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Pl asma assi sted processing of gas The present invention rel ates
to the pl asnma-vassissnd processi ng of gaseous nedi a and pdr/gEstozeul ar to
the 5 reduction of the em ssion of carbonaceous and: nitrogenous

conbustion products fromthe exhausts of_isternal conbusti on engi nes.
One of the mejor problems associated with the 10 devel opment and use of

i nternal conbustion gpolnes IS th- nOXIOUS exhaust em ssions from such
engi nes. Two of the E SOt T e particularlyin the case
of . di esel engines, are particulate natter (prlnarlly car bon) and

oxi des of nitrogen (Md ghebbnt! NVAAYAOLLISEUENS LheoB) IShON £ABLEA

regul ations are forcin |nterna nbust i pn engi ,ne_an
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whi ch inprove the situation i,n relation to one € above conponents
of internal conBOEPRIRLBHEPFEN®S. exhaust eni ssions tend to worsen the
situation in relation to the other. Even so, a variety of systens for

trappi ng parti cul at S rnal t|o I ne exhausts
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have been |nvest|gat part on to waking such
partlculatejéh1§§V quﬂisand use o 1nternal combustion engines is the

noxious exhaust emissions from such engines. Two of the
most deleterious materials, particularly. in the case of

=¥

diesel engines, are particulate matter (primarily carbon)
and oxides of nitrogen (NO,). Increasingly severe

15 emission control regulations are forcing internal
combustion engine and vehicle manufacturers to find more
efficient ways of removing these materials in particular
from internal combustion engine exhaust emissions.
Unfortunately, in practice, it is found that a number of

20 techniques which improve the situation in relation to one
of the above components of internal combustion engine
exhaust emissions tend to worsen the situation in
‘relation to the other. Even so, a variety of systems for
trapping particulate emissions from internal combustion

25 engine exhausts have been investigated, particularly in
relation to making such particulate emission traps
capable of being regenerated when they have become
saturated with particulate material.

30 Examples of such diesel exhaust particulate filters
are to be found in Buropean patent application EP 0 010
384; US patents 4,505,107; 4,485,622; 4,427,418; and
4,276,066; BP 0 244 061; EP 0 112 634 and EP 0 132 166,

35 In all the above cases, the particulate matter is
removed from diesel exhaust gases by a simple physical



capabl e of being regenerated when they have becone saturated wrth
particul ate materi al . 30 Exanpl es of such di esel exhaust particul ate

filters are to be found in European patent application ER 384;
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US patents 4, 365998893 4 485 622; 4,427,418; and 4,276, 0 061;
EP 0 112 634 and EP 0 132 166. 35 In all the above cases, the
particulate matter is renoved from dire€el exhaust gases by a S|nple
physi cal WO 99/ 38603
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GB patent 2,274,412 discloses a method and apparatus

for removing particulate and other pollutants from
internal combustion engine exhaust gases, in which the
exhaust gases are passed through a bed of charged pellets

15 of material, preferably ferroelectric, having high
dielectric constant. In addition to removing
particulates by oxidation, especially electric discharge
assisted oxidation, there is disclosed the reduction of

NO, gases to nitrogen, by the use of pellets adapted to

20 catalyse the NO, reduction as exemplified by the use of

barium titanate as the ferroelectric material for the
pellets.

Also, US patents 3 983 021, 5 147 516 and 5 284 556
25 disclose the catalytic reduction of nitrogen oxides.
However, US 3 983 021 is solely concerned with the
reduction of NO to N in a silent glow discharge, the
temperature of which is kept below a value at which the
- oxidation of N or NO to higher oxides of nitrogen does
30 not occur.. There is no mention of any simultaneous
removal of hydrocarbons.

Although, so-called contact bodies are used in the
process of US 3 983 021, and some of those disclosed may
35 have some catalytic properties, catalysis does not appear



15 of nmterial, preferably ferroelectric, having high dielectric
constant. In addition to renoving particul ates by oxidation, especially
el ectric di sc?@'ﬁg“m assi sted oxidation, there is disclopeticBbsorieducti on
of No[err] gases to nitrogen, by the use of pellets adapted to 20
catal yse the N(Jerr] reduction as exenpld ki ed by the use of bari um
titanate as the ferroelectric material for the pellets.

