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Abstract: Here, sulfamic acid (SA) was added to mesoporous silica (MCM-41) to
successfully remove the metal ions (Cu and Mn) and methylene blue (MB) dye.
SA/MCM-41 composites with different weight compositions of SA were successfully
made using the straightforward impregnation method. Several techniques, including
SEM, EDX, XRD, BET, and FT-IR spectroscopy, were used to characterize the as-
synthesized composites. Non-aqueous potentiometric titration has been used to
investigate the acidic characteristics of the composites. MCM-41's ordered mesoporous
structure with amorphous lattice is confirmed by XRD studies, and even after treatment
with SA, its mesoporous structure remained unchanged. The high surface area of
10SA-MCM-41 (211.7 m2/g) decreased when sulfamic acid was added, reaching 5.38
m2/g at 50%. SA-MCM-41. The prepared composites’ acidic strength was gradually
enhanced by increasing the SA content to 35 weight percent SA/MCM-41. According
to the tests, the as-synthesized composites could remove 50-55% of the MB dye, 70—
75% of the Cu ions, and 60-65% of the Mn ions.
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1.Introduction

Researchers have been focusing more on
green and ecologically friendly organic
processes recently[1, 2]. In this regard, solid
heterogeneous catalysts have garnered a lot of
attention  from  both  economic  and
environmental perspectives because they offer
more benefits than homogeneous catalysts,
including shorter reaction times, multiple
reuses, decreased equipment corrosion, and
reduced waste production [3-5]. Thus,
extensive attempts are underway to replace
traditional  liquid acid catalysts  with
heterogeneous solid acid catalysts [6]. Because
of their important features, mesoporous
materials have recently been employed as
heavy metal and dye adsorbents [7], catalyst
supports [8-12], and heterogeneous solid acid
catalysts. Practically speaking, Mobil scientists
created organized mesoporous materials for the
first time in 1992. [13, 14]. Because of their

materials were a viable support. Adsorption,
electrical and optical devices, medication
delivery, separation, photocatalysis, chemical
sensors, and nanotechnology are just a few of
its many potential uses. [12, 20-24].0ne of the
main drawbacks of mesoporous MCM-41 is
that it only shows weak hydrogen-bonded sites
and no Brgnsted acid sites [25-27].
Consequently, it is imperative to enhance the
acid strength by changing the surface or adding
potent acid moieties like citric acid and
heteropoly acids[28, 29], sulfated zirconia[30,
31], or sulfate ions[32, 33] inside the MCM-41
inner channels. The surface acidity and
catalytic performance are enhanced by the
Brensted acid sites created by this alteration.
NH2SO3H, SA, or sulfamic acid is regarded as
an inexpensive, economically accessible, and
efficient acid because of its many qualities,
including being a nonvolatile solid, odorless,

high  surface area, consistently sized and non-hygroscopic substance. Thus, in a
nanochannels, controllable pore size (2-10 nm),  variety of processes, including
and great thermal stability [8, 15-19]. MCM-41  esterification[34],  ketal  production  or
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acetalization[35], transesterification of
ketoester[36], tetrahydropyranylation of In the
alcohol synthesis [37] and nitrile synthesis [38],
SA functions as an efficient heterogeneous
solid acid catalyst. Because this class of
heterocyclic compounds is widely used in a
variety of possible applications, including laser
technologies [39], dye synthesis [40], and pH-
sensitive fluorescent materials [41], xanthene
derivatives are among the most physiologically
and pharmaceutically active substances. The
use of commercial activated carbon adsorption
technology has gained recognition and has
established itself as one of the most successful
methods for removing dye effluents. However,
the manufacture and renewal of activated
carbon are often expensive. Therefore, alternate
materials include waste materials, agricultural
by-products, and some natural adsorbents (such
as clays and clay minerals, cellulosic materials,
chitin, and chitosan). Because of their distinct
mesoporous  pore  structure, which s
characterized by high surface area and pore
volume, mesoporous molecular sieves, such as
surfactant-modified FSM-16 [19], MCM-22,
and silane-modified MCM-41 [42], have been
recognized as suitable adsorbents for the
removal of dyes from wastewater. Heavy metal
ion removal from wastewater has been the
focus of much industrial research. These
contaminants, which are present in the effluents
from the production of chemicals, paints, and
coatings, pose a serious risk to both human
health and the environment. There are
numerous methods for eliminating heavy
metals from water. Due to its affordability and
ease of use, Adsorption has become popular.
Heavy metals are removed using various
adsorption materials, including activated carbon
and inexpensive adsorbents such as peat and
agricultural waste. These materials’ poor
loading capacities and very weak interactions
with metallic cations are just two of their many
disadvantages. Many researchers have created
surface-modified mesoporous materials and
organoclays as functionalized adsorbents to
overcome this drawback [43].

