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4-hydroxybenzoic acid (4-HBA) has a wide range of applications in various chemicals, cosmetics, 
pharmaceuticals, wines and the polymer industries. In the present study, 4-HBA was extracted from the aqueous 
phase utilizing natural and conventional solvents (NACS) at a constant temperature of 298 K. The natural solvents 
used were corn oil and cottonseed oil, while the conventional solvents used were isoamyl alcohol, ethyl acetate 
and diethyl carbonate. Five different concentrations, 0.005 to 0.035 mol/liter, were prepared and applied in the 
batch experiment. Various extraction parameters were investigated, including the distribution coefficient (KDHBA), 
extraction efficiency (%EHBA), partition coefficient (P) and dimerization coefficient (D). The experimental results 
revealed the attractive association between the solute and solvent based on their various physicochemical 
properties. The highest extraction efficiency was obtained for isoamyl alcohol (58.98%) and the lowest for corn 
oil (39.48%). The order of distribution coefficients was experimentally obtained as follows: isoamyl alcohol (1.438) 
> ethyl acetate (0.986) > diethyl carbonate (0.961) > cottonseed oil (0.677) > corn oil (0.652). Natural solvents 
have the potential to avoid toxicity and could be explored for large-scale applications. 

Keywords: 4-hydroxybenzoic acid, separation, natural solvents, conventional solvents, distribution 
coefficient, extraction efficiency 

1. Introduction 

Phenolic acids are valuable chemicals due to their various 

applications as antibacterial, antifungal and antioxidation 

compounds in the pharmaceutical industry, preservatives 

in the food and cosmetic industries, as well as esters in 

various biorefineries and polymer industries, etc. [1]-[6]. 

4-hydroxybenzoic acid (4-HBA) is naturally present in 

coconuts, gooseberries, raspberries, fennel, etc. [1]-[2]. 

4-HBA is found in very low concentrations 

(<0.035 mol/liter) in effluent streams of several food-

preparation units from the pulp and paper industry, olive 

oil mills and wine industry [7]-[11]. The extremely slow 

biodegradation rate of 4-HBA directly affects the soil 

quality when disposed of on land. With exceptional 

physiological characteristics and several appealing uses, 

it is necessary to separate 4-HBA from wastewater and 

fermentation broth to improve the environment and 

sustainable economy. The standard methods for 

recovering 4-HBA are adsorption, reactive distillation, 

precipitation and the Fenton process with UV light 

[12]-[18]. These methods have several drawbacks, 
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including low conversion rates, prolonged processing 

durations, poor efficacy in diluted solutions, high energy 

requirements, high costs and the production 

of hazardous chemicals as by-products. Extractive 

separation has overcome these challenges and provides a 

better level of efficiency than existing methods. The 

extractive separation of 2-hydroxypropanoic acid, 

pyridine-2-carboxylic acid, ethanecarboxylic acid, 

2-hydroxyethanoic acid, 4-oxopentanoic acid and other 

carboxylic acids have been reported in the literature 

[19]-[26]. Studies have also reported using different 

types of eco-friendly solvents in the extractive separation 

of carboxylic acids such as ionic liquids (ILs), 

supercritical fluids (SCF) and non-toxic organic solvents 

[22,27-35]. The choice of solvents poses a considerable 

difficulty because of the existence of microorganisms in 

the fermentation broth. The most valued attributes of 

solvents include non-toxicity, accessibility, inability to 

mix with the water phase and strong solvation properties. 

Some of the most important literature data on extraction 

of hydroxybenzoic acid with natural solvents are 

summarized in Table 1 [13,30,32]. 

https://doi.org/10.33927/hjic-2024-14
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The present work focuses on investigating the 

extraction of 4-HBA from an aqueous phase. Five 

different solvents were used to study the extraction 

efficiency in batch experiments at a constant temperature 

of 298 K. Corn and Cottonseed oils were used as two 

harmless natural solvents, while isoamyl alcohol (IAA), 

ethyl acetate (EA) and diethyl carbonate (DEC) were 

used as three conventional solvents. According to the 

literature [16],[32], the extraction of 4-HBA in the 

presence of these solvents has not yet been reported. 

The complete experimental analysis elaborates on 

the interaction between the solute and solvents in terms 

of polarity, dipole moment and other physicochemical 

properties. The extraction efficiency of conventional and 

natural solvents was also investigated as well as the effect 

of the initial solute concentration on the value of the 

distribution coefficient. 

2. Experimental 

2.1. Samples and measurements 

The chemicals and solvents used in the experiment were 

as follows: 4-hydroxybenzoic acid (98%) was bought 

from HiMedia Laboratories Pvt. Ltd., India. Isoamyl 

alcohol (98%), ethyl acetate (98%) and diethyl carbonate 

(98%) were purchased from S D Fine Chem Pvt. Ltd., 

India. Corn oil was procured from Kush Proteins Pvt. 

Ltd., India and cottonseed oil from Eywa Seeds & 

Exports Pvt Ltd., India. 

2.2. Methods 

In the extraction experiment, 4-HBA as a solute was 

prepared in distilled water at varying concentrations 

(0.005-0.035 mol/liter). Considering its maximum 

availability (<5%) in fermentation broths or 

industrial effluent streams, the highest concentration 

(0.035 mol/liter) of the aqueous solute (4-HBA) was 

chosen for experimental analysis and an equilibrium time 

of 4 hours achieved at a constant temperature of 298 K. 

10 milliliters of the aqueous solute phase and 

10 milliliters of the solvent were mixed in a conical flask. 

