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INTRODUCTION

Heavy metal contamination is a major problem due to the potentially harmful impacts of
these chemicals in the environment. They can be introduced into the environment by natural
sources and anthropogenic activities. Natural sources of mercury include volcanic action,
weathering of mercuriferrous rocks, degassing from surface water, biogenic emissions, and
forest fires (Volesky,1994), while anthropogenic activities, such as chemical manufacturing,
metallurgical industries and artisanal gold mining, paper industry, pharmaceuticals, seed
dressings, fungicides, dental preparations, thermometers, paints, fluorescent and ultraviolet
lamps and fuel consumption (Volesky,1994; Tuzen et al., 2009).

Mercury is a very hazardous heavy metal that stays in the environment long after the cause
of poisoning has been eradicated (Kang et al., 2020; Di Natale et al., 2005). Because of its high
toxicity, World Health Organization (WHO) limited the maximum allowable limits of Hg(II)
to 1.0 ug/L and 5.0 ug/L in drinking and wastewater, respectively (Al-Ghouti et al., 2019; Al-
Yaari and Saleh, 2022). Hence, the removal of mercury from contaminated water is desirable.
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Several approaches, involving precipitation, ion exchange, filtration, membrane technology,
extraction technology, electrochemical processes, and adsorption, have been used to remediate
heavy metals from wastewater (Olugbenga et al., 2014). Adsorption is a successful method
for removing dyes from wastewater in terms of efficiency and cost when compared to other
conventional remediation methodologies (Labidi et al., 2022).

In recent years, a wide range of materials has been demonstrated to be effective for Hg (II)
removal from wastewater such as:pozzolana (Di Natale et al., 2006), MoS,-LDH (Ma et al., 2017),
silica (Kosak et al., 2015; Wang et al., 2018), functionalized Fe O, (Jianjian et al., 2020), kaolin
(Yilmaz et al., 2017), zeolite (Rostami et al., 2018; Fang et al., 2018), coal (Liangyan et al., 2020),
L-cystine/LDHs (Bingbing et al., 2020), hydroxylapatite (Kim & Lee, 2014), bentonite (Wang
et al,, 2011), chitosan (Bhatt et al., 2018) and pyrite (Yucheng et al., 2020). Since commercially
available synthetic materials are expensive, exhibit slow kinetics with a limited adsorption
capacity and difficult to regenerate, looking for additional new natural low-cost materials is
needed.

In this paper natural quartz mineral was chosen as a new adsorbent for Hg(II) species in
synthetic wastewater. Because of the porous texture, mechanical stability, good-quality surface,
non toxic and natural character, geological abundance in Algeria (Tamanghasset south region),
the quartz mineral used in this study is cheap and presents an economic advantage as natural
low-cost adsorbent.

The present study reports the application of Algerian white quartz mineral as new natural
sorbent for the removal by adsorption of Hg(II) species from aqueous solutions. The main
parameters affecting the adsorption process such as sorbent dose, solution pH, temperature
initial sorbate concentration and contact times, were investigated. The isotherm constants for
the Langmuir, Freundlich, Temkin and Dubinin-Radushkevich (D-R) isotherms have been
calculated using the linear models. Kinetics study was carried out using the pseudo-first-order
(PFO), pseudo-second-order (PSO) and intra particle diffusion (IPD) models.

MATERIAL AND METHODS

Materials and reagents

A mining company provided the quartz material (Figure 1). The samples were washed in
distilled water, dried at 110°C for 24 hours, then crushed in a ceramic ball mill and sieved using
ASTM standard sieves to get particles size ranging from 100-80pm . A 50 g of quartz was sieved
for 10 minutes to determine the particle size distribution of the sample used for adsorption
experiments (Table 1).

Stock solution of mercuric jons (1000 mg/L) was prepared by dissolving suitable quantity of

Fig. 1. Quartz mineral (left) and the powder fraction (100-80pm) (right)
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Table 1. Particles size distribution of quartz mineral.

