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Reactor for Plasma Assisted Gas Processing The present invention

relates tQ reactors for the pl asma- assi st ed processing % medi a
‘and in 5 &'é’rqof"&? ar to such reactors for the reduction of Pte /e(%%@#?ssi on
of carbonaceous and nitrogenous oxi de cokbustion products fromthe
exhausts of internal conbustion engi nes. 10 One of the mgjor
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engi ne exhaust _ em ssi ons. . . .
emission of carbonaceocus and nitrogenous oxide combustion
products from the exhausts of internal combustion

engines.

10 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
most undesirable materials, particularly in the case of
diesel engines, are particulate matter (primarily carbon)

15 and oxides of nitrogen (NO,). Increasingly severe

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.

20 Unfortunately, in practice, it is found that combustion
modification 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. A variety of systems

25 for trapping particulate emissions from internal
combustion engine exhausts have been investigated,
particularly in relation to making such particulate
emissicn 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 European patent applications EP 0 010
384: US patents 4,505,107; 4,485,622; 4,427,418; and
4,276,066; EP 0 244 061; EP 0 112 634 and EP 0 132 166.
35



20 Unfortunately, in practice, it is found that conbustion nodi fication
t echni ques which inprove the situation in relation to one of t.he above
conponent s of internal conmbusti on engi ne exhaust em ssions tend to

wor sen t hwoooi9xBt uation in relation to the other. A vari2CH/GBDO/@OSSTt ens 25
for trapping particulate em ssions frominternal conbusti on engi ne
exhausts have been investi gated, particularly in relation to making

such particul ate em ssion traps capabl e of being regenerated when they
have becone sat urmateeidl witeh gisovd casks riteepaaticydate matterbisnpl es of

such di esel_ exhaust t"ci%%igt Iﬂé}{ as al @ ihAg1foung.in BHr opean
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35 orous, usually ceramic, filter dody, which ilntdlen the above
cases, the.%artlculate matter s renpved fr%y1d|esel exhau trggses by a
si npl e, @hy§¢gg@erated by heating the filter body to a temperatu

at which the trapped diesel exhaust particulates are

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

10 4,427,418 discloses the use of ceramic coated wire or

ceramic fibres.

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

GB patent 2,274,412 discloses a method and apparatus

for removing particulate and other pollutants from

20 internal combustion engine exhaust gases, in which the
exhaust gases are passed through a bed of charged pellets
of material, preferably ferroelectric, having high
dielectric constant. In addition to removing
particulates by oxidation, especially electrical

25 discharge assisted oxidation, there is disclosed the

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

adapted to catalyse the NO, reduction.

A problem which arises with plasma assisted gas
30 processing reactors which include a bed of pellets of a
high-dielectric constant material, such as those
exemplified in specification GB 2 274 412, is that
localised variations in the electric field in the pellet
bed can occur, possibly leading to regions of the pellet
35 bed in which the electric field is insufficient to enable



trappi ng of parti

culate matter in the interstices of a porous, usually
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or for the plasma-assisted processing of gaseous

10 media, comprising a reactor chamber including a gas

permeable bed of an active material, means for

const

raining a gaseous medium to flow through the bed of

active material, wherein the bed of active material

compr
15 diele
of 4di

ises a matrix array of first components of
ctric material interspersed with second components
electric material, one or more first electrically

conducting member or members electrically connected to a

first

electrical supply terminal being in electrical

contact with at least one of the said first components,

20 one or more second electrically conducting member or

membe

suppl

rs electrically connected to a second electrical
vy terminal being in contact with all or a plurality

of the said second components. In use a power supply is

conne
25 first

cted to apply an electrical potential across the
and second electrical supply terminals, the

potential and the arrangement of the array being such as

to es

tablish a plasma in a gaseous medium flowing through

the bed of active material. In practice, it will be

appreciated, one of the electrical supply terminals will
30 Dbe connected to earth whilst the other is connected to a

high

Each
membe
35 combi
permi

voltage input supply.

of the first and second electrically conducting
rs may comprise a connecting wire or plate or a
nation of wire and plate. The dielectric constant or

ttivity of the first and second components is
-
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A problem which arises with plasnma assi sted gas 30 processing reactors
whi ch jnclude a bed of pellets of a hi gh-di el ectric constant naterial,
such as those exenplified in specification GB 2 274 412, is that

| ocal i sedW¥en0i48a78ons in the electric field in the pellet pCcr/GBeglosssn occur,
possibly leading to regions of the pellei 35 bed in which the electric

field is insufficient to enable - 3-
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5 mater1a1 is preferred to avoid plasma formation in any
voids therebetween. The surface of the components of
dielectric material in contact with the associated
electrically conducting member may be coated with a
metallic or other conducting coating to optimise this

10 contact and prevent plasma formation therebetween and
thus increase the electrical efficiency of the reactor
for processing of the gaseous media.

In one embodiment of the invention the components of

15 dielectric material are in the form of beads. Any one or
a mixture of a variety of shapes may be adopted for the
beads. Alternatively the components of dielectric
material may be in the form of plates. The dielecéfic
strength of the bead material is important in determining

20 the size of bead that can be used in order to avoid
electrical breakdown through the body of the dielectric.
The higher the dielectric strength the smaller the bead
size which can be used.

25 1In another embodiment a dielectric coating is applied on
electrically conducting members in the form of a wire oi
rod or plate, the coating thereby forming the component
of dielectric material in situ. Such a coating may be
deposited by a variety of methods including thermal

30 spraying, for example by plasma-spraying as well as by
wet chemical techniques for example by sol-gel
processing. Dielectric material in the form of beads,
coating or plates can have catalytic properties for
processing of gaseoﬁs media. This may be particularly

35 useful when for example processing nitrogeneous oxides
and hydrocarbons in internal combustion engines as
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10 flowto the essentially two di nensional regions between t he pl ates.
US patent .5 855 855 di scl oses a corona di scharge reactor in the form of
a dielectric material tube with a 15 wire inside and a distributed

el ect r ode"OIOLIR t he diel ectric tube. The active spacE-HEBMV3%hich the
corona discharge occurs is that containéd within the dielectric tube. An
assenbly of a pIuraIity of such reactors in parallel is also disclosed.

