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ABSTRACT

In this study, thedye treatment which is methylene blue (MB) as water pollutants was
ascertained with the activated carbon that prepared from the tamarind seed
(Tamarindusindica). The conditions used to prepare activated carbon, (TSC) were activated
using phosphoric acid as an activating agent at temperature 500 °C for four hours. These
conditions may be attributed to enhance the surface area and pores development of TSC.
Single point BET surface area (Sggr) analysis gave the surface area of TSC was 594.04 m” g
and FESEM analysis showed that the pores development and formation were mostly in circle
and oval pattern. The best conditions for TSC sample to adsorb MB effectively were at 50 mL
of MB with concentration 120 ppm at temperature, 323 K by using 0.04 g of TSC. The
maximum adsorption capacity for MB dye solution was 102.77 mg g'l.
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1. INTRODUCTION

Generally, wastewater from textile industry consists of pigments, various organic and inorganic
compounds and dyes. These compounds mostly have an excellent stability to light, oxidizing
agents and defiance to the aerobic ingestion which are difficult to degrade due to a complex
molecular structure [1]. These characteristics make the compounds become more stable and can
remain in the environment for an extended period which is difficult to degrade. Besides that, it
also increases the chemical oxygen demand (COD) concentration, a large amount of the
suspended solid, fluctuating of the pH, strong colour, toxic and high temperature that harm the
aquatic life which have been proven in many research studies [2].

Batik industries are one of the Malaysian cottage textile industries among the rapidly growing
textile industries in Malaysia which are commonly found in east coast, Terengganu and
Kelantan [3]. Batik industries also lead to a biggest grant to the growth of the Malaysian
economy due to increasing number of order from the Malaysian and foreign country. Textile
dyeing industries in Malaysia was important and was ranked as the first in the colouration of
fiber [4]. Wastewater from the textile industries was declared as one of the major sources of
wastewater pollutions in ASEAN countries, after considering both volumes discharge and
effluent composition [5].

Dyes are widely used in the industries for example, food colouring, cosmetic, printing, textile
dyeing, plastics and leather [6]. Dyes may be classified into a few characteristic which are
based on the colour, method of application source and structure. Over around 7 x 10’tonnes
per year that has been produced and commercialized, with the textile industry individually
discharging more than 1.5 x 10° m® of coloured effluents yearly like methylene blue, malachite
green, lucidin and others [3].

Basically, there are three general ways that can be applied by the industries to remove the dyes
which are biological, chemical and physical methods. In this study, the physical method that
was applied is adsorption. The study on the adsorption has been proven that it was an efficient
and economical process for the removal of air, water, and soil pollutants (adsorbate) such as
heavy metals, surfactants and dyes from various adsorbents. The adsorbent can be prepared
from low cost materials; activated natural materials and charcoal are prepared from different

type of natural resources like leaves, roots and peel that are usually categorized as agricultural



N. A. Jamion et al J Fundam Appl Sci. 2017, 9(6S), 102-114 104

waste [7].

Nevertheless, the use of the non-renewable and relatively expensive starting materials like coal,
petroleum and tar [8] to prepare commercial activated carbon is considered pricey. Therefore,
many researchers find alternative adsorbents that are lower in cost and comparably effective as
the commercial activated carbon from agriculture waste. The examples of the agriculture waste
are the palm kernel [9], tamarind seed [10] and rubber seed sawdust [11].

Tamarind is known as one of the spice condiments that are widely used in every South-Asian
kitchen which is wusually sweet and tangy. The scientific name of tamarind is
Tamarindusindicawhich belongs to a certain family of Fabaceaein the genus of
Tamarindus[12]. Fig. 1 shows the picture of the tamarind seeds and pods. Tamarind fruit
comprises certain health benefits that are needed to human like volatile organic compounds,
vitamins and fiber. Meanwhile, for the tamarind pods, it has been used as traditional medical
treatment for laxative, digestive and as a remedy for biliousness and bile disorder. Tamarind
seeds are usually categorized as agriculture waste because of lack of awareness on its benefits
and the application of tamarind seed in treat pollutants, especially dyes by adsorption process

in Malaysia is still not widely known [13].

Fig.1.Tamarind seeds and pods.

Therefore, in this study, tamarind seeds were used to prepare the activated carbon to remove
methylene blue in the wastewater. Hence, the tamarind seed can be used as activated carbon
sources to treat water pollutions which are cheaper, beneficial towards environment and easy

to be planted in any type of soils.

