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Factors affecting separation of organic acid from fermentation broth by electrodialysis.
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To predict the conditions needed for a high rate of product separation by electrodialysis
in an organic acid fermentation, the effects of certain factors on the ion flux of acetic acid
through an ion exchange membrane were investigated using a model fermentation broth
containing acetic acid and sodium acetate. The factors examined were the flow rate, acetic
The ion

flux decreased greatly with a decrease of the flow rate in the electrodialysis compartment

acid concentration and pH of the feed solution and the glucose concentration.

to less than 0.02 m/s. The maximum flux was obtained when the feed pH was near pK,+1.
The experimental relationships are represented by two equations which were developed
for each pH range higher and lower than a critical value, considering the dissociation and
electrodialysis of acetic acid and diffusion of the hydroxyl ion. The superiority of an
electrodialysis culture system with the addition of alkali to one without alkali addition is

discussed.
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Fig. 1. Schematic diagram of experimental setup for

electrodialysis. 1, Glacial acetic acid; 2, fermentor;
3, pH probe; 4, NaOH solution; 5, electrodialysis
module; 6, DC power supply; 7, H,SO, solution; 8,
permeate solution. A, Anion exchange membrane;
C, cation exchange membrane.
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Fig. 2. Effect of velocity of liquid through dialysis com-

partment u on J, and 7.
4.8). Symbols: O, Ju; &, 7.

(C.;=0.3mol/l; pH;=

Fig. 3. Relationship between J,, % and C,; (u=
0.119 m/s; pH;=4.8). Symbols: O, Ji; &4, 7.
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Fig. 4. Relationship between J, and pH; in various
velocities of liquid through dialysis compartment
(C,;=0.3mol/l). Symbols: O, ©=0.012m/s; A,
©=0.056 m/s; O, ©u=0.139 m/s.
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Fig. 5. Relationship between 7 and pH; in various
velocities of liquid through dialysis compartment
(Gi=0.3mol/]). Symbols: O, u=0.012m/s; &,
u=0.056 m/s; O, u=0.139 m/s.
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Fig. 6. Relationship between J,, % and acetate ion
concentration for various values of pH; and C;.
Open symbols: pH;=2.83~6.66 (C,;=0.3 mol/}).
Closed symbols: C,;=0.05~0.5 mol// (pH;=4.8).
Symbols: O, @®: J,; &, A: 7. (2>0.09 m/s).
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Fig. 7. Effect of glucose concentration C, on J, (pH;=
4.8). Symbols: ®, u=0.012m/s; A, v=0.139 m/s.
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Fig. 8. Increase (ApH,y) of pH, against pH; owing to
transfer of OH™ from cathode compartment to
dialysis compartment by diffusion. Symbols: ®,
pH;=3.86-3.89; A, pH;=4.37-4.38; ®, pH;=
4.73-4.76; v, pH;=5.86-5.93.
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Fig. 9. Acetate ion flux J, in electrodialysis at pH
lower than a critical value. Open symbols: pH;=
2.83~5.79 (C,;=0.3 mol/l). Closed symbols: C,;=
0.05~0.5 mol/l (pH=4.8). (#=0.012~0.139 m/s).

Line: ----, calculated by Eq. (5).
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pH., BEW X ABHEH 0 pH D4 ApHy B8 L TF
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A A VWK Jo % Eqs. 6), D EBVWTEHTHZ L
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Fig. 10. Acetate ion flux J, in electrodialysis at pH
higher than a critical value. Symbols: O, u=
0.139m/s; &, u=0.056m/s; D, ©=0.012m/s.
Line: ----, calculated by Eq. (4).
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t
C.i= { rxdt (10)

Ca1<Cur THAEND, RBEEEpH CHFTHD
CREEESENEER CTRESENOMBY 7 4 7
VERIGR X b BTt iulisbisus.

COBEKEN BB T ALBHNES EIRDO LS
TR TCE-THEEZE LS.

(1) BEEBECH TR A2 -y BRENEERET
34 A VERBEOFE R XOBHEO T 45 Y e
IAEOEY BT A DEEEABLILAEKR
FaBERECETAZ L LTw5. LL, BfED
—ER5BEECy - 7B E LTHEINR THRERED
HAERESEA L, 58EFECRTARALZANICE
ROA P VARZF TEHGBOEE METT2. 271
7Y EBEMESEEERERD L 5, @ESEEOWH

THARENMEV£4 CTESENRFYEBTLLE
BRI s TE A —CSHFITH.

