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(57) Abstract

A reactor for the processing of a gaseous medium including & cylindrical reactor chamber (300) within which there is a hollow
cylindrical bed of active material {303), and the annular space (311) between the outside (305) of the bed of active material and the reactor
chamber (300) is arranged to provide an impedance to axial gas flow which fncreases in the direction of gas flow along the said annular
spaces,




nmat.erial. One support disk has a ring of axially 25 directed hol es around
its periphery and the other disk has a central hole the dianeter of which
i's approximately equal to the_inside dianeter of the cylindrical bed of
active materi alwosmsscse a gas tpmg OBIHTUMAS gggqe processed i s RUIVGRIAIZO0 t he
reactor chanber via the port &gh the first support disk. The
gaseous nediumis then dlrect-ﬂ 3 dr space between the outside
of the cylindrical bed of active naterlal and the wall of the reactor
chanber. The cl osure of th|s space by the other su-port dISk constrains the
gaseous mediumto pa PpLigg . B TLRE & EE B mrf®rial prior
to | eavi ng the reagtif e &iia The ANENDED SHEET =~ -2-
support disks are nade of a tenperature r esi st ant i nsulating material and

there is provided an el ectrical
The present invention relates to reactors for the

5 treatment of gasecus media and, more specifically to
reactors for the removal of noxious substances from the
exhaust gases from internal combustion engines.

One type of reactor for the treatment of gaseous

10 media consists of a cylindrical reactor chamber which has
inlet and outlet ports by means of which it can be
connected into a gas flow system. Inside the reactor
chamber, and co-axial within it, is a hollow cylindrical.
gas permeable bed of active material. The bed of active

15 material is held in place by two supporting disks made of
an impermeable material. One support disk has a ring of
axially directed holes around its periphery and the other
disk has a central hole the diameter of which is
approximately equal to the inside diameter of the

20 c¢ylindrical bed of active material. In use a gaseous
medium to be processed is admitted to the reactor chamber
via the port cleoser to the first support disk. The
gaseous medium is then directed into the annular space
between the outside of the cylindrical bed of active

25 material and the wall of the reactor chamber. The
closure of this space by the other support disk
constrains the gaseous medium to pass radially through
the bed of activate material prior to leaving the reactor
via the central electrode. The support disks are made of

30 a temperature resistant insulating material and there is
provided an electrical connection to the inmer electrode
by means of which a potential of some kilovolts can be
applied to the inmer electrode so as to establish a
plasma discharge in the gaseous medium in the interstices

35 in the gas permeable bed of active material.
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connéctlon to the inner electrode by neans of which a potential of sone

kil ovolts can be applied to the inner 5 electrode so as to establish a

pl asma di scharge in the asgnus-nedkuﬁ%hq the interstices in the

per neabl e bedvobyasmi ve |rMiig-al . ki BEtlctice, it has beenP‘?'%ﬁ’F?a""?gﬁét t he
gas flow 10 distributiorn throgegisiCBB bed pf active material of such-a
reactor is uneven, bein ~at-THiE20ownst ream end of the bed of active
material. Thus the reactor nay not operate at its maxi mum efficiency

because the upstr ”‘?Q@t?%et ﬁgg 8% gcééﬁﬁalgﬁggr¥er|§%§/§§% wunder used

while 15 the downstréam en may be subjected

to a higher r@éistpibuyjdent FB%?\P‘%%ﬁhiet be@nofisattiivey MaEeE Rk 0F tsuF’? &n obj ect
of the presengehdy@ntiisoRnkOe) MEidey aeeaﬁernaxr @ted gowast mwanpfenidheft ype

descri bed abo for t égf ing to the

pr esent |nven¥ﬁ8 Et'qﬁere |59%§§§%$&%' reac gﬁgg% qrr%(r%t of a

gaseous medi upperste @t G@ana%@mgm|eﬁéﬁpéapcyéQ&qaﬂsec FRR DS 8@y an inl et
end of the bed of active material may be underused while

the downstream end of the bed of active material may be
subjected to a higher rate of gas flow than it can
usefully process.

10
It is an object of the present invention to provide
an improved reactor of the type described above for the
processing of a gaseous medium.
15 According to the preset invention there is provided

a reactor for the treatment of a gaseous medium,
including a cylindrical reactor chamber having an inlet
port and an outlet port for a gaseous medium to be
processed, a hollow cylindrical gas permeable bed of an

20 ‘active material contained within the reactor chamber and
substantially co-axial therewith, an annular space
between the outside of the bed of active material and the
inside of the reactor chamber and means for constraining
the gaseous medium to enter the said annular space at one

25 end in an axial direction, the other end of said annular
space being closed to axial flow of gaseocus medium
therefrom, the gaseous medium passing radially through
the bed of active material, whergin the said annular
space is configured to provide an impedance to the flow

30 of the gaseous medium which increases along the length of
the said annular space in the direction from the said one
end towards the said other end.

