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assi sted aas processing wWith zirconia The present invention relates to the
purification owogaszs3 and-in:particular to the reduction-of PHEREPEY on 5
of carbonaceous and nitrogenous conbustion products fromthe exhausts of

I nternal conbustion engines. One of the majbr-problens associated with the
devel opment and use of internal conbustion engines is the 10 noxious
exhaust em ssions fr@pagmeha Q% . b i :
materials, particularly in the case of di esel engl nes are part| cul ate
matt er (pr| marily carbon) and oxides of nitrogen (qurr]) | ncreasi ngly
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i nternal conbustion engine exhaust

One of the major problems associated with the
development and use of internal combustion engines is the
10 noxious exhaust emissions from such engines. Two of the
most deleterious materials, particularly in the case of
diesel engines, are particulate matter (primarily carbon)

and oxides of nitrogen (WO, ) . Increasingly severe

emission control regulations are forcing internal

15 combustion engine and vehicle manufacturers to find more
efficient ways of removing these materials in particular
from internal combustion engine exhaust emissions.
Unfortunately, in practice, it is found that techniques
which improve the situation in relation to one of the

20 above components of internal combustion engine exhaust
emissions tend to worsen.the situation in relation to the

. other. Even so, a variety of systems for trapping

particulate emissibns from internal combustion engine
exhausts have been investigated, particularly in relation

25 to making such particulate emission traps capable of
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 diesel exhaust gases by a simple physical
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em ssions tend to worsen the situation in relation to the other. Even so, a
variety of systems for trapping particulate em ssions frominterna
conbustion engjdsH¥Rausts have been investigated, particul agdiycaesoshation
25 to making such particul ate em ssion traps capabl e of being regenerated
when t hey have becone saturated with partigulLate material. Exanples of such
di esel exhaust particulate filters 30 are to be found in European patent

2 5v6. 066. | EP 0 SRHPHRY . LD ELEI1aSs HRLCEP 1) 14 SRRCERRIGRE Phet above
cases, the partpoubuse wswakly icerd3ficentubtief readwli eddicheiBatbengases by a
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5 burnt off. In most cases the filter body is monolithic,
although EP 0 010 384 does mention.the use of ceramic
beads, wire meshes or metal screens as well. TUS patent
4,427,418 discloses the use of ceramic coated wire or
ceramic fibres.
10
GB patent 2,274,3412 discloses a method and
apparatus for removing particulate and other pollutants
from internal combustion engine exhaust gases, in which
the exhaust gases are passed through a bed of charged
15 pellets of material, preferably ferroelectric, having
high dielectric constant (that is of the order of at
least 1,000). In addition to removing particulates by
oxidation, especially electric discharge assisted

oxidation; there is disclosed the reduction of NO, gases
20 to nitrogen, by the use of pellets adapted to catalyse
the NO, reduction as exemplified by the use of barium

titanate as the ferroelectric material for the pellets.

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

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



porous, usually ceramic, filter body, which is then regenerated by’ heating
the filter body to a tenperature at which the trapped di esel exhaust
particul ates ag@ednBiy Nt off. I n nost cases the filter body iPsT/eBAZIOI74NI C,
al though EP 0 010 384 does nention the use of ceram c beads, w re nmeshes or
metal screens as well. US patent 4,427,418 yi-scl oses the use of ceranic
coated wire or ceramc fibres. 10 GB patent 2,274,3412 discl oses a nethod
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conbusti on engi ne_ ex aust ases e ex ust gases areé passed
through a bed oft&RXr §8Fte p@F?QﬁﬁFﬁﬂs 'EHER 8P, APPRTRY 1M P dAFEG8 ectri c,
havi ng hi gh di elsectfeice areat mateidis, iaxeokhehbasideof ofhatpdaeasis £000) .
In addition to rRyMVigRg Bafticul ates by oxidation, especially electric
di scharge assjsted oxidation, there is disclosed the reduction of NJ err]
gases 20 to-hitrogen, by the use of pellets adapted to catal yse

US patent 5 147 516 does refer to the use of

catalysts to remove NO, , but the catalytic materials

involved are defined very specifically as being sulphur
tolerant and deriving their catalytic activity from their
10 form rather than their surface properties.

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

15 disclosed is that the NO, removal depends upon electron—.

