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Abstract V

Abstract

Compared to the traditional supported liquid membrane process, the supported

liquid membrane with strip distribution ( SLMSD ) has less loss of organic phase during

operation and also the advantages of easy operation, high stripping rate, and high
concentration ratio of target species. In the present research, indium ion was recovered
from industrial wastewater by the process of SLMSD with hollow fiber modules, to get
the second resource of indium. During the process of recovery, we observed instability
of supported liquid membrane, such as the water transfer caused by the osmotic
pressure differences across the membrane and.the membrane fouling caused by the
third-phase formation. These phenomena aftected-the efficiency and stability of the
recovery process. The main purpose ‘of this‘résearch, is to evaluate the stability of
SLMSD, and to find ways to improve .tlf;";é-stability, so/as to make this process more
[l MW

practical in industry.

|

In this research, we rec.0§ered indium or from the feed solution with higher
indium concentration (about 5,000=10,000 ppm) by SLMSD. The organic phase
contained D2EHPA as extractants, dodecanol as modifiers and isopar-L as diluents, and
the strip solution was 5 M HCI aqueous solution. During the operation, we found that
the concentration of In-D2EHPA complexes saturated in the organic solution and then
deposited on the membrane to cause the membrane fouled and the recovery efficiency
decreased. The deposits were the second organic phase, so they were also called the
third phase. Because the extraction rate of indium from the feed solution was larger
than the diffusion rate of In-D2EHPA complex in the organic phase, so the In-D2EHPA
complexes accumulated and finally saturated in the organic phase inside the membrane

pores. So we decreased the concentration of D2EHPA to lower the indium extraction
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rate, at the same time, we increased the concentration of dodecanol to raise the complex
solubility in the organic phase. As the experimental result showed, when the organic
phase contained 0.05 M D2EHPA and 10 vol% dodecanol in isopar-L, the condition of

membrane fouling was inhibited a lot.

Key words: Liquid membrane - third phase ~ D2EHPA ~ Indium - Fouling
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BE PR TR B EF A P EREATEF T AN R od T A

e Z BB Poank X pH B il 7 Alhdk Lok B ? BT 5B @ i

F_L

SRS

d SPELME oM 5 Lewis FE o r{"f TV EBRAD RSB T
iRl ihlewis de A 2 1+ 9 &7 B2 P35 8497 o= (2-2 A2 &)
g (di(2-ethylhexyl) phosphoric acid, D2EHPA) & &> 5 - R&* B i et 3

BB T E IR S ey ok (RNHp) I #8407 0 3R ke 97

RNH, + HA—= RNH, A (2-5)

BRI EEH Y > 00 g BREEH (SPOOH) #jl ™ & 5 B L - faft F A
AT S - P D APRE ERRRE . % 734 % TABLE 22« ¢ - <@
Y REY WSUER o SR

| =% ||
TABLE 2-2 Same Orrg?anﬁﬁhésphorus Acid Extractants.

LB

Acid type { l < Structure
R!” O R )

Monobasic \ / \P/
aicd / \ £ \ / \

OH R'O OH R OH
RO O R O
o N\ /7 N\ /
Dibasic acid /P\ /P\
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RN +HY &——=RNH'Y" (2-8)
RNH'Y +X —=RNH'X +Y (2-9)
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B E PR R L E RN G RN RRBLIRBAL T I RES S
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(3) ® i & A% P~# (neutral solvatmg extractants ) :
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AR B B WA [, 17] 0 ¢ ML E B £ BT AR
B iRV TRATI6]
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HY M2 &K MX, 237 HaBE SE L3R MXS, A&5 &5
AR ] AR o Y B A AF ML R T A 2

:r’} F3 5}&:&\? N4 r’} g g é\ﬁ ~ ﬁhn.‘;‘-é‘ﬁ s I TF EEAYN V_,IJ ‘I"/‘ o
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TABLE 2-3 General Structures of Esters of Organophosphorus Acids.
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RO
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Dialkyl alkylphosphonate RO—P—0O
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RO
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(o= (]
ROTS=S | |
- .
'R "‘! ! | ‘ : . .
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iy 8 1R/ 1 (TOPO)
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(
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Frd & aEded FERA R > Bl FE AR RS S U SFhEAR 0 A8 S B

FEARPERES TP B kA TRTI G Y 0 f 5 BB
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A kAR K A0 B o 4e Fig 25 46 o @ AR A ende x> T L §T e
R Z AR EB ALY LS B 2 ARFEIA o R S R T AR