‘The increasing impedance to the axial flow of the
35 gaseous medium through the said annular space preferably
is provided by progressively reducing the cross-sectional

——————
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port and an outlet port for a gaseous nediumto be processed, a hol |I'ow
cydindrical gas perneable bed contained within the reactor chanber and
sybstantially co-axial therewith, the gas perneabl e bed conprising 30
catal ytically agdbyv@swaterial for interacting with the gaseoBST/RE#VUMZto
pronote chemical reaction therein, an annul ar space between the outside of
the bed of active material and the inside ®»f- the reactor chanber and neans
for constraining the gaseous nediumto enter the said 35 annul ar space at

T osed 0 axi al SFEB br TR ERLA SEpEe Fptl;, CrnE AL BIGAR A RREC, 0P, 08
t he gaseous nedicgArpasettigneddpaka yof Hivugridhanpeltrn fSRacE Pavmheteri al ,
wherein the sai ¢opbinthdls S BatepkeLepaBI0UedikoRt DMiciRs .anal ppedanegit o the
fllow of the gas %%%gngqugén%mh%' an Q é;_? %:Se%c%liggg in the cross-
5 sectional area of the said annular space, the first being
greater than the second.

According to the present invention in a particular

aspect the reactor is for the plasma-assisted treatment

10 of gaseous media, the bed of active material is contained
between two gas permeable co-axial disks and two support
disks made of an impermeable temperature-resistant
insulating material, the support disk nearer the inlet
end of the reactor has a plurality of axially directed

15 gas passages around its periphery, and the support disk
nearer the outlet end of the reactor has a central hole
the diameter of which is substantially equal to the
internal diameter of the inner electrode so that a
gaseous medium to be processed enters'the annular space

20 between the outer electrode and the wall of the reactor
chamber axially but is constrained to pass radially
through the bed of active material.

Preferably the active material is adapted to remove
25 nitrogenous oxides and carbonaceous combustion products
from the exhaust emissions from internal combustion
engines.

The invention will now be described, by &ay of example,
30 with reference to the accompanying drawings, in which:

Figure 1 is a schematic longitudinal section of an
existing type of reactor for the plasma-assisted
processing of a gaseous medium;

35



5. the length of the said annular space in the direction fromthe said one
end towards the said other end. The increasing inpedance to the axial flow
of the gaseous nediumthrough the said annul ar space preferabl& 10 IS

provi ded by pwogeemsHl vel y reduci ng the cross-sectional AVERBEEPYEET WO
99/ 67510 PCT/ GB99/ 01912 -3- area of
the said annul ar space. The reduction fnfthe cross-sectional area of the
sai d annul ar space may be continuous, but preferably is discontinuous. A

pref er ][ eflhar rangenpidu S {Waust e &Lt k8BS rhfid D& dreasnt Soseald onal
area o e s

d anpul ar. space, the first being greater than_the second.
According to tHE¥pFEERIR |ag$§§t P%na?‘f‘ﬁv:f i"’&gilajrn‘%l's“ﬁ[fgt PhE¥ eactor is
for the pl asnmweassostell Rigaenénvatiesiwijds ddesaneelialonghéhbed of active
material is cQRakBE0bed from the entrance to the active region of the

5 reactor:;

Figure 3 is a schematic longitudinal half-section of
a first reactor embodying the invention for the
processing of a gaseous medium;
10
Figure 4 is a schematic longitudinal half-section of
a second reactor embodying the invention for the
processing of a gasecus medium;

15 Figure 5 is a schematic longitudinal half-section of
a third reactor embodying the invention for the
procegssing of a gaseous medium;

Figure 6 is a flow diagram showing the radial
20 components of gas flow for the embodiment of Figure 3;

Figure 7 is a flow diagram showing the radial
component of gas flow for the embodiment of Figure 4;

25 Figure 8 is a flow diagram showing the radial
component of gas flow for the embodiment of Figure 5; and

Figure 9 is a schematic longitudinal half-section of
a fourth embodiment of the invention.
30
Referring'to Figure 1, a reactor 1 for the plasma-
assisted processing of a gaseous medium consists of a
stainless chamber 2 which has an inlet stub 3 and an
- outlet stub 4. The chamber 2 is arranged, in use, to be
35 connected to an eartﬁing point 5. Perforated cylindrical
stainless steel electrodes 6 and 7 and positioned co-



between two gas permeabl e co-axial disks and two support disks made of an

I nper neabl e tenperature-resistant insulating material, the support disk
nearer the inlet end of the reactor has a plurality of axially directed 15
gas passages wooswdin ts periphery, and the support disk neﬁFg%Bt"?{gmbﬁtlet.-.
end of the reactor has a central hole the dianmeter of which is -
substantially equal to the internal diameter of the inner electrode so that
a gaseous nediumto be processed enters the annul ar space 20 between the

outer el ectrode; apfl, thawsgl knaf cﬁé&ﬁoéxe@cllﬂf m@aagb@f 16 dhpyrbibus s

constrai ned to_pass radlally hro h the ctiv | 4o Preferab
the active naFéFFE¥1?§9 IpE84et %r%g%noﬁgggkﬁéég 1 Y

