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Abstract: The demand to synthesize economical detoxification adsorbents of organic pollutants has
been a thriving solicitude for most environmental research aspirants. Here, we synthesized a tita-
nium(III) oxide doped with spherical shaped meta-aminophenol formaldehyde magnetic microspheres
(Ti2O3/mAPF MMSs) by the polymerization method of Ti2O3 nanoparticles with formaldehyde and
m-aminophenol. SEM analysis confirmed the synthesized material as crystalline in nature and had
~400–450 nm sized particles. The physical characterization of the Ti2O3/mAPF MMSs were quanti-
tatively revealed by FTIR spectrum and PXRD in elaboration. The carboxylate frequency and the
characteristic apex of the titanium–oxygen bond was found in the FTIR spectrum for Ti2O3/mAPF de-
rived from Ti2O3. The PXRD patterns proved that the synthesized magnetic microspheres contained
Ti2O3 nanoparticles. The experimental methods of TGA and DTA confirmed the thermal stability and
its composition of Ti2O3/mAPF MMSs. The kinetic adsorption study for methyl violet was confirmed
as first-order kinetics. The present study was to investigate the dye desorption of methyl violet from
simulated water samples by using a titanium(III) oxide doped with meta-aminophenol formaldehyde
magnetic microspheres in an adsorption process.

Keywords: Ti2O3 nanoparticles; meta-aminophenol; formaldehyde; methyl violet; magnetic microspheres

1. Introduction

The progress of rapid industrialization may bring contaminants into aqueous envi-
ronments that affect the ecosystem. Methyl violet (MV), cationic dye methylene blue (MB),
and the anionic dye methyl orange (MO) are three typical organic dyes in wastewater
that mainly come from the food and drug industries, and result in negative effects [1–3].
Therefore, it is urgent to find strategies for the fast and efficient removal of organic dyes.
Several methods have been reported such as adsorbent materials and chemical catalysis
that treat industrial wastewater, but there are some problems in the most common method
such as a slow process, secondary pollutants, and regeneration costs, etc. [4]. To solve
this problem, many novel photo catalyst methods of dye removal have been created, and
they have played an important role in the removal of organic dyes [5,6]. In the recent past,
the catalytic potency of coinage metals at the nanoscale has attracted much attention, and
leads to weak catalysis and low cycling properties in cyclic performance due to strong
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aggregation. Hence, we developed a suitable method to prevent such aggregation and to
increase the catalytic activity of coinage metal nanoparticles. Based on this requirement,
titanium oxide nanoparticles and titanium oxide based magnetic microspheres on various
solid carriers are becoming more popular due to advantages such as dye degradation
without producing secondary pollutants, and the degraded products are eco-friendly with
biological systems. Additionally, titanium oxide based magnetic microspheres and large
numbers of reports such as MOFs and PET have been reported on their carriers to enhance
their dispersion, catalytic activity, and cycling stability.

Titanium oxide based magnetic microspheres have been attracting much attention due
to their dye adsorption property. Synthetic cationic and anionic dyes like methyl violet
and EBT substances are usually colored and are difficult to biodegrade because of their
mosaic and synthetic structures of an aromatic compound [7–11]. The production of a
commercial dye is a major source of the large number of effluent deterioration due to the
byproduct of industrial pollution [12,13]. Moreover, the defilement leads to mutagenic
and carcinogenic effects because of both the surface and groundwater hazards, which are
particularly used in anionic dyes [3,14]. Anionic dyes based on a metal complex and reac-
tive dyes are problematic to degrade because they can resist heat and microbial attack [15].
Therefore, methyl violet dyes need to be eliminated from industrial effluent by various
treatment technologies such as advanced oxidation processes (AOPs), solvent extraction,
precipitation, and photo catalytic degradation [16–20]. Due to the use of industrial organic
dyes to supply the constant growth in people’s living standards, they have become of high
concern because their byproducts lead to serious human health issues because of their
highly toxic products [21–24]. An adsorption technique is easy to handle; in particular, low
cost resin-based phenolic materials and agricultural wastes, especially resin-based phenolic
materials, have very good properties such as low toxicity, outstanding biocompatibility,
and porosity [23–29]. They have a well-to-do array of patterns (e.g., graphitized flakes
and nanofibers) [29–33]. In all of these, colloidal resin microspheres are gaining signifi-
cant attention due to a variety of applications in particle templates, colloidal assemblies,
biomedical fields, and optical sensing [9,28–32].