2. RESULTS AND DISCUSSION

2.1. Characterization of TSC Activated Carbon
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2.1.1. Fourier Transformed Infrared Spectroscopy (FTIR)

The FTIR spectra of the tamarind seed that was analyzed in the range of 400 cm™ to 4000
cm’ to find the information about the presence of the functional groups on the tamarind seeds’
surface. The spectra obtained were shown in Fig. 2. In the spectrum of the raw tamarind seed
(TS), absorption bonds of four functional groups were observed. The broad absorption band
appeared at 3319 cm™ was assigned to the presence of hydroxyl group (O-H) in the tamarind
seed. The second functional group which was C—H alkane absorption bands were observed to
appear at 2944 cm™, 2831 cm™ and 1446 cm™. This indicates that the presence of carbon and
hydrogen atoms in the TS. The absorption band appears at 1024 cm™ was indicated the
presence of oxygen in the TS sample. It shows that maybe in TS consist of carbonyl group
(C-0). In the spectrum pre-treatment with 30% of phosphoric acid (PTS) showed a small
peak of absorption band at 1631 cm™ was assigned as a C=C stretching, while at 992 cm™ was
associated with stretching vibrations of P-O bonds. By comparing the spectra of PTS with the
TS, it shows that the O-H bond disappeared after the pre-treatment with 30 % of H3;PO, and a
new P-O bond stretching appeared. This absorbance maybe was come from phosphoric acid
(H3POy4). Phosphoric acid is said to act as a dehydrating agent during the pre-treatment and
impregnation processes [14]. However, the spectrum of TSC and commercial activated carbon
(CAC) did not show any absorbance band. There is no functional groups presence in TSC
sample as same as CAC. Thus, from FTIR results, it can be concluded that most organic
compounds and functional groups in raw tamarind seed were disappeared after the activation
process at 500 °C for four hours. The absence of functional groups on the TSC activated
carbon sample may lead to a better adsorption process and follow the adsorption affinity rules
[15], and it can be assumed that TSC will also have the capacity to be used as an adsorbent

like CAC.
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Fig.2. FTIR spectra of commercial AC (CAC), TSC, PTS and TS

2.1.2. Field Emission Scanning Electron Microscopy (FESEM)

Surface morphology and porosity of TSC were analysed from the FESEM micrographs. The
micrographs of the prepared activated carbon, TSC with different magnification of 35x, 500x,
and 1.5Kx are shown in Fig. 3 (a), (b) and (c) respectively. Micrograph (a) with the
magnification 35x showed the pores were uniformly distributed and well developed all around
the surface of the TSC sample. It was clearly seen that the pores development and formation
were mostly in circle and oval patterns. The enlargement micrographs shown in (b) and (c)
found the average pores diameter was in the range of 2 um to 450 um. It indicates that the
developed pores were mostly macropores. It was also observed that there are holes and cave
type opening on the surface of the sample. This might be because of the activation process,
the use of phosphoric acid as activating agent, which helped the pores development thus
indirectly increased the surface area obtained [16]. This is supported by the Nitrogen Gas
Adsorption Single Point Analysis results where the surface area of the TSC obtained was
higher compared to the tamarind seed activated carbon prepared with base activating agent

(KOH) [17].
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Fig.3. FESEM micrographs of prepared activated carbon, TSC at different magnification
(a) 35x%, (b) 500x and (c) 1.5Kx respectively
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2.1.3. Nitrogen Gas Adsorption Single Point Analysis

In this study, the surface characteristic which is the surface area of the prepared sample TSC
activated carbon was obtained. The BET surface area (Sggr) of TSC was carried out by using
Single Point Nitrogen (N;) adsorption analysis using 77 K surface area analyzer and the results
obtained were compared to other studies as in Table 1. The Sggr result obtained was 594.04
m® g which is greater compared to other studies. Previous studies showed that tamarind seed
activated with potassium hydroxide (KOH) and without any activation agent gave a very low
or small surface area, Sggr which were 2.7167 m? g and 0.99 m? g respectively [17-18].
This is maybe because the pores were not properly developed during the preparation process.
However, the use of phosphoric acid (H;PO4) as activating agent in the preparation steps
shows it may help in created more pores in the prepared TSC thus directly increased the

surface area.

