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Abstract

A series of Cr—SBA-1 (Pm3n) mesoporous molecular sieves were directly synthesized under strongly acidic conditions using ammonium
dichromate as chromium source and characterized by various techniques. X-ray diffraction (XRD) showed that the synthesized mesoporous
materials had a well-ordered cubic structure. N, adsorption/desorption measurements confirmed that the resultant samples had large meso-
pores (>23A) and highly surface areas (>1000m?g~'). FT-IR and UV-vis results revealed that both monochromate and polychromate
coexisted on these mesoporous materials. All these samples prepared by direct synthesis have been used as catalysts for dehydrogenation
of ethane with carbon dioxide. Among these catalysts, Cr—SBA-1(III) exhibited the highest catalytic performance, giving 21.2% of ethy-
lene yield with a selectivity of 86.9% at 650°C, whereas, its catalytic activity is lower than that of Cr—SBA-1 prepared by conventional

impregnation.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The discovery of ordered materials with pore sizes in the
mesopore range by researchers of the Mobil Oil Company [1,2]
has initiated an intensive research effort resulting in more than
3000 publications. Among these materials, only little informa-
tion is available on the synthesis of the cubic phase MCM-48
(Ia3d cubic). The lack may be due to the difficulty of its prepara-
tion compared to that of MCM-41 [3,4]. In the last decade, Huo
et al. reported the synthesis of SBA-1 under strongly acidic con-
ditions employing a so-called S*X~I* mechanism [5-7]. SBA-1
is a cubic phase, which possesses a three-dimensional cage-type
structure. Pure silica mesoporous materials possess a neutral
framework, which limits their application in catalysis. To obtain
materials with potential for catalytic applications, it is necessary
to modify the nature of the amorphous walls by incorporation of
hetero elements. Recently, the incorporation of Ti, V, Fe, Co and
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Mo into SBA-1 mesoporous materials has been reported [8—13].
The development of ordered mesoporous materials containing
different atoms in the framework has opened up new possibili-
ties for the use of mesoporous molecular sieve materials in the
field of catalysis.

Chromium-containing mesoporous molecular sieves have
received much attention because of their wide use in many cat-
alytic reactions. In recent years, a series of chromium-containing
mesoporous molecular sieves, including Cr-MCM-41 [14-16]
and Cr-HMS [17] have been synthesized and used as catalysts
for various catalytic reactions. However, up to now, only a few
studies have been reported on SBA-1, as compared with the
number of studies on those chromium-containing mesoporous
materials. Because of the cubic structure of three-dimensional
mesopores of SBA-1, it has greater potential in catalytic appli-
cations than the one-dimensional mesoporous material.

In the present paper, we report the preparation of Cr—SBA-
1 molecular sieves by the direct synthesis. A systematic
investigation of the above materials are carried out for their
characterizations by powder X-ray diffraction (XRD), nitrogen
adsorption/desorption, Fourier transform infrared spectroscopy


mailto:fpierc@lzb.ac.cn
mailto:Licpzhaoxh@yahoo.com.cn
dx.doi.org/10.1016/j.molcata.2006.08.008

226 X. Zhao, X. Wang / Journal of Molecular Catalysis A: Chemical 261 (2007) 225-231

(FT-IR) and diffuse reflectance UV-visible (UV-vis) spec-
troscopy. All these mesoporous materials will be used as
catalysts for the dehydrogenation of ethane with carbon
dioxide. Cr—SBA-1 prepared by conventional impregnation
method, which was considered as a reference sample, was also
used to the dehydrogenation of ethane by carbon dioxide.

2. Experimental
2.1. Synthesis of mesoporous materials

Cubic mesoporous molecular sieves Cr—SBA-1 were synthe-
sized under acidic conditions using cetyltriethylammonium bro-
mide (C16H33(C2H5)3NBr, CTEABT) as a template, tetraethyl
orthosilicate (Si(OC,Hs)4, TEOS, Aldrich, 98%) as a silica
source and ammonium dichromate ((NH4),Cr;O7, Acros, 99%)
as a chromium source in aqueous solution of hydrochloric acid.
The surfactant CTEABr was synthesized by the reaction of
cetylbromide with an excessive amount of triethylamine in ace-
tone solution under reflux conditions for 5 days. The resulting
CTEABr was purified five times by recrystallization from ace-
tone solution.