The interesting new catalytic, electronic, optical, and biocompatible properties of
colloidal resin microsphere-based nanocomposites have moved forceful research over the
past decades. In particular, amine group-attached magnetic particles have a wide variety
of applications in drug delivery, catalysis, and enzyme immobilization [34–37]. In the last
two decades, much attention has focused on various phenolic-formaldehyde resins such as
3-aminophenol-formaldehyde resin and resorcinol-formaldehyde resin because phenolic
resins exhibit a strong stickiness due to their mussel-like properties [38–42]. For instance,
the catalytic effect of resorcinol-formaldehyde-hybridized nanogold for MB [43–46] and
the development of phenolic-formaldehyde resin nanomaterials are of great scientific sig-
nificance and practical application value. Recently, magnetic core-shell composites have
attracted a great deal of attention for their good magnetic responsibility and can be easily
magnetized. These microspheres are an essential catalytic property in the advancement
of photocatalysis, batteries, and gas storage, which tune the material properties. A micro-
sphere magnetic particle [47–50] is a fascinating design to use as a microsphere material to
enhance the nanoparticles’ stability, dispersion as well as protect microsphere materials
and develop microsphere magnetic materials [51–54].

Over the past few years, the research has focused on phenolic-formaldehyde resin (PF
resin)- and resorcinol-formaldehyde resin (RF resin)-based magnetic microspheres due to
the progressive development of implications and the applications of magnetic microspheres.
The synthesis of various types of PF resins such as phenoplasts has been progressively
reported due to their mussel-like properties, [55,56]. For instance, Gavina et al. [57] stud-
ied the catalytic effect of RF resin-nano gold hybridized for methyl blue. The significant
advancement of RF resins as a nanomaterial and added a value of practical application.
Furthermore, mussel chemistry involving catechol groups can adhere to a variety of or-
ganic and inorganic composites with various structures that can be fabricated by combining
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organic and inorganic materials with phenolic-formaldehyde resins. Methyl violet is an
eminent organic dye commonly used by industries concerned in the rubber, pharma-
ceutical, cosmetics, textile, plastics, leather, paper, pharmaceutical, and food industries.
Colored wastewater lacking correct action can profusely cause trouble such as the chemical
oxygen demand in the water body and expansion in toxicity [58–60]. Dyes have mainly
been reported to be directly connected to human diseases such as hyperbilirubinemia,
amyloidosis, and anemia [61–63]. Nowadays, the most extensively used methods for the
elimination of colored dyes from dye-rich wastewater are physicochemical (e.g., photo cat-
alytic degradation, ultra-filtration, and physical adsorption on activated carbon). In recent
years, activated carbon prepared from agricultural wastes/byproducts have been used as
adsorbents for the removal of dyes as an alternative to commercial activated carbon. These
methods are attractive given their high effectiveness, but are difficult and exclusive [64–72].
A recent study investigated nanocomposites consisting of a magnetite core and an outer
Ag-decorated anatase shell and their application for the visible-light photodegradation
of cationic and anionic dyes [73–76]. As research develops, more high attainment MNP
hybrids may stimulate various new fields of environmental monitoring, bio-catalysis, and
bio-detection applications [77–80].

In the present study, we report on the preparation of titanium(III) oxide doped with
spherical shaped meta-aminophenol formaldehyde magnetic microspheres (Ti2O3/mAPF
MMSs) by in situ polymerization in an aqueous solution. We believe that the present
results of Ti2O3/mAPF MMSs is an inexpensive and eco-friendly option and can be used
as an effective adsorbent for the removal of methyl violet from an industrial effluent.
These microspheres will efficiently take out methyl violet. The as prepared Ti2O3/mAPF
MMSs had large clusters of NH2 groups over the surface, allowing for its unique potential
and applicability.

