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Abstract
Replacement of the petroleum-based refineries with the biorefinery is regarded as an essential step towards a “zero” waste 
(circular) economy. Biobased succinic acid (SA) is listed by the United States Department of Energy among the top ten 
chemicals with the potential to replace chemicals from petroleum synthesis with renewable sources. Purification of bio-
based succinic acid from fermentation by-products such as alcohols, formic acid, acetic acid and lactic is a major drawback 
of fermentative SA production. This study addresses this issue through a novel chromatographic separation using three dis-
tinct anionic resins: Amberlite IRA958 Cl (strong base anion exchange resin), Amberlite HPR 900 OH (strong base anion 
exchange resin) and Amberlyst A21 (week base anion exchange resin). The influence of process variables such as flow rate 
(0.18 BV/h, 0.42 BV/h and 0.84 BV/h), eluent concentration (1%, 5% and 10% HCl) and temperature (20, 30 and 40 °C) were 
investigated. The results indicated SA separation efficiency of 76.1%, 69.3% and 81.2% for Amberlyst A21, Amberlite HPR 
900 OH and Amberlite IRA958 Cl, respectively. As the regenerant HCl concentration increased from 1 to 10%, calculated 
succinic acid separation efficiencies decreased from 80.3 to 70.7%. Notably, as the regenerant strength increased from 1 to 
10%, the total amount of organic acids desorbed from the resin sharply increased. At operation temperatures of 20, 30 and 
40 °C, SA separation efficacies were 81.2%, 73.9% and 76.4%, respectively. The insights from this study will be of great 
value in design of chromatographic separation systems for organic acids.
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Introduction

Succinic acid (or butanedioic acid) has been identified by the 
US. Department of Energy as a top replacement for petro-
leum-based platform chemicals [1, 2]. Industrial applica-
tions of succinic acid include production of detergents, ion 
chelators, pharmaceuticals, antibiotics and cosmetics [3, 4]. 
Furthermore, many essential products such as adipic acid, 
1, 4-butanediol, tetrahydrofuran, N-methyl pyrrolidinone, 
2-pyrrolidinone, succinate salts and gamma-butyrolactone 
can be synthesised from SA. Hence, demand for succinic 

acid is expected to grow rapidly in the next few decades 
[5]. Succinic acid fermentation from renewable resources 
like whey, straw hydrolysate and sugarcane molasses is cost-
effective and promotes environmental sustainability com-
pared to petroleum-based synthesis [6, 7]. Nevertheless, 
fermentative production of SA presents by-products such 
as alcohol, acetate, formate and lactic acid which lessen 
succinate yield, and as well require efficient downstream 
purification processes. Although most studies have realised 
improved succinic acid production through gene sequenc-
ing of metabolic pathways, engineered SA-producing strains 
still generate minor products that require purification. In a 
study by [8], the concentrations of two by-products, lactic 
and acetic acids, were reduced from 3.47 to 0.27 and 4.96 
to 0.85 g/L, respectively, through genome-based metabolic 
engineering of Mannheimia succiniciproducens. In another 
study by [9], fed-batch fermentation succinic acid by engi-
neered strains of Mannheimia succiniciproducens LPK7 
resulted in production of 52.4 g/L of SA with a yield and 
productivity of 1.16 mol/mol of glucose and 1.8 g/L/h, 
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respectively. The formation of by-products was greatly 
reduced to 0.81 g/L of acetic acid, 0.25 g/L of lactic acid 
and no formic acid. In this regard, economic viability of bio-
technological succinic acid production is highly dependent 
on the efficiency of associated downstream purification pro-
cesses. Volatile by-products can successfully be discarded by 
distillation into their respective fractions, but this still leaves 
the product unpurified from nonvolatile components [10].

