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Amorphous iron phosphate, FePO4.2H2O, was synthesized at 
ambient temperature using an inorganic sol-gel method 
coupled with a microwave route. The experimental conditions 
for the gelling of the Fe (III)-H3PO4 system are defined.  
Potentiometric Time Titration (PTT) and Potentiometric Mass 
Titration (PMT) methods were used to investigate the acid-
base surface chemistry of obtained phosphate. Variations of 
surface charge with the contact time, Q = f(t), are examined for 
time contact ranged from 0 to 72 hours. The concentrations 
suspensions used for this purpose were 0.75, 1.25, and 2.5 g/L. 
The point of zero charges (PZC) and isoelectric point (IEP) were 
defined using the derivative method examining the 

variations 
𝑑𝑝𝐻

𝑑𝑡
= 𝑓(𝑝𝐻), at lower contact time. A value of 5.4 

was obtained for both PZC and IEP. Q in the function of the t 
method is performed for synthesized FePO4. 2H2O in NaCl and 
KCl electrolytes. The optimal surface charge of 40 C 
corresponding to insertion of 4.2x10-4 M of Na+ or K+, is 
achieved in explored conditions. The results suggest that the 
synthesized iron phosphate is amorphous.  
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1. INTRODUCTION 
 

Rechargeable batteries are of important 
concern and are considered the most 
promising energy storage system, especially 
for mobility (electric vehicle) and large-scale 
(gird level) energy storage applications, 
owing to the high energy density, and cycle 
life compared to other storage systems 
(Ramesh et al., 2019). For these batteries, 
surface processes are important and limit 
their application space, so it has been 
proposed to substitute the lithium metal 
anode with an insertion electrode. 
Indeed, insertion-type materials possess 
better cyclic stability than alloy-type that is 
widely investigated for their potential use as 
an electrode (Zhang et al., 2018; Gabaudan et 
al., 2019). The insertion of these materials, 
including oxides or phosphates, was 
performed from electrolytes consisting of the 
alkali ions. It can be noted that amorphous 
compounds with short-range ordering are 
more convenient for the insertion of various 
ions, without a phase transition. Due to the 
high surface area and free volume of these 
products and stable electrochemical cycling 
was achieved over a wide potential range 
(Vinod et al., 2015). Transition metal 
phosphates are an important class of 
inorganic products that are intensively 
investigated for their low-cost, 
environmental friendliness, and 
biocompatibility. These phosphates are 
considered thermally stable materials, have 
a higher storage voltage, and are intensively 
investigated for large-scale applications 
including, electrochemical energy storage, 
catalysis, and water purification (Pan et al., 
2013).  

 Among these materials, iron (III) 
phosphates are long been used in the steel 
and glass industries and they have recently 
gained more interest in developing alkali ion 
batteries (Kazuhiko et al., 2006). The ion 
insertion into electrode materials is 
dependent on the alkali ion diffusion and 
therefore, on the ionic conduction process. 

To improve this process, a large number of 
ions must be inserted into an electrode 
structure. Owing to the strong P-O bonds in 
metal (III) phosphates, the phosphorus 
atoms are inactive regarding the electrolyte 
medium, allowing thus, an easy movement of 
alkali metal ions in these matrices (Ramesh et 
al., 2019). Moreover, it is reported that Li+ 
diffusion and charging-discharging processes 
are improved in low crystalline phosphate 
(Kang & Ceder, 2009). Recently, with limited 
lithium resources, an important concern is 
emerged about sodium-ion as one of the 
promising substitute elements due to its 
natural abundance. However, the process of 
sodiation/ desodiation requires a large host 
space for Na+ ions that are exhibiting a lower 
diffusion rate compared to Li+. As a result, 
considerable efforts are been made to 
develop electrodes with lattice space 
suitable to insert sodium or potassium ions. 
To seek this purpose, phosphates with open-
layered structures are required. Amorphous 
FePO4 considered a conceptual defect-free 
phase, is widely reported as electrode 
material in lithium batteries, and is widely 
investigated as a host material for various 
charge carrier ions.  

