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Abstract 

An adsorption method with Dowex™ Marathon™ WBA resin 

has been developed in order to evaluate citric acid recovery 

produced by submerged fermentation. To determine the viability 

of this separation method, the resin was tested at different 

conditions of temperature (30 – 70 °C) and pH (1.5 – 6.5). The 

results showed that lower pH improves the adsorption of citric acid 

of which the 85% can be recovered with a purity of 92%. This 

represent a maximum adsorption capacity of 0.46 g of citric acid 

per gram of used resin. 

 

 

Keywords: Citric acid, ion-exchange resin, adsorption, 

fermentation broth. 

 

 

Resumen 

Un método de adsorción utilizando la resina Dowex™ 

Marathon™ WBA ha sido desarrollado con el fin de evaluar la 

recuperación de ácido cítrico producido por fermentación 

sumergida. Para determinar la viabilidad de este método de 

separación, la resina fue evaluada a diferentes condiciones de 

temperatura (30 – 70 °C) y pH (1.5 – 6.5). Los resultados 

mostraron que a pH bajo, se mejora la adsorción de ácido cítrico, 

a través de la cual, se recupera el 85% del ácido y se obtiene una 

pureza del 92%. Esto representa una capacidad máxima de 

adsorción de 0.46 g de ácido cítrico por gramo de resina empleada. 

 

Palabras clave: ácido cítrico, resina de intercambio iónico, 

adsorción, caldo de fermentación. 

 

1 Introduction 
 

Citric acid is one of the most demanded carboxylic acids 

in the global food, pharmaceuticals, and biodegradable 

plastic markets [1]. Worldwide projections indicate a rise in 

the demand of citric acid and its production [2]. According to 

estimations, the market value of citric acid will continue to 

grow and will soon exceed US$2 billion [3]. Because of this, 

different methods for its production and recovery have been 

tested. The most common method for industrial production 

of citric acid consists in submerged fermentation using 

Aspergillus niger, by the conversion of different types of 

substrates, such as sugarcane molasses, beet molasses, potato 

peels, sugar, among others [4].  

 

Because of the general use of Aspergillus niger for citric 

acid production in submerged fermentations, various 

recovery methods of the acid present in fermentation broths 

have been developed [5]–[9]. One of the most commonly 

used methods is the recovery of citric acid by precipitation as 

calcium citrate and its further regeneration by the addition of 

sulfuric acid [1]. Recovered citric acid in solution is then 

purified and crystalized for its commercialization [10]. The 

main problem with this method is the high production of low-

value residues, since for each kilogram of citric acid that is 

produced, forty kilograms of waste water and two kilograms 

of gypsum are generated [5], [11], [12]. Additionally, solvent 

extraction has been tested for citric acid recovery showing 

satisfactory results [13]. However, due to its environmental 

impact and the high cost of the solvents, this method has not 

been scaled up [5], [14]. Another method for citric acid 

recovery is electrodialysis and membrane separation; 

however, viability of this method is still subject of study [11], 

[12], [15], [16]. The relatively short life of the membranes 

and the high energetic demand of the electrodialysis 

compared to the traditional recovery method by precipitation 

make this method less convenient for industrial applications 

[17], [18]. 
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In recent years, citric acid recovery by adsorption 

methods has been widely studied due to the high recovery 

rates, reduced waste generation and low energy consumption 

[5]. Furthermore, one of the main advantages of the 

adsorption method lies in the simplification of the recovery 

technology, since no specialized equipment other than a 

separation column and a set of pumps is required [19]. The 

adsorption method is based on the retention capacity of a 

specific compound by ion-exchange resins. This specificity 

quality is due to the chemical design of resins in order to 

make them highly effective in the retention of citric acid 

while in contact with the process streams [18]. In previous 

studies, the adsorption capacity of resins has been tested in 

the recovery of citric acid and promising results have been 

achieved [5], [18], [20]. 

