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Obtaining of nanocatalizers for low-temperature conversion
of oxide carbon (CuO/ZnO/Al2Os3) with reduced copper content

The main goal of the work was to reduce the content of copper (in terms of copper (1) oxide) in the composition
of the conversion catalyst, and to preserve high catalytic and physico-mechanical characteristics. As an alter-
native to the known technology for producing oxide catalysts from precursors of metal hydroxocarbonates,
there have been selected a manner in which the precursor is copper/zinc hydroxocarbonate. It has been shown
that of the many salts obtained from precursors — metal hydroxocarbonates, copper/zinc double hydroxocar-
bonate with an aurichalcite structure is most effective. The decomposition of these compounds results in the
formation of nanosized metal copper clusters, which have a high specific surface area and high activity in the
redox reaction of carbon monoxide conversion with water vapor to produce hydrogen. The coprecipitation
conditions and the structure of copper/zinc hydroxocarbonate determine the subsequent activity of the oxide
catalyst. A technology for producing nanocatalysts for low-temperature conversion of carbon monoxide with a
low (up to 20 % — from 54 to 34 wt.%) copper content was proposed and the conditions for obtaining a pre-
cursor and catalyst were optimized.
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Introduction

In recent years, the need for catalysts used in the production of hydrogen and hydrogen-containing gases
by the method of hydrocarbon conversion has increased.

Existing methods for the preparation of copper-containing catalysts are based on the use of deposition
processes and ammonia-carbonate technology. These preparation methods of copper-containing low-temper-
ature catalysts are characterized by a complex, multi-stage and expensive main production scheme, which
necessitates the improvement of existing technologies of catalysts’ producing for the cost of low-temperature
catalysts.

In the course of this work, a significant amount of sources on this issue was analyzed [1-3]. It has been
established that the main condition for solving this problem is the formation of a certain structure of the cor-
responding metal hydroxides obtained by decomposition of ammonia-carbonate complexes of copper and zinc,
followed by separation of the precipitate and heat treatment of the mass pressing.

As shown in [3], increased catalyst activity was achieved by chemical interaction of the catalyst compo-
nents at an early stage of preparation, as well as by decomposition of ammonia-carbonate complexes. The
completeness of the interaction was achieved by the processes in the kinetic mode (i.e., with intensive mixing
of 150-500 rpm) at the solid — liquid interface.

Under these conditions, the aurichalcite phase (CuZn)s(COz)2(OH)s was detected in the obtained precur-
sor. According to the differential thermal and x-ray phase analysis, the decomposition of the obtained precursor
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is accompanied by the formation of highly dispersed oxides of copper and zinc (6-7 nm and
8-10 nm, respectively).

It is shown that of the many salts obtained from precursors — metal hydroxocarbonates, copper/zinc
double hydroxocarbonate with an aurichalcite structure, which has a high specific surface area and activity, is
the most effective.

Based on this, the main attention is paid to the conditions for the formation of copper/zinc hydroxycar-
bonate with the structure of aurichalcite as a precursor of the oxide solid catalyst solution, as well as the con-
ditions for the formation of the oxide catalyst itself.

In this regard, the main goal of the work is to improve the existing technologies by optimizing the condi-
tions for their production and cheapening low-temperature catalysts by reducing the copper component in the
catalyst, by creating a nanostructured morphology of a solid solution of copper/zinc oxides while maintaining
its high catalytic and physicochemical characteristics.

Experimental

The copper/zinc hydroxocarbonate with an aurichalcite structure was prepared by precipitation from cop-
per (I1) nitrates and zinc, and sodium bicarbonate. It is shown that of copper/zinc hydroxocarbonate with the
aurichalcite structure is formed both at a Cu:Zn ratio of 70:30 mol.% And at a ratio of 30:70 mol.%.

