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A conponent for gas treatnent The present invention relates to a
component f@Hoblsye treatment of gases, and in particul ar trerGE®TPaNEnt
for 5 exposing gas to a non-thermal plasma, desirably in the presence of
a catalyst. Mre specifically, the invedti-on  relates to a conponent

I ncorporated in a reactor for the reduction of polluting conponents such

as carbonaceous ang E&hﬁgggﬂgugogogggsgkgatﬁéggucts emtted in the 10
exhaust of internal c ustion englnes. One of the mmjor problens
associated with the devel opment and use of internal conbustion engines

is the  noxi ougnhexpausbneniaveassohr gellatel eoganesmpdnentf folreth® nost
del eterious materials, _particul arl

particuIatetﬁﬁ?F%?anPFnﬁPFF§,Cgpg%ﬁ%npgggigﬁigrqgo"a chB88kneNgLRes, are

5 exposing gas to a non-thermal plasma, desirably in the

presence of a catalyst. More specifically, the invention
relates to a component incorporated in a reactor for the
reduction of polluting components such as carbonaceous
and nitrogenous combustion products emitted in the

10 exhaust of internal combustion engines.

One of the major problems associated with the
development and use of internal combustion engines is the
.noxious exhaust emissions from such engines. Two of the

15 most deleterious materials,ﬂparticularly in the case of
diesel engines, are particulate matter (primarily carbon)
and oxides of nitrogen (NO,). Increasingly severe

emission control regulations are forcing internal
combustion engine and vehicle manufacturers to find more

20 efficient ways of removing these materials in particular
from internal combustion engine exhaust emissions.
Unfortunately, in practice, it is found that combustion
modification techniques which improve the situation in
relation to one of the above components of intermnal

25 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 engine exhausts have been
investigated, particularly in relation to making such

30 particulate emission traps capable of being regenerated
when*they have become saturated with particulate
material.

Examples of such diesel exhaust particulate filters
35 are to be found in European patent application EP 0 010




and oxi des of nitrogen (N(Jerr]). Increasingly severe enission control
regul ations.are forcing internal combustion engi ne and vehi

manuf act ur WO ¥@341Pnd nore 20 efficient ways of renoving thé’gé"(ﬂ’e??’g‘?‘i”gll s in
parti cul ar frominternal conmbustion engi ne exhaust emn ssions. _
Unfortunately, in practice, it is found-tBat conbustion nodi fication
techni ques which inprove the situation in relation to one of the above

conponent s of3g4qut exrswxi»au?én@@rmwsas omveng% r@seidnusuEa@gsaws at?@rﬁfiet 0
\S?rzggttegg f &t %Sir ;‘gﬁtéfo%%nq 7541 'erﬁ%sd]c;ﬁ@ Pﬁﬁm n\ée}% x r:l%’ ﬁst i on
engi-ne-exhausts -have been |nvest|gated partlcularly in relation Bo
TR g et 30 DA SHR SN e Pl e el gt Rueneit e
Exanpl es of scertowid sitore xduoessl ;mthaus.ﬁ Hasdg Ihyems sihpdee phydieaflound in
European pat gni APl d cof | Q- EReD 8O matter in the interstices of a
" porous, usually ceramic, filter body, which is then
regenerated by heating the filter body to a temperature
- ~--at which the trapped diesel exhaust particulates are
i0 burnt off. In most cases the filter body is monolithic,
- although EP 0 010 384 does mention the use of ceramic
beads, wire meshes or metal screens as well. TUS patent
4,427,418 discloses the use of ceramic coated wire or
ceramic fibres.

15 -

In a broader context, the precipitation of charged
particulate matter by electrostatic forces also is known.
However, in this case, precipitation usually takes place
upon large planar electrodes or metal screens.

20

GB patent 2,274,412 dlscloses 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
25 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
NOy gases to nitrogen, by the use of pellets adapted to

30 catalyse the NOy reduction.

The use of a reactor comprisin§ a bed of beads of
~ spherical, pellet, chip or other suitable form presents a
problem, particularly for motor vehicles, in that the
35 beads tend to wear or break up under the attrition to




WO 99/ 43419 PCT/ GB99/ 00470
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above cases, the particulate matter is 5 renmoved from di esel exhaust
gases by a sinple physi cal trapping'd*'barticulate matter in the
interstices of a porous, usually ceramc, filter body, which is then
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157 _broader context, the precipitation o rged _
particul afe REREAPUBRTALSStrostatic forces also is known. However, in
this case, precipitation usually takes place upon | arge pl anar

rodes or netal screens, .20 . ) .
el ect %t is an object of the present invention to provide

a gas permeable component of dielectric material, which
may be, or may be combined with, a catalytic material,

10 for the treatment of gas, in a form which can be extruded
or otherwise formed into a monolithic structure, and
which will effectively support the formation of a non-
thermal plasma when subjected to an electric potential.

15 The invention provides, in one of its aspects, a
component for use in a gaé treatment device, which
component comprises dielectric material having apertures
extending therethrough in a direction of gas flow through
the component when in use, the apertures having a re-

20 entrant configuration in cross-section and being such
that there is interconnection through dielectric material
of those regions of dielectric material which define
opposite sides of the narrowest part of the apertures as
measured in at least one direction transverse to the said

25 direction of gas flow, and means for applying an electric
potential across the component in the said transverse
direction, or one of the said transverse directions,
whereby the voltage drop across the said narrowest part
of the apertures is greater than the voltage drop

30 thereacross would be if the aperture were filled with the
dielectric material.

