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Abstract: The reaction of ethanol conversion to acetone on binary cerium-zinc oxide catalysts has been
studied. It has been established that the reaction products of the conversion of ethyl alcohol on binary
cerium-zinc oxide catalysts are ethylene, acetaldehyde, acetone, carbon dioxide and, at high temperatures,
destructive decomposition products. The highest yield of acetone is observed on samples rich in zinc at
temperatures of the order of 450-550°C, while catalysts rich in cerium are active in the reaction of
dehydration of ethanol to ethylene. In this work, the acid properties of cerium-zinc oxide catalysts were
evaluated by their activity in the isomerization of butene-1 to trans and cis butenes-2. It was found that
cerium-rich catalysts are active in butene-1 isomerization reaction. The activities of cerium-zinc oxide
catalysts in the reactions of the conversion of ethanol to acetone and the isomerization of butene-1 into trans
and cis butenes-2 are compared. It was found that the reaction of the conversion of ethanol to acetone
proceeds on the centers of the basic nature, and the formation of ethylene proceeds on the centers of the

acidic nature.
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Introduction

Acetone is one of the most important
monomers widely used in the chemical industry.
One of the possible methods for obtaining
acetone is the reaction of the vapor phase
conversion of ethanol [1, 2]. The promise of this
method for obtaining acetone lies in the fact that
ethanol is a renewable raw material and is
obtained in large quantities from vegetable raw
materials [3,4]. In this regard, the creation of
active and selective catalysts for this process is
a very important issue for the chemical industry.
It is known from periodic literature that
catalysts based on zinc oxide exhibit a high
activity of the reaction of the conversion of
ethanol to acetone [5, 6]. In this regard, we
previously studied the effect of cerium oxide on
the activity of zinc oxide in the reaction of the
conversion of ethanol to acetone [7]. It was

found that binary cerium-zinc catalysts exhibit a
fairly high activity in the reaction of the
conversion of ethanol to acetone. It is known
that the surface properties of the catalyst affect
their catalytic activity. One of the surface
properties of a catalyst that can have a strong
influence on their activity is acid-base
properties [8-10]. To assess the acid-base
properties of a surface under conditions close to
real catalytic reactions, some catalytic reactions
are widely used as model ones [11-13]. Due to
the ease of implementation, the measurement of
the activity of catalysts for the reaction of
isomerization of butene-1 to cis and trans
butenes-2 is most often used for these purposes
[14, 15]. Earlier, we studied the acid surface
properties of binary tungsten-containing
catalysts by their activity in the reaction of
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isomerization of butene-1 into trans and cis
butenes-2 [16]. A continuation of these studies
is the present paper where, we compared the
activity of cerium-zinc oxide catalysts in the

reactions of the conversion of ethanol to acetone
and the isomerization of butene-1 into trans and
cis butenes-2.

Experimental technique

Binary cerium-zinc oxide catalysts of
various compositions were prepared by
coprecipitation of aqueous solutions of cerium
and zinc nitrates. The resulting mixture was
evaporated at 95-100°C, dried at 100-120°C,
and calcined at 250-350°C until nitrogen oxides
were completely released. The resulting solid
mass was calcined at 700°C for 10 hours. Thus,
we synthesized nine binary cerium-zinc oxide
catalysts of various compositions from Ce-
Zn=1-9 to Ce-Zn=9-1. The activity of the
synthesized catalysts in the reaction of the
conversion of ethanol to acetone was studied on
a flow unit with a quartz reactor in the
temperature range of 250-700°C. The
volumetric feed rate of the raw material was
1800 h™*. The ratio of ethanol : steam : nitrogen
was 1:1:8. The reactor was loaded with 5 ml of
the studied catalyst 1.0-2.0 mm in size, and its
activity in the ethanol steam reforming reaction

was studied. The yields of ethanol conversion
products, as well as the amount of unreacted
ethanol, were determined on a chromatograph
with a flame ionization detector and a 2-m
column filled with a specially treated Polysorb-
1 sorbent. The amount of carbon dioxide formed
was determined on a chromatograph with a 6-
meter column filled with a Celite sorbent coated
with Vaseline oil. The isomerization reaction of
butene-1 to butene-2 was carried out at a feed
space velocity of 1200 h™, 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 resulting trans and cis butenes-
2 was carried out by chromatography using a 5-
meter column filled with celite coated with
Vaseline oil.

