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Abstract—Concentrations at membrane surface were predicted from ultrafiltration experiments of dextran
500 T solution in a flat plate. From this results, considering the change of physical properties in boundary
layer, modified Sherwood number correlation was introduced. This correlation reduced the errors for opera-
tion pressure difference variation. The modified Sherwood number correlation equations are as follows:
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Fig. 1. Schematic diagram of the ultrafiltration experime-
ntal system.

1. Solution reservior 8. Solution recycle
2. Prefilter 9. Sampling tap
3. Pump 10. Permeate recycle
4. Rotameter 11. Constant temperature
5. Pressure gauge bath
6. Ultrafiltration cell  12. Temperature
7. Pressure control controller
valve 13. Electronic balance
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Table 1. Characteristics of the GRS1PP and GR61PP ultrafiltration membrane

Water flux at 4 atm

Membrane Material

Approx. cut-off Max. operating Thickness

(L/m?-h) value (Mn) pressure(psi) (um)
GR51PP polysulfone 250-400 50,000 145 650-700
GR61PP polysulfone 250-300 20,000 145 650-700
400 400 [~
- AP=294X10° Pa E AP=294X10° Pa
| 2 G=1 kg/m? - 2 C=1kg/m®
A Cb=2 kg/m3 - AC=2 kg/m3
L 3G=3 ke/m® 30 OC=3 kg/m®
E 5 & A\
2 g 200 ——
N ﬂ
[y
l 1 100 | L
3000 5000 7000 9000 3000 5000 7000 9000
NRP NRe

Fig. 2. Solute concentration at membrane surface calcula-
ted by osmotic pressure model as a function of
feed concentration and recirculation velocity for
GRS1PP membrane.
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Fig. 3. Solute concentration at membrane surface calcula-
ted by osmotic pressure model as a function of
feed concentration and recirculation velocity for
GR61PP membrane.
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Fig. 4. Velocity variation method for GR51PP membrane
calculated by osmotic pressure model: Sherwood
number vs. Reynolds number plot(C,=1 kg/m®).
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Fig. 5. Velocity variation method for GRS1PP membrane
calculated by osmotic pressure model: Sherwood
number vs. Reynolds number plot(C,=2 kg/m?).
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Fig. 7. Solute concentration at membrane surface calcula-
ted by boundary layer resistance model as a func-
tion of feed concentration and recirculation velocity
for GRS1PP membrane.
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Fig. 8. Solute concentration at membrane surface calcula-
ted by boundary layer resistance model as a func-
tion of feed concentration and recirculation velocity
for GR61PP membrane.
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Fig. 9. Velocity variation method for GR51PP membrane
calculated by boundary layer resistance model:
Sherwood number vs. Reynolds number plot(C,=1

kg/m?).
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Fig. 10. Velocity variation method for GR51PP membrane
calculated by boundary layer resistance model:

Sherwood number vs. Reynolds number plot(C,—=
2 kg/m?).
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NOMENCLATURE

A; :virial coefficients, i=1, 2, 3 [Pa-m¥/kg']
a : coefficient in eq. (12) [-]
C»  :solute concentration in bulk solution [kg/m®]

C, :concentration in boundary layer [kg/m’]
C, :solute concentration at membrane surface[kg
/m"]

C, :solute concentration in permeate [kg/m*]
d, :hydraulic diameter of ultrafiltration cell [m]
Dy :solute diffusion coefficient in solution [m?/s]
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: average solute diffusion coefficient over bound-

ary layer [m?/s]

- solute diffusion coefficient at membrane surface

[m%/s]

: permeate volume flux [m?/m?-s]

: coefficient in eq. (8), i=1, 2 [m¥/kg']

:mass transfer coefficient [m/s]

: number-averaged molecular weight [kg/kg mole]
: Reynolds number [-]

: Schmidt number [-]

: Schmidt number at membrane surface [-]

: Sherwood number [-]

: solvent permeability of polymer solution [m/s]
: operating pressure [Pa]

: gas constant, 8.314X10° [N-m/kg-m®]

R., Ry : resistance of membrane and boundary layer

S

LR e N 2

[kg/m?-s]

: sedimentation coefficient of solute in solution

[s]

: sedimentation coefficient of solvent [s]

: temperature [K]

: recirculation velocity of solution [m/s]

: coordinate perpendicular to membrane surface

[m]

Greek Letters

a, B : coefficient in eq. (12) [-]

r
)
y
n
nm

Vo, V10

: virial coefficient [m*/kg]

: thickness of boundary layer [m]

: coefficient in eq. (13) [-]

: viscosity of solution [Pa-s]

: viscosity of solute at membrane surface [Pa-s]

partial specific volume of solvent and solute
[mi/kg]

AIl,, AIL, : osmotic pressure of solute over bound-

ary layer and over membrane to permeate [Pa]

P

653

: density of solution at membrane surface [kg/m®]
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