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RECOVERY OF ITACONIC ACID BY ELECTRODIALYSIS
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Itaconic acid is an organic acid produced mainly for non-food purposes. It can be manufactured by biotechnological syn-
thesis using various strains which results in the salt form of the acid. In this work, the separation of sodium itaconate
by electrodialysis was studied. Homopolar cation- and anion-selective membranes were applied and the module was
operated under a constant voltage. The transport of the acid was followed by on-line ultraviolet and visible absorption
spectroscopy, where the detector was installed in the system. The experiments with models of aqueous solutions con-
firmed that the technique is suitable for the effective recovery of itaconic acid.

Keywords: ultraviolet and visible absorption spectroscopy, on-line detection, monopolar membranes

1. Introduction

Itaconic acid was discovered by Baup in 1837 as the
coproduct resulting from the degradation of citric acid
[1]. Ttaconic acid (2-methylene,1,4-butanedioic acid) is
an unsaturated dicarboxylic acid, a rather reactive com-
pound due to its conjugated double bond and two car-
boxyl groups. Therefore, it can easily participate in poly-
merisation reactions.

Itaconic acid — unlike citric acid — is applied exclu-
sively for non-food purposes [2]. It is used mainly in the
production of synthetic fibres and ion-exchange resins as
well as in the pulp and paper industry.

Itaconic acid can be synthesized biotechnologically.
Kinoshita was first to describe the process in 1932 when
it was isolated from the broth of Aspergillus itaconicus
[3]. Later a similar strain, Aspergillus terreus, was found
to produce itaconic acid. Other microbes suitable for the
fermentation of itaconic acid are listed in Table 1.

The main problem with downstream processing is that
several similar organic acids are present in the broth, thus,
recovery of itaconic acid is difficult. Separation of ita-
conic acid can be conducted by filtration with the aid of
activated carbon and crystallisation (consecutive steps) or
adsorption by strong anion-exchange resins, like Purolite
A-500 P or PFA-300 [10]. The efficiency of the separa-
tion depends mainly on the temperature, pH and concen-
tration.

An application of electrodialysis (ED) as a membrane
process is the separation of organic acids [11-14]. Malic
acid and galacturonic acid amongst others can be sepa-
rated by ED using monopolar and bipolar membranes by
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Table 1: Biotechnological synthesis of itaconic acid

Strain Reference

Aspergillus i ohita et al. (1932) [3]
itaconicus

Ustilago .

maydis Steiger et al. (2013) [4]
Pseudo.zyma Levinson et al. (2006) [5]
antarctica

Yarrowia

lipolytica Kuenz et al. (2018) [6]
Synechocystis  Heidorn et al. (2011) [7]
cyanobacteria  Chin et al. (2015) [8]
Aspergillus o ofa et al. (2015) [9]
terreus

implementing batch and continuous modes of operation.

The majority of these acids are produced as a salt,
thus, the aim of the separation by ED is to transport
the organic acid through the anion-selective membrane,
while the cation should pass through the cation-selective
membrane. The other neutral components remain in the
feed solution. Usually the mobility of the acid is sufficient
for effective transport, hence both the acid and cation can
be recovered by ED.

The aim of this paper was to study the possibility of
applying ED for the recovery of sodium itaconate.

2. [Experimental

Itaconic acid, sodium sulphate, sulphuric acid, sodium
hydroxide and all the other chemicals used were of an-
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Table 2: Features of the membranes 70
60 -
Feature Fumasep FAA  Fumasep FKS =
X 50 + — t2-
selectivity >92 % >96 % ® 40 - T
electrical g 30 21t
) <2 Qcm? <8 Qcm? 5 30 *
resistance e 20 i H21E
pH stability in acidic media  5-13 10
thickness 0.13-0.15mm  0.11-0.13 mm 5 15
ion-exchange pH
capacit £ 12 meq/g >1.0 meq/g
pactty Figure 1: Percentages of the four distinct forms of itaconic
conductivity >8 mS/cm >5 mS/cm acid.

alytical grade and purchased from Sigma-Aldrich. The
anion- and cation-selective membranes were Fumasep
FAA and FKS membranes, respectively. The main fea-
tures of the membranes are summarized in Table 2. The
membranes were activated by sodium chloride and sul-
phuric acid before usage.

For analytical purposes a Young Lin Instrument Co.,
Ltd. (YL9100-type) high-performance liquid chromatog-
raphy (HPLC) system (including a YL9109 vacuum de-
gasser, YL9110 quaternary pump and YL9150 automatic
sample dispenser) was used to determine the concentra-
tion of itaconic acid with a Hamilton HPLC column (15
cm in length, 4.6 mm inner diameter, 5 pm particle size)
and a YL9120 UV/Vis detector.

The Luff-Schoorl method was used to determine the
glucose concentration which is based on the reduction of
cupric (Cu(Il)) cations in a boiling alkaline solution of
cuprous (Cu(I)) oxide [15]. The surplus of Cu(Il) was
measured by iodometry using a titration with sodium
thiosulfate.