For the purpose of providing the electric potential,
a pair of electrodes is positioned one on one side and
35 the other on the other side of the component so as to be




GB patent 2,274,412 discloses a nethod and appar at us for renmoving
particul ate and other pollutants from I nternal conbustion englne
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the reducti at g godk fﬁf&ﬁ@%ﬁ%}ﬁ& 10%%he @sﬁdﬂ%x&%@f& Jellets

adapted to se of a
react or conr#ﬂi%ﬁci?ﬁ:;l@bé’(’ird?n%e%ﬁstléﬁ sal@pﬂ@n%rsep@urgctmqg or ot her
suitable formpresents a problem particularly for notor vehicles, in

that the 35 beads_tend to wear or break up, under the attrition to
WD 99/ 43419 In one arrangement according to anyergdorp the

- 3- - 5 apertures are shaped to provide interconnection through
dielectric material of those regions of dielectric
material which define opposite sides of the narrowest
part of the apertures as measured in two mutually
orthogonal directions transverse to the said direction of

10 gas flow, a first pair of electrodes is positioned one on
one side and the other on the other side of the component
so as to be spaced apart from one another in one said
transverse direction, and a second pair of electrodes is
positioned one on one side and the other on the other

15 side of the component so as~to be spaced apart from one
another in the other, orthogonal, transverse direction.

In an alternative arrangement embodying the
invention, the said means for applying an electric

20 potential comprise wires {41, 42) extending through the
dielectric material(l13,13a;16,17;16a,17a).

The apertures are such as to promote formation of a
non-thermal plasma therein when the component is in use
25 and an electric potential is applied. For this purpose,
for example, each aperture is shaped in cross-section to
taper on both or all sides towards.the said narrowest
part of the aperture, thereby to encourage transfer of
. electrical discharge from the said narrowest part into
30 the tapered parts of the apertures.
¢
Preferably the dielectric material is chosen to have
in the presence of an electrical diécharge a catalytic
action in the reduction of nitrogenous oxides.

35




whi ch they are subjected in use. Wilst nonoliths of f oam or
honeyconb configuration can be adopted, we have found satis
ﬂﬁ% %ég%ﬁﬁmeﬁoknown

fermati on o¥O% 2t her nal pl asma is difficult to ac

forns of these 5 configurations. It is an object of
the present invention to provide ~ 5a-gas perneabl e conponent of
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20 entrant CO |gurat|on I N cCross-section a bel
there is intéreshaecefisntedr baghoanepettrPE mit dntgrnal combusfcnohnose

regi ons of déﬁbfﬁéréﬁhﬁﬁéérsﬁétléﬁ' chhdefifetor chamb@[?pﬁﬁblﬁtﬁtﬁhg{eﬁ of the
narrowest part of the apertures as measured in at |east “one
direction trafpeRepent: 8sSt aEorgsgid, through which component exhaust

10 gases are constrained to pass.

Specific constructions of component and reactor
embodying the invention will now be described by way of
example and with reference to the drawings filed

15 herewith, in which: -

Figure 1 is a perspective view of part of a
component,

20 Figure 2 is a perspective view of part of another
component,

Figures 3, and 4, are diagrammatic representations
of alternative cross-sectional shapes for the component,

25
Figure 5 is a diagrammatical representation of a
reactor incorporating a component according to the
invention, -
30 Figure 6 shows a modificat ion of the component of

Figure 2, and

Figures 7 to 9 show further variants of the
modification shown in Figure 6.

35




25 direction of gas flow, and neans for applying an electric
potential across the conponent in the said transverse direction, or
one of the WHW4B414nsverse directions, wher eby t he PEITGRI&OBHTEP
across the said narrowest part of the apertures is greater than the
vol tage drop 30 thereacross would be gf-the aperture were filled with
t he dielectric material. Fo; tre purgose of

rovi ding the el ecf.ric tential, ir.of . electrodes is

Bosi t] ongd one on(i=tc5Lr%J‘rs(a|IO e SHHA 2 c%m[%ng.[ Bf@r wBA chn §a8 F?@r SFFELPYt he
conponent soextrusilpm from a dMOQYriMiRterial 11. Our preferred

PCT/ GB99/ 004. : s, o . ~€- d art from
. . [®) ng,. : t .
one anot her ?‘%ttehrgaslall(? t rnaenscvoenrtsaeln1ﬁgd|bra é:éﬁn on,:L SP agrefe%glg %?xl‘le%@& d
t ransver se diextarisgmn purposes, may be fabricated from a barium
5 titanate powder together with a binder of for example
alumina, silica or titania or a combination of these, for

example a combination of silica and titania.

