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Abstract: Carbonaceous candle soot (CS) was prepared from combustion of candle wax in the laboratory. Thus prepared 

material has been characterized by energy dispersive X-ray analysis (EDX), X-ray diffraction (XRD), fourier transform 

infrared spectroscopy (FTIR), scanning electron microscopy (SEM). Surface area, methylene blue number (MBN), and 

iodine number (IN) were also investigated. EDX clearly showed high carbon content. XRD exhibited well defined 

graphitic domain structure. Oxygen functionality has been observed on the surface by FTIR. The specific surface area of 

CS, was found to be 242.46 m2/g. Thus prepared CS was used for the removal of dye from aqueous solution by batch 

adsorption studies. Methylene Blue (MB) was used as a model dye. The adsorption parameters such as contact time, 

initial concentration of MB and adsorbent dosage, and pH were also examined. The optimum pH was found to be 10 

while optimum time and adsorbent dose was found to be 2 hrs and 0.25 g/L respectively. After optimizing parameters, 

CS as an adsorbent have been used to remove MB where a significant 97% MB adsorption was observed. To evaluate 

adsorption behaviors of CS, different adsorption isotherm models have been tested. Langmuir isotherm and Temkin 

isotherm model revealed the chemisorption type of adsorption perceived in CS. The maximum monolayer coverage (Qm) 

was found to be 17.95 mg/L with the dimensionless separation factor RL ˂ 1 indicating a favorable sorption condition. 

Therefore, it might be an impressive alternative for the treatment of colored wastewater discharged from many industrial 

outlets including textile. 
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Introduction 

Carbon is a versatile material having different forms. 

Diamond, activated carbon, and graphite are well-known 

allotropic forms that have demonstrated its significance in 

a variety of disciplines. Furthermore, carbon nanotubes, 

nano crystals, nano spheres, fullerene, and graphene 

nanosheets have proved their utility in nano electronics, 

sensors, micro-electrical devices, drug delivery and 

adsorption of pollutants [1]. Each have its own exclusive 

properties and benefits, nevertheless, all these materials 

are synthesized using complicated processes of installation 

and are costly. In these days, environment friendly and 

cost-effective precursor materials such as coconut, peanut 

 

 

 

 

hull, rice husk, orange peel, fly ash, bamboo waste, and 

biomass have been investigated [2] to obtain low cost 

activated carbon which is then used as an adsorbent [3, 4] to 

remove dye pollutants from water.  

Recently, soot, a form of nano carbon, has demonstrated 

good adsorption competency. These soot particles are 

generated from lampblack and candle wax flames as well. 

Candles have been used as a source of light since 

prehistoric eras and in various indoor environments [5]. 

Candles are generally is made up of paraffin having 

crystalline mixtures of hydrocarbons comprising of linear 

n-alkane and branched iso- and cyclo-alkanes with carbon 
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 chain lengths ranging from C16 – C30 [6,7,8] and are 

obtained from crude petroleum oil [9,10, 11,12]. Michael 

Faraday in 1860 [4, 6] described the mechanism of the 

combustion taking place in a candle flame as a diffusion 

flame with wax serving as fuel and the wick as transport 

mode of the fuel by capillary forces. Literatures [13, 14] 

revealed that the pyrolysis of paraffin and other waxes 

results in smaller hydrocarbons that resemble acetylene, 

followed by the creation of aromatic hydrocarbons, which 

is the method through which soot is formed. Polyaromatic 

hydrocarbons (PAHs) are made up of small individual 

aromatic molecules and alkyl groups. The candle soot's 

nuclei are created by the binding of many of these PAHs. 

Following surface reactions, the nuclei subsequently 

coagulate, leading to the development of soot particles and 

agglomeration. In accordance with the Figure 1, there are 

four main processes in the soot creation process: (i) 

homogenous nucleation from a semi-solid droplet of 

carbon particles, (ii) nuclei particle coagulation, (iii) 

surface reactions such as growth and oxidation, and (iv) 

particle agglomeration [13-14]. 

 

Figure 1: Four major steps of soot formation [15]. 

