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Fig. 1. Schematic diagram of the pervaporation process.
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Fig. 2. Characteristics of membrane processes.
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Fig. 4. Schematic diagram of a pervaporation system.
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Fig. 5. Membrane module.
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Table 1. Some examples of the coefficients in the Sherwood

correlation®

Flow regime b c d e PV system
Laminar 1.62 033 033 033 crossflow
Re<2000 1.85 0.33 0.33 033 crossflow
10°<Re<10° 034 075 033 0 crossflow
Re<10° 0023 03 033 0 crossflow
Laminar 0.29 0.57 0.33 - stirred cell
Turbulent 0044 075 033 - stirred cell
Adapted from Karlsson et al.(16).
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Table 2. Factors affecting overall mass transfer during pervaporation

Factors

Examples

Molecular interaction

State of aggregation of the membrane polymer

Physical properties

» Size, shape and polarity of molecule
Hydrogen bondage
Donor-acceptor interaction
P (lass transition temperature
Ratio of amorphous and crystalline domains
» Composition of feed
Thickness of boundary
Selective porosity
Temperature of the membrane
Temperatures of downstreamn and feed
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Fig. 7. Hybrid distillation/pervaporation system for ethanol production.
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Fig. 8. The Permeation flux of spirits using PDMS,1060
and 1070 membranes.
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Sh
Ile

Sherwood number (-)
Reynolds number (-)

Greek letters

a separation factor (-)
8 enrichment factor (-)
8 membrane thickness (m)
Subscripts
b bulk
conv convective
diff  diffusive
f feed or feed side
ij notation for liquid components in a liquid mixture
o, permeate or permeate side
tot total
Superscripts
! outside the membrane
" inside the membrane
U
1. Cheryvan, M. : Ultrafiliration and Microfiltration Hand-

book. Technomic Publishing Co., Pennsylvania, USA (1998)

. Jegal, ).G. and Lee, K.H. @ Polymeric materials for per-

vaporation membranes. Membrane J., 7, 157-166 (1997)

. Lim, K.T., Kim, HL. and Kim, S.5. : Characterization of

pervaporation membrane and its operation parameters for
alcohol concentration. Membrane [., 9, 107-113 (1999)

. Hong, YK. and Hong, W H. : Pervaperation characteristics

of aqueous isopropanol solution using tubular type PDMS/
ceramic composite membrane. Huwahak Konghak, 36, 524~
529 (1998)

. Fleming, ILL. : Consider membrane pervaporation. Chem.

Engr. Prog., 7, 46-52 (1992)

. Ahn, SH., Chang, J.F.,, Yoo, JK., Lee, KH. and Ko, S.M.

> Concentration of fermented ethanol by using pervaporative
system. Membrane J., 7, 65-74 (1997)

. Hong, Y.K. and Hong, W.H. : Influence of ceramic support

on pervaperation characteristics of IPA/water mixtures
using PDMS/ceramic composite membrane. J. Membr,
Sei., 159, 29-39 (1999)

2

10.

11

12,

13.

14.

16.

17.

19.

20.

Rajagopalan, N. and Cheryan, M. and Matsuura, T. ¢ Recov~
ery of diacetyl by pervaporation. Biotechnology Techniques,
8, 869-872 (1994a)

. Ray, S.K,, Sawant, SB., Joshi, ].B. and Pangarkar, V.G.:

Dchydration of acetic acid by pervaporation. J. Membr.
Sci., 138, 1-17 (1998)

Boddeker, K.W. and Bengtson, G.: Pervaporation of low
volatility aromatics from water. J. Membr. Sci., b3, 143~
158 (1990)

Schnabel, S., Moulin, P., Nguyen, Q.T., Roizard, D. and
Aptel, P. : Removal of volatile organic components(VOCs)
from water by pervaporation: separation improvement by
Dean vortices. J. Membr. Sci., 142, 129-141 (1998)
Kim, H.J., Song, Y.S. and Min, B.R.: The study on the
recovery of volatile organic compounds by pervaporation.
Membrane J., 9, 51-61 (1999)

Kober, P.A. : Pervaporation, perstillation and percrystal-
lization. J. Membr. Sci., 100, 61-64 (1995)

Xianshe, F. and Robert, Y M.H. : Liquid separation by mem-
brane pervaperation: A review, /nd. Eng. Chem. Res., 36,
1048-1066 (1997)

. Psaume, R., Aptel, P., Aurelle, Y., Mora, J.C. and Bersillon,

J.L.: Pervaporation: importance of concentration polari-
zation in the extraction of trace organics {from water. J.
Membr. Sci., 36, 373-384 (1988)

Karlsson, Hans O.E. and Tragardh, G. : Pervaporation of
dilute organic-waters mixtures. A literature review on mod-
elling studies and applications to aroma compound recovery.
J. Membr. Sci., 76, 121-146 (1993)

Karlsson, Hans, O.E. and Tragardh, G. : Aroma compound
recovery with pervaporation-Feed (low effects. J. Membr.
Sci., 81, 163-171 (1993)

. Ray, SK,, Sawant, SB., Joshi, ].B. and Pangarkar, V.B.:

Dehydration of acetic acid by pervaporation. J. Membr,
Sei., 138, 1-17 (1998)

Hickey, P.]., Juricic, F.P. and Slater, C.5.: The effect of
process parameters on the pervaporation of alcohols thr-
ough organophilic membranes. Separation Science and
Technology, 21, 343-861 (1992)

Rajagopalan, N. and Cheryan, M. : Pervaporation of grape
juice aroma. J. Membr. Sci., 104, 243-250 (1995b)

. Yoo, J.G. ! Pervaporation separation of a multicomponent

aroma model sclution in natural fruit juice. The disser-
tation of Master, Kyungpook National University (2000)

. Jermy, O. and Tragardh, G. : Influence of feed flow velocity

on pervaporative aroma recovery from a model solution
of apple juice aroma compounds. J. Food Engineering,
39, 107-115 (1999)



