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A Study on the Optimum Design of Hollow Fiber Module for Perstraction and
the Perstraction Effects of Acetic Acid

Lee Ho-Won*

Summary

The purpose of this study is to design effective hollow fiber modules for perstraction and to
clarify the effect of mass transfer in the perstraction of acetic acid. The perstraction experiments
of acetic acid have been undertaken under various operating conditions and potting density changes.
In these experiments tangential flow and cross flow hollow fiber modules potted with different
hollow fiber were used. Epoxy resin(AY103 type) is most pertinent to potting of hollow fiber due
to its suitable viscosity as well as good adhesion and solvent resistance. In the case of using cross
hollow fiber module, it was possible to reduce dead zone in mass transfer area and the boundary
layer resistance in aqueous phase. Perstraction process using hollow fiber module was not restricted
by flooding and channeling, and showed an enhancement over conventional extractor in mass

tranfer effect.
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Fig. 1ol uvehdsiet. 43 £=(25x0.2002 #A

1. Hollov Fiber Module 9, Liquid Pump
2. Tube Side (Solvent) Reservoir 10. Tube In

3. Shell Side ISolution) Reservoir It, Tube Out

4. Constant Tesperature Bath 12, Shell In

S. Valve 13, Shell Out

6. Pressure Cauge 14, Sawpling Tep
7. Rotameter 15. N2 Boabe

8

. Tesperature Controller

Fig. 1. Schematic diagram of a hollow fiber
module and flow loop for perstraction.
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100mL/min, #% 5 mL/min, Tokyo Keiso Co.,
Japan) 24 Z3slxlon, APRA ZE wiP
£ 34 dAE s 2sidsls 29 316 FuE
shd ok

Z¥ 48 d¥ydoz Y M F&(porosity), AF
27 (pore size) ¥ W 2]7e] A& o4& Celgard
X10-400 % Celgard X20-2409] 2%§F =8 Ab23l
Ak o] AFte 2F AL kel 9 Bl
WAo] wHold Eejzz gyl ARY 444 toz
4| nte] 4% (pore)& Fig.29] Al ¥ol7g ApAld
vebd uisl o] ElUYeln], X10-400 W X20-
2409 f&x A% 2vle ZAZ 0.050m R 0. 065#m
oln 2 4o Az=Alel o8] AHAE SAHHREL
Table 1ol yYelict

3.2 A

ol EAe] 242 (.00IN, 0.005N % 0.0IN
NaOH&H oz FaxAsled YA vl ol
9] =]A]e}eo g+ phenolphtalein® A}%3 %=z pH
meter (DD-215, Dong Woo Medical System Co.)
2 %l BAsigich

2. faet

2 dFo] Al8E e o]F Celaneserlol]l 4 =

Teble 1. Characteristics of microporous hollow fiber,

4. BojAIT2 &F

Characteristics Specification Test Method
X10-400 X20-240

Material Polypropylene Polypropylene

Property Hydrophobic Hydrophobic

Porosity 30 % 40 % ASTM D-2873

Pore Dimensions 0.05 X 0.15 um 0.065 X 0.19 um S.E.M.

Effective Pore Size 0.05 um 0.065 um S.E. M.

Tensible Break Strength 200 g/filament 380 g/filament ASTM E96-66

Resistance to Air Flow 20~60 Gurley Sec.| 10~40 Gurley Sec. ASTM D-729(B)

Shrinkage, Axial Direction| 2.5 % Maximum 2.5 % Maxinum ASTM D-1204

{(Unrestrained) 60 Min., 90T

Internal Diameter
Wall Thickness

Outer Diameter

400 um
30 um
460 um

240 um
30 um
300 pum

HCSPD Method
HCSPD Method
HCSPD Method
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o] 487449 EEol Hite HA WPow F=
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29 AHeole 240mm sA FrebEoz 3
oh old T &AM AAZ FFo] HFAAE
FEL §7180e =9]F g wWETe XE] BY
€ A3 &of =217 % WHETE ¥ 30mm ¥
olx RRoz 3igch
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Fig.3. Schematic diagram of tangential flow
hollow fiber module.
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Fig.4. Schematic diagram of cross flow hollow
fiber module.
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180mmz 3t § L&Y 45 ¥ 5 U=
A 2siget 5 celle ZF i3 gl ofefjul
EzA g} AL 4 oA dlls, 2841
222 9js) 2t 3 Alejel) Teflon A2 o-
ringg AF3d skl

