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Abstract

Catalysts containing 10wt.% W were prepared usingOM-HY mixed supports with various HY contents. The catalytic perfor-
mance of these catalysts for the metathesis of ethene and 2-butene to propene was determined in a fixed-bed flow reacor at 180
under 0.1 MPa. The 2-butene conversion of these catalysts increases remarkably with the HY content in the range of 0-30wt.%. Be-
tween 30 and 70wt.% of HY content, the conversion reaches a plateau of 60—63%, which is very close to the thermodynamic equi-
librium value of ~64%. After that, the 2-butene conversion decreases substantially. The propene selectivity shows the similar trends.
The maximum propene selectivity goes up to 88%. By the studies gFTR®D, H,-TPR and UV-vis, the role of HY zeolite in the
10W/AlL,Oz—xHY is explained in two following aspects: (i) changing thebBsted acidity of catalysts, which may affect the formation
of initial carbene species; (ii) modifying the interaction between W species and support for the formation of active centers with intermedi-
ate oxidation number (W, W5, W+ (0<y<1)). Based on this information, the optimal HY content for 10W@d-xHY catalysts is
about 50-70%.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction son, we carried out the research of the metathesis between
ethene and 2-butene.

The metathesis of propene has known for long time since A wide variety of transition metal compounds catalyze the
the pioneering work from British Petroleum and from Philips. alkene metathesis and the most successful are based on W, Mo
The reason why this process attracts much interestisits adaptand Re. The heterogeneous catalysts are general aforemen-
ability to the desired alkenes according to the demand. In thetioned transition metal oxides supported on high surface area
past 40 years, most of attention has been put to the metathesilica or alumina. Conventionally, the supported tungsten ox-
sis of propene because of the increase in the ethene outputide catalysts are less active for metathesis than their rhenium
However, with the increasing need of the propene, the reverseand molybdenum counterparts. In order to achieve accept-
of the reaction, i.e. the metathesis of ethene and 2-butene table metathesis activity, much higher reaction temperatures
propene, attracts more and more intefés2]. For this rea- (250-500°C) have to be used for the tungsten-based catalysts

[3,4]. However, the tungsten-based catalysts still have a high
potential for practical applications in metathesis, mainly due
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the metathesis of ethene and 2-butene, which shows 2-butenat the outside of the steel reactor to measure the temperature
conversion 65—70% and selectivity above 90% at 2502800 of the electric furnace, which was taken as the reaction tem-
[2]. For metathesis of long chain alkenes, such as 1-octeneperature. After the catalyst was pretreated in situ at&Dior
and 1-heptene, WEISIO, catalyzes the reaction with 88% 1 h under high purity M (0.1 MPa, 30 ml/min), it was cooled
conversion and an online lifetime of 700 h at 4&0[5]. to the reaction temperature in flowing NThe catalyst was

The catalytic performance of R@®;/Al,O3 has been then used for the metathesis reaction between ethene and 2-
tried to improve by the addition of other oxides to the alu- butene to propene. The reaction conditions are as follows:
mina support, e.g. Si¥&3-Al»03 [6,7], Al203—B203 [8,9] or temperature = 180C, pressure=0.1 MPa, MCoH4=1.5,
Al,03—P,05 [10]. The resulting improved catalytic perfor- CoHa/2-C4Hg =1, WHSV(GHj+2-C4Hg)=1.5h1, and
mances were partly attributed to the highedBsted acidity catalyst=3.0g. The reaction products are analyzed by a gas
of SiOx—Al>03 or Al,03—B,03 than that of commonly used  chromatograph with a FID detector. The 2-butene conversion
Al,0O3 or SiG, support. It was also claimed that the modi- and propene selectivity are calculated as follows:
fied support better stabilizes the Re species in the favorable
oxidation state for the formation of the initial rhenium car-  Spropene

bene specief®]. Since many zeolites have notabléBsted [C3 ]
acidity, the use of alumina—zeolite supports seems to be an- = .= = +
_ : -l 3 +[1—-C4 ]y +[Cs],n +[Célm +[Cs
other good alternative to improve the@®isted acidity of the (ol b el - LCel + ]”(11)
catalysts.
In this paper we investigated the influence of HY con-
tent on the metathesis between ethene and 2-butene over [C37 ]

