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Abstract—The purpose of this study is to clarify perstraction(permeation-extraction) factors and to analyze
separation mechanism in perstraction using hollow fiber modules. The analytical solution on the concentration
profiles in hollow fiber modules has been obtained. Also, using this solution, separation mechanism was
analyzed by comparing the mass transfer rate changes according to the changes in perstraction factors such
as the properties of hollow fibers, distribution coefficient, potting density, and the thickness, porosity and
tortuosity of the hollow fibers. The analyses based on concentration profiles show that the mass transfer
rate depends mainly on the solute diffusion in the membrane phase, and it has maximum values when
the ratio of diameter to pitch is between 0.8-0.9. While hydrophilic membrane shows faster mass transfer
rates in the system with the distribution coefficient less than 1, hydrophobic membrane shows faster mass
transfer rates when the distribution coefficient is above 1.
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Fig. 1. Solute concentration profiles of hydrophobic and
hydrophilic membrane.
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Table 1. Listing of A, for various diameter to pitch ratio

444

R./Rs Ay Ay Ay As Ag

1.00 —0.03064 0.00539 —0.00033 —0.00016 0.00001 0.00001
0.99 —0.03199 0.00530 —0.00016 —0.00015 —0.00001 0.00001
0.98 —0.03328 0.00499 0.00000 —0.00010 0.00000 0.00000
0.97 —0,03456 0.00493 0.00012 —0.00011 —0.00002 0.00000
0.96 —0.03577 0.00468 0.00022 —0.00007 —0.00002 0.00000
0.95 —0.03691 0.00440 0.00029 —0.00005 —0.00002 0.00000
091 —0.04169 0.00287 0.00035 0.00002 —0.00001 0.00000
0.83 —0.04707 0.00074 0.00015 0.00002 0.00000 0.00000
0.67 —0.05059 —0.00064 —0.00002 0.00001 0.00000 0.00000
0.50 —0.05064 —0.00075 —0.00004 0.00001 0.00000 0.00000
0.33 —0.05065 —0.00075 —0.00004 0.00001 0.00000 0.00000
0.20 —0.05065 ~0.00075 —0.00004 0.00001 0.00000 0.00000
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Table 2. Listing of f; for various diameter to pitch ratio
(m=m;=§=§=1, R/R,=0.87)
R./R, Be Be Be Be Be Be

1.00 —0.17893 0.01195 —0.00131 0.00020 —0.00003 0.00000
0.99 —0.16172 0.00930 —0.00098 0.00014 - 0.00002 0.00000
0.98 —0.14425 0.00720 —0.00073 0.00010 —0.00001 0.00000
0.97 —0.12779 0.00559 —0.00054 0.00007 —0.00001 0.00000
0.96 —0.11278 0.00433 —0.00040 0.00005 0.00000 0.00000
0.95 —0.09973 0.00339 —0.00030 0.00003 0.00000 0.00000
0.91 —0.05452 0.00103 —0.00007 0.00000 0.00000 0.00000
0.83 —0.02027 0.00000 0.00000 0.00000 0.00000 0.00000
0.67 -0.00283 0.00000 0.00000 0.00000 0.00000 0.00000
0.50 —0.00036 0.00000 0.00000 0.00000 0.00000 0.00000
0.33 ~0.00002 0.00000 0.00000 0.00000 0.00000 0.00000
0.20 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
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A, B, E, F, G, H: integration constant

C :concentration of solute species [kmol/m*]

C, :reduced concentration [kmol/m*]

C¢ : characteristic concentration defined by Eq. (18)
[kmol/m?®]

Cy :concentration in membrane at membrane-tube
side phase interface [kmol/m*]

Cy : concentration in membrane at membrane-shell
side phase interface [kmol/m®]

C,, :reduced shell side concentration defined by Eq.
(24) [kmol/m*]

C., :reduced tube side concentration defined by Eq.
(23) [kmol/m®]

C! :bulk concentration of solute species in equilib-
rium with C? [kmol/m?]

D, :effective diffusion coefficient [m*/s]

k :individual mass transfer coefficient [m/s]

FH3Eel A BHHDY o] 2 a4 175

K. :overall mass transfer coefficient [m/s]

m, :solute distribution coefficient between tube side
and membrane phases

m, :solute distribution coefficient between shell side
and membrane phases
: static pressure [Pa]

q :volumetric flow rate through typical element [ m®
/s]
r :radial coordinate measured from the center of

hollow fiber [m]

R, : half spacing between the center of hollow fiber
[m]}

(Shy), : relative Sherwood number in tube side de-
fined by Eq. (56)

(Shyy), : relative Sherwood number in membrane
phase defined by Eq. (57)

(Sh,), : relative Sherwood number in shell side de-
fined by Eq. (58)

(Sh,), : relative Sherwood number defined by Eq.

(59)
V, :reduced velocity defined by Eq. (4) [m/s]
z  :axial coordinate [m]
J2jo|A EX}

a; :constant defined by Eq. (9)
: constant defined by Eq. (39)
: constant defined by Eq. (9)
: effective diffusivity ratio, DD,

™

: effective diffusivity ratio, Days/D;

: angular coordinate

: fluid density [kg/m*]

: pressure drop flow parameter

: pressure drop flow parameter, ¢=a,(D/D,)

: function of R;, R, R, & and & defined by Eq.
(50)

u :fluid viscosity [kg/m/s]

O Do

S <

AHxt
b :bulk

* : dimensionless

S X}

i :inside of hollow fiber

o :outside of hollow fiber

s :shell side in hollow fiber module
t :tube side in hollow fiber module
M :membrane
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