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Abstract This work addresses the development of green formulation for phosphorus compound 

removal from aqueous solution via solvent extraction process. Several types of extractants, 

diluents and stripping agents were experimentally investigated and the best formulation was 

determined. Additionally, other parameters investigated were extractant and stripping agent 

concentrations. Results showed that TOMAC, a mixture of palm oil (PO) and sunflower oil (SO) as 

well as sodium chloride (NaCl) turned out to be the best extractant, diluent and stripping agent, 

respectively. Almost 100% of 50 ppm of phosphorus were successfully extracted under optimum 

conditions of 0.3 M TOMAC in a mixture of 50% PO + 50% SO. Fourier-transform infrared 

spectroscopy (FTIR) analysis confirmed the intermolecular bonding formation between 

phosphorus, vegetable oils and TOMAC molecules. Meanwhile, almost 96.5% of phosphorus can 

be recovered using 1.0 M NaCl in two stages of stripping process. Stoichiometric studies showed 

that about one mole of TOMAC and NaCl were involved during the extraction and stripping 

reaction of phosphorus, respectively. It can be concluded that the solvent extraction with new 

green formulation containing TOMAC in interaction with vegetable oils seems to be one of the 

novel sustainable approaches in removing phosphorus from agricultural wastewater. 
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Introduction 
 

Phosphorus is synonymous with agriculture, being essential to crop growth. However, the uncontrolled 
use of phosphorus as fertilisers can be harmful to the environment due to intensive farming practices 
and excessive use of fertilisers. These extreme practices result in high volumes of agricultural drainage 
water that is heavily contaminated with phosphorus. The excess of phosphorus in wastewater has a 
detrimental effect towards biodiversity of aquatic environments since it accelerates eutrophication, which 
reduces water supplies and is potentially harmful the human health because of the formation of 
cyanotoxins [1-2]. Eutrophication occurs when the phosphorus concentration in water bodies rises above 
0.02mg/L [3]. Industrial wastewater streams have phosphorus levels higher than 10 mg/L, while 
municipal wastewater and civic sewage have phosphorous concentrations of 4 to 15 mg/L [4]. Nguyen 
et al. [5] studied the effect of initial influent phosphorus concentration up to 15.5 mg/L.  In order to protect 
water bodies from this undesired phenomenon, several nations have restricted the standard discharge 
of effluent for the total phosphorus within the ranges of between 0.5 to 1.0 mg/L [6-7]. 

 

A major issue that the world is facing is reducing or eliminating phosphorus from water resources.  
Basically, a number of techniques have been used to remove phosphorus from wastewater, including 
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crystallisation, non-aqueous phase extraction, microalgae membrane, adsorption, electrocoagulation, 
electrochemical, sorption, membrane filtration and reverse osmosis [1-11]. Of these, solvent extraction 
is considered as an attractive option, owing to its simple operation, low cost as well as potential for 
phosphorus removal and recovery [12-14]. This technique uses a carrier or extractant that is dependent 
on the kind of targeted compounds or ions that need to be removed [15-16]. Amongst the common 
extractants used in solvent extraction include bis (2,4,4-trimethylpentyl) monothiophosphinic acid 
(Cyanex 302), bis-(2,4,4-trimethylpentyl) phosphinic acid (Cyanex 272), bis-2-ethylhexyl phosphoric acid 
(D2EHPA), triethanolamine (TEA), trioctylamine (TOA), TOMAC, octanol, and tributylphosphate (TBP). 
The abovementioned extractants can be categorised as acidic, basic and solvating or neutral extractants. 
The acidic extractant has potential to extract the cation via cation exchange mechanism. Meanwhile, the 
basic extractant can effectively extract the anionic compound through anionic exchange mechanism [17]. 
Likewise, the stripping agent in solvent extraction also plays an important role in stripping or recovering 
the extracted targeted compound. Similarly, the acidic and basic stripping agents are preferable for 
cation and anion compounds, respectively. Another crucial component in the solvent extraction process 
is the diluent. Several studies claimed that the use of vegetable oil over traditional petroleum-based 
organic in solute extraction has great potential in reducing chemical consumption and encouraging a 
greener process [18]. 

 

Based on the literatures, very little information has been reported on the solvent extraction of 
phosphorus. A previous study reported that phosphorus was effectively extracted using primary amine 
and TBP in kerosene from weakly alkaline solutions. The loaded organic phase was stripped with dilute 
sodium hydroxide solution [16]. On the other hand, Mu et al. [19] addressed the extraction of phosphorus 
from a sulfuric acid solution using trialkyl phosphine oxides (Cyanex 923) diluted in heptane. Phosphorus 
could mutually reinforce the extraction by Cyanex 923 in sulfuric media. Throughout these works, it can 
be inferred that phosphorus has been predominantly extracted using primary amine and solvating 
extractants (TBP and Cyanex 923). However, the use of vegetables oils as another green substitute in 
solvent extraction of phosphorus has not been studied yet so far. Likewise, the use of TOMAC, another 
amine based extractant for phosphorus extraction has not been reported either. 

 

Therefore, the main goal of this study is to address this lack of information by developing a new green 
formulation for solvent extraction of phosphorus using TOMAC-vegetable oils system from aqueous 
solution. Several variables, namely extractant types and concentrations, composition of vegetable oils, 
as well as stripping agent types and concentrations were evaluated to find the optimum conditions for 
phosphorus extraction. 