20 an, o. ect of r.ese |on to OV|de an
i nproved r eaiet%"?mftfﬁr}i JﬁJe 3“55 S &%ﬁ&?ﬁ?@ gaseous nedi a.
25 Acccspbcngﬁ:tcmtim |crfve:ntr| @prilhiend iion WCG\/G&@O/&OMSr eactor for the

pl asna- assi Séegﬂx&éic&e%é& CQCU&asdbeﬁOlfﬁfggg&%%O% ote]e( el Ir%l %gra react or

chanber i ncl er nea an active ial, means for
const r ai ni ng:@‘g@s@atgs mmmo o desamidegh lmhé’Cﬁ‘e{@B@IO/:QOOa@t icaa

mater i al 5 WGk &1L AR eel Wi |\ Bl R dlnco cBATRILRRRLASIRI M X arTay of

conponents o ectric material, characterised in that the matrix
array CORFIERSS Y |9f Aag8Pwt Madist. wiThe dieacs@xt am e el ectrical |y

fconducltI ng nﬁ{@f%ﬁoﬂiﬁéﬁ Ziﬁﬂras%mﬁdlﬁeaéﬁﬁl%@doh‘tr%g_ %%%gx W::Lhe or rlold
orm efectri Ck?J or emiscsoinonlkJ Cctolnq:.groqe syesrtem c ?:allyrsstt m%@er%%%on electrically
reductant gases are utilised separately from the reactor.
10

Preferably, the matrix array comprises first and
second components of dielectric material arranged in
alternate rows.

15 Examples of materialg for the components of
dielectric material include the aluminas known as LD 350,
CT 530, Condea hollow extrudates, DYPAC, T-60 Alumina, T-
162 alumina cordierite, o, % and ¥ aluminas, and aluminas
containing mixtures of these phases; ferroelectric

20 materials such as titanates, particularly barium
titanate; titania, particularly in the anatase phase;

- zirconia, vanadia, silver aluminate, perovskites,
spinels, metal-doped zeolites and mixtures of these
compounds. Examples of zeolites are those known as ZSM-5,

25 Y, beta, mordenite all of which may contain iron, cobalt
or copper with or without additional catalyst promoting
cations such as cerium and lanthanum. Other examples of
zeolites are alkali metal containing zeolites such as
sodium Y zeolites. Examples of perovskites are La,Cu0Q,,

30 La;. K;.;Cl4.45Vy.0:0, and La,. K,.,C00,. Vanadates including
metavanadates and pyrovanadates such as potassium
metavanadate, caesium metavanadate, potassium
pyrovanadate and caesium pyrovanadate are also examples
of dielectric materials. Selection of the permittivity

35 is a parameter for optimisation of the plasma process.

For example low permittivity material such as aluminium
\\.
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AVENDED SHEET -4- conducti ng
menbers being in electrical contact wth and envel oped by dielectric.
material, the plurality of first electrically conducting nmenbers being
connect edwDa@gad18r for connection to a first el ectri capcmapgsdyer m nal
and 5 the plurality of second el ectricald y conducting nenbers bei ng
connected together for connection to a second el ectrical supply
termnal. In use a power supply is connected to apply an el ectrical
potential afxdde Phezeolifpsfamniesveefdiereeene crlastppPyocessimal s, the

10 potentiahnang;GRerapeaRgeeedt t9f mhBerahl ayubRi 49 BACuRStitadPr st abl i sh
a plasma in _a gaseous nedium flow ng through the bed of active material.

I'n practicefofrt AersSpe appreci ated, one of the electrical supply
termnals wll :

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

Figure 1 1is a pictorial view of part of a plasma-
10 assisted gas reactor bed of active material embodying the

invention,

Figure 2 is a longitudinal section of a schematic
plasma-assisted gas reactor embodying the bed of active
15 material shown in Figure 1, and

Figure 3 is a longitudinal section of a second gas
reactor embodying a bed of active material such as that
shown in Figure 1.

20

Referring to Figure 1, a bed 100 of active material
for a reactor for the plasma-assisted processing of
gaseous media consists of a matrix 101 made of stacked
identical arrays 102 of cylindrical beads 103 separated

25 by spacers 104. (Only two arrays 102 are shown).
Corresponding beads of each array 102 are connected

’

together by a plurality of parallel wires 105  and 105

The wires 105 are connected to a common high voltage

input terminal (not shown in Figure 1) and the wires

30 marked 105 are connected to a common earth point (also

not shown in Figure 1). It should be appreciated that
the spacers (104) separating the beads (103) are
preferably of a lower permittivity than the beads
themselves to promote the plasma-assisted processing of
35 gaseous media. This effect may also be achieved either



be connected to earth whilst the other is connected to a 15 high voltage
I nput * supply. " The dielectric constant or permttivity of the said

di el ectri (g&hﬁr'al is selected so as to optimse the | asma- assi st ed
pr ocessi nS" A& gaseous media flowing 20 through the bedCTABIMITat e

contact between the electrically conducting members and their
associ at ed dielectric material is preferred to avoid plasm

formation i ' qﬁgy surface. .of. the dielectric

mat eri al inq%gﬁ%§§?£€f§$§u eaégﬁggsgﬁfggﬁbéﬂ%ﬁ%é¥;E%Eﬁi%}?@bﬁﬂﬁﬁﬁqqﬁgtﬁbnber
may be coat deh@vi®erd or bptextendiorg dthe rbesshdiendtingriceatalomg ahept i fi se
this contard sl I it ty L hernehe t.hus

i ncrease the elcect r i%afyglffi gﬁgﬁé}gﬁé&%&g{%rﬁg %%?eo%%egsq r%:g‘eof t he

gaseous nediWIASFF to a MIniRne BhifRthan Sadiaenivedt itde the said
dielectris ned¢ftedt dlfourd Hherffire of headsoadPs QAVLON can & M Xture of a
variety of sha es(ggg beéggopted for %E; beads. The dielectric strength
of the bead TeHETAITIT 359 ffohdvdht { 142 ket Jthithilfy SoRERdie, £her Wigms t hat
can be USEUE i N arelerormectwal teleadnmal Hieakdawadehkepal the
AMENDED SHEEJ . )
ocation plate and the wires marked (105”) are connected
to a common earth point location plate. The purpose of
10 the plates is to provide an electrical connection to the
electrodes within the assembly and to maintain the
geometric shape and the parallel nature of the

conductors.

