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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
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and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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SYNTHESIS AND STUDY OF STRUCTURAL PROPERTIES
OF COMPOSITES BASED ON NI-RU FOR STEAM CONVERSION
OF ETHANOL

Abstract. Catalyst precursors, substituted by rare-earth and transition metals, promoted with Ru nanoparticles
using the modified Pechinimethod (Organic polymeric precursor) have been synthesized. To transform biofuel
(ethanol) into hydrogen from the obtained active phases, three different methods were used to synthesize composites
with the general formula [LaMn1-xBxOs + 6 / Ln;.,Zr,O,] (1: 1 by mass), B = Ni, Ru, Ln = Pr, Sm, Ce. Structural
and surface properties of the obtained samples of complex oxides and composites were studied using the BET and
XPA methods. The textural and structural characteristics of composites differing in the methods of their
preparationare presented.

Key words: perovskite, fluorite, composites, biomass, hydrogen.

Introduction

Fossil fuels are widely used, but their resources are limited. Therefore, the development of new fuels
is necessary, and currently much attention is paid to renewable energy sources [1]. Biomass as a
renewable raw material is not only the subject of numerous scientific studies, but in some countries it
largely replaces traditional fossil energy sources. To date, one of the most promising methods for
transforming biomass into fuel and energy is catalytic steam conversion of the liquid products of biomass
processing into hydrogen and synthesis gas [2].

In this regard, the need to create new catalysts for the steam conversion of ethanol to hydrogen and
synthesis gas is of great interest. Well known catalysts for steam reforming of oxygen-containing
compounds are usually noble [3-5] or transition metals [6-9] deposited on the surface of porous supports.
The main problem that impedes their industrial application is the coke formation on the surface of
catalysts and, as a consequence, their deactivation [6-10].

Nanocrystalline oxides with the structure of fluorite, perovskite and spinel and their nanocomposites
containing cations of rare-earth and transition metals, capable of changing their oxidation state, have high
mobility and reactivity of oxygen. Such oxides are one of the most promising carriers resistant to coke
formation for catalysts for the conversion of hydrocarbons or oxygen-containing compounds into synthesis
gas [11,12].

There are several approaches to the preparation of oxide nanocomposites with the structure of
perovskite and fluorite. The method of synthesis of nanocomposite materials should provide high chemical
uniformity of the obtained complex oxides along with their high dispersion. Among many methods for
preparing catalysts, the high spatial uniformity of the distribution of cations in mixed oxides is ensured by
the method of the so-called ester polymer precursors (Pechini method) with the addition of chelating
agents such as citric acid, ethylene diamine (ED) and ethylene glycol [13].
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Based on this, the aim of this work is to synthesize and study the texture properties of Ni-Ru-based
composites intended for ethanol steam reforming.

Experimental part

Preparation of active ingredients

To prepare the samples Proi15Smo15Ce035Zr03502 and LaMng4sNigs5SRug; according to the
Pechinimethod, we wused crystalline hydratesPr (NOs);-:6H,O(pur.), Sm (NOs),:6H,O (puriss),
Ce (NOs3), - 6H,0 (p.a.), ZrOCl, (puriss),La (NO3)3:6H,O (puriss), Ni(NOs),-6H,O (p.a.),RuOCl; (p.a.),
Mn(NO3), - 6H,O (puriss), citric acid (LA, puriss), ethylene glycol (EG, p.a.), ethylenediamine (ED, pur).

The exact molar masses of nitrates were determined by thermal analysis. Ethylene glycol and citric
acid were used as complexing agents. Ethylene diamine is added to further polymerization of the system.
Reagents were taken in molar ratios of LC: EG: EDA: Zv (metals) = 3.75: 11.25: 3.75: 1. Citric acid was
dissolved in ethylene glycol with vigorous stirring and gentle heating (60-80 ° C). Crystalline hydrates of
metal nitrates were added to the resulting solution cooled to room temperature with vigorous stirring, then
ethylenediamine was added dropwise. Full homogenization was expected in 2 h. The resulting mixture
was evaporated with stirring to obtain a viscous polymer, calcined in a muffle furnace at 700 ° C during
5 hours.

Synthesis of Nanocomposites

Nanocomposites based on Prg.15Smg.15Ceo.35Z103502 LaMng4sNip4Rucomplex oxides at a 1: 1 ratio
were synthesized using a modified Pechini polymeric precursor method, followed by calcination with
700°C for 4 hours.

