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Tungsten Catalysts Supported on Activated Carbon
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Tungsten catalysts supported on activated carbon were used
in the isomerization reaction of 1-butene. The results obtained
were compared with those of other tungsten catalysts supported
on Al;O3, SiO;, and TiO;. When the catalysts supported on acti-
vated carbon were pretreated in He flow, at either 623 or 748 K, the
activity to produce isobutene increased linearly with the surface
acidity of the catalysts, and the specific activity after pretreatment
at 623 K was higher than that after pretreatment 748 K. The activ-
ity to produce isobutene did not decrease with reaction time and no
dimerization by-products were obtained. After the pretreatments
at 973 and 1223 K, there was a loss of activity with reaction time,
and by-products from the dimerization of butenes appeared. The
presence of water vapor in the reaction mixture was also studied.
The catalysts supported on AlyOs, SiO,, and TiO; and pretreated
under the same conditions, at both 623 and 748 K, showed a de-
crease in activity to produce isobutene with reaction time and the
catalyst supported on AlO3; was the most active. Results show the
importance of the support in these kinds of catalysts and seem to
indicate that the activated carbon, due to its surface basicity, mod-
erates the surface acidity of the tungsten oxide particles. Therefore,
with a lower surface acidity of the catalyst it has an activity similar
to that found with the Al,O3;—W catalysts but without deactivation.
(© 2000 Academic Press
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INTRODUCTION

Skeletal isomerization of C4 hydrocarbons can be effi-
ciently catalyzed by the binary oxides of W, Mo, and Al
(1-10). These materials are highly selective but are deacti-
vated very quickly (11).

The surface active sites present on the above oxides, re-
sponsible for the skeletal isomerization of 1-butene, must
be of the Brgnsted type to produce a rapid isomerization,
and their acid strength should not be too strong (1, 12). The
presence of very strong surface acid sites of the Brgnsted
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type brought about an excessive formation of by-products
(6). Lewis surface acid sites seem to be less important in
this reaction (4, 6).

It has been shown recently (1, 3, 6, 11, 13, 14-24) that
the skeletal isomerization of 1-butene to produce isobutene
was selectively achieved by a monomolecular mechanism,
whereas the by-products of the reaction were produced
through a bimolecular mechanism, which involved the
dimerization of butenes and isobutene followed by break-
down of the octenes formed. Therefore, the dimerization
must be suppressed on these catalysts in order to avoid the
formation of by-products that deactivate them.

According to the above information the catalysts to be
used in the skeletal isomerization of 1-butene should have
Brgnsted surface acid sites of moderate strength and a com-
position and/or structure that eliminates or strongly sup-
presses the formation of dimers or polymers and carbona-
ceous residues that deactivate the catalysts. Thus, recently
there was an important breakthrough in the skeletal iso-
merization of 1-butene with the use of microporous mate-
rials with proper channel dimensions and pore structure as
well as acidity (1, 11, 13, 16, 19, 22, 25, 26). The high selec-
tivity to isobutene and catalytic activity of these materials
can be explained by their shape selectivity. These are selec-
tive since intermediates leading to by-products cannot be
formed freely inside their pores and channels due to their
dimensions. Also, deactivation is slow because polymeriza-
tion is also restricted (11, 17).

Tungsten trioxide is a quite effective catalyst for the skele-
tal isomerization of 1-butene since its surface has more suit-
able acid sites than other binary oxides (12). Thus, WO3
has been used supported on TiO,, Al,O3, SiO;, and ZrO,
as catalyst in the above reaction (5, 7, 8, 27-29) and, re-
cently, a tungsten oxide carbon aerogel (9) has also been
used. Results of this last study showed that the by-products
of dimerization were not obtained and that the isobutene
vield was around 40% at 448 K. Therefore, this WOj; cata-
lyst was more active and selective than others reported in
the literature. These results could indicate that the carbon
support favors the formation of isobutene in comparison



SKELETAL ISOMERIZATION OF 1-BUTENE ON W/C CATALYSTS

to others used previously. For this reason, we started this
study to determine the effects of catalyst preparation, their
tungsten content, and pretreatments given to them on the
activity and selectivity of tungsten catalysts supported on
activated carbon, whose preparation and characterization
had been studied previously (30). Results found with these
catalysts will be compared with those obtained with other
tungsten catalysts supported on AL, O3, SiO,, and TiO, and
which were also prepared by us.

