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NEW NANOSTRUCTURAL CATALYSTS
FOR NEUTRALIZATION OF TOXIC GASES IN INDUSTRY

Abstract. One of the key environmental problems is the protection of the air basin in the cities and industrial
zones of the Republic of Kazakhstan. The environmental situation is increasingly affecting the economic well-being
of the state, and becoming the most significant factor in the development of the country. The catalytic methods for
cleaning exhaust gases from harmful components are a great help in solving these problems. The main advantage of
the catalysts is their autonomy, ease of use and accessibility to users. The main indicators of catalysts include such
parameters as activity, productivity, resistance to poisons, price, etc. This article shows the presence of active in the
complete oxidation reaction of alumina nanoclusters formed during sorption from aqueous solutions of chloroplatinic
acid and provides the technological scheme for the production of industrial catalysts.
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Introduction

Purification the atmosphere of very toxic exhaust gases from motor vehicles and gas emissions from
industrial enterprises is one of the pressing problems of humankind, attracting the attention of the public
and scientists of the leading countries of the world.

The level of air pollution of many industrial cities of Kazakhstan exceeds the existing regulatory
limits due to emissions of motor vehicles, boiler houses and industrial plants.

Complete catalytic oxidation of organic substances contained in gases to carbon dioxide and water,
sulphur dioxide and reduction of nitrogen oxides is one of the most effective ways to utilize and neutralize
harmful emissions from industry and vehicles.

We have developed a technology on the basis of which the production of catalytic converters is
organized [1,2].

Noble metal catalysts are the most commonly used in solving environmental problems of the sources
of emissions of both motor vehicle and stationary pollutants. Typically, the carrier for such catalysts is
alumina in pure form or with additives of cerium oxides, lanthanum, zirconium, etc. Alumina during the
deposition of platinum from a solution of H,PtCls 6H-O chloroplatinic acid forms a complex which upon
further heating, is converted into nanosized active sites. The early existence of similar complexes with the
carrier is shown in a number of works. So, in [3], 2 absorption peaks of H> were detected at 200 °C and
340°C by the TPR method on Pt/Al,Os calcined at 500°C in air. The first peak belongs to the reduction of
massive platinum oxides, higher temperature peak is at the most strongly bonded to the oxide surface of
the carrier, difficult to reduce forms of platinum oxides [4,5]. In [6], a strong interaction was found with
the five-coordinated unsaturated platinum carrier sites, which prevents further sintering of the metal. As
shown in [7], the surface platinum atoms may be in two Pt® and Pt® states. The latter is a low-ligand
platinum cluster consisting of several platinum atoms with a degree of oxidation of +1 to +2 and exists
due to the presence of electron-negative chlorine and oxygen atoms in its coordination sphere.
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Experimental research

We have observed that the order of application of the active components is of great importance when
introducing platinum-competing cobalt and manganese cations. Varying the order of application of the
active components showed that the initial application of a noble metal, and then a mixture of manganese
and cobalt was from their nitrates formed the most active catalyst (Fig.1 curve 1), the least active catalyst
was formed in the reverse order of application (Fig.1 curve 3), and the intermediate catalyst was formed
from a common solution of chloroplatinic acid and cobalt and manganese nitrates (Fig.1 curve 2).
Quantitative data on propane conversion in the complete oxidation reaction are shown in Table 1.
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Figure 1 - Temperature dependences of propane conversion in air (1:35) on various catalysts

Table 1 - Effect of varying the order of application of the active components
on the activity of the catalysts in the propane air oxidation reaction (1:35)

Propane conversion, %
T.°C 0,1 % Pt (2% Mn — 1% Co) 2% Mn +1% Co
(2% Mn - 1% Co) -0,1% Pt +0,1% Pt
50 0 0 0
100 2.40 1,77 0,56
150 3,36 045 1,94
200 91,70 1,18 10,91
250 97,79 92,52 5925
300 98,63 98,74 9245
350 99,20 99,89 97,82
400 99.30 99,92 99,63
450 100 100 100
500 100 100 100

This indicates the presence of specific stabilization sites on the surface of alumina, as it was shown in
[3-8]. They are common to both platinum complexes and other variable valence metals (Mn, Co).