2. Experimental Method
2.1. Materials

meta-Aminophenol (C6H7NO), methylene oxide (CH2O), titanium tetrabutoxide
(Ti(C4H9O)4), polyethylene oxide 600 (H(OCH2CH2)nOH), aqueous ammonia (NH4OH),
methyl violet (C24H28N3Cl), and ethanol (C2H5OH) (≥99.8%) were purchased from Sigma
Aldrich, St. Louis, MO, USA.

2.2. Preparation of Titanium(III) Oxide Nanoparticles

Prior to synthesis, Ti(C4H9O)4 (6 mL) was poured with 1 mL of anhydrous C2H6O
in a round bottom flask (RBF) and maintained in a water bath (thermostat-controlled) at
50 ◦C. Then, 2.5 mL of PEG-600 was added drop by drop in the direction of the RBF and the
mixture was stirred for 3 h to obtain a brightness sol. Finally, the brightness sol was dried
with the help of a vacuum oven at 120 ◦C for 24 h to obtain a gel (yellow color). The hybrid
polyethylene oxide 600-based gel was in a porcelain boat, maintained at RT (high pure
argon flow) for 30 min, and in a quartz tube in a controlled atmosphere furnace (heated
at 5 ◦C min−1) at 1200 or 1500 ◦C for 6 h. Finally, reduced black oxides were ground into
regular powders [81].

2.3. Synthesis of Ti2O3/mAPF MMSs

The meta-aminophenol-formaldehyde-based microspheres (mAPF) were prepared
with a slight modification as per the previous literature [82]. In this synthetic procedure,
0.33 g of meta-aminophenol was added into 52 mL of C2H5OH and 20 mL of H2O, afterward,
224 µL of an aqueous solution (NH4OH,) of NH3 was added to form a consistent solution
for 30 min at 40 ◦C after the addition of 180 µL of the CH2O solution. The obtained
solution was stirred at 60 ◦C for 300 min and then heated at 120 ◦C for 24 h (Teflon-lined
autoclave, Shilpa Enterprises, Bengaluru, India). The resin spheres were purified with
double-distilled (DD) water and C2H5OH by centrifugation at a speed of 6000 rpm. The
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synthesized precipitates (mAPF microspheres) and Ti2O3 nanoparticles were ultrasonicated
in 10 mL of DD H2O for 3 h.

3. Results and Discussion

Spherical shaped Ti2O3/mAPF MMSs were synthesized by a sol–gel polycondensation
method in dihydrogen monoxide. The measured procedure of Ti2O3/mAPF MMSs and the
mechanism for the formation of meta-aminophenol-formaldehyde microparticles is shown
in Scheme 1.
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Scheme 1. Plausible mechanism for the formation of Ti2O3/mAPF MMSs. Scheme 1. Plausible mechanism for the formation of Ti2O3/mAPF MMSs.

3.1. Characterization

The as-synthesized mAPFR MMSs were examined by scanning electron microscopy
(SEM). Figure 1A shows that the SEM images of the as synthesized MMSs (a) and Ti2O3/mAPF
MMSs (b) contained a number of MMSs. The magnified SEM image of these MMSs demon-
strates that the mAPFR MMSs were in the diameter of ca. ~400–450 nm. Additionally,
Figure 1A(a) reveals that the MMSs had an even spherical shape and that particles did not ac-
cumulate. The SEM image of Ti2O3 decorated on the mAPFR MMSs is shown in Figure 1A(b).
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Figure 1. (A) SEM images for (a) mAPF and (b) Ti2O3/mAPF MMSs. (B) PXRD of (a) mAPF MMSs,
(b) Ti2O3/mAPF MMSs.