In the fermentation industries, conventional separa-
tion of organic acids involves precipitation with calcium 
hydroxide. As for the case of succinic acid, the formed 
calcium succinate is filtered and subsequently converted 
to its acidic form by addition of sulphuric acid. The pre-
cipitation technique has the disadvantages of product loss 
during crystallisation, in addition to the potential environ-
mental threat owing to large quantities of calcium com-
pound  (CaSO4) formed [11]. Nanofiltration membranes 
have been used for purification and separation of SA from 
other by-products; however, their use is limited in the pres-
ence of lactic acid, because of similarity in rejection ratios 
of the two acids [12]. Reactive extraction of organic acids 
from fermentation broth using amine-based extractants 
like tri-n-octylamine (TOA) in liquid–liquid extraction or 
in the inform of supported liquid membrane have also been 
investigated in literature, but the method is not selective 
enough for elimination of lactic acids due to the close 
range in pKa values (SA  pKa1 = 4.2,  pKa2 = 5.6; lactic acid 
pKa = 3.86) [13, 14]. In addition to the afore-mentioned 
techniques, chromatography-based techniques using ion 
exchange resin, silica, zeolite and alumina adsorption have 
been widely explored [15, 16]. In chromatographic tech-
niques, carboxylic acid separation is made possible owing 
to differences in hydrophobicity and acid strength of the 
individual acids as they elute through a packed column 
[17, 18]. Ion exclusion chromatography was investigated 
by Alén et al. [19] and Hellstén et al.[20] to separate car-
boxylic acids from salts; however, the overall purity of the 
generated acids was reported to be low. It is noteworthy 
that most of the existing literature on chromatographic 
separation of carboxylic acids has been reported on ana-
lytical scale using synthetic mixtures [17, 18, 21]; this is 
unrealistic in real industrial situations involving separa-
tion of SA from fermentation broth. Another benefit of 
ion exchange coupled with chromatographic elution in our 
case is the separation of residue salts and sugars from 
the fermentation broth after bioconversion of whey. As 
observed in our laboratory investigations and also reported 
by Blanc et al. [22], both cationic and anionic resins can 
effectively separate sugars and organic acid; however, only 
the later can separate organic acids.

In the present study, chromatographic separation was 
attained through several steps including initial screening 
of different anionic resins to identify the most suitable 

candidates for a detailed study on retardation behaviour 
and understanding of the elution profiles generated. Subse-
quently, the influence of different process variables such as, 
flow rate, concentration of the regenerant acid and tempera-
ture were investigated. The study demonstrates feasibility of 
chromatographic purification with anionic resins.

Materials and methods

Strain cultivation and fermentation conditions

Actinobacillus succinogenes 130Z (ATCC 55,618) was 
obtained from the American type Culture Collection. 
The inoculum was prepared by anaerobically growing the 
microorganisms for 20 h in tryptic soy broth (TSB) medium 
in a shaker (BIOSAN, incubator ES-20/60) at 37 °C and 
150 rpm. The TSB medium contained per litre: 17.0 g pep-
tone from casein, 3.0 g yeast extract, 2.5 g glucose, 5.0 g 
NaCl, 2.5 g  K2HPO4. Organic acids were fermented using 
BIOSTAT ® Bplus 5 L benchtop fermenter (Sartorius, Ger-
many) equipped with temperature and pH control systems. 
Fermentation was performed at 37 °C, pH was automatically 
maintained at 6.8 by addition of 3 N NaOH solution, whilst 
agitation was maintained at 200 rpm. Basing on literature 
studies[23, 24], the prepared fermentation medium con-
tained per litre: 40 g whey lactose, 40 g  MgCO3, 5.0 g yeast 
extract, 1.5 g  K2HPO4, 3.0 g  KH2PO4, 0.3 g  CaCl2, NaCl, 
0.3 g  MgCl2, and 0.07 g  MnCl2. Autoclave sterilisation of 
the fermentation medium was done at 121 °C for 1 h prior 
to inoculation with 10% (v/v) of the exponentially growing 
seed culture. The final composition of fermentation broth 
used in this study is presented Table 1.

Chromatographic separation

Deionised water for use as eluent was generated from CEN-
TRA-R 60/120 system (ELGA LabWater) available at our 

Table 1  Main composition of fermentation broth used in this study

*Concentration in mS/cm

Compound Chemical formula Concentration (g/L) pKa

Lactose C12H22O11 3.12 –
Glucose C6H12O6 0.21 –
Galactose C6H12O6 11.43 –
Succinic acid (CH2)2(CO2H)2 11.16 4.2, 5.6
Lactic acid CH3CHOH–COOH 14.06 3.86
Formic acid CH2O2 2.83 3.77
Acetic acid CH3COOH 5.68 4.76
pH – 6.5 –
*EC (mS/cm) 47.6 mS/cm
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laboratory. The salient properties of the anionic resins used 
in this study are listed in Table 2. The resins were thoroughly 
washed with deionised water prior to use. Strong base ani-
onic (SBA) resin Amberlite 900 OH and Weak Base Anionic 
(WBA) resin Amberlyst A21 were purchased in  OH− form 
and converted to  Cl− form using 5%HCl. Strong Base Anion 
(SBA) resin Amberlite IRA958 Cl was shipped in  Cl− form.

