which
the effect of dosage and pH on the adsorption capacity of granite residual soil — POFA
mixture was determined. In general, the results showed that adsorbent dosage and pH had
significant effect on the sorption capacity of the soil — POFA mixture. Such as example,
Manganese ion which had the highest initial concentration of 18.23 mg/I in leachate, once
gone through the shaking process, the amount which had been adsorbed by the admixture
increased from 22.92 mg/g at 0% POFA content to 30.32 mg/g at 15% POFA. The increased
pattern of adsorption capacity of the admixtures occurred with the increment of pH values.
The optimum condition for the effectiveness sorption of contaminant for the mixture is
15% POFA content and pH values is 6. It can be concluded that the mixture granite residual
s0il-POFA is expected to be an economical adsorbent product for metal ion remediation
in leachate.
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Introduction

Environmental pollution is caused mainly through improper solid
waste disposal. The main problem associated with uncontrolled
municipal and industrial solid waste disposal sites is the generation
highly polluted leachate. This leachate has high concentration of
heavy metals and organic pollutants which serves as a source of
contamination to both soil and ground water body.'” In order to
curtail this problem, waste containment facilities must be equipped
with a good lining and cover system. Conventionally, clay liner
has been assessed on the basis of hydraulic conductivity to control
adjective contaminant transport. However, previous works indicate
that chemical compatibility and adsorption capacity is an important
aspect that must be given due attenuation.**

Carbon adsorption, ion exchange, precipitation, membrane
filtration, reverse osmosis, and solidification/stabilization are the
available technologies for the removal of heavy metals in water and
soil. Sorbent-based processes are probably the most used, although the
cost of substrate materials and regeneration is a limiting factor. Thus,
a lot of studies have being carried out to the sorption properties of
alternative low-cost materials that range from natural sorbent phases
to dead biomass Furthermore, the ability of natural soils or natural soils
mixed with different types of waste to absorb heavy metals has been
studied by many researchers. ¢ Ijimdiya and Osinubi'® investigated
the potential of using black cotton soil treated with biogases ash for
attenuation of cationic contaminant in municipal solid waste. In a
similar study, compacted abandoned dumpsite and reddish brown
tropical soils were used to assess the sorption of contaminant from
municipal solid waste leachate.®” Another research used residual soils
as low — cost adsorbent for nickel and zinc contained in prepared
nickel and zinc aqueous stock solution.! In both researches, batch

studies were used to check the sorption of heavy metals present in
various solutions.

Granite residual soil and palm oil fuel ash (POFA) intended
for this study are readily available in Malaysia. Their availability
in abundance makes the barrier material visible. Residual soils are
formed in tropical areas, physically defined as the zone contained
between 200N (Tropic of Cancer) and 200S (Tropic of Capricorn) of
the equator, which includes Malaysia.'? Three — quarter of the land
area of Peninsular Malaysia is covered by residual soils'® One of the
by-products of the palm oil industry is the palm oil fuel ash (POFA)
which is produced from the burning of palm fiber, shells and empty
fruit bunches in a boiler at a temperature of 800 — 10000C to produce
steam. The steam produced serves as source of energy used in turbines
to supply electricity during the milling operation.'*!> The objective of
this study is to investigate adsorption capacity of granite residual soil
mixed at different percentages of palm oil fuel ash (POFA) to be used
as an adsorbent for treating leachate in sanitary landfill.

Methodology
Materials

The location of soil sampling and preparing process for granite
residual soil and waste material used in this study can be referred
to Nik Daud and Mohammed.'® Landfill leachate used in this study
was collected from Jeram landfill sanitary, located in Kuala Selangor,
Malaysia. Sample was collected directly from the pipes connected to
the equalization lagoon and taken to the cold room in the laboratory
for proper storage.

Batch equilibrium adsorption

Batch equilibrium adsorption tests (BEATs) were performed on the
soil samples and the leachate to quantify the potential adsorption of
some specified metal ions namely; Pb, Cr, Mn, Fe and Zn. The granite
residual soil was mixed 5, 10 and 15% palm oil fuel ash (adsorbent)
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by dry weight of the soil. The test was carried out in accordance
with procedure described by Shackelford and Daniel. The 1:4 ratio
was maintained by adding 50g of soil — POFA mixture and 200g of
solution (leachate) into a conical flask and the mixtures were placed in
a table shaker (HS 500 Janke and Kunker, Ika-Werk) at a speed of 30
hub/mins. After shaking, samples were centrifuged at 50 RPM for 10
minute (model Kubota 5200) by using fabricated small column before

()
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obtaining the supernatant and keep it in a plastic bottle Figure 1. The
solutions were analyzed using Atomic Absorption Spectrophotometer
(AAS), model UNICAM 969. The amount of adsorption at equilibrium
ge (mg/g) was calculated using equation (1).

qge = (Co—Ce)mV

Figure | (a) Fabricated small column used in the centrifuge. (b) Supernatant and sludge sample produced after centrifuge process.

