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Abstract: With petroleum coke as the raw material, activated carbon was prepared by 

microwave irradiation through single factor experiment under the condition of activator 

activation and nitrogen protection. Through the preparation of activated carbon iodine 

adsorption and benzene adsorption experiment, microwave power, the study of the 

activation time, agent material ratio, activator preparation conditions, such as impact 

on the performance of the activated carbon, optimizing the best preparation 

technology. The experimental results show that within the scope of the investigation, 

microwave heating tracer focal optimum process conditions of preparation of activated 

carbon: for KOH as activator, microwave power is 900w, microwave heating time for 

40min, KOH/coke ratio of 3:1. Under the condition of the activation of the activated 

carbon's specific surface area of 2668.3m2/g, the iodine adsorption value of 2281mg/g, 

benzene adsorption value is 1368 mg/g. 

 

Keywords: petroleum coke, activated carbon, activator, microwave heating, 

adsorption properties. 

 

1. Introduction 

Activated carbon is a class of materials with highly developed pores and high specific 

surface area. The main elements are 87% of the carbon element, in addition to a small 

amount of hydrogen, oxygen, sulfur and nitrogen, as well as various minerals in the 

raw materials[1]. Therefore, it is widely used in pollution control, including industrial 

gas separation, drinking water and wastewater treatment, deodorization and so on. In 

addition, it is also used in the metallurgical industry to recover precious metals and the 

most catalyst carrier[2-3]. Because of the high removal efficiency of pollutants, low 
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energy consumption and cost, and recycling of products, activated carbon has been 

used more and more in the field of adsorption science[4-6]. Usually, carbon-containing 

materials can be used as raw materials for the preparation of activated carbon. 

Through the activation process, the precursors with high carbon content can be 

transformed into porous activated carbon materials with developed inner surface 

particles. 

The traditional heating method is the convection, conduction and radiation of energy 

from the surface to the center of the heating material, but microwave heating is the 

transformation from electromagnetic energy to thermal energy within the volume 

range of the heating material[7]. Microwave heating, the temperature of the material 

is higher than the temperature of the surrounding environment, and traditional heating 

mode requires the environment temperature and heating materials required for the 

operation of the temperature, so the microwave heating for pyrolysis reaction involving 

solid materials. Microwave assisted pyrolysis produces more gases, and the energy 

efficiency of microwave heating is higher[8]. Microwave heating has many potential 

applications. In this chapter, the advantages and technological conditions of preparing 

petroleum coke based activated carbon by microwave heating are discussed. 

The petroleum coke resources of our country's refineries are very rich, easy to form 

scale, have good market competitive advantage, at the same time, the cost is low, the 

yield is high and the process is simple. It is easy to industrialize petroleum coke, which 

makes petroleum coke a good precursor of activated carbon preparation. Therefore, 

the preparation of activated carbon with petroleum coke as raw material has been paid 

more and more attention. Therefore, activated carbon prepared by activated 

petroleum coke can improve its application value and additional value. In this paper, 

petroleum coke was used as the precursor of carbon material. The activated carbon 

with narrow pore size distribution on high specific surface was prepared by microwave 

heating and chemically activated coke. The microwave radiation time, microwave 

power and activator in the preparation of activated carbon were studied. The effect of 

alkali coke ratio on the properties of activated carbon was studied and the optimum 

technological conditions were found. The adsorption properties of activated carbon 

were studied by measuring iodine adsorption value and benzene adsorption value. 

 

2. Experimental 

2.1 Experimental Scheme for Preparation of Activated Carbon 

The activated carbon was prepared by microwave irradiation under the protection of 

nitrogen with activator. The test process is as follows: 
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Petroleum coke → crushing → sieving → drying → mixing with activator → drying → 

microwave oven activation→ acid washing, washing → filtering → drying → product 

performance analysis (benzene adsorption and iodine adsorption). 

 

2.2 Experimental Device 

The microwave furnace used in the experiment is MKG-F2-1 microwave heating 

furnace produced by Qingdao Microwaves Microwave Application Technology Co., Ltd. 

The rated power is 1600W, and the overall diagram of microwave oven is shown in 

fig.1(a). The microwave tube heating furnace adopts Hami Lab-T1200 type microwave 

high temperature atmosphere experimental furnace of Changsha Longtai Microwave 

Thermal Engineering Co., Ltd., as shown in fig.1(b), the rated microwave power of the 

equipment is 1400W and continuously adjustable, and the microwave frequency 

is:2.45GHz. 

 

  

Fig. 1 The images of microwave oven 

 

2.3 Product Performance Measurement 

2.3.1 Iodine Adsorption Values 

In the characterization of activated carbon, the iodine adsorption value of activated 

carbon is an important parameter, and its value is related to the number of micropores 

in activated carbon. In general, the higher the iodine adsorption value, the more the 

number of micropores in activated carbon. The better the adsorption performance of 

activated carbon is. The iodine adsorption value of activated carbon was determined 

according to GB/T 7702.7-2008 coal granular activated carbon test method. The 

quantity of iodine adsorption was calculated by titration of the filtrate with the standard 

solution of sodium thiosulfate after mixing the quantitative activated carbon product 

with the iodine standard solution. The iodine adsorption value is calculated by Eq (1): 

 

                                             (1) 
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In the formula, A-iodine sorption value，mgּ  g-1；C1-Concentration of iodine standard 

solution ，mol/ּ  L ； C2-Concentration of calibrated standard solution of sodium 

thiosulfate，mol ּ /L；m-Sample quality，g；127-Molar mass of iodine，mol/ּ  L；

D-correction factor. 

