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OXI DI SING POLLUTANTS 5 The present invention relates to conpositions for
reduci ng wormesphiesi ¢ oxi dising pollutants, such as ozonePCIB)Boaei4mi t r ogen
di oxide (NQ2), and in particular to conpositions for coating surfaces for
contacting the atnosphere. By "atnospheric oxidising pollutant” herein, we
mean an at nospheric pollutant 10 that has the potential to oxidise other
atnospheric pollutants in a redox readtion. Exanples of atnospheric
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15  oxides (NOx) and hydrocarbons (HC), from vehicle and industrial emissions. Aldehydes,

organic species having a relatively high Maximum Incremental Reactivity adjustment
factor (MIR) also known as carter factors (as defined by “Californian Non-methane
organic gases test procedures”, The California Environmental Protection Agency Air
Resource Board dated August 5,1999), are also produced. Part of this reaction is

20  catalysed by sunlight and can be represented by two equations:

(1) 02 + RCH2CH3 +NO —» RCH,CHO + NOz; and

(i) NO,+0,-™0;+NO.
25
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-

30  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

35 and, depending on the formulation of the composition, it catalyses the reduction of the
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Modern heat exchangers for use in vehicles are made from aluminium or
aluminium alloys and are manufactured by companies such as Visteon, Delphi and
Valeo. Heat exchangers for non-vehicle applications can also be made from aluminium
or aluminium alloys. Hereinafter “aluminium” will be used to refer to aluminium and

20 alloys of aluminium.

Aluminium is a relatively reactive metal. For example, it is known that when
aluminium is exposed to atmospheric oxygen it develops a surface coating of oxide.
Accordingly, when an aluminium heat exchanger is coated with a catalytic coating, such

25 as the cryptomelane-based composition used in Engelhard’s Premair® system, it is
important that the corﬁposition does not react with the aluminium substrate. If the
catalytic coating does react with and/or promote the corrosion of the aluminium
substrate, this can drastically reduce the working life of the heat exchanger. In vehicle
applications, heat exchangers are exposed to conditions which can promote metallic

30  corrosion including moist air, salt and/or grit.

To test the ability of vehicle components to withstand corrosion, there have been
devised certain standard laboratory cyclic salt spray corrosion tests termed “SWAAT”
(e.g. ASTM G-85 A3 adapted from ASTM B117). Engelhard has been at pains to point
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measured by the standard electrode potential is relatively high being +1.1406 volt.
Increased corrosivity of a catalytic coating will have an economic impact on the vehicle
20  manufacturer or its customer, in that the radiator will need to be replaced earlier than for
an un-coated radiator, either within warranty or at the cost of the vehicle owner.
Alternatively, or additionally, components of the composition including the catalytic
material may contribute to the increased corrosion experienced in PremAir® coated
radiators.
25
In our co-pending British patent application of the same filing date entitled
“Agents for reducing atmospheric oxidising pollutants”, the contents of which are
incorporated herein by reference, we describe a number of alternative precious metal-
free agents for reducing atmospheric oxidising pollutants such as O; to those described
30 by Engelhard in WO 96/22146 that show similar or higher activity for O3 reduction than
Engelhard’s manganese-based catalysts, e.g. cryptomelane, at the same ambient
temperature. We believe that our alternative reducing agents are less likely to cause
corrosion to an aluminium substrate in SWAAT and Engelhard’s galvanic corrosion tests

when compared with Engelhard’s manganese-based compositions because the standard
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Modern radiators comprise a radiator core typically of aluminium, which core
including fins or plates extending from the outer surface of a housing or conduit for
carrying a fluid to be cooled. To this core is fitted one or more plastic tanks which carry

20  the fluid to and from the radiator core. In the process for manufacturing PremAir®
coated radiators, it is understood that the temperatures required to cure the catalyst
composition applied to the radiator core are sufficient to heat damage plastic tanks.
Accordingly, in the process used in practice, the coated radiator cores are prepared in a
separate step before the plastic tanks are fitted thereto.

