-

Egyptian Knowledge Bank

International Journal of

Materials Technology and Innovation
Volume 3, Issue 3 (2023), pages 18-32

https://ijmti.journals.ekb.eg/ Online 155N 26824295
nline -

Removal of Crystal Violet and Acid Red 1 Dyes from
Wastewater by Mechanically Activated Talc

Sofia Afifi!, Mohsen Farahat®*, M. A. Abdel Khalek?, Farida M. S. E. El-Dars?

! Rod EI Farag Water Treatment Plant, Utility Water Authority for Greater Cairo, Egypt

2 Central Metallurgical Research and Development Institute (CMRDI), P.O. Box 87, Helwan, Cairo, Egypt
3 Chemistry Department, Faculty of Science, Helwan University, Ain Helwan, Cairo 11795 Egypt.

*Corresponding author: E-mail: mohsen105@hotmail.com

Received 21 October 2023
Accepted 9 December 2023
Published 31 December 2023

Abstract

Raw talc (RT) and mechanically activated talc (MAT) were prepared and utilized as adsorbents for removing Crystal Violet
(CV) and Acid Red 1 (AR1) from aqueous solutions. We investigated the impact of pH, dye concentration, conditioning time,
and temperature on the removal efficiency of acid and basic dyes by RT and MAT samples. The results demonstrate that MAT
exhibited significantly higher adsorption capacities, with values of 160 mg/g for CV and 130 mg/g for AR1—2-3 times greater
than those of RT. Experimental data revealed that the adsorption of both dyes by RT followed the Temkin isotherm, while
MAT followed the Freundlich isotherm. Additionally, the adsorption behavior of CV and AR1 on MAT and RT followed a
pseudo-second-order process, with intra-particle diffusion being the rate-limiting step for the adsorption kinetics of AR1 onto
RT. The enhanced adsorption performance of MAT was attributed to its high pore volume and the presence of multi-charged
sites resulting from the rupture of chemical bonds through intensive material grinding. Physical properties of RT and MAT
were further investigated using XRD analysis, FTIR, zeta potential, particle size, and Brunauer-Emmet-Teller (BET) analysis.
The results revealed that intensive grinding caused significant crystal dislocations in raw talc, leading to a noticeable shift in
its isoelectric point (IEP), an increase in surface area, and a decrease in pore size. These findings provide supporting evidence
for the observed adsorption results.
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1. Introduction

There are numerous thousands of types of dyes and
pigments produced worldwide which amount to
approximately 700000 tons [1]. The textile sector
consumes a high volume of water as well as chemicals
compared to other industries [2]. It was estimated that
the average textile industry consumes about 200 liters
of potable water per kilogram of product. Due to the
variety of processes undertaken within this sector,
wastewater discharged from this industry was reported
to contain toxic pollutants, including dyes, NaOH,
starch, acid, toxic elements, etc. [1,2]. The World Bank
estimated that the dyeing and finishing activities of this
sector produce near to 17-20% of the total industrial
wastewater generated by the industry [2]. The recycling
and reuse of these pollutants are viable for saving and
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providing additional water resources and minimizing
hazardous pollutants discharge into the environment
[3]. Around 20 % of this volume is dumped without any
prior processing. Thus, concern is building as they may
contain loads of heavy metals, nitrates, surfactants,
enzymes, VAT dyes, synthetic dyes, and acetic acid
that have a detrimental effect on all life forms [1,4].
The synthetic cationic dye (CV), (C2sHs0CIN3) or
methyl violet 10B, is extensively utilized in the textile
sector to color silk, cotton, and nylon as well as in inks
of printing and biological stains, which are utilized as
dermatological agents in veterinary medicine [4-7].
CV is poisonous, can irritate the skin when absorbed
through it, and is hazardous when inhaled or consumed.
Extreme cases can result in malignancy, severe eye
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irritation that can cause blindness for life as well as and
kidney failure in addition to being carcinogenic [8,9].
AR1 (C1gH13N3Na»0gSy) is a common anionic azo dye
that dissolves in water, groups of sulfonic acid exist in
the dye structure, in an aqueous solution, giving it a
negative charge [10]. AR1 is fundamentally used in
wool dying through a strong acid medium and can be
simply applied to fabrics of wool and fiber of
polyamide. AR1 has been used as a food additive,
however, studies have shown that Red Acid 1 is altered
to poisonous materials, which may eventually interfere
with blood hemoglobin as well as being non-
biodegradable [11].

Industries  have  utilized a variety of
physicochemical, chemical, and biological treatments
over the years to remove colorants, including
flocculation, chemical precipitation, adsorption,
membrane, electrochemical processes, ozonation, and
bio-decolorization [4, 12,13]. Adsorption is considered
one of the most efficient modern wastewater treatment
methods to minimize dangerous chemicals found in
effluents. Due to its low initial cost, easy operation, and
superiority over other techniques for removing colors
from water, this method is widely used [13,14].