Where C (Eq. 1)and C, (mg/l) are the initial and equilibrium
concentration of metal ion solution, 7 is the volume of the solution in
liters and m is the amount of mass of dry adsorbent used (g). Similarly,
the percentage adsorption was determined by using Equation (2).

% Adsorption = (Co-Ce)Co x 100

Where C (Eq. 2) and C, (mg/l) are the initial and equilibrium
concentration of metal ion solution.

Table | Index properties of the soil and soil mixed pofa sample'®

Results and discussion
Materials properties

The index properties of natural granite residual soil and mixture
soil with 15% POFA have been tabulated in Table 1. Values for cation
exchange capacity (CEC) showed and increment by adding the POFA
material. The initial values of metal ions contented in raw leachate as
follows: Zinc (Zn) is 2.32 mg/L, Lead (Pb) is 9.95, Manganese (Mn)
is 18.23, Chromium (Cr) is 2.6 and Iron (Fe) is 7.25.

Properties Units Natural soil Soil mixed POFA 5%
Moisture content % 27.51 -
Specific Gravity - 2.63 2.58
Liquid limit % 50 48
Plastic limit % 29.89 28.06
Plasticity index % 20.11 19.94
Linear shrinkage % 9.3 8.79
< No. 200 sieve % 53.13 56.26
CEC megq/ 100g 8.36 8.79
MDD Mg/ m3 1.61 1.59
OMC % 20.05 23
USCS - CL CL

USCS, unified soil classification system; OMC, optimum moisture; MDD, maximum dry density; CL, inorganic clay of low plasticity; CEC, cation exchange capacity
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Effect of adsorbent dose

The amount of palm oil fuel ash (POFA) used to remove various
metal ions (Pb, Cr, Mn, Fe and Zn) was varied from 5, 10 and 15%
POFA by dry weight of the soil. The results of the relationship between
adsorbent dosage and metal ion removal performance are shown in
Figure 2. From graph it can be seen that the amount of adsorption of the
various metal ion is directly proportional to adsorbent (percentage of
POFA) dosage. The more amount of adsorbent (percentage of POFA)
used, the higher the uptake of various metal ions. Such example,
Manganese ion had the highest initial concentration of 18.23 mg/I,
the amount which had been absorbed by the admixture increased from
22.92 mg/g at 0% POFA content to 30.32 mg/g at 15% POFA. Similar
pattern was observed for Zinc ion, which had an initial concentration
of 2.23 mg/l, the amount which had been absorbed by the admixture
from 0.2mg/g at 0% POFA content to 2.0 mg/g at 15% POFA content.
The reason for such behavior may be attributed to greater surface
area and large number of vacant bio-sorption sites thus favoring more
amount of metal ion in the leachate solution.'”!® From the study,
adsorbent dosage (POFA) plays an important role in achieving metal
ion removal as increased dosage leads to higher adsorption capacity.
Similar findings behavior was reported by Saka C."
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Figure 2 Effect of adsorbent dose on the uptake metal ions.

Effect of pH

pH of the solution has a significant impact on the uptake of heavy
metals, since it determines the surface charge of the adsorbent, the
degree of ionization and speciation of the adsorbent.” The effects of
pH on metal ions adsorption have been studied by many researchers
previously, and the results indicated that pH of solution exerts a great
effect on uptake of metal ions.?" In order to establish the effect of pH
on the bio-sorption of the heavy metals, the highest adsorbent dosage
(15% POFA) was used at a pH of 2-10 Figure 3. It was observed
that the percentage removal was relatively lesser at low pH. However,
there was an increases pattern in percentage removal with rise in pH,
especially at pH 6 which showed the optimal removal rate for all the
metal ions tested except for chromium ion. This was similar to the
findings of other researchers.?>* The increase patterns may be due to
the presence of negative charge on the surface of the adsorbent that
may be responsible for metal binding. However, as the pH is lowered,
the hydrogen ions compete with the metal ions for the sorption sites
in the sorbent; the overall surface charge on the adsorbent becomes
positive and hinds the binding of positively charged metal ions.?
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Figure 3 The effect of pH on the percentage removal of metal ion.