 

2.3.2 Benzene Adsorption Value 

The adsorption value of benzene represents the adsorption ability of activated carbon 

to small molecules in gas phase, and its value can also reflect the rich degree of 

micropore and mesoporous in activated carbon to a certain extent. The method is as 

follows: take 0.1 g dry activated carbon into surface dish, weigh its total mass, put 

surface dish into a dryer containing benzene vapor, take out surface dish weighing 

mass every other time, until the surface dish quality does not change, The final quality 

of the surface dish is recorded and the experiment is completed. The calculation of the 

adsorption value of benzene is shown in Eq (2): 

 

                                                    (2) 

 

In the formula, M-Quality of activated carbon, g; M1-Total quality of activated carbon 

and surface dishes, g; M2-Final quality of activated carbon and surface dishes, g; 

B-Benzene adsorption value, mg/g. 

 

3 Results and Discussion 

3.1 Optimization of Preparation Conditions 

In this paper, the effects of microwave power, activation time, agent/material ratio and 

activator on the properties of activated carbon were investigated by iodine adsorption 

and benzene adsorption experiments. 

 

3.2 Selection of Activator 

The activation effects of different activators on petroleum coke were different. 

Therefore, under the conditions of activation time 40 min, coke ratio 3: 1, microwave 

power 800W, the effects of activators on the adsorption properties of activated carbon 

were investigated by changing the kinds of activators. The activated carbon and raw 

petroleum coke activated by KOH, NaOH, ZnCl2 are shown in fig.2. 
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Fig. 2 The influence of activating agent on the adsorption properties 

 

From fig.2, it can be seen that the adsorption effect of KOH is the best, iodine 

adsorption value is 1540mg/g, benzene adsorption value is 1019mg/g, NaOH 

adsorption value is 271mg/g, benzene adsorption is 240mg/g, finally zinc chloride 

iodine adsorption value is 5mg/g, benzene adsorption is 43mg/g. The activation effect 

of KOH as activator is better than that of NaOH because the alkalinity of KOH is 

stronger than that of NaOH, the ability to etch carbon molecules is stronger, and the 

activity of K atom is stronger than that of Na atom, and the effect is better in the 

process of lateral activation. The iodine adsorption value of zinc chloride as activator is 

low because the volatilization of zinc chloride is relatively high. Before reaching the 

optimum activation temperature, most of zinc chloride volatilizes without reacting with 

petroleum coke. The residual zinc chloride in the raw material was not completely 

washed during pickling, which resulted in the decrease of the carbon content of the 

product and the decrease of the adsorption ability of the product. The iodine 

adsorption of the raw petroleum coke is 58mg/g, the adsorption value of benzene is 

12mg/g, and its specific surface area is less than 3m2/g. It can be seen that the 

petroleum coke has no pore structure and low surface area, which limits its adsorption 

ability. 

 

3.3 Microwave Heating Time 

The activation time was changed, and other conditions were the same. The effect of 

activation time on the adsorption performance of activated carbon was investigated at 

alkali coke ratio 3:1 and microwave power 800W. 
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3.3.1 Effect of Microwave Heating Time on Iodine Adsorption 

The reaction of petroleum coke with activator is an endothermic reaction. The longer 

the microwave heating time, the more energy will be used to activate petroleum coke. 

Fig.3 shows the iodine adsorption values at different microwave heating times. Even 

under the short heating time of 25min, activated carbon with iodine adsorption value 

up to 1352mg/g can be obtained. Yang Ralph T reported that the iodine adsorption 

value of ordinary activated carbon is at 900mg/g, and when the value is greater than 

1000mg/g, it is a better quality activated carbon[9]. Therefore, high quality activated 

carbon products can be obtained by microwave activation and have good adsorption 

performance. The iodine adsorption value of activated carbon reached the maximum 

2089mg/g when the microwave heating time was 40min. Before 40 min, the iodine 

adsorption value of activated carbon increased with the increase of activation time, but 

after 40 min, the iodine adsorption value of activated carbon increased with the 

increase of activation time. With the activation time increasing to 45 min, the iodine 

adsorption value of activated carbon decreased to 1531mg/g. 

 

Fig. 3 Iodine adsorption value under different activation time of AC 

 

3.3.2 Effect of Microwave Heating Time on Benzene Adsorption 

The effect of activation time on the adsorption value of benzene is shown in fig.4. 

