THEOBROMA CACAO PEELS ACTIVATED CARBON AS POTENTIAL ADSORBENT FOR TARTRAZINE
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Abstract: Adsorption of tartrazine dyes using activated carbon made from cacao (Theobroma cacao) peels has been investigated. The experiment was conducted in batch system in order to obtain the optimum conditions of dye adsorption. Adsorption capacity of dye was achieved 148,625 mg/g  at pH 2, initial concentration 600 mg/L, contact time 240 minutes, adsorbent mass  0,04 gram with % of adsorption 99,08%. The Freundlich Isotherm model showed physisorption and heterogeneous adsorption process of adsorbates with R2 value was 0,989. The result of Fourier Transform InfraRed (FT-IR) spectra analysis show that activated carbon only have carbon. Scanning Electron Microscopy (SEM) analysis shows that the activated carbon has a porous surface that role in the adsorption process. The optimum condition of adsorption has been aplicated in noodle waste water industry with 1,8026 mg/g adsorption capacity and 82,28% percent of removal.
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     Introduction

Water pollution is one of the very important environmental problems that must be studied to day. With industrial development, water pollution caused by the dye continues to increase. Industries such as:  textiles, paper, plastics, paints and foods containing dyes which can cause water pollution. Water pollution not only cause disease in humans, but also damage other individual species, population and natural biological communities.

Synthetic dye has a complex structure of aromatic molecules, where it makes the dye more stable and hard to be degraded, so that the dye should not be released into water bodies directly [1]. But in use, the synthesis of dyes is currently preferred because it is more economical. 

Tartrazine is one type of synthetic dye. Tartrazine is usually used in cosmetics, textile and food industry [2]. Tartrazine is harmful to humans and animals. When released into water bodies, tartrazine can damage aquatic systems. Tartrazine is also toxic to humans, which can cause hyperactivity, asthma, migraines and even cancer [3, 4, 5, 6, 7, 8].

Various methods of sewage treatment has been developed, including physical chemistry methods such as adsorption, coagulation electrochemical and photocatalystic. Adsorption is a method that attracts attention because of the treatment is simple, inexpensive and cost effective. Tartrazine absorption has been done using Annona muricata L. seeds with the 23.63 mg/g absorption capacity [9]. Adsorptions with activated carbon have been shown have a very effective absorption capacity [10]. Considering the price of commercial activated carbon which is expensive and difficult to be regenerated, it is necessary to develop other alternatives for making activated carbon by utilizing unused waste. Cacao (Theobroma cacao) is a crop that produces waste with large amounts. Currently, the use of cacao peels is still very limited. Until now the use of cacao peels waste is as livestock feed and corrosion inhibitor [11].
Experimental

Preparation of Activated Carbon

Cacao peels washed with water, dried and pulverized become powder. Cacao peels powder mixed with HNO3 50% with 1: 4 ratio. The mixture carbonized for 1 hour at 500 °C and washed with water until get a neutral pH and added 3% of KOH, and then heated under reflux conditions for 1 hour then filtered. Activated carbon is sifted to produce particle size ≤ 160µm. Activated carbon obtained was characterized by SEM and FT-IR [12].
Preparation of Tartrazine Standard Solution
Tartrazine solution 1000 mg/L was prepared by diluting 0.1 gram of dye tartrazine in a 100 mL volumetric flask with distilled water until mark boundaries. Then, made varying concentrations of dye tartrazine, with graded dilution to manufacture calibration curve standard solution, so obtained 0, 5, 10, 15, 20, 25 mg/L of varying concentrations.
Study of adsorption to determine the optimal conditions
On 6 pieces 50 ml beaker glass, 0.1 gram of adsorbent was added with 10 mL of dye tartrazine with a concentration of 20 mg/L. Solution is made by variation of pH 1, 2, 3, 4, 5, and 6. The solution of NaOH 0.01M and HNO3 0.01M is used to adjust the pH. The solution was stirred with a speed of 100 min-1 for 30 minutes. The solution was filtered; the filtrate is taken to be analyzed using UV-Vis spectrophotometer. Furthermore, for study the effect of contact time (30-300 minutes), the mass of adsorbent (0.005 to 1.2) grams, the initial concentration of dye (100-700 mg/L), studied with the same way that studied the effect of pH.