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

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

US patent 5 284 556 does disclose the removal of

hydrocarbons from internal combustion ‘engine exhaust

25 emissions. However, the process involved is purely one
of dissociation in an electrical discharge of the so-
Q§;led ‘silent’ type, that is to say, a discharge which
occurslbetween two electrodes at least one of which is
insulated. The device described is an open discharge

30 chamber, not a packed bed device. Mention is made of the

possible deposition of a NO -reducing cétalyst on one of

the electrodes.

In a broader context, the precipitation of charged
35 particulate matter by electrostatic forces also is known.
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5 an improved method for the removal of particulates and
nitrogenous oxides from the exhaust gases emitted by
internal combustion engines.

According to the present invention there is provided
10' a reactor for the plasma assisted processing of a gaseous
medium, comprising é reactor chamber including at least
two electrodes between which there is disposed a gas
permeable bed of active material and means for
constraining the gaseous medium to pass through the
15 active material characterised in that the bed of active
material includes zirconia.

According to the present invention in one aspect
there is provided a reactor for reducing the emission of
20 pollutants from an internal combustion engine, comprising
a reactor chamber adapted to form part of an internal
combustion engine exhaust system; the reactor chamber
including at least two gas permeable electrodes between
- which there is disposed a gas permeable bed of active _
25 material and means for constraining exhaust gases to-bass
through the bed of active material, characterised in that
the bed of active material consists at least primarily of
zirconia.

30 The invention provides in another of its aspects, a -
reactor for reducing emission of pollutants from the
exhaust of an internal combustion engine, comprising a
reactor chamber adapted to form part of an internal
combustion engine exhaust.system, the reactor chamber

35 -including at least two electrodes between which, in use,
-exhaust gases are constrained to pass, wherein the active

This Sheet Has Been Replaced
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- Ot tier surface properties, such as adsorpti(JHg%“éﬁf ¢Z§Uffabé area _ _
materials, are the basis of the process of jUS 3 g3AdaN. 5 US patent 5 147
516 does ref erwbastres use of catalysts to renove NJ err], butPCriBosei7ed ytic
materials involved are defined very specifically as being sul phur tolerant
and deriving their catalytic activity fromtseir 10 formrather than their
surface properties. Also, the operating conditions are very tightly

defi.ned. There i faBRr$RECEbiSr IR i O Rhnikhent ¥PEorh fwdith RleflREtric
di scharge invol ved, dis he err] renoval

ALl th 15 di scl os t hat t
depends upon el efﬂgﬁﬁflﬁﬁ?gﬁﬁ:%ﬁqﬁbe%ro Tom; LRE| YRRQWH MPSSe structure

of the 'corona-catalytic' materials not the inter-nolecular interactions

involved Ln the presefhel Mo mal®htel & BEnSBAL SULL s R  aneous

renoval of hydrocarbons 20 fromthe gas streans being treated by the
i nvention of US 5 147 516.
The invention will now be described, by way of

example, with reference to the accompanying.drawing which
is a longitudinal section of a schematic plasma assisted
reactor embodying the invention for the treatment of

10 internal combustion engine exhaust gases.

Referring to the drawing, a reactor 1 for the
treatment of internal combustion engine exhaust gases to
reduce emissions of pollutants such as carbonaceous and

15 nitrogenous combustion products therefrom consists of a
stainless steel reactor chamber 2 which has an inlet stub
3 and an outlet stub 4, by means of which it can be
connected into the exhaust system of an internal
combustion engine (not shown). The chamber 2 is arranged

20 in use to be connected to an earthing poiht 5. Within
the chamber 2 are a cylindrical inner electrode 6 made of
perforated stainless steel sheet and an earthed outer
electrode 14 co-axial with the inner electrode 6 and also
made of perforated stainless steel sheet. The electrodes

25 6 and 14 are held in position by two insulating éuppdrts
7 and 8. The space 11 between the electrodes 6 and 14
and the supports 7 and 8 is filled with a bed of pellets
illustrated highly diagrammatically at 12 made of
zirconia or a mixture of zirconia and titania, as

30 discussed further below. The upstream electrode support

7 has a number of regularly spaced axially-oriented holes
13 around its periphery so that exhaust gases entering
the reactor 1 pass into the space 15 between the outer
electrode 14 and the wall of the chamber 2 before passing

