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2 ok B AFe E4A ZYAEMdNE FFEA HE o] &3t LA 7] 33HE(Volatile Organic Compounds;
VOCs)9] ¥%<l dichloromethane (DCM)E EZFE EZFL Eelstes AL 5FHoZ 3. 4% A&ES 2 dia-
mine-terminated polydimethylsiloxane (SIDA)Y A E F2& Zte B4 H3E tlopgl @A (2-(perfluorohexyl)ethyl-
3,5-diaminobenzene : PFDAB)3} 4,4"-(hexafluoroisopropylidene)diphthalic anhydride (6FDA)E o] &3t A 474 &
a7 ZAEo|NE FFHA L& Axd thololRlg FARE dE BT HEE ALoA #EAUTY. FF
A = U] gojolwl HE F SIDAY FFE 0, 25, 50, 75, 100 mol%E ZHEHJLH, A9 24L& DCM 0.05 wt%S
AHgEtR T ol w3 ARREI7E 2 SIDAY o] Srhgel mEt & vl DCMe) £3E B pAdEEgt
Z8keE A4S el en, &g 4 SHEE 13 718t 3FH0EE EREYLY FHAY R} SUske
RE AT F 3

Abstract: This study reports on the pervaporation separation of a volatile organic compound (VOC), dichloromethane
(DCM) from water using fluorinated copolysiloxaneimide membranes. The copolysiloxaneimide membranes were prepared
from 4,4'-(hexafluoroisopropylidene)diphthalic anhydride (6FDA) and two diamines (polysiloxane diamine (SIDA), 2-(perflu-
orohexyl)ethyl-3,5-diaminobenzene (PFDAB)). By varying the ratio of flexible polysiloxane diamine (SIDA)/rigid fluorinated
aromatic diamine (PFDAB) from 0/100 to 100/0 mol%, five copolysiloxaneimide membranes were prepared success- fully.
The pervaporation properties of DCM/water were examined in terms of two diamine monomer ratio at room temperature
and the feed composition of 0.05 wt% in water. It was found that the increase in SIDA content led to high permeation flux
and pervaporation selectivity towards DCM by the enhanced sorption/sorption selectivity and diffusion coefficient/diffusion
selectivity due to the increased hydrophobicity and fractional free volume.
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Fig. 1. Chemical structure of the polyimidesiloxanes.
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@ Pl : Pressure Indlcuator
TIC : Temperature Indicating
Controller
GC GC ¢ Gus Chromatograph
Eé]: 5 PC @ Personal Computer

1.temperature indicating controller 2. feed tank 3. feed
pump 4. membrane cell 5.gas chromatograph 6. gas
sampling value 7. personal computer 8.cold trap 9. vent
to atmosphere 10. vacuum pump

Fig. 2. Schematic representation of pervaporation appa-
ratus.
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Table 1. Physical Properties of the Polyimidesiloxanes

. Surface . Fractional
. Density d-spacing
Polyimide ( gcm3) free energy @A) free volume
(dyne/cm) (vol %)
SIDA100 1.09 18.1 8.4 19.0
SIDA75-PFDAB25  1.17 18.6 7.1 18.8
SIDASO-PFDABS0  1.27 19.2 6.3 18.7
SIDA25-PFDAB75  1.40 20.2 5.6 18.5
PFDAB100 1.60 21.1 5.5 183
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Fig. 3. Sorption properties of the polyimidesiloxane mem-
branes; (a) degree of sorption; (b) sorption selectivity.
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Fig. 4. Diffusion properties of the polyimidesiloxane
membranes; (a) average diffusion coefficient; (b) diffusion
selectivity.
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Fig. 5. Permeation properties of the polyimidesiloxane
membranes; (a) permeation flux; (b) permeation selec-

tivity.

7bo] mhe} gato] AojEE AL = Ao ME
o} o]e} e o] fE s} Eo i DCME kA
S = SIDA 339 Z7td wel 0.0194 0572 F
7vstA At

3.4, FoiEN

Fig. 73 8ol & AHgoM Algd ojw = ute]
0.05 wt% DCM 8ol tf %k JJrIfaw\g} =346
=E etk T80 Hol& Hieg Zo], 2 E £
ojmj=dto] DCM A e1AQ] H&& Ro|m percolation
point7} LHE A ¢ko} DCMo| &% T £890)



gL EP)USNol0|E FFFALL ©§8 AFE Dichloromethane FE-o19] £}z 189

A DCM A|Ae S &2 Aoz A=t &
HEY 29 ¢ SIDA/PFDABS| H|go] #A-d| w
g 0.0075 kg/m’holl A 0.026 kg/m’*h& Z7}st o,
ERAEEE 24904 218002 A Z718tQTh ol&
QoA Ami gk upel o] SIDAY ko] Z7}13o wh
2 oo} A3 DOM td §el= I3 ARR
A7t F7hsk7] W&ol