In a typical synthesis of the Cr—SBA-1, 2.64 g (6.5 mmol)
of CTEABr, 162ml (9.0 mol) of distilled water and 83.6 ml
hydrochloric acid (1mol, Aldrich, 37%) were combined
with a desired amount of ammonium dichromate to form a
homogeneous solution, which was cooled at 0°C and stirred
for 30min. Then 10.4g (50 mmol) of TEOS (precooled to
0°C) was added to the above mixture with vigorous stir-
ring. The molar composition of the reaction mixture was
1.0TEOS:0.13CTEABr:20HCI1:250H>0:(0.01-0.08)Cr.  After
being stirred for 3 min, the above mixture was allowed to react
at 0 °C under static condition for 8 h. The resultant precipitates
were filtered and dried (without washing) at 100 °C overnight,
and then calcined in a flow of air at 600°C for 4h. Pure
siliceous SBA-1 was synthesized with the same procedure
except that no Cr was added. Supported chromium catalysts
on SBA-1 (Cr—SBA-1) was prepared by impregnation method
using ammonium dichromate as the Cr source, and then dried
at 100 °C overnight and calcined at 600 °C for 4 h.

2.2. Catalyst characterizations

The amount of Cr was quantified by inductively coupled
plasma emission spectrometry. The measurements were per-
formed with a Rigaku JY38S, and the sample was dissolved
in a mixture of HF and HNO3 acids before the measurements.
Powder X-ray diffraction (XRD) patterns of the synthesized
mesoporous materials were recorded on a D/Max-2400 Rigaku
diffractometer with Cu Ko radiation operated at 40kV and
60 mA. The diffraction data were collected by using a continu-
ous scan mode with a scan speed of 1.2° (26) min~!. Nitrogen
adsorption/desorption isotherms were measured at —196 °C on a
Micromeritics ASAP2010 instrument. Samples were outgassed
at 200 °C and 1072 Pa over night before measurements. Surface
areas were calculated using the BET method. The primary meso-
pore volume V,, was obtained using the high-resolution #-plot

method. The pore size distributions were obtained from adsorp-
tion branches of isotherms using the BJH method. FT-IR spec-
troscopy was carried out on a Bruker IFS 120 FT-IR spectrometer
using ca. 0.5 mm KBr pellets containing 2.5 mass% sample.
Diffuse reflectance UV—vis spectroscopic measurements were
recorded on a Shimadzu UV-240 recording spectrometer. The
spectra were collected at 200-700 nm referenced to BaSOj.
Temperature programmed reduction (TPR) experiments were
carried out in a fixed bed reactor loaded with 0.05 g samples.
The samples were reduced in 10% Hy/Ar flow at a rate of
30 ml/min from ambient temperature to 700 °C at a heating rate
of 10 °C/min. Before TPR the samples were pretreated under
Ar gas flow of 30 ml/min to 300 °C at a heating rate of 5 °C/min
and then further treated at the same temperature for 30 min. The
concentrations of Hp were determined by a GC-7890 gas chro-
matograph equipped with a TCD. To calibrate the amount of H»
consumption, the CuO powder supplied by Merck was used.

2.3. Catalytic reactions

The oxidative dehydrogenation of ethane with carbon dioxide
was carried out using a fixed bed flow-type quartz reactor (i.d.
8mm x 180 mm) at atmosphere pressure. Four hundred mil-
ligrams of a catalyst, 12 ml/min C,Hg and 48 ml/min of CO,
were introduced. The products were analyzed with on-line GC-
7890 gas chromatograph (TianMei, ShangHai, China) equipped
with a 3 mm X 3 m stainless steel column packed with Poropack
Q using H» as a carrier gas. The conversion and selectivity were
calculated as follows:

. 1-— 2nC H,
C,Hg conversion = 276

2nC2H6 + 2nC2H4 + NCHy

2ncyH,

CyHy selectivity = T ——
CyHy CHy

All the experimental data were corrected after the reaction for
0.5 h. Moreover, the reaction data in the work were reproducible
with a precision of less than 5%.

