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Abstract: Activated carbon is an important adsorbent material for carbon capture and 

has great application prospects. In this paper, the preparation of biomass activated 

carbon and its adsorption of CO2 are studied. Activated carbon was prepared with 

bamboo as precursors and KOH as activator, and its preparation parameters were 

optimized. Basic carbon ratio, activation temperature and activation time are the most 

important parameters influencing the adsorption amount of CO2 by activated carbon. 

The experimental results show that the optimal preparation parameters of bamboo 

charcoal are basic carbon ratio 3, activation temperature 873K and activation time 1.5h, 

and the maximum adsorption amount of bamboo charcoal to CO2 is 7.0mmol g-1. 
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1. Introduction 

Fossil fuel combustion emissions of CO2 emissions accounted for 77% of all man-made 

emissions of greenhouse gases, of which 60% are fixed point-source emissions, 

emissions of coal-fired power plants account for the largest proportion of[1].At present, 

the technology of CO2 capture in the flue gas of coal-fired power plants is chemical 

absorption method, and the commonly used absorption agents are monoethanolamine, 

diethanolamine and diglycolamine. This technology has several obvious disadvantages: 

1) high energy consumption of regeneration. 2) the equipment is easy to corrode. 3) 

absorbent is easy to lose[2]. 

In view of the obvious disadvantages above, it is necessary to find an alternative 

carbon capture technology[3]. Therefore, the development of efficient CO2 adsorbent 

has become a hot issue in this field.Carbon materials have the advantages of low 
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preparation cost, large adsorption amount, high selection type and easy regeneration, 

etc., which are more competitive than the adsorbent materials mentioned above[4-6]. 

Therefore, we chose the preparation of carbon materials with high adsorption capacity 

for CO2 as our research objective[7-10]. 

 

2.  Experimental Section 

2.1 Experimental Materials 

The bamboo used in the experiment is waste from a Beijing shunyi horticultural 

company. All the chemical reagents used were purchased from Beijing modern Oriental 

fine chemical co., LTD. The experimental water is high pure water. 

 

2.2 Experiment Method 

Take 4g sieved biomass raw material placed in a tube furnace, according to the 

following temperature program for carbonization: at room temperature with nitrogen 

purge for 30min, the temperature at 5K/min temperature rise rate to 773K, at 773K for 

90min, Cool naturally to room temperature. Carbon is always protected by nitrogen 

during the carbonization process. Take 1g of carbonized material mixed with a certain 

amount of activator in 20ml of high-purity water and dip for 48h at room temperature. 

The impregnated material was dried in an oven at 378K for a certain period of time. 

The dried material was activated by the following temperature-raising procedure: it 

was purged with nitrogen for 30 minutes at room temperature, and the temperature 

was raised to 773K at a rate of 10K/min and then to 5 K/min. The rate of min rises to 

a preset activation temperature, holds at this activation temperature for a certain 

period of time, and naturally cools to room temperature. The activation process is 

always protected by nitrogen. 

 

2.3 Influencing Factors 

The main factors of the experiment are the particle size of the precursor, the ratio of 

alkali to carbon, the activation temperature, the activation time and the heating rate. 

Among them we only studied the effect of alkali-carbon ratio, activation temperature 

and activation time. Since the alkali-carbon ratio and activation temperature are the 

most important material preparation parameters, we denote bamboo charcoal as b-A-B, 

in which b represents bamboo, A represents alkali-to-carbon ratio, and B represents 

the activation temperature. 

 

3 Results and Discussion 

3.1 Effect of Alkaline Carbon Ratio on CO2 Adsorption 

The ratio of alkali to carbon is an important parameter in the preparation of activated 

carbon, which has a great influence on the pore structure of activated carbon, thus 
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affecting its adsorption of CO2. Therefore, we fixed other preparation parameters and 

studied the effect of alkali-carbon ratio on the CO2 adsorption of activated carbon. The 

amount of CO2 adsorbed by bamboo charcoal first increased and then decreased with 

the increase of alkali-to-carbon ratio, and the maximum adsorption capacity of about 

7.0 mmol/g was obtained at the ratio of alkali to carbon. When the ratio of alkali to 

carbon is 1 or 5, the amount of CO2 adsorbed by bamboo charcoal rapidly drops to 

about 5.3 mmol/g. When the ratio of alkali to carbon is 2, the amount of CO2 adsorbed 

by the material reaches 6.7 mmol/g, which means that the amount of CO2 adsorbed by 

the material does not change much between 2 and 3. Too low alkali-carbon ratio will 

result in insufficient activation of the material. Excessively high alkali-to-carbon ratio 

will make the material excessively active. Both are not conducive to the preparation of 

high-CO2 adsorption activated carbon materials. Only at a moderate alkali-to-carbon 

ratio, KOH can corrode the pores suitable for CO2 adsorption, thereby increasing the 

amount of CO2 adsorbed by activated carbon. 