 
Materials and Methods 

 

Materials 
Potassium dihydrogen phosphate (KH2PO4) as feed phase was obtained from Merck. Extractants 
investigated were Cyanex 272 (90% purity, Fluka), D2EHPA (≥95% purity, Sigma), TEA (99% purity, 
Sigma), TOA (99% purity, Sigma), TOMAC (99% purity, Sigma), octanol (99% purity, Sigma), and TBP 
(99% purity, Sigma). Kerosene as organic diluent was acquired from Sigma. Meanwhile, cooking PO 
(Buruh) was supplied by Lam Soon Edible Oils and SO was purchased from Yee Lee Edible Oils. Next, 
stripping agents inspected were NaCl (99% purity, Bendosen), potassium chloride (KCl) (99% purity, 
Bendosen), and sodium hydroxide (NaOH) (99% purity, Merck). Then, reagents used for molybdenum 
blue method for phosphorus analysis were antimony potassium tartrate (99% purity, Sigma), ammonium 
molybdate (99% purity, Acros), ascorbic acid (99% purity, Merck) and sulfuric acid (98% purity, Merck). 
All abovementioned chemicals and reagents are analytical grades that do not require further 
purifications. Subsequently, equipment used in this work include a pH Meter (Horiba model) for pH 
measurement of the aqueous solutions, a mechanical shaker (IKA, Germany) for the equilibrium 
experiments as well as UV-Vis Spectrophotometer (Spectrum lab 750 PRO) for the analysis of the 
phosphorus concentration. Meanwhile, FTIR was used for analysis of organic phases before and after 
extraction to confirm the reaction mechanism that occurred during the extraction process. 

 

Solvent Extraction of Phosphorus 
Solvent extraction of phosphorus was conducted by equilibrating equal volumes (10 mL) of 50 ppm 
simulated phosphorus aqueous solution (pH 5.63) and organic phase (TOMAC in kerosene) in stoppered 
250 mL conical flask for 18 h by means of a mechanical shaker at 320 rpm agitation speed. Thereafter, 
this homogenous mixture solution was then carefully poured into a separating funnel and left for 30 min 
for phase separation. As a result, both aqueous and organic phases were obtained. The organic phase 
was loaded with phosphorus extracted from the aqueous phase whereas the aqueous phase may 



 

10.11113/mjfas.v19n5.3053 771 

Raja Sulaiman et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 19 (2023) 769-780 

contain untreated phosphorus. The phosphate concentration in aqueous phase was analysed by UV-Vis 
spectrophotometer (wavelength: 880 nm) using molybdenum blue method [20-21].  Similarly, the 
extraction procedures were repeated for other types of extractants (D2EHPA, Cyanex 272, octanol, TBP, 
TOA, and TEA), extractant concentrations (0.05 to 1.0M) as well as diluents (PO and SO, mixture of PO 
and SO). Then, the organic phase (extractant in diluent) with the highest extraction of phosphorus was 
used in the next stripping process. Throughout stripping process, equal volumes (10 mL) of the 
phosphorus-loaded organic phase (from extraction part) and aqueous 0.3M NaCl solution were 
equilibrated at 320 rpm agitation speed for a duration of 18 h using a mechanical shaker. After the phase 
separation process, the aqueous part was analysed for phosphorus concentration using UV-Vis 
spectrophotometer. The stripping procedures were repeated for other types of stripping agents (KCl and 
NaOH) and concentrations (0.3 to 3.0M). All of the samples were measured in duplicate and were 
implemented at room temperature (25±1ºC). On the other hand, in order to study the extraction 
mechanism among the phosphorus, vegetable oils and extractant complexes, the organic phases before 
and after extraction were analysed using FTIR. 

 

Data Analysis 
In the solvent extraction process, the analysis was carried out in duplicate for each run with standard 
error requirement of less than 1%. The percentage of extraction and stripping of phosphorus were 
calculated using Eqs. (1) and (2). Meanwhile, and distribution ratio was determined as Eq. (3). 

. 
 

Extraction (%) = 𝐶𝑖 − 𝐶𝑎𝑞

𝐶𝑖
 𝑥 100 

(1) 

Stripping (%) = 𝐶𝑠

𝐶𝑜𝑟𝑔
 𝑥 100 

(2) 

Distribution ratio, 𝐷 = 𝐶𝑜𝑟𝑔

𝐶𝑎𝑞
 

(3) 

 

where 𝐶𝑖 is the initial phosphorus concentration in aqueous feed phase (ppm), 𝐶𝑎𝑞 is the phosphorus 

concentration in aqueous feed phase after extraction (ppm), 𝐶𝑠 is the phosphorus concentration in 

aqueous stripping phase after extraction (ppm), and 𝐶𝑜𝑟𝑔 is the phosphorus concentration in organic 

phase after extraction (ppm). 