Recently, various mineral particles have been used
for dye removal through adsorption. Sepiolite has been
employed in particular because it exhibits a higher
capacity than traditional adsorbents to remove cationic
dyes. This is because sepiolite contains silanol groups
(-SiOH) on its external surface, which are available to
organic substances as neutral adsorption sites.
Additionally, its enormous micropore volume and high
specific surface area contributed to its potent adsorbent
capabilities. However, the use of sepiolite as an
adsorbent is limited in some parts of the world due to
its high cost and limited deposit availability. Therefore,
to reduce the expenses, researchers have explored
alternative minerals that are more affordable and
readily accessible. Considering phyllosilicate minerals,
talc is a potential substitute due to its resemblance to
sepiolite in structure. The primary contrast between
these minerals lies in the interruptions and alterations
of the silica sheets found in the sepiolite structure,
resulting in the formation of structural channels and
blocks [15].

Talc is a hydrous magnesium phyllosilicate with a
chemical formula (Mgs [SisO10] (OH)2). The spatial
arrangement of "tot" is portrayed by two tetrahedral
sheets (t) that are interconnected by Van Der Waals
bonds (Fig. 1). These sheets are made up of silicon and
oxygen atoms, and they encircle an octahedral sheet (0),
which is made up of magnesium and hydroxyl (brucite
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leaf). Talc has two forms - monoclinic and triclinic,
with monoclinic being the more prevalent. In its
crystalline structure of raw talc (shown in Fig.1), there
is a triple layer consisting of a magnesium hydroxide
sheet and two sheets made up of tetrahedrons of (SiOs*
). The outer siliceous surfaces are polar and oleophilic,
hydrophobic, aerophilic, and inert [16]. Because talc
possesses unique porosity and high specific surface
area, it has a high flexibility for application in
adsorption processes [17] in industrial wastewater
treatment [18] and for dye removal [19].

Fig. 1 Crystal structural of Raw Talc [16].

One approach to improve upon the adsorptive
properties of minerals has been mechanical activation
of the starting material [20]. Milling reduces the
particle size, which increases the surface contact area
of the mineral [21,22]. The mechanical activation was
reported to lower the mineral temperature, which
increases the system's internal energy. This
amorphization increases the surface activity and
increases the talc reactivity [23-25].

The current research seeks to evaluate and compare
the effectiveness of RT and MAT in the removal of CV
and (AR1) from aqueous solution. The influence of
mechanical activation on the crystallinity and surface
properties of talc will also be investigated. The
adsorption behavior of the studied dyes onto the
mechanically activated and raw talc will be studied to
determine optimal conditions for pH, initial dye
concentration, adsorbent dose, contact time, and
temperature. Thermodynamics and Kkinetics of the
process will be explained and elucidated.

2. Experimental

2.1.Materials

ARL1: an anionic acid dye and CV, a basic synthetic
dye (Basic Violet-3) (analytical grade; 99.9% purity
(Sigma-Aldrich) and 99.9% purity (Merck),
respectively) were used for the preparation of dyes
stock solutions with no further purification. Their
chemical properties are provided in Table 1. Stock



EKB Publishing

S. Afifi et al.

UMTI vol. 3, issue 3 (2023) 18-32

solutions of acid red 1 and crystal violet (1000 ppm)
were prepared. Then, working standard solutions of
concentrations (20, 40, 60, 100, 200, and 400 ppm)
were prepared. 0.1 M HCI and/or 0.1 M NaOH were
used to modify the pH of the solution.

A high-purity talc sample was received as lumps
from Wadi El Allagi deposits in the Eastern Desert,
Egypt. The chemical analysis of talc is shown in Table

Table 1. General characteristics of Acid red 1 and
Crystal Violet dyes.

Character Acid Red 1 Crystal violet
(AR1) (CV)
Type Anionic Cationic
Chemical
Comzr:slii?on CieH13N3Naz0sS; Ca25H30CIN3
Chemical
structure
Charge 2 1+
Mol. Wt. 493 407
Amax (NM) 506 590
pKa 6.4 [26] 8.64 [27]

Table 2. Chemical Composition of Wadi EI Allagi raw
talc.
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2.2. Methods

2.2.1 Mechanically activated talc

The talc sample was first crushed using Denver-style
jaw and roller crushers. The crushed sample was
ground in a tumbling mill (ball mill) to get a sample of
100% less than 75 microns (mechanical activation
feed). Mechanical activation was further carried out
using a planetary ball mill (PULVERISETTE 5
(FRITSCH-Germany)) in a 300 mL stainless steel bowl
filled at 50 % for 180 min, at 300 rpm and 15:1 (Ball:
powder) with 11 mm diameter stainless steel balls.
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2.2.2.Characterization

