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A B S T R A C T

A new composition of STF zeolite, Ti-STF, was synthesized via the fluoride route using 1,2,3-triethyl-4-methy-
limidazolium (123TE4MI) as a structure-directing agent (SDA). The Si/Ti ratios used in the synthesis of the Ti-
STF materials were 50 and 25, and the synthesis of pure silica STF, as a blank, was also carried out. The obtained
materials were studied and characterized by different techniques such as X-ray diffraction, 13C and 27Si solid-
state NMR, thermogravimetric analysis, among others. Additionally, the Ti incorporated into the STF zeolite
framework was studied by diffuse reflectance ultraviolet–visible (UV–vis) spectroscopy. This characterization
showed that Ti species are mostly tetrahedrally coordinated in the STF zeolite framework; however, a minority
of Ti is octahedrally coordinated, i.e., extra-framework.

1. Introduction

Since the discovery of TS-1 zeolite [1], titanosilicates have been the
object of many studies due to their exceptional catalytic properties in
oxidation reactions using hydrogen peroxide. TS-1 has been employed
in several catalytic processes, such as the ammoximation of cyclohex-
anone, the epoxidation of propylene, etc. [1–3] Thus, there is great
interest to synthesize new Ti-based zeolites with properties that could
be amenable to selective oxidation, as the material mentioned above. In
this sense, at present, there are different microporous titanosilicates
with interesting properties, such as large-pore Ti-Beta, which can be
applied as a catalyst in the oxidation of large organic molecules [4] and
in the selective oxidation of alkenes and alkanes [5]. Other Ti-con-
taining microporous sieves include large pore Ti-MOR [6], which has
been used in the ammoximation of various ketones [7]; Ti-ITQ-7 [8];
and other zeolitic frameworks [9–12].

Other porous Ti materials (non-zeolitic phases) have been synthe-
sized to overcome some of the disadvantages in the oxidation of bulky
substrates, resulting from the micropore size. For example, lamellar
zeolite precursors, such as Del-Ti-MWW [13] and Ti-ITQ-2 [14], and
mesoporous materials, such as Ti-MCM-41 [15–17] and Ti-MCM-48
[18], have been examined.

Considering these premises and the importance of Ti heteroatoms in

the porous framework, in this work, we report the synthesis of a new
composition of one-dimensional, medium-pore Ti-STF zeolite. Until
now, this structure was synthesized only in pure silica composition
[19–21]. The organic structure directing agents (SDAs) used for STF
synthesis were N,N-dimethyl-6-azonium-1,3,3-trimethylbicyclo(3.2.1)
octane and the quaternary ammonium N,N-diethyl-2,5-cis-dimethylpi-
peridinium. In this work, the 1,2,3-triethyl-4-methylimidazolim cation
was used as a structure-directing agent in the synthesis of Ti-STF. Re-
cently, SDAs based on imidazolium rings have attracted great attention,
as these cations can enable the synthesis of new zeolitic phases [22–24],
to achieve certain zeolite frameworks with greater stability or [25], as
in our case, new compositions of already-known zeolite structures
[26–28]. Ti-STF was characterized by XRD, 13C and 29Si solid-state
NMR, textural characterization, ICPE spectrometry and diffuse re-
flectance UV–Vis spectroscopy.

2. Experimental section

2.1. Synthesis of the 1,2,3-triethyl-4-methylimidazolium (123TE4MI) SDA

The organic cation was synthesized by double ethylation at the N
position of the primary imidazole. The general cation synthesis is de-
scribed as follows. First, 10 g of the pristine imidazole (2-ethyl-4-
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methylimidazole) (Aldrich, 99%) was dissolved in 50 mL of chloroform
(Aldrich, 99%). The solution was mixed with an excess of iodoethane
(1:2 M ratio of imidazole to iodoethane) and potassium carbonate
sesquihydrate (Aldrich, 99%). The solution was stirred for 2 days at
room temperature. Then, a second portion of iodoethane (same pro-
portion) was added. The resulting mixture was magnetically stirred for
4 days. The inorganic phase was separated from the mother solution by
filtration, and the desired salt was obtained by rotatory evaporation
under vacuum. The nature and purity of the desired cation was con-
firmed by 13C NMR (Fig. 4).

