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Abstract: The marble dust as a harmful industrial waste of marble fabrication was evaluated as
aneconomical and efficient green adsorbent for Acid Red-1 dye and lead ions. The XRD, XRF, particle
size, surface area and zeta-potential measurements were used to characterize the marble dust. The
removal efficiency was optimized by studying several parameters such as pH, temperature, contact
time, adsorbent dose and initial concentration. The optimum removal was achieved at pH 6, 20°C after
60 min in the presence of 2.5g/L marble dust. The rates of adsorption were found to follow the
pseudo-second-order model. The results showed better fitting to Freundlich isotherm. The thermo-
dynamic studies revealed that the adsorption process is spontaneous, exothermic and favorable at low
temperature. The free energy (AG®), enthalpy (AH®), and entropy (AS°) changes were calculated to
predict the nature of adsorption.The removal efficiency was improved by calcination of the marble at
700°C. Application for textilewastewater showed high removal efficiency up to 99.9%of inorganic and
organic pollutants. The product of treatment was used in the concrete and bricks manufactured, so
there is nogeneration of second-order pollutants.
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1. Introduction

Management of the industrial solid waste and its proper disposal is one of the foremost environmental
issues that persist since the industrial revolution (Ngoc and Schnitzer, 2009; Zurbriigg et al., 2012;
Tunc, 2019). It has been estimated that around 20 - 25% of the total weight of the produced marble
turn into fine waste (Danish et al., 2021). The quantity of produced marble waste is considerable and
varies between 5 and 6 million tons per year (Danish et al., 2021).The majority of marble waste occurs
during the cutting and polishing processes (Singhal et al., 2021). The improper and random disposal
of these huge quantities of waste poses a serious threat to the environment in many respects. It makes
fertile land impervious, polluting rivers and other waterways. Also, it causes serious polluting the air
as dust clouds after drying, which has a negative impact on irrigation and drinking water resources
(Danish et al., 2021). Therefore, it is necessary to find a safe solution to get rid of this waste, and it is
preferable to use it in useful applications.

Significant dangerous chemicals are being released into the environment as industrial effluents
(Habila et al., 2019; Thasneema et al., 2021). Also, the emissions of harmful textile dyes and non-
biodegradable, heavy metals such as arsenic, chromium, cadmium, copper, zinc, lead, and mercury
are worries for the environment and the economy (Tchounwou et al., 2012; Yin et al., 2018). They are a
subject of growing worry due to their toxicity, persistence, and accumulate in human bodies and other
living organisms, which has a negative impact on health. The removal of many dyes from aqueous
solution such as methylene blue, Direct Red 80, reactive red 123, Direct Red 28, Malachite Green,
Reactive Yellow 205 and Acid Blue 25 were investigated (Halimoon and Yin, 2010; Ferreira et al., 2014;

DOI: 10.37190/ ppmp,/ 154007


http://www.minproc.pwr.wroc.pl/journal/

2 Physicochem. Probl. Miner. Process., 58(6), 2022, 154007

Gunatilake, 2015; Abdel-Shafy, 2015; Abdel-Khalek et al., 2017; Zhang et al., 2020; Velusamy et al.,
2021). Thus, the removal of these pollutants is a challenge (Jaishankar et al., 2014; Zhang et al., 2020).

Most of the suggested techniques are either very expensive or inefficient (Santhy and Selvapathy,
2006; Yang and Qiu, 2010; El-Sayed and Abdulhady, 2015; El-Shamy et al., 2017; Khulbe and
Matsuura, 2018). Recent researches have focused on the discovery of environmentally friendly,
ecological and sustainable approaches and technologies for the treatment of industrial wastewater
from heavy metals and dyes (El-maguana et al., 2019; Elgarahy, et al., 2020; Elwakeel, et al., 2020;
Farrokhzadeh et al., 2020; Pohl, 2020; Dutta et al., 2021; Elwakeel, et al., 2021; Mashabi, et al., 2022).
The simple physical-sorption technique is the most useful and cost effective for heavy metal removal
and dyes. Active charcoal is conventionally applied as adsorbent. Although, it is industrial
widespread intreating wastewater, it remained as high-priced sorbent. Nowadays,agriculture’s waste-
derived products are used as new sorbentsfor wastewater processing owing to their secure
andfinancial impacts. These sorbents include chitosan, sunflower stalk, shale oil ash, orange peel,
natural clay, soy meal hull, citrus-peels, sawdust, and eggshells (Hassan et al., 2021).