2. T E 382 (potting compound)
Agate] 2y APy cello] 2712419 7

€ Z7 AsAde Fasnx WA =zl
o], wetd ZE R AW =g AT Fog
vl 228 APy REQ ¥ 3YEL = cell
o Fatyg =t ozt W Boi4o] B Zlolojok
3l o] ety AEF Ztn AUojof gt

23t P4 HERA g 4% H
718 #3ld 2 23+E Table 200 SoFste] vhehul
itk o &4 £x AYY HYE o FoMd=
AY103 P AWI1360) o} AH2atao] slsh F24 o
ol o] S4E o0 AW A = HEA
(35, 000~40, 000cp) 2.5 Q&) =5 o] =z Z
Bl3l7] ol2le whAol glglen AYI039 7%l
£ A4 9 HEukiyo] F Lyt ozt 2HI
o Hg%h M= (600~950cp)§ Zi glel AY103e!
234 APy o 259 ZHAgYEEA A FH
i ot

Teble 2. The performance of potting compound,

d¥ ZEHLEY el Y sl2E A
Zezaqgy AW WAL oWy TUHYE
olete 73 HAYE oA wyskeu Fezzw
A A Apel A B FALe v
dgiE ul ol Wous Adcte Jlaed 7z
o) jolo] Felshe Aez ARITh

3. aagtel Y

Agute] ZHE F2 JYAUHE olBiled EH
SHPEE cellhE Rl F= FAE Yol ol &shd,
oleig Wi oezy 7 Ao wipgYgoz 3
218 dAsAl sle el Erbssich ot £
dAFolMde 7 APtE v Wl ot 73
Al 2R3l7] $idhed olefo} L YHE AHEIA
v v o dide 483 2o

1) Z ABHE Zolsl o 28cm A& sA A
¥ g Y A4 dde] A 9F
st%E Fig. 58 o] A3} tapedlol A@E gt
3 2o Zeoh

2) A#Y bundleg EE Mo Yx EERE
headel molding# PTFE spray (Dow Corning,
Germany) & & F ol¥ el APt

3) ol FA] F9f AHE FAUZ 1008 18
2 323 4 ¥ FAUIE 2EY 4% 29T

Type Source Adhesive | Weight Mix Ratio | Work Life Cure Time |Adhesion| Solvent Physical
(Resin/Hardner) Resistance | strength
Epoxy Ciba-Geigy AY103 10/1.8 2.5 Hours |3 Days at 23C| Good Good Moderate
Epoxy Ciba-Geigy A¥136 5: 2 30~60 Min. | 1 Day at 23T/| Good Good Hard
Epoxy Ciba-Geigy LY554 5:1 3 Hours [2-4Days at23T| Good Good Moderate
Ure- Bison Colle Po- 5:1 30~60 Min,| 1 Day at 20T|{ Good Poor Moderate
thane lyurethan
LUrethane| H.B.Fuller | LR-2187 21 60 Min, 7 Days at 25C!| Poor Poor Moderate
Plastic- M i Scoutch None -— —_ Good Poor Soft
Adhesive : -Grip4693
1
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Fig.5. Representation of winding hollow fiber
into a roll,

Fig.6. Photographs for X10-400 hollow
fiber bundle surface,

F F3ld vig) AAH 4o o EA] £AF Y=
o} olu ol &BA) 4x]7} APate) g3 T E
F3led Soizl Aol e A AAFHI 4
ste] Agoe] oJF§ AE 44 =+ A g
Al-8-3te] olg] mfelo} ¥},