Physico-chemical studies of the samples obtained

The phase composition of the samples was determined by x-ray phase analysis (XRD). Diffraction
patterns were obtained using a Bruker Advance D8 diffractometer with CuKa radiation. Scanning was
carried out in the angle range of 20-80 (20) with a scan step of 0.05 (2@). Identification of the phases
obtained and quantitative calculations were obtained using the ICDD X-ray file cabinet.

The specific surface area of the synthesized samples was measured by the express version of the BET
method for thermal desorption of argon on a SORBI-M device.

Results and discussion
Using the method of low-temperature nitrogen adsorption, the specific surface area of the obtained
oxides and nanocomposites was calculated.

Table 1 -Textural properties of complex oxides and synthesized composites

Ne Composition of Composites Method of preparation Calcination,°C Surtz"ace, Bulkdenglty,
m/g kg/m
1 Pro.15 Smo.15Ce0.35Z10.3502 Pechini 700 75 -
LaMno.45Nio.45 Ruo.103 Pechini 700 8 -
3 | Pro1sSmo.i15Ceo.35Zr0.3502 u Polymer 700 36 1,3621
LaMno.45Nio.45Ru0.103
4 | ProasSmo.1sCeo35Zro.3502 n one-pot synthesis 700 49 1,4691
LaMno.45Nio.4sRuo.1 O3
5 Pro.15Smo.15Ce0.35Z10.3502 1 Ultrasonic dispersion 700 61 1,1174
LaMno.45Nio.4sRu0.103

From the results presented in table 1, it is seen that the fluorite-like complex oxide with the
composition Prois Smo 15Ceo35Z103502prepared by thePechinimethod has the largest specific area -
75 m2/g. The composite prepared by the method of ultrasonic dispersion is distinguished by a high
specific surface as well. The composites prepared by the Polymer and One-pot synthesis methods showed
36 and 49 m*/g, respectively. The lowest specific surface index has a perovskite-like complex oxide with
the composition LaMng4sNip4sRug1Osprepared by the Pechinimethod. It is known thatperovskites
generally have a low specific surface area [14, 15].
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The phase composition of the sample of complex oxide Pro15Smo.15Ceo35Z103502prepared by the
Pechini method and calcinedat 700 ° C in the angle range 26, 20-80 ° C is shown in figure 1.
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Figure 1 - Diffraction pattern of the Pro.1sSmo.15Ceo.35Z1r0.35028ample

According to X-ray diffraction data (figure 1), a sample of the complex oxide
Pro.15Smy.15Ce.35Z10.350; is a single-phase well crystallized system, which is a solid fluorite-like solution
of cubic type PrSmCeZrO (Fm3m) with a small admixture of phases of monoclinic and tetragonal
zirconium oxides.

Using the XRD method, the phase composition of the complex oxide sample
LaMnyg.4sNig4sRuo.1Osprepared by the Pechini method, calcined at 700 ° C in the angle range 26, 20-80 ° C
(figure 2) was determined.
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Figure 2 - Diffraction pattern of the LaMno.45sNio.4Ruo.103sample

According to the XRD data (figure 2), the phase composition of the LaMnNiRuOnanocomposite is
crystallized in the structural type of perovskite with orthorhombic symmetry.

Next, the phase compositions of composites synthesized by the Polymer and One-pot synthesis
methods and the ultra dispersion method (figure 3) based on complex oxide precursors were determined.
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Figure 3 - X-ray diffraction patterns of composites

From the data presented (figure 3) it can be seen that upon application of various active components,
such as Ni, Mn, Ru, the fluorite-like structure of composites obtained using the Polymer and
ultradispersion methods is preserved. Whereas in a composite synthesized by the One-pot method, the
fluorite-like structure is deformed. The crystalline phase — NiO was identified in composite, obtained
using the Polymer method.

Surface promotion of the support by rare-earth elements inhibits the growth of nickel crystallites,
preventing the formation of large particles necessary for the formation of coke, and also complicates the
reoxidation of metallic nickel during the reaction [16,17,18,19]

Complex oxides with a perovskite structure in addition to high oxygen mobility have a number of
additional unique properties. Due to this, they are sometimes called "replacement of noble metals" in the
application to catalysis [20]. Catalysts based on substituted precursors for the ethanol steam reforming
process based on perovskites LaFeNiOs [21], La;xAxFe;yNiyOs (A = Ca, Sr) [22.23], Lal-xSrxFe.
yCo0y03 [24], La;.xCaxFe;.«Cox03[25] and LaXCoOj3 (X = Mg, Ca, Sr, Ce) [26] are well known.

