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Abstract

Soda feldspar, a naturally abundant and inexpensive mineral, was investigated as an adsorbent for
the removal of methyl violet (MV) dye from aqueous solutions. Batch adsorption experiments were carried
out to examine the influence of key operating parameters, including contact time, solution pH, and
adsorbent dosage. The adsorption performance was found to depend strongly on these parameters, with
optimum conditions observed at a contact time of 90 min, pH 7, and adsorbent dosage of 20 g L~'with a
maximum dye removal efficiency of 95.4%. The adsorption kinetics were evaluated using pseudo-first-
order and pseudo-second-order models. Among them, the pseudo-second-order model showed a much
better correlation with the experimental data (R = 0.99). Equilibrium data were analysed using Langmuir,
Freundlich, Temkin, Redlich—Peterson, and Dubinin—Radushkevich isotherm models. The Langmuir
model provided the best fit (R? = 0.99) with a maximum adsorption capacity of 3.91 mg g, suggesting
predominantly monolayer adsorption on the adsorbent surface. Thermodynamic analysis revealed negative
Gibbs free energy values confirming the spontaneous nature of adsorption, while the positive enthalpy
change (AH® = 11.521 kJ mol™) indicated that the process is endothermic. Overall, the results demonstrate
that soda feldspar can serve as a promising, environmentally friendly, and cost-effective adsorbent for the
treatment of dye-contaminated wastewater.

Keywords: Soda feldspar; Methyl violet; Adsorption; Adsorption Kinetics; Adsorption isotherms;
Thermodynamic studies; Wastewater treatment; Dye removal.
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1. INTRODUCTION

Water is a fundamental resource for
human survival, economic development, and
ecosystem sustainability. But, due to increasing
industrialization and urbanization large quantities
of untreated wastewater is discharged into natural
water bodies, causing serious environmental
concerns. Among various industrial pollutants,
synthetic dyes are considered to be one of the

most significant contaminants due to their high
visibility, persistence, and toxic nature[1],[2].
Textile effluents contain significant
quantities of dyes and chemicals which lead to
heavy water pollution[3]. Over 100,000
commercial dyes are available globally and more
than 700,000 tons of dyes are produced every
year[4],[5]. The release of these dye-containing
effluents into aquatic systems reduces light
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penetration, inhibits photosynthesis, and disturbs
aquatic ecosystems[6],[7].

Among the various classes of dyes,
methyl  violet (MV) is a  cationic
triphenylmethane dye extensively used in textile
dyeing, paper printing, leather processing, paints,
inks, and microbiological staining applications
[8]. Methyl violet is highly visible even at low
concentrations and is difficult to remove by
conventional biological treatment methods
because of its high solubility and stable aromatic
structure[7].

Various treatment technologies have been
investigated  which  include  coagulation-
flocculation, membrane filtration, ion exchange,
biological treatment, electrochemical oxidation,
photocatalytic degradation, advanced oxidation
processes, ozonation, solvent extraction, and
adsorption[1],[2],[9]. Although many of these
methods are effective under specific conditions,
they often suffer from limitations such as high
operating costs, sludge generation, membrane
fouling, incomplete pollutant removal, and
secondary pollution[7],[8].

Among the available technologies,
adsorption has emerged as one of the most
promising methods for wastewater treatment
which offers advantages such as ease of
operation, low energy requirements, economic
feasibility, and applicability to a wide range of
pollutants[9].

The effectiveness of adsorption largely
depends on the nature of the adsorbent employed.
Activated carbon has traditionally been
considered the most effective adsorbent due to its
high surface area and adsorption capacity[10].
However, its relatively high production and
regeneration costs have encouraged researchers
to investigate alternative low-cost materials[11].
Consequently, a wide range of natural,
agricultural, mineral-based, and industrial waste
adsorbents have been explored for methyl violet
removal.