The volume ratio remained constant at 1:1. Next, the 

conical flask was placed in an orbital shaking incubator 

(SE-363 Science Enterprises, India) at 298 K and 

200 rpm for 4 hours. The sample obtained after shaking 

was kept in a centrifuge for 5 minutes at 4000 rpm to 

separate the aqueous and organic phases. The aqueous 

phase was examined in a UV-Vis spectrophotometer 

(Shimadzu UV-1800) at a wavelength of 255 nm. The 

solute concentration in the organic phase was calculated 

by a mass balance. The experimental process is presented 

in Figure 1. 

  

Table 1: Comparative analysis of the existing literature on the extraction of hydroxybenzoic acid with natural solvents 

Ref. 
Author and 

year of publication 
Hydroxybenzoic acid 

Natural 

solvent used 

Maximum 

extraction 

efficiency (%E) 

Distribution 

coefficient 

(KD) 

[32] Joshi et al. 

2022 

4-hydroxybenzoic 

acid 

Canola Oil 18.85 0.23 

Mustard Oil 20.45 0.25 

Sunflower Oil 21.00 0.27 

Soyabean Oil 25.06 0.34 

[16] Joshi et al. 

2021 

4-hydroxybenzoic 

acid 

Sesame Oil 33.24 0.49 

Canola Oil 18.85 0.23 

[12] De et al. 

2018 

3,4-dihydroxybenzoic 

acid 

Canola Oil 7.41 0.08 

Soyabean Oil 6.56 0.07 

Groundnut Oil 6.18 0.07 

Sesame Oil 6.17 0.07 

Sunflower Oil 4.70 0.05 

 

 

Figure 1: Flow diagram of the experimental process for 

extracting 4-HBA 
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2.2.1. Statistical analysis of uncertainty 

Experimental uncertainties due to instrument errors and 

various random variations may be present which can be 

computed as: 

𝜃 = √
∑ (𝑥𝑗−�̅�𝑗)

2𝑛
𝑖=0

𝑛−1
 (1) 

The mean experimental value is denoted by �̅�𝑗 and 

the values of experimental observations by xj, while n 

represents the total number of observations. The 

uncertainties from the experiment fell within the range of 

x ± 0.002. 

2.2.2. Extraction of 4-HBA 

4-HBA was extracted in the presence of three 

conventional solvents, namely IAA, EA, DEC, as well as 

two natural solvents, that is, corn oil and cottonseed oil. 

Since the attraction between the acid and water as a result 

of hydrogen bonding is stronger than that of 4-HBA 

itself, 4-HBA remained as a monomer. 4-HBA appears 

as dimers in the organic phase because the identical 

solute molecules form hydrogen-hydrogen bonds in the 

organic phase due to either low- or non-polar solvents 

[30]. The physical separation of 4-HBA from the aqueous 

phase was accomplished in three steps: acid detachment, 

partition of the undissociated 4-HBA molecule and 

dimerization of 4-HBA. 

2.2.3. Detachment of the solute 

Detachment of the solute 4-HBA in the aqueous phase is 

represented in the following equations: 

𝐻𝐵𝐴𝑋𝑎𝑞
𝐾𝐻𝐵𝐴𝑋
↔    𝐻+ + 𝐵𝐴− (2) 

𝐾𝐻𝐵𝐴𝑋 =
[𝐻+][𝐵𝐴−]

[𝐻𝐵𝐴𝑋]𝑎𝑞
 (3) 

KHBAX represents the dissociation constant and HBAX the 

4-HBA concentration in moles/liter. 

2.2.4. Partition Coefficient of undissociated 4-HBA 

[𝐻𝐵𝐴𝑋]𝑎𝑞
𝑃
↔ [𝐻𝐵𝐴𝑋]𝑜𝑟𝑔 (4) 

The partition coefficient of the solute (4-HBA) is denoted 

by P: 

𝑃 =
[𝐻𝐵𝐴𝑋]𝑜𝑟𝑔

[𝐻𝐵𝐴𝑋]𝑎𝑞
 (5) 

where [HBAX]aq and [HBAX]org are the solute 

concentrations in the aqueous and organic phases in 

moles per liter, respectively. 

2.2.5. Dimerization constant of 4-HBA 

In the organic phase, the 4-HBA molecules are not in 

their dissociated form. Due to the stronger attraction 

between solute molecules than between the solute and 

solvent as a result of hydrogen bonding, dimer molecules 

were formed. The process is described by the following 

equation: 

2[𝐻𝐵𝐴𝑋]𝑜𝑟𝑔
𝐷
↔ [𝐻𝐵𝐴𝑋]2 𝑜𝑟𝑔 (6) 

Mathematically, the dimerization constant (D) in 

liters/mol can be determined using Equation 6 as follows: 

𝐷 =
[𝐻𝐵𝐴𝑋]2 𝑜𝑟𝑔

[𝐻𝐵𝐴𝑋]𝑜𝑟𝑔
2  (7) 

From a physical extraction perspective, one crucial 

parameter is the overall distribution coefficient (KDHBA). 

