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characterized to apply it as an active adsorbent for the adsorption of 3-

Nitroaniline (3-Nitrobenzenamine) from wastewater. The MCM-48
characterizations were specified by implementing various techniques such as;
scanning electron microscopy (SEM), Energy dispersive X-Ray analysis (EDAX),
X-ray diffraction (XRD), Brunauer-Emmett-Teller (BET) surface area, pore size
distribution (PSD), and Fourier transform infrared (FTIR). The batch adsorption
results showed that the MCM-48 was very active for the 3-Nitroaniline
adsorption from wastewater. The adsorption equilibrium results were analyzed
by applying isotherms like Langmuir and Freundlich. The maximum
experimental uptake of 3-Nitroaniline according to type | Langmuir adsorption
was found to be 89 mg g™ approximately. The Langmuir model is superior to the
Freundlich model for the adsorption of 3-Nitroaniline onto the mesoporous
material MCM-48. The results demonstrated that 3-Nitroaniline regression
coefficients are so high (0.99), the pseudo 2™ order hypothesis for the adsorption
mechanism process appears to be well-supported. The findings of adsorption
isotherms and Kinetics studies indicate the adsorption mechanism is a
chemisorption and physical adsorption process. In a thermodynamic analysis, a
spontaneous and exothermic adsorption has been observed. Prog. Color
Colorants Coat. 16 (2023), 387-398© Institute for Color Science and Technology.

I n this work, the MCM-48 mesoporous material was prepared and

1. Introduction

Wastewater produced by manufacturing locations can be

dyeing agent. An aniline with a nitro functional group in
position 3 is known as a 3-nitroaniline. It is described as
"not easily compostable” and having "low

treated in sewage treatment stations. The majority of
industrial ~ operations, including  chemical and
petrochemical plants, petroleum refineries, and chemical
plants, have their own unique facilities to handle their
effluent water [1]. The non-volatile stable substance 3-
nitroaniline (C¢HgN,O,), also referred to as meta-
nitroaniline and m-nitroaniline, is frequently used as a

bioaccumulation potential* and is stable in neutral,
acidic, or alkaline conditions. It is used as a chemical
intermediate for azo coupling component 17 and the
dyes disperse yellow 5 and acid blue 29. The chemical is
changed to other substances (dyestuffs and m-
nitrophenol) during the dyeing process and application
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of natural dyes along with nanoparticles to finding
definite properties [2-4]. Many serious environmental
problems were caused by wastewater containing 3-
nitroaniline, because of its carcinogenic properties and
high toxicity. Present technologies for a stream of
wastewater remediation and recycling also include
technology of membrane encompassing reverse ultra-
filtration (UF), microfiltration (MF), and osmosis) RO)
[5-8]. Membrane systems have alternatives, such as
chemically based oxidation processes and air/oxygen-
based on non or oxidation. The first class comprises
advanced oxidation processes (AOPSs), which produce
hydroxyl radicals that are then used for oxidation by
using hydrogen peroxide, UV light, and ozone [9-12].
The second class consists of wet air, catalytic wet air,
and dry oxidation [13-15]. Another type of treatment
used in wastewater cleanup is adsorption. Adsorption
techniques have been used to eliminate organic and
inorganic contaminants from wastewater, with a
particular emphasis on the usage of various materials as
the preferred adsorbent. It may be said that the
regeneration of the used adsorbent materials is a time-
consuming and expensive procedure [13]. Because of
this, there is interest in creating new adsorbents to
remove contamination in the aqueous waste stream [14,
15]. Based on the size, shape, and other characteristics of
a molecule, such as polarity, Zeolites can reject or
selectively adsorb certain compounds. This means that
they can act as adsorbents. Organ clays have been the
focus of several investigations on organic molecule
adsorption from aqueous solutions. There have been
reports on silicate [16], mesoporous materials [17],
modified and unmodified zeolites [18]. For application
in separation procedures as an adsorbent, the candidate
MCM-48 appears to be more promising. Scientists have
been very interested in the mesoporous material such as
MCM-41, MCM-48, and SBA-15 because of its
potential use as supports of catalyst, catalysts, drug
delivery, and absorbents [19, 20]. These material
properties are high thermal stability, specific pore
volume up to 1.2 cm’g”', surface areas (1000-1500
m?g"), a narrow pore-size distribution, and ‘‘non-
cytotoxic” properties [21]. Mesoporous silica-based
materials, including MCM-48, have been developed as
efficient catalyst carriers, adsorbents, and cutting-edge
drug delivery systems. [22]. This is due to their very
considerable thermal stabilities, porous morphologies,
extremely large surface areas, and highly reactive
surfaces for the presence of the silanol groups [23, 24].

