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Abstract 

The article covers the study of the compatibility of the process of activated 

carbon acquisition from heavy pyrolysis resin with alkaline presence, 

investigation of its structure and properties by various analytical methods, and 

investigation of the activated carbon like adsorbent in sunflower oil bleaching 

process. The output of activated carbon and the effect of alkaline amount, 

pyrolysis temperature and contact time to the adsorption properties were 

investigated and carbon materials were synthesized in the 2,0 g/g NaOH dose, 

600°C temperature and 2 hours pyrolysis time, which obtained high dispersion 

porous structure and 700 mg/g adsorption capacity by 64% output. The 

synthesized carbon materials were used as an adsorbent comparatively with the 

traditional bleaching earth in the bleaching process of sunflower oil, the impact 

of the temperature, contact time and the adsorbent amount to the process were 

studied. It has been shown that the activated carbon sample gives a higher 

adsorption property in the sunflower oil bleaching, allowing the effectiveness of 

the process by reducing the contact time, temperature and adsorbent amount. In 

the bleaching process of sunflower oil, 0.5% amount for the activated carbon, 

1% for the non-activated carbon, 30 minutes contact time and 80°C temperature 

are optimum conditions. However, 5% amount, 40 minutes contact time and 

110°C temperature had been appointed for bleaching earth 

Keywords: heavy pyrolysis resin, activated carbon, adsorbtion, sunflower oil, bleaching      

process 

Introduction  

Activated carbon is a high quality technological material and has unique physical and 

chemical properties and is used as a fundamental research object in various fields of science and 

technology [1-4]. Its application areas are expanding day by day, and this leads to increased 

demand for it. It is possible to obtain activated carbon materials with high porosity structure by 

processing hydrocarbon raw materials with alkali metal hydroxides [5, 6]. Such materials are 

considered to be promising adsorbents for the adsorb, storage or disposal of various gases and 

liquids as they have high surface temperatures and general porosity. Activated carbon materials 

can be obtained from different raw materials - natural and synthetic products: coal, biomass, coke, 

polymer materials, gas and liquid hydrocarbons [7-13]. 
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The present article describes the carbonization of heavy pyrolysis resin, the activation of 

carbonisate with NaOH, the effect of various parameters in (to)the process, and the surface 

properties of the activated carbon, and the adsorbent for bleaching of vegetable oils. 

Experimental Part  

As the primary raw material for the obtaining of activated carbon, the heavy-pyrolysis 

resin from the low octane gasoline pyrolysis, boiling at 200 °C, was used in the EP-300 

industrial device. Degumming and neutralized sunflower oil has been obtained from the Baku 

Oil Factory of the Republic of Azerbaijan. All chemicals and solvents are in analytical purity and 

are purchased from Merck (Merck, Germany).  

Carbonatizaton of heavy pyrolysis resin is primarily processed at 400°C for 3 hours at the 

muffle furnace. After completion of the thermal treatment, the sample is dispersed in RETSCH 

MM-400 disperser. The obtained material is pyrolized with or without NaOH on the Chemical 

Vapour Deposition device (CVD). For this purpose, the dispersed sample and NaOH are mixed 

in the prescribed proportion and placed in the porcelain container on the CVD unit and pyrolized 

with a flow of 100 cm
3
 N2 per minute.The pyrolysis process was carried out at 0.25-2.0 g/g, 

400°C to 800°C and 0.5-3 h for finding the optimal condition. After cooling, the mixture is 

washed with 0.1 M HCl solution, then with hot distillation water to pH = 7.0-7.5, i.e. for 

removing residues of the activating agent and other inorganic compounds which formed during 

the process. The activated carbon at the wash phase was separated by using a 0.45 μm membrane 

filter, the carbon was dried at 110 °C for 24 hours and AC output was calculated based on the 

dried masses before and after the activation of the AC output: 

Output (%) = 
  

  
 x 100 

wf- is the dry mass of activated carbon and wo- is the mass of primary carbon. 

The surface area of the AC was determined by the AutoChem 2950 analyzer and analyzed 

by scanning electron microscopy (SEM) using the "JSM7401F" (Japan) device. 

