WD 02/ 092197 PCT/ GB02/ 02139 1 METHOD OF TREATI NG ATMOSPHERI C POLLUTANTS
The present invention relates to a nethod of reducing at |east one

at nrospherwo 02891127 di si ng pol |l utant, such as ozone (03) or PaTiGRIgEm3di OXxi de
(NO2), with a reducing agent and to an apparatus for treating at |east one
at nospheri c oxidising pollutant and at, | east one atnospheric reducing

pol lutant, e.g. a hydrocarbon. Ground-ll evel 03, a conponent of snbg, is
created from t heMEEIOIPOFFREATINGEATMOSPHERIE OO BANTRY dr ocar bons
(HO), fromvehiclTe and rndustrral em ssions. Al dehydes, organic species
having a relatively high Maxi mum I ncremental Reactivity adjustnment factor

organi o gases HEdReshonugiondeleee EaefEy, dieing lch el Ao RRERET 17"
Agency AokididRes polluisntFueh ds d2dre O etsitrogenldi8gille (MOS), alither redadg egent Par t - of
this reaction i1s 15 catal ysed by sunlight and can be r?present eg by two
equat i ongnd {q §n appasatygip tepting ajdeast 9@2@1%14@“0 pagisingpellutant gndgjeast op
_.>hv 03 rAN @) A e 35S, spiratory ailnments and is a
parti cul ar pr o%&ém I gdl@%% Eog%ﬁag'ﬁgef%q@fl@grrbhﬁa basin, Los Angel es and
Houston, Texas in the USA. In WO 96/22146, Engel hard describes the concept
Composi 1 on f SROVKERYFh {0 8OMBOnFHG<S o SHHERFEROBOR GTHes oLBLMERS 03

al ongg 0 rﬁ:@f&é} 8 OchiclEeh@ dubifral diSsions! Ml déss

pr ef gér)abi%;/(ﬁftg Qfégéfﬁg eat g)%c%g%)érf@%uchc as a radiator 3?_ ai r?éél?;ndi tioner
condens ergdnac speetds \Waving ra tetativebh higheMaxiemuh decronensalr Reastivity Adjusteenyehi cl e
is propelled .through. the atnosphere, pollut.an S nded J.n th

at rrospherf%“%ro@f[ﬂ‘%)t gi?%é(nﬁms? -e5§gq§ersa('%a ,déﬁg?ﬁjgﬁﬁi !ﬁéﬁg eN?’BFﬁﬁTmal?i on of
the corrp@%%a&ﬁ@gase& test ¥R, MR COMELA Fhviabnhéifal RiviEBACAsmcPXAidi Si ng
pol lutant 03 to oxygen, and/or the oxidation of the atnospheric reducing
pol | ut antReseurbo Baarsh drted eAngust & BIR?).dpwsx hlde rapdiced. Bertpf thas wgaclpn dfd

car b%‘ %iat%i(yisgf by %’é tRaI\r/lﬁ-I;Ialgl\)Ie (t%%?gsented by two equations:

@ O, + RCH,CHj; + NO —» RCH;CHO + NO; and

() NO;+0,-5™0;+NO.
20
Smog can cause asthma and respiratory ailments and is a particular problem in the

southern California basin, Los Angeles and Houston, Texas in the USA.

In WO 96/22146, Engelhard describes the concept of coating an atmosphere-

25  contacting surface of a vehicle with a composition for treating one or more atmospheric
pollutant, such as O3 alone, O3 and carbon monoxide (CO) or O3, CO and HC. The
surface is preferably that of a heat exchanger, such as a radiator or air conditioner
condenser, located within the vehicle’s engine compartment. As the vehicle is propelled
through the atmosphere, pollutants suspended in the atmosphere contact the composition

30  and, depending on the formulation of the composition, it catalyses the reduction of the
atmospheric oxidising pollutant O3 to oxygen, and/or the oxidation of the atmospheric
reducing pollutant carbon monoxide to carbon dioxide and/or of HC to water and carbon

dioxide.
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WO 02/ 092197 PCT/ GB02/ 02139 2 By "atnospheric oxidising pollutant” herein,
we nean an atnospheric pollutant that has the potential to oxidise other
at nospherwo opobilgrants in a redox reaction. Exanples of CrucioLi3e

oxi dising pollutants are 03, NO2, nitregen tetroxide (N204) and sulfur
trioxide (SO3) 5 By "atnospheric reducing pollutant” herein, we mean an

at nospheric p u . . , Lal to re 0 L. . almspheric
pol lutants i nqgg' r etg@;s(pl}egg%#}dg%ﬁg kgﬁll-ltgﬁ %@{qlrggweeglgénpglgéﬁg?stpg?%gé@}? c
reduci ng thal hat @it potential pdoxidize bsther afedsphéritgpoliitimfdhi £ rbdsk eeRtibrans,
e.g. al kaﬁpﬁes, %?fg cycl Lc, hydr.ocar bons; paraffins; olefins, alkenes 10, and
al kynes; Hamlesptatmespheris Gadisingipelueal armQatNPa nitpery thtioxiderdnQs) and

car boxyl igg ﬁﬁ’& SO )_sul fonic acids; partially oxygenated hydrocarbons

i ncl udi ng éPﬁe ydes, “conjugated al dehydes, ketones, ethers, alcohols and
ester9; am des; ammoni um conpounds; aromatic hydrocarbons and
cycloparaffins, any of the above including one or nore nijrogen-, sulfur-,
oxygen- or phi%’bh%%@lﬁflﬁ CHS p‘é‘ﬁﬂ%u}‘erg}noﬂed@e%ﬁp %’ERSPE@?“OP&B%‘T“{W cul ate
matt er CQRRARRNAS pShRISS 8&iuct OMer tbospheRO PoliutRiid W a(Bdo:IRfbAGH Non-

herei nbel ow). Engel hard markets a vehicle radiator having a catalytic

coat i ng flanitingdersimples08f amdspheriteretincioe prdlutaniy ereAiby@rocarbbes dintluding