3. Results and discussion

Fig. 1 illustrates the X-ray diffraction (XRD) patterns of
the calcined siliceous SBA-1 and various Cr—SBA-1 samples
prepared by direct synthesis. As Fig. 1 displays, the four sam-
ples (Fig. 1a—d) show an intense (2 1 0) reflection and smaller
(200) and (21 1) reflections in the region of 260 =1.5-3°. The
characteristic XRD pattern exhibited by the SBA-1 cubic phase
(which can be indexed to Pm3n space group) matches well with
those reported in the literature [5—7]. However, the decrease
in intensity of (200) and (21 1) reflections with increasing
ncy/nsi, suggests that higher amount of chromium incorpora-
tion in the mesoporous materials might reduce the structural
order. Table 1 summarizes the preparation conditions and phys-
ical properties of the resultant Cr—SBA-1 mesoporous molecular
sieves, together with the data of Cr—SBA-1 for comparison. It is
interesting to note there is no evident difference in the intensity
of the (2 10) peak and the unit-cell parameter (a9 = d> 1 0«/5)
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Fig. 1. XRD patterns of the various calcined samples: (a) siliceous SBA-1; (b)
Cr-SBA-1(I); (c) Cr—SBA-1(II); (d) Cr-SBA-1(III); (¢) Cr—SBA-1(IV).

between calcined Cr—SBA-1 and a siliceous SBA-1. This is con-
sistent with what would be expected because the Cr—O bond
length is almost identical to that of Si—O. With the molar ratio
of HCI/TEOS =20 in the synthesized precursor, the Cr—SBA-1
sample containing up to 3.75 wt.% Cr (ncy/nsi = 0.04) is formed
while still maintaining a fairly well-ordered cubic structure, this
can be explained by the results of Dai, who reported that anionic
Mo and V species favored the incorporation of Mo and V into
the SBA-1 framework according to the STXI* synthesis route
[9,12].

The N; adsorption/desorption isotherms and their cor-
responding pore size distribution curves for the calcined
siliceous SBA-1 and various Cr—-SBA-1 samples are shown in
Figs. 2 and 3. As Fig. 2 displays, the isotherms for these sam-
ples are type IV adsorption isotherms typical of mesoporous
solids. Adsorption at low pressures (P/Py<0.15) is accounted
for by monolayer—multilayer adsorption of N, on the walls of
the mesopores. At a relative pressure P/Py between 0.15 and
0.30, the isotherms exhibit a sharp inflection characteristic of
capillary condensation within the mesopores. The sharpness in
this step indicates a uniform pore size. For Cr—SBA-1(III) and
Cr—SBA-1(IV) an obvious hysteresis loop at P/Py=0.8-1.0,
which indicates that larger pores are filled at higher relative

Table 1

Synthesis conditions and physico-chemical properties of various calcined samples
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Fig. 2. N; adsorption/desorption isotherms of the various calcined samples: (a)
siliceous SBA-1; (b) Cr—SBA-1(I); (c¢) Cr—SBA-1(II); (d) Cr—SBA-1(I1I); (e)
Cr-SBA-1(IV).
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Fig. 3. Pore size distribution of the various calcined samples: (a) siliceous SBA-
1; (b) Cr-SBA-1(I); (c) Cr—SBA-1(1I); (d) Cr—SBA-1(III); (e) Cr—SBA-1(IV).