 
Results and Discussion 

 

Effect of Extractants Types Towards Phosphorus Extraction   
The effect of different types of extractants towards phosphorus extraction were investigated as depicted 
in Table 1. It can be perceived that all types of extractants except TOMAC showed almost negligible 
effect towards phosphorus extraction. Throughout this study, the acidic extractants used were D2EHPA 
and Cyanex 272 which are phosphoric and phosphinic acids, respectively. These acidic extractants are 
pH dependent which would predominantly extract the cationic compounds in highly acidic aqueous 
solution [22]. Hence, it is not suitable for phosphorus extraction which is only slightly acidic (pH:5.63) 
and exist in anionic compound in aqueous media solution. As for solvating extractants which are weakly 
basic in nature, they can extract either neutral metal complexes or acids via solvation [12]. Likewise, 
some basic extractants showed insignificant effect towards phosphorus extraction. This could be 
explained by the fact that the amine based extractants such as TOA and TEA are more suitable for the 
extraction of anion complexes from basic solutions via anion exchange process [23]. 

 

On the other hand, TOMAC showed the highest magnitude of efficiency towards phosphorus extraction 
(92%). TOMAC ( 𝑁𝑅4𝐶𝑙 ) is also known as ionic liquid comprising of organic cations combined with ions 

of organic or inorganic nature [24]. Ammonium structure (𝑁𝑅4
+ ) in TOMAC has a permanent positive 

charge which can form salt with anionic compounds [19]. Meanwhile, several anionic phosphorus 
species predominantly exist in the acidic, neutral and alkaline mediums which are dihydrogen phosphate 

( 𝐻2𝑃𝑂4
−), hydrogen phosphate (𝐻𝑃𝑂4

2−) and phosphate (𝑃𝑂4
3−), respectively [25]. In this work, 𝐻2𝑃𝑂4

−  
seems to be dominant in slightly acidic solution. By reaction mechanism, both 𝐻2𝑃𝑂4

− and TOMAC are 
hard bases, hence there is no electrostatic interaction attraction between them [19, 26]. Thus, the 

feasible reaction mechanism of 𝐻2𝑃𝑂4
−  extraction by 𝑁𝑅4𝐶𝑙 in the aqueous feed/organic interphase 

could be controlled by ion exchange with chloride,  𝐶𝑙− [26]. Based on the maximum extraction efficiency 
of phosphorus, TOMAC was employed as an extractant for further experiment. 
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Table 1. Effect of different types of extractants towards phosphorus extraction (Experimental conditions: [Phosphorus]: 50 mg/L; pH: 
5.63; [Extractant]: 1.0M; diluent: kerosene; aqueous waste volume: 10 mL; organic volume: 10 mL; temperature: 25±1ºC; duration: 18 
hours; agitation speed: 320 rpm).  

 

List of extractants Type Extraction(%) 

D2EHPA Acidic 6 

Cyanex 272 Acidic 0 

Octanol Solvating 2 

TBP Solvating 0 

TOA Basic 0 

TEA Basic 0 

TOMAC Basic 92 

 
Effect of Diluent Types Towards Phosphorus Extraction  
The viability of using vegetable oil as a diluent in phosphorus extraction is another focus of this work. 
Figure 1 illustrates the effect that different types of diluent such as kerosene, PO, SO, as well as the 
mixture of PO and SO have on phosphorus extraction. The viscosity data for these diluents is tabulated 
in Table 2. Results indicate that using 100% PO and SO individually as diluents provided 74 and 87% of 
phosphorus extraction, respectively. PO provided quite low extraction compared to other types of diluent, 
perhaps due to one of its features which is being rich in unsaturated triglycerides, hence promoting high 
viscosity (p=83.06 cP) [27]. This is in line with the research done by Siddique et al. [28] who claimed that 
viscosity increases with high saturation and polymerisation. Such feature allows the oil to be 
accumulated more easily in the aqueous feed/organic interphase, thus limiting the complexation between 
the phosphorus and extractant [1]. On the other hand, SO has higher unsaturated fat with lower viscosity 
compared to PO (p = 44.02 cP). An observation by Kim et al. [29] suggest that the loosely packed 
structure of oils with more double bonds or unsaturated fat made them appear to have lower viscosity. 
This allows them to easily dilute the extractant as well as increase the number of ionic extractant for 
complexation with phosphorus at the organic/aqueous feed interphase. However, upon mixing of PO 
and SO by 50%, the extraction of phosphorus significantly increased up to 93%. According to Noraini et 
al. [30], the amount of palmitic acid in PO significantly decreased with high amount of SO (above 30%) 
through the blended mixture of SO and PO. Such mixture reduces the viscosity (p=62.45 cP) of the 
diluent as well as offers high degree of unsaturation for palm oil which promotes more ionic extractant 
for complexation with phosphorus. As observed, the extraction result using mixture of vegetable oils as 
diluent (94%) was comparable to the extraction result using kerosene (94%). Kerosene is a petroleum-
based diluent which is frequently hazardous, non-renewable, non-biodegradable, combustible, and 
volatile in nature [27]. The vegetable oil with favourable characteristics of being biodegradable, nontoxic, 
inflammable, and renewable is the best substitute for the conventional kerosene in phosphorus 
extraction. Thus, mixture of SO and PO by 50% was used as diluent for subsequent experiments. 