Table 1. The comparison of surface area (Sggr) of the activated carbon from tamarind seed

Type of Sample/Activating Agent Sger (m” g'l) References
Tamarind seed / H3;PO4 594.04 This study
Tamarind seed / KOH 2.7167 [19]

Tamarind seed / - 0.99 [20]

2.2. Adsorption Solid-Liquid Analysis

2.2.1. Effect of Initial MB Concentration

The effect of dye concentration was determined by the concentration of the MB in the range
of 30 ppm, 60 ppm, 90 ppm, 120 ppm and 150 ppm. The results of the adsorption capacity of
the MB onto the prepared activated carbon, TSC recorded are shown in Table 2. From the data
in Table 2, it shows that the adsorption capacity, g.wereincreased in the MB concentrations
from 30 ppm to 120 ppm. The adsorption percentage was increased from 77% to 87%.
However, adsorption capacity of MB was decreased at 150 ppm. The concentration of the MB
after the adsorption was in the range of between 22.86 ppm to 102.76 ppm. This situation can
be explained as the higher the concentrations of MB are the more MB ions were adsorbed on
the pores of the surface of the adsorbent, TSC. The data obtained shows at low concentration
up to 120 ppm, 0.04 g TSC may possible to adsorb MB up to 87% because of the much

surface area are available to be filled by MB. In contrast, the adsorption capacity was
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decreased at 150 ppm shows that may be the adsorption sites of TSC were saturated with MB
and the adsorbate cannot fit in the pore size hence reduced the adsorption percentage. Thus,

the highest concentration that can be adsorbed by 0.04g TSC was 120 ppm.
Table 2. Adsorption capacity of MB onto TSC in different concentration by 0.04g of TSC at

temperature 323 K

Concentration (ppm) Adsorption Capacity, q.(x’m)  Adsorption Percentage (%)

30 22.86 77.87
60 45.63 79.55
90 73.14 83.10
120 102.76 87.35
150 98.75 86.15

Furthermore, the adsorption percentage increased from 77 % to 87 % which shows that the
rate of removal of the dye is faster at lower concentration and decreased with increasing
concentration [19]. Again, this may be caused by the adsorption into the pores on the surface
of TSC that was not saturated yet and therefore, the removal percentage of MB by TSC
showed an increased trend.This study showed that the concentration of the adsorbate (MB)
can affect the adsorption process onto the prepared activated carbon, TSC.

2.2.2. Effect of Temperature

The adsorption process was done at the temperature of 303K, 313K, 323K and 333K for two
hours with highest concentration which was 120 ppm. The adsorption capacity of MB onto
TSC for the different temperature is shown in Table 3. Table 3 shows that the adsorption
percentages of MB were 81%, 86%, 87% and 83% for temperature 303K, 313K, 323K and
333K respectively. The adsorption capacity (q.) was increased from 96 mg/g to 102 mg/g
when the temperature was increased from 303K to 323K. The increased temperatures greatly
raise the adsorption capacity of MB. This study indicated that the increasing temperature up to
323 K was suitable for the adsorption of MB onto TSC maybe because the MB particles were
gained maximum energy to move and adsorb on the surface of TSC. Thus, more MB particles
have been removed by TSC activated carbon. However, the adsorption capacity of MB was
decreased at temperature 333K. This might be because the pores of TSC were destructed and
loss the ability to have interaction with MB particles and lead to less adsorption capacity [20].

In addition, the adsorption percentage of MB onto TSC for both adsorption studies were high



N. A. Jamion et al J Fundam Appl Sci. 2017, 9(6S), 102-114 110

which almost reached 90% shows that the prepared activated carbon, TSC has a potential to

be used as an adsorbent in the future.

Table 3. Adsorption capacity of MB onto TSC in different temperature at 120 ppm by

0.04g of TSC
Temperature (K) Adsorption Capacity, q.(x'm)  Adsorption Percentage (%)
303 95.99 81.76
313 98.61 86.76
323 102.77 87.35
333 99.77 83.65

