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Competitive adsorption characteristics of formaldehyde and benzene on activated carbon based on molecular simulation
WANG Zhigiang » ZHANG Shimin , LIU Zhaoyang , WANG Bo. (Tianjin Key Lab of Refrigeration, School of
Mechanical Engineering s Tianjin University of Commerce s Tianjin 300134)

Abstract : The breakthrough curves of activated carbon adsorption for indoor pollutants ( benzene,
formaldehyde) were measured through experiments under different experimental conditions. The results showed that
increasing humidity would reduce the adsorption amount of benzene and formaldehyde, but due to their different
polarity,the degree of humidity impact on them varied. On the basis of experiments, the Visualizer module in
Materials Studio molecular simulation software was used to construct activated carbon slit models with different pore
sizes (1,2,4 nm). The Monte Carlo method was used to simulate the adsorption of single component benzene and
formaldehyde at different temperatures (288.15,293.15,323.15 K),as well as the competitive adsorption of multi-
component benzene and formaldehyde coexisting. The correctness of the simulation results were verified by comparing
the experimental adsorption capacity with the simulated adsorption capacity. The simulation results showed that under
the three temperature conditions,the adsorption capacity of benzene varied slightly,but the pore size had a significant
impact on the adsorption capacity. The adsorption capacity increased with the increase of pore size. The adsorption
energy of benzene was greater than that of formaldehyde,and the adsorption capacity of activated carbon for benzene
was greater than that of formaldehyde.
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Table 1 Force field and charge parameters of formaldehyde,benzene,and water molecules

i R #* 7k
C H 0 C H H 0
(e/kp) /K 52.9 7.6 105.8 52.87 22.16 18.12 0.05
st/nm 0.375 0.242 0.296 0.34 0.257 0.303 0.285
q/e 0.45 —0.45 0 —0.33 0.33 0.41 —0.82
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Fig.1 SEM image of activated carbon
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Fig.2 Pore size distribution image of activated carbon
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Penetration curves of benzene under different relative
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Fig.4 Penetration curves of formaldehyde under different
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Table 2 Adsorption capacity of benzene at different relative

humidity
i RH5% RH20% RHG50% RHS80%
W i/ (mg/g)  302.85 172.43 98.65 47.02
®3 BEERERH THRKE

Table 3 Adsorption capacity of formaldehyde at different
relative humidity

Y| RH5% RH20% RH50% RHS80%
W B/ (mg/g)  135.99 57.35 55.93 40.45
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Fig.5 Competitive adsorption breakthrough curves of

formaldehyde and benzene with different initial
concentrations on activated carbon
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HH — 0 0 22 5 R B ey PP TR, DA T 3 2 Y R 44 A5

humidity
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Table 4 Competitive adsorption capacity of formaldehyde and benzene
4] 4] 4]

9H 14 _ 2 2 _ 34 _

FR ES FH wm FH ES
J W/ (mg/m®) 6.6 17.2 39.7 17.2 6.6 103.0
% Bt f/ (mg/g) 104.65 301.46 161.43 286.75 75.36 383.53

SR B/ (mg/g) 406.11 448.18 458.89
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Table 5  Simulated adsorption of benzene and
formaldehydeand at different pore sizes and partial

pressures

e/ 7% i1 #/ H i/ S/
nm N EE i (mg/g) (mg/g) (mg/g)
1 1:1 49.98 184.73 234.71
1 1:6 46.74 203.46 250.20
1 6:1 63.56 157.84 221.4
2 1:1 336.57 134.25 470.82
2 1:6 305.96 190.36 496.32
2 6:1 403.75 112.97 516.72
4 1:1 1067.25 226.34 1 293.60
4 1:6 1032.31 280.86 1313.17
4 6:1 1108.97 179.33 1 288.30
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Fig.6 Relationship between adsorption energy and pore
size under different conditions
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