The results of this work are of particular interest in the field of modern catalysis in obtaining
renewable energy sources, and also require further research. The data obtained contribute to the solution
of the development of domestic catalyst production

Conclusions

This study presents the results of the synthesis of single-phase nanocrystalline complex oxides with
the general formula [LaMn1-xBxO3 + 6 / Lnl-yZryO2] (1: 1 by mass), B = Ni, Ru, Ln = Pr, Sm, Ce, with
fluorite ( doped cerium-zirconium oxide) and perovskite structures by thePechinimethod.

Synthesis methods are proposed that lead to the formation of a complex perovskite-fluorite system
with cations uniformly distributed in one structure and a developed interphase phase. The influence of the
synthesis method on the structural properties of the oxide system is shown. The results of the study
showed that in the synthesis of composite structures, the most effective is the method of ultrasonic
dispersion.
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3TAHOJIJIBIH, BY AMHAJIBIMBI YIITH NI-RU HETT3IHJIET'T KOMIIO3UTTEPAI CHHTE3JIEY
7KOHE OJIAPJBIH KYPBIJIBIM/IBIK KACUETTEPIH 3EPTTEY

AnHoranus. Kaz0a oTeIHZapsl KeHIHEH KOJIAHBUIAAH, Oipak oJapAbIH pecypcrapbl mekTeynmi. COHIBIKTaH
OTHIHHBIH XaHa TYPJIEPiH jkacay KaxeT. Ka3ipri yakpITTa jkaHapTBUIATHIH YHEPTUS KO3/AepiHe KoN KeHUT OemiHyae.
buomacca- mmKizaT peTiHIE KOINTEreH FhUIBIMU 3€pTTEYJIEp/iH TakKbIphIObI FaHa €Mec, COHbIMEH KaTap, KeWoip
enyiepae OOCTypii Ka3ba HSHeprus Ke3AepiH anMacTeipyna. ByriHri tapma OunoMaccaHbl OTBIH MEH JSHEPrHsFa
alHAIABIPYIBIH TEPCICKTHBTI OMIiCTepiHIH Oipi — OMOOTHIHIBI CYTEri MEH CHHTE3 Ta3blHa OYJBl KaTAIUTHKAIBIK
alHaIABIpy OOJIBIN TaOBLTAIBI.

OcpIraH OaiiIaHBICTBI ATAHON/BI CYTETi MEH CHHTE3 ra3blHa Oy alfHaJIbIMbIHA KaXKETTi JKaHa KaTalu3aTopJiapbl
JKacay KaKETTUIIr YIKeH KBI3BIFYIIBUTBIKTEI TyABIpAbl. Kypampriama otreri 0ap KOCBUIBICTAPABIH OyIIbl aifHAIBI-
MBIHBIH KaTaln3aTopiapbl 9/IETTe KEYEKTI TaChIMAJIaFbllITapFa KOHBIPBUIFAH achbll HEMECE aybICIallbl METaaap
Ooxpmn TaObuTamBl. Onapapl eHEpKocinTe KONJaHyFa Keepri KeNTipeTiH Herisri Mocene, KaTalu3aTopiapiblH
KeMipJIeHyi )KoHe COHBIH CaJapbIHAH OJAPIbIH KapaMChI3ABIFbI OOJIBII TaObLTAIBI.

KypaMbiaga cupek Ke3IeceTiH >KOHE ayBICIalibl MeTalIapAblH KaTHOHAApHl 0ap (II0OpUT, MEPOBCKUT KOHE
LIMTUHEIb KYPbUIBIM/IBI HAHOKPHUCTAIABI OKCUATEP MEH OJIap/IblH HAHOKOMIIO3UTTEP] TOTHIFY KYHIH e3repTyre Kaoi-
JIETTI J)KOHE OTTETiHIH OFaphl KO3FAIFBILTHIFEI MEH peaklusuiacy KabineriHe ue. MyHIal OKCHUATEP KOMIPCYTeK-
Tepl Hemece OTTeri 0ap KOCBUIBICTAp/bl CMHTE3 Ta3bl MEH CyTeriHe alHaJIbIpyFa KaKeTTi KaTajlu3aTopiapiblH
KeMipJIeHyiHe TypaKThl THIMJII KaTau3aTopiap/biH 0ipi 00JIbI TaObLIaIbL.

