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ABSTRACT

Development and maintenance of water treatment systems are extremely
costly thus a cost-effective and environmental-friendly adsorbent is considered to be
an attractive solution and was evaluated comprehensively in this research. The aim
of this study was to assess the potential usage of dual-phase composite adsorbents
from the mixtures of cockle shells and natural zeolites. This includes two important
factors for dual-phase adsorbent development: 1) finding the optimal amount and
exhaustive time of cockle shells and natural zeolites required in the jar test
experiments; 2) determining the optimal mixture ratio of cockle shells relative to
natural zeolites in the column experiments. River water samples were collected from
the Desa Bakti River, Universiti Teknologi Malaysia where the total removal
efficiencies of chemical oxygen demand (COD), biochemical oxygen demand
(BOD), total phosphorus (TP) and total nitrogen (TN) were monitored. Firstly, jar
test experiments were carried out. Based on the experiments, the optimal amount
was found to be 3 gL™ for cockle shells and natural zeolites. The exhaustive time for
both adsorbents was at day 3. Next, a series of mix ratios within the search area were
selected using the Design Expert software. The D-optimal mixture (DMD) method
was chosen from the software and an input obtained from the jar test experiment was
used in order to generate a list of random mixture ratios. All generated mixture
ratios were validated according to the sequence in the Easy Care Pipe System
(ECPS). From the analysis provided by the software, the optimal mixture ratio was
found to consist of 25% of natural zeolites and 75% of the cockle shells. The
targeted values of the total removal were then compared with the experimental data.
The percentage removal of BOD, COD, TP and TN were found to be 53.24%,
74.29%, 72.59% and 81.98% respectively. The adsorption mechanism was
analytically explained using the adsorption isotherm to complement the results
obtained from the jar and column tests. It was found that the cockle shells and
natural zeolites in jar test experiments were best-fitted by the Langmuir isotherm.
The dual-phase composite adsorbent consisting of cockle shells and natural zeolites
in the column test was best fitted with the Yoon-Nelson and Thomas model.
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ABSTRAK

Pembangunan dan penyelenggaraan sistem rawatan air adalah sangat mahal
oleh itu penjerap kos efektif dan mesra alam sekitar telah dijadikan sebagai satu
penyelesaian yang menarik dan dinilai dalam kajian penyelidikan ini. Tujuan kajian
ini adalah untuk menilai penggunaan potensi penjerap komposit dua fasa daripada
campuran kulit kerang dan zeolit semulajadi. la melibatkan dua faktor penting dalam
membentuk penjerap dua fasa: 1) mencari jumlah optimum dan masa tepu kulit
kerang dan zeolit semula jadi yang diperlukan dalam eksperimen ujian balang; 2)
menentukan nisbah campuran optimum kulit kerang berbanding dengan zeolit
semula jadi dalam eksperimen turus. Sampel kajian telah dikumpulkan dari sungai
Desa Bakti, Universiti Teknologi Malaysia yang mana jumlah kecekapan
penyingkiran permintaan oksigen kimia (COD), permintaan oksigen biokimia
(BOD), jumlah fosforus (TP) dan jumlah nitrogen (TN) telah dipantau. Dalam fasa
pertama, eksperimen ujian balang telah dijalankan. Berdasarkan eksperimen tersebut,
jumlah optimum kulit kerang dan zeolit semulajadi adalah 3 gL ™. Untuk kedua-dua
penjerap memerlukan tempoh 3 hari untuk mencapai masa tepu. Seterusnya, satu siri
nisbah campuran dalam kawasan carian telah dipilih dengan menggunakan perisian
Design Expert. Kaedah D-optimum campuran (DMD) telah dipilih daripada perisian
dan input yang diperolehi daripada eksperimen ujian balang telah digunakan untuk
menghasilkan senarai nisbah campuran rawak. Semua nisbah campuran yang
dihasilkan telah disahkan mengikut urutan dalam Sistem Paip Penjagaan Mudah
(ECPS). Daripada analisis yang disediakan oleh perisian, nisbah campuran optimum
adalah 25% zeolit semulajadi dan 75% kulit kerang. Nilai yang disasarkan daripada
jumlah penyingkiran itu kemudian dibandingkan dengan data eksperimen. Jumlah
pengurangan peratus BOD penyingkiran, COD, TP dan TN adalah 53.24%, 74.29%,
72.59% dan 81.98%. Mekanisme penjerapan telah dijelaskan secara analitikal
dengan menggunakan isoterma penjerapan untuk melengkapkan keputusan yang
diperolehi daripada ujian balang dan turus. Keputusan menunjukkan bahawa kulit
kerang dan zeolit semula jadi dalam eksperimen ujian balang lebih menjurus kepada
isoterma Langmuir. Dwi-fasa penjerap komposit yang terdiri daripada kulit kerang
dan zeolit semulajadi dalam ujian kolum melengkapi ciri-ciri model Yoon-Nelson
dan Thomas.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Study

In Malaysia, due to a spike in population growth, the generation of solid
wastes has become a critical issue that needs to be rectified (Sin et al., 2013) to
alleviate the impact to the environment (Zia and Devadas, 2007). The utilization of
waste materials as alternative adsorbents is an attractive solution to reduce the
volume of wastes. According to Giusti (2009), the waste management authority has
been working on minimization, re-use, recycle of wastes prior to sending for

composting.