EXPERIMENTAL

Tungsten catalysts supported on activated carbon have
been described elsewhere (30). Al,O3 and SiO,, both sup-
plied by Merck, and TiO, by Fluka, all of them with a parti-
cle size between 63-200 pum, were also used as supports. The
catalysts were prepared by impregnation with an aqueous
solution of ammonium tungstate to give a 5% metal load-
ing. These catalysts were also pretreated in He flow between
623 and 748 K before their characterization and use in the
reaction. They were characterized by Ny adsorption at 77K,
XRD, and TPD of adsorbed ammonia (30).

The isomerization of 1-butene was performed in a quartz
microreactor at atmospheric pressure with 0.2 g of cata-
lyst, and using a continuous N, flow (60 cm® min~!) contain-
ing 1% 1-butene (by volume). The reaction temperatures
ranged between 323 and 373 K. Products were analyzed by
gas chromatography using a flame ionization detector and
a GS-alumina capillary column supplied by J&W Scientific
(50 m x 0.53 mm). Prior to studying the isomerization of
1-butene the catalyst was heat treated in He flow at tem-
peratures ranging between 623 and 1223 K for 4 h. Once
this treatment was finished, the catalyst was cooled to the
reaction temperature and the He flow switched to the reac-
tion mixture, which passed through the catalyst for 30 min
before analysis of the reaction products. Between two ac-
tivity measurements at different temperatures the catalyst
was cleaned by passing He. Activity measurements at dif-
ferent temperatures were measured by both increasing and
decreasing the reaction temperature.
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Activity to obtain a determined species, r,, was obtained
from the general Eq. [1],

7x = Frbutene Cx/ W, [1]

where Fiputene is the 1-butene flow through the catalyst in
moles per minute, C, is the conversion of 1-butene to species
x, and W is the weight of the catalyst in grams.

Apparent activation energy was obtained by applying
Arrhenius’s equation to the activity data obtained at dif-
ferent temperatures.

RESULTS AND DISCUSSION

Tungsten Catalysts Supported on Activated Carbon

Results of product distribution and activity to produce
isobutene, rg, at 343 K and apparent activation energy to
produce this hydrocarbon in the temperature range 323—
363 K after the catalysts were previously heated at 623 and
748 K, in He flow for 4 h, are compiled in Tables 1 and 2. The
catalysts were not deactivated during the experiments and
the support alone (without tungsten), after its heat treat-
ment at the above temperatures, did not give any activity
within the reaction temperature range studied.

Product distribution obtained after the pretreatments at
623 and 748 K shows that isobutene, IB, was the main prod-
uct obtained followed by trans-2-butene, T2B, and in much
lower amounts its cis isomer, C2B. Neither C3—Cs nor C,—Cgq
by-products were obtained, which would come from dimer-
ization of butenes. Therefore, the bimolecular mechanism
must be suppressed and the reaction on these catalysts fol-
lows a monomolecular mechanism which produces both
the skeletal and double bond isomerization (1, 3, 6, 11, 13,
14-24). Both isomerization reactions seem to need surface
acid sites of different strength. Thus, in tungsten oxide cat-
alysts supported on ALO; (7), the skeletal isomerization
was suppressed when the strong acid groups were elimi-
nated and the activity for double bond isomerization was,
therefore, sustained.