10wt.% W/ALOs—xHY catalysts. We found a very aptive Spropene= [Caln +[L—Caly +ICsl, +[C5 1 (2)
catalyst, 10wt.% W/(30wt.% AD3-70wt.% HY), which _ .
promotes the reaction with 2-butene conversion ca. 60% Where C3™]n, [1 — C4~]n are the molar percent of each com-
and propene selectivity ca. 88% at & Then 10wt.%  ponentin effluentgas an@§~]m, [1 — C4~]m are the weight
WI/AI,0s—xHY catalysts were characterized by Py-FTIR, percentof each componentin effluent gas.
H,-TPR, and UV-vis and other techniques. Efforts are put  And the weight percent of other products are estimated as
to correlate the metathesis catalytic performances with the done to propene. In our experiments for the metathesis on the
physico-chemical properties of the catalysts, in particular, L0W/Al,03—xHY catalysts, the ethene conversion increases
with the acidity of catalysts and interaction between W synchronously with that of 2-butene, thus we use the 2-butene
species and supports as the function of HY content in the conversion as the catalytic activity.
10W/A|203—XHY.

2.2. Catalyst characterization

2. Experimental X-ray diffraction (XRD) measurements were made with
a Rigaku D/Max Diffractometer using CucKradiation, op-

2.1. Catalyst preparation and its evaluation erating at 40 kV and 50 mA. Patterns were recorded from 3
to 70° (20).

The AbOz—HY support was prepared by extruding a mix- Under flowing 10% H/Ar flow (20 ml/min), Hx-TPR pro-
ture of y-Al,03 powder and HY zeolite (WenzZhou Zeolite files were obtained in the range of ambient to 8Q0at a
Manufacture of China, Si/Al=10, NaO < 0.2 wt.%) at de- programmed temperature rate of’X2¥min after the samples
sirable weight percent into strips with a diameter of about had been pretreated in an Ar flow at 5@for 30 min.
2 mm. The drawn extrudate was left at room temperature for NH3-TPD measurements were performed in a conven-
a few hours and placed in an oven at 20 for 12 h. Sub- tional flow apparatus using a U-shaped microreactor (4 mm
sequently, the dried extrudate was calcined at“&Dbr 2 h i.d.) made of stainless steel, with helium (He) as the carrier
and then grinded into 16—32 mesh. gas. The NH-TPD process was monitored by a gas chro-

Catalysts containing 10wt.% tungsten were prepared matograph with a TCD detector. A catalyst sample of 0.14 g
by impregnating the AlOs—HY support with ammonium  was pretreated at 60C for 0.5 h in a He stream with a flow
metatungstate solution according to the incipient wetnessrate of 25 ml/min and was cooled to 190. Then, it was
method. The impregnated samples were dried at C2for exposed to an Ngtcontaining He stream for 10 min. The
5h, and then calcined at 60Q for 2 h. These prepared cata- sample was purged with a pure He stream for a certain pe-
lysts are denoted as 10WHADs—xHY, wherex indicates the riod of time until a constant baseline was attained sNIFPD
weight percent of HY zeolite in the ADs—HY support. was carried out in the range of 150—7@at a heating rate

The catalysts were tested in a fixed-bed flow microreactor of 18.8°C/min. The acid amount of sample was calculated
of 10 mm inner diameter, and 3 g of catalyst with an average according to referendd1].
particle size of 0.56—1.3 mm was loaded. A EU-2 type ther-  Pyridine adsorption measurement was performed on a
mocouple was fixed in the middle position of the catalyst bed Thermo Nicolet Nexos 470 instrument. Prior to pyridine sorp-
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tion, the wafers were outgassed at 360for 2 h under vac- e Oligomerization
uum. The sample was then cooled to room temperature and
the IR spectrum was r_eporded as the background spectrum., cH,=CH, — (~CHp—CHp),—,
Subsequently, dry pyridine (equilibrium vapor &t@) was
admitted in the sample chamber for about 0.5 h. The sample 7"CH2CH=CHCH; — (—~CH2—CH;—CH;—CH),—
was then evacuated at 180 for about 0.5 h. After cooled
down to room temperature, the IR spectrum was recorded. All
IR spectra of adsorbed species are obtained by subtracting th
background spectra. The IR adsorption bands at around 154
and 1450 cm?® were used to determine &nsted or Lewis - ; !