𝐾𝐷𝐻𝐵𝐴 =
[𝐻𝐵𝐴𝑋]𝑜𝑟𝑔

𝑡𝑜𝑡

[𝐻𝐵𝐴𝑋]𝑎𝑞
𝑡𝑜𝑡 = 

[𝐻𝐵𝐴𝑋]𝑜𝑟𝑔+2[𝐻𝐵𝐴𝑋]2𝑜𝑟𝑔

[𝐻𝐵𝐴𝑋]𝑎𝑞+[𝐵𝐴
−]

 (8) 

 

𝐾𝐷𝐻𝐵𝐴 =
𝑃[𝐻𝐵𝐴𝑋]𝑎𝑞+2𝐷[𝐻𝐵𝐴𝑋]𝑜𝑟𝑔

2

[𝐻𝐵𝐴𝑋]𝑎𝑞+
𝐾𝐻𝐵𝐴𝑋[𝐻𝐵𝐴𝑋]𝑎𝑞

[𝐻+]

 (9) 

 

𝐾𝐷𝐻𝐵𝐴 =
𝑃[𝐻𝐵𝐴𝑋]𝑎𝑞+2𝐷𝑃

2[𝐻𝐵𝐴𝑋]𝑎𝑞
2

[𝐻𝐵𝐴𝑋]𝑎𝑞 ∙ [1+
𝐾𝐻𝐵𝐴𝑋
[𝐻+]

]
 (10) 

 

𝐾𝐷𝐻𝐵𝐴 =
𝑃+2𝐷𝑃2[𝐻𝐵𝐴𝑋]𝑎𝑞

[1+
𝐾𝐻𝐵𝐴𝑋
[𝐻+]

]
 (11) 

4-HBA is considered to be a weak acid due to its 

low pKa (4.54) [30]. The pH values of dilute solutions 

were measured (3.3 to 3.8) and it was found that pKa was 

less than 4.54. For dilute solutions with a pH significantly 

lower than the pKa of acid, the denominator of 

Equation 11 may be neglected because the numerical 

value of the KHBAX/[H+] ratio is very low. Therefore, 

KDHBA is calculated from Equation 11 as the ratio of 

[𝐻𝐵𝐴𝑋]𝑜𝑟𝑔
𝑡𝑜𝑡  to [𝐻𝐵𝐴𝑋]𝑎𝑞

𝑡𝑜𝑡 . The relationship between 

extraction and the equilibrium is determined by the 

concentrations of the solute in the organic and aqueous 

phases. The distribution coefficient KDHBA can be 

calculated based on this connection. 

In the following equation, the partition coefficient 

(P) is predicted as the intercept and the dimerization 

coefficient (D) as the gradient. 

𝐾𝐷𝐻𝐵𝐴 = 𝑃 + 2𝑃
2𝐷[𝐻𝐵𝐴𝑋]𝑎𝑞  (12) 

These two important parameters of physical 

extraction determine the extraction capacity of the 

solvent. 

Additionally, the distribution coefficient (KDHBA) is 

used to calculate the percentage of extraction efficiency 

(%EHBA) as follows: 

%𝐸𝐻𝐵𝐴 = (
𝐾𝐷𝐻𝐵𝐴

1+𝐾𝐷𝐻𝐵𝐴
) × 100 (13) 

2.2.6. Solvent regeneration 

Recovery of the solute from the organic phase and 

solvent regeneration constitute the second stage of the 

process. Back extraction and solvent regeneration have 

been reported by numerous researchers [14-15,21]. A 

variety of techniques have been described, including the 

use of HCl, trimethylamine (TMA), temperature swing, 

solvent swing and NaOH. Based on available research, 

the most effective method for solvent regeneration is to 

use TMA instead of any other method [14]-[15].  
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3. Results and discussion 

The separation of 4-HBA from its aqueous solution was 

accomplished using three conventional and two natural 

solvents. The physicochemical properties of the solvents 

used are presented in Table 2. 

The impacts of different solvents such as IAA, EA, 

DEC, corn oil and cottonseed oil on the extraction 

efficiency and distribution coefficient are displayed in 

Tables 3-7, respectively. A comparative analysis 

regarding the physical extraction of 4-HBA was 

conducted based on various parameters such as the 

partition coefficient, dimerization constant, extraction 

efficiency of solvents and distribution coefficient as 

presented in Table 8.  

Table 2: Physicochemical properties of the used chemicals [1,2,29,36-39] 

Chemical  

(g/m3) 

µ 

(cP) 

S 

(g/L) 

MP 

(K) 

MW 

(g/mol) 

BP 

(K) 

RI  Dm 

(Debye) 

ET 

4-hydroxybenzoic 

acid 
1460 - 5 487.6 138.12 607.2 1.46 - 2.76 - 

Isoamyl alcohol 810 3.692 28 156.0 88.15 404.2 1.41 15.60 1.70 47.0 

Ethyl acetate 902 0.426 64 189.6 88.11 350.2 1.37 6.02 1.88 38.1 

Diethyl carbonate 975 0.969 0.019 230.0 118.13 399.0 1.38 3.10 1.07 36.2 

Corn oil 918 51.44 Insoluble 255.2 - 511.2 1.47 3.60 1.85 - 

Cottonseed oil 926 62 Insoluble 268.1 - 505.2 1.47 2.90 - - 

: density, µ: viscosity, S: solubility in water, MP: melting point, MW: molecular weight, BP: boiling point, RI: refractive index, 

ε: dielectric constant, Dm: dipole moment, ET: solvent polarity parameter 

 

Table 3: Extraction of 4-HBA using the conventional 

solvent isoamyl alcohol at 2981 K 

[HBAX]0 

(mol/L) 

[HBAX]aq 

(mol/L) 

[HBAX]org 

(mol/L) 