Several researchers have provided information on soot 

characteristics, soot volume fraction and soot morphology 
[15, 16, 17]. In this study, candle soot has been prepared, 

characterized and utilized to remove cationic dye from 

water. Here, methylene blue (MB) was used as model dye 

pollutant to study the adsorption behaviors of candle soot 

as MB is one of the most heavily consumed colorant in the 

dye business [18]  and is frequently used to color silk, wool, 

cotton, and paper.  

Materials and Methods 

Candle wax used in this study was purchased from local 

market of Kathmandu, Nepal and used without further 

purification. Phosphoric acid, iodine, sodium thiosulphate, 

methylene blue and sodium hydroxide pellets were 

obtained from Merck life Science Pvt. Ltd., India. 

All the solution has been prepared in distilled water. 

Preparation of Candle soot (CS) 

Candle wax was placed in a simple laboratory fume 

cupboard. The candle was lighted with a match and 

allowed to burn. A flat ceramic tile plate was placed above 

the flame of the candle to collect soot emitted from the 

candle flame. Initially, the height of plate and burnt candle 

is two inch. After some time, size of candle  became small 

so height had been adjusted accordingly. When the amount 

of soot approximately equal to 10 g was collected, the 

experiment was terminated. Thus obtained soot was then 

stored in a glass container.     

Characterization of Candle soot (CS) 

The phase state of prepared candle soot was investigated 

using X-ray Diffractometer (D2 phaser , Bruker, 

Germany) set at an accelerating voltage of 40KV and 

current 40mA with Cu-Kα radiation (λ=1.54184 A°) in the 

diffraction angles ranging from 10 to 50 degrees. Fourier 

Transmission Infrared Spectroscopy (Schimatdzu, Model  

No IR Tracer-100 Japan) was used to study for the 

occurrence of a surface functional groups. The FTIR 

spectra of candle soot was recorded at 4000-400 cm-1 

wave number. The surface morphology of as prepared 

candle soot was studied with scanning electron 

microscopy (SEM) (Hitachi S-4800) at an accelerating 

voltage of 10 KV. The elemental composition and 

chemical makeup of prepared candle soot was examined 

by the energy dispersive x-ray analysis (EDX) in 

conjugation with SEM (Gemini SEM 500, Zeiss).  

Determination of meso porosity by Methylene Blue 

Number (MBN) Method 

For the determination of the methylene blue number, 10 

mg of the prepared candle soot (CS) was introduced into a 

250 mg/L methylene blue solution. The suspension was 

vigorously mixed to achieve uniform dispersion and then 

placed on a shaker at 200 rpm for 180 minutes at room 

temperature to facilitate adsorption. Following this, the 

mixture was filtered, and the residual concentration of 

methylene blue was measured using a UV-Vis 
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spectrophotometer at 664 nm. The MBN was calculated 

using equation 1: 

MBN =  
େ౥ି େ౛

୑
 ×  V … … … … … … . (1) 

Where, 

C0 = Initial concentration (mg/L) 

Ce = Equilibrium concentration (mg/L) 

M = Weight taken (g) 

V = Volume of solution (L) 

Determination of micro porosity by Iodine Number 
(IN) Method 

In a conical flask, 0.1 g of candle soot (CS) was placed, 

followed by the addition of 5 mL of 5% HCl, which was 

then heated to boiling and allowed to cool. Subsequently, 

10 mL of 0.1 N iodine solution was introduced into the 

flask, and the mixture was vigorously shaken in a 

mechanical shaker for 15 minutes. Afterward, it was 

filtered and the filtrate was titrated with standard 

thiosulphate solution using starch as an indicator. This 

process was repeated three times consecutively. The 

quantity of thiosulphate consumed was measured, and the 

iodine number was then calculated using the equation 2 

 

IN =  
Amount of iodine adsorbed by carbon

Mass of Activated carbon
… (2) 

 

Determination of specific surface area [19] 

For the determination of surface area of as prepared candle 
soot (CS), the methylene blue number (MBN) and iodine 
number (IN) were taken into consideration using equation 
(3) 

𝐒(𝐦𝟐𝐠ష𝟏) = 2.28 × 10ଶ − 1.01 × 10ିଵMBN +  3 × 10ିଵIN + 1.05

×  10ିସMBNଶ +  2 ×  10ିସINଶ + 9.38 
× 10ିସ MBN IN … … … … … … (3) 

 

