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Preparation and Adsorption Behavior of Mesoporous Silica MCM-41 Derived from
Organo-silicone Waste Residue
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(1. Key Laboratory of Environment and Resource Utilization of Poyang Lake and Resource Utilization, Ministry of Education, School
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Abstract: Organic silicon waste residue was used as silicon source to prepare MCM-41 mesoporous silica by using alkali fusion and
hydrothermal reaction method. The effect of alkali fusion time and liquid-solid ratio on extraction rate of the silicon source was
evaluated, while the effect of CTAB/SiO, molar ratio on structure of the mesoporous silica was detailly explored. Besides, adsorption
performance of the MCM-41 toward Rhodamine B (RhB) was comprehensively studied. It was found that the MCM-41 possessed highest
degree of ordered mesoporous structure, after calcining for 2 h, with the liquid-solid ratio of 50:1 mL/g, and CTAB/SiO, molar ratio of
1:0.3. Accordingly, the specific surface area, pore size and pore volume of the sample were 783.23 m?%/g, 2.529 nm and 0.7479 cm’/g,
respectively. In addition, the RhB could be effectively removed with MCM-41, with the maximum efficiency to be 295.23 mg/g. Isotherm
and kinetic studies revealed that the RhB removal process could be well fitted with Langmuir and pseudo-second-order kinetic models.
Meanwhile, owing to its spontaneous and exothermic adsorption, MCM-41 exhibited a high recyclability.
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Table 1 Chemical composition of silicon slag ~ w/%

Si Fe Mg K Ca Al Cr

97.96 0.66 0.33 0.11 0.55 0.37 0.01

w is mass fraction.
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Fig. 1 XRD pattern of silicon slag
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Fig. 2 XRD patterns of product at different alkali fusion time
Preparing conditions are: calcination temperature is
550 °C, the ratio value of silicon slag to alkali is 1.0:1.2.
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Table 2 Extraction rate of silicon at different alkali fusion
time

m(dissolved Si)

-1
e S /(me-
m(original Si in ash) (meg-g )

Alkaline fusion time/h

0.5 385.9
1.0 387.4
2.0 398.5
4.0 311.1
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Table 3 Extraction rate of silicon at different liquid/solid
m(dissolved Si)

m(original Si in ash)

Liquid/solid ratio /(mg-g™h)

20:1 317
50:1 330
100:1 294
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Fig. 4 FTIR spectra of the synthesized MCM-41
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Fig. 6 SEM and TEM image of the synthesized MCM-41
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Fig. 9 Pseudo first-order kinetic and pseudo second-order kinetic for adsorption of RhB on MCM-41
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Table 4 Pore structural characteristics of the synthesized MCM-41
Pseudo first-order kinetic Pseudo second-order kinetic
ky/(min”") Gecal(mg'g ™) S ky/(mg-g”"-min") Geca(mg'g ) R Geer/(mg-g™)
0.03 36.34 0.816 0 0.005 1 222.22 0.999 9 219.88

ge.cal s theoretical equilibrium adsorption capacity; k; is equilibrium rate constant of the first order equation; k» is equilibrium rate constant the second order

equation; R~ is correlation coefficient; g. .y is experimental equilibrium adsorption capacity.
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Table 5 Adsorption parameters of RhB by MCM-41 for
Langmuir and Freundlich isotherm models

Langmuir Freundlich

Temperature/ 'C G/ K/ 5 N/ Kg/ )
(mg-g) (Lomgh) (L'mgh (L-mgh

25 333.33 0.027 0999  2.309 31.469 0.835

35 333.33 0.048 0.996 2.058 21.477 0.716

45 333.33 0.026 0995 1.875 14.924  0.706

gm is theoretical saturated adsorption capacity; K is the Langmuir
isothermal constant; Ky is the Freundlich empirical constants; N is the

heterogeneity factor.
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Fig. 12 Curves of InK4—1/T of MCM-41

I
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Table 6 Thermodynamic parameters of RhB removal by

MCM-41.
e InKy/  AG/ AH/ AS/ 5
Lgh  (kImol™) (kJ'mol™)  J-(mol™-K™)
25 0.8656 —2.144
35 0.7441 -1.905 -9.632 —25.108 0.998
45 06210 ~1.642

AG is adsorption free energy; AH is adsorption enthalpy change; AS is

adsorption entropy change; InKj is equilibrium constant.
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MFLZAY 319 2.52 9 nm A1 0.747 9 cm’/g.
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