Conclusion

This study shows that granite residual soil mixed palm oil fuel ash
(POFA) is an effective adsorbent for the removal heavy metals from
leachate. It was found that higher amount of adsorbent lead to greater
adsorption of heavy metals from the leachate tested.*** It was also
observed that pH influence on metal ion removal was high, and was
more noticeable at pH values of 6 which gave the optimal percentage
removal. Based on this study, the results show that adsorbents which
have a very low economic value may be used effectively for removal
of heavy metals from waste containment facilities for environmental
protection purpose.

Acknowledgments

This study has been funded by Fundamental Research Grant
Scheme-FRGS (No.: 03-01-13-1172FR) granted by Ministry of
Education (MOE), Malaysia. The help and assistance from various
governmental and non-governmental organizations in this research is
gratefully acknowledged.

Conflicts of interest

Author does not have any conflicts of interest.

Funding

None.

References

1. Kjeldsen P, Barlaz MA, Rooker AP, et al. Present and Long-term
Composition of MSW Landfill Leachate: A Review. Critical Reviews in
Environmental Science and Technology. 2002;32(4):297-336.

2. Chen YM, Zhan TL. Environmental Geotechnics Related to Landfills
of Municipal Solid Wastes. Advances in Environmental Geotechnics.
2010;132-152.

3. Raghab SM, Abd El Meguid AM, Hegazi HA. Treatment of Leachate
from Municipal Solid Waste Landfill. Housing and Building National
Research Center (HBRC) Journal. 2013;9(2):187-192.

4. Qian X, Koerner RM, Gray DH. Geotechnical Aspects of Landfill Design
and Construction. Prentice Hall Inc, New Jersey. USA. 2002.

Citation: Daud NNN, Muhammed AS.Adsorption study on mixture material of granite residual soil — palm oil fuel ash (POFA). MOJ Civil Eng.

2017;3(2):282-285. DOI: 10.15406/mojce.2017.03.00067


https://doi.org/10.15406/mojce.2017.03.00067
mailto:http://www.tandfonline.com/doi/abs/10.1080/10643380290813462
mailto:http://www.tandfonline.com/doi/abs/10.1080/10643380290813462
mailto:http://www.tandfonline.com/doi/abs/10.1080/10643380290813462
mailto:https://link.springer.com/chapter/10.1007/978-3-642-04460-1_8
mailto:https://link.springer.com/chapter/10.1007/978-3-642-04460-1_8
mailto:https://link.springer.com/chapter/10.1007/978-3-642-04460-1_8
mailto:https://www.scribd.com/document/298118949/Treatment-of-Leachate-From-Municipal-Solid-Waste-Landfill
mailto:https://www.scribd.com/document/298118949/Treatment-of-Leachate-From-Municipal-Solid-Waste-Landfill
mailto:https://www.scribd.com/document/298118949/Treatment-of-Leachate-From-Municipal-Solid-Waste-Landfill

Adsorption study on mixture material of granite residual soil — palm oil fuel ash (POFA)

10.

11.

12.

13.

14.

. Rowe RK, Quigley RM, Brachman RW, et al. Barrier Systems for Waste

Disposal Facilities. London and New York: Spon Press, Taylor & Francis
Group; 2004.

. Bello AA, Osinubi KJ. Attenuative Capacity of Compacted Abandoned

Dumpsite Soils. Electronic Journal of Geotechnical Engineering (EJGE).
2011;16:71-91.

. Bello AA, Osinubi KJ Attenuative Capacity of Compacted Three Reddish

Brown Tropical Soils. Electronic Journal of Geotechnical Engineering
(EJGE). 2011;16:71-91.

. Osinubi KJ, Eberemu AO. Compatibility and Attenuative Properties

of Blast Furnace Slag Treated Laterite. The Journal of Solid Waste
Technology and Management. 2009; 35(1):7-16.

. Yu B, Zhang Y, Shukla A, et al. The Removal of Heavy Metals from

Aqueous Solutions by Sawdust Adsorption-Removal of Lead and
Comparison of Its Adsorption with Copper. Journal of Hazardous
Materials. 2001;84(1):83-94.

Ijimdiya TS, Osinubi KJ. Attenuative Capacity of Compacted Black
Cotton Soil Treated with Bagasse Ash. Electronic Journal of Geotechnical
Engineering. 2011;16:419-429.