(2) v vEtEh L oXE I+ v OR%k RAEBEHD
EREDA + VIKETHIHEIEAN A+ VORERH
IS L CEMEELSEMT .20 740 ) ZEI LI
BERTILEEBBEIEV£H TERENET
DTEBERNLD ) VBIEA A v RIOVT I /B
DRKEEN 7 A7 VIR I DEL. 62
(3) BEXENEE 71A7 ) %EMLLVEHET
BEKSBENOEEIVNZ DS, TAH ) RERMLISE
ETREEERA 4 VBEOHEMNT X h EXETEREL
K&,

(4) BEEBRFORBMIE BEIENEERE VA
Taetl LTORBERFHFC Y r—1T DD
CRRBORESN L EKENT OBV &Y EST
HUHENDD. Lichi-T, WiRfEREE2OEILTHE
BTEXAMENLETHS. bR LI REHEESR
BIEREI V7 A2 ) INEKENEEEIEFER
BT M EL EAVBELLTHS.

G)EAEE T T2 EREOBE  BEERLE
Bl pH CHBE IR TV 2848, BRERCRETE
BHOMEMFAREE L EERBROBEICIIRY
i, —RCEARBMBREC X VIEEFRS M E
B ENELLRD. Lo TTA» ) RINERE
WEERE TR ARBOBENERINR LIRS,
7AR ) HNELSENERE T, ARBREEYRD
BOEEOEEL L OERFLYRANCERTHL
EXNbB.

PERNIez & X b7 A% ) BNESBITEREL
BEREN T T VAT 2 2B0HRYED D DI
B TH5.

= 3]

B3 L U O BEEX S URER Y ERBREED
EFABRE LTEREN 2T, BBOBIMEE S
IO BRDHRCRIESTEEBEYE, RIEREFORER X
UHFRT CEEMERE, pH, ENERE, ENRE
B oRemEEYRE L, KOHEIELRT.

(1) BRBHEBREOIE 0.09 m/s LT TILFE
DOWINCHE > CTEKEITEE I L O EBREDZFE M hn
L, #hilbktcrid—8rlk-7%. i, WEH
0.02m/s AT /e 5 &, DB D EHTHEE
BEBCET T2 &bibhrote.

(2) BIEE AR OLEREBERE OBINCRE -
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EWMTHE F12%

THEMMTHZ EDFER IR, e, BREKD pH
DEENIREL, BEEDOPK, X hiziE1 ks
WpH I KSWTENMEEORKELB SR, Z OBEMR
IEEEERC Y DAE U BB A VEBBER I DBREIN
TWA I EXNHERIRE

(3) EXEITEE & £RTFHEOMHEBBGRY, Et
YW O pH DEEFRMEL h/ X WEH & A EVWEE S
T, ZOoDRTERDZERRLE. ¥, Z20OZ
EEERIT L DFEMDT.

(4) BEOXEBELRHCTK\ T, BMEECRITTE
HMOEHRRI THAIESOHEIE2LTH I
ERRB I R,

(5) THOLDBERIEST, 7Arr VRN LE
WHEBEBIENEERE L 740 ) BNESETEEE
Y, BEEECHTLF 2 -2, EE1 4 DB,
BERENTEE, ERBIEORBMEE, BEBOBEE,
EORIBALTHEL, 7o) RINESEREEE
MYRAT LABOYRYEDLDCHERYTHH I L%
oz L.

I THONIRERIERENIEE Y AT A ORT
BLIUOBEREORECHIIDLIAFEINS.

i i
1. Eq.8) DM TAH»VEHEMUAVES

B (bR s & DBES % BE) i\ T—HEX5
BOLBEERBRE C, mol/ D T3 Egs. (A-1),
(A-2) DBAFRAEL b 370

Ca1=C—Con (A-1)

C;=Cuat+Cy, (A-2)
P2

Cua=C,,— Cy+ Con (A-3)
FRM OB T EERIL

K,=—%H—H(i"~ (A-4)

Eq. (A-4) 1€ Egs. (A-1), (A-3) ZRRA T3 Eq. (A-5)
DEARAR LS.
K = CH! Cu— CO}-Q

Cor—Cnt Con (A-3)

ABMAERORE pH 3 —RCBMUERTHD, Cy
IHANT Cou X BEHTE HDTEq. (A-5) ¥ BETh
¥ Eq. (A-6) &7c 5.

C,,=(10PKa=pPH 4 1). 10~PH (A-6)

Eq. (A-6) % Eq. (2) T T BRI RA L TEE
THiX Eq. (8) ML N 5.