The marble powder is inorganic adsorbent, which is frequently found in Egypt, China, India, Italy,
Spain, and Turkey. It contains calcium carbonate, clay, iron oxides, silica, potassium and sodium salts.
It is a low-cost inorganic adsorbent can be used for treatment of heavy metals and dye contaminated
waters (Diouri et al., 2014; Wazwaz et al., 2019; Ramos et al., 2021; Saleh et al., 2022). The marble waste
powder was used as an adsorbent for copper and fluoride ions from aqueous solution at pH 7 through
physical adsorption (Mehta et al., 2016) while phosphate adsorption reached to 94% at pH 2 (Saleh et
al., 2022). The removal of red reactive anionic dyes 195 and direct yellow dyes 50 from marble dust
has been studied (Diouri et al. 2014). Calcined dust at 950°C demonstrated better performance in
removing methylene blue (El-maguana et al., 2019).

In this study, the adsorption properties of raw marble powder (MP) and calcined marble powder
(CMP) were evaluated as an economical and efficient green adsorbent for Acid Red-1 dye as anionic
dye and lead ions. The novelty of this work is the proper disposal of huge quantities of solid
pollutants which causes major environmental problems as water and air pollution. Also, the economic
value in finding a natural material for waste water treatment without any chemical treatment. The
product of theadsorption process was used in the concrete and bricks manufactured. Thus,
thegeneration of second-order pollutants is successfullyprevented.

2. Materials and methods
2.1. Materials

25 kg of representative marble sludge sample was collected from marble factory, Shaque El-Thobaan,
Turah, Cairo, Egypt. The sample was dried in the sun, then remix in ball mill. A 1 kg of the dried
marble powder was calcined at 700°C in a muffle furnace for 2 h. Acid Red-1 dye (as anionic dye) of
analyticalgrade; 99.9% purity (Sigma-Aldrich), was used for the preparation of synthetic dye solution.
Leadnitrate [Pb(NOs3),] salt of analytical grade, 99% purity (Sigma-Aldrich) was used for preparation
of the synthetic solution Pb2* ions.

2.2. Methods
2.2.1.Measurements

The mineral composition of both raw marble powder and calcined marble powder were determined
using BRUKER X-Ray Diffractometer (Germany) Model AXS D8with Cu-target (\=1.540 A and n=1) at
40 kV potential and 40 A. The diffraction data were recorded for 20 values between 3°and 80° and the
scanning rate was 3° min~!. Complete chemical analysis of the samples was carried out using X-ray
fluorescence "Rigaku Super Mini 200". A laser Zeta Meter ‘Malvern Instruments Model Zeta Sizer
NAno ZS" was used for zeta potential measurements. A 0.05 g of a solid marble dust is placed in 50 ml
1072 M KClI solution, and then it is conditioned for 5 min at desired pH. The particles size and surface
area were measured using a laser particle size analyzer (Model: BT-2001). Characterization of textile
wastewater was carried out according to Standard Methods (Borzooei et al., 2021).
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2.2.2. Adsorption Experimentse

Adsorption experiments were conducted using 0.1 g of raw marble powder or calcined powder was
mixed with 40 ml of dye or metal ion solution of definite concentration, pH and temperature in 100 ml
a round bottom flask. The flask is agitated at 200 rpm for a definite time in thermo-state water bath.
Then, the adsorbent is removed using centrifuge at 2000 rpm for 5 min. The lead ions concentration
was determined using atomic absorption Perkin Elmer, (Model: AA analyst 200) and UV-Vis spectro-
photometer at wavelength 506 nm. The lead ions concentration and dye were determined by atomic
absorption Perkin Elmer, (AA analyst 200) and UV-Vis spectro-photometer at wavelength 506 nm. To
investigate the mechanism and order of adsorption, the initial concentrations and contact times were
varied over wide ranges. The amount of adsorbed metal ions or dye per unit mass of marble, q
(mg/g), is determined using the following equation (Farah at et al., 2022):

Adsorption capacity "¢" (mg/g) = G-ehxy _SVO akd 1)
where V is the solution volume in liter, W is the weight of marble (g), and C; and C are the initial and
final metal ions or dye concentration (mg/1), respectively.