Not only alumina but also chlorine ions in the composition of chloroplatinic acid play a very
important role in the formation of nanoscale active sites. In our work [8] catalysts for oxidation of
hydrocarbons with platinum-based air applied on oxide Al-Ce-carriers have been investigated. During the
study using a transmission electron microscope, chlorine-containing phases were detected in samples of
oxidized catalysts. The microdiffraction pattern represented by rows of reflections corresponds to the
AICl;-6H.O (JCPDS, 8-453) phase, and the ring set to the AI(ClO4);(Cl10s): (JCPDS, 28-4) phase.
Chlorates and perchlorates are known to be formed by oxidation of chlorides, and the presence of Pt on
the catalysts, apparently, contributes to this process. t should be noted that when heated, chlorates (KCIO53)
and perchlorates (KCI1O4) decompose in the temperature range 400-620°C with the release of oxygen and
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the formation of chlorides. In the presence of variable valence metal catalysts, the decomposition
temperature can significantly decrease up to 200°C. Chlorates and perchlorates produced by the oxidation
of ion chloride appear to contribute to oxygen involvement in oxidation processes due to high reactivity
and low thermal stability. Subsequent oxygen evolution upon decomposition or reduction of the chlorate
and perchlorate ions retains chlorine ions on the surface of the carrier [8].

One of the components of the active center in addition to platinum and aluminium is chlorine.
Earlier, when purchasing platinum- chloroplatinic acid from “Aurat”, we encountered a mismatch in the
composition of the compound H>PtCls 6H-O. A mismatch was found in the amount of chlorine in the
chloroplatinic acid molecule, which led to insufficient solubility of the compound and a significant
deterioration in the activity of the catalysts obtained from this compound. According to stoichiometry, the
platinum content corresponding to the chloroplatinic acid compound cannot exceed 37.5-37.6% of the
molecule, while the content of the base metal on the chloroplatinic acid market is up to 40%. All
specifications indicate only the content of platinum and basic impurities, but no on¢ indicates the chlorine
content. An atomic ratio of platinum to chlorine of 4.62 was found in the sample of the purchased
preparation according to X-ray fluorescence analysis, instead of 6.00 according to the formula (Table 2).
Thus, the compound lacks about 1.4-1.5 chlorine atoms per platinum atom. It is known that in the process
of evaporation of the chloroplatinic acid solution to the concentration required by specifications, not only
the loss of excess water but also the decomposition with the loss of chlorine atoms in the chloroplatinic
acid compound to PtCls and even to PtCls is possible. Since we cannot change the technology for the
production of chloroplatinic acid, after additional correction with hydrochloric acid to stoichiometry or
higher, the activity of the catalysts is completely restored.

Table 2 - Platinum to chlorine ratio in standart chloroplatinic acid according to GOST
and chloroplatinic acid from “Aurat” in batches for 2018 and 2019 years

Sample of chloroplatinic acid Area of peak, conventional units Chlorine content per 1 platinum atom
Standart (HCT) 4,15 6.0
Sample from 2019 3,18 4,60
Sample from 2018 3,14 4,54
Sample from 2018+1CI 3,36 4.86
Sample from 2018+2CI 4.08 5,90
Sample from 2018+6CI 4.94 10,59

Thus, in order to form the active sites, it is necessary to have an alumina with a developed surface and
a chloroplatinic acid with stoichiometric or large amount of chlorine. The absence of one of the
components results in a significant decrease in the activity of the catalysts. Base metal blocks coated with
secondary carrier in the form of aluminium oxide is the preferred basis for catalysts, because they have a
developed surface, have a large choice of design options, high thermal and mechanical stability, low gas-
dynamic resistance.

Conclusion

During implementation of the project "Organization of Production of Metal Catalytic Converters of
Toxic Components in Gas Emissions of Motor Transport and the Industrial Enterprises”, carried out
within grant financing of commercialization of the results of scientific and (or) scientific and technical
activities and financed from the funds of the State Institution “Science Committee of the Ministry
Education and Science of the Republic of Kazakhstan”, JSC “D.V Sokolskiy Institute of Fuel, Catalysis
and Electrochemistry” together with JSC "Science Foundation" organized a workshop for the production
of domestic catalysts.

Organization of production and introduction of highly efficient domestic catalysts to reduce toxic gas
emissions will ensure import substitution and significantly improve the condition of the air basin.

