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Abstract: With petroleum coke as the raw material and KOH as the activator, this 

paper investigates the changes of material state after pre-activation under different 

pre-activation conditions. The experimental results show that under certain pre-

activation conditions, the adhesion of the mixture of KOH and petroleum coke can be 

eliminated after pre-activation. In 350~550℃ low temperature activation process, 

KOH can with petroleum coke in activated carbon atoms (such as methylene and 

methyl group) produces chemical reaction, reaction after potassium compounds 

mainly by K2CO3, K2O and COK, K, such as form, thus the surface in the activation 

products made by alkyl groups largely disappeared, and the surface oxygen containing 

functional groups increases. At the same time, low temperature pre-activation also 

made the material itself of the water to be removed. 
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1. Introduction 

Activated carbon is a kind of special porous carbon material with developed micropore 

structure and super surface area. As a kind of traditional and novel carbon materials, 

has a large specific surface area, good conductivity, good chemical stability, renewable 

performance is good, large adsorption capacity and insoluble in most of the solvents 

and other characteristics, so has long been widely used in chemical industry, the 

enrichment and separation of the gas, food processing, the super capacitor electrode 

materials, drug refined, catalyst and catalyst carrier, military chemical protection and 

other fields. With the development of science and technology, the application field of 

activated carbon has been expanding[1]. 
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The preparation of high specific surface area activated carbon by alkali activation 

mainly includes low temperature activation and high temperature activation. Low 

temperature pre-activation is mainly used to transform the KOH in the alkali carbon 

mixture and remove the water in the material to prevent the adhesive phenomenon 

caused by dissolving or melting. In continuous activation preparation, this step is very 

important. Whether the dehydration is sufficient will determine whether the 

subsequent activation can be carried out continuously[2]. Even in the process of 

intermittent activation reaction, pre-activation is currently carried out first, mainly to 

make KOH dissolved or dissolved, so that KOH and raw materials can be mixed evenly, 

which is conducive to the homogeneous activation of pores at high temperature. At 

present, low temperature dewatering and high temperature activation are used in the 

continuous industrial production of high specific surface area activated carbon in the 

United States and Japan. Using petroleum coke as raw material and KOH as activator, 

the change of material state under different pre-activation conditions was 

investigated[3]. Under certain pre-activation conditions, the adhesion phenomenon of 

KOH/ petroleum coke mixture during the activation process can be eliminated after 

pre-activation. The pore structure of activated carbon was also initially developed by 

low temperature pre-activation, and the effects of KOH/ petroleum coke ratio, pre-

activation temperature, pre-activation time and heating rate on the pore structure and 

surface properties of the pre-activated product obtained after low temperature pre-

activation were systematically investigated under inert atmosphere. The effects of 

different activation temperatures on the pore structure of activated carbon and the 

behavior change of petroleum coke mixture in the pre-activation unit in the laboratory 

continuous activation device were also investigated. 

 

2. Experimental 

2.1 Experimental Materials and Instruments 

The main raw materials and reagents used in the experiment include petroleum coke, 

KOH and high purity nitrogen. Among them, the industrial analysis and elemental 

analysis of petroleum coke are shown in table 1. It can be seen from the table that 

the petroleum coke content is as high as over 88.35%, while the sulfur content that 

causes environmental pollution is low, which is only 0.59%, and the ash content is 

also low, which is only 0.64%. Therefore, this petroleum coke is a good raw material 

for the preparation of high-performance activated carbon. 
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Tab.1 Proximate analysis and ultimate analysis of petroleum coke 

 

 

2.2 Pre-activation of 2 KOH/Petroleum Coke Mixture 

The experiment takes petroleum coke as the raw material and KOH as the activation 

reagent. Under the protection of nitrogen atmosphere, the pre-activation of KOH/ 

petroleum coke base coke mixture is carried out. The process flow chart is shown in 

fig.1. 

