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Motivated by adsorbent/liquid-interactive interfacial character, a major study within
this thesis examines lead (Pb) adsorption on activated carbon. Pb was chosen as a
model because it is abundant in aqueous waste, a potential risk factor for both human
health and the environment and the focus of prior scientific investigation.
Convectional techniques for Pb removal in aqueous solutions have inherited
limitations and collateral effects. Adsorption onto solid adsorbent especially activated
carbon, is an excellent strategy to eliminate Pb(Il) from solution due to the high
efficiency of adsorption and sorption capacity. On this front, activated carbon (AC)
was prepared by chemical treatment of palm kernel shell (PKS) using HsPO4 and later
modified using citric acid (CA) and ethylenediaminetetraacetic acid (EDTA).

The respective physicochemical properties of the AC itself and the modified AC are
identified using FTIR, FESEM, BET surface area and elemental analysis. The
adsorption behavior of modified activated carbon is also put into context by
calculations of interaction potentials through Kinetics and isotherm models.
Adsorption in batch method are benchmarked against adsorption in column studies,
where the latter represents a real-world industrial situation and with potential for use
in industries for water treatment. The activated carbon produced were mainly
microporous in nature with BET surface area and pHpzc ranged from 548 m?/g to
1560 m?/g and 2 to 4.5, respectively. AC-600 2:1 exhibited the highest Pb(l1) removal
and was subjected to CA and EDTA modification. The adsorption process was
endothermic and spontaneous in nature and the data fitted the pseudo-second order
Kinetics and Langmuir isotherm model. The maximum adsorption capacity of Pb(ll)
was in the sequence of AC-PKS (86.2 mg/g) < AC-CA (103.1 mg/g ) < AC-EDTA
(104.2 mg/g), at 25 = 1°C and pH 5. Chemical reaction and mass transfer at the



interface were the rate limiting steps during the adsorption of Pb(I1). Both AC-CA and
AC-EDTA showed good regeneration and reusability properties for Pb(Il) adsorption.
The result of the competitive adsorption studies, involving Pb(I1), Cu(ll) and Zn(ll)
showed strong antagonism in the multi-ions adsorption with the adsorbents showing
more affinity towards Pb(ll). The modified activated carbons also showed better
adsorption performance in removing Pb(ll) from electroplating wastewater than from
the river water sample.

In the fixed-bed column studies, both the flow rate and bed height influenced the
column performance; increase in flow rate resulted in early breakthrough and
exhaustion time, though with less adsorption of Pb(I1). On the other hand, increased
bed height leads to extended exhaustion time with improved column performance.
Thomas and Yoon-Nelson models successfully modeled the breakthrough curve for
dynamic adsorption of Pb(Il) on the modified activated carbon. In conclusion, the
adsorbents can adsorbed Pb(11) in both batch and column studies. The modified ACs
exhibited higher adsorption capacities due to OH, COOH, and NH complexation with
the metal ions. The performance of these adsorbents, benchmarked against other low
cost adsorbents, is promising. These findings illustrate that the metal ion adsorption at
the ionic scale in agueous environment is through ion exchange, m-n interactions or
complexation reaction.
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Didorong oleh sifat antara muka penjerap/cecair yang interaktif, kajian ini mengkaji
penjerapan plumbum (Pb) daripada larutan akueus pada karbon aktif. Pb dipilih
sebagai model kerana ia banyak terdapat dalam sisa akueus, faktor risiko yang
berpotensi kepada kesihatan manusia dan alam sekitar, dan adalah fokus penyelidikan
saintifik sebelum ini. Teknik konvensional untuk penyingkiran Pb dalam larutan
akueus mempunyai batasan dan kesan sampingan. Penjerapan kepada penjerap pepejal
terutamanya karbon teraktif, merupakan strategi yang sangat baik untuk
menyingkirkan Pb(I1) daripada larutan kerana kecekapan dan kapasiti penjerapan yang
tinggi. Berdasarkan ini, karbon teraktif (AC) telah disediakan dengan mengenakan
rawatan kimia terhadap tempurung kelapa sawit (PKS) menggunakan HzPOs dan
kemudian  diubah suai  menggunakan asid sitrik (CA) dan asid
etilenediaminetetraasetik (EDTA).

Ciri fizikokimia AC dan AC diubahsuai masing-masing telah dikenal pasti
menggunakan FTIR, FESEM, luas permukaan BET dan analisis unsur. Tingkah laku
penjerapan karbon teraktif diubah suai juga dimasukkan ke dalam konteks dengan
mengira potensi interaksi melalui model Kkinetik dan isoterma. Kaedah penjerapan
kelompok menjadi tanda aras terhadap penjerapan dalam kajian turus, di mana kajian
turus mewakili keadaan sebenar di industri dan dengan potensi untuk digunakan dalam
industri untuk rawatan air. Karbon teraktif yang dihasilkan adalah berliang mikro
dengan luas permukaan BET dan pHpzc berkisar masing-masing antara 547.8 m?/g
hingga 1559.9 m?/g dan 2 hingga 4.5. AC-600 2:1 mempamerkan penyingkiran Pb(ll)
tertinggi dan digunakan dalam pengubahsuaian dengan CA dan EDTA. Proses
penjerapan adalah endotermik dan spontan dan data penjerapan mematuhi tindak balas
tertib pseudo kedua dan model isoterma Langmuir. Kapasiti penjerapan maksima



Pb(Il) adalah dalam urutan AC-PKS (86.2 mg/g) < AC-CA (103.1 mg/g) < AC-EDTA
(104.2 mg/g) pada 25 + 1°C dan pH 5. Tindak balas kimia dan permindahan jisim di
antara muka dianggap sebagai langkah penentu kadar semasa penjerapan Pb(ll).
Kedua-dua AC-CA dan AC-EDTA mempamerkan sifat kebolehjanaan semula dan
kebolehgunaan semula yang baik bagi penjerapan Pb(ll). Hasil kajian penjerapan
kompetitif yang melibatkan Pb(I1), Cu(ll) dan Zn(11) menunjukkan antagonisme yang
kuat dalam penjerapan pelbagai ion dengan penyerap yang menunjukkan afiniti yang
lebih terhadap Pb(I1). Karbon teraktif yang diubahsuai juga menunjukkan prestasi
penjerapan yang lebih baik dalam menyingkirkan Pb(ll) dari air sisa industri
penyaduran daripada dari sampel air sungai.

Dalam kajian turus lapisan tetap, kedua-dua kadar aliran dan kedalaman lapisan
mempengaruhi prestasi turus; peningkatan dalam kadar aliran menyebabkan masa
penembusan dan penepuan yang awal tetapi dengan penjerapan PDb(Il) yang
berkurangan. Sebaliknya, peningkatan dalam kedalaman lapisan melanjutkan masa
penepuan dengan peningkatan prestasi turus. Model Thomas dan Yoon-Nelson
berjaya memodelkan lengkung penembusan untuk penjerapan dinamik Pb(ll) pada
karbon teraktif yang diubahsuai. Kesimpulannya, penjerap dapat menjerap Pb(ll)
dalam kedua-dua kajian kelompok dan turus, AC diubahsuai mempamerkan
penjerapan yang lebih tinggi disebabkan oleh pengkompleksan OH, COOH, dan NH
dengan ion logam. Prestasi adsorben, yang ditanda aras dengan adsorben kos rendah
yang lain, adalah memberangsangkan. Penemuan ini menggambarkan penjerapan ion
logam, pada skala ionik, dalam persekitaran berair adalah melalui pertukaran ion,
interaksi n-m atau tindak balas pengkompleksan.
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CHAPTER 1
INTRODUCTION

1.1 Background Studies

The release of heavy metals into the environment by anthropogenic activities is
becoming a worldwide problem. Industrial activity, domestic effluents, and discharge
of wastewater remain the main pathway these species can enter natural waters (Ray &
Shipley, 2015). Among these metals, lead (Pb) is highly distributed and principally
found in aqueous waste (Saka & Mas, 2012). Industries, especially ceramic and glass,
acid battery manufacturing, ammunition, metal plating and finishing, have been
implicated for discharging lead contaminated water without adequate treatment to the
surroundings (Chowdhury, 2012). The current threshold level of lead concentrations
in drinking water is 0.05 mg/L (United States Environmental Protection Agency,
2011). It is essential, therefore, that the level of lead in drinking water should be less
than this threshold. Repeatedly exposure to lead ions through drinking water could
have adverse health consequences such as damage to the central nervous system,
kidney, hemopoiesis, heart and blood vessels, and internal secretion system of human
beings (Gong et al., 2015). Lead is also bio-cumulative through food or water
(Alothman et al., 2016; Chen et al., 2015); hence, the urgent elimination of Pb from
water sources is vital before bioaccumulation and bioconcentration through the food
chain take place. The numerous conventional methods, utilized to remove Pb(11) from
aquatic recipients, include ion-exchange, membrane filtration, chemical precipitation,
solvent extraction, electrochemical treatment, etc. (Chen et al., 2015). However,
applications of these techniques on large scale become difficult due to some
technoeconomic reasons, such as generation of large volume of toxic sludge,
exorbitant cost of maintenance and operation, complicated treatment procedure, time
taking, and production of secondary pollution (Amad, et al, 2011; Chen et al., 2015),
due to addition of chemicals. In addition, these methods could be ineffective,
particularly for metal solutions with concentrations of up to 100 mg/L (Azizi et al.,
2016). Hence, the protection of water resources requires technologies that can
efficiently eliminate micro-pollutants in a fast and cost effective manner (Njoku et al.,
2014). Relatively, adsorption process is attracting much interest in water treatment in
recent times because it is operationally flexible, non-harmful by products generation
and cost effective technique (Alvarez-Torrellas et al., 2016).

Consequently, successful attempts by different researchers have been made to develop
various novel adsorbents of different sources of low cost and abundant materials
(Njoku et al., 2014). Although these materials have proven to be efficient to some
extent (Soltani et al., 2013), activated carbon (AC) stands out as the most used and
efficient adsorbent due to its exceptional surface chemistry and porosity (Njoku et al.,
2014). Quite often, coal and lignite are the precursors for production of commercial
activated carbon by steam activation (Vanderheyden et al., 2016), which is expensive
and in addition, brings about diminution of fossil fuel materials (Kong et al., 2016).



Consequently, many researchers have studied the feasibility of cheaper substitutes for
the preparation of AC in order to remove heavy metals from industrial wastewaters,
either by physical or chemical means, using different starting materials, such as rice
straw (Adinaveen et al, 2015), sunflower seeds (Donaldson et al, 2012), coconut shell
(Buah & Williams, 2012), fox-nut shell (Kumar and Jena, 2015), pine cone (Carlos
and Hu, 2016), Typha orientalis leaves (Anisuzzaman et al., 2015) etc.

Taking into account the important role structural variations the starting material
contributes in the development of porosity of the carbon, it is essential to choose a
suitable precursor (Alvarez-Torrellas et al., 2016). Out of the numerous agricultural
wastes investigated as adsorbents for the elimination of pollutants, oil palm- derived
agricultural wastes, have an amazing removal response for pollutants, including heavy
metals (Amad et al., 2011).

Malaysia is one of the largest producers and exporter of palm oil products, including
crude palm oil (CPO) and crude palm kernel oil (CPKO) (Poudel et al., 2016). The
concomitant waste products from the milling industrial process of the palm oil
produce, include palm trunks, palm mesocarp fibre (PMF), empty fruit bunches
(EFB), palm fronds, spikelets, palm kernel shells (PKS) and palm oil mill effluent
(POME) and other waste products (Poudel et al., 2016; Sani et al., 2015). Out of these
industrial waste products, only 60% of the palm fibers and shells are put into use as
the boiler fuel to generate steam and electricity in the mills (Shafie et al, 2012). In
addition, most of the power plants used the steam turbine, and it is observed that only
a few power plants in palm oil mill industry use the waste of their products to generate
electricity (Shafie et al., 2012). These highlight the need to transform the remaining
waste biomass by exploring new economical applications. The pollution of aquatic
ecosystems in Malaysia has emerged as a major ecological problem concurring with
rapid industrial development and urbanization (Al-Shami et al., 2010). Palm kernel
shell has demonstrated to be a promising material for the preparation of activated
carbon (Lim et al, 2010; Xu et al., 2017). As a result, this research work explored the
use of PKS activated carbon for surface attachment as a potential strategy to develop an
economically feasible technique to efficiently remove Pb(Il) from aqueous solution.

