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Abstract: Activated carbon-limestone-alginate bead (ALA) was synthesized for the adsorption of color and
turbidity of river water. This adsorbent was characterized using Scanning Electron Microscopy (SEM) and Fourier
transform infrared (FTIR) spectroscopy. Langmuir and Freundlich models were used for a mathematics description
of the adsorption isotherm. The maximum adsorption capacity for color and turbidity obtained from Langmuir
model were 0.446 PtCo/g and 5.155 NTU/g respectively. The equilibrium process was described well by the
Freundlich isotherm model. Furthermore, the adsorption kinetics revealed that the adsorption process was
successfully fitted with the pseudo-second-order kinetic model. All the results validated the feasibility of ALA for
color and turbidity removal from river water.
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1. Introduction

Water cannot be denied in human life as it gives a lot of benefits such as drinking, laundering, municipal and
industrial development [1], [2]. However, the rapid growth of urban centers leads to the increased pollution of water
sources. Unsafe water, poor sanitation and hygiene cause around 842,000 deaths each year [3]. The quality of river
water has also undermined as rapid changes from contamination emanating from agricultural, industrial and natural
activities. High turbidity can substantially reduce the aesthetic quality of lakes and streams, having a harmful impact on
recreation and tourism. Meanwhile, the presence of color in water is unsuitable for dyeing, paper industry, beverages
production and other food products [4].

Several methods of water treatment including coagulation [5], advanced oxidation process [6], ozonation [7],
adsorption [8] and others have been effectively considered for the removal of various pollutants from water. All of
them have advantages and disadvantages regarding their cost, environmental impact and productiveness [9]. Adsorption
being the most significant separation technique that has wider application for the removal of organic and inorganic
micropollutants from water due to its operation that easy to handle and large selection of adsorbents available [10].
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Activated carbon is the most effective adsorbent applied for the removal of pollutants from aqueous or gaseous
phase [11] owing to its high specific surface area, adsorption capacity and microporous structure. Nevertheless, the
activated carbon is very expensive and has many problems with the regeneration [12]. Thus, low cost materials such as
pine wood, rice husk, peat and coconut shell are used in order to solve this problem.

Limestone has been recognized as a good adsorbent because of its inexpensiveness and abundant in nature as it is
widely available in Malaysia. It has been studied that limestones are able to remove heavy metal such as arsenic (l11)
and iron through filtration process [13]. Limestone also provides beneficial characteristics including heterogeneous
surface, buffering quality, secondary binding site and repurposing [14]. Thus, it can be concluded that limestone has
potential as low cost effective media in treating water.

Alginate is one of the most extensively investigated biopolymers for removal of pollutants from aqueous solution
as it is inexpensive, efficient and non-toxic. It is a natural polysaccharide extracted from brown seaweeds [15]. Alginate
is very important for textile and paper industries for developer on the surface of paper and clothing. Over 98 % removal
of turbidity was reported after using calcium alginate as coagulant in treating turbid water [16]. Furthermore, alginate is
used in water treatment processes as a binder for composite media and flocculation process.

The single use of activated carbon, limestone, and alginate in water treatment is not always very promising;
therefore, these three precursors were combined to make an effective composite material for color and turbidity
removal. In this work, powdered activated carbon was used as an activated carbon, which was made from coconut
shell. Thus, the objectives of this study were as follows: first, to prepare composite beads from the combination of
activated carbon-limestone—alginate beads (ALA) via a simple production method; second, to identify the
characteristics of the composite beads; lastly, to evaluate the best composite as an adsorbent for the removal of color
and turbidity from Kerian River which located in the northern part of the Malaysian state of Perak. These two main
parameters were selected as the physical characteristic that reflects the basic water quality parameters.

The Kerian River has a unique location that covers three states, Penang, Perak and Kedah. One of the usages of the
Kerian River is for irrigation purpose. The sampling was carried out at this location due to short distance of this river to
lab, which is around 10 km that takes around 10-15 minutes of driving.

2. Material and Methods

2.1 River Water Sampling

The sampling site is located at Lubok Buntar, Kedah (5° 7'37.60"N, 100°35'42.97"E). Water samples were
collected from Kerian River at Lubok Buntar. The samples were collected in Teflon containers (10 L per sample).
According to the Standard Method of Water and Wastewater Examination, the samples were immediately transported
to the USM Environmental Laboratory, School of Civil Engineering to preserve in a cold room at 4 °C prior to use so
that the potential for contamination and volatilization of the samples can be minimized.

