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ABSTRACT: Agricultural waste, raw sugarcane bagasse was utilized as a low-cost biosorbent for the removal of Reactive 

Yellow 86 dye from aqueous solution. The effective adsorption parameters such as particles size, initial dye concentration, pH, 

contact time, biosorbent dosage, and effect of agitation were studied to determine the optimum condition for removal of 

Reactive Yellow 86 dye from aqueous solution. The optimum condition for removal of Reactive Yellow 86 was observed at 

initial dye concentration (10.0 mg/L) which was at acidic medium (pH 2.0), 10 minutes of agitation using sugarcane bagasse 

with particle size of (63-125 μm) and 10.0 mg/L dosage. Results showed that the removal percentage using raw sugarcane 

bagasse were 95.1%. 
Keywords: Raw sugarcane baggase, reactive dye, adsorption. 

 

1. INTRODUCTION 
Synthetic dye have been used widely in manufacturing 

process industries such as paints, textile, printing inks, 

pharmaceutical, food, cosmetics, plastics and paper for 

coloration. Reactive dyes are the largest class of dye used in 

textile industry due to their high photolytic stabilities, bright 

shade range and excellent fastness properties [1]. In general, 

they are azo-based chromophores with different reactive 

groups such as vinyl sulfone, chlorotriazine and 

trichloropyrimidine [2, 3]. 

Disposal dye wastewater which contains significant level of 

organic contaminants to the environment without efficient 

treatment has lethal effect on aquatic living and humans by 

imparting intensive color and toxicity of the dyes [4, 5]. The 

treatment of this wastewater is a great concern, since it is 

non-biodegradable, stable to oxidizing agent, water-soluble 

[6]. Furthermore, the dyes are difficult to be treated owing to 

their synthetic nature and complex molecular structure [7]. 

Techniques such as biological, physical, physico-chemical, 

chemical or combination of those approaches have been 

reported in literatures to treat coloured wastewater [8, 9]. 

However, most of these methods have drawbacks and 

limitations such as high operating cost, incomplete dye 

removal leading to coloured effluent, high requirement of 

energy, generation of by-products and sludge that may be 

more toxic than the starting materials [10, 11, 12]. 

Adsorption, however, has been found the most promising 

method to remove the dyes because of simple operation, cost-

effectiveness, high efficiency and insensitivity to toxic 

pollutants and the availability of many adsorbents [13, 14]. 

In recent years, natural and siliceous materials, agricultural 

and industrial wastes have been studied extensively as 

potential alternative low cost adsorbents. A number of low 

cost materials have been reported for the adsorption of 

reactive dye such as coconut shell, fly ash, zeolite, silica 

beads and so on. Sugarcane bagasse can be available in a 

large quantity product produced by sugar manufacturing. The 

global sugarcane agricultural industry generated almost 24 

million tons of bagasse on dry basis [15]. 

However, literature review reveals that so far not much effort 

has been made to study the removal of reactive dyes in 

particular Reactive Yellow 86 (RY86) in aqueous solution by 

using raw sugarcane bagasse. Therefore, the aim of this study 

is to investigate the optimum conditions for removal RY86 in 

aqueous solution using raw low-cost agricultural waste, 

sugarcane bagasse in a laboratory scale. A few effective 

parameters have been studied including particles size, initial 

dye concentration, pH of dye solution, contact time, dosage 

and agitation. 

 

 

 

 

 

 

 

 

 

 

 

2. EXPERIMENTAL DETAILES 
2.1. Solutions and reagents 
The textile dye, Reactive Yellow 86 (RY86; 61951-86-8; 

C18H14Cl2N8Na2O9S2; 667.37 g/mol) was purchased from MP 

Biomedicals and used without further purification. The 

chemical structure of RY86 is given in Figure 1. Sodium 

hydroxide (NaOH) and hydrochloric acid (HCl) (25%, w/w) 

was purchased from Merck and Sigma Aldrich, respectively. 

Distilled water was used to prepare all the solution.  

The working solutions of RY86 were prepared by diluting the 

dye stock solution with distilled water to the desired 

concentrations. Both stock and working solutions were 

freshly prepared each time prior to use. The pH adjustments 

of the solutions were made with aliquots of HCl/NaOH (0.1-

0.01M). The pH of the solutions was measured using a Hanna 

HI 8424 set pH meter. 

2.2. Sugarcane bagasse biosorbent preparation 

Sugarcane bagasse (SCB) was collected from a local market 

in Jeli, Kelantan. It was washed with distilled water to 

remove ash components and sugars. Then it was cut to reduce 

the length and oven dried at 60°C for 24 hours. The dried 

SCB were ground and sieved through siever with aperture 

size of 63 μm, 125 μm, 150 μm, 250 μm, 300 μm, 425 μm 

and 500 μm. The particles size ranges of 63-125 μm, 125-150 

μm, 150-250 μm, 250-300 μm, 300-425 μm, were collected 

and stored in an airtight glass container for further use. 