Figure 1B shows the PXRD studies of the (a) mAPF MMS and (b) Ti2O3/mAPF MMS
samples. Typically, the PXRD pattern for the mAPF MMSs shows a broad line parallel to
the amorphous nature of mAPF, which appeared at a 2θ value of 20–30◦, and the Ti2O3
diffraction patterns indexed to (2θ = 3.73 (012), 2.70 (104), 2.57 (110), 2.27 (006), 2.24 (113),
2.12 (202), 1.86 (024), 1.70 (116), 1.50 (122), 1.50 (214), 1.48 (125), 1.30 (220), 1.29 (036) and
1.24 (312) are practical in the 10–80◦ 2θ range. All the peaks were referenced according to
the JCPDS cards (JCPDS # 01-071-0281). The occurrence of all peak intensities according
to the JCPDS cards suggests a rhombohedral (R-3c space group) structure. The PXRD
patterns proved that the synthesized magnetic microspheres contained a Ti2O3 stable
phase and remained unchanged during the synthetic methodology. After doping the
Ti2O3 nanoparticles with mAPF, the intensities of the PXRD diffraction lines of mAPF
decreased [82]. Using Debye Scherrer’s equation D = Kλ/βhkl cos θ, the crystalline size of
the Ti2O3 was around ~100 nm.

Figure 2 shows the FTIR spectrum of the pristine mAPF and Ti2O3 compared to the
Ti2O3/mAPF MMSs. As seen from Figure 2a, the peak at 1289 cm−1 formed from the
aromatic-oxygen–carbon stretching; at the same time, the broad band at 1379 cm−1 can
be associated with the carbon–nitrogen from the NH2 group [83]. The arrival of a low
and broad peak at 3372 cm−1 and a strong and narrow peak at 1613 cm−1 were accredited
to the occurrence of the –OH and NH2 groups, respectively. The appearance of a peak
around 1500 cm−1 was attributed to the carbon–hydrogen stretching, considering that the
absorption band around 2900 cm−1 was because of the methylene asymmetric stretching
vibration. For the Ti2O3 magnetic nanoparticles (Figure 2b), the peak that appeared at
526 cm−1 was responsible for the titanium–oxygen bonds. The symmetric (1578 cm−1) and
asymmetric vibrations (1634 cm−1) of the carboxylate groups derived from ligands on the
surface Ti2O3. Figure 2c reveals the spectra of the Ti2O3/mAPF MMS composites. The
carboxylate groups appeared at 1500 cm−1, and the respective apex of the titanium–oxygen
bond that appeared around 476, 534 cm−1 in the FTIR of Ti2O3/mAPF was adopted from
Ti2O3. The rest of the bands originated from mAPF along with the stretching vibrations at
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3252 cm−1 (oxygen–hydrogen or –OH . . . nitrogen), 3366 cm−1 (N-H or NH . . . O), Ar–H
vibration (1212 cm−1), and the respective aromatic rings bands around 1517 cm−1 [84–88].
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Figure 2. FTIR spectra of (a) mAPF, (b) Ti2O3 and (c) Ti2O3/mAPF MMS.