As may be seen from Figure 1, the extrusion has the
10 form of a series of parallel plates 12 between which, and
‘integral with which, is a matrix of rods 13 of generally
rhombus shape in cross-section extending parallel with
one anothexr between the plates 12 along the length of the
component 10.
15 ' h
The series of rods 13 between each pair of plates 12
provides a corresponding series of apertures 14 extending
along the length of the component 10 and having a shape
in cross-section like that of a stylised bow tie.
20
Electrodes (not shown) positioned on the respective
two sides of the component 10 perpendicular to the plane
of the plates 12 enable an electric potential to be
applied to the component in a direction parallel with the
25 plates 12 and transverse to the length of the apertures
14.

The re-entrant shape of the apertures 14 in cross-
section has the effect that voltage drop derived from the
30 charged dielectric material is concentrated in the region
where the space between one rod 13 and its adjacent rod
is narrowest. This configuration has the effect of
promdgihéuthe formation of non-thermal plasma in these
narrow spaces. However, it is a feature of plasma formed
35 in this way that it tends to expand and travel along
outwardly tapering spaces which communicate with the



In one arrangenment according to the invention, the 5 apertures are shaped

to provide.interconnection through dielectric material of_ those reqgions

of diel ect rW@ 94348t erial which define opposite sides of thdTEFPHHEY

part of the apertures as neasured in tw nutually ~orthogonal directions

transverse to the said direction of 10 -gas flow, a first pair of electrodes
I s positioned one on one side and the other on the other side of the

conponent d L 0 ot : | ne. sai d
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di rection. In an alternative arrangenment enbo ( _
i'nvent i o t hBes&PEPRBEARS £8r applying an electric 20 potential conprise
w res(41, 42) extending through the dielectric naterial(13,13a;16,lz;
16a, 17a). The apertures are,such as to pronpte_formation of a
non-thermal pl asn® EREBFEFR WﬁeFBFhEOB%&ﬁHﬁéﬁﬁoPsshﬁwﬁsén2§1§HHeah éFectric
potential isthaplthke pEateshl2 puopdde, a coheingyasPicelachiapgature is -
shaped in CrBéEh@SRtEBQ ggectrodes and between each such path there

. is a series of discharge gaps provided by the narrowest
10 part of the apertures 14, the discharge gaps being

aligned to be parallel with the electric field set up

between the electrodes.

Figure 2 illustrates another configuration in which
15 component 15 can be formed-by extrusion. Again, the
configuration is based upon an array of generally rhombus
shaped rods 16,17. Alternate rows and columns of the
rods 16, 17 are joined at their apices by cruciform
regions 18. The intervening rows and columns provide a
20 series of discharge gaps 19. The rods 16, 17 are so
shaped that the narrow spaces between adjacent rods which
—--communicate with the discharge gaps 19 are tapered, with
the narrowest region of the tager at the gaps 19, As
explained above, this promotes the transfer of plasma
25 formed in the discharge gaps 19 along the tapered spaces.
It will be seen that adjacent each aligned row of
discharge gaps 19 is an aligned row of interconnected
rods 16. Similarly, adjacent to each aligned column of
discharge gaps 19 is an aligned column of interconnected
30 rods 17.

Electrodes (not shown).covering respectively the
sides 21 and 22 of the component 15 enable an electrical
potential to be applied across the component 15. By
35 wvirtue of the juxtaposition of interconnected rods 16 in

one row and cross connected rods 17 with intervening



téper on both or all sides towards the said narrowest part of the
aperture, thereby to encourage transfer of el ectrical discharge fromthe
sai d narrovot9gadi? into 30 the tapered parts of the apertuPET/GR99/00470
Preferably the dielectric material is chosen to have in the presence of
an electrical discharge a catalytic -agtion in the reduction of

ni trogenous oxi des. 35 WO 99/ 43419 or of o ]
PCT/ GB99/ 004 : . . -5- . . Preferably the
dielectric fraa:"t%ecr}}aéﬁgé? I%%Har u:frﬁ the aqiacear fc?ﬁ’t’a}iaﬁpr]récﬁﬁtlé’rni Qf an

The inventi GPpropxicdss ¢recthuidelr mftantsiadspectiisaway deadsotof ahe
reducing poldditd:aft fdPBEAH WSHAYE in the gaps 19 and

expansion of the plasma into the tapering spaces to fill
5 the entire void structure of the component 15.

It will be apparent from the symmetry of the
component shown in Figure 2, that electrodes {(not shown)
may be positioned to cover the sides 23 and 24

10 respectively so as to enable an electrical potential to
be applied parallel with the columhs of rods 16, 17.
Provided there is an appropriate insulating gap between
electrodes on the adjacent sides which may at any instant
be at a different potential, electrical excitation may be

15 applied to all four sides. -~

It will be appreciated that controlled arrays of
discharge gaps between regions of dielectric material
interconnected to concentrate potential drop across the

20 discharge gaps can be achieved with a variety of
different configurations of extruded matrix. Figure 3
shows a variant of the Figure 2 configuration, similar
components bearing the same reference numerals

- distinguished by the suffix "a". Figure 4 shows a

25 wvariant of the Figure 1 configuration, based upon
cylindrical rods. The reference numerals used in Figure
4 correspond with those of Figure 1, distinguished by the
suffix *a”".