15 Figure 2 shows such a reactor bed in a reactor for
the plasma-assisted treatment of the exhaust gases of an
internal combustion engine (not shown in the Figure) to
reduce noxious emissions therefrom. Referring to Figure
2, the reactor 200 consists of a stainless steel reactor

20 chamber 201 which has an inlet stub 202 and an outlet
stub 203 by means of which it can be incorporated into
the exhaust system of an internal combustion engine (mot
shown in the drawing). Inside the reactor chamber 201
are two support members 204 and 205 made of a ceramic

25 insulating material such as alumina or MICATHERM
micaceous glass as described in our publication
W099/20373. Housed into the supports 204 and 205 is a
stainless steel cylinder 206 within which there is a
matrix 207, such as that described with reference to

30 Figure 1, of cylindrical beads 208 made of a dielectric
material, the permittivity of which is selected so as to
optimise the plasma-assisted processing of the gaseous
media that is flowing through the feactor.

?

35 The connecting wires 105" of one set of beads 208



- 5- body of the dielectric. The higher the dielectric strength the
smal |l er the bead size which can be used. I n anot her enbodi nent a
dielectric coating is 5 applied on electrically conducting nenbers in the
formof W@o0M%® or rod, the coating thereby form ng thePCOIGRINGIOT of
dielectric material in situ. Such a coatgng may be deposited by a

vari ety of nethods including thermal sprayi ng, for exanple by

pl asma-spraying as well as by 10 wet chem cal techniques for exanple by
sol - gel prase sshingualb Bhe dupmortatdr4 @ind rreheohoentefl beads or

coating can VAR rﬁ?&ﬁt' r,1Pr i,ng ef; s nedi a.
This may be %§¥€$%3+€}$éi%%£fu mﬁ%n (ﬁial %g%:npaé%bﬁgggsggﬁgg%%trogeneous
oxi des and hyda@cerbonsh 1510 n T ersrale oimy tiirers 0§ ne§ ahedesherbed in
our publication W9/ 12638 and the specification of our application
PCT/ GBOOY 00098t Edbeadnit 2QhRass (idireugh the support 205 and thence

5 to an earth point 211 to which the reactor casing 201 and
the stainless steel cylinder 206 also are connected. The
regions of the supports 204, 205 within the inner
cylinder 206 are made to be readily gas permeable so as
to keep to a minimum the back-pressure introduced into

10 the exhaust system by the reactor. In another embodiment
the electrodes in the form of wires (105’) and (105”) may
be replaced by electrodes in the form of flat conducting
plates and the beads (208) are then replaced by sheets of
dielectric material. Such a configuration can be

15 fabricated by applying to the flat electrode plates a
coating of a dielectric material by thermal spraying, for
example by plasma-spraying or by wet chemical techniques
for example by scl-gel processing. The matrix (207) will
then be a series of stacked arrays consisting of flat

20 conducting high voltage and earth plates sandwiched
between dielectric material in the form of sheets in
intimate contact with the plate. Alternmatively a metallic
electrode can be deposited onto a dielectric plate oxr
wafer or rod by any of a variety of techniques including

25 chemical vapour deposition, thermal spraying, wet
chemical techniques, screen printing, painting, dipping
or other similar technique. Metal-coated dielectric
materials are assembled in such a way that the metal is
enclosed and in contact with dielectric material. 1In

30 another embodiment some of the stacked arrays in the
reactor can be replaced by catalyst material in the form
of spheres, pellets, extrudates, fibres, sheets, coils,
granules, foam or honeycomb monolith or as a coating on a
ceramic foam or ceramic honeycomb.

35

This Sheet Has Been Replaced TH!S SHEET HAS BEEN |

Wi e




hydr ocar bon or nitrogen-containing reductant as descri bed I n
PCT/ 3B00/ 00079 can be introduced before, after or into 20 the reactor for

processin E eous nedi a. The reactor may be incorporated in a
conpl ete %%% control system in which enission cofGT4FBAMEE M
cat al yst mat eri al and reduct ant gasésgare utilised separately from
the reactor. 25 Preferably, the matrix array conprises first and

second el ectri cal j rgggéﬁépv die]l ectri.c materi al
arranged in al t'erﬂ;%allg{%pérlgngé.lllé?"gdsi%glg arr%lggﬁ% tBlr%asénr"il gl%lss %redt he
di el ectric nefedtmgnt of feltRxhanstlgafensudoas 4hose $30m @R 530, Condea

hol | ow ext r upiet &sna DYEAkbudt £6h Ari e, tJ A&k HWORdus mllsdi®Hst e, a X

and y aluniqgg, and al uni npas pontaﬁgjn m xtures of these phases;
f erroel ect ri cXeter PRt Sngcfgh R ERhtig ¢ Braideu raspsyanitdaliivt anat e;

titania, 5 padidlufBewyof netiushajfses MBSRIgH itHeO Hedo RN diga,
AVENDED SFEIQQstead of the axial flow regime of the embodiment of
Figure 1. Those components which are common to both

embodiments have the same reference numerals.

10 Referring to Figure 3, the majority of the two
reactors are the same. The insulating supports 204, 205,
however, are replaced by similar supports 301, 302 which
are not gas permeable and the matrix 207 of beads 208 is
contained between two co-axial cylinders 303, 304 made of

15 perforated stainless steel, both of which are housed into
the supports 301, 302. The support 301 has a series of
regularly spaced axial holes 305 around its periphery
which open into the space 306 between the stainless steel
cylinder 303 and the reactor casing 201. The support 302

20 on the other hand has a hole 307 in its centre. The
diameter of the hole 307 in the support 302 is
approximately the same as the internal diameter of the
inner stainless steel cylinder 304. Exhaust gases
entering the reactor chamber 201 are, therefore,

25 constrained to flow radially through the bed 207 of beads
208 before leaving the reactor chamber 201 via the hole
307 in the centre of the support 302.