Under the same conditions, when the activation time was 40min, the benzene 

adsorption value of activated carbon was the highest. Before 40min, the benzene 

adsorption value increased with the activation time and increased for 40 minutes, and 

the benzene adsorption value decreased with the increase of activation time. 
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Fig. 4 Benzene adsorption under different activation time of activated carbon 

 

In general, the adsorption property of activated carbon is the best when 40min is used, 

which is due to the fact that the rate of pore formation is higher than the rate of 

ablation before 40min, the number of pores is increasing and the adsorption property 

is increasing. As the activation time continued to increase, the rate of pore formation 

gradually decreased, and lower than the rate of ablation, which showed that the 

number of pores decreased, so the adsorption performance of activated carbon 

decreased. 

 

3.4 Microwave Power 

The effects of power on the adsorption performance of activated carbon were 

investigated under the power conditions of 600W, 700W, 800W, 900W, 1000W and 

1200W respectively. The other conditions were the same: the basic coke ratio was 3:1 

and the activation time was 40 min. 

 

3.4.1 Effect of Microwave Power on Iodine Adsorption Value 

The effect of microwave power on adsorption performance is shown in fig.5.With the 

increase of microwave power, the iodine adsorption value of activated carbon 

increased first, and the maximum power of 900w (2281mg/g), with the increase of 

microwave power activated carbon iodine adsorption value after gradually reduce, to 

1200 w to the lowest (1874mg/g). 
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Fig. 5 Iodine adsorption value under different microwave power of activated carbon 

 

3.4.2 Effect of Microwave Power on Benzene Adsorption 

The effect of microwave power on benzene adsorption value is shown in fig.6. 

 

Fig. 6 Benzene adsorption value under different microwave power 

 

The benzene adsorption value of activated carbon under different power similar to 

iodine adsorption value, with benzene adsorption increases with the rising of power, 

the power of 900w when maximum (1368mg/g), after and decreased with the increase 

of power. 

In general, the adsorption properties of activated carbon with the increase of 

microwave power, microwave power is 900 w, activated carbon adsorption 
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performance is the best, the best power with the increase of microwave power, after 

activated carbon adsorption performance with the increase of microwave power. 

This is because in the lower power, appropriate to improve microwave power, at the 

same time, can improve the temperature of the material, promote the activation 

reaction, speed up the raw material into a hole, so as to improve the adsorption 

performance of activated carbon. 

But after the best power, with the increase of power, the ignition loss rate rise of raw 

material, pore structure of newly generated by ablation, collapse, cause the loss of 

pore volume and quantity, thus cause the loss of activated carbon adsorption 

performance. 

 

3.5 KOH/coke Ratio 

3.5.1 Effect of Koh/coke Ratio on Iodine Adsorption 

When KOH was used as activator, the microwave power was 900W and the microwave 

radiation time was 40min, the KOH/coke ratio of the agent was changed to investigate 

the effect of the KOH/coke ratio of the agent on the adsorption performance of 

activated carbon. 

The iodine adsorption of activated carbon and benzene adsorption are shown in fig.7 

and fig.8. The adsorption of benzene on activated carbon by the KOH/coke ratio to 

agent is consistent with the adsorption of iodine. When the KOH/coke ratio is 3:1, the 

adsorption performance is the best, and the adsorption value of iodine and benzene 

reaches the highest value. When the KOH/coke ratio is less than 3:1, the adsorption 

performance of activated carbon increases with the increase of the KOH/coke ratio. 

When the KOH/coke ratio is greater than 3:1, the adsorption performance of activated 

carbon decreases with the increase of the KOH/coke ratio. However, the influence of 

KOH/coke ratio on the adsorption performance of activated carbon is obvious, and the 

adsorption performance of activated carbon under low KOH/coke ratio is very low, 

which indicates that the activation is not sufficient and the pore structure is not 

developed under the condition of low KOH/coke ratio. The effect of KOH/coke ratio on 

the adsorption performance of activated carbon is very obvious. 
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Fig. 7 Iodine adsorption value under different KOH/coke ratio 

 

3.5.2 Effect of KOH/coke Ratio on Benzene Adsorption 

 

Fig. 8 Benzene adsorption value under different KOH/coke ratio 

 

4. Conclusion 

 (1) On the choice of activator, KOH activation of petroleum coke is strongest, using 

KOH preparation of microporous activated carbon content is higher and more 

developed pore structure, and use of the preparation of NaOH activator of iodine 

adsorption and adsorption benzene adsorption with smaller, illustrate the KOH 

activation capacity is relatively weak, the preparation of activated carbon pore 

structure is developed. In addition, it is difficult to activate petroleum coke under the 

microwave process conditions of 800W and 40min for ZnCl2 to achieve the goal of hole 

formation. 
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(2) Through the single factor experiment, within the scope of the investigation, 

microwave heating tracer focal optimum process conditions of preparation of activated 

carbon: for KOH as activator, microwave power is 900w, microwave heating time for 40 

min, KOH/coke ratio of 3:1, for dry mixing raw materials mixing way. Under the 

condition of the activation of the activated carbon's specific surface area of 2668.3m2/g, 

the iodine adsorption value of 2281mg/g, benzene adsorption value is 1368mg/g. 
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