AC, can basically be fashioned in two ways: physical and chemical methods. Among
these methods of AC preparations, the chemical method is more often applied than the
physical activation (Mussatto et al., 2010). HsPO4 is a common chemical activating
agent, often used for preparing AC from a variety of precursors due to the relatively
lower, environmental and toxicological constrains compared to ZnCl, and lower
working temperature compared with KOH or NaOH (L. et al., 2015).

To that effect, the new study attempts to prepare activated carbon from PKS using
H3POsand to find out whether the improved surface chemistry of AC- PKS with citric
acid and EDTA salt, will give efficient impact on Pb(ll) removal from aqueous
solutions in batch process. In addition, to explore the potential use of these adsorbents
as cost effective and efficient alternative in an industrial situation, by using continuous
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adsorption studies in column. Although this work was initially design to be focused
on the removal Pb(11) in both synthetic and real wastewater, it was latter extended to
Zn and Cu in situations where the initial concentration of these metals in real samples
were deemed to exceed the permissible levels. Various characterization methods were
employed to identify and verify the existence of surface functional groups of the
activated carbons and textural characteristics using nitrogen adsorption isotherm,
Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM)
and Boehm titration.

1.2 Problem Statement and Justification

Pollution of water sources due to dumping of untreated wastewater and chemical
wastes directly into rivers, lakes and drains, has been of great concern over the last
decades (Feng and Guo, 2012). Unlike the organic pollutants, industrial wastewater
containing heavy metals are non-biodegradable, persistent and recalcitrant in the
environment and can bioaccumulate in living tissues of humans, causing disorders,
such as cancer; thus the need for their removal before discharge (Liang et al., 2009).

Removal of heavy metals from wastewater pose a serious challenge, hence a wide
range of methods has been explored. Adsorption by using AC, which is the widely
used adsorbent in treatment of wastewater, has proven to perform very well for the
removal of heavy metals, however, the challenge remains the high cost of the
commercial available AC, hence there is need for alternative cheaper methods. The
search for low cost and easily available adsorbents has led to investigation of
agricultural waste materials as potential adsorbents, due to their availability, eco-
friendly, simple processing method with less time, renewable in nature and high metal
removal efficiency due to their distinctive chemical make-up (Dawood et al., 2016).
Especially, the adsorbents obtained from PKS have spurred great interest in the
adsorption of heavy metal ions from aqueous solutions (Hesasa et al., 2013). This is
because of the particular physicochemical properties of the PKS, such as high carbon
content, internal porous structure, less ash (Rafatullah et al., 2013), high specific
surface area, different chelating groups, eco-friendly and cost-effective, which are
appropriate properties of a suitable precursor for synthesis of high-grade AC (Lim et
al, 2010). More importantly, when this AC is chemically modified, exhibits improved
interfacial region, selectivity and enhanced adsorption capacities (Albishri &
Marwani, 2016), but the high efficient utilization of the adsorbent capacity and ease
of scaling up the process in column, makes it a preferred material for the purpose of
industrial wastewater treatment. Citric acid and EDTA, polycarboxylic and
aminopolycarboxylic acids are often used as chelating agents, because of their strong
metal complexing properties.



On this front, limited research has been observed for the removal of Pb(ll) using
PKS based AC with surface modification with citric acid and EDTA in treatment of
Pb(11) in aqueous solution in fixed bed column operation, and that has brought to the
fore an exciting interest in undertaking this present research. Knowing that metals can
co-exist in wastewater, co —adsorption of heavy metals is also of interest in this
research work.

This is expected not only to develop cheaper materials for water treatment but also to
provide a solution for clean water especially in industrial establishments.

1.3 Hypothesis

Adsorption of heavy metals to solid adsorbents is strongly governed by the
physicochemical properties of the adsorbents and selectivity of the metals to the
adsorption systems. Because of the high surface area and well developed pore
structure of AC (Njoku et al., 2014), it is prone to adsorb heavy metals from aqueous
solutions. It is therefore hypothesized in this work that the level of Pb(ll) would
decreased as aqueous solution containing Pb(ll) ions is treated using AC.

1.4 Significance of the Research

Because of the growing human population coupled with rapid industrial development
and urbanization, there is a tremendous demand and pressure on natural resources,
sometimes with a negative connotation of accompanying depletion of these resources
on an industrial scale. For sustainable development to be achieved, efficient and cost-
effective use of such resources most be sustained. Therefore, there is need to
continually monitor anthropogenic activities with respect to their nature, volume,
direct harmful effects, potential impacts on the environment as well as develop and
applied cost effective and efficient technics for remediation where these activities
become pollutional in nature. In that context, studying alternatives for wastewater
treatment and management is important. This study involves minimization of
environmental pollution through remediation of toxic metal ions from industrial
wastewater using activated carbon from palm shells. The findings of this research will
be useful in developing an efficient alternative means of water remediation in place of
the conventional ones. The technique, if applied in treatment of metal ions containing
effluent from various industrial establishments before discharged, will prevent the
release of hazardous metal ions to water-bodies, which can poisoning aquatic as well
as human life.

In addition, the utilization of PKS, as an agro-industrial by product for the production
of an important commercial product like activated carbon, will also serve as an
economic solid waste-management measure in the palm oil industry, and minimized
the hazardous emissions that usually accompanied the burning of these agricultural
wastes.



1.5 Aim and Objectives of Research

The main aim of this research is to evaluate the potential of converting palm kernel
shells, a low-cost agro-industrial by-product, to commercial-grade activated carbon
using HsPOsas the chemical activation reagent with the following specific objectives:

() Toimprove the selectivity and binding properties of the produced activated carbon
by modifying with Citric acid and EDTA

(i) To determine the adsorption capacity of the adsorbents for metal ions uptake using
different parameters such contact time, operational temperature, initial ion
concentration and pH

(iii) To evaluate the data obtained using kinetic models, equilibrium adsorption
isotherms and thermodynamic parameters.

(iv) To apply the developed and modified activated carbon for the removal of Pb(ll)
from wastewater through single and competitive mode with Cu(ll) and Zn(ll)
ions.

(v) To perform column studies to investigate the Pb uptake characteristics of modified
AC under different flow rates and depth.

1.6 Scope of work

The scope of this work includes the development of 8 kind of adsorbents using PKS
(AC-7002:1, AC-700 1:1, AC-600 3:1, AC-600 2:1, AC-600 1:1, AC -600 1:2, AC-
5002:1 and AC-500 1:1). Out of these, the optimum adsorbent (AC-PKS) was chosen
and applied in subsequent experiments. Other categories of adsorbents were developed
and used at different stages of this study, including AC-EDTA and AC-CA, obtained
by modifying AC-PKS with EDTA and citric acid, respectively. These adsorbents
were employed in both batch (synthetic, electroplating and river wastewater) and
column experiments (limited to synthetic wastewater). The AC-PKS, was used only
for batch adsorption experiments (synthetic wastewater). The kinetic and isotherm
experiments were investigated through batch mode using synthetic wastewater. The
isotherm data were fitted by Freundlich and Langmuir models, while the pseudo first
order, pseudo second order and the intraparticle diffusion models, described the data
from the kinetic studies. The effect of column operating parameters and the
breakthrough curves were modeled through Thomas and Yoon-Nelson. Reusability
studies using batch mode were restricted to synthetic wastewater, while competitive
adsorption studies, were focused on Pb, Cu and Zn in single, binary and ternary
system. The real water sample used were collected from Sungai Balok, Kuantan
Pahang, and also from an electroplating plant in Selangor, while synthetic wastewater
was made from Pb(NOs).. Figure 1.1 summarized the entire task and scope of this
research.



‘Impregnation of Palm *Develop § adsorbent (AC-700 2:1, AC-700 1:1,
Adsorbents kernel, AC-600 3:1, AC-600 2:1, AC-6001:1,
Preparation | == carbonization and activation == AC 5002:1, AC-500 1:1)
« Select the best adsorbent
*Adsorbent Screening » Modify the best adsorbent (AC-EDTA & AC-CA)
* Characterized the adsorbents
Application of AC-PKS
Batch ( synthetic wastewater), Effect of process parameters, kinetic and
) [m=mp| AC-EDTA and AC-CA in ) i<otherm models, reusability, and competitive
Experiments synthetic and real wastewater studies
(optimum conditions)
Colymn [ zz?é:a?:::l:(lsij:qlﬁaaﬁ: - Effect of column parameters and modeling using
experiments synthetic wastewater Thomas model, and Yoon-Nelson

Figure 1.1 : The main scope of this Research



REFERENCES

Abbaszadeh, S., Wan Alwi, S. R., Webb, C., Ghasemi, N., & Muhamad, I. I. (2016).
Treatment of lead-contaminated water using activated carbon adsorbent from
locally available papaya peel biowaste. Journal of Cleaner Production, 118, 210-
222. https://doi.org/10.1016/j.jclepro.2016.01.054

Abdel-Raouf, N., Al-Homaidan, A. A., & lbraheem, I. B. M. (2012). Microalgae and
wastewater treatment. Saudi Journal of Biological Sciences, 19(3), 257-275.
https://doi.org/10.1016/j.sjbs.2012.04.005

Abdulrazak, S., Hussaini, K., & Sani, H. M. (2016). Evaluation of removal efficiency
of heavy metals by low-cost activated carbon prepared from African palm fruit.
Applied Water Science, 1-5. https://doi.org/10.1007/s13201-016-0460-x

Acharya, J., Sahu, J. N., Mohanty, C. R., & Meikap, B. C. (2009). Removal of lead (
I1') from wastewater by activated carbon developed from Tamarind wood by zinc
chloride activation. Chemical Engineering Journal, 149, 249-262.
https://doi.org/10.1016/j.cej.2008.10.029

Adinata, D., Daud, W. M. A. W., & Aroua, M. K. (2007). Preparation and
characterization of activated carbon from palm shell by chemical activation with
K 2 CQOs. Bioresource Technology, 98(1), 145-149.

Adinaveen, T., Kennedy, L. J., Vijaya, J. J., & Sekaran, G. (2015). Surface and porous
characterization of activated carbon prepared from pyrolysis of biomass (rice
straw) by two-stage procedure and its applications in supercapacitor electrodes.
Journal of Material Cycles and Waste Management, 17(4), 736-747.
https://doi.org/10.1007/s10163-014-0302-6

Afroze, S., Sen, T. K., & Ang, H. M. (2016). Adsorption performance of continuous
fixed bed column for the removal of methylene blue (MB) dye using Eucalyptus
sheathiana bark biomass. Research on Chemical Intermediates, 42(3), 2343—
2364. https://doi.org/10.1007/s11164-015-2153-8

Ahmed, M. J. (2016). Preparation of activated carbons from date (Phoenix dactylifera
L .) palm stones and application for wastewater treatments : Review. Process
Safety and Environmental Protection, 102, 168-182.
https://doi.org/10.1016/j.psep.2016.03.010

Ai, L., Li, M., & Li, L. (2011). Adsorption of Methylene Blue from Aqueous Solution
with Activated Carbon / Cobalt Ferrite / Alginate Composite Beads : Kinetics ,
Isotherms , and Thermodynamics. Journal of Chemical & Engineering Data,
34(7), 134-143.