 

 

Fig.1 Preparation process flow sheer of pre-activated product 

 

The petroleum coke is ground to the degree of particle size less than a certain amount, 

and the petroleum coke is mixed with water, ethanol and impregnated in a certain 

proportion (mass ratio). The mass ratio of water: ethanol: KOH is 10:1:20. Materials 

will blend into the drum wind drying oven, baking at 110℃ for 1 h will mix good raw 

material is filled into the stainless steel reaction in the boat, and then placed in 

horizontal tubular reactor; Under the protection of nitrogen atmosphere, pre-activation 

was carried out from room temperature to the set temperature at a certain heating 

rate. The pre-activated product was obtained by cooling to room temperature under 

nitrogen protection, and the pre-activated product was marked as w-pap. After that, 

1mol/L hydrochloric acid was washed and washed with water until the filtrate was 

neutral, then solid product was filtered and dried for 0.5h in the air blast drying box 

to obtain the pre-activated product, which was marked as PAP. Mark the original oil 

coke as PC. The laboratory horizontal tubular reaction device is shown in Fig.2. The 

reaction tube is stainless steel, in which the size of the reaction tube is 400mm long, 

20mm inner diameter and 24mm outer diameter. 
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Fig.2 Schematic diagram of experiment in laboratory 

1-Rotor flowmeter;2-Reaction tube;3-Heating furnace;4-Temperature controller 

5-Stainless steel response boat; 6-Gas bottle 

 

2.3 Preparation of Active Ash 

After grinding the petroleum coke to a particle size less than 150 displacement m, a 

certain amount of the petroleum coke after grinding was mixed with water, ethanol 

and KOH in a certain proportion (mass ratio), of which water: ethanol: mass ratio was 

10:1:20. Materials will blend into the drum wind drying oven, baking at 110℃ for 1h, 

will mix good raw material is filled into the stainless steel reaction in the boat, and 

then placed in horizontal tubular reactor; Under the protection of nitrogen atmosphere, 

pre-activation was carried out from room temperature to a certain temperature at a 

certain heating rate. After pre-activation for a certain period of time, the temperature 

continued to rise to the activation temperature. After that, 1mol/L of hydrochloric acid 

was washed first and then washed with water until the filtrate was neutral. Then, solid 

products were filtered and dried for 1 hour in the air blast drying box. Activated carbon 

products were obtained and the activated carbon was recorded as p-ac. After mixing 

KOH and petroleum coke material in stainless steel reaction in the boat, and then 

response the boat into the horizontal tubular reactor, under nitrogen atmosphere, from 

room temperature to a certain heating rate up to the activation temperature, activation 

time after cooling to room temperature under nitrogen atmosphere, then use 1mol/L 

hydrochloric acid washing, after washed, until the filtrate was neutral, get solid product, 

keep the solid product in the drum wind drying oven drying 1h get activated carbon 

products, will be made by activated carbon is marked as AC. 

 

2.4 Characterization of Pre-Activated Products and Activated Carbon 

 (1) The original samples of petroleum coke and surface functional groups of pre-

activated products were measured by the infrared spectrometer (nicolet-20dxb, 
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Thermo Nicolet Nexus). The mass fraction of the sample was about 0.5%. 

(2) The presence of potassium compounds in the product after pre-activation of 

KOH/petroleum coke mixture was determined by a X-ray diffraction analyzer (xd-3a). 

The X-ray diffraction analyzer used copper target in the anode. The voltage between 

the cathode and the anode was 30Kv, the current at both ends of the cathode was 

30mA, and the filter plate was nickel. Measuring range is 20~80℃, step length is 0.06°

/s. 

(3) During the pre-activation process, the change of gas content in exhaust gas was 

determined by gas chromatographic analyzer (gc-920, Shanghai institute of computing 

technology). Measuring conditions for: TCD detector temperature is 70℃ , 5 a 

molecular sieve, the chromatographic column oven temperature 40℃ for carrier gas 

for oxygen, gas flow velocity of 18ml/min. 

