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Abstract

The perstraction of ethanol and acetic acid were performed for three systems of xylene-acetic acid-water, MIBK-
ethanol-water, and TBP-ethanol-water, The operating variables were pressure difference between aqueous and
organic phase, and superfial veiocities of aqueous and organic phases.

The tortuosities of PP hollow fiber membrane of Celgard X10-400 and PTFE hollow fober membrane of Tex
TAO001 were found to be 1.82 and 1.43 respectively, They were obtained from mass tranfer coefficients in
membrane phase for xylene-acetic acid-water systems.

The permeation flux and overall mass transfer coefficient for MIBK-ethanol-water system are larger than
those for TBP-ethanol-water system. This tendency is magnified with increasing the superficial velocity of organic
phase. Overall mass transfer coefficient(K,) increas.s nonlinearly with the increase of superficial velocity of
organic phase(V,,), and the relationship between K. and V, is that K, o« V9. For ethanol perstraction
using the hollow fiber membrane of Gore Tex TA001, the mass transfer in membrane phase is the rate-limiting
step.
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Table 1. Characteristics of microporous hollow fiber

Fiber Specification
characteristics [CelgardX10400| Gore TexTA001
Material Polypropylene | Polytetrafluoro-
(PP) | ethylene(PTFE)
Property Hydrophobic Hydrophobic
Porosity 30% 50%
Effective Pore Size 0.05um 2.0um
Burst strength 380 psi 171 psi
Internal Diameter 400 pm 1000 pm
Wall Thickness 30 um 400 um
Outer Diameter 460 um 1800 pm
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Table 2. Variables and operating ranges

Operating Ranges

Variables systems [Xylene-HAx*| MIBK-eth- | TBP-ethanol
-water anol-water -water

Aqueous Phase Sup- | 0.12~236 | 019~386 | 019~386
erficial Velocity[em/s]

Organic Phase |PP | 141~2822 | 031~623 | 0.33~623
Superficial

Veloctylmol/L) [PTFE| 354~7074 | 0.96~1924 | 096~1924
Qqueous Inlet 05 05 05
Concentration[mil/L]

Transmembrane Pressurel 34.5~206.8 | 34.5~206.8 | 34.5~206.8
Difference[kPa]

% HAc : Acetic acid

geyde A1@ A1z, 1991

Table 3. Hollow fiber module details

Module| Hollow | Potting | Number | Surface Area per
No. | Fiber |Density | of Fiber Unit Volume[ecd/cni]

1 PP 0.10 47 865
2 PP 045 213 39.19
3 PTFE | 0.10 3 216
4 PTFE | 045 13 10.08
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Table 4. Diffusion coefficients of acetic acid and ethanol

Organic Phase || Aqueous Phase

(D X 105, et /5) || (D X 108, cxi/s)
Extraction Cal. |Lit Cal (Lt
System Value {Value |[[Value [Value

Xylene-HAc-Water 220 221 124 119
MIBK-Ethanol-Water || 323 | 312 110 100
TBP-Ethanol-Water 092 094 110 100
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Table 5. Composition of mixed xylenes(supplied by Fisher

Scientific).
Component Composition
(wt%)
o-Xylene 17¢
m-Xylene 47¢
p-Xylene 24¢
Ethylbenzene 12¢
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Table 6, Distribution coefficients of acetic acid at 25C

5System Xylene-HAc-water
Chlmol/L] 021 Jo42 (05 D&4 |12 |15
m [—1 (00106 |0.0106 {00106 P.0138 00190 [0.0266

Table 7. Comparison of m and o measured from the present
study with some previous measurements.