25

It would be a considerable advantage in the manufacture of coated heat
exchangers to be able to cure the reducing agent composition at temperatures below
which plastic components, such as plastic tanks for radiators, suffer heat damage. For
example, this would avoid a number of steps of the manufacturing process used by

30 Engelhard in making PremAir® coated radiators, thus saving energy in the curing

process and making the process as a whole more time and cost efficient.

As will be appreciated by the person skilled in the art, the formulation of a composition

suitable for application of a reducing agent to a surface is complex. In addition to the
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20 It can be seen, therefore, that the problem of developing a composition that cures
at lower temperatures cannot be solved merely by exchanging the solvent of a known

composition for one with a lower boiling point.

In WO 96/22146 Engelhard describe a number of polymeric binder components

25 for use in the catalyst compositions described therein. The preferred polymers and
copolymer binders are vinyl acrylic polymers and ethylene vinyl acetate copolymers.
Cellulosic polymers are also mentioned but none of the Examples exemplify a

composition including a cellulosic binder.

30 We have now found that, very surprisingly, water soluble binders are particularly
suited to compositions for coating atmosphere contacting surfaces, which compositions
include, as an active component, the precious metal-free reducing agents described in our
co-pending British patent application of the same filing date entitled “Agents for

reducing atmospheric oxidising pollutants”, the trap materials per se described in our co-
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exhausted from, e.g. a power plant (as defined hereinbelow).

According to one aspect, the invention provides a composition for reducing

20  atmospheric oxidising pollutants, which composition comprises a reducing agent
comprising: at least one transition element and/or one or more compounds 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

25 ionic species of the transition element is less than +1.0 volt; a precious metal-free trap
material capable of trapping at least one atmospheric reducing pollutant, whereby the at

least one atmospheric oxidising pollutant is reduced by a combination of the trap
material and at least one trapped atmospheric reducing pollutant, which at least one
trapped atmospheric reducing pollutant is consequently oxidised; or a manganese-based

30 catalyst, preferably MnO; or a derivative thereof including cryptomelane, and a water

soluble binder.

Whilst the trap material per se embodiment of the present invention substantially

does not decompose Os, for the purposes of the present specification it is embraced
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ultrasonic and SWAAT tests. In particular, no deterioration was seen following thermal

.

cycling and the cured composition does not hydrate when contacted with aqueous media
20  or flake or chip.

In one preferred embodiment, the water-soluble binder is a cellulosic binder. The
cellulosic binder can be an ether or ester or semi-synthetic cellulosic binder, but is
preferably hydroxypropyl- or methylcellulose.

25
In another preferred embodiment, the water-soluble binder is a vinyl or acrylic

binder, preferably polyvinyl alcohol or ammonium polymethacrylate.

Preferably, the transition element is copper, iron or zinc or a mixture of any two

30  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

agent is more active in its intended use. Compounds including transition elements prior
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support. Methods of manufacturing copper (l1) oxide, copper (Il) oxide and

zinc oxide on 15 A1203 or iron oxide on a m xed alum na/ceria support are
croun 10, PONENDRE iy D5l P62 Aot TNt AHERSRETH
el enEnt Abfpanmdron cemtdr/ cﬂr a spip@batumikdter@Xsappdre arel khodwn to a person skilled in
the art or can be deduced by reasonable experimentation, e.g. by co-precipitation of the
or each transition element component and/or support. For example, in a
CuO/ZnO//Al,05 reducing agent the Cu and Zn can be co-precipitated and the already
formed Al,O; added thereto. Specific details of the manufacturing processes will not be

20  given here.

The CuO/Zn0//A1,0; reducing agent composition can be any suitable for the
intended e.g. Cu030:Zn060:A,03 10 or Cu060:Zn030:AL,0; 10. Commercially
available forms of these compositions are available from ICI as ICI 52-1 and ICI 51-2

25  respectively. Commercially available CuO/Zn0Q//Al,0; is sold as pellets, which can be
ground to the required particle size.