(1) BAFEAY § fde e 3R -

(2) i3k e

16



LEE I 52 BY
5 Ao

BT

-

] v
B g ins

2 TBP (= 7 fin ) %15 B A& FPFEL 5 &
FI* PR A P AR R R R 0 TF
£ A A o 18 &R A
FUEZPHE ERE B

=
K

i ¥ l\-_':v ﬁﬁ;ﬂ;‘l’?ﬁﬁp 12~10 Yo e ¥ dF s e b 5L
A7 73| ma?f'yfi/w\

i B E 20%02 4 [9, 16]

Third Phase

Oil
Water
~Y ] )
Fig. 2-5 Third:phase formation.
i |
k- |
o
L~ - .-”-. . t
2-1-4 B H BT grenig s k | 1
ISP . % A A PR e i
EHIPTHAE A PR NREZBHG B
M* +nHA=—=MA, +nH" K= [Mﬁ"][H_]n (2-14)
[M™ ][ HA]
IR TR S X = & SIEEIY Y
BRE S RApERZE G

o

T*-}ﬁ"‘ /%i}i —-r—B"E?'J/kE{ pH IE' >
BARE S BBFFEF - T RREL DB B A A5
2-1-4-1 8 B e 3

- BEPHEEES LR R I Hd ARG g 4
5 &EPF Jp - 2a#F o Satoetal I * ki EBH = % % (TOA)
203040 ~50C T FB5Lpk ~

fo B
PR s FRR PRI REFR - T ARG RET

17



18 B A40F Fofp 4 5 R g U2 3

E S P TREaE R 2 > & fevt (Distribution Ratio) P A d TR o P Bp s
1% 02M TOA %P~ 0.IM R #5feen s 5> & 20CPFens fo f B0 5 50CpFen

15 ®[21]- 7 & WE BT g 87 % ) Lo King et al. 1| * &g |4 3=iF 5 B »
FHPEMELET FERTEFIE & B4R HES13, 22] o i 1 H BT

ek R ERAMETERF A F R EAFE TR RELRE -
2-1-4-2 X Ak B s 4
ErAakR GF 0 BEFFOESF AR o kR EH F A R E

’ﬁ513{5’3&,’#%&-’x}lj«liri,?(}.}ifa%(*;ﬁt[ii‘;ﬁﬁxgﬂjg‘? B kR NEE o) G 7
PWALPF S SU 1~ F F PR B R S BRITRAR P € i 2 A4 AR R DT

2-1-4-3 pH & e 48

PH 7 15§ 2 S Ao T 50 o i e ? 93 < pH
E%ﬁﬁiﬁﬁ%g’”&ﬂ%ﬁmpw:dp4@§wm,gpHﬁgg,g%
$ﬁ$°ﬁif EAR &ﬂ*%%ﬁﬁ%ﬁi Y5 o ip iR pH TR 0 5
B2 Tt TR 0L o e gk (TAR R ) T lﬂ?&' pH f@enst i o @ pH @4 # 5 §
Tl 58 v 5 B TBF B"”;ﬁ» i 9 SRR R Lewis fadf 0 A

I 1

¥9Hﬁﬁ$’?ﬁm%$ﬁﬁék’@ A A A $H 0 o d 5 TBP
T

WF g e A o A EE pH AR & U @ B s kT o [18] ¢
2-1-4-4 -k A4p o g 3

fApehie F o dg i T B R RS 2 b B Atk Y R e e
F oM EBEI NFEEL b ERBET E B3R D
B3 6 FHF kAo pH A § 4T o Bl E A L
Bdps 3 20 AT H f Rt S5 IREE a$%a$%ﬁﬁ$%€

EIJ _Eﬁ,fgﬁ o

W

2-1-4-5 F-H A e 3

B - 5 SRE R o R ABAEAEAY v EAR 2 SR
G A E BRI Bk (TS H 2 E o S AT T SRR F AR
PBHEEEH IR F P2 CFEF 0 R A ¢ REE R PL R

18



44

g o é[ﬁ%?/ﬁéﬁ 19

[16] o 12 & & % B~| 2-hydroxy-5-nonylbenzophenone oxime (LIN 65N) A #fd 7 ¢
iR A Y S PAr a5 b0 A eyt D T S A GRR  n-Heptane =n-Hexane >
tetrachloromethane > chlorobenzene > toluene = dichloromethane[23] o #* ¢t » 11 = %
5P H)0 7 % A s for T F LR % SR ek BOE 2R
HO 2= vl & end £ X DB 08 F > [HOlowganic T 7 E B ¥E i
cyclohexane > toluene~benzene > carbon tetrachloride > chloroform o # ® [H20]organic