The results obtained show that the iron 
phosphate cathode exhibits a good reversible 
Na-ion storage capacity and allowed a fast 
pathway for sodium-ion transportation 
(Moradi et al., 2015). As a result, Na-rich 
amorphous materials are suitable to 
develop a non-crystalline iron phosphate 
cathode material (Vinod et al., 2015). These 
phosphates are among the most promising 
electrodes for sodium-ion batteries and are 
convenient for large-scale energy storage. 
The capacity retention of 66 to100 mA.h/g is 
achieved for amorphous FePO4 
materials.  Also, the potassium-ion batteries 
are regarded as the upcoming generation 
battery due to the advantages of ubiquitous 
availability, fast ion transport kinetics in the 
electrolyte, and energy density of −2.93 V, 
comparable to −3.04 V of the lithium electrode 
(Vinod et al., 2015; Wenchao et al., 2019). 
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Consequently, considerable efforts have 
been focused on the exchange and 
incorporation of alkaline ions into the 
channels or between the layers of hydrated 
phosphates. It is reported that the 
alkalinization (lithiation, sedation) route of 
these phosphates is carried out through a 
simplex H+ /Li+(Na+) ion-exchange process.  
These wet chemistry methods are often known 
as "soft chemistry", and are performed in a 
non-aqueous medium, using an organic acid as 
a source of protons (Lozano-Calero et al., 
1993; Wang et al., 2015. Errich et al., 2021).  

In aqueous-based systems, the 
electrochemical performance of alkaline ion 
batteries is controlled, in particular, by the 
surface chemistry of electrode materials. To 
improve the electrochemical properties of 
these electrodes, it is necessary to define 
surface parameters governing the alkaline 
route. The main phenomena involved in the 
surface chemistry of M (Li+, Na+, and K+) 
FePO4 are the acid-base reactions combined 
with the alkaline ion exchange process or the 
surface adsorption of charged species (Lee et 
al., 2010). Besides, FePO4 has pH-dependent 
surface charge properties, which allows it to 
be used as an efficient sorbent of various 
elements such as heavy metals (Li et al., 
2018).  

Iron phosphate subsequently gains more 
and more interest as an effective sorbent for 
the control of water pollution, as well as for 
biological systems (NaeemáKhan et al., 1993; 
Lenoble et al., 2005; Thinnappan et al., 2008; 
Xiao-Xing et al., 2012). Although this 
extensive electrochemical use of Fe (III) 
phosphate, both surface chemistry, and 
sorption mechanisms remain relatively 
difficult to establish (Ahmed et al., 2017). 
This phosphate considered a complex oxide 
contains surface OH groups of Fe2O3 which a 
Point of Zero Charge (PZC) ranging from 6.3 
to 8.5 for Goethite, and from 7.5 to 9.5 for 
Hematite, and P2O5 oxides which PZC value is 
about -3.4 (Weinheim & Kosmulski, 2004; 

Valérie & Rudy, 2008). Thus, the net surface 
charge of FePO4 is the algebraic sum of the 
negative charge on the more basic sites (PO4

-

), and the positive charge on the more acid 
sites (FeOH2

+) (Tejedor-Tejedor & Anderson, 
1990; Abram & Alberto, 2006). Therefore, 
the point of zero charges of these 
phosphates is controlled by the quotient (R) 
of Fe to P atoms and diminishes with R 
decreasing (Ai & Ohdan, 1999). As found 
previously, PZC or the isoelectric point shift 
with contact time from 8.8 to 3.3, 
respectively for a duration equal to 0 and 
higher than 30 min.  

The shift occurring at a higher duration is 
assumed to be due to the bridging surface 
complexes of type >FeHPO4H2 (Tejedor-
Tejedor & Anderson, 1990; Ikram et al., 1998; 
Nils Nilsson et al., 2012). In addition, metal 
phosphates exhibit higher adsorption 
properties, owing to their phosphorus 
framework, and porous structure that is 
more convenient for the mass transfer, due 
to reduced diffusion resistance. Despite the 
sorption results, the surface chemistry of 
these phosphates remains less explored, and 
shows low points of zero charge value 
ranging from 2.5 to 3.0, for M(PO4)3 materials 
such as CePO4, LaPO4, YPO4, and FePO4 

(Mustafa et al., 1999; Naeem et al., 2001; 
Mustafa et al., 2006). The low PZC value of 
3.0 is reported for amorphous precipitated 
hydrous FePO4 (De Tommaso & Iuliano, 
2012). Synthesis and electrochemical 
characterization of iron phosphates have 
been carried out using precipitation methods 
(Palacios et al.., 2012), or hydrothermal 
techniques (Song et al.., 2002). 

