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In situ Separation of Lactic Acid by Electrodialysis in Batch Culture
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"Department of Chemical Engineering. Chungnam National University

Abstract — Effects of lactate concentration, temperature, counter ions, pH as well as voltage (cur-
rent) in batch electrodialysis (ED) experiments with a 3-compartment unit were investigated. The
applied voltage was found to be the most critical factor as expected. The electrodialysis rate increa-
sed with the lactate concentration of the source solution, The amount of lactate transferred was
limited by the lactate concentration difference between cathode and permeate compartments. The
electrodialysis rate did not heavily depend on temperature change. The electrodialysis rate of
NH,-lactate was faster than that of Na-lactate and both lactates showed the highest electrodialysis
rate at a pH of 4.0. A little amount of non-ionic glucose diffused through the anionic membrane
to the permeate compartment. To test the effectiveness of the in situ recovery of lactic acid from
fermentation broth by ED, three cases of batch culture were carried out; pH control only, ED
only, and pH control and ED. The case with both pH control and ED was more efficient than
that with pH control only in the aspects of productivity and product yield.
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Fig. 1. Electrodialysis unit. (Received 199)
a) Detailed structure of electrodialysis unit
b) Principle of electrodialysis

(1 anode compartment, 2) permeate compartment, (3
cathode compartment
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Fg. 2. Schematic diagram of batch fermentation system
with cross-flow filtration and electrodialysis.

1. N, gas, 2. NH,OH solution, 3. fermentor, 4. diaph-
ragm pump, 5. filtration unit, 6. peristaltic pump, 7.
power supply, 8. electrodialysis unit, 9. permeate solu-
tion, 10. H:PO, solution
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Fig. 3. Effect of voltage on lactate electrodialysis.
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Fig. 4. Time profile of current efficiency.

6 V, permeate solution volume=200 mi, initial lactic
acid concentration of source solution=0.32 M
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Table 1. Effects of two forms of lactates and pH on the electrodialysis rate of lactic acid

Na-lactate NH;-lactate Relative
pH Initial concentration Average Initial concentration Average electrodialsys
of source solution electrodialysis of source solution electrodialysis rate (%) |
Bl rate [gf | Lgl] rate (g/] (NH4-1actate)
Na-lactate
4.0 54 4.91 H6 5.79 117
5.0 55 4.48 o4 5.60 125
6.0 55 4.25 54 5.12 120
o 50 , , i r
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e4le] o disl pK,~pK.+1 Alel2] pHelA] £
4755 RS Helgke Peda 2usdek1d. F 40| _
Bood e glelAlx AALe) pK, 2H3.858)0l 77k §
4.00l 4] Na-lactate¢} NH.-lactates= 713 wlE 27| g
'S 20 [ -
FHEEE Bolth 2
§ 10 - ~
Ercio| o|2nEE =8 it O
Froe gl Yo o)estER] ¢temg, A 0 i} | :

Fofl 23} o] 5o glozle} diaE ek 2y, A
A7 AL 8 E A3 s 57 Q*'r(dlffusmn)
o7 ola AFE AHAE Frrre] o|FFHE AE
Farst 5 glodrh v ¥-xlgFe] 1800|EE °]
gtate] pore Z7|(molecular weight cut off) =
5] wiAle o) gl ez A=) 8Ve
9 z}stel|A] £ xv) 44gid o, e
Edere s pghed], 7|54 5417 Foll X x=w
A

S
3.5 go] AXE Lo o]xH 71g A3 rHFig.
6). o|21gt T }e) o]%& Al ukE ] AHV|FALE
o] &-&F = 4le] in situ 52]& AlEdh=d UM,

%]
A4 Ag EgT 24 STl FAge) Mk

3|24 wEoIM HA| in situ &2
pH AE 3w wag #4-$2 pHE A4
otw H7|FEAnE Pik AS, pH AAE shHx A
7= (AR 8 VS g A7HA] A-E FHESRT
olr]o}5E Al43le] pHE 6003 TAsI=H,
ol tEYeolyrrt AlE A 22 AH(14)E =
B ool]al o]e] Ao e AMFEE NH4-Iactate?}
Na-lactate R} #A7)|5FHLE w4 Fe]s}7] w70l
At
R 27)8E A7) 5L Aty HAH ohz)
]
]

WA 25 PO ol &3 v=Fe] o2 o] 24E°
o] & wauhg Fste] Wi BHH AAHHT] A&

Time [h]

Fig. 6. Time profile of glucose concentration.

8 V, initial glucose concentration=44 g/, initial lactic
acid concentration of source solution=0.59 M
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Fig. 10. Time course of fermentation with pH control.
a) Batch fermentation (initial glucose concentration =151.2 g)
tration= 1483 g/, 6~8 V, permeate volume =400 m/)
®: cell, M: glucose, A: lactic acid in broth, ¥: lactic acid in permeate

bh) ED-fermentation (nitial glucose concen

Table 2. Summary of lactic acid fermentation under different conditions

Experi- ED Initial Fermentaion Residual Cell Total Cell Prod. Average
ment (voltage) glucose time glucose X  lactic acid yield vield  productivity
1 — 52.6 14 0 10.7 31.3 0.20 0.60 2.24
2* (::;) 53.7 12 5.3 14.1 30.9 0.29 0.64 2.58
3 {;) 45.8 12 0 12.0 304 026 066 2.53
4 — 151.2 30 25.6 15.2 78.5 0.12 0.63 2.62
5 {;) 148.3 18 214 15.3 78.7 0.12 0.62 4.37
+: with ED, —: no ED, *: ED only (no pH control)
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=], o]&dl A2 Hfol &37F Rilejd o|F3 &
T xloll 9%l back-diffusione] A E 7] wjF<el Ao
2 A 25T 35T o] 7] FAAFH A
meam 10C X Aol WA H7FHEEE of
10% =715 Hodch pHE 4.0, 50, 6.08 ®3EAA
2 A3, pH4.00 M2 AV|FH4E7 713 wEA
v}e}byt 1, Na-lactate B.oh= NH,-lactate 3Jefj7} %7
FASEHAA g o 5 A9}t FE4 2
A} K754 Q7 in ositu R4 ReEE o
ol 7] 9]&) pH Z=Aut 3 7% pH ZAHgle] %7
FAat 3 A%, pH 245 A7FAE FAl g
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a7 A7 Rell A A Rt} AR 4% F pH
= z] > %

A sty A71FAe @ LEs) Ades 4
goluk A weld] awrolelrh. 7] TEg

57k 50 g1 Aol @A AolF Holx| o
srot, 150 g/la) Aol oF 17whe] YAk ke
c:H w""‘ olcﬁ]_j},
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