  

Fig.1: Chemical structure of Reactive Yellow 86 dye 
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2.3. Characterization of bagasse  

The SCB biosorbent was characterized by FTIR using a 

Shimadzu FTIR, model 8300 (Kyoto, Japan) in the range of 

4000–400 cm
-1

. The sample was prepared as KBr pellet under 

high pressure.  

SCB biosorbent before and after adsorption of RY86 were 

also analyzed by JEOL JMT 300 scanning electron 

microscopy (SEM) to study the morphological and surface 

characteristics. 

2.4. Adsorption studies 

Batch adsorption experiments were conducted in 250 mL 

conical flasks containing 100 mL aqueous solution with 

known RY86 concentration (5.0-60.0 mg/L) and the required 

amount of biosorbent (0.5-3.0 g). The pH of RY86 solutions 

was adjusted by HCl/NaOH (0.1-0.01M), ranged from 1.0 to 

10.0. All the experiments were carried out at room 

temperature for 24 hours to ensure that adsorption 

equilibrium was attained. To separate liquid and solid phases, 

the mixtures were filtered. 

The residual concentration of the dye remaining in the 

solution was determined using UV-Visible spectrophotometer 

Spectroquant® Pharo 300 at a maximum absorbance 

wavelength of 417 nm.  

The experiment was carried out by varying the particles size, 

amount of biosorbent (0.5-3.0 g/L), initial concentration of 

RY86 solution (5.0-60.0 mg/L) and pH (1–10) at different 

time intervals. The effect of agitation was also studied. 

The percentages of RY86 removal was calculated using the 

following equation: 

 

 

 

Where C0 is dye initial concentration; and Ct, dye 

concentration at time t. 

 

3. RESULTS AND DISCUSSION   
3.1. Characterization of biosorbent 

FTIR technique was used to examine the surface groups of 

raw SCB biosorbent and to identify the groups responsible 

for the RY86 adsorption. Figure 2 showed the broad bands at 

around 3338 cm
-1

 and 2897 cm
-1

 are assigned to OH groups 

and C-H stretching, respectively [16]. Meanwhile, the peak at 

1731 cm
-1

 is assigned to the carboxylic group of bagasse [17]. 

Carboxylic groups are believed to play a very important role 

for dye adsorption [18]. The peaks at 1604 cm
-1

 and 1514 cm
-

1
 are due to aromatic skeletal vibration of lignin [19, 20]. The 

intense peak at 1033 cm
-1

 is associated with the C-O bond 

stretching of cellulose. 

 

The 

morphology of raw sugarcane bagasse before and after 

adsorption was observed using scanning electron microscopy 

(SEM) technique. Based on SEM image obtained, a number 

of pores can be observed clearly on the surface of raw SCB 

before adsorption (Fig. 3a) and have been occupied by RY86 

after adsorption (Fig. 3b) occurred.  This shows that the raw 

sugarcane bagasses are capable to be utilised as biosorbent. 

 

 

 

 

 

 

 

 

 

 

 

3.2. Effect of particles size 

The effect of particle size of SCB biosorbent on the 

adsorption was studied at 27°C with 40.0 mg/L of dye 

solution (pH5) and 0.5 g/L biosorbent. According to Fig. 4, 

the removal of RY86 using small  particles sizes of SCB 

biosorbent (63-125 μm) was higher than larger particles sizes 

of SCB biosorbent (125-150 μm, 150-250 μm, 250-300 μm, 

300-425 μm, 425-500 μm. This is due to the fact that lower 

particles size would yield higher surface area and therefore 

lead to high dye removal percentage [21, 22]. Therefore, the 

SCB biosorbent with particles sizes in the range of 63 to 125 

μm were selected as optimized parameter and used for further 

experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. Effect of initial dye concentration  

The effect of initial dye concentration on equilibrium was 

observed by mixing 0.5 g/L of SCB biosorbent with 100 mL 

of dye solutions (pH 5) of varying initial concentrations (5.0-

60.0 mg/L) at 27°C. Figure 5 showed that the RY86 dye 

removal increased to 25.3% at 10.0 mg/L of RY86 dye before 

slightly decreased at 20.0 mg/L of dye solution. However, the 

increasing initial dye concentration over 20.0 mg/L had no 

significant effect on RY86 dye removal. 

This is due to the when the concentration of initial dye 

concentration increases, the higher mass transfer driving 

force will occur, resulting to higher adsorption of RY86 dye. 

The initial dye concentration provides an important driving 

force to overcome all mass transfer resistances of the RY86 

(1)  

Fig. 2: FTIR spectrum of raw sugarcane 

bagasse 

(a) (b) 

Fig. 3: SEM migrographs of SCB (a) before and (b) after 

adsorption of RY86 at 1000 magnification. 