Akpomie, K. G., & Dawodu, F. A. (2015). Treatment of an automobile effluent from
heavy metals contamination by an eco-friendly montmorillonite. Journal of
advanced research, 6(6), 1003-1013. https://doi.org/10.1016/j.jare.2014.12.004

139



Al-Shami, S. A.,, Rawi, C. S. M., HassanAhmad, A., & Nor, S. A. M. (2010).
Distribution of Chironomidae (Insecta: Diptera) in polluted rivers of the Juru
River Basin, Penang, Malaysia. Journal of Environmental Sciences, 22(11),
1718-1727. https://doi.org/10.1016/S1001-0742(09)60311-9

Albishri, H. M., & Marwani, H. M. (2016). Chemically modified activated carbon
with  tris(hydroxymethyl)aminomethane for selective adsorption and
determination of gold in water samples. Arabian Journal of Chemistry, 9, S252—
S258. https://doi.org/10.1016/j.arabjc.2011.03.01

Al Bahri, M., Calvo, L., Gilarranz, M. A., & Rodriguez, J. J. (2012). Activated carbon
from grape seeds upon chemical activation with phosphoric acid: Application to
the adsorption of diuron from water. Chemical Engineering Journal, 203, 348—
356. https://doi.org/10.1016/j.cej.2012.07.053

Aldegs, Y., Elbarghouthi, M., Elsheikh, a, & Walker, G. (2008). Effect of solution
pH, ionic strength, and temperature on adsorption behavior of reactive dyes on
activated carbon. Dyes  and Pigments, 77(1), 16  -23.
https://doi.org/10.1016/j.dyepig.2007.03.001

Allwar, A. (2016). Preparation and Characteristics of Activated Carbon from Oil Palm
Shell for Removal of Iron and Copper from Patchouli Oil. International Journal
of Applied Chemistry., 12(3), 183-192.

Al-Malack, M. H., & Basaleh, A. A. (2016). Adsorption of heavy metals using
activated carbon produced from municipal organic solid waste. Desalination and
Water Treatment, 3994(February), 1-13.
https://doi.org/10.1080/19443994.2016.1144536

Alothman, Z. A., Habila, M. A., Al-Shalan, N. H., Alfadul, S. M., Ali, R., Al alm
Rashed, I. G., & Alfarhan, B. (2016). Adsorptive removal of Cu(ll) and Pb(I1)
onto mixed-waste activated carbon: Kinetic, thermodynamic, and competitive
studies and application to real wastewater samples. Arabian Journal of
Geosciences, 9(4), 315. https://doi.org/10.1007/s12517-016-2350-9

Altenor, S., Carene, B., Emmanuel, E., Lambert, J., Ehrhardt, J. J., & Gaspard, S.
(2009). Adsorption studies of methylene blue and phenol onto vetiver roots
activated carbon prepared by chemical activation. Journal of Hazardous
Materials, 165(1-3), 1029-1039. https://doi.org/10.1016/j.jhazmat.2008.10.133

Alvarez-Torrellas, S., Mufioz, M., Zazo, J. A., Casas, J. A., & Garcia, J. (2016).
Synthesis of high surface area carbon adsorbents prepared from pine sawdust-
Onopordum acanthium L. for nonsteroidal anti-inflammatory drugs adsorption.
Journal of Environmental Management, 1-12.
https://doi.org/10.1016/j.jenvman.2016.08.077

Amad, T., Rafatullah, M., Ghazali, A., Sulaiman, O., & Hashim, R. (2011). Oil Palm
Biomass—Based Adsorbents for the Removal of Water Pollutants-A Review.
Journal of Environmental Science and Health, Part C, 29(3), 177-222.
https://doi.org/10.1080/10590501.2011.601847

140



Anastopoulos, I., & Kyzas, G. Z. (2015). Progress in batch biosorption of heavy metals
onto algae. Journal of  Molecular Liquids, 209, 77-86
https://doi.org/10.1016/j.molliq.2015.05.023

Anbia, M., & Hagshenas, M. (2015). Adsorption studies of Pb(Il) and Cu(ll) ions on
mesoporous carbon nitride functionalized with melamine-based dendrimer
amine. International Journal of Environmental Science and Technology, 12(8),
2649-2664. https://doi.org/10.1007/s13762-015-0776-3

Anil, 1., Golcuk, K., & Karaca, F. (2014). ATR-FTIR spectroscopic study of functional
groups in aerosols: The contribution of a Saharan dust transport to urban
atmosphere in Istanbul, Turkey. Water, Air, and Soil Pollution, 225(3).
https://doi.org/10.1007/s11270-014-1898-9

Anisuzzaman, S. M., Joseph, C. G., Taufig-Yap, Y. H., Krishnaiah, D., & Tay, V. V.
(2015). Modification of commercial activated carbon for the removal of 2, 4-
dichlorophenol from simulated wastewater. Journal of King Saud University-
Science, 27(4), 318-330.

Anitha, T., Kumar, P. S., Kumar, K. S., Ramkumar, B., & Ramalingam, S. (2015).
Adsorptive removal of Pb (Il) ions from polluted water by newly synthesized
chitosan—polyacrylonitrile  blend: equilibrium, kinetic, mechanism and
thermodynamic approach. Process Safety and Environmental Protection, 98,
187-197.

Arami-Niya, A., Daud, W. M. A. W., & Mjalli, F. S. (2011). Comparative study of the
textural characteristics of oil palm shell activated carbon produced by chemical
and physical activation for methane adsorption. Chemical Engineering Research
and Design, 89(6), 657-664. https://doi.org/10.1016/j.cherd.2010.10.003

Arshadi, M., Amiri, M. J.,, & Mousavi, S. (2014). Kinetic, equilibrium and
thermodynamic investigations of Ni(l11), Cd(I1), Cu(ll) and Co(ll) adsorption on
barley straw ash. Water Resources and Industry, 6, 1-17.
https://doi.org/10.1016/j.wri.2014.06.001

Azizi, S., Kamika, I., & Tekere, M. (2016). Evaluation of Heavy Metal Removal from
Wastewater in a Modified Packed Bed Biofilm Reactor. PloS one, 11(5),
e0155462

Bader N. Souissi-Najar S. Ouederni A. (2014). A Controlled Nitric Acid Oxidation of
an Olive Stones- based Activated Carbon: Effect of Oxidation Time.
Lignocellulose, 3(1), 22-36.

Bakar, A. H. B. A,, Koay, Y. S,, Ching, Y. C., Abdullah, L. C., Choong, T. S. Y.,
Alkhatib, M., ... Zahri, N. A. M. (2016). Removal of fluoride using quaternized
palm kernel shell as adsorbents: Equilibrium isotherms and kinetics studies.
BioResources, 11(2), 4485-4511. https://doi.org/10.15376/biores.11.2.4485-
4511.

141



Bhatnagar, A., Hogland, W., Marques, M., & Sillanpad, M. (2013). An overview of
the modification methods of activated carbon for its water treatment applications.
Chemical Engineering Journal, 219, 499-511.

Bouchelkia, N., Mouni, L., Belkhiri, L., Bouzaza, A., Bollinger, J. C., Madani, K., &
Dahmoune, F. (2016). Removal of lead (I1) from water using activated carbon
developed from jujube stones, a low-cost sorbent. Separation Science and
Technology, 51(10), 1645-1653.

Bouchemal, N., Belhachemi, M., Merzougui, Z., & Addoun, F. (2009). The effect of
temperature and impregnation ratio on the active carbon porosity. Desalination
and Water Treatment, 10(1-3), 115-120. https://doi.org/10.5004/dwt.2009.828

Boudrahem, F., Aissani-Benissad, F., & Ait-Amar, H. (2009). Batch sorption
dynamics and equilibrium for the removal of lead ions from aqueous phase using
activated carbon developed from coffee residue activated with zinc chloride.
Journal of  Environmental Management, 90(10), 3031-3039.
https://doi.org/10.1016/j.jenvman.2009.04.005

Bouhamed, F., Elouear, Z., Bouzid, J., & Ouddane, B. (2016). Multi-component
adsorption of copper, nickel and zinc from aqueous solutions onto activated
carbon prepared from date stones. Environmental Science and Pollution
Research, 23(16), 15801-15806.

Buah, W. K., & Williams, P. T. (2012). Agricultural waste biomass converted to
activated carbon as a material for gold processing. Journal of Material Cycles
and Waste Management, 14(4), 396-402. https://doi.org/10.1007/s10163-012-
0083-8

Bulut, Y., & Baysal, Z. (2006). Removal of Pb(11) from wastewater using wheat bran.
Journal of Environmental Management, 78(2), 107-113.
https://doi.org/10.1016/j.jenvman.2005.03.010

Caccin, M., Giorgi, M., Giacobbo, F., Da Ros, M., Besozzi, L., & Mariani, M. (2016).
Removal of lead (I1) from aqueous solutions by adsorption onto activated carbons
prepared from coconut shell. Desalination and Water Treatment, 57(10), 4557—
4575. https://doi.org/10.1080/19443994.2014.992974

Castro, J. B., Bonelli, P. R., Cerrella, E. G., & Cukierman, A. L. (2000). Phosphoric

Acid Activation of Agricultural Residues and Bagasse from Sugar Cane:
Influence of the Experimental Conditions on Adsorption Characteristics of
Activated Carbons. Ind. Eng. Chem. Res, 39, 4166-4172.

Cao, X., Ma, L. Q., Rhue, D. R., & Appel, C. S. (2004). Mechanisms of lead , copper
, and zinc retention by phosphate rock. Environmental Pollution, 131, 435-444,
https://doi.org/10.1016/j.envpol.2004.03.003.

Cao X, Ma L, Gao, B., & Harris, W. (2009). Dairy-Manure Derived Biochar
Effectively Sorbs Lead and Atrazine. Environ. Sci. Technol, 43, 3285-3291.

142



Carlos, J., & Hu, P. (2016). Activated carbons obtained from agro-industrial waste :
textural analysis and adsorption environmental pollutants, 23-31.
https://doi.org/10.1007/s10450-015-9728-y.

Chang, H. H., Cheng, C. L., Huang, P. J., & Lin, S. Y. (2014). Application of scanning
electron microscopy and X-ray microanalysis: FE-SEM, ESEM-EDS, and EDS
mapping for studying the characteristics of topographical microstructure and
elemental mapping of human cardiac calcified deposition. Analytical and
bioanalytical chemistry, 406(1), 359-366.

Chen, J., Feng, J., & Yan, W. (2015). Facile synthesis of a polythiophene/TiO 2
particle composite in agueous medium and its adsorption performance for Pb (ii).
RSC Advances, 5(106), 86945-86953.

Chen, X., Chen, G., Chen, L., Chen, Y., Lehmann, J., McBride, M. B., & Hay, A. G.
(2011). Adsorption of copper and zinc by biochars produced from pyrolysis of
hardwood and corn straw in aqueous solution. Bioresource technology, 102(19),
8877-8884.

Chen, J. P.,, Wu, S., & Chong, K. H. (2003). Surface modification of a granular
activated carbon by citric acid for enhancement of copper adsorption. Carbon,
41(10), 1979-1986. https://doi.org/10.1016/S0008-6223(03)00197-0.

Cheung, W. H., Szeto, Y. S., & McKay, G. (2007). Intraparticle diffusion processes
during acid dye adsorption onto chitosan. Bioresource Technology, 98(15),
2897-2904. https://doi.org/10.1016/j.biortech.2006.09.045.

Chiang, H. L., Huang, C. P., & Chiang, P. C. (2002). The surface characteristics of
activated carbon as affected by ozone and alkaline treatment. Chemosphere,
47(3), 257-265. https://doi.org/10.1016/S0045-6535(01)00215-6.

Chowdhury, Z. Z., Hamid, S. B. A., Das, R., Hasan, M. R., Zain, S. M., Khalid, K., &
Uddin, M. N. (2013). Preparation of carbonaceous adsorbents from
lignocellulosic biomass and their use in removal of contaminants from aqueous
solution. BioResources, 8(4), 6523-6555.