30 Figure 5 shows diagrammatically in cross-section a
component 25 comprising an extruded monolith having a
configuration {chosen as discussed further below) as
shown in one of the Figures 1 to 4 and incorporated in a
plasma reactor for the purification of internal

35 combustion engine exhaust emissions.



froman internal conbustion engine, conprising a reactor chanber
adapted to formpart of an internal conbustion engi ne exhaust sxste

t he react orWOaHHEP i ncl uding a conponent as aforesaid, Wi ch
conponent exhaust 10 gases are constrained to pass. SpeC|f|c
constructions of conponent and reactor - 9 enbodying the invention will now
be descri bed by way of exanple and with reference to the drawings filed

15 herewith, in . hcomponﬁgt 25 Efgﬁkﬁn£é§3w§t 558?%&5&%. 1&@.0f part of
a conponent, IS a pers ec Ive Vv EM/O par of

anot her stapoA@ss steel chambem Gubr e@ns:h aﬁdaxraaxgeddrt@gmmmt iC
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conponent IS a dla rannatlca representatlon Of a

reactor i ncorlﬁéteét ORF 2 %%%&Yeﬁte%c&rfdﬂk&q}b ithgan be connected to

5 the exhaust system of an internal combustion engine, and
a similar outlet nozzle 29. Exhaust gas flows as
indicated by the arrows A axially through the apertures
of the component 25.

10 Because of the cylindrical geometry, it is necessary
for the extruded monolith component 25 to have a
symmetrical configuration such as that of Figure 2 cut or
shaped into a cylinder with an axial bore 31. The axial
bore 31 is closed at each end to ensure all gas flow is

15 through the apertures of the monolith component 25. 2an
outer electrode is provided either by the chamber 26
itself or by a cylindrical metallic sheath on the
component 25 and in electrical contact with the chamber
26. An inner electrode 32 is provided in the form of a

20 cylindrical lining for the bore 31. The electrode 32 is
connected via a high tension lead-through 10 to a source
9 of electrical potential sufficient to excite a plasma
in the exhaust gases in the void spaces within the
component 25. A convenient potential for this purpose is

25 a potential of about 10 kV to 30 kV, which may be a
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.

30

: In a modified arrangement, in which any of the
configurations of Figure 1,2,3,0or 4 may be employed, the
chamber 26 and component 25 are rectangular in cross
section. For this configuration, it is not necessary to

35 have a central bore corresponding to the bore 31.
Electrodes may be positioned on opposed sides of the



ihvention, 30 Figure 6 shows a nodification of the conponent of

Figure 2, and Figures 7 to 9 show further variants of the

nodi ficati owoshasnein Figure 6. 35 WD 99/ 43419 PCT/GB99/60470

PCT/ GB99/ 00470 - 6- Figure 1 shows a
conponent 10 which can be formed by -exjrusion froma dielectric
material 11. Qur preferred material is one containing bariumtitanate

whi ch, for extrusion purposes, pe fabricated froma barium 5 titanate
powder t oget HEPTRPREE g% QPtO%nf 1gxG@PE it is necessary to provide

electrical insulation between the high voltage electrode
‘and the chambeér 26. For this treason, it may be
preferable to provide the high voltage electrode as a

5 sheet positioned centrally within the component 25.

The material of the component 25 is chosen in order
to meet the requirements of formation by extrusion, and
the dielectric and catalytic properties for the purpose

10 of reducing pollutants from internal combustion engine
exhaust gases. The material is preferably a
ferroelectric material such as barium titanate or calcium
titanate which, for extrusion, will need to be prepared
in powder form into which a binder material is

15 incorporated. Gamma alumiha, silica or titania or a
combination of these may serve as a binder, although a
preferred binder is a combination of silica and titania
which may be derived from a silica-titania gel. The
ferroelectric material may be mixed with a dielectric

20 material such as zirconia or titania, or zeolite for
example metal exchanged zeolite or proton exchanged
zeolite for example'Cu-exchaﬁged ZSM-5 or H-exchanged
ZSM-5 or, for some applications, it may be appropriate to
use dielectric material alone or mixtures of dielectric

25 materials. Where titania is used, it is advantageous to
use the anatase phase in order to benefit from the
photocatalytic properties of the material in this form.
Other materials such as alumina or a perovskite may be
incorporated for the catalytic properties which they

30 impart to the product matrix.

f

Figure 6 shows a modification of the component of
Figure 2 in which a number of the rods 16 are formed with
an electrically conducting wire extending through the
35 centre of the rod as indicated diagrammaticaily on the
Figure at 41,42.



alumna, silica or titania or a conbination of these, for exanpl e a
conbination of silica and titania. As may be seen from Fi gure

t he extrusi BRM434Phe 10 formof a series of parallel plat espciécibgéf(\aé’

whi ch, and integral with which, is a matrix of rods 13 of generally
rhonbus shape in cross-section extendiﬁglnaFaIIeI W th one anot her