Size range weight (%)
> 100pm 3.87
100-80um 24.00
80-60um 19.95
60-40pum 19.44
40-20pm 18.53
20-10pm 9.71

< 10um 4.50

Hg(NO,),-H,O (Fluka Chemika) in double-distilled water. Working standards were prepared
by diluting different volumes of the stock solution using double-distilled water to obtain the
desired concentration. The solution pH was adjusted by adding a few drops of 0.1 M NaOH
and HNO,. The amount of Hg(II) species in the solution was determined from an established
calibration curves using Flame Atomic Absorption Spectrophotometer (PYE Unicam SP9) at a
wavelength A of 253.7 nm (Bhatt et al., 2018; Al-Ghouti et al., 2019; Al-Yaari and Saleh, 2022).

Materials characterization

The chemical composition of the quartz mineral is given by XPS (Cameca SX-50). The
morphology of quartz was collected on a Scanner Vega3 scanning electron microscope equipped
with an energy dispersive X-ray spectrometer (SEM/ EDS) with an acceleration beam of 15 kV.
A BRUKER AXS with generator (10 kV) was employed as the X-ray diffractometer. The Cu-
Ka, monochromatic radiation (A= 1.5406A) was used to collect the diffractogram. The FTIR
measurement was done with a JASCO 460 spectrometer that came with OMNIC software and
has a wavelength range of 400/cm to 4000/cm with a resolution of 4 cm™. The surface area
(m?/g) was measured by Sear’s method using the following equation: S (m*/g) = 32x (V -V)) -
25, where V| and V_are the volumes of the basic and acidic solutions, respectively (Sears, 1956).

Electrokinetic measurements

The electrokinetic characteristics were measured using a Laser Zee Meter (Pen Kem Inc), at
a voltage of 100 V and a temperature of 25°C. Quartz particles were suspended in distilled water
containing 10° M KNO, and agitated for 2 hours, the pH was adjusted using 0.1M HNO, and
NaOH solutions (Purohit et al., 2006). OHAUS (Starter 3100) pH meter was used to determine
the pH before and after the zeta potential experiments.

Adsorption experiments

To assess the impact of sorbent quantity on Hg(II) adsorption at 25°C, variable amounts of
sorbent from 0.12 to 1.0 g/L were used. The experimental variables are kept constant, a contact
time of 180 minutes, Hg(II) concentration of 100 mg/L, the suspensions pH of 2.0 and an
agitation speed of 200 rpm.

The removal effectiveness of Hg(II) ions by quartz mineral in a pH range of 2.0-12.0 was
examined using 1.0 g/L of quartz at 25°C with an initial Hg(II) concentration of 50 mg/L,
agitation speed at 200 rpm and a contact time of 180 minutes. The pH of the solution was
adjusted by (0.1M) HNO, and NaOH solutions.

Batch adsorption of mercuric ions onto quartz surface was carried out at 25°C, pH =2 and an
agitation at 200 rpm. Adsorbent dose of 1.0 g/L was added to 100mL Hg(II) solutions of different
concentrations from 20 to 500 mg/L. After an equilibrium time of 180 min, the Hg(II) ions in
solution were separated from the adsorbent by centrifugation at 2000 rpm for 15 minutes. The
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amounts of Hg(II) species were determined by atomic absorption spectroscopy (PYE Unicam
SP9). The adsorption capacity (q.) and the removal efficiency (R %) of quartz sorbent for Hg(II)
were calculated by equations (eq.1) and (eq.2) (Ho et al., 2000):

q@=(C0 _mce)V (eq.l)

CO - Ce

R% = { }XIOO (eq.2)

0

Where C. and C_ denote the initial and equilibrium concentrations (mg/L), m is the mass of
quartz (g), and V denotes the solution volume (L).

