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In this research scope, the mesoporous nanocatalyst MCM-41 is synthe-
sized using a direct hydrothermal approach. The process initiated with the
utilization of sodium metasilicate (Na,SiO;-5H,0) as the source of silica
and cetyltrimethylammonium bromide (CTAB) playing a pivotal role as a
surfactant and template. The hydrothermal reactor is employed, maintain-
ing a temperature of 120°C for the synthesis. The prepared catalysts are
characterized through a comprehensive analysis involving Fourier-
transform infrared spectroscopy, scanning electron microscopy, and x-ray
diffraction. The outcomes of this endeavour yield catalyst particles at the
nanoscale, with the majority of them exhibiting dimensions of less than
100 nanometres. Scanning electron microscopy images provide visual evi-
dence of the formation of a uniform and homogeneous mesoporous mate-
rial. Furthermore, XRD results conclusively verify the attainment of na-
noscale dimensions. This achievement is quantitatively determined
through the Scherrer equation—a well-established method for estimating
crystallite size based on XRD data. This research underscores the success-
ful preparation of MCM-41 nanocatalysts with exceptional mesoporous
properties, making them potentially valuable for various applications.

Y paMKax IIbOT'0 JOCJiMKEHHS Me30IOoOpHuCTHM HaHoKaradizatrop MCM-41
OyB CHUHTE30BAHUM 3a [JOIOMOIOI0 MIPAMOI0 TiAPOTEPMAaJbLHOTO IIiAXOIY.
IIpomec  posmoumHaBcss 3  BUKOPUCTAHHAM  MeTacumiaikary  Harpiro
(Na,SiO;-5H,0) Ak mKepesa KpeMHe3eMy, a OpOMiJ IeTUITPUMETUIAMOHIIO
(CTAB) BimirpaB KJ0YOBY pPOJIb SIK ITOBEPXHEBO-aKTHMBHA PEYOBMHA Ta IMad-
JoH. [l cuHTe3W BUKODPHUCTOBYBAJU TiApOTepMaJbHUI peaKToOp, AKUN Mif-
tpumyBaB temueparypy y 120°C. IlpuroroBani KaranizaTopu Gyjam oxapak-
TepM30BaHiI IMJIAXOM KOMILJIEKCHOI aHaJisu, II0 BKJIIOYAE iH(ppauepBOHY
CHEKTPOCKOIIiI0 3 mepeTBopeHHAM Pyp’e, CKaHYBaJbHY €JEKTPOHHY MiKpo-
CKOMil0 Ta pPeHTIreHiBCbKY audpakrilito. Pesyabratu 1iei cupobu gaam HAHO-
PO3MipHi YaCTMHKM KaTajisaTopa, IPUUYOMY OiJBIIICTh i3 HMUX MaJd PO3Mi-
pu wmemrmre 100 M. 300pakeHHSA CKAHyBaJbHOI €JeKTPOHHOI MiKpPOCKOITil
HaJIajau BisdyaJibHiI JTOKa3u YTBOPEHHS PiBHOMiIPHOTO M OJHOPiZHOrO Me30I0-
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puctoro marepisay. Kpim Toro, pesyabTaTm peHTIeHiBCbKOI Audpaxiiii oc-
TATOYHO MiATBEPAMWJIN TOCATHEHHS HAHOPO3MipiB, 110 OyJa0 KiJbKicHO BU-
3HaueHo 3a momoMorol piBHaHHA Illeppepa — mobpe BCTaHOBJIEHOI METOIU
OIIiHKM PO3Mipy KPHCTAJITiB Ha OCHOBi JaHWX PEHTI'eHiBCHKOI Audpakriiii.
Ile mocmimkeHHS NIiTKPeECJIOE YCIillIHe NPUTOTYBaHHSA HaHOKATAaJIi3aTOPiB
MCM-41 3 BUHATKOBUMU ME30IIOPHUCTHUMHI BJIACTHUBOCTAMM, IO POOHUTH iX
TMOTEHIINHO MIHHUMU IJA PiBHUX 3aCTOCYBaHb.
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1. INTRODUCTION

Environmental and economic considerations have garnered increas-
ing interest in restructuring industrial processes in recent years.
The aim is to minimize the use of harmful materials and reduce
waste. Within this context, heterogeneous catalysis can significant-
ly develop eco-friendly processes in petroleum chemistry and chemi-
cal production. Heterogeneous catalysis is distinguished by its abil-
ity to separate easily the catalyst from the reactants and its poten-
tial for reuse multiple times. Porous materials have been extensive-
ly studied and applied in practical applications as catalysts or sup-
ports [1]. Porous materials, according to the International Union of
Pure and Applied Chemistry (IUPAC), are categorized into three
main groups [2]:

1. microporous materials with pore diameters less than 2 nm;

2. mesoporous materials with pore diameters ranging from 2 to 50 nm;
3. macroporous materials with pore diameters larger than 50 nm.