Water treatment typically involves physical, chemical and biological
processes and requires substantial financial input. Thus development of a cost-
effective adsorbent is important. (Bhatnagar and Silanpaa, 2010). Adsorption is
considered as a good option for superior water treatment due to its accessibility, ease
of operation, maintenance and simplicity in design (Ademiluyi et al., 2009;
Bhatnagar and Silanpaa, 2010). In addition, this process has been found to be
capable of minimizing different types of pollutants and therefore has very wide
applicability in pollution control and water treatment.



Cockleshells are scientifically known as Anadara granosa which is a species
of bivalve shellfish. It contains high level of calcium carbonate (CaCO3) (Yao et al.,
2014). According to Kamba et al. (2013), cockleshells comprise 98 to 99% of
calcium carbonate in the forms of aragonite whereas mussle shells consist of a
mixture of calcite and aragonite (Cubillas et al., 2005). Previous research studies
have demonstrated that aragonite (a form of calcium carbonate) exhibits outstanding
phosphate sorption functionality and Millero et al. (2001) has successfully
demonstrated that the adsorption of phosphate contents by aragonite was much
higher than calcite. Studies on the utilization of raw wasted cockleshells as
adsorbent materials have yet to be carried out comprehensively, hence this study will
provide insightful information in developing an alternative adsorbent to reduce the

consumption of commercial adsorbents

Development of a novel dual-phase composite adsorbent has been considered
as an attractive solution to enhance the removal efficiency with respect to utilizing a
single-phase adsorbent material. Hu and Vansant (1995) presented a chemically
activated composite adsorbent from using elutrilithe and zinc chloride as a substitute
to activated carbon. As a result, the new composite adsorbent demonstrated high
affinity to the organic compounds and its adsorption capacity was higher than that of
commercially available activated carbons. In 2011, Halim et al. (2011) also proved
that the composite adsorbent comprising rice-husked carbon wastes, activated
carbons and ordinary Portland cements was capable of adsorbing ammonia
molecules and COD contents. It was also observed that the proposed composite
adsorbent had a higher adsorption capacity than commercially available activated
carbons. Hence, in the present study, the second was to focus on minimizing the cost
through the implementation of a commercially available adsorbent. The dual-phase
composite adsorbent was prepared from raw cockleshells and unmodified natural
zeolites (clinoptilolite). A number of factors consisting of adsorption capacity, total
removal efficiency of the dual-phase composite adsorbent and optimal mixture ratio

of cockleshells relative to natural zeolites were also comprehensively evaluated.



1.2 Problem Statements

Large number of research studies have been working on the development of
cost-effective adsorbents; however, majority of the reports focused solely on single-
phase materials without exploring the feasibility of dual-phase composite adsorbents.
Single-phase materials showed impressive results in adsorbing various types of
pollutants in water and conclusively adsorption is the most reliable method to treat
water and wastewater. In spite of this, the performance of dual-phase composite
adsorbent is still lacking for future references, hence, by developing dual-phase
composite adsorbent consisting of a raw marine waste material and a commercially

available adsorbent could improve the adsorption capacity.

The feasibility of utilizing cockleshells as adsorbent has not been evaluated
comprehensively and the information was not widely accessible. There were many
research studies on the implementation of bivalve shells as adsorbent materials but
mostly focused on other bivalve shells such as oyster shells and mussel shells.
Therefore, the efficiency of cockleshells as adsorbent material is to be unraveled in
this study. This is due to the compositions in the cockleshells are comparable to

other bivalve shells, especially oyster shells.

1.3  Objectives

The objectives are as follows:

1. To identify the optimal concentration, saturation time and adsorption
capacity of crushed cockleshells and natural zeolites via jar test analysis.

2. To determine the characteristics of cockleshells and natural zeolites by FT-
IR analysis.

3. To randomly generate mixture ratios of crushed cockleshells relative to
natural zeolites required from the Design Expert software and unravel the

optimal mixture ratio through the column test experiments.



4. To study the adsorption behavior through the use of adsorption data
employing a mathematical model to imitate static and dynamic

adsorptions.