Results and Discussion
Effect of pH on the Tartrazine Absorption
[image: image1.emf]0


0.02


0.04


0.06


0.08


0.1


0.12


0.14


0


50


100


150


200


250


300


350


Massa Adsorben (g)


q (mg/g)




0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

0

50

100

150

200

250

300

350

Massa Adsorben (g)

q (mg/g)

Effect of pH is very important in the adsorption process because the pH can affect the surface charge of the active site adsorbent and adsorbate ionization degree.
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Figure 1. pH Effect of the dye tartrazine absorption; 20 mg/L of concentration; 0.1 gram of    adsorbent mass; 30 minutes of contact time; 100 min-1 of stirring speed.
Some studies indicate that the optimum pH tartrazine absorption is in the range of pH 2-3, as was done by Gautam, et al who observed tartrazine adsorption process using activated carbon from Lantanacamara obtained pH optimum at 2 of pH [10]. Fauzia and Syiffa also observed tartrazine adsorption process using soursoup seed with pH optimum at 2 of pH [9].
Effect of Initial concentration on the Absorption of Tartrazine
Effect of concentration was tested at 2 of pH with 100 min-1of stirring speed and the contact time for 30 minutes. 
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Figure 2. Effect of concentration on the absorption of the dye tartrazine; pH = 2; 0.02 g of 
               adsorbent mass; contact time for 30 minutes; 100 min-1 of stirring speed.
Figure 2 shows the effect of the concentration of tartrazine on capacity of adsorption. The influence of the concentration of tartrazine on the adsorption process was studied in various concentrations (100, 200, 300, 400, 500, 600, 620, 660, 680, and 700) mg/L. The absorption capacity (qe) increases with the concentration of tartrazine and achieve maximum absorption at a concentration of 600 mg/L with the absorption capacity of 169.7368 mg/g. In principle, the initial concentration of dye provides the driving force necessary to overcome resistance to tartrazine mass transfer between the aqueous phase and solid phase activated carbon [10]. Increased initial concentration of dye tartrazine also improves the interaction between molecules of the dye tartrazine and activated carbon. Therefore, with the increase of initial concentration of tartrazine also increase the capacity of absorption on activated carbon.
After concentration of 600 mg/L does not happen increase in the adsorption capacity of activated carbon, it is due to the availability of an empty surface of the adsorbent has been filled by the adsorbate. 
Effect of contact time on the absorption of tartrazine

Observation contact time of the absorption capacity of the dye tartrazine conducted to determine the optimum time required activated carbon in order to absorb tartrazine well. 



Figure 3. Effect of contact time on the absorption of the dye tartrazine 600 mg / L; pH = 2; 
                mass of 0.02 gram of activated carbon
Adsorption capacity increases with increase of contact time and increase stopped at 240 minutes. The optimum absorption capacity occurs at the optimum contact time of 240 minutes is 243.09 mg/g, as shown in the Figure 3.
Increased absorption capacity when contact time of 30 minutes to 240 minutes indicate active site of the adsorbent is still empty, until at a certain time the vacancy is filled by adsorbat until equilibrium is reached. So that the contact time of 240 minutes active side is not able to accommodate molecules of tartrazine more.
Effect of adsorbent mass on the absorption of tartrazine
Adsorbent mass plays an important role in the absorption process because the adsorbent provide active side to accommodate tartrazine which adsorbed molecules through pores and active site. 
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Figure 4. Effect of the adsorbent mass (a) The absorption capacity (b) 600 mg/L of percent removal of tartrazine; pH = 2; contact time for 240 minutes
Based on Figure 4 (b) increase the mass of adsorbent led to increase percent removal of tartrazine. This can be explained that the increase in mass of adsorbent, the more active sites available. Thus an increase in surface area for the adsorption process so that the percent removal of tartrazine increases. While in Figure 4 (a) the absorption capacity tartrazine is inversely proportional to the mass of adsorbent used. The optimum adsorbent mass to absorb molecules of tartrazine is 0.005 gram with the absorption capacity of 330.26 mg/g.
Increased adsorbent mass may decrease the absorption capacity of tartrazine. This occurs because the active sites on the adsorbent are in large numbers, while the number of dye molecules remained the same. In the adsorbent mass is low, the amount of Tartrazine molecules adsorbed per unit weight of adsorbent is high. In addition, the increase in mass of adsorbent cause collisions between the particles of adsorbent are common and cause aggregation of particulates, so that the total surface area is decreased [9].
Isotherms Adsorption
Isotherms adsorption is the relationship between the amounts of adsorbate adsorbed by the adsorbent in equilibrium at a constant temperature. Data equilibrium tartrazine dye adsorption by activated carbon was analyzed using two isotherm models,Langmuir and Freundlich. Figure 5 (a). and 5 (b). Langmuir isotherm showing a linear equation and Freundlich isotherm dye tartrazine.
Figure 5 shows that in this study, the coefficient of determination (R2) Freundlich models more suited to tartrazine of the Langmuir models. This means that the adsorbent having a heterogeneous surface adsorption and adsorption occur in physics. Mohammed A. Kassem et al showed that Freundlich models better than the Langmuir for tartrazine absorption with activated carbon.
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Figure 5. The linear equations of tartrazine by (a). The Langmuir isotherm, and (b). The  

