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Abstract. In the effort to find alternatives for low cost adsorbent, activated carbon using 

sugarcane bagasse (SBAC) has been introduced in this study that has undergo chemical treatment 
using phosphoric acid to determine the effectiveness of adsorption process in removing o-

toluidine and benzidine. Throughout this study, 92.9% of o-toluidine has been successfully 

removed by SBAC at optimum value of 1.1 g of dosage with contact time of 10 minutes and 

concentration of 10 mg/L. While benzidine was remove by 83.1% at optimum dosage of 1.1 g 

with 60 minutes of contact time and at 20 mg/L concentrations.  Testing of SEM proves that 

SBAC has high porosity and comparable to CAC. In FTIR results, shows that CAC has high 

number of double bond while SBAC shows no double bond at all. Presence of double bond in 

CAC lead to increase in percentage of removal of adsorbate. After considering other factor such 

as cost, energy and environmental friendly, it shows that SBAC was considerable to replaced 

CAC. 

1.  Introduction 

Textile industry is among the chemical industries involved in water pollution wherein degree of 
pollution is characterized by its high water consumption and chemical usage [1, 2]. Dye and textile 

industries are always related to each other and it has been widely known all around the world. The 

release of textile wastewater inside natural source has been a major concern because it contain large 
amount of high metal, organic compound and toxic substance which will gives bad impact to human 

and environment [3-5]. Usually the discharge of textile wastewater inside the stream will cause 

significant problem such as high level of toxicity and reduce sun-rays penetrations into the stream and 

effects the photosynthesis process [6]. 
Colored wastewater is the direct result of the production of dyes and a consequence of their extensive 

use in the textile industries. The hazardous substances that contains in dyes are o-toluidine (OT) and 

benzidine (BZ). In fact, World Health Organization (WHO) had announce that o-toluidine and benzidine 
are one of the substance which have high amount of genotoxic and carcinogenic that are declared to be 

hazardous to human and environment [7-9]. O-toluidine (OT) are able to be adsorbed by skins and cause 

skin irritation and for long term effect may cause cancer. The exposure on health impacts due to 

benzidine (BZ) effects may cause bladder cancer. Other than that, it also will harm environment as it 
will lead to pollution of water and effect the aquatic life [10]. 

Nowadays, various physical-chemical techniques have been studied to access their applicability for 

the treatment of industrial effluents. Among these processes, may be included coagulation, adsorption, 
precipitation, flocculation and ozonation [11]. The adsorption is considered to be an effective method 
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for the dye removal due to its low maintenance, simple operation and removal effectiveness [12]. 

Activated carbon have shown great potential for dye removal due to its properties such as large surface 

area, microporous structure and high adsorption capacity. As a result, there is an increasing interest in 
the development and application of activated carbon produced from agricultural wastes [13]. 

Therefore, a method of removing benzidine and o-toluidine inside dyes of textile wastewater has 

been introduced throughout this study which is by using activated carbon prepared by sugarcane bagasse 
(SBAC) that has undergo chemical activation using phosphoric acid (H3PO4). Instead of using 

commercial activated carbon (CAC), this study will emphasis on using an agricultural waste to produce 

an activated carbon as it can cut cost and reduces the amount of waste in landfill [14]. Recently, Jiang 

et al has prepared tetraethylenepentamine modified sugarcane bagasse, and found that the adsorption 
capacity of sugarcane bagasse for anionic dye eosin Y increased to 399.04 mg/g at pH 6.0 [15]. In this 

study besides preparing SBAC to removes benzidine and o-toluidine are, by considering different 

factors, such as dosage, contact time and concentration in order to obtain the optimum value needed for 
SBAC to remove hazardous substances were investigated as well. 