Sample Cr/Si in gel Cr amount (wt.%) ag (A) Sger (m? g~ 1) Pore diameter (A) Pore volume (cm? g~ 1)
SBA-1 - 0.00 74.9 1417 24.1 0.71
Cr-SBA-1(I) 0.01 0.88 75.6 1363 232 0.55
Cr-SBA-1(II) 0.02 1.81 76.2 1297 23.7 0.50
Cr-SBA-1(III) 0.04 3.75 75.9 1228 28.4 0.43
Cr-SBA-1(1V) 0.08 7.39 76.1 871 32.6 0.36
Cr/SBA-1 - 3.71 - 1000 245 0.22
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Fig. 4. UV-vis diffuse reflectance spectra of various calcined Cr—SBA-1 sam-
ples: (a) Cr—SBA-1(I); (b) Cr-SBA-1(II); (c) Cr—SBA-1(III); (d) Cr—SBA-1(IV).

pressures, is also observed. Both siliceous SBA-1 and various
Cr-SBA-1 samples showed a uniform pore size distribution with
a pore diameter of 23-33 A as calculated by the BJH method.
The BET surface area, BJH pore size and pore volume of the
samples are listed in Table 1. A slight decrease in the mesoporous
surface areas and pore volumes with increasing chromium con-
tent is caused by the incorporation of chromium. This can be
explained by some destruction of the pore structure of Cr—-SBA-
1 materials, which is in agreement with the results of XRD shown
in Fig. 1.

Fig. 4 shows the UV-vis diffuse reflectance spectra of the
calcined Cr—SBA-1 with different nc,/ng; synthesized by direct
synthesis. UV bands at 265 and 350 nm, which could be assigned
to O—Cr(VI) charge transfers of chromate species [18], are
observed for all the samples. A shoulder around 450 nm assigned
to Cr(VI) polychromate is also observed for the four Cr—SBA-
1 samples. However, a band at 600 nm assigned to octahedral
Cr(IIT) in Crp0O3 or CrO; clusters is not observed for Cr—SBA-
1(I) with lower chromium content, while for the other three
samples with higher chromium content the band is detected.
These results indicate that both Cr(VI) monochromate and poly-
chromate coexist in calcined Cr—SBA-1, and octahedral Cr(III)
in Cr03 or CrO, clusters also exists when chromium content
is above 1.81 wt.%.

Fig. 5 shows FT-IR spectra of calcined siliceous SBA-1 and
various Cr—SBA-1 samples. The band at 905 cm™~! in the group
of Cr—SBA-1 samples can be assigned to Cr—O or Cr=0 vibra-
tion from Cr(VI) species as reported earlier [19]. Moreover, the
optical density of this band, which is absent in calcined siliceous
SBA-1, increases with the increase of Cr content. The peaks near
1089 and 802cm™! correspond to asymmetric and symmetric
vibrations of Si—O-Si linkage, respectively. In all samples a FT-
IR band around 960 cm™! is observed, which is often assigned to
a lattice defect and is correlated with the presence of chromium
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Fig. 5. FT-IR spectra of the various calcined samples: (a) siliceous SBA-1; (b)
Cr—SBA-1(I); (¢) Cr—SBA-1(I); (d) Cr—SBA-1(III); (e) Cr—SBA-1(IV).

ions (or other framework ions) in a chromium silicate-1 frame-
work (CrS-1) [20]. This 960 cm~! band is also prominent in
the FT-IR spectrum of calcined siliceous SBA-1. By carefully
examining this band, it is at 966 cm ™! in siliceous SBA-1 and is
shifted to 956 cm™! in Cr—SBA-1(IV) shown in Fig. 5. Recent
work suggests that this band is assignable to a Si—O vibration
in a Si—OH group in siliceous MCM-41 [21]. If this is the case,
it is reasonable to attribute the red shift in Cr—-SBA-1 to the
replacement of a OH group by O—Cr(VI). The bands at 623 and
569 cm™! are found to be due to extra framework chromium
oxide as reported earlier [22]. These bands are found to be absent
in siliceous SBA-1 where Cr is not incorporated.