 
Figure 1. Effect of diluent types towards phosphorus extraction (Experimental conditions: [Phosphorus]: 
50 mg/L; pH: 5.63; [TOMAC]: 1.0 M; diluent: vegetable oils and kerosene; aqueous waste volume: 10 
mL; organic volume: 10 mL; temperature: 25 ± 1ºC; duration: 18 hours; agitation speed: 320 rpm) 
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Table 2. Viscosity data for the different types of diluent 

 

Types of diluents Viscosity (cP) 

kerosene 1.64 

100% PO 83.06 

100% SO 44.02 

50%  PO + 50% SO 62.45 

 
Effect of Stripping Agent Type Towards Phosphorus Stripping 
The recovery part is just as important as the extraction part in order to strip out or recover the targeted 
solute in the solvent extraction process. Therefore, the selection of suitable stripping agent is key to the 
high recovery or stripping the targeted solute from the loaded organic phase. Since the phosphorus 
appears as an inorganic anion in the aqueous media, the neutral and basic solutions have potential as 
stripping agents. It has been reported that aqueous NaOH solutions which is a strong Lewis base are 
effective recovery agents for phosphorus compounds [21, 31]. Besides, it has been found that NaCl is 
not only efficient in phosphorus recovery but is also cost-friendly [32]. Thus, throughout this study, 
several potential stripping agents were evaluated, namely NaOH, NaCl and KCl as exhibited in Figure 
2. Notably, NaCl appeared as the best stripping agent, generating high stripping percentage of 
phosphorus compound (59%). Referring to the hard soft acid base theory (HSAB), hard-hard interaction 
between hard acid and hard base offers strong ionic bonding [19-20]. Phosphorus and alkali metal ion 
(such as Na, K) are hard base and hard acid, respectively, hence forming strong ionic bonding among 

each other. Sodium ion, 𝑁𝑎+ with smaller radii compared to potassium ion, 𝐾+ provides high hardness 
a well as forming strong ionic interaction with phosphorus compound at the organic/aqueous stripping 
interphase [33]. Conversely, KCl showed low stripping percentage because the ionic radius increases 
with increasing period, hence 𝐾+ is a softer acid compared to 𝑁𝑎+. Such feature weakens the ionic 

interaction between 𝐾+ and the phosphorus in the organic/aqueous stripping interphase. Likewise, 
NaOH also offered low stripping percentage which was almost half (33%) of that achieved by NaCl 
(59%). This could be explained by the fact that hydroxide ion, 𝑂𝐻− is a harder base compared to 

phosphorus, hence its interaction with  𝑁𝑎+ is more dominant compared to the interaction between 

phosphorus and 𝑁𝑎+. Such competition lowers the interaction among phosphorus and  𝑁𝑎+, thus 
lowering the stripping performance (33%) [33]. Clearly, NaCl is preferable as the best stripping agent for 
phosphorus in this experiment. 

 

 
 

Figure 2. Effect of stripping agent types towards phosphorus extraction (Experimental conditions: 
[Phosphorus]: 50 mg/L; pH: 5.63; [TOMAC]: 1.0 M; diluent: mixture of vegetable oils; aqueous waste 
volume: 10 mL; organic volume: 10 mL; temperature: 25 ± 1ºC; duration: 18 hours; agitation speed: 
320 rpm) 

 
Effect of TOMAC Concentrations Towards Phosphorus 
Extraction 
Figure 3 depicts the effect of various TOMAC concentrations towards phosphorus extraction from 0.05 
to 1.0M. Upon increasing the TOMAC concentration from 0.05 to 0.3M, the phosphorus extraction 
increased from 26 to 100%, respectively. Beyond 0.3M, the extraction provided insignificant change, 
showing that the extraction was reaching a plateau stage. Obviously, 0.3M of TOMAC is sufficient for 
the complexation with 50 ppm phosphorus from the aqueous phase.  
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Figure 3. Effect of different TOMAC concentrations towards phosphorus extraction (Experimental 
conditions: [Phosphorus]: 50 mg/L; pH: 5.63; diluent: mixture of vegetable oils; aqueous waste volume: 
10 mL; organic volume: 10 mL; temperature: 25 ± 1ºC; duration: 18 hours; agitation speed: 320 rpm) 

 
Subsequently, a stoichiometry study was performed to determine the number of moles of TOMAC that 
was involved in the phosphorus extraction. Assuming that a single complex is formed between 1 mol of 
phosphorus and 𝑛 mol TOMAC, the extraction mechanism of phosphorus can be designated by Eq. (4): 

 

𝐻2𝑃𝑂4
− (𝑎𝑞) + 𝑛𝑁𝑅4𝐶𝑙 (𝑜𝑟𝑔) → (𝑁𝑅4)𝑛 𝐻2𝑃𝑂4(𝑜𝑟𝑔) +  𝑛𝐶𝑙−(𝑎𝑞)       (4) 

 

where 𝑛𝑁𝑅4𝐶𝑙 is TOMAC in organic phase, (𝑁𝑅4)𝑛 𝐻2𝑃𝑂4(𝑜𝑟𝑔) is phosphorus-TOMAC complex in 

organic phase, and 𝑛 is the number of moles of TOMAC involved during extraction reaction. The 

equilibrium constant,  𝐾𝑒𝑞  in the form of equilibrium concentrations, can be expressed as Eq. (5): 

 

𝐾𝑒𝑞 =  
[(𝑁𝑅4 )𝑛𝐻2𝑃𝑂4  
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅]⌈𝐶𝑙−⌉𝑛  

⌊𝐻2𝑃𝑂4
−⌋ [𝑁𝑅4𝐶𝑙̅̅ ̅̅ ̅̅ ̅̅ ]

𝑛            (5) 

 