388  Prog. Color Colorants Coat. 16 (2023), 387-398

The main aim of the present research was to
investigate the removal of 3-Nitroaniline (CgHgN,O5,)
from wastewater solutions by applying MCM-48 as an
efficient adsorbent. The adsorption isotherms, kinetics,
and thermodynamic were examined. Moreover, the
adsorption mechanism of 3-Nitroaniline wastewater
onto the surface of MCM-48 adsorbent was studied in a
batch adsorption process. Finally, regeneration and
desorption kinetics were also tested for MCM-48 to
discover the actual adsorbent utility and its
applicability for reusability in a continuous adsorption
system. To our knowledge, no publishing results is
recommending on the investigation of 3-Nitroaniline
(3-Nitrobenzenamine) removal from aqueous solution
by MCM-48 adsorbent. It is acquiring special
recognition and considers as a promising alternative to
conventional water treatment in textile industries.

2. Experimental

2.1. Chemicals

The chemicals applied for this work were cetyl
trimethyl ammonium bromide CyH;,BrN (CTAB;
purity >98%) as a surfactant, tetraethyl orthosilicate
Si(OC,Hs), (TEOS; purity > 98 % (as a silica source,
sodium hydroxide (NaOH), hydrochloric acid (HCI),
and 3-Nitroaniline (3-Nitrobenzenamine) (CgHgN,O,).
All reactants were analytically purchased from Sigma
Aldrich Chemical Company. All materials were
applied without additional purification.

2.2. Preparation of MCM-48

According to the preparation method outlined by [25-
27], MCM-48 was synthesized. The following steps
were used to create MCM-48 in a representative
preparation: 90 g of deionized water mixed with 10 g
of CTAB. 1 g of NaOH was then mixed with the
solution after it had been rapidly agitated at 35 °C for
40 minutes. Eleven cm® of TEOS was added, after
stirring the solution for 60 minutes at 35 °C, and the
mixture was then stirred at this temperature for another
30 min. Final heating of the combination was place in
an autoclave under static conditions for 24 hours at 150
°C; the resultant MCM-48 was then cooled down for 1
hour, filtrated, and rinsed with distilled H,O before
being dry at ambient temperature. The produced
sample was then calcined for 6 hours at a temperature
of 650 °C applying a ramp rate for heating 2 °C/min.
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2.3. Characterization

The MiniFlex (Rigaku) diffractometer was used to
record the patterns of small-angle XRD in ambient
settings using Cu K radiation (A = 1.5406A). The X-ray
tube was run at 40 kV and 30 mA, and the data were
reported in the 20 range of 0.5-8° with a 2 step size of
0.01 and a step time of 10s. The formulac nA = 2dsin6
and a, = 2d100/v/3 were applied to determine the unit
cell and d-spacing characteristics. The pore analyzer of
a micrometrics ASAP 2020 was used to assess the
adsorption and desorption of nitrogen using N,
physisorption at -196 °C. All specimens were degassed
in the degas adsorption analyzer port for 3 hours at 350
°C and vacuum (p < 10 mbar). The BET method was
used to calculate the specimens' BET-specific surface
areas for the relative pressure range of 0.05 to 0.25.
With the use of the Barrett-Joyner-Halenda (BJH)
approach, which is based on thermodynamics, the
distributions of pore size were specified from the
isotherm desorption branch. The quantity of liquid N,
adsorbed at P/Py = 0.995 was used to calculate the total
pore volume. This information was obtained from the
N, isotherm's adsorption branch. Through the use of the
unit cell parameter(a,) and pore size diameter, the pore
walls thickness (ty) was estimated (dp). Using BET
analysis (4V/A), the average mesopore sizes for the
single specimens were calculated from the data of
nitrogen sorption. SEM was carried out on a JEOL
(JSM-5600 LV). EDAX is an analytical method that
creates the adsorbent elemental analysis to determine
the composition of chemicals when combined with
SEM. Using a NICOLET 380 FT-IR spectrometer, the
solid samples' infrared spectra were measured were in
the 4000 to 400 cm™ range at areas with 4 cm™
resolutions in transmission mode at ambient
temperature.