. . . " . : them, 1- C4~ originates from the double bond isomeriza-
acids, respectivelfl2]. The ratio of Bbnsted to Lewis acid . . o

. tion or skeletal isomerization of 2-butene fe€d.represents

sites was obtained by using correlations developed by Emelssubstances bearing five carbon atoms. which are mainly oro-
for Porous aluminosilicatd4 3]. On the basis of this correla- 9 ) yp

tion, the ratio of Bonsted acid to Lewis acid can be estimated duced from s_econdary metathesis, &1d is used to denote
. . the products in the §-Cyo range.
as following equation:

Table 1 shows the activity and selectivity of
Cs 1.88\ IA(B) 10W/Al,O3—xHY catalysts as a function of HY zeo-
L = (1—42> m 3) lite content. The catalytic performance of catalysts depends
on the HY content in the support. 10WKD3 proceeds
whereC is the concentration and IA (B or L) the integrated the metathesis reaction with 23.6% 2-butene conversion
absorbance of Binsted or Lewis band. at 180°C. This is in fair agreement with reference results,
UV-vis spectra were recorded with a JASCO 500 spec- which always report a low activity for Wgdy-Al,O3 at
trophotometer equipped with a diffuse reflectance attach- relatively mild conditions[4]. A remarkable increase in
ment. The samples were studied in the form of 12 mm diam- 2-butene conversion from 23.6% to 59.4% is observed with
eter, 2 mm thick pellets prepared as self-supporting waters.increasing HY content up to 30wt.%. Then the 2-butene
The spectra were recorded under air-exposed conditions inconversion does not change much at ca.60% in the range of
the range 200-800 nm and the scan speed was 120 nm/min.30—-70 wt.% HY. Further increment of HY content results in
the sharp decrease in 2-butene conversion. Similar trend can
be observed for the propene selectivity. The maximum 2-

Therefore, itis difficult to make a comprehensive list of all
he side products. For a simple treatment, we divide these side
products into three categories=1C4~, Cs andCs*. Among

3. Results and discussion butene conversion is obtained at 10\W/@5—70HY, whose
2-butene conversion of 62.6% is near the thermodynamic
3.1. Catalytic performance of 10WMs—xHY catalysts equilibrium value {-64%). The maximum propene selectiv-

ity, 88.2%, also belongs to 10W/4D3—70HY. As shown in
The metathesis between ethene and 2-butene is an equiTable 1 1—C4~ andCs are the major side products for all

librium reaction, which is slightly exothermic: catalysts. Their weight percents vary inversely as propene se-
lectivity. On the 10W/AYO3—50HY and 10W/A$O3—70HY

CH2—CH; + CH3CH=CHCHz — 2CH3CH-CH) catalysts, the weight percentG§* is only 1.2%, indicating

(25°C, AH = —1.7 kJ/mol) that the isomerization and secondary metathesis are the

major side reactions for the active catalysts. In contrast, the
Besides the metathesis reaction, side reactions such as isoLOW/HY shows the poorest performance, which shows only
merization, subsequent secondary metathesis, oligomeriza16.6% 2-butene conversion and 36.2% propene selectivity.

tion may occur: The weight percent of + C4~ and Cs* is very high as
e isomerization Table 1
Catalytic performance of 10W/ADs—HY with different HY zeolite
CH3—CH-CH-CH3 — CH,=CH—-CH>—CHg, contents
CH3—CH=CH-CH3 — CH3=C(CH2)—CH3 Catalyst 2€4° Selectivity (%)

conversion (%) - - "
Cs3™ 1-C4~ Gy Cs

. 10W/AI,O3 23.6 640 2% 67 67

e secondary metathesis 10W/Al,05~10HY  26.9 652 20 71 71
10W/AI,05-30HY  59.4 833 & 54 16

CH3=C(CHz)—CH3 + CH,=CH-CH,—CHz — 10W/AI,03-50HY  60.6 881 8 44 12

B B 10W/AI,05-70HY  62.6 882 @ 45 12
CH2=CH + CH3C(CHz)=CH-CH,—CHg, 10W/ALO3—90HY  52.7 838 & 61 14
CHy=CH-CHy—CHs 1 CHp=CH-CHs — 1OW/HY 16.6 36.2 4 6.8 103

