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Abstract: The work deals with the reaction of ethanol conversion over chromium copper binary oxide
catalysts. It showed that acetaldehyde is the main product of the ethanol conversion reaction. As the
temperature rises, the direction of the ethanol conversion reaction shifts toward dehydration of ethanol into
ethylene. Studies revealed that the atomic ratio of chromium to copper in the composition of the catalyst also
has a strong effect on the activity of chromium-copper oxide catalysts. It established that samples with high
chromium content in the composition of the catalyst display the greatest activity in the reaction of acetic
aldehyde formation. So, on the sample Cr-Cu = 6-4, the yield of acetaldehyde reaches 82.5% with a
selectivity of 97.6%. X-ray studies found that Cr-Cu-O catalysts consist mainly of initial oxides and in some
samples indicate the chemical compound. X-ray studies showed that as the copper content decreases, the
degree of crystallinity increases in the studied catalytic system. Comparison of the activity of Cr-Cu-O
catalysts with their crystallinity degree revealed that the rise in crystallinity degree of chromium-copper
oxide catalysts leads to the increase of acetic aldehyde yield and its selectivity in the ethanol conversion

reaction.
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Introduction

As is known, renewable bioethanol is
one of the promising raw materials for the
production of various chemical compounds [1-
3]. The conversion reaction of ethanol makes it
possible to obtain chemicals like acetaldehyde,
acetic acid, diethyl ester, etc. For the reactions
of ethanol conversion, various catalytic systems
are used on the basis of oxides of chrome, zinc,
copper, etc. [4, 5]. Previously we showed that at
high speed the ethanol is converted into acetone,
acetic acid on various binary chromium-copper
containing catalysts [6,7]. It is known that the

phase composition of the catalyst and its
structural properties, can have a strong effect on
its activity [8,9]. One of the structural properties
of the catalyst is its crystallinity which depends
both on basic compounds used for its
preparation and on conditions under which it is
prepared. For this reason, the present work deals
with the study of the dependence of chromium-
copper oxide catalysts activity in the
dehydrogenation reaction of ethanol on their
crystallization rate.

Experimental part

Binary chromium copper oxide catalysts
of various compositions were prepared by
means of co-precipitation from aqueous
solutions of chromium and copper nitrate. The
resulting mixture was successively evaporated

and dried at 100-120°C, decomposed until
nitrogen oxides were completely isolated at
250°C, and then calcined at 600°C within 10
hours. Thus, 9 catalysts with an atomic ratio of
elements from Cr:Cu = 1:9 to Cr:Cu = 9:1 were
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synthesized and the activity of the synthesized
catalysts in the reaction of ethanol conversion
and butene-1 isomerization explored in a flow
unit with a tubular reactor in the temperature
range 100 — 500°C. Also, 5 ml of the given
catalyst with a grain size of 1.0-2.0 mm was
loaded into the reactor, and its activity in the
ethanol conversion reaction was studied.

Ethanol conversion was carried out in a stream
of nitrogen. Ethanol and its conversion products
were determined by chromatography method.
X-ray studies of binary chrome-copper oxide
catalysts were carried out on a Bruker automatic
D2 Phaser powder diffractometer (CuKa
radiation, Ni filter, 3<26>80 °).

Results and discussion

Studies found that the main product of
ethanol over chrome-copper oxide catalysts
conversion was acetic aldehyde. Ethylene,
acetone, ethyl acetate, carbon dioxide, and
carbon dioxide and other decomposition
products were also formed as a by-product. Fig.
1 shows the effect of the reaction temperature
on the yields of ethanol conversion products on
a Cr:Cu = 6:4 catalyst. As can be seen from Fig.
1, acetic aldehyde is formed in the greatest

amount on the Cr:Cu = 6:4 catalyst. Fig. 1
reveals that the reaction of ethanol conversion
on the explored catalyst starts at a temperature
of 150°C and at this temperature only acetic
aldehyde is formed in an amount of 9.9%.
Increase in the reaction temperature leads to the
formation of other reaction products. Maximum
yield of acetic aldehyde reaches 82.5% at
300°C.