Preferred precious metal-free trap materials include high surface area inorganic

species such as zeolites, other molecular sieves, crystalline silicates, crystalline silicate-

30  containing species, aluminas, silicas, (optionally amorphous) aluminosilicates, layered
clays and 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 O; per se, e.g. the zeolite is not

fransition metal substituted.
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abovia The vepi (%I e caﬂq be a car, . . . .
5 referably the atmosphere-contacting surface is on or in a vehicle, and the

movement-causing means is a power plant as described above. The vehicle can be a car,
van, truck, bus, lorry, aeroplane, boat, ship, airship or train, for example. A particularly
preferred application is for use in heavy-duty diesel vehicles, i.e. vans, trucks, buses or
lotries, as defined by the relevant European legislation.
20
The atmosphere-contacting surface can be any suitable surface that encounters
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 front end of the vehicle so that air will contact the surface as the vehicle is propelied
25  through it. Suitable support locations are fan blades, wind deflectors, wing mirror backs
or radiator grills and the like. Alternative locations for supporting the reducing agent are

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

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

30 such as a radiator, an air conditioner condenser, an air charge cooler (intercooler or
aftercooler), an engine oil cooler, a fransmission 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
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g and from the supported reducing agent. A further advantage of locating the radiator

and/or condenser in the engine compartment is that exposure to corrosion-causing agents
such as moist air, salt and/or grit is reduced and hence so too is the rate of any corrosion.
20  Whilst the radiator and/or condenser can be formed of any material, it is usually a metal
or an alloy. Most preferably, the heat exchanger is aluminium or an alloy containing

aluminium.

Where the atmosphere-contacting surface is of a heat exchanger, it is important

25  that the composition coating the surface does not reduce the effectiveness of the substrate
to transfer heat. Accordingly, in one preferred feature, the composition of the invention

can include particles of a transition metal, preferably silver or copper, for improving the

thermal conductivity of the composition.

30 Another advantage of using a heat exchanger, such as a radiator, as the support
surface for the reducing agent 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.
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syst em fwsducng 6By ckeEngellmrdisi Prdimair® mianganssddasselr cehponentss is shawn in

condi ti oni ng .uni.t ravi ded t hat e novenent .of the air_ is .
Ol:r‘:'xangple } be?ovEr), vscl)here adZO mm thEctl]( alum\i/n?um radiator coatecfl with a composition

including our mixture of “reduced” copper (II) oxide and zinc oxide on an alumina

support gave a % O3 conversion of 94% whereas the commercially available 40mm thick
20  Premair® aluminium radiator including cryptomelane had a % O3 conversion of 100%.
From Example 1 we know that O; conversion activity improves significantly if the
reducing agent loading is doubled. Therefore, if our coating were applied on a 40mm
thick unit at the same mass per unit volume, we would expect the O3 conversion to
improve from 94%, probably to 100%.
25
In order that the invention may be more fully understood, the invention will now
be described by reference to the following illustrative Examples and by reference to the

accompanying drawings, in which: l

30 Figure 1 is a bar chart showing the % Oj; conversion for various candidate reducing

agents;

Figure 2 is a bar chart showing the effect on % O conversion of increasing CuO content
on the O3 conversion of CuO/Zn0O//AlO5; and



caused by a novenent causing neans. 15 That the reducing agents for use in
the present invention are at |east as active for reducing 03 as

Engel har dwe o2gated r (r) manganese- based conponents i s showrCTriGBEsoanapl e 4
bel ow, where a 20 nmthick alum niumradi ator coated with a conposition

i ncluding our m xture of "reduced" copper (I1) oxide and zinc oxide on an
al um na support gave a % 03 conversion of 94% whereas the commercial ly

avai l abl ¢, 4 L hi Pr e I m ni um.r adi.at or_ i dj .

o yot oneF Y b S, B cRTRHS e % OTisunios S Aedmns Eol d¥ing s« hae 03
conver si afixtagd (bﬁ/do}'))zieﬂ (I loRide 3né 3R dxideddit hry alufmifdsu gpﬁl@dh@ amgd@s?ﬂbptload! ng