The obtained salt was converted into its hydroxide form by anion
exchange in aqueous solution using the Dowex Monosphere 550A (OH)
anion-exchange resin (Aldrich). The reason for use the SDA in their
hydroxide form is due to the synthesis employed in this work is by
fluoride via, and with this anion-exchange is possible to avoid that the
HF react with the SDA in their salt form, forming impurities as hexa-
flourosilicate of their corresponding cation. After 24 h under magnetic
stirring at room temperature, the hydroxide solution was recovered by
filtration and concentrated by rotary evaporation under vacuum at
80 °C. The final hydroxide concentration was determined by titration,
using phenolphthalein as the indicator.

2.2. Zeolite synthesis

To synthesize the zeolite, tetraethylorthosilicate (Aldrich, 98%) and
tetraethyl orthotitanate (Aldrich, 98%) were hydrolized at room tem-
perature under magnetic stirring in an aqueous solution of the hydro-
xide form of the organic imidazolium. The ethanol produced by the
hydrolysis and the water were allowed to evaporate, and stirring was
stopped when the desired composition was achieved. After this, HF
(Cinética, 40%) was added to the solution and was manually agitated
with the help of a spatula for 15 min. The final Si/Ti ratio in
SiO2:xTiO2:0.5 123TE4MI:0.5 HF:3.5 H2O, “X”, was varied between 50
and 25. The crystallization was carried out at 150 °C in Teflon vessels
inside stainless-steel autoclaves that were tumbled at 60 rpm. The au-
toclaves were removed from the oven at different times, and the solid
products were isolated by filtration, washed with water and dried at
100 °C. The resulting materials were calcined at 600 °C (10 °C per
minute) for 6 h to remove the organic material.

2.3. Characterization

The crystalline phases of the solids were identified by powder X-ray
diffraction (XRD), recorded with a Bruker D2 Phaser diffractometer
using Cu Kα radiation, at 2θ values ranging from 5 to 50°. Scanning
electron microscopy (SEM) was carried out with a HITACH TM3000
stand microscopy with secondary electron emission and FEI NOVA
NANOSEM 230. Multinuclear magic angle spinning (MAS) nuclear
magnetic resonance spectroscopy (13C, 29Si) was performed at room
temperature on an Agilent DD2 spectrometer. 29Si spectra were ac-
quired at a resonance frequency of 99.3 MHz using a CP-MAS sequence
with a 7 μs pulse at 62 dB with a 5 s relaxation delay at 10 kHz. The 13C
spectra of the as-prepared zeolites were acquired at a resonance fre-
quency of 125.7 MHz using a CP-MAS sequence with a 2.7 μs pulse at
62 dB, 7.0 ms contact time, and 20 s relaxation delay at 10 kHz. The
amount of organic matter occluded in the zeolite was determined by
CHN elemental microanalysis on a LECO-CNNS 932 analyzer.
Thermogravimetric analyses were performed on a Shimadzu thermo-
gravimetric analyzer, model DTG-60AH, where the samples were ana-
lyzed from RT (25 °C) to 1000 °C with a heating rate of 10 °C/min and
an air flow of 100 mL/min, using between 5 and 10 mg of solid material
for each analysis. N2 adsorption/desorption isotherms were measured
on a Micromeritics ASAP 2010 system at the N2 liquefaction tempera-
ture of 77 K. The sample was outgassed under vacuum at 150 °C. The
Si/Ti ratios of the materials obtained were analyzed by the ICPE
spectrometry (9820 Shimadzu). Diffuse reflectance UV–Vis

spectroscopy was performed using a UV spectrophotometer (Shimadzu
UV1201), at wavelengths ranging from 200 nm to 500 nm.

3. Results and discussion

The zeolite synthesis results are summarized in Table 1, where
123TE4MI SDA is observed to induce the crystallization the STF zeolite,
regardless of the time or Si/Ti ratio employed. For this experiment, the
STF zeolitic phase was obtained in its pure silica form in two different
H2O/SiO2 ratios (3.5 and 5.5) at different crystallization times. For the
Ti-STF zeolite, Table 1 shows that the crystallization time is relatively
short, requiring only 4 days for its crystallization in both Si/Ti ratios
tested, while the pure silica composition requires a longer time. Based
on these synthetic conditions (H2O/SiO2 concentration and crystal-
lization time), a new composition of the STF framework (Ti-STF) was
synthesized by varying the Si/Ti ratio to 50 and 25, incorporating ap-
proximately 0.6 and 1 Ti per unit cell for Si/Ti = 50 and 25, respec-
tively. The choice of the H2O/SiO2 ratio was based on previous work.27

In this case, the cation 123TE4MI was used as the SDA in the STF pure
silica zeolite in the range of 3.0–6.0 (H2O/SiO2 ratio), and more dilute
synthetic conditions and a long crystallization time are necessary in
order to obtain the STF zeolite [29].

