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Abstract: In this study, the removal of glycolic acid from aqueous solutions by using reactive 
extraction with different organic solvents and tripropylamine mixtures was investigated. In 
experimental studies, methyl isobutyl ketone (MIBK), 1-decanol, toluene, cyclohexyl acetate 
(CHA), DMP, and an ionic liquid compound, namely 1-butyl-3-methylimidazolium 
hexafluorophosphate (IL), were chosen as the diluent solvent in the organic phase. In recent 
researches of chemistry, IL compounds have come to the foreground due to their superior 
properties and environmental friendly chemical structures and they are being used intensively. 
For this reason, it is particularly aimed to compare the efficiency of the IL compound with other 
solvents. In addition to the solvent effect, the amine concentration used was changed to 
determine the effect on extraction yield. Using the obtained data, the most important 
parameters for the design of reactive extraction processes were calculated: The distribution 
coefficient (D), the loading factor (Z), and the percentage of extraction efficiency (E%).  
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INTRODUCTION 

 

Carboxylic acids are widely used in the pharmaceutical, cosmetic, textile, paper, food, and 

metal-cleaning industries. It also was found as the quality of raw materials in the production of 

many chemicals (1, 2). 

 

Among the acids in carboxylic acid groups, glycolic acid, which is the most basic hydroxy 

carboxylic acid, has an important role. In recent years, it has become widely used in different 

sectors as well as becoming the most preferred skin care product agent in the field of 

cosmetics (3-5). Removal of glycolic acid from the reaction medium during the production is an 

important step in the process. Especially, in the fermentation method which is one of the most 

common way for glycolic acid production, only about 10% aqueous solution could be obtained. 

For this reason, there are many studies in literature and today's studies (6-8). 

 

Several recovery processes are used for the recovery of carboxylic acids from their aqueous 

solutions such as electrodialysis, ion exchange, membrane separation, distillation, liquid-liquid 

extraction, and reactive extraction (2, 9). In these studies, reactive extraction method has the 

come into prominence because high dispersion coefficients can be obtained. Reactive 

extraction is based on the reaction between the solvent and the substance to be extracted. In 

this method, it reacts with carboxylic acid and reacting complex. In the reactive extraction 

process, amine compounds are generally used as the reactants. The choice of diluents is the 

most important parameter that influences the success of the treatment after the choice of 

reagent to be used. The types of diluents and, in particular, their functional groups, 

significantly affect the extraction behavior of the amines. The stoichiometry of the solution has 

a following effect: The amine complex can change the amine loading value and the third phase 

formation (10-14). 

 

The scientists in the field of biotechnology and materials science are continuing to work on to 

make improvement in pivotal processes. Ionic liquids have become the most favorite chemical 

compound group in recent scientific work. The main applications of this compounds are their 

use as solvents in separation technologies and synthesis reactions due to their superior 

properties over classical solvents. In addition to the properties mentioned above, low toxic 

properties make ionic liquids more valuable for today's industry (15-19). 

 

THEORETICAL SECTION 

 

In the reactive extraction process, the reaction between glycolic acid (HA) and TPA (R3N) can 

be expressed as the following (20): 

  

https://www.seslisozluk.net/favourite-nedir-ne-demek/
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(Eq. 1) 
 

i= 1, p; j= 1, q 

 

In the reaction, ()R represents the raffinate or water phase, ()E represents the extract or 

organic phase. The complex formed at the end of the reaction was shown in the organic phase. 

As no overloading of amine has been observed, it is expected to be less than or equal to j for 

any p and q.  

 

When it is desired to extract glycolic acid from an aqueous medium using an amine compound 

mixed with the solvent, the term loading factor (Z) is used to indicate the activity of the amine 

present in the organic phase. Loading factor (Z) is the ratio of the acid concentration in the 

organic phase to the amine concentration in the organic phase (21-23). 

 

 

(Eq. 2) 

 

In case of a dispersion of a substance between two solvents which are not mixed or slightly 

miscible with each other, the ratio of the equilibrium concentrations between these two phases 

gives the diffusion coefficient and is determined as the following: 

 

 

(Eq. 3) 

 

The extraction efficiency, E, is given as 

 

 

(Eq. 4) 

 

 

In this equation, Cao is the initial acid concentration and Ca  is the acid concentration in the 

water phase after extraction. An E value of 100% means that the acid in the aqueous phase 

has been fully separated from aqueous phase to organic phase (14, 24). 

 

EXPERIMENTAL SECTION 

 

The purity and density of the chemicals used in the experiments and the companies to which 

they are purchased are presented in Table 1. 
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Table 1: The purity of substances studied and their physical properties at 298.2 K. 
 

