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Abstract Organic compounds pollution, especially phenolic compounds, has been a serious problem recently.
Multi-walled carbon nanotubes (MWCNTs) were oxidized by mixed acid oxidation method to remove phenolic
compounds by adsorption. Five typical phenolic compounds including phenol, p-cresol, p-methoxyphenol, p-
hydroxybenzaldehyde and p-nitrophenol were selected and to be adsorbed on MWCNTs and MWCNTs-O,
respectively. Results showed that compared with the unmodified MWCNTSs, the adsorption capacity of five
phenolic compounds on MWCNTs-O increased significantly. The adsorption amount of five phenols on MWCNTs-
O was different and the order was p-nitrophenol >p-methoxyphenol > p-hydroxybenzaldehyde > p-cresol > phenol.
Adsorption isotherm data for the five phenols fitted Langmuir model well, which proved that phenolic compounds
on MWCNTSs was monolayer chemisorption. Surface functional groups analyzation of MWCNTs-O indicated that
acidic oxygen-containing functional groups increased. TEM and Raman spectroscopy showed the winding degree
of MWCNTs decreased, and overall dispersion and the degree of graphitization increased. n-n conjugation between
vertical T electrons on MWCNTSs-O and =n electrons of phenolic compounds was formed and the electronic energy
(EE) could be used as indicator for phenols adsorption on MWCNTs-O.
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Fig. 1

Adsorption five phenols by modified MWCNTs
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Table 1  Adsorption equilibrium constants of Freundlich
model and Langmuir model for five phenolic
compounds adsorption on MWCNTs

Freundlich Langmuir
ARl
Ke/(mg-g™") n R Xo/(mgg") av R
ph-OCH3 12.374 2.424 0.829 129.870  0.025 0.971
ph-NO, 15.205 2.383 0.822 169.492  0.023 0.968
ph-CHO 2.682 1.346 0.734  129.870  0.006 0.875
ph-CH3 3.716 1.832 0.871 102.040  0.011 0.977
ph-H 3.392 2272 0.859 42.194 0.022 0.972
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Table 2 Oxygen functional groups on the surface
of four MWCNTs

. B AEMIEt /mol
Tt A Hek Pt
0 0.121 0.097 0.004
1 0.130 0.104 0.029
2 0.143 0.107 0.039
3 0.138 0.106 0.037
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GRS S S L R R A - 7 N 1
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R I AN G Y FE AR S A B
25 EE-HUXRERNEL

FI FHl WinMopac #5 A%} 5 Fi i 229 B 7 F 2
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(Quantitative Structure-Activity Relationship, QSAR)
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Fig. 2 Transmission electron microscope (TEM) images of MWCNTs before and after oxidation modification
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Fig.3 Raman spectra of MWCNTSs before and after oxidation modification
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Table 3 Main parameters of five phenols

W2 AH/(kJ-mol ") EE/eV CCR/eV u/debye P L IP/eV  Epmo/eV  Eumd/eV  M/(g-mol™)
ph-H -22.330 —4456.212 3285.277 1.123 18 9.114 0.398 -9.114 94.113
ph-CH; ~30.990 ~5439.491 4193.078 1.226 21 8.951 0.330 -8.951 108.140
ph-OCH; -49.017 —6820.150 5281.031 2.534 24 9.047 0.082 -9.047 124.139
ph-NO, -11.123 ~7859.794 6032.517 5.534 26 10.344 -1.223 -10.344 139.110
ph-CHO —49.477 —6286.968 4778.494 2269 23 9.592 —0.533 -9.592 122.123
2.0+
(b 15
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R*=0.831 . R*=0.967
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Fig.4 Adsorptions and molecular characteristic parameters
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