PremAir(r). o._he found,on Engel hard’ 20 website at

o EngerRPAR B Gatia A Apifes BT sV FisdsrosBibor: Torifig olefingoallienes
undengt anddt fRyndshelidkdney Enétadiap i énj@atdd ansaNirkRl ek dréchiBdmR! Tatboxslic,
manganese- based conponent, cryptonel ane (KWh8016. XH2O, structurally
rel ated tRSTQEyMROSplfomsapcds; partiellt ovxygenaties budiocatbonse dnadwdingr aldehydes| vo
product i n [ e, th 3 | yxury sedan _i.n n
througho(ﬁl’tIa m%%?%%egﬁ%%] ggtg)éeslz?‘gﬂshe coi)o?szfngf %%SQME%G,%%@%HH at ed:
"adsor pt icompoangso ardiatio hydeaarbahs and eydiGReaffios, i Of khp sbdvdtiacliging Wab as
hydr ocarbons and/or particulate matter for |ater oxidatign or subsequent

removal . ODSRATE ItERenY ST QY 2a B rRAOPRIRTSOHPBS ¢ Porphyripxide asksnatt es,
ot her s Ml CplrAuist SiiGRer ShRnts- eMAHERE HARN 2N Bl it AfS EBide8"

hereinbelow).

Engelhard markets a vehicle radiator having a catalytic coating for reducing Os
under the trade name PremAir®. Details of PremAir® can also be found on Engelhard’s
20  website at www.Engelhard.com/premair. It is also described in its WO 96/22146. We

understand that the active material on the marketed radiators is a manganese-based
component, cryptomelane (KMngO6.xH;0, structurally related to o-MnO,). Coated
radiators have been fitted on certain Volvo production passenger vehicles, e.g. the S80
luxury sedan in USA and throughout Europe.
25
At page 12, lines 16-24 of WO 96/22146, it is stated: “adsorption compositions
can also be used to adsorb pollutants such as hydrocarbons and/or particulate matter for
later oxidation or subsequent removal. Useful and preferred adsorption compositions
include zeolites, other molecular sieves, carbon...Hydrocarbons and particulate matter
30  can be adsorbed from 0°C to 110°C and subsequently treated by desorption followed by
catalytic reaction or incineration.” Further details of “adsorption compositions™ are given
at page 48, lines 13-37. There is no Example in WO 96/22146 showing the ability of

precious metal-free adsorption compositions to treat a synthetic gas mixture including



30 can be adsorbed fromOC to 110C and subsequently treated by desorption
foll owed by catalytic reaction or incineration." Further details of
"adsor pt iwo oeomIesi ti ons” are given at page 48, |ines 13P8T/GBIROLBYI S NnoO
Exanple in WD 96/ 22146 showi ng the abiBity of precious netal-free
adsorption conpositions to treat a synthetic gas m xture including WO

02/ 09219 hdth0; &R BYdrédatBons3vilRubinds! O ueiiReabPeNhe WidoRMdn domhpshuitng the
destruction 019 t he” adsor ption conponen itself. _ W have now found t hat
a precioutseetal free trap material including at least one 5 trapped

at nospheric reducing pol lutant can reduce at | east one atnospheric
oxidising pollutant. Consequently, the at |east one trapped atnospheric
reduci ng pol | Wamavé h&® fbundhat PprebieiRtnetACHES Hhp BateflallnBludnp ot leaitfonkhe
present invention, there is provided a nethod of 10 reducing at |east one

at nos Phertrappes iatmespherip siduging rmollufanth can reduoe iah dpasigens: atmaisphsiic oxidisiog
i { i { duci { ith t .at t heri
ot 51 g PG Coreolfiy o HTEB® p B iBbnel AetberS b ERE po PR ERRIRE "' ©

net al - frexidisgdp material including at | east one trapped atnospheric
reduci ng pollutant, whereby as the at |east one atnospheric oxidising
pollutant is reduced the at | east one trapped atnospheric 15 reducing

pollutant is oxidi i | Gl . Of i S dition
(1990) - Ed. - DAVAEERL SR apprdt e Blesbd hAntofl eV piided SRERRT "\ oo
added(t o reducic bt deastvon¢ wirmospherivg osidisigy poHitantofvitht 4 aédudtigt ageht, eghiichi br i um
in the syst formal |y without itself undergoing,a 20 pernmanent change." It
will be mﬁ iCQMPESE S\?nt?%’é‘gc@ﬁﬂiﬂ‘i‘&‘@&) Aeent with the atdeast jope atm@sheric| east
one trap i i i I . I ¥ ch
since i nm&tggﬁg&ggﬂg&t, %%f?ﬁgﬁgg%@@gi%ﬁ g b@)?flg%ss?r%&po I%?%lnft‘r;@ét g at

| east onematerig peeluding ablepsione trapredatiosphpnit reduaing pollst@hf wherebyiaslitead. Thi s
mechani smalso differs. from.t hat, described el hard above in that the
Conbi nat At e o Eictic axdlibibn Boludt JE e,k ab S one vrmdrka g metiut an
and tise tred@uinPpdtfukadl iCoidif®l. both the reduction of the at |east one

at nospheri c oxidising pollutant and the oxidation of the at |east one
trapped atnospheric reducing pollutant, whereas, according to Engel hard,

the HCis Tirsg, Penguin Dictionary of Chemistry, second edition (1990), Ed. D.W.A. Sharp

defines a “catalyst” as “A substance which when added to a reaction mixture changes the

rate of aftainment of equilibrium in the system formally without itself undergoing a
20  permanent change.” It will be appreciated that the combination of a trap material and at
least one trapped atmospheric reducing pollutant is not a “catalyst™ as such since in
reducing at least one atmospheric oxidising pollutant, the at least one trapped
atmospheric reducing pollutant itself is oxidised. This mechanism also differs from that
described by Engelhard above in that the combination of the at least one trapped
25  atmospheric reducing pollutant and the trap material causes both the reduction of the at
least one atmospheric oxidising pollutant and the oxidation of the at least one trapped
atmospheric reducing pollutant, whereas, according to Engelhard, the HC is first

desorbed before it is oxidised.