2.4. Experiments of batch adsorption

To assess 3-Nitroaniline isotherms of adsorption onto
the adsorbents at 25 °C, batch adsorption tests were
performed. By dissolving 0.2 g of 3-Nitroaniline in 1
litre of distilled water, stock solutions of 3-Nitroaniline
were created. At 25 °C, experiments of batch adsorption
were used to assess the 3-Nitroaniline adsorption over
the adsorbents. Then, 10 concentrations (0-0.2 g/L) were
used to create a calibration curve using a UV-
Spectrometer (model HP 8453) calibrated to 25 °C.
Amax was discovered to be 278 nm for 3-Nitroaniline.

The calibration was necessary to compare final
absorbance with beginning absorbance. In 100 mL
conical flasks, 15 different concentrations of the
aforementioned solutions were created, starting from
0.001 - 0.06 g/L. 100 mL of each was added to 0.01g
MCM-48, which was then stirred in several positions at
150 rpm for an hour at room temperature (25 °C). This
made it possible for the mesoporous substance MCM-48
to completely mix with the mixture. Following the
adsorption procedure, equal quantities of the solutions
were centrifuged for five minutes at 3500 rpm using a
centrifuge (model Hermle Z 200 A). This allowed the
zeolite to completely separate from the solution and
enable analysis with a UV-spectrophotometer (TU1900)
operating at a wavelength of 278 nm. According to the
following equation, the (%R) of 3-Nitroaniline was
calculated (Eq.1) [28]:

_ Co-Ce

%R=""x100% (1)

Using the following equation, the amount of
adsorption (ge) was determined (Eq.2) [29]:

V(Co-Ce)
o= Y(Co-Ce)

m

@

Where, ge (mg / g) denotes the adsorption amount,
V (L) is the 3-Nitroaniline solution volume, m (g) is the
mass of the absorbent applied used in the experiments,
Co (mg/L) and C, (mg/L) are the initial and equilibrium
concentration of 3-Nitroaniline, respectively [30].

2.5. Adsorbent's reuse

The regeneration was studied applying an exhausted
MCM-48 adsorbent. Following the 3-Nitroaniline
adsorption solutions onto MCM-48, the mixture was
filtered, the discarded adsorbent material that had uptake
3-Nitroaniline was rinsed in a sizable amount of H,O
until no 3-Nitroaniline remained in solution, and then
dried under vacuum conditions at 60 °C for the duration
of an entire night. Several adsorption-desorption cycles
were achieved in order to examine the MCM-48
material's resilience and potential for regeneration.

3. Results and Discussion

3.1. Synthesized materials characterization

The prepared MCM- 48 was subjected to SEM and
EDAX characterization procedures. At a magnification
of 1000, SEM pictures of this material are displayed in
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Figure 1a. The peaks on the EDAX graph in Figure 1b
show the components' average weight % values that C,
O, and Si made up the zeolite. To get accurate average
weight % for each of the components, EDAX graphs
were created for a number of different locations on the
SEM pictures.

As can be displayed in Figure 2a, the MCM-48
small angle XRD patterns before and after adsorption
exhibit a strong mesostructured-descriptive diffraction
peak at around 20 of 0.9°. Furthermore, two further

I 100 1 Becron age 1

peaks, indexed as (2 1 1), and (2 2 0) were seen in the
XRD patterns. Two reflection peaks at 28 less than 3°
and a string of sporadic weak peaks in the range 3.5°—
5.50 are indexed to the Ia3d cubic structure. When
compared to comparable peaks described in the

literature, the peaks acquired in our investigation match
those reported there quite well [31]. The outcomes
shown in Table 1 illustrate how MCM-48 has a
periodic ordered structure and very stable before and
after adsorption.