©RA kA F R B i 1R 24] -

FEERE CFFRRMAL ORI GF 0 67§ 5 DR G R KA
R LS REFFME AR SRaE € g S
RRTEM R FBFTED,25] BRI RS
hord fig 1 5 B H] D2EHPA % B~st B 475 éﬁﬁ%m R
£ £ @ D2EHPA &A@ ey’ v @ ’¢E':%nq‘%wv’ﬁﬁw
# et B [9] e 11 TBP et AR A ¢ «%%*‘wkwmﬁpﬂ°ﬂTﬁ*W
jﬁﬁ&ﬂ’+%?“%%ﬁ%$m@L¥4%T% Eip s > ¥ B

i ey el *f?ﬁ;ﬂ

"zt AR E m% %m&%’ﬁﬁémﬁﬂ%* 3
& © % AT &7 ‘m-lfb‘ V'Jali'tr? ' I Fli'ﬁ?:”rfg"”*’ 2 ®A[13]0 Fls &
Fertm g o BE L2 WA E B R EE T A WAp Y R R R 4o
R RA 0 T - S 6o Rk AR HF B B RARE R T iG
A g 2 E B 18] -

ﬁ
i

FE L EHE FRAHE RS R PR T A 529 (1) A e
B2 B eniEr o (2) FPb &P AAFRAY PR fER o 3) FES AHRHY 3
2R e

2-1-4-6 1% 4% ) e 4

BAFR e ARl 2 Apend & o BAAE T R e SRR PET > v R

PRE G IRIEE 2R A A 0 Fla A s T X Ba £ PR AR ALY o -

® enig A S EAT S AT 2 TBP[16] - 5t i 4l & % 0 ¢ Hid £ A E e

Pl BMREEE PR FER P2 B aha a0 135 > § & F F 2 ok it

19



20 £ AH0F FEp A S R AR L

hon
N

"FRER PR A LG BERE ET L WO R e 3T F R
AR N B EFEFFTF n BRI EEEA18] -

i A et xR G RS AR Pl T T A4 I AR R g

R LY B IRRA A o - S G A

Wb o e BABHE T Gl S T 63 06 TR G E R
3

R SRR B AT e SRR BT 0 oA

Marinova et al. [27]4] * é& |2 A A fpepH BT -rﬁ’wﬁ‘]ln faoF k2% F

4 5B
B BARNT EHEFES OB 6EF pH 7 F A e o bl4ort TOA ¥ B~

o)

F1F & (tartaric acid) &9k 5t AR g PR E T (pH=2.52+0.06) - i3 &
n-decanol s 7 € 3 4r # X B 5 5 & 2 aped o (e bk A FO R pH=5.01+0.04 )
T BRI B E PR NS .z-,;grs o 2 4% Aliquat 336 % P~iF%
Fio bR A ks T (PH=252#0006) - SBE T % AR AL E L L KALA n

5T (pH=5.010.04) L A fr4 fril e AL MEBOE b o K E E
%o ﬁﬁwﬁ¢%*mﬁE{¥ﬂZEL_ﬁ»&ﬁwﬁ¢&?m ST
B3 IR i T it S wpm-iﬂ( |l

%, pe o2
B ko kuen

bt

20



Box é[ﬁ%\y«éﬁ 1

2-2 e VA BLHL

NG - B I R BN U B G BHIE A S eni 4 0 Bt A 4
CE S L R i
é%@%%?ﬁkaﬁﬁ’v?ﬂwgyw&§%%1@¢@§;@,%%g%
Fd MER®BEINFRRT® 5 RE»k (pumping effect) » ¥ £ 71 % & ki
2 A ek (1, 30] -

% 4% 17 (liquid membrane) % & 7 ¥ B2 5 55 BALA - BHIY > P
FPRAFEPRREF o RUES R 7 A3 1902 £ > d Nernst # Riesenfeld
SRR ARAN AW PR 2 ¥ o] AP, ¢ L Ao Fig 2:6 57
Bl 1% 33 E’ﬁ‘—«f"’?m@#l/ﬁ/r e i,ngm_ P
“W‘%ﬂl’yarw, i h@3@,n~ ;-ét
w2 WL ik h‘g"ifwﬁt
i# 4 5 B e %3%# 7ok -

