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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 H2S, 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 

particular, the atmosphere of urban settlements is a 

major environmental problem. 

The level of air pollution in many industrial 

cities of Kazakhstan is several times higher than 

existing standards due to emissions from vehicles, 

boiler houses and industrial installations. 

Unreacted fuel hydrocarbons, СО, NOx, 

sulfur-containing compounds, etc. are harmful toxic 

emissions from industry and vehicles. One of the 

most effective ways to utilize and neutralize 

harmful emissions is catalytic treatment, in 

particular, complete catalytic oxidation of organic 

substances to carbon dioxide and water, sulfur 

dioxide and reduction of nitrogen oxides. 

The use of catalytic purification of toxic 

emissions can significantly reduce the content of 

harmful substances in the atmosphere and is 

successfully used in industrialized countries. In 

particular, in the USA and the countries of the 

European Union, emissions of hydrocarbons into 

the atmosphere, being at their peak (1986), 

decreased by more than 50% from 14 million tons. 

per year up to 7 million tons. per year (early 2000s) 

[1 - 3]. 

Measures related to improving the 

environmental situation through the use of catalytic 

converters are relevant for the Republic of 

Kazakhstan, including in connection with the 

accession to the Kyoto Agreement and the 

Transboundary Convention on Long-Range Air 

Pollution [4]. 

Often, the basis for catalytic converters of 

toxic components of exhaust gases from vehicles 

and industrial enterprises are catalytic systems 

aluminum-cobalt, aluminum-cobalt-magnesium 

and systems using 4 and 5d transition metals of 

group VIII [5 - 20]. As a rule, the latter show the 

best results and are the most effective.  

This work is a continuation of our research on 

the study of the influence of various factors on the 

efficiency of catalytic converters of harmful 

emissions from industrial enterprises and vehicles, 

as well. In particular, in [21] it was shown that under 

thermal action on foil made of Fe-Cr-Al alloys, 

which are used as a metal base of catalytic 

converters, it is possible to change the local 

environment of iron, with the formation of regions 

depleted and enriched in chromium and aluminum 

atoms, leading to a change in the mechanical and 

adsorption characteristics of the primary carrier. In 

[22 - 24], the effect of temperature and atmosphere 

on model catalytic systems based on iron was 

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 vapors, sulfur di- and trioxide. IR 

spectroscopy data are shown in Figure 1. 

 

 

a 

 

 

b 

 

a - before regeneration; b - after regeneration 

Figure 1 - IR spectra of 0.1% Pt / Al203 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 SO4
2-(1130 - 1080, 680-610 cm-1), 

SO3
2-(about 1100, 880 - 840 сm-1) and free sulfur 

(880 - 840, 650 - 600 сm-1).  

In addition, the presence of absorption bands 

in the range of 1300 - 1080 см-1 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.% 

O Al Si S Cl V Mn Fe Co Ni Ce Pt Mo Итог 

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/Al203 catalyst before and after regeneration 

Area 
The elements, weight.% 

O Al Si S Cl V Mn Fe Co Ni Ce Pt Mo Итог 

Before regeneration 

1 25,28 0,21 0,07 0,51 0,10 0,00 0,19 0,00 62,83 10,15 0,65 0,00 0,00 100,00 

2 32,54 27,64 0,07 10,59 0,13 11,07 1,09 0,00 5,97 0,37 10,54 0,00 0,00 100,00 

3 23,42 0,71 0,06 0,06 0,25 0,00 27,06 1,21 41,06 0,00 1,63 4,54 0,00 100,00 

4 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 

5 20,92 6,72 0,08 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 9,37 0,07 2,26 0,17 2,21 8,16 0,25 26,78 2,23 20,42 1,52 0,00 100,00 

After regeneration 

1 23,44 0,84 0,08 0,00 0,04 31,70 0,40 0,06 0,83 0,00 0,00 0,56 42,04 100,00 

2 24,12 21,92 0,00 0,17 0,23 0,00 7,95 0,06 12,49 0,00 32,60 0,45 0,00 100,00 

3 38,88 25,63 0,03 0,07 0,10 0,00 0,07 0,02 14,92 6,18 14,10 0,00 0,00 100,00 

4 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 8,45 0,12 0,12 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 0,06 0,10 0,19 6,34 7,80 0,05 15,44 1,24 22,60 1,15 0,00 100,00 

Note: Scanning area diameter ~ 1 μm 

 

The location of the scan areas in the local 

elemental analysis of converters is shown in Figures 

2, 3. 