KDHBA %EHBA pH0 pHaq 

0.005 0.0041 0.0009 0.228 18.59 3.8 3.9 

0.010 0.0060 0.0033 0.558 35.81 3.7 3.8 

0.020 0.0096 0.0091 0.949 48.68 3.6 3.7 

0.030 0.0128 0.0165 1.292 56.37 3.4 3.6 

0.035 0.0144 0.0207 1.438 58.98 3.3 3.4 

 

Table 4: Extraction of 4-HBA using the conventional 

solvent ethyl acetate at 2981 K 

[HBAX]0 

(mol/L) 

[HBAX]aq 

(mol/L) 

[HBAX]org 

(mol/L) 

KDHBA %EHBA pH0 pHaq 

0.005 0.0045 0.0005 0.110 9.90 3.8 3.9 

0.010 0.0070 0.0023 0.332 24.93 3.7 3.8 

0.020 0.0111 0.0077 0.691 40.88 3.6 3.7 

0.030 0.0156 0.0138 0.885 46.96 3.5 3.6 

0.035 0.0176 0.0174 0.986 49.65 3.4 3.5 

 

Table 5: Extraction of 4-HBA using the conventional 

solvent diethyl carbonate at 2981 K 

[HBAX]0 

(mol/L) 

[HBAX]aq 

(mol/L) 

[HBAX]org 

(mol/L) 

KDHBA %EHBA pH0 pHaq 

0.005 0.0044 0.0006 0.140 12.31 3.7 3.9 

0.010 0.0071 0.0022 0.305 23.40 3.6 3.8 

0.020 0.0115 0.0073 0.636 38.89 3.5 3.7 

0.030 0.0158 0.0136 0.859 46.21 3.4 3.6 

0.035 0.0179 0.0172 0.961 49.00 3.4 3.5 

 

Table 6: Extraction of 4-HBA using the natural solvent 

corn oil at 2981 K 

[HBAX]0 

(mol/L) 

[HBAX]aq 

(mol/L) 

[HBAX]org 

(mol/L) 

KDHBA %EHBA pH0 pHaq 

0.005 0.0048 0.0002 0.048 4.56 3.8 3.9 

0.010 0.0076 0.0017 0.221 18.09 3.7 3.8 

0.020 0.0131 0.0056 0.431 30.12 3.6 3.7 

0.030 0.0184 0.0110 0.596 37.33 3.5 3.6 

0.035 0.0212 0.0138 0.652 39.48 3.4 3.5 

 

Table 7: Extraction of 4-HBA using the natural solvent 

cottonseed oil at 2981 K 

[HBAX]0 

(mol/L) 

[HBAX]aq 

(mol/L) 

[HBAX]org 

(mol/L) 

KDHBA %EHBA pH0 pHaq 

0.005 0.0047 0.0003 0.065 6.11 3.7 3.9 

0.010 0.0077 0.0017 0.217 17.81 3.6 3.8 

0.020 0.0134 0.0054 0.403 28.70 3.5 3.7 

0.030 0.0187 0.0106 0.569 36.28 3.4 3.6 

0.035 0.0209 0.0141 0.677 40.38 3.4 3.5 
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The distribution coefficient which shows the 

affinity of the solute between two phases was measured. 

The term distribution coefficient refers to the proportion 

of acid content in the aqueous and organic phases as well 

as denotes the degree of selectivity of the solvent or 

organic phase compared to in water or an aqueous phase. 

KDHBA fell within the range of 0.228-1.438 for isoamyl 

alcohol, 0.110-0.986 for ethyl acetate, 0.140-0.961 for 

diethyl carbonate, 0.048-0.652 for corn oil and 0.065-

0.677 for cottonseed oil. The equilibrium curve 

presenting the extraction of 4-HBA is shown in Figure 2, 

revealing that as the solute concentration increases in the 

aqueous phase, the solute concentration increases in the 

organic phase. The conventional solvent IAA is highly 

polarizable in nature, leading to a better extraction 

efficiency and distribution coefficient, followed by the 

aprotic polar solvent EA and aprotic solvent DEC. A 

polar solvent has high values for some physicochemical 

properties (such as dielectric constant, dipole moment, 

solvent polarity) and low viscosity, as shown in Table 2. 

A high dielectric constant causes a high degree of 

polarization, moreover, stronger interactions between the 

solvent and solute tend to result in a higher extraction 

efficiency. The polar solvent tends to donate hydrogen 

atoms which attach to O-(O-H) groups [14]-[21]. The 

highest extraction efficiency, that is, 58.98%, was 

achieved when IA was used as a conventional solvent as 

shown in Table 3, while the lowest of 39.48% was 

recorded by corn oil as shown in Table 6. The distribution 

coefficient with an initial concentration of 4-HBA is 

shown in Figure 3, which reveals the interaction between 

the solvent and solute molecules. As the initial solute 

concentration increased, the distribution coefficient 

increased for each solvent as shown in Figure 3. 

However, the highest distribution coefficient, that is, 

1.43, was achieved for IA due to its better 

physicochemical properties with regard to the interaction 

between solute and solvent molecules when compared to 

other solvents. Another conventional solvent, ethyl 

acetate, was used to extract 4-HBA from the aqueous 

phase. EA is polar and aprotic in nature. An extraction 

efficiency and distribution coefficient of 49.65% and 

0.986, respectively, were achieved by this solvent 

(Table 4). The dielectric constant and dipole moment for 

EA (Table 2) play a crucial role regarding the interaction 

between the solute and solvent. A low degree of 

dimerization and high partition coefficient are observed 

in Figure 4, confirming that the solute-solute interaction 

is less significant than the solute-solvent interaction. 