The percent removal of metal ions or dye was calculated using the following equation (Farahat et al.,
2022):

Removal efficiency % = Ciginx 100 )

where C; and C are the initial and final concentration (mg/1), respectively.

3. Results and discussion
3.1. Characterization of marble dust
3.1.1. Chemical and phase analysis

Fig. 1 shows the main diffraction peak is observedat 20=29.72° and other peaks at 26=23.36°, 39.72°
and 47.80° correspond to diffraction ofcalcite phase (CaCOs3). Also, thereare other peaks for SiO,, and
weak peaks for theother residual components (Farrokhzadeh et al., 2020). The sharp peaks indicating
the higher crystallinity of the material. The raw marble dust is composed of 64.3% calcite [CaCOs] and
26.9% dolomite [CaMg(COz)2] minerals with 2.7% quartz [SiO2], 2.5% albite [NaAlSisOg], 2.6% illite
[KALSi3 AlO10(OH)2] and 1% bentonite [NaAlSiO(OH)H>O] minerals. The results confirm the chemical
analysis. On the other hand, the intensity of CaCO; peak (main peak of calcite phase) was little in
Calcined sample showing that calcite phase was significantly transformed to CaO through calcination
process. The dolomite mineral is dissociated to calcium carbonate and magnesium oxide. The CaO
phase peaks approximately were located at 20 = 32°, 37°, 54°, 64° and 67° (Shaharaki et al., 2009).

Calcined Marbel

c C: Calcite
D: Dolomite
Q: Quartz
A: Albite
1 lllite
B: Bentonite

Counts

Raw Marbel

2 Theta, degree

Fig. 1. XRD patterns of the raw and calcined marble dust
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Table 1, shows that the sample is composed of 45.5% CaO and 37.6% loss on ignition (LOI) which
refers to carbonate dissociation. The sample contains 7.3% as total silica (quartz and silicate). Little
amount of other oxides was detected such as MgO, Al,Os, FexO;, TiO,, Na2O, KO, etc. On the other
hand, the calcined marble composed of about 73% CaO and 0.152% LOI which confirmed carbonate
dissociation. All other constituents were increased as a result of carbonate dissociation.

Table 1. Complete chemical analysis of the raw and calcined marble dust by XRF

Constituent  SiO, CaO MgO ALO; FexO3 P,Os SO; ClIo TiO, NaxO KO L.OJI Total
Raw MP 732 4552 4662 2073 1553 0.08 017 0.035 0.156 0487 0.285 37.68 100
Calcined MP  11.71 7299 7476 3.324 2490 013 027 0.056 0202 0749 0457 0.152 100

3.1.2. Zeta-potential measurements

To explain the adsorption mechanisms of metal ions and acid red-1, the zeta potential of raw marble
dust and calcined dust were measured as a function of pH, Fig. 2. It is found that the surface of raw
dust showsthe electronegative behavior in the pH range 4 - 8.41 while the calcine dust shows the same
behavior in the pH range 4 - 6.45. The calcined reveals less zetanegative potential value than the raw
dust. Thus the point of zero charge (PZC)of the raw and calcined marble was 8.41 and 645,
respectively. A further increase in the pH valueabove the PZC, the surface was turned positive. These
results reveal high consistency with previous reported zeta potential (Sposito et al., 2021).
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Fig. 2. Zeta-potential of the raw and calcined marble dust as a function of pH.

3.1.3. Particle size and surface area measurements

The particle size distribution is illustrated in Fig. 3. The average particle size (Dso) is 6.656 um and the
particle size of the whole sample is less than 57 pm. The average surface area is 483.6 m?/kg.
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Fig. 3. Particle size distribution of the raw marble dust
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3.2. Adsorption of lead ions and acid red dye
3.2.1. Effect of pH