Zarime NA, Wan Zuhairi WY, Krishna S. Adsorption of Nickel and
Zinc by Residual Soils. American Journal of Environmental Sciences.
2014;10(6):523-529.

Ahmad F, Yahay AS, Farooqi MA. Characterization and Geotechnical
Properties of Penang Residual Soils with Emphasis on Landslides.
American Journal of Environmental Sciences. 2006; 2(4):121-128.

Taha MR, Kabir MH. Sedimentary Residual Soils as a Hydraulic
Barrier in Waste Containment Systems. Malaysia: Second International
Conference on Advances in Soft Soil Engineering Technology, Putrajaya;
2003. p. 895-904.

Abdulla K, Hussin MW, Zakaria F, et al. POFA: A Potential Partial Cement
Replacement Material in Aerated Concrete. Malaysia: Proceedings of
the 6th Asia-Pacific Structural Engineering and construction Conference
(APSEC 2006), Kuala Lumpur; 2006.

20.

21.

22.

23.

24.

25.

Copyright:

©2017 Daud et al. 285

. Tangchirapat W, Jaturapitakkul C, Chindaprasirt P. Use of Palm Oil

Fuel Ash as a Supplementary Cementitious Material for Producing
High-Strength  Concrete. Construction and Building Materials.
2009;23(7):2641-2646.

. Nik Daud NN, Mohammed AS. Material Characterization of Palm Oil

Fuel Ash (POFA) mixed with Granite Residual Soil. Advanced Material
Research. 2014;(955-959):2093-2097.

. Gandhi N, Sirisha D, Asthana S, et al. Adsorption Studies of Fluoride on

MultaniMitti and Red Soil. Res J Chem Sci. 2012;2(10):32-37.

. Vaishnav V, Chandra S, Daga K. Adsorption Studies of Zn (II) Ions from

Wastewater using Calotropis Procera as an Adsorbent. Res J Recent Sci.
2012;1:160-165.

. Saka C, Sahin O, Adsoy H, et al. Removal of Methylene Blue from

Aqueous Solutions by using Cold Plasma, Microwave Radiation and
Formaldehyde Treated Acorn Shell. Separation Science and Technology.
2012;47(10):1542-1551.

Mouni L, Merabet D, Bouzaza A, et al. Adsorption of Pb (II) from
Aqueous Solutions using Activated Carbon Developed from Apricot
Stone. Desalination. 2011;276(1):148-153.

Rawat NS, Singh R, Singh D. Characteristic Adsorption of Aqueous Pb
(II) on Bituminous Coal. Indian Journal of Environmental Protection.
1993;13:193-193.

Chang JS, Law R, Chang CC. Biosorption of Lead, Copper and Cadmium
by Biomass of Pseudomonas Aeruginosa PU21. Water Research.
1997;31(7):1651-1658.

Hameed BH, Din AM, Ahmad AL. Adsorption of Methylene Blue onto
Bamboo-based Activated Carbon: Kinetics and Equilibrium Studies.
Journal of Hazard Mater. 2007;141(3):819-825.

Bailey SE, Olin TJ, Bricka RM, et al. A Review of Potentially Low-Cost
Sorbents for Heavy Metals. Water Research. 1999; 33(11):2469-2479.

Shackelford CD, Daniel DE. Diffusion in Saturated Soil I: Background.
Journal of Geotechnical Engineering. 1991;117 (3):467-484.

Citation: Daud NNN, Muhammed AS.Adsorption study on mixture material of granite residual soil — palm oil fuel ash (POFA). MOJ Civil Eng.
2017;3(2):282-285. DOI: 10.15406/mojce.2017.03.00067