OcebIFaH caiikec, OYJ1 )KYMBICTBIH MaKcaThl - 3TaHOJIABIH Oy aifHanbsIMbIHAAFEl Ni-Ru Herisingeri komno3uTrepai
CHHTE3/Iey KOHE OJIap/IbIH KYPBUIBIMABIK KACHETTEPIH 3epTTey OOJIBII TaObLUIa bl

Ru HaHOOesIeKTEpIMEH TPOMOTOPIIAHFAH, CUPEK KE3/IECETiH )KOHE aybICIajbl MeTalJapMeH aIMacThIPbUIFaH
KaTaM3aTopJIapbIH IPEKYPCOPIIAPbIHBIH CHHTE31, MOJUMEPII OPraHUKAIBIK MPEKYPCOPIAPIbIH MOAUDUIUPICHT CH
omicimen (Ilexunm) x)yprizingi. BuooTeiHHAH (3TaHOM) CyTeTi any VIIiH, alblHFaH OenceHni (azamapman ymr Typaii
omicner xanmel (opmynace! [LaMni«BxOs+s/LniyZryO;] (1:1 macca 6oitprama), B = Ni, Ru, Ln = Pr, Sm, Ce
KOMIO3UTTep cHHTEe3AenAi.CHHTEe3Aey OMICTEepiHIH YIrUIepaiH KYpPBUIBIMABIK JKOHE OETTIK KacHeTTepiHe ocepiH
pertresnik (aszansikkone BET omicrepimen 3eprrenmi.CuHTe3ey OmICTEpiHIH epeKIIelNirine OaiaHBICTHI
KOMITO3UTTEP NI HKYPBUIBIMBIK XKoHE OETTIK KACUETTepl CUIIaTTalIbl.

ByJ1 )KYMBICTBIH HOTIDKENIEpl 3aMaHayH KaTaln3 CajachlH/a >KaHAPTBLIATHIH SHEPrUsl KO3/AEpiH ajlyaa epeKiie
KbI3BIFYIIBUIBIK TYABIPaJIbl, OCBIFAH Opai, OJJaH 9pi 3epTTeyAi KaKeT eTe/li. AJbIHFaH MAJIMETTep KaTajlu3aropiap-
JIBIH OTaHJIBIK OHAIPICIH JAMBITY MOCENIeIepiH MENTyTre bIKIal eTei.

Tyiiin ce3mep: NepoBCKUT, GIFOOPUT, HAHOKOMITO3UTTEpP, OoMacca, CyTeri.
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! Tapasckuii rocysapcteennslii ynusepcurer umenn M. X. Jlynaru, 080000, Tapas, Kasaxcran;
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CUHTE3 U U3YYEHHUE CTPYKTYPHBIX CBOWCTB KOMIIO3UTOB
HA OCHOBE NI-RU JUIs1 ITAPOBOU KOHBEPCHUH 9TAHOJIA

AnHoTanus. Vickomaemble BUABI TOIUIMBA IMIHPOKO MCIIONB3YIOTCS, OHAKO MX PEeCypChl orpaHndeHsl. [loaTomy
pa3paboTka HOBBIX BHAOB TOIUIMBA HEOOXOOMMa, W B HACTOsIIee BpeMs OOJbIIOC BHUMAHWE YAEISIETCS
BO300HOBJISICMBIM HUCTOYHHKAM 3HEPrHH. buoMacca kak BO300OHOBJISIEMOE CBHIPbE HE TOJBKO SIBJISETCS MPEIMETOM
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MHOTOUYHCIICHHBIX HAYYHBIX MCCIICOBAHUHA, HO B HEKOTOPHIX CTpaHaxX B 3HAYUTENBHOH MeEpe 3aMeHseT
TPaAMIMOHHbIE HCKONIAeMble WMCTOYHHKHM 3Hepruu. Ha ceromHsmHuil IeHb OJHMM U3 CaMbIX INEPCHEKTUBHBIX
METOJIOB TpaHC(OpMAIMK OMOMACCHI B TOIUTUBO U SHEPTHIO SIBIISIETCSl KaTaJlUTHUECKas apoBasi KOHBEPCHS KHIKUX
MPOJYKTOB NepepaboTKu OMOMAcChl B BOJOPOJ U CUHTE3-Ta3.

