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STUDY OF POISONING AND REGENERATION OF CATALYTIC CONVERTERS OF TOXIC
COMPONENTS OF EXHAUST GASES FROM INDUSTRIAL ENTERPRISES AND VEHICLES

Abstract: the study of the effect of oxygenated sulfur compounds on the platinum-containing system in
catalytic converters of harmful components of exhaust gases from vehicles and industrial enterprises. The
processes of their poisoning and regeneration are considered.

As a result of the studies carried out, it was possible to show that in the case of regeneration of the
catalyst "sulfuration" with sulfur compounds during heating in a stream of air at 600 °C, there is a significant
decrease in the amount of sulfur in the catalyst, i.e. its removal, and the catalyst itself is able to restore its
activity.

A small part of the sulfur remaining in the catalyst, based on IR spectroscopy data, is most likely
aluminum sulfate - as a product of the interaction with aluminum oxide of the secondary support. For the
complete removal of sulfur, apparently, it is necessary to restore the catalyst in a stream of hydrogen at a
temperature of ~ 500 ° C. In this case, sulfur from sulfates will be removed in the form of H,S, and aluminum
sulfate will again pass into oxide. This operation for the reduction of sulfur oxides can probably be carried out
bypassing the oxidation step, but it will be more difficult to remove the products of organic compaction.

Key words: catalysis, catalytic converters, physicochemical properties.

Introduction. Air pollution - and, in converters are relevant for the Republic of
particular, the atmosphere of urban settlements is a Kazakhstan, including in connection with the
major environmental problem. accession to the Kyoto Agreement and the

The level of air pollution in many industrial Transboundary Convention on Long-Range Air
cities of Kazakhstan is several times higher than Pollution [4].
existing standards due to emissions from vehicles, Often, the basis for catalytic converters of
boiler houses and industrial installations. toxic components of exhaust gases from vehicles

Unreacted fuel hydrocarbons, CO, NOy, and industrial enterprises are catalytic systems
sulfur-containing compounds, etc. are harmful toxic aluminum-cobalt,  aluminum-cobalt-magnesium
emissions from industry and vehicles. One of the and systems using 4 and 5d transition metals of
most effective ways to utilize and neutralize group VI [5 - 20]. As a rule, the latter show the
harmful emissions is catalytic treatment, in best results and are the most effective.
particular, complete catalytic oxidation of organic This work is a continuation of our research on
substances to carbon dioxide and water, sulfur the study of the influence of various factors on the
dioxide and reduction of nitrogen oxides. efficiency of catalytic converters of harmful

The use of catalytic purification of toxic emissions from industrial enterprises and vehicles,
emissions can significantly reduce the content of aswell. In particular, in [21] it was shown that under
harmful substances in the atmosphere and is thermal action on foil made of Fe-Cr-Al alloys,
successfully used in industrialized countries. In which are used as a metal base of catalytic
particular, in the USA and the countries of the converters, it is possible to change the local
European Union, emissions of hydrocarbons into environment of iron, with the formation of regions
the atmosphere, being at their peak (1986), depleted and enriched in chromium and aluminum
decreased by more than 50% from 14 million tons. atoms, leading to a change in the mechanical and
per year up to 7 million tons. per year (early 2000s) adsorption characteristics of the primary carrier. In
[1-3]. [22 - 24], the effect of temperature and atmosphere

Measures related to improving the on model catalytic systems based on iron was
environmental situation through the use of catalytic investigated, and in [25], numerical modeling of the
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processes of cleaning toxic emissions from vehicles
and industrial enterprises on catalytic converters
was described.

In this work, we studied the effect of
oxygenated sulfur compounds on a platinum-
containing system, since, as a rule, this component
is present in exhaust gases in noticeable quantities
and can negatively affect the efficiency of the
neutralizers. The work is devoted to one of the most
important aspects of the functioning of catalytic
converters - the study of the processes of their
poisoning and regeneration.

Materials and research methods. The
catalytic converter was prepared in several stages:

—on the primary carrier (foil made of Fe-Cr-
Al alloy), a secondary carrier was applied - a
suspension containing mainly aluminum salts,
controlled by pH, viscosity and solid phase content;

— after drying, on the secondary carrier, by
impregnation from aqueous solutions of salts, the
compounds of the corresponding metals, in this case
platinum, were applied, with control by moisture
capacity.

