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Development of a Computer-Controlled Electrodialysis System
FRESALTOR® for a Laboratory-Scale Desalting

Yoshiyuki MIYAKI
Kiminobu SATOH
Michihiro AKAZAWA
Nobuyuki BABA

A new electrodialysis system FRESALTOR® has been developed for a laboratory-scale desalting. The

system is equipped with electrodialysis cell consisting of perfluorinated ion-exchange membranes and a dimen-

sion-stable anode, a microcomputer, a tubing pump, an electric conductometer, and a leakage sensor. The

cell is autoclavable and the desalting process is automatically controlled.

This system enables easy and speedy desalting from small amounts of samples. For example, 10 m@ of a 1

N NaCl solution can be desalted down to about 10 ppm of NaCl within 20 minutes. The recovery of

low-molecular-weight electrolyte such as saccharides and alcohols reaches 87 to 95% when they are complete-

ly desalted (over 99.9% level of desalting). Low-molecular-weight electrolytes such as nucleotides, an-

tibiotics, amino acids, and oligopeptides hold recovery efficiency from 83 to 95% at 80% level of desalting,

but the recovery is reduced significantly when they are completely desalted.
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Fig. 1 The principle of desalting by electro-

dialysis.

A, anion-exchange membrane; C, ca-
tion-exchange membrane; ®, cation; ©,
anion; €, non-ionic species
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Table 1 Specification of electrodialysis system

FRESALTOR

Code TE-Labo

Method electrodialysis

Current LOW (0.3A), MID (0.6 A),
HIGH (0.9 A)

Amount of Sample 6~50 m¢

Membrane perfluorinated ion-exchange mem-
branes

Electrodes dimension-stable electrode (DSE)

Operation push the start key, automatically

stop

LED Indication current, conductivity ratio,

operating time

Desalting Limit lower than 10 ppm for NaCl

Temperature Range 4~80°C

Autoclave possible

by leakage of sample solution and
unusual current and voltage

Emergency Stop

Dimensions 300 mm (W) x 245 mm (H)
% 340 mm (D)
Weight 104 kg

Power Consumption 50 W

Fig. 2 The photograph of FRESALTOR.
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Fig. 3 The construction diagram of FRESA-
LTOR.
1, electrodialysis cell; 2, double-head tub-
ing pump; 3, direct current power supply;
4, sample reservoir; 5, reservoir of elec-
trode solution; 6, conductance sensor; 7,
reservoir holder
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Fig. 4 The arrangement of the functional parts of

FRESALTOR.
Numbers indicate the same parts as shown
in Fig. 3.

Table 2 Characteristics of anion- and cation-exchange membranes used in the electrodialysis cell of

FRESALTOR.

Membrane Code

Cation-Exchange Membrane

Anion-Exchange Membrane

DF-34 LFA-50 NF-34 LFC-50
Thickness (mm) ) 0.36 0.2 0.45 0.2
_Ion~Exchange Capacity (meq/g dry resin) 0.67/0.91 0.9 0.7/0.9 1.2
Resistance in 0.5 N NaCl at 25°C (ohm - cm?) 4.5 6 6.0 6
- Caution Transport Number for 0.1 M/1.0 M KCI System <0.03 0.16 >0.97 0.94
Water Content in 0.5 N NaCl at 25°C (% Dry Basis) 16 35 18 40

(69 )
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Fig. 5 The relationship between conductivity and
concentration for NaCl solution.
SUS, stainless steel electrodes; DSE,
dimension stabilized electrodes
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Fig. 6 The control board of FRESALTOR.
1, power switch; 2, LED display; 3, clean
key; 4, end parameter input key; 5,
auto/manual change key; 6, stop key; 7,
display select key; 8, desalt key; 9, end
parameter select key; 10, current select
key; 11, pump operating key
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Fig. 7 The operation flow for desalting by
FRESALTOR.
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Fig. 8 The autoclave test for the electrodialysis
céll of FRESALTOR.
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NaCl solution, 10 mo), electrodialysis (max.
current, 0.3 A; desaling degree, 99%).
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Fig. 10 The desalting test with 1 M NaCl solu-

tion.
volume (10 m@), max. current (0.3 A).




72 _Journal of TOSOH Research Vol. 33 No. 1 (1989)

DRE LI 2R T I &0 Do

(2) EHIEICOVWT OBEMAE

CURRENT ¥ — CEK&ENt Mk TEif % LOW
(0.3A) IZFFELT, 1M o flEK 10me #iiE LIk
DR O RIGRE L BRORMZEL L Fig. 10
RLt, O, #ToEKMEE 0.02A &L, B
IR A B LT 6500 % T 03A L—ETHY,
FO%, SEICESL 0.02A Lol AT, BE
PMEIE L, —, BEEER, N1roTEIhics
kY, BRA—EOBIZRREICR LT3 EBERIITHED
L7 £LTC, BENSHET LIEFRORE I 9ppm ThH
-1,
BEEEMEMCHTREZZE 2T, 1M ofiEK 10
ml FHEE LR oK P o A RIRE & iRl OB
e Fig. 11 KRLK, WTFhoSa s H TOERME
T 0.02 A LEERE L1c, BUBICET ARMIIREERR
SR SR, BEIREREAOEGRICS D - L
5 otza

