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Abstract: The activity of tungsten-containing catalysts in the reaction of isomerization of butene-1 to
butenes-2 was studied in the work. The results obtained showed that the ” introduction of the second element
into the composition of the tungsten oxide catalyst had a different effect on its activity in the butene-1
isomerization reaction. It was established that an increase in the amount of molybdenum in the composition
of a binary tungsten-containing catalyst at low temperatures leads to a decrease in the degree of butene-1
isomerization while at high temperatures it leads to an increase in the rate of butene-1 isomerization. It
found that the addition of titanium to the composition of the tungsten oxide catalyst leads to an increase in
the butene-1 isomerization rate. When copper is added to the composition of the tungsten oxide catalyst, the
total yield of butene-2 passes through a maximum, and on samples rich in copper, the isomerization of
butene-1 practically does not occur. It revealed that the activity of binary tungsten oxide catalysts in the
isomerization reaction of butene-1 to butenes-2 changes in the following order: Ti-W-O > Mo-W-O > Cu-W-
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Introduction

As is known from periodic literature,
catalysts based on tungsten oxide exhibit high
activity in the reactions of hydrogen production
[1], deep [2] and partial oxidation of organic
compounds [3]. Also, catalytic systems based
on elements such as molybdenum, titanium, and
copper are often used as catalysts for ethanol
conversion reactions. In this regard, we studied
the effect of additions of molybdenum, titanium,
and copper on the activity of binary tungsten
oxide catalysts in the ethanol oxidation reaction.
Studies showed that on molybdenum-tungsten
oxide catalysts rich in molybdenum, the reaction
of dehydration of ethanol to ethylene occurs,
while samples enriched in tungsten are active in
the reaction of oxidative dehydrogenation of
ethanol to acetaldehyde [4]. On titanium—
tungsten oxide catalysts, the main product of
ethanol conversion at temperatures up to 300°C
is diethyl ether, while at a higher temperature,

the reaction of ethanol dehydration to ethylene
proceeds [5]. Ethylene formation is observed on
samples rich in titanium, while samples rich in
tungsten are active in the reaction of formation
of diethyl ether. At temperatures up to 300°C,
acetaldehyde is practically the only product of
ethanol oxidation over copper—tungsten oxide
catalysts [6]. It is known that the acid—based
properties of the surface of heterogeneous
catalysts quite often correlate with their
catalytic properties [7-9]. To characterize the
acid—base properties of a surface under
conditions close to real catalytic reactions, some
catalytic reactions are widely used as model
ones [10, 11]. With that end in view, such
reactions as dehydration of propanol-2, butanol-
2, isomerization of olefins, etc. are used [12-14].
In recent years, due to the ease of
implementation, the acid-base properties of
oxide catalysts are often characterized by
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measuring their activity in the isomerization of

butene-1 to cis and trans butenes-2 [15, 16]. In
this regard, in this work, to assess the acidic
properties of the surface of binary tungsten-

containing catalysts, we studied their activity in
the isomerization reaction of butene-1 into
butenes-2.

Experimental Part

Molybdenum-tungsten, titanium-
tungsten, and copper-tungsten oxide catalysts
were prepared by coprecipitation from aqueous
solutions of ammonium molybdate, copper
nitrate, titanium tetrachloride, and ammonium
tungsten. The resulting mixture was evaporated
and dried at 95-100°C, decomposed to complete
release of nitrogen oxides and chlorine at a
temperature of about 250-300°C. The obtained
solid mass was calcined at a temperature of
700°C for 10 hours. Thus, we have prepared 27
catalysts that meet the following conditions:
mA/nB, where A is Mo, Ti, Cu; B - W,

m,n=1+9, m+n=10.