B 31011 CBsI3M HEOOXOIMMOCTh CO3/JJaHUS HOBBIX KaTaIM3aTOPOB JUIS NAPOBOi KOHBEPCHU TAHOJA B BOAOPO U
CHHTE3-Ta3 BBI3bIBACT OOJIBIION MHTEpec. [3BecTHbIE KaTalM3aTOPBLIIISI TAPOBOI KOHBEPCHN KHUCIOPO/ICOIECPIKAILIIX
COEAMHEHUI OOBIYHO TMpPEICTaBIAIOT cO0OH OJaropoigHbple WM TEPEXOAHBIE METaJUlbl, HAaHECEHHbIE Ha
MOBEPXHOCTBIIOPUCTHIX HocuTened. OCHOBHOW NpOOJEMOi, 3aTPYAHSIOMIEH WX IPOMBIIUIEHHOE IPUMEHEHHE,
SBIISIETCSI 3ayTJIEPOKMBAHUE KATaIN3aTOPOB MKAK CIEIICTBUE - X J€3aKTHBALNS.

Hanokpucranmmyeckne OKCHIBI CO CTPYKTypol (IroopuTa, MEPOBCKHTA M INMHHENN M UX HAHOKOMIIO3HTHI,
coJieprKalie KaTHOHbBI PEIKO3EMENIbHBIX U ITEPEX0IHBIX METAIIIOB, CIOCOOHBIE U3MEHATH CBOIO CTEIICHb OKHCIICHHS,
001a1a10T BBICOKOH MOIBMXHOCTBIO U PEAKLIIUOHHOM CIIOCOOHOCTBIO KHCIOpOAa. Takue OKCHIBI SABISIFOTCS OJHUMU
n3 Haubosee MEPCNEKTHBHBIX HOCHUTENCH, yCTOWYMBBIX K 3ayTJIEPOXKHMBAHHWIO KAaTaIM3aTOpPOB, IS NPEBpAILCHUS
YTJIEBOJIOPOIOB MM KHCIOPOICOAEPKALINX COCMHEHNI B CHHTE3-Ta3 U B BOJOPOI.

HCXOI[H us3 3TOFO,HCJ’I])}OH3HHOFI pa60T1)1 SABJIACTCA CUHTC3 U M3YYCHUE TCKCTYPHBIX CBOICTB KOMIIO3UTOB Ha
ocHoBe Ni-Ru, npeiHa3HaYCHHBIX IS TAPOBOW KOHBEPCHH ITAHOJIA.

CI/IHTC3I/IpOBaH])l NpEANICCTBCHHUKHU KAaTaJIM3aTOPOB, 3aMCIICHHBIC PCEAKO3EMEIIBHBIMU W TICPEXOJHBIMU
MeTaJlJlaMHd POMOTHPOBAaHHBIX HaHOYACTUIIAMH Ru ¢ moMomipio MOAMGHUIMPOBAHHOIO MeToja organic polymeric
precursor (Meron Ilexunu). s Tpancdopmanmu OnoTOIIIMBa (3TAHONA) B BOAOPO/I, U3 MOJTYYEHHBIX aKTHBHBIX (a3
TpeMs pa3HBIMH METOJAaMH CHHTE3MPOBAHBI KOMIO3UTHI ¢ o0meit ¢popmynoi [LaMn;.<BxOs+s/LniyZr,0,] (1:1 mo
Mmacce), B = Ni, Ru, Ln = Pr, Sm, Ce.. CTpyKTyHbIC ¥ MOBEpXHOCTHBIC CBOHCTBA MOJYICHHBIX 00Pa3I0B CIIOKHBIX
OKCHIIOB ¥ KOMIIO3UTOB H3Y4eHHI ¢ moMoInbio MeTonoB BOT u PDA. IlpencraBieHbl TeKCTYpHBIE W CTPYKTYPHEIE
XapaKTEPUCTUKU KOMIIO3UTOB, OTIMYAOIINECS B 3aBUCUMOCTH OT METOJIOB €0 IIPUTOTOBIICHUS.

PesynbraTel HacTOsIEHl paOOTHIIPEACTABISIIOT OCOOBIE HMHTEpeC B 00JIACTH COBPEMEHHOTO KaTainsa
MPUMOIYYCHUH BO300HOBIIAEMBIX HCTOYHMKOB OJHEPrMH, a Takxke TpeOyloT JasbHeillee ucciIeJoBaHME.
[TosydeHHbIe JaHHBIE CIIOCOOCTBYIOT PELICHHIO BOIIPOCOB Pa3BUTHUSI OTEUECTBEHHOTO MPOU3BOJICTBA KaTaln3aTOPOB.

KiroueBble cj10Ba: IEPOBCKUT, (UIIOOPUT, KOMIIO3UTHI, OOMacca, BOZOPOA.
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