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HFSLM (hollow fiber supported liquid membrane) & o]&3}o] FZ4 24 TOA(tri—n-octylamine)Q- upek
F718mhol FA3le] G4 FEAF EAFe CAIDE FF3 APE Pk EARGASFE F3l7)
$3te] 9 22 E 7}12]= hollow fiber moduleg X}-2-3}ed 25T, 0.01-5 mol/dm?®e] HCIAFAT -] 2] -8-2}2)
Cd(ID*¥% 0.1-0.5X 107 mol/dm®, f7]-&ujal o-xyleneZF 49 TOA¥EE 0.1-0.6X 107! mol/dm32] ¥ 9ol 4
A3t o] & Fd &4 Al FE 1 mol/dm®, §% 80 cm¥/hroll4 & EAHLDAS2] FHojgto]
847X10 *cm/secEA & A HAWANA o] B vl A ARSI T, EF 7] A4 TRt FEFE,
fibery e f-&0] Z71ETE AHADAT7E S8k

Abstract—The extraction of cadmium(II) in aqueous HCI solution was carried with TOA(tri-n-octylamine)
dissolved in aromatic organic solvents using HFSLM (hollow fiber supported liquid membrane). Hollow fiber
module with constant volume was utilized to measure mass transfer coefficients of the extraction with aqueous
solutions containing 0.01-5 mol/dm?® of hydrochloric acid, 0.1-0.5X 10~* mol/dm® of cadmium(II) and o-xylene
diluted organic solutions containing 0.1-0.6X10 ! mol/dm® of TOA at 25C . The experimental value of the
overall mass transfer coefficient in the concentration of HCl 1 mol/dm® was 8.47X10™* cm/sec, which was
accordant with theoretical value, and the mass transfer coefficient was increased with increasing initial concen-
tration of HCL in aqueous solution and with increasing velocity of inner fibers.

1. M 2 43 2k (emulsion liquid membrane), =*}=] <42}

(supported liquid membrane) E[1]¢] 2 Al&-52

Sl Zo EBA)she F4o)2o Beldd glelA o] £-3] u) 4| Z(micro porous)& ZHes B84 =] 2]zt 9}
A7z ¥-2-o] Relugle] F&d, o) 2udt SA T g FAANA Felol AHdhe 2 A AE[2]E o)
ojglen} HZEo] ZHmembrane) & ©)43 F-El7E slo] o) & o] o FEjo] A A7[2-
9] A7t i3] XJ EJ slek 5]7} o)Foi Az 2lt}. FF A hollow fiber) & ©]-&3}
kg o] 43 HaubdE wHAlE o] &sle WoeR =} z] A ek (hollow fiber supported liquid membrane)

28



FZAHHFSLM)ell &jg Cd(IDe) %-2jo] #g o 29

2 Fde THL AT VM 2384
Aoz, = *0',’—_{—_— T84k 83
(shell side) 2.2+ F2At9) 120l
T A5HoE YEHAFI= o 3

2 B el A &3] deofd & U= ¥-8H(loading), HF
(channeling) §-o] glx[6] EAAGAFE 2tog b
ARt FHH(a=4/d) o] oF 30 cm¥/emie| 4O E vl
5 xo} Ka®] #& o] FE4 Ao uls] 10-50w)
Az ad{7].

o] HFSLM uol| 3§t A4 X 4= Sirkar 58]
vjuke A A Z FA3slo] phenol?} acetic acidg& 3
¥-2]5l5d 77, Zhang $[9])-& HFSLM& o] &% 7)-o
ol 9lelA modulevioll o] E% BAAYATE
e AFAS Algrsiadet

Yang 5(10]& G493} 7 A EFFA o2 E AQ%
)‘J-S’J-é]—g— o]&3}e} HFSLM ®&9) 22 S4ADA ¢+
2[11]2 HFSLM & 53} o3
WEZ AFo| A 2+52] 2EAF ALS-3le] i de] 2
2R E 58 J-AF5EF APAE 223 ¥l 9o

lzatt §112]2 f3tAd g o)83le F4HF9
Cd(D & #2342, Danesi (5] $Z%484] TL-
AHCL(trilauryl ammonium chloride)-2 A}-8%&F %]

o

X

e

- 2 9

ofi

op
7
tlo

-
e

)

oly
e o i

o
N

= }
TH R ol 2w

u

—{_| x:lot' ¥ rlo

5% 2338ty 2, Cussler £

)(‘

Aty g o] &3t pg-HoZHE CA(ID & H8]3ls
o}

£ ATl ie o]ef§t AT vlek o 2 5to] HFSLM
RES E3 F89Fe CAIDY 22 W 3$E 3§
Aol A Aoz el siye] dgsie] Bad
712285 A3z} joh

ol-& 43 FEAF ol % TOAE FEAR o]