The isomerization reaction of butene-1
to butene-2 was carried out at a feed space
velocity of 1200 h-1, in the temperature range of
150-400°C. The reactor was loaded with 5 ml
of a catalyst with grains of 1-2 mm, and a
reaction mixture of butene-1 and nitrogen was
fed. The ratio of butene-1 to nitrogen was 1:9.
The analysis of the mixture of unreacted butene-
1 and the formed trans and cis butenes-2 was
carried out by the chromatographic method
using a column 5 meters long filled with celite
coated with Vaseline oil.

Results and discussion

The results of the study of the
isomerization of butene-1 to butenes-2 on
molybdenum-tungsten oxide catalysts showed
that on the Mo-W=1-9 catalyst, isomerization of
butene-1 begins at a temperature of 200°C with
the formation of 2.2% trans-butene-2 and 2.8%
cis-butene-2, while the conversion of butene-1
is 5%. With an increase in the reaction
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temperature over the entire temperature range
studied, the yields of butenes-2 increase, and at
a reaction temperature of 400°C, the total yield
of trans and cis butenes-2 reaches 30.2%.
Similar results are obtained for other samples. It
was also found that the total yield of 2-butenes
on all the studied catalysts does not exceed
52%.
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Fig. 1. Dependence of the yields of trans and cis-butenes-2 on the atomic ratio of molybdenum to
tungsten. T = 350°C.
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The ratio of the yields of trans and cis
isomers of butene-2 on the studied catalysts
varies within 0.55 — 0.85. The data obtained
make it possible to say that the rate of butene-1
isomerization at different temperatures depends
differently on the atomic ratio of molybdenum
to tungsten.

Figure 1 shows the dependence of the
yields of trans and cis butenes-2 on the atomic
ratio of molybdenum to tungsten at a
temperature of 350°C. As can be seen from
Figure 1, with an increase in the amount of
molybdenum in the composition of the binary
catalyst, the yields of butenes-2 decrease and,
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on samples rich in molybdenum, does not
exceed 14%. Such dependences are observed at
temperatures up to 350°C.

A different picture is observed at a
temperature of 400°C. The dependences of the
yields of trans and cis butenes-2 on the atomic
ratio of molybdenum to tungsten at a
temperature of 400°C are shown in Figure 2. As
is seen from Fig. 2, in contrast to lower
temperatures at 400°C, with an increase in the
amount of molybdenum in the binary catalyst 2
increases from 30% on Mo-W=1-9 catalyst to
52% on samples rich in molybdenum.
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Fig. 2. Dependence of the yields of trans and cis butenes-2 on the atomic ratio of molybdenum to
tungsten. T = 400°C.

It is assumed in [17] that the total acidity
of the surface is determined by the total rate of
butene-2 formation. At the same time, the
formation of trans-butene-2 occurs at Bronsted
centers, while the formation of cis-butene-2
occurs at Lewis acid centers. Thus, the results
obtained make it possible to insist that the rate
of isomerization of butene-1 (total acidity of the
surface) on molybdenum-tungsten  oxide
catalysts increases with increasing reaction
temperature. An increase in the content of
molybdenum in the composition of the catalyst
leads at low temperatures to a decrease in the
total acidity of the surface (the rate of butene-1
isomerization decreases), while at temperatures
above 400°C it leads to an increase in the rate of
butene-1 isomerization, which indicates to an

increase in the total acidity of the surfaces.
Also, from the data obtained, it can be said that
on the surface of molybdenum-tungsten oxide
catalysts, the number of Lewis centers is greater
than the number of Bronsted centers, since the
ratio of the yields of trans and cis isomers of
butene-2 is less than unity and varies within
0.55-0.85.