I s doubled, Therefore, if our coati ngrwere applied on a 40mMm unit at

t he sarrec‘?r‘h%%s em«rrltba\}@rqmélatorvén% gadiatethe 03 conversion to

i mprove from 94% probably to 100% 25 In order that the invention may be
nore fully understood, the invention will now be described by reference to
the f®llowing illustrative Exanpl EXAMPLBV reference to the acconpanying
drawi ngs, in which: 30 Figure 1 is a bar chart showi ng the % 03 conversion
for various candi date reducing agents; Figure 2 is a bar chart showi ng the

effect on % r t er sion
of Cud znd/ A?gogdggeglngh@%dag%/%%%ﬁﬂﬁﬁ 2#0%’?{11 teTgé}Eﬁpdr € gttjgl a bar
c]rrar t conm?pmmgg arepsitefld (peuEn®BI, gnstmﬁlees stewerrmm ih¢lading meltaldmegb t@padk xture
of copper (I e and zi.nc oxi an alu a ort and a

hydr O)ngp r3r beérrr gre bdRn e B AR Qiaidstegor wag sef Py 18 AU )

radi g or cuﬂ)o@ﬁAMDLanslge};Qraﬁzﬁraﬁﬁ Mi%8d Wihodif b&Bre %géiﬁé R oA e Sedtor’ BAM

terrperature ates g onpri st ng an up stre ener at or, a stainless
steel t ub@tmnmgummr mepellet sasples.ol haamdhausa gag frotrothe bwtorehedrwal passed

05 vas. oo B GneRRRlRarRa > BinomD bedf,pePe Bu AR 4 br "bed

cont ai ni BghcPAVELRM & ~J08! ﬁ ab2RPARSvelodg (GHEASHS gﬁmoﬂmvastdsedrmﬁror bed
was passed through the 03 detector (rreasured i n Sfp pmunits) before being
vent ed. highempspaceQywelocities would be observed at, e.g. the surface of a radiator, and

,_

15  atmospheric O3 concentrations are present in the parts per billion range, the results were

useful to compare directly the potential of each material tested to reduce Os.

The following materials were tested: H-Y zeolite (Si:Al ratio 200:1) — 1” powder

bed; a ceria-zirconia mixed oxide 1” powder (ceria-zirconia mixed oxide is an oxygen

20 storage component used in three way catalyst compositions); iron oxide on a ceria

support (hereinafter “Fe reducing agent”) — 1” pellet bed; Cu/ZnO//Al,03~ 17 pellet bed;
Cuw/ZnO//AlL,03— 1" powder bed; and Cw/ZnO//Al,0O3 on a ceramic monolith.

Figure 1 shows the results of a comparison of the O; decomposition activity of

25  these materials tested in the rig described above at room temperature. No O3 conversion
was observed for the empty system or over a bare metallic or ceramic substrate. Zeolite

and ceria-zirconia were also found to have no O3 decomposition activity. The best
material tested was Cu/ZnO//Al,0s; this gave approximately 70% conversion over a 1”

bed of pellets, compared to 45% for a 1” bed of Fe reducing agent. Cu/ZnO//A1,O;

30 coated onto a ceramic monolith. As expected, the form of the reducing agent material
was important — after grinding the Cu/ZnQ//AL Qs pellets into a fine powder, the O3

conversion increased to 100%.
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EXAMPLE 3
20

There is now described a composition including the Cu/ZnO//Al,05 reducing

agent component for application to e.g. an aluminium alloy radiator substrate.

Cu/Zn0O//Al, 05 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 alloy radiator of 20mm thickness using a compressed air spray

gun and then cured at or below 90 °C.