Chowdhury, Z. Z., Zain, S. M., Khan, R. A., Rafique, R. F., & Khalid, K. (2012).
Batch and fixed bed adsorption studies of lead (1) cations from aqueous solutions
onto granular activated carbon derived from Mangostana garcinia shell.
BioResources, 7(3), 2895-2915. https://doi.org/10.15376/biores.7.3.2895-2915

Cychosz, K. A., Guillet-Nicolas, R., Garcia-Martinez, J., & Thommes, M. (2017).
Recent advances in the textural characterization of hierarchically structured
nanoporous materials. Chemical Society Reviews, 46(2), 389-414.

Dawood, S., Sen, T. K., & Phan, C. (2016). Adsorption removal of Methylene Blue
(MB) dye from aqueous solution by bio-char prepared from Eucalyptus
sheathiana bark: Kinetic, equilibrium, mechanism, thermodynamic and process
design. Desalination and Water Treatment, 57(59), 28964-28980.
https://doi.org/10.1080/19443994.2016.1188732

143



De Lima, L. S., Araujo, M. D. M., Quinéia, S. P., Migliorine, D. W., & Garcia, J. R.
(2011). Adsorption modeling of Cr, Cd and Cu on activated carbon of different
origins by using fractional factorial design. Chemical engineering journal,
166(3), 881-889.

De Souza, J. V. T. M., Diniz, K. M., Massocatto, C. L., Tarley, C. R. T., Caetano, J.,
& Dragunski, D. C. (2012). Removal of Pb (1) from aqueous solution with
orange sub-products chemically modified as biosorbent. BioResources, 7(2),
2300-2318.

Delavar, M., Ghoreyshi, A. A., Jahanshahi, M., Khalili, S., & Nabian, N. (2012).
Equilibria and kinetics of natural gas adsorption on multi-walled carbon nanotube
material. RSC Advances, 2(10), 4490-4497. https://doi.org/10.1039/c2ra01095j

Deng, H., Li, G, Yang, H., Tang, J., & Tang, J. (2010). Preparation of activated
carbons from cotton stalk by microwave assisted KOH and K>COz activation.
Chemical Engineering Journal, 163(3), 373-381.
https://doi.org/10.1016/j.cej.2010.08.019.

Deshpande, J., Joshi, M., & Giri, P. (2013). Zinc: The trace element of major
importance in human nutrition and health. International Journal of Medical
Science and Public Health, 2(1), 1. https://doi.org/10.5455/ijmsph.2013.2.1-6.

Dhankhar, R., & Hooda, A. (2011). Fungal biosorption-an alternative to meet the
challenges of heavy metal pollution in aqueous solutions. Environmental
Technology, 32(5-6), 467—491. https://doi.org/10.1080/09593330.2011.572922.

Ding, Y., Liu, Y., Liu, S., Li, Z., Tan, X., Huang, X., ... & Cali, X. (2016). Competitive
removal of Cd(Il) and Pb(ll) by biochars produced from water hyacinths:
performance and mechanism. RSC Advances, 6(7), 5223-5232.
https://doi.org/10.1039/C5RA26248H.
https://doi.org/10.1080/10889868.2016.1212808

Dissanayake, D. M. R. E. A., Chathuranga, P. K. D., Perera, P. I., Vithanage, M., &
Igbal, M. C. M. (2016). Modeling of Pb(Il) adsorption by a fixed-bed column.
Bioremediation Journal, 20(3), 194-208.
https://doi.org/10.1080/10889868.2016.1212808

Donald, J., Ohtsuka, Y., & Xu, C. C. (2011). Effects of activation agents and intrinsic
minerals on pore development in activated carbons derived from a Canadian peat.
Materials Letters, 65(4), 744—747. https://doi.org/10.1016/j.matlet.2010.11.049

Donaldson, A. A., Kadakia, P., Gupta, M., & Zhang, Z. (2012). Production of energy
and activated carbon from agri-residue: Sunflower seed example. Applied
Biochemistry and Biotechnology, 168(1), 154-162.
https://doi.org/10.1007/s12010-011-9358-0.

144



El-Naas, M. H., Al-Zuhair, S., & Alhaija, M. A. (2010). Reduction of COD in refinery
wastewater through adsorption on date-pit activated carbon. Journal of
Hazardous Materials, 173(1-3), 750-757.
https://doi.org/10.1016/j.jhazmat.2009.09.002

El-Naggar, A. H., Alzhrani, A. K., Ahmad, M., Usman, A. R., Mohan, D., Ok, Y. S,
& Al-Wabel, M. I. (2015). Preparation of activated and non-activated carbon
from Conocarpus pruning waste as low-cost adsorbent for removal of heavy
metal ions from aqueous solution. BioResources, 11(1), 1092-1107.

El-Sayed, G. O., Yehia, M. M., & Asaad, A. A. (2014). Assessment of activated
carbon prepared from corncob by chemical activation with phosphoric acid.
Water Resources and Industry, 7-8, 66-75.
https://doi.org/10.1016/j.wri.2014.10.001

Europiean council of chemical manufactures’ Federation(CEFIC). (1986). Test
methods for activated carbon.European Council of Chemical Manufacturers’
Federation(CEFIC), Belgium.

Fagerlund, G. (1973). Determination of specific surface by the BET method. Materials
and structures, 6(3), 239-245.

Farghali, A. A., Bahgat, M., Allah, A. E., & Khedr, M. H. (2013). Adsorption of Pb(II)
ions from aqueous solutions using copper oxide nanostructures. Beni-Suef
University Journal of Basic and Applied Sciences, 2(2), 61-71.
https://doi.org/10.1016/j.bjbas.2013.01.001.

Foo, 5. 5. K., & Hameed, B. H. (2010). Insights into the modeling of adsorption
isotherm  systems. Chemical Engineering Journal, 156(1), 2-10.
https://doi.org/10.1016/j.cej.2009.09.013

Fraga, C. G. (2005). Relevance, essentiality and toxicity of trace elements in human
health. Molecular aspects of medicine, 26(4), 235-244.
https://doi.org/10.1016/j.mam.2005.07.013

Fu, F., & Wang, Q. (2011). Removal of heavy metal ions from wastewaters: A review.
Journal of Environmental Management, 92(3), 407-418.
https://doi.org/10.1016/j.jenvman.2010.11.011

Fu, F., Zeng, H., Cai, Q., Qiu, R., Yu, J., & Xiong, Y. (2007). Effective removal of
coordinated copper from wastewater using a new dithiocarbamate-type
supramolecular heavy metal precipitant. Chemosphere, 69(11), 1783-1789.
https://doi.org/10.1016/j.chemosphere.2007.05.063

Gadd, G. M. (2009). Biosorption: Critical review of scientific rationale, environmental
importance and significance for pollution treatment. Journal of Chemical
Technology and Biotechnology, 84(1), 13-28. https://doi.org/10.1002/jctb.1999

145



Gao, J., Kong, D., Wang, Y., Wu, J., Sun., S., & Ping, X. (2013). Production of
Mesoporous Activated Carbon from Tea Fruit Peel Residues and Its Evaluation
of Methylene Blue Removal from Aqueous Solutions. Bioresources.com, 8,
2145-2160.

Gao, Y., Xu, S., Yue, Q., Wu, Y., & Gao, B. (2016). Chemical preparation of crab
shell-based activated carbon with superior adsorption performance for dye
removal from wastewater. Journal of the Taiwan Institute of Chemical
Engineers, 61, 327-335. https://doi.org/10.1016/j.jtice.2015.12.023

Garcia-Rosales, G., Olguin, M. T., Colin-Cruz, A., & Romero-Guzman, E. T. (2012).
Effect of the pH and temperature on the biosorption of lead(11) and cadmium(ll)
by sodium-modified stalk sponge of Zea mays. Environmental Science and
Pollution Research, 19(1), 177-185. https://doi.org/10.1007/s11356-011-0537-x

Garza, A., Vega, R., & Soto, E. (2006). Cellular mechanisms of lead neurotoxicity.
Med Sci Monit, 12(3), 57-65.

Gautam, R. K., Sharma, S. K., Mahiya, S., & Chattopadhyaya, M. C. (2015).
Contamination of Heavy Metals in Aquatic Media: Transport , Toxicity and
Technologies for Remediation. In Heavy Metals in Water: Presence, Removal
and Safety (pp. 1-24). The Royal Society of Chemistry.
https://doi.org/10.1039/9781782620174

Gedam, A. H., & Dongre, R. S. (2015). Adsorption characterization of Pb (Il) ions
onto iodate doped chitosan composite: equilibrium and kinetic studies. RSC
Advances, 5(67), 54188-54201. https://doi.org/10.1039/C5RA09899H

Ghanizadeh, G., Ehrampoush, M. H., & Ghaneian, M. T. (2010). Application of Iron
Impregnated Activated Carbon for Removal of Arsenic From Water. Iranian
Journal of Environmental Health Science & Engineering, 7(2), 145-156.

Girgis, B. S., Yunis, S. S., & Soliman, A. M. (2002). Characteristics of activated
carbon from peanut hulls in relation to conditions of preparation. Materials
Letters, 57(1), 164-172. https://doi.org/10.1016/S0167-577X(02)00724-3

Goertzen, S. L., Thériault, K. D., Oickle, A. M., Tarasuk, A. C., & Andreas, H. A.
(2010).Standardization of the Boehm titration. Part I. CO2expulsion and endpoint
determination. Carbon, 48(4), 1252-1261.
https://doi.org/10.1016/j.carbon.2009.11.050

Goher, M. E., Hassan, A. M., Abdel-Moniem, I. A., Fahmy, A. H., Abdo, M. H., &
El-sayed, S. M. (2015). Removal of aluminum, iron and manganese ions from
industrial wastes using granular activated carbon and Amberlite IR-120H. The
Egyptian Journal of Aquatic Research, 41(2), 155-164.
https://doi.org/10.1016/j.ejar.2015.04.002

146



Gong, J. L., Zhang, Y. L., Jiang, Y., Zeng, G. M., Cui, Z. H., Liu, K., ... Huan, S. Y.
(2015). Continuous adsorption of Pb(ll) and methylene blue by engineered
graphite oxide coated sand in fixed-bed column. Applied Surface Science, 330,
148-157. https://doi.org/10.1016/j.apsusc.2014.11.068.

Gonzalez-Serrano, E., Cordero, T., Rodriguez-Mirasol, J., Cotoruelo, L., &
Rodriguez, J. J. (2004). Removal of water pollutants with activated carbons
prepared from H 3PO4 activation of lignin from kraft black liquors. Water
Research, 38(13), 3043-3050. https://doi.org/10.1016/j.watres.2004.04.048.

Grima-Olmedo C. Ramirez-Gomez A, Gémez-Limo6n D., & Clemente-Jul C. (2016).
Activated carbon from flash pyrolysis of eucalyptus residue. Heliyon, 2(9).
https://doi.org/10.1016/j.heliyon.2016.e00155.

Gundogdu, A., Duran, C., Senturk, H. B., Soylak, M., Imamoglu, M., & Onal, Y.
(2013). Physicochemical characteristics of a novel activated carbon produced
from tea industry waste. Journal of Analytical and Applied Pyrolysis, 104, 249—
259. https://doi.org/10.1016/j.jaap.2013.07.008

Guijarro-Aldaco, A., Herndndez-Montoya, V., Bonilla-Petriciolet, A., Montes-Moran,
M. A., & Mendoza-Castillo, D. I. (2011). Improving the adsorption of heavy
metals from water using commercial carbons modified with egg shell wastes.
Industrial & Engineering Chemistry Research, 50(15), 9354-9362.

Gundogdu, A., Ozdes, D., Duran, C., Numan, V., Soylak, M., & Basri, H. (2009).
Biosorption of Pb ( 11 ) ions from aqueous solution by pine bark ( Pinus brutia
Ten .), 153, 62-69. https://doi.org/10.1016/j.cej.2009.06.017.