Thermogravimetric analysis (TGA) of the meta-aminophenol-formaldehyde-based
microspheres was carried out using a Mettler Toledo, TGA/DSC 1 series apparatus and
conducted at a heating rate of 10 ◦C min−1 under a constant flow of nitrogen to determine
the calcination temperature. The meta-aminophenol-formaldehyde-based microspheres
(mAPF) were investigated using an X-ray diffractometer (Desktop X-ray) and recorded
using CuKα (λ = 1.54056 Å) radiation operated at 40 kV and 30 mA. The mAPF was charac-
terized and recorded using Fourier transform infrared spectroscopy (FTIR, Bruker IFS28) to
analyze and detect the functional group at the scanning region of 4000–400 cm−1. Figure 3
shows the composition and thermal stability of the Ti2O3/mAPF MMSs supplementally
described by a thermogravimetric analyzer. The sample was heated from room temperature
to 900 ◦C. The sample weights of the Ti2O3 and Ti2O3/mAPF MMSs were 13.6 and 15.2 mg,
respectively. The Ti2O3/mAPF MMS decayed in two stages (Figure 3, blue line). The initial
weight loss to 100 ◦C was equivalent to the evaporation of the solvent and dihydrogen
monoxide. Second, 39% weight loss occurred upon increasing the heat from 245 to 577 ◦C.
During this time, the mAPF deliberately abstracted due to the eradication of sundry com-
pounds along with water, H2, CH4, NH3, carbon dioxide, carbon monoxide, ethane, and
some truncated hydrocarbons.
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The obtained Ti2O3/mAPF MMSs were predicted to absorb organic dyes displaying
NH2 and OH groups, since they have distinct functional groups with similar surface
polarity (e.g., NH2, OH, OH-CH3, etc.). In the present report, methyl violet was removed
to analyze the adsorption potential of Ti2O3/mAPF MMSs. As shown in Figure 4A, the
color of methyl violet disappeared after the integration of Ti2O3/mAPF MMSs because of
the adsorption of methyl violet onto the Ti2O3/mAPF MMSs. Figure 4A shows the UV–Vis
spectra of the methyl violet adsorption by the Ti2O3/mAPF MMSs at various time (0, 6, 12,
18, 24, 30, 36, 42, 48, and 60 min) intervals. Methyl violet was adsorbed on the surface of
the Ti2O3/mAPF MMSs via conjugated л bonding and hydrogen bonding.
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3.2. Adsorption Isotherm

Adsorption isotherms are of extensive research importance to primary methods of
adsorption techniques that are used to predict the adsorption capacity of a given material
(e.g., the Langmuir and Freundlich isotherms). Adsorption isotherms can be employed to
resolve the greatest use of adsorbents and to design a system of adsorption for the removal
of a dye from its solution, in order to provide an appropriate correlation for the equilibrium
curve [89]. The interrelationship of Langmuir and Freundlich isotherms are shown in
Table 1. The value of RL indicates the shape of the isotherms to be either unfavorable
(RL > 1), linear (RL = 1), favorable (0 < RL < 1), or irreversible (RL = 0) [90]. In these cases, an
RL value less than 1 indicates that adsorption is favorable. Another Langmuir constant, Q0,
indicates the adsorption capacity. During this study, the value of RL was found to be 0.007
(Ti2O3) and 0.003 (Ti2O3/mAPF MMS), suggesting that methyl violet adsorption on both
was favorable for Ti2O3 and Ti2O3/mAPF MMSs. Furthermore, the value of the Freundlich
isotherm slope was found to be 0.506 (Ti2O3) and 0.096 (Ti2O3/mAPF MMS), suggesting
that a large amount of methyl violet was adsorbed by Ti2O3 and Ti2O3/mAPF MMSs. A
comparison of the previous studies of different dyes adsorbed on various bio adsorbents
and methyl violet/EBT adsorbed on different adsorbents is given in Tables 2 and 3 [82–90].
As seen from Tables 2 and 3, the Ti2O3/mAPF MMSs had a moderate catalytic performance
with the degradation of cationic dye, suggesting that Ti2O3/mAPF MMSs have an excellent
application compared to other adsorbents.

Table 1. The results of various adsorption isotherms.

Isotherm Ti2O3/mAPF MMS Ti2O3

−x/m = k.P1/n

Slope (1/n) 0.096 0.506
Intercept (log k) 1.973 0.350

Correlation coefficient (r) 0.939 0.990
Langmuir (xm = aP1 + bP)

Intercept (1/ Q0b) 0.006 0.613
Correlation coefficient (r) 0.999 0.994

Q0 (mg g−1) 132.62 13.94
b (L mg−1) 0.795 8.571

RL 0.003 0.007
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Table 2. Different types of adsorbents used for the decontamination of different dyes.