—8— Ethylene
-8— Acetone
Acetaldehyde
X7 Ethylacetate

—&— Conversion

100
__gp—0—9
80 P
e 60 S,f"p
o 0 d
> '/‘ [
20 / /
o 4
0 o= =
0 100 200 300 400

500

Temperature, °C

Fig. 1. Effect of temperature on the yields of ethanol conversion products on Cr:Cu=6:4 catalyst.

The formation of ethylene, acetone and
carbon dioxide begins at a temperature of
350°C. Fig. 1 shows that the yields of ethylene
and acetone increase as the reaction temperature
rises. The highest yields of ethylene and acetone
are observed at a temperature of 450° C to make
up 30.2 and 28% respectively. As for the
formation of ethyl acetate, it is observed in the
temperature range 350 and 450°C and does not
exceed 5.6%. The maximum ethanol conversion
on the Cr: Cu = 1:9 catalyst reaches 92.1% at
450°C.

Our preliminary studies revealed that the
atomic ratio of cerium to copper strongly affects
the activity of chromium-copper oxide catalysts
in the reaction of ethanol conversion. In this
regard, we studied the effect of the composition
of chromium copper catalyst on its activity.
Table 1 shows the ethanol conversion, yields
and selectivity of acetic aldehyde on chromium
copper oxide catalysts of various compositions
at a temperature of 300°C.

As can be seen from Table 1, the yield of acetic
aldehyde with an increase in the chromium
content in the catalyst composition first
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decreases from 46.2% on the catalyst Cr:Cu =
1:9 to 32.3% on the catalyst Cr:Cu = 3:7 and
then increases to pass through a maximum of
82.5% on the catalyst Cr:Cu = 6:4. The table
also shows that the selectivity of the reaction for

acetic aldehyde with an increase in the
chromium content in the catalyst increases to
almost 98% and then remains unchanged. The
maximum ethanol conversion in the studied
samples reaches 84.5%.

Table 1. Dependence of the yield and selectivity of acetic aldehyde on the atomic ratio of
chromium to copper. T = 300°C.

Cr/Cu atom ratio 19 |28 [37 [46 |55 |64 [73 [82 |91

Reaction products Yields, %

CH3;CHO 46.2 |423 |323 |[539 |709 |85 |759 |611 |57

Conversion 738 |633 |586 |679 |726 |845 |759 |625 |57.8

Selectivity 626 |66.8 |[551 |794 |976 |97.6 | 100 97.8 | 98.6
Thus, based on the conducted studies, it compounds used for its preparation and

can be said that acetic aldehyde is the main
reaction product on chromium-copper catalysts
and its yield reaches 82.5% with a selectivity of
97.6%. The yield and distribution of reaction
products on chromium copper catalysts depends
both on the reaction temperature and the atomic
ratio of chromium to copper.

As is known, the phase composition of
the catalyst, i.e., its structural properties, can
have a profound effect on its activity. One of the
structural properties of the catalyst is its
crystallinity which depends both on basic

conditions under which it is prepared. For this
reason, we have studied the dependence of the
activity of ethanol dehydrogenation reaction of
catalysts synthesized by us on their
crystallization rate.

X-ray studies of Cr-Cu-O catalytic
system shows that in addition to phases of the
two primary oxides the chemical compound
phase CuCr,04 is formed. The crystallographic
characteristics of the identified phases are given
in Table 2.

Table 2. Crystallographic properties of phases formed in the Cr-Cu-O catalytic system

Chemical Syngonia Volume Lattice parameters Z, number of

compound group a,A | B,A | ¢c,A |angle, molecules
CuO Monoclinic Cc 4.692 | 3.428 | 5.137 | 99.54 4
Cr,03 Rhombohedral R3c 4960 | - 13.59 - 6

CuCr,04 Tetragonal 142d 6.04 - 7.78 - 4

Analysis of diffraction curves in the Cr-
Cu-O system shows the formation of 3 phases -
Cr;03, CuO and CuCr,04 in all samples. Fig. 2
shows combined diffraction curves of all nine
ratios (m Cr/nCu). For comparative analysis,
diffraction curves of Cr,O3 and CuO oxides are

shown at the beginning and end of diffraction
curves. X-ray analysis reveals that all samples
contain mainly 2 phases, Cr,0; and CuO. A
regular change in the intensity of diffraction
reflexes indicates the maintenance of the phase
ratio of all components.
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Fig. 2. Diffractograms of chromium and copper oxide, as well as Cr-Cu-O catalysts for all nine
ratios.