 
 

Figure 2 - Micrograph of the surface of 

0,1%Pt/Al203 catalyst before regeneration with 

scan areas in local elemental analysis 

 
 

Figure 3 - Micrograph of the surface of 

0,1%Pt/Al203 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" 

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/Al2O3 catalyst at 

a flow rate of 80,000 h-1. 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. 

 

 

 
 

Figure 4 - Curves of oxidation of 2% propane - air 

mixture on 0,1%Pt/Al2O3 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.  

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 

H2S, 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. 
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ӨНЕРКӘСІПТІК КӘСІПОРЫНДАР МЕН АВТОКӨЛІКТІҢ ПАЙДАЛАНЫЛҒАН 

ГАЗДАРЫНЫҢ УЫТТЫ КОМПОНЕНТТЕРІНІҢ КАТАЛИЗДІК 

БЕЙТАРАПТАНДЫРҒЫШТАРЫНЫҢ УЛАНУЫН ЖӘНЕ РЕГЕНЕРАЦИЯСЫН ЗЕРТТЕУ 

 

Аннотация: автокөліктің және өнеркәсіптік кәсіпорындардың пайдаланылған газдарының 

зиянды компоненттерінің катализдік бейтараптандырғыштарының құрамында платинасы бар жүйеге 

күкірттің оттегі қосылыстарының әсерін зерттеу жүргізілді. Олардың улану және регенерациялану 

процестері қарастырылды. 

Зерттеулер нәтижесінде 600°C температурада ауа ағынында қызған кезде күкірт 

қосылыстарымен "күкіртті" катализатордың тотықсыздану жағдайында катализатордағы күкірт 

мөлшерінің едәуір төмендеуі, яғни оны алып тастау және катализатордың өзі қалпына келтіре 

алатындығын көрсетті. оның белсенділігі зерттелді. 

ИҚ спектроскопиясының мәліметтеріне сүйене отырып, катализаторда қалған күкірттің аз 

бөлігі алюминий сульфаты болуы мүмкін екінші тасымалдағыштың алюминий оксидімен 

әрекеттесуінің өнімі ретінде көрінді. Күкіртті толығымен алып тастау үшін ~ 500°C температурада 

mailto:albrod@list.ru


ISSN 2224-5227                                                                                                                                       4. 2021 

 

147 

сутегі тогындағы катализаторды тотықсыздандыру қажет. Бұл жағдайда сульфаттардан күкірт H2S 

түрінде алынып, алюминий сульфаты қайтадан оксидке айналады. Күкірт оксидтерін қалпына 

келтірудің бұл әрекетін тотығу сатысын айналып өту арқылы жасауға болады, бірақ органикалық 

тығыздағыштардың өнімдерін алып тастау қиынырақ болады. 

Түйін сөздер: катализ, катализдік түрлендіргіштер, физика-химиялық қасиеттері. 
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ИССЛЕДОВАНИЕ ОТРАВЛЕНИЯ И РЕГЕНЕРАЦИИ КАТАЛИТИЧЕСКИХ 

НЕЙТРАЛИЗАТОРОВ ТОКСИЧНЫХ КОМПОНЕНТОВ ВЫХЛОПНЫХ ГАЗОВ 

ПРОМЫШЛЕННЫХ ПРЕДПРИЯТИЙ И АВТОТРАНСПОРТА 

 

Аннотация: проведено исследование влияния кислородных соединений серы на 

платиносодержащую систему в каталитических нейтрализаторах вредных компонентов выхлопных 

газов автотранспорта и промышленных предприятий. Рассматриваются процессы их отравления и 

регенерации. 

В результате проведенных исследований удалось показать, что в случае регенерации 

катализатора “осерненного” соединениями серы при прогреве в токе воздуха при 600оС происходит 

значительное уменьшение количества серы в катализаторе, т.е. ее удаление, а сам катализатор способен 

восстанавливать свою активность.  

Небольшая часть серы, оставшаяся в катализаторе, исходя из данных ИК-спектроскопии, 

вероятней всего, является сульфатом алюминия  как продукт взаимодействия с оксидом алюминия 

вторичного носителя. Для полного удаления серы, по-видимому, необходимо восстановить 

катализатор в токе водорода при температуре ~ 500оС. При этом сера из сульфатов будет удаляться в 

виде H2S, а сульфат алюминия вновь переходить в оксид. Эту операцию по восстановлению оксидов 

серы, вероятно, можно провести, минуя стадию окисления, но при этом будет сложнее удалять 

продукты органических уплотнений.  

Ключевые слова: катализ, каталитические преобразователи, физико-химические свойства. 
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