The studies were carried out on a Nicolet iS5
Thermo Scientific IR Fourier spectrometer and a
JSM 6610 LV, JEOL scanning electron microscope
with an INCA Energy 450 energy dispersive
microanalysis system installed on it.

Results and its discussion. Investigation of
the process of poisoning of a catalytically active
phase with vapors of sulfur-containing compounds
with subsequent regeneration. The catalytically
active platinum-containing phase was exposed to
sulfur wvapors, sulfur di- and trioxide. IR
spectroscopy data are shown in Figure 1.
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a - before regeneration; b - after regeneration
Figure 1 - IR spectra of 0.1% Pt / Al,03 catalyst before and after regeneration
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Using IR spectroscopy (Figure 1) in the
"sulfuration™ catalytically active phase and after its
regeneration in a stream of air at 600 ° C (in both
cases), the presence of absorption bands
characteristic for SO,*(1130 - 1080, 680-610 cm™),
SO3z*(about 1100, 880 - 840 cm™) and free sulfur
(880 - 840, 650 - 600 cm™).

In addition, the presence of absorption bands
in the range of 1300 - 1080 cm™ in the IR spectra

unambiguously indicates the presence of oxygen-
containing sulfur compounds in the form of sulfates

and, probably, also sulfites.

Next, an assessment of the amount of sulfur
in catalytic converters before and after regeneration
was carried out. Tables 1, 2 show the integral and

local elemental composition.

Table 1 - Integral elemental composition of 0.1% Pt / Al203 catalyst before and after regeneration

The elements, weight.%

Ol ALlsi|] s|c]| Vv ] Mmn

| Fe | Co [ Ni | Ce | Pt | Mo]| Hror

before regeneration

27,90 10,94] 0,11] 1,09] 0,12] 0,79] 8,78 | 0,60 33,91 3,55| 9,71 | 0,98] 1,53 | 100,00

after regeneration

28,17 10,64 0,07] 0,37] 0,18] 0,23] 7,17

0,81] 34,58 5,88] 11,10 0,80 | 0,00 | 100,00

Table 2 - Local elemental composition of 0,1%Pt/Al,05 catalyst before and after regeneration

The elements, weight.%

Area

O [AL[sSi|s [cl |V |[Mn]|Fe |[Co |[Ni [cCe]|Pt]|Mo

| Wror

Before regeneration

25,28 10,21 |0,07 |0,51 |0,10 [ 0,00

0,19 |0,00 |62,83 (10,15 0,65 |0,00

0,00

100,00

32,54 |27,64 10,07 |10,59 |0,13 |11,07

1,09 10,00 |5,97 | 0,37 10,54 |0,00

0,00

100,00

23,42 10,71 |0,06 | 0,06 |0,25 | 0,00

27,06 | 1,21 |41,06 | 0,00 | 1,63 |4,54

0,00

100,00

30,59 |11,57 0,08 { 0,06 |0,18 | 0,00

4,40 /0,00 [9,41 | 0,00 |42,18 |1,53

0,00

100,00

G WIN|F-

20,92 16,72 10,08 [0,09 |0,21 | 0,00

8,04 0,06 |14,65|0,60 |47,10|1,53

0,00

100,00

Average |26,55 19,37 |0,07 12,26 |0,17 | 2,21

8,16 |0,25 |26,78 | 2,23 |20,42 |1,52

0,00

100,00

After regeneration

23,44 10,84 10,08 |{0,00 |0,04 |31,70

0,40 /0,06 |0,83 | 0,00 |0,00 |0,56

42,04

100,00

24,12 121,92 10,00 |0,17 |0,23 | 0,00

7,95 10,06 |12,49 | 0,00 |32,60 |0,45

0,00

100,00

38,88 |25,63 |0,03 | 0,07 0,10 | 0,00

0,07 10,02 |14,92 | 6,18 |14,10 (0,00

0,00

100,00

AIWIN(F-

9,91 |5,03 |0,06 0,14 |0,16 | 0,00

21,35 /0,06 34,52 | 0,00 |27,93 |0,82

0,00

100,00

5 24,92 18,45 |0,12 10,12 |0,40 | 0,00

9,24 |0,05 |14,43 0,00 |38,38 |3,90

0,00

100,00

Average 24,25 |12,37 10,06 | 0,10 /10,19 |6,34

7,80 10,05 115,44 |1,24 |22,60 |1,15

0,00

100,00

Note: Scanning area diameter ~ 1 um

The location of the scan areas in the local
elemental analysis of converters is shown in Figures
2,3.