100 0O
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Figure 1: (a) SEM picture of MCM-48 at a 1000x magnification. (b) A typical MCM-48 EDAX picture.
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Figure 2: MCM-48 (a) X-ray diffraction pattern before and after adsorption (b) isotherms of nitrogen adsorption —
desorption, (¢) BJH pore size distribution, and (d) FT-IR spectra.
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Table 1: MCM-48's physicochemical characteristics.

D a t
. s 3 p 0 wall
15 0.7 3.4 BN 0.5

MCM-48 1450

According to Figure 2b, the N, adsorption isotherms
of MCM-48 have a type IV isotherm and a type H1
hysteresis loop. A small pore size distribution is
indicated by sharp adsorption and desorption branches.
The sharpness and height of the capillary condensation
process in the isotherms, in general, represent the
uniformity of the pore size for mesoporous molecular
sieves. In the relative pressure (P/Py) range of 0.05 to
0.25, the MCM-48 displays type IV isotherm, as
illustrated in Figure 2b. Together with the structural
features  discovered by  nitrogen  adsorption
investigations, Table 1 explains the sample's specific
surface area, pore size, pore volume, and wall thickness
together with the structural characteristics obtained from
nitrogen adsorption studies.

Figure 2c displays the pore size distribution (PSD)
for the MCM-48. The content produced by CTAB:
NaOH: The pore size distribution of TEOS is broad and
centered at 35 A. A mesopores higher amount was
discovered for the basic synthesization, which created
the most evident pore size dispersion and had a fairly
regular organization [32]. Figure 2d displays the FT-IR
spectrum of MCM-48, which includes the characteristic
Si-O-Si bands at 1082, 964,799, and 460 cm™
Stretching vibrations either Si OH or Si O Si can be
attributed to the absorption band at around 960 cm™.
Because of the existence of the surface OH groups and
the strong H, bonding interactions between them, the
wide band at approximately 3463 cm™ is caused. Finally,
the band at about 1637 cm™ can be attributed to the
distortion modes of the OH bonds of adsorbed H,0 [33].

3.2. 2-Nitroaniline adsorption
3.2.1. Contact time effect

The contact time duration was determined for the 3-
Nitroaniline solution to adsorb it onto MCM-48 in
order to attain equilibrium as indicated in Figure 3.
Amax was discovered to be 278 nm for 3-Nitroaniline.
The adsorption of 3-Nitroaniline solutions is clearly
much influenced by time. The amount adsorbed on the
nanoporous material zeolite was quantified for this
purpose. The findings showed that equilibrium was

established in under 20 minutes. It may take less time
to attain balance. As a result, 60 minutes was specified
to be the ideal contact time for the adsorbent. So, for
the MCM-48 adsorbent to get saturated with analysis,
just a very little contact time is needed. The adsorption
capacity was greatly increased by higher cationic
surfactant concentrations and their high availability in
the pores of the adsorbent. This finding is significant,
since one of the key factors taken into account for an
efficient system of wastewater treatment is the

equilibrium time. Therefore,

in all experiments,

adsorption was let to continue for 1 hour [34].

3.2.3. Effect of agitation rotary speed

The adsorption of hazardous solutes was examined by
changing the agitation rotary speed from 0 to 200 rpm
while maintaining a concentrated solution and contact
time constant. The removal of harmful 3-Nitroaniline
solutions rose when the agitation rotary speed was
raised from O to 150 rpm; however, it then remained
constant. This suggests that an agitation rotary speed in
the 150-200 rpm range is enough to ensure the
surfactants optimum cationic sites present in the pores
of MCM-48 adsorbent are rapidly made available for
absorption. The best agitation rotary speed for the
remaining studies was determined to be 150 rpm [35].

qe (mg/ @)
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Figure 3: Contact time effect on the 3-Nitroaniline

adsorption.

Prog. Color Colorants Coat. 16 (2023), 387-398 391



A. E. Mahdi et al.

3.2.4. Concentration effect

As a 2-Nitroaniline initial concentration function C,,
Figure 4 depicts the % removal of 3-Nitroaniline
estimated from Eq. 1. Approximately 64% of the 3-
Nitroaniline content, which was initially 4 mg dm?, is
removed from solution. The % removal of 3-
Nitroaniline was decreased with the increased
concentration at a constant mass of MCM-48. This
reduces the amount of concentrated solution material
that gradually absorbs more material. The quantity that
may adsorb into the pores decreases when the
maximum absorption of the MCM-48 pores is
approached [36].

