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Abstract: The determination of fluoride ions in phosphogypsum with ion selective electrode was studied. The
operating conditions of fluoride determination have been experimentally optimized using a synthetic solution of
fluoride ions which they are the pH, individual interfering ions concentrations and various kinds of TISABs in
the presences of individual or multi-component of interfering ions as well as the equilibrium contact time. It has
thus been found that the maximum recovery rate of fluoride determination is obtained at the optimum conditions
which are 30 mL sample solution containing F~ mixed well with 10 mL of citrate buffer (TISAB-3) in a
polyethylene beaker at room temperature. The contact time for masking the most interfering ions with citrate
ions in this solution is 24 h prior the measurement of F~ ions and the equilibrium time is 15 min after immersing
the electrode into the continuously stirred solution. The studied optimized conditions have successfully been
applied for the generation of the calibration curve and the fluoride determination from phosphogypsum sample
solution.

Keywords:  Fluoride, Phosphogypsum, lon-selective electrode, Total lonic Strength Adjustment Buffer
(TISAB).

I.  Introduction

Fluoride is a fairly common element that does not occur in the elemental state in nature because of its
high reactivity. It contains 0.06 — 0.09 % in the earth's crust™. Generally, it exists in the form of a number of
minerals like fluorspar, cryolite, and fluorapatite®. Furthermore, it exists in phosphogypsum (PG) that is the by-
product of wet process phosphoric acid production. Phosphoric acid plants are really phosphogypsum plants
because they make much more gypsum than phosphoric acid® ®. The phosphogypsum is generally located in
coastal areas close to phosphoric acid plants, where it occupies large land areas and cause serious environmental
damage. The fluoride content of phosphogypsum is in the range of 0.35 to 1.35%®. Probably, fluoride ions
were mostly in the form of HF and SiFs* but the latter species might be partially hydrolyzed to SiF, which thus
led to environmental concern®.

In the recent past, there had been an increasing interest in the determination of the fluoride content in
many fields. The determination of fluoride concentrations is a great importance in various fields of science and
technology. Fluoride determination is also of interest in the industry as a part of the chemical quality assurance
of disposal waste. Fluorite (CaF,) is used on a large scale to separate slag in steel-making. Fluoride has both
positive and negative effects on individual health. Fluoride (F") ions can be determined in its solution by a
several methods such as potentiometry with ion-selective electrodes (ISE)"?, flow injection analysis®* 2, gas
chromatography®, ion chromatography®, capillary electrophoresis®, flame atomic absorption
spectrometry®™® | and spectrophotometry™”2Y, as well as inductively coupled plasma-mass spectrometry©® 2,
On the other hand, the most published methods were involved distillation®, pyrohydrolysis®?", alkaline
fusion®? or decomposition®” followed by spectrophotometric or potentiometric measurement. Disadvantages
of these methods are complicated and time-consuming, give an incomplete breakdown of the fluoride-
containing components in coal and losses of fluoride during decomposition in a combustion, or lead to a loss of
the element by volatilisation (alkaline fusion) if the fusion temperature is not closely and accurately controlled.
In the meantime, ion-selective electrodes (ISE) had been widely used for determining fluoride where Frant and
Ross® were first constructed a fluoride-ISE. On the other hand, some metal ions interfere with the fluoride
determination by ion selective electrode due to the formation of stable complexes with fluoride ions. Hydroxide
ions can interfere in fluoride determination because the fluoride and the hydroxide ions have the same valency
and similar ion radius. On the other hand, AI**, Fe** and Mg?* are able to complex or precipitate with fluoride
ions and these ions are able to reduce the free fluoride concentration in its solutions®®. As a result that, the
fluoride ions must be separated from the coexisting ions by steam distillation prior the determination by ion
selective electrodes® *). To overcome the effects of interfering ions without distillation, the suitable masking
agents are added to the solution during the determination. These reagents are total ionic strength adjustment
buffers (TISABs). In fluoride determination, TISAB solution serves to reduce interferences originating from
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hydroxide ions by adjusting the pH and to prevent complex formation between H* and F~ in acidic solutions. In
potentiometric measurements, the potential is dependent on activity rather than concentration. The ionic strength
of all solutions should be kept constant, to assure proportionality of the activity and concentration. Besides
providing a constant pH, TISABs regulate the ionic strength of the samples and standard solutions®" Y.
Similarly, various complexing reagents have been used as TISABs, the most common being citrate“?, and 1,2-
diaminocyclohexane-N,N,N",N"-tetraacetic acid (CDTA)“?. The total fluoride concentration in different sample
solutions was then determined by ISE analysis without preliminary steam distillation using a tartrate- and
tris(hydroxymethyl)methylamine (TRIS)-based total ionic strength adjustment buffer (TISAB) which reduced
the interferences of most interfering ions such as, aluminum or boron®* ).