Also, we calculated crystallization rates
of all phases in the D2 Phaser using the
DIFFRAC.EVA program. The results obtained
are shown in Table 3. As can be seen from
Table 3, the degree of crystallinity increases in

the studied catalytic system as the copper
content decreases. Thus, as the chrome content
in the Cr-Cu-O catalytic system increases, the
crystallization rate rises from 41.6% to 73.3%.

Table 3. Crystallinity degree of samples of Cr-Cu-O catalytic system.

Cr:Cu ratio 1:9 2:8

3:7

4:6 5:5 6:4 7:3 8:2 9:1

Degree of crystallinity, % 41.6 | 41.9

50.2

573 | 644 | 671 | 69.7 | 733 | 71.2

Fig. 3 shows the dependence of the yield of
acetaldehyde, the selectivity of the process on
acetaldehyde and the conversion of ethanol on
the degree of crystallinity of binary chromium-
copper oxide catalysts. Fig. 3 indicates that as
the crystallinity of chromium-copper oxide
catalysts increases, the yield of acetaldehyde,
the selectivity of the acetaldehyde process, and
the conversion of ethanol change symmetrically.
Also, it has to be kept in mind that when the

catalyst has a high crystallinity, the ethanol is
converted to acetaldehyde at 100%. This
indicates that the rise in the crystallinity of
chromium-copper oxide catalysts increases the
selectivity of acetaldehyde process. On that
basis, in order to increase the selectivity of
ethanol conversion into acetaldehyde, it is
necessary to synthesize the catalyst with a high
degree of crystallinity.

CHEMICAL PROBLEMS 2021 no. 1 (19)




DEPENDENCE OF Cr-Cu-O CATALYSTS 29

0

Yields

40 45 55

Degree of cnistallinity, %

Fig. 3. Dependence of the activity of chromium-copper oxide catalyst in the ethanol
dehydrogenation reaction on the degree of crystallinity. T =300 °C.

Conclusions

e Main product of the ethanol conversion
reaction over chromium-copper oxide
catalysts is acetic aldehyde, and its yield
reaches up to 82.5% with selectivity
97.6%.

e Increase in crystallinity degree of
chromium-copper oxide catalysts leads
to rise in the yield of acetic aldehyde and
its selectivity in the ethanol conversion
reaction.
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ETANOLUN DEHIDROGENLOSMOSI REAKSIYASINDA Cr-Cu-O
KATALUZATORLARININ AKTIVLIYININ ONLARIN FAZA TORKIBINDON ASILILIGI

S.H. Mammadova, A.4. Ohmadova
Azarbaycan Déviat Neft va Sanaye Universiteti,

Azadlig 20, Baki AZ-1010, Azarbaycan
e-mail: salimaabbaszade@mail.ru

Isd> xrom va mis torkibli binar oksid katalizatorlar: iizarinda etanolun cevrilmasi reaksiyasi
oyronilmisdir. Gostarilmisdir ki, etanolun ¢evrilmasi reaksiyasinin 2sas mahsulu sirko aldehididir.
Reaksiya temperaturunun mohsullarin ¢ixumina tosiri Oyronilmisdir. Miiayyon edilmisdir ki,
temperatur artdigca etanolun ¢evrilma reaksiyasinin istigamoti etanolun etilena dehidratlasmasi
istigamatine dogru dayisir. Tadqgiqatlar géstormisdir ki, xromun misa atom nisbati katalizatorlarin
aktivliyino giiclii tosir gostorir. Miiayyon edilmisdir ki, sirko aldehidinin amolo goalmoasi
reaksiyvasinda katalizatorun tarkibinda xromun migdari yiiksak olan niimunalari daha ¢ox aktivlik
gostarir. Belo ki Cr-Cu=6-4 torkibli niimunada asetaldehidin ¢ixumi 82.5%, selektivlik iso 97.6% -2
catir. Rentgengrafik tadgiqatlar Cr-Cu-O katalizatorlarimin asasan oksidlardan ibarat oldugunu
gostarir, boazi niimunalarda elaca do CuCr,04 miisahids olunur. Cr-Cu-O katalitik sistemda misin
migdart azaldigca kristallik daracasi artir. Kristalliklik daracasi artigca sirka aldehidinin ¢iximu,
selektivliyi va etanolun konvensiyasi artir.