1.4 Scope of the Study

The first stage was to carry out the jar test experiments. This was a
preliminary screening test to ascertain a potential optimal mixture ratio for the dual-
phase composite adsorbent development. Next, the potential optimal mixture ratio of
the dual-phase composite adsorbent was further optimized in the column tests. A list
of mixture ratios were randomly generated from the Design Expert® 7.0 software.
The element of operating and environmental parameters such as factor, component
and response were included into the software and generate random mixture ratios
where the ratios were used in the fabricated column model. In the column test, each
ratio generated from the software was tested and the removal BOD, COD, TP and
TN readings were recorded and analyzed using the software. The final stage was to
determine if the adsorption of the absorbent was static or dynamic from the jar and

column model experiments.

The jar test experiments were conducted spanning across 7 consecutive days.
The effects on the adsorbent concentrations and contact times were also evaluated.
The water samples were acquired from the Desa Bakti River near Universiti
Teknologi Malaysia where each sample was made up to the volume of 1 liter. A
series of concentrations of crushed cockleshells and natural zeolites were prepared in
0, 1, 2, 3 and 4 where 0 represents the control sample as reference.

The removal COD percentage and adsorption capacity of each sample were
determined. FT-IR analysis of each research sample was obtained to unravel the

discrepancy of pre- and post-addition of the absorbent.



Various isotherms were employed to uncover if the adsorption of the research
samples was static or dynamic during the data interpretation. The Langmuir and
Freundlich isotherm models were used to mimic the maximum adsorption capacity
and the behavior of each adsorbent. Meanwhile, the Adam-Bohart, Thomas and
Yoon-Nelson isotherms were utilized to comprehend the data from the column model
experiments; a breakthrough curve was plotted based on the optimal mixture ratios

and the saturation time of the adsorbent determined.

1.5  Significance of the Study

Generally, the application of raw cockleshells is limited notwithstanding the
production of cockles in Malaysia surges with years. For example, the applicability
of cockleshells can be extended to biomaterials for bone repair (Awang-Hazmi et al.,
2007) and additive in soil remediation (Hanif et al., 2015). Nonetheless sizeable
number of research investigations employing cockleshells, as adsorbent materials
were not reported. On the other hand, there is significant number of studies utilizing
different types of seashells such as mussel, oysters and scallops. These applications
have been widely known in the use of fertilizers, construction materials, cement
clinkers and tiles (Barros et al., 2007). Therefore, an in-depth evaluation on the
removal efficiency of adsorbent was carried out to ascertain the functionality of the

cockleshells.

Natural zeolites are widely known for its outstanding adsorption properties
and recently natural zeolites have been modified to boost the efficiency in the
adsorption process (Mateen et al., 2016; Motsi et al., 2009; Wang and Peng, 2010).
Having said that, time consumption has become an issue when using zeolites for
chemical water treatment process. In order to reduce time constraint, a dual-phase
adsorbent containing unmodified natural zeolites and other materials was analyzed.
Hence, the present study will show the potential usage of composite adsorbent made
up of crushed cockleshells and natural zeolites.



REFERENCES

Abubakar, A.U. and Baharudin, K.S. (2012). Properties of Concrete Using Tanjung
Bin Power Plant Coal Bottom Ash and Fly Ash. International Journal of

Sustainable Construction Engineering and Technology, 3 (2).

Ackley, M.W., Rege,S.U. and Saxena, H. (2003). Application of Natural Zeolites in
the Purification and Separation of Gases. Microporous and Mesoporous, 61, 25-
42,

Ademiluyi, F. T., Amadi, S. A., Amakama, and Jacob, N. (2009). Adsorption and
Treatment of Organic Contaminants using Activated Carbon from Waste Nigerian

Bamboo. Journal of Applied Science Environmental Management, 13, 39-47.

Adhikari, S., Chattopadhyay, P. and Ray, L. (2012). Continuous Removal of
Malathion by Immobilised Biomass of Bacillus Species S14 Using a Packed Bed
Column Reactor. Chemical Speciation and Bioavailability, 24, 167-175.

Ahmad, A. A. and Hameed, B. H. (2010). Fixed-Bed Adsorption of Reactive Azo
Dye onto Granular Activated Carbon Prepared from Waste. Journal of Hazardous
Materials, 175, 298-303.

Ahmaruzzaman, M. (2011). Industrial Wastes as Low-Cost Potential Adsorbents for
the Treatment of Wastewater Laden with Heavy Metals. Advances in Colloid and
Interface Science, 166, 36-59.



64

Akar, T. and Divriklioglu, M. (2010). Biosorption Applications of Modified Fungal
Biomass for Decolorization of Reactive Red 2 Contaminated Solutions, Batch and

Dynamic Flow Mode Studies. Bioresource Technology, 101, 7271-7277.

Ali, 1., Asim, M. and Khan, T. A. (2012). Low Cost Adsorbents for the Removal of
Organic Pollutants from Wastewater. Journal of Environmental Management,
113, 170-183.