Fig. 6 shows the TPR profiles of various calcined Cr—SBA-1
and Cr—SBA-1 samples. No clear reduction peaks are observed
for pure siliceous SBA-1 while one or two reduction peaks

TCD signal (a.u.)

200 300 400 500 600 700
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Fig. 6. TPR profiles of various calcined Cr—SBA-1 and Cr/SBA-1 samples: (a)
siliceous SBA-1; (b) Cr—SBA-1(I); (c) Cr—SBA-1(II); (d) Cr—SBA-1(II); (e)
Cr-SBA-1(IV); (f) Cr/SBA-1.
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Table 2
Results of homogeneous reaction between ethane and CO, at various
temperatures

Temperature (°C) Conversion (%) CoHy Selectivity (%)
S ——— yield (%) S
CyHg CO, CyHy CHy

600 0 0 0 0 0

650 1.91 0 1.87 97.7 2.3

700 5.19 0 4.95 95.4 4.6

750 21.8 0 21.4 93.5 6.5

800 559 0 50.9 91.0 9.0

Reaction conditions: SV=9000h~! ml/g-cat. V(CoHg)/V(CO,) =12/48.

appear in the group of Cr—SBA-1 samples. Therefore the reduc-
tion peaks of these Cr—SBA-1 samples must be related with
the presence of reducible chromium species. For Cr—SBA-1(III)
and Cr—SBA-1(IV), the consumption of hydrogen observed at
low temperature (290 °C) could be attributed to the reduction of
polychromate to Cr'''O,. The second band at higher tempera-
ture (400 °C) is assigned to the reduction of monochromate to
Cr''O, [14,18]. It is noteworthy that only one reduction peak at
higher temperature is observed for Cr—SBA-1(I) and Cr—SBA-
1(I), although both monochromate and polychromate coexist on
the surface of the two samples. We speculate that the reduction
peak at higher temperature may overlap that at lower tempera-
ture in the case of Cr—SBA-1(I) and Cr—SBA-1(II) based on the
results of Weckhuysen et al. [18], who reported that monochro-
mate was the dominated species at lower chromium content for
Cr-supported catalysts.

3.1. Catalytic tests

Table 2 lists the results of homogeneous reaction between
ethane and CO5. It was seen that this reaction could not be carried
out at 600 °C. When the reaction temperature was above 650 °C
ethane conversion and ethylene yield significantly increased
with the increasing temperature. On the other hand, CO; con-
version was zero and CO was not detected in the whole range
of temperatures studied. Therefore, the homogeneous reaction
of ethane and CO; was mainly an ethane dehydrogenation,
as ethylene was a primary product (selectivity above 91.0%)
and a minor amount of methane is a secondary product pro-
duced by thermal cracking of ethane at the higher temperatures.
These results were consistent with those of literatures [23,24]. In
the present paper, we restricted the reaction temperature below
650 °C. Under this reaction condition, the homogeneous reac-
tion between ethane and CO; is negligible.

Fig. 7 shows the effect of chromium content in the Cr—-SBA-
1 system on catalytic performance at 650 °C. When Cr—SBA-1
mesoporous molecular sieves with different nc,/ng; ratios were
used as the catalysts for the dehydrogenation of ethane with car-
bon dioxide, the conversion of ethane increased almost linearly
with increasing Cr content from 0% to 3.75% and it reached
the maximum value at 3.75 wt.%Cr, whereas, ethane conversion
decreased slightly when Cr content was increased up to 7.39%.
The selectivity towards ethylene over Cr—SBA-1 catalysts is
lower than that of pure siliceous SBA-1, however, it shows lit-
tle difference among Cr—SBA-1 catalysts with the varying Cr
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Fig. 7. Effects of Cr content in Cr—-SBA-1 system on catalytic performance.
Reaction conditions: 650°C, SV=9000h"! ml/g-cat. V(CyHg)/V(CO,) =
12/48.

content. Among these catalysts, Cr—SBA-1(III) exhibited the
highest catalytic performance, giving 21.2% of ethylene yield
with a selectivity of 86.9% at 650 °C.