The power supply 209 is adapted to produce pulses
30 having a potential of the order of kilovolts to tens of
kilovolts and repetition frequencies in the range 50 to
5000 Hz, although higher frequencies of the order of tens
of kilohertz can be used. Pulsed direct current is
convenient for automotive use, but alternating potentials
35 for example triangular or sine waves of the same or
similar characteristics can be used. The potential



-ba - silver alum nate, perovskites, spinels, netal-doped zeolites

and m xtures of these conpounds. Exanples of zeolites are those knowna as
ZSM5, Y, beta, nordenite all of which may contain iron, cobalt or '
copper w Woor49278 Wit hout additional catal yst pronoting cBRCY/GB80/eAgh as
cerium and | anthanum O her exanples ofigeolites are al kali met al
containing zeolites such as sodiumyY zeolites. Exanples of perovskites
are La2Cu4, [err] Vanadates 10 i ncluding netavanadates and

pyr ovanadat @rpdied 4s selgetedspgrordingahadihe, deasgnuaf nebavahashie,

potassium rfurnanadate dp¢ieaes RePyia¥Anadakeseeq precesyanples  of
dielectric materials. Selection of the permttivity Is a paraneter for

opti mi sati ofh§F FASEOMSIFPE1Brocess- 15 For exanple |ow permittivity
mat erial such as al um ni um

5 It will be appreciated that the power supply may
advantageously be located adjacent to the reactor as
described in our publication W099/05400 and the
specification of our application PCT/GB00/00108.



A

WO 00/49278 PCT/GB00/00397

10

15

20

25

30

35

- 11 -

1. A reactor for the plasma-assisted processing of
gaseous media, comprising a reactor chamber (200)
including a gas permeable bed (100) of an active
material, means (201,202,203) for constraining a gaseous
medium to flow through the bed of active material,
wherein the bed of active material comprises a matrix
array (207) of components (103;208) of dielectric
material, characterised in that the matrix array
comprises first components {(103;208) of dielectric
material interspersed with second components (103;208) of
dielectric material, one or more first electrically
conducting member or members (105’) electrically
connected to a first electrical supply terminal being in
electrical contact with at least one of the said first
components, one or more second electrically conducting
member or members (105’’) electrically connected to a
second electrical supply terminal being in contact with
all or a plurality of the said second components.

2. A reactor as claimed in claim 1, further
characterised in that a power supply is connected to
apply an electrical potential across the first and second
electrical supply terminals, the potential and the
arrangement of the array being such as to establish a
plasma in a gaseous medium flowing through the bed (100)
of active material.

3. A reactor as claimed in claim 1 or claim 2, further
characterised in that each of the first and second
electrically conducting members (105';105") comprises a
connecting wire or plate or a combination of wire and
plate.
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AVENDED SHEET “Lm““ -6 oxi de or
zeolite can be used !mﬁ “’“‘N processi ng and hi gher perm.ttivity
mdt eri al such as bar ¢t I tanat & for others. 5 The invention will:

now be dewgsedmeehs by way of exanpl e, with reference topthssBasenspanyi ng
drawi ngs, in whi ch Figure }.s a pictorial viewof part of a
pl asma- 10 assisted gas reactor bed of active material enbodying the

i nventi on, Figure 2 is a longitudinal section of a schematic

pl asma- assi s4 ed gmSréz@cdnraeiodyneaty irhearedmf ofctthee preceding

claims, further characterised in that the electrically
conducting members (105/;105’’) and their associated
components (103;208) of dielectric material are in

5 intimate contact to avoid plasma formation in any voids
therebetween.

5. A reactor as claimed in claim 4, further
characterised in that surfaces of the c¢omponents

10 (103;208) of dielectric material in contact with the
associated electrically conducting member (1057;105°7)
are coated with a metallic or other conducting coating to
optimise this contact and prevent plasma formation
therebetween.

15
6. A reactor as claimed in claim 4, further
characterised in that the electrically conducting members
(1057;105’’) are formed by deposition onto their
associated component (103;208) of dielectric material.

20
7. A reactor as claimed in any preceding claim, further
characterised in that the electrically conducting members
(105/;105’7) are enclosed in and surrounded by dielectric

material.
25

8. A reactor as claimed in any preceding claim, further
characterised in that the components (103;208) of
dielectric material are in the form of beads.

30 9. A reactor as claimed in claim 8, further
characterised in that the beads (103) are separated by
spacers (104).

10. A reactor as claimed in claim 8 or claim ¢, further
35 characterised in that all the beads (103) are the same
size.
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15 material shown i Figure 3 is a |ongitudinal
sectlon of: a secondw H * Mﬂt ““nbodylng a bed of active material such
as that wosdsesysi n gure Referring to Fi gece/GBoomodsed 100

of active materi al for a reactor for ,t,he pl asma-assi sted processing of
gaseous nedia consists of a matrix 101 de of stacked I dentical arrays
102 of cylindrical beads 103 separated 25 by spacers 104. (Only two arrays
102 are shown). Cbrresponding beads of each array 102 are connected

t oget her by pluralit l1el wires 105 and 1Q5, The wires 105
are connectég' r&?fﬁ%ﬂf mp I‘E ehen claigud O& & EnOE SHEMA i n
Figure 1) andt ff&mMHeﬁ:S cmmdmcbéﬂ)in atha tC athiee teadist d 183Qormen earth
poi nt (al so Nnof_.s | | Qur oul d be appreciated that t he
spacers (10ﬁylslélgiarrla<{£ﬂ\rll\%4 h%éﬁ%egéécf%]( f&)éhafp@ preferably of a | ower
pernittiﬁity than the beads  thenselves to promote the plasma-assisted
processing of; 35 gaseeusIreil &1aHen ohf Gty Mk Y L1amCRl feed ei ther
further characterised in that the components (103;208) of
dielectric material are in the form of plates.