- between the plates 12 along the | ength of the conponent 10. 15

The series of rods 13 between each pair of plates 12 provi des a
correspondi ng series of apertures 14 extending along the length of the

corrponent 10 and Watinguaks kaparrangentin®s StS 46t peRshibie thalappfiya a3 vl i sed
bow tie.. El.ectrodes (not shown) p03|t|oned on the respective

two sides of etlﬁé’tgéﬁp&?&}id FFeSSpéhd GaPs 1% ithe prase 1nleGﬁUﬁHéYpl ates
12 enabl e an 8@l i1eP A=Al tii%éé‘%r ga%g,olﬁlgq‘sgost REC %gent in a

direction parallel wth the 25 plates verse to e |l ength of
t he apert &regeprebénted at 41 mﬂnkedemenﬂramtrabaparefcbhﬁe@ﬁ@ﬁt&tﬁs 14 in
cross-sellop Uas Leef(eqt that vol tage droder ved (rom Lhe
positive pole} whilst those wires represented at 42 with
a central dot are comnected to the other pole (for
example the negative pole). With such a configuration,
10 the electric field established across the gaps 19 will be
in a direction substantially parallel with the sides 21
and 22 of component.
It will be appreciated that a variety of different
15 configurations of the positive and negative connections
are possible. Figure 7 shows a variant equivalent to
that of Figure 6 turned through 90 degrees, i.e. so that
the electric field in the gaps 19 extends in a direction
substantially parallel with the sides 23 and 24 of the
20 component. Figure 8 shows a variant in which the
electric field in the gaps 19 will have components both
parallel to the sides 23, 24 and to the sides 21, 22. |
Figure 9 shows the variant in which the electric field in
the gaps 19 will extend in a diagonal direction.
25
Connection of such a multiplicity of electrodes to
the power supply is evidently less straightforward than
the hse of simple plate electrodes positioned on opposite
“sides of the component. However, connection may be made
30 via a suitably shaped electrically conducting grids

providing connection at one end of the component to the



30 charged dielectric material is concentrated in the region where the

space between one rod 13 and its adjacent rod is narrowest. This

confi gur at ivamoedaeard he ef fect of pronoting the formati on RET/GEBICOKYEr nal

pl asma in these narrow spaces. However, it is a feature of plasma forned
35 in this way that it tends to expand agd_-travel along out wardly

t aperi ng spaces which communicate wth the WO 99/ 43419

PCT/ GB99/ 00470 narr ow space _where

pl asma t end¥1EEShéLi Whiick &Fe FRebe P°§ﬁ5b@eoﬁn@h@tayé?t@iﬂ@@rlanﬁisoihus
conduci ve tg hEhgngone% TR QRO kl?EQSHE waken LLLl sothe ﬁ??%%fg%o'd space

of the conponent eature of the” con igura own in
Figure 1 is that the plates 12 provide a continuous dielectric path
between the electipdes and bet ween eai au ath there
e voltage to be appli across the wzres in these
5 examples will be significantly less than that reguired
across electrode plates which are spaced apart by the
entire width of the component. A typical voltage
required is likely to be of the order of 3 kV or 4 kV,
but the value required would have to be determined in the
10 1light of operational experience to be such as to avoid
failure due to operating beyond the dielectric breakdown
voltage of the material whilst being sufficient to create

the desired non-thermal plasma in the gaps 19.



i's a series of dlschar by t he narrowest 10 part of the
apertures 14, the dis N %ﬁglh aligned to be paraIIeI with the
el ectri-c fine Bbasen up e el ectrodes. Wﬁgﬂ/@?

il lustrates anot her conflguratlon in which 15 conponent 15 can be forned by
extrusion. Again, the configuratieniis-based upon an array of generally
r honbus shaped rods 16,17. Alternate rows and col ums of the r ods

16, 17 are JOlnqg %5 %heir api ces by cruciform regions 18. The
intervening ro ol ums provide a 20 series of discharge gaps 19. The

rods 16, 17 are so shaped that the narrow spaces between adjacent rods

whi ch _cpmmung C?&ﬁﬁ%&ﬁtt ﬁsrdh%hé}ﬁgs gagstégaeza@né fge %%Qch the

nar r owest reglon 0 e taper at_the g f ai nedl above, this
pr onot es th@OmpéﬁgﬂerC@WP§F§§ﬁad2§lﬁ§ Fed mﬁt?ﬁéablé%%a e b&@sliéialong

the tapesed;gpagesisa, 175? ﬁfabhnaeaﬁegeut;agt(mm M@nigeawaﬁl i gned row of
di scharge gaps 19.1s a i_nt erconnec

Sinilarly, ﬁﬁFﬁﬁéﬁthﬁgéééﬁgﬁPPg ancélgﬁﬁeﬁFlOH oélgéﬁafb%wgﬁbgnghls an
al i gned col gpB @Bmpﬁh@h@oﬂhéﬁt ¢dl BBel 0dBatdZcterised by €hectrodes (not

shown) coverln 1na Eg%tg%ekéa%ures that the apertures(1l4; 1l4a; 19;
19a) have a re-entrant configuration in cross-section and

10 are such that there is interconnection through dielecdtric
material of those regions of dielectric material which
define opposite sides of the narrowest part of the
apertures(14; 1l4a; 19; 19%a} as measured in at least one
direction transverse to the said direction of gas flow,

15 and means is provided for applying an electric potential
across at least part of the component in the said
transverse direction, or one of the said transverse
directions, whereby the voltage drop across the said
narrowest part of the apertures (14; 1l4a; 19; 1%9a) is

20 greater than the voltage drop thereacross would be if the
aperture were filled with the dielectric material.

2. A component as claimed in claim 1, further
characterised in that the said means for applving an

25 electric potential comprise a pair of electrodes
positioned one on one side and the other on the other
side of the component so as to be spaced apart from one
another in the said transverse direction, or one of the
said transverse directions.

