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Abstract. The reaction of dehydrogenation and oxidative dehydrogenation of isopropyl alcohol on
molybdenum-vanadium oxide catalysts has been studied. It found that the dependences of isopropyl alcohol
conversion and propylene vyields on the atomic ratio of molybdenum to vanadium in reaction of
dehydrogenation of isopropyl alcohol have the form of a curve with two maxima on samples Mo-V=2-8 and
Mo-V=6-4. To characterize the acidic properties of the surface of molybdenum-vanadium oxide catalysts,
their activity in the reaction of butene-1 isomerization into butenes-2 was also studied.

It showed that on molybdenum-vanadium catalysts the dependence of the yield of 2-butenes on the ratio of
molybdenum to vanadium also had the form of a curve with two maxima. The activities of molybdenum-
vanadium oxide catalysts were compared with their acidic properties. It revealed that on binary
molybdenum-vanadium oxide catalysts in the reaction of isopropyl alcohol dehydrogenation the increase of
surface acidity led to the increase in acetone yield and the decrease in propylene yield. In the reaction of
oxidative dehydrogenation of isopropyl alcohol, the increase in surface acidity led to the increase in acetone
yield, while propylene yield practically did not change.
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Introduction

Isopropanol is an important renewable
raw material derived from bioresources. The
direct conversion products of isopropyl alcohol
are acetone, propylene and various esters.
Catalytic systems based on elements such as
molybdenum, titanium and vanadium, etc. are
often used as catalysts for isopropyl alcohol
conversion reactions. [1-3]. We studied the
activity of binary molybdenum-vanadium oxide
catalysts in the dehydrogenation and oxidative
dehydrogenation reactions of isopropyl alcohol
[4,5].

It is known that in the heterogeneous
catalysis, the acid-base properties of solid
catalysts affect the activity and selectivity of
many catalytic reactions, not only in acid-base
transformations, but also in the reduction and

oxidation reactions [6,7]. There are numerous
catalytic reactions activated by solid acid
catalysts, which are widely used in the
petroleum refining and chemical industry [8,9].

The acid-base properties of solid catalysts
have been discussed in detail over the years,
however, no clear and generalized correlations
with  catalytic  properties have  been
unequivocally established. The main reason was
that physical methods to establish the acid-base
characteristics of catalysts were usually
performed at room temperature or slightly
above and mostly under conditions very far
from true catalytic conditions, sometimes even
under vacuum. Therefore, some catalytic
reactions were chosen as a model to try to
characterize the acid-base properties under

CHEMICAL PROBLEMS 2023 no. 4 (21)

www.chemprob.org



http://www.chemprob.org/
mailto:nurlana.dushdurova@mail.ru

N.I. AGHAYEVA et al.

389

conditions as close as possible to real catalytic
reactions [10, 11]. To characterize the acid-base
properties of oxide catalysts under conditions
close to catalytic ones, the reaction of butene-1
isomerization into cis and trans butenes-2 have
been used quite often in recent years because of
its simplicity [12-14].

In the present work we have studied the
dependence of the activity of binary
molybdenum-vanadium oxide catalysts in the
reaction of isopropyl alcohol dehydrogenation
on their acidity, for the measure of which we
chose the reaction rate of Dbutene-1
isomerization into butenes-2.

Experimental part

Binary molybdenum-vanadium oxide
catalysts of different compositions were
prepared by co-precipitation from aqueous
solutions of ammonium molybdenum acid and
ammonium  metavanadate. The  obtained
mixtures were evaporated at 95-100°C, then the
formed precipitates were dried at 100-120°C
and finally decomposed to complete release of
nitrogen oxides at a temperature of about
250°C. The obtained solid masses were calcined
at 700°C for 10 hours. Thus, 9 catalysts with
atomic ratio of elements from Mo:V=1:9 to
Mo:V =9:1 were synthesized.

The catalytic activity of the synthesized
samples in the reactions of dehydrogenation and
oxidation of isopropyl alcohol was investigated
on a flow unit with a tubular reactor in the
temperature range of 150-450°C. The
volumetric feed rate of the feedstock was 1200
h-1. The ratio of starting reagents in the
isopropyl alcohol dehydrogenation reaction was
isopropyl alcohol: nitrogen = 1: 9, and in the

isopropyl alcohol oxidation reaction was
isopropyl alcohol: air = 1. 9. The yields of
isopropyl alcohol conversion products, as well
as the amount of unreacted alcohol were
established on a chromatograph with a flame
ionization detector and a 2 m long column filled
with specially treated Polysorb-1 sorbent. The
amount of formed carbon dioxide was
determined on a chromatograph with a 6-meter
column filled with Celite sorbent with vaseline
oil applied on it.