The amount of phosphorus extracted was evaluated by the distribution ratio, 𝐷 of the phosphorus, in the 
aqueous and organic phases, as abovementioned in Eq. (3). Then, the relationship between the 
distribution ratio and the extraction constant, 𝐾𝑒𝑞 is as shown in Eq. (6)  

 

𝑙𝑜𝑔 𝐷 = 𝑛 𝑙𝑜𝑔⌈𝑁𝑅4𝐶𝑙⌉ + 𝑙𝑜𝑔 [
𝐾𝑒𝑞

[𝐶𝑙−]
]        (6) 

 

Using these equilibrium conditions and the distribution ratio, the stoichiometry of the phosphorus-
TOMAC during extraction reaction can be obtained. The stoichiometry study was performed to determine 
the 𝑛 of TOMAC involved in the phosphorus extraction by plotting log 𝐷 vs. log [𝑁𝑅4𝐶𝑙] as shown in 

Figure 4. It was observed that the graph gives a straight line with a slope, 𝑛 of 1.4, indicating that about 
one mole of TOMAC complex was involved in the phosphorus-TOMAC reaction. The reaction equation 
of phosphorus extraction with TOMAC is illustrated in Eq. (7).   

 

𝐻2𝑃𝑂4
− (𝑎𝑞)+ 𝑁𝑅4𝐶𝑙 (𝑜𝑟𝑔) → (𝑁𝑅4) 𝐻2𝑃𝑂4(𝑜𝑟𝑔) +  𝐶𝑙−(𝑎𝑞)       (7) 
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Figure 4. Stoichiometric plot for the equilibrium extraction of phosphorus using TOMAC as extractant 

 
FTIR Analysis  
FTIR analysis was done for both organic phases before and after the extraction of phosphorus to support 

the extraction mechanism as portrayed in Figure 5. Meanwhile, the structures of TOMAC, 𝐻𝑃𝑂4
2− and 

vegetable oils are shown in Figure 6. As observed, the IR spectra of organic phase after the extraction 
slightly differs with the one before the extraction in the range of 4000-650 cm−1, suggesting the formation 
of phosphorus-TOMAC complex after the extraction. Figure 5(A) illustrates the IR spectra of TOMAC, 
vegetables oil and interaction of TOMAC and vegetable oils. As can be seen in Figure 5(A), a strong 
band at 721.89 cm− 1 corresponds to the C-H bond of monosubstituted R groups (C-H3) for alkane in 
TOMAC molecules. The band of 967.18 cm− 1 signifies the C=C bending of unsaturated bond (alkene) 
in vegetable oils molecules. Meanwhile, the strong band of 1161.00 cm− 1 signifies strong C-O stretching 
for ester in SO. The medium bands at 1098.26, 1118.29 and 1235.60 cm− 1 correspond to C-N stretching 
in TOMAC molecules. The weak band of 1376.96 cm− 1 signifies the O-H bending of alcohol group in 
vegetable oils molecules. Then, the strong band at 1461.89 cm− 1 refers to the C-H bending of methylene 
group (−CH₂−) in alkane for TOMAC and vegetable oil molecules [34]. The strong band of 1744.18 cm− 

1 denotes the C=O stretching for ester in SO molecule. The weak band of 3008.27 cm− 1 represents the 
intramolecular bonded of O-H stretching in alcohol group of vegetable oil molecules. Meanwhile, the 
broad band of 3389.82 cm− 1 specifies the O-H stretching from vegetable oils for intermolecular hydrogen 
bonded with nitrogen from TOMAC molecules. Likewise, the strong bands at 2854.08 and 2923.12 cm− 

1 represent the intermolecular bonding of N-H stretching from TOMAC, suggesting hydrogen bonded with 
vegetables oils.  Referring to Figure 5(B), it can be observed the abovementioned band indicating 
intermolecular TOMAC/ vegetable oil molecules (3389.82 cm− 1) has shifted to the broad band and higher 
intensity at 3415 cm−1 after the extraction, signifying their intermolecular bonding formation between 
phosphorus molecules. 
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Figure 5. FTIR spectra of the organic phases before (A) and after (B) extraction with phosphorus using 
TOMAC in vegetable oils system 

 

 

 

 

 

 

 

 

(a) 𝐻𝑃𝑂4
2− (b) TOMAC 

 

 
(c) SO (d) PO 

 

Figure 6. Structures of 𝐻𝑃𝑂4
2−, TOMAC, SO and PO [19,35] 
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Effect of Different Stripping Agent Concentrations 
Figure 7 portrays the effect of various NaCl concentrations on phosphorus stripping performances from 
0.3 to 3.0M. The stripping performance of anionic phosphorus compound increased from 38 to 59% 
when the NaCl concentration was increased from 0.3 to 1.0M, respectively. Further increase up to 1.5M 
shows that the stripping behaviour offers almost insignificant change, showing that the stripping was 
reaching a plateau stage. However, when increasing the NaCl concentration further to 3.0M, the stripping 
performance considerably decreased to 26%. Such situation may be due to the interference from a high 

number of chloride ions (𝐶𝑙−) in the aqueous stripping phase. The presence of these ions which are also 
categorised as hard base are competitive towards phosphorus compound from the organic/aqueous 
interphase, thus reducing the striping efficiency of phosphorus [33]. Evidently, 1.0 M of NaCl seems to 
be sufficient for the complexation with 50 ppm anionic phosphorus from the loaded organic phase.  