Various low-cost, natural[12], mineral-
based[13], and engineered adsorbents[14] have
been investigated for the removal of methyl
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violet from aqueous solutions. These studies
demonstrate the potential of low-cost adsorbents
for dye removal; however, the application of
soda feldspar for methyl violet adsorption
remains largely unexplored.

Aluminosilicate minerals are particularly
attractive because of their availability, structural
stability, ion-exchange properties, and surface
activity. Soda feldspar, a naturally occurring
aluminosilicate mineral, possesses these desirable
characteristics and therefore represents a
promising adsorbent for wastewater treatment.

Therefore, the present study focused on
the potential of soda feldspar as a natural
adsorbent for the removal of methyl violet dye
from aqueous solutions. The effects of contact
time, solution pH, and adsorbent dosage were
investigated. Adsorption kinetics and equilibrium
behavior were also evaluated. In addition,
thermodynamic parameters were also determined
to better understand the adsorption mechanism
and feasibility of the process.

2. MATERIALS AND METHODS

2.1. Materials: Methyl Violet (C23H26N3Cl) a
triphenylmethane dye (molecular weight =
393.96) was procured from M/s Qualigens.
Powdered Soda Feldspar (NF) is a naturally
available material was procured from Andhra
Pradesh, India. The powdered particles were
sieved, and particles of size -140 mesh +170
mesh were collected, with an average size of 96.5
um used in all the experimental studies. All
reagents used in this investigation were of A.R.
grade. Double distilled water was used for
preparing solutions throughout the study.

All pH measurements were carried out
with a digital pH meter model number WTH-10,
M/s Wensar, India . Concentration of the dye
solutions were estimated using absorbance
recorded on UV/VIS spectrophotometer model
number CE7400 (M/s Cecil, England) over the
wavelength of 587 nm. The phase analysis
studies were conducted on a Rigaku X-ray
diffractometer (Japan) in the scan range (20) of
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20°-80°. The morphological features were
examined by using scanning electron microscopy
(SEM, JEOL 6480LV, Japan). The zeta potential
(§) values were measured with the use of zeta
sizer (ZS 90, Malvern, UK).

2.2. Methods

2.2.1. Adsorption studies: Experimental studies
were mainly carried out by batch technique to
obtain rate and equilibrium data. The
experiments were performed to observe the effect
of pH (range of pH 2 — pH 9), amount of
adsorbent (2 g/LL — 20 g/L), and contact time (0 —
210 minutes) at known sample concentrations by
fixing the temperature, particle size and agitation
speed constant. A known amount of adsorbent
was taken in 250mL volumetric flasks containing
50mL each of MV adsorbate solution of known
concentration. These flasks were then shaken
intermittently to attain equilibrium condition of
adsorption. The solution obtained was then
centrifuged and analyzed spectrophotometrically
by measuring the absorbance at Amax of 587 nm.
The extent of adsorption was quantified
in terms of percentage removal and adsorption
capacity using the following equations (1) and
(2).
Percentage removal(%) = (C"C—_Ct) %x 100 ...(1)

GV °
g = )

Duplicate experiments were carried out
for all the operating variables studied, and only
the average values were considered. The average
deviation of duplicate results in the concentration
units varied within +1%.

2.2.2. Adsorption kinetics: Two kinetic models
were tested in these studies. First one is Pseudo-
first order model which assumes adsorption rate
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is proportional to the number of vacant sites and
generally associated with physical adsorption[4].
Another one is Pseudo-second order model
assumes proportional to the square of available
sites and  frequently  associated  with
chemisorption[4]. Their linear forms are given in
the equations (3) and (4).