35 . radially through the bed of pellets 12 and leaving the
reactor 1 via the inner electrode 6, as shown in the
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US patent 5 284 556 does disclose the renoval of hydrocarbons frominternal
combusti on engi ne exhaust 25 em ssions. However, the process involved is
purely one ‘of dis tion in‘an el ectri-cal dlscharge of the

silent' type, v\&onsggqu to say, a discharge which occurs bet mepécﬁ?cfy%iﬁﬂ

el ectrodes at | east one of which is |nsulat8d The device described is an
open di scharge 30 chanber, not a packed béd®déevice. Mention is nade of the
possi bl e deposition of a hKIerr]-redu0|ng catal yst on one of the
el ectrodes. | n adpeeteier dontimsulated peedtpirrzandhod OoForRaFgedowEut

pﬁ_rticul ate rmtt@foxbyaeécﬁﬁtcrénlsst e eléewﬁéaﬁlpmérmmow t?e ﬂm&rer ig
(s oase, preciitatian iy LaKE pl noepatslatcraplantyglgl res
i mproved met hod pbrrehketreidvdls suffacientultr @cm a plasma within the -
5 interstices between the pellets 12. A convenient
potential for this purpose is about 10 kV to 30 kV, and
may be a pulsed direct or continuocusly varving
alternating potential, or may be an interrupted
continuous direct potential. Typically we employ a
10 potential of 20 kV per 30 mm of bed depth.

Zirconia as an active material in the gas permeable
bed is expected to have a catalytic effect in addition to
promoting the establishing of a plasma in the exhaust

15 gases passing through the reactor 2, but in a number of -
forms has shown poor performance in the treatment of
exhaust gases from internal combustion engines. We have
now found improved performance is achieved by using a
form of zirconia manufactured by Norton Chemical Process

20 Products Corporation and marketed under their product
code XZ 16052. 1In pellet form this material has a

nominal surface area of 95 nﬁgd, a pore volume of 0.31

3 -1 . -3 . . .
cmg and a density of 1.17 g cm . This form of zirconia

has the property that it does not adsorb water from the

25 vapour phase. It also has a bimodal pore structure with
the respective pore diameters centred around 40 nm and 8
nm.

Further, we have found that when pellets of zirconia
30 in this form are mixed in the gas permeable bed with
pellets of anatase titania there is a symbiotic
improvement in performance in the treatment of internal
combustion engine exhaust gases as compared with the
performance of the zirconia or anatase titania on their



ni trogenous- oxi des fromthe exhaust gases enitted by internal combust i on
“engi nes. According to the present invention in one aspect 10 there is
provided a reawbessf2es the plasma assisted treatnent of the FCAERIYHE
froman internal conbustion engine to reduce the em ssion of pollutants
therefrom conprising a reactor chanber adapted to formpart of an internal
conbusti on engi ne exhaust system the reactor 15 chanber including at |east

two-gas perneabl gl ecty Q@%&%ﬁsgc%fﬂﬁiﬁr@g‘ﬁs@ iBQé?Qv d%quay

per neabl e bed of active material and nmeans const raini exhausSt dgases
to pass through PHeCHRY ofolims ¢€ Fakerialand #iurondas ipeFheapletwrect r ode,
characterised in that the bed of 20 active material consists at |east

primarily of zirconigd %é.gleg%ﬁﬁwhgghugé)q&éﬁ%tg %”%O&Qﬁf%@&? nV Ozuerduc-%hle

zirconia may have a bi o of e structure. i I 'nventi'on Wi now
be descri bed, by hRySBYS AL, DAFFATRIE ek A tdivulat e oRpERGIaREQMSaW ng
which is a |ongitembuwsd icegidoduces ar&f hiaiBdda 1DlRabRsa$6hSéflines, the

exhaust gases from a diesel generator set were passed

through a reactor similar to that described ébove; in

which the bed of active material (12) comprised pellets
10 of zirconia as described above. The concentraitons of

nitrogenous oxides (NO,) at the inlet and outlets 3 and 4

' respectively, of the reactor 2 were measured. The
difference between the two values was taken as a measure

of the ability of the reactor 2 to remove NO, from the

15 exhaust gases. Similarly, the inlet and outlet
concentrations of carbon monoxide were measured for the
same reactor and operating éonditions. An increase in
the difference between the two concentrations of carbon
monoxide was taken as an indication of the removal of

20 particulate carbonaceous combustion products in the
exhaust by oxidation to carbon monoxide.