Here, mesoporous MCM-41 was
successfully prepared using the standard
procedure and modified by adding different
amounts of sulfamic acid (10, 15, 25, 35, and
50 weight percent) via impregnation

techniques. Several techniques, including XRD,
EDX, SEM, FT-IR, and BET measurements,
were used to characterize the asynthesized
composites. Adsorption was used to test the as-
synthesized catalysts’ adsorptive capabilities of
inorganic pollutants such as Cu and Mn ions
and organic pollutants like methylene blue dye.

2. Experimental
2.1. Materials

Methylene blue, sulfuric acid, sulfamic acid,
analytical grade cetyltrimethyl ammonium
bromide (CTAB), Na2Si03.5H20, and Cu and
Mn ion standers were all acquired from Merck
and Aldrich.

2.2. Preparation of MCM-41

With a minor modification [14], mesoporous
MCM-41 was obtained using the procedure
described in the literature with 70 g of Na,SiOs.
Following the dissolution of 5H,0 in 200 ml of
H,O and stirring at 35°C, 2M H,SO4 was used
to produce an aqueous solution, and the liquid
was agitated for 30 min to reduce the pH down
to 11. Then, 18 g of CTAB was added dropwise
to the gel after dissolving it in 60 mL of water,
followed by stirring for half an hour. The
finished product was filtered, cleaned several
times, dried at 120°C for 12 h, and then
calcined at 550°C for 4 h at a rate of 5°C/min.

2.3. Preparation of Sulfamic acid@MCM-41

The produced MCM-41 (1 g) was mixed
with several weight percentages of sulfamic
acid (10, 15, 25, 35, and 50 wt%) at 80 -C for 6
h and then impregnated for 48 h [44-47] in
accordance with our earlier literature, with
minor modifications[48]. After washing, the
filtrate was dried at 100 °C. The prepared
samples were referred to as 10SA-MCM,
15SA-MCM, 25SA-MCM, 35SA-MCM, and
50SA-MCM based on the percentage of
sulfamic acid.

2.4. Catalyst characterization

Employing Cu Ko radiation (A = 1.540 A),
X-ray diffraction patterns (XRD)
of unaltered and modified MCM-
41 with different sulfamic acid weight contents
were obtained utilizinga Philips X'Pert
diffractometer. The FT-IR analysis of the
synthesized composites as performed utilizing a
Shimadzu FT-IR spectrophotometer with a
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resolution of 4 cm-land 128 scans across
wavelengths ranging from 400 to 4000cm™.
The surface structure of the synthesized
catalysts as analyzed through scanning electron
microscopy (SEM - JEOL  JSM-
6510LV) examination. The N2 adsorption-
desorption isotherm  was performed using a
BELSORP-mini 1l device at -196-C. Non-
aqueous potentiometric titration was employed
to explore the acidic properties of SA-MCM-41

2.5.Adsorption studies.

2.5.1 Removal of methylene blue dye from
aqueous solutions

It was conducted by the addition of 0.01 g of
the catalyst into a 50 ml of MB solution in a
100-ml stirred flask at temperature of 30 oC,
the concentration of MB was calculated from
its absorbance at 666 nm using calibration
curve obtained by a UV-Vis spectrophotometer
(Cintra 101). The % of removal calculated from
the equation: -

Co—-Ct

% Removal = x100
(4]

Were
Co the initial concentration of MB.
Ct the final concentration of MB.

