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i nvention relates to the processing of gaseous nedia and in particular
to the reduction of the 5 em ssion of pa[thculate and other materials from
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10 noxious exhaust emissions from such engines. Two of the
most deleterious materials, particularly in the case of
diesel engines, are particulate carbon and oxides of

nitrogen (NO,). Increasingly severe emission control !

-

regulations are forcing internal combustion engine and

15 vehicle manufacturers to find more efficient ways of -
removing these materials in particular from intermal-
combustion engine exhaust emissions. Unfortunately, in
practice, it is found that a number of technigues which
improve the situation in relation to one of the above

20 components of internal combustion engine exhaust
emissions tend to worsen the situation in relation to the
other. Even so, a variety of systems for trapping
particulate emissions from internal combustion engine
exhausts have been investigated, particularly in relation

25 to making such particulate emission traps capable of et

' being regenerated when they have become saturated with
particulate material.

Examples of such diesel exhaust particulate filters
30 are to be found in'European Patent Application 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.

In all the above cases, the particulate matter is
35 removed from the exhaust gases by a simple, physical
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30 are to be found in European Patent Application EP O[err]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. I'n all the above cases, the
particulate matter is 35 renoved fromthe exhaust gases by a sinple,

physi cal WorappdRg46f particulate matter in the interstices of a
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burnt off. In nost cases the ter dy nol i h EP O

010 384 doe$ nPHERENOffie LB BPSEcFafpe the 5é§8§r Rpdi h%éﬂ@%oé%t €al

screens as “B|hltH§uBﬁtE@t0 010434273848 ﬂéﬁ@i@ﬁeﬁhéhﬁséséfOéeﬁéﬁﬁa‘C
coated wire or context, the

preci pitation bea @ﬁarﬂéae meﬁBF?l@Elﬁ?EaﬁaFFE?eB§ @F %f@stapscP?B?EEs al so

i s known. 4,427,418 discloses the use of ceramic coated wire or
ceramic fibres.

10
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. }

15

’

It is known also to remove pollutants from internal
combustion engine exhaust gases by establishing an
electric discharge in a reactor chamber through which the
exhaust gases are made to pass. The electric discharge

20 causes the conversion of the pollutants to less harmful
materials, which are discharged from the reactor chamber
to the atmosphere. Examples of such devices are given in
GB 2 274 412; European Patent Application 0 366 876; OLS
DE 3708508; and US Patent 3,180,083.

25

However, in the above mentioned systems the high
voltages required to excite the electric discharges are
generated by power sources which are remote from the
devices in which-the removal of the pollutants from the

30 exhaust gases is éarried out. Not only does this require
the use of high voltage transmission systems with their
~attendant safety implications, but in cases where pulsed
dc or ac voltages are used to excite the electric
discharges, considerable electromagnetic emissions can

35 occur.
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3- gaseous medium, including a reactor bed, means for
constraining a gaseous medium to be processed to flow
10 through the reactor bed and a power'supply unit adapted
to generate and apply a potential across the reactor bed’
which is sufficient to excite an electric discharge in
the gaseous medium flowing through the reactor bed,
wherein the reactor bed and the power supply unit are = ;
15 adjacent, directly comnected together electrically,
preferably co-axial, and preferably are enclosed in an
electrically conducting enclosure which is adapted to be
maintained at ground potential.

20 We have now found that a particularly advantageous
form of reactor for use in combination as aforesaid with
an adjacent, directly coupled power supply is a reactor
of the dielectric barrier discharge type also known as a
silent discharge reactor.

25

Accordingly, the present invention provides a
reactor for the processing of a gaseous medium, including
a reactor bed, means for constraining a gaseous medium to

~be processed to flow through the reactor bed and a power

30 supply unit adaptéd to generate and apply a potential
across the reactor bed which is sufficient to excite an

~electric discharge in the gaseous medium flowing through
the reactor bed, wherein the reactor is of the barrier
discharge type and wherein the reactor bed and the power

35 supply unit are adjacent, directly connected together
electrically, preferably co-axial, and preferably are
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or other metal structure.

15 .