For this development, the Institute obtained a Patent of the Republic of Kazakhstan for Invention No.
11868 "Block catalyst for exhaust gases of vehicles" dated 02.22.2001 [9].

A certificate of origin of goods “ST-KZ” No. KZ 910500735 dated 05.12.2019 for catalytic
converters was obtained as well.
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The Institute successfully passed the Prequalification of potential suppliers and is included in the List
of pre-qualified potential suppliers of the Sovereign Wealth Fund «Samruk-Kazyna» JSC., pre-
qualification No. 826247615 dated 29.08.2019.
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Figure 2 — Catalyst production flow diagram

Figure 3 - Workshop products installed at industrial facilities
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At present, the catalysts of the Institute are installed on oil heating furnaces, motor vehicles, diesel
and gas generators of subsoil users companies, banks and other enterprises of our Republic (Figure 3).

The work was supported by the Ministry of Education and Science of the Republic of Kazakhstan,
Grant AP05131076.
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OHEPKOCINTIK VJbI FA3JIAPABI BEHUTAPANITAH/JIBIPYFA APHAJIFAH
KAHA HAHOKYPBLIBIM/bI KATAJTU3ATOPJIAP

Annotamus. KopniaraH OpTaHbl ©HEPKOCINTIK >KOHE KOJNIKTIK JACTaHYJApJaH KOPFAy KYH CaHbIH azam3ar
amgpiHa OcHTapanTaHABIPy KATAMM3aTOPIAPBIH CHHTE3ACY JKOHC TACTAaHABI Ta3 MIBIFAPBIHABIIAPBIH  3HSHIBI
KOCMAJIapAaH Ta3apTy OMICTCPIiH KAaKCapTyFa Tamanrap KOs oTeIp. KaszakcTanma 1 MIH.-HAH acTaM aBTOKEJIK
ayara KYH CaifbIH KOMIPTEri, a30T OKCHATEPi, KOMIPCYTEKTEP KOHE TaFbl Aa 0acKa 3 MIH. TOHHAFA >KYBIK 3HSTHIBI
3aTTapapl TacTanabl. Ka3aKCTaHHBIH KONTETCH OHEPKACINTIK Kajlalapbl ayachIHBIH JIACTAHY JCHICHI ABTOKOIIK,
Ka3aHBIK >KOHEC OHCPKACINTIK KOHABIPFHUIAP INBFAPBIHABIIAPHIHAH KOJIAAHBICTAFBI HOPMATHBTIK HIEKTepAcH 6-10
ece apThIK. Kazakcran PecryOmmkach! 3KOJOTHACHIHBIH HETI3T1 MPOOIeManapbIHbIH Oipi Kalajdap MCH 6HEPKACINTIK
aMaKTapBIHBIH dye OacceifHiH KOpray OO0bIn TaObutambl. MEMICKETTIH 3KOHOMHKAIBIK QJ-ayKaThl JCHICHiHE
SKOJIOTHSUTBIK SKAFAAld KeIl jKaFraalia ocep ereil >KOHE Kasipri TaHAa €IiH JaMyBIHBIH HEFYPIBIM MAaHBI3bI
(pakTOpBIHA AMHANBIT OTHIP. OHEPKACINTIK KOCIMOPBIHAAD MECH ABTOKOIIK TACTAHIBI IIBFAPBIHIBIIAPHIHA KAPCHI
KypecTiH Oipkarap sxictepi Oap, omap: COpOIHMAIBIK Ta3ajaay, 030H KOMCTIMCH Ta3apTy, TYPl JICKTP CY3TUICpPMCH
KATTHI OOIMICKTEP MCH a’3pO30JbIAPAAH TA3apPTY, KBIIIKBLI TA3JApabl CLITI KOHE TaFbl Ja 0acka CpiTiHALICPIMCH