On the other hand, one of the greatest problems encountered in the
synthesis of Ti zeolites is the formation of TiO2 (anatase phase), where
the Ti heteroatoms are located extra-framework. To avoid the presence
of the anatase phase, H2O2 is typically used in the synthesis [8,30], or in
some cases, decreasing the concentration of alkali cations, which may
promote the formation of insoluble titanium species, can be an effective
alternative [31]. Nevertheless, in our case, it was not necessary to use
any strategy to avoid the presence of the anatase phase, since the use of
HF to mineralize both SiO2 and TiO2 seems to prevent the TiO2 phase.
In this sense, Fig. 1 shows the XRD patterns of the as-prepared Ti-STF

Table 1
Summary of synthesis results.

H2O/SiO2 Si/Ti Time (days) Phase

3.5 – 5 STF
7 STF

5.5 – 7 STF
12 STF

3.5 50 4 STF
5 STF

3.5 25 4 STF
5 STF

Fig. 1. XRD patterns of a) STF (simulated, from IZA date base38), b) pure silica STF, c) Ti-
STF (Si/Ti = 50), d) Ti-STF (Si/Ti = 25), e) calcined Ti-STF (Si/Ti = 50), and f) calcined
Ti-STF (Si/Ti = 25).
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(Fig. 1a and b) and calcined Ti-STF (Si/Ti = 50 and 25, Fig. 1c and d,
respectively), as well as the pure silica STF (Fig. 1e) obtained with the
123TE4MI cation. According to the simulated diffractogram of STF,
shown in Fig. 1a, all the materials obtained present high crystallinity
and purity (For a better visualization see Fig. S1). Although is com-
plicated to detect the presence of anatase TiO2 by XRD, due to the
amount of Ti incorporated in this material, we cannot confirm the ab-
sence of this oxide. Furthermore, Fig. 1 also shows the diffractograms of
calcined Ti-STF (Fig. 1e and f), which indicates that these materials
present high thermal stability, since no collapse or degradation of the
framework was observed (Fig. S1).

Table 2 shows the CHN chemical analysis of the obtained materials,
which shows that the C/N ratios are very close to the theoretical value
of 123TE4MI SDA, suggesting that the cation resisted hydrothermal
treatment and were incorporated intact within the STF framework. On
the other hand, all the STF materials showed an incorporation of close
to two 123TE4MI SDA per unit cell, i.e., an incorporation of one cation
per STF cavity. In the same Table 2 shows the experimental Si/Ti ratios
obtained by ICPE, where the results show that the Si/Ti ratios in the
synthesized materials were a little higher than in the gel (Si/Ti = 29
and Si/Ti = 56), i.e., the amount of Ti in the Ti-STF zeolites is a little
lower than the synthesis gel.

The FE-SEM images (Fig. 2) show that both materials obtained with
the two different Si/Ti ratios a similar morphology with interpenetrated

well-defined crystals with around 20 μm size.
The thermal stability of the obtained materials was investigated by

TG analysis (Fig. 3). Pure silica STF (Fig. 3a) and the materials prepared
with Si/Ti ratios of 50 (Fig. 3b) and 25 (Fig. 3c) showed high thermal
stability, where an important weight loss of only approximately 17%
was observed when heating to 250 °C. This weight loss is mainly at-
tributed to the decomposition of the organic SDA inserted in the zeolitic
framework.

The 13C MAS NMR spectra of the STF zeolites with different com-
positions (pure silica STF and Ti-STF) and the pristine 13C NMR spec-
trum of the 123TE4MI SDA are shown in Fig. 4. All STF spectra show
three resonances at approximately 116–147 ppm, corresponding to the
three aromatic carbons. Also in Fig. 4, two resonances are observed
between 41 and 44 ppm, and almost four are observed between 8 and
20 ppm. These signals correspond to the C4 and C6 carbons belonging
to the ethyl group (bonded to N) and the carbons belonging to the ethyl
and methyl groups. Nevertheless, in the Ti-STF spectra (Fig. 4c and d),
the bands are much broader and not well resolved compared to those in
the pure silica STF spectrum. However, the resonances are found in the
correct chemical shift ranges. Finally, these spectra are in agreement
with the spectrum of the pristine cation, indicating that the SDAs are
intact inside the zeolite framework.