Batch Adsorption Studies 

The adsorptive removal of MB from an aqueous solution 

using candle soot (CS) was carried out using batch 

adsorption method. MB solution in the concentration 

range (20-100 mg/L) were prepared from MB in distilled 

water. The required amount of CS was added into an 

Erlenmeyer flask containing MB solution. The flask was 

shaken in a mechanical shaker for 2 hrs. The concentration 

of residual MB after equilibrium was determined using a 

UV-Vis spectrophotometer. The percentage removal and 

the amount of MB adsorbed were calculated using 

following relations (4 and 5) [20].  

q𝑒 = (𝐶𝑜−𝐶𝑒) X 𝑉 / 𝑚 ……………………………(4) 

% 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 = (𝐶0−𝐶𝑒) /𝐶0 X 100% ……………. (5) 

Results and Discussion 

Characterization of Adsorbent 

Energy Dispersive X-Ray Analysis (EDX) 

To explore the elemental composition EDX of candle soot 

(CS) was carried out. Figure 2 is a typical energy 

dispersive x-ray spectrum of CS. The spectrum shows that 

CS contains more than 95% carbon and trace quantity of 

oxygen and silicon and are distributed homogeneously. In 

mapping image, three different colors were applied to 

simply describe the mapping image of carbon, oxygen and 

silicon. The presence of carbon was shown in red color 

whereas the other two elements like oxygen and silicon 

were represented by green and yellow color respectively. 

 

Figure 2: EDX pattern and elemental mapping image of candle soot: 

Carbon is represented by red colour, Oxygen is represented by green 

colour and Silicon is represented by yellow colour. 

From the Table 1, one can clearly see the highest atomic 

value of carbon i.e. 97.20% while oxygen and silicon were 

found to be 2.78% and 0.02% respectively, indicating that 

as prepared adsorbent was found to be pure and has high 

content of carbon. 

X-Ray Diffraction Analysis 

To study the phase state, XRD has been recorded. Figure 3 

displays the XRD pattern of as prepared candle soot (CS). 

The two prominent diffraction peaks at 24.6 2θº and 43 
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Table 1: Elemental distribution. 

Elements 
Atomic 

percentage 

Carbon 97.20 

Oxygen 2.78 

Silicon 0.02 

2θº were observed in XRD pattern which corresponds to 

the (002) and (100) planes respectively. According to 

JCPDS card (No-41-1487), the XRD pattern is an 

indication of a characteristic hexagonal graphitic lattice 

structure. The intense peak at 24.6 2θº matches to graphite 

 

Figure 3: XRD pattern of candle soot. 

(002), indicated the presence graphitic materials [15]. The 

peak at 43 2θ° caused by interlayer and intralayer 

scattering of graphene stacks indicated the presence of 

graphitic domain structure [15]. 

Fourier Transfer Infrared Spectroscopy Analysis  

Figure 4 displays the FTIR spectra of prepared candle soot 

(CS). In spectra, there is a large band at 3330 cm-1 that is 

attributed to the -OH stretching vibration caused by the 

intermolecular hydrogen bonding of polymeric substances 

such as alcohols, phenols, and carboxylic acid. Similarly, 

the modest peak at roughly 2918 cm-1 in FTIR spectra  

       

Figure 4: FTIR spectrum of candle soot. 

demonstrates the symmetric vibration of CH3 gathered 

from the inner flame. The soot from the inner flame zone 

has thick and intense CH3 bands, indicating the presence 

of a high proportion of CH3 (organic) as a result of 

incomplete combustion/oxidation of the candle [21]. The 

spectra at 1581 cm-1 indicates C=C aromatic vibration. 

The peak in the surrounding area, 1238 cm-1, indicates 

vibrational C-O stretch [22] which is another evidence for 

oxygen surface functionality on candle soot. Figure (5 

a,b,c) displays the SEM pictures of as prepared candle soot 

(CS) at 2, 2.5 and 5 μm magnification respectively. The 

surface morphology of the carbon deposit obtained was 

seen to be non-uniform. There are several grains of 

nanomaterial in the micrograph. The candle wax flame 

soot particles are extremely small with a majority of the 

particles about 0.2 μm in diameter. The irregular carbon 

particles are found to be joined together forming 

agglomerations of soot particles. The SEM image does not 

show any carbon nanotubes and the soot particles could 

not be classified as nanospheres.  