The wet weight of copper / zinc hydroxocarbonate after filtering the suspension and thoroughly washing
from the concomitant salt of sodium nitrate was 271.00 g (of which 68.34 % moisture). The mass of dried (at
100 °C, for 2.5 days, and then at 120-125 °C, for 1 day) of copper/zinc hydroxocarbonate was 85.81 g (sample
11.3).

Three compositions of copper/zinc hydroxocarbonate were obtained, which differ in color. The pro-
nounced light blue color is expressed for the sample — 11.2; bluish-green for the sample — 1.1 and dark blue —
for the sample of copper/zinc hydroxocarbonate No. 111.3, and during the drying process at a temperature of
100 °C it darkens, which indicates that a certain proportion of malachite is formed, decaying at temperatures
of 80100 °C. It was also noted that the sample of copper/zinc hydroxocarbonate — I11.3 is characterized by a
rather large size of well crystallized particles of a flat shape, in comparison with the two previous samples of
copper/zinc hydroxocarbonate. The color of samples 1.1 and 11.2 after drying in the temperature range of 100—
110 °C is stable.

Results and Discussion

This study examined the industrial conditions for the preparation of the catalyst used in the process of
low-temperature conversion of carbon monoxide with water vapor: CuO — 54 %, Cr,0; — 24 %, ZnO —
11 %, Al,03 — 19.5 % by weight.

The main role of the catalyst is the conversion of CO to CO; in the presence of water vapor at 270 °C
with the formation of hydrogen for the synthesis of ammonia.

We present the probable redox reactions of CO conversion on a copper-zinc-chromium catalyst:

CO + H,O — CO +H; (conversion process);
Cu + H20 — CuO + H; (copper oxidation);
CuO + CO — COz + Cu (copper recovery).

It has been shown that under industrial conditions occurs a formation of a catalyst with a zinc-malachite
structure, which has low thermal stability.

In this regard, the main solution to the problem is to search for conditions for the formation of a specific
structure of catalyst precursors — copper/zinc hydroxocarbonate; obtained by co-precipitation of nitrates of
the corresponding metals in a precipitating medium, the preparation of which is shown in Figure 1.

The mixture contains various amorphous compounds, the structure of which depends on the dosage rate,
the concentration of the base or precipitant. Depending on the change in conditions, precursors of various
structures are formed. The reaction of the formation of hydrozincite (E) or aurichalcite (D) realizes by substi-
tution from NaxZn3z(CO3)a.
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Figure 1. Formation of precursors and their structure

The catalytic activity of oxide catalysts was studied with varying the content of components in it (Tables
1 and 2). It has been shown that both the alumina content and the mass ratio of copper (I1) oxide to zinc oxide
(obtained under various conditions for the synthesis of copper/zinc hydroxocarbonate), as well as the total
fraction of the latter in the composition of the catalyst, determine its properties (Table 1).

Table 1

Activity, specific surface area and chemical composition of four-component oxide catalysts
for low temperature conversion CO/H20

Catalvst Anmean, Sunit, W[CUO], W[ZnO], W[Crzog], W[A|203],
y % m?/g mass.% mass.% mass.% mass.%

Normative (Technical specifications 80

of Rep. of Uzb. 6.3-57-95) (no less) - 540 11.0 14.0 19.5
84.00 43.16 42.7 44.5 — 8.8
91.00 68.50 41.3 39.2 - 17.8

Cu/ZnO/AIO: 86.31 | 10538 |  35.0 35.4 - 27.4
76.54 123.93 30.6 29.7 - 38.0

As can be seen from the Table 1, the alumina content, as well as the mass ratio of copper (I1) oxide to
zinc oxide (obtained under various conditions for the synthesis of copper/zinc hydroxocarbonate), as well as
the total fraction of the latter in the composition of the catalyst, determine its properties.