Reaction conditionT=180°C; P=0.1 MPa; WHSV =1.5h!; ethene/2-
CHp=CH; + CH3—CH=CH-CH,—CHjs butene = 1(mol ratio); time on stree=1 h.
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) . . Fig. 2. XRD patterns of 10W/AOs—xHY catalysts. (a) 10VW-Al,0Og3;
Fig. 1. Catalytic performance of 10W//D3—xHY as a function of the pro- (b) LOW/ALO3—10HY: (c) LOW/AbO3—30HY: (d) LOW/AbO3—50HY: (€)
(d) 10W/Al,O3-50HY; (e) 10W/AbO3s—70HY; (f) L0W/Al,O03-90HY; (g)

10W/HY. Reaction conditionT =180°C; P=0.1 MPa; WHSV=1.5h?; . . .
ethene/2-butene = 1(mol ratio) to the spontaneous dispersionefl 03 onto the HY zeolite

surface to form a monolayer or submonolajiet].

46.7% and 10.3%, respectively, implying the isomerization ~ Fig. 3shows infrared spectra of adsorbed pyridine on the
reactions predominate over the metathesis process. catalyst. The characteristic infrared bands near 1540cm

Not only the activity and selectivity but also the sta- are attributed to pydridinium ions on &nsted (B) acid sites
bility changes with the HY content in the AD3—xHY and those near 1450 crhare corresponding to pyridine co-
support. As shown irFig. 1, besides the rather low ac- Ordinatively bonded to Lewis (L) acid centdi]. As shown
tivity and selectivity, the 10W/AOs, 10W/Al,Os—10HY in Fig. 3 no evidence is found for a band at 1540¢nhon
and 10W/HY catalysts also show poor stability. The most the 10W/AbOz sample, indicating that there is nodisted
active catalyst 10W/AO3—70HY is also the most sta- acid site on the surface strong enough to react with the pyri-
ble one among all 10W/ADs—xHY catalysts. For the dine.Onlythe bandat 1450 crhappears on the 10W/ADs,
10W/Al,03-30HY and 10W/A$O3—50HY catalysts, the  suggesting there are only Lewis acid sites on 3#D,0O3
2-butene conversion decreases almost linearly as a func{12]. The 10W/HY sample shows bands both at 1540 and
tion of time. Despite its lower initial 2-butene conversion 1450 cnT?, indicating that there are both@nsted and Lewis
than that of 10W/AJO3—30HY or 10W/AbO3—50HY, the acid sites on the 10W/HY sample. With the increment of
10W/Al,03—90HY shows a slower deactivation rate, whose HY content in the AJOs—HY support, the intensity of band
trend resembles that of 10W/&Ds—70HY. at 1540 cm! become stronger and that at 1450 cndoes

From the results ofable 1andFig. 1, we canconcludethat ~ Not change obviously. On the other hand, the bands at about
the combination of AlOz and HY is prerequisite for the ac- 1490 Crn_l, contributed by both the Bnsted and Lewis acid
tive catalysts, and only the catalysts with appropriate HY con- Sites[12], become stronger with the increment of HY content.
tent (30—70 wt.%) give good catalytic performance. Catalysts The relative distribution of acid sites (expressedCasC,
with either too low (<10wt.%) or too high HY (>90 wt.%) ratios) as a function of HY content in AD3—HY was esti-

content show rather poor catalytic performance. mated according to Eq3). As shown inFig. 4, the Cg/C,
value increases from 0 to 2.8 with the HY content changing
3.2. Characterization of 10W/#Ds—xHY catalysts from O to 100 wt.% in the AIO3—HY support. The total acid

XRD patterns of 10W/AIO3—xHY samples calcined at
600°C are shown irFig. 2 No diffraction patterns of any
W phase were detected in the different samples and the only
peaks present in the patterns correspond totiié,O3 or
HY phase. This indicates that the W phases were well dis-
persed on the different supports forming either an amor- ,
phous phase or microcrystallites that cannot be detected at
this measuring scale. The intensities of sharp HY charac- ___/u\/\/ﬂ/\r_kz
teristic peaks increase with the increment of HY content in %M
the Al,Os—HY support. The coexistence of brogeAl,03 X , ’ )
(20=137.39, 45.95, and 67.06) and sharp HY characteristic 1400 1450 1500 1550 1600
peaks is shown in samples with HY content below 70 wt.%. wavenumber/cm

Only_ HY characteristic peaks, exgep_t their difference in in- Fig. 3. FTIR spectra of chemisorbed pyridine on 10V¢@4—xHY catalysts
tensity, appear as the HY content is higher than 70 wt.%, duewith different HY contents.