 

Resins have a wide range of application due to the 

diversity of compounds that are capable to retain. Their use 

consist in the selective adsorption of the compound of interest 

present in a mixture [20]–[24] (for example, lactic acid [20], 

[25], phenolic acids [26], lactoperoxidase [27], and long-

chain fatty acids [28], [29]). The resins can be regenerated 

using a solution capable of exchanging the acid adsorbed, 

allowing its reuse [5], [18]. For citric acid, most efficient 

adsorption has been achieved using resins that present weak 

anionic exchange [1], [20]. In this type of anion exchangers, 

amines (as characteristic functional group) present higher 

efficiencies in the retention of organic acids, and specially 

citric acid, due to the formation of an acid-ammine complex 

[17], [21], [22], [25]. The versatility of amine resins allows 

their use in a wide range of pH and temperature conditions, 

maintaining their stability under most common processing 

conditions, and in the recovery of various compounds [30]. 

Among these resins, Dowex™ Marathon™ WBA and 

Dowex™ Marathon™ MSA are amine resins commonly 

used in water demineralization; technetium, uranium and iron 

recovery [21], [23], [24]; lactic acid recovery [6]; and ionic 

liquids purification [22]. The main differences between the 

resins are that the WBA is a weak base anion resin while the 

MSA is a strong base anion resin. In addition, the functional 

group of thw WBA is dimethylamine while the MSA has a 

quaternary amine in its structure. Despite the amount of 

studies related to these types or resins, detailed and specific 

studies of their citric acid adsorption capacity in complex 

mixtures have not been developed.  

 

In the present work, the adsorption capacities of the 

Dowex™ Marathon™ WBA and the Dowex™ Marathon™ 

MSA were evaluated. Additionally, various test were done to 

the resins in order to evaluate their applicability in the 

recovery of citric acid from a synthetic fermentation broth. 
 

2 Materials and methods 
 

2.1 Materials 

For the experiments, Dowex™ MARATHON™ WBA and 

MSA ion-exchange resins were employed. The WBA (Weak 

Base Anion) resin is a macroporous resin composed by a 

styrene-divinylbenzene matrix and its functional group is a 

dimethylamine. According to the manufacturer, its total 

exchange capacity was 1.3 eq/L, its water content ranges 

from 50 to 60% and its shipping weight was 640 g/L. The 

MSA (Macroporous Strong Base Anion) resin is a 

macroporous resin composed by a styrene-divinylbenzene 

matrix and its functional group is a quaternary amine. 

According to the manufacturer, its total exchange capacity is 

1.1 eq/L, its water content ranges from 56 to 66 % and its 

shipping weight is 670 g/L. For all the experiments, reagent 

grade mono hydrated citric acid was used. Sucrose, glutamic 

acid, MgSO4, Fe2(SO4)3, (Ca(H2PO4)2), K2SO4 were used in 

the preparation of the synthetic broth. All reagents were ACS 

grade. Sulfuric acid and water employed as mobile phase 

were HPLC grade. Sigma-Aldrich, MO, manufactured 

sucrose and J. T. Baker Chemical Company, PA., 

manufactured all other reagents. 

 

2.2 Preliminary Adsorption Tests 

To select the most suitable resin for the process, both 

WBA and MSA resin were tested. This initial test tried to 

determine the highest adsorption capacity between both 

resins to choose one of them for the remaining experiments. 

For each type of resin, ten vials were prepared with 5 g of 

resin inside each of them. Then, 25 mL of citric acid solution 

(4% m/v) were poured into each vial. The vials were placed 

in an orbital shaker at 100 rpm and room temperature (25°C). 

For both types of resins, 4 mL samples were taken from each 

vial on different times during the experiment that lasted 25 

minutes. Then, the samples were diluted inside a volumetric 

flask until reaching 100 mL to be analyzed using HPLC to 

obtain the concentration of citric acid in solution. The 

difference in the concentration of citric acid at the beginning 

and the end of the adsorption process was determined and 

Dowex™ MARATHON™ WBA resin was selected for 

further tests. 

 

2.3 Adsorption capacity of the resin 

Total adsorption capacity of the Dowex™ 

MARATHON™ WBA resin was determined by preparing 10 

vials containing 3.2 g of resin. Aqueous solutions with 

different concentrations of citric acid (from 1 to 8% m/v) 

were prepared. Then, 25 mL of each solution were poured 

into each vial. The vials containing resin and citric acid 

solution were placed on an orbital shaker at 100 rpm and 

room temperature (25°C) for 24 hours. Samples of 1 mL were 

taken and diluted by a factor of 1:100 to be analyzed by 

HPLC.  