car bonaceous bouhdsdlhylqhﬁo@ﬁeCSrédaﬂn&Ia&deﬁhanétthﬁnknﬁuéﬁ§lﬂgon1|nternal

conbust I
% w.utsh' ?2@?%&@@8{0 [Bgs Ve Rk QMNA béa)wlb%fdgéméﬂ:yeciz By way of exanple,

schematic I%n@FF&HFrFa?t%e%%tcfg’H yl%ge%( %J%g%? I nc%ﬁbslﬁ?aglé:cﬂ)?% gr 1t Ihz :
pl asma- assi st gehfficient to enable a plasma to be establlshed and
maintained in the gaseous medium in the interstices
between the pellets 12 of the bed 11 of active material.
The upstream end 13 of the inner electrode 6 is closed
10 off and arranged to be comnnected via an insulating
feedthrough 14 to a source 15 of an electrical potential
sufficient to excite the above-mentioned plasma in the

gaseous medium.

15 - The upstream electrode support 8 has a ring of
axially-oriented gas passages 16 around its periphery,
whereas the downstream electrode support 9 has a central
hole 17 in it of approximately the same diameter as the
internal diameter of the inner electrode 6. ' Thus, in

20 use, a gaseous medium to be processed is directed axially
into the annmular space 18 between the outer electrode 7
and the wall of the chamber 2. As the gas cannot escape
from the downstream end of the space 18, it is
constrained to enter the bed 11 of active material and

25 pass radially through it.

Figure 2 is a flow diagram showing how the radial
component of gas flow for such a reactor varies along the
length of the bed of active material. It can be seen

30 that there is very little radial flow through the bed 11
for almost half its length and the radial gas flow
increases progressively along the remainder of the bed 11
of active material. Thus, the overall efficiency of the
bed 11 of active material is much below that which would

35 bhe achieved if the radial flow of gas through the bed 11
of the reactor was regular. At present the active



processi ng of a gaseous nedi unm 35 WD 99167510

PCT/ GB99/ 01912 -4- Figure 2 illustrates how the radial conponent of gas
flow t hrough a bed of active material included in the reac ?ﬁwﬁg 4?9&pre 1
varies wth dwsxiT80al ong the reactor bed fromthe entranéé {09% e active
region of the 5 reactor; Figure 3 is a schematic |ongitudinal half-section
of a first reactor enbodying the inventi&n-for the processing of a gaseous
medium 10 Figure 4 is a schematic |ongitudinal half-section of a second

reactor embodyl [\ dig LeveRl | @llallcbiChl AR HNGeRELS: GRTLYES MRdium 15
Figure 5 is a 'schernmatic | ongitud nal a? -.section aqf .
saturated while that at the upstream end of the reactor

largely is unused.

5 The present invention seeks to overcome this problem
by progressively increasing the resistance to axial flow
along the annular space 18 between the wall 2 of the
reactor 1 and the outer electrode. Figures 3, 4 and 5
illustrate three ways in which this increase in the

10 resistance to axial flow of the gaseous medium can be
achieved.

Unlike Figure 1, these figures are half-sections and
extraneous detail has been omitted. However, those parts
15 which are common to all three figures have the same
reference numérals.

. Referring to Figure 3, a reactor for the processing

of a gaseous medium consists of a reactor cﬁamber 300

20 which has inlet and outlet fixing stubs 301 and 302,
respectively. Within the reactor chamber 300 is a hollow
cylindrical gas permeable bed 303 made of an active
material adapted to carry out a desired process on the
gaseous medium. For example, the active material may be

25 adapted to catalyse a reaction between one or more
components of the gaseous medium. The bed 303 of active
materials is contained between two co-axial cylindrical
support members 304 and 305, which are gas permeable and
two disk transverse supports 306 and 307; made of an

30 unpermeable material, as in the reactor described with
reference to Figure 1. If the bed 303 is made of a
material which is self supporting, the support members
304 and 305 can be omitted. As before, the support 306
nearer the inlet to the reactor chamber 300 has a number

35 of_axially directed gas passages 308 around its periphery
and the support 307 nearer the outlet from the reactor



a-third reactor enbodying the invention for the processing of a gaseous
medium Figure 6 is a flow diagram show ng the radial 20 conponents of gas
flow for the enbodi nent of Figure 3; Figure 7 is a flow di agram show ng the
radi al conponwotsetsiggas flow for the embodi ment of Fi gure XCTSE99/01512 -
Figure 8 is a flow di agram show ng the radi al conponent of gas flow for the
enbodi nent of Figure 5; and Figure 9 is @ schematic | ongitudi nal

hal f-section of a fourth enbodi nent of the invention. 30 Referring to

redi um conel sttabes 20 e d CeRETRL ASR S o SEESSHAR LA HRSEO o
outl et stub 4.Sameedipmaber a8 itheairangeattive Ked, sppoport IBmbenndtéed to an
earthi ng poi ntrife iBaefosetBek MEd Bdpbet FMaAMAkesScséad, Aonelir edes 6 and 7
and positi Onecgfajhhich projects through the support 306 and
5 facilitates the deflection of the incoming gaseous medium
towards the periphery of the reactor chamber 300. As
with the reactor previously described, a gaseous medium
entering the reactor chamber 300 is directed into the
annular space 311 between the outer active bed support
10 305 and the wall of the reactor chamber 300 initially in
an axial direction but is then constrained to pass
radially through the bed 303 of active material.