Summing up, the method for fluoride determination from Egyptian phosphogypsum must be quite
beneficially separated the fluoride ions prior the determination. The present study is mainly concerned with
fluoride determination by ion selective electrode in the presence of interfering ions using the various kinds
TISABs, which are masked or formed complexes with the interfering ions, as a result that the fluoride ions
could be free in its solution. To realize the objective of this study, the parameters that influence the fluoride
determination are investigated. These include the pH, individual interfering ions concentrations and various
kinds of TISABs in the presences of individual or multi-components of interfering ions as well as the
equilibrium contact time. The obtained optimized conditions have then been applied to construct the best
calibration curve to determine the fluoride ions from the Egyptian phosphogypsum using ion selective electrode.

Il.  Materials And Methods
Materials characterization:
Phosphogypsum characteristics:

The studied phosphogypsum is a byproduct produced from the wet-acid production of phosphoric acid
from rock phosphate at the EI Nasr Co. for Intermediate Chemicals on Fayoum City, Egypt. It is a gray colored,
damp, fine-grained powder, silt or silty-sand materials. It is mainly CaSO,.2H,O with small amounts of
phosphate, sand, and clay. The working phosphogypsum sample is then analyzed after complete dissolution by
alkali fusion using the suitable techniques.

Working sample dissolution:

The fluoride ions may be presented in phosphogypsum in the form of calcium fluoride or alkali
fluorosilicate. The alkaline fusion could be used to dissolute the fluoride ions from the phosphogypsum sample
according to the following equations:

To determine the total fluoride ions concentration in phosphogypsum, 0.2 g powder sample was treated
or mixed well with 5.0 g of sodium hydroxide pellets in a platinum crucible. The crucible was put on a hot plate
for evaporation to dryness, after that, it was covered and transferred into the muffle furnace for combustion. The
temperature of the muffle furnace was set at 200 °C for approximately 16 h after which the temperature was
increased to 550 °C for 3 h and then at 800 °C until the contents had fused. The crucible was cooled in air and
transfer into Teflon beaker, 20 ml 6 M hydrochloric acid was added, then put on a hot plate in order to complete
dissolution afterward it was completed to 100 ml distilled water in plastic measuring flask and the solution was
transferred to 150 ml capped plastic bottle. The working sample solution was introduced to analyze using the
standard methods.

Preparation of fluoride stock solutions:

A standard stock solution of 1000 mg/L F~ has been prepared by dissolving 2.219 g sodium fluoride
(Analar grade, Merck) in 1000 ml distilled water after previously dried at 110 °C for two hours and then cooled
in a desiccator overnight. This solution was actually used to determine the relevant factors of fluoride
determination using the working ion selective electrode. Standard solutions of fluoride ions concentrations were
obtained in a serial dilution through rigorous dilution of the standard stock solution ranging from 0.1 to 10 mg/L
F to prepare the calibration curves for the spectrophotometric and the ion selective electrode methods. All
fluoride solutions were stored in polyethylene containers.

Preparation of some interfering ions:

Several standard stock solutions of 1000 mg/L of possible ions have been prepared by dissolving
suitable weights of their salts in 1000 ml distilled water e.g. AI**, Ca®*, Fe*, etc. These ions are used for as
standard solutions during the determination of fluoride ions. These ions have individually been introduced into
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the synthetic aqueous fluoride solution in a suitable dilution to study the effect of their interferences on F
determination using ion selective electrode.

Different types of TISABs:

The total ionic strength adjustment buffer (TISAB) is an important reagent for the determination of F°
ions using ion selective electrode to adjust the ionic strength, buffer of the pH and break up metal fluoride
complexes. The preparation of several methods of TISAB solutions are described below:

TISAB-1 had been previously made by mixing well of sodium chloride (58.0 g), glacial acetic acid
(57mL) and sodium citrate dihydrate (0.30 g) in 500 ml deionized water. The pH of this mixture was adjusted
between 5.0 and 5.5 by dropwise adding 6 M NaOH. Cool, the solution to room temperature and adjust the final
volume to one liter by adding distilled water®®.