TABLE 1

Product Distribution (%) and Activity of the Catalysts to Produce Isobutene, rig, at 343 K

Catalyst  rp, umol g 'min™  E, (IB),kI mol™! Isobutene trans-2-Butene cis-2-Butene  Cis/trans
W4.8 5.46 40.940.8 68.6 28.8 2.6 0.09
Wo.1 11.67 46.1+1.8 60.6 38.9 0.5 0.01
W14.9 20.29 48.0+1.5 61.6 37.5 0.9 0.02
W23.1 38.20 4374+1.2 59.9 39.6 0.5 0.01
HW6.1 7.55 26.6+1.2 65.6 32.5 1.9 0.06
HWI15.1 40.81 37.8+0.8 63.6 353 1.1 0.03

Note. Apparent activation energy to produce isobutene in the temperature range between 323-363 K. Pretreat-

ment temperature, 623 K for 4 h in He flow.
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TABLE 2

Product Distribution (%) and Activity of the Catalysts to Produce Isobutene, rg, at 343 K

Catalyst 7, umol g*min~!  E, (IB), kImol™!  Isobutene trans-2-Butenc  cis-2-Butene  Cis/trans
W4.8 1.04 49.14+2.4 60.0 30.0 10.0 0.33
Wo.1 2.18 47.94+0.9 60.3 34.5 52 0.15
W14.9 4.44 47.74+1.7 o0l.4 34.9 3.7 0.11
Ww23.1 6.39 47.4 427 59.8 38.5 1.7 0.04
HW6.1 2.08 457+£2.1 62.3 321 5.6 0.17
HWI15.1 11.49 477422 60.6 38.9 0.5 0.02

Note. Apparent activation energy to produce isobutene in the temperature range between 323-363 K. Pretreat-

ment temperature, 748 K for 4 h in He flow.

Tables 1 and 2 show that the cis/trans ratio was lower than
the unit, decreasing when the tungsten content of the cata-
lyst increased, and increasing when the pretreatment tem-
perature was increased from 623 to 748 K. Anincrease in the
reaction temperature also produced a decrease in the above
ratio. The values of the cis/trans ratio seem to depend on the
nature of the surface acid sites (Brgnsted or Lewis), their
strength, and the isomerization mechanism (31-33). Thus, it
has been suggested that in the isomerization reactions car-
ried out with 12-heteropolyacids 12-phosphotungstic acid
and 12-silicotungstic acid, formation of the cis isomer was
favored by the weaker acid sites (33, 34). Results found with
the activated carbon-supported tungsten catalysts could in-
dicate that they did not present acid sites weak enough to
produce the cis isomer.

Activity for isobutene formation, 1, increased with the
W content of the catalyst and, in Fig. 1, its relationship with
the total surface acidity of the catalysts is shown. The values
of the parameters of the straight lines found are compiled
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FIG. 1. Variation in activity to obtain isobutene at 343 K against the
total surface acidity. [, series W; A, series HW. Open symbols, pretreat-
ment at 623 K. Solid symbols, pretreatment at 748 K.

in Table 3. They have a very high correlation coefficient
and the results indicate that rp exclusively depended on
the surface acidity and was independent of the method of
preparation of the catalysts. These results are different from
those found by Gielgens et al. (7) with tungsten oxide cata-
lysts supported on Al,O3; and containing up to 30% WOs.
Thus, these authors found a sharp increase in rig when the
WO; content was increased from 7 up to 15%. They indi-
cated that the formation of IB needs doublet active sites
which are formed by dimer, WOy, species. Moreover, the
above authors (7) alsoindicated that a high concentration of
surface active sites led to a deactivation of the WO3/A1,O5
catalysts due to carbonaceous residues induced by the poly-
merization of isobutene. This deactivation was not found
with our catalysts. All these results could be due to the dif-
ferent nature of the supports used: activated carbon versus
alumina.

The slope of the straight lines found is a measure of the
activity of the catalysts per surface acid site, i.e., the specific
activity, and it depends on the pretreatment temperature
applied to the catalysts. Thus, this was about 3 times lower
at 748 K than at 623 K, which suggests that the most active
sites to produce IB were eliminated when the treatment
temperature increased within the above range. Finally, the
surface acid sites which are inactive in the formation of
IB did not change with the pretreatment temperature, as
shown in column 4 of Table 3.