Al-Khatib, L., Fraige, F., Al-Hwaiti, M. and Al-Khashman, O. (2012). Adsorption
from Aqueous Solution Onto Naturaland Acid Activated Bentonite. American

Journal of Environmental Science 8 510-522.

Allen, S. J., Mckay, G. and Porter, J. F. (2004). Adsorption Isotherm Models for
Basic Dye Adsorption by Peat in Single and Binary Component Systems. Journal
of Colloid and Interface Science, 280, 322-333.

Andrejkovicova, S., Saudagar, A., Rocha, J., Patinha, C., Hajjaji, W.,Silva, E.F.,
Velosa, A and Rocha, F. (2016). The Effect of Natural Zeolite on Microstructure
Mechanical and Heavy Metals Adsorption Properties of Metakaolin Based

Geopolymers. Applied Clay Science, 126, 141-152.

APHA (2012). Standard Methods for the Examination of Water and Wastewater.

Washington, DC: American Public Health Association.

Awang-Hazmi, A. J., Zuki, A. B. Z., Noordin, M. M., Jalia, A. and Norimah, Y.
(2007). Mineral Composition of the Cockle (Anadara granosa) Shells of West
Coast of Peninsular Malaysia and it's Potential as Potential as Biomaterial for Use

in Bone Repair. Journal of Animal Veterinar Advances, 6, 591-594.

Azouaou, N., Belmedani, M., Mokaddem, H. and Sadaoui, Z. (2013). Adsorption of
Lead from Aqueous Solution onto Untreated Orange Barks. Chemical

Engineering Transactions, 32, 55-60.



65

Barros, M. C., Bello, P. M., Bao, M. and Torrado, J. J. (2007). From Waste to
Commodity: Transorming Shells into High Purity Calcium Carbonate. Cleaner
Production, 17, 400-407.

Bhatnagar, A. and Silanpaa, M. (2010). Utilization of Agro-Industrial and Municipal
Waste Materials a Potential Adsorbents for Water Treatment-A Review. Chemical
Engineering Journal, 157, 277-296.

Bohart, G. S. and Adam, E. Q. (1920). Some Aspects of the Behaviour of Charcoal

with Respect to Chlorine. Journal of American Chemical Society, 523-529.

Booker, N. A., Cooney, E. L. and Priestley, A. J. (1996). Ammonia Removal from
Sewage using Natural Australian Zeolite. Water Science and Technology, 34, 17-
24,

Chen, X. (2015). Modeling of Experimental Adsorption Isotherm Data. Information,
6, 14-22.

Chiou, M.-S., Ho, P.-Y. and Li, H.-Y. (2004). Adsorption of Anionic Dyes in Acid
Solutions using Chemically Cross-Linked Chitosan Beads. Dyes and Pigments,
60, 69-84.

Chowdury, S. and Saha, P. (2010). Sea Shell Powder as a New Adsorbent to Remove
Basic Green 4 (Malachite Green) from Aqueous Solutions: Equilibrium, Kinetic

and Thermodynamic Studies. Chemical Engineering Journal, 164, 168-177.

Chowdury, S. and Saha, P. D. (2012). Fixed-Bed Adsorption of Malachite Green
onto Binary Solid Mixture of Adsorbents: Seashells and Eggshells. Toxicological
and Environmental Chemistry, 94, 1272-1282.

Cubillas, P., Kohler, S., Prieto, M., Chairat, C. and Oelkers, E. H. (2005).
Experimental Determination of the Dissolution Rates of Calcite, Aragonite, and
Bivalves. Chemical Geology, 216, 59-77.



66

Dabrowski, A. (2001). Adsorption- from Theory to Practice. Advances in Colloid
and Interface Science, 93, 135-224.

Desta, M.B. (2013). Batch Sorption Experiments: Langmuir and Freundlich Isotherm
Studies for the Adsorption of Textile Metal lons onto Teff Straw (Eragrostis tef)
Agricultural Waste. Journal of  Thermodynamics, vol 2013,
d0i:10.1155120131375830.

Du, Y., Zhu, L. and Shan, G. (2012). Removal of Cd®* from Contaminated Water by
Nano-Sized Aragonite Mollusk Shell and the Competition of Coexiting Metal
lons. Journal of Colloid and Interface Science, 367, 378-382.

Febrianto, J., Kosasih, A.N., Sunarso, J., Ju, YH., Indraswati, N. and Ismadji., S.
(2009). Equilibrium and Kinetic Studies in Adsorption of Heavy Metals using
Biosorbent: A Summary of Recent Studies. Journal of Hazardous Materials, 162
(2-3), 616-645.

Foo, K. Y. and Hameed, B. H. (2010). Insights into the Modeling of Adsorption

Isotherm System. Chemical Engineering Journal, 156, 2-10.

Freundlich, H. M. F. (1906). Over the Adsorption in Solution. Journal of Physical
Chemistry, 57, 385-471.