2.  Materials and Methods 

2.1.  Sugarcane Bagasse Activated Carbon (SBAC) Preparation 
The sugarcane bagasse was collected locally. The samples were initially washed under running tap water 

to remove contaminants and excess sugar and dried in dry oven at 105°C for 24 hours until constant 

weight achieved and stored in container for processing. Dried bagasse is impregnated with 30% of 

phosphoric acid (H3PO4) for another 24 hours. In impregnation process, raw bagasse is fully immersed 
in acid with the ratio of 30g bagasse to 900ml acid. After impregnation for 24 hours, impregnation 

bagasse is then carbonized at 500°C in furnace for two hours. The production of activated carbon is 

washed with pure water until the pH of activated carbon reached 4.00-4.99. Finally, the activated carbon 
is heated in dry oven at 70°C for 2 hours [16]. The SBAC produced was then sieved to 63µm by sieve 

analysis testing, referring to ASTM C136-06 Standard Test Method for Sieve Analysis of Fine and 

Course Aggregates.  

 
 

Figure 1. Activated carbon from sugarcane bagasse. 

2.2.  Adsorbate Solution Preparation 

The stock solution of 1000 ppm were prepared by dissolving appropriate amounts of 1 gm of powdered 
o-toluidine and benzidine in 1 litre of distilled water. Dilution were made with distilled water to make 

different concentrations range 10-100 ppm. 

2.3.  Characteristics of Sugarcane Bagasse Activated Carbon (SBAC) and Commercial Activated 
Carbon (CAC) 

Sample of SBAC and CAC are taken and undergo proximate analysis testing which comprise of bulk 

density, moisture content and ash content. Proximate analysis is conducted to identify the characteristics 
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of the samples. Morphological view and pore size is measured using Scanning Electron Microscopy 

(SEM). SEM is microscope that works with electrons instead of light. SEM was used to visualize very 

small topographic details on the surface area of activated carbons. A range of pore size from selected 
surface area will be used to observe whether the pore is well-developed or raptured. While, the functional 

groups of the sample will be measured using Fourier Transform Infrared Spectroscopy (FTIR). For 

FTIR, the sample is tested to check the chemical composition contain inside the activated carbon that 
has related with the hazardous substance such as o-toluidine and benzidine. 

2.3.1.  Bulk Density. Bulk density is defined as the mass of a unit volume of the sample in air, including 

both the pore system and the voids among the particles. Generally, an adsorbent with bulk density need 

to be generated frequently because it can hold adsorbate per unit weight. It is expressed as g/cm3. In this 
test, 8.0 g sample of SBAC and CAC are taken and placing in crucible and weight it. Then, placed the 

crucible in dry oven for 3 hours at temperature of 110°C. Let the samples cooling down before weight 

it to measure the mass after heated [17]. 
 

                                            Bulk Density = 
𝑀𝑜−𝑀𝑖

𝑉
 𝑥 100                                                        (1) 

 

Where Mo is the initial mass of the sample (g), Mi is the final mass of the sample (g) and V is the volume 

of the sample (cm3). 

2.3.2.  Moisture Content. 8.0 g of activated carbon sample weight are measured and then taken in a 

crucible. It was then heated in an oven at a temperature of 105°C for 90 minutes. The crucible is left 

open or not covered during heating process. After heating, crucible is removed and cooled in a 
desiccator. After cooling the weight of dried sample are measured [18]. 

         Moisture Content = 
𝑴𝒐−𝑴𝒊

𝑴𝒐
 𝒙 𝟏𝟎𝟎                                                        (2) 

2.3.3.  Ash Content.  

For ash content determination, 3.0 g of SBAC and CAC samples are placed in crucible and weighted. 
Then, the crucible was heated in a furnace under a temperature of 500°C for about 90 minutes inside 

the furnace. After that, the crucible was allowed to cool in a desiccator to room temperature and 

reweighed [19]. The ash content was calculated using the equation. 