TISAB-2 was prepared by dissolving sodium citrate dihydrate (147 g), potassium nitrate (10 g), glacial
acetic acid (28.5 mL), and sodium chloride (29 g) in about 700 mL of distilled water and diluted to 1 L after
adjusting the pH of the solution to 5.2 with 5 M NaOH“®.

TISAB-3 had also been obtained by the dissolution of citric acid (26 g) and sodium citrate dihydrate
(300 g) in about 700 mL of distilled water, the pH was adjusted to 5.5 with sodium hydroxide solution, and the
solution was diluted to 1 L with distilled water®.

TISAB-4 was made by adding glacial acetic acid (57 mL) and sodium chloride (58 g) as well as 1, 2-
cyclohexanedinitrilo-tetraacetic acid (CDTA) (4 g) in 500 mL distilled water. Adjust the solution pH to 5.5 with
5M NaOH. Transfer and complete the total solution to a 1L with distilled water. Transfer the solution to a clean
polyethylene bottle®®.

All the prepared TISAB solutions are stored in an amber container, avoiding exposure to the light.

Fluoride ion selective electrode mechanism:

The used ion selective electrode is the combination of pH electrode and a single fluoride electrode.
The sensing membrane in the fluoride ion electrode is single crystal lanthanum fluoride (LaF3) which is widely
used to measure the fluoride ions. The crystal is may be doped with europium to improve the conductivity. At
each membrane-solution interface, the following equilibrium takes place:

The formation of LaF," creates a charge at the membrane surface. The equilibrium will be shifted to the
right for the solution with a smaller F~ concentration and the potential will become more positive relative to the
other side of the membrane. It is this potential difference across the LaF; crystal membrane that is measured and
related to F~ concentration. The fluoride electrode is extremely selective for F~ but can experience interference
from OH™ above pH 8“".

Work of ion-selective electrode is based on the fact that the linear relation between the electrical
potential and the logarithm of activity (or effective concentration) of ions in the solution. This relationship is
described by Nernst equation:

E =E°+$Log (a)

where E is the measured electrode potential (mV), E° is the standard electrode potential for the ion
selective fluoride (mV), R is the gas constant (8.314 J/K/mol), T is the absolute temperature (K), a is the activity
of the fluoride ion, n is the charge on the ion (-1 for fluoride), F is the Faraday constant (9.648 x 10*
Coulomb/mol), If all measurements are made at a room temperature (25°C), then the term 2.303 RT/nF for
fluoride ion (where n = -1) is a constant and the Nernst equation is reduced to:

E =E°-59.16log (a)

The Nernst equation is valid for very dilute solutions or for solutions which have constant ion strength.
The activity is equivalent to the concentration in dilute solutions but becomes increasingly lower as the ionic
strength increases. The activity (a) represents the effective concentration while the total fluoride ion
concentration may include some bound ions. The electrode responds only to free ions so it is important to avoid
the formation of complexes that are meant to be measured. In this case, the complexation would lower the
activity and therefore the electrode response.

The function of the ion-selective electrode is based on selective leakage of positively charged species
from one phase to another, creating a difference in potential. Working principle is based on measuring the
electrode potential (mV) depending on the concentration of tested ions in the solution. The reference electrode
has a constant potential, and potential of ISE is changing by the concentration of certain ions.
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Analytical procedures:

Before applying the fluoride ion selective electrode to the determine fluoride ion in the
phosphogypsum sample solution, the analytical characteristics of the electrode were investigated. Several
experimental parameters can affect the electrode response, namely the pH of the medium, individual interfering
ions concentrations and various kinds of TISABs in the presences of individual or multi-components of
interfering ions as well as the equilibrium contact time. The obtained optimized conditions have then been
applied to measure the fluoride ions in the Egyptian phosphogypsum sample solution using ion selective
electrode.

The quantitative analysis of phosphogypsum sample or its studied solution is then fulfilled for the
determination of the impurities like Si**, AI** and PO,> using Unicam UV2-100UV/Vis Spectrometer according
to standard methods of analysis“?. The concentrations of the other elements have been determined through the
Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) technique using the proper standards.

Concerning the fluoride concentration in the phosphogypsum sample is firstly distillation and then
spectrophotometrically determined by lanthanum/alizarin complexone at 620 nm“® while the fluoride
concentration in the studied solutions have all the time being measured by the combination fluoride ion selective
electrode, Thermo Scientific Orion meter 920A, AC input 115 V instrument and comparing the final results with
the spectrophotometric determination after distillation technique. The functioning of an ISE is based on the
selectivity of the passage of charged species from one phase to another, leading to the creation of a potential
difference. All experiments were repeated 3 times for each sample.