3.4 Adsorption isotherm

Figure 5 depicts the 3-Nitroaniline compound's
adsorption isotherms, where Ce represents the adsorbate
equilibrium concentration in solution at equilibrium and
ge represents the adsorbate adsorbed per gram of MCM-
48. 3-Nitroaniline molecule was generally adsorbed
throughout a variety of concentrations, demonstrating the
efficiency of MCM-48 in the removal of 3-Nitroaniline
from aqueous solutions as an adsorbent. An essential
driving factor for overcoming all ion and molecule mass
transfer resistances between the solid phases and aqueous
is the initial adsorbate concentration [37]. The initial
solution concentration in the current investigation is
adjusted from 4 - 60 mg/L however, the adsorbent dose
stays constant at 0.01 g/100 mL. Figure 5 shows that
when the equilibrium adsorption capacity increases, the
initial  3-Nitroaniline  concentration also  rises.

70

2

% Removal
2 8 2

20
10

0 10 20 30 40 S50 60 70
Co (mg/dm?)

Figure 4: Initial 3-Nitroaniline concentration impact on
removal efficiency at contact time=60 min and MCM-48
dosage=0.01 g.
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Figure 5: Isotherms of adsorption onto MCM-48 with
0.01g/100 mL adsorbent.
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The uptake of equilibrium adsorption for 3-Nitroaniline
rose from 20-89 mg/g as the starting concentration
solution of 3-Nitroaniline was increased from 4 to 60
mg/L. This is because of the excess in number of 3-
Nitroaniline molecules of poisonous solutes vying for
the few remaining sites of binding onto the adsorbent's
surface. According to the finding shown in Figure 5,
cationic surfactants that include MCM-48 have a very
high uptake for 3-Nitroaniline adsorption. As seen in
Figure 2d, silanol groups (Si-OH) constitute significant
sites of adsorption on the MCM-48surface. These sites
are present in this substance in addition to cationic sites
that were provided by a cationic template. It appears
that a key determinant in the adsorption of 3-
Nitroaniline on the surface of MCM-48 is the number
of sorption sites. This can be explained by the fact that
there are initially lots of empty surface sites accessible
for adsorption. It was also proposed that as time went
on, a potent attraction force developed between the
molecules of 3-Nitroaniline and the sorbent. Due to
saturation, it is difficult to fill the remaining open
surface sites, which may also be related to a lack of
accessible sorption sites towards the conclusion of the
adsorption process [38].

The adsorption isotherms for 3-Nitroaniline
compound have profiles that are consistent with Type |
Langmuir adsorption; the quantity adsorbed rose
gradually until it reached values in the 25-89 mg g™
range [39]. The study of adsorption isotherms has been
done so as to model the adsorption behavior.
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According to Figures 6a and b, the Freundlich and
Langmuir isotherm models were used to assess the 3-
Nitroaniline species adsorption process. Equations of
Langmuir and Freundlich are given in equations 3 and
4, respectively.

%: (bqrilax) * (qniax) Ce (3)

Log qe=Log KF+ (i) Log Ce (4)

Graphing the Eq. 3 linear form of, or Ce/ge vs. Ce,
which was applied to determine the constants of
Langmuir and maximal uptake or capacity gmax,
corroborated type | adsorption. According to Table 2
and Figure 9a, the Langmuir profile for the 3-
Nitroaniline molecule is a straight line, supporting
Type | adsorption. R? values are 0.99. Figure 6 displays

0.0007
: =1E-05x +2E-05
0.0006 ¥
R? = 0.9963
0.0005 }
; 0.0004
=0
< 0.0003
=
L5
& 0.0002
0.0001 }
0

0 10 20 30 40 50 60 70
Ce (mg / dm?)

the linearized isotherm data using the Langmuir
equation. Table 2 lists the regression coefficients.
R?=0.99, a high correlation coefficient, denotes strong
agreement between the parameters. 3-Nitroaniline has
an adsorption ability to create monolayers that may
reach up to 100 mg/g, according to the constant gmax.
The value of the adsorption energy constant, b, for 3-
Nitroaniline is 0.5 dm*mg. The Freundlich equation
was also fitted to the similar data, which is seen in
Figure 6b. Table 2 provides the constants of regression.
The correlation coefficient values demonstrate how
closely the data follow the Langmuir equation. The 3-
Nitroaniline component adsorption on mesoporous
materials is better depicted by the Langmuir model
than by the Freundlich model. Furthermore, 3-
Nitroaniline has 1/n values that are smaller than 1,
which is a sign of a high adsorption intensity [40].