The 29Si NMR spectra of the STF materials (pure silica, Si/Ti = 50
and Si/Ti = 25) are shown in Fig. 5. In all cases, the spectra show at

Table 2
Chemical composition of the zeolites obtained in this work.

Si/Ti %C %H %N C/Nb H/Nb TG u.c. compositionc

– – 9.8 1.5 2.1 5.4(5.0) 10.0(9.5) 83.7 |C10N2H19F|1.8[SiO2]32:0.9H2O
25 29a 10.1 1.7 2.3 5.1(5.0) 10.3(9.5) 83.8 |C10N2H19F|1.9[Ti1.1Si30.9O64]:1.5H2O
50 56a 10.0 1.6 2.3 5.0(5.0) 9.7(9.5) 84.2 |C10N2H19F|1.9[Ti0.6Si31.4O64]:0.3H2O

a Determined by ICPE.
b Molar ratio. The theoretical value is given in parentheses.
c SDA from N analysis, assuming SDA is intact. The positive charges in SDA are assumed to be balanced only by F anions. The water is derived from the excess H/N ratio. The Si and Ti

amount were calculated from the ICPE results.

Fig. 2. FE-SEM images of the materials obtained.
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least 2 crystallographic sites approximately between −105 and
−120 ppm, corresponding to Q4 species (Si[OSi]4). On the other hand,
there is no evidence of the existence of pentacoordinate units [SiO4/2F]-

in these spectra, as was described for analogous materials [32,33].
The incorporation of Ti heteroatoms in the STF zeolite framework

was confirmed by diffuse reflectance UV–Vis spectroscopy (Fig. 6). The
spectra of both Ti-STF samples with Si/Ti ratios of 50 and 25 (Fig. 6b

and c) show only a single intense band centered at approximately
206 nm, which is attributed to ligand-to-metal charge transfer from
O2− to Ti4+ in tetrahedral coordination, i.e., monomeric tetrahedral Ti
species in the zeolite framework [34]. Nevertheless, each spectral band

Fig. 3. Thermogravimetric (TG) curves recorded from 25 to 1000 °C under air flow
conditions for STF zeolites synthetized from pure silica and Si/Ti ratios of 50 and 25.

Fig. 4. 13C NMR spectra of the as-prepared solids obtained with 1,2,3-triethyl-4-methy-
limidazolium (123TE4MI): a) pristine 123TE4MI cation, b) pure silica STF, c) Si/Ti = 50
STF, and d) Si/Ti = 25 STF.

Fig. 5. 29Si MAS NMR spectra of the as-prepared solids obtained with 1,2,3-triethyl-4-
methylimidazolium: a) pure silica STF, b) Si/Ti = 50 STF, and c) Si/Ti = 25 STF.

Fig. 6. UV–Vis spectra of calcined STF: a) pure silica STF, b) Ti-STF (Si/Ti = 50), and c)
Ti-STF (Si/Ti = 25).
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shows a “tail” at high wavelengths (approximately 250–300 nm), sug-
gesting the presence of a small amount of anatase TiO2 or oligomeric
TiOx species [35]. However, as expected, no signal is observed in the
spectra of the pure silica STF (Fig. 6a).

Fig. 7 shows the N2 adsorption/desorption isotherm of the Si/
Ti = 25 and 50 Ti-STF materials (Fig. 7a and b), which in both cases
corresponds to a type I isotherm [36], which is characteristic of mi-
croporous materials, due to the adsorbed volume significantly in-
creasing at low pressures until reaching a saturation plateau. On the
others hand, in Table S1 shows the textural properties of the Ti-STF
materials (Si/Ti = 25 and 50 ratio), where we observe that the SBET is
580 m2/g for the Ti-STF with Si/Ti = 25 ratio and 470 m2/g for Si/
Ti = 50. The same Table S1 shows the micropore volume, calculated by

the t-plot method, are 0.17 and 0.14 cm3/g for the Si/Ti = 25 and Si/
Ti = 50, respectively. The pore size distribution obtained by the Hor-
vath-Kawazoe method [37] gives pores of approximately 5.8 and 5.2 Å
for Si/Ti = 25 and Si/Ti = 50, respectively, which is in good agree-
ment with the size of a 10-membered ring pore (5.4 × 5.7 Å) [38].