The normal calibration method was used for the fluoride ion selective electrode. The potential for each
fluoride standard solution is measured and the calibration curve (E versus log[F7]) is constructed. The fluoride
concentration in each sample is determined from the calibration curve. The parameters conditions of the fluoride
determination are studied for the standards and applied on the phosphogypsum sample solution.

1. Results And Discussion

Phosphogypsum characterization:

The studied phosphogypsum has been completely analyzed using the above-mentioned procedures and
the obtained results are shown in Table 1. From these results it is clearly evident that the major constitution of
phosphogypsum contains Ca (28.31%), SOs; (40.45%), SiO, (8.29%), Al,0O; (0.17%), Fe,0O5; (0.31%), MgO
(0.21%) and P,05 (1.98%) as well as Na,O (0.29%) while the concerning fluoride ions concentration in the
studied sample is assaying 0.26% after distillation method. On the other hand, the prepared solution of the
working phosphogypsum sample has also been completely analyzed and the obtained results are also given in
Table 1. From the obtained data, it is revealed that the concentrations of some ions including calcium, sulfate,
silicon, aluminum, iron, magnesium, phosphate and sodium ions are assaying 400.1, 950.2, 72.4, 2.3, 4.1, 2.5,
25.8 and 25000.8 mg/L respectively, beside that the concentration of the concerned fluoride ions in the studied
solution after applying the distillation method is 5.2 mg/L which is used as a reference data for comparing the
obtained result of fluoride determination using ISE in the applied solution.

Table (1): Chemical analysis of phosphogypsum sample and its working solution.

Parameter PG sample (%) Parameter PG working solution (mg/L)
CaO 28.31 Ca** 400.1
SO, 40.45 SO/~ 950.2
SiO, 8.29 Si 72.4
Al,O; 0.17 AP 2.3
Fe,0s 0.31 Fe* 4.1
MgO 0.21 Mg** 25
P,0s 1.98 PO 25.8
TiO, 0.01 Ti* -

Na,O 0.29 Na* 25000.8
K,0 0.02 K* 0.3
MnO 0.01 Mn** -

F 0.26 F 5.2

Sr 0.09 Sr?* 0.5

S REEs 0.05 Y REEs 0.09
Loss on ignition (%) 19.71
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Optimization of fluoride determination parameters:
Effect of pH:

The pH of the solution plays a vital role in the fluoride determination by ISE technique. A series of
experiments was carried out at different pH ranging from 1 to 10 using 30 mL solution volume at 25 °C and 50
rpm stirring speed for 15 min contact time in 100 ml polystyrene beakers. The potential measurement for
sensing the ion selective electrode was thus studied at three different standard concentrations of fluoride ions
varying from 1 to 5 and 10 mg/L. The combined fluoride electrode is rinsed by spraying with a jet of deionized
water and gently dabbed dry with a soft tissue before measurement and then is immersed in the solution, and
once the potential has stabilized and the measurement is taken. The corresponding electrode potentials for the
three standard solutions at different pH range were actually recorded with the ion meter of the ion selective
electrode after approximately 15 min inserting the electrode into the continuously stirred solution at 25 °C.
From the obtained results (Table 2), it was found that the potential measurements for the three standard
solutions are decreased with increasing the pH until pH 5. Therefore, the negative response is obtained for the
fluoride ion selective electrode sensitivity at pH <5.0. This false response can be explained by fluoride ion
combines with hydrogen ions (H") producing equilibrium mixtures of HF and HF,” that cannot diffuse through
the LaF; membrane of ISE. Thus, the fluoride ions will be low if the pH of the sample is lower than 5.0.
However, the potential reading at pH 5.0-8.0 have relatively been constant due to the fluoride ions are not
combined with hydrogen ions. The potential measurement is decreased at pH > 8.5, thus, it have been the
positive response to the sensitivity of the fluoride electrode due to the presence of hydroxide ions which could
interfere with the fluoride determination. Whereas, the physical size of the hydroxyl ion (OH") is about the
same of the fluoride ion (F") besides that the hydroxyl ions can migrate through the lanthanum fluoride
membrane and produce a positive response. The false response can be also explained by the formation of a
complex between the lanthanum in the electrode membrane and the hydroxide ions in the solution®?. Therefore,
the ideal pH for fluoride determination by ISE is pH 5.5. To avoid the positive and negative interference of both
OH" and un-dissociated HF or HF;" respectively, pH 5.5 is must be achieved during the measurements using the
TISAB solution.