Table 2

The activity, specific surface area and chemical composition of three-component oxide catalysts
for low temperature conversion CO/H20

w[CuO], w[ZnQ], w[ALO3], Sunit, Punitx1072,
Catalyst m[ass.‘% m[ass.(% rLass.%] m?/g cm®/g Amean, %
36.80 58.60 2.80 147.89 6.40 92.22
Cu0O/Zn0O/Al03 34.20 56.10 8.80 145.15 6.30 81.30
31.70 49.90 17.10 160.38 6.90 76.00

As shown in the Table 2, copper/zinc hydroxocarbonate with an aurichalcite structure is formed both at
a Cu:Zn ratio of 70:30 mol.% and at a ratio of 30:70 mol.%. It is shown that copper/zinc hydroxocarbonate
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with the aurichalcite structure was obtained by precipitation from copper (I1) nitrates and zinc, and sodium
bicarbonate.
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Figure 2. X-ray diffraction patterns of hydroxocarbonate samples copper/zinc obtained in three syntheses

The diffraction patterns of three samples of copper/zinc hydroxocarbonate, similar to the structure of
aurichalcite are depicted in the Figure 2. According to the presented curves, three samples of copper/zinc
hydroxocarbonate-HC Cu/Zn are characterized by the intensity of reflexes. The position of reflexes in all three
samples remains almost constant.

In the spectrum of sample No. 111.3, an intense reflection is observed in the range of 27°, the prevalence
of the individual phase of copper (1) oxide in which, apparently, affects the structure and properties of the
catalyst as a whole.

It has been revealed that the content of composing catalysts, the main part occupied a solution based on
a zinc oxide lattice with copper (1) oxide clusters embedded in it during calcination of copper/zinc hydroxo-
carbonate with an aurichalcite structure.

All three catalysts obtained by varying the ratio Cu:Zn from copper/zinc hydroxocarbonate with the struc-
ture of aurichalcite have different properties, because a continuous series of solid solutions of copper/zinc
hydroxocarbonate with the structure of aurichalcite is formed.

It has been noted that for an oxide low-temperature catalyst, the ratio Cu:Zn = 30:70 mol% is optimal.
Violation of stoichiometry in the composition of copper/zinc hydroxocarbonate inevitably affects the structure
and properties of the oxide catalyst. The coprecipitation conditions and the structure of copper/zinc hydroxo-
carbonate determine the subsequent activity of the oxide catalyst.

Figure 3. X-ray diffraction pattern and IR-spectrum of copper/zinc hydroxocarbonate
{aurichalcite (Cus_sxZnsy)(COs3)2(OH)s}

During the calcination of copper/zinc hydroxocarbonate with the aurichalcite structure
(ZnxCu;-)5(CO3)2(OH)s (Fig. 3), a solid solution of copper/zinc oxides is formed with a maximum distortion
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of the crystal lattice of copper (1) oxide. After preliminary activation of the catalyst (hydrogen reduction),
there were formed the clusters of metallic copper with a high active surface area.

The aurichalcite spectra are characterized by: strong absorption vibrations at 1415 and 1340 cm™ of ni-
trate groups in gerhardit; georgite is characterized by weak absorption vibrations below 1350 cm™2, except for
carbonate groups at 838 cm™; hydroxyl groups at 3407, 3317 cm™ for malachite. Also, a slight difference is
observed in the spectra of hydrozincite and aurichalcite, which makes impossible to distinguish which was
monophase.

DSC can also be used as a method of identifying a mixture of phases and allows to determine the degree
of homogeneity of zinc/copper. It is important that hydrozincite and aurichalcite have different destruction
maxima of 241 °C and 325 °C, respectively, which makes it quite easy to identify hydrozincite present in the
aurichalcite sample or vice versa. Thus, the optimal conditions for obtaining a catalyst with aurichalcite struc-
ture are established.