4.8 B

2 AgeMe ZP4AELd FEL2EAVE A
FE JPES H43 Bad ZYdEAoncatg
Azste] VOCse) Y% dichloromethane (DCM)S
EEZRY J2odA EfFd BIsle Blig, o2y
E] 22454 &, SIDAY §Fo] Be4F o] Af
73, 24974 2 DCMd tid £3=7F ANE Ae
geagt. old m& AFHZH DCMY FEHE, +2
MY, S g, S eyt Zlsle] FFHor
FREg 0 BERNYET}L Flste AE $UT
AR £ 7)1EY AFAoH = FFEA A
5] BEHAY percolation point7} FEE A oo}
DCM &4l g FgFago2A 2 7Ms4de
AT & 9l

ot 4y rlr

1. J. L. Humphrey, “Separation processes: playing a
critical role”, Chem. Eng. Prog., 91, 31 (1995).

2. H. L. Fleming, “Consider membrane pervapora-
tion”, Chem. Eng. Prog., 88, 46 (1992).

3. 0189, A2y, AN, “ZSM-5 ALTHolE £
gol o3 37t F4FEEY FA3E £, 9
g9/, 16, 159 (2006).

4. T. Uragami, H. Yamada, and T. Miyata, “Removal
of dilute volatile organic compounds in water
through graft copolymer membranes consisting of
poly(alkylmethacrylate) and poly(dimethylsiloxane)
by pervaporation and their membrane morphology”,
J. Membr. Sci., 187, 255 (2001).

5. M. Peng, L. M. Vane, and S. X. Liu, “Recent ad-

vances in VOCs removal from water by pervapora-

10.

11.

12.

13.

15

tion”, J. Hazard. Mater., B98, 69 (2003).

. M. Bennett, B. J. Brisdon, R. England, and R. W.

Field, “Performance of PDMS and organofunc-
tionalised PDMS membranes for the pervaporative
recovery of organics from aqueous streams”, J.
Membr. Sci., 137, 63 (1997).

. S. Q. Zhang, A. E. Fouda, and T. Matsuura, “A

study of pervaporation of aqueous benzyl alcohol
solution by polydimethylsiloxane membrane”, J.
Membr. Sci., 70, 249 (1992).

. H. O. E. Karson and G. Tragardh, “Pervaporation

of dilute organic-waters mixtures. A literature re-
view on modelling studies and applications to ar-
oma compound recovery”, J. Membr. Sci., 76, 121
(1993).

.M. V. Chandak, Y. S. Lin, W. Ji, and R. J.

Higgins, “Sorption and diffusion of volatile organic
compounds in polydimethylsiloxane membranes”, J.
Appl. Polym. Sci., 67, 165 (1998).

E. 1. Akiyama, Y. Takamura, and Y. Nagase,
“Studies on silicone-grafted copolyimides, 3. Syn-
thesis of soluble polyimide/polydimethylsiloxane
graft copolymer and application to separation
membrane”, Makromol. Chem., 193, 1509 (1992).
Y. Nagase, S. Mori, M. Egawa, and K. Matsui,
“Preparation of polyimide/polydimethylsiloxane graft
copolymer and its permeabilities for gases and lig-
uids”, Makromol. Chem., 191, 2413 (1990).

S. A. Stern and R. Vaidyanathan, “Structure/per-
meability relationships of silicon-containing poly-
imides”, J. Membr. Sci., 49, 1 (1990).

T. Nakagawa, T. Nishimura, and A. Higuchi,
“Morphology and gas permeability in copolyimides
containing polydimethylsiloxane block”, J Membr.
Sci., 206, 149 (2002).

. J. Schauer, P. Sysel, V. Marousek, Z. Pientka, J.

Pokomy, and M. Bleha, “Pervaporation and gas
separation membranes made from polyimide/poly-
dimethylsiloxane block copolymer”, J. A4ppl. Po-
lym. Sci., 61, 1333 (1996).

B. J. Chang, Y. H. Chang, D. K. Kim, J. H. Kim,

Membrane J. Vol. 17, No. 3, 2007



190

16.

17.

and S. B. Lee, “New copolyimide membranes for
the pervaporation of trichloroethylene from water”,
J. Membr. Sci., 248, 99 (2005).

R. R. E. Kirk and D. F. Othmer, Encyclopedia of
chemical technology, fourthed., John Wiley &
Sons, New York (1991).

A. Heintz, H. Funke, and R. N. Lichtenthaler,
Chapter 6, Sorption and diffusion in pervaporation
membranes and R. Y. M. Huang, J. W. Rhim,

WaFHQl, A 17 Y A 3 &, 2007

18.

Separation characteristics of pervaporation mem-
brane separation process, Chapter 2, in: R. Y. M.
Huang (Ed.), Pervaporation membrane separation
processes, Elsevier, Amsterdam, pp. 111-180 (1990).
K. Okamoto, A. Butsuen, S. Tsuru, S. Nishioka,
K. Tanaka, H. Kita, and S. Asakawa, “Pervapo-
ration of water-ethanol mixtures through poly-
dimethylsiloxane block-copolymer membranes”, Po-
ym, J., 19, 747 (1987).