S. No Adsorbent Dyes Q0 (mg g−1)

1 Sodium carbonate—Treated B Vulgaris BG 40.12
2 Hydrochloric acid—Treated Bambusa BG 32.15

3 Dialectical Behavior Therapy—Treated B
Vulgaris BG 31.02

4 Coconut fiber Congo Red 2.80
5 Musa sapientum BB9 19.90
6 orange zest Acid Violet 19.50
7 stalks of grasses BB9 19.80
8 Sugarcane megass Acid Orange 10 5.97
9 Phoenix dactylifera (kernels) BB9 16.80
10 Coconut fiber Direct red 28 6.70
11 Citrullus lanatus Crystal Violet 11.90
12 Coal-based adsorbent Direct brown 1 5.90
13 Rice hull BB9 19.50
14 Cobnuts or filberts BB9 8.80
15 Live oaks BG 2.08
16 Rice hull ash BG 24.13
17 Saraca asoca BG 123.0
18 Rice straw BG 113.10
19 SCBA BG 118.17
20 Native Allium sativum EBT 100.22
21 Washed Allium sativum EBT 89.40
22 Ti2O3/mAPF MMSs (this Study) Methyl Violet 132.62

EBT = Eriochrome Black T; BG = Brilliant Green; BB9 = Basic Blue 9.

Table 3. Comparative study of the Ti2O3/mAPF MMSs vs. different adsorbents.

S. No Adsorbent Detail Q0 (mg g−1)

1 Graphite 101.02
2 Acid-modified Graphite 69.39
3 Native pyrena 6.8
4 Cold plasma treated-pyrena shells 19.08
5 Microwave treated-pyrena shells 30.38
5 Magnetite/silica/pectinNPs 66.28
6 Ponded ash 95.87
7 Phosphoric acid -modified berry cultivation 132.04
8 Nickel ferrite@NPs 82.41
9 Nickel ferrite magnetic NPs 48.2

10 C12H20N2O5 (Hydrophobic cross-linked) 16.3
11 β-CD 21.4
12 Nickel–iron alloy-hydroxides 132.4
13 Sweet lime-activated carbon 47.43
14 Smectite clay composite 3.50
15 China clay/polymer 0.56
16 Steatite or soapstone 2.15
17 Hydrochloric acid modified clay 17.18
18 Sulfuric acid modified clay 17.48
19 Al2H2O12Si4 (Gelwhite L. Bentolite.) 100.5
20 Stringybark 53.25
21 Native Allium sativum 99.52
22 Washed Allium sativum 89.40
23 Ti2O3/mAPF MMS (This Study) 132.62

3.3. Kinetics of Adsorption Study

Kinetics of adsorption was used to understand the pathway of adsorption of methyl
violet upon the Ti2O3/mAPF MMSs. It was noted that the organic dye degradation
primarily followed first-order reaction kinetics [91–95]. The experimental data results were
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fitted into a first-order model for the adsorption of methyl violet onto Ti2O3/mAPF MMSs.
The results of the kinetics of the adsorption of methyl violet on Ti2O3/mAPF MMSs are
shown in Table 4. It can be seen that the first-order model fit better than the pseudo-first-
order model, with a value of R2 = 0.999 for the Ti2O3/mAPF MMSs. Similarly, the calculated
qe value fit very well with the experimental data. The results suggest that the degradation
of methyl violet over Ti2O3/mAPF MMSs can be described by the first-order reaction of
kinetic ln (Ci/Ct) = kt, where k is the rate constant (h−1), Ci is the initial concentration, and
Ct is the dye concentration at time. Linear correlations are important, as evidenced from
the value of ‘r’. This indicates the applicability of these kinetic equations and the first-order
of the adsorption process.

Table 4. Experimental evidence for the studies of the kinetics of the adsorption of methyl violet on
Ti2O3/mAPF MMSs.

Time (min) Log (Ci/Ct) 5 + Log [1 − U (t)] 2 + Log (qe − qt)

10 0.61 4.32 2.29
20 0.64 4.27 2.24
30 0.83 4.00 1.98
40 0.85 3.95 1.96
50 1.02 3.69 1.66
60 1.07 3.27 1.23

3.4. Activation Parameters

The Van’t Hoff equation [96,97] gives the relationship between the standard Gibbs free
energy change and the equilibrium constant. It is expressed as follows:

Gibbs free energy change = −RT ln equilibrium constant reaction for adsorption (1)

Gibbs free energy change = enthalpy of activation − T × entropy of activation (2)

The activation parameters affecting the methyl violet adsorption on Ti2O3/mAPF
MMSs and Ti2O3 are shown in Table 5.