10 13. A reactor as claimed in any one of claims 1 to 5,
further characterised in that a dielectric coating is
applied on the electrically conducting members
(105’;105’ "), which are in the form of a wire or rod or
plate, the coating thereby forming the component

15 (103;208) of dielectric material in situ.

14. A reactor as claimed in any of the preceding claims,
further characterised in that the matrix array comprises
first and second components (103;208) of dielectric

20 material arranged in alternate rows.

15. A reactor as claimed in any of the preceding claims,
further characterised in that the matrix array is
monolithic.

25
16. A reactor as claimed in any of the preceding claims,
adapted to be connected into the exhaust system of an
internal combustion engine.

30 17. A reactor as claimed in any of the preceding claims
in association with a power supply adapted to produce
pulsed dc potentials of the order of kilovolts or tens of
kilovolts and with repetition freduencies of the order of
kilohertz. '

35
18. A reactor as claimed in any of the preceding claims
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-7- by making the s jn as possible with respect to t he
bead or by extendi ng @L‘ se along the el ectrode (105",
105") whil e keepi ng t t he spacer to a mninum In '

anot her eMeJW4F8t of the 5 reactor shown in Figure 1 t hBCHGROWPIT 104)

can be - renoved fromthe arrays (10234 kn this exanple the wires

(105') are connected to a comon high voltage input | ocati on plate and

the wires nmarked (105") are connected to a common_earth point |ocation

plate. The pRHHROIFLEDH Y@ Gompaeties ofd Ssien §enERCd| E¥SEPRaEOE0AReCt | ON

tﬁ the 4 tﬁ.rﬁ@ﬁr@k%dﬁﬁt{ﬁt&o&ﬁ?x%ﬁ.@%ﬂb'm %Qchocﬁﬁbmﬁfétnmhaérlla__.l geomztrl c
shape an ature o e n i gure

shows such gr}dg i9FSES &2& &tlfl&rse% Se?ﬁﬁagﬁégn%rﬁglngFed t r eat ment
of the exhausdagaaes of an i nternal conbustion engine (not shown in the
Figure) t reduce noxious em ssions therefrom Referring to Figure

2, the reactor 200 consists of a stainless steel reactor 20 chamber 201
whi ch has anl9nl & mrad-@02samd admedutinetany ofsthe 2@8chdinpandadmswhi ch it

can be '( NCOrAPrdH eh Idlisbeiat I WA WH: B Bt 9hrARatBEERRAL sOMDUST i on
g utilised, the catalyst material being selected from one

or a mixture of the following: aluminas, titanias

10 =zirconia, vanadia, silver aluminate, perovskites such as
La,Culy, Laj.oKg.1CWg.95Vg.0504 and Lay.gKg.,C00;3, spinels,
metal-doped zeolites such as 2ZSM-5, Y, beta, mordenite
all of which zeolites may contain iron, cobalt or copper
with or without additional catalyst promoting cations

15 such as cerium and lanthanum, alkali metal containing
zeolites such as sodium Y zeolites,vanadates such as
metavanadates and pyrovanadates including potassium
metavanadate, caesium metavanadate, potassium ks
pyrovanadate and caesium pyrovanadate.

20
20. A reactor as claimed in claim 19, further
characterised in that the catalyst material is in the
form of spheres, pellets, extrudates, fibres, sheets,
coils, granules, foam or honeycomb monolith or as a

25 coating on a ceramic foam or ceramic honeycomb.

21. A reactor as claimed in any of the preceding claims,
further characterised in that the said matrix array
includes catalyst material in the array interspersed

30 Dbetween said first components and/or said second
components.
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set of beads 208 pass through the support 205 and thence 5 to an earth
poi nt+ 211 to which the reactor casing 201 and the stainless-steel

cylinder 206 also are connected. The regi ons of the suggg W§04 205
within th¥9%4878  cylinder 206 are made to be readily g {f’éﬁ% B8l e so as

to keep to a m ninumthe back-pressure introduced into 10 the exhaust

system by the reactor. As expl ai ned a3ve, dielectric material can be
provi ded by applying to the el ectrically conducting wire or rod a
coating of a dielectric material by thernal spraying, for exanple by

pl asma-sprayi ng or by wet chemical tegslnjques for exanple 15 by sol -gel
processing. Alternatively a netall] | ectrode } can be deposited onto
dielectric by any of a variety of © j techniqued including chem cal vapour
deposition, thermnal sprayi ng, Wet§j chemi cal fjechni ques, screen printing,
pai nting, dipping or other simlar t [ Ht al - 20 coated dielectric

material s are assenbled in such a way \ is enclosed and in
contact with dielectric [ odi nent sone of the
st acked arrays in the reggcte mat eri al
in the formof spheres, pelts, ext rudat es, Mgeets, coils,
granul es, foam or honeycon nmonol ith or a ceramc foam
or ceramc honeyconb,_. | I
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PCTAGERf0bSHN Whi ch

fl ow of exhaust gases

Figure 3 shows a reactor for the

treatnent of the exhaust gases such as those from an

i nternal g@ydpusiison engi ne to reduce noxious eni ssions
insteadB))j the axial flow regine of the

is configured to provide a substantially 5 radial

t hrough the reactor bed,

pl ,assa- assi st ed
enbodi nent of

AMENDED SHEET
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FPZuli0=2A00 Those conponents which are common to both enbodi ment GBH0AH00397
t he sarre reference nunerals. 10 Referring to Figure 3, the majority
of the two reactors are the sanme. The insulating supports 204, 205,
however, are repl'aced by sinilar supports 301, 302 which are not gas
perneabl e and the matrix 207 of beads 208 is cont ai ned between two
co-axi al cylinders 303, 304 nade of 15 perforated stainless steel, both of
whi ch are housed into t he supports 301, 302. The support 301 has a
series of a pragtarty spastdiddishedhdnes 385ecausumeditm Hrowidwery

whi ch open i ace -30 n e ess steel cylinder 303
and t he reac%fO%%gi%ge %ﬁ%#h%%tsdn%gort Q 6§ggbg%n the ot her hand has a hol e
307 inits centre. The di aneter of the hole 307 in the support 302 is
approximately th t | N e eres stainl ess
steel cylinder 33%§%%§ﬁgﬁégﬁgg§£?%l ﬁEs@ 8g§%gét eaéggc eacﬁﬂg. %r 201 are,
t her ef orep 2&heosiblent ni@csql'tazfgieowmllal whichr anghrrae o€ df a7 E)Iatt%ads