Kinetics investigations were conducted with an Hg(II) concentration of 500 mg/L. A 100 mL
mercury solution is mixed with 1.0 g/L g of adsorbent that are 100-80um in size. The suspensions
are stirred at 200 rpm with an agitation time from 5 to 280 minutes at 25° C and pH = 2.0. At the
end of adsorption the Hg(II) ions were separated from the suspension by centrifugation at 2000
rpm for 15 minutes and analysed for the residual Hg(II).

RESULTS AND DISCUSSION

The chemical composition of the quartz mineral is given by XPS (Cameca SX-50). It
contained about 99.13% SiO,, 0.34% CaO, 0.31% MgO and 0.22 % Fe O,.The surface area of
quartz measured by Sear’s approach was 0.60 m?/g, which agrees well with that found using the
BET methods (Tabrizy et al., 2011), they found that quartz has a specific surface area of 0.62
m?*/g for N, 0.67 m?/g for Kr and 0.65 m*/g for H,O. Figure 2 shows the X-ray diffraction pattern
of quartz. The usual characteristic peaks of the quartz sample are around 20 = 20.88°, 20 = 26.78°
and, 20 = 50.01°and 26 = 55.5°, 20 = 60.0° and 20 = 68.7° which correspond to the miller indices:
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Fig. 2. X-ray diffraction pattern of quartz mineral.
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Fig. 4. SEM image of the quartz surface (before and after grinding)

(110), (011), (112), (013), (211) and (031), by comparison with the standard JCPDS No. 5-0490
(Nadhiraet al., 2018). The quartz X-ray peaks are identical to those of pure quartz (Levien et al.,
1980).

The FTIR spectrum of quartz is shown in Figure 3. The most important absorption peaks
are in the range 470 to 1100 cm™', which corresponds to the asymmetric stretching of Si-O-Si
groups at 1080 cm™ and the symmetric stretching at 779 cm™', accordingly. However, at 470 cm™
and 520 cm’, respectively, the asymmetric and symmetric Si-O bending modes are seen. The
absorption peaks located at 3450 cm™ and 1630 cm™ correspond to the hydroxyl group OH and
the deformation of the H,O molecules respectively (Saikia et al., 2008).

The surface morphology of the quartz mineral before and after grinding is shown in Figure 4.
The surface of SiO, before grinding appears compact and heterogeneous through different shape
of undulations and cuts. However, after grinding a hilly surface with an important evolution of
the roughness in the perimeter of the inspected surface is observed.

The knowledge of the chemical behavior of the metal ion and the sorbent material may help
to achieve the finest results in the sorption process. Figure 5 illustrates the zeta potential of
quartz in KNO, electrolyte solution as function of pH. Quartz’s isoelectric point (I.E.P) was
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determined to be at pH close to 1.8. Below this pH, the surface is negatively charged, and the
strength of the charge rises with increasing the pH value. At pH = 7.0 the zeta potential is -17.84
mV. However, at pH = 10.0, the zeta potential is more negative and reach -19.23 mV.

The effect of sorbent dose is presented in Figure 6.As shown with an adsorbent mass ranging
from 0.12 to 1.0 g/L, the percent removed of Hg(II) increases from the minimum of 38.45% to
the maximum of 99.60 %, respectively. The maximum removal capacity (99.60 %) was reached
for a quartz dose of 1.0 g/L, at which the adsorption active sites were sufficient for complete
adsorption (=100%). This can be attributed to the increase in the quartz surface area and the
available active sites (Al-Yaari and Saleh, 2022). Therefore, for further experimental setup, 1.0
g/L adsorbent dosage was used. Similar results have proven that an increase in the dosage of
adsorbent at a constant pH and adsorbate concentration has positive effect on the removal of for
heavy metals pollutants from wastewater (Zhang et al., 2011; Fang et al., 2018; Hadi et al., 2015).