The conductivity of the solutions was measured by a
Radelkis OK-102/1 conductivity meter equipped with a
Radelkis OK-9023 bell electrode using a cell constant of
0.7 cm~!. Data concerning the voltage and current were
measured by a National Instruments USB-600866009 de-
vice. All the experimental data were collected online us-
ing LabVIEW software.

An electrodialysis module was constructed from 2
anion- and 2 cation-selective membranes using spacers
between them. The electrode solution was an aqueous so-
lution of sodium sulphate.

Electrodialysis measurements were conducted using
diluted (aqueous) model solutions of sodium itaconate
and sodium itaconate mixed with glucose. The module
was operated under a constant voltage.

3. Results

In this project, the final aim was to connect the ED de-
vice to the fermentation of itaconic acid in order to set up
an integrated system. For this purpose, firstly the opera-
tion of ED was investigated by using model solutions of
sodium itaconate and a simple ED device with monopolar

ion-exchange membranes. The transport of the itaconic
acid through the anion-selective membranes was the fo-
cus of the study

To follow the process, it was important to determine
the exact concentration of itaconic acid. If the acid is the
only compound in the solution, measuring the conduc-
tivity is a simple method for detection. However, if any
other charged compound is present, it will disturb such
measurements. In this case, HPLC is suggested for the
analysis [9].

Itaconic acid is a dicarboxylic acid (consisting of
three different ionic forms) and its dissociated forms and
ionic strengths vary according to the pH. Thus, four dis-
tinct peaks over different retention times can be detected
in HPLC chromatograms. The percentages of the four
distinct forms as a function of pH were determined and
are presented in Fig. 1.

Since it is quite difficult to measure the actual con-
centration of itaconic acid, another method was chosen.
Itaconic acid has a UV absorption maximum at 243 nm
which can be used for detection. This method seemed suf-
ficiently sensitive for our purposes.

In our work, a loop was constructed from the solution
(recirculated in the ED module) to the UV detector. Thus,
online detection was applied to follow the concentration

0.2

Absorbance
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Figure 2: Calibration curve for the determination of ita-
conic acid concentration by UV detection
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Figure 3: Polarization curves

of itaconic acid as a function of operating time. Firstly,
a calibration curve was recorded (Fig. 2) over the con-
centration range of itaconic acid that was planned to be
used. The data measured by the online UV system were
checked by HPLC.

To test the ED module, polarization curves were taken
using a potentiostat by applying a range of voltages from
0 to 10 V (Fig. 3). The current data were recorded as a
function of the voltage data. The measurements were re-
peated in various electrode solutions.

It seems that beyond a sodium sulphate concentration
of 0.125 M, the ED operated properly.

Experiments were conducted in the ED module by us-
ing aqueous model solutions of itaconic acid (with an ini-
tial concentration of 3-3 g/1). The electrode solution was
a 0.16 M NaySOy solution. The experiments were con-
ducted under a constant voltage (10 V) and the current
intensity varied between 0.11 and 0.15 A.

Subsequently, the conductivity in the diluate solution
was measured. The concentration of the acid decreased
gradually to half its initial value after an operating time
of 70 mins as can be seen in Fig. 4. This means that ita-
conic acid was able to pass through the anion-selective
membrane, while sodium ions were able to diffuse across
the cation-selective membrane. Therefore, the measure-
ments confirmed that the mobility of this acid is sufficient
to separate it by ED.

0.2
0.1e ¢

0.12

G[1/Q]

0.08 +

0.04 1

0 25 50 75 100
Time (min)

Figure 4: Conductivity data of the diluate of ED
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Figure 5: Concentration of itaconic acid in the diluate so-
lution

In the next series of experiments, glucose was added
to the acid (4 g/L) to investigate whether the ED module
was able to separate the two compounds. The concentra-
tion of itaconic acid in the diluate was followed online
by the UV detector installed in the loop. The concentra-
tion of the glucose was determined by the Luff-Schoorl
method.

The concentration of the acid decreased from 3.0 to
1.5 g/L during the experiment (Fig. 5), while the glucose
concentration was monitored in all three streams. In the
diluate (originally feed) solution, a slight decrease in glu-
cose concentration was observed (to 3.52 g/L), its con-
centration was negligible (0.20 g/L) in the electrode so-
lution, while in the concentrate solution 0.59 g/L glucose
was measured probably due to its diffusion from the feed
solution.

4. Conclusion

The measurements provided a definite answer to the orig-
inal question, namely whether ED is a suitable technique
for the recovery of itaconic acid. The results of the ex-
periments using model solutions (sodium itaconate on its
own as well as a mixture of sodium itaconate and glucose)
confirmed that ED is an effective method for the separa-
tion of itaconic acid. Based on these results, further ex-
periments are being planned using more complex model
solutions, similar to the composition of the fermentation
broth. Subsequently, it is our intention to connect the ED
module to the fermentation process.
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