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DESCRIPTION

[0001] The present invention relates to ceramic candle filters and a method of cleaning of
process off- or exhaust gases. More particularly, the invention provides a catalyzed ceramic
candle filter for the removal of dust and particulate matter in a process off-gas or an engine
exhaust gas and harmful components contained in these gases. The catalyzed ceramic candle
filter is in particular useful in the cleaning of process or raw gas from industrial processes
involving combustion, like the production of minerals, glass, cement, waste incineration, or
from coal fired boilers and engines.

[0002] Ceramic filters in form of filter candles are used in many industries for removal of
particulate matter from process gases. They are one of the most efficient types of dust
collectors available and can achieve collection efficiencies of more than 99% for particulates.
The filters can be made from various ceramic materials comprising ceramic fibres made of
alkali and alkaline earth silicates, or alumino silicates.

[0003] The high particulate removal efficiency of ceramic candle filters is partly due to the dust
cake formed on the surfaces of the candle filter and partly due to the candle filter composition
and porosity. In order to provide sufficient filtration activity and an acceptable low pressure
drop over the filter conventional ceramic candle filters have a porosity of between 70 and 90%.
The wall thickness of those filters should be in the range of 10-20 mm for sufficient stability and
mechanical strength.

[0004] The particle-containing process gas very often contains a plurality of pollutants, e.g.
NOy, volatile organic compounds (VOC), SO5, CO, NH3, dioxins and furans, in concentrations

that have to be reduced depending on local legislation. For this purpose, several conventional
methods are available.

[0005] The abatement of gaseous contaminants like NO,, VOC, dioxins and furans can be

effectively carried out by contact with a catalyst. In particular, vanadium oxide-based catalysts
are commonly used catalysts for NO, reduction by selective reduction of NO, with NH5 in

stationary and automotive applications.

[0006] This catalyst is active both in the removal of hydrocarbons (VOC) and of NOx by
combined oxidation and the SCR reaction with NH3.

[0007] It is also known that, vanadium oxide is an active oxidation catalyst. In comparison to
the precious metal catalysts, like the Pd catalyst, the vanadium oxide catalyst is less selective
in the formation of CO5 and some amounts of CO are produced during the oxidation reactions.

CO cannot be oxidized to CO, at a feasible reaction rate by contact with the vanadium oxide

catalyst, but requires presence of a noble metal catalyst, e.g. Pd.
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[0008] WO 98/03249 discloses a flue gas cleaning device comprising a porous filter structure
with a first and a second face where the pores of the porous structure form passages for flue
gas between said first and second faces and jointly comprising a catalyst material for selective
catalytic reduction of NOx in the presence of ammonia. This catalyst material is applied on the
surface of the passages. Hereby an improved NOx removal is obtained.

[0009] WO 2014/063738 relates to a method for cleaning a sulphur dioxide containing off-gas
by selective oxidation of carbon monoxide and volatile organic compounds in the off-gas with
reduced formation of sulphur trioxide comprising the step of contacting the off-gas with an
oxidation catalyst consisting of palladium and vanadium oxide supported on a carrier.

[0010] EP 1493484 discloses a process and filter for catalytic purification of exhaust gas from
a diesel engine by passing the exhaust gas through a wall flow filter provided with material
being catalytic active in the reduction of nitrogen oxides to nitrogen and oxidation of
carbonaceous compounds to carbon dioxide and water. The wall flow filter is prepared from
silicon carbide and provided with a layer of titanium dioxide on its surface and wherein the
catalytic active material comprises oxides of vanadium, tungsten and metallic palladium.

[0011] We have found that when providing the inner surface i.e. the permeate side or the
portion of the wall facing the permeate side of a vanadium oxide catalyzed candle filter with a
very small amount of palladium results in a lower slip of ammonia and carbon monoxide from
the filter.

[0012] Pursuant to this finding, the present invention provides a ceramic candle filter suitable
for the removal of particulate matter in form of soot, ash, metals and metal compounds,
together with hydrocarbons and nitrogen oxides being present in process off-gas or engine
exhaust gas, the filter comprises a combined SCR and oxidation catalyst comprising a
vanadium oxide and titania arranged at least on the dispersion side and/or within wall of the
filter, characterized in that a palladium comprising catalyst is arranged on the permeation side
of the filter and/or within wall of the filter facing the permeation side.

[0013] The terms "dispersion side" and "permeate side" as used herein refer to the flow side of
the filter facing the unfiltered exhaust gas and to flow side facing the filtered off- or exhaust
gas, respectively.