) 3~4A17F AHFE i) did] 4Hedoll chE)
Ax 33 AL oz EHch

) 3~4d HFIAE oA FA A7t ¥ Zo
7 ZeY FEuhE AdaAiod Yo HEF w9
*. ¥ol @tz 2 Fehdlol bundle EAE

6) T8 Fua A% 2% FHELE 2
WA Frh 47z 8ok e Yoz
a8 bundles} T Fig. 63 27, bundle
Woll 4 Algate] wbg wgoge] e ALY o
A Aoz etk 2 Ao A4 Avy
A& ARG 57 ZHYUE 3 3§ Yo
we} 1274224 olo] e we¥e] o Bl
2 2. Table 33 %,

Teble 3. Hollow fiber module details.

Module| Meabrane |Potting| No. of | Sufsce Area per Flow
No. Density| Fiber | Unit Volume(ca®/ca®) Type
i X10-400 | 0.1 47 8.65 TF
2 X20-240 | 0.1 111 13.32 TF
3 X10-400 | 0.25 118 a.n TF
4 X10-400 | 0.35 165 30.36 TF
5 X10-400 | 0.45 213 39.19 TF
6 X10-400 | 0.55 260 47.84 TF
7 X10-400 | 0.35 165 30.36 ‘ CF
8 X10-400 | 0.45 213 39.19 CF
9 X20-240 | 0.35 389 46.68 TF
10 X20-240 | 0.45 500 60 TF
1 x20-240 | 0.35 | 389 46.68 cF
12 X20-240 | 0. 45 500 60 CF

* Flow type9] TF+ tangential flow, CF+ cross
flow & 2jo|3}

A 23 o 2
1. SEMEsE
UAY +84 L #7148 f4olA 2 49 oy
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1.2
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Q X10-400 HF, V1=3.2160 cm/ca?. s, V3=.2648 cu’/cal s
A A20-240 HF, V1=0.9470 cad/cal-s, V2=0.6510 cadscnl s
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Fig.7. Effect of applied pressure difference on
overall mass transfer coefficient.

0.2551~11.238cm/s2 H3 g€ =9 FIEH
HepAd 42 HaE Fig. 8ol Jeliile, Fig 9ol
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4.716lcm/s2 WA S @l FHEAALASF
o] W# A2 Jeldgs o A FAd 745
9 S84 $59 Foll wet FREAALAFE
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o] ERAYAGel 2 4 49 Frlo) et 7
4317 W Eolny, 444 FLuce K714 F5
Hajol Wated o 2 WE BE ¥ 4 Utk
= TRYEs] Frlel met FIEFRILASE
AL E vl ole THUEY FAHYe] o A
B 79 F&oz AP AlF PWA] Friet 28
Yol AM=lE 440 F7e7] Wz AlRE
e},

¥ F714 A $44 FF dol #HE miE
§ ATY LEIMS FRETUAYA4 H2E 3
AEE 4By TEINS Ast wlmsled Fig. 10
90 Fig. 110 vebigich of A zilsg A9y
2R S BHEE APy LEAAM AL
9} ol HA4 W FE4 Fuol FrhYel ot

(PD=0. 35) SRAUSAYGY 742 s FAALEzE F7t
iR, 84 #3 2oke 714 FEe Het
1.0
PD=0. 25 PD=0.35 PD=0. 45 PD=0.55

0.8 - B B
-~ r- i ™
d
<
a
L - =
2
x - L
o
* 0.5 - -

O Vs=0. 1415 ca3/ca?- s O Vs=0.1632 cad/cal s O Vsz0, 1929 cad/cal s O Vs=0.2358 cm3/cal s
0.4} 0 ys=0 5659 cal/cal-s | [ O Vs=0.6530 ca/ca?-s | | ©Vs=0,7717 cad/ca?-s | |- 0 vs=0.9432 ca’/cal-s
8 Vs=2.2637 cad/cal-s 5 V52,6118 cal/cal-s 6Vs=3,0866 cad/ca? s | | & vs=3.7729 cal/cal-s
- - -
o L1 L A L T ! . L l T L ) Il ) 4 L .
0 2 4 6 8 10 3] 2 4 6 8 0 2 4 6 0 2 4 [

Vi [cnd/cal-s] Vi [cmd/ca? 5]

Fig. 8. Effect of organic phase velocity on overall mass transfer coefficient.