The influence of pH on mercuric ion removal at various pH levels ranging from 2.0 to
12.0 is exposed in Figure 7. It was observed that Hg(II) removal increased with increasing
solution pH from 2.0 to 6.0, then decreased as the solution pH > 6. The highest and the lowest
retention capacities of 3.32 mg/g and 1.94 mg/g were observed for pH values close to 6.0 and
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Fig. 5. Zeta potential of quartz as function of pH in KNO, electrolyte solution ([KNO,] = 10° M at 25 °C).
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Fig. 6. Effect of sorbent mass on Hg(II) removal (pH= 2.0, [Hg(II)] = 100 mg/L and T = 25°C contact time = 180
min ; agitation speed = 200 rpm).
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2.0, respectively. The higher removal amount obtained at pH > 2 is due to metal hydrolysis
and the onset precipitation (Marin et al., 2020).The interaction between Hg(II) species with the
quartz surface as a function of pH can be explained across the chemistry of mercury species and
the quartz characteristics. The zeta potential of quartz in KNO, electrolyte solution at various
pH ranges from 2.0 to 12.0 (see Fig.5), reveals that the quartz surface is negatively charged
between 1.8 < pH £ 12. According to the Hg(II) speciation diagram (Powell et al., 2005), at
very low pH(pH £ 2), Hg(II) are the dominant species for sorption in most aqueous solutions.
The metal hydrolysis reactions and the onset precipitation of Hg(II) are significant at pH > 2
. The high removal capacity over the pH range from 3.0 to 6.0 is essentially due to the strong
Lewis acidic nature, the dominant hydrolysis Hg(II) species formed HgOH* and Hg(OH),
(log K, ,,;=-3.5and log K, = -4.0) (Babic et al., 2002). In this pH range the quartz becomes
more attractive to the hydrolyzed species, thus increasing sorption. At pH from 6.5 to 12.0, The
decrease in the metal removal as increasing the solution pH can be explained by the decrease in
the hydrolyzed species and the formation of other major Hg(II) species such as Hg (OH),** and
trimer Hg(OH), (logK, ., = -14.8) (Babic et al., 2002).

From the speciation study on the Hg(II) ions in aqueous phase (Powell et al., 2005; Babic et
al., 2002), with particular reference to its hydrolysis in the pH range from 2.0 to 6.0, Hg(II) is
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Fig. 7. Effect of solution pH on Hg(II) uptake (T = 25 °C; adsorbent dose = 1.0 g/L; [Hg(II)] = 50 mg/L and
agitation speed = 200 rpm).

0 T T T T T T T T
0 10 20 30 40 50 60 70 80

Ce (mg/L)
Fig. 8. Adsorption isotherm of Hg(II) onto quartz ([Hg(II)] = 20-500 mg/L; adsorbent dose = 1.0 g/L, T=25 °C,
pH = 2.0 and agitation speed = 200 rpm).
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the dominant form in aqueous solutions only at pH £ 2. For this reason the subsequent studies
were conducted at pH 2.0.

Batch adsorption of mercuric ions onto quartz surface was carried out at 25°C and pH =
2, by adding 1.0 g/L of quartz into 100 mL of Hg(II) at different concentration from 20 to 500
mg/L. Figure 8 illustrates the adsorption isotherm of Hg(II) onto quartz. The isotherm is of the
Langmuir type, as demonstrated (L). With increasing concentrations, the adsorbed quantity of
Hg (II) increases. The highest uptake achieved by quartz mineral is 16.52 mg/g.

The adsorption isotherms were used to describe the adsorption mechanism of Hg(II) ions
onto quartz surface. Three models including Langmuir (eq.3), Freundlich (eq.4) and temkin
(eq.5) isotherms were used to assess the equilibrium adsorption data (Hui et al., 2019; Al-
Ghoutiet al., 2019).

