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Abstract—Predispersed solvent extraction (PDSE) by colloidal liquid aphrons (CLAs) was used for the extraction
of succinic acid from aqueous solution. The loading values for succinic acid in PDSE by CLAs increased with in-
creasing pH values in aqueous phase. This was due to increasing of the concentration of the undissociated succinic
acid. The extractability of PDSE was higher than that of conventional contacting type extraction because of the in-
teraction between factant and acid molecule. The stability of CLAs increased with increasing of the pH values in
aqueous phase and decreasing of trioctylamine (TOA) concentration in organic phase. However, the structure of CLAs
was stable at all the pH range except very low pH condition.
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INTRODUCTION
water soluble
Solvent extractions are used for the purification, enrichment, sepe surfactant
ration and analysis of various components in mixtures. These ar )i/
based on the principle that a solute can distribute itself in a certail
ratio between two immiscible solvents. Therefore, the selection o
both a diluent and extractant determines the equilibrium for a giver
system, and the efficiency of the extraction process depends on i
mass transfer rates. The conventional process includes intensiv
mixing or considerable contact time in order to achieve a sufficient O AN -
mass transfer. The requirements for an extensive time, energy co Sed Lo > non-ionic oil
suming mixer/settler, along with a high solvent consumption, are soluble surfactant
limiting factors for the wide application of conventional solvent ex- Colloidal Liquid Aphron
tractions. One novel technique that can circumvent these drawbacksy 1. Schematic diagram of colloidal liquid aphron.
is the PDSE (Predispersed solvent extraction) process that employs
[Lee et al., 2000].

For the PDSE process, the recent developments in colloidal sysnal pH for separation by tertiary amine is related to theopke
tems based on phases encapsulated in a thin soap film, and knownasboxylic acid. However, in most fermentation processes for pro-
aphrons, were achieved. The structures of aphrons are illustrated @ucing carboxylic acids except for citric acid, the optimum operat-
Fig. 1. Thin soap fims have considerable mechanical strength dueng pH is near pH 5-6. Therefore, maintenance of the extractability
to the thermodynamically induced Gibbs elasticity produced by theand the stability of CLAs at this pH range is required for the suc-
water-soluble surfactant that is needed for the production of a soapessful separation process.
flm. For that reason phases encapsulated in a soap fim are sur- Succinic acid is a dicarboxylic acid produced as an intermediate
prisingly stable [Sebba, 1989]. of the tricarboxylic acid cycle (TCA) and also as one of the fer-

Various factors can have an influence on the extractability formentation products of anaerobic metabolism. Recently, it has re-
succinic acid and the stability of CLAs. Among these factors, theceived increasing attention due to usage as the monomer of biode-
effect of pH was mainly investigated in this study. There is the pH-gradable polymer such as polysuccinate [Hong et al., 2000, 2002].
limitation in reactive extraction by amine extractants. In reactive Succinic acid is produced from chemical synthesis, the hydration
extraction by amine extractants, reversible complexation betweeif succinic anhydride, and fermentation [Hong and Hong, 2000].
acid and amine is driven by the amount of un-ionized acid in soluAn efficient and economical downstream purification process is
tion and is thereby favored at low pH [Tamada, 1989]. The opti-needed for fermentation methods to compete with chemical syn-
thesis because of many impurities such as protein and carbon source
from fermentation broth [Zeikus et al., 1999].

To whom correspondence should be addressed.

E-mail: whhong@mail.kaist.ac.kr In the present work, the effect of pH on the extraction behavior
“This paper is dedicated to Professor Wha Young Lee on the occasiofif succinic acid in PDSE by CLAs was investigated and compared
of his retirement from Seoul National University. with that in conventional mixer-settler type reactive extraction. In
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addition, the stability of CLAs was also measured at various pHs. with 10 mL TOA/1-octanol were mixed by hand shaking 1 time
for phase mixing. The released solvent volume from CLAs was

EXPERIMENTAL used to obtain a measure of stability of CLAs.