However, in the present case, the reactor chamber
15 300 is not a true cylinder, but tapers in the direction
of gas flow along the space 311 between the ocuter active
bed support 305 and the wall of the reactor 300. As a
result, the impedance to axial gas flow increases along
the annular space 311 between the outer active bed
20 support 305 and the wall of the reactor chamber 300, so
increasing the amount of gaseous medium which flows
. radially through the upstream part of the bed 303 of
active material. A suitable taper angle is in the region
of two degrees.
25
Figure 4 shows a second embodiment of the invention
in which the diameter of the reactor chamber 300 is
reduced half way along the bed 303 of active material.
In a particular example, the width of the annular space
30 311 between the outer active bed supbort 305 and the wall
of the reactor chamber is 10 mm initially and 5 mm for
the second part of the reactor chamber 300. All other
components are as for the reactor described with
reference to Figure 3.
35



W0 99/ 67510 PCT/ GB99/ 01912 - 5-
axially within the chanber 2 by neans of two inpervious

electrically-insulating supports 8 and 9. The space 10 bou e
el ectrodes 6 WRISEhd the insul ating supports is filled mpeﬁ%gaﬁgggll of . .

pellets 12 of an 5 active material which has a dielectric constant -
sufficient to enable a plasm to be estaBlished and maintained in the
gaseous nediumin the interstices between the pellets 12 of the bed 11 of

active material. Thggupgtgqgﬂh@ﬂqnéghég éﬂy@dﬁﬁggﬁ @#Qﬂ%iﬁﬂ@eﬁti%ZCLOSEd 10
Source 15 of o4 AR BEFE R eherapnd ridRiude Feadtien pnhe 1 1O @
above- nent i onei@gitaofathe atrulgasspace Bl hmtwesn the oliterupstivam
el ectr 0_ole-h suppesd s%p%&ﬁz@s %c'p{théx‘ivﬁii} YGi‘frﬂh%”EQchéé o@%&%ﬁs}e?o%gnﬂ g:md
ot e 17 | Pt BALE SR RLRT RF BRESEARRtH Sorte HEL AP % BFRATSdl anet er
of the inner ehatsniede 6InTAnethernspecific case, the widths of the
regions of the annular space 311 between the outer active
bed support 305 and the wall of the reactor chamber 300
are 10, 5 and 3 mm.
10
Figure 6 is a diagram showing the wvariation in
radial gas flow along the bed 303 of active material for
the embodiment of Figure 3. Comparéd with Pigure 2 it
can be seen that much more gas passes radially through
15 first half of the bed 303 of active material. 1In fact
the distribution of radial gas flow along the length of
the bed 303 of active material is now approximately,
symmetrical, but the middle two fifths, approximately of
the bed 303 of active material still are underused.
20 '
Figure 7 is a diagram showing the variation in
radial gas flow along the bed 303 of active material for
the embodiment of Figure 4. More gas now passes radially
through the first half of the bed 303 of active material
25 than through the second half, with an intermediate peak
at the position of the step where the width of the
annular space 311 between the outer active bed support
305 and the wall of the reactor chamber 300 is halved.
Immediately downstream of this position the radial gas
30 flow rate is less than half that before it. This region
of low gas flow extends about one fifth of the length of
the bed 303 of active material.

Figure B8 is another gas flow diagram, similar to
35 . those of Figures 6 and 7, for the embodiment of Figure 5.
It can be seen that this embodiment of the invention



e, a gaseous nediumto be processed is directed axially into the

anndl ar space 18 between the outer electrode 7 and the wall of the chanber
2. [/ As the gas cannot escape fromthe downstream end of the _spa it is
copstrai ned tWOoASEHEC t he bed 11 of active material and 25 63§§”§§@ﬁ§?|y
tgrough it. Figure 2 is a flow diagram show ng how the radial conponent of
s flow for such a reactor varies along?he |ength of the bed of active
terial. It can be seen 30 that there is very little radial flow through

the bed 11 forg pbamatndabbe! oo enaiehi8ieibhicos adili0gastEouw i nor eases
Pheover al | ot EHCRdRit o6t BRI GoPE] 2ebVaCR vel Hilter 1 al |1 s mich bei ow ¢ hat
whi ch woul d 35 be achieved if the radial flow of gas through the bed 11 of
the reactor was regulabe 4 sRERSeNothRe Sfbddfnent BETLEBIRARI %N
5 in which the opposite approach to the problem is adopted.
In this embodiment of the invention, instead of reducing
the width of the gap 311 between the outer active bed
support 305 and the wall of the reactor chamber 300 along
the length of the bed 303 of active material so as to
10 cause more gas to be diverted radially in the upstream
regions of the bed 303 of active material, a number of
axial expansion chambers 901 are provided aloﬁg the first
part of the reactor chamber 300. In this arrangement,
‘not only is the impedance to axial gas flow higher in the
15 second region of the reactor 300 than in the first
region, but the expansion chambers 901 reduce the
pressure of the gaseous medium as it enters the second
region of the reactor chamber 300. '