2. Eq.(9) DEH TAhYHEMEKBETEE
FiCBNTE, —EEFBEE L T OMELNIFEL T
%O T Egs. (A7), (A-8) DL b 3TD.

Ca2=Cy+Cy—Con (A-7)

Ci2=CyuatCa, (A-8)
F &

Cua=Cy—C,—Cy+Con (A-9)

Egs. (A-7), (A-9) % Eq. (A-4) \Z XI5 5 BB TER
RATHIE Eq. (A-10) 2B 51 5.
Cu(Co+ C— Con)
Clz_'cb“CH+COH
FRBAEE OBRE pH Tl Cy THANT Coy ¥ ERT
& %5 DT Eq. (A-10) ¥ BEThiT Eq. (A-11) 2B b h
5.

K,=

(A-10)

Ci;=C,+Cy+Cu(C+Ch)/K,
=C,+107PH 4 10PRa~PH(C, + 107 PH)
=(C,+ 10~ PH)(10PKa~PH 4 1) (A-11)

Eq. (A-11) % Eq. (2) @ IET 2BAGRRNRA L T8
B3HE Eq. (9) nELRB.

it =
: constant defined in Eq. (7), mol/(m?.s)
: concentration, mol// or g/l

: Faraday constant (=96500), A .s/mol
: coefficient defined in Eq. (7), —

el B o T - -

: current density, A/m?

: ion flux in electrodialysis, mol/(m?-s)

w

: dissociation constant of acetic acid, mol//
: ion product of water, mol?/2
: volumetric flow rate of liquid, /s

: total area of ion exchange membrane, m?

TR R RS

: time, min or h

I

: flow velocity, m/s

: concentration of cell in broth, g/l

ApH,, : increase of pH, against pH; owing to transfer of
OH~ from cathode compartment to dialysis com-

partment by diffusion, —
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b/ : current efficiency, — 4) Ishizaki, A., Ohta, T.: J. Ferment. Technol., 67,
& : factor defined by Eq. (5), — 46-51 (1989).
B ' ) P 5) Hongo, M., Nomura, Y., Iwahara, M.: Appl.
z : specific growth rate, g/(g-h) Environ. Microbiol., 52, 314-319 (1986).
< Subscripts) 6) Yao, P-X., Toda, K.: J. Gen. Appl. Microbiol., 36,
A : acetic acid ion 111-125 (1990).

) . 7) Nomura, Y., Iwahara, M., Hongo, M.:  Biotechnol.
b + alkali added. _ Bioeng., 30, 788-793 (1987).
€ : effluent of dialysis compartment 8) Nomura, Y., Iwahara, M., Hongo, M.: Appl.
f - fermentor Environ. Microbiol., 54, 137-142 (]988)

. dlucose 9) de Raucourt, A., Girard, D., Prigent, Y., Boyaval,
& 8 . P.. Appl. Microbiol. Biotechnol., 30, 521-527 (1989).
H - hydrogen ion 10) Ishizaki, A., Nomura, Y., Iwahara, M.: .
HA  : undissociated organic acid Biotechnol. Bioeng., 70, 108-113 (1990).
i : influent broth into dialysis compartment 11) Nomura, Y., Yamamoto, K., Ishizaki, A.: J.

Ferment. Bioeng., 71, 450-452 (1991).

OH  : hydroxyl ion 12) Zhang, S-T., Matsuoka, H., Toda, K.: J. Ferment.

t : total (acetic acid and acetate) Buioeng., 75, 276-282 (1993).
1 : direct electrodialysis 13) Kitamoto, A., Takashima, Y.: J. Chem. Eng.
. - . L Japan, 3, 182-191 (1970).
2 : addition of alkali followed by electrodialysis 14) SHFEY, kR, AE O BAEKELE,
< Superscripts) 29, 113-117 (1975).
* : relative value 15) HBEE : EXLEE, 45, 630-635 (1977).
16) EE F, ENFE : &Mk ITE, 12, 42-51
BRENRES JU 4 VB2 R L TR AR (1983).
TEHRSHONHSFRRCEBH L ET 17) &%B %, WARER : £EHR, 13, 433-440
(1961).
374 i 18) Lee, K., Hong, J.: J. Membrane Scie., 75, 107-120
(1992).
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Ferment. Bioeng., 71, 75-77 (1991). THEmICE, 20, 191-197 (1994).
3) & WE, FER, BHIEE : BEIF, 50, 21) Zhang, S-T., Toda, K.: J. Ferment. Bioeng., 77,
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