3. EXPERIMENTAL

3.1. Preparation of TSC Activated Carbon

100 g of tamarind seeds was washed thoroughly under running tap water to remove dust and
any undesirable particles. The preparations of the activated carbon were carried out by using
the chemical activation method. The chemical activation was accomplished by using a
two-step method which was pre-treatment and impregnated processes. Phosphoric acid
(HsPO,4) was used as an activating agent [16]. For pre-treatment process, the tamarind seeds
were treated with 30 % of H3PO, for four hours and the samples were dried by using an oven
at 110 °C. Next, the pre-activate tamarind seeds were impregnated with a high concentration
activating agent, 50 mL of 85 % of phosphoric acid, H;PO4 with a ratio of phosphoric acid:
deionized water as 1: 1. The tamarind seeds were soaked with the activating agent for 20
hours and before activating, the samples were made sure to be in a semidried condition. Then,
the samples underwent the activation process at 500 °C for four hours in muffle furnace to
remove the non-carbonaceous components [21]. Lastly, the samples was washed with
deionized water and 1.0 M of sodium hydroxide (NaOH) using vacuum filtration until the pH
of the sample is neutral [22]. Thus, the prepared activated carbon was named as a tamarind

seed carbon (TSC) that was used as adsorbent in this study.
3.2. Characterization of TSC Activated Carbon

The prepared activated carbon TSC was characterized for the physical and chemical properties

by using the Fourier Transformed Infrared Spectroscopy (FTIR) (PerkinElmer Spectrum 100)
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to determine the presence of the functional groups in the TSC within the range of between 4000

1

cm™ to 400 cm™. Surface morphology and porosity of prepared TSC was analyzed by

Scanning Electron Microscopy (FESEM) (JEOL JSM 7500F) and surface area of TSC was
determine by Single Point Nitrogen (N;) adsorption analysis using 77 K surface area analyzer
(Micromeritics ASAP 2010).

3.3. Adsorption Solid-Liquid Analysis

3.3.1. Preparation of Methylene Blue (MB) Dye

Synthetic MB dye from R&M Chemicals was used as adsorbate and all solutions were
prepared with double distilled deionized water 18 MQ purified by Nano Ultra-Pure Water
System (Barnstead, USA). Molecular structure of MB as shown in Fig. 4. 1000 ppm stock
solution of MB was prepared by dissolving 0.5000 g of MB in 500 mL volumetric flask.

(CH, CH,
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N

Fig.4. Molecular structure of MB

3.3.2.Adsorption Studies-Effect of Concentration and Temperature
The optimization conditions were done to determine the equilibrium adsorption studies of MB
into prepared TSC which are concentration and temperature. The effect of concentration was
studied by preparing a series of dilution concentration from the stock solution (1000 ppm). A
series of MB aliquots with 30 ppm, 60 ppm, 90 ppm, 120 ppm and 150 ppm concentration
were prepared in 50 mL volumetric flask respectively. 0.04 g of TSC was added into four
Erlenmeyer flasks and each concentration of MB solution was pipetted into each Erlenmeyer
flask respectively. The Erlenmeyer flasks were wrapped with parafilm and placed in the
electronic water bath shaker. The solutions were shaken at constant a speed of 160 rpm at
303K for two hours. After that, the TSC samples were filtered using filter papers. The filtrates
of MB obtained were analyzed by using T80+ UV/Visible spectrometer at 667.5 nm as the
maximum wavelength. Then, the amounts of MB adsorption capacities q. were calculated
using Equation (1).

_ (Co—-Ce)V

q, 7 (h
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Based on Equation (1), C, and C(mg L) are the liquid phase concentrations of MB at initial
and at equilibrium respectively. W is the weight of the adsorbent (TSC activated carbon) used
in gram (g) and V is the volume of the solution in liter (L). The same procedure was followed
to study the effect of temperature of MB into TSC activated carbon. The temperatures that
were conducted subsequently were 313K, 323K, and 333K respectively. The concentration of
MB that was used was 120 ppm as the optimum concentration. All experiments were

conducted triplicate under identical conditions [14].

4. CONCLUSION

As a conclusion, the removal of dye which is methylene blue (MB) by the adsorption process
from the prepared activated carbon, Tamarindusindica(tamarind seeds activated carbon, TSC)
show better results. The conditions used to prepare activated carbon TSC by using the H3;PO4
as an activating agent using impregnation ratio (1:1) at temperature 500 °C for four hours was
enhanced the surface area (Sggr) obtained. FTIR analysis was provided an evidence that there
are no functional groups present on the TSC surface, which can be assumed that TSC also
might also have the capacity to be used as an adsorbent as CAC. The best conditions for TSC
to adsorb MB effectively were at 50 mL of MB with concentration 120 ppm at temperature,
323 K by using 0.04g of TSC activated carbon. The maximum adsorption capacity for MB
dye solution was 102.77 mg g™
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