30 By “precious-metal free” we mean the absence of a catalytically active amount of
a precious metal such as gold, silver or any platinum group metal, e.g. platinum,

palladium or rhodium.



desorbed before it is oxidised. 30 By "precious-netal free" we nean the
absence of a catalytically active anount of a precious netal such as gold,
si |l ver orwer/opdiati num group netal, e.g. platinum pal | agdcaraRre/oetsodi um
WO 02/ 092197 PCT/ GB02/ 02139 4 By "tragped", we nean adsorbed or absorbed

I ncluding the physical interaction of a trapped species with a trap

mat eri al such «“ v ondi nd._I gni ' C tatic
bondi ng, such %2 E-épgclegnﬂgg ?ﬁiﬂgaalragérg&o c%’sS 0%%%%@?@%% %8%%%81“?%5{@21 to the
nat ur e of of hrapiped ppevidsewithl, tra. iateridl Gudl BIgNeFaleht badisk and ®hiceondingcertain
zeolites, reactions of and between trapped species _can be pronoted in situ
usual |y fedsleqtrosigtic honding,suehas hyornder R’é‘@@ astar hydeogar bendingaon- | i ni ti ng
exanpl es of reactions which include al dol condensation, oligonerisation
and partial fragnentation, e.g. of saturated HC, pol ynerisation and

coki ng® The t eDue ta thapmack of the srph maieeial, eguthepgeséiice effiacides sited ia.certain

i ntended to.enbrace tra pe‘g sggci es an‘ﬁj Broducts of the in situ rg%?lction

of trappeffolffScreastionsnal and hepurenJiapped SBefes hlk bE RIPwRtedsi i paallyng

at mospher tegylfids 3 thd formafBh FFUET Wati®e YRBjes! Eon-ﬁhﬁt‘i}%l&&ngﬁéb' BPRiabons
applications are equally viable, as wll be 15 explained below Carbon is
descr i bedwhich\igrlod¢ 2Ribl Gobderisation, aigamensatianiand pastidlufragrentateny iergy of

catal yst conpositjion (see. page 44, firs r agr.aph nd patch #8 and #12 in
Exanpl e 3°% ‘“cia%gs pgg'—“%bsgté and, cgifogy EFP?%ﬁfflgoﬁ%Bh“éﬁ?g?&?he 2fEU98E | i nes
25- 3010, Wetied” étk. is §nt3ﬁhdaQ§5e'nﬂir5tettﬁ§Be4 §Rcies AP Prodakts IR B dike reddtiobel 1 eve
that any 03 contacting the HC adsorbed on the carbon will result in the
dest r uct i ®firapped specigar bon cat al yst/adsorber itself according to the
equation C+ HC + @ -* CO2 + H2O. This is in contrast to the nethod of
the present invention in which the trap material, e.g. zeolite, is
substanti al | y OnerapplicdbioAnfor nuer sadtvafientisiie eatihfeatpossieit ONwadtHon is
that the atnmospheric reducing pollutant is trapped to _react with the

at mospher santastedbys o yghigls) pithanigh nepunghile applieatipns areagqyally (vinblesae 2l beor

reactign p@m& we- 9. gas phase oxidation. It is also a preferred
feature of "the met(f'uod that the trap material is such that the residence

time of the

Carbon is described in WO 96/22146 both as an alternative pollutant treating
catalyst composition (see page 44, first paragraph, and patch #8 and #12 in Example 3 on
pages 51-55) and an adsorption component (see page 48, lines 25-30). Whilst it is

20 possible that the carbon may adsorb HC, we believe that any Os contacting the HC
adsorbed on the carbon will result in the destruction of the carbon catalyst/adsorber itself
according to the equation C + HC + O3 — CO; + H;0. This is in contrast to the method

of the present invention in which the trap material, e.g. zeolite, is substantially inert.

25 An important feature of the present invention is that the atmospheric reducing
pollutant is trapped to react with the atmospheric oxidising pollutant and not merely
trapped to release for reaction elsewhere, e.g. gas phase oxidation. It is also a preferred
feature of the method that the trap material is such that the residence time of the
atmospheric reducing pollutant on the trap material is increased. This enables the nature

30  of the trap material to be “tuned” to trap particular atmospheric reducing pollutants.

For the purposes of the present invention, “atmosphere” as defined herein is the
mass of air surrounding the earth, and “atmospheric pollutant” etc. should be interpreted

accordingly. For the avoidance of doubt, the atmosphere is not comprised of any



at nospheric reducing pollutant on the trap material is increased. This
enables the nature 30 of the trap material to be "tuned" to trap

parti cul awoariexpheri c reduci ng pollutants. For the purpo®€I/GHO20b39 pr esent
i nvention, "atnosphere"” as defined her&in is the mass of air surrounding
the earth, and "atnospheric pollutant” etc. should be interpreted

accor di nglimos rictcbﬁdi&‘ﬂg'féﬂﬁﬁaﬁt BleséR iR g RRNAITRSRAR! & dripifCinI&SMG! sed of
any WO 02/092197 PCT/ GB0Z/ 02139 5 atnospheric oxidising pollutant present
in a gas dntldbegasexits toratmaspherg ancexbalst systeamcarrying it t he gas exits to

at nosphere an exhaust systemcarrying it. An advantage of the present

I nvention is that one atnospheric pollutant is used to 5 destroy another
with the resul AntaiedntdpRtof tidd prescP RiveRionqs that 80 Sndkshefie PoRIaRTs Liged!t8SS

pol luting species. Mreover, the invention provides the advantage that the
at mos pher festrog qnethary withothe uesul that beth atmespherie polutents\ase conertedredesshat ar e
nore |ike I according to 10 equation (i) above, are selectively
treat ed. k%l}&etﬁgesgégc?élsi/e at nospheri c reducing pollutants have rel atively high
M R adjustnent factors in the Table at Appendix 1 of "Californian

Non- met hane organi c gases test procedures”, The California_ Environnmental
Protection Ag¥QEpver theinysntien Proyides thepdsantage that the atmospheriq redugigat ed

172" pr op o Sl HEf are MO Pyt e RSB ¥, ARCIRS, M H et bedor 00 G

) substi benzenes an ehyde
have Hel aequatioly (ihabpive MrRsalegtivetynesatedt MororeactiveGameosphietiy redubingpotiatantsact i ve

th t heric.reduci [,] ut t t he, i kel it t e t d
the trap TGP ALY Rl ALt Bastors i dableck ARPeRSiTsphSADRBRL| ng
pol | ut ant NBaYidthna o gMeBt&@bf&E&fﬁébt” TRE CalifdiiabRkdeaiAl Pidtdeibhe 03 20

In a preferred embodi nent, the nethod of the invention provides a further
step of Agencachir Resotmee droard dated ryigusteS,t 19498, imbmporated hetein by réfemsce.one

agent for ' t least . one,at er.ic | di si ol,lutant .. This
201t i onar e Wt BlacttkrieRAion rTor BRG s, 1) Plopadnd Sty piatio
at nospher substitachd Cienger2 | dndt RFthaliéhyde HaGE rélRBvedy  hi @A MIRO ARG uRineRS RdRES. C
oxi di si ng_pol | ut glr}:i!’got he efficiency of the nmethod according to this

enbodi menfeReallve fecmoresagtive the atmasgherisredustneorpihiantcthe mare dikely ibisitout ant ,
e.g. 03, b&rﬁb@Bﬁ%ﬁ%gﬁ&%x?&é%ﬁ%gdgsteatJ HOLN9/0 ARPEEdn athBSpHeRY ML AP

provi des an par at us
pollutant having a lower MIR adjustment factor by combustion with the Os.