2. EXPERIMENT 
2.1. Materials  

All chemicals are of reagent quality, 
phosphoric acid (99%), iron (III) nitrate (99%), 
sodium hydroxide (NaOH) (99%), Nitric acid 
(HNO3) (99%), NaCl, and KCl were obtained 
from Sigma Aldrich Chemical Co. and were 
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used as received without any further 
purificationx] High-purity distilled water was 
used for all experiments.   

2.2. Methods  

X-Ray Diffraction (XRD) data were 
collected at room temperature using an X-ray 
diffractometer (Siemens D 500) with copper 
anticathode radiation (λCuKα=1.541838) at 2θ 
varying from 10 to 90°. Fourier Transform 
Infrared (FTIR) spectra were obtained on a 
Vertex 70 spectrometer equipped with a 
Digitec detector, via the conventional KBr 
pellet method. The simultaneous 
thermogravimetry and differential thermal 
analysis (TG/DTA) are performed using a 
LabsysTMEvo (1F) Setaram apparatus. 
Samples of an initial mass of 10 ± 0.4 mg are 
placed in an alumina crucible, and heated in 
an air atmosphere (60 mL/min) from ambient 
temperature up to 900 °C, using a heating 
rate of 10 °C/min. 

2.3. Synthesis of Iron (III) Phosphate and 
Determination of PZC 

Iron (III) phosphate was synthesized by a 
modified inorganic sol-gel method (El 
Yahyaoui et al.., 2002; Maarouf et al.., 2021). 
In this method, phosphoric acid (0.1 M) and 

iron (III) nitrate (0.1M) were used as the 
starting materials. The obtained mixture with 
Fe/P molar ratios of 1:1 was irradiated in a 
microwave oven (800 w) for about 15 sec. 
The resulting gel was oven-dried at 50 °C for 
about 48 hours. Obtained phosphate 
xerogels were repeatedly washed with 
distilled water and ethanol, and were 
identified as amorphous FePO4.xH2O by the 
associated XRD patterns and FT-IR. The 
insoluble xerogel has been identified as 
completely amorphous by an X-ray powder 
diffraction (Figure 1). The batch equilibration 
technique is applied to determine the Point 
of Zero Charge (PZC). Surface charge 
variations Q = f(t), are examined at ionic 
strength (0.01 and 0.1 M.  The iron 
phosphate of 0.75, 1.25, and 2.5 g/L was 
suspended in NaCl or KCl electrolyte. 

3. RESULTS AND DISCUSSION  
3.1. Characterization 

The XRD patterns of synthesized powders 
are given in Figure 1. The insoluble 
precipitate has been identified as completely 
amorphous iron phosphate. FT-IR spectrum 
is shown in Figure 2 and is normalized to the 
intensity of the (PO) (P–O stretching band) at 
1085 cm-1.  

 

 

Figure 1. Diffractograms of xerogels obtained in Fe (III)-H3PO4 system. 
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Figure 2. FTIR spectra of synthesized iron phosphate.

The vibration bands are assigned to the 
fundamental vibrating modes, namely PO4

3- 
and H2O. The bands in the 3600–2700 cm-1 
region are attributed to the OH stretching 
vibrations of water, and hydroxyl groups of 
acid phosphate. The HOH bending band of 
sorbed water occurs at 1640 cm-1.   

The assignment of main Raman bands in 
the spectra of iron phosphates is listed in 
Table 1 (Berzina-Cimdina and Borodajenko, 
2012). The P–O stretching band appears 
around, 1000 cm-1, and the shoulder at 900 
cm-1 is associated with the O–P–O bending 
mode. Enlargement of the 1000 cm-1 band is 
observed with aging time, leading to higher 
wavenumbers shifts. This result is following 
XRD analysis, showing an increase in the P-O 
bond strengths associated with the 
formation of supplementary phosphate 
structural units.  