Lewis acid Bronsted acid

10W/HY

I
10W/AI203-70HYE

Intensity (a.u.)

'
|
10W/AI,0-30HY:
!
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Fig. 6. UV-vis spectra of 10W/ADs—xHY catalysts with different HY

Fig. 4. Correlation between 2-butene conversion and acid character of sup-contents. (a) 10Wj-Al ,O3; (b) L0W/AlL,O3—10HY; (c) 10W/AbO3—-30HY;

ported WQ catalysts. (A) 2-Butene conversioll); (B) total acid amount
(O); (C) Ca/CL(O)-

amount of catalyst was determined by NMAPD. The min-
imum value is 0.106 mmol/g for 10W/AD3 and the maxi-
mum one is 0.206 mmol/g for 10W/HY. The amount of acid
increases almost linearly with the increment of HY content.
Correlating the results of Py-FTIR with those of MHIPD,
we can conclude that the increment of HY content in the
10W/Al,O3—xHY samples results in an increase in total acid
sites, and a progressive increase ibisted acid sites.

The interaction between W species and theQy-HY
support was investigated by the- HPR technique, as shown
in Fig. 5 The ALOsz—HY support has no H reduction

(d) 10W/ALO3-50HY: (€) L0W/AbOs—70HY: (f) LOW/ALO3—-90HY: (g)
10W/HY.

800°C for the 10W/AbOs. Moulijn and co-workers have
reported that the reduction of WAl ,O3 with similar tung-
sten loading (10%) as this work shows no reduction peaks
below 800°C due to the strong interaction of alumina sup-
port with tungsten oxid¢18]. The dash TPR profile is for
the mechanical mixture of W{&and HY with the same W
content as those 10W/#D3—xHY catalysts, which reveals

a complete reduction of bulk W to metal W at this re-
duction condition. Compared with the profile of bulk WO
the area oh peak for supported 10W/HY catalysts are obvi-
ous diminished. This indicates that the some W species have

peak (not shown) in the range of our reduction temperature interaction with the HY supports, which requires a higher re-
(<800°C). Three peaks are observed at about 420, 550 andduction temperature for them. The diminishmentqieak

800°C on the 10W/HY sample, which are denotedl as
andh, respectively. Thé andm peaks are assigned to the
reduction of W species in octahedral coordinatjhb,17],
which are reduced at relative low temperature. The biload
peak at 800C is assigned to the reduction of the surface
amorphous tungsten oxide species or the av@crocrys-
tallites to the W metaJ15-17] With the decrement of HY
content in ApO3—HY, the intensities of these three peaks de-
crease obviously and thereduction peak shifts to higher

area becomes more remarkable with the decrement of HY
content in support, which suggests more and more W species
require higher reduction temperature. Until for 10\W/@4
catalysts, this peak vanishes completely. Based on the above
results, we conclude that the W species interact much more
strongly with ALOs than do with HY. As a result, the interac-
tion between W species and&8);—xHY become diminished
with the increment of HY content in supports.

The UV-vis spectra are sensitive to the structure change

temperature. In fact, almost no reduction peaks appear belowof catalysts. As shown iRig. 6, all fresh catalysts show two

A

Intensity(a.u.)

200 400 600 __800 | isothermal -
T(C)

Fig. 5. TPR profiles of 10W/AlOz—xHY catalysts. (a) 10W-Al,O0s3;
(b) 10W/AL,O3—10HY:; (c) 10W/AbO3—30HY; (d) 10W/AbO3—50HY:; ()
10W/Al;03—70HY; (f) 10W/Al,03—90HY; (g) 10W/HY.

bands: one at about 215nm and another at about 250 nm.
According to the literaturg¢19], 215 nm band corresponds

to the normal tetrahedral W&~. And the band at 250 nm
can be attributed to distorted tetrahedral W‘Ospecies
due to the strong interaction between W species an@Al
support[19], or to the octahedral W speci¢20]. On the
10W/Al,O3—xHY catalysts, we propose that the adsorption
of 250 nm band is the combination of distorted tetrahedral
and octahedral W species. With the increment of the HY
content, the intensity of band at 250 nm decreases, while that
of band at 215 nm increases. This reveals that the increment
of HY content in the 10W/AIOs—xHY support results in

the reduction of distorted W&3~ species or the presence of
some octahedral W species, whose bands normally are much
less intense than tetrahedral ofi2E]. The reduction of dis-
torted tetrahedral Wg¥~ species is an indirect reflection of
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Fig. 7. The UV-vis spectra of spent catalysts (1h) with different HY Fig. 8. Comparison of reducibility between fresh and spent catalysts.
contents. (a) 10W/AlO3; (b) 10W/Al,O3—30HY; (c) 10W/ALOs—50HY;