Fig. 4: Effect of particles size on RY86 adsorption 
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dye between the aqueous solution of RY86 dye and solid 

phase of the biosorbent [23]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4. Effect of pH solution 

pH is an important factor for biosorption processes, as it 

affects both the chemical properties of dyes and the active 

sites on the biosorbent surface. The effect of pH on dye 

adsorption was investigated at 27°C with 10.0 mg/L dye 

solution and 0.5 g/L biosorbent, pH ranged from 1.0-10.0. 

Figure 6 showed that a considerable difference was observed 

for the effect of pH solution on the dye using the biosorbent. 

The percentage of RY86 removal increased from 72.3% (pH 

1) to 83.9% (pH 2) before decreasing markedly to 35.0% (pH 

4.0), and kept decreasing gradually to 22.5% (pH 10.0). SCB 

is a lignocellulose material which contain mainly carboxyl 

and hydroxyl group, and its surface charge will have some 

dependence on the solution properties [24]. The anionic 

RY86 dye has two sulfonate groups which present negative 

charges even in highly acidic solutions due to their pKa 

values lower than zero [25]. 

Therefore, the increasing dye removal at low pH is because 

of the electrostatic attraction force between the positively 

charged biosorbent and negatively charged RY86 ions 

increased, as the pH increased from 1.0 to 2.0. (i.e. Dye-

SO3Na → Dye-SO3
ˉ
 + Na

+
). When the pH value further 

increased, the number of negatively charged active sites on 

the biosorbent increased as well, which lead to an 

electrostatic repulsion between the biosorbent and anionic 

dyes [26]. Therefore, pH 2.0 was selected as optimised pH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5. Effect of contact time  
Figure 7 shows the effect of contact time towards dye 

removal percentage (%). It showed that RY86 dye was 

removed rapidly within the first 4 hours and slightly 

increased at 8 hours up to 83.1%. After 8 hours, the trend 

became nearly constant.  

A rapid increase at the beginning of adsorption occured 

because of the presence of large number of unoccupied active 

sites for adsorption of RY 86 dye and after the constant trend 

after 8 hours is due to saturation of absorption sites on 

biosorbent. Therefore, there is no significant change in dye 

removal efficiency [5]. As a result, 8 hours selected as a 

optimum contact time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.6. Effect of biosorbent dosage 

The study of biosorbent dosage of SCB for removal of the 

RY86 from aqueous solution was carried out at different 

biosorbent dosages (0.5-3.0 g /L) using a 10.0 mg/L of dye 

solution (pH 2.0). According to Fig. 8, the increasing of 

biosorbent dosage from 0.5 g/L to 1.5 g/L significantly 

increased the RY86 dye removal from 87.2% to 92.9%. 

However, a further increase in biosorbent dosage over 1.5 

g/L, RY86 removal remained almost constant. 

The increased in dye removal is because of more biosorption 

active site available to interact with the dye molecules as the 

biosorbent dosage increased [27]. In contrast, the low dye 

removal was observed when dosage over 1.5 g/L was used 

might due to the saturation of adsorption sites and hence 

cannot further adsorb the dye molecules. Therefore, 

biosorbent dosage 1.5 g/L was selected as optimum dosage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.7. Effect of agitation 

 

The effect of agitation on RY86 dye removal was observed 

by stirring the mixture of 1.5 g/L of SCB biosorbent in 100 

mL of 10.0 mg/L of dye solution (pH 2.0) on a rotary orbital 

shaker at 120 rpm. 

Fig. 5: Effect of initial dye concentration on RY86 

adsorption 

Fig. 6: Effect of solution pH on RY86 adsorption 

Fig. 7: Effect of contact time on RY86 adsorption 

Fig. 8: Effect of biosorbent dosage on RY86 

adsorption adsorption 
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Fig. 9 showed that a rapid initial adsorption (90.5%) was 

observed at 1 minute and increased gradually until reached 

the equilibrium at 10 minute (95.0%). It was cleared that 

increasing time over 10 min had no significant effect on 

RY86 adsorption. This observation can be explained by the 

saturation of absorption sites on biosorbent [5]. According to 

Fig. 7, the equilibrium of RY86 adsorption reached at 8 

hours. However, the equilibrium can be achieved at 10 

minutes when the agitation was applied to the adsorption 

system. In this case, the adsorption efficiency increased due 

to increasing kinetic energy between RY86 molecules and the 

biosorbents particles [28]. 

 

 

 

 

 

 

 

 

 

  

 

4. CONCLUSIONS 
Raw sugarcane bagasse was successfully used as biosorbent 

for removal of RY86 dye. The experiment was carried out by 

varying the particles size, amount of biosorbent (0.5-3.0 g/L), 

initial concentration of RY86 solution (5.0-60.0 mg/L) and 

pH (1–10) at different time intervals. The effect of agitation 

was also studied. The optimum condition for removal of 

Reactive Yellow 86 was observed at initial dye concentration 

(10.0 mg/L) was at acidic medium (pH 2.0), with 10 minutes 

of agitation using sugarcane bagasse with particle size (63-

125 μm) and 10.0 mg/L dosage. Results showed that the 

removal percentage using raw sugarcane bagasse were 

95.1%. 
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