EXAMPLE 4
30

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

application to an aluminium radiator substrate.



procedure described in Exanple 1 above for 0.5g of each powder and the
results are 15 shown in Figure 2. They clearly show that addi ng copper
oxi de i ncweages1bhe 03 conversion from 48% for the undop@dTragoen2al to
-62% for material with >:50% copper oxide. EXAMPLE 3 20 There i s now
described a conposition including theQu/ZnQ'/A1203 reducing agent
conponent for application to e.g. an al um nium aI I oy radi at or substrate.
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t hi ckness using a cbnpressed air spray gun an
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zeolite tr conponent for application to an alum nium radi ator substrate.
WD 02/ 09 e eah WPOLE- 14 Beta zeolite was mixed with an aqueous

sol utg on of hydroxypropyl cellulose binder, Klucel TM to a concentration
of 10% wt/wt. The coating was applied to each side of a Visteon aluminium
radi ator of 20mm t hi ckness usi ng EXaMBIL.ESsed air spray gun and then cured
at up to 90 C 5 EXAMPLE 5 This Exanple is designed to conpare the 03
conversion activity of our Cu/ZnQ/A1203 reducing agent wth that of

Engel hard’ s PrﬁﬁaEiéxﬁéleC@t aésy, %%Ted 60 c&nﬁ%dtﬂgb@eeoﬂv%ﬁhﬁt QEtiviB N ragsur ed by
Vi st eon was su plied. for coa his radiator, consisting of uncoated

al um ni UAWZa0Y/Alissredudingageat with ﬁlfat Q%Engcllmd s Breinair® catalydtness of 20mm  The
uni t s coated with a washcoat including the Cu/zZnQO/A1203 and a 10%
wt / aqueous sol ution of a hydroxypropyl cellul ose binder (trade nanme

A Ford Mondeo radiator manufactured by Visteon was supplied for coating. This

radiator, consisting of uncoated aluminium foil, has a face area of 16” x 10” and a
thickness of 20mm. The unit was coated with a washcoat including the Cw/ZnO//AL,0;

and a 10% wt/wt aqueous solution of a hydroxypropyl cellulose binder (trade name

15 “Klucel”) described in Example 3 above using a compressed air spray gun. Two layers
were applied to each side, loading of 68g or 0.54 g/in’. After drying, the radiator was
found to have a thick, dark brown coating of approximately 20mm total thickness which

had acceptable adhesion and resisted most physical abrasion.

20 The activity of the coated radiator was tested and compared to a bare aluminium
alloy radiator and an Engelhard Premair® coated aluminium alloy radiator. Activity
testing was cartried out in a similar manner to the material screening described in
Example 1 above, with the powder bed reactor modified so that it clamped onto either
side of the radiator. The results can be seen in Figure 3. 94% O3 conversion was obtained

25  over the Cu/ZnO//Al,03 coated aluminium radiator; this compared favourably with the
100% conversion obtained over the Premair® radiator. The thickness of the Premair®
radiator was approximately 40mm, twice that of the radiator coated with our

Cuw/Zn0O//AlO5 composition. No conversion was obtained from a bare radiator.



15 "Klucel ") described in Exanple 3 above using a conpressed air spray gun.
Two | ayers were applied to each side, |loading of 68g or 0.54 g/in3. After
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resi sted nost physical abrasion. 20 The activity of the coated radiator was
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and wat er sol uble binder. 15 2. Conposition according to claim1l, wherein
t he ter-soluble binder is a cellulosic binder.

2. Composition according to claim 1, wherein the water-soluble binder is a

cellulosic binder.

3. Composition according to claim 2, wherein the cellulosic binder is an ether or

20  ester or semi-synthetic cellulosic binder, preferably hydroxypropyl- or methylcellulose.

4. Composition according to claim 1, wherein the water soluble binder is a vinyl or

acrylic binder, preferably polyvinyl alcohol or ammonium polymethacrylate.

25 5. Composition according to any of claims 1 to 4, wherein the atmospheric

oxidising pollutant is selected from O3, NO3, N;O4 and SO;.

6. Composition according to any of claims 1 to 5, wherein the at least one transition
element is selected from copper, iron, zinc and a mixture of any two or more thereof.

30
7. Composition according to any of claims 1 to 6, wherein the at least one transition

element compound is an oxide of a transition element.



