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Abstract: Competitive adsorption induced by water vapor severely restricts the application of silica gel under high-
humidity conditions. In this study, silica gel was hydrophobically modified using trimethylchlorosilane (TMCS) and
phenyltriethoxysilane (PTES). Physicochemical properties of the synthesized materials were evaluated by various char-
acterization techniques. Additionally, adsorption performance towards n-pentane and n-hexane was assessed by dy-
namic adsorption equilibrium experiments coupled with in-situ infrared spectroscopy. Results indicate that the modi-
fied silica gels exhibit significantly enhanced moisture resistance. TMCS modification is highly concentration-depend-
ent, and pore structural parameters of the modified silica gel remain constant after reaching the threshold concentration.
The optimal sample modified by 17% (in volume) TMCS (SG-17%-TMCS) achieves a contact angle of 130.8° and
retains 96.6% of its total pore volume. Conversely, PTES modification depends on multiple interacting factors, with
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pH and temperature exerting the most significant impacts. The optimal PTES-modified (100%, in volume) sample
exhibits a contact angle of 137.4°, but its specific surface area and pore volume decrease markedly to 153 m*/g and
0.061 cm*/g. Adsorption tests reveal that the TMCS-modified silica gel maintains high adsorption selectivity for n-pen-
tane and n-hexane even under high-humidity conditions, and its performance advantage expands further as humidity
increases. After five adsorption-desorption cycles under high humidity, the capacity retention rates for n-pentane and
n-hexane remain at approximately 90% and 92%. In contrast, adsorption capacity of the PTES-modified silica gel
decreases due to severe limitations imposed by its altered pore structure and pronounced molecular steric hindrance.
This study elucidates how modification conditions affect the hydrophobicity of TMCS- and PTES-modified silica gels,
alongside their consequent adsorption behaviors towards n-pentane and n-hexane. These findings provide a solid the-
oretical reference for the efficient removal and recovery of n-pentane and n-hexane from high-humidity exhaust gases.

Key words: hydrophobic modification; pore structure regulation ; steric hindrance; competitive adsorption
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Fig. 4 XRD patterns of samples
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Table 1 Pore structure characteristics of sample

Sample Ser/(m*-g ™) (C:: :/71) Adi\z;aethrI/)r?r;e
SG 602 0.319 2.88
SSN}?S% 372 0.308 3.14
Si-l\l/[(?z}_ 372 0.308 3.16
SGI;;EOS%' 153 0.061 2.97
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vapor adsorption on the samples
(a) SG; (b) SG-17%-TMCS; (c) SG-100%-PTES; (d) Intraparticle diffusion simulation. RH=90%
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Table S1 Kinetic equation regression data of samples for water vapor adsorption

Pseudo-first-orde Pseudo-second-order
Sample
k/min!  ge/(mg-g™) Ri ko/(x1073, g'mg~-min™!) g¢o/(mg-g™) Ry
SG 7.9 270 0.999 0.03 309.71 0.996
SG-17%-TMCS 0.98 27.1 0.999 0.39 38.8 0.992
SG-100%-PTES 0.97 35.6 0.999 0.57 46.8 0.998
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Fig. S4 Regression of pseudo-first-order and pseudo-second-order kinetic models and intraparticle diffusion simulation for n-pen-

tane adsorption on the samples
(a) SG; (b) SG-17%-TMCS; (c) SG-100%-PTES; (d) Intraparticle diffusion simulation. RH=0
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Table S2  Kinetic equation regression data of samples for n-pentane adsorption

Pseudo-first-order Pseudo-second-order
Sample
ki/min"  ge/(mg-g™") R ko/(x1073, g'mg '-min”") ¢/(mg-g')  Ra
SG 0.30 196.7 0.993 10.2 211.8 0.999
SG-17%-TMCS 0.16 140.4 0.988 28.9 146.8 0.997
SG-100%-PTES 0.699 294 0.959 8.3 38.7 0.938
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Fig. S5 Regression of pseudo-first-order and pseudo-second-order kinetic models and intraparticle diffusion simulation for n-hex-

ane adsorption on the sample

(a) SG; (b) SG-17%-TMCS; (c) SG-100%-PTES; (d) Intraparticle diffusion simulation. RH=0
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Table S3  Kinetic equation regression data of samples for n-hexane adsorption

Pseudo-first-order

Pseudo-second-order

Sample
k/min!  ge/(mg-g™) Ri ko/(x1073, g'mg~-min™!) go/(mg-g™) Ry
SG 0.69 204.9 0.946 1.3 268.2 0.920
SG-17%-TMCS 0.639 113.9 0.947 3.1 143.1 0.916
SG-100%-PTES 18.4 0.47 0.858 46.5 21.1 0.898
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