/P=68. 8kPa)

Ve [ca3/cal-s] Ve {endreg? sl

(X10-400 hollow fiber,
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1.0
PD=0. 25 PD=0.35 PD=0.45 PD=0_55
o.9F [~ O V¢=0.3113 cal/ca? s O ¥1=0.255! cei/cnl-s
0 Ve=1, 2452 col/cal s 0 V21,0203 cad/cal s
o.8f - |- 2 Ve=4.9808 col/cm?-s | | a4 Vy=4.0816 calreal s

Ko X 103 (cm/s)

O Vi=0.5619 cad/cm?-s

O V=0, 4020 cad/cal-s

0.4 | © Vi=2.2477 cal/cw?-s | - O Vi=21.6080 cad/ca s | |-
4 Ve=8.9904 cad/cad-s | L & Ve=6.4320 cad/cal:s
L E 4 £ 4 I3
0 I . 1 ! L L L L L i
0 1 2 30 1 2 3 0 1 2 3 4 0 1 2 3 4 5

Vs (ca3/ca? s)

Vs [cm3/ca? 5]

Vs {cal/ca?-s)

Vs [cad/cal. 5]

Fig.9. Effect of aqueous phase velocity on overall mass transfer coefficient. (X10-400 hollow

1.0

fiber, AP=68. 9kPa)

Ko X 107 [cass)

[

0.9 |-

Ke X 107 (ca’/s)
o
~

& XIC-400 1, TFHM 0.6 |-
0.5 A X10-400 HF, CFHAM
>r O X20-240 WF. TFHPM
M X20-240 WF, CFHFM & PB20,3S, TFRFN
A4 PD=0.35, CFHFM
os b Q Po=0.4s. TFHEM
- @ PDz0.45. CPHFN
0.4
) 1
° I L L L ) o > 4 L 1 i
o 20 40 60 (1) 100 o ) 0 0 80 00
Q. [el/ein] Qs [ol/ein}
Fig.10. Comparison of overall mass transfer Fig.11. Comparison of overall mass transfer

coefficient in CFHFM with that in
TFHFM. (PD=0.45, Q,=80ml/min)
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coefficient in CFHFM with that in
TFHFM. (X20-240 hollow fiber, Q,=
80mL/min)
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ofof 233 AW o TAFEZ U @
22 g0l FF] Adsie] Ko 1 FoAE
714 ol Mg 2&AXN2E Y o o
=% 9 mixer-settler& ¥ 4 Uct ol 2
33§ ol 4Y 22 FAN AVY YREL ¥
¢ £33 FAHE vy A U YW
(flooding), % (channeling) % % 3}(loading) &
9 =7 Ao dig dFel Wasich(Perry, 19
73).

W ghulo] 3ol 4ute] Moz FAse
WAoo 2 Crawfordel Wilke(1951)of 9j3ld ¥
M9 WEx EANY 9 P FHEH Fol
Wato]l d8g Folz Bxmy v e, HEE
A ste 7 A W F5E& FL4de
Zolog Wyl o& = Lo & Mg e
ok 23y APy AEEL o] 8§ FaFFddA
5 Aol ool o) Eelsle] gly] e 7|E
Aef4 220 vls] 40~3004 =S
4oex =zae] »}glc}(Takahashi, 1974).

