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Sn(1V) incorporated mesoporous molecular sieves with
Si/Sn ratios of 10, 20, 40, and 80 have been successfully
synthesized under non-thermal conditions at ambient tem-
perature. They have been characterized by means of X-ray
diffraction, nitrogen adsorption isotherms, FT-IR spectros-
copy, transmission el ectron microscopy and thermogravimetry
analysis. Nitrogen adsorption data and XRD patterns con-
firmed that, the framework, high surface area and uniform
poresizedistribution aremaintained inthe crystallized sample
with Si/Sn ratios of 40 and 80.
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INTRODUCTION

The synthesis of a new family of mesoporous molecular sieves with
exceptionally large uniform pore structures were reported by Mobil
researches™ in year 1992. Due to their high surface area they found good
use as catalysts**® and efficient adsorbent®. Since the discovery of MCM-41
(amember of the M41S family) possessing a hexagonal array of uniform
pores, several reports have appeared on the isomorphous substitution of Si
by other elements such as titanium™®, vanadium'®*, tin®*, chromium®**
and zirconium'™.

Different procedures of preparation for mesoporous materials have been
proposed”’. Hydrothermal conditions have been employed to graft Sn(1V)
into mesoporous MCM-41, These procedures use expensive organic sili-
con compoundsliketetramethylammonium silicate or tetraethylorthosilicate
as a silicon source. We report here the preparation and properties of
mesoporous Sn(1V) silicate using sodium silicate as the source of silicon
and minimum amount of surfactant at ambient temperature.

‘tJaber Ibn Hayan Research Laboratories, Atomic Energy Organization of Iran, RO. Box
11365/8486, Tehran, Iran.
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EXPERIMENTAL

All the chemicals used were of analytical grade from E. Merck
(Germany) except cetyltrimethylammonium bromide (CTMABr) whichwas
supplied by Aldrich (U.K.).

Synthesis: Inatypical synthesis, 0.6 g CTMABr was dissolved in 23
mL of demineralized water, the mixture was stirred for 15 min (140 rmp)
after that 3 g of sodium silicate was added to the mixture and it was further
stirred for 0.5 h. The pH value of mixture was 11.5 which was decreased to
9 by adding sulphuric acid (2 M) solution. Then solution of SnCl,-5H,0
(0.49 g in 50 mL demineralized water) was added dropwise. The stirring
was continued for 4 h. A bulky white gelatinous precipitate was formed. It
was filtered, washed five times with demineralized water and dried in air
oven at 50°C for 48 h. Small portion of this material was calcined at 600°C
for 6 h.

The molar composition of the materials was as follows: SiO,: 0.12
CTMABT: (0.0125-0.1) SnCl4: 0.03 H,SO.: 100 H,O. Thefollowing Si/Sn
molar ratioswere used in the samples: 10, 20, 40 and 80. The sampleswere
denoted as SnxMCM-41 where x indicated the Si/Sn molar ratio. In order
to study the effect of addition of Sn(1V) inthesetypesof materias, asample
only with silicain the framework was al so prepared under the same condi-
tions, it was denoted as Si-MCM-41.

Characterization: XRD was performed using a Philips X'pert pow-
der diffractometer system with Cu-Kow (A = 1.541 A) radiation from 1.5°
(20) t0 10.0° (26). The sorption isotherm of N, at 77 K was studied using a
guantachrome Nova instrument. Specific surface area was determined by
applying the BET equation to the isotherm™. Pore size distribution was
calculated using the adsorption branch of theisotherm by the Barrett-Joyner-
Halenda (BJH) formula®. FT-IR spectra were recorded using a Bruker
FT-IR spectrophotometer model Vector-22. Thermal analysiswas done on
a Rheometric Scientific modal STA-1500.

RESULTSAND DISCUSSION

The XRD patterns of the calcined SnxMCM-41 sampleswith different
Si/Snratios (10, 20, 40, 80) and the pure silicaMCM-41 aregivenin Fig.1.
The samples (with Si/Sn ratios 40 and 80) produce relatively well-defined
XRD patterns, with one major peak along with three small peaksidentical
to those of MCM-41 materials"® Beck et al.® indexed these peaks for a
hexagonal unit cell, the parameter of which was cal culated from the equa-
tion a, = 2d,y, /+/3. Theunit-cell parameter and d spacing of the SnxMCM-
41 samples and MCM-4lare given in Table-1. The decrease in d spacing
and unit-cell parameter of ShxMCM-41 compared with its pure silica
analogue (Table-1) suggest the presence of tin in the framework. It isaso
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observed that the unit-cell parameter decreases with increasing Sn content.
However, a gradual loss of long-range ordering is observed with increas-
ing incorporation of Sninthe SnxMCM-41 samples. Thisis probably due
to an increasing number of defect sites and bond strain in these materials,
as evidenced by decreasing intensities of the dio peak aswell asthe higher
angle peaks. Finally, at high Snloading (Si/Sn < 10) amorphous materials
are obtained.
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Fig.1 XRD patterns of the calcined mesoporous Sn(lV) silicates

TABLE-1
PROPERTIES OF THE SYNTHESIZED MESOPOROUS Sn(1V) SILICATES
Si/Sn ratio XRD  Unitcel Pore BET Pore