Guo, J., & Lua, A. C. (2002). Characterization of adsorbent prepared from oil-palm
shell by CO> activation for removal of gaseous pollutants. Materials Letters,
55(5), 334-339. https://doi.org/10.1016/S0167-577X(02)00388-9.

Guo, J., Luo, Y., Lua, A. C., Chi, R. an, Chen, Y. L., Bao, X. T., & Xiang, S. X.
(2007). Adsorption of hydrogen sulphide (H2S) by activated carbons derived
from oil-palm shell. Carbon, 45(2), 330-336.
https://doi.org/10.1016/j.carbon.2006.09.016

Gupta, V. K., Carrott, P. J. M., Ribeiro Carrott, M. M. L., & Suhas. (2009). Low-cost
adsorbents: growing approach to wastewater treatment—a review. Critical
Reviews in Environmental Science and Technology, 39(10), 783-842.

Hared, I. A., Dirion, J. L., Salvador, S., Lacroix, M., & Rio, S. (2007). Pyrolysis of
wood impregnated with phosphoric acid for the production of activated carbon:
Kinetics and porosity development studies. Journal of analytical and applied
pyrolysis, 79(1), 101-105.

147



Hesas, R. H., Arami-Niya, A., Daud, W. M. A. W., & Sahu, J. N. (2013). Preparation
of granular activated carbon from oil palm shell by microwave-induced chemical
activation: Optimisation using surface response methodology. Chemical
Engineering Research and Design, 91(12), 2447-2456.
https://doi.org/10.1016/j.cherd.2013.06.004.

Hu, H., Jiang, B., Zhang, J., & Chen, X. (2015). Adsorption of perrhenate ion by bio-
char produced from Acidosasa edulis shoot shell in aqueous solution. RSC
Advances, 5(127), 104769-104778. https://doi.org/10.1039/C5RA20235C

Hu, S., & Hsieh, Y.-L. (2013). Ultrafine microporous and mesoporous activated
carbon fibers from alkali lignin. Journal of Materials Chemistry A, 1(37), 11279—
11288. https://doi.org/10.1039/c3tal2538f.

Hu, Z., & Vansant, E. F. (1995). A new composite adsorbent produced by chemical
activation of elutrilithe with zinc chloride. Journal of colloid and interface
science, 176(2), 422-431.

Huang, Y., & Keller, A. A. (2015). EDTA functionalized magnetic nanoparticle
sorbents for cadmium and lead contaminated water treatment. Water Research,
80, 159-168. https://doi.org/10.1016/j.watres.2015.05.011

Huang, Z., Zhang, B., & Fang, G. (2013). Adsorption Behavior of Cr(VI) from
Aqueous Solutions by Microwave Modified Porous Larch Tannin Resin,
BioResources, 8(3), 4593-4608.

Iriarte-Velasco, U., Sierra, I., Zudaire, L., & Ayastuy, J. L. (2016). Preparation of a
porous biochar from the acid activation of pork bones. Food and Bioproducts
Processing, 98, 341-353. https://doi.org/10.1016/j.fbp.2016.03.003

Issabayeva, G., Aroua, M. K., & Sulaiman, N. M. (2010). Study on palm shell
activated carbon adsorption capacity to remove copper ions from aqueous
solutions. Desalination, 262(1), 94-98.
https://doi.org/10.1016/j.desal.2010.05.051

Jafari, N., & Senobari, Z. (2012). Removal of Pb (II) ions from aqueous solutions by
Cladophora rivularis (Linnaeus) hoek. The scientific world journal, 2012.
https://doi.org/10.1100/2012/793606

Kalijadis, A. M., Vukcevi¢, M. M., Jovanovi¢, Z. M., Lausevi¢, Z. V., & Lausevi¢, M.
D. (2011). Characterisation of surface oxygen groups on different carbon
materials by the Boehm method and temperature-programmed desorption.
Journal of the Serbian Chemical Society, 76(5), 757-768.
https://doi.org/10.2298/JSC091224056K.

Kalderis, D., Bethanis, S., Paraskeva, P., & Diamadopoulos, E. (2008). Production of
activated carbon from bagasse and rice husk by a single-stage chemical activation
method at low retention times. Bioresource Technology, 99(15), 6809-6816.
https://doi.org/10.1016/j.biortech.2008.01.041

148



Kumar, A., & Jena, H. M. (2015). Applied Surface Science High surface area
microporous activated carbons prepared from Fox nut ( Euryale ferox ) shell by
zinc chloride activation. Applied Surface Science, 356, 753-761.
https://doi.org/10.1016/j.apsusc.2015.08.074

Karthick, K., Dinesh, C., & Namasivayam, C. (2014). Utilization of ZnCl; activated
Jatropha husk carbon for the removal of reactive and basic dyes: Adsorption
equilibrium and kinetic studies. Sustainable Environment Research, 24(2).

Karthikeyan, G., & Siva, 1. S. (2008). Equilibrium Sorption studies of Fe, Cu and Co
ions in aqueous medium using activated Carbon prepared from Recinius
Communis Linn. Journal of Applied Sciences and Environmental Management,
12(2).

Kazemi, F., Younesi, H., Ghoreyshi, A. A., Bahramifar, N., & Heidari, A. (2016).
Thiol-incorporated activated carbon derived from fir wood sawdust as an
efficient adsorbent for the removal of mercury ion: Batch and fixed-bed column
studies. Process Safety and Environmental Protection, 100, 22-35.

Khan, M. 1., Min, T. K., Azizli, K., Sufian, S., Ullah, H., & Man, Z. (2015). Effective
removal of methylene blue from water using phosphoric acid based geopolymers:
Synthesis, characterizations and adsorption studies. RSC Advances, 5(75),
61410-61420. https://doi.org/10.1039/c5ra08255hb

Khezami, L., Ould-Dris, A., & Capart, R. (2007). Activated carbon from thermo-
compressed wood and other lignocellulosic precursors. BioResources, 2(2), 193—
209.

Kim, H., Lee, C., Park, J., & Kim, S. (2010). Arsenic removal from water using iron-
impregnated granular activated carbon in the presence of bacteria. Journal of
Environmental Science and Health, 45(2), 177-182.
https://doi.org/10.1080/10934520903429832

Klasson, K. T., Wartelle, L. H., Rodgers, J. E., & Lima, I. M. (2009). Copper(Il)
adsorption by activated carbons from pecan shells: Effect of oxygen level during
activation. Industrial Crops and Products, 30(2), 72-717.
https://doi.org/10.1016/j.indcrop.2009.01.007

Kong, W., Zhao, F., Guan, H., Zhao, Y., Zhang, H., & Zhang, B. (2016). Highly
adsorptive mesoporous carbon from biomass using molten-salt route. Journal of
Materials Science, 51(14), 6793-6800. https://doi.org/10.1007/s10853-016-
9966-8

Krukowska, J., Thomas, P., & Kotodyn, D. (2017). Comparison of sorption and
desorption studies of heavy metal ions from biochar and commercial active
carbon. Chemical Engineering Journal, 307, 353-363.
https://doi.org/10.1016/j.cej.2016.08.088

149



Kuila, U., & Prasad, M. (2013). Specific surface area and pore-size distribution in
clays and shales.  Geophysical  Prospecting, 61(2), 341-362.
https://doi.org/10.1111/1365-2478.12028

Kumar, A., & Jena, H. M. (2015). Applied Surface Science High surface area
microporous activated carbons prepared from Fox nut ( Euryale ferox ) shell by
zinc chloride activation. Applied Surface Science, 356, 753-761.
https://doi.org/10.1016/j.apsusc.2015.08.074.

Kumar, A., & Jena, H. M. (2016). Preparation and characterization of high surface
area activated carbon from Fox nut (Euryale ferox) shell by chemical activation
with H 3 PO 4. Results in Physics, 6, 651-658.

Kumar, S., & Meikap, B. C. (2013). Removal of Chromium(V1) from waste water by
using adsorbent prepared from green coconut shell. Desalination and Water
Treatment, 52(16-18), 3122-3132.
https://doi.org/10.1080/19443994.2013.801796

Kundu, A., Redzwan, G., Sahu, J. N., Mukherjee, S., Gupta, B. S., & Hashim, M. A.
(2014). Hexavalent chromium adsorption by a novel activated carbon prepared
by microwave activation. BioResources, 9(1), 1498-1518.

Kurniawan, T. A., Chan, G. Y., Lo, W. H., & Babel, S. (2006). Physico—chemical
treatment techniques for wastewater laden with heavy metals. Chemical
engineering journal, 118(1), 83-98. https://doi.org/10.1016/j.cej.2006.01.015

Largitte, L., Brudey, T., Jean-Marius, C., Tant, T., Dumesnil, P. C., & Lodewyckx, P.
(2016). Adsorption of lead by chemically activated carbons from three
lignocellulosic precursors. Journal of Analytical and Applied Pyrolysis, 120,
450-463. https://doi.org/10.1016/}.jaap.2016.06.018

Lakshmipathy, R., & Sarada, N. C. (2015). A fixed bed column study for the removal
of Pb?* ions by watermelon rind. Environ. Sci.: Water Res. Technol., 1(2), 244—
250. https://doi.org/10.1039/C4EW00027G

Landaburu-Aguirre, J., Garcia, V., Pongracz, E., & Keiski, R. L. (2009). The removal
of zinc from synthetic wastewaters by micellar-enhanced ultrafiltration:
statistical design of experiments. Desalination, 240(1-3), 262-269.
https://doi.org/10.1016/j.desal.2007.11.077.

Lee, J.M., Kim, M.l., & Lee, Y.S. (2008). Selective Removal of Cr(VI) and Cr(l1l) in
Aqueous Solution by Surface Modified Activated Carbon. Carbon Letters, 9(1),
23-27. https://doi.org/10.5714/CL.2008.9.1.023

Lee, T., Ooi, C., Othman, R., & Yeoh, F. (2014). Activated Carbon Fiber - The Hybrid
of Carbon Fiber and Activated Carbon. Rev.Adv. Mater. Sci., 36, 118-136.

Lei, Z., Yu, T., Ai-Zhong, D., & De-Zhi, S. (2012). Spectral Analysis of Cd, Zn, and
Pb Adsorption by Extracellular Polymeric Substances from Activated Sludge.
Journal of Residuals Science & Technology, 9(1).

150



Lei, Z., Yu, T., Ai-Zhong, D., & Jin-Sheng, W. (2008). Adsorption of Cd (1), Zn (1)
by extracellular polymeric substances extracted from waste activated sludge.
Water Science and Technology, 58(1), 195-200.
https://doi.org/10.2166/wst.2008.646.

Li, N., Ren, J., Zhao, L., & Wang, Z. L. (2013). Fixed bed adsorption study on
phosphate removal using nanosized FeOOH-modified anion resin. Journal of
Nanomaterials, 2013, 7. https://doi.org/10.1155/2013/736275.

Li, K., & Wang, X. (2009). Adsorptive removal of Pb(Il) by activated carbon prepared
from Spartina alterniflora: Equilibrium, Kkinetics and thermodynamics.
Bioresource Technology, 100(11), 2810-2815.
https://doi.org/10.1016/j.biortech.2008.12.032

Li, X,, Yang, F., Li, P, Yang, X., He, J., Wang, H., & Lv, P. (2015). Optimization of
preparation process of activated carbon from chestnut burs assisted by microwave
and pore structural characterization analysis. Journal of the Air & Waste
Management Association, 65(11), 1297-1305.

Li, Y., Zhang, X., Yang, R., Li, G., & Hu, C. (2015). The role of H 3 PO 4 in the
preparation of activated carbon from NaOH-treated rice husk residue. RSC
Advances, 5(41), 32626-32636. https://doi.org/10.1039/C5RA04634C.