 

2.4 Citric acid adsorption conditions 

In order to determine the optimal conditions for citric acid 

adsorption with Dowex™ MARATHON™ WBA resin, a 32 

experiment design was developed. Selected factors were pH 

and temperature (Tab. 1). Temperature levels were chosen 

based on low operational cost and pH levels were chosen 
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within the range of work of the resin reported by the 

manufacturer (pH: 0 – 7). The first pH value was selected 

lower than the first pKa value of citric acid (pKa1 = 3.14) [17] 

and the other values were equally spaced in the work range 

of the resin for pH. 
 
Table 1. Factors and levels in 32 factorial design of experiments. 

Factor 
Level 

Unit 
-1 0 1 

pH 1.5 4 6.5 - 

Temperature 30 50 70 °C 

 

Nine vials containing 5 g the resin were prepared and 20 

mL of synthetic fermentation broth were added. The 

composition of the synthetic fermentation broth was 6% m/v 

of citric acid, 1% m/v of sucrose, 1% m/v of glutamic acid 

and 100 ppm of each of the following salts: MgSO4, 

Fe2(SO4)3, (Ca(H2PO4)2), K2SO4 [20]. 

 

The response for the experimental design was defined as 

grams of citric acid adsorbed per gram of resin (g citric acid/g 

resin). The factors for the design were the temperature and 

the pH of the media. The levels studied for the temperature 

were 30, 50 and 70°C; and for the pH, were 1.5, 4.0 and 6.5. 

Concentrated sulfuric acid was employed to adjust the pH 

and the temperature was kept constant using a thermal bath 

for 24 hours. The concentration of citric acid in solution was 

determined by HPLC (section 2.6). The quantity of citric acid 

adsorbed was determined by mass balance, which represents 

the response of the experimental design. The data obtained 

was analyzed with the Software Minitab V18 with a 

significance level of α = 0.05. 

 

2.5 Packed column adsorption process 

A borosilicate column (ID = 2.5 cm, height = 30 cm) was 

packed with 48 g of Dowex™ MARATHON™ WBA resin. 

For the stream input and output control, tubing was placed in 

both ends of the column and the flows of all the feed solutions 

were controlled by the use of peristaltic pumps (Fig. 1). 
 

 
Figure 1. Packed column system configuration with ion-exchange resin: i) 

Feed solution, ii) Peristaltic pump, iii) Borosilicate column, iv) Dowex™ 

MARATHON™ WBA resin, v) Discharge stream collector. 

 

The experiment was carried out in three stages: 1) 

Pretreatment: resin was pretreated with 0.1 M NaOH solution 

using a flow rate of 2 mL/min. Then the resin-packed column 

was washed with distilled water (3 mL/min) until neutral pH 

was obtained. Once this pH was verified, the resin was 

activated and ready for the adsorption stage. 2) Citric acid 

adsorption: synthetic broth (section 2.4) was fed to the resin-

packed column using a flow rate of 1.8 mL/min. Remaining 

synthetic broth was washed out of the resin-packed column 

using distilled water (3 mL/min). 3) Citric acid desorption: a 

sulfuric acid solution (0.2 N) was fed to the resin-packed 

column with a flow rate of 1.5 mL/min. The citric acid was 

recovered in the discharge of the column. Samples were 

taken from the discharge of resin-packed column for their 

analysis by HPLC (section 2.6) to determine the amount of 

citric acid recovered. 
 

2.6 Citric acid quantification by HPLC 

Citric acid was quantified using a Shimadzu Prominence-

i HPLC with a diodes detector and a reverse phase C-18 

column (Teknokroma Brisa LC2 C18, granulometry 5 µm, 25 

cm long, diameter of 0.46 cm). The HPLC analyses were 

carried out at a column temperature of 50 °C. The wavelength 

used by the detector for the analyses was 210 nm. The mobile 

phase used was a sulfuric acid solution in water at 0.01 M 

[31]. The elution flow was 1 mL/min and the injection 

volume was 10 µL. Every sample analyzed was compared 

with a calibration curve of citric acid solutions at 

concentration between 100 ppm and 14000 ppm. 
 