2.2 Chemicals

The coconut shell powdered activated carbon was obtained from Tan Meng Keong Sdn. Bhd., Selekoh, Perak; the
particle size of the AC was -200 mesh. The limestone powder was obtained from a limestone quarry located in Batu
Gajah, Perak. It was sieved with sieve aperture 150 um and retained 75um. Sodium alginate was purchased from R&M
Marketing Essex, UK and calcium chloride was supplied by Fisher Scientific UK. All other chemicals used in this work
were of analytical grade. Distilled water was used for the preparation of all the required solutions.

2.3 Preparation of ALA

The adsorbents were prepared by mixing 2 % (w/v) sodium alginate, 3 g of activated carbon and 7 g of limestone
in 100 mL of distilled water. The mixture was stirred with mechanical stirrer and heated to 80 °C on a hot plate. When
the homogeneous condition between the mixture of activated carbon, limestone and alginate was reached, it was
dropped through a syringe injector into 0.3 M calcium chloride to form beads. The release beads were immersed in the
calcium chloride solution for 12 hours in order to achieve hardened beads. The distilled water was used by washing the
adsorbents many times to remove the excess unbounded calcium chloride from the adsorbent surface.

2.4 Characterization of ALA

The scanning electron microscope (SEM) micrographs of the adsorbents were obtained using Zeiss (Model Supra
35 VP, Germany). Fourier transform infrared spectroscopy (FTIR) analysis of the adsorbent before and after adsorption
was carried out by using an FTIR spectroscopy (Perkin Elmer 2000, USA). The solid powder was mixed with KBr
pellets and placed them in the infrared beam in the range of 4000-400 cm* for analysis.
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2.5 Batch Adsorption Experiments

Adsorption experiments were performed with 100 mL of river water sample in an array of 250 mL flasks. The
amount of adsorbent was varied in the range of 1-23 g and the adsorbent was added to each flask. The flasks were
shaken on an orbital shaker (Sartorious, Germany) at 130 rpm until equilibrium was attained [17]. After that, the
supernatant in the flasks was filtered (only for color parameter) at the end of the experiment and analyzed using
DR2800 spectrophotometer at Amax = 455 nm. Turbidity parameter was analyzed using TB400 turbidity meter. The
removal efficiency (R%) and the amount of color and turbidity adsorbed onto ALA were calculated using the following
equations:

R= M %100 1)
Co

\Y
e :V(CO _Ce) 2

where C, and C. are the river water concentration at initial and equilibrium, respectively. g is the adsorbed amount of
color and turbidity per unit weight of adsorbent at a given time, M is the mass of the adsorbent (g), V is the volume of
river water (L).

2.6 Adsorption Kinetics

The pseudo-first-order and pseudo second-order models were used to analyze the adsorption kinetics for all
parameters. This was done by shaking at the pre-determined shaking speed (130 rpm) in 250 mL conical flasks
containing 100 mL of river water sample and 17 g of optimum adsorbent dosage, which obtained from adsorption
studies in Section 2.5. The samples were removed from the shaker after 5, 15, 30, 45, 60, 90, 120, 180, 360 minutes for
analysis. The adsorption capacity, q: (PtCo/g or NTU/g) at different contact time t (min) was determined using the
following equation:

(G, -GV

v @)

t

where C; (PtCo/L or NTU/L) is the concentration of river water at time t (min) in the solution. All batch adsorption and
Kinetic experiments were repeated at least three times to ensure accuracy of the obtained data.

3. Analytical Study

Water samples were tested in the USM Environmental Laboratory in accordance with the Standard Methods for the
Examination of Water and Wastewater [18]. The testing for color was done using spectrophotometer DR2800 with
Method 2120-C. Turbidity measurement was tested according to Method 2130 using turbidity meter TB400.

4. Results and Discussion

4.1 Characterization of Kerian River Water

Table 1 shows the river water characterization with respect to the National Standard for Drinking Water Quality
for Malaysia (NSDWQ). Parameters such as pH and temperature were determined by in situ analysis using YSI Pro-
Plus Multiparameter. Other parameters such as COD and color were analyzed by using DR2800 in the laboratory, while
turbidity was examined by turbidity meter, TB400 and E. coli was measured by using incubator MPN. Based on Water
Quality Index (WQI) and Interim National Water Quality Standards for Malaysia (INWQS), Kerian River can be
classified as Class I, which can be used as water supply and conventional treatment is required.