Preferably the reactor bed consists of a cylindricai

body of gas permeable dielectric material contained‘
between two concentric gas permeable electrodes the outer
one of which is grounded and the inner one of which is

20 connected directly to the means for generating the said
potential, one or both sides of the electrodes in contact
with the reactor bed material being coated with a
dielectric material that constitutes the dielectric
barrier. Dielectric material in the bed and on the

25 electrodes need not necessarily be the same material. In
use the potential applied excites a non-thermal plasma S
discharge in the region between the electrodes.

Preferably -the reactor bed comprises a body of gas
30 permeable dielectfic material in the form of spheres,
pellets, extrudates, fibres, sheets, coils, granules,
wafers, meshes, frits, foams, honeycomb monolith or
membrane in the plasma region of the non-thermal plasma.
Combinations of one or more of the above forms of gas
35 permeable dielectric bed material can be used and can be
arranged to create a structure with a non-uniform surface
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unit are adJ rectly connected toget her el ectrical

co-axial, and preferably are WO 00/ 43645
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el ectrically conducting enclosure which is adapted to be nmintai ned at
ground potenti al . - Not only does the grounded enclosure isolate
5 el ectrical | yarke medcporosdtvandorhexpomwde suppbfednpprositihut wihenacts as
a Faraday cage e t e em ssion of el ectromagnetic

radi ation mhenp%gﬁgggggcegr%%g g%% potentials are used to excite the
gaseous nedi um 10 Preferably, the enclosure consists of a seal ed
met al chanmber eggl asbagt%ma%a@h%a%@n@nsft Eﬁe%ﬂ@énﬁ!ﬂ@ﬁ' ¥he unit.
Alternatlveg% t he encl osure can be non-netallic or garﬁla netalllc
but surr ounded ¥BRCECRe CARMPET 38 pRgPted &P SPﬁ@rpﬁﬁﬁaP st

Preferably thegigeemobibas GonerehI eombusitliondehgdhe.  body of gas
perneabl e dielectric material contai ned bet ween two concentric gas

per neabl e el ectrodes the outer
The invention will now be described, by way of

example, with reference to the accompanying drawings in
10 which,

Figure 1 is a longitudinal section of a reactor for
reducing exhaust emissions from an internal combustion
engine; -
15 |
Figure 2 is a representation of the electrical

circuits associated with the present invention.

In Figure 1 a particular embodiment of reactor
20 design is shown wherein both electrodes have a dielectric
barrier coating. But the design is equally applicable
when only one of the electrodes has such a coating.
Referring to Figure 1 of the drawings a reactor assembly
1 for treating the exhaust gases from internal combustion
25 engines comprises a reactor bed 2 which consists of a bed i
3 of pellets 4 of a ceramic dielectric material, such as""-
described in our earlier patent GB 2 274 412, which is
contained between inner and outer perforated stainless
. steel electrodes 5 and 6 respectively. Surfaces of the
30 electrodes are coéted with an insulating layer of ..
dielectric, represented schematically at 7 and 8. The
_ thickness of this coating depends upon the breakdown
strength of the dielectric material used, but will
typically be of the order of lmm or 2mm. The coating
35 extends in this example to cover the inner surfaces of
the perforations in the steel electrodes but such as to



one of mhichph%&gﬁagnded and the inner one of which is 20 C°9@$%%§$ﬁ°§$des

directly to e neans for generating the said potential, one

of the electrodes in contact with the reactor bed material being coated
with a dielectric material that constit@ites the dielectric barrier.
Dielectric material in the bed and on the 25 el ectrodes need not

necessarily be e_sane terial . .ln use.the potential _appli,ed excites
a non-t her nal atlg.\g%%assj%es&éred@quﬁtt &S %&r&‘ﬁgﬁ’e éF’?eFIf@%é‘lté@ﬂSod@s.
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one or nore f the above fornms of gas 35 perneable dielectric bed materi al

can be used and can_pe |, arran%Fd tQ create a structure with a non-uniform
surface WO 00FRgsigmer electrode 5 is closed by a stainless steel