[0014] The invention provides additionally a method for the removal of particulate matter in
form of soot, ash, metals and metal compounds, together with hydrocarbons and nitrogen
oxides being present in process off-gas or engine exhaust gas, comprising the steps of
providing a process off-gas or engine exhaust gas containing a nitrogenous reductant or
adding the nitrogenous reductant to process off- or exhaust gas;

passing the off- or the exhaust gas to a ceramic candle filter and capturing the particulate
matter on dispersion side of the filter ;

reducing amounts of soot in the particulate matter captured on the dispersion side of the filter
and reducing amounts of hydrocarbons in the off- or exhaust gas by oxidation and reducing
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amounts of nitrogen oxides by selective catalytic reduction (SCR) of the nitrogen oxides with
the nitrogenous reductant in contact with a combined SCR and oxidation catalyst comprising a
vanadium oxide and titania and being arranged on the dispersion side and/or within wall of the
filter, characterized in

passing the gas through the wall of the filter and reducing amounts of carbon monoxide and
ammonia in the gas passing through the filter wall by contact with a palladium comprising
catalyst arranged on the permeation side of the filter and/or within the wall of the filter facing
the permeation side.

[0015] It is further preferred that the palladium comprising catalyst further comprises a
vanadium oxide and titania.

[0016] The term "a vanadium oxide" or "vanadium oxide" refers to:
Vanadium(ll)oxide (vanadium monoxide), VO; or
vanadium(lll)oxide (vanadium sesquioxide or trioxide),

V203 or

vanadium(IV)oxide (vanadium dioxide), VO5; or

vanadium(V)oxide (vanadium pentoxide), V,0s.

[0017] Preferably, vanadium oxide for use in the invention comprises or consists of
vanadium(V)oxide (vanadium pentoxide), V2Os.

[0018] The term "titania" refers to titanium dioxide (TiO»).

[0019] The catalytically active form of palladium is palladium in the metallic and/or oxidic form.

[0020] The shortage V/Ti and Pd/V/Ti shall mean a catalyst consisting of a vanadium oxide and
titania and a catalyst consisting of palladium, a vanadium oxide and titania, respectively.

[0021] It is also preferred that the vanadium oxide/ titania catalyst is additionally dispersed on
the permeation side of the filter together with the palladium comprising catalyst.

[0022] Preferably, the palladium comprising catalyst contains palladium in an amount of
between 20 and 1000 ppm/weight of the filter.

[0023] These catalysts are preferred for the following reasons. The Pd/V/Ti catalyst has i) dual
functionality (removal of NOx and removal of VOC, volatile organic compounds); i) a S-
tolerance; and iii)) a lower SO, oxidation activity compared to other catalyst compositions, e.g.
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Pt-based catalysts.

[0024] As an example, when ammonia and VOC containing process gas is passed through the
dispersion side of the loaded with a vanadium oxide-based catalyst, ammonia is removed by
NH3-SCR of NOx from the gas prior to its contact with permeation side. Some amount of CO is

formed after direct contact with the V/Ti catalyst during passage through the dispersion side by
incomplete oxidation of VOC. By loading only the permeation side and/or the wall of the filter
with a Pd catalyst or a Pd/V/Ti catalyst, CO and a remaining amount of VOC is then effectively
oxidized to COs. In this way a minimum load of expensive palladium within the wall and/or on

the permeation side of the filter can be achieved.

[0025] As a further advantage, when employing a Pd/V/Ti catalyst the catalyzed filter candles
are sulfur resistant, i.e. not subjected to sulfur deactivation. The Pd/V/Ti catalyst additionally
reduces the amount of SO5 formed by oxidation of SO,. If H5S is also present in the process

gas entering the filter, it will also be oxidized to SO, on both the V/Ti and Pd/\/Ti catalyst.

[0026] In the case of high temperature ceramic filters several types of fibers may be used for
their production. These can be constituted e.g. by silica-aluminate, calcium-magnesium-
silicates, calcium-silicates fibers, or a mixture thereof.

[0027] Other preferred ceramic fibres comprise bio-soluble fibres selected from the group of
calcium-magnesium-silicates.

[0028] The catalytically active material is applied on the ceramic filter by impregnating the
dispersion side and the filter wall with a slurry containing the catalytically active material in form
of titania micro-particles and the precursors of the active materials , i.e. salts of vanadium and
the permeate side with a solution of a palladium salt or a slurry of titania micor-particles and
salts of vanadium and palladium. Once impregnated, the filter is subsequently dried and
heated up to the required temperature for the decomposition of all precursors and activation of
the catalyst.

EXAMPLE 1

[0029] The following example illustrates the performance obtainable with a ceramic candle
filter prepared from calcium-magnesium-silicate fibres with a length of 3 m and wall thickness
of 20 mm. The filter was coated within the wall with the V/Ti catalyst containing 1.26 wt% V and
2.36 wt% Ti calculated on the total weight of the filter. The porosity of the coated filter was
83%. The filter was tested in the oxidation of toluene in an inlet gas containing 40 ppm,dry
toluene, 19 %vol Oy, 8 %vol H>0.