The turbidity of river water (77.02 NTU) was considered high and exceeded the NSDWQ of 5 NTU. Turbidity in
river water is due to particles suspended or dissolved in water that scatter light making the water appear cloudy.
Particulate matter can include sediment, especially clay and silt, fine organic and inorganic matter, coloring matter,
algae, decaying animal and other microscopic organisms. Generally, colloids are the main factor of turbidity; however
high turbidity during high rainfall in Taiwan is caused by clay, silt and suspended matters by influence of rainfall,
erosion of upstream and re-rolling sediment in stream [19].

Color of water is very important in affecting consumer assurance towards the drinking water quality. The study
reported that color observed having a yellowish appearance with concentration from 14 to 119 PtCo. The NSDWQ has
stated the acceptable value of color is 15 PtCo. Ordinarily, natural organic matter (NOM) is comprised of suspended
and dissolved matter. These particles can disseminate color into water. In addition, the removal of NOM is essential as
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the constituents that comprise dissolved NOM may lead to the formation of disinfection by-products (DBP) when
chlorine is used for disinfection. NOM is also able to spread color to the water [20].

Table 2 shows the removal efficiency of color and turbidity using ALA in batch adsorption experiment. It consists
of initial and final concentration of color and turbidity of river water.

Table 1 Characteristics of Kerian River water

Kerian River water Malaysia National Guidelines for

Parameter Unit Average Drinking Water Quality
Temperature °C 28.93 -
pH - 7.62 6.5-9.0
Turbidity NTU 77.02 5
Color PtCo 21.5 15
COD mg/L 12.33 -
E. coli MPN 1204.73 0in 100 ml

Table 2 - Removal efficiency of color and turbidity by ALA in batch adsorption experiment

Parameter Initial Concentration Final Concentration Removal Efficiency
(Co) (Ce) (R%)
Color (PtCo) 29 0 100
Turbidity (NTU) 230 23 90

4.2 ALA Characterization

The adsorption of color and turbidity were verified by SEM analysis. SEM images were taken at 1000x (Fig. 1(a)
and Fig. 1(b)) magnifications to observe the surface morphology of ALA as shown in Fig. 1. The surface morphologies
of Fig. 1 (a) depicted that activated carbon and limestone were well attached together in the beads. More pores were
observed in Fig. 1 (a) than in Fig. 1 (b) indicating that the bead has enough space for the adsorption process to take
place. Based on Fig. 1 (b), less pores presented due to the flakes that covered the bead. Previous study on activated
carbon-limestone-alginate composite also depicted the same images [21].
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Fig. 1 - SEM image of ALA (a) before and (b) after adsorption

The FTIR spectra of ALA before and after adsorption are shown in Fig. 2 and Fig. 3. The phenolic group is found
by the wide band at approximately 3394 cm correlate with O-H (hydroxyl) groups and that at 2514 cm is responsible
for the acid O-H [17]. The peak at 712 cm™* is ascribed to C-H out of plane bending in benzene derivatives, which were
found on the surface of activated carbons [22].

Many functional groups changed to different bands or disappeared after the adsorption. The band at 3394 cm™ and
875 cm! shifted to higher frequencies at 3427 cm™ and 876 cm™ respectively. On the contrary, the peak at 2514 cm™
and 1797 cm™* disappeared after adsorption.
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Fig. 2 - The FTIR spectrum of ALA before adsorption
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Fig. 3 - The FTIR spectrum of ALA after adsorption.

4.3 Adsorption Isotherm

Adsorption isotherm is crucial in explaining the equilibrium relationship between concentration in the fluid phase
and the concentration in the adsorbent particles. In this study, Langmuir and Freundlich isotherms models were used to
determine the color and turbidity adsorption isotherm parameters on the composite adsorbent. The experimental results

were analysed using Langmuir and Freundlich models, which are expressed as the following equations, respectively
[17]:

_ OnK G,
%=1 K, C, “)
1
Qe = KeCd ®)

where g is the adsorbed amounts of color and turbidity per unit weight of adsorbent (PtCo/g or NTU/g) at an
equilibrium concentration of adsorbate in bulk solution (Ce, PtCo/L or NTU/L). K. and K are the Langmuir and
Freundlich constants, respectively. gm (PtCo/g or NTU/g) is the Langmuir maximum adsorption capacity and n is the
heterogeneity factor.