Al so, US patent 983 02 4 6 an 284 556 _2
catal ytic reduci on 6 nec%rsggle-% %?3 5§ 9 &W\?ess %gdgé%%%‘éﬁal S solely
concerned with @Wer Surlfééﬁcpmmelﬁ-‘rleﬁ@ such 35 Wéh@nwievﬂ-aﬂﬁcharge t he

tenperature of whifdrd arkaphabertyisl WwakUenatpadiisChbft BRe prodedsdaii on of N
or NOto hlgher q&& %?&nltrogen does 30 not occur. There is no nmention

of any simnul tan noval of hydrocarbons. Al t hough,
so-cal | ed co@t act bod| es are used in the process of Us 3 983 021, and

sone of those discl Qﬁse%a'i!&}it35 mesl%oasega%@ééit ke RhOPGELigs, catalysis
does not appear WO 99/

PCT/ GB99/ 00212 catalysts to remove NO&, but the cagalytlctmaﬁa;uglﬁecessary

feature of the proseas GLeBedsfBR HRY specfHlIB1ipobA68:R4 REES: SUCh
tolerant and deriving their catalytic activity from their

10 form rather than their surface properties.

Also, the operating conditions are very tightly
defined. There is no specific mention of the type, if
any, of electric discharge involved. All that is

15 disclosed is that the NO, removal depends upon electron-

molecule interactions, facilitated by the structure of
the ‘corona-catalytic’ materials not the inter-molecular
interactions involved in the present invention. There is
no mention of the simultaneous removal of hydrocarbons

20 from the gas streams being treated by the invention of US
5 147 516.

US patent 5 284 556 does disclose the removal of
hydrocarbons from internal combustion engine exhaust
25 emissions. However, the process involved is purely one
of dissociation in an electrical discharge of the so-
called ‘silent’ type, that is to say, a discharge which
occurs between two electrodes at least one of which is
. insulated. The device described is an open discharge
30 chamber, not a packed bed device. Mention is made of the

possible deposition of a NO,-reducing catalyst on one of

the electrodes.

In a broader context, the precipitation of charged
35 particulate matter by electrostatic forces also is known.



Surface area materials, are the basis of the process of US 3 983 021 5
US patent 5 147 516 does refer to the use of catal ysts to renove

N err], but the catalytic materials i nvol ved ar e def ipgaspeasogiz

speci fical | y W™ W¥%y sul phur - tolerant and deriving their catalytic
activity fromtheir 10 formrather than.tleLr surface properties.

Al so, the operating conditions are very tightly defined. There is no
specific mentigon of the ,type, if any., of .electric.discharge.involved.
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‘corona-catalytic' materials not the inter-nol ecul ar I nteractions
i nvolved in the present invention. There is .. no_nentjon of. th
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by the invensi Qfdra¥Stormuba $7a5%5. 8" 0,, or whdsSapat ghiand 884 556 does
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exhaust 25 eni sgBops.fdiowheeredidteiqn ofes®, | walieseli sopurel y one of

di ssociation in an .electrical discharge of fhe - - called.'silent,
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particul ate matfes, by, SLG&t59StAldd%) 955eS S dd GKR@WNsaracco et al

in a paper ‘Simultaneous Abatement of Diesel Soot and NO,

by Perovskite-type Catalysts'’ Ceramic Transactions volume
73, 27 - 38 (1997). However, in both cases, the papers

15 are concerned solely with elucidating the chemical
reactions involved and are not concerned with the design
of practicable reactors for use with internal combustion
engines. The materials studied are used passively, that
is to say, apart from possibly being heated, they are

20 subjected to no external inf luences.

According to the present invention in one of its
aspects there is provided a plasma assisted reactor for
the simultaneous removal of nitrogen oxides and

25 carbonaceous combustion products from exhaust gases,
comprising a reactor chamber adapted to be connected into
a gas exhaust system, a gas permeable bed of an active
material contained within the reactor, means for causing
exhaust gases to pass through the bed of active material,

10 and means for exciting into a plasma state exhaust gases
passing through the bed of active material, characterised
in that the bed of active material includes a mixed metal

1 1
oxide material having the gemeral formula A, A xB1-yB yO4-
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-4- However, in thi's case, precipitation usually takes place upon
|arger pl anar b essklddes or netal screens. The usecwésdager ed
perovskite materials having the 5 general formula
Alerr]Alerr]Blerr]Blerr](err], or when A 5§ A and B = B[err],

Alerr]Bgerr], for the reduction of NJerr], by diesel soot particul ates
in the presence of excess oxygen has been di scussed by Yosut ake Ter aoka
et al in a paper " Sinul taneous Catalytic Renoval of NJ err] and D esel
Soot 10 Particul ate &peprdroviskithe- pepaertd ioveasson Gin ainatiner of ¥belay
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of practicable redactors for use wth ern nbust 1 on en i nes. The

mat eri al s studleRF%Bﬁﬁdu§8d PaSTIRRATPd £REP the exBapgtssystem4h 2P om
possi bl y bei ng hieettesthalt heybasteid) esighpect ®dydso peameable rtedd iaff lkmences.