As distinct from the previous series of
catalysts, isomerization of butene-1 on titanium-
tungsten oxide catalysts starts at a temperature
of 150°C. Thus, 4.2% cis-butene-2 is formed on
the Ti-W=1-9 catalyst at 150°C. With an
increase in the reaction temperature, the yields
of butenes-2 increase sharply and at a reaction
temperature of 350°C reach their maximum
value  (63.6%).  Approximately  similar
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dependences are obtained for other samples.
The highest yield of 2-butenes on the studied
catalysts reaches 89.1%. The ratio of the yields
of trans and cis isomers of butene-2 on the
studied catalysts varies within 0.4 — 1.14. It
ought to be noted that on samples rich in
tungsten, the ratio of the yields of trans and cis
isomers is much lower than unity, while on
samples rich in titanium this value varies in the
range of 1 - 1.15. The obtained data allow us to
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state that at temperatures up to 300°C, the yields
of butene-1 isomerization products grow as
titanium in the catalyst composition grows,
while at higher temperatures the dependence of
the isomerization rate on the atomic ratio of
titanium to tungsten has the form of a curve
with two maxima. Fig.3 shows the dependence
of the yields of trans and cis butenes-2 on the
atomic ratio of titanium to tungsten at a
temperature of 250°C.

—e—t-buten-2

23

c-buten-2

=t

6 8 10

Atomic ratio TVW

Fig. 3. Dependence of the yields of trans and cis butenes-2 in the isomerization of butene-1 on the
atomic ratio of titanium to tungsten. T = 250°C.

As can be seen from Figure 3, with an
increase in the amount of titanium in the
composition of the binary catalyst, the yields of
butenes-2 increase from 31.5% on the Ti-W=1-9
catalyst to 89.1% on the Ti-W=9-1 sample.
Such dependences are observed at temperatures
up to 300°C. A different picture is observed at
temperatures above 300°C.

Fig.4 shows the dependence of the yields
of trans and cis butenes-2 on the atomic ratio of
titanium to tungsten at a temperature of 350°C.

As can be seen from Fig. 4, the
dependence of butene-2 yields on the atomic
ratio of titanium to tungsten has the form of a
curve with two maxima on samples Ti-W=4-6
and Ti-W=6-4.

The obtained results show that the rate of
the isomerization reaction of butene-1 on
titanium-tungsten oxide catalysts increases as
reaction temperature increases. An increase in
the content of titanium in the composition of the
catalyst at low temperatures leads to an increase
in the isomerization rate of butene-1. This

means that the total acidity of the surface is
increased, while at high temperatures, the
relationship between the isomerization rate
(total surface acidity) and the composition of the
catalyst has the form of a curve with two
maxima. In contrast to the previous catalytic
system, the number of Lewis and Bronsted acid
sites on the surface of titanium-tungsten oxide
catalysts is approximately the same.

According to the data on the study of the
activity of copper-tungsten oxide catalysts, the
isomerization of butene-1 on the Cu-W=1-9
catalyst starts at a temperature of 200°C and
3.5% trans and cis butenes-2 are formed. The
total yield of butenes-2 grows as temperature
rises, and the maximum yield reaches 28.8% at
350°C. Approximately the same dependences
are obtained for other samples. However, it
should be noted that an increase in the amount
of copper in the composition of the catalyst
leads to a decrease in the yields of butenes-2
and a shift in their formation towards higher
temperatures. Thus, on the Cu-W=9-1 sample,
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the formation of butenes-2 is observed at a
temperature of 400°C, and their total yield does
not exceed 2.4%. It can be seen from the results

Based on the data obtained, it can be concluded
that with a change in the atomic ratio of copper
to tungsten, the total yield of butenes-2 at all

obtained that the ratio of the yields of trans and studied temperatures passes through a
cis isomers of butene-2 on the studied catalysts, maximum.
with rare exceptions, varies from 0.2 to 0.6.
4]
80 8
70
s GO
"_é . =N . —e—t-buten-2
"E l:: i/v ¢ \\*//..—\v >4 #—c-buten-2
20 - = t+c
10
4]
0 2 a 6 8 10

Atomic ratio TV'W

Fig. 4. Dependence of the yields of trans and cis butenes-2 in the butene-1 isomerization reaction on
the atomic ratio of titanium to tungsten. T = 350°C.