R? and RMSE function values were used in evaluating the applicability of these two models. The highest R? and the
lowest RMSE values at studied parameters determine the ideal isotherm model followed by this study. The R? and
RMSE were obtained using the following equations, respectively [23]:
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where ge and g are the adsorbed amount per unit weight of adsorbent at equilibrium and the calculated value at
equilibrium from the model, respectively. n is the number of observations.

The parameters of Langmuir and Freundlich such as Ky, gm, Kr, and n in conjunction with the R? and RMSE values
are shown in Table 3. It can be seen that the adsorption data of color and turbidity on ALA are better described by the
Freundlich model than the Langmuir model due to the high R? and low RMSE values.

The Freundlich model represents the best fit of experimental data which confirm that the removal of color and
turbidity on the surface of ALA may involve multilayer adsorption. This reveals the physisorption mechanism. In
addition, the Freundlich heterogeneity factor n was found to be greater than 1 for all studied parameters indicates a
favorable adsorption process.

Table 3 - Langmuir and Freundlich isotherm parameters for the adsorption of color and turbidity onto ALA

Isotherms Parameters
Om K R? RMSE
(PtCol/g) (L/PtCo)
. Color 0.446 0.940 0961 3.133
Langmuir
Om KL
(NTU/g) (L/NTU)
Turbidity 5.155 0.0102 0.974 0.0194
Ke n R? RMSE
(PtCo/g (L/PtCo)Ym
. Color 0.197 3.2 0.986 0.0180
Freundlich Ke
(NTU/g (L/NTU)Ym
Turbidity 0.142 1571 0.982 0.0137

4.4 Adsorption Kinetic

Initially, the color and turbidity concentration in the river water sample was high, and many active sites were
present in the ALA. These occurrences elucidated the early rapid color and turbidity adsorption of the ALA. In the
adsorption stage, the color and turbidity concentration in the river water sample decreased and the adsorption sites were
gradually occupied by these pollutants. Subsequently, color and turbidity adsorption of the ALA beads gradually
increased and achieved equilibrium after 45 minutes and 60 minutes respectively, which exceeded 90% of color and
turbidity removal.

The kinetic data in this study were applied to pseudo first-order and pseudo second-order models. The kinetic
equation of Lagergren’s pseudo first-order [24] and pseudo second-order [25] is shown as below:

log g, — k;t
lo _ - i R 8
9(9 — ) > 303 ®)
To .l ©)
qt k2q92 qe

where ¢ is the equilibrium adsorption capacity (PtCo/g or NTU/g), q: is the adsorption capacity at t (PtCo/g or NTU/g),
ki is the pseudo first-order Kinetic rate constant (min™t); k; is the pseudo second-order kinetic constant (g/PtCo.min or
g/NTU.min). The kinetic equation and adsorption data are listed in Table 4. According to Table 4 the adsorption
kinetics of color and turbidity onto ALA is better described by the pseudo second-order kinetic model because of the
high R? value than the pseudo first-order model.
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Table 4 - Kinetic non-linear models parameters for color and turbidity adsorption by ALA

Kinetic Parameters
Oe, exp (PtCo/Q) e, cal k1 R?
(PtCol/g) (1/min) x 103
Color 0.2059 0.0297 4.606 0.4675
Pseudo- first- order O o0 (NTU/Q) P ol
(NTU/g)
Turbidity 0.4772 0.0183 6.2181 0.1437
Ce, exp (PtCO/g) Qe, cal k2 RZ
(PtCo/g) (g/PtCo.min)
Color 0.2059 0.1897 10.67 0.9996
Pseudo- second- order O o (NTUIQ) Ky K,
(NTU/g (L/NTU)Y™  (g/NTU.min)
Turbidity 0.4772 0.4690 8.48 0.9999

5. Summary

In this work, ALA was synthesized for adsorption of color and turbidity from river water. The synthesized beads
were characterized using FTIR and SEM and basic performance data, including adsorption isotherms and adsorption
kinetics, were collected. It was found that Langmuir and Freundlich model fit the experimental data well, but
Freundlich isotherm was better according to error functions. In addition, pseudo second-order model fits the
experimental data suitably well. Consequently, ALA may possibly be employed as an efficient adsorbent for the
removal of color and turbidity from river water.
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