According to theqiriseRbe bPYEN M diRe@NGiPhid the reactor, means for
10 causing exhaust gases to pass through the bed of active
material, and means for exciting into a plasma state
exhaust gases passing through the bed of active material,
characterised in that the bed of active material includes
a nmixed metal oxide material having the general formula

1 1
15 A, A ,B,_B 0.

-%
The reactor can be separated into two components in
the first of which the gaseous medium is excited inte the
plasma state and in the second of which the excited
20 gaseous medium is contacted with the mixed metal oxide
active material.

. The exciting components of the reactor can be of any
convenient form such as is disclosed in our earlier
25 patent GB 2,274,412 or a corona discharge device or
dielectric barrier device also known as a silent
discharge device.

Preferably the bed of active material is in the form
30 of an agglomeration of bodies of the active material in
the form of spheres, regularly or irregularly shaped
pellets, or hollow extrudates. The bodies of the active
material may include a ceramic binder for example silica,
alumina or titania or any combinations thereof, for
35 example silica-titania. The binder may be gel-derived,
particularly when spheres of the active material are to



aépects there is provided a plasma assisted reactor for t he
si mul t aneous renoval of nitrogen oxides and 25 carbonaceous conbulstion

products fromyexfiadst gases, conprising a reactor chanpegfcaeampegd to be
connected into °  a gas exhaust system a gas perneable bed of an active
material contained within the reactor, meags-for causing exhaust gases
to pass through the bed of active material, 30 and neans for exciting into
a plasma state ahaldgk gases passi ng through the bed of active
material, characterised in that the bed of active material includes a
m xed netal - oxi de material having the general formula

Alerr] Alerr] B[ err] Bl ¥any Qayeded perovsMROYcddoBBtions can be produced

PCT/ GB99/ 00212 1 - 5- According to
the present i nvéRtToR i ft a#Ct RGLegref §rom the slementn L@, $rpr Bei vl a

pl asma assi sted ¢ eagliok £0rare ggyggﬁggukggpggg§e&&ggwg%éﬁ%ug%ﬁg gen oxi des

and 5 carbonaceous conbustion products fromintéerna engi ne

exhaust gases, GRIPMgShAg V. I eBGERLeEharbeals, Ba adapted to be connected
into the exhaust system of an i nternal ¢ohbléti dh-engine, a gas

per meabl e bed ofLaqn,Sra_3Ca&gvo\(pb4|;ra1.@1r.gzeol_1@13_0;:&&_&@9 Lef NB&), fde Reaplor, neans
for 10 causing exhaust gases to pass through the bed of active ™ “material,
and neans for ex@®1% fag ofni@assBh.ashm sThe dlast efhtluese dasparpasslagiyt hr ough

the bed of actiwgivabeLi by use:qgabgggééééégidﬂg #Hﬁénéfﬁ% ?%giggﬁﬁgtive

material includes ~ a mxed netal " oxi erial having al
formul a 10 basic material La,CuQ,.

The invention will now be described, by way of
example, with reference to the accompanying drawings in
which,

15

Figure 1 is a longitudinal section of a reactor
embodying the invention for the simultaneous removal of
nitrogen oxides and particulate carbon from the exhaust
emissions from an internal combustion engine, and

20

Figure 2 is a longitudinal section of a second

embodiment of the invention.

Referring to Figure 1 of the drawings, a reactor 1

25 for removing simultaneously NO, and particulate
carbonaceous combustion products, from the exhaust from
an internal combustion engine consists of a cylindrical
stainless steel chamber 2 which has an inlet stub 3 and
an outlet stub 4 by means of which it can be connected

30 into the exhaust system of an internal combustion engine.
The chamber 2 is arranged, in use, to be connected to an
earthing point 5. Perforated cylindrical stainless steel
inner and outer electrodes 6 and 14 are positioned co-
axially within the chamber 2 by means of two electrically



15 Aerr]Aerr]Blerr]Blerr]Jerr]. The reactor can be separated
Into two conponents in the first of which the gaseous mediumis excited
into the PhdiRses at e and in the second of which the ex%;adb%&zgaseous
mediumis contacted wth the m xed netal oxide active material.