4. Conclusion

Ti-STF was successfully synthesized using 1,2,3-triethyl-4-methyli-
midazolium (123TE4MI) as an SDA via the fluoride method, with two
different Si/Ti ratios, 50 and 25, and pure silica STF was also synthe-
sized as a blank. 13C NMR spectroscopy confirmed that 123TE4MI ca-
tions were incorporated intact within the STF framework, indicating

Fig. 7. N2 adsorption/desorption isotherm of Ti-STF with (a) Si/
Ti = 25 and (b) Si/Ti = 50.
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that the cations withstood hydrothermal treatment. The Ti coordination
in the Ti-STF materials was studied by UV–vis spectroscopy, which
showed that Ti was incorporated into the STF zeolite mostly in a tet-
rahedrally coordinated fashion through Si-O-Ti bonds and with small
amount of anatase TiO2. On the other hand, the pore size distribution
obtained by the Horvath-Kawazoe method shows pores of approxi-
mately 5.8 and 5.2 Å for Si/Ti = 25 and 50, respectively.

Acknowledgements

Y.M.V acknowledges the CAPES for a master's scholarship. A.R.
acknowledges the Consejo Nacional de Ciencia y Tecnología
(CONACyT) for a pos-doctoral fellowship. We thank A. Valera for
technical expertise (FE-SEM, ICMM-CSIC). The authors thank also the
Central Analítica de Química of the Federal University of Maranhão
(UFMA) for the ICPE experiments.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.
doi.org/10.1016/j.micromeso.2017.11.030.

References

[1] M. Taramasso, G. Perego, B. Notari, US Pat. 4410501, (1983).
[2] M.G. Clerici, G. Bellussi, U. Romano, J. Catal. 129 (1991) 159.
[3] G. Bellussi, M.S. Rigutto, Stud. Surf. Sci. Catal. 85 (1994) 177.
[4] M.A. Camblor, A. Corma, A. Martínez, J. Perez-Pariente, J. Chem. Soc. Chem.

Commun. (1992) 589.
[5] A. Corma, M.A. Camblor, P. Esteve, A. Martínez, J. Pérez-Pariente, J. Catal. 145

(1994) 151.
[6] P. Wu, T. Komatsu, T. Yashima, J. Phys. Chem. 100 (1996) 10316.
[7] P. Wu, T. Komatsu, T. Yashima, J. Catal. 168 (1997) 400.
[8] M.-J. Díaz Cabañas, L.A. Villaescusa, M.A. Camblor, Chem. Comm. (2000) 761.
[9] J.S. Reddy, R. Kumar, P. Ratnasamy, Appl. Catal. 58 (1990) L1.

[10] D.P. Serrano, H.-X. Li, M.E. Davis, J. Chem. Soc. Chem. Commun. (1992) 745.

[11] A. Tuel, Zeolite 15 (1995) 236.
[12] A. Tuel, Zeolite 15 (1995) 228.
[13] W. Fan, P. Wu, S. Namba, T. Tatsumi, J. Catal. 243 (2006) 183.
[14] A. Corma, U. Díaz, V. Fornés, J.L. Jordá, M. Domine, F. Rey, Chem. Comm. (1999)

779.
[15] T. Blasco, A. Corma, M.T. Navarro, J. Pérez Pariente, J. Catal. 156 (1995) 65.
[16] A. Sachse, V. Hulea, K.L. Kostov, N. Marcotte, M.Y. Boltoeva, E. Belamie, B. Alonso,

Chem. Commun. 48 (2012) 10648.
[17] A. Sachse, V. Hulea, K.L. Kostov, E. Belamie, B. Alonso, Catal. Sci. Technol. 5 (2015)

415.
[18] K.A. Koyano, T. Tatsumi, Chem. Cmmun. (1996) 145.
[19] L.A. Villaescusa, P.A. Barret, M.A. Camblor, Chem. Comm. (1998) 2329.
[20] P. Wagner, S.I. Zones, M.E. Davis, R.C. Medrud, Angew. Chem. Int. Ed. 38 (1999)