Table (2): Effect of pH on the Potential (mV) reading of different standard F~ ions using ion selective

electrode.
pH Potential (mV)
1 mg/L 5 mg/L 10mg/L

1.0 190.3 -274.1 -309.2
2.0 -200.3 -286.6 -318.4
3.0 -210.5 -305.2 -334.9
4.0 -250.1 -325.8 -345.3
4.5 -280.5 -345.3 -361.7
5.0 -320.2 -360.4 -379.5
5.5 -337.8 -376.3 -393.9
6.0 -337.8 -376.9 -393.7
6.5 -338.6 -377.4 -393.5
7.0 -339.9 -377.7 -394.8
7.5 -338.2 -378.1 -394.1
8.0 -337.3 -379.6 -395.7
8.5 -339.3 -379.9 -395.5
9.0 -350.9 -397.8 -415.2
10.0 -370.5 -420.6 -435.9

Effect of some interfering ions:

The possible interference of the associated ions such as Ca®*, SO,*, PO,>, AP*, Fe** and Mg, where
these ions are presented in the phosphogypsum matrix solution and could lead to adverse effects on the fluoride
determination using ion selective electrode. Thus, the effects of the studied interfering ions on the F
determination with or without interfering ions were studied using a series of the individual synthetic interfering
ions varying from 1 to 200 mg/L upon a 5 mg/L synthetic standard F" in 30 mL solution volume at pH5.5 in 100
ml polystyrene beakers. The corresponding electrode potentials were actually recorded with the ion meter of the
ion selective electrode after approximately 15 min inserting the electrode into the continuously stirred solution
at 25 'C. The calibration of the ion meter was performed initially with a 1 mg/L F~ standard solution, then with a
10 mg/L" F standard solution, and again with a 1 mg/L F standard solution to ensure the completeness of the
calibration. From the obtained data in Table 3, it was found that the low concentrations of the studied interfering
ions have been a positive and negative response on the meter reading of ion selective electrode. In the case of
the sulfate and the phosphate anions, interferences show positive errors and the recoveries are over 100%.
Taking into account the effect of ionic strength and activity, the recoveries rates should have been less than
100%. In case of the anion interferences, the ionic strength increases that lead to the ion loses some of its
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effectiveness, and its activity coefficient decreases. This indicates that the possible reason could be the F
electrode response to other anions when the concentration of anion interference is high enough®®. In case of the
cation interferences, Al ions are showed the most serious influence on the determination of F ions. It is well
known that Al ions readily form stable complexes with F ions. Therefore, the significant interference by Al ion
is caused by the strong affinity of F ions for Al ions and the formation of an octahedral structure of Al-F with
which one Al ion can combine up to a maximum of six F ions. Iron ions are also seemed to cause a negative
error. The extent of the Fe interference is much less than that of Al, due to the stability constants for both Fe?*
and Fe** complexes with F is less than that of Al. While the Ca®* and the Mg?* show a positive error. The latter
positive error could not be interpreted in terms of ionic strength and activity because the increase of the ionic
strength causes a decrease in the activity, which should lead to a negative error. All the positive errors for these
cations interferences seem to be caused by anion interference from the counter ion. This meant that Ca?* and
Mg?" did not form strong fluoro-complexes like Al or Fe ions“?.

To overcome these problems, the TISAB must be added to each standard solution sample to avoid
these interferences.

Table (3): Effect of some interfering ions concentrations on the determination efficiency of F ions.

Interfering ion (Salt) Recovery percent (% R) of 5 mg/L F ions
0 1Img/L | 10mg/L | 25mg/L | 50 mg/L | 100 mg/L | 150 mg/L | 200 mg/L
Ca®* (CaCly) 99.9 100.6 1034 105.3 108.5 111.9 112.3 1141
SO4” (Na,SOy) 99.9 1024 105.2 110.9 115.1 120.2 125.7 130.1
PO,* (NaH,PO,.6H,0) | 99.9 101.8 103.6 108.8 114.2 117.4 123.1 125.6
AP (A1C15.6H,0) 99.9 10.2 5.1 0.3 0 0 0 0
Fe**(Fe(NO3)3.9H,0) 99.9 59.4 40.8 30.3 20.2 11.9 5.3 1.8
Mg** (MgCly) 99.9 100.3 102.8 104.7 107.6 109.3 111.9 113.7