Zeolite, a compound of aluminium silicates, is known for its crys-
talline structure. It is a type of microporous material that has been
extensively studied. Zeolite crystals comprise interconnected three-
dimensional frameworks formed by tetrahedral units [AlO,]” and
[SiO,]™®, creating various crystal structures. All of these fall under
the chemical category of zeolites [3]. Despite their valuable proper-
ties, such as high adsorption capacity and large specific surface ar-
ea, zeolites have significant application limitations. They cannot
effectively accommodate large molecules due to the limited pore siz-
es, typically ranging from 0.5 to 1.2 nm.

Research has thus been directed towards synthesizing materials
structurally similar to zeolites but possessing mesopores with diam-
eters larger than 2 nm. This is crucial to enable the accommodation
of larger molecules and expand the potential applications of these



PREPARATION AND CHARACTERIZATION OF THE MCM-41 NANOCATALYST 63

materials [4].

Silicate materials, primarily composed of silicon dioxide (SiO,),
are known for their essential advantages, such as high thermal and
chemical stability. These materials do not swell in solvents, making
them highly desirable. They find numerous applications in hetero-
geneous catalysis, adsorption, separation, sensing devices, and re-
moving organic pollutants [2].

Manufacturing porous materials derived from silica has gained
significant importance since 1990 after researchers at Mobil Corpo-
ration discovered Molecular Sieves of the MMS type. The MCM
symbol, ‘Mobil Composition of Matter’ represents these materials.
Several forms of these materials have been synthesized, such as
MCM-50 with a layered structure, MCM-48 with a cubic structure,
and MCM-41 with a hexagonal shape. All of these materials are es-
sentially composed of (SiO,) polymeric units [5].

It is worth mentioning that these prepared materials are general-
ly non-crystalline in their overall structure. However, specific order
within narrow regions imparts a degree of regularity and organiza-
tion to them. This results in very sharp peaks in the low-angle X-
ray diffraction pattern (less than 10°). The absence of peaks above
10° indicates that the atomic arrangement within the pore walls is
in a random and disordered state [6].

MCM-41 has become the most commonly used material due to its
flexible synthesis conditions and high specific surface area (1500
m?/g). Additionally, its relatively large pore diameter (2—10 nm)
this allows it to absorb a variety of hydrocarbons. It comprises an
array of regularly structured hexagonal channels with adjustable
sizes, making it versatile for catalysis, adsorption, separation, envi-
ronmental pollutant removal, and electronic and optical devices [7].
Notably, MCM-41 has been employed as an adsorbent to remove
phenol and chlorophenol from wastewater [8].

Nanocatalysts play a crucial role in various chemical applications
due to their unique combination of homogeneous and heterogeneous
catalysis properties. They offer the advantage of easy separation
from the reaction product and possess a high specific surface area.
This has led to significant research interest, resulting in various
nanostructures, such as nanoclusters, nanospheres, and nanosheets
[9, 10]. Therefore, this research paper aimed to synthesize MCM-41
nanocatalysts with nanoscale dimensions.

2. EXPERIMENTS
2.1. Materials

Sodium metasilicate (Na,SiO;-5H,0), with a purity of 97% produced
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by BDH, was used as the source of silica. Cetyltrimethylammonium
bromide (CTAB) (C,,H,,BrN) with a purity of 99%, also from BDH,
served as the template. Sulfuric acid (H,SO,) was used as a pH-
modifying additive with a purity of 97% produced by BDH. Addi-
tionally, deionized water was employed as the solvent.

2.2, Preparation of Catalysts

The preparation process of the MCM-41 catalyst involves depositing
silica around the micelles formed by the surface-active agent. A so-
lution of cetyltrimethylammonium bromide (CTAB) in deionized wa-
ter with a concentration of 10% by weight was prepared.

2.5 grams of sodium metasilicate (Na,SiO;-5H,0) were dissolved
in diluted water, and the resulting solution was slowly added to the
CTAB solution with vigorous stirring over 2 hours. The pH was ad-
justed to a value of 11 by adding a 1N sulfuric acid solution. For a
further two hours, the mixture was constantly mixed. The resulting
solution was transferred to a stainless-steel autoclave lined with
Teflon, and it was then heated to 120°C and maintained at this
temperature for 48 hours under autogenous hydrothermal pressure.