Giusti, L. (2009). A Review of Waste Management Practices and Their Impact on
Human Health Waste Management, 29, 2227-22309.

Gulipalli, C. S., Prasad, B. and Wasewar, K. L. (2011). Batch Study, Equilibium and
Kinetics of Adsorption of Selenium using Rice Husk Ash (RHA). Journal of
Engineering Science and Technology, 6, 586-605.

Gunatilake, S.K. (2015). Methods of Removing Heavy Metals from Industrial
Wastewater. Journal of Multidisciplinary Engineering Science Studies (JMESS), 1
(1), 12-18.



67

Gunay, A., Arslankaya, E. and Tosun, I. (2007). Lead Removal from Aqueous
Solution by Natural and Pretreated Clinoptilolite: Adsorption Equilibium and
Kinetics. Journal of Hazardous Materials, 146, 362-371.

Gupta, S.and Babu, B.V. (2010). Experimental, Kinetic, Equilibrium and
Regenaration Studies for Adsorption of Cr (VI) from Aqueous Solutions using
Low-Cost Adsorbent (Activated Fly Ash). Desalination and Water Treatment, 20,
168-178.

Gupta, V. K. and Ali, 1. (2004). Removal of Led and Chromium from Wastwater
using Bagasse Fly Ash - A Sugar Industry Waste. Journal of Colloid and
Interface Science, 271, 321-328.

Gupta, V. K., Jain, C. K., Ali, 1., Chandra, S. and Agarwal, S. (2002). Removal of
Lindane and Malathion from Wastewater using Bagasse Fly Ash - A Sugar
Industry Waste. Water Research, 36, 2438-2490.

Gupta, V. K., Jain, C. K., Ali, I., Sharma, M. and Saini, V. K. (2003). Removal of
Cadmium and Nickel from Wastewater using Bagasse Fly Ash - A Sugar Industry
Waste. Water Research, 37, 4038-4044.

Gupta, V. K., Mohan, D., Sharma, M. and Sharma, S. (2000). Removal of Basic
Dyes, Rhodamine-B, and Methylene Blue from Aqueous Solutions using Bagasse

Fly Ash. Separation Science and Technology, 35.

Gupta, V. K., Rastogi, A., Dwivedi, M. K. and Mohan, D. (1997). Process
Development for the Removal of Zinc and Cadmium from Wastewater usin Slag -
A Blast Furnace Waste Material. Separation Science and Technology, 32, 2883-
2912.

Haghseresht, F. and Lu, G. (1998). Adsorption Characteristics of Phenolic
Compounds onto Coal-Reject-Derived Adsorbents. Energy Fuel, 12, 1100-1107.



68

Halim, A. A., Abidin, N. N. Z., Awang, N., Ithnin, A., Othman, M. S. and Wahab,
M. 1. ( 2011). Ammonia and COD Removal from Synthetic Leachate using Rice

Husk Composite Adsorbent. Jounal of Urban and Environmental, 5, 24-31.

Hameed, B. H., Mahmoud, D. K. and Ahmad, A. L. (2008). Equilibrium Modeling
and Kinetic Studies on the Adsorption of Basic Dye by a Low-Cost Adsorbent:
Coconut (Cocos nucifera) Bunch Waste. Journal of Hazardous Materials, 158,
65-72.

Hanif, M. N. S. M., Tajudin, S. A. A, Kadir, A. A., Madun, A., Azmi, M. A. M. and
Nordin, N. S. (2015). Leachate Characteristics of Contaminated Soil Containing
Lead by Stabilisation/Solidification Technique. Applied Mechanics and Materials,
773-774,1443-1447.

Hasfalina, C. M., Chin, W. H., Maryam, R. Z. and Rashid, M. Y. M. (2012).
Adsorption Potential of Unmodified Rice Husk for Boron Removal. BioResources
7 (3), 3810-3822.

Hossain, A. and Aditya, G. (2013). Cadmium Biosorption Potential of Shell Dust of
the Fresh Water Invasive Snail Physa Acuta. Journal of Environmental Chemical
Engineering, 1, 574-580.

Hariz, B.1., Ayni, A.F. and Monser, L. (2014). Removal of Sulfur Compounds from
Petroleum Refinery Wastewater through Adsorption on Modified Activated
Carbon. Water Science Technology, 70(8), 1376-1382.

Hsien, T.-Y. and Rorrer, G. L. (1995). Effects of Acylation and Crosslinking on the
Materials Properties and Cadmium lon Adsorption Capacity of Porous Chitosan

Beads. Separation Science and Technology, 30, 2455-2475.

Hu, Z. and Vansant, E. F. (1995). A New Composite Adsorbent Produced by
Chemical Activation of Elutrilithe with Zinc Chloride. Journal of Colloid and
Interface Science, 176, 422-431.