RT and MAT were characterized using XRD-
(DBADVANC) (Bruker Corporation (German)) with
LYNXEYE XE-T detector with (A = 1.54 A) at 40 kV
and 40 mA and 20-angles from 3 to 70 ° and energy-
dispersive X-ray fluorescence. FTIR analysis was
performed using JASCO Spectrometer 6300 (Japan) in
the range 400-4000 cm—1. Particle size distribution
measurement in both samples was analyzed by a laser
particle analyzer (BT-2001). Zeta potentials were
measured by Zetasizer (Malvern Instrument Co. Ltd.,
United Kingdom), and BELSORP-MR 6 was used to
measure surface area and porosity.

2.2.3. Adsorption experiments

The experiments were conducted in 50 mL round
bottom flasks where 0.05 g of talc sample was agitated
with 25 mL of dye solutions (20-400 mg/L) at different
pH (2-12), temperatures (20 — 60 °C), and at various
contact time (0-240 min.) using a mechanical shaker-
type WISD at 250 rpm. The adsorbent was collected
by centrifugation using the SIGMA 2-16P centrifuge.
The absorbance of the initial and final AR1 and CV
content was measured at Amax 506 and 590 nm,
respectively, using a UV-visible spectrophotometer
(PGInstrumentsT60).

The adsorption capacity (mg.gt) was determined by
equation (1):

_v(ci=¢cp
M

1)

While the adsorption efficiency (Removal %) was
determined by equation (2):

R%:%xm%

3

O]

where q is the adsorbed amount of dye per gram of
adsorbent, Ci and Cf are the initial and final dye
concentrations, respectively (mg.L™); V is the volume
of the dye solution (L) and M is the amount of the
adsorbent used (g).

3. Results and discussion

3.1. Material characterization

Figure 2 shows the XRD patterns for RT and MAT
samples. The presence of the basal diffraction peaks of
raw talc at (002), (004), (006), (132), and (0010) were
observed at 20 angles of 9.48°, 19.02°, 28.64°, 36.26°
and 48.72°, respectively, for RT [28-30]. For (MAT),
the broadening of the spectrum and the disappearance
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of almost all diffraction peaks was evident indicating
the significant impact of high milling energy upon the
crystal structure of raw talc. This high degree of
amorphization of MAT was reported to contribute to its
high surface activity [31, 32].
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Fig. 2 XRD patterns for RT and MAT

3.2. Particle size distribution analysis

Figures 3 and 4 display the particle size distribution
and size discrete analysis for both RT and MAT,
respectively. The data indicate that the distribution of
d90 and d50 for RT was mono-modal at 31.2 um and
9.09 um, respectively. For MAT, the d90 and d50 sizes
distribution were 27.6 um and 6.48 um, indicating a
bimodal symmetrical distribution. This may be
attributed to the severe grinding conditions that
contributed to the breakdown of the raw talc rigid
crystal structure.

3.3. FTIR analysis

FTIR spectrum for both RT and MAT is shown in
Fig. 5 a and b. For RT, the stretching vibrational band
of the siloxane group (Si-O-Si) was observed with an
intense peak at 460.14 cm™ and the band at 667.15
cm! reflecting the Si-O-Mg bond. The band at 3674.44
cm represents the stretching of the Mg-O/Mg-OH
octahedral layer and the band at 1007.56 cm
corresponds to the Si-O tetrahedral layer [28,33,34]. It
was noticed that for MAT the peaks at 3674.44 cm™ and
460.14 cm* due to the stretching vibration of Mg-O/O-
H have disappeared revealing the destruction of (Mg-
OH) and (Si-O-Si) bonds due to force milling. As well,
the stretching vibration of Si-O-Mg bonds at 1007.56
cm™ and Si-O at 667.56 cm™ decreased indicating the
impact of mechanical activation upon the talc
functional groups [35, 36].
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Fig. 3 Particle size distribution analysis for RT.
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Fig. 4 Particle size distribution analysis for MAT.
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Fig. 5 FTIR spectrum of RT and MAT.

3.4. Zeta potential

Figure 6 shows the surface charge of talc before and
after mechanical activation. The results indicate that the
isoelectric point of raw talc (IEP) was at pH 5.4 and that
it was negatively charged above pH =5.5 and positively
charged at lower pHs. The results for MAT indicated
that the IEP was shifted to around pH 3. This behavior
may be attributed to milling energy destroying the Mg-
OH bonds as indicated by FTIR spectra, and that the
excess of Mg and OH- ions in the solution leads to a
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compression in the electrical double layer (EDL) of the
material, which in turn minimized the magnitude of

particle surface charge [37, 38].
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Fig. 6 Zeta potential of RT and MAT.