The dependence of the yields of trans
and cis butenes-2 on the atomic ratio of copper
to tungsten at a temperature of 300°C is shown
in Fig. 5.which shows that with an increase in
the amount of copper in the composition of the
binary catalyst, the yields of butenes-2 pass
through a maximum on the Cu-W catalyst =3-7.
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A further increase in copper in the composition
of the binary copper-tungsten oxide catalyst
leads to a decrease in the yields of butenes-2,
and on samples starting from Cu-W=7-3 at this
temperature, butene-1 isomerization does not
occur.
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Fig. 5. Dependence of the yields of trans and cis butenes-2 in the butene-1 isomerization reaction on
the atomic ratio of copper to tungsten. T = 300°C.
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At temperatures above 400°C, the
formation of 2-butenes is observed in all the
studied samples. Fig. 6 shows the dependence of
the yields of trans and cis butenes-2 on the
atomic ratio of copper to tungsten at a

6, the dependence of butene-2 yields on the
atomic ratio of copper to tungsten has the form
of a curve with a maximum on the Ti-W=3-7
sample. On this sample, the maximum yield of
butenes-2 reaches 57%.

temperature of 400°C. As can be seen from Fig.
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Fig. 6. Dependence of the yields of trans and cis butenes-2 in the butene-1 isomerization reaction on
the atomic ratio of copper to tungsten. T = 400°C.

The results obtained allow us to say that
the total acidity of the surface on copper-
tungsten oxide catalysts increases as the reaction
temperature increases. With an increase in the
content of copper in the composition of the
catalyst, the total acidity of the copper-tungsten
oxide catalysts passes through a maximum on
the Ti-W=3-7 sample and on samples with a
high copper content is almost zero. It can also
be said from the obtained data that the number
of Lewis centers on the surface of copper—
tungsten oxide catalysts is much higher than the
number of Bronsted centers, since the ratio of
the yields of trans and cis isomers of butene-2 is
less than unity and varies from 0.2 to 0.6.

Based on the obtained results, it can be
said that the introduction of the second element
into the composition of the tungsten oxide
catalyst has a different effect on their activity in

the butene-1 isomerization reaction and,
accordingly, on their acidity. Thus, an increase
in the amount of molybdenum in the
composition of a binary tungsten containing
catalyst at low temperatures results in a decrease
in the total surface acidity, while at high
temperatures it leads to an increase in the total
surface acidity. As for the Ti-W-O catalytic
system, the addition of titanium to the
composition of the tungsten oxide catalyst leads
to an increase in the total acidity of the surface.
When copper is added to the composition of the
tungsten oxide catalyst, the total acidity of the
surface passes through a maximum, and acid
sites are practically absent on copper-rich
samples.

The total acidity of binary tungsten
oxide catalysts in the following order:

Ti-W-O > Mo-W-0O > Cu-W-0O
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BINAR VOLFRAM TORKIBLI KATALiZATpRLARDA BUTI.EN.-l-iN BUTEN-2-YO
IZOMERLOSMO REAKSIYASININ TODQIiQi

K.X. Agayeva, V.L. Bagiyev

Azarbaycan Déviat Neft va Sanaye Universiteti
Azadhq 20, Baki, AZ-1010, Azarbaycan
e-mail: vagif_bagiev@yahoo.com