The experiment was repeated for different values of
the potential difference applied across the bed of active
25 material 12. The results are tabulated below:

Electric potential NO_ reduction CO production
- across reactor bed x
(Rv) (ppm} (ppm)
0.0 68 5
5.5 64 8
6.6 67 13
7.7 , 80 _ 13
10.2 93 14
11.6 97 16
13.3 108 15




reactor enbodying the invention for the treatnment of internal conbustion
engi ne exhaust gases. 30 Referring to the drawing, a reactor 1 for the
‘treatment of |@%§%}g§ conmbustion engi ne exhaust .gases to redySEchyilstl ONS
of pollutants car bonaceous and nitrogenous. conmbustion products

t herefrom consists of a 35 stainless steel yeactor chanmber 2 which has an
inlet stub 3 and an outlet stub 4, by meang 6f which it can be 4
connected into the exhaust systemof an jipternal conbustion engine (not
shown) . The charfde&ctriicspakeahiel|i n Noe dedukeieanneft e eradussiohi ng
point 5. Wthinp &S ﬁFB?F°2 Be@|a cylindrical innef electr 6 made pf 5
perforated stailnl ess st'&¥) sheet and an e®Med outef el ectrode 14 co- aki al

with the inner [electrods.d and al $o0 123 50
17.1 121 59
18.0 119 77

21.0 ' 99 107




made of perforated stainless steel sheet. #@?dﬁr tgmpggg@ and 14 are held
I n position by two insulating supports 7 , space 11 between_ the

el ectrodes 6 syoloshs2130 and the supports {_and BZ’H *f | L ed i PEIGBIRAGTS
pellets illustrated highly diagranmatically at 12 nade of zirconia or a

m xture of zirconia and titania, as discussed further bel ow. The upstream
el ectrode support 7 has a nunber of regqularly spaced axially-oriented hol es
15 13 around its periphery so that exhaust gases entering the reactor 1
pass into the space ween the outer electrode 14 and the wall of the
chanber 2 before passing radially through the bed of pellets 12 and | eaving
the reactor 1 vija the iBA8tof! &8¢ e flasas abBeistéed pfscessilg ¥F 32213

PCT/ GRo8/ 03704 -br_ draweng; A Losulaled eed bopeuahadOeFopiect s out put

5 including at least two electrodes (6, 14) between which
there is disposed a gas permeable bed of active material
(12) and means (6, 7, 13, 14) for constraining the
gaseous medium to pass through the active material (12)
characterised in that the bed of active material (12)

10 includes zirconia. '

2. A reactor for reducing the emission of. pollutants
from an internal combustion engine, comprising a reactor
chamber (2) adapted to form part of an internal

15 combustion engine exhaust system, the reactor chamber (2)
including at least two gas permeable electrodes (6, 14)
between which there is disposed a gas permeable bed of
active material (12) and means (6, 7, 13, 14) for
constraining exhaust gases to pass through the bed of

20 active material (12), characterised in that the bed of
active material {(12) consists at least primarily of
zirconia. '

3. A reactor according to claim 1 or claim 2

és characterised in that the active material (12) comprises
zirconia in a form which is porous with a bimodal pore
structure. ' '
4. A reactor according to any of claims 1 to 3

30 characterised in that the zirconia is in a form which

’ does not significantly adsorb water from the vapour
phase.

5. A reactor aécording to any preceding. claim
35 characterised in that the bed of active material (12)
includes titania.

This Sheet Has Been Replaced
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froma source 9 of electrical potential to ﬁh% n,nex.hgég%%'ade 6. The
potential thus applied across the bed of~pe|| 21 Pijcient to excite
a plasma W t hiyggbd)af3 i Nterstices between g et‘ D_LZ A [BONEBIBIRTVY
potential for this purpose is about 10 kV to 30 kV, and may be a pul sed
direct or continuously varying alternating potential, or may be an

i nterrupted continuous direct potential. T¢Bically we enploy a 10 potenti al
of 20 kV per 30 nm of bed depth. Zirconia as an active material in the gas
perneabl e bed is expected to have a catalytic effect in addition to

PL onot Ih ntght he esg abl IASIi*e&@t@f: ac@&@n%’ffﬁ; it Emglﬁxb%ﬁéﬁé&eﬁ% 1Pia]§ﬁ!a€9
roug e rea a_nunber as_shown p or mance
in the treat men'?é]% auschéggsm?rr%r‘fﬁaiq‘nt(é‘%af‘sc?)n’ﬂh’é'f‘f"bpﬁ %fggqqﬁ‘@& W have
now found i npr omtﬁerhbfoﬁnﬁnme pf zitdaniedabyl 6dtagia. form of zirconia

manuf actured y Norton Chem cal Process 20 Products Cor poration and

mar ket ed under t;'uel r product code 16052. pgl | et for mthis materi al
has a A" reactor according to Clalm or claim 6

characterised in that the titania is in the anatase
phase.