 

 
Figure 7. Effect of NaCl concentration towards phosphorus stripping (Experimental conditions: 
[Phosphorus]: 50 mg/L; pH: 5.63; diluent: mixture of vegetable oils; aqueous waste volume: 10 mL; 
organic volume: 10 mL; temperature: 25 ± 1ºC; duration: 18 hours; agitation speed: 320 rpm) 

 
Next, the stoichiometry study was performed to determine the 𝑛 of NaCl involved in the phosphorus 
stripping. The complexes stripping reaction can be represented by Eq. (8): 

 

(𝑁𝑅4) 𝐻2𝑃𝑂4(𝑜𝑟𝑔) +  𝑝𝑁𝑎𝐶𝑙(𝑎𝑞) → (𝑁𝑎)𝑝 𝐻2𝑃𝑂4(𝑎𝑞) + 𝑁𝑅4𝐶𝑙(𝑎𝑞)       (8) 
 

The relationship between 𝐷 and 𝐾𝑒𝑞 for stripping reaction can be described as  Eq. (9): 

 

𝑙𝑜𝑔 𝐷 = 𝑝 𝑙𝑜𝑔⌈𝑁𝑎𝐶𝑙⌉ + 𝑙𝑜𝑔 [
𝐾𝑒𝑞

[𝑁𝑅4𝐶𝑙]
]        (9) 

 

The stoichiometry study was performed to determine the number of moles of NaCl that was involved in 
the phosphorus stripping by plotting 𝑙𝑜𝑔 𝐷 vs. log [𝑁𝑎𝐶𝑙] as presented in Figure 8. It was observed that 

the graph gives a straight line with a slope, 𝑛 of 0.7 which is close to 1.0. This indicates that a 1:1 of mole 
ratio occurred during complexation between phosphorus-TOMAC complexes and NaCl for the stripping 
process. The phosphorus compound reacts with NaCl, producing sodium dihydrogen phosphate or 
monosodium phosphate, (𝑁𝑎) 𝐻2𝑃𝑂4 in the aqueous stripping phase. The mechanism of complexation 
in the stripping reaction is shown in Eq. (10): 

 

(𝑁𝑅4) 𝐻2𝑃𝑂4(𝑜𝑟𝑔) +  𝑁𝑎𝐶𝑙(𝑎𝑞) → (𝑁𝑎) 𝐻2𝑃𝑂4(𝑎𝑞) + 𝑁𝑅4𝐶𝑙(𝑎𝑞)       (10) 
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Figure 8. Stoichiometric plot for the equilibrium stripping of phosphorus system. 

 
Some studies recommended performing the stripping process stage by stage as another approach to 
improve stripping performance of the targeted solute [16, 36-37]. Therefore, two steps of the stripping 
process were carried out throughout this study, utilising the aforementioned optimum concentration of 
the stripping agent (1.0M), and the results are displayed in Table 3. After the first stripping stage, about 
59% of phosphorus was successfully stripped out from the loaded organic phase. Thereafter, almost 
90% of the remaining phosphorus from the loaded organic phase was successfully stripped out through 
the second stage of stripping. Hence, the total of 96.5% of phosphorus can be recovered after two stages 
of stripping process. 

 

Table 3. Stage efficiency for phosphorus stripping 

 

Stage of stripping Stripping (%) 

1st 59 

2nd 90 

 

Conclusions 
 

It can be concluded that a new formulation containing TOMAC in a mixture of PO and SO is capable of 
extracting almost 100% of 50 ppm phosphorus from a slightly acidic aqueous solution. The optimum 
conditions obtained for the phosphorus extraction were 0.3M TOMAC in 50% PO+ 50 % SO. Next, 1.0M 
NaCl appears to be the best stripping agent for the two stages back extraction of phosphorus from the 
phosphorus loaded organic phase (96.5%). Meanwhile, stoichiometry studies for the phosphorus 
extraction and stripping show that about one mole of TOMAC and NaCl were involved in the extraction 
and stripping reaction of phosphorus, respectively. The aforementioned findings show the potential of 
this method as another alternative for the treatment of the wastewater contaminated with the excessive 
phosphorus concentration especially coming from chemical and agricultural industries. It can be a 
practical method for testing in a pilot plant focusing on a sustainable approach for future perspective. 

 
Conflicts of Interest 

 

The author(s) declare(s) that there is no conflict of interest regarding the publication of this paper. 

 
Acknowledgment 

 
The authors would like to express sincere gratitude to Kurita Water and Environment Foundation (KWEF) 
for the financial support under Kurita Oversea Research Grant 2022. In addition, Universiti Teknologi 
Malaysia grant (R. J130000.7346.4B791) is also highly acknowledged. 

y = 0.7381x + 0.1444
R² = 0.9644

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

L
o
g
 D

Log [NaCl]



 

10.11113/mjfas.v19n5.3053 779 

Raja Sulaiman et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 19 (2023) 769-780 

References 
 

[1] Jung, K. W., Hwang, M. J., Jeong, T. U., & Ahn, K. H. (2015). A novel approach for preparation of modified-
biochar derived from marine macroalgae: Dual purpose electro-modification for improvement of surface area 
and metal impregnation. Bioresource Technology, 191, 342-345. 