3.5. Surface area analysis

Fig. 7 shows BETadsorption—desorption isotherm
for RT and MAT. The pore diameter distribution and
specific surface area are shown in Table 3. As displayed
in Fig. 6, the characteristic hysteresis loops belong to
type B (DeBoer's classification), revealing the
mesoporous structure of both RT and MAT.

The BET surface area of MAT was 7.61 m?/g, which
is three times higher than that of RT (2.48 m?/g), and
the average pore size was 15.01 nm and 49.29 nm,
respectively. As surface area increases and pore size
decreases for MAT was probably due to the particles'
structure destruction after grinding [39].

100
04 . — RT "
0 -~ MAT
mg) 60 Eoz
5 g
o 45 ‘
g 0.0 “' . -9—9-9-9—9——9—au “
o /
> 100 0 100 200 300 400 500 600 700 I
20 dp/nm |
Pore diameter (nm)
eI AL WYL e
0
0.0 0.2 0.4 0.6 0.8 1.0
p/p0

Fig. 7 Adsorption-desorption isotherms and pore size
distribution for RT and MAT.

Table 3. BET analysis results of RT and MAT from N,
adsorption isotherms at 77 K.

Sample SgeT(m?/g)  Pore radius (nm)
RT 2.4792 49.295
MAT 7.606 15.01
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3.6. Dye Removal/Adsorption Study
3.6.1. Effect of dosage

The amount of adsorbent (dose) is a crucial element
in the adsorption process since it establishes the
adsorbent's suitability for a specific starting dye
concentration in aqueous medium. Figures 8a. and 8b.
illustrate the effect of different adsorbent doses on both
dyes' removal efficiency of CV and ARIldyes,
respectively. Knowing RT was tested first for the
adsorption process. Upon increasing the adsorbent dose
from 0.4 to 2.4 g/L, the removal efficiency of RT for
AR1 and CV increased from 13.1 to 81.7 % and from
10.2 to 64.2 %, respectively. For MAT, the removal
efficiency increased from 16.8 to 98.2 % and from 15.6
to 95.7 %, respectively. The increase in adsorption
efficiency for MAT relative to RT can be related to the
larger surface area and increase in sites of adsorption
and contact surface [40].

Overall, MAT showed a higher removal efficiency %
than RT which may be attributed to the higher surface
area and increased surface active sites as a result of
intensive grinning [34]. While lower adsorbent (dose)
may reduce the removal efficiency due to insufficient
adsorption active sites, excess adsorbent amount may
lead to increased costs and uneconomical operation
[41]. Thus, the optimal dose used for both RT and MAT
was 2.0 g/L to further study AR1 and CV removal from
an aqueous solution.

(a) 100
80
X
= 60
>
:
o 40
(4
20 * CVbyRT
= CV by MAT
0
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Dose, g/l
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Fig. 8 (a) Effect of adsorbent concentration on removal
% of CV, (b) Effect of adsorbent concentration on
removal % of AR1, at Ci =100 mg/L, pH =2 for AR 1
and pH=12 for CV, Temp. = 20 °C, and Time = 240
min.

3.6.2. Effect of pH

The pH of the solution impacts the dyes' structural
stability and, consequently, their color intensity [42]. It
also affects the adsorbent zeta potential, as shown
before. Figure 9 shows the % of dye removal using the
optimal dose of RT and MAT (2 g.L™) for both dyes
AR1 and CV over the pH range of 2 - 12. This is
because at low pH, more H* ions are present that result
in the protonation of the adsorbent surface, which in
turn enhances the electrostatic interactions between the
negatively charged dye molecules (pka= 6.4) and the
positively charged adsorbents protonated active sites.
This increases the number of dye molecules that are
adsorbed [43].

On the other hand, the % removal increased for CV
as pH increased for adsorbents RT and MAT. This is
because excess H* ions present at a low pH competed
with the cationic groups of CV (pka = 8.64), resulting
in a reduction in the amount of dye adsorbed due to
surface repulsion. However, for MAT, the surface
charge in acidic regions was close to zero due to the
compression of the electrical double layer. This may
contribute to the high removal efficiency for the CV
(60%) with MAT compared to RT (10%). On the other
hand, OH- groups are present on the surface of the talc
sample the adsorption of cationic dye was increased at
high, which is in agreement with other reported data
[44]. Overall, the optimal pH for both adsorbents RT
and MAT was pH= 2 for AR1 dye and pH = 12 for CV.