System | m* |a** |Cylmol/L) |t(C) Authors
MIBK- {043 | 137 05 25 |this work
ethanol 1034 | 110 08 25 |Dadgar, Foutchl4
-water 050 | 150 02 30 |Munson, Kingl5

TBP [0.795] 101 05 25 |this work
ethanol  [0.79 | 120 02 30 |Munson, Kingl5
water 054 | 83 10 25 [Roddyl6

*m . distribution coefficient
**4 . separation factor, a=m/p
B - equilibrium ratio.
water content in extract phase
water content in raffiante phase
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Fig. 4. Effect of Vo on K, for xylene-HAc-water
system (potting density=0.1, T=25C,
AP=68.9 kPa, PP hollow fiber).

ol AB7t §714 ol B4R wet 2
Edded e HAdYRoz Frbshd, £4%
& Wzl g FEEAFGATE 4 HE0
Membrane J. Vol. 1. No. 1., 1991



72 39 Bog

sl & oJFL o] 8 f-4< wale
gy & 998 ¥H 8¢ ¥ 5 Uth

3 FZEAAGATE #7178 759 S
ol A vz FrMEEE vl VKo vs.
Vo 9] #AE Wilson ploti3sle] 1 Z3E 19
590 VERHRICE o o, HA #AE NFAIE
A vy H 224 (least square method) 22 T
AE v, o] @& 0.352A tubel] BEO] F
Folx = BAZY FAY FHe Ao &4
Aadd #A 4 Leveque 4 (12 A4 1/3%
dAjstgon], o AHde dHoz BEH 3
Aol Ao BRAGASTE 1.14 x 103am/s0 U T,
o] A&t 4 (13)e2 Ry T3 ppABAYe Z
HEL 18201t} EF o9} e W o3
T§ PTFEA @Yo Ao BAHEAH 59 2§
2 747 0.19 X 10%m/s 2 1.430] it}

2,

A Vag=0.1179cin*/ca? - s
O Vay=0.4717cn*/ca? - s
O Vaq=1.8867cm%/ca? - s

<1073 [s/ce)

1Ko

° J I I L
o 0.2 0.4 0.8 0.8 1.0

Vor=0-35 [ca/ca? - §]70.35

Fig. 5. Wilson plot for tube side superficial velocity,
xylene-HAc-water system (potting density=
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Fig. 8. Effect of V,, on flux for MIBK-ethanol-water
system (potting density=0.45, T=25C,
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A, : surface area at d;, diy and d, of hollow fiber
Cont]

Cm © concentration of solute species in membrane
at membrane-water phase interface [mol/L]

df, . concentration of solute species in membrane
at membrane-organic phase interface [mol/L]

cE:, . bulk concentration of solute species in organic
phase [mol/L]

Cz, * bulk concentration of solute species in equilib-
rium with C:q Cmol/L]

ng - bulk concentration of solute species in aqueous
phase [mol/L]

(f:fq - concentration of solute species in membrane
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at membrane-aqueous phase interface [mol/
L]

. inner diameter of a hollow fiber [cm]
. outer diameter of a hollow fiber [cm]
. logarithmic mean diameter of a hollow fiber

Lem]

: effevtive diffusion coefficient [cnt/s]
: diffusion coefficient in organin phase [cil/s]

. mass transfer coefficient of solute species in

in membrane phase [cm/s]

: organic boundary layer mass transfer coeffi-

cient of solute species [cm/s]

. aqueous boundary layer mass transfer coeffi-

cient of solute species [cm/s]

* overall organic phase mass transfer coefficient

based on mass transfer ocefficient of solute
species [cm/s]

- length of contacted area between organic and

aqueous phase [mol/L]

. solute distribution coefficient between organic

and aqueous phase [—]

: number of hollow fiber [—]
: molar flux of solute [mol/cnf - s]

molar flux of solute A [mol/cl - s]

. pressure of aqueous phase minus pressure

of organic phase [P,]

total(i.e. overall) mass transfer resistance
[s/cm]

mass transfer resistance in organic phase
[s/cm]

mass transfer resistance in aqueous phase
[s/cm]

mass transfer resistance in membrane phase
[s/cm]

membrane thickness [cm]

superficial velocity of aqueous phase [cnf/cai -
s]

superficial velocity of orgainic phase (et /cnl -
s]

FEHQA AP A1E, 1991

Qaq *

244

volumetric flow rate of aqueous phase [mL

/min]

Qo - volumetric flow rate of organic phase [mL/
min]

Zor - longitudinal coordinate [—]

agjelx &

a  : separation factor [—]

B equilbrium ratio [—]

eM . porosity of membrane [—]

t™ - tortuosity of membrane [—]

v [ power of V, in the variation of 1/K, with
1V —1
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