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Summary 

When the possibility of the catalytic oxidation of PCDD/PCDF in the temperature range of 150 - 500°C was 
demonstrated, many commercially available oxidation catalysts and other catalysis on the basis of metals and metal 
oxides were tested. It was found that catalysts produced for Ihe selective catalytic reduction of nitrogen oxides in the 
presence of ammonia (SCR-camlysls) exibil some unexpected properties as oxidation catalysis for the decomposition 
of organohalogen coinpounds in general and of PCDD/PCDFin particular. While most recognized oxidation catalysis 
did not exhibit any activity below 300°C under the condiuons of our laboratory experiments, SCR catalysts on ihe 
basis of Ti02 showed under otherwise identical conditions high activity as oxidation catalysts for organochloiine 
compounds at temperatures of 250 - 350°C. Under appropriate conditions, organochlurinc compounds could be 
decomposed by catalytic oxidaiion without PCDD/PCDF formation. In pilot plant studies at municipal wasic 
incinerators we were able to demonstrate that catalysts originally developed for selective reduction of nitrogen oxide 
are capable of reducing the PCDD/PCDF emissions to levels below 0.1 ng TCDD-equivalents (TEtJ) per m' 
Prerequisites for this PCDD/PCDF reduction are residence times in the range of 0.3 to 0.7 seconds and (either the 
absence of ammonia or) ammonia concentrations of less than 10 ppm. When run in the temperatuie range of 250 • 
350''C, these catalysts can be used either solely as oxidation catalysts to lower the PCDD/PCDF emission, or as 
combined catalysis to also simultaneously n^uce nitrogen oxides and oxidise halogenaled compounds. In the latter 
case the catalysis volume has to be increased accordingly. Since SCR catalysts air already in use in power stations 
and municipal waste combustors (MWCs) and have proven tltcir resistance against catalysl poisoning, this technique 
for the reduction of PCDD/PCDF emissions from MWCs can be easily applied on a full technical scale. 

Introduction 

At the 6ih International Dioxin Symposium al Fukouka we reported upon the catalytic effects of filler ash on the 
decomposition of PCDD/PCDF /1.2/. Subsequently we investigated the source of this catalytic activiiy in filter ash 
Wc found tlial every metal and metal oxide tested exhibited some catalytic activity in tJie decomposition of 
PCDD/PCDF ill the temperature range of 250 to 350°C. In extensive laboratory tests we evaluated the conditions 
under which noi only PCDD/PCDF could be decomposed by oxidaiion caialysis in ihe piesence of oxygen, but also 
organochlorinc compounds in general without the formaiion of PCDD/PCDF /3/. In order to apply these findings to 
Ihe reduction of PCDD/PCDF emissions from waste incineration facilities effective PCDD/PCDF decomposiiion in 
the temperature, range of 250 to 350°C appeared to be essential since ihis catalytic oxidation is besi installed as the 
final gas cleaning device. We found in our laboratory icsis that SCR catalysts of the titanium oxide, ferric oxide and 
zcoliihe type in combination with Ihe usual additions of other meuU oxides are also very good oxidaiion caulysis for 
organoclilorinc compounds when applied in the absence of ammonia or al low ammonia concentrations. Some of 
these catalysts exhibit diis propcny very efficiently at the dcsinwl icmperaiure range of 250 to 350°C. 

Wc therefore tested such catalysts in pilot plant studies at municipal waste incinerators. 

Laboratory experiments 

With the model compounds hexachloiubenzene, 2,4,8-trichlorodibenzofuran and tetrachloroeihene, the efficiency 
of decomposition with oxidaiion catalysts was tested in laboratory experiments . It could be demunstrated that in the 
temperature range of 200-500''C and space velocities of aboui 2000 h"' these compounds can be successfully 
decomposed in the presence of oxygen (air) and water without the formation of PCDD/PCDF HI. We could also 
demonstrate that PCDD/PCDF are much more readily decomposed than hcxachlorobenzene or terachlorocihcnc. 
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Tetrachlorocthenc therefore proved to be a very good model compound in laboratory tests of the temperature 
dependence of the decomposiiion efficiency of oxidation catalysts for organochlorinc compounds. While most of the 
commercially available oxidation catalysts tested show only limited efficiency below 350°C, the SCR catalysts on 
titanium oxide basis with dotations of vinadium oxide exhibit good efficiencies at temperatures u low as 2S0°C. 
This is shown in Figure 1. Here three different "low dust" deNOx catalysts are comparod with ooe "high dust" dcNOx 
catalyst. While at high temperature (>400°C) there is little difference in ihe decomposition efficiency of the four 
catalysts, distinct differences are apparent at temperatures below 300^C. 
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Figure 1: Temperature dependence of hexachloroethene decomposition by catalytic oxidation on dcNOx catalysts. 
Kal 1 to Kai 3 "low dust"-type on T1O2 basis. Kat 4 "high dust"-type on T1O2 basis. Air/20% H2O with 300 ppm 
hexachloroethene; space velocities 20IX) h~ . 