Toluene oxidation on a V/Ti coated filter
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Temp. Face vel. Conversion CO,out
of Toluene

°C m/min % ppm,wet

220 1.28 96 16

240 1.34 98 35

[0030] As apparent from the table above, 85% of toluene was converted at 240°C. The CO
emission at the same temperature was equal to 35 ppm, wet.

EXAMPLE 2

[0031] The following example illustrates the CO oxidation performance of the ceramic candle
filter of Example 1, but additionally coated with 36 ppm Pd. The tests were conducted with a
gas containing around 150 ppm, wet CO, 19% O, and 8% H>0.

Temp. Face vel. CO,in CO,out Conversion
of CO

°C m/min ppm,wet ppm,wet %

220 1.28 148 36.5 75

240 1.35 157 4 97

[0032] At 240°C, 97% of the CO was oxidized to CO».

[0033] By combining the performance of the ceramic candle filter reported in EXAMPLE 1 and
EXAMPLE 2, it is possible to conclude that only 1 ppm CO is emitted by a candle filter
catalyzed with a V/Ti catalyst on the dispersion side and a Pd/\V/Ti catalyst on the permeation
side.
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Title: Katalyseret, keramisk keertefilter og fremgangsmade til rensning af
procesraggas eller udstodningsgas
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Keramisk kaertefilter der er egnet til fiernelse af partikulaert materiale i form af
sod, aske, metaller og metalforbindelser, sammen med carbonhydrider og
nitrogenoxider, som findes i procesraggas eller motorudstedningsgas, filtret
omfatter en kombineret SCR og oxidationskatalysator omfattende en
vanadiumoxid og titania, der er arrangeret i det mindste pa filtrets
dispersionsside og/eller inde i filtrets vaeg, kendetegnet ved, at
- en palladiumholdige katalysator er arrangeret pa filtrets permeationsside
og/eller i filtrets vaeg vendende mod permeationssiden.

Keramisk kaertefilter ifglge krav 1, hvori den palladiumholdige katalysator

endvidere omfatter et vanadiumoxid og titania.

Keramisk kaertefilter ifglge krav 1 eller 2, hvori den palladiumholdige katalysator
indeholder palladium i en maengde pa mellem 20 og 1000 ppm pr. vaegt af
filtret.

Keramisk kaertefilter ifalge ethvert af kravene 1 til 3, hvori filtrets keramiske
materiale veelges fra gruppen af siliciumaluminat, calcium-magnesiumsilikater,

calciumsilikatfibre eller en blanding deraf.

Keramisk kaertefilter ifglge krav 4, hvori filtrets keramiske materiale bestar af
biooplgselige fibre valgt fra gruppen af calcium-magnesiumsilikater.

Fremgangsmade til fijernelse af partikulaert materiale i form af sod, aske,
metaller og metalforbindelser, sammen med carbonhydrider, og nitrogenoxider,
som findes i procesraggas og motorudstedningsgas, fremgangsmaden omfatter

trinnene
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at tilvejebringe en procesragggas eller motorudstadningsgas indeholdende et
nitrogenreduktionsmiddel eller tilsaette nitrogenreduktionsmidlet til procesrog-
eller udstadningsgas;

at lede procesrgg- eller udstedningsgassen til et keramisk keertefilter og fange
det partikuleere materiale pa filtrets dispersionsside;

at reducere maengden af sod i det partikuleere materiale, der er fanget pa filtrets
dispersionsside, og reducere mangden af carbonhydrider i procesrag- eller
udstedningsgassen ved oxidation, og reducere maengden af nitrogenoxider ved
selektiv katalytisk reduktion (SCR) af nitrogenoxiderne med
nitrogenreduktionsmidlet i kontakt med en kombineret SCR og
oxidationskatalysator omfattende en vanadiumoxid og titania og arrangeret pa
filtrets dispersionsside eller inde i filtrets vaeg, kendetegnet ved,

at passere gassen gennem filtrets vaeg og reducere maengden af kulilte og
ammoniak i gassen, der passerer gennem filtervaeggen ved kontakt med et
palladium omfattende katalysator arrangeret pa filtrets permeationsside og/eller
i den mod permeationssiden vendende filtervaeg.

Fremgangsmade ifalge krav 6, hvori den palladium omfattende katalysator

endvidere omfatter et vanadiumoxid og titania.

Fremgangsmade ifalge krav 6 eller 7, hvori den palladium omfattende
katalysator indeholder palladium i en maengde pa mellem 20 og 100 ppm pr.
veegt af filtret.

Fremgangsmade ifglge ethvert af kravene 6 til 8, hvori filtrets keramiske
materiale veelges blandt af siliciumaluminat, calcium-magnesiumsilikater,

calciumsilikatfibre eller en blanding deraf.

Fremgangsmade ifalge ethvert af kravene 6 til 9, hvori filtrets keramiske
materiale omfatter biooplgselige fibre valgt fra gruppen bestadende af calcium-

magnesium-silikater.