Lim, W. C., Srinivasakannan, C., & Balasubramanian, N. (2010). Activation of palm
shells by phosphoric acid impregnation for high yielding activated carbon.
Journal of Analytical and Applied Pyrolysis, 88(2), 181-186.

Liu, W.J.,, Jiang, H., & Yu, H.Q. (2015). Thermochemical conversion of lignin to
functional materials: a review and future directions. Green Chem., 17(11), 4888-
4907. https://doi.org/10.1039/C5GC01054C.

Liu, Z., Huang, Y., & Zhao, G. (2016). Preparation and characterization of activated
carbon fibers from liquefied wood by ZnCI2 activation. BioResources, 11(2),
3178-3190. https://doi.org/10.15376/biores.11.2.3178-3190.

Lua, A. C., & Jia, Q. (2009). Adsorption of phenol by oil-palm-shell activated carbons
in a fixed bed. Chemical Engineering Journal, 150(2-3),455-461.
https://doi.org/10.1016/j.cej.2009.01.034.

Lota, G., Tyczkowski, J., Kapica, R., Lota, K., & Frackowiak, E. (2010). Carbon
materials modified by plasma treatment as electrodes for supercapacitors.
Journal of Power Sources, 195(22), 7535-7539.
https://doi.org/10.1016/j.jpowsour.2009.12.019

Malik, D., CK Jain, & A K Yadav, Anuj K. (2016). Removal of heavy metals from
emerging cellulosic low-cost adsorbents: a review. Applied Water Science.
https://doi.org/10.1007/s13201-016-0401-8.

Marsh, H., & Reinoso, F. R. (2006). Activated carbon. Elsevier.

151



Matlock, M. M., Henke, K. R., & Atwood, D. A. (2002). Effectiveness of commercial
reagents for heavy metal removal from water with new insights for future chelate
designs. Journal of hazardous materials, 92(2), 129-142.

Mehrabi, N., Soleimani, M., Yeganeh, M. M., & Sharififard, H. (2015). Parameter
optimization for nitrate removal from water using activated carbon and composite
of activated carbon and Fe>Os nanoparticles. RSC Adv., 5(64), 51470-51482.
https://doi.org/10.1039/C5RA03920G'

Melo, S. D. S., Diniz, J. E. D. M., Guimaraes, J. H., Costa, J. D. S., Brasil, D. D. S.
B., de Morais, S. S. D. S., ... da Silva, D. L. (2015). Production and
characterization of absorbent heat from the bark of residual Brazil nut bark
(Bertholletia  Excelsa I.). Chemistry Central Journal, 9(1), 36.
https://doi.org/10.1186/s13065-015-0114-3

Melo, D. Q., Neto, V. O. S., Oliveira, J. T., Barros, A. L., Gomes, E. C. C., Raulino,
G. S. C., ... Nascimento, R. F. (2013). Adsorption Equilibria of Cu 2+, Zn 2+,
and Cd 2+ on EDTA-Functionalized Silica Spheres. Journal of Chemical &
Engineering Data, 58(3), 798-806. https://doi.org/10.1021/je3013364

Menendez-Diaz, J. A., & Martin-Gullon, 1. (2006). Types of carbon adsorbents and
their production. Interface science and technology, 7, 1-47.

Miyanaga, S., Hiwara, A., & Yasuda, H. (2002). Preparation and high bacteriostatic
action of the activated carbons possessing ultrafine silver particles. Science and
Technology of Advanced Materials, 3(2), 103-109.

Mohapatra, M., Mohapatra, L., Singh, P., Anand, S., & Mishra, B. K. (2010). A
comparative study on Pb(ll), Cd(ll), Cu(ll), Co(ll) adsorption from single and
binary aqueous solutions on additive assisted nano-structured goethite.
International Journal of Engineering, Science and Technology, 2(8), 89-103.

Mom, M., Purenovi, M., Boji, A., Zarubica, A., & Ran, M. (2011). Removal of lead
(1) ions from aqueous solutions by adsorption onto pine cone activated carbon.
Desalination, 276, 53-59. https://doi.org/10.1016/j.desal.2011.03.013.

Momg¢ilovié, M., Purenovi¢, M., Boji¢, A., Zarubica, A., & Randelovid, M. (2011).
Removal of lead(ll) ions from aqueous solutions by adsorption onto pine cone
activated carbon. Desalination, 276(1-3), 53-59.
https://doi.org/10.1016/j.desal.2011.03.013

Mondal, M. K. (2009). Removal of Pb(ll) ions from aqueous solution using activated
tea waste: Adsorption on a fixed-bed column. Journal of Environmental
Management, 90(11), 3266-3271.
https://doi.org/10.1016/j.jenvman.2009.05.025

Mopoung, S., & Amornsakch, P. (2016). Microporous Activated Carbon Fiber from
Pineapple Leaf Fiber by H3PO4 Activation. Asian Journal of Scientific Research,
9(1), 24-33. https://doi.org/10.3923/ajsr.2016.24.33

152



Mopoung, S., & Preechachan, P. (2010). Chemical and Surface Properties of Charcoal
and Activated Carbon Prepared from Soybean Milk Residue. NU Science
Journal, 6(2), 135-146.

Mopoung S, Inkum S, & Anuwetch L. (2015). Effect of temperature on micropore of
activated carbon from sticky rice straw by H3POj activation. Carbon-Science and
Technology, 7(3), 24-29.

Moradi, A., Moghadam, P. N., Hasanzadeh, R., & Sillanpad, M. (2017). Chelating
magnetic nanocomposite for the rapid removal of Pb (II) ions from aqueous
solutions: characterization, Kinetic, isotherm and thermodynamic studies. RSC
Advances, 7(1), 433-448. https://doi.org/10.1039/C6RA26356 A

Mouni, L., Belkhiri, L., Zouggaghe, F., & Tafer, M. (2014). Removal of Pb(Il) from
aqueous solution by adsorption using activated carbon developed from Apricot
stone: equilibrium and kinetic. Desalination and Water Treatment, 52(34-36),
6412-64109.

Mouni, L., Merabet, D., Bouzaza, A., & Belkhiri, L. (2011). Adsorption of Pb (1)
from aqueous solutions using activated carbon developed from Apricot stone.
Desalination, 276(1), 148-153.

Mussatto, S. 1., Fernandes, M., Rocha, G. J. M., Orfdo, J. J. M., Teixeira, J. A., &
Roberto, I. C. (2010). Production, characterization and application of activated
carbon from brewer’s spent grain lignin. Bioresource Technology, 101(7), 2450—
2457. https://doi.org/10.1016/}.biortech.2009.11.025.

Muthusamy, S., & Venkatachalam, S. (2015). Competitive biosorption of Cr(VI) and
Zn (11) ions in single-and binary-metal systems onto a biodiesel waste residue
using batch and fixed-bed column studies. RSC Advances, 5(57), 45817-45826.

Nasri, N. S., Hamza, U. D., Ismail, S. N., Ahmed, M. M., & Mohsin, R. (2014).
Assessment of porous carbons derived from sustainable palm solid waste for
carbon dioxide capture. Journal of Cleaner Production, 71, 148-157.
https://doi.org/10.1016/j.jclepro.2013.11.053.

Nethaji, S., Sivasamy, A., & Mandal, A. B. (2013). Preparation and characterization
of corn cob activated carbon coated with nano-sized magnetite particles for the
removal of Cr(VI). Bioresource technology, 134, 94-100.

Njoku, V. O., Islam, M. A., Asif, M., & Hameed, B. H. (2014). Utilization of sky fruit
husk agricultural waste to produce high quality activated carbon for the herbicide
bentazon adsorption. Chemical Engineering Journal, 251, 183-191.
https://doi.org/10.1016/j.cej.2014.04.015.

Nourmoradi, H., Ghiasvand, A. R., & Noorimotlagh, Z. (2015). Removal of methylene
blue and acid orange 7 from aqueous solutions by activated carbon coated with
zinc oxide (ZnO) nanoparticles: equilibrium, Kinetic, and thermodynamic study.
Desalination and Water Treatment, 55(1), 252-262.

153



Nowicki, P., Kuszynska, 1., Przepiorski, J., & Pietrzak, R. (2013). The effect of
chemical activation method on properties of activated carbons obtained from pine
cones. Central European Journal of Chemistry, 11(1), 78-85.
https://doi.org/10.2478/s11532-012-0140-0.

Oh, W. C., & Lim, C. S. (2005). Comparison of metal loading effect for the activated
carbons pre-treated with various acids. J Ceram Process Res, 6(1), 73-80.

Okman, I., Karagoz, S., Tay, T., & Erdem, M. (2014). Activated carbons from grape
seeds by chemical activation with potassium carbonate and potassium hydroxide.
Applied Surface Science, 293, 138-142.
https://doi.org/10.1016/j.apsusc.2013.12.117

Olatunji, M. A., Khandaker, M. U., Mahmud, H. E., & Amin, Y. M. (2015). Influence
of adsorption parameters on cesium uptake from aqueous solutions-a brief
review. RSC Advances, 5(88), 71658-71683.

Olorundare, O. F., Msagati, T. A. M., Krause, R. W. M., Okonkwo, J. O., & Mamba,
B. B. (2014). Activated carbon from lignocellulosic waste residues: effect of
activating agent on porosity characteristics and use as adsorbents for organic
species. Water, Air, & Soil Pollution, 225(3), 1876.

Olu-owolabi, B. 1., Diaghoya, P. N., & Ebaddan, W. C. (2012). Mechanism of Pb?*
removal from aqueous solution using a nonliving moss biomass. Chemical
Engineering Journal, 195-196, 270-275.

Omri, A., & Benzina, M. (2012). Characterization of activated carbon prepared from
a new raw lignocellulosic material: Ziziphus spina-christi seeds. Journal de la
Sociéte Chimique de Tunisie, 14, 175-183.

Oncel, M. S., Muhcu, A., Demirbas, E., & Kobya, M. (2013). A comparative study of
chemical precipitation and electrocoagulation for treatment of coal acid drainage
wastewater. Journal of Environmental chemical engineering, 1(4), 989-995.

Ooi, C., Ito, A., Otake, T., & Yeoh, F. (2017). Cerium removal by activated carbon
derived from palm kernel shell. Advanced Materials Letters, 8(2), 145-149.
https://doi.org/10.5185/amlett.2017.7061

Oyetade, O. A., Nyamori, V. O., Martincigh, B. S., & Jonnalagadda, S. B. (2016).
Nitrogen-functionalised carbon nanotubes as a novel adsorbent for the removal
of Cu (ii) from aqueous solution. RSC Advances, 6(4), 2731-2745.

Ozverdi, A., & Erdem, M. (2006). Cu?*, Cd?* and Pb?" adsorption from aqueous
solutions by pyrite and synthetic iron sulphide. Journal of Hazardous Materials,
137(1), 626-632. https://doi.org/10.1016/j.jhazmat.2006.02.051

Pandey, A., Bera, D., Shukla, A., & Ray, L. (2007). Studies on Cr(VI), Pb(Il) and
Cu(Il) adsorption-desorption using calcium alginate as biopolymer. Chemical
Speciation and Bioavailability, 19(1), 17-24,
https://doi.org/10.3184/095422907X198031

154



Patrulea, V., Negrulescu, a, Mincea, M., Pitulice, L., Spiridon, O., & Ostafe, V.
(2013). Optimization of the Removal of Copper (1) lons from Aqueous Solution
on Chitosan and Cross-Linked Chitosan Beads. Bioresource, 8(1), 1147-1165.
Retrieved from http://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/3049

Pelaez-Cid, A. A., & Teutli-Ledn, M. M. (2012). Lignocellulosic precursors used in
the elaboration of activated carbon. In Lignocellulosic Precursors Used in the
Synthesis of Activated Carbon-Characterization Techniques and Applications in
the Wastewater Treatment. InTech.