The pH is an important factor affecting the removal efficiency. It maycause dissociation of
theadsorbent sites and changes of the solution chemistry ofmetal ions and dye. It may be distribute
the surface charge on the adsorbent surface (Sanad et al., 2021). Fig. 4 indicates that the removal
efficiency of lead ions and acid red dye increases with increasing the pH of the solutiontill reach the
maximum value at pH = 6. The maximum removal of the lead ions (53.2%) and acid red dye (57.3%) is
achieved at pH = 6. The positive charged marble surface, suggesting high adsorption efficiency with
anionic charged dye due to the strong electrostatic interaction. The low attraction of anionic dye in the
acidic medium to negative surface can be explained by the protonation of several functional groups
which are acting as positively charged species and thus the adsorption of anionic dye is reduced
(Abdel-Khalek et al., 2019). Conversely, the attraction of positively charged lead ions to positive
surface can be explained by the formation of the negative Pb(COs)22" species through the reaction of
lead ions with released carbonate species (Schock, 1980). On the other hand, the maximum removal
was 73.3% and 84.4% for lead ions and acid red dye, respectively at pH = 6. The pH of the aqueous
solution was rapidly changed upon addition of calcined marble. This might be due to partial
dissolution of alkaline metal oxides in aqueous medium. The high performance of calcined marble is
expected due to oxide formation and removal of crystallized water (Shaharaki et al., 2009).
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Fig. 4. Effect of pH on the removal efficiency of the raw and calcined marble dust

3.2.2. Effect of contact time

The removal efficiency was studied as a function of contact time, Fig. 5. The removal efficiency was
reached to about 60% after 60 min while it reached to about 70% after 240 min. The high adsorptionrat
in the first 60 minis due to the gradual decrease in the adsorption sites on the marble surface. In case
of calcined marble, the removal is reached to about 70% after 60 min while it reached to about 75%
after 240 min. The adsorption process is controlled by the amount of lead ions or dyemolecules
transported from the bulk liquid phase to the marble surface. So, the adsorption increased with time
until saturation (Mahmoud et al., 2019). The calcined marble exhibited an adsorption capacity of 93
and about 95 mg/g for lead ions and acid red dye, respectively at 20°C and pH 6 after 240 min. it
indecates that the sorption capacity was good with comparing to literature (98 mg/g and 14 mg/g for
Acid Red dye and lead ions) (Abbad and Alakhras, 2020; Rakhym et al., 2020).

3.2.3. Effect of initial concentration

Fig. 6 shows the sorption performance of marble as a function of concentration. The increasing of the
initial concentration led to an increase of adsorption capacity and a decrease of removal efficiency.
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High concentration of lead or dye indicates that more lead ions or dye molecules are available.
Therefore, each unit mass of the marble powder exposes to a larger number of lead ions or dye
molecules, which gradually filling up the sites. The adsorption was running till reach saturation
causing the decrease in the removal efficiency. The raw and calcined marble exhibited the maximum
adsorption capacities of about60 and 80 mg/g from 200 ppm of the lead ions or acid red dye,
respectively at 20°C and pH 6 after 30 min.
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Fig. 5. Effect of contact time on ads. capacity and removal % of the raw and calcined marble dust
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Fig. 6. Effect of initial concentration on ads. capacity and removal % of the raw and calcined marble

3.2.4. Effect of temperature

Fig. 7 shows the sorption performance of marble as a function of temperature. Although, it is known
that the adsorption process is induced byincreasing the temperature, but in this case the adsorption is
reduced at higher temperature (Mahmoud et al., 2019). The sorption capacity decreased by increasing
the temperature from 20°C to 60°C, the maximum sorption of lead ions and acid red dye was at 20°C.
A decrease in the sorption capacity with rising temperature may be due to the damage of active
sorption sites of the marble surface. It may be due to increasing the tendency to desorb species from
the interface to the solution. These results suggest the exothermic nature of the sorption process onto
the surface of raw and calcined marble dust (Abdel-Khalek et al., 2019).

3.2.5. Effect of adsorbent amount

Fig. 8 shows the effect of adsorbent amount on the sorption capacity onto marble dust. The adsorption
capacity decreased as the adsorbent dosage increased because the adsorption sites on the adsorbent
surface were not fully utilized at a higher adsorbent dosage in comparison with the lower adsorbent
dosage (Ho and Mckay, 2000). On the other hand, the removal efficiency, increased as the sorbent
dosage increased due to the number of active sites available for adsorption increased, leading to an
increase in the removal percentage (Ismail et al., 2014). In practice, higher removal efficiency of up to
27% is suggested to use a higher dosage due to the economic absorbent.
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Fig. 8. Effect of adsorbent dose on ads. capacity and removal% of the raw and calcined marble dust.