Acar sozlar: etanolun dehidrogenlasmoasi, binar katalizatorlar, kristalliklik.

3ABUHCHMOCTHh AKTHBHOCTH Cr-Cu-O KATA/TU3ATOPOB B PEAKIIHH
AET"H/IPUPOBAHHUA 3TAHOJIA OT UX ®A30BOI'0O COCTABA

C.I'. Mameoosa, A.A. Axmeoosa

Asepbatiocanckuii I'ocyoapcmeennviii Yuusepcumem Hegpmu u [lpomviuinennocmu,
Aszaonvie 20, baxy AZ-1010, Azepbatioxncan
e-mail: salimaabbaszade@mail.ru

B oOamnnou pabome peaxkyus npeepawjeHuss 3mauona u3yyeHa HA OUHAPHLIX KAmaiu3amopax,
cocmosawux u3 oxkcuoa xpoma u meou. Iloxazano, umo ayemanvoecuo sAGNAeMcsi OCHOBHbIM
NPOOYKMOM peaxkyuu npespawjeHus 3maHoida. YcmanoeieHo, 4mo ¢ nogvluleHueM memnepamypol
HanpasieHue peakyuu npespawjeHusi SManoid cCmewaemcs 6 CMmopony oecuopamayuu 3maHona 0o
smunena. Hccnedosanus nokaszanu, 4mo amoMHOe OMHOWIEHUEe XpoMa K Meou 8 cocmase
Kamanuzamopa makdce OKas3vleaem CUlbHoe GIUsHUe Ha aKmMUHOCMb Kamaiuzamopoe.
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Ycemanoseneno, umo naubonvuiel akmueHOCMblO 8 peakyuu 00pa308aHusi YKCYCHO20 anb0e2uod
001a0arm obpaszysvl ¢ BbICOKUM COOEPHCAHUEM XPOoMA & cocmase Kamanusamopa. Tax, Ha obpasye
Cr-Cu = 6-4 e6wvix00 ayemanvoecuoa oocmuecaem 82.5% npu cenrexkmusnocmu 97.6%.
Penmeenosckue uccredosanus noxazanu, umo kamanuzamopsi Cr-Cu-O cocmosm 6 ocHoeHom u3
oxcudos, a 8 Hekomopvix obpazyax npucymcmgyem CUCr,04.  Penmeenocpaguuecxue
UCCIe0068AHUsL  MAKJCe NOKA3AAU, UMO C VMEHbULEHUEeM COO0epIUCAHUs MeOUu  CHmeneHsb
KPUCMANIUYHOCIU — UCCLedyeMOoll  Kamanumuieckou cucmemol  ygeauyusaemcs. CpasHenue
axmusnocmu  Cr-Cu-O-kamanuzamopoe co cmenenvio ux KpUCmMAaiiuyHOCMU HNOKA3AI0, YMO
yeenuyeHue CmeneHu KpucmaiiuyHoCmu XpoM-MeOHO-OKCUOHBIX KAMAIU3AmMopo8 Npueooum K
VBENUYEHUIO 8bIX00A YKCYCHO20 ANb0e2Ud U €20 CeleKMUBHOCIU 8 PeaKyul KOH8EPCUU SMAHOA.

Knrouesnie cnosa: dezudpupoeaHue amaHoa, 6uHaprl€ Kamanusamopbvl, KpucmaiiludHocnbo.
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