4-HBA was also extracted with diethyl carbonate 

(Table 5). DEC is aprotic in nature and yielded the lowest 

extraction efficiency among the conventional solvents 

used due to its structural properties. This aprotic solvent 

does not accept the proton and donates it, causing C-H 

bonds to not be sufficiently polarized, therefore, the 

interaction between the solvent and solute molecules is 

weaker so acts as a poor anionic solvator, resulting in a 

lower distribution coefficient and extraction efficiency as 

presented in Figures 3 and 5, respectively.  

Table 8: Parametric comparison of the extraction of 4-HBA using different solvents 

Solvent used Range of 

KDHBA 

Avg. 

KDHBA 

Range of 

%EHBA 

Avg. 

%EHBA 

P D 

(L/mol) 

Isoamyl alcohol 0.228-1.438 0.893 18.59-58.98 43.69 0.186 1664.41 

Ethyl Acetate 0.110-0.986 0.600 9.90-49.65 34.46 0.139 1719.37 

Diethyl carbonate 0.140-0.961 0.580 12.31-49.00 33.96 0.123 2090.25 

Corn oil 0.048-0.652 0.389 4.56-39.48 25.92 0.084 2597.38 

Cottonseed oil 0.065-0.677 0.386 6.11-40.38 25.86 0.085 2489.36 
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Figure 2: Extraction equilibrium of 4-HBA in terms of 

the concentration of the solute in the aqueous [HBAX]aq 

and organic [HBAX]org phases using different solvents 
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DEC contains an oxygen double bond where two 

adjacent oxygen atoms bond together, leading to strong 

steric repulsion. This affects the interaction between the 

solute and solvent. A high degree of dimerization and low 

partition coefficient represented in Figure 4 also confirm 

that the solute-solute interaction is stronger than the 

solute-solvent interaction. 

The OH functional group present in 4-HBA has a 

tendency to hydrogen bond with oxygen atoms present in 

EA and DEC. However, EA has a stronger tendency to 

hydrogen bond with 4-HBA due to its methyl group 

being closer to an oxygen double bond compared to DEC. 

Therefore, the extraction efficiency is higher in EA 

compared to DEC. 4-HBA was successfully physically 

extracted using non-toxic natural solvents, namely corn 

oil and cottonseed oil. These oils are non-toxic compared 

to the conventional solvents [37]-[38]. The extraction 

efficiencies of corn oil (39.48%) and cottonseed oil 

(40.38%) are shown in Tables 6 and 7, respectively. The 

distribution coefficients for corn oil and cottonseed oil 

were 0.652 and 0.677, respectively. The non-polar nature 

of natural solvents as well as their low dipole moments 

and minimal dielectric constants led to low extraction 

efficiencies and distribution coefficients as shown in 

Figures 3 and 5. 

The large oil molecules cause a rotating rigid 

structure, the high density and viscosity of oil as well as 

the immiscibility of oil with the aqueous phase. 

Therefore, oils are expected to yield low extraction 

efficiencies and distribution coefficients. However, the 

high percentages of unsaturated fatty acids in corn and 

cottonseed oil - e.g. 27 and 20% of the monounsaturated 

fatty acid, oleic acid, as well as 52 and 54% of the 

polyunsaturated fatty acid, linoleic acid, respectively - 

make them important solvents. The unsaturated fatty 

acid, linoleic acid, contains a hydroxyl group (OH), 

which interacts with solute molecules and bonds to them. 

Therefore, natural solvents are emerging as competitive 

alternatives to traditional solvents with moderate 

extraction efficiencies and their non-toxic nature. The 

extraction efficiencies using different solvents were 

obtained in the following order: IA (58.98%) > EA 

(49.65%) > DEC (49.00%) > cottonseed oil (40.38%) > 

corn oil (39.48%). From Equation 12, the intercept and 

gradient were calculated to determine the partition 

coefficient and dimerization coefficient, respectively. 

The partition coefficient and dimerization coefficient of 

each solvent are shown in Figure 4 and Table 8. The 

highest partition coefficient and lowest dimerization 

coefficient were obtained for IA due to its strong solute-

solvent interactions, while the lowest ones were obtained 

for DEC and corn oil due to their weak solute-solvent 

interactions as presented in Figure 4 and Table 8. As the 

distribution coefficient increases, the partition coefficient 

increases, while the opposite trend is observed with 

regard to the dimerization coefficient, meaning that the 

solute-solvent interaction is stronger than the solute-

solute equivalent. The dimerization and partition 

coefficients are presented in Table 8. The dimerization 

coefficients for different solvents range from 1664.41 to 

2597.38, while their partition coefficients range from 

0.186 to 0.085. 

4. Conclusion 

4-HBA was extracted using different natural and 

conventional solvents. Isoamyl alcohol yielded the best 

extraction efficiency (58.98%) and distribution 

coefficient (0.186) among all the solvents used. 

However, a problem posed by conventional solvents is 

their toxicity, especially when separated from the 

fermentation broth. Nevertheless, conventional solvents 

exhibit very hazardous and toxic characteristics so cannot 

be used in many pharmaceutical and food industries due 

to their adverse effects on the process and product yield. 

