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Abstract. The use of coconut shell based adsorbent for removing various pollutants from
wastewater offers attractive advantages such as exceptional adsorption capacity with larger
surface area, low-cost and biocompatibility for a wide range of pollutants. The same goes for
calcium carbonate based adsorbent, which provides better removal for metals ions through
precipitation method. In fact, recycling of waste material is considered environmentally
preferable and is supported by public opinion and government policy. However, because of
unit operations mechanisms and effectiveness are different to one another in downstream
process, it is quite difficult to provide good adsorbent that exhibits dual attributes of
hydrophobic and hydrophilic characters. This paper provides brief process for sintering of
composite adsorbent for separation and purification of industrial wastewater application.
Characterization was performed by physical and chemical approach. Results prove that the
inclusion of biopolymer as composite binder improved mechanical properties of the composite
adsorbent.

1. Introduction

Generally, activated carbon has been the adsorbent of choice rather than the others because of their
physical and/or chemical properties that can easily be tailored in order to optimize their performance
[1]. Activated carbon has a very porous structure with a large internal surface area ranging from 500 to
2000 m?*/g that makes it a good adsorbent in the adsorption process [2]. Broad application of activated
carbon is due to its chemical and mechanical stability, high degree of surface reactivity and high
adsorption capacity [3]. Common types of activated carbon are granular (GAC) and powdered (PAC)
form. Granular activated carbon is produced from hard materials that may be used to remove
pollutants from wastewater with no requirement to separate the activated carbon from bulk fluid.
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Large particle size of GAC presents a smaller surface area thus suitable for diffusion (gas and odor)
purpose. Meanwhile, PACs may be obtained from crushed ground carbon particles that pass
designated sieve aperture. Typical size of PAC granules are less than 1.0 mm with average diameters
of 0.15 to 0.25 mm [4].

Despite overwhelming anticipation in textile wastewater treatment, the biggest barrier of
commercial activated carbon is the prohibitive cost and difficulty associated with regeneration [5, 6].
Moreover, large scale application for activated carbon will only raise the operational cost of a
treatment plant due to the expensive cost of activated carbon over the years (M. A. Kamaruddin,
Yusoff, & Ahmad, 2011). Therefore, the drawbacks of commercial activated carbon have resulted in a
growing research interest searching for low-cost alternative precursors for activated carbon as cheaper
and renewable are the trends among scientists in the recent years [7].

In the field of wastewater treatment, limestone is commonly employed to remove certain types
of heavy metals such as manganese; as discussed by Aziz and Smith [8]. This study attempted to use
limestone particles to remove manganese from water containing 53.9% CaCO; and 5.2% MgCOs,
gravel, crushed bricks or without solid media at different pH values. They found that at final pH value
of 8.5, the removal of Mn using limestone, crushed bricks, gravel, aeration and settlement without
solid media were 95%, 82%, 60% and less than 15% respectively, in exploring the capabilities of
limestone in purifying wastewater.

Although abundant literature data for the application of coconut shell based activated carbon
and limestone particle in wastewater treatment, there are still gap of knowledge to be further explored
such as enhancement of adsorption capacity through modification of Coco Nurfira carbon (CSAC) and
calcium carbonate powder (LP) with the presence of sodium alginate as biopolymer binder. In fact,
there is very limited information on the assessment of sodium alginate composite based adsorbent for
in terms of their physical and chemical characteristics. Thus, this study attempts to provide brief
supporting data for the potential of composite preparation by the combination between hydrophobic
and hydrophilic precursors.

2. Materials and Methods

2.1 Composite preparation

Briefly, the composite was prepared based on [9, 10]. The composite adsorbent preparation involved
several physical and mechanical procedures and small modification was adapted in order to suit the
different characteristics of Coco Nufira carbon (CSAC) and calcium carbonate powder (LP). First,
known amount of CSAC and LP was introduced into 500 mL beaker. A known volume of distilled
water was then added and stirred with mechanical stirrer (Ika, Germany) for 15 minutes with 50 rpm
speed.