3.6.3. Effect of contact time

https://doi.org/ 10.21608/1JMT1.2023.244260.1097
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Contact time impact upon the efficiency of removal
% and adsorbent capacity is shown in Fig. 10 and 11,
respectively, of RT and MAT for AR1 and CV. For RT,
an initial slow rate of adsorption for both dyes was
observed before reaching equilibrium after 240 min.
However, MAT showed a rapid increase in adsorption
rate for both dyes within the first ten minutes before
reaching equilibrium after 120 minutes. The adsorption
of the two dyes on the RT indicates a possible mono-
layer coverage, while MAT indicates a possible
multilayer coverage of dye molecules on the adsorbent
surface [42].

100
RT e CVdye
%0 ®  ARldye
B3
=0
>
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(=2
20 4
0 v v v v v v
(i} 2 4 6 s 10 12 14
pH
100
MAT
$0
S
=9
=
)
-
5 40
(22
20 - * CVdye
* ARl dye
0 . . . . . .
0 2 4 6 s 10 12 14
pH

Fig. 9 Effect of pH on dye removal % using RT and
MAT, adsorbent dose = 2 g/L, Temp. =20 °C, Time =
240 min, Ci = 100 mg/L.

3.6.4.Effect of initial dye concentration (Ci)

The effect of the initial concentration of dyes on their
adsorption and removal efficiencies by RT and MAT
are shown in Figs. 12 and 13. The adsorption capacities
of both dyes were increased with the increase in initial
dye concentration while the removal efficiency
decreased. At low dye concentrations, several
accessible sorption sites could hold more dye
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molecules. The low removal efficiency at high dye
concentrations could result from the adsorbent surface
being surrounded by the adsorbate ions and that no
more active sites were available for extra dye
molecules. The maximum adsorption capacity for CV
and AR1 by MAT was 160 mg/g and 130 mg/g,
respectively. However, for the RT, it was 80 mg/g and
42 mglg, respectively. MAT showed high adsorption
capacity and high removal efficiency compared to the
RT which may be attributed to its high surface, small
pore diameter, and multi-charged sites generated
because of the rupture of the chemical bond by grinding
forces.

Removal %

CV dye

* ARI dye
0 T T
0 50 100 150 200 250 300
Time, min

80
50
=) RT
=
60
£
4
=%
&~ 40
=
=
)
-
£ 20
2 ¢  CVdye
~ . ARI1 dye
< , S

0 50 100 150 200 250 300
Time, min

Fig. 10. Effect of contact time on the removal
efficiency and adsorption capacity of RT, adsorbent
dose= 2 g/L, temp. = 20 °C, Ci= 100 mg/L, pH of
cationic dye = 12, and for anionic dye = 2.

3.6.5. Effect of temperature

Figure 14 shows that adsorption decreases with an
increase in temperature from 20 to 60 °C indicating an
exothermic process [45]. This may be because of the
increase in dye mobility molecules and their transition
from talc's solid to liquid phases [63]. As well, this
action could result from weak Van der Waals and
dipole forces coupled with low heats of sorption [64,
65].
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Fig.11 Effect of time on the removal efficiency and
adsorption capacity of MAT, adsorbent dose= 2 g/L,
temp. = 20 °C, Ci.= 100 mg/L, pH of cationic dye = 12,
and for anionic dye = 2
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Fig. 12. Relation between Initial conc. and Removal %
of both RT and MAT, at adsorbent dose = 2 g/l, Temp.
=20 °C, Time = 240 min.
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Fig. 13 Relation between Initial conc. and adsorption
capacity of both RT and MAT, at adsorbent dose = 2
g/l, Temp. = 20 °C, Time = 240 min.
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Fig.14 Effect of temperature on the removal % of dyes,
at adsorbent = 2 g/L, pH = 2 for AR1 dye, pH=12 for
CV dye, Time =240, Ci= 100 mg/L.
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3.6.6. Kinetic studies

To understand the mechanism behind the adsorption
process, the adsorption rate was determined via
different kinetic models [45]. The pseudo-first-order
and pseudo-second-order are common models based on
solid capacity and solid phase sorption [46,47]. The
intra-particle diffusion model was implemented to
calculate the rate of the controlling stage, which is
mostly reliant upon pore size or external diffusion [48].

The pseudo-first-order rate is given by equation (3):

Ing, — q; =Inq, — kit 3)

It illustrates the relationship between q: (mg/g),
adsorbed amount per unit mass at time t (min), and the
ge(mg/g), adsorbed amount per unit mass at
equilibrium, with k; (min™t) being the first order rate
coefficient. The displayed plots in Fig. 15 show the data
fitting to the pseudo-first-order Lagergren model as the
ge and kj calculated are provided in Table 4.