Substance 
 

Source Purity , (kg /m3) 

Water Deionized 
and 

distilled 

 997 

TPA Merck > 98% 1416 

Glycolic acid Merck 70% solution in water 1257 

DMP Merck > 99% 1190 

MIBK Merck > 99% 800 

Toluene Carlo-Erba > 99% 867 

1-decanol Sigma-aldrich > 99% 830 

CHA Sigma-aldrich > 99% 970 

IL Io-li-tec > 99% 1380 

 

Experiments were carried out by preparing a solution of glycolic acid in pure water at a 

concentration of 1.57 mol/L (w/w = 10.7%). In the first step, conventional extraction was 

carried out and the glycolic acid solution was treated with pure solvents. After these 

experiments, reactive extraction experiments were carried out. Tripropylamine was used as the 

reagent. Solutions of tripropylamine in selected solvents at concentrations of 0.35, 0.70, 1.05, 

1.40, and 1.75 mol/L were prepared. Extraction was carried out in 3 mL equal volumes of acid 

solutions and the organic phase mixture was taken up in 50 mL volume glass flasks. These 

flasks have been shaken in a Nuve Shaker ST30 thermostated bath at 298.15 K for 2 h, which 

has been shown to be a sufficient time for extraction equilibria. After the extraction is complete 

and the phase transitions are balanced, these examples were centrifuged by nuve CN180 

machine in 2000 rpm for another 20 min. to reach full separation of phases. 

 

RESULTS AND DISCUSSION 

 

In experimental studies, the effect of solvent selection on separation of glycolic acid by 

aqueous extraction from aqueous solutions was investigated. It is aimed to determine the 

effectiveness of ionic liquids in this process. For this purpose, it was chosen to compare it with 

the solvent ionic liquid of different structure which is frequently used in past studies with 

reactive extraction (21, 22, 25). This solvent was selected from the ones having ester group 

(DMP and CHA), ketone group (MIBK), alcohol group (1-decanol), and aromatic hydrocarbon 

group (toluene). 

 

The classical extraction process is based on the distribution of a substance between two phases 

(26). The success of the selected solvents in the conventional extraction process was 

investigated. The distribution of glycolic acid in water and pure solvents is presented in Table 

2. In addition, E% of pure solvents is shown in Figure 1. 
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Table 2: Distribution of glycolic acid between solvents and water at 25 oC and 1 atm. 
Diluent 

 
(C a)R

 

(mol/L ) 
(C a)E 

(mol/L ) 
D 

E 
(%) 

DMP 1.51 0.07 0.04 4.14 

MIBK 1.47 0.10 0.07 6.22 

 2-octanone 1.46 0.11 0.08 7.04 

1-decanol 1.46 0.11 0.07 6.94 

CHA 1.48 0.09 0.06 5.49 

IL 1.43 0.14 0.10 8.70 

 

 

Figure 1: Extraction efficiency of glycolic acid between water and pure solvents used in this 
study. 

 

The maximum extraction efficiency for glycolic acid has been obtained with IL (87.0%). 

Conventional extraction seems to be inefficient even with the best result, IL. This is due to the 

high affinity of glycolic acid for water and low relative volatility. That is, a low distribution 

coefficient is observed because the solubility tendency in water is higher than in organic 

solvents. Traditional extraction techniques are therefore not suitable (27, 28). 

 

Table 3 and Figure 2 shows the equilibrium data on the distribution of glycolic acid between 

water and organic phase for amine concentrations ranging from 0.35 mol/L to 1.75 mol/L for 

each solvent. 
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Table 3: Experimental results of the extraction of glycolic acid with  TPA/individual diluting 
solvents at 25 oC and 1 atm. 

 

Diluent 
 

(C e)E 

(mol/L) 
(C a)R

 

(mol/L) 
(C a)E 

(mol/L) 
D 

Z 
 

E 
(%) 

DMP 0.35 1.026 0.544 0.53 1.553 34.63 
 0.70 0.672 0.898 1.34 1.283 57.22 
  1.05 0.332 1.238 3.73 1.179 78.88 
 1.40 0.036 1.534 43.10 1.096 97.73 
 1.75 0.005 1.565 290.10 0.894 99.66 

MIBK 0.35 1.037 0.533 0.51 1.523 33.95 
 0.70 0.646 0.924 1.43 1.321 58.88 
 1.05 0.361 1.209 3.35 1.152 77.02 
 1.40 0.065 1.505 23.25 1.075 95.88 
 1.75 0.009 1.561 169.45 0.892 99.41 

Toluene 0.35 1.017 0.553 0.54 1.580 35.21 
 0.70 0.627 0.943 1.51 1.347 60.08 
 1.05 0.311 1.259 4.05 1.199 80.20 
 1.40 0.032 1.538 48.63 1.099 97.99 
 1.75 0.014 1.556 107.43 0.889 99.08 