3 Results and discussion 
 

3.1 Resin selection 

The results of the preliminary comparison test are shown 

in Fig. 2.  These indicated that the amount of citric acid 

adsorbed in MSA resin is about 50% less than in WBA resin 

under the same operation conditions.  Additionally, Fig. 2 

shows the variation of citric acid concentration (g citric 

acid/meq of active sites) in aqueous solution with time in 

both WBA and MSA resins. The adsorption of citric acid 

with MSA was faster than with WBA. For the weak base 

anion (WBA) resin, a plateau in adsorption is reached 

between 15 and 20 min, indicating the saturation of the active 

sites. For the macroporous strong base anion (MSA) resin, 

the stabilization in the adsorption process starts around 10 

min.  

 

The difference in the adsorption capacity of the studied 

resins is considered to be due to the strong base nature of the 

MSA resin, since stronger anion exchangers will adsorb other 

anions present in the complex mixture [17]. This 

phenomenon reduce their selectivity towards the desired 

compound and, as observed in Fig. 2, the total adsorption 

capacity of citric acid. 
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Figure 2. Comparison test between the MSA and WBA resins. Adsorbed 

citric acid is shown as the relation between grams of citric acid per 
miliequivalent of active sites in the resin. 

 

Due to this preliminary screening result in the comparison 

test, the following experiments were carried out using only 

the WBA resin. 

 

3.2 Adsorption capacity of the WBA resin 

When low concentration aqueous solutions (< 4% m/v) of 

citric acid were analyzed approximately, 0.22 grams of citric 

acid were adsorbed from the solution by the resin without 

leaving significant quantities of acid (< 10% of the total citric 

acid). However, in high concentration aqueous solutions (≥ 

4% m/v) of citric acid, considerable quantities of citric acid 

remained without being adsorbed (≈ 40% of the total citric 

acid in solution). 

 

3.3 Optimal operation conditions for the adsorption process 

The response function of the factorial design 32 was 

defined as the citric acid concentration adsorbed on the WBA 

resin (g citric acid/meq of active sites in the resin). Tab. 2 

shows the response function, factors and levels used in the 

factorial design. The last column of Tab. 2 shows the citric 

acid adsorbed experimentally on the resin. The columns 2 - 3 

show the coded levels (± 1) for each factor, and the column 1 

shows the run order for each experiment developed. 

 
Table 2. Experimental design matrix: Factors, levels and response. The 

coding for the factors is as follows: A = pH and B = temperature. 

Run 

order 

Factor Response (grams 

of adsorbed citric 

acid / meq of 

active sites) 
pH Temperature 

1 0 +1 0.0734 

2 0 0 0.0783 

3 +1 0 0.0254 

4 +1 -1 0.0381 

5 -1 +1 0.1118 

6 -1 0 0.1084 

7 +1 +1 0.0285 

8 0 -1 0.0803 

9 -1 -1 0.1118 

 

The significance of the factor was determined by 

performing an Analysis of Variance (ANOVA). In order to 

determine the influence of the factor in the response, the p-

value test was employed, using a significance level α = 0.05. 

 

Results generated by Minitab v.18 indicated that 

temperature had no effect (statistical significance, p > 0.05) 

in the temperature range studied of 30 - 70 °C, and that the 

pH has statistical significance (p < 0.05) on the adsorption of 

citric acid on the WBA resin.  

 

The response surface generated with experimental data 

(Fig. 3) indicate that for the lowest pH level (≈ 1.5), 

adsorption of citric acid on the WBA resin is maximum. Any 

temperature level can be used, because the temperature effect 

(in the studied range) does not have a significant effect in the 

adsorption process of citric acid. These results are congruent 

with those obtained by Van der Bergh, Van de Voorde & De 

Vos (2017).  The protonation of dimethylamine functional 

groups is pH dependent. At low pH level (1.5), most of the 

citric acid is protonated and acid-base interaction can be 

performed with the resin functional groups. Subsequently, 

the citrate anion is attracted to the active sites of resin through 

Van Der Waals forces. At high pH level (6.5), acid-base 

interaction between the citric acid and resin is less intense 

and consequently the acid adsorption is weaker. 

 

 
Figure 3. Response surface for the determination of optimal operation 

conditions in the adsorption process of citric acid in Dowex™ 

MARATHON™ WBA resin. 