The apparent activation energy to obtain 1B did not
change with the tungsten content nor with the pretreatment
temperature in the case of catalysts from series W. How-
ever, for the catalysts from series HW and at a pretreatment

TABLE 3
Parameters of the Straight Lines in Fig. 2

Tpretreatment, Correlation Slope, NH; (rs =0),
K coefficient min~! pmol g~!
623 0.9741 0.30 26
748 0.9689 0.09 28
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TABLE 4

Effect of Water Vapor on the Product Distribution (%) and Activity of the Catalysts W14.9

and HW15.1 To Produce Isobutene, rig, at 343 K

Product distribution

Catalyst Pr,0, Torr 1B T2B C2B Cis/trans rg, wmol g~! min~? E, (IB),kJ mol !
W14.9 0 61.4 349 3.7 0.11 4.44 477+17
Wi14.9 4.6 61.1 22.2 16.7 0.75 222 62.4+1.8
W14.9 23.8 583 20.9 20.8 1.00 1.50 68.7£2.7
HWI15.1 0 60.6 38.9 0.5 0.01 11.49 477422
HW15.1 4.6 644 254 10.2 0.40 4,08 672416
HWI15.1 23.8 654 23.1 11.5 0.50 1.74 T46+2.1

Note. Apparent activation energy to produce isobutene in the temperature range between 323-363 K. Pre-

treatment temperature, 748 K for 4 h in He flow.

temperature of 623 K, E, (IB) was much smaller than in
the case of the others series and increased with the tung-
sten content. An increase in the pretreatment temperature
up to 748 K produced an increase in E, (IB), which now
presented a value similar to that of the series W.

The effect of the presence of water vapor in the reactant
mixture on the catalytic behavior of several catalysts was
also studied. Table 4 shows, as an example, the results ob-
tained with catalysts W14.9 and HW15.1. The increase in
the water vapor pressure in the reactant mixture brought
about a marked increase in both the cis/trans ratio and the
E, (IB) values, as well as a marked decrease in the rg value.
Gielgens et al. (7) found that the presence of water vapor
in the reactant mixture increased the selectivity to produce
IB with WOs catalysts supported on Al;Os. They explained
their results as being due to the possible creation of new
—OH groups by the presence of H,O. However, the same
authors (7) also indicated that with the same catalysts the
presence of H,O also influences the carbonaceous deposits
produced during the reaction. When pure Al,Os3 or that
modified with Cl, Br, or I was used, the selectivity to pro-
duce IB decreased with the presence of H,O in the reactant

mixture (4). Results obtained with our catalysts indicate
that the presence of H,O in the reactant mixture brought
about a decrease both in the number of surface active sites
(decrease in rp) and in their acid strength (increase in E,
(IB)). Thus, there was probably a loss of the more active
surface sites, which would be those of strong acidity, due to
the deposition on them of carbonaceous residues favored
by the presence of H,O in the reactant mixture as above
commented. The loss of these stronger acid groups could
explain the increase in the cis/trans ratio with the Py,0, since
the weaker acid groups, which remained on the surface of
the catalyst, would favor the formation of the cis isomer
(33, 34).

Some selected catalysts were also studied in the isomer-
ization reaction of 1-butene after their heat treatments in
He flow at 973 and 1223 K for 4 h. In this case, the support
alone was also inactive. Results obtained with the catalyst
W14.9 are shown in Tables 5 and 6. In both cases there
was (i) a large decrease in rig with reaction time, essentially
during the first 60 min, (ii) formation of by-products C5-Cs
and C;—Cs, and (iii) an increase in the cis/trans ratio with
reaction time, which reached values higher than unit. Thus,

TABLE 5

Product Distribution (%) and Activity To Produce Isobutene, rig, at 323 K with the Catalyst W14.9

Product distribution

f,min  rp,umolgtmin~? IB T2B (2B Fthene Hexene Propene Pentene Cis/trans

30 30.71 36.5 538 0.2 0.6 0.9 4.1 38 0.01

65 12.02 433 470 0.7 0.4 1.4 1.1 6.1 0.01
100 4.23 46.7 394 4.1 0.2 1.7 0.3 75 0.10
135 2.07 53.7 244 12.2 0.2 1.8 — 7.7 0.50
170 1.60 57.0 201 16.8 0.1 1.1 — 4.8 0.84
205 131 563 20.1 20.1 0.2 0.6 — 2.7 1.00
240 122 580 178 223 0.1 0.3 — 14 1.25
275 1.13 56.6 18.9 23.6 0.1 0.2 — 0.7 1.25