3.2.6. Adsorption isotherms

The adsorption isotherms are used to analyze the interaction mechanism between the adsorbate
species and adsorbent surface (Wang et al., 2006). Thereby, the Langmuir and Freundlich isotherms
are implemented to explore the adsorption process. So, Temkin, Langmuir and Freundlich isotherms
are applied to explore the sorption process.
Temkin isotherm is expressed as:

1. g, = BlnA; + Bin(s 3)

where, C; (mg/1) is the final concentration, q: (mg/g) is the adsorbed amount at time t, B (mg/g)
(maximum adsorption) is monolayer adsorption capacity and At (L/mg) is a binding constant related
to the free energy of adsorption.

Langmuir Isotherm is expressed as:

c c 1

Pl @)
where, C; (mg/]) is the final concentration, q: (mg/g) is the adsorbed amount at time t, qmax (Mg/g)
(maximum adsorption) is monolayer adsorption capacity and b (L/mg) is a binding constant related
to the free energy of adsorption. Freundlich Isotherm is expressed as:

1
Ing, = Ink + —InCy )

where, q: (mg/g) is the adsorbed amount, Cr (mg/L) is the final concentration, K is the indicative of
the extent of the adsorption and n is the adsorption intensity.

The adsorption isotherms are shown in Fig. 9 (a-c). The isotherm model parameters were evaluated
based on the correlation coefficient (R?), Table 2. The Freundlich model provided the best linearity for
all systems. This means that the sorption is characterized mainly by physical nature that may occur by
electrostatic interaction of the opposite charge. The Langmuir model provided good linearity for dye
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sorption. The predicted equilibrium sorption values using Langmuir isotherm came close to the
experimental value of the dye, but far from the value of the lead. This means that there some extent of
the chemical nature of the dye sorption. On the other hand, the heterogeneity factor of “n” is a
measure of the favorability of sorption and the degree of heterogeneity of adsorbate on the adsorbent
surface. The value of n is higher than 1, suggesting a favorable adsorption of red dye and lead ions on
the raw and calcined marble waste powder (Visa, 2016).

Table 2. The parameters of Temkin, Langmuir and Freundlich isotherm models

Raw marble Calcined marble
Isotherm Parameters
Red dye Lead Red dye Lead
R2 0.8956 0.8906 0.8921 0.8932
Temkin B 11.5321 11.3417 17.8996 16.5531
At 0.2524 0.2201 0.5823 0.3305
R2 0.9491 0.8586 0.9597 0.8765
Langmuir
qmax(Exp.) 42 40 64 57
b 0.01849 0.00936 0.05204 0.01934
R2 0.9965 0.9945 0.9982 0.9966
Freundlich n 1.569 1.530 1.428 1.375
Kk 2.246 1.926 4.946 2.904
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Fig. 9. Plot of Temkin (A), Langmuir (B) and Freundlich (C) isotherm models

3.2.7. Adsorption kinetics

The sorption kinetics is investigated at various contacttimes up to 240 min. The initial concentrationof
lead ions and dye was fixed at 200 mg/L. Two kinetic models wereinvestigated, namely pseudo first-
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order (Aklan et al., 2008) and pseudo-second order (Duan et al., 2016). Their linear equations are
presented as:

The pseudo-first-order equation:Ingq, — q; = Inq, — k;t (6)
The pseudo-second-order equation: LA 5= = (7)
qt k2qaz  de

where, q: and g (the ions adsorbed at time t and at equilibrium) and k; and k (the rate constants of
the frist-order and second-oredr reactions).

Although, the linear regression coefficients (R?) were 0.96 - 0.97 of plotting log (g.—q:) versus time,
according to pseudo-first-order kinetic model, the predicted equilibrium adsorption was lower than
the experimental results. It indicates that the pseudo first-order kinetics cannot be applied, Fig. 10 (a &
b) and Table 4. The higher values of regression coefficient (R?) for plotting of ¢/q with time indicated
that the pseudo-second-order model is better in describing the adsorption kinetics. Moreover pseudo-
second-order kinetic model predicts a closer value of the adsorption compared with the experimental
results. Hence, it confirms the suitability of applying this model. It investigates kinetic behavior in the
case of a chemical reaction being the rate controlling step (chemical sorption).
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In(qe-at)

pH=6
Adsorbent=2.5 g/l
Temperatue = 30°C

Initial Conc. = 200 mg/I

Pb?*/Marble
dye/Marble

2+ z
dye/Calcined Pb“"/Calcined
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Conditioning time, min Conditioning time, min

Fig. 10. Plot of the pseudo-first-order and pseudo-second-order kinetic models.

