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Polydimethylsiloxane(PDMS)=}3} PDMSe]| 44 zeolite S A4 2 E313F zeolite/PDMS S Al =312 344 57149
3129 SaERL AgHos Apsigdn}. $RAPL dichloromethane(DCM), chloroform(CF), perchloromethane(PCM),
dichloroethylene(DCE), trichloroethylene(TCE), perchloroethylene(PCE), chlorobutane(CBu) ¥ chlorobenzene(CB) 55
Ao 2 25°CollA 3slsr). PDMSThol| 2]3t Z3}523k2. PCM>TCE>CF>PCE>DCE>DCM>CBu>CB9] $412 7}t
23k9lom, +25-2402 Flory-Huggins |3} & A2]3}3{t}. Zeolite/PDMSTell 2] 3}k =2+-5-2-41-2 zeoliteol] ©J3} Lang-
muir 5245} s1EAH o] E=] 26l )% Flory-Huggins 5-2410] 234 el g ehliddch 557 & Aol
zeolite®] Goo) 271U 47194512 Saao] 2719 o0t HEEA) & Aol zolited] o] Z71U4E
23]e) Saeo] Hasigich

Abstract— Poly(dimethylsiloxane)(PDMS) and Zeolite-filled PDMS(zeolite/PDMS) membranes were prepared, and the
sorption characteristics of volatile organic chlorides were experimentally investigated. Seven organic chlorides such as di-
chloromethane(DCM), chloroform(CF), perchloromethane(PCM), dichloroethylene(DCE), trichloroethylene(TCE), perchlo-
roethylene(PCE), chlorobutane(CBu) and chlorobenzene(CB) were sorbed in the PDMS and zeolite/PDMS membranes at
the temperature of 25 °C. The sorption of organic chlorides on the PDMS membrane decreased in the order of PCM>TCE>
CF>PCE>DCE>DCM>CBu>CB, and the sorption isotherms were in good agreement with Flory-Huggins theory. The sorp-
tion isotherms in zeolite/PDMS membranes showed combined types of two different isotherms ; i) Langmuir isotherms in
microporous zeolite and ii) Flory-Huggins isotherms in polymer matrix. Under the conditions of lower activities, the sorp-
tion capacities of organic chlorides in zeolite/PDMS membranes increased with increasing content of zeolites. At higher ac-
tivities, however, the sorption capacities of organic chlorides decreased with increasing content of zeolites.
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Table 1. Physico-chemical properties of organic compounds(25 °C)
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Components

Boiling Molar volume MW Dipole Vapor pressure Solubility
Formula Abbreviation point("C) (cc/mol) moment p(D) (mmHg)* parameter &
CH,Cl, DCM 39.8 63.9 84.94 1.60 429.44 203
CHCL, CF 61.0 80.7 119.39 1.01 194.25 19.0
CCl, PCM 76.7 97.1 153.84 0 114.38 17.8
1,1-C,H,Cl, DCE 31.7 79.0 96.95 1.34 601.47 18.8
CHCL, TCE 86.7 90.2 131.40 0.77 69.09 19.0
CCl, PCE 121.0 101.1 165.85 0 18.60 20.3
1-CH,Cl1 CBu 78.5 104.9 92.57 2.05 102.12 17.4
C4H;Cl1 CB 1321 102.1 112.56 1.69 12.10 19.6
CH,OH MeOH 64.7 40.7 32.04 1.70 125.03 29.7

*Vapor pressures were calculated from Antoine equations.
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Fig. 1. SEM photograph of cross-section of zeolite/ PDMS membrane.
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Fig. 2. Schematic diagram of the vapor sorption apparatus.
A :Liquid vessel E : Electrobalance

B : Gas storage vessel F : Recorder
C:Vacuum pump G : Control unit
D : Manometer V: Valves
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Fig. 3. Sorption of organic chlorides on PDMS and MS60 membranes.
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Fig. 4. Sorption of organic chlorides as a function of dipole moment.
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Table. 2. Sorption properties of organic chlorides in PDMS and ze-

olite at 25 °C
Adsorbate Density PDMS Zeolite
@) Dy X V,(cc/g) V.,

CF 1.473 0.6096 0.686 0.1278 0.2249
PCM 1.584 0.6095 0.686 0.0915 0.1610
TCE 1.455 0.6244 0.676 0.1472 0.2591
PCE 1.614 0.5573 0.724 0.1031 0.1815
CB 1.101 0.4990 0.773 0.1291 0.2272
MeOH 0.787 0.0419 2.412 0.0847 0.1491

®, ... volume fraction of solvent, ) : interaction parameter
V, : micropore volume at a,=1.0(extrapolated by Langmuir isotherms)
V,:void fraction, V=V (cc/g) X d(g/cc), where d,=1.76 g/cc
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Fig. 5. Sorption isotherms of organic chlorides on zeolite at 25 °C.

Table 3. Parameters of sorption isotherms

Langmuir equation(MS) Exponential equation(PDMS)
cx k, X 10 c

Components b
|: g sorption} [torr“] |: g sorption :l l: g saml?le }
g sample g sample -torr g sorption

CF 0.189 0.883 0.148 1.61
PCM 0.147 0.759 0.321 1.20
TCE 0.217 4.838 0.400 1.77
PCE 0.168 6.939 1.709 1.22
CB 0.145 3.686 1.451 2.59
MeOH 0.069 0.230 0.005 35.80
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Fig. 6. Sorption isotherms of organic chlorides on PDMS membrane
at 25 °C.
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Fig. 7. Flory-Huggins isotherms of organic chlorides on PDMS mem-
brane at 25 °C.
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Fig. 8. Sorption isotherms of organic chlorides on MS20 membrane
at 25 °C.
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Fig. 9. Sorption isotherms of organic chlorides on MS60 membrane
at 25 °C.
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Fig. 10. Sorption isotherms of trichloroethylene at 25 °C.
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Fig. 11. Sorption isotherms of chloroform at 25 °C.
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Fig. 12. Sorption isotherms of chlorobenzene at 25 °C.
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