20 The invention has been described above in connection
with gas reactors in general. As before, if the reactor
is for use in the plasma-assisted processing of gasecus
media, specifically, the treatment of the exhaust
emissions from internal combustion engines to remove

25 noxious combustion products therefrom, then the inner and
outer active bed supports 304 and 305 are made of a metal
such as stainless steel and used as electrodes, the outer
one being earthed, as is the reactor chamber 300. Also,
the transverse supports 306 and 307 have to be made of a

30 temperature resistant insulating material. The material
of the active bed 303 has to have a dielectric constant
sufficient to enable a plasma to be established and
maintained in the interstices within the bed of active
material.

35



‘WO 99/67510 -6- material at the downstreamend of the reactor may be
saturated while that at the upstreamend of the reactor largely is unused.
5 The present invention seeks to overcone this proble f
progressi vel ywowss/smsi ng t he resi stance to’ axial fIOM/anngE’ﬁB%%%%%Iar
space 18 between the wall 2 of the reactor 1 and the outer electrode.
Figures 3, 4 and 5 illustrate three mayéoiﬁ which this increase in the 10

resi stance to axial flow of the gaseous nedi g pe-achieved. Unli ke
Figure 1, these f|gﬁ£ﬁﬁaare hal f - secti ons anj?gkf$§§§bﬁ§é@§5ﬂi has been
om tted. However, those parts 15 which are cprmon REFLAGED t hred fi gures have

the sane reference nunerals. Referring to Figure 3, a reactor for the
processi ng of la gakepeesctoedifipm tbastsearmsinta of cacgaTeisaRBELIBO0 20 whi ch

nas Il et. and QULESob i X1 5iaisa80dedtih:3 Qhanb 8 PESIO B indY i 1 the

react or chanber
inlet port (301) and an outlet port (302) for a gaseous

medium to be processed, a hollow cylindrical gas

permeable bed (300) of an active material contained
within the reactor chamber (300} and substantially co-
axial therewith, an annular space (311) between the

10 outside of the bed of active material (303) and the
inside of the reactor chamber {(300) and means (306) for
constraining the gaseous medium to enter the said annular
space (311) at one end in an axial direction, the other
end of said annular space {(311) being closed to axial

15 flow of gaseous medium therefrom, the gaseous medium
passing radially through the bed (303) of active
material, characterised in that the said annular space
(311) is configured to provide an impedance to the flow
of the gaseous medium which increases along the length of

20 the said annular space (311) in the direction from the
said one end towards the said other end.

2. A reactor according to claim 1, further
characterised in that the width of the said annular space

25 (311) decreases continuously along the length of the said
annular space (311).

3. A reactor according to claim 1, further
characterised in that there is at least one discontinuous

30 decrease in the width of the said annular space (311)
along the length of the said annular space (311).

4, A reactor according to claim 3, further
characterised in that there is a single discontinuous
35 decrease in the width of the said annular space (311)

AT R
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cylindrical gas perneable bed 3 3 E@lve materi al adapted to
carry out a desired process on o] x m For exanple, the active
material may b pted to c | t bet ween ong-R&
conmponent s of Sﬂ%iggg@ous medi um The bed 303 of active naterlalgﬁ?gﬁz
cont ai ned between two co-axial cylindricaly support menbers 304 and 305,

whi ch are gas perneable and two di sk transverse supports 306 and 307, made
of an 30 unperneable material, as in_the reactor described with reference
to Figure 1. |fanureximgteltd 4% theduiddle ¢fattde sridhremriayr $@BFesupporti ng,
the support nenpsgys 304 and 305 can.be omtted. As before, the support 306
nearer the inlet to the reactor chanber 300 has a nunber 35 of axially

di rected gas passages 308 around its periphery and the support 307 nearer
the outlet -fromsihesr sastorr acoppidng 67 idaim 3, further

PCT/ GB99/ 01942 aHxracterised in that there are two discontinuous
decreases in the width of the said annular space (311).

6. A reactor according to claim S, further
characterised in that the first discontinuous decrease in

10 the width of the said annular space (311) occurs
approximately at the middle of the said annular space
{311) and the second discontinuous decrease in the width
of the annular space {31l1l) occurs approximately three
quarters along the length of the said annular space

15 (311).

7. A reactor according to c¢laim 5, further
characterised in that the second discontinucus decrease
in the width of the said annular space (311) is less than

20 the first discontinuous decrease in the width of the said
annular space {311).

8. A reactor according to claim 1, further
characterised in that a first portion of the reactor

25 chamber (300) is provided with at least one axially
extending expansion chamber {(901}.