69

Inglezakis, V.J., Stylianou, M.A., Gkantzou, D. and Loizidou, M.D. (2007). Removal
of Pb(ll) from Aqueous Solutions by using Clinoptilolite and Bentonite as
Adsorbents. Desalination, 210 (1-3), 248-256.

Jain, A. K., Gupta, V. K., Bhatnagar, A. and Suhas. (2003). A Comparative Study of
Adsorbents Prepared from Industrial Wastes for Removal of Dyes. Separation
Science and Technology, 38, 463-481.

Jalil, A. A., S.Triwahyono, Yaakob, M. R., Azmi, Z. Z. A., N.Sapawe, Kamarudin,
N. H. N., Setiabudi, H. D., Jaafar, N. F., Sidik, S. M., Adam, S. H. and Hameed,
B. H. (2012). Utilization of Bivalve Shell-Treated Zea Mays L. (Maize) Husk
Leaf as a Low-Cost Biosorbent for Enhanced Adsorption of Malachite Green.
Bioresource Technology, 120, 218-224.

Kamba, A. S., Ismail, M., lbrahim, T. A. T. and Zakaria, Z. A. B. (2013). Synthesis
and Characterisation of Calcium Carbonate Aragonite Nanocrystals from

Cockleshell Powder (Anadara Granosa). Journal of Nanomaterials, 1-9.

Keller, J. U. (2005). Basic Concepts. Gas Adsorption Equilibria: Experimental
Methods and Adsorptive Isotherms. Boston, MA: Springer US.

Kesraoui-Ouki, S., Cheeseman, C. R. and Perry, R. (1994). Natural Zeolite
Utilisation of Pollution Control: Review of Applications to Metals's Effluents.

Journal of Chemical Technology and Biotechnology, 59, 121-126.

Kogyo, K. K. and Kaisha, K. (1988). Method and Apparatus for Activating
Infusilized Pitch Beads. European Patent 317,217.

Krishna, R. H. and Swamy, A. V. V. S. (2012). Investigation on the Effect of Particle
Size and Adsorption Kinetics for the Removal of Cr (VI) from the Aqueous

Solutions using Low Cost Sorbent. European Chemical Bulletin, 1 (7), 258-262.



70

Kumar, K. V. and Sivanesan, S. (2005). Sorption Isotherm for Safranin onto Rice
Husk: Comparison of Linear and Non-Linear Methods. Dyes and Pigments, 72,
130-133.

Kumar, P. S. and Kirthika, K. (2009). Equilibrium and Kinetic Study of Adsorption
of Nickel from Aqueous Solution onto Bael Tree Leaf powder. Journal of

Engineering Science and Technology, 4, 351-363.

Kumar, A. and Sahu, O. (2013). Sugar Industry Waste as Removal of Toxic Metals
from Waste Water. World Journal of Chemical Education, 1 (1), 17-20.

Kwon, H.B., Lee, C.W., Jun, B.S., Yun, J.D., Weon, S.Y. and Koopman, B. (2004).
Recycling Waste Oyster Shells for Euthrophication Control. Resources,

Conservation and Recycling, 41, 75-82.

Lakdawala, M. M. and Patel, Y. S. (2012). The Effect of Low Cost Material Bagasse
Fly Ash to the Removal of COD Contributing Component of Combined Waste
Water of Sugar Industry. Applied Science Research, 4, 852-857.

Langmuir, 1. (1916). The Constitution and Fundamental Properties of Solids and
Liquids. Part 1. Solids. Journal of the American Chemical Society, 38, 2221-2295.

Li, A., Zhang, Q., Zhang, G., Chen, J., Fei, Z. and Liu, F. (2002). Adsorption of
Phenolic Compounds from Aqueous Solutions by a Water-Compatible

Hypercrosslinked Polymeric Adsorbent. Chemosphere, 47, 981-9809.

Li, G. (2005). FT-IR Studies of Zeolite Materials: Characterization and

Environmental Applications. PhD (Doctor of Philosophy, University of lowa.

Limousin, G., Gaudet, J. P., Charlet, L., Szenknect, S., Barthes, V. and Krimissa, M.
(2007). Sorption Isotherms: A Review on Physical Bases, Modeling and
Measurement. Applied Geochemistry,22, 249-275.



71

Lin, L., Lin, Y., Li, C., Wu, D. and Kong, H. (2016). Synthesis of Zeolite/Hydrous
Metal Oxide Composites from Coal Fly Ash as Efficient Adsorbents for Removal
of Methylene Blue from Water. International Journal of Mineral Processing, 148,
32-40.

Liu, Y., Zheng, Y. and Wang, A. (2010). Enhanced Adsorption of Methylene Blue
form Aqueous Solution by Chitosan-G-Poly, Acrylic Acid/Aermiculite Hydrogel
Composites. Journal of Environmental Sciences, 22, 486-493.