30
3. A component as claimed in c¢laim 1, further
characterised in that.the apertures (14; l4a; 19; 19a)
are shaped to provide interconnectioén through dielectric
material of those regions of dielectric material which

35 define the opposite sides of the narrowest part of the
apertures{14;14a;19;19%a) as measured in two mutually



sides 21 and 22 of th onent 15 enabl e an el ectri cal potential to be
applied across the c %ﬁ“l ﬂﬂ 5 virtue of the juxtaposition.of
i and cross connected r QYS/ERINGIN

i nt erconneW(miJm&ﬁs

i nt erveni ng /4 419

PCT/ GB99/ 00470 - 14 - - 8- di scharge gaps 19 in
t he adj acent row, application of an appropriate electrical potential in

this way leads to t . neration of | scharge.in the ga 19 and
expansi on oPrFﬁegﬁpéznglFﬁgglpﬁg F&EEFVﬁSS§pggegh?os??$ldlSthéog B?re voi d
structure ofaghg€leanpandirstSpair of electkbdes! isbpoappiorel bnenvhahe
symmetry of the I.p,.El a tr
shown) Bédﬁogngg% °t§‘%gggrgPﬁeggﬁggssﬁégaég éﬁglﬁ &@éﬁégglvely
So as to enablasahoekecsmﬁ@@ﬁ ppeett fabmt one another in one said
5 transverse direction, and a second pair of electrodes is
positioned one on one side and the other on the other

side of the component so as to be spaced apart from one
another in the other, orthogonal, transverse direction.

10 4. A component as claimed in claim 1, further
characterised in that the said means for applying an
electric potential comprise wires (41,42) extending
through the dielectric material (13,13a; 16,17; 16a,l1l7a).

15 5. A component as claimed”in any of the preceding
claims, further characterised in that the said apertures
(14; 14a; 19; 19%a) are such as to promote formation of a
non-thermal plasma therein when the component 1is in use
and an electric potential is applied.

20
6. A component as claimed in any of the preceding
claims, further characterised in that each aperture (14;
l4a; 19; 19a) is shaped in cross-section to taper on both
or all sides towards the said narrowest part of the

25 aperture, thereby to encourage transfer of electrical
discharge from the said narrowest part into the tapered
parts of the apertures.

7. A component as claimed in any of the preceding
30 claims, further characterised in that the dielectric
material is chosen to have in the presence of an

electrical dlscharge a catalytlc actlon in the reduction
of nitrogenous oxides. e
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be applied parallel wi mﬂm N‘[“. ‘ rods 16, 17. Provided there is
an appropriate insul ati m W{WH el ectrodes on the i des
whi ch may &0 8%434ithst a ¢ emt sa @l fferent potential, Fgﬁ(ﬁig@#n&
excitation may be 15 applied to all four sides. It wll be
appreci ated that controlled arrays of - 15 @i scharge gaps between regi ons of
dielectric materi al i nterconnected to concentrate potential drop across

the 20 di SC@afgefz\%%pQﬁ{ane aé,cfulea\a%a/wfdﬂ a%y/%rﬁ ghe %frecedlqigf ferent

configurations of extrud matri x. variant of the

Fi gure 2 coffpadbfat |fé§¥tr%qﬁnqhﬂfra“e’@oﬁﬁ§)ﬁéhtt§‘al§e§ﬁen§hﬁ4@% ref erence

numerals  madiestianguiss ke dnh & itdddbe "ntaingmee mhtedes a2 25 vari ant
of the Figure 1 configuration, based upon cylindrical rods. The

reference nunerals used in Figure 4 correspond with those of Figure 1,
di stinguisshed by A heeactorsfdyd xrédlcing 3dbllutich duom Bxdlamst

di agrammati cal.ly .in cross-sect. ent 25 conprising.an _extruded
nonol ith haﬁ“ﬁ@éé’“ons dﬁ“rﬁxﬁ‘ 1} rfo%‘Fn(aC]hosgé% s EHESE %pf GERe sd@%vv) as
shown in one qfeatd_rt@rﬁc@m_x@ﬁ {25 )4 aataptiett drpdicatregpaimt &£ arpl asnma react or
for the purif]cat.an Al dlengine exhaust system, characterised

in that the reactor chamber (26) includes a component

10 (25) as claimed in any of the preceding claims, through
which component (25} exhaust gases are constrained to
pass.