208 before |gpyi &@b&&e rseex%t%rn@a%@a%l%ﬂlﬂae &5‘@1%’9{Plc pladsin the

centre of the support . Eomer sqg 'S ad%pted to
produce pul s%%c@%ﬁwm%nﬁ%evﬁ ot haTEgek %fswq:%v}éﬁ"i}é f®tens of

kilovolts angageppivw td:en ilr&ﬂlf@ic@hth&nhaﬁtréﬁgéa‘égl ic p@thdyZ,

al t hough hi gher frequencie the_order of tens kil ohertz can be
used. gulseg ﬂ?r%ﬁﬂégiﬁTe %,cg such an arrangement restricts gas

10 flow to the essentially two dimensional regions between
the plates.

US patent 5 855 855 discloses a corona discharge
reactor in the form of a dielectric material tube with a
15 wire inside and a distributed electrode outside the
dielectric tube. The active space within which the
corona discharge occurs is that contained within the
dielectric tube. An assembly of a plurality of such
reactors in parallel is also disclosed.
20
It is an object of the present invention to provide
an improved reactor for the plasma-assisted processing of
gaseous media. '

25 According to the invention there is provided a
reactor for the plasma-assisted processing of gaseous
media, comprising a reactor chamber including a gas
permeable bed of an active material, means for
constraining a gaseous medium to flow through the bed of

30 active material, wherein the bed of active material
comprises a matrix array of components of dielectric
material, characterised in that the matrix array
comprises a plurality of first wire or rod form
electrically conducting members interspersed with a

35 plurality of second wire or rod form electrically
conducting members, the first and second electrically

AMENDED SHEET



QRave20e0t for autonotive use, butﬁalternating potentials 35 for 8%%99@@90397

trirangul ar or sine waves of the sane or simlar characteristics can be
used. The potentisal . - 10 - appl i ed
Is selected according to the design of the plasma reactor and to optim se
t he pl asma-assi sted processi ng of t he gaseous nedi a. 5 It will be

appreci ated that the power supply may advant ageousl y be | ocated adj acent
to the reactor as described in our publication W09/05400 and the
speci fi cat i ofonduotingpmEmmats deiPGTiGBEDe0010821 contact with and

enveloped by dielectric material, the plurality of first
electrically conducting members being connected together
for connection to a first electrical supply terminal and

5 the plurality of second electrically conducting members
being connected together for commection to a second
electrical supply terminal. In use a power supply is
connected to apply an electrical potential across the
first and second electrical supply terminals, the

10 potential and the arrangement of the array being such as
to establish a plasma in a gaseous medium flowing through
the bed of active material. In practice, it will be
appreciated, one of the electrical supply terminals will
be connected to earth whilst the other is connected to a

15 high voltage input supply.

The dielectric constant or permittivity of the said
dielectric material is selected so as to optimise the
plasma-assisted processing of the gaseous media flowing

20 through the bed. An intimate contact between the
electrically conducting members and their associated
dielectric material is preferred to avoid plasma
formation in any voids therebgtween: The surface of the
dielectric material in contact with the associated

25 electrically conducting member may be coated with a
metallic or other conducting coating to optimise this
contact and prevent plasma formation therebetween and
thus increase the electrical efficiency of the reactor
for processing of the gaseous media.

30

‘In one embodiment of the invention the said
dielectric material is in the form of besads. Any one or
a mixture of a variety of shapes may be adopted for the
beads. The dielectric strength of the bead material is

35 important in determining the size of bead that can be
used in order to avoid electrical breakdown through the

AMENDED SHEET



- 03-110-2000 d ai ns 1. Areactor for the plasma-assisted GB 000000397
processt ng of gaseous nedi a, conprising a reactor chanmber (200) 5

i ncluding a gas perneable bed (100) of an active mat eri al, means

(201, 202, 203) for constraining a gaseous mediumto flow t hrough the bed

of active naterial, wherein the bed @f ,active material conprises a

mat ri x array (207) of conponents (103; 208) of dielectric 10 materi al,
characterised in that the matrix array (207) conprises a plurality of

first wire asodwhd aie dictlettiiccalrhy nogHuet thy dbebestsr{d05')
conduct | ng. st 198 SFatune BesBeaI L iR OB R ARt BTy conduct i ng
menbers (105'; 105'') being in el ectrical contact with and envel oped by
menber s bei ng contb L 0aaRatrept bl FERELS SR Bt 0l cct 11 cal
suppl y t €% mappliad athelgagrikcal yotopdustingdmenbers i tmlthe domgucf ng
gﬁggle;s bel g FONH! Ga, thQ0BLARINGOEREREBPCEERRIAS the ResbridACt M cal
of dielectric material in situ. Such a coating may be
deposited by a variety of methods including thermal
spraying, for example by plasma-spraying as well as by
10 wet chemical techniques for example by sol-gel
processing. Dielectric material in the form of beads or
coating can have catalytic properties for processing of
gaseous media. This may be particularly useful when for
example processing nitrogeneous oxides and hydrocarbons
15 in internal combustion engines as described in our
publication W099/12638 and the specification of our
application PCT/GB00/00079. Reductant gases such as
hydrocarbon or nitrogen-containing reductant as described
in PCT/GB00/00079 can be introduced before, after or into
20 the reactor for processing of gaseous media. The reactor
may be incorporated in a complete emission control
system, in which emission control sygtem catalyst
material and reductant gases are utilised separately from
the reactor.
25
Preferably, the matrix array comprises first and
second electrically conducting members enveloped by
dielectric material arranged in alternate rows.