PCT/ GB00/ 00108 thimble 9 which is connected direckly to adheghaneiragesi ty,
o examl e 2 SEaed A Tt Ul 1 PLERSe EOale g 30 kv
pulses at a repetition freguency in the range 50 Hz - 15
10 XxHz. The ends of the reactor bed 2 are closed by two
ceramic end-plates 11 and 12 respectively which aiso act
as support plates. The end-plate 11, which is at the
same end of the reactor bed 2 as the thimble 9 has a
series of axial holes 13 around its periphery. Also at-
15 the ends of the electrodes 5 and 6 are stainless steel
rings 14, 15, and 16 which are so shaped as to reduce ag’
far as is practicable arcing between the ends of the
electrodes 5 and 6 and their respective end-plates 11 and
12. The whole assembly is encased in a gas tight
20 stainless steel chamber 17. Thermal expansion of the
reactor bed 2 is accommodated by expansion rings 18
positioned between the supports 11 and 12 and respective
abutments 19 and 20, which form part of the chamber 17.
The power supply 10 is positioned within the chamber 17
25 Dby perforated plates or spiders 21. The chamber 17 has
inlet and outlet nozzles 22 and 23, respectively, by o
means of which it can be attached to the remainder of an
internal combustion engine exhaust system, which is not
shown in the drawing.
30
The power supply 10, which is positioned at the
cooler end of the reactor assembly 1, includes an
' inverter for converting a dc input 24 from a vehicles
power supply to a pulsed, or alternating form and
35 transforming it to some 30 kV before applying it to the
inner electrode 5 of the reactor bed 2. The voltage shape
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by way of exanple, with reference to the acconpanying drawings in 10
whi ch, Figure 1 is a |ongitudinaly section of a reactor for
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Figure 2 is a representation of the electrical circuits associated with
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10 power supply 10. However, if the power supply 10 is
capable of withstanding the higher temperatures it can be
positioned at the other end of the reactor assembly 1.

Referring to Figure 2, the electrical components_d% ;
15 a gas discharge reactor such as those described above can,

be represented primarily as a resistive load R; of the

order of hundreds of kilo ohms and a capacitive load Ci
of the order of hundreds of pico farads in parallel with
the resistive load of R;. The reactor 201 is shown as

20 being connected to a power supply 202 which includes a
pulsed DC source or AC generator 203, a power amplifier
204 and a step-up transformer 205. The power supply 202
produces an output potential of some 20 kV at a frequency
of about 10 kHz. At this sort of frequency, the
25 capacitive current through the reactor 201 may be a
factor of ten greater than the resistive current. It is
the resistive component of the current flowing through
. the reactor 201 which is the effective one so far as the
operation of the féactor 201 is concerned. In order- to
30 minimise the size of the capacitive current drawn from
_the power supply 202, and hence the size of the power
supply 202, a variable inductance 206 is connected in
parallel with the reactor 201 and its value is adjusted
until the LCR circuit formed by it and the resistive and

35 capacitive components R; and C; of the reactor 201 is
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perforation§wpﬂm?ﬂ%53teel el ectrodes but such as to WO 0

PCT/ GB00/ 00108 - 6- ~al l ow passage of
exhaust gas through the perforations in - 8 the radial direction shown.
This is illustrated in the enlarged inset in Figure 1 in which the

perforations a - eter e ' r.el e S
closed by a stggﬁnggEs%geﬁﬂg gugé?ﬁbﬁéeguﬁﬂ?¥h°€26%%2§§%?§d§§§¢§gt?@2to a
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| gsed by two ceram

respectivel y wHrEH1BEsgldcPE theaéuEEEEoFFaBF§?€§? THE® ehd- PRat ROWar whi ch
is at the 5 sewpplendoaf tWhehe8BéOLCRediZcastthe tdbsomder whas ehe

series of axial holgs 13 a%ﬁund Its gerighe?¥ A%so at 15, the ends of the
el ectrodes 5 afitBukr EXOPaFRFeBOVWET eBIPPLY £PR4sthY T3CtLyR G¥rTEREh are
so shaped as tdraedufeomsthe pbaerasupplpra0Ri Labsmeahl ci Tepbbhyesilyhe ends
of the el egtro . N hei r ect nd- tes 11 .and

12. The whol e %§§6%§%§gFgogngg§@§n%ﬁga Bégéﬁigﬁ%¥§83€?é$%$é§§ %Y%%I chanber
17. Thermal expxretenm &brt hegivenrpawedrshpply thamcetnemedbsedvdyldxipansi on

rings 18 1 p@ggtggggq_betmeen the supports 11 and 12 and respective
abutnments 19 and 20, which formpart of the chanber 17. .