https://doi.org/10.15406/mojce.2017.03.00067
mailto:http://www.academia.edu/34038480/Attenuative_Capacity_of_Compacted_Three_Reddish_Brown_Tropical_Soils
mailto:http://www.academia.edu/34038480/Attenuative_Capacity_of_Compacted_Three_Reddish_Brown_Tropical_Soils
mailto:http://www.academia.edu/34038480/Attenuative_Capacity_of_Compacted_Three_Reddish_Brown_Tropical_Soils
mailto:https://search.datacite.org/works/10.5281/ZENODO.833756\
mailto:https://search.datacite.org/works/10.5281/ZENODO.833756\
mailto:https://search.datacite.org/works/10.5281/ZENODO.833756\
mailto:http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10881697&AN=36573612&h=c0YBzPzkXRpgJImFtvjK%2frGsL29AoBt9BY0%2fXCLwcvfvWVnLros78K3gkCcy8Fs%2bqyMf%2bA%2fasUzI0De8aGGRsw%3d%3d&crl=f&resultNs=AdminWebAuth&resultL
mailto:http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10881697&AN=36573612&h=c0YBzPzkXRpgJImFtvjK%2frGsL29AoBt9BY0%2fXCLwcvfvWVnLros78K3gkCcy8Fs%2bqyMf%2bA%2fasUzI0De8aGGRsw%3d%3d&crl=f&resultNs=AdminWebAuth&resultL
mailto:http://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10881697&AN=36573612&h=c0YBzPzkXRpgJImFtvjK%2frGsL29AoBt9BY0%2fXCLwcvfvWVnLros78K3gkCcy8Fs%2bqyMf%2bA%2fasUzI0De8aGGRsw%3d%3d&crl=f&resultNs=AdminWebAuth&resultL
mailto:https://ukm.pure.elsevier.com/en/publications/adsorption-of-nickel-and-zinc-by-residual-soils
mailto:https://ukm.pure.elsevier.com/en/publications/adsorption-of-nickel-and-zinc-by-residual-soils
mailto:https://ukm.pure.elsevier.com/en/publications/adsorption-of-nickel-and-zinc-by-residual-soils
mailto:http://thescipub.com/html/10.3844/ajessp.2006.121.128
mailto:http://thescipub.com/html/10.3844/ajessp.2006.121.128
mailto:http://thescipub.com/html/10.3844/ajessp.2006.121.128
mailto:http://eprints.utm.my/377/
mailto:http://eprints.utm.my/377/
mailto:http://eprints.utm.my/377/
mailto:http://eprints.utm.my/377/
mailto:https://www.scientific.net/AMR.955-959.2093
mailto:https://www.scientific.net/AMR.955-959.2093
mailto:https://www.scientific.net/AMR.955-959.2093
mailto:http://www.isca.in/rjcs/Archives/v2/i10/5.ISCA-RJCS-2012-126.pdf
mailto:http://www.isca.in/rjcs/Archives/v2/i10/5.ISCA-RJCS-2012-126.pdf
mailto:http://www.isca.in/rjrs/archive/v1/iISC-2011/25.ISCA-ISC-2011-8EnvS-22.pdf
mailto:http://www.isca.in/rjrs/archive/v1/iISC-2011/25.ISCA-ISC-2011-8EnvS-22.pdf
mailto:http://www.isca.in/rjrs/archive/v1/iISC-2011/25.ISCA-ISC-2011-8EnvS-22.pdf
mailto:http://www.tandfonline.com/doi/abs/10.1080/01496395.2011.652284?journalCode=lsst20
mailto:http://www.tandfonline.com/doi/abs/10.1080/01496395.2011.652284?journalCode=lsst20
mailto:http://www.tandfonline.com/doi/abs/10.1080/01496395.2011.652284?journalCode=lsst20
mailto:http://www.tandfonline.com/doi/abs/10.1080/01496395.2011.652284?journalCode=lsst20
mailto:http://www.academia.edu/18967372/Adsorption_of_Pb_II_from_aqueous_solutions_using_activated_carbon_developed_from_Apricot_stone
mailto:http://www.academia.edu/18967372/Adsorption_of_Pb_II_from_aqueous_solutions_using_activated_carbon_developed_from_Apricot_stone
mailto:http://www.academia.edu/18967372/Adsorption_of_Pb_II_from_aqueous_solutions_using_activated_carbon_developed_from_Apricot_stone
mailto:http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140962
mailto:http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140962
mailto:http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140962
mailto:https://www.ncbi.nlm.nih.gov/pubmed/16956720
mailto:https://www.ncbi.nlm.nih.gov/pubmed/16956720
mailto:https://www.ncbi.nlm.nih.gov/pubmed/16956720
mailto:https://www.scienceopen.com/document?id=940b07c5-6b40-4c83-9c24-e06c0f51faaa
mailto:https://www.scienceopen.com/document?id=940b07c5-6b40-4c83-9c24-e06c0f51faaa
mailto:http://ascelibrary.org/doi/abs/10.1061/%28ASCE%290733-9410%281991%29117%3A3%28467%29
mailto:http://ascelibrary.org/doi/abs/10.1061/%28ASCE%290733-9410%281991%29117%3A3%28467%29

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methodology
	Materials
	Batch equilibrium adsorption 

	Results and discussion 
	Materials properties  
	Effect of adsorbent dose 
	Effect of pH 

	Conclusion
	Acknowledgments
	Conflicts of interest 
	Funding
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