[2] Jung, K. W., Jeong, T. U., Choi, J. W., Ahn, K. H., & Lee, S. H. (2017). Adsorption of phosphate from aqueous 
solution using electrochemically modified biochar calcium-alginate beads: Batch and fixed-bed column 
performance. Bioresource Technology, 244, 23-32. 

[3] Mallampati, R., & Valiyaveettil, S. (2013). Apple Peels-A Versatile Biomass for Water Purification. ACS 
Applied Materials & Interfaces, 5(10), 4443-4449. 

[4] Mezenner, N. Y., & Bensmaili, A. (2009).  Kinetics and thermodynamic study of phosphate adsorption on iron 
hydroxide-eggshell waste. Chemical Engineering Journal, 147(2), 87-96. 

[5] Nguyen, T. A. H., Ngo, H. H., Guo, W. S., Pham, T. Q., Li, F. M., Nguyen, T. V., & Bui, X. T. (2015). Adsorption 
of phosphate from aqueous solutions and sewage using zirconium loaded okara (ZLO): Fixed-bed column 
study. Science of The Total Environment, 523, 40-49. 

[6] Morse, G.K., Brett, C. W., Guy, J. A., & Lester, J. N. (1998). Review: Phosphorus removal and recovery 
technologies. Science of The Total Environment, 212(1), 69-81. 

[7] Tran, N., Drogui, P., Blais, J., & Mercier, J. (2012). Phosphorus removal from spiked municipal wastewater 
using either electrochemical coagulation or chemical coagulation as tertiary treatment. Separation and 
Purification Technology, 95, 16-25. 

[8] Lu, B., Xu, J., Zhang, M., Pang, W., & Xie, L. (2017). Phosphorus removal and recovery from wastewater by 
highly efficient struvite crystallization in an improved fluidized bed reactor. Korean Journal of Chemical 
Engineering, 34(11), 2879-2885. 

[9] Liu, H., Yang, J., Yang, X., Hu, C., & Yang, L. (2022). A non-aqueous phase extraction system using tributyl 
phosphate for H3PO4 separation from wet-process superphosphoric acid: Extraction equilibrium and 
mechanism. Korean Journal of Chemical Engineering, 39(7), 1659-1672. 

[10] Boonchai, R., & Seo. G. (2015). Microalgae membrane photobioreactor for further removal of nitrogen and 
phosphorus from secondary sewage effluent. Korean Journal of Chemical Engineering, 32(10), 2047-2052. 

[11] Owodunni, A. A., Ismail, S., Kurniawan, S. B., Ahmad, A., Imron, M. F., & Abdullah, S. R. S. (2023). A review 
on revolutionary technique for phosphate removal in wastewater using green coagulant. Journal of Water 
Process Engineering, 52, 103573. 

[12] Wang, Y., Kuntke, P., Saakes, M., Weijden, R. D., Buisman, J. S. N., & Lei, W. (2022). Electrochemically 
mediated precipitation of phosphate minerals for phosphorus removal and recovery: Progress and 
perspective. Water Research, 209, 117891. 

[13] Song, Y., Song, X., Sun, Q., Wang, S., Jiao, T., Peng, Q., & Zhang, Q. (2022). Efficient and sustainable 
phosphate removal from water by small-sized Al(OH)3 nanocrystals confined in discarded Artemia Cyst-shell: 
Ultrahigh sorption capacity and rapid sequestration. Science of The Total Environment, 803, 150087. 

[14] Zeng, S., Liu, Y., Wang, Y, Wang, Y., Zhou, H., Li, L., Li, S., Zhou, X., Wang, M., Zhou, X., & Ren, L. (2023). 
Photo-Fenton self-cleaning carbon fibers membrane supported with Zr-MOF@Fe2O3 for effective phosphate 
removal from algae-rich water. Chemosphere, 323, 138175. 

[15] Dong, H., Lin, T., & Sen Gupta, A. K. (2020). Field validation of multifunctional ion exchange process for 
reverse osmosis pretreatment and phosphate recovery during impaired water reuse. Journal of Water 
Process Engineering, 36, 101347. 

[16] Zhao, Y., & J. Chen. (1996). Extraction of phosphorus, arsenic and/or silica from sodium tungstate or 
molybdate solutions with primary amine and tributyl phosphate as solvents. II — Mechanism of extraction of 
phosphorus, arsenic and silica from tungstate and molybdate solutions. Hydrometallurgy, 42(3), 325-335. 

[17] Lv, Y., Cheng, R., Yang, G., Liu, W., Zhang, J., Yu, X., Bai, W., He, R., & Zhu, W. (2023). Self-oxidation cycle 
of oxidized red phosphorus for regeneration of binding sites enables efficient uranium extraction in 
tributylphosphate-kerosene system. Chemical Engineering Journal, 460, 141834. 

[18] Jusoh, N., Othman, N., Sulaiman, R. N. R., Noah, N. F. M., & Zaini, M. A. A. (2022). Optimization of synergistic 
green emulsion liquid membrane stability for enhancement of silver recovery from aqueous solution. Korean 
Journal of Chemical Engineering, 39(2), 423-430. 

[19] Mu, R., Chen, J., Zhou, D., Li, K., & Li, D. (2019). Liquid-liquid extraction and recovery of cerium(IV) and 
phosphorus from sulfuric acid solution using Cyanex 923. Separation and Purification Technology, 209, 351-
358.  