While the pseudo-second-order reaction rate is given by
equation (4):

< RT °

CV dye
ARI1 dye

In(qe-qt), mg/g

0 40 80 120 160 200 240

Time, min

4

NN MAT s S¥dye
0 D * ARl dye
P i
2
R
T o
<
S
N’
= -1

2

-3 T T T T v

0 40 80 120 160 200 240

Time, min

Fig. 15 Pseudo-first-order kinetic plots In (ge-qt) vs
time for the adsorption of CV and AR1 on RT and
MAT.
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where g: (mg/g) refers to adsorption capacity at time t,
ge (mg/g) refers to adsorption capacity at equilibrium,
and kz (g-mgt-min’t) refers to the second-order rate
coefficient. The plot in Figure 16 shows the fit of the
data to the pseudo-second-order model, and the ge and
k» calculated are provided in Table 4.

The intra-particle diffusion model is an empirical
formula (5) that is associated with the adsorbed quantity
and t%5 rather than t [49].

Qe =kit*5+1 (5)

Where g refers to the adsorption capacity (mg/g) at t
time, ki refers to the intra-particle-diffusion constant
(mg/g min®®), and I indicate the intercept (mg/g), which
shows the influence of boundary layer thickness [50,
51]. The plot g versus t®is shown in Figure 17 for the
adsorption of AR1 and CV dyes onto RT and MAT.
From these figures, it was observed that all lines did not
go through the origin, except for anionic dye adsorption
on RT. From Table 4, the intra-particle data reveal that
diffusion is not the only dominant mechanism as it
proceeds as a second-order process but the particle/pore
diffusion makes a significant contribution to the
adsorption process [42].

According to R?in Table 4, the pseudo-second-order
model was the most proper model to describe the
adsorption kinetics of RT and MAT of CV and MAT
by AR1, while the intra-particle diffusion model was
the best fit to describe the adsorption kinetics of RT by
AR1 dye. This may be attributed to the crystalline
structure of raw talc as indicated by the pores size and
XRD analysis.

t/qt, min.g.mg-1

CV dye
ARI1 dye

120 160 200

Time, min
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Fig. 16 Pseudo-second-order kinetic plots t/qt vs time
for the adsorption of CV and AR1 on RT and MAT.
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Fig. 17. Model for intra-particle diffusion plots qt
against t> for the adsorption of CV and AR1 on RT and
MAT.
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Table 4. Calculated parameters from Kinetic study for
the removal of AR1 and CV dyes onto RT and MAT
adsorbents.

Parameter (CV) (AR1)
RT MAT RT MAT
The pseudo-first-order equation
R? 0.9699 0.8544 0.9707 0.9488
Ki -0.0345 | -0.0497 0.0024 | -0.0371
Calculated 29.69 19.34 24.05 27.73
Qe
Experimental  36.2 454 27.65 40.2
Qe
The pseudo-second-order equation
R? 0.9995 0.9999 0.9727 0.9998
K2 2.57x 103 19.3 x 10 1.619 x10%4.27x 1073
Calculated 34.6 42.7 156.25 38.0
Qe
Experimental  36.25 454 27.65 40.2
Qe
The Intra-particle diffusion model
R? 0.9956 0.9684 0.9858 0.9957
| -0.1849  1.6346 -0.2915 = 0.4297
Ki 6.8395 = 14.3783 0.5356 9.4820

3.6.7.Adsorption isotherms

Adsorption isotherm models help to understand the
nature of interactions between adsorbate and
adsorbents. In this study, the equilibrium adsorption
data was investigated by applying the linear
representations of the Freundlich, Langmuir, and
Temkin isotherm models. The Freundlich isotherm
model, defined by equation (6) [25], is particularly
noteworthy for its ability to characterize adsorption on
heterogeneous surfaces, without being constrained to
monolayer formation.

In ge =InKg +1/n InCe  (6)

where Ce (mg/l), ge (Mg/g), Ke, and 1/n represent the
equilibrium dye concentration in solution, the
adsorption capacity, the Freundlich constant, and the
heterogeneity factor, respectively. The plots of In g: vs.
InCs, Fig. 18, enable the determination of Kr and 1/n
isotherm constants from the intercept and slope,
respectively. The Langmuir isotherm model postulates
a rapid decrease in intermolecular forces as distance
increases, which leads to the formation of a monolayer
coverage of the adsorbate at specific uniform sites on
the external surface of the adsorbent, often associated
with chemisorption. Equilibrium data for adsorption is

https://doi.org/ 10.21608/1JMT1.2023.244260.1097
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then assessed using the linear representation of the
Langmuir isotherm model, as expressed by equation (7)
in Figure 19 [52].