Table 5. The thermodynamic activation parameters for the methyl violet adsorption.

Adsorbent Temp (K) KL
∆G◦

KJ mol−1
∆G◦

KJ mol−1
∆S◦

JK−1 mol−1 R2

Ti2O3/mAPF MMS

293 2.380 −2.112

2.433 15.480 0.989

298 2.412 −2.180
303 2.445 −2.247
308 2.483 −2.326
313 2.536 −2.415
318 2.565 −2.485

Ti2O3

293 2.031 −1.716

2.272 13.665 0.944

298 2.052 −1.780
303 2.130 −1.904
308 2.155 −1.936
313 2.187 −1.998
318 2.218 −2.068

The Gibbs free energy change was calculated using Equation (1) where the entropy
and enthalpy of activation was calculated from the slope and intercept of lnK vs. 1/T.
As seen from Table 5, at all temperatures (20 to 45 ◦C) for both Ti2O3/mAPF MMSs and
Ti2O3, the Gibbs free energy change was negative, suggesting a spontaneous and favorable
adsorption process that also decreased with an increase in temperature, which shows
the endothermic reaction of adsorption [98,99]. In addition, the adsorption of methyl
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violet is a physically controlled process that indicates that ∆G◦ fell in the region of −20
to 0 KJ mol−1 [100]. Hence, based on the Mattson criteria [40], we can safely assume that
the adsorption of methyl violet onto Ti2O3/mAPF MMSs and Ti2O3 is a physical process,
and that it may involve physical forces such dipole and/or hydrogen bonding forces. The
positive enthalpy of activation (2.383 KJ mol−1 (Ti2O3/mAPF MMS) and 2.168 KJ mol−1

(Ti2O3) suggests an endothermic adsorption process in both cases. The positive entropy of
activation (15.39 JK−1 mol−1 (Ti2O3/mAPF MMS) and 13.55 JK−1 mol−1 (Ti2O3)) suggests
an increase in temperature assisted in dye adsorption by the removal of H2O molecules
from the surface of the Ti2O3/mAPF MMSs [88,101,102].

3.5. Desorption Studies

In the present desorption study, we used various solutions of pH 9, 10, 11, and 12 to
desorb methyl violet adsorbed on the Ti2O3/mAPF MMSs. Ours result suggest a lower
adsorption at higher pH. When increasing the pH from pH 9 to pH 12, the desorption of
methyl violet increased from 21.95 to 43.13%, indicating an increased repulsion between
the adsorption sites and methyl violet molecules. The moderate desorption efficiency of
the Ti2O3/mAPF MMSs suggests that the interactions between the methyl violet molecules
and the Ti2O3/mAPF MMSs were via conjugated л bonding and hydrogen bonding.

4. Conclusions

The present investigation dealt with the removal of the organic dye methyl violet on
Ti2O3/mAPF MMSs. Adsorption isotherms and kinetic studies of the Ti2O3/mAPF MMSs
are shown first order of adsorption process. The desorption of methyl violet increased
with a decrease in the concentration and particle size. With an increase in the contact
time and amount of the adsorbent, the percentage removal increased. The Ti2O3/mAPF
MMSs improved the actual adsorption in the elimination of crystal violet; successful dye
decolorization was attained within 60 min. The experimental data confirm the first-order
kinetics for the Ti2O3/mAPF MMS samples. Ti2O3/mAPF MMSs showed a good catalytic
performance with the degradation of methyl violet, indicating that Ti2O3/mAPF MMSs
have an excellent application in environmental protection. It can be concluded from these
results that Ti2O3/mAPF MMSs are the best adsorption method for the removal of methyl
violet from an industrial effluent.
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