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Abstract. Oil pollution is considered as one of the major problem to the sea and also public 

watercourse. Oil pollution give bad effects to many aspects like to marine life, water treatment 

system and overall aquatic ecosystem. Thus, this study is focusing on the oil pollution treatment by 

using adsorption process. For that purpose, this study investigated the potential of textile sludge 

(TS) which considered as abundant sludge as a source of biochars. Biochars (BC) from textile 

sludge was prepared by carbonization at different temperatures; 105 ˚C, 200 ˚C, 400 ˚C, and 700 ˚C. 

The synthesized biochars; BC105, BC200, BC400, BC700 was characterized using FTIR 

spectroscopy and BET surface area. The results obtained from characterization showed that BC700 

showed the highest BET surface area, 161.9945m
2
/g while, the highest percentage yield of biochar 

was obtained at temperature 105 ˚C with 98.20%. From FTIR results, BC700 showed less peaks 

which indicated less presence of functional groups compared to BC105, BC200 and BC400 due to 

decomposition of raw textile sludge wastes at high elevated temperature. The characterization 

results also showed that BCs produced from textile sludge wastes have potential for oil pollution 

treatment.  
 

Introduction 

Oil contamination is one of the major problems either to the sea or any public watercourse for the 

last three decades. This study is focused on huge amount of oily waste produced by restaurant and 

oil based product manufacturing industries. The direct discharge of oily waste water from these 

restaurants and shops down the drain is a huge extra burden to the municipal wastewater 

collection and treatment works. [1]. Therefore, many physical, chemical and biological techniques 

has been proposed and physical technique is considered as the effective treatment process for oil 

treatment. Adsorption is a physical technique that applies an adsorbent for oil removal [2]. The 

usage of activated carbon is steadily increasing for pollution control application, however, the 

usage of the activated carbon is limited due to high cost associated with its production from 

expensive materials like coal and timber [3]. As alternative to coal and timber, biochar is 

considered as pyrolytic product of organic waste by carbonization with absence of oxygen and 

have potentiol for decontamination process [4]. Recently, many investigations have been done in 

biochars production [5,6]. However, no study on biochars production from textile sludge 

precursors has been reported so far. Textile sludge is one of the contributors of landfills 

abundancy. The pyrolitic conversion of textile sludge to biochars is a promising method to 

manage this waste and give advantage to environmental benefits. For that reason, the focus of this 

study was to synthesis biochars from textile sludge which has good potential to be used as adsorbent 

to treat oil pollution.  

 

 



 

 

Materials and Method. Textile sludge wastes were collected from local textile industry, Anfi 

Industries Sdn. Bhd., Batu Pahat, (Johor, Malaysia). 

 

Biochars Preparation. Textile sludge was dried in an oven at 105 ˚C for three days. Then, the 

waste were crushed and sieved to a uniform size of 0.45-0.5mm. About 6.7g of textile waste were 

carbonized in the rotary furnace with constant nitrogen flow 0.2L per minute and hold for 1 hour. 

The heating rate of the furnace was 5˚C per min. Carbonization was done at 105˚C for first sample 

at initial stage as pre-treatment and was denoted as BC105. Then, carbonization of other sample was 

done at 200˚C which is considered torrefaction, where the waste is completely dried and undergoes 

limited devolatilization and carbonization [7]. The biochars produced at temperature 200 ˚C was 

denoted as BC200. The textile wastes also were subjected to furnace at temperatures 400˚C and 700 

˚C and were denoted as BC400 and BC700 respectively. The yields of biochar were determined as 

the ratio of the produced biochar weight to the dry weight of textile sludge subjected to 

carbonization as shown in Eq. (1): 

Biochar yield (%) = (W2/W1) x 100                                                      (1) 

Where W1 is the dry weight of textile sludge sample prior to pyrolysis and W2 is the biochar weight.  

 

Biochars Characterization. Prior to analysis, the sample were dried overnight at 105˚C and then 

stored in desiccator. The biochars were stored in desiccator until been used for characterization and 

adsorption experiment. The biochars samples were characterized through Fourier-transform infrared 

spectroscopy (FTIR). The infrared spectra were obtained in the range 400cm
-1

- 4000cm
-1

. The 

surface area of the biochars was measured using surface analyzer (Micromeritics Gemini 2360, 

USA) by BET method.  