 

3.4 Packed column adsorption 

The citric acid breakthrough curve was experimentally 

measured at room temperature (Figure 4). The results show 

that after 58 min the resin reaches the breakthrough point 

when the flow rate is 1.8 mL/min and the pH of the feed is 

1.8. The break point was defined as C/C0 = 0.05, where C is 

the column discharge concentration of citric acid and C0 is 

the feed concentration of citric acid.  

 

Experimental data of the breakthrough curve was fitted to 

the explicit mathematical model proposed by Ghorbanian et 

al. (2014), which has been employed in similar adsorption 

systems. Eq. 1 describes the explicit model, where t is the 

time, tF is the time in which C/C0 ≈ 1 and D′, E′ and m are 

constants. The constants of the model were determined using 
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the solver function of Excel 2016 and the resulting numerical 

values were: D′ = 34.75, E′ = 191.46, m = -7.16. The results 

of Eq. 1 are plotted in Fig. 4 and are in conformity with 

experimental data (R2 = 0.99). 

 
𝐶

𝐶𝑜
=
𝐷′ln(1 + 𝑡)

𝐸′ + (
𝑡
𝑡𝑓
)
𝑚  

( 1) 

The explicit model gives better results in the saturation 

state, but at the breakthrough point, the model slightly 

underestimates this condition.  

 

 
Figure 4. Breakthrough curve of the packed column in the adsorption 

process of citric acid at room temperature, pH of 1.8, and flow rate of 1.8 

mL/min. 

 

Using the breakthrough curve (Fig. 4), the fraction of 

unused length of resin-packed column was also calculated. 

The value obtained indicates that 67% of resin in packed 

column was saturated when C/C0 = 0.05. At 160 min, the 

saturation point is reached and 0.46 g of citric acid/g of resin 

were adsorbed. This result suggest that the Dowex™ 

MARATHON™ WBA has a better adsorption capacity of 

citric acid than others studied adsorbents. As reported by Van 

der Bergh, Van de Voorde & De Vos (2017), adsorption 

capacity of citric acid (g CA/g resin) at a pH value of 2 were 

0.2 for IRA-900, 0.39 for IRA-67, 0.32 for PVP, 0.17 for 

Retardion 11A8, and 0.01 for PVPP. 

 

In the desorption stage sulfuric acid was employed as 

desorbent. Samples collected at the discharge stream of the 

packed column were analyzed by HPLC and titration. 

Samples were first analyzed individually and then mixed to 

quantify the total amount of citric acid collected in the total 

volume of the discharge stream (120 mL). The results show 

that recovered citric acid in the desorption stage represents 

82% of the citric acid in the feed solution, and it is recovered 

with a purity of 92% in solution.  The impurities are probably 

due to the presence of compounds in the fermentation broth 

not identified in this work. Additionally, traces of sulfuric 

acid have been detected in collected fractions at the end of 

the desorption process, which reduces the purity of the citric 

acid in desorption solution. 
 

4 Conclusions 
 

Results indicate that the resin Dowex™ MARATHON™ 

WBA has a superior adsorption capacity of citric acid 

compared with the resin Dowex™ MARATHON™ MSA 

under the same operation conditions. The amount of citric 

acid adsorbed at the saturation point for the Dowex™ 

MARATHON™ WBA is 2.3 times higher than that for the 

Dowex™ MARATHON™ MSA. 

 

Through the factorial design, optimal conditions for the 

use of the Dowex™ MARATHON™ WBA resin in the 

recovery of citric acid were determined. The results showed 

that the best recovery rates are obtained at low pH (≈ 1.5) and 

that temperature has no effect on the adsorption process, in 

the temperature range analyzed (30 – 70 °C). 

 

The separation process of citric acid from a synthetic 

mixture was evaluated using the resin Dowex™ 

MARATHON™ WBA. In this proposed method, recovery 

rate was 85% and the purity of the product was 92% (by 

HPLC). In addition, the reagents consumption was reduced 

as well as the waste streams generated compared to other 

processes such as the traditional recovery method by 

precipitation. Furthermore, the WBA resin presents a better 

adsorption capacity than other studied adsorbents used for 

citric acid recovery. Subsequently, the proposed method 

could be a technically feasible alternative for citric acid 

recovery at industrial scale. 
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