The surface acidity of  binary
molybdenum-vanadium oxide catalysts was
established by their activity in the test reaction
of butene-1 isomerization into trans- and cis
butenes-2. The butene-1 isomerization reaction
was carried out in a tubular reactor in the
temperature range of 150-450°C. The feedstock
feed rate was 1200 h™. The ratio of initial
reagents in the isomerization reaction was
butene-1 : nitrogen = 1: 9.

Results and discussion

The products of isopropyl alcohol
conversion reaction in the absence of oxygen on
binary molybdenum-vanadium oxide catalysts
are acetone, propylene, carbon dioxide and at
high temperatures there are products of
destructive decomposition of isopropyl alcohol.

The studies have shown that the reaction
of isopropyl alcohol dehydrogenation on Mo-V-
O catalysts starts from the temperature of
150°C. As the reaction temperature increases,
the yields of propylene and acetone pass
through a maximum. The activity of Mo-V-O
catalysts also depends on their composition.
Fig.1 shows the dependence of the activity of
molybdenum-vanadium catalysts on their
composition in the reaction of isopropyl alcohol
dehydrogenation at 200°C. It can be seen that on

all catalysts the main product of the reaction is
propylene and acetone. Dependences of
isopropyl alcohol conversion and propylene
yields on the atomic ratio of molybdenum to
vanadium have the form of a curve with two
maxima on the samples Mo-V=2-8 and Mo-
V=6-4. Fig. 1 also shows that the highest
acetone vyield is observed at the Mo-V=8-2
sample.

At isopropyl alcohol conversion in the
presence of oxygen on molybdenum-vanadium
catalytic system the reaction products are the
same products as at isopropyl alcohol
conversion in the absence of oxygen, namely
acetone, propylene, carbon dioxide and products
of destructive decomposition.
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Fig. 1. Dependence of activity of molybdenum-vanadium oxide catalysts in isopropyl alcohol
conversion in the absence of oxygen on their composition. T=200°C.

Comparison of the activity of all
molybdenum-vanadium oxide catalysts showed
that their activity strongly depends on the
atomic ratio of molybdenum to vanadium in the
composition of the binary catalyst. The
dependence of the activity of molybdenum-
vanadium oxide catalysts on their composition
in the oxidation reaction of isopropyl alcohol at
200°C is shown in Figure 2. As can be seen
from this, the acetone yield with increasing
atomic ratio of molybdenum to vanadium first
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increases to 25.7% on the catalyst Mo-V=2-8,
then decreases to 9.1% on the sample Mo-V=5-
5 and finally practically does not change. The
figure also shows that the propylene yield with
increasing amount of molybdenum in the binary
catalyst first decreases to 23.1% on Mo-V=6-4
sample and then increases to 35.4% on Mo-
V=9-1 sample. It is also evident from the data
obtained that no carbon dioxide formation is
observed at 200°C on the studied catalysts.
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Fig. 2. Dependence of activity of molybdenum-vanadium oxide catalysts in isopropyl alcohol
conversion in the presence of oxygen on their composition. T =200°C.
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Figure 2 also shows that the yield of
acetone for the samples with predominance of
molybdenum does not depend much on the
atomic ratio of molybdenum to vanadium, while
on the samples with predominance of vanadium
its maximum vyield is observed on the sample
Mo-V=2-8. Thus, vanadium-rich catalysts are
active in the reaction of oxidative
dehydrogenation of isopropyl alcohol into
acetone and in the reaction of dehydration of
isopropyl alcohol into propylene.

From the data shown in Fig. 2 we can also
say that at 200°C the maximum conversion of
ethanol on the studied samples reaches up to
75%.

The study of butene-1 to butene-2
isomerization  reaction on  molybdenum-
vanadium oxide catalysts of different
composition showed that butene-1 isomerization
starts at 150°C on all studied molybdenum-
vanadium oxide catalysts. As the temperature
increases, the yield ratio of trans- and cis-
butene-2 on the studied catalysts increases
significantly from 0.40% at 200°C to 0.94% at
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Fig. 3 shows the yields of trans- and cis-
butenes-2 as a function of the atomic ratio of
molybdenum to vanadium. It can be seen that on
molybdenum-vanadium catalysts the
dependence of butenes-2 yields takes the form
of a curve with two maxima. The first maximum
is observed in the Mo-V=3-7 catalyst, and the
second maximum is observed in the Mo-V=8-2
catalyst. These catalysts show high activity in
the isomerization reaction. Our earlier X-ray
diffraction studies revealed that different phases
are formed in the Mo-V-O catalytic system.
Thus, in the ratios of 1Mo/9V, 2Mo/8V,
3Mo/7V, 8Mo/2V and 9Mo/1V, three phases are
formed: MoOs;, V,05 and Mo0,4V360156. In
addition to molybdenum and vanadium oxides,
other phases of complex composition are also
formed at component ratios of 4Mo/6V,
5Mo/5V and 6Mo/4V, The formation of
Mo, 4V36016 phase is apparently responsible for
the activity of binary Mo-V-O catalysts in the
reaction of butene-1 isomerization into trans and
cis butenes-2.