30 Examples of materials for the dielectric material
include the aluminas known as LD 350, CT 530, Condea
hollow extrudates, DYPAC, T-60 Alumina, T-162 alumina
cordierite, ¢, ¥ and Y aluminas, and aluminas containing
mixtures of these phases; ferroelectric materials such as

35 titanates, particularly barium titanate; titania,
particularly in the anatase phase; zirconia, vanadia,

AMENDED SHEET



202-18-2QQ%tor as claimed in claim1, further 25 characterised in t@g009000397
power supply is connected to apply an electrical potential across the
first and second «+ electrical supply termnals, the potential and the
arrangenent of the array being such as to establish a plasma in a

gaseous nedi um flow ng through the bed EHO0) 30 of active material. 3.

A reactor as clained in claiml or claim2, further characterised in

that the electrically conducting nmenbers (105'; 105") and their

associ at ed deél¥errpiunbnete al P WLGeF i ARIAERLS coetaér do®e8voi d pl asma

formation iNnzaBYites and mixtures of these compMEJEDEREEEIes of
- 12 zeolites are those known as ZSM-53, Y, beta, mordenite all
of which may contain iron, cobalt or copper with or
5 without additional catalyst promoting cations such as
cerium and lanthanum. Other examples of zeolites are
alkali metal containing zeolites such as sodium Y

zeolites. Examples of perovskites are La,CuO,,

Lal_ 9K0 N lcuo .95 VO .05 04 and Lao .9 Ko 3 1C003 . Vanadates

10 including metavanadates and pyrovanadates such as
potassium metavanadate, caesium metavanadate, potassium
pyrovanadate and caesium pyrovanadate are also examples
of dielectric materials. Selection of the permittivity
is a parameter for optimisation of the plasma process.

15 For example low permittivity material such as aluminium

AMENDED SHEET



voR-d9-2006r ebet ween. 4. Areactor as claimed in claim3, furt®3©000000397
characterised in that surfaces of dielectric nmaterial in 5 contact with the

associ at ed el ectrically conducting menber (105'; 105"') are coated with
a netallic or otHer conducting coating to optimse this contact and

pr event pl asma formati on therebetween. 10 5. Areactor as clained in
claim3, further characterised in th8t “the electrically conducting
menber s (105'; 105" ') are fornmed by deposition onto their associ at ed

dielectric materi.al. 1 6. A reactor_as clai ' r.ecedi ng claim
further RARE: LR eg}ﬁensl’lﬁgf’rghgﬁgi HE AT Emiiﬁl%ée%é;q%ogal n the
form of beadurt@3pf pulsed7higA pehendiahs2@? arimed iiddl siokt@gef urt her 20

characterised in that the beads (103) are separate Y - Spacers (104).
8. A react oreagk {ErRNEEd 2R - c FRPNFBRBECEHRY N °F Lﬁ%ﬁel"* tneGther

set of beads 208 pass through the support 205 and thence

5 to an earth point 211 to which the reactor casing 201 and
the stainless steel cylinder 206 also are connected. The
regions of the supports 204, 205 within the inner
cylinder 206 are made to be readily gas permeable so as
to keep to a minimum the back-pressure introduced into

10 the exhaust system by the reactor. As explained above,
dielectric material can be provided by applying to the
electrically conducting wire or rod a coating of a
dielectric material by thermal spraying, for example by
plasma-spraying or by wet chemical technigues for example

15 by sol-gel processing. Alternatively a metallic electrode
can be deposited onto dielectric by any of a variety of
techniques including chemical vapour deposition, thermal
spraying, wet chemical techniques, screen printing,
painting, dipping or other similar technigue. Metal-

20 coated dielectric materials are assembled in such a way
that the metal is enclosed and in contact with dielectric
material. TIn another embodiment some of the stacked
arrays in the reactor can be replaced by catalyst
material in the form of spheres, pellets, extrudates,

25 fibres, sheets, coils, granules, foam or honeycomb
monolith or as a coating on a ceramic foam or ceramic
honeycomb.

AMENDED SHEET



cﬂ%’ﬂ@é@@q sed in that all the beads~(103) are the sarre 25 si ze. GB 0QP000gs7
reactor’as clainmed in claim6 or claim7 or claim . further
characterised in that .the beads (103) are cyI“‘dTrca%-eL_sphgi_cal in

shape. 30 10. A reactor as clained in any one 1 to 3,
further characterised in that a dielectgic-coati ng L‘Hﬂﬁ{' H]’mﬁ n the
el ectrically conducting nenbers (105'; 105" m form of
a wre or rod, the 35 coating thereby form ng the conponent 103; 208) of

AMENDED SHEET Claims

1. A reactor for the plasma-assisted processing of
gaseous media, comprising a reactor chamber ({200)

5 including a gas permeable bed (100) of an active
material, means (201,202,203} for constraining a gaseous
medium to flow through the bed of active material,
wherein the bed of active material comprises a matrix
array (207) of components (103; 208) of dielectric

10 material, characterised in that the matrix array (207)
comprises a plurality of first wire or rod form
electrically conducting members (105’) interspersed with
a plurality of second wire or rod form electrically
conducting members (105’7), the first and second

15 electrically conducting members (105'; 105’‘’) being in
electrical contact with and enveloped by dielectric
material, the plurality of first electrically conducting
members being connected together for connection to a
first electrical supply terminal and the plurality of

20 second electrically conducting members being connected

. together for connection to a second electrical supply
terminal.

2. A reactor as claimed in claim 1, further
25 characterised in that a power supply is connected to
apply an electrical potential across the first and second
electrical supply terminals, the potential and the
arrangement of the array being such as to establish a
plasma in a gaseous medium flowing through the bed (100)
30 of active material.