Sample —————— dy parameter volume surfacearea diameter
gl product (A) (@A) (g (g  A)
Snl0OMCM-41 10 194 26.12 30.2 0.30 223 179
Sn20MCM-41 20 472 27.76 320 041 522 181
SM4d0MCM-41 40 1517 28.99 335 0.57 814 181
Sn80MCM-41 80 184.0 30.03 34.7 0.58 831 18.1
S-MCM-41 oo oo 36.78 425 0.63 876 17.9

Nitrogen adsor ption isotherms: Nitrogen sorption isotherm and
corresponding pore size distribution of the synthesized Sn(1V) silicatesare
given in Fig.2. These isotherms show atypical 1V-type adsorption profile
consisting of acondensation behaviour dueto the formation of mesopores.
As the relative pressure increases (P/P° > 0.2), the isotherms show
inflection, where the P/P° position of the sharpness of theisothermin range
0.2 < P/P°< 0.4 correspondsto uniformity of mesopore size. It can be seen
that as the tin content increases in the sample, the amount of adsorbed
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nitrogen is lowered at the same relative pressure and its sharpness are
smaller?’. Moreover, when the sample was synthesized under the same
conditions but without tin, this sample showed similar isotherm. However
there is a great difference between the sample with the higher quantity of
Sn (Sn10MCM-41).
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(b) Pore size distribution of the synthesized mesoporous Sn(IV) silicates
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Table-1 shows the specific surface areafor al the samples. These data
clearly illustrate that the use of Sn(IV) has an influence on the specific
surface area. Thisparameter increaseswhen the Si/Sn molar ratio increases.

Pore size distribution of the synthesized Sn(1V) silicates is shown in
Fig.2(b). The pore size distribution is narrow for the samples between the
range 17.9-18.1 A. Table-1 shows the data of average pore size for al the
samples. We can see that as the amount of Sn(lV) increases, the pore
volume of samples shifts gradually to lower values.

FT-IR spectra: The infrared spectra of the synthesized mesoporous
Sn(1V) silicates are given in Fig.3. The peaks appeared in the region of
1300-400 cm™ are similar to vibrations of the framework structure of
zeolites”. Similarly, mesoporous molecular sieves also show series of bands
that are characteristics of the SiO, tetrahedral unit and its modification by
introduction of metal ions. The spectrum shows five main absorption bands
between the regions 1245-1210, 1090-1055, 970-960, 850-790, 465-440
cm?, similar to amorphous fumed silica®®?. The band in region 1245-1210
cm is due to external asymmetric stretching vibrations of five membered
Si-O rings, which is an evidence for the presence of 5 membered ringsin
the walls of MCM-41 structure. The band in region 1090-1055 cm™ is due
to internal asymmetric stretching mode of SiO, (TO,) skeleton, appears to
be the strongest band in the spectra of al silicates™. The (Si—O) bond
stretching is not observed in the case of microporous molecular sieves.
The peak in region 970-960 cm™ is generally considered as a proof for the
incorporation of the heteroatom into the framework®. Camblor et al. have
proposed that the band at 960 cm™ is due to the (Si—-O) stretching vibra-
tions of (S—OH) groups. The (S—O-S) lattice vibrations are found to
shift to lower wavenumbers probably due to the incorporation of Sn into
the channel walls, as (Sn—0) bond is longer than (Si—O) bond. It has also
been observed the v.(Si-O-Sn) and/or v(Si-OH) band intensity increase
with respect to that of the v(Si-O-Si) and/or v(Si-OH) band when Sn
content increases.

Thermogravimetricanalysis: TG curvesof the synthesized mesopor-
ous Sn(IV) silicates are presented in Fig. 4. The TG curve of uncalcined
sample shows a gradual weight loss up to 900°C. The TG curve of the
samples show five steps of weight loss. These steps are 35-130, 130-300,
300-380, 380-480 and 480-600°C. The weight lossis ca. 4.0 % in thefirst
step and is due to desorption of physisorbed water held in the pores. The
weight losses in the second (ca. 20.0 %) and third (ca. 7.0 %) steps are
mainly associated with oxidative decomposition of templates, in the fourth
step, the weight loss (ca. 7.0 %) is due to removal of coke formed in the
previous steps by the decomposition of templates. Inthelast step, the weight
loss (ca. 2.0 %) is mainly due to water loss formed by the condensation of
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silanol groups. It can be noticed that the weight losses of both MCM-41
and SnxMCM-41 samples are similar, indicative of similar filling of
SnxMCM-41 and MCM-41 samples.
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Fig. 3. FT-IR spectra of the synthesized mesoporous Sn(1V) silicates, (a) Sh\80MCM-41
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Fig. 4. Thermograms of the synthesized mesoporous Sn(1V) silicates
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Conclusion

A simple, rapid and low cost non-thermal method has been devel oped

to synthesize a new phase of Sn(IV) incorporated mesoporous molecular
sieves (with Si/Sn ratios of 10, 20, 40 and 80) with high thermal stability
and high surface areaand pore volumes. The prepared material shows high
potential to be used asanew promising sorbent inremoval of heavy metals
and further work isin progress.
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