o t-butene-2
—e— c-butene-2
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Fig. 3. Effect of molybdenum to vanadium ratio on the yield of isomerization products of butene-1.
T=250°C

Fig.4 shows the dependence of acetone,
propylene and isopropyl alcohol conversion
yields in the reaction of isopropyl alcohol
dehydrogenation on binary molybdenum-
vanadium oxide catalysts on the acidity of the
surface expressed in the degree of isomerization

of butene-1 to butenes-2. As can be seen from
Fig. 4, as surface acidity of molybdenum-
vanadium oxide catalysts increases, the acetone
yield increases as well, while the propylene
yield and total conversion of isopropyl alcohol
passes through a maximum. This suggests that
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the increase in surface acidity leads to the
increase in the reaction rate of dehydrogenation
of the starting alcohol into acetone. On the other
hand, for high rate of conversion of isopropyl
alcohol to propylene on molybdenum-vanadium
oxide catalysts, an average value of surface

70
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acidity is necessary. Based on the results
obtained, it can be said that the dehydrogenation
reaction of isopropyl alcohol into acetone
proceeds on strong acid centers and the
formation of propylene on acid centers of
average strength.
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Fig. 4. Dependence of activity of molybdenum-vanadium oxide catalysts in the reaction of
isopropyl alcohol dehydrogenation on surface acidity expressed in the degree of isomerization of
butene-1 into butenes-2. T=250°C.
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Fig. 5. Dependence of activity of molybdenum-vanadium oxide catalysts in the oxidative
dehydrogenation reaction of isopropyl alcohol on surface acidity expressed in the degree of
isomerization of butene-1 into butenes-2. T=250°C.
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Dependences of acetone, propylene yields
and feedstock conversion in the reaction of
isopropyl alcohol oxidation on binary
molybdenum-vanadium oxide catalysts on the
degree of surface acidity are shown in Fig. 5. It
can be seen that as surface acidity increases
(degree of isomerization of butene-1 to butenes-
2) the acetone vyield and total conversion of
isopropyl alcohol increases as well, while the
propylene yield practically does not change with

increasing surface acidity. This indicates that the
increase in surface acidity expressed through the
degree of isomerization of butene-1 to butenes-2
leads to the increase in the reaction rate of
dehydrogenation of the initial alcohol into
acetone. Based on the results obtained, it can be
concluded that the reaction of oxidative
dehydrogenation of isopropyl alcohol into
acetone and propylene proceeds on acidic
centers.

Conclusion

The increase in surface acidity on binary
molybdenum-vanadium oxide catalysts in the
reaction of isopropyl alcohol dehydrogenation
leads to the increase in acetone yield while the
propylene yield passes through the maximum.

In the reaction of oxidative dehydrogenation of
isopropyl alcohol, the increase in surface acidity
leads to the increase in acetone yield while the
propylene yield practically does not change.
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3ABUCUMOCTDb AKTUBHOCTU BUHAPHBIX Mo-V-O KATAJIU3ATOPOB B
PEAKIIMAX AETUAPUPOBAHUSA U OKUCJIEHUA U30ITPOITUJIOBOI'O CITUPTA
OT KACJIOTHBIX CBOMCTB HOBEPXHOCTH

H.M. AraeBa, C.A. MameaxaHoBa

Azepbatiodcanckull 20Cy0apCmMEeHHbII YHUSEPCUmMem He@mu 1 RPOMbLULLEHHOCMU,
AZ 1010, baxky, np. Azaonvie, 20, Baxy, Azepbaiioncan e-mail: nurlana.dushdurova@mail.ru