Results and discussions

The results of the experiments showed
that the reaction products of the conversion of
ethyl alcohol on binary cerium-zinc oxide
catalysts are ethylene, acetaldehyde, acetone,
carbon dioxide and, at high temperatures,
destructive decomposition products. We have
studied the effect of temperature on the yields of
reaction products. As an example, Table 1
shows the results of a study of the oxidation
reaction of ethanol on the catalyst Ce-Zn=2-8.
As can be seen, the conversion of ethanol on
this catalyst begins at a temperature of 300°C.
At this temperature, 0.8% acetaldehyde is

formed. With increasing temperature, the yield
of acetaldehyde increases and at 400°C reaches
its maximum value of 8.8%, after which it
decreases to 2.8% at 450°C. The formation of
ethylene and acetone begins at 350°C, their
yields at this temperature are 1.2% and 3.1%,
respectively. With an increase in the reaction
temperature, the yield of acetone passes through
a maximum at a temperature of 500°C (63.7%).
The vyield of carbon dioxide increases
throughout the studied temperature range and at
550°C is 9.9%. The ethanol conversion on this
sample reaches 89.8% at 550°C.

Table 1. Conversion of ethanol to acetone on the catalyst Ce-Zn=2-8

Temperature, Yields of the reaction products, % Selectivity by Conversion,
°C CO, | CyH; | CH3CHO | CH3COCH; acetone, % %
300 0 0,8 0 0 0,8
350 1,2 0 6,3 3,1 29,3 10,6
400 2,5 1,1 8,8 13,3 51,8 25,7
450 8,1 9,9 2,8 47,5 69,5 68,3
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500 9,5 14,5 0 63,7 72,6 87,7
550 9,9 23,9 55,2 61,5 89,8

The activity of binary cerium-zinc oxide
catalysts also depends on the atomic ratio of
cerium to zinc. Table 2 shows the dependences
of the yields of the reaction products of the
vapor phase conversion of ethanol on the Ce/Zn
atomic ratio at a temperature of 350°C. As can
be seen from Table 2, with an increase in the
atomic ratio of cerium to zinc, the vyield of
acetone at first does not change, and then,
starting from the Ce-Zn=6-4 sample, it begins to
increase and reaches 27.3% for the Ce-Zn=8-2
sample. The yield of acetaldehyde decreases

with an increase in the atomic ratio of cerium to
zinc, and its formation is practically not
observed on samples with a Ce/Zn atomic ratio
above 4/6. The yields of carbon dioxide and
ethylene increase with an increase in the atomic
ratio of cerium to zinc. It can be seen from the
obtained results that at 350°C the maximum
yields of carbon dioxide and ethylene are 7.3
and 5%, respectively. The maximum conversion
of ethanol at a given temperature is observed on
a sample with a ratio of Ce-Zn=8-2 and reaches
38.3%.

Table 2. Dependences of the yields of the products of ethanol conversion on the atomic ratio of
cerium to zinc. T=350°C

Atomic ratio Ce/Zn 1:9 |28 [37 |46 |55 |64 [7:3 [82 |91
Reaction products Reaction product yields, %

CO; 0 1,2 0,7 32 |26 |28 4,2 6,3 7,3
CoHy 0 0 0 0 0 1,2 2,3 3,7 5
CH3CHO 8,9 6,3 55 0 0 0 0 0 0
CH3COCHg3 3,5 3,1 54 33 |28 |112 |117 |273 |219
Selectivity by acetone, % | 28,2 [29,2 |284 |508 519|737 |643 |71,3 |64,0
Conversion 124 106 |116 |65 |54 |152 |182 |383 |34.2

A different picture of the dependence of
the yields of ethanol conversion products on the
composition of the catalysts is observed at
higher temperatures. Table 3 shows the
dependences of the yields of reaction products
on the Ce/Zn atomic ratio in catalyst samples at
500°C. As can be seen from Figure 3, the
dependences of ethanol conversion and acetone
yield on the atomic ratio of cerium to zinc have
two maxima on the catalysts Ce-Zn=2-8 and Ce-

Zn=7-3. The maximum conversion of ethanol is
observed on the sample Ce-Zn=2-8 and is
87.7%. The highest yield of acetone is also
observed on the Ce-Zn=2-8 sample and is equal
to 63.7%. The yield of carbon dioxide slightly
increases with an increase in the atomic ratio of
cerium to zinc and varies between 8.1% and
14.7. Ethylene vyield tends to increase with
increasing Ce/Zn atomic ratio and varies from
14.5% to 37.8%.