20 In a preferred embodiment, the method of the invention provides a further step of
contacting the gas leaving the frap material with at least one agent for reducing at least
one atmospheric oxidising pollutant. This additional step ensures that when there is
insufficient trapped atmospheric reducing pollutant to reduce the at least one atmospheric
oxidising pollutant, the efficiency of the method according to this embodiment to reduce

25  the at least one atmospheric oxidising pollutant, e.g. O3, is maintained.

According to a further aspect, the invention provides an apparatus for treating at
least one atmospheric oxidising pollutant and at least one atmospheric reducing
pollutant, which apparatus comprises an atmosphere contacting surface, a precious

30  metal-free trap material supported on the surface, which trap material is capable of
trapping at least one atmospheric reducing pollutant, and means for causing movement of
the surface relative to the atmosphere for contacting the supported trap material with at
least one atmospheric oxidising pollutant and at least one atmospheric reducing

pollutant, whereby the at least one atmospheric oxidising pollutant is reduced by a



| east one at nospheric oxidising pollutant and at | east one atnospheric
reduci ng pollutant, which apparatus conprises an atnosphere contacting
surface, wopreeilous 30 netal -free trap materi al support edPoen/GHoe/osuspf ace,
which trap material is capable of trapping at |east one atnospheric

reduci ng pol lutant, and neans for causing novenent of the surface relative
to the at rRaIRkien (@ the WrbambieRal th%“&tp%ﬁfte&let fr%;ﬁ)eﬂaz]ttﬁ{ok erib ey | €ast
one at nospheric oxidising pollutant and at [east e at nospheri'c reduci ng
pol | ut ant ,politank byhicthat lgast enss trapped atmosghehie rieducing dokuta 3otdnsdquontly S

reduced by0 ai\/e\# 02/ 092197 PCT/ GB02/ 02139 6 conbination of the trap
mat eri al aﬁ{bd“f & at | east one trapped atnospheric reducing pollutant,

whi ch at | east one trapped atnospheric reducing pollutant is consequently
oxi di sed. 5 For_the avoi dance of doubt, the surface can be a stationary
part i A a novi Aigr dieravosianesof doubs, the vinfage wan be iarstatioparyl parainnn sphimgeir
provided t in._elither case a.. enent causi ng neans, causes the novenent
of air relsg%é)pp TR gﬁrﬁrhgglﬁ%ﬁng@@gﬁtgg&ls %far‘iilgeﬁg?fe‘@?e BMVTECRE esent
i nvent i on caGsiigutan’ @aeP HRShORNUNE6T Ati%latil@1d®b shrfsR!l al ytic material is
required in addition to the trap material and trapped atnospheric reducing
conponent to treat the at | east one atnospheric oxidising conponent. Thus,
the present invygnii el ' . of , for.exanple 03
and HC wi t hout usi kgrﬁgéepensf\sidselpeg gﬁg@%g{ets%gt“%{elgg{)@% tﬁloa?(pﬁ?séﬁ Rt o‘ésr oup
metal 40  enggal pdtalytioiunaterldl Fhecquirad imaadditicl te ahe Deapaiyatemdleandalrabpat traps
at | east one atnospherjc reducin pol | ut ant . anples of trap naterials

Ex
i ncl ude hiPJROPAFTIC CBiUGINga COMBPRRRI 10 HpRicihesals ikant pue smasphesic oxidising
ol ecul ar o5y, Rl She!pdseft BbbdtoR!Eior BSHRl 1 Wealhldd GBI 7 SRAHALN N
species, alumnas, silicas, (optionally a rplhoush) alaum nosi 1 cates,
| ayer ed clGayandahid withomt usingicypensivesqatadtse snatetiabsr sich has platiymmrgtonpi métals s
zeolite, we {,ﬁfer beta-zeolite or zeolite Y and nost preferably ZSM 5,
opt i onal | y&EPd™ ™ Bubstituted, so long as the metal substituted zeolite
does net deconpose 03 per se, e.g. the zeolite is not transition netal
substi t ut ed.

The trap material can be any material that traps at least one atmospheric reducing
pollutant. Examples of trap materials include high surface area inorganic species such as
zeolites, other molecular sieves, crystalline silicates, crystalline silicate-containing
species, aluminas, silicas, (optionally amorphous) aluminosilicates, layered clays and

20  aluminium phosphates. Where the trap material is zeolite, we prefer beta-zeolite or
zeolite Y and most preferably ZSM-5, optionally metal-substituted, so long as the metal
substituted zeolite does not decompose Os per se, e.g. the zeolite is not transition metal

substituted.