Table 4. The parameters of the pseudo-first-order and pseudo-second-order kinetic models.

o Raw marble dust Calcined marble
Kinetic model Parameters
Red dye Lead Red dye Lead
Pseudo-first - R2 0.9782 0.9724 0.9441 0.9619
order Ki 2.1x10-2 2.0x10-2 2.4x10-2 2.2x10-2
Calculated qe 81.6 78.4 478 60.1
Experimental e 88.6 88.2 95.1 93.1
R2 0.9996 0.9991 0.9999 0.9999
Pseudo-second- K> 4.34x70-4 4.31x10+4 1.49%x10-3 9.57x10-4
order Calculated qe 93.4 92.7 98.0 97.0
Experimental e 88.6 88.2 95.1 93.1

The particle diffusion model is based on the assumption that the rate limiting step may be a
chemical adsorption involving the valence forces through the sharing or exchange of electrons
between the adsorbent and the adsorbate. In most adsorption processes, the uptake varies almost
proportionately with t05 rather than with the contact time and can be represented as follows:

qe = kigt®® +1 ®)
where q; is the amount adsorbed at time t and t5 is the square root of the time and Kiq (mg g min-05)
is the rate constant of intra-particle diffusion and I is the intercept. The values of I give information
about the thickness of the boundary layer, i.e. the larger intercept the greater is the boundary layer
effect, Table 5.
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Table 5. The parameters of the particle diffusion model

Particle diffusion model

"I" Thickness of the boundary layer Rate constant of intra-particle diffusion
Raw marble dust Calcined marble Raw marble dust Calcined marble
dye Pb2+ dye Pb2+ dye Pb2* dye Pb2+
3.3330 5.1339 33.6053 23.7417 6.3897 6.2093 5.0182 5.4597

3.2.8. Thermodynamic study

The spontaneity of the sorption process can be investigated through thermodynamics parameters such
as enthalpy (AH), entropy(AS), and Gibb's free energy (AG). They were determined from the slope and
intercept of the straight line of the plot InK versus 1/T, Fig. 11, through Van't Hoff equation (Abdi et
al., 2017):
AS"  AH

In KC = T - F (9)
where: T is the temperature in kelvin, and R is the gas constant [8.314 J/mol K]. The k.=(f/1-f), where
f is the removal fraction.
The standard Gibbs free energy change AG® is estimated using the following equation (Li et al., 2019):

AG° = —RTInK, (10)

It is found that the mean free energy values of the sorption systems increase with rising
temperature from 20 to 60°C and they turned from negative to positive values for most systems. The
negative AG® is meaning the spontaneous behavior of the sorption process. Thus, the increase of
AG°with increasing temperature reveals that the adsorption process is being less favorable at high
temperature.

/ dye/Calcined
L ¥- Pb”*/Calcined

v v -

Pb”*Marble

In K,

4+
pH=6
Adsorbent =2.5 g/l
s Initial conc. = 200 mg/l
Time = 30 min

0.0030  0.0031  0.0032 00033  0.0034  0.0035
1T (°K)

Fig. 11. Plot of InK. versus 1/T

The negative AH® values suggest the exothermic nature of the sorption system, Table 6. The higher
AHP? values confirms the chemisorption process as reflected in the Langmuir isotherm for acid red dye.
The lower AH® values for lead confirms the physical adsorption, as shown by the Freundlich isotherm.
Furthermore, the negative AS° indicatesthe decreasing of a random degree at the interface
layerbetween solid and liquid during the adsorption, suggesting theadsorption is less favorable at
higher temperature.