Results and Discussion  

The effects of the amount of alkaline, pyrolysis temperature and time to the activated 

carbon output and adsorption properties were investigated. It has been found that, as a result of 

its destructive effect, the AC output will decrease 1.3 times as it increases the amount of alkali 

(Fig.1(a)). As shown in Fig. 1 (a), increasing the NaOH content to 2.0 g/g, the AC output reduces 

to 64%, and the subsequent increase in the alkaline does not affect HPR disintegration. However, 

in the optimum ratio (2:1) due to nitrogen, the adsorption capacity was rise to 700 mg/g 

(fig.1,b).Lowering the amount of alkali at 2.0 g/g deteriorate the sorption properties of the 

material and development structure of the microstructure, and also direct the process to the 

unstable regulation area. It should be noted that, along with increasing the amount of alkali, the 

increase in temperature also affects strongly the output of carbonated material and the adsorption 

capacity. 



H.J. IBRAHIMOV, K.M. AKHUNDOVA, N.G. GULIYEV, …  

www.ppor.az 132 

  

   Fig.1. The effect of the amount of alkali on the output of the AC (a) and adsorption capacity 

(b) (processing condition: temperature-600 °C; time - 2 hours) 

 

 

 

 
Fig. 2. Impact of temperature on AC output (a) and adsorption capacity (b)(processing condition: 

RNaOH = 2 g/g; time - 2 hours) 

As can be seen from Fig. 2, activated carbon output is 80% with the alkaline treatment at 

400 °C, the carbonization process accelerates with the rise in temperature, and the release of 

unstable compounds from the system decreases the output at 600 °C by 64%, whereas the 

adsorption capacity of the activated carbon increased from 300 mg/g to 700 mg/g. No significant 

change was observed in the release of carbon and adsorption during the subsequent increase of 

the time. 

Fig.3 (a) shows that during the pyrolysis of the HPR, the basic disintegration and 

structuring processes are usually completed within 2 hours and the adsorption capacity of the AC 

due to nitrogen pass the maximum during this time. (fig.3, b).According to the results, pyrolysis 

with NaOHshould be carried out under the following conditions: the dose of NaOH proportion to 

HPR is 2.0 g/g; temperature - 600 °C; pyrolysis time - 2 hours.The total volume and surface 

parameters of the pores in carbon samples taken from the HPR based on the isothermic 

adsorption method of molecular nitrogen have been determined. 
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Fig. 3. Impact of thermal treatmenttime on AC output (a) and adsorbtion capacity (b) (processing 

condition: RNaOH = 2 g/g; temperature-600 °C) 

 

 

Fig. 4. N2 adsorption/desorption isotherms of 1-non-activated and 2-activated carbon: (a) - 2 g/g 

NaOH; (b) -0.5 g/g NaOH 

 

As can be seen from the graph (Fig.4.1), the II type isotherm curve is characterized with 

non-activated carbon sample and the adsorbent has a mesopore surface structure. The isotherm 

curve of NaOH-activated carbon sample (Fig.4,2 (a)) can be classified as Type I which 

corresponds to the adsorption of micropore systems.The BET specific surface area of the 

samples, the total volume and meandiameter of the pores are given in Table 1.It appears from the 

table that increasing the amount of NaOH also affects the special surface area of the carbon, the 

diameter and the volume of the pores.Thus, the diameter of the pores dp = 3.12 nm and SBET = 

210 m
2
/q

-1
 with 2 g/g, while these values were 4.09 nm and 105 m

2
/q

-1
with 0.5g/gNaOH (Tab.1). 
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Table 1. The surface parameters of carbon samples 

Samples SBET(m
2
/g

-1
) VP(cm

3
/g

-1
) dp(nm) 

Activatedcarbon (AC) 80 0.109 8.18 

AC (RNaOH)=0.5g/g 105 0.3528 4.09 

AC (RNaOH)=2.0 g/g 210 0.1351 3.12 

The pyrolysis of the carbonized HPR with alkaline has a great effect on the surface 
morphology of the sorbent (Fig.5).When we look at the AC's microphotographs taken at various 
RNaOHvalues, we can see that with the presence of the alkali, the sorbent generates large 
quantities of small pores in the treatment process and the sorbent has a perfect sponge structure 
(Fig.5 (2; 3; 4). It should be noted that in the initial carbonizate only large-sized pores are present 
in the form of cracks (Fig.5 (1)). SEM images show that an alkali-processed sample has a micro-, 
mesoporous structure, where microporous structures dominate.In contrast to alkaline-processed 
carbonizate, it is apparent that the primary sample contains aggregates with amorphous particles 
that confirms the lack of regulation in the crystalline cage structure. 