In(qe — q¢) = In(qe) — K1t ...(3)

R ()

ac  K:q%  qe

K; is the rate constant for pseudo-first-order
adsorption in (min)!' which is obtained from the
linear plot of In(q. — q¢) vs and t. K,is the rate
constant for the pseudo-second-order kinetic

model obtained graphically from the plot qi vs t.
t

2.2.3. Equilibrium studies: The adsorption
equilibrium studies were carried out at a constant
temperature, dosage, and solution pH but with
variable concentrations.  Using experimental
data, Isotherm models were developed to
describe the distribution of dye between the solid
phase and the solution when the equilibrium was
attained at a given temperature[l15]. Five
isotherm models, namely Langmuir, Freundlich,
Temkin, Dubinin-Radushkevich, and Redlich-
Peterson, were employed in this work to study
the adsorption mechanism. All the equilibrium
models relating the amount of dye adsorbed at
equilibrium (mg/g) and the concentration at
equilibrium (mg/L) are summarized in the
Table.1

2.2.4. Thermodynamics

Thermodynamic analysis helps evaluate the
feasibility and nature of the adsorption process.
The change in enthalpy AH® and entropy AS° of
adsorption can be determined using van't Hoff
equation (15)

ISSN : 2581-7175

©IJSRED: All Rights are Reserved

Page 1717



International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 3, May-June 2026

Available at www.ijsred.com

TABLE. 1. EQUILIBRIUM ISOTHERM MODELS EMPLOYED IN ADSORPTION STUDIES

Model Equation Linear form Significance
Langmuir[16] g, = XmCe (s e_Ley 1 (6 Monolayer adsorption on
1+qmCe 9e  dm  Kidm homogeneous surface; No
molecular interactions
Fruendlich[17] Ge = KFC:/n-'-(7) Ing, = InKg + I Ce ...(8) Empirigal model; multilayer
n adsorption on heterogeneous
surfaces.
Redlich- Ge = 2B (9) In (KR Ce 1) = Ina + Hybrid isotherm; combining
Peterson[ 18] 1+ac, e features of Langmuir and
in (Ce) --.(10) Freundlich models.
Dubinin— qe = qs exp(—Kpre?) Ing, =Inqs — Kpre? ...(12) estimate adsorption energy ;
Radushkevich (D- | ¢ = RTIn(1 +2) ...(11) distinguish physical from
R)[19] Ce chemical adsorption.
Temkin[20] ge = i—Tln (K+C,) ...(13) qe = B(InK7) + B(In C,) gdsorbe.ntfadsorbate
T ...(14) interactions; heat of
adsorption decreases linearly
with surface coverage.
AG® = AH® —TAS® ...(15) The physio-chemical characteristics of the soda

Where the gibbs free energy is evaluated using
the equation (16) as a function of Langmuir
constant at a given temperature [21]

AG® = —RT In(K}) ...(16)

3. RESULTS AND DISCUSSION
3.1. Characterization of Adsorbent material

The morphological features of the NF sample
before and after adsorption of MV dye were
examined from SEM images as shown in Fig. 2.
Before adsorption, the NF sample (cf. Fig. 2a)
exhibited a coarse grained microstructure with
random distribution of tabular feldspar particles
having a size range of 1-5 um. These tabular
feldspar particles possess irregular layered
structure with rough surface morphology. The
distribution of interstitial pores indicates the
existence of moderate porosity in NF sample.
However, it is well known that the rough surface
morphology and porous structure provides more
adsorptive sites for dye adsorption. After
adsorption, SEM image of the NF-MV sample
(cf. Fig. 2b) has shown the trapping of MV dye
particles onto the cleavage portions of the
feldspar particle surface as well as their
adsorption into the interstitial pores, which is

feldspar (NF) sample before and after adsorption
of the methyl violet (MV) dye were evaluated. X-
ray diffraction (XRD) pattern of the soda feldspar
(NF) sample before adsorption is presented in
Fig. 1. Here the phase analysis of NF sample
showed the coexistence of Na, K, Al, and Si
bearing minerals, namely quartz (Q; JCPDS card
no. 46-1045), microcline (M; JCPDS card no. 19-
0932), and albite (A; JCPDS card no. 09-0466)
indicating that the dye adsorption mechanism of
the NF-MV sample contains pore filling.