Ce

qde

B 1

Gmax U Tmax

Where Ce (mg/l) is the equilibrium dye concentration in
solution, ge (mg/g) is the adsorption capacity, b (1/g) "is
the Langmuir constants, and gmax (Mg/g) is the
maximum adsorption capacity. The Langmuir
separation factor, Ry, is given by equation (8) [53].

(®)

Where b refers to the Langmuir constant and C;
represents the initial dye concentration. The calculated
RL values indicate the nature of isotherm as R > 1,
unfavorable adsorption process, R_ 1, linear
adsorption process, R. = 0, Irreversible adsorption
process (strong adsorption), and 0 < RL < 1 signifies
favorable adsorption process (normal adsorption). The
R. values for different initial dye concentrations (AR1
and CV) were between 0 and 1 indicating a favorable
adsorption [53, 54].

RL=1/(1+hC)

5.0

RT

4.0 4

35 41

Inq¢

3.0 4

254

CV dye

20 4 AR1 dye

MAT

Inq¢

InCg

Fig. 18. Freundlich adsorption isotherm plots In g vs.
InCs for the adsorption of CV and AR1 on RT and
MAT.
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The Isotherm of Temkin is distinguished by a
uniform binding distribution energy and describes the
interaction between the adsorbate and the adsorbent
[40]. Temkin isotherm has generally been represented
by the following equation (9) [55, 56]:

qe = BlnA+ + BInC, (9)

where: B = R?T is the heat of sorption constant (J/mol),
b (intercept) = Temkin isotherm constant, Ar (slope) =
isotherm equilibrium binding constant related to
Temkin (L/g) obtained from the plot of gt against In Cy,
R is the universal gas constant (8.314 J/mol/K), T is the
temperature at 293 K [57, 58]. The Temkin isotherm
parameters were determined from the plot of (q:) versus
In (Cy) Fig. 20, and the Temkin isotherm constants for
CV and AR1 adsorption onto MAT and RT are
presented in Table 5 [59]. According to Temkin's
isotherm, adsorption is defined by an equal binding
energy distribution up to a maximum binding energy,
and adsorption heat steadily decreases as the adsorbate
molecules cover the adsorbent surface [60].

7
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T 31
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¢ ARI1 dye
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Cr

Fig. 19 Langmuir isotherm plots C¢/qt vs Cs for the
adsorption of CV and AR1 on RT and MAT.
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From Table 5, Freundlich isotherm may be used to
describe the adsorption of AR1 on MAT, which is a
highly heterogeneous process and occurs mainly by
opposite charge attraction (physisorption) [61]. Temkin
isotherm is relatively higher than those obtained for the
Freundlich and Langmuir isotherms for CV and AR1
adsorption on RT, so the Temkin isotherm can be used
to describe the adsorption of these dyes on RT [48].

According to the values of B = (0.006, 0.009
kcal/mol) for CV by RT and MAT, respectively, and
(0.003, 0.008 kcal/mol) for ARL by RT and MAT,
respectively, which is less than 1 kcal/mol that physical
adsorption occurs [57]. The positive values of B
indicate that the adsorption is exothermic at RT and
MAT by both CV and AR1 [62].
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Fig. 20 Temkin isotherm plots gt vs InCs for the
adsorption of CV and AR1 on RT and MAT.
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Table 5 Calculated parameters from isotherm study for

https://doi.org/ 10.21608/1JMT1.2023.244260.1097

are layers of magnesium hydroxide (MgO.H.0) that

AR1 and CV dyes removal by RT and MAT (t = 240 makeup talc. Because siloxane groups (-Si-O-Si-) are

min and m
coefficient R?

2 g) and values of the correlation

(cv) (AR1)
Item
RT MAT RT MAT
Freundlich Isotherm parameters
R? 0.9145 0.9819 0.8738 0.9789
n 1.75 1.373 1.78 1.329
Ke 4.3340 7.93 2.414 3.63
Langmuir Isotherm parameters
R? 0.9824 0.9548 0.9874 0.9611
gmax(Cal.) 100 250 55.9 212.8
Qmax(EXp.) 82.9 164 46.4 131.8
b 0.01902 0.024 0.01695 0.011
Temkin isotherm
R? 0.9877 0.9215 0.9904 0.9343
B (J/mol) 19.08 39.4 11.8 33.7
Ar(L/g) 0.2686 0.5144 0.1916 0.2277

3.6.8. Thermodynamic studies

Evaluation of the sorption process's spontaneity was
calculated using the Kc vs. 1 / T graphs, using the
following equations (10) and (11):

AST AHS
InK, =———
RT

. (10)