Natural oils like corn and cottonseed oil may be used to 

overcome this problem due to their non-toxic 

characteristics. Cottonseed oil as a natural solvent 

yielded the highest extraction efficiency of 21.48%, 

higher than in the literature [16] when compared to other 

natural solvents. The extraction efficiency and 

distribution coefficient with regard to the initial 

concentration of the solute were determined, moreover, 
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Figure 4: Comparative analysis of the partition and 

dimerization coefficients with regard to the distribution 

coefficient for different solvents such as cottonseed oil, 

corn oil, diethyl carbonate (DEC), ethyl acetate (EA) 

and isoamyl alcohol (IAA) 
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the solvent-solute interaction was investigated based on 

the various physicochemical properties of solvents. The 

results obtained affirm the use of natural oils as 

alternative solvents instead of conventional ones, where 

toxicity is a primary concern in the food and 

pharmaceutical sectors. 

SYMBOLS 

4-HBA  4-hydroxybenzoic acid  

IAA  Isoamyl alcohol  

EA  Ethyl acetate  

DEC  Diethyl carbonate  

[HBAX]0 Initial concentration of 4-HBA 

(mol/L)  

[HBAX]aq Concentration of 4-HBA in the 

aqueous phase (mol/L) 

[HBAX]org Concentration of 4-HBA in the organic 

phase (mol/L) 

pH0 Initial pH value of 4-HBA 

pHaq Final pH value of the aqueous phase  

KDHBA Distribution coefficient 

%EHBA Extraction efficiency of the solvent 

P Partition coefficient 

D Dimerization coefficient 

Acknowledgements 

The authors are grateful to the Department of Chemical 

Engineering, Guru Ghasidas Vishwavidyalaya (Central 

University of India), Bilaspur, India for providing the 

facilities to conduct the present study. 

REFERENCES 

[1] Da Silva, A.P.G.; Sganzerla, W.G.; John, O.D.; 

Marchiosi, R.: A comprehensive review of the 

classification, sources, biosynthesis, and biological 

properties of hydroxybenzoic and hydroxycinnamic 

acids, Phytochem. Rev., 2023, DOI: 10.1007/s11101-023-

09891-y 
[2] Cory, H.; Passarelli, S.; Szeto, J.; Tamez, M.; 

Mattei, J.: The role of polyphenols in human health 

and food systems: A mini-review, Front. Nutr., 

2018, 5, 87, DOI: 10.3389/fnut.2018.00087 

[3] Gulsunoglu, Z.; Karbancioglu-Guler, F.; Raes, K.; 

Kilic-Akyilmaz, M.: Soluble and insoluble-bound 

phenolics and antioxidant activity of various 

industrial plant wastes, Int. J. Food Prop., 2019, 

22(1), 1501–1510, DOI: 10.1080/10942912.2019.1656233 

[4] Zacharof, M.-P.: Grape winery waste as feedstock 

for bioconversions: Applying the biorefinery 

concept, Waste Biomass Valori., 2017, 8(4), 

1011–1025, DOI: 10.1007/s12649-016-9674-2 

[5] Valanciene, E.; Jonuskiene, I.; Syrpas, M.; 

Augustiniene, E.; Matulis, P.; Simonavicius, A.; 

Malys, N.: Advances and prospects of 

phenolic acids production, biorefinery and 

analysis, Biomolecules, 2020,  10(6), 874, 
DOI: 10.3390/biom10060874 

[6] Wang, S.; Bilal, M.; Hu, H.; Wang, W.; Zhang, X.: 

4-Hydroxybenzoic acid - a versatile platform 

intermediate for value-added compounds, Appl. 

Microbiol. Biotechnol., 2018, 102(8), 3561–3571, 
DOI: 10.1007/s00253-018-8815-x 

[7] Kalli, E.; Lappa, I.; Bouchagier, P.; Tarantilis, P.A.; 

Skotti, E.: Novel application and industrial 

exploitation of winery by-products, Bioresour. 

Bioprocess., 2018, 5(1), 46, DOI: 10.1186/s40643-018-

0232-6 
[8] Oliveira, C.M.; Horta, B.; Leal, T.; Pintado, M.; 

Oliveira, C.S.S.: Valorization of spent sugarcane 

fermentation broth as a source of phenolic 

compounds, Processes, 2022, 10(7), 1339, 
DOI: 10.3390/pr10071339 

[9] Araújo, M.; Pimentel, F.B.; Alves, R.C.; Oliveira, 

M.B.P.P.: Phenolic compounds from olive mill 

wastes: Health effects, analytical approach 

and application as food antioxidants, Trends 

Food Sci. Technol., 2015, 45(2), 200–211, 
DOI: 10.1016/j.tifs.2015.06.010 

[10] Del Pozo, C.; Bartrolí, J.; Puy, N.; Fàbregas, E.: 

Separation of value-added chemical groups from 

bio-oil of olive mill waste, Ind. Crops Prod., 2018, 

125, 160–167, DOI: 10.1016/j.indcrop.2018.08.062 

[11] Tapia-Quirós, P.; Montenegro-Landívar, M.F.; 

Reig, M.; Vecino, X.; Alvarino, T.; Cortina, J.L.; 

Saurina, J.; Granados, M.: Olive mill and winery 

wastes as viable sources of bioactive compounds: A 

study on polyphenols recovery, Antioxidants, 2020, 

9(11), 1074, DOI: 10.3390/antiox9111074 

[12] De, B.S.; Wasewar, K.L.; Dhongde, V.: Extractive 

separation of protocatechuic acid using natural non-

toxic solvents and conventional solvents, 

Chem. Data Collect., 2018, 15–16, 244–253, 
DOI: 10.1016/j.cdc.2018.07.001 

[13] Djas, M.; Henczka, M.: Reactive extraction of 

carboxylic acids using organic solvents and 

supercritical fluids: A review, Sep. Purif. Technol., 

(2018), 201, 106–119, DOI: 10.1016/j.seppur.2018.02.010 

[14] Wasewar, K.L.: Reactive extraction: An 

intensifying approach for carboxylic acid 

separation, Int. J. Chem. Eng. Appl., 2012, 3(4), 

249–255, DOI: 10.7763/ijcea.2012.v3.195 

[15] Kumar, S.; Pandey, S.; Wasewar, K.L.; Ak, N.; 

Uslu, H.: Reactive extraction as an intensifying 

approach for the recovery of organic acids 

from aqueous solution: A comprehensive review on 

experimental and theoretical studies, J. Chem. 