The Zeta potential ({) values of NF
samples before and after adsorption of MV dye
are plotted in Fig. 3. It is seen that the { value of
NF sample before adsorption was -27.6 mV,
indicating the negative surface charge of feldspar
particles. The { value of NF-MV sample was
reduced to -25.8 mV after adsorption of the MV
dye. This causes a net change in the { value of
+1.8 mV, showing MV as a positively charged
cationic dye. A careful analysis of this data
explains that the adsorption mechanism of soda
feldspar involves electrostatic force of attraction
at dye/adsorbent interface, which leads to
adsorption of considerable amount of MV dye
molecules onto the negatively charged surface of
coarse-grained feldspar particles in NF-MV
sample (cf. Fig. 2b).

ISSN : 2581-7175

©IJSRED: All Rights are Reserved

Page 1718



International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 3, May-June 2026

. 1 1 . .
« Soda Feldspar (NF Q Quariz

M: Micraclre |

A Abite

Intensity (a.u.)

A
A

T ! T
20 25 30 35

A 2 a

| J M et o an owm \‘_M)LA g

; v l.r"ﬁ"f\,\\_,»_/\.J fnh Rt - Py f\)x L»-\_.A_A..,‘M.‘» s
40 4‘5 5‘0 55 60 65 70 75

Position (28) (°)

Fig. 1: X-ray diffraction spectra of the soda feldspar (NF) sample

3.2. Effect of contact time

The contact time for adsorption of MV dye onto
NF was tested at two different initial
concentrations (10 mg/L and 20 mg/L) indicated
in Fig. 4. As shown in the graph, the dye
removal was very high in the first 5 minutes and
after that, increment was slow. The maximum
removal was observed at 90 minutes and any
further increase in removal was not noted. The
higher initial rate of removal was due to the
greater surface area on the adsorbent available
for active site adsorption. As dye molecules
occupied more sites, the adsorbent became
saturated and eventually reached equilibrium at
90 minutes. The same pattern was observed at
both initial concentrations.
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Fig. 2: Scanning electron microscopy (SEM) of (a) NF and (b)
NF-MV samples

NF NF-MV

© potential (mv)
- 4 !
!

-30 -
Fig. 3: { potential of NF and NF-MV samples
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Fig. 4: Effect of contact time

3.3. Effect of pH

Since the surface charge of the mineral
can affect the adsorption behavior, it is usual for
pH to have an impact on the adsorption of dyes
on minerals. It can be seen from the experimental
data presented in Fig. 5. that the adsorption of
MV dye onto NF was greatly influenced by pH
of the solution, as the best removal was seen in
the pH of 7-9.

100

80

60
N //Q_AQ/O_O_@

20

Removal of MV (%)

pH

Fig. 5: Effect of pH
The optimal removal of the dye was
achieved at pH 7, suggesting that the surface
charge of NF possessed at this pH was most
compatible with the dye to adsorb onto it. The
NF surface may have acquired a positive charge
at pH values below 7, potentially resulting in
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electrostatic repulsion between the positively
charged surface and the positively charged MV
dye molecules, hence decreasing adsorption.
similarly, the surface of NF may have acquired a
negative charge at pH levels exceeding 7 which
induced the attraction between the surface and
MYV dye molecules, enhancing adsorption.