1 1 1 1
=y X — eq.3
qe qm [quL ] Ce ( )

Log(q,)=LogK, +(1]Log(Ce) (eq.4)
n

q,=BLnA+BLn(C,) (eq.S)

Where q, and C, are the adsorbed amount (mg/g) and equilibrium concentration (mg/L)
of Hg(Il), respectively; q_ is the maximum adsorbed amount (mg.g") and K, (L/mg) is the
Langmuir constant. K and n are Freundlich’s uptake and intensity factors. B is associated to the
heat of sorption, and A(L/mg) is the equilibrium binding constant. The Langmuir, Freundlich,
and Temkin isotherm constants as well as the coefficients of determination were obtained using
the linear method which consisted of plotting 1/qe versus 1/C, log(q,) versus log(C ), and q,
versus In(C), respectively (Table 2).

The obtained results are presented in Figure.9 and listed in Table 2. It was observed that
the value of correlation coefficient (R?) for Langmuir model was higher than those of other
three models. The linear Langmuir isotherm model produces a straight line with a correlation
coefficient R* = 0.995 (Fig.9a), suggesting a monolayer uptake onto the quartz surface (Di Natale
et al,, 2006; Fang et al., 2018). The calculated sorption capacity (q_) is equal to 33.29 mg/g,

Table 2. Isotherms parameters for the adsorption of Hg(II) onto quartz.

Langmuir constants

Qe.cal (ME/g) Ki(L/mg) R?
33.26 0.023 0.995
Freundlich constants

Ky(L/g mg) 1/n R?
0.74 0.82 0.987
Temkin constants
B A (L/mg) R?
7.66 0.10 0.976
Dubinin-Radushkevich
qs(mol/g) B(mol*/kJ?) R? E(kJ/mol)

1.19x10°* -0.828 0.987 0.78
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the Langmuir constant (K, = 0.023 (L/mg)) and the separation factor (R = 0.10) point out that
adsorption is favorable. The positive B value calculated from the Temkin model indicated an
exothermic adsorption process (Bahtt et al., 2018). Similar result was obtained in previous
investigations for pozzolana (Di Natale et al., 2006), Kaolin minerals (Yilmaz et al., 2017) and
zeolite (Fang et al., 2018).

The Dubinin-Radushkevich (D-R) isotherm is used to differentiate between physical and
chemical adsorption. Equation (6) describes the model (Chen, 2015).

Lng,=Ln (qs ) - pe’ (eq.6)

Where q, denotes the equilibrium quantity of solute adsorbed per unit weight of solid (in
mol. g') and q_ denotes adsorbent uptake per unit weight (in mol.g"), p is the D-R isotherm
constant (mol*/kJ?).(E, k]/mol) is the mean adsorption energy (E) and ¢ is the Polanyi potential.
The adsorption average free energy (E, kJ/mol) is calculated by (eq.7):

e

Figure 9d and Table 2 displays also the Dubinin-Radushkevich constants resulting from the
linear fitting of the experimental adsorption data. It has been established that adsorption is
physical in nature if the mean adsorption energy E < 8 (kJ/mol) (Susmita and Krishna, 2014).
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Fig. 9. Linear isotherm models of Hg(II) adsorption onto quartz surface: (a)Langmuir, (b)Freundlich, (¢) Temkin
and (d) Dubinin-Radushkevich (pH =2, T = 25°C and sorbent dose =1.0 g/L; [Hg(II)]=20-500 mg/L).
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The calculated average adsorption free energy is 0.78 (kJ/mol), suggesting that physisorption
is the prevailing adsorption mechanism for Hg(II) onto quartz mineral.

The effect of contact time on Hg(II) adsorption is given in Figure 10, the kinetics is
characterized by a faster removal interval situated within 120 minutes, suggesting that Hg(II)
metal ions increasingly occupied the negative adsorption sites on the quartz surface. The ionic
diffusion generated by the stirring speed might be permitted to have rapid adsorption kinetics
(Boudrahem et al., 2011). The adsorbed amount tends to stabilize and reaches equilibrium
between 180 and 260 minutes. Within a contact time of 180 minutes, the maximum adsorption
quantity of 16.31 mg/g was observed.

