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Abstract: Synthesis of siliceous MCM-41 mesoporous materinhs been
performed. Cethreelmethylammonium bromide has lmmaployed as structure-
directing agent (surfactant), tetraethyl-orthosiléc as silica source, concentrate
ammonia solution as mineralizing agent and distillgater or mixture water-
ethylen glycol, water—glycerine as solvent was u3ée@ synthesis was carried out
for four days at 80 °C. The obtained mesoporousnadd were proved by XRD
examination and the specific surface area and geemore diameter were

measured by nitrogen physisorption.
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Introduction

According to IUPAC definition, porous materials are classified in
three categories: 1. microporous materials (powmdier< 2 nm); 2.
mesoporous materials (pore size 2 — 50 nm); 3. opacous materials (pore

size > 50 nm). The porous materials with pore siZ0 nm are named as
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nanoporous materials. Microporous, mesoporous agiaporous materials
are based on silica (Sif) (aluminum) silicates and other metal oxides and
are technological materials. An important subclagsthe microporous
materials are molecular sieves, such as zeolitdszaatypes which have a
narrow and uniform micropore size distribution gmate diameter within
the 0.4 — 1.4 nm range.

The first synthesis of an ordered mesoporous nahteas described
in the patent literature in 196%ut, due to a lack of analysis, the product
was not recognized. In 1992, similar ordered mesmm materials with
pores larger than 2 nm were obtained by scientisiem Mobil Oil
Corporation (termed M41S, family) to which MCM-4#&lbngs>™

The main characteristic of M41S materials (MCM-4kéigonal,
MCM-48-cubic and MCM-50-lamelar) are their high eorvolume
(~ 1 cnilg), very narrow pore-size distribution (1.8 to i in diameter,
depending on the surfactant used as template)aage specific surface area
(~ 1000 ni/g or more).

The pore size distribution for different porousicsil materials is
shown in Figure 1.

Silica and other mesoporous materials or miceleplated silica
materials are typically synthesized with surfactantelles as templates via
a “liquid-crystal templating” mechanishf, where the structures can be
formed by interaction of organic template molecwdesl inorganic species
(Figure 2).
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Figure 1. Pore size distribution for micro-, meso- and mporous silica
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Figure 2. Liquid-crystal templating (LCT) mechanism for ttoeemation of
MCM-41.*
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Surfactants are amphiphilic molecules which consaft a
hydrophobic non-polar tail and a hydrophilic poterad group. The nature
of the polar head group imparts the surfactant$our groups: anionic,
cationic, zwitterionic and non-ionic surfactants.

The structure and properties of mesoporous maseairal affected by
the length of the hydrophobic chain and pH of gystkat are responsible
for the pore size and by surfactant: solvent ratibjch determines the
symmetry. The geometry of the surfactant aggregfmased in solution
depends on the values of dimensionless surfactackimy parameter 9,
defined as g = v/a |, whexeis the volume of the hydrophobic chaanis the
aggregate surface area of the hydrophilic head pgrand | is the
hydrophobic chain length (Figure 3).

Much attention has been concentrated on these yhighdered
structures for applications in a wide variety oflustries as catalysts,
catalyst supports, photocatalysts, in adsorptioas geparation and
bioseparation, in ion exchange, nanocomposite mmoaterials and in
environmental contrdi®#

The aim of this paper was the synthesis and adserpt

characterization of high quality mesoporous MCMsdlica material.
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Figure 3. Geometry of aggregates as a function of the stafidpacking
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Experimental

Synthesis
The siliceous MCM-41 mesoporous materials were hggited using
tetraethyl- orthosilicate (TEOS) as silica source,
cetylthreemethylammonium bromide ;(CMAB) as structure-directing
agent (surfactant), concentrated ammonia solusomiaeralizing agent and
distilled water or water-ethylen glycol, water-gtyme mixtures as solvent.

The syntheses were carried out according to thdowiolg
procedure. g TMAB is added to water (or mixture) while stirrireg half
hour at room temperature until the solution becafear. The concentrated

ammonia solution was added to the solution gfTRIAB while stirring a
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half hour. The silica source (TEOS) was added ¢catkaline solution while
stirring and aged for 3 h. Gel mixtures were reddte four days at 80 °C.
The reaction product was filtered, washed withiltkst water, dried in air at
80 °C and finally calcined at 550 °C for 6 h. ThMEM-41 samples with
presumably uniform pore structure denoted MCM/AMCM-41:c and
MCM-41g)y, were prepared.

Characterization

X-ray diffraction

Small-Angle X-ray scattering (SAXS) pattern wasamged with a
PANANALYTICAL X PERT PRO MPD power diffractometer using GuK
radiation.

N, sorption measurement

The specific surface area, pore size distributioth the average pore
diameter were measured by nitrogen physisorptionao@Quantachrome
Autosorb 1 MP automatic instrument at liquid nitagtemperature with
sample degassed at 200 °C under vacuum for 12 h.

Water and benzene sorption

Adsorption/desorption isotherms of non-polar molesuand polar
molecules were measured gravimetrically using aE@@ctronics MK 2

vacuum microbalance.