The exciting conponents of the reactor can,be of any convenient form
such as is disclosed in our earlier 25 patent GB 2,274,412 or a corona

di schar.ge device or . dielectric barrier device also known as a silent

di scharge devi cé-nsulating supgerlise/apngd $he Wied spfcactl eourdtesr bwl the in

the form 30 of aleaggbdsereatimd 1 abadtrs ﬂpﬁdiesavtéﬂ&lﬁﬁrfiiﬁhejﬁpl " the
form of spheres,; ar| I rr.equla ellets, or hollo
extrudates. The lbr{)g."?lgé of .ee’aé“{l?:\%eg Bgani{]%%ﬁgfstﬁa?/gﬁﬁﬁw&e#‘ﬁtsﬁ%in c

bi nder for exanptldvstrpead highly ¢irgaamraticsddvaatriany Tenvpsareans
thereof, for 85 ergX@fpkResitn@n-dliccarbae 6 ﬂaﬂ%llageé%ffma}h&qsgel -S\gl ved,
parti cul arly whef3RReReSs e ekl S L 2buBiEidS ronsirpusid0  po
made. to a source 9 of an electrical potential sufficient to

excite a non-thermal plasma in the exhaust gases in the
interstices between the pellets 12. A convenient

10 potential for this purpose is a potential of about 10 kV
to 30 kv which may be a regularly pulsed direct potential
or a continuously varying alternating potential, or may
be an interrupted continuous direct potential. Typically
we employ a potential of 20 kV per 30 mm of bed depth.

15

The support 7 nearer the inlet stub 3 has a number

of axial holes 13 disposed régularly around its periphery
so that incoming exhaust gases are constrained to pass
into the space 15 between the outer electrode 14 and the

20 chamber 2 of the reactor 1 and thence radially through
the bed 12 of active material before passing through the
inner electrode 6 and leaving the chamber 2 via the
exhaust stub 4.

25 The bed 12 of active material consists of an
agglomeration of spheres of a layered perovskite, such as
La,Cu0,. Another layered perovskite material from which
the spheres can be made is the partially substituted

i material La, ,K; ;Cu; 95V 050+
30
The spheres include a ceramic binder such as silica
alumina or titania or combinations of these where the
binder can, for example, be derived from sol-gel
materials or from fine powder. A typical proportion of
35 binder material is three weight per cent. Also, other



Nény | ayer ed perovskite conmpositions can be produced when A, Alerr] are
selected fromthe elenents La, Sr, Ba and 5 K and B B are selected from

th I nts Cu, My and V. Exanples are
La[eerer ]egg[ err ]c%?&'\gqui La[ er r] Sr [ er r] CU[ er r] V[ er r] q em’GB99/00212

La[err]K[err]CU[err]C)[err]C{err]; La[err]Baferr]Cr[err]V[err](err]

and La[err]Kerr]Cu[err]V[err](err]. The8 ast of these is particularly
suitable for use in performng the invention as is the 10 basic materi al
La[err]Cu( err].shapes can be Hhedifventhicopelléts Ndorbexdasrs hﬂiéy bxnway of

exanple, with reﬁérff’fé‘gxh]%rt Qﬁaﬁ&goma%&'tgﬂdgie?é’“ nQﬁen%azaufaé@.{ e of nvent i on

Figure 1is a I@gﬂltudln sectlon react or

for the simultanEBst3 R £PrB of Pe%ettlsogéﬁ Bxif@ed lahat rl'm ddieat e car bon
from the exhaust inclusitrs ®ifoascéram Abindber fiadh GRNRUSEL Ofa-idaea and 20

nventi on, - 5 0oL G pRBCRERD: HaskeRt by BB R et kR 1 25

for renoving S|nﬂ?@%neously hKIerr] and particul ate car bonaceous
conbustion products, fromthe exhaust from an internal conbustion

engi ne consists of a ai nl ess steel 2. whi ch has an
|n?et stub 3 and é§$%§ugﬁ&§3. tiser %9vﬁ@5n oﬁeﬁﬁriﬂ fﬂJWﬁ%? be connect ed
30 into the exha.uzs_;A §§§;Eg®pfcaanbenmeédl,alascaahuéﬁhém RAGIAE. bindexrH)e