The schematic representation of the experimental setup is 
illustrated in \* MERGEFORMAT Fig. 1. The experimen-
tal setup consisted of a peristaltic fed pump (Masterflex) 
attached to the inlet of a glass column (Kontes Chromo-
tagrophic Column) equipped with heating jacket. The bed 
volume (BV) was approximately 500 ml (internal diameter: 
4.6 cm, height: 30 cm). The appropriate feed volume for 
the resins was established by breakthrough curves analyses 
in preliminary column studies. Each experimental run con-
sisted of two steps. The initial step involved feeding 100 mL 

of fermentation broth followed by 2 BVs of ultrapure water 
(eluent) up-flow to the column to washout residual sugars 
contained in the interstitial resin spacing. In the second step 
(regeneration), HCl was used as the eluent and organic acids 
absorbed in the resin were eluted in a chromatographic pro-
file depending on hydrophobicity and acid strength. Samples 
were collected from the column outlet in fractions of 0.1 BV 
(50 ml) by an automated fraction collector (ISCO Retriever 
II) for both feeding and regeneration cycles. Finally, distilled 
water was used to wash out the HCl contained in the inter-
stitial space, before starting of the succeeding experiments. 
To investigate the effect of temperature, experiments were 
carried out at 20, 30 and 40 °C. The effect of flowrate (Q) 
was studied by varying flow at 0.18, 0.42 and 0.84BV/h; 
whereas, the effect of regenerant acid concentration was 
investigated by varying the HCl concentration from 1 to 
10%.

Table 2  Main properties of separation materials used in this study

SBS strong base anion, WBA weak base anion

Resin type Manufacturer Type Matrix Functional group Capacity (eq/L) dp, μm

Amberlite IRA958 Cl 
Resin

Rohm & Haas SBA Exchange Resin Crosslinked acrylic 
macroreticular 
structure

Quaternary ammonium  ≥ 0.80 630–850

Amberlite HPR 900 
OH

Dow Resins SBA Exchange Resin Styrene divinylbenzene 
(macroporous)

Trimethylammonium  ≥ 0.80 500–700

Amberlyst A21 Sigma-Aldrich WBA Exchange Resin Styrene divinylbenzene 
(macroporous)

Dimethylamine  ≥ 1.30 490–690

Fig. 1  Schematic representation of the experimental setup for resin purification



2010 Bioprocess and Biosystems Engineering (2022) 45:2007–2017

1 3

Separation efficiency

The efficiency of separation was evaluated based on recov-
ery of succinic acid from its mixer with lactic acid. Other by-
products were ignored since they can easily be separated by 
distillation.

The separation analysis of the chromatography profile is 
presented in Fig. 2. The holdup volume Vo is the volume of 
liquid in the whole system including bed porosity, tubing and 
fitting. The start and end volumes of the lactic acid band are 
indicated by Vo and VLA,f, respectively. The right-side chro-
matogram represents succinic acid (SA). Similarly, the start 
and end volumes of the SA band are indicated by VSA,o and 
VSA,f, respectively. Integration of the outlet concentration over 
eluted volume between VSA,o and VSA,f as shown in Eq. (1) cor-
responds to the total area under desorbed SA chromatogram.

However, the purified succinic acid is the Total SAarea less 
volume between VSA,0 and VLA,f, which is the confluence of 
LA and SA chromatograms.

Recovered succinic acid, illustrated by the shaded area, was 
obtained from Eq. (3).

Consequently, separation efficiency ( Yi ) was computed from 
Eq. (4)

(1)Total SAarea =
VSA,f
VSA,0

f (v)dv.

(2)SAconf luenceArea = ∫
VLA,f

VSA,0

f (v)dv.

SASeperated = TotalSA
area

− SAconf luenceArea,

(3)SASeperated = ∫
VSA,f

VSA,0

f (v)dv − ∫
VLA,f

VSA,0

f (v)dv.

