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Preparation of 2-hydroxy-1-naphthalene Functionalized SBA-15 Adsorbent
for the Adsor ption of Chromium(l11) lons from Aqueous Solution
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Abstract: SBA-15 mesoporous material functionalized with 2-hydroxy-1-naphthaldehyde denoted as Q-SBA-15 was
synthesized by using Schiff’s base reaction to remove Cr(II) ions from aqueous solution. A series of characterizations
were performed to analyze the morphology, pore structure, element distribution and chemical properties of Q-SBA-15.
The results showed that BET surface area and pore size of SBA-15 decreased after modified with 2-hydroxy-
1-naphthaldehyde, but the surface morphology and crystal structure of SBA-15 did not change significantly. To
investigate the adsorption properties of Q-SBA-15 toward Cr(III) ions, effects of solution pH and ionic strength were
studied. Moreover, adsorption kinetics, adsorption isotherm models, adsorption thermodynamics, and regeneration
performance of Q-SBA-15 were analyzed. Adsorption process toward Cr(III) ions onto Q-SBA-15 was well followed

by pseudo-second order kinetic model and Langmuir isotherm model. The maximum adsorption capacity of Q-SBA-15
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was 102.3 mg/g toward Cr(III) ions under the conditions of 40 “C and pH 6. The Cr(IIl) adsorption onto Q-SBA-15 was

found to be spontaneous and endothermic process. The adsorption process mainly based on the coordination chelation

of Cr(IIl) ions with the functionalized groups on Q-SBA-15. Furthermore, Q-SBA-15 exhibited good reusability.

Therefore, Q-SBA-15 can be used as a promising adsorbent for removal of Cr(III) ions from aqueous solution.
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Fig. 1 Schematic diagram of the synthetic process for Q-SBA-15
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Fig. 2 (a, b) SEM images, (c, d) EDX elemental analyses, (¢) XRD patterns and (f) TG curves of (a, c) SBA-15
and (b, d) Q-SBA-15 samples
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Fig. 7 Linearized fitting curves of (a) Langmuir model and (b) Freundlich model for adsorption of Cr(IIl) on Q-SBA-15
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FhoTREME . ABFAETA RN KB/ T 1, BB iR
st A5 5 P Bt RS

26 BMAZEMR

RG22 A A E SN E HEE(AG). Ja&
(AH)FIEAZ (AS) S5 2 24, 3t — Bk FE R PR
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Fig. 8 XPS spectra of Q-SBA-15
(a) Overview spectra of Q-SBA-15 before and after Cr(11l) adsorption; (b) Cr2p spectrum of Q-SBA-15 after Cr(11l) adsorption; Cls spectra of (c)
Q-SBA-15 (before adsorption) and (d) Q-SBA-15 (after adsorption); N1s spectra of (¢) Q-SBA-15 (before adsorption) and (f) Q-SBA-15 (after adsorption)
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TableS1 Kinetic parametersfor Cr(l11) adsorption onto Q-SBA-15

Sample

Geexp/(mgg ")

Pseudo second-order model

qeacal/(mg' gﬁl)

Pseudo first-order model

Qescal/(mg'gil)

K/ min™ R’ K>/(grmg ' *min™") R’

Q-SBA-15

102.3 0.0647 61.75 0.857 4.26x107* 119.19 0.979
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TableS2 Comparison of Cr(I11) adsorption performance
with different materials selected from literature
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TableS3 Thermodynamic parametersof Cr(l11)
adsor ption on Q-SBA-15

Adsorbent gm/(mg-g™") References
Biomass-based hydrogel 41.7 [1]
m-MCM-41-NH, 36.92 [2]
Graphene oxide 13.3 [3]
Thiol-functionalized MCM-41 15.34 [4]
TS-SBA-15 95.68 [5]
NH,-SBA-15 24.88 [6]
Q-SBA-15 102.3 This work
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Fig. S3  Plots of InK, versus 1/T for the adsorption of Cr(III)
by Q-SBA-15
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