 

3. Results and Discussion 

3.1 Effect of Pre-Activation on the State of Pre-Activated Products 

After pre-activation, the state of solid materials is very important, which will directly 

affect whether the subsequent continuous activation reaction can be carried out 

smoothly. The factors affecting the state of materials after pre-activation mainly 

include pre-activation temperature and pre-activation time. The pre-activation 

temperature and time will jointly determine whether the activation reaction involving 

KOH can be completed, and whether the original moisture in materials can be removed 

and cleaned. These factors will determine the state of materials after pre-activation. 

It is found that with the increase of pre-activation temperature and the extension of 

pre-activation time, the mixed material will experience the changes of solid-liquid and 

solid-state. When the final mixture is solid, KOH is almost completely transformed 

during the pre-activation process, and the water in the material is basically removed, 

achieving the purpose of pre-activation. When the pre-activation temperature is low, 

it takes a long time to realize the change of material state. When the pre-activation 

temperature is high, the material state changes in a relatively short time. Experiments 

in alkali focal ratio of 2:1, the heating rate is 8℃/min, mixed material quality for 3g 

and the protection of nitrogen atmosphere condition, when pre activation temperature 

of 350℃, pre activation time 20min to complete material status from the solid-liquid-

solid change; When pre activation temperature of 400℃, the activation time is 10min, 

the mixed material can be converted into solid state; Activation temperature is 500℃, 

pre activation time for 5min to solid particle. The above pre-activated products are 

activated at high temperature in the furnace, and the state of the materials will no 

longer change, indicating that pre-activation under certain conditions can solve the 

problem of material sticking to the wall during the activation process. Different pre-
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activation conditions also affect the composition of gas products. Take 1g of petroleum 

coke and 2g of mass of KOH and dip it into the mixture. The mixed material is put into 

the laboratory horizontal tube reactor for pre-activation, and the tail gas in the process 

of pre-activation is taken for analysis. The results showed that during the pre-

activation process, the main products of the activation reaction were oxygen and nail 

house, as shown in fig.3. Can be seen from the diagram, from the beginning has trace 

amounts of hydrogen generation, from 300℃ began to have a lot of oxygen, a peak 

at about 400℃ appeared, at this time reach maximum hydrogen production, and then 

discharge of oxygen began to reduce. Since the activation temperatures, KOH and 

petroleum coke surface reactivity of reactive methylene, methylene gradually 

strengthened, the rate of activation reaction of hydrogen will gradually increase, but 

as the activation reaction, KOH and methylene, methylene gradually consumed low, 

activity gradually reduce, so the discharge of hydrogen reducing pre activation process. 

Hydrogen is produced not only from the activation reaction, but also from the pyrolysis 

of petroleum coke itself. 

Also can be seen from the fig.3, from around 375℃ starts to have a small amount of 

methane, at about 400℃ when the amount of methane is maximum, the generation 

of methane to about 500℃. Lu chunlan et al. believed that the production of methane 

at this temperature was not only from the pyrolysis of the petroleum coke itself, but 

also from the activation reaction. The activation equation is as follows, and the 

feasibility of the reaction was verified. 

-CHCO2K+H2+KOH→K2CO3+CH4 

 

 

Fig.3 Gas evolution at different reaction temperature 
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3.2 Effect of Pre-Activation on Surface Properties of Pre-Activated Products 

Petroleum coke as is and at 500℃ and 550℃ respectively from infrared analysis in the 

process of the activation products (PAP) as shown in fig.4. In the figure, the wave 

number is 3420cm-1 and the strong peak O-H is the stretching vibration peak of 

carboxyl functional group in sample or the stretching vibration peak of moisture in 

sample. The absorption peak of wave number 1570cm-1 is stretching vibration peak 

of aromatic ring C=C. After comparing the original sample of petroleum coke with the 

materials after pre-activation, it was found that after the materials were pre-activated, 

a strong peak appeared in the wave number 1200cm-1. The peaks around 1200cm-1 

are overlapped peaks arising from spindle, alcohol or general o-h bending vibrations 

and stretching vibrations of c-o and c-o-c. As can be seen from the figure, the 

petroleum coke can form more oxygen-containing functional groups after pre-

activation by KOH. It can also be seen from the figure that after pre-activation, the 

peaks of wave number around 2920cm-1 and 1400cm-1 gradually disappeared, 

indicating that the methylalkyl groups on the surface of petroleum coke were gradually 

removed by activation reaction with KOH during the pre-activation process. 