Data analysis and experimental reproducibility

Quantitative analysis of organic acids and sugars was done 
using high-performance liquid chromatography (HPLC) 
system (Shimadzu LC-20AD, Tokyo, Japan) equipped with 
a refractive index detector (RID-10A). The HPLC column 
used was Aminex HPX-87H, 300 mm × 7.8 mm (BIO-RAD), 
with 0.008 N sulphuric acid mobile phase at a flow rate of 
0.6 mL/min and oven temperature of 60 °C. All the samples 
were filtered through 0.45 µm prior to HPLC analyses. To 
ensure reproductivity of the results, experiments were per-
formed in duplicate and mean values reported.

Results and discussion

Effect of anionic resin type

To explore the influence of resin type on elution profile of 
organic acids, three anionic resins in  Cl‐ form were studied. 
Detailed properties of the resins are indicated in Table 2. As 
a mixture of different components is eluted through a resin 
column, the individual components slowdown, depending 
on their affinity for the resin, and thus separation occurs. 
The mechanisms of separation include ligand exchange, size 
exclusion, ions exchange and  hydrophilic or hydrophobic 
interactions  [25, 26]. The elution profiles for the three res-
ins are shown in Fig. 3. The styrene resins (macroporous) 
demonstrated a slightly higher absorption capacity than the 
polyacrylic resin. This is attributable to the hydrophobic 
nature of polystyrene matrix [27], although the difference 
in total organic acid absorption of the three resins was not 
statistically significant (p < 0.05). Another key factor to 
consider in the operation process is bio-fouling potential. 
The microporous resins possess large pores, which are less 

(4)Yi =
SASeperated

Total SAarea
× 100(%).

Fig. 2  Separation analysis of 
chromatography profile
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susceptible to bio-fouling [28, 29]. For all the resin types 
tested, the order of absorption was succinic acid > lactic 
acid > acetic acid > formic acid. This evidently shows that 
these acids have different absorption affinities from each 
another. Another crucial factor to consider in organic acid 
purification is selectivity of the resins, all the three resins 
did not adsorb lactose, proteins and other amino acids from 
the fermentation as indicated in the material balance pro-
vided in Table 3. Similar observations have been reported 
by Li et al. [30] for NERCB 07 and NERCB 09 polystyrene 
resins. According to Eq. (4), the calculated SA separation 
efficiency from the elution profiles was 76.1, 69.3 and 81.2% 
for Amberlyst A21, Amberlite HPR 900 OH and Amberlite 
IRA958 Cl, respectively. The separation of succinic acid 
peaks started at 0.9BV. Based on the separation efficiency, 
Amberlite IRA958 Cl was chosen as a suitable resin for 

further experimental investigations. Furthermore, the suc-
cinic acid chromatogram in the polyacrylic resin demon-
strated better band resolution with limited tailing. Whereas, 
the styrene resins exhibited more prolonged tailing of suc-
cinic acid chromatogram, requiring about 2BV to remove the 
solute components from the column. From economic point 
of view, the prolonged chromatogram tailings require more 
eluent, energy and storage volume.

As indicted in Table 4, the organic acid desorption step 
was free of any residual substrates (lactose, glucose, galac-
tose). This indicates that the anionic exchange resins had 
no affinity for the residual sugars. In addition, the cleaning 
step with 2 BVs of ultrapure water (eluent) prior to organic 
acid desorption with HCl ensured all the solutes retained in 
interstitial spacing were washed out.

As seen in Table 3, the resin absorbed 0.5–11.2% of 
residual sugars of lactose, glucose and galactose, whereas 
traces of sugars were not detected during the desorption 
cycle (Table 4). The anionic resins work by retaining anionic 
compounds, slowing their progression through the resin bed. 
The carboxylic acids will be retained more strongly, causing 
longer elution time, while salts and non-anionic compounds 
elute out quickly. Sugars being very weak electrolytes have 
little tendency to react with ion exchangers and, therefore, 
form weak complexes. The sugar sorption onto the resin 
could be attributed to merely partitioning [31]. Since the 
residual sugars were not detected after washing with 2 BVs 
of ultrapure water (eluent) prior to organic acid desorption 
with HCl, it implies that the residual sugars held in the inter-
stitial space microporous resins were washed out with water.