1.955
195 | y=0.1068x+1.7592  }
1.945 - R?= 0.9475
1.94 -
1.935 -
1.93 -
1.925 -
1.92 -
| |
1.915 - . . . _
14 15 16 17 18
Log (Ce)

Log(ge)

Figure 6: 3-Nitroaniline adsorption on MCM-48 according to (a) Langmuir, and (b) Freundlich isotherms.

Table 2: Constant of Langmuir and Freundlich for 3-Nitroaniline adsorption on MCM-48.

Langmuir constants

Adsorb ate

Freundlich constants

I P B I
(mgg ) (dm®.mg™)

3-nitroaniline

0.9963 57.438 0.1068 0.9475
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3.5. Adsorption kinetics

One of the most important elements that defines the
effectiveness of adsorption is the rate of 3-Nitroaniline
adsorption by MCM-48. A pseudo-first and second
order model have been applied to explain kinetics of 3-
Nitroaniline adsorption. Figures 7a and b illustrate how
pseudo-first- and second-order kinetics models were
used to analyze the 3-Nitroaniline Kkinetics of
adsorption onto MCM-48. Table 3 contains the results
for the kinetic model parameters and the correlation
coefficients (R%). According to Table 3, the theoretical
values (ge cal.) calculated from the pseudo-first-order
kinetic model gave substantially different values when
compared to experimental values (ge exp.). As a result,
the pseudo 1* order kinetic model is representing this
adsorption system well. The theoretical (qe cal.) and
the experimental values (qe exp.) were calculated using
the pseudo 2™ order kinetic model are extremely close
to each other, as shown in Table 3. The coefficients R?
value is also quite near to 1, which supports the validity
of the pseudo-second-order equation. In the current
research, the adsorption data were analyzed applying

1.8
a
1.6 a
o 14 -
7 12 =
= =)
=
g os E
= 06 _ =
y =-0.0215x+ 1.9602 -
0.4 R: = 0.9818 &
0.2 =
0
0 10 20 30 40 50 6
Time (min)

0.8

0.6

0.4

two important kinetic models. The integrated pseudo-
first-order rate equation is written as [41]:

®)

The adsorbed 3-Nitroaniline quantity at equilibrium
time t is shown by ge and qt, respectively. k; : is the
pseudo-first-order adsorption equilibrium rate constant.
The pseudo-second-order equation is [42]:

Log (qe-qt)=Logqe-k1t

t 1 1
L +—t
qt  koqe?  qe

(6)

k,: is the rate constant of pseudo-second-order.

Figures 7a and b explain the findings of Pseudo-
first and second order models were used to fit the
experimental data, respectively. The results from the
adsorption kinetics are extremely well matched by the
pseudo-second order model, as shown in Figure 7b.
Given that 3-Nitroaniline regression coefficients are so
high (0.99), the pseudo 2™ order hypothesis for the
adsorption mechanism process appears to be well-
supported [43].

: b
¥ =0.0061x + 0.5515
R*=0.9953
0 10 20 30 40 S50 60

Time (min)

Figure7: (a) Pseudo 1% and (b) 2" order kinetics for the 3-Nitroaniline adsorption on MCM-48.

Table 3: Kinetics parameters values for 3-Nitroaniline adsorption on MCM-48.

Adsorbates

ge.cal.