25 The percent conversion of atmospheric oxidising and reducing pollutants depends
on the temperature and space velocity of the atmospheric air relative to the atmosphere-
contacting surface and the temperature of the atmosphere contacting surface. An
advantage of the present invention is that relatively large volumes of atmospheric air can
be treated at relatively low temperatures. An indication of the amount of air being treated

30 as it passes the trap material is commonly referred to as the space velocity. This is
measured as the volume of air per hour which passes across the volume of the trap
material and is measured in e.g. litres per hour of air divided by the litres of trap
material. That is, the units are reciprocal hours. Space velocities encountered by a

radiator mounted in an engine compartment at typical driving speeds of up to 100 mph



25 The percent conversion of atnospheric oxidising and reducing pollutants
depends on the tenperature and space velocity of the atnospheric air

rel ati ve wo oehg21a1 nosphere- contacting surface and the temwpgarGoane13of the
at nrosphere contacting surface. An advantage of the present invention is
that relatively |large volunmes of atnospheri c air can be treat ed at

el ati vel Yod SihdceBRAT 84 950000B0" A L1 96b, G0, 01RO Olop Yo, BBLES, |

treated 3 passes the trap nater ry re er

space vel 660,080 hThi s is neasured as the volunme of air per hour which
passes across the volume of the trap material and is neasured in e.g.
litres per hour of air divided by the litres of trap material. That is,

the units are {qi ;%gf%ﬁ@h el?r%rdﬁn ?‘fet m\éﬁ'ﬂs ddaﬁﬁngr}ﬁ&}émgt L &F BY ¢ ﬁ{faJ adi ator

mounted in an engi conmpart TENT rirving speeds of up to 100 nph
WO 02/992fiedativieGo thBamofieddis & pewer pslarttg@hé p@mrq;%ﬁtﬁ chn ey Hidtbr fﬁftelled&)gg

300, 000 to 650, 0 or 400,000 t 00,000 hr"'". In a preferre

enbodi rrengasofﬂ%ohgﬁsﬁgmt%lfe“@é‘ﬁgﬁr‘?gs ?H‘J‘géﬁgﬂ‘t“ @P“?lﬁ@nsﬁﬁﬁ’ﬂ’&ggal gsytaethanole t o
the at nospligddt drsmé’thﬁfé"\ﬁir mipi@fe ofT#lg V6 mPreffitreGA AL e bl €d by
gasoline or diesel or alternative s such as 11 qui pet P eunt gas,

nat ural gplent ¢antheanelectricatel amsdlararellroe b hydwcarbomoxhydregenefovessd fuebeetic nor e

thereof. Alternatively, the power plant can be an electric cell, a solar
cell or a hydrocarbon or hydrogen-powered fuel cell. 10 Pref erably t he

supporgd sur f acerefsalsiy tiy sdpgoﬁ suffAtCisCon 8 4 REhiSIBY SIEME RevHidAGcaltRRNS 1S a
power plant as described above. The vehicle can be a car, van, truck, bus,

lorry, aeMm§pisaite pOwatplans s sleseribed bpve Thervshicle canr bes2an| en, ﬁurpiarbtus,cul arly

preferred p |o r n. heavy. dut esel _veh es vans,
trucks, b{?s pie{o r’r .B‘é%t Sgl a@%@r’ng tr@ﬁ/n ’e e?%’P&?aﬁAt Pétﬂ%‘ké‘é( tee%ff gl ation.
15 The at mﬁmhmersrfmmh ihagvysduth WiRelcahidk®, BEWahislithRRS, usel draefick hat
encount era?f*ngad contacts the atnosphere, nobst pref erably, at relatively

large flo &y thesrefenant Baippaan legiglgtion.  hr ough t he at nosphere. The support
surfagge is preferably located at or towards the |eading end of the vehicle
so that air will contact the surface as the vehicle is 20 propelled through
it. Suitable slipemiospinreonncting surfase coh ddasy switatle daffhcecthat sncouhters

and contacts the atmosphere, most preferably, at relatively large flow rates as the vehicle
moves through the atmosphere. The support surface is preferably located at or towards
the leading end of the vehicle so that air will contact the surface as the vehicle is
20  propelled through it. Suitable support locations are fan blades, wind deflectors, wing
mirror backs or radiator grills and the like. Alternative locations for supporting the trap

material are given in WO 96/22146 and are incorporated herein by reference.

In a most preferred embodiment the apparatus comprises a heat exchange device

25 such as a radiator, an air conditioner condenser, an air charge cooler (intercooler or
aftercooler), an engine oil cooler, a transmission oil cooler or a power steering oil cooler.

This feature has the advantage that the heat exchange device reaches above ambient
temperatures, such as up to 140°C, e.g. 40°C to 110°C, at which, for example, O3
reduction can occur more favourably. A further advantage of using heat exchangers as

30 the support surface for the trap material is that in order to transfer heat efficiently they
have a relatively large surface area comprising fins or plates extending from the outer
surface of a housing or conduit for carrying a fluid to be cooled. A higher surface area
support surface provides for a greater level of contact between the trap material and the

atmosphere.
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Another advantage of using a heat exchanger, such as a radiator, as the support

20  surface for the trap material is that the radiator is releasably attached to a vehicle,
typically in the engine compartment of the vehicle. This enables coated radiators and

other heat exchangers to be retrofitted to the vehicle, e.g. during normal servicing of the

vehicle, thereby to improve the pollutant treating ability of the vehicle.

25 Alternatively the apparatus can be non-mobile, and the surface is associated with
the movement-causing means to provide the required relative movement between the
surface and the atmosphere. For example, the surface can be one or more blades for
causing movement of air. In one embodiment the blades are fan blades for cooling a
stationary power plant such as for powering an air conditioning unit or advertising

30  hoarding. In another embodiment the blade is a fan or turbine blade for drawing air into

the air conditioning system of a building.

In addition to or instead of the support surface being on a fan or turbine blade, the

surface can be the internal surfaces of pipes, tubes or other conduits for carrying
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condenser SUPRRE talt ri'gas% one ?éducmg agent can be any agent that is capable of reducing

atmospheric oxidising pollutants. In particular the at least one reducing agent can be any
catalyst described in WO 96/22146 for this purpose, such as a manganese-based reducing
20  agent, e.g. MnO; or cryptomelane. Moreover, it can include one or more precious metals,
such as platinum group metals. However, we presently prefer to use one or more
reducing agents described in our application entitled “Agents for reducing atmospheric
oxidising pollutants” with the same filing date as the present application. Suitable
reducing agents include at least one transition element and/or one or more compounds
25 including at least one transition element wherein the standard electrode potential of the
redox reaction including the transition element and an ionic species of the transition
element or between the ionic species of the transition element present in the or each

compound and a further ionic species of the transition element is less than +1.0 volt.