Effect of flow rate

The effect of flow rate on elution profile at constant tempera-
ture (20 °C) and regenerant HCl concentration (5%) is shown 
in Fig. 4. The flow rate affected axial dispersion which in 
turn affected separation efficiency of succinic acid. Conse-
quently, separation efficiencies were calculated as 81.1%, 
81.2% and 55.9% at flow rates of 0.18 BV/h, 0.42 BV/h and 
0.84 BV/h, respectively. As flow rate increased, the elution 
profiles became characterised by shorter and broader peaks. 
Generally, performance of resin columns in fixed bed opera-
tions is dependent on intraparticle diffusion, axial disper-
sion, adsorption and film diffusion [32]. Therefore, increase 
in flow rate results in the reduction in resistance of axial 
dispersion and film diffusion; on the other hand, adsorp-
tion and intraparticle diffusion are expected to raise with 
increase in flow rate. As flow rate increased, the total amount 
of organic acid sorbed decreased from 6.33 to 5.97 mg/gresin. 
The slightly higher sorption at low flow rate is due to the 
adequacy of residence time provided to attain equilibrium. 
The order of elusion remained as lactic acid–acetic acid–for-
mic acid–succinic acid. This suggests that sorption of lactic 

Fig. 3  Effect of anionic resin type
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acid is poorer compared to succinic acid at these experi-
mental conditions. As mentioned in the previous section, 
succinic acid is a dicarboxylic acid  (pKa1 = 4.2,  pKa2 = 5.6) 
unlike the other acids in the fermentation broth. Dicarbox-
ylic acids dissociate into monocharged and dicharged ani-
ons, and each of these species is sorbed by the ion-exchange 
resin. Since the adsorption cycle was performed at pH > 6, 
succinic acid was adsorbed in dicharged anion form. This 
results are very different from those observed by cationic 
exchange resins in which no particular order was observed 
in elution profiles [33, 34].

Effect of regenerant acid concentration

Regeneration of the resin was performed in the second 
cycle of operation to elute the sorbed organic acids as 
well as prepare the resin column for ensuing tests. For 
this investigation, concentration of regenerant (HCl) was 
varied from 1 to 10% and Amberlite IRA958 Cl resin was 

used at constant flow rate of 0.42 BV/h. Elution profiles 
are shown in  \* MERGEFORMAT Fig. 5. The calculated 
succinic acid separation efficiencies were 80.3%, 81.2% 
and 70.7% at regenerant HCl concentration of 1%, 5% 
and 10%, respectively. Notably, as the regenerant strength 
increased from 1 to 10%, the total amount of organic acids 
desorbed from the resin sharply increased (Table 5). This 
implies that resin regeneration became more efficient at 
higher regenerant concentration. The mass of total organic 
acids desorbed from the resin was 4.97, 5.89 and 7.01 mg/
gresin at regenerant HCl of 1%, 5% and 10%, respectively, 
which indicates 25% increase in regeneration efficiency of 
the resin for increase in HCl concentration from 1 to 10%. 
The low desorption at 1% HCl concentration could be 
explained by the insufficiency of accessible displacement 
ion for the available sorption sites, thus acting as limiting 
factor for displacement of organic acids. Ion exchange and 
hydrophobic adsorption are two known adsorption pro-
cesses that occur in resin treatment [30, 35]. The latter 

Table 3  Typical mass balance for organic acid adsorption step by anionic exchange resin (Amberlite IRA958 Cl, flow rate of 0.42 BV/h and tem-
perature of 30 °C)

Feed volume (100 ml) Lactose Glucose Galactose SA LA FA AC

Feed concentration (g/L) 2.36 0.90 11.86 10.50 16.04 3.75 6.88
Mass loaded onto resin (g) 0.24 0.09 1.19 1.05 1.60 0.38 0.69