3.4. Effect of adsorbent dosage

The effect of adsorbent dosage for the removal of
MYV dye was presented in the Fig. 6 in the range
of 2 g/L to 30 g/L. It shows that with the increase
of adsorbent dosage up to 20 g/L, the removal of
MV dye increased up to 95.4 percent as the
higher amount of adsorbent material leading to
greater adsorption capacity. More adsorbent
implies greater quantity of dye molecules can be
sequestrated from the solution. This phenomenon
is due to the enlarged surface area provided by
the additional adsorbent, which can offer more
active sites for the dye molecules to adsorb.
There is no  significant increase in
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Fig. 6: Effect of adsorbent dosage

percentage removal with increase in adsorbent
dosage beyond 20 mg/L. This happens when all
adsorption sites on the surface of the absorbent
material have been utilized and are filled with the
dye molecules. At this saturation limit, adding
more adsorbent does not enhance dye adsorption
or substantially elevate the removal percentage.
The adsorbent dosage was set at 20 g/L to
achieve maximum removal of MV and enhance
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economic efficiency for a given initial
concentration of 30 mg/L. There was little
variation in removal effectiveness, confirming
that higher dosages were not beneficial.

3.5. Adsorption kinetics

Two kinetic models were employed,
namely the pseudo-first order and pseudo-
second-order models, to fit the experimental data
and the corresponding graphs are displayed in
Fig. 7 and Fig. 8. The parameters obtained from
the graphs were compiled in Table. 2.

1 o o 10 mg/L|
o O 20 mg/L

In(ge-ay)

time (min)

Fig. 7: Pseudo-first order model for the adsorption of MV using
NF

50

O 10 mg/L
O 20 mg/L

40

30+

ta,

20

0 15 30 45 60 75 90
time (min)

Fig. 8: Pseudo-second order model for the adsorption of MV
using NF

Based on the tabulated parameters and the
correlation coefficients, the pseudo-second-order
model is the most suitable model for describing
this study's kinetics of the adsorption process.
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TABLE. 2: KINETIC PARAMETERS FOR THE ADSORPTION OF
MYV USING NF

Parameter Value

Initial MV Concentration (mg/L) 10 20

Experimental ge value (mg/g) 1.89 | 2.88

Pseudo-first order

Rate constant (K1) 0.04 | 0.04
0.79 | 1.07

Calculated ge value (mg/g)
Correlation coefficient (R?) 0.86 | 0.87

Pseudo-second order

Rate constant (K2), (g/mg.min) 0.43 | 0.29

Calculated ge value (mg/g) 1.85 | 2.83
Correlation coefficient (R?) 0.99 | 0.99

3.6. Adsorption isotherms

In order to determine the appropriate
adsorption isotherm for the adsorption of MV
dye on NF, data was collected and analyzed
using various isotherm models such as Langmuir,
Freundlich, Temkin, Dubinin-Radushkevich, and
Redlich-Peterson isotherm. The parameters
obtained from the linear fitting of the
experimental data to these models were compiled
in Table.3.

A comparison plot of all isotherm models
tested was created and shown in Fig. 9. This plot
allowed for a visual assessment of the
performance and agreement of the different
isotherm models in capturing the adsorption
behavior of MV dye on NF.

Overall, the analysis indicated that the
Langmuir and Redlich-Peterson isotherm models
were suitable for describing the adsorption
process, with the best fit to the experimental data.
This suggests that MV molecules are adsorbed on
the homogenous surface of the NF in monolayer
fashion without molecular interactions. This
information provides valuable insights into the
adsorption mechanism and can assist in
optimizing the design and operation of
adsorption systems for removing MV dye using
NF.
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TABLE. 3: VARIOUS ISOTHERM PARAMETERS FOR THE
ADSORPTION OF MV USING NF
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In Fig. 10, it is clear that the Gibbs function free
energy yields lower negative values with
increasing temperature, which means that higher
temperatures are more beneficial. Furthermore,
the increase in enthalpy supports the reason for
the observed endothermic process. The process is
also found to be irreversible, as indicated by the
increase in entropy