Next, the beaker was heated to 80 °C on a hot plate and alginate powder was slowly added into
the beaker. This process was maintained for 15 minutes until a homogeneous condition between
CSAC, LP and alginate was reached. The mixture was then transferred via peristaltic pump into the
beads injector. Figure 1 illustrates the schematic diagram of the experimental set up. The mixture was
then extruded from the injector by controlling the opening of control valve. Finally, the release
composite beads were immersed in CaCl, solution for 12 hours to achieve hardened beads. Figure 1
illustrates the schematic diagram of the experimental set up.
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Figure 1. Schematic flow of composite preparation
2.2 Physical and Chemical Characteristics Analysis

X-ray powder diffraction (XRD)

X-ray powder diffraction (XRD) was used to support the SEM image attained. XRD is the most
common technique used to determine the mineral composition of composite adsorbent that exists in
the crystalline state. The equipment used was D2 Phase (Bruker). It is based on Brag Equation as
follows:

nA=2dsin6 (1)

Thermogravimetry Analysis

Thermal analysis or Thermogravimetry Analysis (TGA) was carried out using TGA Analyzer (DTG
60 H Shimadzu, Japan). Principally, 5 mg of sample was loaded into a crimp cell whereby the pan
holder was used to minimize the potential reaction with the sample. The furnace chamber was then
raised and degassed for several minutes. During inert atmosphere exertion in the chamber, a small
amount of sample was heated up to 110 °C for complete dehydration and followed by decomposition
at 850 °C for 7 minutes to determine volatile matters. Oxidizing state was achieved once the sample
was cooled down to 600 °C and this process was maintained until there was no change in the weight of
sample.

Fourier Transform Infrared (FTIR) Spectroscope

An FTIR transmission spectrum of the sample was carried out by using an FTIR spectroscope (Model
Perkin Elmer 2000, USA). The purpose of FTIR measurement is to study the surface chemistry of the
raw materials and the composite adsorbent by exploring the functional groups present in the sample
surfaces. Prior to the analysis, the sample was ground into a fine form that can pass a 75 um sieve
aperture and dried at 110 °C for 12 hours. Next, the solid sample was mixed with 400 mg of potassium
bromide (KBr) using impact mortar and pestle. A translucent round disk of 12.7 mm internal diameter
and 1 mm thickness was retrieved by using a bench press with 8 tons of pressure. The translucent disk
was then placed into the infrared spectrometer. Finally, with the aid of software (Spectrum version
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5.0.2) in the FTIR spectroscope system, the wave number in the range of 400-4000 cm™ was
eventually recorded.

Results and Discussions

X-ray Diffraction (XRD)

Figure 2 illustrates important peaks that emerged from the XRD analysis were carbon nitride 84.1%,
calcium peroxide (6.4%), iron nitride (2.8%), potassium oxide (5.4%) and magnesium zinc (1.3%).
These peaks were observed in the range of 24° to 48°. However, except the peak intensity, the
presence of AG (NaxCsH70s) was not observed due to the weakened condition after forming within
the composite adsorbent [11]. In the amorphous phase, normally X-rays will be scattered in many
directions leading to a large bump distributed in a wide range (2 Theta) instead of high intensity
narrower peaks. In this case, plenty of remotely narrow peaks emerged which suggested the degree of
amorphous and large particle size that could be observed from Figure 2 (b).

The tricarbon tetranitride peak was observed at 30° with 41.4% intensity. Meanwhile, the
formation of hydrogen (28.7%) element suggested sufficient paths for oxygen bonding during the
adsorption process. This reaction could initiate hydrogen bonding with carboxylic, hydroxyl as well as
amines groups for metal sorption, respectively. Overall, the composite adsorbent suggested the
amorphous condition rather than crystalline because of the interference of irregular base line with
noise and pulsed shape being the highly noisy line is the highly amorphous phase as manifested from
Figure 2.
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Figure 2. XRD patterns of (a) Composite adsorbent before adsorption and (b): composite adsorbent
after adsorption

