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Abstract-- In this study, fly ash (FA) was derived from extracted sugarcane bagasse solid waste (ESBSW) and chemically modified to 

apply as an adsorbent. Impact of activated FA particles (200 and 250 µm) and adsorbent bed height (4, 6 and 8 mm) on pollutant 

removal efficiency was evaluated. ESBSW was combusted in laboratory-scale gasifier operated at 1000 °C for 1 h. The black solid 

residue was sieved to obtain the desired particle size followed by activation with 10% and 15% sulfuric acid. Wastewater samples 

collected from the drainage site of BUITEMS were analyzed and treated with the prepared adsorbent. ESBSW-FA 250 activated with 

15% H2SO4 with 8 mm bed height showed high efficiency. Where, 94.37%, 95.1% and 63.5% removal efficiency of chemical oxygen 

demand (COD), total solids (TS) and turbidity was attained, respectively. The pH of treated water was neutral. ESBSW has shown 

great potential to be used as a precursor for valuable byproducts. It's recycling for adsorbent preparation will economically and 

environmentally benefit the sugar industry. 
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I.  INTRODUCTION 

Water pollution caused due to hazardous substances entails a 

high degree of damage to the ecosystem [1]. High living 

standards, increased population and rapid industrialization are 

equally involved in the reduction and polluting the water 

resources. Direct drainage of domestic and industrial waste 

effluents on the earth surface affects the quality of surface and 

groundwater resources [2]. Moreover, the demand for fresh or 

cleaned water is increasing day by day to perform daily life 

activities. To overcome this challenge, waste effluent streams 

must be treated by suitable technique before their discharging 

and can be recycled for a variety of applications i.e. gardening 

[3].  

  Wastewater can be treated by different techniques such as 

filtration, coagulation, precipitation, adsorption, membrane 

filtration, ion exchange and floatation. However, the selection 

of suitable treatment technique is highly important concerning 

hazard effects of pollutants [1]. Filtration is the simplest 

process of treating the wastewater by passing through the bed 

of sand and gravels. However, the performance efficiency for 

the removal of pollutant is very less [4]. Other techniques such 

as membrane and ion-exchange are very expansive. 

Adsorption is low cost and very effective process. Where 

polluted stream came into contact with the adsorbent. The 

economy and performance of the adsorption process depend 

on the cost of adsorbent material, preparation technique and 

characteristics [5]. However, single Physico-chemical 

treatment technique is not capable of removing the pollutants 

up to 80% of the influent COD, TSS and color simultaneously. 

Combination of filtration and adsorption beds column system 

gave the highest removal of organics (81%) and turbidity 

(94.5%) [4].  

 Gravel and sand of different mesh sizes are generally 

applied as filtration media. In recent years, char has gained 

increased interest as an adsorbent due to its low cost as 

compared to activated carbon [3]. Fly ash produced along char 

is separated and have profound application as a supporting 

agent for concrete materials and as an adsorbent [6]. Char and 

fly ash are produced as a byproduct during the thermal 

conversion of coal, lignocellulosic or algal biomass. Their 

properties may differ owing to the material characteristics, 

pretreatment and thermal process conditions [7]. Generally, fly 

ash is composed of SiO2, which plays a catalytic role to adsorb 

the pollutants [8]. Pollutant uptake capacity of fly ash can be 

enhanced by modifying its surface with acid treatment.  

 Pakistan is an agro-industrial country and 5th largest 

producer of sugarcane in the world [9]. Despite its use as a 

sugar precursor, it is also used for juice extraction 

countrywide. After processing for sugar or juice extracted 

sugarcane bagasse is regarded as solid waste. Obviously, at 

large scale processing, a huge quantity of this solid waste will 
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be generated and needs to be managed. Although, its 

application in the paper manufacturing process has been 

already warranted it could also be processed for recovery of 

other valuable byproducts i.e. biofuel, char and fly ash. In 

recent years, biochar from sugarcane bagasse has been 

prepared and assessed for its potential as an adsorbent [10]. 

However, information on FA use as an adsorbent in a single-

column hybrid system (filtration-adsorption) is still limited. 