Volume fraction (ml) Cumulative vol-
ume output

Lactose Glucose Galactose SA LA FA AC

Organic acids adsorption cycle
 50 50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 50 100 0.00 0.00 0.53 0.00 0.00 0.00 0.02
 50 150 0.00 0.15 1.58 0.16 0.81 0.04 0.19
 50 200 0.97 0.16 4.00 1.21 3.10 0.04 0.65
 50 250 1.09 0.17 4.50 1.27 3.56 0.04 0.97
 50 300 0.93 0.23 3.77 0.76 2.48 0.04 0.63
 50 350 0.56 0.16 2.83 0.35 1.50 0.00 0.43
 50 400 0.29 0.15 2.10 0.15 0.90 0.00 0.38
 50 450 0.19 0.15 1.35 0.00 0.55 0.00 0.29
 50 500 0.16 0.15 0.70 0.00 0.10 0.00 0.12
 50 550 0.00 0.15 0.41 0.00 0.00 0.00 0.04
 50 600 0.00 0.14 0.32 0.00 0.00 0.00 0.00
 50 650 0.00 0.11 0.28 0.00 0.00 0.00 0.00
 50 700 0.00 0.00 0.26 0.00 0.00 0.00 0.00
 50 750 0.00 0.00 0.23 0.00 0.00 0.00 0.00
 50 800 0.00 0.00 0.21 0.00 0.00 0.00 0.00
 50 850 0.00 0.00 0.18 0.00 0.00 0.00 0.00
 50 900 0.00 0.00 0.15 0.00 0.00 0.00 0.00
 50 950 0.00 0.00 0.13 0.00 0.00 0.00 0.00
 50 1000 0.00 0.00 0.08 0.00 0.00 0.00 0.00

Mass exiting resin (g) 0.21 0.09 1.18 0.20 0.65 0.01 0.19
Mass retained by resin (g) 0.03 0.00 0.01 0.86 0.95 0.37 0.50
Percentage retained by resin (%) 11.2 4.4 0.5 81.4 59.5 97.9 73.0
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occurs when pH of the solution is less than the pKa of 
the organic acid. At this condition, the acid is in its free 
form. Since all experiments in this study were conducted 
at pH > 6, which is greater than the pKa of all the organic 
acids in the feed solution, ion exchange was the predomi-
nant absorption process.

Effect of temperature on elution of organic acids

Temperature influences hydrophobic interactions in any 
chemical process [36]. To explore the behaviour of anionic 
resins under different temperature conditions, experiments 
were performed at 20, 30 and 40 °C, while maintaining 
flow rate at 0.42 BV/h. Figure 6 shows the observed elu-
tion profiles at various temperatures. The calculated sepa-
ration efficacies at the afore-mentioned temperatures were 
81.2, 73.9 and 76.4%, respectively. Overall, the organic acid 
sorption of Amberlite IRA958 Cl slightly increased with 
increase in operation temperature from 293 to 313 K. This 
was expected as viscosity of solution decreases at higher 
temperature, which enhances diffusion of the organic acids 
across the resin eternal pores and external boundary layer 

[29, 37]. Moreover, the equilibrium constant of most adsorp-
tion reactions increases with temperature. Nevertheless, the 
observed limited increase of sorption process with tempera-
ture is attributed to operation at pH > pKa since at this con-
ditions, sorption mainly occurs by ion exchange as hydro-
phobic adsorption is not favoured [30]. Also striking is that 
though operations at 313 K presented enhanced absorption 
capacity for the resin, the separation efficiency reduced at 
high temperatures probably due to increase in axial disper-
sion. Furthermore, operation at room temperature (283 K) 
is desirable in terms of energy requirements.

Table 5 presents results of organic acid desorption at dif-
ferent experimental conditions. As can be seen, the total 
amount of organic acids desorbed from resin ( mg∕gresin ), 
increased from 4.97 to 7.01 as the regenerant HCl concen-
tration was increased from 1 to 10%. Although the flow rate 
affected the dispersion of separation peaks, the effect of flow 
rate was total acid desorption was insignificant.

In comparison with other studies, an investigation 
by [38] using reactive extraction with trioctylamine in 
1-hexanol and direct crystallisation coupled with cation-
exchange resins, obtained succinic acid yields of 73% and 

Table 4  Typical mass balance for organic acid desorption by anionic exchange resin (Amberlite IRA958 Cl, flow rate of 0.42 BV/h and tempera-
ture of 30 °C)

*Yi is SA separation efficiency according to Eq. (4)

Volume Cumulative (ml) Lactose Glucose Galactose SA (g/L) LA (g/L) FA (g/L) AC (g/L) SA Area (Eq. 1)