10 8. A reactor according to claim 5 or claim 6
characterised in that the titania is textured rutile
phase titania.

9. A reactor according torclaim 5 or claim 6
15 characterised in that the titania is in the form of a
' mixture of anatase and textured rutile phase tltanla
10. A reactor according to any precedlzg claim
characterised in that the zirconia is that manufactured
20 by the Norton Chemical Process Products Corporation and
marketed under their product code XZ 16052.

This Sheet Has Been Replaced
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nom nal surface area of 95 nferr]g[err], a pore valume of 0.31 3 -1 cmg
and a density of 1.17 g cnferr]. This form of zirconia has the property
that it does n@loq@gssasb water fromthe 25 vapour phase. It alma/dwvensos . -
bi rodal pore structure with the respective pore dianeters centred around 40
nmand 8 nm Further, we have found that when pellets of zirconia 30 in
this formare mxed in the gas permeable”ﬁad with pellets of anatase
titania there is a synbiotic inprovenent in performance in the treatnent of
i nternal conbustion engi ne exhaust gases as conpared with the perfornmance
of the zirconia or anatase titania on their WD 99/ 32213 3
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parts by vol une of titania and zirconia in the mxture. As gn exappl e, of

the use of the invention to reduce 5-Lheten195|ons of nitrogenous and .
,partlculate car bonaceous conbusti on products Fron1rnternallconbustron
engi nes, the exhaust gases froma dleselage@enatow set wer e ‘passed’ thr0ugh
a reactor simlar to that described above, in which the bed of active
material (12) conprised pellets 10 of zirconia as described above. The
concent r ai t ons HoWevierr,odansbd sociages ENgaimitation Msuadllat takemwplace 3

and 4 respect i ypky, 18k gEhe plARIOL IR ifiball ieslidid ey ence bet ween

the two values was takén as a neasure of the ability of the reactor 2 to
remove NJ err] fromthe 15 exhaust gases. Simlarly, the inlet and outl et

concentrat i ons. of Caltb%@ BBNebjdetete t@ﬁﬁ@ft;e@éﬂtoru%d&ﬁm ﬁceqsxt@ﬁ@@d
operating cqnditigns n Jjncrea n t i fference be en the two
concentr at i ons &5 WEXFW&% gle ﬁﬁ&s t?’& agn qacﬁ%%% &5 1 eppyal
of. 20 part i cul almr@@telmmm&pmislersotﬂnm itdre pe*:ddwﬂts gasas eemediicad tbpy

oxi dation to C%&Q%Qn%&“%ﬁﬁﬁﬁstion engines.

According to the present invention in one aspect

10 there is provided a reactor for the plasma assisted
treatment of the exhaust gas from an_internal combustion-
engine to reduce the emission of pollutants therefrom,
comprising a reactor chamber adapted to form part of an
internal combustion engine exhaust system, the reactor

15 chamber including at least two gas permeable electrodes
between which there is disposed a gas permeable bed of
active material and means for constraining exhaust gases
to pass through the bed of active material via the gas
permeable electrode, characterised in that the bed'of

20 active material consists at least primarily of zirconia
in a form which does not absorb water vapour.

The zirconia may havé a bimodal pore structure.

( 25 The invention will now be described, by way of
| example, with reference to the accompanying drawing which
is a longitudinal section of a schematic plasma assisted
reactor embodying the invention for the treatment of
internal combustion engine exhaust gases.
30
Referring to the drawing, a reactor 1 for the
treatment of internal combustion engine exhaust gases to
reduce emissions of pollutants such as carbonaceous and
nitrogenous combustion products therefrom consists of a
35 stainless steel reactor chamber 2 which has an inlet stub
3 and an outlet stub 4, by means of which it can be