Figure 5 shows the XRD pattern analysis of the product after pre-activation in the 

unwashed state. Can be seen from the diagram, when pre activation temperature of 

350℃, KOH and already petroleum coke is the active point of carbon atoms in chemical 

activation reaction, reaction to produce potassium compounds mainly exists in the 

form of K2CO3 and COK, K, K2O. With the increase of pre-activation temperature, the 

moisture in the material gradually decreased and the KOH peak gradually decreased. 

The main reason is that :(1) the increase of activation temperature facilitates the 

reaction of KOH with petroleum coke to achieve the transformation of KOH, so the 

corresponding peak strength decreases. At the same time, due to the transformation 

of KOH, the water absorption capacity of the pre-activated materials is reduced, so 

the peak strength of the water of the mixed materials gradually decreases or even 

disappears. (2) some water is mixed into the material during the mixing process, and 

this water is difficult to remove at low temperature because it dissolves KOH during 

the heating process. Only when it is heated to a certain temperature can it be removed.  

It can also be seen from fig.5 that COK is formed in the pre-activation product when 

the pre-activation temperature is, and the peak strength gradually decreases with the 

increase of activation degree. This is because during the low temperature pre-

activation process, KOH can react with the surface acidic groups of petroleum coke 

raw materials to form COK groups. With the increase of activation temperature, COK 

groups formed have certain activity. When the pre-activation temperature increases, 

this group can also participate in the activation reaction, resulting in the decrease of 

its corresponding peak strength. 
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To sum up, the main reactions occurring during low temperature pre-activation are as 

follows[4-5]: 

4KOH+-CH4→K2CO3+K2O+3H2 

8KOH+2-CH=→2K2CO3+2K2O+5H2 

-COH+KOH→–COK+H2O 

-COK+KOH+H2O→K2CO3+ 
3

2
 H2 

 

 

Fig.4 FTIR spectra of the original petroleum coke and pre-activated products 

 

 

Fig.5 XRD patterns of the per-activated products without washing 

 

4. Conclusion 

In this paper, the pre-activation behavior of petroleum coke mixture was investigated 

under nitrogen atmosphere with the laboratory tubular activation reactor as the 
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platform and liaohua petroleum coke as the raw material. In pre activation process, 

mixture changes will the raw material state can eliminate the phenomenon of wall 

sticking in the activation process, low temperature activation beforehand also 

preliminarily developed the pore structure of activated carbon, alkali coke ratio, 

activation temperature and activation time and heating rate on the advance after pre 

activation the activation products in low temperature pore structure and surface 

properties have a certain influence, different activation temperature on the activation 

effect may also be affected. The following conclusions are drawn: 

(1) Under the condition of low temperature pre-activation, the pre-activated materials 

will go through the stages of solid-liquid-solid. When pre-activated solids under certain 

conditions are placed in the furnace and activated at high temperature, the state of 

materials will no longer change, indicating that pre-activation can solve the problem 

of material sticking to the wall during the activation process. 

(2) In 350~550℃ low temperature activation process, KOH can with petroleum coke 

in activated carbon atoms (such as methylene and methyl group) produces chemical 

reaction, reaction after potassium compounds mainly by K2CO3, K2O and COK, K, such 

as form, thus the surface in the activation products made by alkyl groups largely 

disappeared, and the surface oxygen containing functional groups increases. At the 

same time, low temperature pre-activation also made the material itself of the water 

to be removed. 
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