9. A reactor accordihg to any preceding claim, further
characterised in that the bed (303) of active material is
30 contained between two co-axial gas permeable electrodes
(304, 305) and two unpermeable transverse insulating
supports (306, 307), the transverse support (3085) nearer
the inlet port (301) to the reactor has a plurality of
axially directed gas flow passages {308) disposed around
35 its periphery, the ;iansverse support (307) nearer the
outlet port (302) of the reactor has a central hole (309)
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chanber 300 has a central hole 309 of approximately the sane di aneter as
the inner active bed support nenber 304. The inner- active bed support 304
has a cl osed, doned end 310 which projects through the support 33% Sﬁgd 5
facilitates t MHO¥PFP8ction of the inconing gaseous medi um toWEFHE™
peri phery of the reactor chanber 300. As with the reactor previously-
descri bed, ‘a gaseous nedi um entering t ie IPedct or chamber 300 is directed
into the annul ar space 311 between the outer active bed support 10 305 and
the wall of theheedfameteharbenidnOis gprdivatBlanequdialtodichection but is
t hen constrain SS¢ I3l thro th d_ 303 acti.ve material .
However, in thgig%n g'ts:g%téfca%g% q‘%‘hérr%gb#%'rglc gﬁ%ﬁ?"‘%% g%)i oS 1 ue
cylinder, but ti#pPrevided Heeagisr fori avpfingadof tbe tmew dligetypdee 311
ggt ween tlhe OUt(GIOfIQCaiy@tétﬂﬁaS.UB’_ﬁﬁficf&ﬁ:f?ﬂ&ﬂekﬁ@té’aéﬂd Qfa]ihlﬂﬁiﬁﬁémt or |300-
aresult,-t iLape et [ S ow_I n¢reases ong .t nnul ar
space 311 be? wg)g'ﬁh. gg%lr;%eg‘ra%g{ﬁlév%e%‘g%“ ’ﬁ?‘ssgﬁﬁlﬁo%r z}%’& ?’%@ \9\2? Yof the
react or chanbePf380t1%® ma@xdadi-ng the ampunt of gaseous medi um which flows
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radially through the upstream part of the bed 303 of active material. A
suitable taper angle is in the region of two degrees. 2&,5?@%&9124 shows a
second enbodi nent of the invention in which the di anet&3f the reactor
chanber 300 is reduced half way along the bed 303 of active material. In a
particul a o gpl e, the wdth of the annul ar space 30 311 between the outer
active bed Support 305 and the wall, ,pf the reactor chanber is 10 nm
initially and 5 mm for the second ﬁggt of the reactor chanber 300. All

ot her conponents are as for the reactor described with reference to Figure
3. 35 WD 99/ 67510 PCT/ GB99/ 01912

-8- Figure 5 shows anot her enbodi nent of the invention
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in which there is a second step-wi se reduction in the width of the annul ar
space 311 between the outer active bed support 305 and the wall of the

react or chanber 300 5 half way al ong the second part of th of
active nateri WOS¥Ihnot her specific case, the widths of t%ﬁ’%g&’;%g%lg of the
annul ar space 311 between the outer active bed support 305 and the wall of
the reactor chanber 300 are 10, 5 and % 10 Figure 6 is a diagram
showing the variation in radial gas flOow al ong the bed 303 of active
material for the enbodi nent of Figure 3. Conpared with Figure 2 it can be
seen that nmuch nore gas passes radially through 15 first half of the. bed
303 of active material. In fact the distribution of radial gas flow al ong
the length of the bed 303 of active material is now approxi mately,
symmetrical, but the middle two fifths, approxinmately of the bed 303 of
active material still are underused. 20 F‘IQ”E 7 is a diagram show ng the
variation in sl
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radial gas flow along the bed 303 of active material for the enbodi nent of
Figure 4. More gas now passes radially through the first half of the bed
303 of active material 25 than through the second half, with an
i.nternedi ate p¥aARYEMBIE he position of the step where the wi dPET/BIYHAL
annul ar space 311 between the outer active bed support 305 and the wall of °
the reactor chanber 300 is hal ved. %Mﬁtely downstream of this position
the radial gas 30 flowrate-is Iess than" half that before it. This region
of low gas flow extends about one fifth of the length of the bed 303 of
active material. Figure 8 is another gas flow diagram simlar to 35 those

of Figures 6 and 7, for the enbodiﬁes&; hgure 5. It can be seen that
t hi s enbodi ment bf t he i nvention $10 _ _
PCT/ GB99/ 01912 - 3(% V%%St he m)st egg& dls% ri ?éﬁé on of r?g{ﬁl gas flow
7/ T\
) Y
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through the bed 303 of active material. Figure 9 shows another enbodi nent
of the invention 5 in which the opposite approach to the problemis
adopted. In this enbodi nent of the invention, instead of r i e width
of the gap 3™MOB¥"H%en the outer active bed support 305 anggflﬁg%%ﬁg of the
i eact or chanber 300 along the length of the bed 303 of active materi-al so
as ta 10 cause nore gas to be divertedgggdially in the upstream regions of
the bed 303 of active material, a nunber of axial expansion chanbers 901
are provided along the first part of the reactor chanber 300. In this
arrangenment, not only is the inpedance to.axial gas flow higher in the 15
second region of the reactor 300 than in the first region, but the
expansi on chanbers 901 reduce the pressure, of the gaseous nediumas it
enters the second region of the reactor F% §? 300. 20 The invention
has been described above in connection wthgas” reactors in general. As

before, if the red@tpr is for use in the plasnma-assisted processijng of
gaseous nedia, specifically, the treatnment of the exhaust
3.5
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enR8LHBRGON r om i nt er nal conbustion engines to renove 25 noxi ous corfBBQ008R1912
products therefrom then the inner and outer active bed supports 304 and