50 50 0 0 0 0 0 0 0 0
50 100 0 0 0 0 0 0 0 0
50 150 0 0 0 0 0 0 0 0
50 200 0 0 0 0 0 0 0 0
50 250 0 0 0 0 0 0 0.07 0
50 300 0 0 0 0 0.57 0 0.08 0
50 350 0 0 0 0 4.38 0 0.1 0
50 400 0 0 0 0.7 7.36 0.35 2.63 0.035
50 450 0 0 0 1.22 4.26 1.63 3.72 0.131
50 500 0 0 0 2.22 1.42 2.76 2.19 0.303
50 550 0 0 0 2.36 0.55 1.68 0.66 0.532
50 600 0 0 0 3.75 0 0.71 0.16 0.837
50 650 0 0 0 2.71 0 0 0 1.161
50 700 0 0 0 2.52 0 0 0 1.422
50 750 0 0 0 1.87 0 0 0 1.642
50 800 0 0 0 1.55 0 0 0 1.813
50 850 0 0 0 0.83 0 0 0 1.932
50 900 0 0 0 0.65 0 0 0 2.005
50 950 0 0 0 0.06 0 0 0 2.041
50 1000 0 0 0 0 0 0 0 2.044
Mass balance *Yi
Amount desorbed from resin (g) 0.85 0.93 0.36 0.48
Mass retained by resin according to Table 3 0.86 0.95 0.37 0.50

(

2.044−0.532

2.044

)

× 100 = 73.9%

% of Organic acids desorbed from resin 98.8 97.2 97.1 95.7
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79%, respectively. In another study by [39], highest suc-
cinic acid recovery of 75% from fermentation broth was 
obtained after direct vacuum distillation-crystallisation. 
In a similar study, one step recovery of succinic acid from 
fermentation broths by crystallisation achieved 70% suc-
cinic acid yield. Electrodialysis was used to concentrate 
and purify simulated fermentation broths in a study by 
[40], recovery efficiencies ranged between 50 and 60% on 
a total carboxylate basis. Combined desalination, electro-
dialysis and bipolar membrane electrodialysis was devel-
oped by Glassner and Datta [41] for succinic acid puri-
fication. A total purification yield of 60% was achieved. 
In the recovery of succinic acid from fermentation broth 
produced by Mannheimia succiniciproducens, using reac-
tive extraction, vacuum distillation and the crystallisation 
processes the reported yield was 73.1% [42]. Salting-out 

extraction, consisting of organic solvents and acidic salts 
was used by Sun et al. (2014) for recovery and crystallisa-
tion of succinic acid from fermentation broths, A yield of 
greater than 65% was reported [43].

Conclusion

In this study, chromatographic purification of bio-based suc-
cinic acid (SA) from other carboxylic acids was studied using 
weak and strong base anionic exchange resins. The resins 
used include Amberlite IRA958 Cl Resin (Strong base anion 
exchange resin), Amberlite HPR 900 OH (Strong base anion 
exchange resin) and Amberlyst A21 (week base anion exchange 
Resin). The influence of process variables such as flow rate 

Fig. 4  Influence of elution flow rate on organic acid separation Fig. 5  Effect of regenerant acid concentration on organic acid separa-
tion
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(0.18 BV/h, 0.42 BV/h and 0.84 BV/h), eluent concentration 
(1%, 5% and 10% HCl) and temperature (20, 30 and 40 °C) 
were investigated. The SA elution profile peaked at 0.9—1.2BV 
and was distinct from the other carboxylic acids. According 
to acid elution profiles, SA separation efficiency was 76.1%, 
69.3% and 81.2% for Amberlyst A21, Amberlite HPR 900 OH 
and Amberlite IRA958 Cl, respectively. For regenerant HCl 
concentration of 1%, 5% and 10%, calculated succinic acid sep-
aration efficiencies were 80.3%, 81.2% and 70.7%, respectively. 
Notably, as the regenerant strength increased from 1 to 10%, the 
total amount of organic acids desorbed from the resin sharply 
increased. At operation temperatures of 20, 30 and 40 °C, sepa-
ration efficacies were 81.2%, 73.9% and 76.4% respectively. 
Overall, over 81% SA separation efficiency from lactic acid was 
calculated. The insights from this study will be of great value in 
design of chromatographic separation systems for organic acids.
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