Where the tuning inductance is formed by the
secondary winding of the transformer 205 alone. The
reactive current will flow through the secondary winding !
15 207 of the transformer 205. At resonance, however, the
reactive current will not be seen in the primary winding ¢
of the transformer 205, so that the power demanded from

the power source 203 will be minimised.

20 In the case of a reactor for the treatment of
vehicle exhaust gases, the AC generator 203 may be driven
by the engine of a vehicle in the exhaust system of which
the reactor 201 is incorporated. However, a problem which
then arises is that the frequency of the ocutput current
25 from the generator 203 is dependent upon the engine
speed, which is undesirable, particularly when it is R
desired to operate the reactor 201 at the resonant
frequency of the combined transformer secondary winding
204 and reactor 202 circuit, as above.
30 '
One way of overcoming this problem is to incorporate
a constant speed drive unit between the engine of the
"vehicle and the generator 203.

35 A first form of constant speed drive unit which can
be used consists of a variable displacement pump driven
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pl ates or spi 434> The chanber 17 has I nl et and outl et” R0Z

and 23, respectively, by means of which it can be attached to the

remai nder of an i nternal conbustion eng?ne exhaust system which is not
shown in the drawi ng. 30 The power supply 10, which is positioned

at the cool eﬂg etnﬁ] , verter for
converti ng a dé.é}f éZl}téjf'l’?eom a v}% ci €s X"7pOV\c7‘e1‘JF rls(gu;)&rﬁle?{)t a pujlrhse% or
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t he i nner el t 18 WO
e aeds SStE9de; ofiddie 4 e&fﬂéﬁar&e%p’eea hﬁu A %?La/?'aﬁl? the

-7- can t &KPFRLEIH IR dIWhatastpn 4 Wlﬂ%g‘mﬁ@@e such as

sinusoi dal ag, which may be hal f-wave rectified the form of a uni pol ar
or DLpol ar Sauare uaye Ol WAL Oberal ROLE AUt (O qourse 1T IS
capabl e of qmemﬁdetig It il udim iav e i gﬁi@umrﬁmﬁm%eﬂ%@ﬂ st
shown hel ps +o THCE PTe Srf OIS e omasih Copbloete el arey "
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of wi t hstangy ng. Shieo i elr P AL SAd 3 Bellor of which drives
the other component of the system. The drive speed is
controlled either by varying the amount of fluid in the
coupling or by varying the angle of the impeller blades.
15 A hydro-mechanical constant drive system which cai’n
be used consists of a number of driver and driven metal
disks, the depth of immersion of which in a bath of a
viscous oil can be varied in response to engine speed
signals generated by a transducer. As the depth of
20 immersion of the disks is increased, so the slippage
between them is reduced, and vice versa.

s

A purely mechanical adjustable speed system consists
of two spring-loaded axially adjustable v-pulleys and

25 belts. The engine is coupled to one pulley and the
generator 203 to the other. The diameter of the pulley -~ °
coupled to the engine is varied inversely with the engine
speed.

30 A somewhat similar system employs two conical disks
between which there are two planetary cones. Rotation by
the engine of the disk coupled to it causes the cones to

‘rotate both the main axis of the drive system and about
their own axes. The closer these two rotational speeds

35 are, the slower is the rotation of the other disk
connected to the generator 203. Maintenance of the
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of about 10 kHzheintowhi@xesrt of frequency, the 25 capacitive current
t hrough the reactor 201 may be a factor of ten greater than the
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connected in genpaagbkebodith the reactor 201 and its value is adjusted
until the LCR circuit formed by it and the resistive and 35 capacitive
conponents R err] and CJerr] of the reactor 201 is WO 00/ 43645

PCT/ GB0OO/ 0Q008 A further controlled speed drgve system utiliges a

variable magnetic field generated across an air gap
between two ferromagentic disks, one coupled to the
engine and the other to the generator 203. .