3.3. Application for textile wastewater

The marble dust was employed for a textile wastewater treatment. Two cycle were carried out using
5g of marble dust in one liter of the textile wastewater at pH = 6 and 20°C for 60 min. The removal
efficiency of the first cycle was 75 - 95%, while it was 94 - 99% for all inorganic and organic pollutants
after the second cycle, Table7. The values in the last column of Table 7 are the International Standard
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for Drinking Water (UNICEF, 2017). It is clear that, the treated wastewater of the first cycle doesn't
meet the International Standard for Drinking water but can be recycled. The second cycle produced a
good water that meets the International Standard for Drinking Water. The recoverability of the marble
waste in the adsorption was not investigated because it can’t be treated with acidic. Moreover, the
marble waste is cheap. The product could be applied to make artificial bricks and marble which will
be discussed in another study. Thus, the generation of second-order pollutants is successfully
prevented.

Table 6. Thermodynamic parameters of sorption systems

Raw marble dust Calcined marble dust
Temp. Red dye Lead Red dye Lead
°C AH° AS° AG° AH° AS° AG® AH® AS° AG® AH° AS° AG®
Klmol  Jk1  Jklmol! Klmol!  Jk1  Jklmol? | Klmol"  Jk?!  Jklmol?  Klmol?  Jk1  Jklmoll
20 -253 -78 -3392 -2223
30 1411 81 -2128 -2171
40 -989  -332 4680 -6.2 -21 307 -33.0 -102  -909 -4.2 -6.8  -2106
50 6116 522 -462 -2037
60 14389 752 825 -1948

Table 7. Evaluation of the textile wastewater and treated water to meet International Standard for Drinking Water

Composition Raw Textile Treated Treated Total Standard
mg/1 wastewater Cycle 1 Cycle2  Removal % limits
pH 10 74 7.2 - 7.0-8.5

TSt 247 354 6.281 97.4 500

Cl 75 17.2 3.184 95.7 200
Sulfate 148 29.6 5.723 9.1 200
COD? 684 429 9.168 98.6 10
Nitrate 24 5.23 1.157 95.2 10
Turbidity 276 59.4 1.247 99.5 5.0
Zn 18.47 4.027 0.918 95.0 5.0
BOD3 9.613 2.935 0.372 96.1 2.0
Cu 15.94 3.425 0.825 94.8 1.0

Cr 3.373 0.813 0.159 95.2 0.50

Ni 5.589 1.236 0.234 95.8 0.50

As 3.176 0.773 0.176 944 0.20

Pb 3.432 0.804 0.187 94.5 0.10

Cd 0.581 0.124 0.029 95.0 0.05

TOCH 75.31 3.96 0.237 99.6 0.30

Sulfide 83.53 3.817 0.041 99.9 0.05
Color % 39 6.2 1.36 96.5 15

1 Total Solids 2 Chemical Oxygen Demand 3 Biochemical oxygen demand 4 Total Organic Carbon

4. Conclusions

The marble dust waste and its calcined form were successfully used as an economical adsorbent for
industrial wastewater treatment. The raw marble is mainly composed of calcite and dolomite minerals
with little amount of quartz, illite, albite and bentonite minerals. The calcite and dolomite minerals
were dissociated to oxides by calcination. The point of zero charge (PZC) was 8.41 and 6.45 for raw
and calcined marble dust, respectively. The average particle size (Dsg) is 6.656 pm with an average
surface area is 483.6 m?/kg.
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The removal efficiency for synthetic lead ions and acid red dye solutions at different pH,
temperature, contact time, adsorbent dose and initial concentration showed that the maximum
efficiency is achieved at pH 6 and 20°C.The Freundlich model provided the best linearity for all
systems, suggestingphysical adsorption. The Langmuir model provided good linearity for dye
sorption suggesting some extent of the chemical nature of the dye sorption. The pseudo-second-order
model is better in describing the adsorption kinetics.The negative AHvalues suggest the exothermic
nature of thesorption system while the negative AS°indicatesthe decreasing of a random degree at the
interface layerbetween solid and liquid. The free energy indicated that the spontaneous behavior of
thesorption process at low temperature.

The marble dust was employed for textilewastewater treatment at optimum parameters. The
removal efficiency of the second cycle was 94-99.9% for alltypes of the pollutants. The treated
watermeetsthe International Standard for Drinking water. The residue of the treatment process could
be used in the concrete and bricks manufactured.
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