Xiilasa: Isdo buten-1-in buten-2-ys izomerlosmosi reaksiyasinda volfram torkibli katalizatorlarin
aktivliyi 6yronilmisdir. Alinan naticolor gostormisdir ki, ikinci elementin volfram oksidino olava
edilmasi Kkatalizatorunun izomerlosma reaksiyasinda aktivliyina forgli tosir edir. Miioyyan
edilmisdir ki, asagi temperaturlarda binar volfram torkibli katalizatorun torkibinds molibden
miqdarimin artmast buten-1-in izomerlosma doracasinin azalmasina, yiiksok temperaturda ise
artmasina sabab olur. Gostarilmisdir ki, titanin volfram oksidins alavs edilmasi katalizatorun buten-
1 izomerlogma siiratinin artmasina sabab olur. Mis volfram oksidina alava etdikds iso katalizatorun
buten-2-in izomerlogsmo reaksiyasinda aktivliyi maksimumdan kegir vo mislo zangin niimunalordo
buten-1-in izomerlogsmasi praktiki olaraq bas vermir. Miioyyon edilmisdir ki, buten-1-in buten-2-ya
izomerlogsma reaksiyasinda binar volfram oksid katalizatorlarinin aktivliyi asagidaki ardicilligla
dayisir: Ti-W-0O > Mo-W-0 > Cu-W-O.

Agar sozlar: izomerlosmo, butenl-1, butenlor-2, binar katalizator, tursulug.

HNCCIEJOBAHUE PEAKIIMU U3OMEPU3ALIMU BYTEHA-1 B BYTEHbBI-2 HA
BUHAPHbBIX BOJIb®PAMCOIEPKAIINX KATAJIN3ATOPAX

K.X. Araesa, B.JI. barues

Aszepbatioscanckuil I'ocyoapcmeennviii Yuusepcumem Hegpmu u [lpomviuinennocmu
Aszaonwie 20, baxy, AZ-1010, Azepbaiioican
e-mail: vagif_bagiev@yahoo.com

AHHoTauus: B paGore m3yueHa akTMBHOCTH BOJIb()paMCOEpKALIMX KaTalW3aTOPOB B pEaKIUH
nzomepuszanuu OyreHa-1 B OyreHsl-2. [lonydyeHHble pe3yabTaThl IOKa3aiH, YTO BBEAECHHE BTOPOTO
3JIEMEHTa B COCTaB BOJIb()paM OKCHIHOTO KaTajau3aropa MO-pasHOMY BIUSET HAa UX aKTUBHOCThH B
peakuuu n3omMepusanuu 0yreH-1. YCTaHOBIEHO YTO YBENTMYEHHUE KOJIMYECTBA MOJUO/IEHA B COCTaBE
OMHapHOTO BOJIb()pAMCOJEPIKAILEro KaTajau3aTopa INpH HU3KUX TeMIeparypax MpPUBOAUT K
YMEHBIIIEHUIO CTENEeHH H3oMepu3anuu OyTeHa-1, B TO BpeMmsl Kak NpHU BBICOKHX TeMIlepaTypax
CIIOCOOCTBYET POCTY CKOpOCTH HM3oMepu3auuu Oyrena-1. IlokasaHo, uro moOaBieHHe TUTaHa B
cocTaB BOJb(GpaM OKCHIHOIO KaTajau3aTropa MPUBOJIUT K POCTY CKOPOCTH M30MepH3anuu OyreHa-1.
IIpu noGaBneHHM *e MEAM B COCTaB BOJb(PpaM OKCHUIHOIO KaTaau3aToOpa CYMMAapHBIH BBIXOJ
OyTEeHOB-2 MPOXOAMT Yepe3 MAaKCUMYM M Ha 00paslax OoratbIXx MeAbl0 MpOIecC W30MEpH3aluu
OyTeHa-1 npakTHuecku He mpoTekaeT. HaiizeHo, 4To aKTUBHOCTh OMHAPHBIX BOJIb(PPAM OKCHIHBIX
KaTaJIn3aTOpOB B peakUuu H30Mepu3auuu OyTeHa-1 B OyTeHbI-2 H3MEHSETCs B CIEAYIOIIEM
nopsiake: Ti-W-O > Mo-W-0O > Cu-W-O.

KuoueBble ciioBa: nuzomepusanus, OyreH-1, OyTeHbl-2, OWHAPHBIN KaTaau3aToOp, KUCIOTHOCTb.
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