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Abstract — Separation of fructose and glucose was performed using emulsion liquid membranes with a mixture of an
organoboronic acid and a quaternary ammonium salt as a carrier in a batch reactor. In order to find a carrier and an opti-
mal experimental condition suitable to the sugar separation, extraction of each sugar was carried out independently. The
effect of various experimental variables, such as initial concentration of sugar in the feed phase, type of organoboronic
acids, and w/o ratio, on the sugar separation was investigated, and the concentrations of sugars in each aqueous phase
were analyzed. The ratio of degree of extraction of fructose to that of glucose was very high, but the concentration of
fructose in the receiving phase was not too high. Therefore, a stronger stripping agent in the receiving phase was
required for development of a practical ELM system suitable to the sugar separation.
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Fig. 1. Tetrahedral transport mechanism of sugar through liquid
membrane.
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Fig. 2. Effect of organoboronic acid on the extraction of fructose. Fig. 3. Effect of organoboronic acid on the extraction of glucose.
Table 1. Values of pKa and substituent hydrophobicity constants for ) e L
various phenylboronic acid derivatives[13] FHE FEES, 35204 F5%) vlE HolF+=d], DBPBA%}
Boronic acid «  Sumofthen BTMPBAE AH&-& 7 A4 0% 58 A2 FE8 ¥l
— Pr el h oA HF FEEE B AAEE < 5 Axon, u
Phenylboronic acid (PBA) 59 00 A o] F BA Skl T Ralel ke FEAe AE
4-tert.-buty1pheylb0romc .ac1d.(BPBA) 9.3 1.98 2SI}, B} ol A T 2Ee HAsE] o5t Skl A
3,5-dichlorophenylboronic acid (DCPBA) 7.4 1.42 o] 251 o) g o H|stol A hAo] A
3,5-bis(trifuoromethyl)phenylboronic acid 72 176 =TS AR, DBPBA ° R =
(BTMPBA) : : BTMPBA7} = FZ A& ARG ST},
3,5-dibromophenylboronic acid (DBPBA) - 1.72 4-12. U 784 & st Jd FEol vAE I
*Sum of hydrophobicity constants for aryl substituents excluding the Hol-& Fa}o] s o] Yol BFAE JAdshs Zo=
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HHOR B FEES LhehhCh Table 25 A} TS o] FAAD F 3 Hel el HHgho AEFIC

Table 2. Final degree of extraction of each sugar in the ELM experiment and their ratio

Extractant

Experimental results PBA BPBA DCPBA BTMPBA DBPBA
Final degree of extraction of fructose (A) 15.4 20.6 443 453 52.0
Final degree of extraction of glucose (B) 15.4 16.0 37.8 313 314
A/B 1.00 1.29 1.17 1.45 1.66
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Fig. 4. Effect of concentration of FeSO, in the internal phase on the
extraction of fructose (Ratio of ionic strength of the external
phase to that of the internal phases=0.8).
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Fig. 5. Effect of stirrer speed on the extraction of fructose.
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Fig. 6. Effect of w/o ratio on the extraction of fructose.
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Fig. 7. Effect of surfactant type and concentration in the membrane
phase on the extraction of fructose.
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Table 3. Basic experimental condition for sugar separation

Parameters Experimental condition

Stirrer speed 330 rpm

Feed phase 0.1 M sodium carbonate buffer
Sugar concentration 0.5,2, 10 mM
Organoboronic acid 40 mM BTMPBA or DBPBA
Quarternary ammonium salt 50 mM Aliquat 336
Surfactant 2 vol% PARANOX 147
Receiving phase 0.075 M FeSO,
w/o ratio 1/3 or 1/1
O 1 0.5 mM fructose
O : 2 mM fructose
100 -1 A - 10 mM fructose
[ J 1 0.5 mM glucose @]
= u 1 2 mM glucose
=
=~ 80t A : 10 mM glucose
E
2 ® o
w
5
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E
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g 40 |- m] °
o
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a a ° o
20 A ]
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L | ]
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0 { ! 1
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Fig. 8. Effect of initial concentration of sugar on the sugar separa-
tion (w/o ratio: 1/3, boronic acid: BTMPBA).

o}
=

o

] w2 PARANOX F5ollA = w12 qbg/do] 411
et

A~
%9

Table 4. Ratio between final degrees of extraction of fructose and glucose, and concentration ratio of the sugars in the internal phase obtained

after the end of extraction

w/o ratio Organoboronic acid Initial sugar concentration Ratio of degree of extraction (DE,-/DEg)" Concentration ratio (C/-/Cg)b
1/3 BTMPBA 0.5 1.6 (92.5/57.3) -
2 3.7(71.2/19.2) 0.8 (0.48/0.58)
10 4.5(26.1/5.8) 0.8 (5.1/6.1)
DBPBA 0.5 1.8 (96.4/54.5) 0.2 (0.0138/0.0655)
2 3.2(78.4/24.5) 0.6 (0.36/0.65)
10 4.2(22.6/5.3) 1.1 (5.2/4.7)
11 BTMPBA 0.5 3.0(79.9/26.8) 0.1 (0.01/0.078)
2 3.6 (62.5/17.5) 1.3 (0.8/0.6)
10 2.8(22.1/7.9) 1.0 (5.13/5.31)
DBPBA 0.5 4.0 (75.4/19.0) 0.8 (0.08/0.1)
2 4.6 (62.0/13.4) 0.9 (0.62/0.66)
10 2.5(23.5/9.5) 0.9 (6.0/6.8)

“DEyand DE, are final degrees of extraction of fructose and glucose, respectively.

"Cfémd C, are concentrations of fructose and glucose in the internal phase, respectively.
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Fig. 9. Effect of initial concentration of sugar on the sugar separa-
tion (w/o ratio: 1/3, boronic acid: DBPBA).
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Fig. 10. Effect of initial concentration of sugar on the sugar separa-
tion (w/o ratio: 1/1, boronic acid: BTMPBA).
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Fig. 11. Effect of initial concentration of sugar on the sugar separa-
tion (w/o ratio:1/1, boronic acid: DBPBA).
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