S e connected to an
chanber 2 is %rraqgv1d1ng tgag they ave electric constants which are

sufficient to enable a plasma to be established and
maintained in the exhaust gases in the interstices
between the pellets, beads or extrudates which form the
bed 12 in the reactor. Alternatively, or additiomally, a

15 dielectric barrier between the electrodes (6, 14) can be
provided so that the reactor operates as a dielectric
barrier type of reactor. Such a dielectric barrier is
most conveniently provided in the form of a coating on
one or both of the electrodes (6, 14). A further

20 alternative is to include with the mixed oxide material a
proportion of an additional material of high dielectric

permittivity such as a barium titanate.

In the embodiment of the invention described above,
25 the perovskite active material in the pellet bed 12 is
used also as a dielectric medium, by means of which the
exhaust gases passing through the reactor 1 can be
- subjected to sufficient electric stress to excite them to
a plasma state. However, this is not a necessary feature
30 of the inventicn and the exhaust gases can be subjected
Lo a separate excitation process before being exposed to
the perovskite material.

Figure 2 shows a second embodiment in which this is
35 done, and in which those components which are similar to



earthing point 5. Perforated cylindrical stainless steel i nner and

outer electrodes 6 and 14 are positioned co- axially within the chanber
2 by neans of ctrically WO 99/ 38603 PCT/GB99/00212

PCT/ GB99/ 0021‘2&’%’3“%@ : - 7- insul at i ng
supports 7 and 8. The space 11 bounded by .t he el ectrodes 6 and 14 and
the supports 7 and 8 is filled, in thi"s exanple, with a bed of pellets
of active materi al illustrated highly diagrammatically at 12. The

upstream 5 ergPofesHeRdinderompRaNGdeiothe Fixgdeambpiingrt ikpve thgrranged
t o be connect edsathed Fdrieakahimgrdlaadt Theugkadidr chakbed BOiE ce 9 of an

el ectrical poteggl suffisci : i -t pl . in the
exhaust gases i%&%%lede&] arﬁdn%ggé?%rgsesa fa mg,e%’%‘f’ﬁ?e"ﬁggﬁ :g%é&%r %&%‘égﬁgeni ent
10 potential fofotHhat siasgysbed sakpysot BHE ap Wiidkbshe perawskite to 30 kV

whi ch m%tyI besa peyLew 112 ﬂ!tbisﬁépmdﬂibypgbﬁnéis’ﬂqf a d9&lécteeid | nuously
varylng alternatlin t.ent. a r_.my e. Lnterr ted contl nuous
direct potentiabt® 3| Itfﬁrrbefﬁtréﬁjl g@tgrb?i{‘eqpp,sgp g$ %%Wﬁ?ef'%?o nm of
bed depth. 15 excitaticothefsbbpoexhdustegreest and mpl eecondilréadias a nunber

of axial holes d3nfisposedaeatl es!chaarasd sty BREM ¥n whidP that
I ncom ng exhaustpg]gses are constrail e 15

ed to SS iLnto the sp
bet ween the out EFSET 1% 08e® 3°5¥&Fatqh§°§5‘eggﬁ%ﬁﬁ)éﬁ° ’Z'ESfb? et gtor 1 and
t hence radi 40l ypehieighiz of pheovskitk? astiwetmatenimfieri al bef ore passing
t hrough the inner electrode 6 and | eaving the chanber 2 via the

exhaust stub 4. . . . .
Other forms of excitation reactor involwving a non~

thermal plasma, such as a corona discharge reactor or
dielectric barrier or silent discharge reactor can be
15 used. Alsc the second reactor can be replaced by an
axial flow monolithic gas permeable bed of perovskite
active material. :

By separating the reactor into two components, an
20 excitation component and a treatment component, the
excitation of the exhaust gases can be maximised, so
ipcreasing their susceptibility to the action of the
- perovskite material and the overall efficiency of the
reactor system.