AHHoTanms: V3yueHa peakiusl AETUAPUPOBAHUS M OKHCIMTEIBHOTO JETUAPUPOBAHUS H30IMPOMHIOBOIO
COMPTa Ha MOJMOAEH-BaHAIWI OKCHAHBIX KaTalu3aTropax. YCTaHOBJIEHO, YTO 3aBUCHUMOCTH KOHBEPCHUHU
M30MPOIIIIOBOTO CIIMPTA U BBIXOAOB MPOIMICHA B PEAKLUH JETHAPHPOBAHUS M30IPOIMIOBOIO CIHPTA OT
ATOMHOTO OTHOIIIEHHUS MOJMOCHA K BaHA IO MMEIOT BHJ KPUBOU € ABYMSI MaKCHMyMaMH Ha oOpasnax Mo-
V=2-8 u Mo0-V=6-4. JIlns XapaKTepUCTHKH KHCIOTHBIX CBOWCTB IOBEPXHOCTH MOIUOICH-BaHAANN
OKCHJHBIX KaTalu3aTOpPOB M3y4YeHA TAKXKE MX aKTMBHOCTh B PEAKLUUM M30Mepu3anuu OyreHa-1 B OyTeHBI-2.
[loka3ano, 4ro Ha MONMOACH-BAaHAJMEBBIX KaTaJM3aTOpax 3aBUCHUMOCTb BBIXOJOB OYTEHOB-2 OT
COOTHOIIICHUsI MOJTMOJICHA K BaHAJUIO TAKXKEe MMEET BUJ KPUBOW C JAByMsI MakcuMyMamu. CoIocTaBIICHBI
AKTUBHOCTU MOJIMOJIEH-BaHAIMI OKCHIIHBIX KaTalM3aTOPOB C UX KUCIOTHBIMH cBoiicTBamHu. IlokazaHo, uTo
Ha OMHApHBIX MOMUOJCH-BaHAANH OKCHIHBIX KaTalIW3aTOpPax B PEAKLUH ACTHAPUPOBAHUS M30IPONUIOBOIO
CHHUpTa yBEJIWYEHHE KUCIOTHOCTH MOBEPXHOCTH MPUBOIUT K YBEIWYECHHIO BBIXOJA allEeTOHA U CHHKEHHUIO
BBIX0/1a TIPOMIIIeHa. B peakium e OKHCIUTENBHOTO NETHAPUPOBAHNS N30TPOIUIIOBOTO CIIMPTa YBEINUCHNE
KHUCJIOTHOCTH TOBEPXHOCTH MPHUBOAUT K YBEJIHMUEHHIO BHIXOJA AlleTOHA, B TO BPEMs KaK BBIXOA MPOMMJICHA
MPaKTHYECKH HE MEHSETCS.

KuaroueBble cioBa: H30MPOMWIOBBIA CHUPT, AETHAPHPOBAHME, OKHCIUTEIHHOE AETHIPHUPOBAHHME, OKCHI
BaHAVsI, U30MEPU3aLUs, KICIIOTHOCTh TOBEPXHOCTH

BiINAR Mo-V-O KATALIZATORLARININ AKTIiVLIiYININ iZOPROPIL SPIiRTINiN
DEHIDROGENLOSMO VO OKSIDLOSMO REAKSIYALARINDA SOTHIN TURSU
XASSOLORINDON ASILILIGI

N.I. Agayeva, S.A. Mommadxanova

Azorbaycan Déviat Neft va Sanaye Universiteti, Baki, Azarbaycan
AZ 1010, Azadlig pr., 20, e-mail: nurlana.dushdurova@mail.ru

Xiilasa: Izopropil spirtinin molibden-vanadium oksid katalizatorlarinda dehidrogenlosmasi Vo
oksidlogsmoasi reaksiyalar1 todqiq edilmisdir. Mioyyan edilmisdir ki, izopropil spirtinin
dehidrogenlosmo reaksiyasinda spitnin ¢evrilmasinin  vo propilenin  ¢iximinin molibdenin
vanadiuma atom nisbatindon asililigi ayrisinde Mo-V=2-8 vo Mo-V=6-4 nisbatlorinds iki
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maksimum miishido olunur. Molibden-vanadium oksid katalizatorlarinin sathinin tursu xassalorini
xarakterizo etmok li¢iin onlarin buten-1-in buten-2-ys izomerlosmosi reaksiyasinda aktivliyi do
Oyronilmigdir. Alinan naticoloro asason gostorilimisdir ki, molibden vanadium katalizatorlarinin
istiraki ilo buten-2-nin ¢iximimin molibdenin vanadiuma atom nisbatindon asililigi ayrisinds do iKi
maksimum var. Molibden-vanadium oksid katalizatorlarinin aktivliyi onlarin tursu xassalori ilo
miiqayiso edilmisdir. Gostorilmisdir ki, ikili molibden-vanadium oksid katalizatorlarinda izopropil
spirtinin dehidrogenlosmasi reaksiyasinda soth tursulugunun artmasi asetonun ¢iximinin artmasina
Vo propilenin ¢iximinin azalmasina sabab olur. izopropil spirtinin oksidlosdirici dehidrogenlogmosi
reaksiyasinda soth tursulugunun artmasi asetonun ¢iximinin artmasina sabab olur, propilenin siximi1
iso praktiki olaraq doyismir.

Acar sozlar: izopropil spirti, dehidrogenlosma, oksidlosdirici dehidrogenlogma, vanadium oksidi,
izomerlosmo, Soth tursulugu.
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