 

Figure 5: Scanning electron micrograph (SEM) of soot obtained 

from the combustion of candle wax.  

Methyl Blue Number (MBN), Iodine Number (IN) and 

Specific Surface Area (SSA) 

The MBN, IN and surface area of candle soot (CS) were 

obtained by using equation 1, 2, 3 respectively and results 

are presented in Table 2. MBN and IN represented that CS 

consists of meso and micro pores. The surface area was 

found to be 242.46 m2/g. 

Table 2: MBN, IN and SSA of candle soot (CS). 

Sample 
name 

MBN (mg/g) 
 IN 

(mg/g) 
SSA 

(m2/g) 

CS 16.19 50.8 242.46 



 

150 
Scientific World, Vol. 19, No. 19, June 2026  

Adsorption studies 

Adsorption parameters 

To find the adsorption efficiency of candle soot (CS) 

different adsorption parameters have been scrutinized. 

Here, MB was used as a model dye. The results are 

presented in Figure 6. To evaluate the adsorption capacity, 

the CS was treated with a MB solution under different 

conditions (Figure 6). The dependency of MB adsorption 

on pH was shown in Figure 6a. The adsorption percentage 

was low at acidic pH, and it increased with increasing pH. 

Almost 97 % of MB was adsorbed at basic pH. In acidic 

pH, the cationic dye must compete with high 

concentrations of H+ ions to form bonds with the surface-

active sites. At basic pH 10, the CS was negatively 

charged and efficiently adsorbs the positively charged 

MB, thereby removing 97% of it. After pH 10, there may 

be the development of aqua complexes which causes the 

decrease in the percentage of adsorption, delaying dye 

sorption [23, 19].  The optimum amount of CS required to 

remove 50 mg/L of MB was studied by increasing the 

adsorbent dose from 0.20 g/L to 0.33 g/L (Figure 6b). At 

low doses, the removal percentage was less than 90 %. 

Further increasing the dose to 0.25 g/L, MB was removed 

by 97%, suggesting 0.25 g/L was the optimum dose 

required to remove 50 mg/L of MB (Figure 6b). The time 

required to attain equilibrium of MB adsorption, was 

analyzed by measuring the adsorption percentage at 

different times (Figure 6c). More than 80% was adsorbed 

within 10 minutes, and the adsorption rate increased with 

time, reaching equilibrium by adsorbing 97% of the MB 

within 2 hrs (Figure 6c). This suggests 2 hrs of contact 

time is required for the 97% adsorption of MB from 

aqueous solution. The adsorbing capacity of CS was then 

investigated by varying the concentration of MB (Figure 

6d). CS can remove 97% up to 50 mg/L of MB. Increasing 

the initial concentration of MB, the adsorption percentage 

reduced nearly to 80% at 100 mg/L. Initially, the MB 

adsorption capacity was high because there was a large 

availability of adsorption sites. As the concentration 

increased, the active sites of the adsorbate became 

occupied, resulting in a decrease in the adsorption 

percentage.  

 

Figure 6: Effect of initial pH, adsorbent dose, contact time and initial 

concentration on removal of MB dye by using CS adsorbent. 

Adsorption Isotherm Studies: To evaluate the feasibility, 

three different isotherm models have been tested.  

a. Langmuir isotherm model 

 It is widely applied model to describe experimental 

adsorption data based on the assumption that maximum 

adsorption corresponding to saturated monolayer of 

adsorbate molecule on adsorbent surface with a constant 

energy and no further adsorption. The Langmuir 

adsorption equation can be represented as;  

Qe = QmbCe /1+bCe       .......………………(6)   

 

The linear form of Langmuir expression is expressed as;   

 

1/Qe =1 /QmbCe +1 /Qm   ................................(7)  

Where, Qe (mg/g) is the amount of adsorbate adsorbed per 

unit mass of adsorbent; Ce(mg/L) is the equilibrium 

concentration of the adsorbate in solution after adsorption; 

Qm (mg/g) is the maximum adsorption capacity 

corresponding to monolayer coverage of adsorbents and b 

(L/ mg) is the adsorption equilibrium constant. Langmuir 

adsorption isotherm is presented in Figure 7. 