3. A reactor as claimed in claim 1 or c<¢laim 2, further
characterised in that the electrically conducting members
(105¢; 105’’) and their associated dielectric material

35 are in intimate contact to avoid plasma formation in any

AMENDED SHEET



d0Bl16€2000c material in situ. 11. A reactor as claimed in any @ 00QQO0397

prepeding cl ai s, further characterised in that the said first and
second 5 electrigcally conducting nenbers (105'; I05 ") are respectively
arranged in alternate rows. 12. A reactor as c||pg t he
precedi ng cl ai ns, further characteriX2d-in that H T is 10
nonol i t hi c. 13. Areactor as clained in any of the pﬁecédlﬁg cl ai ns,
adapted to be connected into the exhaust system of an i nt er nal
conbustlon(yﬂﬂdﬁath§¥8bevrﬁenA reactor as clainmed in any of the preceding
cl ai s I n association with a power supply adapted to produce pul sed

dc potentials of the order of kllovglts or ten { kllovolts and with
repetition f4equéh&eestor fife COPABR oF'n26 &PohertPEther 15 A reactor as

clainmed in %xf&cﬂéﬁé@fqeldltmt%arﬂacas bﬂC@iepDe&@tnexb i me e xcicadip| et e

em ssion contral s m f or i n which

cat al yst et % t&’@d&@?ﬁﬁf‘agﬁg i‘ﬁ?g h?#f#% eparg}%l y fromthe
member (105’; 105’’) are coated with a metallic or other
conducting coating to_optimise this contact and prevent
plasma formation therebetween.

10 5. A reactor as claimed in claim 3, further
characterised in that the electrically conducting members
(1057; 105’’) are formed by deposition onto their
associated dielectric material.

15 6. A reactor as claimed in any preceding claim, further
characterised in that the dielectric material is in the
form of beads (103).

7. A reactor as claimed in claim 6, further
20 characterised in that the beads (103) are separated by
spacers (104).

8. A reactor as claimed in claim 6 or claim 7, further
characterised in that all the beads (103) are the same
25 size.

9. A reactor as claimed in claim 6 or claim 7 or claim
8, further characterised in that the beads (103) are
cylindrical or spherical in shape.

30
10. A reactor as claimed in any one of claims 1 to 3,
further characterised in that a dielectric coating is
épplied on the electrically conducting members (105';
105’7), which are in the form of a wire or rod, the

35 coating thereby forming the component(103;208) of
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5 N I IR -
r 8chBRO00 #¥ 16, A reactor as clained in any of the preceding clafRs000000397
in Qr i'n association with which catal yst nateriaL_L§ 30 utilised, the

catal yst material .being selected from one a nlxture of‘the—iollomnng
al um nas, titanias zirconi a, vanadi a, S|Iver ﬂ j“ kltes such
as: [err] spinels, met al - doped zeollBtes suc ,n WE’

nordenite 35 all of which zeolites may contain i ron, cobaln pper

AVENDED SHEE - 14 - wth or
Wi t hout add|%4%%%Tt¥%ﬁeﬂﬁﬁﬁrﬁﬂﬂnﬁﬁ|%ﬁ§ucat|ons such as cerium and

| ant hanum al kali netal containing
11l. A reactor as claimed in any of the preceding claims,
further characterised in that the said first and second
5 electrically conducting members (105’; 105’‘) are
respectively arranged in alternate rows.

12. A reactor as claimed in any of the preceding claims,
further characterised in that the matrix array is
10 monolithic.

13. A reactor as claimed in any of the preceding claims,
adapted to be connected into the exhaust system of an
internal combustion engine. '
15
14. A reactor as claimed in any of the preceding claims
in association with a power supply adapted to produce
pulsed dc potentials of the order of kilovolts or tens of
kilovolts and with repetition frequencies of the order of
20 kilohertz.

15. A reactor as claimed in any of the preceding claims
incorporated in a complete emission control system for an
internal combustion engine, in which catalyst material

25 and reductant gases are utilised separately from the
reactor.

16. A reactor as claimed in any of the preceding claims,
in or in association with which catalyst material is

30 utilised, the catalyst material being selected from one
or a mixture of the following: aluminas, titanias
zirconia, vanadia, silver aluminate, perovskites such as
La,Culy, Laj.gKp.31CUp.95Vp.«gs504 and Lag.qKy.,C00;, spinels,
metal-doped zeolites such as ZSM-5, Y, beta, mordenite

35 all of which zeolites may contain iron, cobalt or copper
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as sodiumyY zeolites |, vanadatesﬁﬁﬂﬁrzﬁr——“ﬁ§T§VQHaaBKK@OQﬁ697

pyrovanadates I ncl udi ng potassium 5 netavanadat nadate,
pota55|un1 pyr gvanadat e and cae5|un1pyrovanada “Ean actor as
claimed in claim116, further characterised in encatal yst materia
Isin the 10 formof spheres, pellets,igxtrudates, fibres, sheets,

coils, granules, foamor honeyconb monolith or as a coating on a ceramc
foam or cerani c honeyconb. 18. A reactor as clainmed in any of the

precedi ng clwits on 5vithputh@ddétdoneiechsadysh phemoting seationari x array
i ncludes catglysty é%ﬁﬁﬂl ﬁQ%t%%hﬂ%.'Q&ﬁ&§PQﬁé€%ﬁ conteiBRp said

conponents (103; 208 electric teri al
zeolites such as sodium Y zeollbes . vanadates such as

metavanadates and pyrovanadates including potassium
5 metavanadate, caesium metavanadate, potassium

pyfbVanadate and caesium pyrovanadate. ‘
17. A reactor as claimed in claim 16, further
characterised in that the catalyst material is in the

10 form of spheres, pellets, extrudates, fibres, sheets,
coils, granules, foam or honeycomb monolith or as a
coating on a ceramic foam or ceramic honeycomb.

18. A reactor as claimed in any of the preceding claims,

15 further characterised in that the said matrix array
includes catalyst material in the array interspersed
between said components (103; 208) of dielectric
material.
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(57) Abstract

A reactor for the plasma-assisted processing of gaseous media comprising a reactor chamber (200) including a gas permeable bed
(100) of an active material, means (209) for applying across the bed of active material, a potential sufficient to establish a plasma in a
gaseous medium flowing through the bed of active material and means (201, 202, 203) for constraining the gaseous medium to flow through
the bed of active materfal, wherein the bed of active material comprises a matrix (207) of beads (103, 208) of a di¢lectric material consisting
of an assembly of regular arrays of beads in each of which adjacent beads are connected to a high voltage input terminal or an earth point,
(105, 105**).