Lupul, 1., Yperman, J., Carleer, R. and Grazyna, G. (2015). Adsorption of Atrazine
on Hemp Stem-Based Activated Carbons with Different Surface chemistry.
Adsorption, 21 (6), 489-498.

Ma, J., Qi, J,, Yao, C., Cui, B., Zhang, T. and Li.,D. (2012). A Novel Bentonite-
Based Adsorbent for Anionic Pollutant Removal from Water. Chemical
Engineering Journal, 200, 97-103.

Maleki, A., Darei, H., Zandsalimi, Y., Rezaee, R., Safari, M. and Bahmani, P.
(2015). Natural and Acid Modified Clinoptilolite for Adsorption of Aqueous
Direct Dye: Parameters, Isotherm and Kinetic. Proceedings of the 14th

International Conference on Environmental Science and Technology.

Mateen, F., Javed, I., Rafique, U., Tabassum, N., Sarfraz, M., Safi, S. Z., Yusoff, 1.
and Ashraf, M. A. (2016). New Method for the Adsorption of Organic Pollutants
using Natural Zeolite Inceinerator Ash (ZIA) and its Apllication as an
Environmentally Friendly and Cost-Effective Adsorbent. Desalination and Water
Treatment, 57, 6230-6238.

Memon, G. Z., Bhanger, M. I. and Akhtar, M. (2009). Peach-Nut Shells-an Effective
and Low Cost Adsorbent for the Removal of Endosulfan from Aqueous
Solutions. . Pakistan Journal of Analytical and Environmental Chemistry, 10, 14-
18.



72

Mercier, L. and Pinnavaia, T.J. (1997). Access in Mesoporous Materials: Advantages
of a Uniform Pore Structure in the Design of a Heavy Metal lon Adsorbent for

Environmetal Remediation. Advance Materials, 9, 500-503.

Meshko, V., Markovska, L., M.Mincheva and Rodrigues, A. E. (2001). Adsorption
of Basic Dyes on Granular Activated Carbon and Natural Zeolite. Water
Research, 35, 3357-3366.

Millero, F., Huang, F., Zhu, X., Liu, X. and Jia-Zhong. (2001). Adsorption and
Desorption of Phosphate on Calcite and Aragonite in Seawater. Aquatic
Geochemistry, 7, 33-56.

Misaelides, P. (2011). Application of Natural Zeolites in Environmental
Remediation: A Short Review. Microporous and Mesoporous Materials, 144, 15-
18.

Mohamed, M., Yusup, S. and Maitra, S. (2012). Decomposition Study of Calcium
Carbonate in Cockleshell. Journal of Engineering Science and Technology, 7, 1-
10.

Mohan, D., Singh, K. P., Singh, G. and Kumar, K. (2002). Removal of Dyes from
Wastewater using Flyash, a Low-Cost Adsorbent. Industrial and Engineering
Chemistry Research, 41, 3688-3695.

Montalvo,S., Diaz, F., Guerrero, L., Sanchez, E. and Borja, R. (2005). Effect of
Particle Size and Doses of Zeolite Addition on Anaerobic Digestion Processes of

Synthetic and Piggery Wastes. Process Biochemistry, 40, 1475-1481.

Moideen, S. N. F., Din, M. F. M., Ponraj, M., Yusof, M. B. M., Ismail, Z., Songip,
A. R. and Chelliapan, S. (2015). Wasted Cockleshells (Anadara Granosa) as a
Natural Adsorbent for Treating Polluted River Water in the Fabricated Column

Model. Desalination and Water Treatment.



73

Motsi, T., Rowson, N. A. and Simmons, M. J. H. (2009). Adsorption of Heavy
Metals from Acid Mine Drainage by Natural Zeolite. International Journal of
Mineral Process, 92, 42-48.

Namasivayam, C., Sakoda, A. and M.Suzuki. (2005). Technical Note: Removal of
Phosphate by Adsorption onto Oyster Shell Powder -Kinetic Studies. Journal of
Chemical Technology and Biotechnology, 80, 356-358.

Narasimhulu, K.V. and Rao, J.L. (2000). EPR and IR Spectral Studies of the Sea
Water Mussel Mytilus Conradinus Shells. Spectrochimica Acta Part A, 56, 1345-
1353.

Oguz, E. (2004). Removal of Phosphate from Aqueous Solution with Blast Furnace
Slag. Journal of Hazardous Materials, 114, 131-137.

Oztruk, N. and Kavak, D. (2005). Adsorption of Boron from Aqueous Solutions
using Fly Ash: Batch and Column Studies. Journal of Hazardous Materials, 127,
81-88.

Perego, C., Bagatin, R., Tagliabue, M. and Vignola, R. (2013). Zeolites and Related
Mesoporous Materials for Multi-Talented Environmental Solutions. Microporous
and Mesoporous Materials, 166, 37-49.