It has been shown that there also exists a good correlation between the SO2 oxidadon rates of individual catalysts and 
their effitnency in PCDD/PCDF decomposioon /4/. Therefore the SO2 to SO3 conversion factor of the individual 
catalyst is also a good indicator for its efficiency in PCDD/PCDF decomposition. 

Pilot plani studied 

The labcntocy experiments suggested ihat oxidation catalysts of the SCR type could be successfully used for the 
reduction of stack gas emissions of PCDD/PCDF and related compounds in waste incineration plants. Thus at three 
different waste incinerators pilot facilities, originally installed for the test of SCR catalysis with regard to NOx 
reduction, were used to test the reduction of PCDD/PCDF and related compounds. A side stream of tlie off-gas in the 
range of 10010 2S0 m / h was diverted through die catalytic reactor after preheating to the desired lest tempcranuc. 
The catalyst volume was divided into various parts, so that the influence of the catalysl volurrK could l>e evaluated 
in addition to tempeiamie. catalyst configuration and NH3-addition to the flue gas. In case of small catalyst volumes 
(high space velocities) and addition of NH3 just die dcnox reaction took place while the decomposition of 
PCDD/PCDF was suppressed. In the absence of NH3 or at NH3 concentrations of* few ppm, under otherwise identical 
condiooni, the PCDD/PCDF icducoon was >95% /4/. 

This means that in oider to obtain the neccessary reduction in PCDD/PCDF emissions by catalytic oxidation in 
combination with NOx reduction one has to increase the volume of the catalytic reaaor to obtain sufficient catalytic 
volume for die oxidaiion reaction. 
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Table I : PCDD/PCDF-analyses of waste incinerator off-gases before (in) and after (out) catalytic oxidation. 
Examples from test leries with a range of iniiial concentrations. 

Representative results for different starting concentrations of PCDD/PCDF are shown in detail in Table I . The test 
I l lb shows that even under very low staning concentrations a reduction of PCDD/PCDF concentration was obtained. 
This dcimnstraies that urxier the conditions of catalytic oxidation in the temperature range or250 lo 350°C no relevant 
PCDD/PCDF de novo synthesis had occurred. 

In Figure 2 residual PCDD/PCDF concentrations after catalytic oxidation from a range of initial concenlntions in 
relation to the catalyst volume are shown. In the concentration range of interest the relative reduction in PCDD/PCDF 
concentration under comparable conditions was slightly dependent on the initial concentration. This means that in 
order to obtain a final concentration o f <0.1 ng TEQ/m , the surface of the catalytic reactor has to be adjusted 
according to the expected initial concentration range. Further optimization appears possible by adjusting die catalyst 
configuration and/or the reaction lemperanire. 

Under corapaiable conditions no substantial difference in the degree of PCDD/PCDF reduction could be detected 
between new catalysts and diose which had been used for 6000 h under both denox conditions and oxidation 
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j i lwtpiivc cflccis. Analyses of catalyst material after use for more than 6000 h in the piloi facility did also 
my accumulation of P(.'DD/PCD1'" hy adsorption. 

PCBs, chloroben«nes and chlorophenols were shown to be reduced by catalytic oxidation to the same 
leponcd here for PCDD/I 'd) ! - . 
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Figure 2: Residual concenuationr. after catalytic oxidation in relation to the outer catalyst surface. ITie inlet 
conccnuaiions of PQ3D/PCDF are the values at catalysl volume zero, the outlet conccntrjiions ;u-c correlated to 
different catalyst sizes. 

Conclusions 

laboratory icsts and pilot studies at waste incinerators have shown that catalysts of the SCR type, especially those 

on Ti02 basis, arc also excellent oxidaiion catalysts for the decomposition of PCDD/PCDF and related coinpounds 

PCDD/PCDh levels <0.1 ng n ;Q/m^ in stack gas were obtained in pilot plant studies using SCR catalysts. 

Simultaneous itduciion of NOx and I'CDD/PCDF requires additional caulysi volume either before or after ihc dcnox 

reaction. 

,No dc novo synthesis of PCDD/I'CDI- and no accumulation of PCDD/PCDF in ihc catalytic reactor was observed 

under the conditions employed 
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