                                                   Ash % = 
𝑨𝒔𝒉 𝒘𝒆𝒊𝒈𝒉𝒕

𝑶𝒗𝒆𝒏 𝒅𝒓𝒚 𝒘𝒆𝒊𝒈𝒉𝒕
 𝒙 𝟏𝟎𝟎                                                        (3) 

2.3.4.  Batch Experiment. 
Batch experiment is performed to obtain the optimum condition get from the variable parameter that is 

set to remove o-toluidine and benzidine from aqueous solution through adsorption process. Parameter 

taken in this study; adsorbent dosage (0.1g-1.1g), contact time (10-120 minutes) and adsorbate 
concentrations (10-50 mg/L) was conducted using 50 ml of adsorbate solution measured in 250 ml 

conical flask. The sample were shaken at 135 rpm. At the end of each experiment conducted, the samples 

was filtered and the filtrate solution concentration was analysed using the UV-VIS Spectrometer at 

wavelength of 520 nm for o-toluidine and 497 nm for benzidine. The percentage adsorption of activated 
carbon toward adsorbates was calculated as 

 

                                                   % Removal = 
𝑪𝒊−𝑪𝒆

𝑪𝒊
 𝒙 100                                                        (4) 

 
Where Ci is the initial adsorbate concentration (mg/L), Ce is the equilibrium concentration of adsorbate 

(mg/L). 
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3.  Result and Discussion 

In this section, the textural and adsorption properties of the activated carbon produced were examined. 

Determination of optimal conditions in adsorption process would indicate a better modelling process for 
larger scale treatment. Thus, the result of major parameters that effect the adsorption process were 

discussed. 

3.1.  Characterization of SBAC and CAC 
The proximate analysis results related to the SBAC and CAC are given in table 1. 

 

Table 1. Results for proximate analysis of the adsorbents. 
Parameter SBAC CAC 

Bulk Density (g/cm3) 164 316 

Moisture Content (%) 50.5 28.5 

Ash Content (%) 14.4 47.5 

 
The determination of bulk density depends on the shape, size and density of adsorbent particles and 

is useful in estimating tank or packing volume [14]. The bulk density of SBAC is 164 g/cm3, while 316 

g/cm3 for bulk density of CAC. According to Yakout and El-Deen indicates the increasing of carbon 
particle in activated carbon along with decreasing of bulk density [20]. The SBAC also possessed a low 

concentration of ash (14.4%) indicating a high-quality carbon adsorbent. Low ash content typically leads 

to superior adsorption of organic compounds from aqueous solution due to the hydrophobicity of the 

material [21]. Due to this feature of SBAC, the removal efficiency of dye is strengthened to be high. 
 

 
 

Figure 2. The morphology of SBAC (right) and CAC (left). 

 

The sample of SBAC and CAC obtained from the batch experiment will be taken and tested using 

SEM to observe the pore structure of the activated carbon. Pores present in activated carbon act as the 
active sites, where adsorption take place. Figure 2 shown comparison of the morphology of SBAC and 

CAC. 

During adsorption process, the morphology of CAC showed rough and uneven surface having 
irregular cavities with pores of different sizes. While, the SBAC has the smooth surface with less visible 

pores, indicating an adsorption on both the surface and within pores. The more micropores form in 

activated carbon, the bigger the surface area, hence the performance of activated carbon in adsorbing o-

toluidine and benzidine are more efficient. 
 



5

1234567890 ‘’“”

IConCEES 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 140 (2018) 012029  doi :10.1088/1755-1315/140/1/012029

 
 

 

 

 
 

 
 

Figure 3. Spectrum of FTIR analysis for CAC and SBAC. 
 

To determine which functional groups were responsible for substances uptake, an FTIR analysis of 

SBAC was performed using potassium bromide (KBr). The spectra displays a number of adsorption 

peaks, indicating the complex nature of the natural examined. At first peak, frequency for removal of 
OT and BZ consist of free hydroxide (-OH) at the range of 3612 cm-1 to 3840 cm-1. These peaks that 

present in activated carbon may be caused of reducing of water content [22]. 