(d) 10W/Al,O3—70HY; (e) 10W/HY. Inset spectra (—) 10W/AD3—70HY

(1 h); (---) 10W/ALO3—70HY (7 h). 3.3. Correlation between catalytic performance and

characterization results of 10W/AD3—xHY catalysts

diminished interaction between W species andO-HY The AlLbOs—HY support surely plays an important role in
support, which is consistent with the results of TPR. In accord the activity of Supported Wgcatajysts from above results.
with our results, Raimez and Gugrrez-Alejandrg21] have  Asthe study on the metathesis activity of severalSi,03
reported the geometry of W species change from tetrahedralsypported RgO; catalysts by Sibeijn and M¢23], an im-
coordination to octahedral coordination and a diminished in- provement in activity with the increasing &@rsted acidity of

teraction between tungsten species angD3+-TiOz support  the support was observé#3,24] For the AbO3—HY sup-

with the increment of Ti@ content in WQ/Al203-TiO, ported catalysts, the catalytic activity is also positively corre-
which was evidenced by the TPR, UV-vis and FT-Raman |ated with Bnsted acidity as the HY contentincreasing from
spectra. 0 to 70wt.%, due to the notable @rsted acidic hydroxyl

Further, the spent 10W/ADs—xHY catalysts were also  groups of HY zeolite. This promoting effect of @rsted acid
characterized by UV-vis technique to investigate the oXi- could be realized as Laverty and Xiaoding’s suggestions that
dization state of W species after reaction. It has been re-the Bionsted acid sites can improve the metathesis activity
ported for molybdenum species that the adsorption band be-py reacting with the reduced transitional metal ion or by pro-
tween 400 and 800 nm is due to the reduced Mo ions such agonizing the adsorbed alkene molecul2s,26]

Mo**and M@* [22]. Since supported W&and Mo cata- However, for the 10W/AIOs—xHY with higher than

lysts are comparable in chemistry, itis reasonable to attribute 70 wt.% HY, the catalytic activity and selectivity begins to
the adsorption between 400 and 800 nm to the reduced Wdecrease, which implies that besides the catalygéh&ed

ions such as W and WP*. On the other hand, bands at 215 acidity some others factors influences the catalytic perfor-
and 250 nm have been attributed t&'V¥pecies in the pre-  mance. The interaction between W species and support may
ceding section. In addition, we observed bands between 250pjay an important role in the metathesis reaction. From the
and 400 nm, which are tentatively assigned to the W speciesTPR profiles of fresh catalyst§ig. 5), it can be concluded
charged between +5 and +6. As discussed above, all freshthat the interaction between W species and support becomes
samples show two intensive bands at 215 and 250 nm besidegjiminished with the increasing HY content, which is appli-
aminor band at above 400 nm, which means the predominantcaple to reveal their resistance to the reductive alkene feed.
tungsten species of the fresh W48l;—xHY catalysts is V§* Furthermorefig. 8shows the comparison of TPR spectra be-
and the amount of Wand WP* is minor. After 1 h reaction  tween fresh and spent catalyst for 1 h in the reaction stream.
time, the spectra of spent catalysts become different from There is almost no change for the profiles of the 10\WMD4
those of fresh ones. As shown fiig. 7, two new bands at  pefore and after reactions (not shown). While forthe 10W/HY
ca. 380 and 450 nm are observed in the 10WDA| whose  catalyst, the intensities of three peaks after 1 h reaction time
intensities are lower than those of bands at 215 and 250 nm.pecome obviously diminished. It is understandable that there

The increment of HY contentin the 10W/ADz—xHY results is a slightly change in the intensities of three peaks for the
in the higher intensities of bands at 420 and 500 nm, while 10W/Al,03-70HY catalyst.