Pseudo-first order constants

Pseudo-second order constants

(mg/g)
91

3-Nitroaniline 65 0.0215

394  Prog. Color Colorants Coat. 16 (2023), 387-398

0.981

K1 R? ge.cal. K, R2
(g/mg.min) (mg/g) | (g9/mg.min)

163 6.747*10° 0.995
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3.6. Adsorption thermodynamics

As shown in Figure 8, the thermodynamic parameters
for the adsorption of 3-Nitroaniline at different
temperatures are given in Table 4 by the plot of the
linear Van't Hoff equation (In kc versus 1/T). The
negative values of AG for applied temperatures are a

mesoporous. This important material has the majority of
silanol group. Based on the structure of the 3-
Nitroaniline, MCM-48 and experimental results of
kinetic, FTIR and EDX analysis, the adsorption
mechanism of 3-Nitroaniline onto MCM-48 adsorbent
can be determined. Based on FTIR results, the strong

adsorption band of at — C = C—group was decreased in
intensity and shifted from 1681 to 1600 cm ' owing to
7 interactions between 3-Nitroaniline molecule with —
C = C- onto the surface of MCM-48. While the band of
— OH groups was increased in intensity and a slight shift
from 3330 to 3335 owing to hydrogen bond formation
between the -N(CHs), group of 3-Nitroaniline
molecules and the — OH group in the MCM-48 surface.
The band of C = O stretch vibration of carboxylic acid
was a slight increase in intensity due to electrostatic
attraction between a cationic *N(CHj);" group of MG
molecules with the negative charge of COOH group
onto the MCM-48 surface. According to the results of
adsorption isotherms and kinetics study, the adsorption
mechanism is a chemisorption and physical adsorption
process. Therefore, these results provide enough
evidence to support the 3-Nitroaniline adsorption onto
the MCM-48 surface by different mechanisms such as
hydrogen bonding, electrostatic interaction and w-m
interactions [44, 45].

sign of spontaneous sorption. Besides, the value of AS
was negative, demonstrating that the adsorption
process could reduce chaos degree of the system,
Furthermore, the value of AS was negative, showing
that the sorption process reduced chaos. while the
negative value of enthalpy AH indicates that the
sorption is exothermic.

3.7. Adsorption mechanism

To understand the adsorption mechanism process, it is
important to know the structure of the adsorbent and
adsorbate as shown in Figure 9 3-Nitroaniline molecule
is an organic chemical substance, particularly a primary
aromatic amine. It consists of an amino group attached
to a benzene ring. On the other hand, MCM-48
adsorbent is the most common molecular sieves of
mesoporous materials that is intensively investigated by
researchers. The most notable feature of the MCM-48 is
that despite having an amorphous silica wall, it has a
long-range  organized  structure and  consistent

Table 4: Thermodynamic parameters for the sorption 3-Nitroaniline on MCM-48 at different temperatures.

Kc AS
Adsorbent TI°K AG kJ/mol | AH kJ/mol R 2
L/g J/mol. k
298

11.11 -5.83
MCM-48 308 7.44 -5.03 -23.84 -60.21 0.9721
318 6.07 -4.66
2.5
y = 2867.2x-7.2421 @
R?=0.9721
23
21
< °
=
— 1.9
1.7
1.5 : ;
0.00312 0.00318 0.00324 0.0033 0.00336  0.00342
1/T(k)

Figure 8: Plot of In Kc versus 1/T for 3-Nitroaniline sorption by 0.01g of MCM-48 (C,=10, time=60 min, RPM=150).
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Figure 9: Mechanism adsorption of 3-Nitroaniline onto MCM-48 adsorbent.

3.8. Adsorbent reuse

The possibility of recycling the adsorbent was
examined for applying a depleted MCM-48 after
regeneration. For the purpose of proving that the
MCM-48 could be regenerate by removing the
adsorbates, desorption investigations were carried out.
When using the MCM-48 again, it is crucial to
establish that desorption takes place. According to the
results of the trials, 3-Nitroaniline was effectively and
efficiently desorbed into deionized water in a single
cycle, with an efficiency of over 90 %. It can be seen
from this that used materials may be recycled. It is
possible to perform a more thorough investigation to
learn more about desorption, including the impacts of
solution concentration, adsorbate loading, temperature,
etc. The focus of this essay does not extend to this
study [46].

4. Conclusion

In this study, 3-Nitroaniline was easily adsorbed from an
aqueous adsorbate solution utilizing from the MCM-48
mesoporous material. According to a linear analysis with
R? values of 0.99, 3-Nitroaniline molecules matched to
Type | Langmuir adsorption. Under appropriate
experimental ~ circumstances, nanoporous material
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