15 The invention is not restricted to the details of
the foregoing examples. For instance, whilst a radiel
- flow configuration is preferred an axial flow
configuration is possible. In that case, the electrodes
are constructed to be impermeable to the exhaust gases
20 and the end supports are appropriately perforated to
allow axial flow therethrough.



resonant at e ut frequency of the power supply 202.
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t he secondary winding of the transforner 205 alone. The reactive

current will flbow t i FRFFHIR R shamraseriing of grsgousaadianas or mer
205. At resonangsludipverreddtor bed e(en:)t) ma&wr(elm 28 Jd3 )hdorbe seen in

the primary ndi n ._._0of the transf 205, so that t e power
demanded from % RS FAREETR %qmtﬁP qﬂRﬁQﬁﬁf flow | the
case of a reacttdrrdtmhtﬁife t:rmtmaﬂtbaﬂ (2), \&W@:‘@d@l& wakes; 16 he AC
generator 203 a vehi.cle in t exhaust
syst em of whi ct?ala‘&e?% atf%f al%ﬁ(f% ?‘)qteéltwéﬁo 5% P%bl em

whi ch t hen redcimyr |l®d h(aa) twisidhy eqmm@tmmme tmjtq:wltcajramrdle’k&:ﬁ@m

t he generator f&g) n&gg

undesi rabl e pgdr)j’%lé% ar ;?&g\ﬁfeﬂne [ esl re&?‘g%g’egt?!aﬁ yyt}hhc eact or 201

at the r esoi%ntrea‘:tql? Regericd) ofchaf@%ﬁﬂsr@d iy rtﬂﬁ@r regcddaris wihdi ng
204 and react oreR0%ahiid (a1 thA &ypd) and in that the reactor bed(2)

and power supply unit (10) are adjacent, and connected
directly together electrically. ,

15 2. A reactor according to claim 1, further characterlsed
in that the said potential is applied across the reactor
bed (2) via electrodes in contact with the reactor bed
material (4) and one or both sides of the electrodes
(5:6) are coated with a dielectric material (7;8).

20 '
3. A reactor according to claim 1 or claim 2, further
characterised in that the reactor bed (2) and the power
supply unit (10) are enclosed in an electrically
conducting enclosure (17) adapted to be maintained at

25 ground potential.

4. A reactor according to any of claims 1,2 or 3,
further characterised in that the reactor bed (2)
consists of a cyiindrical body (3) of gas permeable
30 dielectric material (4) contained between two concentric
gas permeable electrodes (5;6) the outer one (6) being
~connected to ground and the inner one (5) being connected
directly to the power supply unit (10) and the gaseous
medium is constrained to pass radially through the
35 reactor bed (2).
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arvecnt coaoueene [IMIHNIMLIIE, onrel 2200 ne Genorsrabonpifie o,

A first formof constant* sfeed dfive dnit which can be used consists of
a variabl e di spl acenent punp driven WOLBO0f 43645

PCT/ GB00O/ 00108 - 9- by the engi ne of
the vehicle which is connected v ssure or f regulat | system
to an hydraul i @ ot & TeaCLYy 3§c96d&89|98r gaéﬁngtgﬁt %%é%dfbu% u#ﬂg¥ive to
t he gener atdarit eptiateel émn tthe tenpieneespeod. bed (2) consﬂssecgﬁdaform

of constant specg didNe. GARNE or BLOVLIRdABY I Bebudiegie hhvkdiyhscous

coupl i ng bet wee ** engl gener at or coug I ngs
consi st of Gonuaﬂnaﬂahﬂt&m@@smmy sionnpesmeadlar pheatbgdefie theconpetent

of the system agd hicitla W holiivana. che! igBkBhecegponent of
the system "The r|ve ee controlled either varx g the anount
of fluid in theonne 34 c&rlmyio\/zmﬁ REVERe SHRBILY BFthé PﬁrpéPfie the

bl ades. 15 as&@%é&ﬂﬁ@ﬂ%”cﬁﬂst&%&%{e@nﬁ:odﬁﬂw axshem/wehebugdnthe be
used consi sts é% a nunber of driver and driven netal
reactor bed (2).

10 6. A reactor according to any preceaing claim, fu;ther
characterised in that the reactor bed (2) of gas
permeable dielectric material (4) is in the form of
spheres, pellets, extrudates, fibres, sheets, coils,
granules, wafers, meshes, frits, foams, honeycomb -

15 monolith or membrane or combinations of one or more of
the above forms.