The formation of catalyst precursors — hydroxocarbonate salt of copper and zinc with the structure of
aurichalcite

Under the action of mechanochemical activation of metals in a gaseous environment, copper and zinc
ammonia are formed, which subsequently form a double hydroxocarbonate salt of copper and zinc with the
structure of aurichalcite in the next stage of steam treatment:

10Cu(NHz)2CO3 + 10Zn(NH3)CO3 + 6H,0 — 2(Cu, Zn)s(CO3)2(OH)s + 30NH31 + 16CO,1 + 50,1

The decomposition of such a precursor allows one to obtain copper and zinc oxides, the crystal lattices
of which are distorted as much as possible, while after hydrogen reduction of such a solid solution, nanosized
metal copper clusters are formed that have a high specific surface and high activity in the redox reaction of
carbon monoxide conversion with water steam to produce hydrogen.

This technology is of significant interest as catalysts in the production of hydrogen and hydrogen-con-
taining gases by the conversion of hydrocarbons, in the production of ammonia, methyl alcohol, etc.

Conclusions

It was shown that of the many salts obtained from the precursors — metal hydroxocarbonates, copper/zinc
double hydroxocarbonate with the aurichalcite structure is the most effective as a catalyst for the low-
temperature conversion of carbon monoxide with water vapor.

The technology of producing nanocatalysts of low-temperature conversion of carbon monoxide with the
aurichalcite structure was proposed, and the conditions for producing a precursor and catalyst with a reduced
copper content of up to 20 % (from 54 to 34 wt.%) were optimized.

The conditions for obtaining a solid solution of copper/zinc oxides with an aurichalcite structure with a
maximum distortion of the crystal lattice of copper oxide and the formation of nanoscale clusters of metallic
copper with a high specific surface and activity in the redox reaction of carbon monoxide conversion with
water vapor were determined.
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Mbpbic kypambl Tomengeren (CuO/ZnO/Al>Osz) kemipreri okcHaiHiH TOMeH
TeMIepaTypajibl KOHBEPCHSCHIHAA HAHOKATAIN3ATOPJIAPABI ATy

JKYMBICTBIH HErisri MakcaThl KOHBEPCHSIIBIK KaTalH3aToOp KypaMbIHAAFsl MbIC KypambiH ToMeHaety ((I) mbic
OKCHiHE KaiiTa ecenTereH/ie) )KoHe KOFaphbl KaTAJIUTHUKAIBIK JKOHE (U3HKa-MEXaHHKAJIBIK CUNATTaMaslapabl
cakTay Oonapl. MeTtanaapaslH THAPOKCOKapOOHATTaphIHAH OKCUATI KaTalu3aTopiapabl adyAblH Oenrini Tex-
HOJIOTHSCHIHA GalaMa PeTiH/Ie MBIC/MBIPBILI THAPOKCOKapOOHATHI OOJIBIN TaObLIATHIH 9IiC TaHAANABL Ty3imy-
JIeH aJIbIHFaH KOITereH Ty3/1ap IblH — METaJl THIPOKCOKapOOHATTAPEI, Ay pUXAJIBLUT KYPHUIBIMBI 6ap MBIC/MbI-
PBIII KOC TUAPOKCOKApOOHATH! H THIMAI OOJIBIT TaOBLIA/BI, ONAPIBIH BIABIPaybIHAH KeHIH METaJl MEH MBIC-
THIH HaHO®JIIeM/Ii KitacTepIrepi maiaa 6oa sL, yCTiHri 6eTi O6ap koHe KoMipTeTi OKCHIIHIH Cy OybIHIA CyTeKKe
aifHaJTy KOHBEPCHUSCHIHBIH TOTBIFY — KaJIIIbIHA KENTIpy peakIMsACHIHAA OeICeHAITIKKe ne. MBIC/MBIPBII TH/I-
POKCOKapOOHATHIHBIH TYHIBIPY JKaF[ainapbl MeH KYPBUIBIMBI, OKCHATI KaTalnn3aTOPABIH Keleci OelceHIuIirin
aHbpIKTalapl. TOMeH TeMIepaTypasibl KOHBEPCHSCHIHBIH HAHOKATANIN3aTOPBIH ally TEXHOJIOTHSCH YCHIHBUIIBI
(20 %-ra meiiin 54-teH, 34-11i Maccara JeiiiH) KoHE IPEKyPCOp MEH KaTalTHU3aTOP/Ibl ATy IIAPTTAphl OHTAMIAH-
JBIPBUIFaH.