1. Materials RESULTS AND DISCUSSION
Succinic acid (99 wt%) was obtained from SIGMA. It was diluted
to 50 g/L in aqueous phase, considering the concentration of fert. PDSE of Succinic Acid with CLAs
mentation broth. It was prepared to various pH values. Fig. 2 shows the effect of pH on the loading value for succinic
TOA, which was purchased from Sigma Co., was used as thacid in PDSE by 0.25, 0.50 and 0.75 mol/kg TOA/1-octanol CLAs.
extractant without further purification. Diluents were used in reac-The loading value is defined as follows:

tive extraction of succinic acid because of the high boiling point, o
the high viscosity, and the corrosive property of TOA. 1-octanol Loading 2 =—3- 2)
was used as diluent and purchased from Sigma Co. amine

org

Water-soluble surfactant for preparing CLAs was sodium dode-whereCg, is concentration of succinic acid in organic phase and
cylbenzene sulfonate (SDBS). Oil soluble surfactant for preparingC:.... is initial concentration of amine in organic phase. For all TOA
CLAs was tergitol 15-S-3. Both of them were purchased from Al- compositions, loading values decrease with increasing pH values.
drich Co. The concentration of undissociated acid increases with pH values.
2. Experimental Procedures Therefore, this result is consistent with the fact that the undissoci-

CLAs were prepared by the following method. A stable-foam ated form of the acid is extracted.
was obtained by mixing of an aqueous phase containing 4 g SDBS’

L. To the foaming solution, an organic solution containing 0.01% 12
(Vi) tergitol 15-S-3 was gradually added. CLAs had a creamy ap:
pearance. To describe this system, the volume ratio of the disperst 104
organic phase to the continuous phase was defined as phase v

ume ratio (PVR). 054
_(Dispersed solvent phase volume g

PVR (Continuous phase volumhe @ § 064
-

In this study, PVR was maintained at 5. 044
After the preparation of CLAs, the PDSE of succinic acid by

CLAs was performed. First, the 5 mL solution of succinic acidand ~ , |
CLAs with 5 mL TOA/1-octanol was charged into a 50 mL tube. O 02t ol TOANactane! (Sraiant solvent
And then, phase mixing was carried out by hand shaking for 10sec o : : .
For the phase separation, mixed phases were centrifuged at 4,0 2 3 4 5 6
rpm for 15 min. The concentration of succinic acid was measurec. pH
by HPLC with an ion exchange column (Supercogel C-610H, 300rig. 3. comparison of loading value for succinic acid in PDSE and
mmx7.8 mm, SUPELCO, USA). mixer-settler type extraction using 0.25 mol/kg TOA/1-
The stability of CLAs on pH was measured as follows. octanol as extractant.
The 10 mL aqueous solution of various pH values and the CLAs
06
1.0
—e— 0.25 mol/kg TOA/1-octanol 0.5
—O— 0.50 mol/kg TOA/1-octanol
0.8 —¥— 0.75 mol/kg TOA/1-octanol
04
g
E 0.6 5 031
§ S
0.4 0.2 1
0.1 1 | —e— 0.75 molikg TOA/-octanol (CLA)
0.21 —0O— 0.75 mol/kg TOA/1-octanol (straight solvent)
0.0 . : :
00 T T T hd 2 3 4 5 6
2 3 4 5 6 pH
pH Fig. 4. Comparison of loading value for succinic acid in PDSE and
Fig. 2. Effect of the pH in aqueous phase on the loading value for mixer-settler type extraction using 0.75 mol/kg TOA/1-
succinic acid. octanol as extractant.
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With increasing TOA concentration (decreasing 1-octanol con- 8

: H H ~ @ 0.25 mol/kg TOA/1-octanol
centration), the Ioadmg values degreasgd. It is concluded that 1-o © 0,50 Mobky TOA/1-octano
tanol has good solubility for the acid-amine complex due to the hy-= ¥ 0.75 mollkg TOA/1-octanol