The adsorption kinetics was established by the pseudo-first-order model, pseudo second-
order model and intra-particle diffusion (IPD) model following equations (8, 9 and 10) (Ho et
al., 2000).

1 1 K 1

—=—q4| - (—) eq.8
9 4. (qej 4 (ea%)

1 1 1

—= +| — | eq.9
g9, Ky [qe] (¢49)

q, :Kpt”2 +C (eq.lO)

Where q, and q, (mg/g) are the adsorption quantity at equilibrium and time t (min),
respectively. K (1/min) and K, (g/mg.min) are the first and second-order rate constants,
respectively. K is the intraparticle diffusion rate constant (g/mg.min'?), t'?is a half-time
adsorption equilibrium reaction, and C (mg/mg) is a constant. The kinetic rate constants K, and
q, (eq.3) were determined from the plots of 1/q, against 1/t in. However, K, and q, (eq.4) may be
calculated by graphing t/q, against t. A plot of q, vs t"*can be used to calculate the intraparticle
diffusion rate K .

Figure 11 and Table 3 list the values of the rate kinetics constants, adsorption capacity q,
and the correlation coeflicients (R?). The linear treatment of the pseudo-first order adsorption
kinetics of Hg(II) onto quartz surface is shown in Figurella. The correlation coefficient R*is
close to 0.998, but the relative error between the experimental (qe)exp) and the estimated (9,

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Contact time (min)
Fig. 10. The influence of contact time on the elimination of Hg(II) by quartz (Hg(II) = 500 mg/L,T=25 °C, pH =
2.0, adsorbent dose = 1.0 g/L and agitation speed = 200 rpm).
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adsorption capacities is x*=1.21. Figure 11b shows the linear plot of the pseudo-second-order
kinetics model. The estimated relative error is x*= 0.91 and the experimental adsorption capacity

(q,,,) is better close to the calculated (q_ ) value. The correlation coefficient R* appears to be more

than 0.99 (Table 3). The adsorption of Hg (II) ions by quartz mineral was most likely a second

order process, according to the results. Similar results have been reported for Hg(II) adsorption

on various adsorbent such as: Coal fly ash (Attari et al., 2017), L-Cysteine/LDHs (Bingbing et
al., 2020 ), zeolite (Marin et al.,2020), hydroxyl apatite (Kim & Lee, 2014) and modified carbon
(Al-Yaari and Saleh, 2022).The authors found that the pseudo-second-order kinetics model well
described the adsorption data for mercuric ions adsorption.
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Fig. 11. Plots of the pseudo-first-order (a); pseudo-second-order kinetics (b) and intra-particle diffusion models
(c) for Hg(II) adsorption onto quartz (T = 250°C and pH = 2.0).

Table 3. Kinetic parameters for Hg(II) adsorption onto quartz.

Pseudo-first-order model

Pseudo-second-order model

Ki (qecat) 2 2 K, (Qecat) R2 2
(1/min) (mg/g) X (ming/mg)  (mg/g) X
62.42 21.00 0.998 1.21 8.04x10* 20.88 0.993 0.91
Intra article diffusion model
Adsorption stage (mg /:r;in“) C R2
Instantaneous 1.65 -2.34 0.986
Gradual 0.95 3.93 0.994
Equilibrium 0.022 15.97 0.534

2

X2 = (2(Geexp Qecal)® /qecal)s Geexp and qecarare the experimental and calculated amount adsorbed
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Table 4. Comparison of the maximum adsorption capacity for Hg (II) on different inorganic adsorbents.