             1                                  2                                     3                                    4 
 

 
 

 
 
 

 
 
 
 
 

 
Fig. 5. SEM images of carbon samples taken from thermo treatment of HPR: 1- without alkali    

and 2-RNaOH = 0.5 g/g; 3 - RNaOH = 1.0 g/g; 4-RNaOH = 2.0 g/g 

Increasing the amount of alkaline in the pyrolysis process, reduced the particles pores and 
provided uniformly distribution in the surface (fig.5 (4)). The homogeneous distribution of 
particles in the form of a spherical form indicates that NaOH is chemical converting compounds 
of the HPR during thermal treatment, in addition to it is a direct participant in the process of 
aggregation of the particles in the cluster form and the formation of highly dispersed, perfect 
porous systems. The synthesized carbon materials were studied as adsorbent in the sunflower oil 
bleaching process, the effect of the temperature, contact time and adsorbent amount to the 
process was studied, and the obtained results were compared with the bleaching earth. The 
bleaching experiments which carried out at 80 °C, adsorbent 1% in mass and 15-40 minutes 
show that the pigment absorption is increased as the duration of contact increases (fig.6). The 
bleaching performance of oil was 55 % with activated carbon (A1), 28% with non-activated 
carbon (A2) and 9 % with bleaching earth (A3) during the first 15 minutes. These figures up to 
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86%, 66% and  23%, respectively till 30 minutes. The graph indicates that the subsequent 
increase in time has been observed to increase the bleaching rate little up to 44% with bleaching 
earth for 40 minutes, although carbon samples have little effect on adsorbing ability. 

 
Fig. 6.  Impact of contact time on the bleaching process: A1- Carbon which synthesized from 

heavy pyrolysis resin and then activated, A2- Carbon which synthesized from heavy 
pyrolysis resin and non-activated, A3- bleaching earth 

Fig.7 shows the effect of temperature on the sunflower oil bleaching process with the 
synthesized carbon samples and bleaching earth. The bleaching process was carried out within 
30 minutes, 1% of adsorbent amount. As you can see from the figure, as the temperature 
increases, the bleaching performance also increases. A1, A2 carbon samples have reached 
maximum bleaching 86%, 66%, respectively at 80 °C. When bleaching earth is used, the color of 
the oil partially decrease when the interaction between the earth and the oil rises with the 
increasing of temperature, and only 34% bleaching performance has been obtained at 110 °C. 
Color change had not observed during subsequent rise of temperature. 

The effect of the amount of carbon and bleaching earth adsorbents to bleaching 

performance of sunflower oil is shown in Fig. 8. During the experiments, the optimum 

temperature was 80 °C and contact time was 30 minutes for carbon adsorbents, but 110 °C and 

40 minutes, respectively, for bleaching earth. 

It is clear from Fig. 8 that the bleaching of the oil is directly proportional to the increase in 

the amount of adsorbent. A1 sample was 0.5% mass, A2 sample 1% mass, A3 sample showed a 

high adsorption property at 2% mass and provided maximum oil bleaching, whereas the best 

result with bleaching earth was recorded at 5% mass. The bleaching performance were 88%, 

86%, 85%, with the A1, A2, and A3 samples in the amounts mentioned above. The subsequent 

increase in the quantity, affects the bleaching ability of carbon very little. This indicator 

increased to 85% with increasing the mass to 5% and an additional mass increase impact less to 

the bleaching process with the bleaching earth. 
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Fig. 7. Temperature effects on the bleaching process: A1- Carbon which synthesized from heavy 

pyrolysis resin and then activated, A2- Carbon which synthesized from heavy pyrolysis 

resin and non-activated, A3- bleaching earth 

 
Fig. 8. The effect of adsorbent content in the bleaching process: A1- Carbon which 

synthesized from heavy pyrolysis resin and then activated, A2- Carbon which 

synthesized from heavy pyrolysis resin and non-activated, A3- bleaching earth 

Conclusions 
As seen from the results obtained, carbon samples, especially activated carbon show a high 

adsorption property, allowing the effectiveness of the process by reducing the contact time, the 
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amount of adsorbent and temperature in sunflower oil bleaching process. Thus, the optimum 
conditions for bleaching sunflower oil with carbon samples, contact time 30 minutes, the 
temperature is 80 °C, the adsorbent content is 0.5% for the A1 sample, 1% for the A2 sample, 
and 40 min, 110 °C and 5% for the bleaching earth. 
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