Fig. 8 shows the catalytic properties of Cr—SBA-1(III) and
Cr/SBA-1 catalysts for the dehydrogenation of ethane with car-
bon dioxide at various temperatures. It was seen that the con-
version of ethane increased almost linearly with the increasing
temperature for the two samples, whereas, selectivity to ethylene
decreased slightly. On the other hand, we can see that Cr/SBA-1
catalyst showed higher ethane conversion and similar selectivity
towards ethylene in comparison to that of Cr—SBA-1(III) in the
whole range of temperatures studied.

It has been proposed that the active species for dehydrogena-
tion of light alkanes in chromium-based catalysts are Cr** ion.
Wang et al. studied the dehydrogenation of propane with car-
bon dioxide on Cr-MCM-41 prepared by direct hydrothermal
synthesis and template-ion exchange. They suggested that aggre-
gated Cr(III) species was responsible for the dehydrogenation of
propane [14]. Nakagawa et al. investigated the dehydrogenation
of ethane in the presence of carbon dioxide over Cr/diamond
catalyst and proposed that CrpO3 or a higher-oxidation state of
chromium oxides were active species [25]. Wang et al. evalu-
ated the same reaction over Cr/SiO; catalyst. They found that
two Cr species, Cr3* and Cr°*, coexisted on the catalyst surface.
Thus, they believed that surface Cr’* species and Cr®/Cr3*
were the active sites for dehydrogenation of ethane based on
XPS and TPR measurements [26,27]. In our case, we found
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Fig. 8. Dehydrogenation of C;Hg with CO, over Cr/SBA-1 (empty symbols)

and Cr/SBA-1(IIT) (full symbols) at various temperatures. Reaction conditions:
SV =9000h~! ml/g-cat. V(C,Hg)/V(CO,) = 12/48.



230 X. Zhao, X. Wang / Journal of Molecular Catalysis A: Chemical 261 (2007) 225-231

50 T T T T T 100

40¢ \_

=)
o

g
B \: el
3 3qp 60"
g 0. &U)
S G o,
I:’j 20 {__’/\-\____. S——o {40 §
S T — )
10 120 <

o

0 30 60 90 120 150 180
Reaction time (min)

Fig. 9. Stability of Ct/SBA-1 (empty symbols) and Cr/SBA-1(III) (full sym-
bols). Reaction conditions: 650 °C; SV =9000h~! ml/g-cat. V(CoHg)/V(CO2) =
12/48.

that only monochromate species existed on the impregnated
Cr/SBA-1 while several types of chromate species including
both monochromate and polychromate coexisted on Cr—SBA-
L(III). This result demonstrated that chromium was more highly
dispersed in Cr/SBA-1 than that in Cr—SBA-1(IIl). The X-
ray diffraction patterns of Cr/SBA-1 and Cr—SBA-1(III) (not
shown) at 260 = 10-70° also indicated that Cr/SBA-1 exhibited
higher dispersion degree of chromium species in comparison
to Cr—SBA-1(III). Above observation can be explained by the
state of chromium oxoanion in the direct synthesis and impreg-
nation solutions. As mentioned in Section 2, the Cr—SBA-1(III)
was synthesized under highly acidic conditions (pH <0), and
Cr/SBA-1 was prepared by impregnation with an aqueous solu-
tion of ammonium dichromate at pH 6. In aqueous solutions of
chromium anions, different equilibrium phases exist, depending
on the pH [18].

2Cr042~ +2H" & Cr02"+H,0 2 <pH < 6) (1)
2Cr,07%” +2H" < Cry013>~ +H,0  (pH < 2) 2)

At pH<O, i.e., the Cr—-SBA-1(Ill) synthesis conditions, the
chromium anions are present as large polyanions; the pH was
low enough to convert the most of [Cr,07]% into [Crs013]%~
through Eq. (2), resulting in poor dispersion on the silica sur-
face. In the pH range of 2-6, i.e., the Cr/SBA-1 impregnation
conditions, the chromium anions is smaller than under low pH
conditions, which leads to a better dispersion of Cr oxide on
SBA-1 surface.