Note. Pretreatment temperature, 973 K for 4 h in He flow.
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TABLE 6

Product Distribution (%) and Activity To Produce Isobutene, rg, at 323 K with the Catalyst W14.9

Product distribution

f,min g, umol g~ min~! IB T2B  C2B  Ethene  Hexene  Propene  Pentene  Cis/trans
30 21.63 40.7 57.7 0.5 0.1 0.2 0.2 0.7 0.01
65 2.36 48.8 371 9.8 0.4 0.8 0.1 3.1 0.26
100 0.76 442 22.1 27.6 0.6 1.2 0.1 43 1.25
135 0.57 44.2 14.7 36.8 0.6 0.8 — 2.8 2.50
170 0.57 48.7 8.1 40.6 0.5 0.4 — 1.5 5.01
205 0.47 44.7 8.9 44.7 0.5 0.3 — 0.8 5.02

Note. Pretreatment temperature, 1223 K for 4 h in He flow.

these results indicate that the dimerization of butenes took
place by a bimolecular mechanism, which after the break-
down of the octenes yielded the Cs—Cs and Cy—Cg fractions.
The amounts of C; and C; are, in general, lower than those
of Cg and Cs, respectively, which could be due to the de-
composition of the former hydrocarbons on the surface of
the catalysts leaving carbonaceous residues that block the
stronger active sites, producing a decrease in rjg and an
increase in the cis/trans ratio with reaction time.

It was shown elsewhere (30) that when the pretreat-
ment temperature of the activated carbon-supported tung-
sten catalysts increased between 623 and 1223 K there
was a decrease in total surface acidity, and tungsten ox-
ides in which the oxidation state of tungsten was below
(V1) appeared. Even at 1223 K metallic tungsten and
tungsten carbides appeared. The presence of these tung-
sten species is probably responsible for the dimerization
and polymerization of butenes, bringing about the depo-
sition of carbonaceous residues and the loss in catalytic
activity.

Tungsten Catalysts Supported on SiOj, ALO3, and TiO»

Tungsten catalysts supported on SiO;, Al,O3, and TiO,
had a 5% metal loading and were pretreated at 623 and
748 K, since at these temperatures the catalysts from series
W and HW showed the higher activity and did not undergo

TABLE 7

Surface Characteristics of Tungsten Catalysts Supported on
Al,O3, SiO,, and TiO, after Their Heat Treatments in He Flow
at Different Temperatures for 4 h

Catalyst Tireatment, K Sny» m? gfl NHj3, wmol g_l
AlLOs-W 623 118 373
AlLO-W 748 120 294
Si0-W 623 250 116
SiO-W 748 247 99
TiO-W 623 8 43
TiO-W 748 9 38

deactivation during their time in reaction. Surface charac-
teristics of these catalysts are shown in Table 7.

Surface area, S,, did not change with the heat treat-
ment between 623 and 748 K and the catalyst supported
on SiO; had the highest Sy, value. The total surface acidity
decreased when the pretreatment temperature increased.
These catalysts have a tungsten content similar to that of
catalyst W4.8. Therefore, the total surface acidity decreased
in the following order:

Al;O3—W 3 Si05—W > W4.8 = TiO,—-W.

XRD of these catalysts showed the diffraction peaks of
WOj; only in the case of SiO,~W; in the remaining catalysts
only the diffraction peaks corresponding to the support ap-
peared, which in the case of TiO, was anatase.