305 are made of a netal such as stainless steel and used as el ectrodes, the
outer one being earthed, as is the reactor chanber 300. Also, the

transverse supports 306 and 307 have to .bg made of a 30 tenperature

resistant insulating nmaterial. The material of the active bed 303 has to

have a dielectric constant sufficient to enable a plasna to be established
and mai nt ai ned i n tThe OntdmisatdonnpEht oW el : 35

- 10 - dains g
a cylindrical
outlet port (302) for a gaseous

The present invention relates to reactors for the
5 treatment of gaseous media and, more specifically to
reactors for the removal of noxious substances from the
exhaust gases from internal combustion engines.

One type of reactor for the treatment of gaseous
10 media consists of a cylindrical reactor chamber which has
inlet and outlet ports by means of which it can be
connedted into a gas flow system. Inside the reactor
chamber, and co-axial within it, is a hollow cylindrical
gas permeable bed of active material. By the term "active
15 material"™, as used herein, is meant a material which

interacts with a gaseous medium to promote reaction
therein as the gaseous medium passes through the reactor.

A reactor of this type is shown in EP 0608619 (see
20 Figure 2). In a different configuration of reactor for
through flow of gaseous media, entering at one end and
exiting at the other, the bed of active material is held
in place by two supporting disks made of an impermeable
material. One support disk has a ring of axially
25 directed holes around its periphery and the other disk
has a central hole the diameter of which is approximately
equal to the inside diameter of the cylindrical bed of
active material. In use a gaseous medium to be processed
is admitted to the reactor chamber via the port closer to
30 the first support disk. The gaseous medium is then
directed into the annular space between the outsgide. of
the cylindrical bed of active material and the wall of
the reactor chamber. The closure of this space by the
other support disk constrains the gaseous medium to pass
35 radially through the bed of active material prior to
leaving the reactor via the central electrode. The

AMENDED SHEET



fedp-Q8+2000be processed, a hollow cylindrical gas perneabl e bed (3003B 009901912
contained within the reactor chanber (300) and substantially co-axi al
therewith, the gas pernmeable bed conprising a catalytically active materi al

10 for interacting with the gaseous nmediumto pronote chem cal reaction
therein, an annular space (311) between .tRke _outside of the bed of active
material (303) and the inside of the reactor chanber (300) and neans (306)

for constraining the gaseous nmediumto enter the said annul ar 15 space

(311) at one esupportaddizkislardi madei of, at hempehaturadresistant annul ar space

o um passi ng AR TSRS Reas SRSPE T BrORac il plReti e scous
characterised ¢¢tm¢m1qthé’—cséah¢ dmmeraeleptredeOby 3neyns sof:dlihl@fwaed to

provi de an i g 0 qﬁ§§%§es
along the Ien%g ? e sal é;“lann qfo"bli%s éé'fl bs QBHH%% direction fromthe

sai d one en8 t%@’éo‘ﬁ]é%zﬁﬁjt@c l?étta&%és@é péasmg disehargacyriditg to
claim1, furthgsséehas ard@iins St ithe RaltelBe jWedt inOfhé hgas Fpsknsvllear space

bed of active material.

In practice, it has been found that the gas flow

10 distribution through the bed of active material of such a
reactor is uneven, being greater at the downstream end of
the bed of active material. Thus the reactor may not
operate at its maximum efficiency because the upstream
end of the bed of active material may be underused while

15 the downstream end of the bed of active material may be
subjected to a higher rate of gas flow than it can
usefully process.

It is an object of the present invention to provide
20 an improved reactor of the type described above for the
processing of a gaseous medium.

According to the present invention there is provided
a reactor for the treatment of a gaseous medium,

25 including a cylindrical reactor chamber having an inlet
port and an outlet port for a gaseous medium to be
processed, a hollow cylindrical gas permeable bed
contained within the reactor chamber and substantially
co-axial therewith, the gas permeable bed comprising

30 catalytically active material for interacting with the
gaseous medium to promote chemical reaction therein, an
annular space between the outside of the bed of active
material and the inside of the reactor chamber and means
for constraining the gaseous medium to enter the said

35 annular space at one end in an axial direction, the other
end of said annular space being closed to axial flow of

AMENDED SHEET



(3bbloglessgases continuously along the length of the said annul ar sBB09901912
(311). 30 3. A reactor according to claim1, further characterised in

that there is at least. one discontinpuous decrease in the width of the said
annul ar space (311) along the Iength of the said annul ar space (311). 35

4. A reactor according to claim 3, fu;tggr-characterised in that there is

a single discontinuous - 11 - decrease in the width of the said annul ar
space (311) approximately at the m ddle of the said annul ar space (311). 5

5. A reactor agEdligghddivel therafrbm,t bhe gasecas atédingn ipaddidig t here are

6 Fenct oSBT T3ERhl shi el bF, AEFiYE SRR, Ml ER e
first discontisaiclsamedeeaspaice is configured to provide an impedance
to the flow of the gaseous mediun which increases along
5 the length of the said annular space in the directiom
from the said one end towards the said other end.