As reported previously, an increase in iron 
phosphate acidity is also observed with aging 
time, which leads to the rising of the 
characteristic O–P–O bending peak at 900 
cm-1 (Ellouzi et al.., 2016; Maarouf et al.., 
2021). Two lower frequency bands occurring 
at 640 and 540 cm-1 are associated with 
bending modes of the structural OH groups 

and P–O bonds, respectively. The thermal 
analysis of phosphate material is carried out 
by DTA-TGA, results are shown in Figure 3. 

Two endothermic peaks at 115 and 175C 
are observed on the DTA curves. Rapid 
weight loss of 19.6 wt% on the TG curves is 
associated with quick dehydration of this 
phosphate that is consistent with the content 
of the crystalline water molecules in 
FePO4.2H2O. A second exothermic 
dehydration phenomenon with low weight 

loss is observed at temperatures of 370C. As 
discussed previously, this dehydration 
process only concerns minor rearrangements 
of the framework, whereas the structure is 
not destroyed (Gongyan et al.., 2018).  

An endothermic peak appearing at 590C 
is corresponding to the phosphate 
condensation in which a hydroxyl 
polymerized chain is obtained. This 
polymerization is associated with a 
significant weight loss that is associated with 
amorphous pyrophosphate, as reported in 
the literature (Yong-ming et al., 2014; 
Razzouki et al., 2015). At higher 
temperatures, no appreciable weight loss is 
observed on the TG curves. 
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Table 1. Assignment of main Raman bands in the spectra of iron phosphate. 

Functional 
groups 

Absorption bands, (cm-1) Attribution 

OH- 3500 (Meejoo et al., 2006)  
630 and 3540 (Destainville et al., 
2003), 3570 and 3420 (Han et al., 
2006); 1650 (Raynaud et al., 2002) 

phosphate OH- ions  

Adsorbed 
water 

2600 – 3600 (Meejoo et al., 2006)  Under the influence of thermal treatment, 
the absorption band becomes narrower 

HPO4
2- 875 (Destainville et al., 2003), 

(Raynaud et al.., 2002);  
880 (Zhu et al.,2003)  

Characterizes HAp with deficient calcium. 
(Raynaud et al., 2002); Refers to non-
stoichiometricHAp (Zhu et al., 2003) 

PO4
3- 460 (Destainville et al., 2003); 

(Raynaud et al., 2002) (Destainville 
et al., 2003); 

2 (Destainville et al., 2003),  

560 - 600 (Destainville et al., 2003), 
(Raynaud et al., 2002), 
(Mobasherpour & Heshajin, 2007); 
602 and 555 (Han et al., 2006) 

4 (Destainville et al., 2003); bending mode 
(Han et al., 2006) 

960 (Destainville et al., 2003), 
(Raynaud et al.., 2002) 

1 (Destainville et al., 2003) 

1020-1120 (Destainville et al., 
2003), (Raynaud et al., 2002); 1040 
(Han et al., 2006); 1000-1100 
(Mobasherpour & Heshajin, 2007);  

 3 (Destainville et al., 2003);bending mode 
(Han et al., 2006); 

NO3
- 820 and 1380 (Destainville et al., 

2003); (Raynaud et al., 2002) 
Synthesis residue that disappears during the 
calcifying process (Destainville et al., 2003) 

 

 

Figure 3. DTA–TGA of amorphous iron phosphate. 

3.2. Scanning Electron Microscopy  

The SEM technique is used to examine the 
surface physical morphology of iron 
phosphate. Figure 4 shows the SEM images 
with 1000 x magnification and a scale bar of 
10 μm. The micrograph shows that the 
particles are uniformly agglomerated and are 
exhibiting irregular morphology. The porous 
surface is resulting in a considerably 

agglomerated mesostructured, which is 
more convenient for the diffusion of metal 
ions into the phosphate matrix (Lee et al., 
2017; Salamani et al., 2018).  The composition 
and the purity of this synthesis phosphate are 
established using dispersive energy X-ray 
spectroscopy (EDX), the spectrum is presented 
in Figure 5. As shown, no impurities that can 
be attributable to contamination of chemical 
precursors are detected (Maarouf et al., 2021). 
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Figure 4. SEM image of synthesized FePO4.2H2O.