 

Results and Discussion 

 Biochars Yields. Table 1 shows the yield of biochars produced at different carbonization 

temperatures. 

 

Table 1. Mean values of biochars yield at different carbonization temperatures. 

Carbonization temperature [˚C] Biochars yield [%] 

105 98.20 

200 92.96 

400 62.68 

700 45.49 

 

As can be seen the increases in carbonization temperature resulted in significant decreases in 

biochars yield. For example, the yield of BC105 and BC200, the yields decreased from 98.20% to 

92.96%. The percentage yield of BC400 also has been decreased to 62.68%. BC700 showed the 

lowest yield of biochars; 45.49%. The reduction of biochars yield is possibly due to decomposition 

of the initial feedstock of the solid residue. A study by Agrafioti et al. [8] reported that the biochar 

yield decreases from 62.5% to 27.3% when increasing carbonization temperature from 300˚C to 

500 ˚C.  

 

 Biochars Surface Area. Table 2 presents the results of BET surface area for all biochars 

produced. The results presented in Table 2 indicate that for all samples examined, the increase of 

carbonization temperature resulted in an increase of biochar surface area. 

 

 

 



 

 

Table 2. Mean values of biochars BET surface area at different carbonization temperatures. 

Pyrolysis temperature [˚C] BET surface area [m
2
/g] 

105 130.1862 

200 143.9118 

400 148.7824 

700 161.9945 

For example, the surface area of BC increases from about 130 m
2
/g to144 m

2
/g when 

carbonization temperature increases from 105˚C to 200 ˚C. Meanwhile, increasing carbonization 

temperature from 200 ˚C to 400 ˚C seems only increased slightly the bet surface area of the 

sample, about 3% increment. The BET surface area of BC700 was the highest at 162m
2
/g. The 

increases of surface area of biochars with the temperature are due to the losing of volatile 

substances and the formation of channel structures during carbonization [4]. 

 

 FT-IR Spectra of Biochars. The FT-IR spectra of BC105, BC200, BC400 and BC700 are 

shown in Fig. 1. Peak assignments were based on previous studies of Lu et al. [9] and Zhang et al. 

[10]. A well-resolved band at 3434.50 cm
-1

 is assigned to OH-stretching vibrations of structural 

and free hydroxyls in organic silicon or phenolic compounds on the surface of biochar [10]. The 

intensity of the peak at 3434 cm
−1

 decreased rapidly from raw sludge to biochar samples, 

suggesting that large amounts of hydroxyl groups were decomposed during textile waste 

carbonization at elevated temperatures. While, spectra for BC700 showed that the bands for 

aliphatic CH2 (602.85, 1411.38,2849.85 and 2919.83 cm
−1

) disappeared abruptly when heating to 

higher temperatures, indicating organic fatty hydrocarbons was decomposed into methane, carbon 

dioxide and other gases or aromatic structures [6]. The band at 1035 cm
_1

 of aliphatic C–O–C was 

representing oxygenated functional group of raw textile sludge. The assignment of 1655 cm
−1

 

refers to amide bond stretching, when the temperature increased, its characteristic peak was offset 

from 1655 cm
−1

 to 1648 cm−1 (200 ◦C), 1614 cm
−1

 (400 ◦C) and 1600 cm
−1

 (700 ◦C), which may 

suggest that amide functional groups complexed with heavy metals during pyrolysis [9]. 

 

Fig. 1. FT-IR spectras of BC105, BC200, BC400 and BC700. 

 

 



 

 

Conclusions 

A study of synthesis and characterization of biochars from textile sludge was successfully carried out. 

Overall, it can be concluded that: 

 Carbonization parameters give significant effect on the yield of biochars from textile sludge 

precursors. 

 The highest biochars yield of 98.20 % was achieved when carbonization at temperature 105◦C.  

 The highest BET surface area, 161.9945m
2
/g was obtained at temperature 700◦C showed that 

BC700 adsorbent has important key factor for high adsorption uptake of adsorbate. 

 The presence of functional groups of C=O, CH2 and OH from the results of FTIR showed that 

textile sludge has potential to treat oil contamination as they are important functional groups for 

oil adsorption. 
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