HEE WP B2 Fhol e A fol Uo
Vo, 2ste W8t He Ae) ofoiide) A3
£ A zxzPdezA YytHoz Yizze
50~75%Akelell A oirdel. e AVY 2EL
o) £% EZFolMr F Aol ol o3 Fs
o] glo} 7 &e] 224 ulEl Fe FHME
HEEA glol =o] sH5atn, 40~3000 FHx o
Z $4o03% Wy YA gol 2ol A5zl =
Sofl 3o WSlst 71 &) F2 A nisf i
3l 2

w3 7)&e] 22 wmAzd Faog
Ae 2349 Egolrh 29 TEL T
g9l A1) % A@=EA AHelsle HETS (height
equivalent to a theoretical stage)®} VE(volu-
metric efficiency) 24 #lm¥ % <slct(Tojo,

1980} .

4o o or

4 A
HETS = 5 W51 m
vE = 2t Vs @)

HETS

714 AL V,/mV,2 Ao St FFAzleld

HETSS} VE& Aol vtehd ulel o] §714 %
$44 49 4oy, Redsbl g HETS
5l VE9| #a§ nAslr) 3t YAHEE AT
2E % nAEE AYY LEMY F74 £F
3 484 §4 ¥l o HETS 3 VE9 ¥z
# Fig. 129} Fig. 13o1 Jebide o), ol mx2
F A9Y 2EoAMe 484 F5L HEH AL
Aoz ¥E A HFFE AE3AG

Vs =

& 3)
(total working volume / height of modide}

a A /A4 2 £E84 §4 Frh we
HETS+® ®lAd3x¥ez Frisyd VEv A2 A¥F
o2 Fristglen, ZAEE APY LEY AL
7t JAEE AWy 289 Z9ud HETSt %
2, VEE ¥o} vt axAqlg ¢4 4+ ok

g, Auyg $ZEH & 7|EY FEAY
22588 vmsted 2 AFEF Table 40f viehul
et ol A3t 4Py BRFo| 3 &9, UF
Zagl gl JEA 237 59 JE 2E%FH v

ac 1.0

& O TFRAM
A m CFHFM

-{cs
25
0.8

VE [1/5)

Vi ead/ce? 3]

Fig. 12. Height equivalent to theoretical stage and
volumetric efficiency as function of
organic phase velocity.

{X20-240 hollow fiber, PD=0, 45,
V,=0.0129cm’'/cm’ - s)
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Teble 4. Comparison of column performance for MIBK-HAc-water system.

Type of Column Colunn Vet Vo | Minimum VE Authors
Dia. [cm] [en/s] | HETS [cm] | [1/s] |(Reference)
Hollow Fiber This
Extraction Module 1 0.93 7.38 0.126 Work
(Tangential Flow)
Hollow Fiber This
Extraction Module 1 0.93 6.18 0.156 York
(Cross Flow)
Hollow Fiber This
Extraction Module 1 .14 2 25 0. 339 York
(Tangential Flow)
Hollow Fiber This
Extraction Module 1 3.14 7.62 0.412 Work
(Cross Flow)
Pulsed Sieve-Tray 4.0 0.16 10.0 0.016 | Chantry
Pulsed Packed 4.0 0.17 13.0 0.013 | Chantry
Pulsed Sieve-Plate 5.1 0.46 11.9 0.039 {Smoot et.al
(Tojo, 1980)
Pulsed Spray 3.9 0.88 27.9 0.032 |Billerbeck
et. al,
Multystage 5.0 1.01 14.0 0.072 Kakugji
Vibrating Disk et, al.
Multystage Vibrating 5.0 1.09 11.9 0.092 Kakuji
and Rotating Disk et. al,
Reciprocating Plate 7.6 1.92 19.7 0.098 | Karr & Lo
Reciprocating Plate 7.6 2.07 19.1 0.108 | Karr & Lo
Reciprocating Wire 7.6 2.18 29.1 0.075 VWelleck
Mesh Packed (Tojo, 1980)
Recoprocating Wire 7.6 2.94 24.9 0.118 Welleck
Mesh Packed (Tojo, 1980)
Contrclled-Cycling 5.1 2.55 36.6 0.070 [Szabo et,al

Sieve Plate

(Tojo, 1980)
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Fig. 13. Height equivalent to theoretical stage and
volumetric efficiency as function of
aqueous phase velocity.

(X20-240 hollow fiber, PD=0. 45,
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