  

Figure 5. EDX spectra of synthesized iron phosphate. 

3.3. Iron Phosphate Surface Chemistry and 
Sodium Inclusion  

In general, the adsorption process is 
governed by the surface chemistry which 
involves acid-base interactions via the 
surface sites of the sorbent. As a result, the 
adsorption mechanism results in H+ or 
OH− ion-exchange reaction, and accordingly, 
it is more dependent on the pH of the 
suspension medium.  

The surface hydroxyl groups involved in 
this exchange are resulting from the 
activation process carried out in the 
dissociation of chemisorbed water. As a 
result, the surface charge (Q) of a sorbent is 
associated with the concentration of protons 

or hydroxide ions and consequently, is 
dependent on the acidity of the suspension 
medium. Q is determined by a mass balance 
between the concentrations of H+ or OH- 

added to the solution, and that measured at 
a given contact time. For this purpose, 
desorbed protons on the phosphate surface 
are measured as a function of pH, hydration 
time (T), and sorbent mass (m).  

According to the previous study (Jarlbring 
et al., 2005; Jarlbring et al., 2006; Ellouzi et 
al., 2016; Maarouf et al., 2021), the surface 
protonation/deprotonation reactions 
involved in metallic phosphate sorbents are 
well described as reactions of amphoteric 

acid-base surface groups (> SOH) (see 
Equations [1] and [2]):  
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> SOH+ H+ ↔ > 𝑆(𝑂𝐻2)+  ,  𝐾+  (1) 

> 𝑆𝑂𝐻 ↔ > 𝑆𝑂−+ H+, 𝐾−      (2) 

K+ and K- are the surface stability 
constants, and the on-lined species are 
referred to as the solid phase. For ferric 
phosphate, acid-base properties are 
attributed to protonation and deprotonation 

of phosphohydrolase (> POH ≡> 𝑆1OH) 

and the ferrihydrols (> 𝐹𝑒OH ≡> 𝑆2OH), 
which pKa are 1.44 and 4.66, respectively (De 
Tommaso  & Iuliano, 2012). 

In this study, an electrochemical method is 
undertaken to examine the surface 
chemistry of synthesized Fe (III) phosphate. 
This method consists of potentiometric mass 
titration (PMT) and potentiometric time 
titration (PTT), which is performed in NaCl or 
KCl on 0.05 M HNO3 dispersions. The sorbent 
amounts (m) are varying between 0 (blank) 
and 2.5 g/L, while suspension time (T) is 
ranging from 0.5 to 72 hours. The standard 
0.05 M NaOH solution is used as a titrant. 

3.4. Determination of Surface Charge  

The mean surface charge is calculated, 
directly from the titration curves (pH=f(V)), 
according to the following Equation [3]:  

𝑄 =
𝐹(CA−CB)∆𝑉

𝑚
(Coulomb/g)           (3) 

where F is the Faraday constant, CA and CB are 
respectively the HNO3 and NaOH 
concentrations that are of 0.05 M, ∆V is the 
difference in the volume of acid used to 

reach the same pH in dispersion and blank 
solution, and m (g/L) is the suspension 
concentration of the solid particuiles. 

3.4.1. Phosphate Suspensions in NaCl 
Electrolyte  

The Potentiometric Time Titration curves, 
Q in the function of pH of FePO4.H2O 
suspensions are performed for m = 0.75, 1.25 
and 2.5 g/L at interval time 0.5 h < T < 72h. 
Surface titration curves showing the effect of 

contact time and ionic strength () on the 
variation Q = f(pH) are reported in Figures 6 
and 7. As shown in Figures 6 and 7, for a given 
mass of sorbent, the surface charge increases 
to reach a maximum and then decreases if 
contact time continues to rise. The similar 
variations shape of Q in the function of pH 
achieved at various contact times shows a 
plateau in pH of 3-11 confirming that these 
variations are not inferred to protonation or 
deprotonation process of FePO4.2H2O 
surface. Asymptotic behavior is observed in 
all cases at pH around 13.4 + 0.3.   

