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Perstraction Characteristics in Tangential Flow
and Cross Flow Hollow Fiber Module

Ho-Won Lee’

ABSTRACT

The perstraction experiments of acetic acid, ethanol and phenol have been undertaken under
various experimental conditions such as pressure difference changes, superficial velocity changes,
and potting density changes in four system with different distribution coefficients. In these
experiments tangential flow and cross flow hollow fiber modules potted with different hollow
fiber were used. The mass transfer coefficients in organic and aqueous phases could be
expressed in dimensionless form as functions of Reynolds number, Schmidt number and potting
density. In perstraction of acetic acid and ethanol in MIBK-acetic acid-water system and
TBP-ethanol-water system, the mass transfer resistance in membrane phase overrode that in
organic and aqueous phases. In MIBK-phenol-water system, the mass transfer resistance in
aqueous phase was dominant. In the case of using cross flow hollow fiber module, the mass
transfer effect showed an enhancement over tangential flow hollow fiber module due to the
reduction of both dead area and boundarv layer resistance in aqueous phase. This was observed
to be dominant in MIBK-phenol-water system, that in xylene-acetic acid-water system,

respectively.

Key words : Perstraction, Cross flow, Hollow fiber module, Mass transfer resistance
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Component Manufacturing Company M W S. G

Xylene Fisher , GR 106.16 0.86

Solvent MIBK Yakuri Pure Chemicals, ER 100 0.802
TBP Fluka . EP 266.32 0976

HAc Yakuri Pure Chemicals, GR 60.05 1.053

Solute Ethanol Duksan Pharmaceutical, GR 46 0.797
Phenol Yakuri Pure Chemicals, GR .11 1.071

Titration NaOH Duksan Pharmaceutical, GR 40 2.15
Indicator Phenolphthalein Kyoung Dong Chemicals, GR 318.33 1.299

Table 2 Hollow fiber module details
Module | Membrane | Potting Density | No. of Fiber Un?t“ré‘:ﬁm’:gngzrmal Flow Type

1 X10-400 01 47 8.65 TFHFM
2 X20-240 0.1 111 13.32 TFHFM
3 X10-400 0.25 118 2171 TFHFM
4 X10-400 0.35 165 30.36 TFHFM
5 X10-400 0.45 213 39.19 TFHFM
6 X10-400 0.55 260 47.84 TFHFM
7 X10-400 035 165 30.36 CFHFM
8 X10-400 0.45 213 39.19 CFHFM
9 X20-240 0.35 389 46.68 TFHFM
10 X20-240 0.45 500 60.00 TFHFM
11 X20-240 0.35 389 46.68 CFHFM
12 X20-240 0.45 500 60.00 CFHFM
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Variables
System Phase Superficial Reynolds |Schmidt|Inlet Conc.| Transmembrane
Velocity[cm/s) No. No. [mol/L] |Press. Diff. [kPal
Aqueous | 0.12 ~ 510 | 1.38~58.58 439 05
Xylene-HAc-Wat 345 ~ 2068
yienerACT AT M organic | 0.26 ~ 33.19 |1.29~164.37| 559 0
o Aqueous | 0.14 ~ 510 | 163~16.10 | 439 05 N
MIBK-HAc-Water = omic | 026 ~ 1124 | 120-56.73 | 359 0 345 ~ 2068
5 _ Aqueous | 0.14 ~ 5101} 161~1596 813 05 _
TBP-Ethanol-Water = ic [026 ~ 11.24 | 030~1325 | 3705 0 345 ~ 2068
B _ Aqueous | 0.14 ~ 510 157~1556 508 05 _
MIBK-Phenol-Water = nic | 026 ~ 11.24 | 1.30~57.08 | 857 0 345 ~ 268

Table 4 Operation conditions of gas chromatography for ethanol and phenol analysis

Condition

Phenol

Temp. Programing

Injection Temp. 300°C
Carrier Gas Flow Rate 25 mL/min
Sampling Size 1 uL
Sensitivity 10°
Detector FID

Content Ethanol
Column Stainless Steel
(21 m X 3 mm)
Packing Matenial Chromosorb W (80/100)
Oov-1
Column Temp. 25°C ~ 26 C

2 min 32 C/min 8 min

160 T

190 C

40 mL/min
1 uL

10°

FID

Stainless Steel

(15 m X 3 mm)

Shimalite W(NAW) (60~80)
Versamid 900
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Table 5 Diffusion coefficients of acetic acid, ethanol and phenol.

Diffusion Coefficients, X 10 [cm?/s] Distribution
Extraction System Organic Pha;e Aqueous Pha:se Coefficient [T]
Cal. Lit. Cal. Lit. Exp. Lit.
Value Value Value Value Value Value
Xylene-Acetic Acid-Water 2.20 221 1.24 1.194" 0.0106 | 0012
MIBK-Acetic Acid-Water 2.21 2.76'" 1.24 1.19%% 0488 | 0.0%4”
TBP-Ethanol-Water 0.92 0.94% 1.10 1.00% 0.794 0.79*
MIBK -Phenol-Water 250 - 1.11 0.99? 3856 -
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