Results of the isomerization reaction of 1-butene with
these catalysts, previously heat treated at 623 K in He flow
for 4 h, are compiled in Tables 8 to 10. The activity of
the catalyst Al,Os—W to obtain IB was much higher than
that for the other two catalysts, SiO,—W and TiO;—W. In
all cases the rig value decreased with reaction time, which
was different from that recorded for the catalysts supported
on activated carbon. IB was the main product obtained

TABLE 8

Product Distribution (%) and Activity To Produce Isobutene, rip,
at 323 K with the Catalyst Al,O;-W

Product distribution

1B, trans-2- cis-2~
t,min  pmolg 'min~! Isobutene Butene Butene Cis/trans
35 20.76 76.9 22.7 0.4 0.02
70 17.82 78.6 20.9 0.5 0.02
140 14.46 79.9 19.5 0.6 0.03
210 12.27 80.4 189 0.7 0.04
350 9.45 80.4 18.2 1.4 0.08
560 6.99 80.8 17.3 1.9 0.11

Note. Pretreatment temperature, 623 K for 4 h in He flow.



SKELETAL ISOMERIZATION OF 1-BUTENE ON W/C CATALYSTS

TABLE 9

Product Distribution (%) and Activity To Produce Isobutene, rg,
at 323 K with the Catalyst SiO,-W
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TABLE 10

Product Distribution (%) and Activity To Produce Isobutene, rg,
at 323 K with the Catalyst TiO-W

Product distribution

Product distribution

1B, trans-2- cis-2- 1B, trans-2- cis-2-
f,min  pmolg~'min~' Isobutene Butene Butene Cis/trans f,min umolg ' min~' Isobutene Butene Butene Cis/trans
35 2.03 69.1 23.6 73 0.02 35 1.86 66.7 23.5 9.8 0.42
70 1.01 79.2 20.8 — — 70 1.15 65.6 21.9 12.5 0.57
140 0.48 81.8 18.2 — — 140 0.71 68.4 21.1 10.5 0.50
210 0.32 85.7 14.3 — — 315 0.44 80.0 20.0 — —
385 0.16 90.9 9.1 — — 490 0.38 87.5 12.5 — —

Note. Pretreatment temperature, 623 K for 4 h in He flow.

followed by T2B, the cis/trans ratio being smaller than
unit.

The higher i values of the catalyst Al,O3—W in compar-
ison with those of the other catalysts are probably due to
the higher total surface acidity of this catalyst. Deactivation
with the time of reaction could be due to the formation of
carbonaceous deposits from the polymerization of butenes
as has been shown to occur with other similar catalysts (7, 8).
In support of this, in the case of catalyst Al,Os—W, which
had the highest activity, its color was initially white and after
560 min of reaction at 323 K it was black.

Results obtained indicate the importance of the support
in this reaction. Thus, the initial activity (at 35 min), rg,
of the catalyst Al,O;—W was quite similar to that of cata-
lyst W14.9, also pretreated at 623 K (Table 1), although in
this last case its surface acidity (95 umol g—!) was about 4
times lower than that in the case of the Al;Os—W catalyst
and close to that of the SiO,~W catalyst. Furthermore, the
W14.9 catalyst behaved in a different way from the other
catalysts, since it was not deactivated during the reaction
time. These results could indicate that the carbon support,
due toits basicity (pHpzc 10.2), moderated the surface acid-
ity of the tungsten oxide particles, in such a way that the
tungsten catalysts supported on the activated carbon pre-

Note. Pretreatment temperature, 623 K for 4 h in He flow.

sented the proper surface acidity to have, with a smaller
total surface acidity, an activity similar to that of catalyst
Al,O3-W, and with a surface acidity similar to that of SiO,—
W, to have an activity about 10 times higher than that of
this last catalyst, and without deactivation with reaction
time.

Results obtained when the catalysts were pretreated at
748 K are compiled in Tables 11 to 13. Here, the initial activ-
ity (at 35 min), ryg, increased in catalyst Al,O3—W and de-
creased in the other two. The rg values also decreased with
reaction time. However, in the case of catalyst Al,O3-W
this was not so marked as it had been in the above heat
treatment. This is probably because the decrease in surface
acidity (about 20%) with the increase in pretreatment tem-
perature produced a reduced formation of carbonaceous
residues. The product distribution of catalyst Al,O;-W
showed the formation of by-products from the dimeriza-
tion of the butenes.