1269.
[21] L.A. Villaescusa, W. Zhou, R.E. Morris, P.A. Barret, J. Mater. Chem. 14 (2014) 1982.
[22] J.E. Schmidt, D. Xie, T. Rea, M.E. Davis, Chem. Sci. 6 (2015) 1728.
[23] Y. Lorgouilloux, M. Dodin, J.-L. Paillaud, P. Caullet, L. Michelin, L. Josien, O. Ersen,

N. Bats, J. Solid State Chem. 182 (2009) 622.
[24] P.A. Barrett, T. Boix, M. Puche, D.H. Olson, E. Jordan, H. Koller, M.A. Camblor,

Chem. Commun. (2003) 2114.
[25] A. Rojas, E. Martínez-Morales, C.M. Zicovich-Wilson, M.A. Camblor, J. Am. Chem.

Soc. 134 (2012) 2255.
[26] A. Rojas, M.A. Camblor, Angew. Chem. Int. Ed. 51 (2012) 3854.
[27] D. Jo, S.B. Hong, M.A. Camblor, ACS Catal. 5 (2015) 2270.
[28] C.W. Lopes, P.H. Finger, M.L. Mignoni, D.J. Emmrich, F.M.T. Mendes, S. Amorim,

S.B.C. Pergher, Microporous Mesoporous Mater. 213 (2015) 78.
[29] Y.M. Variani, A. Rojas, L. Gómez-Hortigüela, S.B.C. Pergher, New J. Chem. 40

(2016) 7968.
[30] T. Blasco, M.A. Camblor, A. Corma, P. Esteve, A. Martínez, C. Prieto, S. Valencia,

Chem. Commun. (1996) 2367.
[31] G. Bellussi, V. Fattore, Stud. Surf. Sci. Catal. 69 (1991) 79.
[32] L.A. Villaescusa, W. Zhou, R.E. Morris, P.A. Barrett, J. Mater. Chem. 14 (2004)

1982.
[33] B. Harbuzaru, M. Roux, J.-L. Paillaud, F. Porcher, C. Marichal, J.-M. Chézeau,

J. Patarin, Chem. Lett. (2002) 616.
[34] A. Zecchina, G. Spoto, S. Bordiga, A. Ferrero, G. Petrini, G. Leofanti, M. Padovan,

Stud. Surf. Sci. Catal. 69 (1991) 251.
[35] G.N. Vayassilov, Catal. Rev. Sci. Eng. 39 (1997) 209.
[36] K.S.W. Sing, D.H.W. Everett, R.A. Haul, L. Moscou, R.A. Pierotti, J. Rouquerol,

T. Siemieniewska, Pure Appl. Chem. 57 (1985) 603.
[37] G. Horvath, K.J. Kawazoe, Chem. Eng. Jpn. 16 (1983) 470.
[38] http://www.iza-structure.org/databases/.

Y.M. Variani et al. Microporous and Mesoporous Materials 262 (2018) 106–111

111

http://dx.doi.org/10.1016/j.micromeso.2017.11.030
http://dx.doi.org/10.1016/j.micromeso.2017.11.030
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref2
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref3
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref4
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref4
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref5
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref5
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref6
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref7
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref8
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref9
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref10
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref11
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref12
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref13
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref14
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref14
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref15
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref16
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref16
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref17
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref17
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref18
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref19
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref20
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref20
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref21
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref22
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref23
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref23
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref24
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref24
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref25
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref25
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref26
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref27
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref28
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref28
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref29
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref29
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref30
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref30
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref31
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref32
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref32
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref33
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref33
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref34
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref34
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref35
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref36
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref36
http://refhub.elsevier.com/S1387-1811(17)30751-5/sref37
http://www.iza-structure.org/databases/

	Synthesis and characterization of Ti-STF zeolite using 1,2,3-triethyl-4-methylimidazolium as structure-directing agent
	Introduction
	Experimental section
	Synthesis of the 1,2,3-triethyl-4-methylimidazolium (123TE4MI) SDA
	Zeolite synthesis
	Characterization

	Results and discussion
	Conclusion
	Acknowledgements
	Supplementary data
	References