AG°=-RTInK. (11

where K¢ (= ge/Ce), R, and T represent the distribution
coefficient, the universal gas constant (8.314J
K™mol™?), and the temperature in kelvin (K),
respectively. However, enthalpy (AH°), entropy (AS°),
and Gibb’s free energy (AG°). K is a constant for a
specific dye concentration and serves as the basis for
thermodynamic calculations [44]. RT and MAT values
of standard enthalpy (AH®) for both dyes were negative
indicating exothermic adsorption. AH® (> 40 kJ/mol)
referred that the process is chemically controlled. The
negative values of (AS°) for RT and MAT for both CV
and AR1 dyes indicate that during the process of
adsorption at the solid/liquid interface, a reduction in
randomness occurs and it is not favorable at higher
temperatures. The Gibbs free energy change values
(AG®) were negative at low temperatures becoming
positive at higher temperatures. This indicates that the
adsorption is spontaneous at lower temperatures, and
becomes non-spontaneous at higher temperatures,
making it unfavorable at higher temperatures. Thus, the
process is exothermic.

4. Suggested adsorption mechanism

The mechanism for CV and AR1 adsorption on the
surface of RT and MAT may be explained depending
on the composition, charge, and function groupings of
their components. Between two layers of silicate (SiOy)
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present, it possess hydrophobic characteristics on its
basal planes.

Due to the presence of hydroxyl groups (-SiOH and
-MgOH), the edges are hydrophilic [66]. The bond
lengths of Si-O and Mg-OH bonds in talc molecules are
1.624 and 2.069 A, respectively [67]. These bonds are
relatively long compared to other bonds in the talc
molecules, giving them priority to be broken first by
grinding energy forces. FTIR results confirmed that in
the MAT spectrum where the Mg-O/Mg-OH bonds
(octahedral layer) and Si-O bond (tetrahedral layer)
were destroyed after mechanical activation to create
positive and negative sites (Mg*, Si*, O’) as shown in
Fig. 21.,. Therefore, the adsorption may occur due to
the interaction of the electrostatic charges between O-
and the positive charge on CV, in addition to the
positive charges Mg *, Si ™ and sulfonic group on AR1
[68]. The adsorption on RT may occur because of the
hydrophobic interaction between siloxanes in the
adsorbent (strongly hydrophobic) and the aromatic
rings in the structure of both dyes [66]. As well, H-
bonding may occur between the groups of amine in the
molecules of CV structure, and groups of ( — OH)
present in the structure of RT.

Table 6 Calculated parameters from thermodynamics
for AR1 and CV removal using RT and MAT.

(CV)
Temp. RT MAT
°C | AH° | AS° | AG® | AH° | AS° | AG°
KJ [Jk?1| Jk?t | KI [Jkt| Jk?
mol* mol-! |mol-t mol-*
20 -2361 -5600
30 -393 -3456
40 | -64 |-213| 3656 | -63 |-196 | -1639
50 4786 66
60 5568 2472
(AR1)
Temp. RT MAT
°C | AH® | AS° | AG° | AH° | AS° | AG°
KJ |Jk?1| kL | KL [Jk?1] Jk1
mol-! mol-t [mol mol-!
20 -3438 -676
30 -2437 875
40 | -66 |-212| -172 -67 | -225| 3129
50 2973 4201
60 4578 9101
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Fig. 21 Negative and positive sites arise as a result of
mechanical activation.

5. Conclusions

The present study demonstrates that intensive
grinding of the talc sample induces dramatic crystal
dislocation, a noticeable shift in its isoelectric point
(IEP), an increase in surface area, and significant
surface modifications. Modified Activated Talc (MAT)
exhibited enhanced efficiency as an adsorbent for
Crystal Violet (CV) and AR1 aqueous solution-based
dyes. The maximum removal efficiency was achieved
at pH 2 for AR1 and pH 12 for CV dyes. Adsorption
results indicated that the removal of Reactive Turquoise
(RT) for AR1 and CV dyes followed the Temkin
isotherm, while MAT for AR1 and CV followed the
Freundlich isotherm. The pseudo-second-order kinetic
model accurately described the adsorption kinetics of
AR1 and CV dyes by MAT and CV dyes by RT.
Meanwhile, the intra-particle diffusion model
described the adsorption of RT by ARL
Thermodynamic parameters suggest that the process is
exothermic and chemically controlled. The negative
AS° indicates a decrease in randomness at the
solid/liquid interface during the adsorption process,
making it less favorable at higher temperatures. The
increase in AG® with temperature suggests a more
favorable adsorption process and increased spontaneity
at lower temperatures. Thus, activated talc is
considered an effective, low-cost adsorbent for treating
wastewater contaminated with textile dyes.
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