that of band at 250 nm become lower. For the spent 10W/HY | addition, the UV-vis spectra of spent 10W4Ss—xHY
sample, the band at 215 nm vanishes completely, and bandgatalysts reveal the relative amount of reduced W species af-
at 420 and 500 nm predominate in adSOfption. The UV-vis ter 1 h reaction time. For 10W/é®3, the obvious low in-
spectra of spent catalyst imply that after reaction part 8f W tensities of bands beyond 250 nm indicate most of W species
species are reduced toand W* species, whose amount s sill kept in +6 oxidization state. The intensities of those

increases with the HY content in the A3-HY support. bands beyond 250 nm become higher with the increment of
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HY content in the A}O3—xHY support, symbolizing an in-  cause the loss of catalytic activity. Only those catalysts with

creasing amount of reduced W species. The largest amounsuitable HY content, e.g. about 50-70wt.%, have both ad-

of reduced W species on spent 10W/HY reflects the weakestequate amount of Binsted acid sites and a just interaction

interaction between W species and HY. between W and support for the formation of active reduced
According to the these results of TPR and UV—vis, W W species, which are favorable for the production of propene

species supported on ADs is hard to be reduced by reduc- by the metathesis between ethene and 2-butene.

tive feed alkene, while those species on 10W/HY can be re-

duced easily in the reactant feed. W species supported on

the ALbOs—HY with a suitable HY contents of 30—70 wt.% 4. Conclusion

have suitable resistance to the reductive alkene feed, which ™

is beneficial for the catalytic performance. Under the reac-

. . . . 6 .
tion conditions, the high valence W species*(Win th_e an influence on the Binsted acidity of catalyst and the inter-
10W/Al,O3—xHY catalysts are reduced to lower and suitable . . .

action between W species and support simultaneously, both

oxidization state, acting as the active centers for the metathe- . . ) )
; of which play their important roles in the metathesis reac-
SIs. . tion of ethene and 2-butene to propene. Inadequdiaded
As shown by the UV-vis spectra of spent catalybtg (7), o : . o :
: acid sites and too strong interaction lead to the inferior activ-
the active centers of the 10W/AD3—xHY catalysts for the . .
. 5+ ity of the 10W/AbO3z—xHY catalysts with low HY content.
metathesis of ethene and butene may & W>* and W ) . 3
. . The higher HY content in support promotes theBsted
species charged between +5 and +6. The increment of HY _ .~ . .
. . acidity of catalyst and the reduction of W species, there-
contentin the AJO3—xHY support results in more amount of . .
. . o fore improves the catalytic performance. However, much too
active sites and enhances the activity of catalysts. Although . : X
. weak interaction between W species and support, caused
the spent W/HY sample possesses quite a number6f W . .
N o . by excessive HY content, leads to the deep reduction of W
and WP* species, it still shows rather poor catalytic perfor-

. L species and the loss of metathesis activity. That is to say
mance with the 2 h online time. The reason may be that the L . )
: ) the combination ofy-Al O3 with proper weight percent HY
deep reduced species (such a&'VWVv3*, W(©) on the spent X . . . .
. N can provide suitable interaction between W species and sup-
10W/HY causes the loss of catalyst activity. Our preliminary orts. which is favorable for the formation of active cen
results have also proved that the 10\W/B4—70HY catalyst ports,

- ters with intermediate oxidation number ffyw>*, w6+
pretreated by Klatmosphere shows rather poor activity and . . .
. ) . (0<y<1)). Generally, an optimal HY content is quite neces-
quick deactivation for the metathesis.

. . : . sary for active 10W/AIOs—xHY catalysts. Especially, over
An mte_restlng phenomenon is that the _actlve catalysts 10W/AL,Os—xHY catalysts with 50-70wt.% HY content,
show a minor band at 310 nm, corresponding to one of W

species charged in between +5 and +6, which is tentatively 60-63% 2-butene conversion can be achieved at €80
denoted as §Y* (0<y<1). The intensity of this band is
most strong for the most active 10WM;—70HY, indicat-
ing the WY* species may be the most active species for Acknowledgements
the metathesis. From the inset spectraig. 7, it is clear
that the band at 310 nm band vanishes completely on the Authors thank the National Natural Science Foundation
10W/AI,03-70HY sample with reaction time to 7 h, while  of China (No. 20303019) and National 973 Project of China
the other two adsorption bands change very slightly. At that (No. 2003CB615802) for their financial support.
time, the 2-butene conversion is down to only 36.4%, There-
fore, the W6-Y* (0<y<1) species are really related with
the high active centers, as Choung et al. have shown some in-
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termediate nonstoichiometric tungsten oxide to be the most
active for propene metathe$r]. The improvement of HY
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of WEY* W5* and W species.
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