As a result, the phosphate surface 
acquires, often, a positive charge as a 
consequence of the sorption of Na+ ions. In 
all the cases, the zero-charge corresponding 
to PZC is found to be varying in the range 
between 3 and 10. Usually, this large range of 
PZC values is associated with amorphous 
materials (Muhammad et al., 2012). As 
found, a maximal Q value of around 40 
coulombs is obtained at a pH of about 12. 

  

 

Figure 6. Variation Q = f (pH) for FePO4,2H2O in KCl 0.001M, at 0.5ℎ ≤ 𝑇 ≤ 72ℎ  and 
0.75𝑔𝐿−1 ≤ 𝑚 ≤ 2.5𝑔𝐿−1. 
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Figure 7. Variation Q = f (pH) for FePO4.2H2O in NaCl 0.01 M at 0.5ℎ ≤ 𝑇 ≤ 72ℎ  and 0.75 
g/L < m < 2.5 g/L. 

This surface charge due to the insertion of 
4.2.10-4 M of Na+ is achieved for m = 0.75 g/L 
and NaCl concentrations of 0.01 and 0.1 M. 
The sodium ion insertion mechanism, 
however, is not enhanced with the increase 
in sorbent amount. In addition, the non-

effect of  on the PZC confirms the no 
association of electrolyte ions with both 
negative and positive sites of the FePO4 
surface. 

3.4.2 Point of Zero Charge 

To avoid electrolyte ion sorption, Isoelectric 
Point (IEP) determination is achieved at 
lower durations from pH = f(T) variations 
obtained for m = 0.75 g/L of iron phosphate 

suspensions. The variation of 
dpH

dt
= f(pH) is 

shown in Figure 8.   

As shown in Figure 8, 
𝐝𝐩𝐇

𝐝𝐓
= 𝐟(𝐩𝐇) curves 

are intersecting with each other at a single 
point located on the x-axis. As a result, this 
point corresponds to both the isoelectric 
point and point of zero charges whose value 
is IEP = PZC = 5.4. For pH ranging from 7 to 
10, values around zero are obtained for 
𝐝𝐩𝐇

𝐝𝐓
 suggesting that constant surface charge 

Q is obtained in these pH conditions.  

3.4.3. Phosphate Suspensions in KCl 
Electrolyte  

Values of surface charge are obtained 

from pH-titration at various ionic strengths  
of KCl electrolyte salt (Figures 9, 10, and 11). 

In all the cases, Q in the function of the pH 
curve shows an inflection point at pH around 
2, remains almost constant up to a pH of 
about 12, and then increases sharply when 
the pH continues to rise.   

As found for NaCl, the highest Q values are 
achieved at pH around 13.4 + 0.3 for all 
samples. The permanent surface charge 
arises from hydroxyl functional groups, while 
the variable positive charge is due to 
potassium insertion.  

As found for sodium-ion, maximal K+ 
inclusion is achieved at the smallest 
phosphate suspension of 0.75 g/L for pH 
ranging from 2 to 10. A charge Q around 40 
coulombs is carried out in 0.001 and 0.1 M 
KCl, respectively at a contact time of 2 and 72 
h. Therefore, as found for lithium, the 
diffusion constant in nanoparticles with 
shortened transport paths is much faster 
than that in bulk (Yu et al., (2014). 
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Figure 8. Variation of 
dpH

dT
= f(pH) obtained for   m = 0.75 g/L at T < 1h. 

 

Figure 9. Variation Q = f (pH) for FePO4.2H2O in KCl 0.001 M at 0.5ℎ ≤ 𝑇 ≤ 72ℎ  and 0.75 
g/L < m < 2.5 g/L. 

 

Figure 10: Variation Q = f (pH) for FePO4.2H2O in KCl 0.01M at 0.5 h < T < 72 h and 0.75 g/L < 
T < 2.5 g/L. 
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Figure 11. Variation Q = f (pH) for FePO4.2H2O in KCl 0.1 M at 0.5 h < T < 72 h and 0.75 g/L < 
T < 2.5 g/L.  