1-Decanol 0.35 1.011 0.559 0.55 1.597 35.60 
 0.70 0.604 0.966 1.60 1.380 61.54 
 1.05 0.305 1.265 4.14 1.204 80.55 
 1.40 0.026 1.544 58.58 1.103 98.32 
 1.75 0.008 1.562 197.88 0.893 99.50 

CHA 0.35 1.020 0.550 0.54 1.571 35.02 
 0.70 0.643 0.927 1.44 1.325 59.06 
 1.05 0.358 1.212 3.39 1.495 77.20 

 1.40 0.037 1.533 41.52 1.095 97.65 
 1.75 0.008 1.562 197.88 0.893 99.50 

 0.35 1.019 0.551 0.54 1.575 35.12 
IL 0.70 0.634 0.936 1.48 1.337 59.62 
 1.05 0.319 1.251 3.92 1.191 79.67 
 1.40 0.018 1.552 84.17 1.108 98.83 
 1.75 0.004 1.566 410.60 0.895 99.76 
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Figure 2: Distribution coefficients (D) of glycolic acid with concentration of amine in different 
individual diluting solvents. 

 

It has been observed that the increase in the concentration of amines in the outcome leads to 

the increase in the value of distribution coefficient in all solvents. The highest value was 

calculated as 99.76 in IL for an amine concentration of 1.75 mol/L. 

 

The extraction efficiencies of the solvents based on the obtained results (for 1.75 mol/L amine 

concentration) can be listed as follows:    

 

IL (99.76%) > DMP (99.66%) > CHA (99.50%) = 1-decanol (99.50%) > MIBK (99.41%) > 

Toluene (99.08%) 

 

Figure 3 presents the variation between loading factors for varying concentrations of solvents 

and amines. The loading curve is a plot of Z vs amine concentration. When the variation of the 

Z parameters is evaluated, two situations could be discussed. As the amine concentrations 

increase, the loading factor values increase too. This is called overloading (loading greater than 

unity) and indicates that complexes with more than one acid per amine have been formed. The 

other is that the loading factor values decrease with increasing amine concentration and 

indicating that complexes include the diluents specifically interacting with complexes include 

more than one amine per complex (29). It is clear from the results in Figure 3 that the 

decrease in loading factor values is observed for all solvents in this study. 
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Figure 3: Loading factors (Z) of glycolic acid with concentration of amine in different individual 
diluting solvents. 

 

Extraction efficiency values (E%) obtained by amine concentration changes are presented in 

Figure 4. This parameter is important to understand at first sight the success of working in 

reactive extraction experiments. When E% values are examined in this study, it appears that 

almost all of the glycolic acid is separated from the aqueous medium. It was also found that 

the best results were obtained when used as an IL solvent (26). 

 

 

Figure 4: Extraction efficiency (E%) of glycolic acid with concentration of amine in different 

individual diluting solvents. 
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CONCLUSIONS 

 

In the study, the success of the reactive extraction process was investigated in removing 

glycolic acid from aqueous solutions. In the conventional extraction experiments, it was seen 

that the E% values were less than 10% (4.14% - 8.69%) and the distribution coefficient 

values were found less than 0.1 (0.04 - 0.1) for all solvents. Distribution coefficients were 

reached to 410.60 in the reactive extraction process, an alternative to the classical extraction 

method, and nearly all (> 99%) of glycolic acid in all solvents could be separated from the 

aqueous phase. Compared with the efficiency of different solvents, 1-butyl-3-

methylimidazolium hexafluorophosphate (BMIMPF6) compound used in the ionic liquid group 

showed the best results both in the conventional extraction and reactive extraction process, 

especially at high amine concentrations. In the light of these evaluations, it can be said that 

ionic liquids should be used for reactive extraction processes as an environmentally friendly 

solvent and BMIMPF6 has superior properties which can be preferred for separating glycolic 

acid as a solvent from aqueous medium. 
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SYMBOLS AND ABBREVIATIONS 

 

BMIMPF6 - 1-Butyl-3- methylimidazolium hexafluorophosphate 
(Ca)R   - Concentration of acid in the aqueous phase, mol/L 
(Ca)E   - Concentration of acid in the organic  phase, mol/L  
(Ce)E    - Concentration of amine in the organic phase, mol/L 
CHA  - Cyclohexyl acetate 
D  - Distribution coefficient 
DMP - Dimethyl phthalate 
E      - The efficiency of extraction 
HA    - Glycolic acid 
IL - Ionic liquid (BMIMPF6) 
MIBK  - Methyl isobutyl ketone 
p  - Number of acid molecules 
q  - Number of amine molecules 
R3N  - Tertiary amine 
w  - Mass fraction 
Z  - Loading factor 
( )E  - Organic phase 
( )R  - Aqueous phase 
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