25

drogen bonding with the carbonyl oxygen of the complexed acid. o 61
Figs. 3 and 4 show the comparison of the loading values in PDSI 2
and conventional solvent extraction. In Fig. 3, the loading valuesg
of PDSE are higher than those of conventional solvent extractior & 41
at all tested pH values. In Fig. 4, at the range of low pH, the Ioadingg
values of PDSE are similar to those of conventional solvent extrac § v
tion, because almost all the succinic acid was extracted. Howeve 2 2
in the range of neutral pH, the loading values in PDSE are highe™ v ® o o
than those in conventional solvent extraction. One explanation fol
the higher loading values of PDSE is that there is an interaction be 0———O0—e—¢—o ¢
.. . . L. 0 50 100
tween the SDBS and succinic acid molecules. Since the majorit Time [min]
of succinic acid molecules will possess a single positive charge,
there is the potential for an electrostatic interaction with the negakig. 6. Effect of the TOA concentration in organic phase on the
tively charged head-groups of the SDBS molecules. Such an SDBS-  Stability of CLAS (pH 4.10).
succinic acid complex would be preferentially soluble in the organic
phase, and consequently enhanced values of loading would be exicreases with increasing pH value. CLAs are stable at near neutral
pected [Lye and Stuckey, 2000]. pH for all TOA concentration tested. Even at pH 3, the released
If a cationic surfactant was used in PDSE of succinic acid, nosolvent volume ratio of CLAs with 0.75 mol/kg TOA/1-octanol is
such interaction would be expected. The head-groups of the molainder 10%. At acidic pH, excess hydrogen ions lead to protonation
cules of cationic surfactants possess a positive charge and wouldf the head-group of the SDBS located at the outer soapy-shell in-
not, therefore, be expected to interact electrostatically with the poterface. This would reduce the energy barrier to droplet coalescence
sitively charged succinic acid molecules. In the previous sectionand the polarity of the surfactant monomers. At high pH values,
the low extractability in PDSE with CLAs by cationic surfactant CLAs are stabilized by the surface charge repulsion of outer soapy-
was observed [Hong et al., 2001]. shell consisted of SDBS.
2. Stability of CLAs with pH Fig. 6 shows that the stability of CLA decreases with increasing
In this section, the effect of pH on the stability of CLAs was main- TOA concentration in the mixture. It is due to the increased basicity
ly investigated. Since the stability of CLAs displays a strong depen-of the solvent mixture. Because the organic solvent was surrounded
dence on ionic strength, due to electrostatic interactions associatadith negative charged surfactant, the CLAs made from the basic
with the surfactant head-groups, pH should also have an influenceolvent were destabilized. Both surfactant and solvent tend to ob-
on CLA stability [Lye and Stuckey, 1998]. tain electrons. The stability of CLAs depends both on the PVR and
The most stable CLA could be obtained with CLA formulated on the composition of solvent of aphrons. Therefore, the stability
with 1-octanol. Even though CLAs could be formed alone with TOA of CLAs depends not only on the condition of the dispersed phase
when SDBS was used as water-soluble surfactant, stable CLAs coulolit also on the composition of organic solvent.
be formed with a mixture of TOA/1-octanol. Fig. 7 represents the stability of CLAs at various pHs of aque-
The effect of pH on the stability of CLAs in agueous phase atous phase and concentrations of TOA after 2 days. It shows that
25°C is shown in Fig. 5. As seen in this figure, the stability of CLAs CLAs are stable at near neutral pH and low concentration of TOA.
And CLAs with 0.25 mol/kg TOA/1-octanol are almost stable at
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Time [min . - . .
[min] Fig. 7. Stability of CLAs at various pH in aqueous phase and TOA
Fig. 5. Effect of the pH in agueous phase on the stability of CLAs. concentration in CLAs after 2 days.
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