Adsorbent pH qm (mg/g) Ref

Coal fly ash 2.5 0.44 (Attari et al., 2017)
L-Cysteine/LDHs 5.0 215.90 (Bingbing et al., 2020)
Sulfur-modified zeolites 4.0 12.10 (Fang et al., 2018)
Pozzolana 6.5 0.80 (Di Natale et al., 2006)
MoS,-LDH 2.6 11.0 (Ma et al., 2017)
Chitosan /Fe;O, 6.5 10.0 (Nasirimoghaddam et al., 2015)
ZSM-5 zeolite 7.0 51.54 (Rostami et al., 2018)
Bentonite 4.0 52.90 (Wang et al., 2011)
Magnetic SilicaNC ~ --—-- 17.70 (Wang et al., 2018)
Kaolin minerals 7.4 30.10 (Yilmaz et al., 2017)
Modified pyrite (MPy) 3 54.44 (Yucheng et al., 2020)
Quartz 2.0 16.52 This work

The intra-particle diffusion (IPD) model is also used to analyze the diffusion mechanism.
Figure 11c shows the plots of q  versus t'*for the mercuric ions Hg(II). The values of the external
diffusion constant K, and correlation coefficients R? are given in Table 3.

Figure 11c shows a multilinearity appearance, implying that three phases in the adsorption
process are occurring. The values of the external diffusion constant K are very significant when
considering the instantaneous 1.65 (mg/g.min’®) and gradual 0.95 (mg/g.min’®) adsorption
stages. However, at the equilibrium stage it becomes of no consequence (R*=0.534 and K =0.022
(mg/g.min®?)). When comparing the values of Kp,, kp, and kp,. We found that they follow the
rule Kp, > kp, > Kp, indicating an individual increases in the boundary layer on the adsorption
stages (Labidi and Mechati, 2022). In the IPD model, the values of R*(< 0.995) were lower than in
the pseudo-second-order (PSO) model. Hence, it was concluded that the intraparticle diffusion
models cannot be applied as the limiting step, but other kinetic processes may be operating
simultaneously (Bhatt et al., 2018; Al-Yaari and Saleh, 2022; Labidi and Mechati, 2022).

To assess quartz mineral as a prospective sorbent, the maximum adsorption capacity of Hg
(IT) is compared to that of other adsorbents published in the literature. According to Table 4,
the natural quartz material used in this investigation exhibit a reasonable adsorption capacity
of 16.51 mg/g for Hg (II) when compared with coal fly ash (0.44 mg/g) (Attari et al., 2017) and
pyrite (54.44 mg/g) (Yucheng et al., 2020). The mercuric removal capacity of quartz mineral is
approximately 38 times higher than that of coal fly ash and 21 times than that in pozzolana (Di
Natale et al., 2006). However, a ratio of 0.30 is observed for pyrite. The quartz mineral engaged in
this investigation has a satisfactory adsorption potential as compared to other reported natural
material. Also, because of the natural character and geological abundance in Algeria, the quartz
mineral used in this study is cheap and presents an economic advantage as low-cost adsorbent.

CONCLUSIONS

The quartz mineral used in this adsorption experiments includes 99.13% SiO, and has a surface
area of 0.6 (m?/g). According to zeta potential measurements, the quartz mineral had an isoelectric
point (L.E.P.) at pH = 1.8. Quartz mineral showed a good adsorption capacity to Hg(II) ions in
aqueous solution, the highest experimental uptake is 16.52 (mg/g) at 180 min. Based on Langmuir
and pseudo second-order adsorption models, it was confirmed that the Hg(II) adsorption process
was a mono-layered adsorption controlled by physical adsorption. The intra-particle diffusion
model shows an adsorption process within three stages. The calculated Dubinin-Radushkevich
mean sorption energy of 0.78 (kJ/mol), indicates that the sorption is physical in nature.
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This work opens an intresting perspective in the field of heavy metal removal from wastewater
with natural and low cost sorbents. Work is in progress to study: (i) the effect of experimental
parameters affecting the adsorption process such as agitation speed, quartz particles seize and
temperature. (ii) Regeneration study and (iii) The mechanism of Hg(II) elimination considering
the thermodynamic, spectroscopic (DRX and FTIR) and theoretical semi-empirical calculations.
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