3. Conposition according to claim?2, wherein the cellulosic binder is an
ether or 20 ester or sem -synthetic cellulosic binder, preferably

hydr oxyprwpyk/a9aap4 met hyl cel | ul ose. 4. Conposition accor diPeg/GB9202=ImM 1,
wherein the water soluble binder is a vinyl or acrylic binder, preferably
pol yvi nyl al cohol or ammoni um pol ynet pacrylate. 25 5. Conposition according
to any of clains 1 to 4, wherein the atnospheric oxidising pollutant is
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ol aims 15t o 5CORIRRPUH Pspeting 1§ et ol TG rls PRSI thE FEn PRy CHOUR  od

f rom coppRinent 6:10the at 136t Sittrahsition lelirfen® ComPYudd'B sBppdFRd®nt P BIgARrfagd 7-
Conposi tion accor di ng to any of clains 1 to 6, wherein the at |east one
transiti 8iga oxideseleeted dropoalumines cerin, siticalditarfia,zzirconiaand aorixed exide of angD
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7, mhereﬁ’r’?gé%%?rggét one transition elenent or the at |east one
transjtion el ement conpound is supported on a high surface area oxide

selected fromalumna, ceria, silica, titania, zirconia and a m xed oxide
of any Pwo ofomppeitionaceasding o gny of bl tnd.avbarini the reducingyagsnt & ai ns 1

to 8, wh i I i to] r I xi de nper se m xt ure of
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10. Conmpgsition according to any of clains 1 to 9, wherein the transition
el ement ound is in the reduced form preferably Cu/zZnQ /Al 203. 11.
Compggi tion according to any of clainms 1 to 10, wherein the trap materi al
is 15 selected froma (optionally netal -substituted) zeolite, preferably
bet a- zeol0.t e, Compbsitien ¥ccovding $/aby ofi clabyeried % lvehereianhalramsitivruebemientis phat e,
crystalline silicates, cr allin i |l gate-copntai ni ng speci es, al um nas,
silicas, QBAUngAS eaﬁ?%ﬁl%a&aprsﬁmﬁm@&?@/a@ ‘or a nmixture of any two
or nore thereof. 20 12. Conposition according to any preceding claim

further including particles of a
Composition according to any of claims 1 to 10, wherein the trap material is

o0,

15  selected from a (optionally metal-substituted) zeolite, preferably beta-zeolite, zeolite Y
or ZSM-5, a layered clay, an aluminium phosphate, crystalline silicates, crystalline
silicate-containing species, aluminas, silicas, (optionally amorphous) aluminosilicates or

a mixture of any two or more thereof.

20 12.  Composition according to any preceding claim, further including particles of a
transition metal, preferably silver or copper, for improving the thermal conductivity of

the composition.

13.  An atmosphere-contacting surface coated with a composition according to any

25  preceding claim.

14.  An atmosphere-contacting surface according to claim 13, wherein the surface

comprises aluminium or an aluminium alloy.

30 15. An atmosphere-contacting surface according to claim 13 or 14, wherein it

comprises a heat exchanger.

16.  An atmosphere-contacting surface according to claim 15, wherein the heat

exchanger is a radiator and/or a condenser, preferably for a motor vehicle.



transition netal, preferably silver or copper, for inproving the thermnal
conductivity of the conposition. 13. An atnobsphere-contacting surface
coat ed wiwb oa/0gxpposi ti on according to any 25 precedi ng @®CaiGB0204141An

at nosphere-contacting surface according to claim 13, wherein the surface
conprises alum niumor an alumniumalJoy. 30 15. An atnosphere-contacting
surface according to claim13 or 14, Wherein it conprises a heat

exchange 16, An _.at.npsphere-contactjng surface according.to claiml5,
wher ei n i'ﬁe héa{lleﬂmc?éﬁ&g’rngi%nétr’iloéalf’%fgﬁf’méﬁ‘éﬂgoﬁu R o o 3pEfdr abl y

for a nmoglgims/ ENie 116-coMbriSil W2 4ees HIEISHRO3hO ke i : cd rg@ftiaﬁ%af maki ng
an at nosphere-contacting surface according to any o cl ai 13 to 16
conpri si hepting ¢hestosted suffacedatPOE fohe ssificieat imeitd burt e cappsitioni on and
heating the coated surface to < 90C for a sufficient tinme to cure the
conposi tion.