Effect of the TISABs on the F~ determination in the presence of some interfering ions:

The effect of the various kinds of TISABs upon the fluoride ions determination was investigated with
or without the interfering ions. A series of experiments were carried out using the desired concentrations range
of the individual synthetic interfering ions with the 30 mL solution containing 5.0 mg/L F~ and addition of
constant volume (10 mL) of various Kinds of TISABs. These solutions were put into a polyethylene beaker at
room temperature. The contact time for masking or complexing the most interfering ions with TISABs in these
solutions is 24 h prior the measurement of F using ion selective electrode® ®Y. The readings of the electrode
potential were recorded with the ion meter approximately 15 min after immersing the electrode into the
continuously stirred solution at 25 °C. Note that 10 mL of TISAB was added to 30 mL of sample solution, result
that another dilution factor. The calibration graph for each TISAB is constructed using a series of standard
fluoride ions without interfering ions. The measurements with and without interfering ions were compared. The
obtained results in table 4 reveal that the cation and anion interferences yield an insignificant error in the
determination fluoride ions even after adding TISAB-1 or TISAB-2. These may be attributed that the stability
constants of metal-fluoride complexes are higher than those of metal ions with TISAB-1 or TISAB-2
complexes, therefore, the compexing efficiencies of the TISAB-1 or -2 with interfering ions are relatively low
and the fluoride ions are not released in the solution. In the case of TISAB-3, which had a higher citrate content,
the effect of the interfering ions especially aluminum and iron was lowered to a great extent, making it possible
to detect 99% of the fluoride in the determination, as well as in case of the TISAB-4, the effect of the interfering
ions especially AI** and Fe** was also lowered. The previous study showed that the TISAB-4 containing CDTA
was not as effective as TISAB-3 in lowering the effect of aluminum ions“®. This is investigated that, the TISAB
containing CDTA was not able to de-complex most iron or aluminum fluoride complexes. Accordingly, it has
been possible to mask the most interfering ions in the working solutions using TISAB-3 containing higher
citrate content.
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Table (4): Effect of various TISABs on the determination efficiency of F~ in the presence of some
interfering ions.

Interfering | Concentration Measured concentration and recovery percent (% R) of F ions
ion of interfering | TISAB-1 TISAB-2 TISAB-3 TISAB-4
ion [F %R | [F %R |[FlmgL [ %R |[F %R
(mg/L) 1(mg/L) 1(ma/L) 1(ma/L)
ca* 0 4.99 99.9 | 4.99 99.9 4.99 99.9 4.99 99.9
(CaC1y) 10 5.01 100. | 5.01 100.2 | 4.99 99.9 4.98 99.7
50 5.18 103. | 5.06 101.2 | 4.98 99.7 4.96 99.2
100 5.42 108. | 5.22 104.4 | 4.97 99.5 4.93 98.5
200 5.61 112. | 5.39 107.8 | 4.96 99.2 4.91 98.2
300 5.82 116. | 5.49 109.8 | 4.93 98.5 4.89 97.7
400 6.05 120. | 5.58 1116 | 4.92 98.3 4.85 97.1
SO~ 0 4.99 99.9 | 4.99 99.9 4.99 99.9 4.99 99.9
(Na,SOy) 1 4.98 99.5 | 4.98 99.5 4.99 99.9 4.98 99.6
50 4.93 985 | 4.87 97.3 4.99 99.9 4.97 99.4
250 4.84 96.8 | 4.78 95.5 4.99 99.9 4.95 98.9
500 4.65 92.9 | 4.56 91.2 4.98 99.6 4.94 98.7
750 4.54 90.7 | 4.43 88.5 4.94 98.7 4.86 97.2
1000 4.32 86.3 | 4.24 84.8 4.93 98.5 4.82 96.3
PO,* 0 4.99 99.9 | 4.99 99.9 4.99 99.9 4.99 99.9
(NaH,PO,. | 1 4.98 99.5 | 4.98 99.5 4.99 99.9 4.96 99.1
6H,0) 10 4.96 99.1 | 4.95 98.9 4.99 99.9 4.95 98.9
50 4.92 98.4 | 4.89 97.8 497 99.5 491 98.1
100 4.90 97.9 | 4.88 97.5 4.99 99.8 4.90 97.9
150 4.84 96.8 | 4.85 96.9 4.98 99.7 4.88 97.6
200 4.79 95.7 | 4.76 95.2 4.95 98.9 4.86 97.2
APF* 0 4.99 99.9 | 4.99 99.9 4.99 99.9 4.99 99.9
(A1C136H | 1 4.01 80.2 3.81 76.2 4.99 99.9 4.99 98.9
20) 10 2.43 48.6 | 1.99 39.8 4.99 99.9 4.88 97.6
50 171 34.2 1.15 23.0 4.98 99.6 4.85 96.9
75 1.25 25.0 | 0.98 19.6 4.97 99.4 4.83 96.6
100 0.86 17.2 0.73 14.6 4.95 98.9 4,71 94.1
Fe** 0 4.99 99.9 | 4.99 99.9 4.99 99.9 4.99 99.9
(Fe(NOs)s. | 1 4.00 80.0 | 4.19 83.8 4.99 99.9 4.98 99.7
9H,0) 10 2.77 554 | 244 48.8 4.99 99.9 4.92 98.3
50 2.65 53.0 | 2.18 43.6 4.99 99.9 4.88 97.7
100 2.26 45.2 1.92 38.4 4.98 99.7 4,76 95.1
Mg* 0 4.99 99.9 | 4.99 99.9 4.99 99.9 4.99 99.9
(MgCly) 1 5.01 100. 5.01 100.2 4.99 99.9 4.98 99.7
10 5.07 101. | 5.08 101.6 | 4.99 99.9 4.96 99.2
50 5.11 102. 5.14 102.8 4.99 99.9 4.94 98.8
100 5.19 103. | 5.17 103.3 | 4.98 99.6 4.92 98.4