CiHipy Oombm Tabbpriagsl. Bynm Mocenmenepal memmy MaKCaTBIHAA TACTAHABI Ta3AAPabl 3HSAHIBI KOMIOHCHTTCPACH
TA3apTyAbIH KATATHTH3AIK 9ficTepl KONAAaHBIIAAbL. KaTamm3aToprapablH HETi3rl  apTHIKIIBUIBIFBI  OJIAPIBIH
JepOecTiri, KOMIaHy KapamalbIMABLIBIFEL XKOHE MAMJANAHYINBUIAP YIIH KON SKeTIMALmri Oombmm TadOsimamsl. byn
Makanaga muatuHaxaopcyTekTi KeimkeliasH (IIXCK) cy epitinminepineH copOmust Ke3iHAe maiga OoJaThIH
ATFOMHHAH OKCHTIHACTI HAHOKJIACTCPICPAIH TOJBIK TOTHIFY PCAKIIACHIHAA OCIceHi O0Mysl KepcerimeH. MyHmai
KaTamm3aTopiapapl JAWBIHAAY YIIIH OacTamKpl IUIATHHAXJTOPCYTEKTI KBIMIKBUIBIHAA SKETKLUIIKTI MeJImepac XJop
HOHTAPBIHEIH O0JIYBI 6T¢ MAHBI3AbL. XJIOp HOHJAPBIHBIH 631 HAKTHI KAaTaJIH3 TEMIICPATy PACHIHIA TACHIMAIIAFBIIITHIH
OcTiHIE OTE TYPAKThl KOHC AMFOMHHHHA OKCHIIMCH IUIATHHA KIACTECPIiHIH KypaMblHA Kipedi. XJOop HOHIAPHI
TaCHIMAIIAFBIIITHIH OCTIHAC MEPXIIOPATTAP MEH XJIOPATTAPABI TY3YTE SKOHE OCBITIANINA IIBIFBIHIBI TA31APIBIH TOIBIK
TOTBIFY TPOLCCTCPl VINIH KOCBIMIIA OTTCTiHI TAPTHIN anyra KaOiumeTti. bi3 OTaHABIK Karamm3aropiap eHIIPCTiH
LEXTA KY3Er¢ aCHIPBUIFAH OHCPKOCINTIK KATATH3ATOPIAP OHIIPICIHIH TCXHOJOTHAIBIK ChI30ACBIH YCHIHABIK. Bi3miH
KaTamu3aTopyap YIIH OacTamkpl TaCBIMAIIAFBIN peTiHAe Konmanyra X15H05 sxome X23H05 mapkamsr ¢expanb
HCTI3IHACTI BICTBHIKKA Te3imMmi (ompra TaHmaiagsl. Metamn OOKTapAsl JAifbIHAAY YIOiH (DOJMBraHbBl ajablH ana
ropraiiapl XKOHEC KAKCTTI AHAMCTPIL PYJIOHFA OPAHIBL, OJAaH Opi MANCHI3AAHABIPYJAH JKOHC KBI3ABIPYIAH KCHiH
OMOKKa OEMHUT CYCICH3WICHIHAH JKOHC IIEPUH HUTPATHIHBIH CyJarbl CPITIHAICIHIH CKIHIN TAChIMAJAAFbIIIbI
oTeIpre3bIagsl. ComaH KeHiH BUFAN CHIMBIMIBLIBIFBI OOMBIHINA CIHAIPY SJICIMEH CKIHII TACHIMAIAFBIIKA
IUIATHHOXJIOPABI CYTETl KbIIKbLTBIHBIH cybl epitiaaici (IIXCK) oThIpre3pLIagsl, opi Kapail KENTIPreHHEH >KOHE
TYNKUTIKTI KBI3ABIPFAHHAH KCHIH ANBIHFAH OJIOKTHI KATAMH3aTOP Opalambl >KOHC KOHMara HEMECC TAICBIPBIC
Ocpymire >xibepimeni. Meramn OnokTap TamnchIpbic OCpYLIJICPAiH CYPAHBICHIH KAHAFATTAHABIPYFA, OJOKTHIH
OIMIICMIH J¢, KAHAMIAPABIH OJIICMIH AC 63TePTYIC MYMKIHIIK OcpeHdi, KOFAPBI TCPMHUSIBIK KOHC MCXAHHKAITBIK
TYPAKTBIIBIKKA M€, TOMCH Ta3JIHHAMHKAJIBIK KEACpPrire Me »oHE OJOK MACCACHIHBIH OHBIH KOJCMIHEC OHTAIIIbI
apaxkareHACHT 0ap. MmopT amMacThIpyIbl KAMTAMACHI3 €Ty JKOHC oye OACCCHHIHIH KAFTAWBIH SAQYIp KAKCAPTY
MaKCATBIHA KATaNM3aToOp OHIIPICIH YHBIMAACTBIPY SKOHE THIMILNITL >XKOFApbl OTAHABIK KATAIH3ATOPIAPIbI
OHEPKACIIIKE CHI'13y 013 YIIiH MAHBI3bI KETICTIK OOJIBIN TAOBLITAMIEL.