7:.. A reactor according to any preceding claim, further
c¢haracterised in that the power supply unit (10) is
20 adapted to produce a pulsed or alternating output
. voltage.

8. A reactor according to any preceding claim, further
characterised in that there is included means (206) for

25 making the resonant frequency of the electrical circuit
including the reactor bed (2) substantially egual to the -7 :
frequency of the output voltage from the power supply
unit (10).

30 9, A reactor accdording to claim 8, further
characterised in that the means (206) for making the
resonant frequency of the electrical circuit including

" the reactor bed (2) substantially equal to that of output
voltage from the power supply (10) is an appropriate

35 inductance comnected in parallel with the reactor bed
circuit.



di sks, the depth of i ﬁlﬁ% li in a bath of a Vi S?B’I'ﬁ.;éab)ooﬁi‘n

be varied i n W% signal s generated by
transducer. As the dep n of the disks is |ncreased so the

sl i ppage bet ween then1|s reduced, and- vixe- versa. A purely
mechani cal adj ustabl e speed system consists of two spring | oaded
axially adjustable v-pulleys and 25 belts. The, engi ne 9 t 0, one
pulley and the 10. qRreeaterr 288°eHlime ‘b‘?r@almT%em&%%r TRERSHI | ey

coupled to the afaetéhgéal S?H tﬂélerﬁﬁéYp@Wéi“ édﬂpprﬁgmft (10$p£ed

A sonewhat simlar sten1en§ %s t wo c |ca g ﬁ% eﬁ mh|c$ there
are two pIaneta??aEBﬁéstoﬁg? Feheny vo? ﬁ%eeﬂ eo?rq%g 9t sk®BBuPBfed to
it causes the cppesvbRts atohafeefabhcyheivhin thesrafgeh®0 dHzveosySt em and
about t hei.r own axes. The closer these two rotational speeds 35 are, the

slower is thé r8Bation of the other disk connected to the generator 203.
Mai nt enance of the WO 00/ 43645

T P00/ 000 o, EEREEEE SO 7 ifhening coMRLatbeg
of the pl anet ar yocbrednabopvrated 1nto the exhaust gsystem of an intermal
combustion engine.
10
12. A reactor according to claim 11, further
characterised in that there is included a step-up
transformer (205), an ac generator (203) connected to the,
primary winding of the transformer and means for -
15 maintaining the frequency of the output from the ac '
generator {(203) at a pre-determined value regardless of ’
variations in the rotational speed of the internal '
combustion engine in the exhaust system of which the

reactor is incorporated.

20
13. A reactor according to Claim 12, further
characterised in that the ac generator (203) is arranged
to be driven by the engine via a constant speed drive
system.

25

14. A reactor according to Claim 13{ further

characterised in that the constant speed drive system

consists of an hydraulic drive unit the drive efficiency

of which is varied inversely with the rotational speed of
30 the engine. l

15. A reactor according to Claim 13, further
characterised in that the constant speed drive system
consists of a stepless variable speed transmission system

35 the effective gear ratio of which is varied inversely
with the rotational speed of the engine.



their own ax : An el ectrical controlled speed driv m
i ncl udes g’%doc?“g?‘gct I { ot d by the vehicle's baﬁ@éﬁ&m"Mi ch
powers an hydraulic m)tmmmﬂl“rmm led to the generator 203. 10

A further controlled speedcdrtve! syst&ém utidiges a vari abl e magnetic
field generated across an air gap bet ween two ferromagentic di sks, one
coupled to the engi ne and the other to the, generator 203 15 The

invention is néf-relt FRREEQY { BCEPEAHRY o P SCHrim 13 Hurthe%oi ng exanpl es.
For instance, vhakattariséfialin thaf!| oMeceshispahet spled SAPIes esyeeemn axi al
flow confi gurilti on is giss'{:bl e. .In that, casge,. lhe_e| ectrodes, are
construct ed t o*BELPHGEr ABabEES Boﬁg‘é%ﬁ%ug}ug‘é}%eghﬁod%'ﬂet ERHEREBpor t s
are appropri at efywhéchoiat edried invatrselwawith thewdtetbbhiDugbeed of

5 the engine. '