Pio, 1., Scarlino, A., Bloise, E., Mele, G., Santoro, O., Pastore, T., & Santoro, D.
(2015). Efficient removal of low-arsenic concentrations from drinking water by
combined coagulation and adsorption processes. Separation and Purification
Technology, 147, 284-291.

Poudel, J., Ohm, T. I, Gu, J. H., Shin, M. C., & Oh, S. C. (2017). Comparative study
of torrefaction of empty fruit bunches and palm kernel shell. Journal of Material
Cycles and Waste Management, 19(2), 917-927.

Prahas, D., Kartika, Y., Indraswati, N., & Ismadji, S. (2008). Activated carbon from
jackfruit peel waste by H3PO4 chemical activation: Pore structure and surface
chemistry characterization. Chemical Engineering Journal, 140(1-3), 32-42.
https://doi.org/10.1016/j.cej.2007.08.032

Kumar, T. P., Mandlimath, T. R., Sangeetha, P., Sakthivel, P., Revathi, S. K., Kumar,
S. A., & Sahoo, S. K. (2015). Highly efficient performance of activated carbon
impregnated with Ag, ZnO and Ag/ZnO nanoparticles as antimicrobial materials.
RSC Advances, 5(130), 108034-108043.

Putra, W. P., Kamari, A., Yusoff, S. N. M., Ishak, C. F., Mohamed, A., Hashim, N.,
& Isa, I. M. (2014). Biosorption of Cu (1), Pb (I1) and Zn (1) ions from aqueous
solutions using selected waste materials: Adsorption and characterisation studies.
Journal of Encapsulation and Adsorption Sciences, 4(01), 25.

Qdais, H. A., & Moussa, H. (2004). Removal of heavy metals from wastewater by
membrane processes: A comparative study. Desalination, 164(2), 105-110.
https://doi.org/10.1016/S0011-9164(04)00169-9.

Qin, J. J.,, Wai, M. N., Oo, M. H., & Wong, F. S. (2002). A feasibility study on the
treatment and recycling of a wastewater from metal plating. Journal of
Membrane Science, 208(1), 213-221.

Rafatullah, M., Ahmad, T., Ghazali, A., Sulaiman, O., Danish, M., & Hashim, R.
(2013). QOil palm biomass as a precursor of activated carbons: a review. Critical
reviews in environmental science and technology, 43(11), 1117-1161.

Rafatullah, M., Sulaiman, O., Hashim, R., & Ahmad, A. (2012). Removal of cadmium
(11 from aqueous solutions by adsorption using meranti wood. Wood science and
technology, 46(1-3), 221-241.

155



Rahman, M. M., Awang, M., Mohosina, B. S., Kamaruzzaman, B. Y., Nik, W. W., &
Adnan, C. M. C. (2012). Waste palm shell converted to high efficient activated
carbon by chemical activation method and its adsorption capacity tested by water
filtration. APCBEE Procedia, 1, 293-298.

Rahman, M. M., Adil, M., Yusof, A. M., Kamaruzzaman, Y. B., & Ansary, R. H.
(2014). Removal of heavy metal ions with acid activated carbons derived from
oil  palm and coconut shells. Materials, 7(5), 3634-3650.
https://doi.org/10.3390/ma7053634

Rahman, M. M., Samsuddin, S. H., Miskon, M. F., Yunus, K., & Yusof, A. M. (2015).
Phosphoric acid activated carbon as borderline and soft metal ions scavenger.
Green Chemistry Letters and Reviews, 8(2), 9-20.

Raji, F., Saraeian, A., Pakizeh, M., & Attarzadeh, F. (2015). Removal of Pb(Il) from
aqueous solution by mesoporous silica MCM-41 modified by ZnCl»: kinetics,
thermodynamics, and isotherms. RSC Advances, 5(46), 37066-37077.

Ramesh, S. T., Rameshbabu, N., Gandhimathi, R., Kumar, M. S., & Nidheesh, P. V.
(2013). Adsorptive removal of Pb (Il) from aqueous solution using nano-sized
hydroxyapatite. Applied Water Science, 3(1), 105-113.

Ray, P. Z., & Shipley, H. J. (2015). Inorganic nano-adsorbents for the removal of
heavy metals and arsenic: a review. RSC Advances, 5(38), 29885-29907.

Rivera- Utrilla, J., Bautista- Toledo, I., Ferro- Garcia, M. A., & Moreno- Castilla,
C. (2001). Activated carbon surface modifications by adsorption of bacteria and
their effect on aqueous lead adsorption. Journal of Chemical Technology and
biotechnology, 76(12), 1209-1215.

Rocha, L. S., Lopes, C. B., Henriques, B., Tavares, D. S., Borges, J. A., Duarte, A. C.,
& Pereira, E. (2014). Competitive effects on mercury removal by an agricultural
waste: application to synthetic and natural spiked waters. Environmental
technology, 35(6), 661-673.

Roy, P., Dey, U., Chattoraj, S., & Mukhopadhyay, D. (2015). Modeling of the
adsorptive removal of arsenic ( III ) using plant biomass : a bioremedial approach.
Applied Water Science, (I11). https://doi.org/10.1007/s13201-015-0339-2

Rudzinski, W., & Plazinski, W. (2009). On the applicability of the pseudo-second
order equation to represent the kinetics of adsorption at solid/solution interfaces:
A theoretical analysis based on the statistical rate theory. Adsorption, 15(2), 181
192. https://doi.org/10.1007/s10450-009-9167-8

Saad, D. M., Cukrowska, E., & Tutu, H. (2015). Column adsorption studies for the
removal of U by phosphonated cross-linked polyethylenimine: modelling and
optimization. Applied Water Science, 5(1), 57-63.

Saba, N., Jawaid, M., & Paridah, M. T. (2003). Biomass and bio-energy. Fuel and
Energy Abstracts, 44(3), 158. https://doi.org/10.1016/S0140-6701(03)81796-4

156



Saba, N., Jawaid, M., & Paridah, M. T. (2014). Lignocellulosic Materials as the
Potential Source of Catalyst. In Biomass and Bioenergy (pp. 247-274). Springer
International Publishing.

Sadeghi, G., Schijven, J. F., Behrends, T., Hassanizadeh, S. M., & van Genuchten, M.
T. (2013). Bacteriophage PRD1 batch experiments to study attachment,
detachment and inactivation processes. Journal of contaminant hydrology, 152,
12-17.

Saka, C., Sahin, O., & Kiiciik, M. M. (2012). Applications on agricultural and forest
waste adsorbents for the removal of lead (II) from contaminated waters.
International Journal of Environmental Science and Technology, 9(2), 379-394.

Samsuri, A. W., Sadegh-Zadeh, F., & Seh-Bardan, B. J. (2014). Characterization of
biochars produced from oil palm and rice husks and their adsorption capacities
for heavy metals. International Journal of Environmental Science and
Technology, 11(4), 967-976. https://doi.org/10.1007/s13762-013-0291-3

Sani, Y. M., Raji-Yahya, A. O., Alaba, P. A., Abdul Aziz, A. R., & Wan Daud, W. M.
A. (2015). Palm Frond and Spikelet as Environmentally Benign Alternative Solid
Acid Catalysts for Biodiesel Production. BioResources, 10(2), 3393-3408.
https://doi.org/10.15376/biores.10.2.3393-3408

Saygili, H., & Guzel, F. (2016). High surface area mesoporous activated carbon from
tomato processing solid waste by zinc chloride activation: Process optimization,
characterization and dyes adsorption. Journal of Cleaner Production, 113, 995-
1004. https://doi.org/10.1016/j.jclepro.2015.12.055

Sdiri, A., Higashi, T., & Chaabouni, R. (2012). Competitive Removal of Heavy Metals
from Aqueous Solutions by Montmorillonitic and Calcareous Clays. Water Air
Soil Pollut, 1191-1204. https://doi.org/10.1007/s11270-011-0937-z

Sekar, M., Sakthi, V., & Rengaraj, S. (2004). Kinetics and equilibrium adsorption
study of lead(Il) onto activated carbon prepared from coconut shell. Journal of
Colloid and Interface Science, 279(2), 307-313.
https://doi.org/10.1016/j.jcis.2004.06.042

Sengil, I. A., & Ozacar, M. (2009). Competitive biosorption of Pb(II), Cu(Il) and
Zn(Il) ions from aqueous solutions onto valonia tannin resin. Journal of
hazardous materials, 166(2), 1488-1494.

Shafeeyan, M. S., Daud, W. M. A. W., Houshmand, A., & Shamiri, A. (2010). A
review on surface modification of activated carbon for carbon dioxide adsorption.
Journal of Analytical and Applied Pyrolysis, 89(2), 143-151.

Shafie, S. M., Mahlia, T. M. |., Masjuki, H. H., & Ahmad-Yazid, A. (2012). A review
on electricity generation based on biomass residue in Malaysia. Renewable and
Sustainable Energy Reviews, 16(8), 5879-5889.

157



Shah, I., Adnan, R., Ngah, W. S. W., & Mohamed, N. (2015). Iron impregnated
activated carbon as an efficient adsorbent for the removal of methylene blue:
regeneration and kinetics studies. PloS one, 10(4), e0122603.

Shakeri H. Arshadi M. Salvacion J.W.L. (2016). A green adsorbent for the removal of
BTEX from aqueous media. RSC Advances.
https://doi.org/10.1039/C5RA24757H

Shamsuddin, M. S., Yusoff, N. R. N., & Sulaiman, M. A. (2016). Synthesis and
Characterization of Activated Carbon Produced from Kenaf Core Fiber Using
H3PO4 Activation. Procedia Chemistry, 19, 558-565.
https://doi.org/10.1016/j.proche.2016.03.053

Shiflett, M. B., Corbin, D. R., Elliott, B. A., Subramoney, S., Kaneko, K., & Yokozeki,
A. (2014). Sorption of trifluoromethane in activated carbon. Adsorption, 20(4),
565-575.

Sincero, A. P., & Sincero, G. A. (2002). Physical-chemical treatment of water and
wastewater. CRC press.

Sobiesiak, M. (2016, April). Preparation of porous carbons from polymeric precursors
modified with acrylated kraft lignin. In IOP Conference Series: Materials
Science and Engineering (Vol. 123, No. 1, p. 012052). IOP Publishing.

Song, C., Wu, S., Cheng, M., Tao, P., Shao, M., & Gao, G. (2013). Adsorption studies
of coconut shell carbons prepared by KOH activation for removal of lead (1)
from aqueous solutions. Sustainability, 6(1), 86-98.

Song, P., Yang, Z., Zeng, G., Yang, X., Xu, H., Huang, J., & Wang, L. (2015).
Optimization, Kinetics, Isotherms, and Thermodynamics Studies of Antimony
Removal in Electrocoagulation Process. Water, Air, & Soil Pollution, 226(11),
380.

Sudaryanto, Y., Hartono, S. B., Irawaty, W., Hindarso, H., & Ismadji, S. (2006). High
surface area activated carbon prepared from cassava peel by chemical activation.
Bioresource Technology, 97(5), 734-739.
https://doi.org/10.1016/j.biortech.2005.04.029

Sugashini, S., & Begum, K. M. M. S. (2013). Optimization using central composite
design (CCD) for the biosorption of Cr(VI) ions by cross linked chitosan
carbonized rice husk (CCACR). Clean Technologies and Environmental Policy,
15(2), 293-302.

Sujata K., Singh, D., Mishra, A. K., Upadhyay, M., & Saroj, K. (2014). Red Mud as
Adsorbent to Remove Lead ( Il ) from Aqueous Solutions. Research Journal of
Recent Sciences, 3(7), 18-27.

Sukumar, C., Janaki, V., Vijayaraghavan, K., Kamala-Kannan, S., & Shanthi, K.
(2017). Removal of Cr (V1) using co-immobilized activated carbon and Bacillus
subtilis: fixed-bed column study. Clean Technologies and Environmental Policy,
19(1), 251-258. . https://doi.org/10.1007/s10098-016-1203-2

158



Soltani, M. S., Yazdi, S. K., & Hosseini, S. (2013). Effects of pyrolysis conditions on
the porous structure construction of mesoporous charred carbon from used
cigarette filters. Applied Nanoscience, 4(5), 551-5609.
https://doi.org/10.1007/s13204-013-0230-0.