30 Preferably, the transition element is copper, iron or zinc or a mixture of any two
or more thereof. The or each compound including one or more transition element can be
any suitable compound such as an oxide, carbonate, nitrate or hydroxide, but is
preferably an oxide. In some circumstances, it is preferable to reduce the transition

element in a transition element-including compound if in the reduced form the reducing
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active f eMrPbr ddnoed GGG RASIHableSexperimentation, e.g. by co-precipitation of the
or each fransition element component and/or support. For example, in a
Cu0/Zn0//Al,03 reducing agent the Cu and Zn can be co-precipitated and the already
20 formed Al,O3 added thereto. Specific details of the manufacturing processes will not be

given here.

The CuO/ZnO//AL,0; reducing agent composition can be any suitable for the

intended e.g. Cu030:Zn060:A1,0; 10 or Cu060:Zn030:A1,0; 10. Commercially

25  available forms of these compositions are available from ICI as ICI 52-1 and ICI 51-2
respectively. Commercially available CuO/Zn0//Al,03 is sold as pellets, which can be

ground to the required particle size.

The trap material and, where present, the or each reducing agent can be applied to

30 the support surface in a formulation including suitable binders, stabilisers, age resistors,
dispersants, water resistance agents, adhesive improvement agents etc. known to persons
skilled in the art. Binders include polymeric binders which can be thermosetting or
thermoplastic polymeric binders and are listed in WO 96/22146, incorporated herein by

reference. However, we most prefer to use water soluble binders, particularly organic
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In order that the invention may be more fully understood, the invention will now
20  be described by reference to the following illustrative Examples and by reference to the

accompanying drawings, in which:

Figure 1 is a schematic drawing showing three arrangements according to a preferred
embodiment of the apparatus according to the present invention; and

25
Figure 2 is a graph showing the amount of Os detected in the exhaust gas against time.

Referring to Figure 1, 2 is a composition comprising beta-zeolite, and 4 is a

composition including a mixture of “reduced” copper (II) oxide and zinc oxide on an

30 ALO; support (CwZnO//Al,03) for reducing at least one atmospheric oxidising
pollutant, such as O;. In Figure 1A, composition 2 is supported on an aluminium alloy

air conditioning condenser 6 and composition 4 is supported on an aluminium alloy
radiator 8. Both the condenser 6 and the radiator 8 are mounted in the engine

compartment (not shown) of a motor vehicle in such a way that the condenser 6 is



10 with conpositions including Engel hard's preferred binders. In
particular, this feature enables the preparation of a radiator core fitted
with its wbagbp9tanks in a conti nuous process, i.e. W tReNIGBRWRYI3G fi r st
to prepare a coated core and then fitl2he plastic tanks thereto. However,
Wi th conpositions requiring higher curing tenperatures, the coated
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02/ 0921 %édirGld 2/ 02139 12 forward of the radiator 8. The arrangenent is
such that when the notor vehicle is travelling in its forward direction,

substantially all the atnospheric air (represented by the arrow) entering
t he engine c¢ t t th ontacts the.condenser .6 and the,. supported
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zeolite first before_the at |east one reduci ng agent.
atmospheric air will contact the zeolite first before contacting the at least one reducing

agent.

EXAMPLE 1

20
To test the concept of reducing O3 using a HC trapped on a trap material, we
investigated the reaction of O; with a selection of trapped HC at room temperature. A
test rig comprising an upstream O3 generator, a stainless steel tube including metal mesh
to pack a reactor bed material therebetween and a downstream Os detector was set up in
25 a fume cupboard. O; was generated and mixed with air before passing through the
reactor bed material comprising 1 inch (2.54 cm) of H-Y zeolite (Si:Al ratio 200:1) on
which was adsorbed HC. The HC tested were an alkane (heptane), an alkene
(cyclohexene), an alcohol (propan-1-ol), an aromatic HC (toluene), an aldehyde
(formaldehyde), a ketone (acetone) and two ethers (diethyl ether and t-butyl methyl
30 ether). The exhaust gas from the reactor bed was passed through an O; detector
(measured in 5 ppm units) before being vented. An inlet O3 concentration of ~200 ppm
at a space velocity (GHSV) of ~1000/hr was used. Whilst higher space velocities would

be observed at, e.g. the surface of a vehicle radiator in use, and atmospheric Os



Figure 1B shows an alternative arrangenent of an al um nium all oy radiator
10 coated wth conposition 2 on its upstreamhalf and with conposition 4
on its 1WodewmapT eam hal f. Once again, it will be seen tRar/GBRH2139
configuration maintains the requiremeng for the atnospheric air first
contacting the zeolite before the at | east one reducing agent. Figure 1 C
shows a . i el 1 i al,l o di.ato Ls 15
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gases test procedures”, The California Environmental Protection Agency Air Resource

Board dated August 5,1999, incorporated herein by reference.

EXAMPLE 2
20
There is now described a composition including a beta zeolite trap component for

application to an aluminium radiator substrate.

Beta zeolite was mixed with an aqueous solution of hydroxypropyl cellulose
25  binder, Klucel™, to a concentration of 10% wt/wt. The coating was applied to each side
of a Visteon aluminium radiator of 20mm thickness using a compressed air spray gun

and then cured at up to 90 °C.



maxi mum val ue, indicating that no 03 deconposition had occurred. For all of
the HC tested, there was a delay before 03 reached the detector conpared
to the zewbiok®onnty sanple and the outlet 03 concentrati orSTiaB0R/02BMEr t han
the 10. inlet 03 concentrations throyghout the duration of the tests.
Accordingly, there is clear evidence that 03 reacts with trapped HC at room
tenperat;azgmégg greatest 03 renoval was observed with cycl ohexene, with
signific val also occurring with diethyl ether and toluene. This
could offer an additional advantage; such species have a higher propensity
to formO03 in the atnosphere than saturated al kanes. See the table of MR
15 adj ustinent 4 aesthed of redupingr ab|leashtonappmodpheric ofidisingl péltatanitawith a

et h i - ocedur es” . .. The, Cal i f or.ni i |
Pr ot ect | SRaseAEont wRESEENHE BmBEES Sohfing e Jfehe ssduchity IREHIGRL: oa-
herei § byné efressphetc oBIAMY Folfitand OwHdteihaht SediRMedQRaT LHBEHRs GOPRRESHS | ON