Results and discussions

Figure 4 shows the X-ray diffraction pattern of dacined MCM-
41,, sample. The diffraction pattern exhibits threeacldiffraction peaks
situated at low angles corresponding to the (1qQ)L0) and (200)
reflections. The fourth diffraction peak with a lemintensity corresponding

to the (210) reflection can be sometimes presdm.presence of diffraction
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peaks above 2 = 3° represents the very good long-range ordethef
mesoporous material. The lattice of MCM-41 can hdeked with a

hexagonal unit cell, with a = b 5 and ¢ =0 and reflection planes (hkO0).

intensity, a.u.

a—
(=]
=]
)
o

¥ ¥ L]

4 6
2 theta (deg)

10

Figure 4. SAXS pattern of calcined MCM-41

Based on @, values we can calculate the lattice spacing oy

Bragg's law and the unit cell parameaedy using the formulaa=2d,,,/+/3.

For the (100) reflection,2= 2.2 degrees, the lattice spacingod 4.01 nm
and the pore-to-pore distange=a4.63 nm.

Figure 5 shows the low-temperature nitrogen adgorgesorption

isotherms at 77 K for MCM-4, MCM-41¢c and MCM-4%,, samples and

Figure 6 the pore size distribution.
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Figure 5. Nitrogen isotherms of calcined samples: a. MCN\:44.
MCM-4lEG; C. MCMG|y
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Figure 6. Pore size distribution of calcined samples: a. MEM;; b.
MCM-41gg, C. MCMG|y.

The shape of the isotherms is characteristic ofpttre structure. In
the case of MCM-41, low temperature nitrogen adsmmpdesorption
isotherm exhibits a sharp step which occurs at 8.0 <0.34, associated
with capillary condensation and hysteresis loop nresopores. The
sharpness of the step is related to the pore si®¥dyeneity expressed by
pore size distributions. High ordered mesoporouderidss MCM-41
typically have isotherms of Type IV, according tdPAC classificatiof®
(Figure 7a). Occurrence of the hysteresis loop n@pen the adsorbate,
pore size and temperature. For MCM-41 with smaltepdiameter no
hysteresis is observed. Usually, mesoporous MCM#4fplay a hysteresis
loop of Type H (Figure7b)?® characteristic for porous materials with

cylindrical pores and a high degree of pore sizéoumity.
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Figure 7. The adsorption-desorption isotherms type IV (&) Hn(b) type
of hysteresis loop according to IUPAE.

The specific surface area theoretically estimatgd Bsunauer,
Emmett and Teller (BET) was calculated using the Bf§uation based on
the adsorption data in the relative pressure rarige05 — 0.3. Pore size
distributions were determined from adsorption-deson isotherms
according to the method of Barrett — Joyner — Hide(BJH method). A
very narrow pore size distribution is specific toe MCM-41 nanoporous
material.

The physical properties of the calcined mesoposiisa-MCM-41
materials are listed in Table 1.

Table 1. Characterization of MCM-41 calcined samples.

oo, Do(BJH),  V,, cnv/g;

Sample Y a4 nm S, mAlg (BIH) P J
nm nm p/p, = 0.98

MCM-41y 4.01 4.63 983 2.76 0.82
MCM-41gc 3.91 4.42 1224 2.81 0.98

MCM-41gy  3.39 3.92 1118 2.82 0.89
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Considerable interest has been shown in the deweopof shape
selective porous adsorbents. Pore dimensions, #teren of adsorbent-
adsorbate and adsorbate-adsorbate interactionsf apeat importance for
such materials. The adsorbent surface can be hiyiticopr hydrophobic
and the adsorbate molecules can be polar, non-polpolarizable. Due to
the surface heterogeneity and mesoporosity, MCVna#terials exhibit
different organophilic properties for polar (metbgrethanol) and non-polar
(benzene, hexane, cyclohexane, carbon tetrachjooidgnic compounds
and for water.

The adsorption of water over MCM-41 is charactetibg a type V
isotherm (Figure 8) and the amount of water adsbibdetween 40% and
80%2*?° The isotherm reveals an initially repulsive ch&zaof the surface
followed by a capillary condensation step of waatrrelative pressure
p/p, = 0.56 / 0.68, indicating that MCM-41 posses baotydrophobic
(organophilic) and hydrophilic (organophobic) projes.
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Figure 8. Water adsorption isotherm at 298 K on siliceousN€lgc.

The benzene adsorption isotherm over MCM=41is of type IV and
the amount adsorbed is between 60% and 90% (Figurét very low
relative pressure (pjp= 0.0 — 0.2) a monolayer adsorption takes place on
the surface and then a multilayer adsorption rewgalhe organophilic
property. Between relative pressure ;pfp 0.2 to 0.32 the amount of

benzene increases suddenly because of capilladeosation.
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Figure 9. Benzene adsorption isotherm at 298 K on silicddGM-41cc.

Conclusions
The synthesized samples exhibit a MCM-41 mesopornoaterials
structure, proved by their SAXS pattern.
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Low temperature nitrogen adsorption-desorptiothison exhibits a

sharp step which occurred at 0.25 <p<(p40 associated with capillary

condensation and hysteresis loop in mesopores.

The specific area values estimated from the BESorh are of

983 -1224 g, characteristic for MCM-41 materials.

The water and benzene adsorption isotherms areatmty that the

synthesized MCM-41 materials posses both hydroghabd hydrophilic

properties.
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