Pungjongharn, P., Meevasana, K. and Pavasant, P. (2008). Influence of Particle Size
and Salinity on Adsorption of Basic Dyes by Agricultural Waste: Dried Seagrape
(Caulerpa Lentilifera). Journal of Environmental Sciences, 20, 760-768.

Reza, N. M. and Sasan, O. (2008). Absorption of Lead lons by Various Types of
Steel Slag. Iranian Journal of Chemistry and Chemical Engineering, 27, 69-75.

Sakadevan, K. and Bavor, H. J. (1998). Phosphate Adsorption Characteristics of
Soils, Slags and Zeolite to be used as Substrates in Constructed Wetland System.
Water Research, 32, 393-399.



74

Sarioglu, M. (2005). Removal of Ammonium from Municipal Wastewater using
Natural Turkish (Dogantepe) Zeolite. Separation Science and Technology, 41, 1-
11.

Shendrik, T. G., Pashchenko, L. V., Simonova, V. V., Drozdov, V. A., Kucherenko,
V. A. and Khabarova, T. V. (2007). Adsorbents from Lignin and Washed-off
Petroleum Waste. Solid Fuel Chemistry, 41, 114-118.

Sin, T. J,, Chen, G. K., Long, K. S. and Wang, G. H. (2013). Current Practice of
Waste Management System in Malaysia: Towards Sustainable Waste

Management. FPTP Postgraduate Seminar "Towards Sustainable Management".

Smith, B.C. (2011). Fundamentals of Fourier Transform Infrared Spectroscopy. (2™
ed.). United States: Taylor and Francis.

Suteu, D., Bilba, D., Aflori, M., Doroftei, F., Lia, G., Badeanu, M. and Malutan, T.
(2012). Short Communication: The Seashell Wastes as Biosorbent for Reactive
Dye Removal from Textile Effluents. Clean - Soil, Air, Water, 40, 198-205.

Taha, G. M. (2006). Utilization of Low-Cost Waste Materials Bagasse Fly Ash in
Removing of Cu®" Ni**" Zn?* and Cr** from Industrial Waste Water Ground
Water Monitoring and Remedition, 26, 137-141.

Thomas, H. C. (1944). Heterogeneous lon Exchange in a Flowing System. Journal of
American Chemical Society, 66, 1664-1666.

Tumin, N.D., Chuah, A.L., Zawani, Z. and Rashid, S.A. (2008). Adsorption of
Copper from Aqueous Solution by Elais Guineensis Kernel Activated Carbon.

Journal of Engineering Science and Technology, 3 (2), 180-189.

Wang, S. and Peng, Y. (2010). Natural Zeolites as Effective Adsorbents in Water and
Wastewater Treatment. Chemical Engineering Journal, 156, 11-24.



75

Wang, S. and Wu, H. (2006). Environmental-Benign Utilisation of Fly Ash as Low-
Cost Adsorbents. Journal of Hazardous Materials, 136, 482-501.

Wang, S., Boyjoo, Y., Choueib, A. and Zhu, Z. H. (2005a). Removal of Dyes from
Agqueous Solution using Fly Ash and Red Mud. Water Research, 39, 129-138.

Webber, T. W. and Chakkravorti, R. K. (1974). Pore and Solid Diffusion Models for
Fixed-Bed Adsorbers. AlIChe Journal, 20, 228-238.

Worch, E. (2012). Adsorption Technology in Water Treatment: Fundamentals,

Processes, and Modeling. Dresden, Germany: De Gruyter.

Xu, K., Deng, T., Liu, J. and Peng, W. (2010). Study on the Phosphate Removal
from Aqueous Solution Using Modified Fly Ash. Fuel, 89, 3668-3674.

Yahaya, N. K. E. M., Abustan, I., Latiff, M. F. P. M., Bello, O. S. & Ahmad, M. A.
2011. Fixed-Bed Column Study for Cu (1I) Removal from Aqueous Solutions
using Rice Husk based Activated Carbon. International Journal of Engineering
and Technology IJET-1JENS, 11, 186-190.

Yao, Z., Xia, M., Li, H., Chen, T., Ye, Y. and Zheng, H. (2014). Bivalve Shell: Not
an Abundant Useless Waste but a Functional and Versatile Biomaterial. Critical

Reviews in Environmental Science and Technology, 44, 2502-2530.

Yoon, Y. H. and Nelson, J. H. (1984). Application of Gas Adsorption Kinetics 1. A
Theoretical Model for Respirator Cartridge Service Life. American Industrial

Hygiene Association Journal, 45, 509-516.

Zeldowitsch, J. (1934). Adsorption Site Energy Distribution. Acta Physcochim URSS
1, 961-973.

Zia, H. and Devadas, V. (2007). Municipal Solid Waste Management in Kanpur,
India: Obstacles and Prospects. Management of Environmental Quality: An
International Journal, 18, 89-108.