Eng. Data, 2021, 66(4), 1557–1573, 
DOI: 10.1021/acs.jced.0c00405 

[16] Joshi, A.N.; Chandrakar, A.K.; Wasewar, K.L.: 

Extractive separation of 4-hydroxybenzoic acid 

from aqueous solution using nontoxic and 

conventional solvents, Chem. Data Collect., 2021, 

36, 100782, DOI: 10.1016/j.cdc.2021.100782 

https://doi.org/10.1007/s11101-023-09891-y
https://doi.org/10.1007/s11101-023-09891-y
https://doi.org/10.3389/fnut.2018.00087
https://doi.org/10.1080/10942912.2019.1656233
https://doi.org/10.1007/s12649-016-9674-2
https://doi.org/10.3390/biom10060874
https://doi.org/10.1007/s00253-018-8815-x
https://doi.org/10.1186/s40643-018-0232-6
https://doi.org/10.1186/s40643-018-0232-6
https://doi.org/10.3390/pr10071339
https://doi.org/10.1016/j.tifs.2015.06.010
https://doi.org/10.1016/j.indcrop.2018.08.062
https://doi.org/10.3390/antiox9111074
https://doi.org/10.1016/j.cdc.2018.07.001
https://doi.org/10.1016/j.seppur.2018.02.010
https://doi.org/10.7763/ijcea.2012.v3.195
https://doi.org/10.1021/acs.jced.0c00405
https://doi.org/10.1016/j.cdc.2021.100782


  YADAV, CHANDRAKAR AND WASEWAR 

Hungarian Journal of Industry and Chemistry 

18 

[17] Mukherjee, S.; Munshi, B.: Reactive extraction of 

propionic acid by using tri-octyl amine in edible 

oils, Biomass Convers. Biorefin., 2024, 14(6), 

8029–8039, DOI: 10.1007/s13399-022-02883-6 

[18] Virág, L.; Bocsi, R.; Pethő, D.: Study on adsorption 

of essential oils on polylactic acid microparticles, 

Hung. J. Ind. Chem., 2022, 50(2), 43–49, 
DOI: 10.33927/hjic-2022-17 

[19] Sprakel, L.M.J.; Schuur, B.: Solvent developments 

for liquid-liquid extraction of carboxylic acids in 

perspective, Sep. Purif. Technol., 2019, 211, 935–

957, DOI: 10.1016/j.seppur.2018.10.023 

[20] Demmelmayer, P.; Kienberger, M.: Reactive 

extraction of lactic acid from sweet sorghum silage 

press juice, Sep. Purif. Technol., 2022, 282, 120090, 
DOI: 10.1016/j.seppur.2021.120090 

[21] Mukherjee, S.; Munshi, B.: Reactive extraction of 

butyric acid from effluent streams and fermentation 

broth by using tri-n-octyl amine in decanol/natural 

oils, Biomass Convers. Biorefin., 2024, 14(3), 

3439–3451, DOI: 10.1007/s13399-022-02504-2 

[22] Gök, A.: Experimental design of reactive extraction 

of levulinic acid using green solvents, 

J. Nat. Appl. Sci., 2019, 23(3), 878–884, 
DOI: 10.19113/sdufenbed.524747 

[23] Aras, S.; Demir, Ö.; Gök, A.; Santos, D.; Kırbaşlar, 

S.İ.: The recovery of gallic acid with 

triphenylphosphine oxide in different kind of 

solvents, J. Indian Chem. Soc., 2023, 100(1), 

100846, DOI: 10.1016/j.jics.2022.100846 

[24] Gadekar-Shinde, S.; Bhashkar, R.K.; Gaikwad, S.: 

Reactive extraction of caproic acid using tri 

n-octylamine + 2 octanol system, Mater. 

Today: Proc., 2023, 72, 260–267, 
DOI: 10.1016/j.matpr.2022.07.265 

[25] Kumar, A.; Shende, D. Z.; Wasewar, K. L.: 

Sustainable process development for the recovery of 

biobased levulinic acid through reactive extraction, 

J. Chem. Technol. Biotechnol., 2023, 98(2), 516–

525, DOI: 10.1002/jctb.7265 

[26] Mokashi, A.T.; Patil, K.D.; Kodolikar, S.P.; Topare, 

N.S.: Recovery of pyruvic acid: A theoretical 

approach for selection of solvents for reactive 

extraction, Mater. Today: Proc., 2022, 51, 66–73, 
DOI: 10.1016/j.matpr.2021.04.493 

[27] Pandey, S.; Kumar, S.: Reactive extraction of gallic 

acid using aminic and phosphoric extractants 

dissolved in different diluents: Effect of solvent’s 

polarity and column design, Ind. Eng. Chem. Res., 

2018, 57(8), 2976–2987, DOI: 10.1021/acs.iecr.7b05110 

[28] İsayev, İ.; Demir, Ö.; Gök, A.; Kırbaşlar, Ş. İ.: 