The experinment was repeated for dlfferent val ues of the potenti al
di fference applied across the bed of actqwe 25. mat erial .12. The results -ar e

t.abul ated bel ow Electric potential - hKIerr]creductdon‘ f ©o . :
production across reactor bed (Kv) .« “ K (ppn)x(- (e o e
(ppn) 0.0 : 68 64
.6 67 13 7.7 80
13 10. 2 . connected daito the exhaust systiemidf @n internal 97
16 13.3 1 %ﬂgﬁﬁ% 2214
PCT/ GB98/ 03704 coénlml’:?'l é&nrll C g‘|olc?t(-:‘en(tno‘:l shovm er ﬁh? educt | o]% Z1s err?%ged
producti on in use to be connected to an earthing point 5. Within

the chamber 2 are a cylindrical inner electrode 6 made of

5 perforated stainless steel sheet and an earthed outer
electrode 14 co-axial with the inner electrode 6 and also
made of perforated stainless steel sheet. The electrodes
6 and 14 are held in position by two insulating supports
7 and 8. The space 11 between the electrodes 6 and 14

10 and the supports 7 and 8 is filled with a bed of pellets
illustrated highly diagrammatically at 12 made of
zirconia or a mixture of zirconia and titania, as

—

discussed further below. The upstream electrode support
7 has a number of regularly spaced axially-oriented holes
15 13 around its periphery so that exhaust gases entering
the reactor 1 pass into the space 15 between the outer
electrode 14 and the wall of the chamber 2 before passing
radially through the bed of pellets 12 and leaving the
reactor 1 via the inner electrode 6, as shown in the
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across reactor bed (Kv) ‘(ppm) 15.2 ' 123 3
50 17.1 121 Ve o 59 18.0 o e 1&9
77 21.0 99 C ' 107 "daims 10 A reactor
for the plasma assisted treatnent of the e aysl ‘gases ffom-an—imternal

conmbustion engine to 5 reduce the em ssion of pol | ut

conprising a reactor chanber (2) adapted to form parr‘iﬁma\i@ ““ ﬁﬂ““‘
conmbusti on engi ne egh&ime system the reactor chanbe Ing *at -

| east two gas perneabl e el ectrodes (6, 14) between which there is disposed
a gas perneable bed of 10 active material (12) and neans (6, 7, 13, 14) for

constraini ng ekhausk gasetorofpasshEhpbagmathssbéaedftreatment of the
exhaust gases from an internal combustion engine to

5 reduce the emission of pollutants therefrom, comprising a
reactor chamber (2) adapted to form part of an intermal
combustion engine exhaust system, the reactor chamber (2)
including at least two gas permeable electrodes (6, 14)
between which there is disposed a gas permeable bed of

10 active material (12) and means (6, 7, 13, 14) for
constraining exhaust gases to pass through the bed of
active material via the gas permeable electrodes (12),
characterised in that the bed of active material (12)
consists at least primarily of zirconia in a form which

15 does not absorb water vapour.

2. A reactor according to claim 1 characterised in that
the active material (12) comprises zirconia in a form
which is porous with a bimodal pore structure.

20
3. A reactor according to claim 1 or claim 2
characterised in that the bed of active material (12)
includes titania.
{ 25 4. A reactor according to claim 3 characterised in that

the bed of active material (12) is a mixture of equal
parts by volume of zirconia and titania.

5. A reactor according to claim 3 or claim 4
30 characterised in that the titania is in the anatase
phase. '

6. A reactor according to claim 3 or claim 4

characterised in that the titania is textured rutile
35 phase titania.
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active material via the gas perneabl e el ectrodes (32), chargcterised in
that the bed of active materi al (12)(00m5|sts'at | east priparilyiof, ;|
zirconta in a formwhich 15 does notiabsorb mater yapourt 2. : ‘A teactor
accordlng to claim.l characterised in thatlghe'acvlve naterial (12) *f
conprises zirconia in a formwhich is porous with a binodal pore structure.
20 3. A reactor according to claiml or claim2 characterised in that the
bed of active Tatera a:rea(qtz;rmmmmmmhalmB ar claimedctor according

to claim3 chag &éé é ﬂu?rﬁeth?etﬂédtQ{:aﬁES' Y§ PR ehbakoth2bri & @

m xt ure of equ art zirconta_and {itanja. 5. A reactor
according to dmﬁﬁﬁﬂ%ﬁdﬁfC4Qﬁ%§%e3@n@hﬁ?§EF€F¢s€EtF%etHaﬁs?hglFFP&ﬁla isin
the anatase phase. 6. A reactor accordlng to claim3 or claim4
characterlsed |n that the titani a extured ruti

A reactor accor 1ng o any preceglng claim
characterised in that the zirconia is that manufactured
by the Norton Chemical Process Products Corporation and
marketed under their product code XZ 16052.
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35 phase titania. accey
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7. A reactor

char acteri sed

and textured rut
preceding claim
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