25 The bed 12 of active material consists of an aggl oner ati on of

spheres of a |ayered perovskite, such as Laferr]Cud etrr]. Anot her
| &yered perovskite material from which t he spheres can B§%€E£$:h§ t he
partial I'y subsYPPteY material La[err]Klerr]Cul[err]Verr](Je f._30

The spheres include a ceram c binder such a& silica ———atumma or titam a
or conbi nations of these where the binaer “can, for g s gy ed
from sol - gel materials or fromfine powder. A typi cdilill n_n D;ﬂ 35
bi nder material ist i ght per cent. Al so, other * ¢ L x38603
PCT/ GB99/ 00212 - 8- shapes can be used
for the pellets, .for L can be .i rregul ar shapes, or
extrudates - the lrianusgla%grn% gﬁgggteﬁhﬁeﬁcﬁ efFoF of (?F'mBzF?g?%u%an be
facilitated by tiﬁ?mova}i%élnkﬁnﬂqeafoalézﬁeﬂndpcathmhacenmshcasbastion
silica-titani & Preaucts £ien REAGUEEOFadeY eidombrf LMY ‘M‘?%Qc&?? Agldilys are
made. aﬁ%hgr n1xq$ oxi des hSVqu)the eneral formula
Al err] Al err] Bl er PPBPEPR] T &% FOPRACHES (WP 2928 s¥hAussr SYSESRi @ tHafder s,
10 providing thaPermegbhakediicd] ot activomsttantsl Wwontaiaed withiufdhei ent
to enable a pl asrRakeobf F&diPlroshedusith exhaust gases to pass through

the bed of active material, and means for exciting into a

10 plasma state exhaust gases passing through the bed of

active material, characterised in that the bed of active

material includes a mixed metal oxide material having the

1 1
general formula A, A B, B O,.

15 2. A plasma assisted reactor for the simultaneous
removal of nitrogen oxides and carbonaceous combustion
products from internal combustion engine exhaust gases,
comprising a reactor chamber (1) adapted - to be connected
into the exhaust system of an internal combustion engine,

20 a gas permeable bed of an active material (12) contained
within the reactor (1), means (7, 13, 14, 6, 8) for
causing exhaust gases to pass through the bed of active
material (12), and means (6, 9, 10, 14, 5) for exciting
into a plasma state exhaust gases passing through the bed

25 of active material (12), characterised in that the bed of

active material (12) includes a mixed metal oxide

1

material having the general formula Az«KZprByOA~

- 3. A reactor according to claim 2 characterised in that
30 the components A At of the mixed metal oxide material are
selected from the group of elements comprising La, Sr, Ba

and K and the components B B of the mixed metal oxide

material are selected from the group of elements
comprising Co, Mn, Cr, Cu, Mg and V.
35

This Sheet Has Been Replaced THIS SHEET HAS SEEN

(e | e |




mai ntai ned in the exhaust gases in the interstices bet ween the pellets,

Actornat i vel y.or adort onarty. 5 NSRRI or betyeen big,
S a

el ectrodes (6,WA%38%EN be provi‘ded sb that® tfie reactor g
dielectric barrier type of reactor. Such a dielectric barrier is
nost conveniently provided in the form of coating on one or both of

the electrodes (6, 14). A further 20 alternative is to include with the
m xed oxi de mat & al Aareactyy FseorAdng ofo arkadadst Flaaracheitisedainothat gh

dielectric AR uch. . bar i titanate. ) In the
enbodi nent of tﬁcg{ﬁégﬁ%ﬁi %%t eg%rli egsa%%’vdg?QS the perovskite active
material in the pellet bed 12 is used also as a dielectric medium by

means of which tde Hayst [ ‘ ogg%__ : t QL n be
subj ected to gufgfli Ci énfgél ect rﬁ%?g?’?gg??o&%;ﬁ?e t e?lirnél.'teecj)llr:"%%gri gﬁp%%éérm

state. However, ¥ Pixednpetal pdeesaryivefaresiad 47 1heekarssti 85O%nd t he

exhaust gases Cahd@roubi 86hhsing L8, 3SR CLEXCEE AldONyPr gcess bef or e
bei ng exposed to egthg per OVSKi Le rrht‘er?'glﬁi.y ‘ 1777037 R0 et 2 shows a

second enbodi memta,i gk, Waghei iy ;i 5a35Bajofex, ,¥ndoj mnahi ch those conponents
which are simlar to. T 99/ 3‘3%%3'@0'7 ol
PCT/ GB99/ 00212 La; oK, ;Cu, 45V, 650, - -9-

10 6. A reactor according to claim 4 characterised in that

the mixed metal oxide is La, K, ,Cu, ..V, ,:0,-

7. A reactor according to any of claims 2 to 6
characterised in that the bed (1) of active material is
15 in the form of an agglomeration of bodies (12) of the
active material in the form of spheres, regularly or
irregularly shaped pellets or hollow extrudates.