Therefore, this work aims to (1) prepare FA of 200 and 250 

µm from ESBSW (2) activate by using 10% and 15% H2SO4 

(3) asses the performance of FA for COD, TS, pH and 

turbidity removal in the hybrid system.   

 
 

Figure 1. Overall processing scheme of study 

II.  MATERIALS AND METHOD 

A. Feedstock and chemicals  

ESBSW was collected from the local market of Quetta city 

and washed thrice to remove the dust particles.  It was then 

sun-dried for three days until constant weight achieved. 

Wastewater was collected from the main drainage site of 

BUITEMS located near the sports complex. Sulfuric acid and 

distilled water were purchased from United Traders, Quetta.   

B. Fly ash production and activation  

Dried ESBSW was combusted in laboratory-scale updraft 

gasifier operated at 1000 °C for 1 h, as shown in Figure 2 

(stage 1). The black solid residue obtained after combustion 

was collected and screened to separate FA. Then, FA was 

sieved to obtain the average particle size of 200 and 250 µm 

and was chemically activated by soaking with 10% and 15% 

concentrated H2SO4 solution. The slurry was oven-dried at 

105 °C for 24 h. Dried samples were calcined in the furnace at 

900 °C for 3 h. Activated samples were taken out from the 

furnace, cooled and stored at ambient condition. The samples 

were named as ESBSW-FA 200 and ESBSW-FA 250.  

C. Characterization and analytical techniques  

Proximate analysis of ESBSW for moisture, ash, volatile 

matters and ash was performed according to as described by 

Amin et al. (2019) [6][11]. COD, TS, turbidity and pH of 

wastewater samples before and after adsorption was 

determined by ASTM D1252, D4906, D1889 and D1293 

method, respectively. Generally, the lignocellulosic materials 

are less in ash as compared to third-generation resources. 

During combustion, the mass loss occurred at low temperature 

is associated with dehydration. However, above 600 °C, the 

minerals present in the biomass tends to decompose resulting 

in ash formation. SiO2 is one of the major component 

generally found in the ash and play a catalytic role for 

pollutant uptake during adsorption.  

 

Figure 2. Overall processing scheme of study 

D. Experimental procedure: Wastewater treatment   

The adsorption bed comprised of gravel (8 mesh no.), 

ESBSW-FA (4, 6 or 8 mm), sand and gravel (12 mesh no.) 

was structured in sedimentation tank as shown in Figure 2. 

Height of gravels and sand bed was constant and maintained at 

5 mm. While, acid-activated ESBSW-FA bed height was 

varied as 4, 6 and 8 mm. Water permeable cloth sheet was 

placed at the bottom surface of the tank (below sand bed). 

Initially, the experiments were performed at the adsorbent bed 

height of 4 mm. Wastewater from storage tank was pumped to 

the adsorption tank at a controlled pressure. The pressure and  
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 flow 

limit 

was 

assesse

d in 

prelimi

nary 

runs. 

Treate

d water 

was 

collect

ed in 

the  

storage 

tank. 

Similar

ly, the 

rest of 

the 

experi

ments 

were 

perfor

med at 

6 and 8 

mm 

adsorb

ent bed 

height. 

Treate

d water 

samples were analyzed and removal efficiency was calculated.    

III.  RESULTS AND DISCUSSION 

A.  ESBSW proximate analysis and FA yield    

The moisture in dried ESBSW was found below 9%. 

Biomass with moisture less than 10% is regarded as a good 

quality product owing to ease in handling [12]. Volatile 

matters, fixed carbon and ash were found 68.3%, 20.2% and 

2.5%, respectively in ESBSW. It has been reported that 

generally, bagasse consists of fibres (48%), water (50%) and 

soluble solids such as sugars (2%) [13]. Bagasse is an 

important lignocellulosic material containing cellulose 42%, 

hemicellulose 28%, lignin 20%, 4.6% of other 

polysaccharides, 3% of saccharide and 2.4% of ash, on a dry 

weight basis [14][15]. Lignucellosuic biomass generally has 

high carbon contents and less ash as compared to other i.e 

extracted algae [16]. Bagasse contains carbon (44.1%), 

hydrogen (5.7%), oxygen (47.7%), nitrogen (0.20%) and 

18.19% fixed carbon [17].  The yield of ESBSW derived FA 

was recorded between 24%-25%.  