The initial r;p of catalyst Al;Os—W pretreated at 748 K
was not comparable to that of any of the catalysts from
series W and HW. However, it was comparable to those of
catalysts HW15.1 and W23.1 pretreated at 623 K, although
in these last samples the surface acidity was lower and also
these were more stable to deactivation with reaction time.

TABLE 11

Product Distribution (%) and Activity To Produce Isobutene, rig, at 323 K with the Catalyst Al,O3-W

Product distribution

t,min  r, umol g~ min~? 1B T2B (2B FEthene Hexene Propene Pentene  Cis/trans
35 46.14 8333 16.19 0.13 0.02 0.01 0.18 0.12 0.01
70 42.87 8426 15.19 017 0.02 0.01 0.18 0.13 0.01
140 37.75 8449 1554 0.22 0.02 0.01 0.17 0.12 0.01
210 36.27 85.46 1400 024 0.03 0.02 0.14 0.10 0.02
350 30.87 8592 1353 0.33 0.02 0.02 0.11 0.08 0.02
560 22.90 8526 14.16 0.40 0.02 0.03 0.08 0.06 0.03

Note. Pretreatment temperature, 748 K for 4 h in He flow.
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TABLE 12

Product Distribution (%) and Activity To Produce Isobutene, rp,
at 323 K with the Catalyst SiO,—W

Product distribution

1B, trans-2- cis-2-
t,min  pmolg ' min~! Isobutene Butene Butene Cis/trans
35 0.32 952 4.8 — -
70 0.16 90.9 9.1 — —
245 0.16 93.8 6.2 — —

Note. Pretreatment temperature, 748 K for 4 h in He flow.

CONCLUSIONS

The activity of the tungsten catalysts supported on acti-
vated carbon, previously heat treated in He flow at 623 and
748 K, did not decrease with reaction time and increased
linearly with the total surface acidity of the catalysts. The
specific activity of the catalysts after the pretreatment at
623 K was higher than that after 748 K. The product dis-
tribution, in both cases, showed that the main product was
isobutene, followed by trans-2-butene, with a cis/trans ratio
smaller than unit. No by-products from the dimerization of
the butenes were found. The presence of water vapor in
the reactant mixture reduced the activity for isobutene for-
mation, and increased both the activation energy to obtain
isobutene and the cis/trans ratio.

Pretreatment of the above catalysts at 973 and 1223 K
brought about a loss in activity with reaction time. Product
distribution showed that by-products from the dimerization
of butenes were also obtained, which would explain the loss
in activity. The formation of dimers, and probably polymers,
could be due to the presence in the tungsten oxide particles
of other tungsten atoms with an oxidation state below (VI),
as was shown by XRD and XPS.

In the case of the tungsten supported on Al,O3, Si0,, and
TiO, and pretreated at 623 and 748 K, the most active was
Al,Os~W pretreated at 748 K followed by the same catalyst
pretreated at 623 K. However, with all these catalysts there
was a loss of activity to obtain isobutene with reaction time.

TABLE 13

Product Distribution (%) and Activity To Produce Isobutene, rig,
at 323 K with the Catalyst TiO»~W

Product distribution

71B, trans-2- cis-2-
t,min  pmol g‘l min~! Isobutene Butene Butene Cis/trans
35 1.16 75.9 17.2 6.9 0.40
70 0.69 76.5 17.6 5.9 0.33
140 048 81.8 18.2 — —
315 0.32 85.7 14.3 — —
455 0.26 83.3 16.7 -— —

Note. Pretreatment temperature, 748 K for 4 h in He flow.

ALVAREZ-MERINO, CARRASCO-MARIN, AND MORENO-CASTILLA

Results obtained show the importance of the support in
these catalysts. Thus, it seems that the activated carbon,
which had a basic surface, moderated the surface acidity of
the tungsten oxide particles in such a way that, with a lower
surface acidity, the catalyst had an activity similar to that
of catalyst Al,O3—W but with no deactivation with reaction
time.
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