Effect of TISAB-3 dose onto the F determination in the presence of multi-components ions:

The influence of the TISAB-3 volume on the fluoride ions determination using ion selective electrode
with the multi-components ions mixtures was studied. The constituents of the multi-components ions mixtures
may be simulated to the composition of phosphogypsum sample solution. To study the TISAB-3 amount effect
on the fluoride ions determination, a series of experiments were carried out in which the TISAB-3 amount
added was varying from 2.5 to 20 ml and mixed well with 30 ml of 5 mg/L fluoride ions concentration synthetic
solution that also contained a synthetic mixtures of Ca*", SO,, Si**, AI**, Fe**, Mg®*, PO,* and Na" ions from
their salts assaying 400, 950, 75, 5, 4, 5, 25 and 25000 mg/L respectively and all solutions put into a
polyethylene beaker for 24 h contact time at 25 °C. The readings of electrode potential were recorded after 15
min immersing the electrode into the solution with continuous stirring at room temperature. From the obtained
results (Fig. 1) reveal that the experimental recovery rate of F ions is increased with increasing the TISAB dose,
where at a higher dose of the TISAB-3, the most of the multi-components ions are masked or formed complexes
with the citrate ions. Accordingly, the recovery rate of fluoride determination was increased from 81.5 to 99.2%
with increasing the TISAB dose from 2.5 to 10 mL and has remained constant thereafter till 20 mL added.
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Fig. (1): Effect of TISAB-3 dose volume on the efficiency (%) of F determination in the presence of multi-
components interfering ions.

Effect of the equilibration time:

To studying the effect of the contact time required for sensing the membrane on the fluoride ion
selective electrode with the fluoride ions in the studied solution, several experiments were performed to
determine the equilibrium time. In these experiments, 10 ml of the TISAB-3 amount added to 30 mL solution
containing 5 mg/L synthetic fluoride ions concentration and a synthetic mixtures of Ca**, SO,%, Si**, AP, Fe**,
Mg**, PO,> and Na* ions assaying 400, 950, 75, 5, 4, 5, 25 and 25000 mg/L respectively and all solutions put
into the polyethylene beakers for 24 h contact time at 25 °C. The readings of electrode potential were recorded
after immersing the electrode into the solution with continuous stirring for a time period ranging from 1 to 30
min at room temperature. From the obtained results (Fig. 2), it is clearly evident that beside of increasing the
contact time of immersing the ion selective electrode until 15 min, the recovery rate of fluoride ions is increased
to 99.2% which still constant with increasing the contact time. It is interesting in this regard to indicating that
the error in the readings of electrode potential is highest at the pre-equilibrium phase that is in the first moments
of the electrode/solution contact. Over time, the error diminishes and reaches a constant value. At the
equilibrium system, the equilibrium between the particular ion and a membrane potential is reached, the error is
minimal. Finally, the equilibration time is 15 minutes because it provided a relatively accurate determination
over a wide concentration range.