Reactive extraction of protocatechuic acid by di-n-

octylamine and optimization with Box–Behnken 

design, Indian Chem. Eng., 2023, 65(6), 495–510, 
DOI: 10.1080/00194506.2023.2214150 

[29] Joshi, A.N.; Chandrakar, A.K.; Wasewar, K.L.: 

Reactive extraction of 4 hydroxybenzoic acid using 

tri-n-butyl phosphate in toluene and petroleum ether 

at 298 K, J. Chem. Eng. Data, 2022, 67(9), 2505–

2513, DOI: 10.1021/acs.jced.2c00269 

[30] Wasewar, K.L.; Shende, D.; Keshav, A.: Reactive 

extraction of itaconic acid using quaternary amine 

Aliquat 336 in ethyl acetate, toluene, hexane, and 

kerosene, Ind. Eng. Chem. Res., 2011, 50(2), 1003–

1011, DOI: 10.1021/ie1011883 

[31] Antony, F.M.; Wasewar, K.L.: Experimental 

investigation on recovery of bio‐based 

protocatechuic acid using ionic liquids, J. Chem. 

Technol. Biotechnol., 2022, 97(11), 3144–3151, 
DOI: 10.1002/jctb.7181 

[32] Joshi, A.N.; Chandrakar, A.K.; Wasewar, K.L.: 

Efficacy of natural oils and conventional chemicals 

in the physical extraction of 4-hydroxybenzoic acid 

from aqueous solution, J. Indian Chem. Soc., 2022, 

99(8), 100636, DOI: 10.1016/j.jics.2022.100636 

[33] Eshwar, D.S.; Antony, F.M.; Kumar, A.; Wasewar, 

K.L.: Extraction equilibrium of vanillic acid using 

natural solvents, Chem. Data Collect., 2023, 44, 

101007, DOI: 10.1016/j.cdc.2023.101007 

[34] Sevindik, Y.E.; Gök, A.; Lalikoglu, M.; Gülgün, S.; 

Güven, E.Y.; Gürkaş-Aydın, Z.; Yağcı, M.Y.; 

Turna, Ö.C.; Aydın, M.A.; Aşçı, Y.S.: Investigation 

of the effectiveness of edible oils as solvent in 

reactive extraction of some hydroxycarboxylic acids 

and modeling with multiple artificial intelligence 

models, Biomass Convers. Biorefin., 2023, 13(14), 

13253–13265, DOI: 10.1007/s13399-023-03853-2 

[35] Bhanot, L.; Kumar, A.; Shende, D.; Wasewar, K.: 

Extraction of the food additive tartaric acid using 

octanol, methyl isobutyl ketone, kerosene, mustard 

oil, and groundnut oil, Hung. J. Ind. Chem., 2023, 

51(2), 15–20, DOI: 10.33927/hjic-2023-13 

[36] Arockiam, P.; Poirier, V.; Fischmeister, C.; 

Bruneau, C.; Dixneuf, P.H.: Diethyl carbonate as a 

solvent for ruthenium catalysed C–H bond 

functionalization, Green Chem., 2009, 11(11), 

1871–1875, DOI: 10.1039/b913115a 

[37] Riaz, T.; Iqbal, M.W.; Mahmood, S.; Yasmin, I.; 

Leghari, A.A.; Rehman, A.; Mushtaq, A.; Ali, K.; 

Azam, M.; Bilal, M.: Cottonseed oil: A review of 

extraction techniques, physicochemical, 

functional, and nutritional properties, Crit. Rev. 

Food Sci. Nutr., 2023, 63(9), 1219–1237, 
DOI: 10.1080/10408398.2021.1963206 

[38] Reyes-García, F.; Iglesias-Silva, G.A.: Densities 

and viscosities of corn oil + n-alkanes blends 

from (288.15 to 343.15) K at 0.1 MPa, J. Chem. 

Eng. Data, 2017, 62(9), 2726–2739, 
DOI: 10.1021/acs.jced.7b00121 

[39] Šegatin, N.; Žontar, T.P.; Ulrih, N.P.: Dielectric 

properties and dipole moment of edible oils 

subjected to ‘frying’ thermal treatment, Foods, 

2020, 9(7), 900, DOI: 10.3390/foods9070900 

 

 

https://doi.org/10.1007/s13399-022-02883-6
https://doi.org/10.33927/hjic-2022-17
https://doi.org/10.1016/j.seppur.2018.10.023
https://doi.org/10.1016/j.seppur.2021.120090
https://doi.org/10.1007/s13399-022-02504-2
https://doi.org/10.19113/sdufenbed.524747
https://doi.org/10.1016/j.jics.2022.100846
https://doi.org/10.1016/j.matpr.2022.07.265
https://doi.org/10.1002/jctb.7265
https://doi.org/10.1016/j.matpr.2021.04.493
https://doi.org/10.1021/acs.iecr.7b05110
https://doi.org/10.1080/00194506.2023.2214150
https://doi.org/10.1021/acs.jced.2c00269
https://doi.org/10.1021/ie1011883
https://doi.org/10.1002/jctb.7181
https://doi.org/10.1016/j.jics.2022.100636
https://doi.org/10.1016/j.cdc.2023.101007
https://doi.org/10.1007/s13399-023-03853-2
https://doi.org/10.33927/hjic-2023-13
https://doi.org/10.1039/b913115a
https://doi.org/10.1080/10408398.2021.1963206
https://doi.org/10.1021/acs.jced.7b00121
https://doi.org/10.3390/foods9070900

