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Abstract: In practice, adsorbents such as 13X have strong hydrophilicity due to their low Si/Al ratio, whose
competitive adsorption between vapour and volatile organic compounds (VOCs) often impairs the actual removal
effect of VOCs on the adsorbents. Here, 13X was modified using CTABr as a templating agent and
tetraethoxysilane (TEOS) as a silica source.Based on this modified 13X, a core-shell composites with 13X core and
a mesoporous silica shell, named as 13X@Si0,, was therefore synthesized. Its adsorption performance was tested
by using toluene as a probe molecule under different humidity conditions on a penetration experimental device,
compared with that of the pristine 13X. The results show that the adsorption capacity of sample 13X@SiO,-2.6 (2.6 mL
TEOS added in the preparation) was about 18% higher than that of 13X original sample under dry conditions. At
30% and 50% relative humidity, the optimum adsorption capacity of 13X@SiO, was increased by about 53% and
90%, respectively. In order to test the stability and reusability of the adsorbents, twice regeneration of sample
13X@Si0,-2.6, treated for 2 h in situ desorption at 350 ‘C, were performed, and the result showed that the regenerated
sample 13X@Si0,-2.6 still retained 90% of the original toluene adsorption capacity.
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(A) Large angle XRD patterns; (B) Small angle XRD patterns
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Fig. 2 SEM images of the samples
(A) 13X; (B, E, F) 13X@Si0,-2.2; (C) 13X@Si0,-2.6; (D) 13X@Si0,-3.5
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Fig. 3 TEM images of the samples
(A, B, E) 13X@Si0,-2.2; (C, D) 13X@Si0,-2.6
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Fig. 4 Adsorption of toluene on the different adsorbents under dry condition
(A) Adsorption breakthrough curves; (B) Saturated adsorption capacity; (C) Comparison of the breakthrough
times; (D) Cumulative adsorption capacity of different adsorbents
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Fig. 5 Adsorption of toluene on the different adsorbents under 30% relative humid conditions
(A) Adsorption breakthrough curves; (B) Saturated adsorption capacity; (C) Comparison of the breakthrough time;
(D) Cumulative adsorption capacities of different adsorbents of toluene



542 T Bl Mok R %38 &
A) 13X _ 45 H(B)
201 --13X@Si0,-2.2 o040
—+-13X@Si0,-2.6 045
~13X@Si0y35 | &
1.5 =30
2
o “ g 25
QS 1.0 AN T H B 080 -5-7-7-u-y-y § 20L
815
=
0.5 E10f
3
< 57
0 1 1 0 L
0 80 100 120 13X 13X@Si022  13X@Si0:-2.6 13X@Si0:-3.5
Time / min
© 70 b
28l p T D) . - 13X
é 260} %, - 13X@8Si0,-2.2
RS g /“‘\ N -+ 13X@Si0,-2.6
926 ~ 50t AN, - 13X@Si0,-3.5
£ z A @8i0:
= 8 40 - v v\'\:A"‘:)\.w~o—o—o—.—a
224 & V4 A= -
) 1 \ YV V-V-V-V-V-V-V-V-V-V-V-¥
g A
=] \,
g 2L g 20t /- ...........................
m @ *
20t/
20 <10y
13X 13X@Si0,-22  13X@Si0,-2.6 13X@Si0,-3.5 00 2|0 40 60 8‘0 lbO 1‘20

Time / min

6 N [EIR B FRITEAE R RE 50% 5% 1 X FH 2R [ R B 2 56
Fig. 6 Adsorption of toluene on the different adsorbents under 50% relative humid conditions
(A) Adsorption breakthrough curves; (B) Saturated adsorption capacity; (C) Comparison of the breakthrough time;
(D) Cumulative adsorption capacity of different adsorbents of toluene
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Fig. S1 Diagram of the penetration experimental apparatus
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Fig. S2 SEM images and the corresponding EDS results of samples
(A) 13X; (B) 13X@Si0,-2.2; (C) 13X@Si0,-2.6; (D) 13X@Si0,-3.5
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Fig. S3  (A) Nitrogen adsorption-desorption isothermal curves and (B) the corresponding pore size

distributions decided by a DFT model of samples
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Fig. S4 FT-IR spectra of the sample
(a) 13X; (b) 13X@Si0,-2.2; (C) 13X@Si0,-2.6; (D) 13X@Si0,-3.5
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Fig. S5 Images of water droplets on the surfaces of different samples
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Fig. S6 (A) Toluene adsorption breakthrough curves and (B) cumulative toluene adsorption capacity of SiO, under dry condition
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Fig. S7 (A) Adsorption of toluene on different adsorbents with triple adsorption-desorption cycle. Adsorption penetration
curve and (B) saturated adsorption capacity under 50% relative humid conditions
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