I ncluding a beta zeolite trap corIponent for application to an al um nium

radi at or Mstaldiaedrap materigl insbidingeat igast wnk deapppd Amasphagicasdcing polytant, of
hydr OXpr@Yelbgcaglthé’ hpﬁgstpogﬂgiaglh%ﬁéric Lé%ilﬂgsﬁlé%lg#t&é qilfegtﬂgeeimhreaaﬁ A glfr!ﬁ 10%

wt/w. The coating was a 0 éa eon al umni

radi at or appedCimmosphicrik reiusing poligtad is oxidisedsed air spray gun and then cured
at up to 90 C. WD 02/092197 PCT/ GB02/02139 14 CLAIMS: 1. A nethod of
reduci ng at | east one atnospheric oxidising pollutant with a reducing

agentg Which @H@%d%%ir@ﬁgl dant E%H}Qint {R€ af xﬁgﬁéﬁat?%%gy rEclﬂlctlﬁg at

| east 5 one atnospheric o si ng ’pol I'ut'ant, uci ng agent
conpr i sepobutpntds aaliphatiet @l cytlickydroapbom tue alkahe, iangaraftihan alefih, eastikemes

trapped at npspherj.c,, reduci ng pol |l ut ant, ere as .1 he at | east one

a1 oG he P BIKGech GG h 8 PODRHE WS RBRL RYTDFAE0NS,  disSt, SFAEPord NG BbG

at rmspheawfqer&spuéaung fiffohidl 834, & DafiellY S8/Eendtéli hgdroCarlbh, N aRfehLiNg tO

claim1l, 1er ei n the at | east oné atnobspheric reducing _pollutant "is a

al i phat i eonjpgased: fldehydeda hdetonpoam, ether, ah lalsobol, an gaten fahi amide rancimmpniunan

al ke‘i'? ' compounds, an aromatic hydrocarbon, a cycloparaffin; any preceding compound
including one or more nitrogen-, sulfur-, oxygen- or phosphorus-atoms; carbon

monoxide; sulphur dioxide; or a soot or particulate matter component.

3. A method according to claim 1 or 2, wherein the reducing agent is capable of
20 reducing the at least one atmospheric oxidising pollutant at from between ambient

temperature and 110°C.

4. A method according to claim 1, 2 or 3, further comprising the step of contacting
the gas leaving the trap material with at least one agent for reducing at least one

25  atmospheric oxidising pollutant.

5. A method according to any preceding claim, wherein the at least one atmospheric
oxidising pollutant is selected from ozone (Os), nitrogen dioxide (NO3), dinitrogen
tetroxide (N204) and sulfur trioxide (SO3).

30
6. An apparatus for treating at least one atmospheric oxidising pollutant and at least
one atmospheric reducing pollutant, which apparatus comprises an atmosphere
contacting surface, a composition including a precious metal-free trap material supported

on the surface, which trap material is capable of trapping the at least one atmospheric



an al kyne, a dial kene, a conjugated unsaturated hydrocarbons, a diene, a
carboxylic acid, a peroxy acid, a sulfonic acid, a partially oxygenated
hydr ocar bwn,02am1af dehyde, a conjugated al dehyde, a ket on@CTaiBoekisp, an

al cohol, an ester, an am de, an ammoniidm 15 conpounds, an aromatic

hydr ocarbon, a cycloparaffin; any preceding conpound including one or nore
Ni trogen-rediillgl PoiutatX YaE el BN CRRMYY HivEEHE of B Bface TRRAYE 46 the ul phur
di oxi de; or a soot or particulate matter conponent. 3. A method according
to cl ai maimosphere fiohenostanting¢her muppoited) tmpematerial with zdb| leasb fone 20mosphexic ng t he

at | east ong.at her i i disin ollutant at from between .anbi.en
Fenper at SRAISITRPATGRT 270 o ok oA aBRFR Frgue B oLty SHETeRy thE G e
conpri si Ree bittosph&ic MidisRBipRALaRds rddi@edByP a lc6mbinaton bEtht AP il bdd W th
at |east one agent for reducing at |east one 25 atnospheric oxidising
pol | ubantat lgast fonge tiappeda atoespheriy redusing poldutent, nwhich adtnieastheneitrapped at

| east on t npspheri ¢ oxdh di §i.n ol l utant. .i s,sel ected from ozone (03),
nit rogen%g":?((’)s‘;{)lR cr(eﬂ]&?gpgl;l\ﬂ?[ﬁrl% é;lﬁequlcg ¥8§1|d8’8d'( N204) and sul fur tri oxide
(S@B). 30 6. An apparatus for treating at |east one atnospheric oxidising

pol lutant, and at | east one_atnospheric reducing pollutant, which apparatus
conpri sed- an seaccersingtorglaim uwherein the tiap ipaedialiip peledied framng a

pr eci ous r t : ri S on. k:he : e C rap

et or  ar, CRoRall, nRal AR 2b e SRR er Aol UL For 4G5 H0300-
PCT/ @802 1821sd%x]ay] an akeniaiungphisphdid, @pgstaliuedsiHesess ciystalline siicag-dontafitingit  of
the surface.rel ative t-(f- the atnpsphere fqr copntacting the supported trap
mat er i al SPFCHSS. Auminass siligas (entionalbn amprphoys); alpminesilisaley o aMixfie ofANY east
one atno i Fng pollutant, whereby the at |east one atnospheric
oxi di si ngwggfhﬁ){%ﬁ;\l?&?g reduced by a conbination of the trap material and 5

at | east one trapped atnospheric reducing pollutant, which at |east one
trapped _atnospheric reduci ol l utant is_,cqongequentl.y. oxidi sed...7. An
appar at uS: accAAFPRATEYS GRGTNG, AuREKe] h o ne (G HARBFYaE § SOREPEESRA f r om
a (qpti @fg@&dgg Aelcabt suedsdeht WradduchsPhi fest deCitRlospeYic RRidsiAL Pollii@nt, zeol i te

Y or ZSM 5,
which at least one reducing agent is supported on the same or a different surface from the

trap material, the arrangement being such that the at least one reducing agent is contacted

by gas leaving the trap material.

20 9. An apparatus according to claim 8, wherein the at least one reducing agent is

layered under the trap material.

10.  An apparatus according to any of claims 6 to 9, wherein the reducing agent
comprises at least one transition element and/or one or more compounds including at
25  least one transition element wherein the standard electrode potential of the redox reaction
including the transition element and an ionic species of the transition element or between
the ionic species of the transition element present in the or each compound and a further

ionic species of the transition element is less than +1.0 volt.