Kinm ce3dep: TeMeH TeMIiepaTypabl, KaTaau3aTopiap, METaJIapIblH THAPOOKCOKapOOHATTaPHI, KeMipTeTi
OKCHJIi KOHBEPCHUSCHI, aypHXANBIUT, MBIC KYPaMBl.

M.M. Ycmanosa, B.B. Jlonros, H.P. Amypos, C.1L. Pammnosa, T. lanaxomxaes

IMonyyenne HAHOKATAIH3ATOPOB HU3KOTEMIIEPATYPHOI KOHBEPCHH OKCHU/IA YIJIepoaa
(CuO/ZnO/Al203) ¢ NOHUKEHHBIM COAePKAHHEM Me/TH

OCHOBHOI1 1IeNbI0 PabOTHI CTABUIIOCH CHIDKEHHE cOlepaHus Meau (B mepecuere Ha okcua menu (II)) B co-
CTaBe KaTaJHu3aTopa KOHBEPCUH U COXPAHEHHE BBICOKMX KATAIHUTHYECKHUX U (PU3MKO-MEXaHHYECKUE XapaKTe-
pHCTHK. B KauecTBe allbTepHATUBBI M3BECTHOI TEXHOJIOTHH MOJYYEHHUS OKCUTHBIX KaTaIU3aTOPOB U3 HpelIe-
CTBEHHHKOB THAPOKCOKapOOHATOB METAIUIOB OBUT BEIOPAH CIOCO0, B KOTOPOM IPEANISCTBEHHHUK MPEICTABISLI
co0oif runpokcokapOoHaT Mean/uuHKa. [lokasaHo, 9YTO U3 MHOTHX COJIeH, OJNyYeHHBIX U3 HpeIIeCTBEeHHNU-
KOB — T'HJPOKCOKAapOOHATOB METAJUIOB, ABOWHOI IHIPOKCOKApOOHAT MEIU/IIMHKA CO CTPYKTYpPOH aypHXaib-
uTa ABisercs HanbOonee 3(GQEeKTUBHBIM, MOCIE PA3IOKEHUS KOTOPOro oOpa3yroTcs HaHOpa3MEpHBIE Kila-
CTEphI MeTaJlIa ¥ MEH, KOTOPbIe UMEIOT BBICOKYIO YJENBHYIO TIOBEPXHOCTh ¥ aKTHBHOCTD B OKHCIIUTEIBHO-
BOCCTaHOBHTENBHON peaKIMM KOHBEPCHH OKCH/A YIIepoa BOISHBIM MmapoM ¢ obpasoBaHueM Bojopoaa. ITo-
Ka3aHOo, 4TO YCJIOBHs COOCK/CHHS M CTPYKTypa TMIPOKCOKapOOHaTa MeAn/LMHKA ONPEENIOT MOCIeIy o-
IIyI0 aKTUBHOCTh OKCHIHOTO KaTanu3zaTopa. IIpe/sioikeHa TEXHOIOTHS MOJyUeHHs HAaHOKAaTaJIu3aToOpPOB HU3-
KOTEMIIEpaTypHO# KOHBEPCHH OKCHAA yriepoaa ¢ TOHMkKeHHbIM (n020% — c¢ 54 nmo 34 macc.%)
CoZiep)KaHUEM ME/IH M ONITUMHU3MPOBAaHBI yCIIOBHS TIOMyYEeHHS IPEKypcopa U KaTaan3aropa.

Kuiouesvle cno6a: HU3KOTEMIIEPATYPHBIi, KaTaan3aTop, THAPOOKCOKapOOHATH METAILIOB, KOHBEPCHS OKCHIA
yrIIepo/ia, aypuxajbluT, COJACPKAaHHE MEJTH.
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