The formed precipitate, primarily consisting of the silica source
along with the surface-active agent, was separated, washed with de-
ionized water, and dried at 80°C for 24 hours.

Finally, the organic template was removed by calcination in a
thermal furnace. The temperature was raised at a rate of 2°C per
minute from room temperature to 550°C, and this temperature was
maintained for 6 hours.
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Fig. 1. Diagram for the preparation of MCM-41 catalysts.
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3. RESULTS AND DISCUSSION:
3.1. FT-IR

Infrared spectra were recorded using an (FT-IR-4100 type A) in-
strument from Jasco in the range of 400-4000 cm ™ employing the
potassium bromide (KBr) pellet method, commonly used for solid
sample analysis. Several milligrams of the MCM-41 catalyst powder
were mixed with an equal amount of dry potassium bromide (KBr)
powder. The mixture was then ground and transferred to a manual
press to create a fragile disk placed in the instrument for spectral
recording.

Figure 2 illustrates the resultant absorption spectra of the MCM-
41 catalyst before and after calcination. Thus, a distinct and broad
absorption band appears at 3450 cm™’, attributed to the asymmetric
stretching of the O—H bond in the silanol Si—OH groups and water
molecules (H-O—H). Another band at 1635 cm™ corresponds to the
bending vibration of water molecules. The bands at 1081 cm™ and
804 cm™ are related to the symmetric and asymmetric stretching of
the Si—O—Si bond, respectively. Finally, the band at 456 cm™ indi-
cates the bending vibration of the Si—O bond [6, 7, 11].

3.2. SEM Analysis

It is a type of electron microscopy that generates detailed images of
a sample by scanning its surface with a focused beam of high-
energy electrons. These electrons interact with the atoms in the
sample, producing various signals containing information about
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Fig. 2. Infrared spectrum of the calcined MCM-41 catalyst.
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surface topography and sample composition. The electron beam is
scanned in a point-by-point raster pattern, and the beam’s position
is correlated with the intensity of the detected signal to create an
image.

Figure 3 illustrates scanning electron microscopy (SEM) images
of the prepared catalyst. As shown in Figure 4, the SEM image of

Fig. 3. Scanning electron microscopy (SEM) images of the MCM-41 materi-
al.

View field: 2.08 pm |Date(m/dly): 10/02/22

Fig. 4. The scanning electron microscopy (SEM) image of the MCM-41 ma-
terial with nanoscale dimensions.
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the catalyst reveals that most of the particles are relatively small,
individual, and have dimensions within the range of approximately
30-50 nm. They exhibit a regular spherical shape, high homogenei-
ty, and distinctiveness among the particles.

3.3. XRD Analysis

Figure 5 show the pattern XRD of the prepared and calcinated
MCM-41 sample at 550°C for 6 hours, within the 26 range of 1-10°,
revealing a prominent and robust peak (d;o) at 26 =1.1° calcula-
tions were performed to determine the dimensions of the resulting
crystals using Scherrer equation [12].

K\

D=——"" |
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where K is a constant with a value of 0.94, A—x-ray wavelength
used in XRD and its value of 0.1540 nm for the copper element,
Brwan—the peak width at half maximum is measured in radians,
and (D) represents the crystal dimensions in nanometres, 6—x-ray
diffraction angle.

The calculated and measured values in Table confirm the
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Fig. 5. X-ray diffraction pattern of calcinated MCM-41 catalyst.

TABLE. Results of XRD data for MCM-41 catalyst.

20 0, rad FWHM | Brwau D, nm
1.1 0.009599 0.2131 0.003719 38.9397
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achievement of nanoscale dimensions. By examining the values D,
we find that the prepared catalyst MCM-41 has nanoscale dimen-
sions, with particle size in the order of 38.9397 nm. This is con-
sistent with the results obtained from the scanning electron micro-
scope. This will enhance its catalytic effectiveness in various chemi-
cal and industrial applications.

4. CONCLUSIONS

In this research, nanoscale silica-based MCM-41 catalysts were pre-
pared. The electron microscopy images confirmed the nanoscale
structure of the prepared catalyst, with an average particle size
ranging from approximately 30-50 nm. X-ray diffraction results
indicated the nanoscale dimensions, with a particle size of about 39
nm. These characteristics enhance their catalytic efficiency for var-
ious chemical and industrial applications.
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