100

90 -

Recovery, %

50

0 25 5 7.5 10 125 15 17.5 20 22.5 25 27.5 30

Contact time, min
Fig. (2): Effect of the equilibration time on the efficiency (%) of F~ determination in the presence of multi-
components interfering ions.

Fluoride ions determination in the Egyptian phosphogypsum:

From the above-mentioned results, it has been shown that the optimization conditions for the
determination of fluoride ions in the presence of multi-components interfering ions using ion selective electrode
are obtained. Prior to applying these conditions upon the El Nasr phosphogypsum sample, it was digested to
dissolve the fused product by alkali fusion. This sample solution contains calcium, sulfate, silicon, aluminum,
iron, magnesium, phosphate and sodium ions are assaying 400.1, 950.2, 72.4, 2.3, 4.1, 2.5, 25.8 and 25000.8
mg/L respectively. The interference effects of these ions on the ISE determination of fluoride can be eliminated
by steam distillation or TISAB-3 addition.

The recovery rate of fluoride ions has then been determined using the optimum conditions which are 30
mL sample solution containing F~ mixed well with 10 mL of citrate buffer (TISAB-3) and put into a
polyethylene beaker at room temperature. The contact time for masking the most interfering ions with citrate
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ions in this solution is 24 h prior the measurement of F~ ions. The readings of electrode potential were recorded
with the ion meter at 15 min contact time after immersing the electrode into the continuously stirred solution at
25 °C. The calibration curve was generated from the standard fluoride solutions ranging from 1 to 10 mg/L
fluoride ions from its stock solution by plotting the observed electrode potential (mV) vs logarithm of F
concentration (mg/L) to obtain a straight line (Fig. 3). Accordingly, the linear correlation coefficient (R?) is
almost 0.999 and the slope has a practical value of -56.83 mV which was nearest the ideal range. However, the
negative slope (2.303 RT/F) of the normal Nernst equation has a theoretical value of -59.16 mV that indicates
the ideal range at 25 °C for determination of fluoride ions. According to the calibration curve, the fluoride ion
content in phosphogypsum sample solution was determined and compared with the result obtained from the
steam distillation prior the spectrophotometric determination with the alizarin fluoro-complexonate method.
Finally, the concentration of fluoride ions in the sample solution reached 5.19 mg/L which is relatively equal to
the spectrophotometric method after distillation.

=300
310 1 *
320 4 . ¥ = -56.83x - 336.9
L R*=0.999
~ -330 +
= [ ~
E 340 4
S L
= 350 4
; -360 T > PG sample
f_ 370 4+ . 5.19 mg/L
277 F
-380 >
-390 + *
L -
-400 -

0.71
-0.6 -0.4 -0.2 0 0.2 04 06 08 1

log [F, mg/L]

Fig. (3): Calibration curve of fluoride ions determination

IV.  Conclusion

The potentiality of fluoride ion selective electrode for fluoride determination from its synthetic
solutions has actually been fulfilled and the studied relevant factors have actually been optimized. It was carried
out using 30 mL solution containing a synthetic F~ assaying 5 mg/L and 10 mL of citrate buffer (TISAB-3) into
a polyethylene beaker at room temperature. The contact time for masking the most interfering ions with citrate
ions in this solution is 24 h prior the measurement of F~ ions. The readings of electrode potential were recorded
with the ion meter at 15 min contact time after immersing the electrode into the continuously stirred solution at
25 °C. The TISAB-3 has a higher citrate content that affects the interfering ions especially aluminum and iron
which are lowered to a great extent because of the formation of a stable complex with citrate ions. The TISAB-3
is almost made the maximum recovery (99.2%) of the fluoride determination. Accordingly, it has been possible
to generate the best calibration curve from standard fluoride solutions ranging from 1 to 10 mg/L fluoride ions
from its stock solution. Accordingly, the slope has a practical value of -56.83 mV which was nearest the ideal
value of the normal Nernst equation which has a theoretical value of -59.16 mV that indicates the ideal range at
25 °C for fluoride ions determination. Finally, the working phosphogypsum sample solution was successfully
applied for fluoride determination that is assaying 5.19 mg/L using ion selective electrode and comparing this
result with the fluoride determination by spectrophotometric technique after distillation to obtain accuracy and
precision.
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