Cl ai s 1. Areactor for the processing of a gaseous ned]
i ncl udi ng a WOMBK4Sbed (2), nmeans (17,22,23) for 5 constrai ﬂ’i(ﬂg&%méog%oesous

mediumto be processed to flow t hrough the reactor bed (2), a power
supply unit (10) adapted to generat g¢mand a potential across the
reaetor bed (2) which is sufficient to excitefan gefectric di scharge in
t he gaseous nedium fl ow ng through the 10greaq@to ed (2), characterised in
that the reactor is of the diel ectrifc~Rargfer har type and in that
t he reactor bed(2) and power supply unig®% (10) a atent , and
connected directly together electricall y 15 2. A™wea®or according to
claim1l,.further characterised In tlet t | | is applied
across the reactor bed (2) via el ectofles in contact th the reactor
bed material (4) and one or both sid S (5;6) are
coated with a dielectric material (7;8) 3. A reattipr according to
claiml1 or claim2, further charactegifed in that th tor bed (2)
and the power supply unit (10) ar closed in an el g¢cfrical ly
conducting enclosure (17) adapted to be | ntai ned at 2 round potential .
4. A reactor according to any of clainsjl}j2or 3, fyrfher characteriaed
in that the reactor bed (2) [Kkonsi st body (3) of gas
perneabl e 30 dielectric ma | 4) corngt @i ned bet wee %gncentric
gas perneabl e el ectrodes , eNpu® on 6)Pei ng -
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connected t and the inner one (5) being connected [ to
t he power s&BﬁP@%ﬁ?t (10) and the gaseous mediumi s conEF?@IBﬁ@h&‘%‘%
pass radially through the 35 reactor bg& (2). WO 00/ 43645

PCT/ GB00O/ 00108 - 12 - 5. A reactor
according to claim1 or claim?2, further characterised in that the
reactor bed (2) consists of a cylindrical body of gas perneabl e
dielectric materi al cont ai ned ghet ween two non- perneabl e el ectrodes, the
outer 5 one being connected to gMund and the |nner one is connect ed
directly to the power supply unigt- €107 and the g seous nediumis
constrained to flow axially thr{E;rrlim## t;eacLT Ped (2). 10 6. A
react or according to any precedijng{cl ai q#rthe characterised in that
the reactor bed (2) of gas pe'rrrfable di eTectrilc haterial (4) is in the
form of spheres, pellets, extrUCat es, fibres, [sheets, coils,

granul es, wafers, neshes, frlts gans, honeyco nolith or nmenbrane
or conbi nations of one or nor t he above florrs. 7. A reactor
according to any preceding cl 3} fiurt her
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R I I Rt r et 1niLaiY b ATVLeUL TUUUIY )
clapaebeoi sed in that the pgﬁer supply unit (10) Ts 50 aéapted tocﬁ$899QQ9¥98

pul sed or alternating output vol t age. 8. A reactor according to
any preceding claim further characterised in that there is included
means (206) for 25 meking the resonant frequency of the electrical circuit

I ncluding the reactor bed (2) substantially equal to the frequency of
the output voltage fromthe power supply . unit (10). 30 9. A reactor
according to claim8, further characterised in that the nmeans (206) for
maki ng t he resonant frequency of the electrical circuit including :

the reactor bed (2% 3a=n objedt plegbal presedtatimfentionute providéage from
e POper SuBPE¥abLS) dévith WRENRYCaEPCh Rl N 15" UUBREL ' B Paral !

with the reactor be circult
PCT/GBOO/0016§ ST combustion exhaust em*ssionq;;n which ¢hesa react or

accordi ng topEbhlem8 are GddrvsEed.urt her characterised in that the power
supply unist (10) is adapted to generate a voltage of the order of tens
of kilovolts at a frequency within the range 50 Hz to 15

Our published patent application W083/05400
describes and claims & reactor for the processing of a
gaseous medium, including a reactor bed, means for
constraining a gaseous medium to be processed to flow
10 through the reactor bed and a power supply unit adapted

to generate and apply a potential across the reactar bed
which is sufficient to excite an electric discharge in

. the gaseocus medium flowing through the reactor bed,

. wherain the reactor bed and the power supply unit are

. 15 adjacent, directly comnected together elsctrically,
preferably co-axial, and preferably are enclosed in an
electrically conducting enclosure which is adapted to be
maintained at ground potential.