600MKm

Figure 2 - Micrograph of the surface of
0,1%Pt/Al,03 catalyst before regeneration with
scan areas in local elemental analysis

_S00Mkm

Figure 3 - Micrograph of the surface of
0,1%Pt/Al,03 catalyst after regeneration with scan
areas in local elemental analysis

First of all, micrographs visually show
significant surface irregularities. This conclusion is
also confirmed by the data on elemental analysis
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given in Tables 1 and 2, since the elemental
composition differs markedly in different scanning
areas. Thus, it can be concluded that the
catalytically active components, including alloying
additives and modifiers, are unevenly distributed
over the surface of the support.

However, since the process of catalyst
poisoning with vapors of sulfur-containing
compounds and issues related to its subsequent
regeneration were investigated, the sulfur content in
both samples was of the greatest interest.
Comparison of the amount of sulfur in the sulfurized
and calcined in air (regenerated) after "sulfuration”

Jo

(=]

NRG.}ﬁtng coaten®
propane

S

(=]

0 50 100 150D PEOa306330 400 450

Figure 4 - Curves of oxidation of 2% propane - air
mixture on 0,1%Pt/Al,Os catalyst

Conclusion. Thus, as a result of the studies
carried out, it was possible to show that in the case
of regeneration of the catalyst "sulfuration" with
sulfur compounds when heated in a stream of air at
600 ° C, there is a significant decrease in the amount
of sulfur in the catalyst, i.e. its removal, and the
catalyst itself is able to restore its activity.

sample shows a noticeable decrease in sulfur in the
catalyst, both in the integral and in the local analysis
method (Tables 1, 2). In this case, the catalytic
converter largely recovers its activity.

Figure 4 shows the oxidation curves of a 2%
propane - air mixture on a 0,1% Pt/Al,O3 catalyst at
a flow rate of 80,000 h™. Figure 4 shows that in the
temperature range of 200 - 300 ° C the activity of
the regenerated catalyst is close to the activity of the
original one and significantly exceeds the catalyst
before regeneration in this parameter.

A small part of the sulfur remaining in the
catalyst, based on IR spectroscopy data, is most
likely aluminum sulfate as a result of the interaction
of the secondary support with alumina. For the
complete removal of sulfur, apparently, it is
necessary to reduce the catalyst in a stream of
hydrogen at a temperature of ~ 500 ° C. In this case,
sulfur from sulfates will be removed in the form of
H.S, and aluminum sulfate will again go into oxide.
This operation for the reduction of sulfur oxides can
probably be carried out bypassing the oxidation
step, but it will be more difficult to remove the
products of organic compaction.

This work was financially supported by the
State Institution "Science Committee of the
Ministry of Education and Science of the Republic
of Kazakhstan™ within the framework of the grant
IRN - APO08856680 “Numerical modeling of
catalytic exhaust gas treatment systems for vehicles
and industrial enterprises using quantum-chemical
calculations and parallel computations”.
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OHEPKOCINTIK KOCIITOPBIHIAP MEH ABTOKOJIIKTIH TAUJIAJIAHBLIFAH
_ I'A3JAPBIHBIH YBITTbhI KOMIIOHEHTTEPIHIH KATAJIU3IIK
BEUTAPAIITAHJABIPTBIHITAPBIHBIH YJIAHYDBIH ’KOoHE PETEHEPAIIUSCBIH 3EPTTEY

AHHOTAIUSA: aBTOKOJIKTIH JKOHE OHEPKACIITIK KOCIMOPBIHAAPABIH NalJalaHbUIFaH Ta3JapblHBIH
3UAHABI KOMIIOHEHTTEPIHIH KaTadu3Iik OedTapanTaHIbIpFeIIITAPbIHBIH KypaMbIHIa IUIaTHHACKH Oap Kyiere
KYKIPTTiH OTTETi KOCBUIBICTAPBIHBIH OCEPIH 3epTTey KYprizunmi. OmapaplH yiaaHy XoHE pereHepamrsuiany
npoIecTepi KapacThIPBUIIBL.

