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bDepartment of Dairy, Fat and Cosmetics, Institute of Chemical Technology Prague, Technická 5, 166 28 Prague 6, Czech Republic,
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ABSTRACT

The aim of the experiments was to verify the possibility of using film ion-exchange
membranes for demineralization of whey by electrodialysis (ED). Foil and standard
ion-exchange membranes behaved similarly in process of ED of whey, capacity of ED with
foil membranes was only slightly higher by 3–5%. Advantage of foil membrane usage lies
mainly in their lower production costs.
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1. Introduction

Electrodialysis (ED) is used in many food
treatment technologies. Largest application of ED in
food industry is demineralization of sweet or acid
milk whey [1]. Optimization of this process should
lead to significant investment and operating costs.
Development and usage of new ion-exchange mem-
branes with lower price or higher productivity is one
of the possible ways of process improvement.

The principle of ED is based on selectivity of ion-
exchange membranes rejecting cations or anions in
conductive aqueous solution in direct-current electrical
field [2]. There are two basic categories of ED mem-
branes—anion exchange membranes and cation
exchange membranes, which differs by type of ionic
groups attached to the membrane matrix. Anion

exchange membrane contains positively charged
groups, passage of anions is allowed though this
membrane but cations are rejected. Cation exchange
membrane with negatively charged groups passes cat-
ions and rejects anions. Charged groups can be incor-
porated in membrane structure by two ways—
chemically in so-called homogenous membranes or
physically in heterogeneous type of membranes. The
matrix of ED membranes is mostly polymeric, inor-
ganic membranes or combination of both materials is
under development [3].

Ion-exchange membranes are key components in
ED process. Membranes are arranged in ED stack,
alternately cation exchange and anion exchange mem-
branes. Arrangement of ED apparatus is schematically
presented in Fig. 1. During ED, ions are removed from
the feed solution. There is a desalted solution, called
diluate, and solution containing the converted ions,
called concentrate.

*Corresponding author.

Presented at the MELPRO 2014 Conference Membrane and Electromembrane Processes,
18–21 May 2014, Prague, Czech Republic

1944-3994/1944-3986 � 2014 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment 56 (2015) 3273–3277

Decemberwww.deswater.com

doi: 10.1080/19443994.2014.981924

mailto:jiri.ecer@membrain.cz
mailto:jan.kincl@membrain.cz
mailto:ladislav.curda@vscht.cz
http://dx.doi.org/10.1080/19443994.2014.981924


Fig. 1. Diagram of the process of electrodialysis [5].

Table 1
Electrochemical properties [6]

Membrane RALEX® Unit

Resistance in 0.5M NaCl
(measured under DC current)

Transport number
in 0.5/0.1M KCl

Permselectivity in
0.5/0.1M KClSurface Specific

RA [Ω cm2] RS [Ω cm] tM PSTAT [%]

AM(H)-PES <7.5 <120 >0.95 >90
CM(H)-PES <8 <120 >0.95 >90
AF <6.5 <140 >0.92 >85
CF <6.5 <140 >0.94 >88

Fig. 2. Laboratory unit P EDR-Z (MemBrain s.r.o.)—front and back view.
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Ion-exchange membranes should have some basic
properties like high permselectivity, low electrical
resistance, high chemical and mechanical durability,
form stability, good stability at higher temperature
and low production costs [4].

Foil membranes Ralex® AF and Ralex® CF are the
new type of low-cost heterogeneous anionic/cationic
exchange membranes designed for desalination of
water solution. The membranes are produced without
the reinforcement fabric. Their mechanical properties
are determined by polymer matrix. The electrochemical
properties of foil membranes Ralex® are very similar
to common heterogeneous Ralex® AMH-PES and
CMH-PES membranes.

New foil membranes were used for demineraliza-
tion of whey and process parameters (capacity, prod-
uct composition, energy consumption, consumption of
water and chemicals) were compared for both types of
membranes.

2. Materials and methods

Foil membranes Ralex® AF and Ralex® CF and het-
erogeneous membranes Ralex®AMH-PES and CMH-
PES (MEGA a.s., Czech Republic) were tested. The
electrochemical properties of both types of membranes
are shown in Table 1.

Table 2
Properties of input raw materials

Whey
Membrane pH Conductivity Dry matter Ash Acidity
type (–) (mS/cm) (g/kg) (g/kg) (a)

Evaporated sweet Foil 6.21 11.72 160.7 13.63 16.0
Standard 6.31 11.00 162.1 12.60 17.4

Nanofiltered acid Foil 4.09 7.80 169.2 13.50 70.7
Standard 4.35 7.51 170.5 14.23 61.8

a2.5mmolH+/l.

Table 3
Properties of final diluates

Whey
Membrane pH Conductivity Dry matter Ash Acidity
type (–) (mS/cm) (g/kg) (g/kg) [a]

Evaporated sweet Foil 4.80 0.78 150.8 1.67 8.0
Standard 5.50 0.75 153.6 1.37 5.8

Nanofiltered acid Foil 4.50 0.86 148.6 1.99 8.5
Standard 4.52 0.98 160.6 1.78 10.9

a2.5mmolH+/l.

Fig. 3. Conductivity of evaporated sweet whey during
demineralization.

Fig. 4. Conductivity of nanofiltered acid whey during
demineralization.
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Sweet whey concentrated by evaporation and
nanofiltered acid whey [7] were demineralized. Labo-
ratory ED unit P EDR-Z (MemBrain s.r.o., Czech
Republic)—see Fig. 2—was used for demineralization
tests.

During the tests, conductivity and pH were mea-
sured with a calibrated multimeter WTW pH/
cond340. Dry matter was determined in an oven at
105˚C for 24 h, the ash by burning in a furnace at
550˚C for 24 h. Acidity was determined by Soxhlet–
Henkel method by titration with 0.25 mol/l NaOH and
expressed as 2.5 mmol H+/l (formerly˚SH) (Table 2).

3. Results

Whey desalination was terminated when the con-
ductivity of diluate had decreased below 1mS/cm.
Properties of final diluates are listed in Table 3.

Changes of whey conductivity during the deminer-
alization are shown for both types of whey in Figs. 3
and 4.

Process capacity was determined for the product
with conductivity of 1 mS/cm.

Capacity was calculated relative to 1m2 of
membrane per 1 h as medium intensity flow of salt
Javg [gm– 2h–1], as quantity of processed feed

CF [kgfeedm
–2h–1] and as produced dry matter

[kgm–2h–1]. Consumption of water WF [kg/kgfeed] and
consumption of nitric acid AF [g/kgfeed] to regulate
the pH and conductivity of the concentrate was
measured too. All data are presented in Table 4.

4. Conclusion

Nanofiltered whey contains a greater proportion of
multivalent ions compared to monovalent ions and
has lower conductivity than whey concentrated by
evaporation. Therefore, the performance of ED of
nanofiltered acid whey is lower than for sweet whey
concentrated by evaporation. The concentrate pro-
duced during ED acid whey has a sufficiently low pH.
Therefore, it is not necessary to add acid to it.

Foil and standard membranes behave similarly in
ED of both types of whey, capacity of ED with foil
membranes was higher by 3–5%. Advantage of foil
membrane usage lies mainly in their lower production
costs.
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