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Adsorptl(m Characterlstlcs ﬂof Sulﬁameth311ne on Three Typlcal Porous ngh- )

temperatui‘e Modified Solid Waste Materials / A ] k.,

WANG Jing"?, ZHU Xiao-li', HAN Zﬁ yu H[‘ﬁ Jlan QIN Zhi-rui’ HAO Wen- tao” "
(1. Qpllegga of Urban and Env1r0nmental Science, Northwebt Umversny, Xi’an 710127, Chma 2. State. Key Laboratory of Urban and
Reglonal Ecology;" Research Center for Eco-Environmental 'Smendes Chinese Academy of Sciences, Beijing 100085, China)

Abstract Three typical porous solid wastes, including hvestO(k manure, crop straw, and coal mining waste, were used as raw
material§ to prepare cattle manure charcoal, straw charcoal, and coal gangue charcoal by low-oxygen controlling temperature
carbonization and calcination. Batch adsorption experiments of sulfamethazine (SMZ) in water were carried out. Adsorption kinetics
and isothermal adsorption equilibrium were used to investigate the adsorption characteristics of SMZ on cattle dung charcoal, straw
charcoal, and coal gangue charcoal, and the adsorption mechanism was discussed by means of field-electron scanning electron
microscope, Fourier transform infrared spectroscopy, Boehm titration, Brunauer-Emmett-Teller measurement, and zeta potentiometric
titration. The results showed that the adsorption of SMZ on the three carbon materials reached equilibrium at 24 h. The adsorption
kinetics of SMZ on three kinds of carbon materials agreed with the quasi-second-order kinetics equation. R’ ranged from 0. 996 8 to
0.9999, and the adsorption rate decreased with the decrease in effective adsorption sites on the surface of carbon materials. The
adsorption process mainly consists of three steps: membrane diffusion, intraparticle diffusion, and the equilibrium stage. Both
intraparticle diffusion and membrane diffusion control the adsorption rate. Isothermal adsorption is more consistent with the Freundlich
model. R* is between 0.987 4 and 0.999 7. It is mainly physical adsorption and spontaneous exothermic reaction. The maximum
adsorption capacity of the three kinds of carbon materials was cattle dung carbon (19.64 mg-g™') > coal gangue carbon (12.06
mg+g~") >straw carbon (9.16 mg-g™"). The adsorption mechanism of SMZ on the three kinds of carbon materials mainly includes
hydrogen bonding between molecules, surface electrostatic adsorption of multi-molecular layers, and pore filling. Of these, electrostatic
adsorption is the main adsorption mechanism. The best adsorption performance of cattle manure charcoal may be due to its rich oxygen-
containing functional groups, more negative charges, and larger specific surface area and pore volume.

Key words : high temperature modification; solid waste; adsorption; sulfamethazine; characteristics
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Table 1~ Basic properties of sulfamethazine
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Table 6  Freundlich and Langmuir model parameters of SMZ for carbon materials

B Freundlich A&7 i _ Langmuir AT i
1/n Ky R, q,/mg-g Ky R,
e hR 0. 689 0. 420 0.999 2 19. 64 0. 095 0.694 6
FiFF 0. 899 0. 141 0.998 2 9.16 0.010 0.893 4
AT R 0. 849 0. 240 0.9933 12.06 0. 001 0.6503
£R7 3 FRMBIRHM SMZ X RN ESH
Table 7 Relevant thermodynamic parameters of SMZ adsorption by the three carbon materials
W B AG®/Kk] +mol 7! AH® j ASY -
15%C 25°C 35C /kJ -mol /J+(mol-K)
L -14.25 -13.69 -13.01 -30.71 -6.97
% -12.64 -11.91 -11.32 -29.86 -7.33
JENT A -13.42 -12.61 -12.04 -30.99 ~7.48
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