 
Figure 7: Langmuir adsorption Isotherm. 
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Here, the value of Qm and b are presented in Table 3 

which was calculated from the slope and intercept of the 

Ce/Qe versus Ce plot. The sorption capacity of CS was 

found to be 17.95 mg/g found to be in good agreement 

with literature values [24]. The Langmuir isotherm constant 

(b) was found to be 7.96 L/mg which indicates free energy 

of adsorption. The essential feature of Langmuir 

adsorption isotherm can be expressed in terms of 

dimensionless constant called separation factor or 

Langmuir parameter (RL) which was found to be 0.1. This 

RL value lies between 0 and 1 indicating the favourability 

of adsorption. Here, RL was calculated by equation (8);        

 

 RL = 1/(1+ bC)..................................(8)  

 

Where, Ci = Initial concentration (mg/L) and b = 

Langmuir constant. The correlation coefficient R2 value is 

closer to unity which indicated that linear isotherm is fitted 

for CS sample.  

b. Freundlich isotherm model  

The adsorption data was also tested through Freundlich 

adsorption isotherm model. The model explains the non-

ideal sorption that involves heterogeneous surface energy 

system and is expressed by equation (9).  

Qe = KF (Ce)1/n …………………………(9) 

 

The linear form can be written as;  

 

log Qe = log K + log Ce ..……………..(10) 

  

where, KF and n (dimensionless constants) are the 

Freundlich adsorption isotherm constants, KF indicates 

adsorption capacity which was found to be 16.31 mg/g for 

CS . The slope 1/n ranging between 0 and 1, is favorable 

adsorption condition and was found to be 0.54 (Table 3) 

which indicates the favorable adsorption behavior of MB 

from aqueous solution by CS sample however the 

correlation coefficient value obtained from Freundlich 

isotherm was found to be 0.9888 which appeared to be 

lower than the Langmuir isotherm value i.e. 0.9948. It 

clearly revealed that Langmuir model was best fitted one.  

c. Tempkin isotherm model  

After observing above two models, the effect of 

interaction of adsorbate and adsorbent was studied by 

Temkin adsorption isotherm model. This model assumes 

that heat of adsorption of all the molecules in the layer 

would decrease linearly rather than logarithmically with 

coverage due to adsorbate adsorbent interaction and 

adsorption is characterized by uniform distribution of 

binding energy up to some maximum binding energy. The 

linearized Temkin equation is given by the following 

equation (11 and 12).  

 

Qe = (RT/b) log KTCe ......................................(11)  

 

Qe = BlnKT + BlnCe ........................................(12) 

 

 Where, (RT/b) = B, KT = Tempkin isotherm equilibrium 

binding constant (L/g), which corresponds to maximum 

binding energy, b = Tempkin isotherm constant, R = 

Universal gas constant (8.314 J/ mol/K), T = temperature 

at 298K, B = constant related to heat of sorption (J/mol). 

The Tempkin constants RT and b is calculated from the 

slope and intercept of Qe as a function of lnCe and the 

results are presented in Table 3, where heat of sorption (B) 

was found to be 0.24 J/mol. The maximum binding energy 

(KT) was found to be 3.21 L/g for CS indicates greater 

chemisorption type of interaction between adsorbate and 

adsorbent.  

Comparative study of adsorption capacity candle soot 

with other literature value 

The maximum adsorption capacity (Qm) of CS for MB was 

compared with earlier investigations which are tabulated 

in Table 4 and was found to be in agreement with 

literature values [4, 25]. 

Conclusion 

The study showed that soot produced from candle wax 

flame comprised of significant amount of amorphous 

carbon. EDS analysis also provided a strong evidence of 

significant amount of carbon in candle soot particles. The 

surface area of CS, was found to be 242.46 m2/g having 

micro and meso pores. Results revealed that more than 

97% of MB, a basic cationic dye, has been removed from 
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Table 3: Parameters Langmuir, Freundlich and Tempkin constants. 

 

Table 4: Comparison of adsorption capacity of candle soot with other 

literature value. 

Precursors 
Adsorption capacity 

Qm (mg/g) 
References 

Candle soot 24.88 [4] 

Candle soot 10.2 [26] 

KOH-candle 
soot 

24.4 [26] 

Candle Soot 17.95 Present study 

 

aqueous solution using prepared CS as an adsorbent. 

Langmuir isotherm and Temkin isotherm model revealed 

the chemisorption type of adsorption in candle soot. 
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