30 11.  An apparatus according to claim 10, wherein the at least one reducing agent is

iron oxide, copper (II) oxide or zinc oxide or a mixture of any two or more thereof.



10 layered clay, an al um nium phosphate, crystalline silicates, crystalline
silicate-containing species, alumnas, silicas, (optionally anorphous)

al um nosiwo@aneR9IDr a m xture of any two or nore thereof PC/GBwW/oapBpar at us
according to claim6 or 7, further comgprising a conposition 15 including
at | east one agent for reducing at |east one atnospheric oxidising

pol | ut an j r cin i ane or a
G 1 or ont> surt naePRriss eporafifio oK RRAR ] & BURGRE kERoRl 4o BT, Dy
the at |sappérteinen alachina, vgriagerbniastitaniat acsflée orby mietarel efaanyrtgiot dremoéreap
material, 20.9. An apparatus according to claim@8, wherein the at |east one
reduci ngd®4§®ht is layered under the trap material. 10. An apparatus
according to any of clains 6 to 9, wherein the reducing agent conprises at
| east one transition el enment and/or one or nore compounds including at 25
| eastd ond. t r afus iapparatus | asnendingvioeciainm 10hhetedm theer vedetieg tagemtecongirisag mal  of
the redox. reaction inpeluding the transition element and an ionic species of
t he trar{gﬁxglf%ﬂ}-‘éqpé’i%ﬁb %?éeo‘g’fi@&fm HWPPEFLOR YW of the transition

el enent present in the or each conmpound and a further ionic species of the
transition element is less than +1.0 volt. 30 11. An apparatus according to
cl ai m 1044 wheh japparas fccordimst tocany eledlaimn g0 4gekd wherein rapg @xinges, theopper

(1) oxi rzj i.de..or m xtur.e of .any two.or _nore.thereaqf., WO

21 boo1 g fbnc SRS 85 0, sBpBbulia i 18" nil teddfBa Ofoga%q C it

wher@ n CWEndGY/Al,€Rst one reducing agent is supported on alumna, ceria,
zirconia, titania or silica or a mxture of any two or nore thereof. 5 13.
An apparatus according to claim 10, wherein the reduci ng agent conprises a
m xt ure co ' i 1 de r . lymina. . 14. An
appar at ulgf' acc%?%’?ﬁégﬂm% %ré\?lq%}ga c[hdgﬁrrgﬁl(gél’% i??p%e‘&%qeﬁlﬁg%g %?ﬂe %'?r%% t he

t ransi t i atmospherie pkidising prd lutantjzoseledtetd $ronn 0,160, 830g eclSOar m and i s preferably
10. Cu/znQ'/ A 203 15. An apparatus according to any of clains 6 to 14,
wherein the at | east one atnospheric oxidising pollutant is selected from

03, N2, 16N204APhpparitus according to any of claims 6 to 15, wherein the means for causing

movement of the surface relative to the atmosphere comprises a power plant.

17.  An apparatus according to claim 16, wherein the power plant is an engine fuelled
by gasoline, diesel, liquid petroleum gas, natural gas, methanol, ethanol, methane or a
20  mixture of any two or more thereof, an electric cell, a solar cell or a hydrocarbon or

hydrogen-powered fuel cell.

18.  An apparatus according to any of claims 6 to 17, wherein it comprises at least one

heat exchanger.

25
19.  An apparatus according to claim 18, wherein the heat exchanger is selected from
a radiator and an air conditioning condenser.
20. A vehicle including an apparatus according to any of claims 6 to 19.

30

21. A vehicle according to claim 20, wherein the apparatus comprises a radiator

housed in an engine compartment thereof.



15 16. An apparatus according to any of clains 6 to 15, wherein the neans
for causing novenent of the surface relative to the atnosphere conprises a
power pl awD.0203219An appar at us according to claim16, wher@cm/dcBie/opoyer
plant is an engine fuelled by gasolit®E, diesel, |liquid petroleum gas,
natural gas, nethanol, ethanol, nethane or a 20 m xture of any two or nore
thereof ,2Bn eA8ghid€acestding B FMA0 €1, whlerdin mé%ﬁ@i’ef 29 heR¥y-duty diesel
hydrogen-powered fuel cell. 18. An apparatus according to &ny of clainms 6
to 17, wehidén it conprises at | east one heat exchanger. 25 19. An
apparatus according to claim 18, wherein the heat exchanger is selected
from a radiator and an air conditioning condenser. 20. A vehicle including

an apparzg.us Af appathtas at@rdny td)infs]lfaf ldis 6 tb 99 1¥nereid the2dr-eabh 3&9%%?%%()% ed

according to claim20, wherein the apparatus conprises a radia
inam e er weludes athermosding of theunmplastiooqipreRChindBOR Daigore df7ad2. A

vehi cl e cqrdi i 0.01 21 er.ein the vehicle is a heavy-duty
di esel %hoﬁéﬁéé%érgﬁﬁ%kﬁbg%%[“ﬂ%a% ol?lﬂéleﬁg to any of clains 6 to 19,
wherein the or each conposition 5 further includes a thernosetting or

t hernmopl astic, pol yneric hinder or a mxture of any two or nore thereof,
prefer ab%sr i rRAPRAIRTHS ageording:to ohaim whepin e hindsr iss watensodublg bindex:| ai m 23,
wherein the binder is a water-soluble binder. 10, 25. Apparatus according
to claim 24, wherein the water-soluble binder is a cellulosic binder. 26.
Appallat Ud5. ac cApptiratgs acconding to d&im Mhaviekdin tiewatet-kolllsls ibindbi 3dedellubsin et her
or ester,. or sem -synthetic cellulosic binder, preferably hydroxypropyl- or
nmet hyl cetml‘?ﬁrose. 15 27. Apparatus according to claim 24, wherein the

wat er - sol ubl e binder is a vinyl or acrylic binder, preferably polyvinyl

al cohol or ammoni um pol ynet hacryl ate.
26.  Apparatus according to claim 25, wherein the cellulosic binder is an ether or ester

or semi-synthetic cellulosic binder, preferably hydroxypropyl- or methylcellulose.
15
27.  Apparatus according to claim 24, wherein the water-soluble binder is a vinyl or

acrylic binder, preferably polyvinyl alcohol or ammonium polymethacrylate.