The redox properties of Cr/SBA-1 and Cr—SBA-1(III) are
shown in Fig. 6. It was noticeable that the profile of Cr/SBA-1
catalyst showed a pronounced Hy consumption peak attributed to
the reduction of monochromate to CrIHOx. However, two small
peaks were detected for the Cr—SBA-1(III) catalyst, which could
be attributed to the reductions of polychromate to Cr''O, and
monochromate to Cr'''O,, respectively. It was thus reasonable to
speculate that such Cr(III) species were responsible for the dehy-
drogenation of ethane by carbon dioxide. Based on the above
results, the different catalytic behavior between Cr/SBA-1 and
Cr—SBA-1(III) can be explained.

Fig. 9 shows the catalytic performance of Cr/SBA-1 and
Cr—SBA-1(II) catalysts as a function of time. It was seen that
the two catalysts exhibited obvious deactivation with increas-
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Fig. 10. UV-vis diffuse reflectance of Cr—SBA-1(HI) and Cr/SBA-1: (a) fresh
Cr-SBA-1(III); (b) fresh Cr/SBA-1; (c) Cr—-SBA-1(III) after the reaction for 3 h
under CO;; (d) Cr/SBA-1 after the reaction for 3 h under CO,.

ing the reaction time. However, deactivation rates were different
over the two catalysts. Cr—SBA-1(III) showed a higher deactiva-
tion rate. Ethane conversion decreased from 37.5% to 20.1% for
Cr/SBA-1 catalyst after about 3 h reaction. For Cr—SBA-1(III),
ethane conversion changed from 32.0% to 12.0% after about
3 h. For both catalysts, as ethane conversion decreased, ethylene
selectivity was kept at 85-87%.

Takehira and Ohishi investigated the deactivation mecha-
nism of Cr-MCM-41 catalysts during the dehydrogenation of
propane and ethylbenzene with COy, suggesting that Cr(VI)
in tetrahedral coordination formed as an active monochromate
species and reduced to Cr(IIl) in octahedral coordination as
a less active polychromate species during the two reactions
[28,29]. Takahara et al. studied the deactivation behavior of
Cry03/Si0; during the dehydrogenation of propane in the
presence of CO;; they proposed that the slower deactivation
of the catalyst could attribute to the reason that CO, might
maintain the surface of Cry03/SiO; to be partially oxidized
during the reaction [30]. In this investigation, we found that UV
bands at 265 and 350 nm assigned to O—Cr(VI) charge transfers
of monochromate species could not be distinguished clearly
for Cr/SBA-1 and Cr—SBA-1(IIl) catalysts after the dehy-
drogenation of ethane with CO; for 3h (Fig. 10). Moreover,
the optical intensities of the bands significantly decreased in
comparison to that of fresh catalysts. Thus, it was concluded that
tetrahedrally coordinated Cr(VI)O4 existing on fresh Ct/SBA-1
and Cr-SBA-1(IIl) catalysts was reduced to octahedrally
coordinated Cr(II) during the reaction. We believed that such
change in the valence state of chromium caused the deactivation
of Cr/SBA-1 and Cr—SBA-1(III) catalysts.

4. Conclusions

Cr-incorporated SBA-1 cubic mesoporous molecular sieves
were successfully synthesized under strongly acidic conditions.
Both monochromate and polychromate coexisted on these meso-
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porous materials. Among these samples, Cr—SBA-1(III) exhib-
ited the highest catalytic performance for the dehydrogenation
of ethane with CO,, whereas, its catalytic activity is lower than
that of Cr/SBA-1 prepared by conventional impregnation. The
difference of catalytic performance between Cr—SBA-1(III) and
Cr/SBA-1 was related with the dispersion degrees and redox
properties of chromium species. The two catalysts exhibited
obvious deactivation with the increase of reaction time during
this reaction, which could attribute to the reduction of tetrahe-
drally coordinated Cr(VI)Oj.
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