[20] Jusoh, N., Othman, N., Sulaiman, R. N. R., Noah, N. F. M., & Zaini, M. A. A. (2022). Optimization of synergistic 
green emulsion liquid membrane stability for enhancement of silver recovery from aqueous solution. Korean 
Journal of Chemical Engineering, 39(2), 423-430. 

[21] Sulaiman, R. N. R., Othman, N., Jusoh, N., Noah, N. F. M., Rashid, R., & Saufi, S. M. (2021). Intensification 
reactive recovery of tetravalent platinum from spent catalyst via synergism of TBP/Cyanex 302 system. 
Chemical Engineering and Processing,168, 108581. 

[22] Jusoh, N., Othman, N., Sulaiman, R. N. R., Noah, N. F. M., & Kamarudin, K. S. N. (2021). Development of 
palm oil-based synergist liquid membrane formulation for silver recovery from aqueous Solution. Journal of 
Membrane Science and Research, 7(1), 59-63. 

[23] Suliman, S. S., Othman, N., Noah, N. F. M., & Kahar, I. N. S. (2023). Extraction and enrichment of zinc from 
chloride media using emulsion liquid membrane: Emulsion stability and demulsification via heating-ultrasonic 
method. Journal of Molecular Liquids, 374, 121261. 

[24] Noah, N. F. M., Jusoh, N., Othman, N., Sulaiman, R. N. R., & Parker, N. A. M. K. (2018). Development of 
stable green emulsion liquid membrane process via liquid–liquid extraction to treat real chromium from rinse 
electroplating wastewater. Journal of Industrial and Engineering Chemistry, 66, 231-241. 

[25] Ramirez, A., Giraldo, S., Garcia-Nunez, J., Florez, E., & Acelas, N. (2018). Phosphate removal from water 



 

10.11113/mjfas.v19n5.3053 780 

Raja Sulaiman et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 19 (2023) 769-780 

using a hybrid material in a fixed-bed column. Journal of Water Process Engineering, 26, 131-137. 
[26] Lalley, J., Han, C., Li, X., Dionysiou, D. D., & Nadagouda, M. N. (2016). Phosphate adsorption using modified 

iron oxide-based sorbents in lake water: Kinetics, equilibrium, and column tests. Chemical Engineering 
Journal, 284, 1386-1396. 

[27] Chauhan, S. S., & Patel, T. M. (2014). A Review on Solvent Extraction of Nickel. International Journal of 
Engineering Research and Technology, 3(9), 1315-1322. 

[28] Nayl, A. A., & Aly, H. F. (2015). Solvent extraction of V(V) and Cr(III) from acidic leach liquors of ilmenite 
using Aliquat 336. Transactions of Nonferrous Metals Society of China, 25(12), 4183-4191. 

[29] Siddique, B. M., Ahmad, A., Ibrahim, M. H., Hena, S., Rafatullah, M., & Mohd Omar, A. K.  et al. (2010). 
Physico-chemical properties of blends of palm olein with other vegetable oils. Grasas y aceites, 61(4), 423-
429.  

[30] Kim, J., Kim, D. N., Lee, S. H., Yo, S., & Lee. S. (2010). Correlation of fatty acid composition of vegetable oils 
with rheological behaviour and oil uptake. Food Chemistry, 118(2), 398-402.  

[31] Nor Aini, I., Hasmadi, I., Mamot, S., & Radzuan, J. (2005). Palm oil and sunflower oil: Effect of blend 
composition and stirrer types during fractionation on the yield and physicochemical properties of the oleins. 
Journal of Food Lipids, 12(1), 48-61.  

[32] Blaney, L. M., Cinar, S., & Sengupta, A. K. (2007). Hybrid anion exchanger for trace phosphate removal from 
water and wastewater. Water Research, 41(7), 1603-1613. 

[33] Zhao, D., & Sengupta, A. K. (1998). Ultimate removal of phosphate from wastewater using a new class of 
polymeric ion exchangers. Water Research, 32(5), 1613-1625. 

[34] Jang, J., & Lee, D. S. (2019). Effective phosphorus removal using chitosan/Ca-organically modified 
montmorillonite beads in batch and fixed-bed column studies. Journal of Hazardous Materials, 375, 9-18. 

[35] Kazak, O., Tor, A., Akin, I., & Arslan, G. (2015). Preparation of new polysulfone capsules containing Cyanex 
272 and their properties for Co(II) removal from aqueous solution. Journal of Environmental Chemical 
Engineering, 3(3), 1654-1661. 

[36] Kheang, L. S., & May, C. Y. (2012). Influence of a lubricant auxiliary from palm oil methyl esters on the 
performance of palm olein-based fluid. Journal of Oil Palm Research, 24(2), 1388-1397. 

[37] Nejad, H. H., & Kazemeini. M. (2012). Optimization of platinum extraction by trioctylphosphine oxide in the 
presence of alkaline-metal salts. Procedia Engineering, 42, 1302-1312. 

[38] Nguyen, T. H., Sonu, C.H., & Lee, M.S. (2015). Separation of platinum(IV) and palladium(II) from 
concentrated hydrochloric acid solutions by mixtures of amines with neutral extractants. Journal of Industrial 
and Engineering Chemistry, 32, 238-245. 