-
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35 conbustion engi ne exhaust em ssions. WO 99/ 43419

PCT/ GB99/ 00470 -9- The conponent
25 i s mountwd 9ei4sdion a cyl i ndrical stai nl ess steel chanbecT&®Badah s
arranged to be connected to an e&u{/y ng point at 27 and which has an
inl et nozzle 28 by neans of which it can be connected to 5 the exhaust
system of an internal conbustion engine, and a simlar outlet nozzle 29.
Exhaust gas flows as i ndicated by the arrows A axially through the
apertures of the component 25. 10 Because of the cylindrical
geonetry, it is necessary f or the extruded monolith conponent 25 to
have a synmet 168 HH--gH-at--6F h—as—t-hat of Figure 2 cut or
shaped into a cyﬂ nder with an axi al bore 31. The axi al bore 31 is

cl osed at each e Q\to ensure all gas flowis

%WYY‘EYN
Y W e
XXXM s




15 t hrough the apertures of the nonolith conponent 25. An out er

el ectrode is provided either by the chanber 26 itself or by a
cylindricalWRSP4341Pc sheath on the conponent 25 and in elpé‘}ét’?‘?%ﬁp“m
contact with the chanber 26. An inpfg electrode 32 is provided in the
formof a 20 cylindrical Iining for the bore 31. The electrode 32 is
connected via a high tension |ead-through 10 to a source 9 of electrical
potential sufficient to excite a plasm in the exhaust gases in the void
spaces within the conponent 25. A convenient potential for this purpose
Is 25 a potential of about 10 kV to 30 kV, which may be a pul sed direct
potential or a continuously varying alternating potential, or may be an
i nterrupted continuous dire pot ent i a TyRica

potential of 20 kV ;\oepth. 1\‘

arrangenment, in : \E&nfigur¥‘\

be enpl oyed, the &@\1onent %y

section. For this
bore correspondi ng
opposed si des of ¢

\\

25 A KA
2NN 2
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WD 99/ 43419 PCT/ GB99/ 00470

- 10 - conponent 25, but in this case it is necessary to provide
el-ectrical wapdshdfioon bet ween the high voltage el ectrode raTdGBOIBOLThaber
26. For this reason, it may be preff/rgabl e to provide the high voltage

el ectrode as a 5 sheet positioned centrally within the conponent 25.

The material of the conmponent 25 is chosen in order to neet the

requi renents of formation by extrusion, and the dielectric and
catal ytic properties for the purpose 10 of reducing pollutants from
I nt ernal conbustion engi ne exhatlg-t- S. The material is preferably a
ferroelectric material such as bari dmlQt te or calcium titanate
whi ch, for extrusion, will need to be prepared in powder forminto
' sop N 978 lica or

whi ch a bi nder mate .,’, b

74 ."’;, I
titania or a copb I : ' ag 40 al t hough a
preferred binder isfd cohd g 3 > d)); A ’ ich may be
derived froma siIi POV g 0 ?: ’

7 % / / /)
v

1
; | s |
290,00




ferroelectric material nmay be mixed with a dielectric 20 material such as
zirconia or titania, or zeolite for exanpl e netal exchanged zeolite or
prot on exch¥@gwes419 zeolite for exanpl e Cu-exchanged ZSM SPgT"qﬁ-s’%(Wﬁ%nged
ZSM5 or, for some applications, it neg/goe appropriate to use
dielectric material alone or mxtures of dielectric 25 materials. Were
titania is used, it is advantageous to use the anatase phase in order to
benefit fromthe phot ocatal ytic properties of the material in this form
O her materials such as alumina or a perovskite may be i ncorporated for
the catalytic properties which they 30 inpart to the product matri x.

Figure 6 shows a nodification of the conponent of Figure 2 in which a
nunber of the rods 16 are forned with an electrically conducting wire
extendi ng through the 35 centre of 'the rod as indicated diagrammtically on
t he Figure at 41, 42. W09/ 43419

PCT/ GB99/ 00470
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- 11 - Wth such an arrangenent it is possible to apply an

electric field across the gaps 19 in a nore individually controll ed
manner. Refworbmgnpo Figure 6 the wires 5 represented at 4pCmaaBeodsnd t h a
cross are connected to one pole of‘kﬁe vol.tage power supply (for
exanpl e the positive pole) whilst ?hose wires represented at 42 with

a central dot are connected to the other pole (for exanpl e the negative
pole). Wth such a configuration, 10 the electric field established across
the gaps 19 will be in a direction substantially parallel with the
sides 21 and 22 of conponent. It wll be appreciated that a
variety of differen canfigurations of . the positive and negative

connecti ons
that of Figure ¢
field in the gapy
the sides 23 and
t he el ectri

-\ ant equyval ent to

s\ k hat the electric

\~.nt|al\y parallel wth
a vayiant in which

&

\!& ,ffé

= o




parallel to the sides 23, 24 and to the sides 21, 22. Fi gure 9 shows
the variant in which the electric field in the gaps 19 will extend in a
diragonal diweesswie 25 Connection of such a mul ti BIGTER/0pA70

el ectrodes to the power supply isggyidently less straightforward than
the use of sinple plate el ectrodes positioned on opposite sides of the
conponent. However, connection may be nmade 30 via a suitably shaped

el ectrically conducting grids provi di ng connection at one end of the
conponent to the WO 99/ 43419

PCT/ GB99/ 00470
to be positive and
which are to be

wires 41 which are
Q the wires 42
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The voltage to be applied across the wires in these 5 exanples will be

significantly less than that required across el ectrode plates whi.ch are
spaced apar tvoy/sne entire width of the conmponent. A typircalcpwlobage
required is likely to be of the order pfg 3 kV or 4 kV, but the val ue
requi red woul d have to be determned in the 10 |ight of operational
experience to be such as to avoid failure due to operating beyond the
di el ectric breakdown voltage of the material whilst being sufficient to
Create the desired non-thermal plasnma in the gaps 19. WO