3.5. Surface Complexation Constant 

The surface complexation constant for the 
relationships (1, 2) is, the expression of is 
simplified and can be written as Equations [4] 
and [5]: 

𝐾+ =
[> 𝑆(OH2)+ ] [𝐻+]

[> SOH]
                             (4) 

K− =
[> SO−]

[> SOH][𝐻+]
                                 (5) 

pHasy is the asymptotic value of Q=f(pH) 
variations. Since Q > 0, obtained results allow 
to obtain log(K+) = - 13.4 + 0.3. 

Taking into account that the suspension 
activity of “i” specie is [𝑖]̅ = 1, the expression 

of 𝐾∓ is simplified and can be written as 
Equations [6] and [7]: 

𝐾+ = [𝐻+] ↔ 𝑙𝑜𝑔( 𝐾+)  = -pHasy            (6) 

𝐾− = [𝐻+]−1 ↔ 𝑙𝑜𝑔( 𝐾−)  = pHasyp       (7) 

pHasy is the asymptotic value of Q = f(pH) 
variations. Since Q ≥ 0, obtained results allow 
to   log(K+) = -13.4 ± 0.3. 

3.6. Computational Methods 

The FePO4 lattice was obtained from the 
Materials Project database as a triclinic 
crystal system with the P1 symmetry, a 
density of 3.19 g/cm3, and a band-gap of 
2.491 eV. The Na+ and K+ ions were generated 
with the MarvinSketch software, which 
supports the widest selection of industrially 
acknowledged standard chemical file 
formats. Finally, the loading of ions in the 
FePO4 lattice was predicted with the Sorption 
module in the Materials Studio 6.0 software 
(Akkermans et al., (2013). In particular, the 
Metropolis Monte Carlo method was 
implemented with a lower fugacity of 1 atm 
(101.325 kPa) and an upper fugacity of 10 
atm (1013.25 kPa). The temperature was set 
to 298 K. The sorption was simulated using 
the COMPASS force field with electrostatic 
and van der Waals summation methods. 
Finally, the temperature was set to 298 K; 
and the sample and grid intervals were set to 
50 and 0.4 Å, respectively.  
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3.6.1. Results  

To generate a more realistic curve for the 
adsorption isotherms, the finer-grained 
settings were used in the experiment. In a 
typical case, the curve will rise toward a 
saturation point value beyond, in which no 
more molecules can be adsorbed. The 
adsorption isotherm of Na+ and K+ ions in the 
FePO4 triclinic lattice displays the adsorption 
in molecules per cell at each fugacity (Figure 
12 [A]), which is better for sodium ions.  

This will cause the adsorption energy of 
Na+ ions to be significantly more negative 
compared to the adsorption energy of less 
strongly bonded potassium ions (Figure 12 
[B]). Additionally, a surface of constant 
density for Na+ and K+ ions was visualized to 
reveal their favorable binding sites in the 
lattice framework, where more binding sites 
were also detected for the sodium ion (Figure 
13 [A, B]).  

4. CONCLUSION 
  

A low crystallized iron phosphate 
(FePO4.2H2O) powder was synthesized using 
an inorganic sol-gel method assisted with the 
microwave route. The zero charges (PZC) and 
isoelectric point (IEP) of synthesized 
phosphate were determined by the 
derivative potentiometric titration 
technique. The point of zero 
charge/isoelectric point value was 
determined to be 4.7. The surface charge 
time titration method was performed to 
study the insertion of sodium and potassium 
ions in the synthesized FePO4.2H2O. For this 

purpose, the ionic strength  was varied 
between 0.001 and 0.1. Obtained results 
show that Na+ and K+ are time and mass 
suspension dependent. A maximal insertion 
of 40 coulombs was achieved at m = 0.75 g/L 

and = 0.001 and 01.  
 

 

Figure 12. Adsorption isotherms (A) and energy distribution profiles (B) for Na+ and K+ ions 
in the FePO4 triclinic lattice. Linear and non-linear curve fitting methods were utilized to 

produce the isotherm curves. 

 

Figure 13: Isodensity surface colored by the potential energy for Na+ (A) and K+ (B) ions in 
the FePO4 triclinic lattice. 
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