Table 3. Dependences of the yields of ethanol conversion products on the atomic ratio of cerium to

zinc. T=500°C
Atomic ratio Ce/Zn 1.9 [28 |37 |46 |55 [64 |73 [82 |91
Reaction products Reaction product yields, %
CO; 8,9 9,5 8,1 13,1 9,8 134 | 14,7 | 13,7 |12.2
CoHy 20,3 | 145 | 221 [(305 |219 |342 |378 (364 |355
CH3;CHO 0 0 6 0 0 0 0 0 0
CH3COCHg3 46,9 |63,7 |404 |273 |246 |248 |304 |221 |153
Selectivity by acetone, % | 616 |726 |52,7 |385 |43,7 |343 |366 |306 |238
Conversion 76,1 |87,7 |766 |709 |563 |724 |829 |[722 |643
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Thus, the conducted studies have shown
that the highest yield of acetone is observed on
samples rich in zinc at temperatures of the order
of 450-550°C. Cerium-rich catalysts are active
in the dehydration of ethanol to ethylene.

It is known that the acid—base properties
of solid catalysts in heterogeneous catalysis
affect their activity and selectivity in many
catalytic reactions [16-18]. In this regard, we
evaluated the acidic properties of cerium-zinc
oxide catalysts by their activity of butene-1
isomerization reaction into trans and cis
butenes-2. Figure 1 shows the results of a study

60

at a temperature of 450°C of the butene-1
isomerization reaction on the studied catalysts.
It can be seen that on samples with the atomic
ratio Ce-Zn=1-9 and Ce-Zn=2-8, the yields of
trans and cis butenes-2 are 3.4 and 3.1%,
respectively. With a further increase in the
atomic ratio of cerium to zinc, the yields of
trans and cis butenes-2 increase and starting
from the Ce-Zn=7-3 sample, a sharp increase in
the yields of butenes-2 up to almost 50% is
observed. It should be noted that the ratio of the
yields of trans and cis butenes-2 s
approximately equal to unity.
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Fig.1. Dependences of the degree of isomerization of butene-1 to butenes-2 on the atomic ratio of
cerium to zinc. T=450°C.
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Fig.2. Dependences of the yields of ethanol conversion products on the degree of isomerization of
butene-1 to butenes-2. T=450°C
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In paper [15] it is assumed that the total
surface acidity is determined by the total rate of
butene-2 formation. At the same time, according
to [19] the formation of trans-butene-2 occurs
on the Bronsted centers, and the formation of
cis-butene-2 on the Lewis acid centers. Thus,
based on the results obtained we can say that the
isomerization rate of butene-1 (total surface
acidity) on cerium-zinc oxide catalysts with
increasing atomic ratio of cerium to zinc
increases and the surface has approximately the
same number of Bronsted and Lewis centers
(yields of trans and cis butenes-2 are
approximately equal).

Dependences of vyields of ethanol
conversion reaction products on butene-1

isomerization degree to butenes-2, i.e. on total
surface acidity of binary cerium-zinc oxide
catalysts are presented in Figure 2. As can be
seen from Fig. 2 increasing the activity of
cerium-zinc oxide catalysts in Dbutene-1
isomerization reaction (with increase of total
acidity) ethylene yield increases, while acetone
yield and total ethanol conversion decreases.
This suggests that increasing surface acidity
leads to a decrease in the reaction rate of vapor-
phase conversion of ethanol to the target
product — acetone. Based on this, we can say
that the reaction of the conversion of ethanol to
acetone proceeds on the centers of the basic
nature, and the formation of ethylene proceeds
on the centers of the acidic nature.

Conclusions

e The highest yield of acetone is observed on
samples rich in zinc at temperatures of the
order of 450-550°C, while catalysts rich in
cerium are active in the reaction of
dehydration of ethanol to ethylene. Thus,
the highest yield of acetone (63.7%) is
observed on the sample Ce-Zn=2-8, while
the maximum vyield of ethylene (36.4%) is

oxide catalysts (with increasing yields of
trans and cis butenes-2) ethylene yield
increases, while acetone yield and total
ethanol conversion decreases. Based on this
we can say that the reaction of conversion
of ethanol to acetone proceeds on the
centers of basic nature, while the formation
of ethylene proceeds on the centers of acid

observed on the catalyst Ce-Zn=8-2. nature.
¢ With increasing total acidity of cerium-zinc
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Ce-Zn-O KATALIZATORLARININ AKTIiVLiYININ ETANOLUN ASETONA
CEVRILMOSI REAKSIYASINDA SOTHIN TURSU XUSUSIYYOTLORINDON
ASILILIGI

T.C. Tag, i.C. 9hmadova, V.L. Bagiyev

Azarbaycan Déviat Neft va Sonaye Universiteti,
Azadlg 20, Baki, AZ-1010, Azarbaycan
tahmina.taghi@gmail.com