Thermogravimetry Analysis

Figure 3 shows the TGA plot of the composite adsorbent before and after adsorption process. As
shown in the figure, gradual weight loss occurred for the dried composite adsorbent during heating
between 0-200 °C, which was attributed by moisture loss (5.01%). The next heating step to 400 °C
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caused a weight loss of 27.71% of initial dry mass, indicating volatile matter combustion [12]. Further
increased heating rate to 600 °C caused significant loss of the initial dry sample to 79.30% which
largely represented by the fixed carbon. Finally, the ash content showed 7.96% from total weight loss.
However, the transition of weight loss for the spent composite adsorbent after adsorption indicates
slight changes in terms of weight %. From the figure, only 1.45% of moisture loss can be observed
during thermal analysis. This condition was due to the oversaturated condition of the composite
adsorbent. In fact, this phenomenon proved the water bearing capacity of the adsorbent with the
presence of sodium alginate as the core binder [13]. Further increased heating from 200 to 600 °C led
to reduction weight loss of 14.36 and 62.88% than original weight of the sample which represent the
volatile matter and fixed carbon contents. The weight loss of the composite adsorbent as shown in the
figure suggested the matrix decomposition of carbon that is rich with fixed carbon and ash as partial
constituents in the adsorbent [14].
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Figure 3. TGA of composite before and after trial adsorption

Fourier Transformation Infrared (FTIR) Spectroscope

The adsorption characteristics of a composite adsorbent are also influenced by the surface functional
groups, which can be determined from the Fourier Transform Infrared (FTIR) spectroscopy analysis.
Figure 4 illustrates the FTIR spectrums of the composite adsorbent before and after undergoing
adsorption process. Based on FTIR spectrums (Figures 4.19 (a) and (b)), the surface chemistry of the
composite adsorbent before and after adsorption of the precursors showed some differences due to the
modification of many functional groups of the precursors during the gelation process. In fact, the most
dominant peak observed were C=N stretching nitriles of 2358 cm™ that conformed to significant
presence of alginate as the binding agent for the precursors (Figure 4.9 (a)).

The FTIR spectrums also revealed that the functional groups in the precursors such as CSAC
and alginate (AG) have been shifted to C=O stretching alpha (1726 cm™), which belongs to
unsaturated esters. This functional group also indicated that the shifted spectrums from aliphatic
amines to C=0 stretching provides the exchange path during the adsorption course. In fact, those
medium peaks that have been detected from the precursors were mostly belonging to general carbonyl
groups, in which stretching were from 1665 to 1769 cm™. Next, another significant peak observed for
the composite adsorbent before the adsorption was at band 1025 cm™. The spectrum belongs to
aliphatic amines group that stretch from C-N, which implied important absorption bands for grafting
purpose of alginate in the gelation process.
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Figure 4 (b) shows the FTIR spectrums of the composite adsorbent after the adsorption process.
From the figure, there was significant H stretching vibrations of hydroxyl functional groups including
hydrogen bonding, which was detected at a bandwidth of 3409 cm™. The location of the detected
hydrogen-bonded O-H group is usually in the range of 3200-3750 cm™ for alcohols and phenols and
related to adsorbed water [15]. However, the disappeared medium C=O stretching bond was found
shifted to 1408 cm-1 and belong to C—C stretch aromatics rings. The shift to lower wave numbers in
comparison with AG samples explained the interaction of the regular long chain with the sodium ions
[16]. Table 1 summarizes detected bandwidth of composite adsorbent in this work with respect to
previous works.
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Figure 4. FTIR spectrums of composite adsorbent (a) before and (b) after adsorption

Conclusions

Based on the preliminary analysis, the results have demonstrated the successful synthesis of composite
from hydrophobic and hydrophilic conjugates through biopolymerization technique. From the XRD
analysis, the composite adsorbent was categorized as having amorphous structure, thereby plenty of
narrower peaks were detected in a wide range of 2 theta. TGA analysis has shown that water bearing
capacity as a result from preparation condition was responsible for the high moisture content of the
composite. FTIR results indicated the presence of functional groups such as hydroxyl, carbonyl and
alkyl on the surfaces of the composite adsorbent prepared. Further studies for the effectiveness of the
composite shall be expanded in near future.
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