8. A reactor according to claim 7 characterised in that
20 the bodies (12) of active material include a ceramic
binder material..

9. A reactor according to claim 8 wherein the ceramic
binder material comprises silica, titania or alumina or
25 any combination thereof.

10. A reactor according to claim 8 or claim 9 wherein

. the ceramic binder material is present in the proportion
of about three weight per cent.

30
11l. A reactor according to any of claims 8 to 10 wherein
the bodies (12) of active material are in the foxrm of
spheres. )



correspondi ng conponents i ment have the sane reference

nunmeral s. The reactor chanpgs | nded and contains a first
excitation reactor simlar {“I "m&w@gﬁﬁrl bed above, but in which the
perovskite 5 WOy 12 c soy=pel | ets of a di el KEHGRI00212

preferably ferroelectric, materi al chosenlto optimse the excitation of
t he exhaust gases, and a second reactor ~ Similar in | ayout to the first
reactor, but in which there are no electrical connections to the bed 11

of 10 pellets 12%f Peressker acooriditonee arvapreceding claift her forms of

exci tation react@{aﬁa&@lﬁg_@g £n O3t the ﬁ@@{mlslpkgsgr,a,l@uqq)ago@ corona
di scharge reactor tric barrier or.silent discharge reactor can

Xt ﬁlelqg s S
be 15 used. Al sofHe¥9c5H8 PEXYS 985R° vEP YL fMEcRIPH &Fate I8xial flow
monol i t hi ¢ gas peenexaltecfpen Wie hedovdki tef mixedcheval natidel abtive

By separatingsthgaded3aton1sNisnd WeceRRONGMM Hea@ P12 SXGdkalkOf; £@FPONENT

and a treat nent qu onené, the . gggitatlon of the exhaust gases can be
nmexi ni sed, so c PEASE Pt Hdt eptibility to the action of the

perovskite material and the overall efficiency of the. reactor system
- 10 - 13. A reactor according to any of claims 1 to 11
characterised in that the means for exciting the gases to
10 the plasma state comprises at least two electrodes (6,
14} in contact with the bed {11} of active material and
means (9, 10) for applying to the electrode a potential
difference sufficient to excite the exhaust gases to a
plasma state in the interstices of the bed (11) of activ

15 material.

14. A reactor according to c¢laim 13 further
characterised in that a dielectric barrier is provided
between the said two electrodes (6,14).

20
15. A reactor according to claim 14 further
characterised in that the dielectric barrier is provided
in the form of a coating on the surface of one or both of"
the said two electrodes (6, 14).

25 '
16. A reactor according to claim 13, further
characterised in that a material of high dielectric

. permittivity is incorporated in the bed of active
material. ‘

30

17. 2 reactor according to any of claims 1 to 12
characterised in that the bed of active material (12) is
in the form of a gas permeable monolith.



1. A plasma assisted reactor for the sinultaneous renoval of

ni trogen oxi des and-carbonaceous conbustion 5 products from exhaust
gases, conprising a reactor chanber (11) adapted t ted
into a gas exﬁﬁﬁgyngystenl a gas ‘per neabl e bed of gﬁggggﬁegﬁp
material (12) contained W t hin %Bﬁ reactor (11), neans (7, 13, 14,
6, 8) for causi ng exhaust ganes pass through the bed of active
10 material (12), and neans (6, 9, 10, 14, 5) for exciting into a
pl asma st at e exhaust gases passing through the bed of active
material (12), characterised in that the bed of active materia
(12) includes a m xed netal oxide mat eri al havi ng the general
formula Alerr]Alerr]Blerr]Blerr]derr]. 15 2. A plasm
assisted reactor as clainmed in clhim1 fgr t he sinultaneous renova
of nitrogen oxides and caj bonacequs conbustion products from

i nternal conbustion eggi exhaugt gases, further characterised in
that the 20 reactor chanber ( )}is%a apted to be connected into the
t

exhaust system of an internal conpuptignjengi ne. . 3. A reactor
according to claim2 charact e+ n tlh t he conponents A Alerr]
of the m xed netal oxide natlerial are 25 skl ected fromthe group of

el enents conprising La, Sr, |Ba and K and the conponents B B[err] of
the m xed netal oxide naterial are sellected fromthe group of

el enment s conpri si gg- N o, , and V. WD 99/ 8603
PCT/ GB99/ 00212
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- 11 - 4. A reactor according to claim3 charactetised in that

the m xed netal oxide is LaJerr]CuJerr]. 5. A reactor "according to
cfaim3 charag%ﬁ$gsgd inthat 5 the mxed netal oxide active material 12
is selected frof?”® the group conprising La[err] , Ba[ er r FET&HEPPPR12