Swayampakula, K., Boddu, V. M., Nadavala, S. K., & Abburi, K. (2009). Competitive
adsorption of Cu (1), Co (1) and Ni (I1) from their binary and tertiary aqueous
solutions using chitosan-coated perlite beads as biosorbent. Journal of
Hazardous Materials, 170(2-3), 680—689.
https://doi.org/10.1016/j.jhazmat.2009.05.106

Syed-hassan, S. S. A., & Zaini, M. S. (2016). Optimization of the preparation of
activated carbon from palm kernel shell for methane adsorption using Taguchi
orthogonal array design. Korean J. Chem. Eng., 32(4), 1-11.
https://doi.org/10.1007/s11814-016-0072-z

Tan, X,, Liu, Y., Zeng, G., Wang, X., Hu, X,, Gu, Y., & Yang, Z. (2015). Application
of biochar for the removal of pollutants from aqueous solutions. Chemosphere,
125, 70-85.

Tang, C., Shu, Y., Zhang, R., Li, X., Song, J., Li, B, ... & Ou, D. (2017). Comparison
of the removal and adsorption mechanisms of cadmium and lead from aqueous
solution by activated carbons prepared from Typha angustifolia and Salix
matsudana. RSC Advances, 7(26), 16092-16103.

Taty-Costodes, V. C., Fauduet, H., Porte, C., & Ho, Y. S. (2005). Removal of lead(ll)
ions from synthetic and real effluents using immobilized Pinus sylvestris
sawdust: adsorption on a fixed-bed column. Journal of Hazardous Materials,
123(1), 135-144.

Thitame, P. V., & Shukla, S. R. (2017). Removal of lead (1) from synthetic solution
and industry wastewater using almond shell activated carbon. Environmental
Progress & Sustainable Energy. 1(2), 482-4809.

Thommes, M., Kaneko, K., Neimark, A. V., Olivier, J. P., Rodriguez-Reinoso, F.,
Rouquerol, J., & Sing, K. S. (2015). Physisorption of gases, with special
reference to the evaluation of surface area and pore diameter distribution (IUPAC
Technical Report). Pure and Applied Chemistry, 87(9-10), 1051-1069.

Tongpoothorn, W., Sriuttha, M., Homchan, P., Chanthai, S., & Ruangviriyachai, C.
(2011). Preparation of activated carbon derived from Jatropha curcas fruit shell
by simple thermo-chemical activation and characterization of their physico-
chemical properties. Chemical Engineering Research and Design, 89(3), 335-
340.

Torkzaban, S., Bradford, S. A., van Genuchten, M. T., & Walker, S. L. (2008). Colloid
transport in unsaturated porous media: The role of water content and ionic
strength on particle straining. Journal of Contaminant Hydrology, 96(1), 113-
127.

159



Treumann, S., Torkzaban, S., Bradford, S. A., Visalakshan, R. M., & Page, D. (2014).
An explanation for differences in the process of colloid adsorption in batch and
column studies. Journal of contaminant hydrology, 164, 219-229.

Tsai, W. T.,Chang, C. Y., & Lee, S. L. (1998). A low cost adsorbent from agricultural
waste corn cob by zinc chloride activation. Bioresource Technology, 64(3), 211-
217.

Usman, A. R. A, Sallam, A. S., Al-Omran, A., EI-Naggar, A. H., Alenazi, K. K. H.,
Nadeem, M., & Al-Wabel, M. 1. (2013). Chemically Modified Biochar Produced
from Conocarpus Wastes: An Efficient Sorbent for Fe(ll) Removal from Acidic
Aqueous Solutions. Adsorption Science & Technology, 31(7), 625-640.
https://doi.org/10.1260/0263-6174.31.7.625

United States Environmental Protection Agency, USEPA. (2011). Basic information
about lead in drinking water. Http://
Water.epa.gov/drink/contaminants/basicinformation/lead.cfm.

Valdés, H., Sanchez-Polo, M., Rivera-Utrilla, J., & Zaror, C. A. (2002). Effect of
ozone treatment on surface properties of activated carbon. Langmuir, 18(6),
2111-2116.

Vanderheyden, S. R. H., Van Ammel, R., Sobiech-Matura, K., Vanreppelen, K.,
Schreurs, S., Schroeyers, W., ... Carleer, R. (2016). Adsorption of cesium on
different types of activated carbon. Journal of Radioanalytical and Nuclear
Chemistry, 310(1), 301-310. https://doi.org/10.1007/s10967-016-4807-4

Vijayaraghavan, K., Jegan, J., Palanivelu, K., & Velan, M. (2005). Biosorption of
copper, cobalt and nickel by marine green alga Ulva reticulata in a packed
column. Chemosphere, 60(3), 419-426.
https://doi.org/10.1016/j.chemosphere.2004.12.016

Vinke, P., Van der Eijk, M., Verbree, M., Voskamp, A. F., & Van Bekkum, H. (1994).
Modification of surface of a gas activated carbonand a chemically acivated
carbon with nitric acid,hypochloricite, and ammonia. Carbon, 32(4), 675-686.
https://doi.org/10.101610008-62239(94)90089-2

Wahi, R., & Senghie, H. (2011). The Use of Microwave Derived Activated Carbon
for Removal of Heavy Metal in Aqueous Solution. Journal of Science and
Technology, 3(1), 97-108e72475.

Wang, J., Li, Z., Li, S., Qi, W., Liu, P., Liu, F., ... & Wu, W. (2013). Adsorption of
Cu (I) on oxidized multi-walled carbon nanotubes in the presence of
hydroxylated and carboxylated fullerenes. PloS one, 8(8), 72475.

Wang, L., & Li, J. (2013). Removal of methylene blue from aqueous solution by
adsorption onto crofton weed stalk. BioResources, 8(2), 2521-2536.

160



Wang, X. Q., Wang, P., Ning, P., Ma, Y. X., Wang, F., Guo, X. L., & Lan, Y. (2015).
Adsorption of gaseous elemental mercury with activated carbon impregnated
with ferric chloride. RSC Adv., 5(32), 24899-24907.
https://doi.org/10.1039/C5RA01011J

Wang, Y., Ma, J., & Chen, K. (2013). Adsorptive removal of Cr (V1) from wastewater
by a-FeOOH hierarchical structure: kinetics, equilibrium and thermodynamics.
Physical Chemistry Chemical Physics, 15(44), 19415-19421.

Wang, Z., Shirley, M. D., Meikle, S. T., Whitby, R. L., & Mikhalovsky, S. V. (2008).
The surface acidity of acid oxidised multi-walled carbon nanotubes and the
influence of in-situ generated fulvic acids on their stability in aqueous
dispersions. Carbon, 47(1), 73-79. https://doi.org/10.1016/j.carbon.2008.09.038

Wei, L., & Yushin, G. (2012). Nanostructured activated carbons from natural
precursors for electrical double layer capacitors, 552—-565.

Wu, Y., Jin, X., & Zhang, J. (2013). Characterization of Nitrogen-Enriched Activated
Carbons Prepared From Waste Medium Density Fiberboard by H3zPOs
Activation. Wood Research, 58(3), 395-404.

Xu, M., Li, D., Yan, Y., Guo, T., Pang, H., & Xue, H. (2017). Porous high specific
surface area-activated carbon with co-doping N, S and P for high-performance
supercapacitors.RSCAdvances,7(69),43780-43788.
https://doi.org/10.1039/C7RA07945A

Yahya, M. A., Al-Qodah, Z., & Ngah, C. Z. (2015). Agricultural bio-waste materials
as potential sustainable precursors used for activated carbon production: a
review. Renewable and Sustainable Energy Reviews, 46, 218-235.

Yakout, S. M., & El-Deen, G. S. (2011). Characterization of activated carbon prepared
by phosphoric acid activation of olive stones. Arabian Journal of Chemistry.

Yang, T., & Lua, A. C. (2003). Characteristics of activated carbons prepared from
pistachio-nut shells by physical activation. Journal of Colloid and Interface
Science, 267(2), 408-417.

Yao, Z. Y., Qi, J. H.,, & Wang, L. H. (2010). Equilibrium, Kinetic and thermodynamic
studies on the biosorption of Cu (1) onto chestnut shell. Journal of Hazardous
Materials, 174(1), 137-143.

Yi, Z. J., Yao, J., Chen, H. L., Wang, F., Liu, X., & Xu, J. S. (2016). Equilibrium and
Kinetic studies on adsorption of Pb (11) by activated palm kernel husk carbon.
Desalination and Water Treatment, 57(16), 7245-7253.

Yin, C. Y., Aroua, M. K., & Daud, W. M. A. W. (2007). Review of modifications of
activated carbon for enhancing contaminant uptakes from aqueous solutions.
Separation and Purification Technology, 52(3), 403-415.

161



Yong-Mei, H., Man, C., & Zhong-Bo, H. (2010). Effective removal of Cu (Il) ions
from aqueous solution by amino-functionalized magnetic nanoparticles. Journal
of Hazardous Materials, 184(1), 392-399.

Youssef, A. M., Dawy, M. B., Akland, M. A., & Abou-Elanwar, A. M. (2013). EDTA
Versus Nitric Acid Modified Activated Carbon for Adsorption Studies of Lead.
Journal of Applied Sciences Research, 9(1), 897-912.

Yu, L., Tatsumi, D., Zuo, S., & Morita, M. (2015). Promotion of Crystal Growth on
Biomass-based Carbon using Phosphoric Acid Treatments. BioResources, 10(2),
2406-2417. https://doi.org/10.15376/biores.10.2.2406-2417

Yune, J. H., Karatchevtseva, 1., Evans, P. J., Wagner, K., Griffith, M. J., Officer, D.,
& Triani, G. (2015). A versatile binder-free TiO , paste for dye-sensitized solar
cells. RSC Adv., 5(37), 29513-29523. https://doi.org/10.1039/C4RA14247K

Yuvaraja, G., Krishnaiah, N., Subbaiah, M. V., & Krishnaiah, A. (2014). Biosorption
of Pb (I1) from aqueous solution by Solanum melongena leaf powder as a low-
cost biosorbent prepared from agricultural waste. Colloids and Surfaces B:
Biointerfaces, 114, 75-81.

Zaini, M. A. A., Okayama, R., & Machida, M. (2009). Adsorption of aqueous metal
ions on cattle-manure-compost based activated carbons. Journal of Hazardous
Materials, 170(2), 1119-1124.

Zhang, L., Zeng, Y., & Cheng, Z. (2016). Removal of heavy metal ions using chitosan
and modi fi ed chitosan : A review. Journal of Molecular Liquids, 214, 175-191.
https://doi.org/10.1016/j.mollig.2015.12.013

Zhao, B., Zhang, H., Zhang, J., & Jin, Y. (2008). Virus adsorption and inactivation in
soil as influenced by autochthonous microorganisms and water content. Soil
Biology and Biochemistry, 40(3), 649-659.
https://doi.org/10.1016/j.s0ilbio.2007.09.020

Zhong, Z. Y., Yang, Q., Li, X. M., Luo, K., Liu, Y., & Zeng, G. M. (2012). Preparation
of peanut hull-based activated carbon by microwave-induced phosphoric acid
activation and its application in Remazol Brilliant Blue R adsorption. Industrial
Crops and Products, 37(2), 178-185.
https://doi.org/10.1016/j.indcrop.2011.12.015

Zou, Z., Shi, Z., & Deng, L. (2017). Highly efficient removal of Cu(ii) from aqueous
solution using a novel magnetic EDTA functionalized CoFe20.. RSC Advances,
7(9), 5195-5205.

162