The FA with different particle sizes such as 200 and 250 µm 

were then activated and applied as an adsorbent and their 

performance was evaluated as discussed below.  

B.  Performance analysis of ESBSW-FA 200  

COD, TS, pH and turbidity in wastewater were found 800 

mg/L, 1.85 mg/L, 9.67 and 200 NTU, respectively. Impact of 

ESBSW-FA 200 treatment mode (10% and 15% sulfuric acid) 

and its bed height on removal efficiency of the pollutant was 

investigated as shown in Figure 3. 

 

Figure 3 Performance analysis of ESBSW-FA 200 activated 

with 10% and 15% H2SO4 

It could be observed from Figure 3 (a) that COD, TS, pH 

and Turbidity were reduced by 57.5%, 78.37%, 17.06% and 

30%, respectively for 4 mm bed height. Interestingly, the 

removal efficiency enhanced as the ESBSW-FA 200 bed 

height was increased from 4-8 mm. The maximum removal 

efficiency was 85.75%, 89.18% and 38.5% for COD, TS and 

turbidity, respectively attained at 8 mm adsorbent bed height. 

While pH was reduced from alkaline to neutral. Wastewater 

treated by using ESBSW-FA 200 with 15% acid concentration 

(Figure 3b) exhibited a similar pathway for pollutant removal 

with respect to the adsorbent height as for treating with 10%. 

But the removal efficiency was significantly improved. 

Maximum removal efficiency for COD, TS and turbidity was 

90%, 91.8% and 43%, respectively by using adsorbent treated 

with 15% acid. The maximum removal of pollutant at greater 

adsorbent bed height could be associated with longer 

interaction duration between adsorbate and adsorbent. 

Modification of FA with high acid concentration helped to 

improve the surface features of FA and resulted in high 

removal efficiency. It has been reported that modification of 

bone char adsorbent by the suitable method can enhance the 

surface features of material for high-efficiency removal of 

pollutant [18]. 

C.  Performance analysis of ESBSW-FA 250  

Figure 4. presents the impact of ESBSW-FA 250 treatment 

mode (10% and 15% sulfuric acid) and its bed height on the 

removal efficiency of pollutant. 
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Figure 4 Performance analysis of ESBSW-FA 250 activated 

with 10% and 15% H2SO4 

 

It could be observed from Figure 4 (a) that COD, TS, pH 

and Turbidity were reduced by 58.9%, 81.62%, 18.82% and 

33%, respectively for 4 mm bed height. Interestingly, the 

removal efficiency enhanced as the ESBSW-FA 250 bed 

height was increased from 4 to 8 mm. The maximum removal 

efficiency was 88%, 90% and 42.5% for COD, TS and 

turbidity, respectively attained at 8 mm adsorbent bed height. 

While pH of treated water was 7.23. Wastewater treated by 

using ESBSW-FA 250 with 15% acid concentration (Figure 

3b) followed the same fashion for pollutant removal with 

respect to adsorbent height as for treating with 10%. But 

pollutant removal efficiency was much higher than the base 

case. Maximum removal efficiency for COD, TS and turbidity 

was 94.37%, 95% and 63.5%, respectively by using adsorbent 

treated with 15% acid. The high removal efficiency with 

increasing bed height is owing to enhanced contact between 

FA and adsorbate. In addition, rupturing of FA surface by 

using high concentration of acid during activation process lead 

to better surface properties and enhanced removal efficiency. 

Interestingly, the high removal rate with increased particle size 

could be associated to high available surface area as well.  

IV.  CONCLUSION AND RECOMMENDATIONS  

Sugarcane bagasse waste derived activated fly ash was 

employed successfully for the wastewater treatment. 

Adsorbent particle size, bed height and activation method 

greatly influenced the removal efficiency of pollutant. 

ESBSWFA activated with 15% sulfuric acid with 8 mm bed 

height gave maximum removal efficiency for COD, TS, pH 

and turbidity. ESBSW after juice extraction is regarded as 

waste and needs to be handled effectively at large scale 

processing. FA derived from this waste showed great potential 

as an adsorbent. Therefore, the recycling of ESBSW for the 

recovery of valuable products will be economically and 

environmentally beneficial for industries.    
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