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Evaluation of Extractants for Bio-butanol
Extraction Fermentation Using Organic
Solvents and Ionic Liquids

Min Ok Cho, Sun-Mi Lee, Byoung-In Sang, and Youngsoon Um*
Korea Institute of Science and Technology, Center for Environmental Technology Research, Seoul 136-791, Korea

Abstract Oleyl alcohol, butyl butyrate, and two different ionic liquids were evaluated for the extraction of butanol from
culture broth without toxic effect to cells. The tested solvents showed more than 50% extraction efficiency, and
oleyl alcohol was chosen as the best extractant for butanol among the used extractants with a partition
coefficient of 2.89. When oleyl alcohol was used as an extractant, more than 80% of butanol was extracted
in the wide range of butanol concentrations (1-20 g/L) and pH values (pH 4-5.5). In extractive fermentation
using oleyl alcohol only, there was 11% more butanol production and glucose consumption when compared to
that without extractive fermentation, implicating a reduced inhibitory effect of butanol due to butanol removal
to the oleyl alcohol phase. In addition, oleyl alcohol did not inhibit cell growth, while a mixture of oleyl alcohol and
butyl butyrate with the volume ratio of 9:1~7 : 3 inhibited either butanol production or cell growth significantly
due to the toxicity of butyl butyrate to cells. In conclusion, oleyl alcohol can be used as an efficient and
non-toxic solvent for extractive fermentation for butanol production.
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Table 1. Characteristics of the tested extractants

Butyl butyrate Oleyl alcohol [BMIM][PF6] [BMIM][TFSI]
CH3 CH3
0 OH [ ) PFg I: TFSI-
Chemical structure C/\\/i\//\\//
MOM (CH2)30H3 (CH2)30H3
Liquid Liquid
Molecular formula C18H1602 C18H3eo CsH15F6N2P C10H15F6N30482
Molar mass (g/mol) 144.21 268.48 284.18 419.36
Density (g/cm®) 0.87 0.85 1.37 1.44
Distribution coefficient 1.95 2.89 0.99 1.58
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Chromatography Flame lonization Detector : Agilent
technology 6890N Network GC system)E ©|-&3}3th
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Fig. 1. Extraction of butanol with solvents.
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Fig. 3. Efficiency of extraction at various pH: (a) Butyl butyrate,
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Fig. 4. (a) Cell growth and (b) Glucose concentration during

the extractive fermentation with oleyl alcohol (OA) and

butyl butyrate (BB).
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5 AT BAYQ FFAA ARERS Fig. 40 VERNRL
t}. Oleyl alcoholTHe o] 838 -9+ &80 §lo] vl
&S 3 & (control)ol] HIS] FARHAY &2 0.D.4
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< olg3te] FEFUEE A FFIEL8-10gLE Y
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Fig. 5. Butanol concentration in batch extractive fermentation at
72 h; (a) control (no solvent added), (b) oleyl alcohol,
(c) 90% of oleyl alcohol + 10% of butyl butyrate, (d)
80% of oleyl alcohol + 20% of butyl butyrate, (e) 70%
of oleyl alcohol + 30% of butyl butyrate.
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Wtk oleist A7E v RolE uf, FHREEOIE 10%
gl PAE Aol & JFE A AR, 5ol
2oz Heks Al Az A3 Js Fv= A=
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