                 Freundlich isotherm 
Frontier Transform InfraRed Analysis
FT-IR spectra of activated carbon before and after adsorption are shown in Figure 6. FTIR analysis aims to determine whether the activated carbon that formed and to analyze the active group contained in the activated carbon.
The FT-IR spectra before and after the activated carbon adsorption show that the activated carbon is formed only contains carbon, characterized by the absence of a sharp peak to another functional group. This indicates that cacao peels perfectly formed carbon.
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Figure 6. FT-IR spectra of activated carbon before absorption (bottom) and after absorption 
                (above) [12].
Analysis of Scanning Electron Microscopy
Based on Figure 7, it can be seen that the activated carbon before adsorption has a rough and porous surface, and after adsorption pores have been filled. This shows that the activated carbon pores role in dye adsorption process. 



Figure 7. SEM image of activated carbon with magnification 1000x, (a). Before adsorption, (b). After adsorption (2000x magnification), and (c). Commercial activated carbon [13]
Comparison of absorption commercial activated carbon with activated carbon from cacao peels 
Tartrazine optimum absorption conditions using activated carbon has been applied to the sample water immersion yellow noodles from the noodle factory Parak Karakah, Padang. Table 1. shows results data Tartrazine adsorption with concentration in the sample of 8.7631 mg/L.
Table 1. Data adsorption of Tartrazine in noodles soaking water using activated carbon
	No
	Initial (mg/L)
	Final (mg/L)
	Capacity (mg/g)
	Percent Absorption (%)
	Activated Carbon

	1
	8,7631
	1,5526
	1,8026
	82,28
	Cacao peels

	2
	8,7631
	1,7236
	1,7598
	80,33
	Commercial


Based on Table 1 in a sample tartrazine adsorption using activated carbon waste from cacao peels waste and commercial activated carbon has reduced the concentration of Tartrazine in water immersion at 82.28% and 80.33%. 
Absorption activated carbon commercially to dye tartrazine also tested at optimum conditions, with a pH of 2, concentration of 600 mg/L, contact time of 240 minutes, the mass of adsorbent 0,04 gram. Obtained a commercial activated carbon adsorption capacity of 118.0921 mg/g. At the same condition activated carbon adsorption capacity synthesized is 148.625 mg/g.
Table 1 and 2 shows that the absorption capacity of the cacao peels active carbon is higher than the commonly used commercial activated carbon. This shows that the ability to absorb activated carbon of cacao peels is better than commercial activated carbon.
Table 2. Comparison of absorption tartrazine, at the optimum condition
	No
	Initial (mg/L)
	Final (mg/L)
	Capacity (mg/g)
	Percent Absorption (%)
	Activated Carbon

	1
	600
	5,5
	148,625 
	99,08 
	Cacao peels

	2
	600
	127,63
	118,092
	78,72 
	Commercial


Conclusion
From the research that has been done can be concluded that: activated carbon from cacao (Theobroma cacao) peels can be used to absorb the dye tartrazine in optimum condition absorption at 2 of pH, 600 mg/L concentration, contact time for 240 minutes, 0.04 gram of adsorbent mass,148.625 mg/g of the absorption capacity.
Freundlich isotherm models are suitable isotherm models describe tartrazine adsorption process using activated carbon that occurs in physics and heterogeneous adsorbent surface. The FT-IR spectra before and after the activated carbon adsorption prove that the active carbon formed. SEM analysis showed that activated carbon has a porous surface that plays a role in the adsorption process.
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