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Abstract

It was investigated that effects of NaOH concentration on synthesis of mesoporous materials using municipal solid waste
incinerator ash slag (MSWI-ash slag). In order to increase the purity and maximize the amount of extracted Si content the raw
MSWT-ash slag was mechanically activated. Extraction of Si from the MSWI-ash slag was carried out by alkali treatment using
concentrated NaOH solution, which varied from 1M to 4M. Physical properties (i.e., pore size, specific surface area and total
pore volume) of the synthesized mesoporous silica were also evaluated as a function of NaOH concentration via BET, SEM,
TEM and small-angle X-ray scattering analyses. Over the entire range of NaOH concentration investigated (i.e., 1-4M), the syn-
thesized mesoporous materials were determined to be SBA-15, which exhibited a hexagonal structure with the pore size of
approximately 7 nm. On the other hand, specific surface area and total pore volume increased with NaOH concentration up to
3M while the values decreased at 4M, indicating that the optimal NaOH concentration for the synthesized mesoporous silica was
approximately 3M. Further comparison analysis between two conditions (3M versus 4M) showed that the decrease in two phys-
ical properties at 4M NaOH concentration was likely due to the potential inhibition by excess Na ions on the formation of
mesophase and the consequent increase of pore wall thickness by remaining Si ions.
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Table 1. Properties and chemical analysis of MSWI-ash slag powder

Material dp (Um) Chemical analysis (wt%)
Si0, Na,O P,05 K;0 ALO; Fe,0; CaO
MSWl-ash 19 44.12 38 14 3.54 8.12 1231 16.02
slag TiO, CuO Zn0 RbO MgO Zn0 Ig-loss
0.74 0.29 0.16 6.20 1.04 0.16 2.1
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Fig. 1. XRD patterns of melting fly ash slag obtained by
acid-treated sample. (A)-pure silica, (B)-MSWI-ash
slag and (C)-acid-treated MSWI-ash slag.
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Fig. 2. Particle size distribution(a) and mean particle size(b)
of MSWl-ash slag.
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Fig. 3. SEM images of MSW1I-ash slag obtained by milling. (a)-unmilled, (b)-4 hr milled, (c)-32 hr milled and (d)-64 hr milled.
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Fig. 5. XRD patterns of different milling time acid-treated
MSWI-ash slag. (A)-unmilled, (B)-4 hr milled, (C)-
32hr milled and (D)-64 hr milled.
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Fig. 6. Nitrogen adsorption-desorption isotherm plots of the
calcinated samples synthesized from MSWI-ash slag
at various NaOH concentration. The isotherms for
samples synthesized at NaOH concentration 1M, 2M,
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Fig. 7. SEM images of SBA-15-3M, prepared using MSWI-
ash slag as the starting material.
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Fig. 8. Pore size distributions of the mesoporous silica
prepared in 1M, 2M, 3M and 4M NaOH solutions.
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Table 2. Physical properties of the synthesized products

Sample SYAL (;%Z) POZi;;ZCb Poz n‘glgu)mc (c; lnof) ( ’clzli) Wall (;lic)kness"
SBA-15-1M 28.5 368 744 0.709 9.06 10.46 3.02
SBA-15-2M 44.5 393 7.48 0.880 9.18 10.60 3.12
SBA-15-3M 60.1 471 7.64 0.999 943 10.89 3.25
SBA-15-4M 62.5 383 7.67 0.834 10.31 11.91 4.24

2Si/Al ratio determined by ICP

SCalculated using the Barrett-Joyner-Halenda (BJH) model based on the adsorption branch of the isotherm

“Lattice parameter from XRD using the formula, a,)dem/A/.’; .

dpore wall thickness, a,- pore size.
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Fig. 9. TEM of images of SBA-15-3M(a) and SBA-15-4M(b), prepared using MSWI-ash slag as the starting material.
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