Fig. 12 ¢, 1M o fiEK 10me, 0.5 M OEEY »

0.9

0.8

0.6

0.5

Conc.of Nacl (M)

0.4

0.1

1 1
0 10 70 30 40 50 60

Time (min)
Fig. 11 The desalting test at varying currents.
0, LOW (0.3A); A, MID (0.6 A); a,
HIGH (0.9 A).
sample (1 M NaCl solution, 10m¢)

(72)

e

T=9vs 10me, 0.1 M Vo E#ZEER (pH=6.8) 10 me

PRl 2 RTERRME 0.3A THRELLERE TR L, =
NEOETEBERRZIZESN A 077 LYBER TR
5T ENT T
(3) REMEBRYOBIE

sEoBEYICOVWTC, —EBEOEENE 1M Oof
EEEGKER 10me 2FE Lc#R % Table 3 (2%
L, 22T, TRCEHERMELZ 03A &L,
BIED80% ZFRFE LIk L 99. 9% L EBRE LICkDHE
By opE, BiERso pH ok, X 099.9%L)
Lol BT AR 2R Lics 99. 9% LA EolisEiz &
WTit, RIBEEIEE 10 ppmilfETHh - 7o,

Table 3 iTk\C, A&/ —N, TH /=), TFV
vV a—N, RYVEZF LT Y a—DL5T I
A— ERIPI VI —ZARY vy A n—RD L5 R
A A L EDHETH Y, Thbi, FFESNESS
THREIC I VIFEACESBB L, i, BURICE
TR RIEEMREIZEAEE Y SR L R
DATRETH D Z bbb, 6, HFLIBET R L,

T T T T T
1.0 .
NaCl
09} & Na =2
O (NHD2S0,
[ PBS
0.8 -
0.7 .
S o6 |
g
®
E 0.5/ -
8
g
© 04 |
03 -
0.2 -]
0.10 =
0 1 |
0 10 20 30 40 50 60
Time (min)
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0, 1M NaCl; A, 0.5M Na,SOy; o, 0.1
M phosphate buffer solution (PBS).
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Table 3 Desalting of typical organic substances by FRESALTOR
conditions: sample volume (10 mg), initial concentration of NaCl (1 M), current (0.3 A), temperature

(25°C), anion-exchange membrane (DF-34), cation-exchange membrane (NF-34)

Conc.

Substance Molecular Recovery (%) Time
Weight (wt-%) 80% Desalting 99.9% Desalting (min/99.9% Desalting)
Methanol 3 1 90 88 53
Ethanol 46 1 91 88 53
Ethylene Glycol 62 1 91 91 53
Polyethylene Glycol 300 1 92 92 53
Glucose 180 1 91 90 53
Saccharose 342 1 95 95 53
Adenosine-5 -monophosphate 347 1 95 3 54
Penicillin G, Potassium 372 1 83 2 59
L-Phenylalanine 165 0.5 95 66 54
Glycylglycylglycine 189 1 90 61 54
Albumin, From Bovine 67,000 0.5 100 100 53
0.05 93 93 53
0.01 80 76 53
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Fig. 13 The desalting test with a Penicillin G solu-

tion.

O, recovery of Penicillin G; o, recorery
of NaCl; A, pH of sample solution.
initial solute concentration (Penicillin G,
1 wt-%; NaCl, 1 M), volume (10 m®),
max. current (0.3 A).
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Fig. 14 The desalting test with a L-Phenylalanine
solution.

O, recovery of L-Phenylalanine; 0O,
recovery of NaCl; A, pH of sample solu-
tion.

solute concentration (L-Phenylalanine, 1
wt-%; NaCl, 1 M), volume (10 mf), max.
current (0.3 A).
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Fig. 15a The desalting test with a protein solution.
O, recorery of Albumin and y-Globulin; o,
recovery of NaCl; A, pH of sample solution.
solute concentration (Albumin, 0.25 wt-%;
y-Globulin, 0.25 wt-%; NaCl, 1M), volume
(10 mp), max. current (0.3 A).
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Fig. 15b The desalting test with a protein solution:

Analysis by liquid chromatography.
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eluent (0.5 M phosphate buffer solution)
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Fig. 16 The desalting test with an Adenosin-5'
~triphosphate (ATP) solution by use of
two sets of ion-exchange membranes.

O, and @, recovery of ATP; dashed line,
recovery of NaCl; A, pH of sample solu-
tions.

membranes (O, DF-34 and NF-34; e,
LFA-50 and LFC-50), solute concentra-
tion (ATP, 0.5wt-%; NaCl, 0.5 M),
volume (10 m®), current (LOW).
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