3eprreynep HoTmwkecinge 600°C TemnepaTypama aya aFblHBIHAA KbBI3FaH Ke3/le KYKIpPT
KOCBUIBICTAapbIMEH "KYKIPTTi" KaTaau3aTOpAbIH TOTBHIKCHI3AHY JKarJaliblHAA KaTaau3aToOpAarbl KYKIpT
MOJIIIEPIHIH eloyip TOMEHJeyi, SFHU OHBI ajblll TAacTay »XOHE KaTalu3aTOPIbIH 631 KalllblHa KeJTipe
AJIATHIHJIBIFBIH KOPCETT1. OHBIH OCJICeHIIIr 3ePTTEI/I.

UK cnekTpoCKONHMACHIHBIH MANIMETTEpiHE CYHEHE OTBIPBIN, KaTalu3aTopla KanfaH KYKIPTTiH a3
Oeuiri amoMuHWE cynbdaTel OONYBl MYMKIH €KIHINI TaChIMAIJAFBIIITHIH ~ATIOMUHUHA OKCHIIMEH
opekeTTecyiHiH eHiMi peTiHae kKepiHai. KykipTTi TonbiFeiMeH ansinl Tactay yumiH ~ 500°C temneparypana

— 146 —/—


mailto:albrod@list.ru

ISSN 2224-5227 4.2021

CyTeri TOTBIHAAFbl KaTaIW3aTOPAbl TOTHIKCHI3NAHIBIPY KaxkeT. by skarmaiina cynbdarrapaan kykipt H»S
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HNCCIEJOBAHUE OTPABJIEHUA U PETEHEPAIIUN KATAJIMTUYECKHUX
HEUTPAJM3ATOPOB TOKCHYHBIX KOMIIOHEHTOB BBIXJIOITHBIX T'A30B
MPOMBIIIJIEHHBIX IPEJNPUATHAN U ABTOTPAHCIIOPTA

AHHOTAIHUSA: TIPOBEICHO HCCIECJOBAHWE BIHMSHUS KUCIOPOMHBIX COCJMHEHHWH Ccephl Ha
MIIATAUHOCOACPKAINYIO CUCTEMY B KaTaAJIUTUYCCKUX HeI\/'ITpaJII/I3aTOan BpPCAHBIX KOMIIOHCHTOB BBLIXJIOIMHBIX
ra3oB aBTOTPAHCIIOPTa M NMPOMBINUICHHBIX NpeanpusaTHid. PaccmarpuBaioTcsi mpouecchl X OTpaBiICHHS U
pereHepanuy.

B pesynbrare mnpoBeNEHHBIX HCCIEJOBAaHMI yOaloCh IOKa3aTh, 4TO B CiIydae pereHeparuu
KaTaJn3aTopa ‘“‘OCepHEHHOT0” COeNMHEHUSIMH CEpPHI MPH NporpeBe B Toke Bo3ayxa mpu 600°C mpoucxoaut
3HAYUTENIHFHOE YMEHBIIICHNE KOJINIECTBA CEPHI B KaTAIN3aTope, T.€. €€ yIaJeHue, a CaM KaTaln3aTop CriocoOeH
BOCCTaHABIIMBATH CBOIO aKTHBHOCTb.

HeGonpias yacTe cepbl, OcTaBIIascs B KaTaiu3aTope, ucxonas w3 aaHHbIX HMK-cmekrpockomnuw,
BEPOSITHEH BCETro, SBISIETCS CyIb()AaToOM alIOMUHHUS KakK MPOAYKT B3aMMOJACHCTBHS C OKCHIOM ATIOMUHHS
BTOPUYHOTO HOCHTENs. /IS TONHOrO YyHalneHWs Cepbl, MO-BUIUMOMY, HEOOXOIMMO BOCCTaHOBHTD
KaTaJn3aTop B TOKe Bojopoaa mpu temmeparype ~ S00°C. IIpu sTom cepa u3 cynbdatoB Oyaer ynaniarscs B
Buzae HoS, a cynbdat antoMuHus BHOBb EPEXOAUTH B OKCHJ. DTy ONEPALUIO [0 BOCCTAHOBIICHUIO OKCHJIOB
Cepbl, BEPOSITHO, MOXKHO NPOBECTH, MHHYS CTaJHIO OKUCICHHUS, HO IPH 3TOM OYIeT CIIOXKHEe yIalsTh
MPOAYKTHl OPraHUYECKUX YIIJIOTHEHUH.

KirodeBble cj10Ba: KaTanu3, KaTaTUTHUECKUE TPeoOpa3oBaTet, (pU3nKo-XUMUIECKHE CBOICTBA.
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