20 We have now found that a particularly advantageous
form of reactor for use in combination as aforesaid with
an adjacent, directly coupled power supply is a raactor
of the dielectric bharrier discharge type also known as a
gilent discharge reactor.

25

Accordingly, the present invention provides a
reactor for the processing of a gaseocus medium, including
a reactor bed, means for constraining a gaseous medium to
be processed to f£low through the reactor bed and a power

A0 supply unit adapted to generate and apply a potential
across the reactor bed which ig sufficient to excite am
electri¢ digcharge in the gaseous medium flowing through
the reactor bed, wherein the reactor is of the dielectric
barrier discharge type and wherein tha reactor bed and

35 the power supply unit are adjacent, directly comnnected
together electrically, preferably co-axial, and
rreferably are
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¥ Mkl VUANULT Lv-Ua LATLIIY DLl _ ”‘-"‘_ﬂTWhU\’_ ‘U_U”“"; o gy b‘ 08
§3kk¥gogg 11. A reactor according to any preceding c[a|n1adapté§300098 he

I ncorporated into the exhaust system of an internal conbusti on engi ne.
10 12. A reactor according to claim111, further characterised in that

there is included a step-up transforner (205), an ac generator (203)

connected to the primary wi nding of the trangganner _nmeans for 15
mai nt ai ni ng the frequency of the outpugifromth M=:?!ﬂuﬁ  ﬂ:ﬁq (203) at a
pre-determ ned val ue regardl ess of vari ati onss i#hal speed of
t he internal conmbustion engine in the exhaust system of which the
reactor is incordaam8d. 20 13. A reactor according to Caim 12,
further characterised in that the ac generator (203) is arranged to
be driven by, the_engine vig a gonstant speed drjve system 25 14.
A reactor accor df“né%Fﬁgefagﬁ 1‘%@ filﬁ%?éﬁgng °gh§r%ﬁ%‘?‘ﬁéﬁq€lﬁmt’hat t he
const ant speantliriing syseactor bebnd)st meensahlRyd2a231 £afrive unit the
drive eff'ciégﬂa& s | | T RV SES Bl ¥cld the kAt i onal speed
of 30 thes engl ne.ra:.niﬂﬁ %g#&%eélg%\gﬁ)drﬁgaclggr gléngkt% Céé(}? rgb:?& %rt her
char act eri’sé’gm‘?ll&%ﬁmt KeaebRs el (Hecd BPWEE SYRPEH WL (Fdi sts of a
stepl ess varddHpteds pecdehenassl @l aprlys tepolént bel eddmurs \Wwhegear ratio of
which is ‘““Qé%éeaQV%%aGQX; which is sufficient to excite an electric
) discharge in the gasecus medium flowing through the
10 reactor bed (2), characterised in that the reactor is of
the dielectric barrier discharge type and in that the
reactor bed(2) and power supply uvnit (10) are adjacent,

and connected directly together electrically.

' 15 2. A reactor according to claim 1, .further characterised
in that the said potential is applied across the reactor
bed (2) via electrodes in contact with the reactor bhed
material (4) and one or both sides of the electrodes

_ (5;8) are coated with a dielectric material (7;8).
20 ' :

3. A reactor according to claim 1 or claim 2, further

characterised in that the reactor bed (2) and the power

supply unit {10) are enclosed in an alectrically
conducting enclosure (17) adapted to be maintained at

25 ground potential.

4, A reactor according to any of claims 1,2 or 3,

further characterised in that the reactor bed (2)

consists of a cylindrical body (3) of gas permeable "
30 dielectric material (4) contained between two concentric '

gas permeable electrodes (5:6) the outer cne (§) being

connected to ground and the inner one (5) being connected

directly to the power supply unit (10} and the gaseous

medium is constrained to pass radiglly through the
35 reagtor bed'(zz.
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A reactor (1) patticularly for the plasma treatment of internal combustion engine exhaust gases, in which a power supply (10) and
a reactor bed {2) of the dielectric barrier discharge type are connected directly and enclosed in an earthed metal chamber {17) which both
isolates the high voltage power supply and acts as a Faraday cage preventing the emission of electromagnetic radiation from the power

supply or plasma.