/T“v?ﬁiﬂziﬁa&

{’tﬂ"}" F‘ 1__1E‘.—},_.‘7‘~ “7‘{, Z K :T-‘B",%

W‘
Eng%‘*ﬁ' ’F‘rméng » 3RS SR

=

Ground Joint
Pt. Bearing
Mognetic Stirrer

LIQUID MEMBRANE — |

Magnetic Stirrers
Cooling H,0

Horizontal

Cross Sections
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Fig. 2-9 Co- coupled transport. A are target species, B are co-extracted species
and C are carries.
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Fig. 2-12 Enlarged views of the emulsion liquid membrane.
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Fig. 2-15 Membrane extraction with hydrophobic porous supports.
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Fig. 2-17 Structure and flow schematic in a hollow fiber contained liquid
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Fig. 2-18 Supported liquid membranes with strip dispersion (SLMSD ) with
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9. 5% ¢ (Pump Tubing) : Tygon” chemical and Viton® » Cole-parmer » USA
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Fig. 4-1 Aschematic diagram of supported liquid membrane with strip dispersion.
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Fig. 4-2 A schematic diagram of side-by-side cell.
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(a) Surface near feed solution (x5000) (b )Surface near organic solution (x5000)

(e) Middle cross section (x5000) (f) Cross section near organic solution

(x5000)
Fig. 5-3 The morphology of original polypropylene membrane.
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(e) Middle cross section (x5000) (f) Cross section near organic solution

(x5000)
Fig. 5-4 The morphology of polypropylene membrane in side-by-side cell. (Feed :
10,000 ppm In** in HNOs, pH=0.9 ; Organic : 1.45M D2EHPA in

isopar-L ; Strip: non ; 9 days ; 25°C )
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Fig. 5-5 Nickel di(2-ethylhexyl)phosphaste-D2EHPA-decane phase diagram. (the
liquid-crystal field is shaded ) [11].
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(a) Surface near feed solution (x5000)

(¢) Whole cross Ec;%n 800 : ) Cross Scetion near feed solution

= \?\ Q0 &
T 4 (x5000)

.
=N

(e) Middle cross section (x5000) (f) Cross section near organic solution
(x5000)
Fig. 5-6 The morphology of polypropylene membrane in side-by-side cell. (Feed :
10,000 ppm In** in HNOs;, pH=0.9 ; Organic : 1.45M D2EHPA in
isopar-L ; Strip: non ; 1 hr; 25°C )
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(a) Surface near feed solution (x5000)

et 18 .
*'"5' ction near feed solution

(e) Middle cross section (x5000) (f) Cross section near organic solution

(x5000)
Fig. 5-7 The morphology of polypropylene membrane in side-by-side cell. (Feed :
10,000 ppm In** in HNO3, pH=0.9 ; Organic : 0.6M D2EHPA and 10

vol% dodecanol in isopar-L ; Strip: SM HCI ; 1 hr ; 25°C )
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Cross ser‘,%on near feed solution
viel

ey
" (x5000)

(e) Middle cross section (x5000) (f) Cross section near organic solution
(x5000)
Fig.5-8 The morphology of polypropylene membrane in side-by-side cell. ( Feed :
10,000 ppm In** in HNO3, pH=0.9; Organic: 0.6M D2EHPA and 10 vol%
dodecanol in isopar-L ; Strip: 5M HCI ; 1 hr ; 50C )
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™
*'"5' ction near feed solution

(e) Middle cross section (x5000) (f) Cross section near organic solution
(x5000)
Fig. 5-9 The morphology of polypropylene membrane in side-by-side cell. (Feed :
10,000 ppm In*" in HNOs, pH=0.9 ; Organic : 0.6M D2EHPA and 10
vol% dodecanol in isopar-L ; Strip: SM HCI ; 1 hr ; 25°C )
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(a) Surface near feed solution (x5000) (b )Surface near organic solution (x5000)

kW 7.8mr AD)

‘ - : , ot
(¢) Whole cross '_&c{ﬁ?(;n 800 (d) ¢ q}sé"%epﬁon near feed solution
Lo, Fale ol
Q

T'-;!."'h 5 ; u , 4 ;f;\ . :

(e) Middle cross section (x5000) (f) Cross section near organic solution
(x5000)

Fig. 5-10 The morphology of polypropylene membrane in side-by-side cell.
(Feed: 1,000 ppm In** in HNOs, pH=0.9; Organic: 0.6M D2EHPA and

10 vol% dodecanol in isopar-L ; Strip: 5SM HCI ;5 1 hr ; 25°C )
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(a) Surface near feed solution (x5000) (b )Surface near organic solution (x5000)

By

(¢) Whole cross section (x¢
N

i
T 'H.;Ill_".,_‘
.
=

(e) Middle cross section (x5000) (f) Cross section near organic solution
(x5000)

Fig. 5-11 The morphology of polypropylene membrane in side-by-side cell.
(Feed : 200 ppm In®* in HNO3, pH=0.9 ; Organic : 0.6M D2EHPA and