The increasing impedance to the axial flow of the
gaseous medium through the said annular space preferably
10 is provided by progressively reducing the cross-sectional
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A Qg_cﬂg_ﬂg of the said annul ar space (311) occurs approxi mately at @ﬁé)09901912
m e of the said annul ar space (311) and the second di scontinuous
decrease in the wdth of the annular space (311) occurs approximtely three
15 quarters along the length of the sald annul ar space (311). 7. A
reactor according to claimb5, further a#gcterlsed In that the second

di scontinuous decrease 20 in the width of the said annul ar space (311) is

| ess than the first discontinuous decrease in the width of the said annul ar
space (311). 8. Bledget or according to claim1, further 25 characterised
in that a first portion of the reactor chanber (300) is provided wth at

| east one axially extendi ng expansi on chanber (901). 9. A reactor
according to any przem@iiat@rclfaimthéutréetméﬁ)todsrﬁraacgasécafsdzﬁediumat t he bed

(303) O 20!l G SRAETL A5 RELIGF UGS Pl AR AERY)
(306, 307),5t hintetrpmdy s(eBOsll)ppmt ap3o0erlebapert (302) for a gaseous

medium to be processed, a hollow cylindrical gas
permeable bed (300) contained within the reactor chamber
{300) and substantially co-axial therewith, the gas
permeable bed comprising a catalytically active material

10 for interacting with the gaseous medium to promote '
chemical reaction therein, an annular space (311l) between
the outside of the bed of active material (303) and the
inside of the reactor chamber (300) and means (306) for
constraining the gaseous medium to enter the said annular

15 space (311) at one end in an axial direction, the other
end of said annular space (311l) being closed to axial
flow of gaseous medium therefrom, the gaseous medium
passing radially through the bed (303) of active
material, characterised in that the said annular space

20 (311) is configured to provide an impedance to the flow
of the gaseous medium which increases along the length of
the said annular space (311) in the direction from the
sald one end towards the said other end.

25 2. A reactor according to claim 1, further
characterised in that the width of the said annular space
(311) decreases continuously along the length of the said
annular space (311).

30 3. A reactor according to claim 1, further
characterised in that there is at least ome discontinuocus
decrease in the width of the said annular space (311)
along the length of the said annular space (311).

35 4. A reactor according to claim 3, further
characterised in that there is a single discontinuous

e L S
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+ be_dgb@o pPort (301) to the reactor has a plurality of 35 axially @PQA99e3912
gas fl ow passages (308) disposed around its periphery, the transverse

support (307), nearer the GB 009901912 - 12 - outlet port (302) of the
reactor has a central hole (309) the diameter of which is approxi mately

equal to the dianeter of the inner co-axhgl .electrode (304) and there is
provi ded neans for applying to the inner electrode 5 (304) a potenti al
sufficient to excite and maintain a plasma in a gaseous nedi um passing

t hrough t he bédctr8ass i tihéiwkitrntef itie saENBEBuSEFESpace {(311)

approximately at the middle of the said annular space
(311).

5 5. A reactor according to claim 3, further
characterised in that there are two discontinuous
decreases in the width of the said annular space (311).

6. A reactor according to claim 5, further

10 characterised in that the first discontinuous decrease in
the width of the said annular space {311l) occurs
approximately at the middle of the said annular space
(311) and the second discontinuous decrease in the width
of the annular space (311) occurs approximately three

15 gquarters along the length of the said annular space
(311).

7. A reactor according to claim 5, further
characterised in that the second discontinuous decrease

20 in the width of the salid annular space (311) is less than
the first discontinuous decrease in the width of the said
annular space {311).

8. A reactor according to claim 1, further

25 characterised in that a first portion of the reactor
chamber {(300) is provided with at least one axially
extending expansion chamber (901).

9. A reactor according to any preceding claim, further

30 characterised in that the bed (303) of active material is
contained between two co-axial gas permeable electrodes
(304, 305) and two unpermeable transverse insulating
supports (306, 307), the transverse support (306) nearer
the inlet port (301) to the reactor has a plurality of

35 axially directed gas flow passages (308) disposed around
its periphery, the transverse support (307) nearer the
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outlet port (302) of the reactor has a central hole (309)
the diameter of which is approximately equal to the
diameter of the inner co-axial electrode (304) and there
is provided means for applying to the inner electrode
(304) a potential sufficient to excite and maintain a
plasma in a gaseous medium passing through the bed (303)
of active material.
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