 

3.2 Effect of Activation Temperature on CO2 Adsorption 

The activation temperature is an important parameter in the preparation of another 

activated carbon. We fixed other preparation parameters and studied the effect of 

activation temperature on the adsorption of bamboo charcoal CO2. The adsorption of 

CO2 by bamboo charcoal increases first and then decreases with increasing activation 

temperature. When the activation temperature is 773K, the activation effect of the 

material is poor, resulting in a CO2 adsorption of only 4.3 mmol/g. As the activation 

temperature rises to 873K, the amount of adsorption rapidly increases to 7.0 mmol/g. 

The activation temperature ranged from 873K to 973K, and the amount of adsorption 

did not change much. However, when the activation temperature exceeds 973K, the 

adsorption amount rapidly decreases, and it has decreased to 5.6 mmol/g at the 

activation temperature of 1123K. The above results show that moderate activation 

temperature is favorable for KOH to corrode pores suitable for CO2 adsorption. Based 

on the results of the study of alkali-to-carbon ratio and activation temperature, we 

determined the optimal parameters for the preparation of bamboo charcoal with an 

alkali-to-carbon ratio of 3 and an activation temperature of 873K. 

 

3.3 Effect of Activation Time on CO2 Adsorption 

In addition to the two most important parameters of alkali-carbon ratio and activation 

temperature, the activation time will also have a certain influence on the adsorption of 

CO2 by the activated carbon material. In order to determine the optimal activation time 

of bamboo charcoal, we used three materials respectively, namely b-1-973 with low 

activation degree, b-3-973 with moderate activation degree, and material with higher 

activation degree b-4-973 conducts research. For the material b-1-973, due to its low 
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activation degree, the activation time was appropriately extended from the original 

1.5h to 2.5h, and the adsorption amount of CO2 would slightly increase. However, the 

activation time was extended to 3.5 h, and the adsorption amount decreased slightly. 

Therefore, we determined that for the less activated materials, the optimal activation 

time is 2.5h. For material b-3-973, the activation time was reduced by about 0.8 mmol 

g-1 compared to the original 1.5h, which was shortened by 1 h or prolonged by 1h. 

Therefore, we determined that 1.5h is the optimal activation time for moderately 

activated materials. For b-4-973, the adsorption amount was only 5.5 mmol/g at 1.5h 

activation time. However, when the activation time was shortened to 0.5h, the 

adsorption amount rapidly increased to 6.7 mmol/g, and it was further shortened to 5 

min. The adsorption amount was kept at 6.7 mmol/g. Therefore, 5min is the optimal 

activation time for materials with a higher degree of activation. From the above results, 

it can be seen that materials with different degrees of activation have different optimal 

activation times. However, the activation time is not a decisive parameter with respect 

to the alkali-carbon ratio and the activation temperature. For example, for b-1-973, the 

activation time is not optimized, and its adsorption of CO2 will not exceed 5.5 mmol/g. 

In view of the moderately activated sample b-3-973, the adsorption amount can reach 

7.0 mmol/g at the activation time of 1.5h. In the following studies on bamboo charcoal, 

the activation time was always set at 1.5h. 

 

4. Conclusion 

This chapter mainly introduces the preparation method of bamboo carbon-based 

activated carbon and the optimization of its preparation parameters. The main results 

are as follows: 

(1) Taking bamboo charcoal as an example, we have found that the alkali-carbon ratio, 

activation temperature, and activation time are the three most important parameters 

that affect the CO2 adsorption performance of bamboo charcoal. 

(2) The optimal preparation parameters of bamboo charcoal are alkali-to-carbon ratio 

3, activation temperature 873K and activation time 1.5h. The maximum adsorption 

capacity of bamboo charcoal for CO2 is 7.0 mmol/g. 

(3) Activated carbon materials with high CO2 adsorption capacity can only be prepared 

with moderate activation conditions. Activation conditions that are too mild or too 

aggressive are not conducive to the preparation of activated carbon materials with high 

CO2 adsorption. 
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