2.5.2Removal of Cu and Mn ions from
aqueous solutions

It was conducted by the addition of 0.01 g of
the catalyst into a 50 ml of metal ion solution in
a 100-ml stirred flask at temperature of 30 oC,
the concentration of metal ion was calculated
from its absorbance at atomic absorption using
calibration curve obtained by a flame atomic
absorption (AA 240FS). The % of removal
calculated from the equation: -

Co—-Ct <100

a

Were
Co the initial concentration of metal ion.

% Removal =

Ct the final concentration of metal ion.
Results and discussion
3.1. X-ray diffraction pattern (XRD)

The X-ray diffraction technique was used in
this work to determine MCM-41's crystallinity
and to monitor any potential changes in the
structural phase % and crystallite size that
might arise from fluctuations in the sulfamic

acid amounts. The following samples were
chosen for this investigation: 15SA-MCM,
25SA-MCM, 35SA-MCM, and 50SA-MCM.
As seen in Fig. 1, the low crystallinity for
sulfamic acid impregnated samples certifies
that the MCM-41 framework remained
amorphous even as the sulfamic acid level
increased.

50SA-MCM

35SA-MCM

MMM

Counts

25SA-MCM
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W e 15SA-MCM
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Fig.1 Low angle X-ray diffraction patterns of
MCM-41 with different concentration of
sulfamic acid calcined at 400 °C.

3.2. SEM and SEM-EDX analysis

Using a SEM fitted with an EDX detector,
the morphology and elemental makeup of
MCM-41 and 50SA-MCM were investigated
and are displayed in Fig. 2. The produced
materials’ SEM pictures showed comparable
particle morphology. To map the presence of
sulfuric acid, EDX was used. 50SA-MCM was
not a physical combination, according to the
EDX picture, but sulfamic acid was evenly
distributed across the MCM-41 surface.
Sulfamic acid alteration caused the diffraction
peaks associated with the S, N, and O elements
to be seen[49].

Spectrum 1

0 2 ' B & n 12 1 16 18
Full Scale 8577 cts Cursor: 0,000 keV
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Fig 2. SEM and EDX for 10SA-MCM

3.3. FT-IR spectroscopy

Figure 3 showed the FT-IR of the as-
synthesised composites. The O-—H stretching
and bending vibrations of water molecules are
shown by the big peaks at 3462 and 1638 cm-1,
respectively [50, 51]. The symmetric and
asymmetric stretching of the Si—O-Si groups
was associated with the broad bands at 1060
and 809 cm-1. Defective Si—-OH groups are
associated with the band at 966 cm-1, while the
bending vibration of the Si-O group is
associated with the absorption peak at 468 cm-
1[52]. No discernible change was observed
following the sulfamic acid adjustment; this
could be because the sulfamic acid was
dispersed uniformly throughout the catalyst.
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Fig 3. FT-IR for prepared samples
3.4. BET Measurement

The N, adsorption-desorption isotherms of
the as-synthesised composites were displayed
in Figure 4. A typical type IV adsorption

isotherm with a hysteresis loop H2 is displayed
by all of the manufactured catalysts, according

to IUPAC, indicating that the produced
composite has retained its uniform mesoporous
structure [53]. The mesopore walls of the
generated samples were coated with a
monolayer of nitrogen under low pressure. But
when the relative pressure increases, as is
common with capillary condensation, the
isotherms rise (at about P/Po ca. 0.4).
Mesopores. Lastly, multilayer adsorption on the
exterior surface is the cause of the plateau zone
at higher relative pressures. Additionally, the
adsorbed volume curve rose with the initial
weight percentage of 10% and decreased with
the greater sulfamic acid percentage. Acid
added to MCM-41, indicating that the pore
volume may be impacted by the addition of
sulfamic acid to MCM-41 frameworks. MCM-
41 has a surface area of 142.7 m?/g, which rises
to 211.7 m?g and then decreases with
additional sulfamic acid addition until it
reaches 5.38 m?/g at 50SA-MCM. This could
be because sulfamic acid is deposited on the
outside of MCM-41 and inside its pores [49].

Table (1) Surface area of the investgated
samples.

