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B8z HMS, MCM-412 279 35S Hol=qltt. 7] Fol %7} 50 ppm, 89 pH7}F 591 F2F 21oA]
2 52 7]UE] H|o]ElE pseudo second order kinetic modelol] 285103 Aliet Ax}, AHEIA 7} D4]E HMS+=
115.16 mg/g, Al A7} FA ¥ MCM-412 26.60 mg/g®] Hol2 255 YIS ol st F2s2 719 ot
& vxxas AYAlE F2A S5 A, 153} vlwste] Ala@ gz g@xE S dAEu &
A glo] FHAR 488 5 e S 7 Ao

Abstract — Mesoporous silicate materials have been used as adsorbents for the removal of heavy metals from water by
introducing functional groups such as thiol and amine. In this research, it was investigated whether surfactants used as
templating agents in synthetic processes can act as adsorption sites for heavy metals. Three mesoporous silicates-SBA-
15, MCM-41, and HMS were synthesized using, respectively, block copolymer, hexadecyltrimethylammoniumbromide
(HDTMA), and dodecyamine as surfactants. X-ray diffraction and N, gas adsorption analysis confirmed that the meso-
porous silicates were well prepared and FT-IR spectra resulted in the existence of the surfactants in as-synthesized meso-
porous silicates and the removal of surfactants after calcination. The interactions between Pb*" ions and the mesoporous
silicate materials with/without surfactants were observed. In adsorption kinetic experiments, it revealed that the calcined
mesoporous silicates and the surfactant-loaded SBA-15 almost had no adsorption capacity for Pb>* ions. In contrast, the
surfactant-loaded MCM-41 and HMS showed, respectively, the adsorption capacities of 26.60 and 115.16 mg/g which
were acquired through the fits of adsorption kinetic data to the pseudo second order kinetic model. The adsorption
capacities were comparable to those of other mesoporous adsorbents for heavy metals.
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Table 1. Characteristics of calcined mesoporous silicate materials

. O]iﬂog R 74 25 I =X o) ki AU A Ke X

O T T T T

Samples Surfactants Surface area (m*/g) d;go (nm) a, (nm) Dy (nm)

SBA-15 Pluronic P123 771.2 - - 4.71

MCM-41 Hexadecyltrimethyl ammoniumbromide 788.3 3.65 4.21 2.62
HMS Dodecylamine 997.3 335 3.87 442

*Dpm =4 VpudAgr: Vamand Ap prare pore volume and surface area, respectively, calculated by BJH analysis.

A7 50 ppm Pb** §-o4-8 AZ3I3ATE 600 mL B]o]A ] 250 mL
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Fig. 1. X-ray diffraction patterns of MCM-41 and HMS.
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Fig. 2. N, gas adsorption isotherms of SBA-15, MCM-41, and HMS.

Bragg’s lawell 2-8310] Akslo] B, d,g0=3.65 nm2} a,=4.21 nm
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Fig. 3. Pore size distributions of SBA-15, MCM-41, and HMS.
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Fig. 6. FF-IR spectra of (a) As-syn SBA-15, and (b) SBA-15.
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Fig. 7. Pb?* adsorption Kinetic data of As-syn MCM-41 and As-syn

HMS. Other adsorbents showed no Pb%* adsorption ability.
Initial concentration of Pb>*=50 ppm, solution pH=5.0+0.1.

Table 2. Parameters from the fits of kinetic data to the pseudo second
order equation

Samples q, (mg/g) R?

As-syn MCM-41 26.60 0.989

As-syn HMS 115.16 0.999
AT F w Agslel Bk HERAE HAsle,
JeFA A4S $181] pseudo second order FLEe 48510 5
RS 818t 2 HIo]ElE pseudo second order K Elof| A&
3+ A3}7} Table 291 E/\]Q%E} Z1Ulg dlo]E]lE pseudo second

order 5.0l A-83191& v, 71 A#AGTTE 098 o] & 3k
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FHEAY % adsorption density)S H]wdR= Zlo] HQslt}t F &
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Table 3. Adsorption capacities and densities of various mesoporous
silicate adsorbents for heavy metals

Adsorption

Adsorbents Adsorbates  capacity Adsor;? tion
density
(mmol/g)
MP-HMS-C12 [22] Hg** 15 1.0
MP-HMS-C8 [22] Hg** 0.55 0.61
MP-MCM-41 [22] Hg* 0.59 1.0
MP(2)-MSU-2 [13] Hg* 23 1.0
MP-MSU-2 [13] Hg* 0.9 1.0
FMMS [20] Hg* 25 0.78
S-S [11] Ccu** 0.1 -
N-S[11] cu** 0.1 -
NN-S [11] cu** 0.5 -
NNN-S [11] Cu** 0.5 -
Amine-containing MCM-41 [26] cu** 1.67 -
As-syn HMS Pb** 0.513 0.563
As-syn MCM-41 Pb** 0.125 0.188
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