Besides that, at frequency of 1637 cm-1 and 1588 cm-1, there is a presence of non-conjugated bond 
(C=C) and conjugated bond (C=N). Both double bond presence in SBAC will speed up the rate of 

removal of OT and BZ. Cecen and Yapsakli [23] in their research also stated that activated carbon which 

consist of double bond or halogen will increase the rate adsorption of the compound. This proven 

thorough the testing that SBAC has a potential in removal of o-toluidine and benzidine. 

3.2.  Effect of Dosage 

The effect of adsorbent dose were conducted by varying dosage between 0.1 g to 1.1 g in fixed adsorbate 

concentration at 100 ppm and contact time of 60 minutes. The result in removal of o-toluidine and 
benzidine is shown in Figure 4. The figures show that increment of adsorption percentage occur along 

with the increase amount of adsorbent dose used. An increase in adsorption is due to the increase of 

surface area in the activated carbon which produce more sorption site to be able to adsorb the o-toluidine 
and benzidine. The results show that SBAC was efficient in adsorbing 83.1% of benzidine and 92.9% 

of o-toluidine at the dosage of 1.1 g. SBAC results is comparable with CAC results of 96% removal for 

benzidine and 99.1% for o-toluidine. 

 

 
 

Figure 4. Effect of dosage of benzidine and o-toluidine on SBAC and CAC. 

3.3.  Effect of Contact Time 

The effect of contact time on removal of adsorbate by SBAC and CAC is illustrated in figure 5. The 

value of optimum contact time was varied in the range of 10-100 minutes with fixed 100 ppm adsorbate 
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concentration and 1.1 g amount of adsorbent dosage. It was observed that a rapid adsorption of benzidine 

happen at the first hour process and optimum time for SBAC prove to be at 60 min with 86.7% removal, 

while CAC keep increase gradually and slowly continue to become constant at 120 min with 83.4% 
removal. As for removal of o-toluidine the graph showed almost 100% removal for both SBAC and 

CAC which the optimum time taken at 10 min of adsorption process. 

 

 
 

Figure 5. Effect of Time of benzidine and o-toluidine on SBAC and CAC. 

 

3.4.  Effect of Adsorbate Concentration 
The adsorption of o-toluidine and benzidine was tested at different concentration (10, 20, 30, 40, 50 

ppm) with a fixed 1.1 g amount of dosage in 1 hour for benzidine and 10 min for o-toluidine. The influent 

of adsorbent concentration was shown as in figure 6. The results show for increment in benzidine 

concentration that the removal percentage increase but after 20 ppm SBAC percentage in removing 
benzidine decrease due to reduce of surface area as the adsorption of benzidine saturated the active sites. 

Different result shown for CAC as the percentage of removal is still increase as the surface area is still 

available to saturated benzidine. For o-toluidine removal, both SBAC and CAC shown that almost 100% 
removal happen shown that the surface area and sorption site available is sufficient in removing o-

toluidine even at 50 ppm of concentration. 

 

 
 

Figure 6. Effect of concentration of benzidine and o-toluidine on SBAC and CAC.
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4.  Conclusion 

In this study, the removal of o-toluidine and benzidine in synthetic dye solution using activated carbon 

produce from sugarcane bagasse has been conducted by considering the effect of dosage, contact time 
and adsorbate concentration. Even though the adsorption percentage of activated carbon from sugarcane 

bagasse (agricultural waste) is less than the percentage removal of conventional activated carbon, 

however, SBAC considerable to use in removing o-toluidine and benzidine. In addition SBAC is an 
environmental friendly material which easily available and low cost to produce as activated carbon. 

Thus, it can be considered an effective adsorbent on the removal of o-toluidine and benzidine to 

substituted commercial activated carbon. It is also possible to be design for large scale of treatment 

process through optimization and modelling for removing industrial waste especially dye that contain 
o-toluidine and benzidine. 
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