Catalyst Sgerm %g S,m *lg
MCM 142.7 172.7
10SA-MCM 211.7 220.4
255A-MCM 12.81 12.34
50SA-MCM 5.38 4.02
240 ]
o

|o— Adsorption
2001l —»— Desorption

plpo
Fig.4. Adsorption-desorption isotherms of
nitrogen at -196 °C on prepared samples.
3.5.Acidity measurements

3.5.1. Non-aqueous potentiometric titration

Using non-aqueous titration, the produced
sample's acidic qualities were investigated [54].
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As shown in Fig. 5, this procedure was carried
out by measuring the electrode potential (mV)
in relation to the volume of n-butylamine added
over the catalysts as (mmol n-butylamine/g
catalyst). The following relation was used to
get the total number of acid sites per gram:
(mequiv./g) xN x 1000 (where N is Avogadro's
number) = total number of acid sites/g [46, 55].
The as-synthesised composites' overall acidity
rose as the sulfamic acid concentration rose,
reaching its highest value at 35SA-MCM (Ei =
+312 mV), as shown in Fig. 5 and Table 2. The
findings showed that the MCM-41 surface had
a good distribution of sulfate groups. However,
the surface acidity dropped once more.
following 35SA-MCM, which could be the
result of SA crystals building up on MCM-41's
surface [48].
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Fig.5 sulfamic acid concentration on total no of
acid sites at 400 °C

Table (2) Acidic properties of the investgated
samples.

Sample Name (rﬁ\o/) N&f;;nmn;ﬁé/g _ gt%stljg i((:)ig
1082”(\:'8“/'_ 89.50 0.124 7.46
155 '(\ff):'\" 118.25 0.139 8.37
255A '(\ff);'\" 158.41 0.183 11.02
B '(\ff);'\" 312.60 0.202 12.16
S0SAY '(\ff):'\" 34.60 0.126 759

3.7. Removal of
aqueous media .

The interaction between the basic dye and
the hydroxyl group on the surface of MCM-41,
which is made up of OH group ,and oxygen
bridge that function as adsorption site, is what
gives MCM-41 its ability to adsorb methelene

methelene blue from

blue (MB). Understanding the properties of
these many adsorption sites is crucial for
adsorption operations. OH groups can be
classified as (i) isolated free silanol (-SiOH),
(it) germinal free silanol (-Si(OH),), and (iii)
vicinal or bridging or OH groups bound
through the hydrogen bond. In general, OH
groups function as foci for adsorption by
creating hydrogen bonds with the adsorbate.
Furthermore, siloxane groups or -Si-O-Si-
bridges with oxygen atoms on the surface make
up MCM-41. Overall, it was shown that the
relationship between the MCM-41 and the
integrated dye molecule were extremely potent,
as were the polar atoms N and S, as shown in
scheme (1) [56, 57].
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Scheme 1 :Represent the interaction
between methelene blue and MCM-41.

When MCM-41 is created without sulfamic
acid modification, it does not exhibit adsorption
characteristics; but, when changed, it does. The
impact of contact time on methylene blue (MB)
adsorption onto modified MCM-41 was
investigated at an initial MB concentration of
100 mg/L at 30 oC. It seems that adsorption
progressively rises as contact time increases
until it reaches the equilibrium duration, which
is about equivalent to 8 hours.

400

Yo Rarmawal al b B

Time i)

Fig 6 effect of time on removal of MB removal
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3.8. Removal of Cu?* and Mn?" ions from
aqueous media.

When MCM-41 is created without sulfamic
acid modification, it does not exhibit adsorption
characteristics; but, when changed, it does. Up
to pH = 9, the number of Cu2+ and Mn2+ ions
that are eliminated increases steadily. After pH
= 9, the amount of Cu and Mn ions that
precipitate decreases. The removal rises as the
adsorbent weight increases to 0.8 mg/L, then
falls, and then rises when the concentration of
Mn and Cu ions increases to 30 mg/L, at which
point it stabilizes. As the percentage of
sulfamic acid increases, the elimination of ions
decreases. The effect of contact time on ion
adsorption onto modified MCM-41 was
investigated at 30 oC with an initial ion
concentration of 5 mg/L. It appears that
adsorption progressively increases as in contact
period till the equilibrium period, which is
roughly one hour as shown in figure 7.

0
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Fig 7 effect os sulfamic acid concentration on
Mn and Cu removal
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