TABLE. 4: THERMODYNAMIC PARAMETERS FOR THE
ADSORPTION OF MV USING NF

Eg £ 2 o 2
s 15 2 2 . =
== = = = ~ g
S E g = o 5
- £
qm | mg/g 3.90
Langmuir 0.99 ?est
Ko | L/mg 0.35 it
(mg/g)/
Kr . | 2.04
Freundlich (mg/L)M 0.98 lf)_lftist
N |- 6.59
Kr | L/mg 82.76
Temkin 0.98 ?est
br | J/mol 5743.79 it
Dubinin- Kor | L/mg 3.07E-06 01 | good
Radushkevich g | me/e 347 . fit
Kr | L/mg 2.8
Redlich- best
Peterson - 0.73 0.99 fit
(L/mg)P 1.01

)
£z
c o Experimental
1 Langmuir
Fruendlich
Temkin

Dubnin-Radushkevich
Redlich-Peterson

0 20 40 60 80 100
C, (mg/L)

Fig. 9: Comparison of various adsorption isotherms

3.7.Adsorption thermodynamics

Using the equilibrium data collected at
three different temperatures, 313K, 323K and
333K, AG, AH and AS were calculated with
other thermodynamic parameters using the
Langmuir constant with Gibbs’ equation.

The computed values are included in Table. 4.

Temperature g::éigl:tr AG AH AS
K) Ki() > | (kJ/mol.K) | (kJ/mol) | (J/mol.K)
313 0.966 -33.44
323 1.004 -34.61 11.521 143
333 1.258 -36.31
-33000
-34000
< o
°
£ -35000
o
<
-36000 |

[}
-37000 : . T T
310 315 320 325 330 335
T(K)

Fig. 10: Gibbs free energy change with temperature
4. CONCLUSION

Batch adsorption experiments showed that
the process was influenced by contact time, pH,
initial dye concentration, adsorbent dosage, and
temperature, with a maximum dye removal
efficiency of 95.4% achieved under optimized
conditions. The favourable adsorption
performance observed at near-neutral pH
highlights the practical applicability of soda
feldspar for wastewater treatment.

Kinetic analysis revealed that adsorption was
primarily governed by interactions between
methyl violet molecules and the active sites
present on the soda feldspar surface. Equilibrium

ISSN : 2581-7175

©IJSRED: All Rights are Reserved

Page 1722




International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 3, May-June 2026

data were best described by the Langmuir
isotherm  model, indicating predominantly
monolayer  adsorption on a relatively
homogeneous surface.

Thermodynamic parameters confirmed that
the adsorption process was spontaneous and
endothermic in nature. The adsorption
mechanism is likely governed by a combination
of electrostatic attraction, surface complexation,
and weak intermolecular interactions between the
cationic dye molecules and the aluminosilicate
surface of soda feldspar. Overall, the results
indicate that soda feldspar is an environmentally
friendly and economically viable adsorbent for
the treatment of dye-contaminated wastewater.

NOMENCLATURE
Symbol Abbreviation Units
br Temkin constant J/mol
C Equilibrium concentration of adsorbate mg/L
€ solution
c Initial concentration of adsorbate mg/L
? solution
c Conc.entration of adsorbate solution at mg/L
any time
E Adsorption energy kJ/mol
AG Change in Gibbs free energy J/kmol
AH Change in enthalpy J/kmol
Kr Freundlich constant L/mg
K, Langmuir constant L/mg
Kpr Mean free energy exchange mol?/kJ?
K. Temkin isotherm equilibrium binding L/mg
T constant
Kr Redlich-Peterson constant L/mg
Ky Pseudo-first-order rate constant min!
Pseudo-second-order rate constant (mg/g)!
K min’!
n Freundlich heterogeneity factor )
Amount of adsorbate per unit mass of mg/g
e adsorbent at equilibrium
Qm Langmuir constant mg/g
Amount of adsorbate per unit mass of mg/g
qe adsorbent
at time t
R Ideal gas constant J/mol-K
AS Change in entropy J/kmol
T Temperature K
t Time min
4 Volume of solution L
w Mass of the adsorbent g
a Redlich-Peterson constant (L/mg)P
B Redlich-Peterson exponent )
£ Polanyi potential kJ/mol

10.

11.

12.

13.

14.
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