99/ 43419 PCT/ GB99/ 00470 -
13 - d ains 1. __A conponent for use in _a_gas treatnent

devi ce, which conmpongyt conpr\\v

(\2,13; 12a, 13a;
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5 16, 17; 16a,17a) having apertures(14; 14a;19; 19a) ext endi ng

t heret hrough in a direction of gas flow through t he conponent when in
use, characwWerpPdadoby t he conbi nati on of features that tRETARRINOM78s(14;
l4a; 19; 19a) have a re-entrant comrdzgguration in cross-section and 10
are such that there is interconnection through dielectric mat eri al of
those regions of dielectric material which defi ne opposite sides of the
narrowest part of the apertures(14; 1l4a; 19; 19a) as neasured in at

| east one direction transverse to the said direction of gas flow, 15 and
means i s provided for applying an electric potenti al across at | east
part of the conponent in the saiq transverse direction, or one of the

sai d transverse A\Yol t age\\dy op ackoss the said
narrowest part & 19a)\0&-20 griater than the
vol tage drop thege ‘ apert'\r wer e W<Iled with the
dielectric mate As\ cl ai M\ n claym 1, further
characterised i i ng aH\:» el ectydec._potenti al
conprise a paifr & on oM&\‘si de aRd t#e ot her
on the other | \
anot her in thef\y

di recti ons.

art\from one
sai & transver se
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30 " ° 3.. A conponent as clained if cha|W|L JuiLther = characterised in

t Qat the apert 19&') tee Khaped -t-o -prow de**, .*°,
|nterconnect|oH|“ WJIIHWHWH cs -rrater‘l al pf*thgse régiohsof,,:
dielectric matefidl Wwhith 85 *def i ne +he gp pAsi*te si dessof«t he nafr qyest

part of the apertures(14,14a,19,lga} as neasured in two nutually
orthogonal dlrections transverse to the said direction of gas flow, a
first pair cf SFdA0e8 re2 tARis! keaadver8eOto theoﬁﬁié'&Etéﬁﬁhéﬂ“bfﬂher on
the other side of the comnmponent so_as to_b aced, apart_from one

e
anot her in @RS Sy, & fixedy Pade 8?r8&ﬁpﬁﬁ°d§ﬁd1 ReRbHEPRRA ong on

el ectrodes igne simsidndOne@ oftbhe@nonnehsi dehandsidie of heie ronigneaither
side of the conponent so _as to_be_spaced agart f£ﬁﬂ1one another in the
3831 &' &no

ot her, orthdifd SPAceS gPpE QI G er 11 one sai

5 transverse direction, and a second pair of electrodes is
positioned one on one side and the other on the other
side of the component so as to be spaced apart from one
another in the other, orthogonal, transverse direction. .

10 4. A component as claimed in claim 1, further

characterised in that the said means for applying an
electric potential comprise wires (41,42) extending
through the dielectric material (13,13a; 16,17; 16a,l17a).

15 5. A component as claimed in any of the preceding
claims, further characterised in that each aperture (14;
14a; 19; 19a) is shaped in cross-section to taper on both
or all sides towards the said narrowest part of the
aperture, thereby to encourage transfer of electrical

20 discharge from the said narrowest part into the tapered

"  parts of the apertures.

6. A component as claimed in any of the preceding
¢ claims, further characterised in that the dielectric
25 material is chosen to have in the presence of an
electrical discharge a catalytic action in the reduction
of nitrogenous oxides.

7. A component as claimed in any of thelgreceding
30 claims, further characterised@ in that the dielectric

material is a barium titanate containing material.

B. A reactor for reducing pollution from exhaust

emissions from an internal combustion engine, comprising
35 a reactor chamber (26) adapted to form part of an

internal combustion engine exhaust system, characterised

AMENDED SHEET



10 4. ﬁﬁcm ctarmed-in claiml, further characterised in

that the said} ng an - “rel ec,'1:r|,<; pot entéi al* *conqyei*ge, Wi res
(41, 42) extenJl“? Hm t he d|-eI eStricemat eglcal g13 i3a; LG %7,
16a, 1,7a) . 15* 5c

oonpon t as .clai hed Pn'any of t e.ﬁxecedlng ot
clains, further characterised in that eddh-aperture (14; 14a; 19; 19a)
IS shaped in cross-section to taper on both or aII sides towar ds the

oot 1o o3na bRk Fhe Poanron RREMER (A0 SRR I BIBIRRER LS ©

parts of the(aﬁer taer edaimed i anA @bMMewﬂmgalqieden &hyought he

pr ecedi ng l: 2 r r it £k d it eat ke 25
material is gg%gggé?@ﬁ%\é}lgﬁ &ﬁ%]ﬁe preséét?l%éo aér:ll'% &Jﬂ%tg'&?_h gal bd| scharge a
catalytic ac®@88-in the reduction of nitrogenous oxides. 7. A
conponent as.clainmed in any of the preceding 30 clains, further
characterised in that the dielectric
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(57) Abstract

A component of dielectric material for use in a gas treatment device in which the gas is exposed to an electric discharge, especially
for the formation of a non—thermal plasma. The component is formed with axially extending apertures (19), shaped in cross section to
concentrate voltage drop derived from the charg_cd dielectric material in the region where the apertures are narrowest.