10 vol% dodecanol in isopar-L ; Strip: 5SM HCI ;5 1 hr ; 25°C )
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(a) Surface near feed solution (x5000) (b )Surface near organic solution (x5000)

e
(¢) Whole cross section (¢

(e) Middle cross section (x5000) (f) Cross section near organic solution
(x5000)

Fig. 5-12 The morphology of polypropylene membrane in side-by-side cell.
(Feed : 200 ppm In3+ in H,C,04, pH=0.9 ; Organic : 0.6M D2EHPA

and 10 vol% dodecanol in isopar-L ; Strip: 5SM HCI ; 1 hr ; 25C )
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(e) Middle cross section (x5000) (f) Cross section near organic solution

(x5000)

Fig. 5-14 The morphology of polypropylene membrane in side-by-side cell.
( Feed : 10,000 ppm In** in HNO3, pH=0.9 ; Organic : 1.45 M D2EHPA

and 10 vol% dodecanol in isopar-L ; Strip: 5SM HCI ; 1 hr ; 25C )
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™
*'"5' ction near feed solution

(e) Middle cross section (x5000) (f) Cross section near organic solution

(x5000)

Fig. 5-15 The morphology of polypropylene membrane in side-by-side cell.
(Feed : 10,000 ppm In® in HNO3, pH=0.9 ; Organic : 0.6 M D2EHPA

and 10 vol% dodecanol in isopar-L ; Strip: 5SM HCI ; 1 hr ; 25C )
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(a) Surface near feed solution (x5000) (b )Surface near organic solution (x5000)

(e) Middle cross section (x5000) (f) Cross section near organic solution

(x5000)

Fig. 5-16 The morphology of polypropylene membrane in side-by-side cell.
(Feed : 5,000 ppm In** in HNO3, pH=0.9 ; Organic : 0.05 M D2EHPA

and 10 vol% dodecanol in isopar-L ; Strip: 5SM HCI ; 1 hr ; 25C )
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(e) Middle cross section (x5000) (f) Cross section near organic solution
(x5000)

Fig. 5-17 The morphology of polypropylene membrane in side-by-side cell.
(Feed : 5,000 ppm In** in HNO3, pH=0.9 ; Organic : 0.05 M D2EHPA

and 2 vol% dodecanol in isopar-L ; Strip: 5SM HCI ; 1 hr ; 25°C)
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Fig. 5-18 Soaking porous polypropylene membrane in organic phase containing
In-D2EHPA complexes.
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Ch M, L. e ' MT 1 ’ SE( I ' 1
(¢) Cross section near surface (x5000) (d) Middle cross section (x5000)
Fig. 5-19 The morphology of original polypropylene membrane before soaking in

the organic solution containing IN-D2EHPA complexes.
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(¢) Cross section near surface (x5000) (d) Middle cross section (x5000)
Fig. 5-20 The morphology of polypropylene membrane after soaking in 1.45 M

D2EHPA containing 10,000ppm indium complexes. (6 hours ; 25C )
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- (¢) Cross section near surface (><50 ( d) Middle cross section (x5000)
Fig. 5-21 The morphology of polypropylene membrane which was pretreated with

dodecanol and then soaked in 1.45 M D2EHPA containing 10,000ppm

indium complexes. (6 hours ; 25°C )
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(a) Surface near feed solution (x5000) (b )Surface near organic solution (x5000)

1

Uy 10.0um

(e) Middle cross section (x5000) (f) Cross section near organic solution
(x5000)
Fig. 5-22 The morphology of polypropylene membrane pretreated with dodecanol
in side-by-side cell. ( Feed : 10,000 ppm In** in HNO3, pH=0.9 ; Organic :
0.6 M D2EHPA and 10 vol% dodecanol in isopar-L ; Strip: 5M HCI ; 1
hr; 25°C)
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< Before modification > < After modification >
Feed Organic Feed —— Organic
solution & strip solution & strip
solution m— Solution
I > —_—
oV — 0
O =0
2 =29
Hydrophobic Hydrophilic / Hydrophobic
porous membrane porous membrane

Fig. 5-23 Relationship between feed solution and pp membrane before and after
the modification.
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Fig. 5-24 The morphology of modified polypropylene membrane.
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(e) Middle cross section (x5000) (f) Cross section near organic solution

(x5000)

Fig. 5-25 The morphology of modified polypropylene membrane in side-by-side
cell. (Feed : 10,000 ppm In*" in HNO;, pH=0.9; Organic: 0.6 M D2EHPA

and 10 vol% dodecanol in isopar-L ; Strip: 5SM HCI ;5 1 hr 5 25C )
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