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Abstract: In this study the changes in hydrophobicity and toluene adsorption/desorption properties of ZSM-5 zeolite ( a commercial zeolite) as a function
of Si/Al ratio were investigated. Our results indicated that the micropore volume and surface area increased with increasing Si/Al ratio. When Si/Al ratio
was >100 ZSM-5 zeolite was hydrophobic and exhibited an enhanced selectivity for toluene adsorption. Further the adsorption and desorption
characteristics of different VOCs on the ZSM-5 zeolite were studied using four types of VOCs including alcohols esters hydrocarbons and ketones. The
results suggested that interaction between zeolite and the VOCs were stronger as the molecular size ( number of carbons) and the polarity of the VOCs
increased. As a result for molecules having the same functional groups the VOC desorption temperature was higher for molecules with higher number of
carbons. Nevertheless all the VOCs tested had desorption temperatures lower than 300°C. The results also indicated that because of its high porosity
ZSM-5 zeolite may be more suitable for the adsorption of VOCs with smaller molecular sizes.
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et al. 1992; Das et al. 2009) VOCs .
ZSM-5 . ( 2010; 2012).
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7SM- 5 3 ( Results)
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Table 1  Physical property parameters of VOCs
VOCs / (gemL™") / C (20°C) / kPa /nm
32 0.79 64.8 12.90 0.38
60 0.79 82.4 4.400 0.47
60 0.98 32.0 63.69 0.48
88 0.90 77.0 9.40 0.52
78 0.88 80.1 10.03 0.53
84 0.78 80.7 10.34 0.61
58 0.80 56.5 24.64 0.47
98 0.95 155.6 0.39 0.69
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ZSM-5 2 4 ZSM-5-50
7ZSM-5 (377~395 103.7 m*>g™ 7ZSM-5-300  157.8 m™g"

mg™') (0.17~0.19 m™g™') . 0.05 m™g”' 0.12 m™g"
ZSM-5 ZSM-5-300
Al ZSM-5
2 ZSM-5
Table 2 Structural characteristics of ZSM-5 with different Si/Al ratios
Spr/(m*g™") Siero? (m*g™") St /(m*g7™") Viier ! (m™g™") Vit /( m*g™")

ZSM-5-50 377.4 103.7 273.7 0.05 0.18

ZSM-5-100 377.1 111.7 265.4 0.09 0.19

ZSM-5-200 394.9 143.0 251.9 0.10 0.17

ZSM-5-300 379.0 149.8 230.2 0.12 0.18
:Sger  BET Soiero S pvterml Viiero Vil

3.2 ZSM-5 . 4 Si/
1 4 (Si/Al1=50.100.200 Al=300 ZSM-5
300) ZSM-5 (5.12x107° mol*g *min™") .
ZSM-5-50
0018 gog” 3 ZSM-S o -4 i
Si/Al=50 il % Si/AliZOO -":/'/)*/‘/
7SM=S 3 50 ~ Al Si/A1=300 /‘_/ & /v /
300 ZSM-5 _osk 7’/ /'/
Si/Al = 50 0.018 S f o .////
gog”! Si/Al=300 0.040 geg”! il o ./4//'/
0.058 g+g™' 0.077 g*g™". ZSM—-5- i . o ,*73// 7
200 ZSM-5-300 - _.-’ *,t/'*('
ZSM-5-300 R o T
7SM=5-300. fif [E]/min
1 ZSM-5
3 ( GHSV: 30000 mLeh!eg™" T=40°C C,=1500 mg*m™?)
Si/Al=300 ZSM-5 Fig.1 Breakthrough curves of toluene on ZSM-5 with different Si/
Al ratios
3 ZSM-5
Table 3 Adsorption properties of toluene on ZSM-5 with different Si/Al ratios
/ / / /
(&g min (&g (mol+g™'*min™") I em?)

ZSM-5-50 0.058 39 0.018 5.01x107° 1.00x10"

7ZSM-5-100 0.074 72 0.031 4.67x107° 1.28x10"

ZSM-5-200 0.077 88 0.041 5.06x107° 1.28x10"

ZSM-5-300 0.077 85 0.04 5.12x107° 1.33x10"
© GHSV 30000 mLeh'g™! T=40C C,=1500 mgem™>.
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Fig.2  Breakthrough curves of toluene on ZSM-5 with different Si/Al ratios in different RHs



3148 34
4 ZSM-5
Table 4  Adsorption properties of toluene on ZSM-5 with different Si/Al ratios
RH=0 RH=50%
q ! q / q ! q v T 7/
(g°g™") (g°g™") (+m?) (g°g™") (m?) 7
ZSM-5-50 0.058 0.017 1.42x10'8 0.049 0.85x10'8 0.60
ZSM-5-100 0.074 0.019 1.68x10" 0.066 1.14x10'8 0.68
ZSM-5-200 0.077 0.008 0.68x10' 0.070 1.16x10'8 1.71
7SM-5-300 0.077 0.001 0.09x10' 0.075 1.29x10' 14.33
g q GHSV 30000 mL+h™"g™" T=40C C€,=1500 mg*m™.
g (
ZSM-5 2009)
Si/Al Si/
ZSM-5 Si/A1=300 Al=50 ZSM-5
qg g 14.33.
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5 ZSM-5 VOCs
Table 5 Adsorption properties of different VOCs on ZSM-5
/ / / / /
VOCs _ . _ _ .
(g°g™") min (g°g™") ( *m?) C
0.036 26 0.021 1.79%10'8 200
0.090 47 0.054 2.38x10'8 245
0.082 25 0.034 2.17x10'® 265
0.129 35 0.072 2.77%10' 310
0.055 22 0.035 1.12x10" 225
0.035 / / 0.66x10' 260
0.094 50 0.061 2.57x10'® 235
0.041 2 0.007 0.69x10'8 290
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