Shed HFSLM 259 Sel o] 982 T 7 Sl
&%, Sl M) 220 8, £E4F e ¥
% 5o} Wl g 3o THFYOR 1 23778
Fshaal gk

24 H

2 A7 e g4t FEAFY CAIDE FF3A4
(HFSLM) & o] &3} & A 24 TOA(tri-n-octyl ami-
ne)-& AH8-3le] Fejsle AYE i)

2-1. AEEx|

HFSLM moduleol] A& —?—S—A}(hollow fiber) &=
o & Mitsubishi rayon Co. Ltd.9] %4 hollow fiber &
Abg-3t2 2 B4 x4 Table 13 7‘4

g&87= AAFZA W73 8mm, ¥4 2 mm,
o] 150 mm7} B =% Al=pste] 4}g-3le] gejoisir)

Table 1. Characteristic of hollow fiber

Material Polyethylene
Inside diameter(jim) 180
Film thickness(um) 40
Porosity(%) 70
Bubble point(kg/cm?) 2.2
Average pore size(um) 0.3

Fig. 1. Experimental apparatus of HFSLM module for
continuous system.
1. HFSLM module
3. Strip solution in

2. Organic solution
4. Strip solution out
5. Aqueous solution out 6. Aqueous solution in
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Fig. 2. Effect of concentration of hydrogen ion in aqueous
phase for distribution ratio of Cd(II) on equilib-
rium extraction.
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Fig. 3. Schematic diagram of transport mechanism for cad-
mium(II).
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Fig. 4. Effect of aqueous flow rate for concentration ratio
of Cd(II) on time courses in aqueous phase.
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Fig. 5. Effect of aqueous flow rate in fiber for overall mass
transfer coefficient of Cd(II) extraction.
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Fig. 6. Effect of organic flow rate on the overall mass trans-
fer coefficient of Cd(Il) extraction.
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Table 2. Values of mass transfer coefficients for theory
and experiment

Velocity % of total K. -theory K, -exp.
Run X10 resistance X 10 X 10¢
(cm/sec) 1/k. 1/ky VkH  (cm/s)  (cm/s)

1 2.2 8.1 03 145 5.21 5.05
2 44 899 05 94 6.56 6.37
3 6.6 915 07 7.7 7.51 7.69
4 838 940 09 3.8 8.27 847
2000 —
B
S
g 1500 E
z
g.. I/K'
} exp.
theory
1000 . L
2 4 5

3
/v )"’ (sec)

Fig. 7. Effect of aqueous velocity in fiber for overall mass
transfer resistance of Cd(II) extraction.

ep oot

7} A1 2] 3 %E el Table 28 R, HFSLM
ZEL o] &8 £ AYe A 84T fr) A
FI=F o] 2] Bulu|s} of 100024 8-4e] AAE
#g}te] wlgo) of$ Fo} o] dAZ} EHAAUE &
4= otk

mebx B Age wEuld e $459A E £84el
Qoo g §714e) 588 dAsHA FAskn 842
fiberl o 42 F7H7 74$ ZEd it BARG
AF Azutal §7149 A3E e 4 (D)
9 &A= 4 (5)+ (1022 Jehd 5 9ok

1/Kw=k,d/D=1.5(d*v/LD)*? (10)

#7149 53¢ 80emY/hrE YYshl FAskw 4
849 2FA $4& 2080 cm¥/hrZ WHAA o] F
Aot WRe S22 ANT A4E Fig 7o) 43
sk

Fig. 794 2l 9% 238kl 4 $44e] FFoe)

0 —
[TOA) : 0.06 mol/dm®
[ca(i)] : 0.5 x ll]_:!mo]/dm3
3 8l 2
» e
N 46/
£ —~
N2 e
-
(=]
- . /
ﬂ- W
»
6 B
. i
-2 ~1 0

Log[HC1], (mol/dm")

Fig. 8. Effect of initial concentration of HCIl in aqueous
solution on the mass transfer coefficient of Cd(Il)
extraction.
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Fig. 10. Effect of aqueous flow rate for concentration ra-
tio of Cd(Il) on time courses in strip solution.
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: surface area per volume [cm?/cm?)

C :solute concentration [ mol/dm*]

Cy :concentration of hydrogen ion [mol/dm*]
D :diffusion coefficient [cm®/sec]

d :hollow fiber diameter [cm]

d. :equivalent diameter [cm]

H :distribution coefficient [-]

j  :solute flux [mol/cm’sec]

Ky :overall mass transfer coefficient [cm/sec]
k :individual mass transfer coefficient [cm/sec]
L :hollow fiber length [cm]

Q :volumetric flow rate [cm®/hr]

t :time [sec]

V  :reservoir volume [cm®*]

v :velocity [cm/sec]

aslojAa 2X}

d :effective membrane thickness [cm]

v :kinematic viscosity [cm?/sec]

AKX}

o :initial solute concentration

“

overbar “—" : organic phase

St X}

m :membrane side
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