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Abstract — This paper studied succinic acid recovery from organic acid mixture by using mono-polar membrane elec-
trodialysis. Current efficiency, solute recovery efficiency, energy consumption, and separation factor were measured at
various pHs and concentration ratios. The separation factor of succinic acid could be interpreted in terms of ionization
degree, molecular weight, ionic conductance, average charge, and initial feed composition.
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Fig. 1. Schematic diagram of experimental set-up (C: conductivity, Q:
flux, I: current, pH: pH-value, T: temperature, U;: inner (stack)
voltage, U,: outer (applied) voltage).

Table 1. Definitions of process variables
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Indicator Definition Equation Unit
Solute recovery Solute mass difference in D/initial solute mass in D K,= VaixNai— V< Ny Dimensionless
efficiency (K,) ‘ VauixN
Current efficiency () Effective solute mass recovered/ theoretical solute _ VaixNgi= VX Ny, . .
=—_ Dimensionless
mass transported FxAxCellsxH
Specific energy Energy consumed per unit solute recovered J‘gt y(v)i(r)dt KWhkg™!
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Amy
Solute flux ( j,) Solute collected into C (Ams) per unit membrane surface Am 24
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Separation factor (S) Solute recovery efficiency of A and B S 15K /K Dimensionless
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Fig. 2. Fraction ionization and pH (a) for acetic acid and succinic
acid (b) various fractions for succinic acid.
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Table 2. Solute recovery efficiency and separation factor of Acetic acid and Succinic acid and pH on the dilute side at three different pHs with
initial mixture containing 0.1M Acetic acid and 0.28M Succinic acid

pH time (min) Ac (mol/L) Su (mol./L) o 4e oo, g, pH Ionized,,  Ionizeds, Kd,. Kd,, NI
4 0 0.10 0.28 0.150 0.5 4.01 0.015 0.141
10 0.10 0.26 0.094 0.28 3.78 0.009 0.072 0.0125 0.098 7.86
20 0.10 0.22 0.050 0.17 3.49 0.005 0.037 0.0323 0.217 6.74
30 0.10 0.19 0.020 0.07 3.07 0.002 0.014 0.0484 0.324 6.70
40 0.09 0.16 0.017 0.06 2.61 0.002 0.010 0.0968 0.441 4.55
50 0.09 0.13 0.017 0.06 2.54 0.001 0.008 0.1290 0.551 427
60 0.08 0.09 0.016 0.06 2.51 0.001 0.005 0.1774 0.673 3.79
5 0 0.10 0.28 0.644 0.89 5.02 0.066 0.254
10 0.10 0.27 0.568 0.85 4.88 0.058 0.232 0.0063 0.042 6.61
20 0.10 0.24 0.539 0.83 4.83 0.053 0.204 0.0323 0.140 434
30 0.10 0.21 0.499 0.82 4.76 0.048 0.175 0.0484 0.25 5.11
40 0.09 0.18 0.431 0.76 4.65 0.039 0.139 0.1129 0.35 3.11
50 0.09 0.15 0.364 0.7 4.52 0.031 0.106 0.1613 0.46 2.88
60 0.08 0.12 0.248 0.56 4.28 0.020 0.068 0.2097 0.577 2.75
70 0.08 0.09 0.121 0.34 39 0.009 0.030 0.2581 0.691 2.68
80 0.07 0.05 0.047 0.15 345 0.003 0.008 0.3387 0.816 2.41
6 0 0.10 0.28 0.949 0.996 6.03 0.097 0.283
10 0.11 0.28 0.938 0.994 5.95 0.100 0.280 0.0005 0.009 17.86
20 0.10 0.27 0.935 0.994 5.92 0.097 0.265 0.0053 0.063 11.79
30 0.10 0.24 0.929 0.993 5.88 0.093 0.238 0.0161 0.158 9.78
40 0.10 0.21 0.925 0.992 5.85 0.091 0.212 0.0323 0.25 7.75
50 0.09 0.19 0.920 0.990 5.81 0.086 0.190 0.0806 0.324 4.02
60 0.09 0.16 0.907 0.988 5.75 0.079 0.158 0.1452 0.438 3.01
70 0.08 0.13 0.897 0.986 5.71 0.075 0.130 0.1774 0.536 3.02
80 0.08 0.11 0.873 0.980 5.61 0.068 0.104 0.2419 0.628 2.60
90 0.07 0.08 0.836 0.969 5.47 0.058 0.073 0.3226 0.735 2.28
100 0.06 0.05 0.795 0.956 5.35 0.047 0.045 0.4194 0.836 1.99
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: faraday constant [C/kg'mol]

: current [A]

: flux [kg/m>h]

: solute recovery efficiency [—]
: mass [kg]

: concentration [kg/L]

: time [h]

: volume [L]
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€ : specific energy consumption [kWh/kg]
n : current efficiency [—]
Y : applied voltage [V]
ORHAXL
. dilution
f : finish
i : initial
m : membrane phase
s : solute
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