TyiiiH ce3aep: KaTaau3aTopaap, TOTHIFY, TACKIMAJIAFHII, IJIATHHA, A TFOMHHUH
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HOBBIE HAHOCTPYKTYPHBIE KATAJIU3ATOPBI )11 HEUTPAJIU3AIIAA
TOKCHYHBIX I'A30B B TIPOMBIIIJIEHHOCTH

Annotamust: OXpaHa OKpY»KaromicH cpesl OT MPOMBIIUICHHBIX M TPAHCIOPTHBIX 3aTrPSI3HCHUH €XKEIHCBHO
CTaBUT TEPEJ YCTIOBCUSCTBOM TPEOOBAHMS K YJYUIICHHIO METOJOB CHHTE3a KaTaaW3aTOPOB HEHTpAIM3aluH H
OUYMCTKH Ta30BBIX BBHIOPOCOB OT BpeaHbIX npuMeceil. B Kaszaxcrame cepime 1 MuH. aBTOMOOWICH €KCTHEBHO
BBIOPACHIBAIOT OKOJO 3 MIH. T BPEIHBIX BEHICCTB, TAKUX, KAK OKCHABI YIJIEPOJa, a30Ta, YIJIEBOAOPOIBI H Ap.
YpoBCHD 3arpsA3HCHHSA BO3AyXa MHOTHX NPOMBIIUICHHBIX ropofoB Kaszaxcrama Oonee, uweMm B 6-10 pa3 Bbmme
CYHICCTBYIOIIMX HOPMATHBHBIX NPEACTOB H3-32 BBHIOPOCOB ABTOTPAHCIOPTA, KOTEJNBHBIX W IPOMBIIITICHHBIX
ycraHoBOK. OAHOHM W3 KIOYEBBIX MPOOIEM 3KOJIOTHH SIBSIETCA 3alIMTa BOBAYIIHOTO OacceiHa B Topoiax H
TIPOMBIIUICHHBIX 30HAX PecmyOmmku Kazaxcran. Ha ypoBeHb 3KOHOMHYECKOTO OJATOIONYUHS TOCYJAapcTBa BCE B
OOJBIICH CTEICHW BIMSCT 3KOJOTHUCCKAS CHTYAUMs M CTAHOBUTCSA BCe Oollee 3HAYMMBIM (DAKTOPOM Ppa3BUTHSA
crpanbl. CyIeCTBYET psi METOA0B OOPBOBI ¢ BRIOPOCAMHY IIPOMBIIIUICHHBIX MIPEATIPHATHHA U aBTOTPAHCIIOPTA, TAKHUX,
Kak COpPOLMOHHASI OYHMCTKA, OYHCTKA O30HOM, OYHMCTKA PA3IMYHBIMHU JICKTPO(QIIBTPAMH OT TBEPABIX YACTHI[ H
a3p0o30JicH, MOMIOIICHUE KUCHBIX TA30B PACTBOPAMH INEIOYEH M T.A. BOTBIIMM MOACTOPHEM A PEHICHHA 3THX
mpoOJIeM SBILTFOTCSI KATAMMTHYCCKHE METOIBI OYHUCTKH OTXOIAIIMX Ta30B OT BPEAHBIX KOMIIOHECHTOB. OCHOBHBIM
MPEUMYINECTBOM KATANH3aTOPOB ABACTCA HMX ABTOHOMHOCTb, MNPOCTOTA HPHMEHEHHA M JAOCTYIHOCTh JJIA
nomb3oBateac. K OCHOBHBIM MOKA3aTeIM KATAMH3AaTOPOB OTHOCATCA TAKHE MAPAMETPBI KAK AKTHBHOCTS,
MPOU3BOAUTEILHOCTD, YCTOMMUBOCTD K A4aM, ICHA U T.A. B JTaHHOU CTaThe MOKA3AHO HANHYNE AKTHBHBIX B PCAKIUI
TIOJTHOTO OKHCIICHHWSI HAHOKJIACTCPOB HA OKCHIC AJIOMHUHIES, OOpPA3YIOUIMXCSA NMPH COPOLUMH M3 BOJHBIX PACTBOPOB
