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Abstract — As an effective method for extraction of succinic acid, aqueous two-phase systems based on piperidinium
ionic liquids were used in this study. Effects of the alkyl chain length of cation in piperinidium ionic liquids on phase
diagram and extraction efficiencies were investigated. Experimental results show that aqueous two phase systems can be
formed by adding appropriate amount of piperidinium ionic liquids to aqueous K,HPO, solutions. It can be found that
the ability of piperidinium ionic liquids for phase separation followed the order [OMPip][Br[>[HMPip][Br]>[BMPip][Br[>
[EMPip][Br]. The biphase-forming ability of piperidinium ionic liquids was higher than that of imidazolium and pyr-
rolidinium ionic liquids in the presence of K,HPO,. 75~95% of the succinic acid could be extracted into the ionic liquid-
rich phase in a single-step extraction. There was little difference in the extraction efficiency of succinic acid by piperi-
dinium ionic liquids comparing to other ionic liquids such as imidazolium and pyrrolonidium ionic liquids. This aqueous two
phase system by piperidinium ionic liquid is suggested to have effective application for the separation of succinic acid.
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Fig. 1. Chemical structures of ionic liquids used in this study: (a) N-
ethyl-N-methylpiperidinium bromide(|EMPip][Br], (b) N-ethyl-

N-methylpyrrolidinium bromide(|[EMPyr]|[Br]), (c) 1-ethyl-
3-methylimidazolium bromide(|[EMImi][Br]).
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Fig. 2. Phase diagram of piperidinium ionic liquids/K,HPO,, aque-
ous two-phase systems.
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Fig. 3. Effect of cation on phase diagram of ionic liquids/K,HPO,
aqueous two-phase systems.
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Fig. 4. Effect of initial concentrations of succinic acid on distribu-
tion coefficient.

Table 1. Parameters A4, B, C of equation (3) for the piperidinium ionic
liquids+K,HPO, aqueous two-phase systems at 7=298.15 K

Atoc B+o 10°(C+o) R?

[EMPip][Br]  171.68+3.46 -0.55:0.14 332£0.71  0.9996
[BMPip][Br]  386.23+4.64 -0.814034 2.11+1.64  0.9980
[HMPip][Br]  11.74+1132  0.044+094 9.04+438  0.9934

[OMPip][Br] 0.00595+£52.97 1.88+1.97 20.09+8.95  0.9858

of) sl Eelel el Iglch ol oAl o)
9 A1~ 017} Aokl Aol gt %iﬁ‘}

6“*011 whE U= %}iﬂv}. t&{i %‘%’:l AHE Ao) S7hl w2t
ZE Ao 54 1 sk o)A AR A E 5
ZHAZ1A ek o|v|eREA BERLY] 739 olefdt b avtw
Qlel] o] 24 A ol W FAAKE Hol7t Co7HA TTFE A3
FEU 2ol tigt Sl 7k 21 olde] s 31t
T 2lo® geA dvh11,13]. Z2eiuh B Aol ARgE T)uE]
A1) B4 oA WAl o2l & Akaolt ojxlel] w2l

AF7h S7F e R 24 TG oA A o] A
H9 P2 g e sl slew s ¢ °1E}.

Table 201= ] 243 A ol Foll M FFa8&S et
WATE AR o] oA Ztell T Aol glom 8o Aol
sAte] 27] Fiee] wel AdolshAInt oF 65~95%2] FEaES
ds 5 A3k

Table 2. Extraction efficiency for succinic acid with various ionic liquids
+K,HPO, aqueous two-phase systems at 7=298.15 K

L s1 @) 30 40 50
[EMImi][Br] 91.60 97.56 92.94
[BMImi][Br] 78.08 78.89 68.57 79.04
[EMPyr][Br] 96.56 86.62 74.10 80.64
[BMPyr][Br] 69.72 7637 70.71 74.61
[EMPip][Br] 85.77 81.43 86.89 96.29
[BMPip][Br] 7534 79.86 85.63 95.05
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