Xiilasa: Binar serium-sink oksid katalizatorlar1 {izorinds etanolun asetona gevrilmasi reaksiyasi
Oyranilmisdir. Miioyyan edilmisdir ki, etil spirtinin binar serium-sink oksid katalizatorlar1 tizarinds
cevrilmosi reaksiyasinin mohsullart etilen, sirko aldehidi, aseton, karbon gqazi vo, yiiksok
temperaturlarda, destruktiv par¢calanma mohsullaridir. Asetonun on yiiksok ¢iximi sinklo zangin
olan niimunalords 450-550°C temperatur araliginda miisahido olunur, halbuki seriumla zongin olan
katalizatorlar etanolun etilens dehidratasiyasi reaksiyasinda aktivdir. Bu isdo serium-sink oksid

katalizatorlarinin tursu xiisusiyyatlori

buten-1-in

trans vo sis buten-2-ya

izomerlosmasi

reaksiyasinda aktivliyino goro qiymotlondirilmisdir. Askar edilmisdir ki, seriumla zangin
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katalizatorlar buten-1-in izomerlogsmo reaksiyasinda aktivdir. Serium-sink oksin katalizatorlarinin
ctanolun asetona ¢evrilmosi reaksiyasinda vo buten-1-in trans vo sis buten-2-yo izomerlosmasi
reaksiyasinda aktivliyi miiqayisa olunmusdur. Askar edilmisdir ki, etanolun asetona ¢evrilmasi
reaksiyasi asas tobiotli, etilenin alinmasi isa tursu tobiotli morkozlords gedir.

Acar sozlor: Etanol, aseton, binar katalizatorlar, buten-1-in izomerlogmasi, sink oksid, natrium
oksid.

3ABUCUMOCTb AKTUBHOCTH Ce-Zn-O KATAJIM3ATOPOB B PEAKIIUN
INPEBPAINEHUA DTAHOJIA B AIETOH OT KHCJIOTHBIX CBOUCTB
IHOBEPXHOCTH

T.Y. Tarn, K. [:x. Axmenora, B.JI. barues

A3zepbatiodcanckull 20Cy0apCmeeHHbll YHUSepcumenm Hegpmu u npomMbluLIeHHOCIU,
Ip. Azaonvie 20, baxy, AZ-1010, Azepbaiiosxcan
e-mail: tahmina.taghi@gmail.com

AunHoTanusa: V3yyeHa peakius MpEeBpallCHHs 3TaHOJA B alleTOH Ha OWHAPHBIX LEPUNA-IIMHK
OKCUJHBIX KaTaau3aTopax. YCTAHOBJIEHO, YTO MPOAYKTaMH PEAKUUU MPEBPALICHUS STUIOBOTO
cnupTa Ha OWHAPHBIX ILEPUU-IIMHK OKCHUIHBIX KaTajlu3aTopax SBISIOTCS STWICH, YKCYCHBIN
anbJeru]i, aleTOH, YIJEKHUCIbIA ra3 U MpU BBICOKMX TeMIepaTypax MPOIYKThl AECTPYKTHBHOTO
paznoxkeHusi. HanbGonpmmii BBIXOJ arleToHa HaOIOAaeTcs Ha oOpasiax, OoraThIX IIMHKOM, MpHU
temmeparypax nopsaka 450-550°C, B To BpeMs Kak KaTaliu3aTopbl, OoraTble 1epHeM, aKTHBHBI B
peaxiuu AeTUApaTaIlii 3TaHolia B ATHIIEH. B paboTe oleHeHbl KUCIOTHBIE CBOMCTBA IEPUN-IIMHK
OKCHJIHBIX KaTaJIM3aTOPOB IO MX aKTUBHOCTH B PEaKIMU H3oMepu3anuu OyTeHa-1 B TpaHC W LHC
Oytensl-2. HaiimeHo, 4To Karanu3aTophl, OOraThie IEpUEM, aKTUBHBI B PEaKIUU H30MEPHU3ALUU
Oyrena-1. CormocraBieHa aKTHUBHOCTh LEPUN-IIUHK OKCHUIHBIX KAaTajlu3aTOPOB B PEAKIIHIX
MpeBpallleHus] ATaHOJa B alleTOH M u3oMmepusanuu OyreHa-1 B Tpanc u muc Oyrensl-2. HaiineHo,
YTO peakIiusl MPEBpaIIeHUs] ATAaHOJIAa B AIleTOH MPOTEKAaeT Ha I[EHTPaX OCHOBHON MPHPOIBI, a
o0pa3oBaHKe STUJICHA MPOTEKAET Ha LIEHTPAX KUCIOTHOU MPUPOIBI.

KutoueBble ciioBa: DTaHOJ, alleTOH, OMHApHBIC KAaTalW3aTOPhI, U30Mepu3alus OyreHa-1, okcuna
LIMHKA, OKCUJ LIEpH.

CHEMICAL PROBLEMS 2023 no. 2 (21)


mailto:tahmina.taghi@gmail.com