miatuHOXopucTosoAopoaaoit kuciotrel ([IXBK). OrtmcucHa Oompmad BAKHOCTh I TMPHTOTOBICHHS TAKHX
KATATH3aTOPOB HAJHYHC XJIOP HOHOB B JOCTAaTOYHBIX KommuecTBax B HcxomHoW [IXBK. Camm xj10p HOHBI
YPE3BBYAHHO YCTONYMBBI HA MOBEPXHOCTH HOCHUTEIA IPH TEMIIEPATYpax PEajbHOrO KATATH3a W BXOIAT B COCTAaB
KJIacTepa MJIATHHBI C OKCHIOM AMFOMHHHA. XJIOP HOHBI CIIOCOOHBI OOpAa30BBIBATH IEPXIOPATHl M XJIOPAThl HA
TIOBEPXHOCTH HOCHTETISI U BOBJICKATh TAKMM 00PAa30M JOTOJHUTEIBHO KHCIOPO [T MPOIIECCOB MOTHOTO OKUCIICHHUS
OTXOIAmHKX Ta30B. HamMu mpeAacTaBIcHa TEXHOJIOTHUYECKAS CXEMa MPOM3BOACTBA MPOMBIIIICHHBIX KATAJIH3aTOPOB,
KOTOPad Peaam30BaHA B LEXE MO MPOU3BOJACTBY OTCUECTBCHHBIX KATAMIM3AaTOPOB.B KauecTBe MEPBUYHOTO HOCHUTEIA
JUIA HAIOAX KATaJH3aTOPOB BBRIOpaHA >KapocTodkas (poipra Ha ocHOBE (expams mapku X15K05 u X23H05. [na
H3TOTOBJICHUS METAIMICCKUX OOKOB (DOIBIY NMPEABAPUTEILHO TOQPUPYIOT M CBOPAYHBAIOT B PYJIOH HY’ KHOTO
JUaMETpa, Jajee Mocie OOCHKUPHBAHMSA M IMPOKAJIKH HAa OJIOK HAHOCHUTCS BTOPHYHBIH HOCHTCIb W3 CYCHCH3HH
OeMuTa M HUTpaTa UEPHsI B BOAC. 3aTEM HA BTOPUYHBIH HOCHTEJb METOJOM HMPOIUTKHY 110 BIATOEMKOCTH HAHOCHUTCS
BOJHBIA PACTBOP IUIATHHOXJIOPHCTOBOAOPOAHOM KicA0THI (IIXBK), mocae cylkn U OKOHYATEIBHOTO MPOKATHBAHUA
TOJyYCHHBIH ONOYHBIN KATAIH3aTOpP YMAKOBBIBACTCS M OTHPABILICTCS HA CKJIAA WM 3aKa3UUKy. Meraumrieckue
OJIOKH TO3BOJLTIOT THOKO pPearmpoBaTh HA 3aIPOCHI 3aKA3YMKOB, MCHATH PAa3MEPbl M KAK CAMOTO ONOKA, Tak H
pasMepbl KaHATOB, HMCIOT BBICOKYIO TEPMHUCCKYI0 H MCXAHMUICCKYIO YCTOWYHMBOCTh, OONAZArOT HHU3KUM
Ta30AMHAMUYECKIM CONPOTHUBICHHEM M ONTHMAIBHBIM COOTHOIICHHEM MAccChl OJ0Ka K ero oObemy. BaxkHbIM
JOCTIDKCHHEM U1 HAC SBILICTCSI OPTAHM3AIMS ITPOM3BOJICTBA M BHEAPCHUE BBHICOKOI(D()EKTHBHBIX OTCYECCTBEHHBIX
KaTalM3aToOPOB C IEbI0 00CCICUCHHS MMIIOPTO3AMEIICHHS W 3HAYUTCILHOTO VIIyYIICHHUS COCTOSHHE BO3.YIHOTO
Oacceiina.

KiioueBnbie €10Ba: KaTamm3aTopsl, OKUCICHUE, HOCHTEIb, IUIATHHA, ATFOMHUHHH.
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