La[err]Sr[err]Cu[err]Verr](err]; %?[err]K[err]Cu[err]C}[err]CIerr];
La[err]Ba[err]Cr[err]V[err]derr] and 2

La[err]Klerr]Cu[err]V[err]Jerr]. 10 6. A reactor according to claim4
characterised in that t he m xed tal pxide is
La[err]K[err]Cu[err]V[err]Jerr]. .] <A reactor according to any of
clains 2 to 6 characterised in th (h bed (1) of active material is

12) of the active
irregularly shaped
or according to claim?7

15 in the formof an aggloneration of bo
material in the formof spheres} regularly or

pel lets or hol | ow extrudates, ]

characterised in that 20 the bpdh .12) ive material include a
ceram c bi nder materi al . > A I _according to claim8
wherein the ceramc bi nder pat a rhses silica, titania or
alumna or 25 any conbinati¥A f hg . ¥ -
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10. % reactor -actording to claim8 or claim9 wherein the ceramc

bi nder material is presént in the proportion of about three wei ght per
cent. 30 11. A reactor according to any of claims 8 to 10 wherein

thei bodi es (12) of active material are in the form of spheres

WD D9/ 38603 - 12 - 1. A e r
according to any preceding cJaim “ch@racterised in 5 iHIIiS 6,
9, 10, 14) for exciting the exhaust gases into thEy ) |

separate fromt (11) of mxed netal oxide active 5 material (12) and
precedes the be of active m xed metal oxide material (12).

13. A reactor according to any of clains 1 to 11 characterised in that

t he means fadr. exaiplagmd lEsgjsted reat@ot hfopl derms istidtaneonpri ses at | east
two el eC”OQ-% 891 % 1#1:4909‘5}1 %Qéltaéﬁt aﬁ’ﬁtga:t'@&u u(sllz)om%sﬁ% ve materi al

and [‘ect e a potentia
di fferené"e E’ET perentren %"cﬁé’— lgﬁéeéxhﬁ%l’r’g%% j Feactor phasharstate in

the interstijges afaptes hesl Hel borplectelli ¥8td 5 nfdLrdxdaust system, a
gas permeable bad of an active material ({12) contained
within the reactor (11}, means (7, 13, 14, &6, 8) for
causing exhaust gases to pass through the bed of active

10 material (12), and means (6, 9, 10, 14, 5) for exciting
3 into a plasma state exhaust gases passing through the bed
of active material (12), characterised in that the bed of
active material (12) includes a mixed metal oxide

material having the general formula A;.x.h.le;.yBlyo,l. .

15
2. A plasma assisted reactor as claimed in ¢laim 1 for
the simultaneocus removal of nitrogen oxides and
carbonacecus combustion products from internal cembustion
engine exhaust gases, further characterised in that the
20 reactor chamber (1) is adapted to bé connected into the
exhayust system of an intermal combustion engine.

3, A reactor according to claim 2 characterised in that
C ) the ¢omponents A Al of the mixed metal oxide material ave
25 pelected from the group of elements comprising La, Sr, Ba -
and X and the componencs B B! of the mixed metal oxide

héterial are selected from the group of elements
comprising Co, Mn, Cr, Cu, Mg and V.
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14, ‘A reactor according to claim 13 further charact exi segel

dielectric barrier is provided bet ween the said two el }‘*

20 15. AT - accor difn ik kA IrdirivthddiBimon  Char RQHEY

t hat the diel e?ﬁ’g barrier (?kgbprovlmeteebrﬁlmml n thenform of a Coating on the
surface QNTEEINATIONADAPPIICATION RUBEISHED AINDER mﬂsmm eeoremnm\) TRESTY (PCTL6. A

r eact o{rﬂ Mtelt%hgﬁams'Ld T Ur ngar a1 Interna l%a | n [ g)wé %@M al
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(57) Abstract

A plasma assisted reactor for the simultaneous removal of nitrogen oxides and carbonaceous combustion products from the exhaust
emissions, in paxticular, from an internal combustion engine, wherein the reactor includes a gas permeable bed made of a mixed metal
oxide having the general formula Az xAB(-yBtyO4.




