1 COATING FOR REDUCING EXPLOSION HAZARD Technical Field 5The present invention relates
to a coating that reduces the explosion hazard in a potentially explosive atmosphere caused by an
article being present at an elevated temperature. Background Art 10Explosive atmospheres can be
caused by flammable gases, mists or vapours or by combustible dusts. If there is enough of a
substance, mixed with air, then all that is needed to cayse an explosion is a source of ignition. Such
ignition sources may include articles or components operating at elevated temperatures within the
explosive atmosphere. Another possible source of 15ignition is a spark caused, for example, by static
electricity. Explosive atmospRéPést N ok Blid Site BRoSREPDS HAZAd¥Brned by substantial
health and safety regulation in many countries. In Europe, ATEX is a name commonly given to a
framework of regulations governing explosive 20 atmospheres and to the standards that equipment
operating within such atmospheres must meet and also to protective systems that may be put in place
to prevent explopiipip3ygh|gxplosive atmospheres. ATEX regulations allow diesel or gas engines to
be operated in Certain 25 restrictive zones, known as ATEX Zoned areas. However, the operating

temperat8re of fﬁ@%ﬁb@lﬁé’ﬁﬂﬂY@‘é@tﬁpf@l?éﬁ?stﬁh@s?B@tk’@pfﬂfﬂlé@\ﬂ&?ﬁ_ﬁ)ﬁfﬂ%%%ﬂﬁ?dﬁ_@?_&rﬁlhich in
so-called THSSin@“p%ﬁéHf?é‘ﬂ?Qﬁﬁld@@lé %@MN&Q%WW%@@HI@I@ %@%%@%tsa‘f‘atﬁe range
-20C to +40C. If an engine, operating at full power, can give rise to hot spots that are in excess 300f
the allowable m&@MAIRIEEAIRGERIHEE the surface can be cooled by including coolant path channels in
the relevant parts of the engine. However,

Background Art

10 Explosive atmospheres can be caused by flammable gases, mists or vapours

or by combustible dusts. If there is enough of a substance, mixed with air,
then all that is needed to cause an explosion is a source of ignition. Such
ignition sources may include articles or components operating at elevated
temperatures within the explosive atmosphere. Another possible source of

15 ignition is a spark caused, for example, by static electricity.

Explosive atmospheres or potentially explosive atmospheres are governed by
substantial health and safety regulation in many countries. In Europe, ATEX
is @ name commonly given to a framework of regulations governing explosive
20 atmospheres and to the standards that equipment operating within such
atmospheres must meet and also to protective systems that may be put in

place to prevent explosions in such explosive atmospheres.

ATEX regulations allow diesel or gas engines to be operated in certain
25 restrictive zones, known as ATEX Zoned areas. However, the operating
temperature of the engine and its components must be kept below a
maximum temperature, which in so-called “Class T3” environments, may be
below 200°C when the ambient temperature is in the range -20°C to +40°C. If
an engine, operating at full power, can give rise to hot spots that are in excess
30 of the allowable maximum temperature, the surface can be cooled by

including coolant path channels in the relevant parts of the engine. However,



2 this adds substantially to the cost of the engine and the complexity of its operation. Another solution
is to de-rate the engine, i.e. only allow its use if it is operated 5 below its maximum power so that the
maximum temperature that it operates under is below the threshold. Alternatively, it is possible to limit
the operation of the engine so that it is only allowed to be operated if the ambient temperature is less
than the maximum, e.g. less than 35C instead of less that 40C in a Class T3 environment. As will be
appreciated, both these measures 10reduce the efficiency and operability of gas and diesel engines in
potential explosive environments. However, the health and safety regulations often run counter to the
concept of reduliiify adee, RibRtati@IOP dhfissvis Olviieh eRalE AskLiteec sgmeieistyL 9bfErate at
higher temperatygessfyexample by using turbocharger. However, such high temperatures may not be
permissible in view of the ATEX directives and particularly the use of dry manifolds, cylinder heads,
and turbocharged engines may not be permitted since these components may reach a temperature in

excess of that pRFBiHer s81dasH R healirandirafelichRsennlaionsaildie REarsntrRveNsissRives the

above problem by providing a thermal barrier coating that can be applied to metal surfaces and other
surfaces fhat g&ﬂ@%ﬂ%@?ﬁ@%ﬁ@%ﬁr@%ﬂ% %m%tEW@%tH@b&%NeQS

explosive envirqiHagpidsyasurasbplRuHbR reaHERhiRBREIRII Bddaid R dn B sy the
surface temperature, the risk of explosions can be eliminated and the equipment may be safely

operated within ®hetherES0ginsctRR ihateiteldvanityplaredeonitcioreiaiad Jfidhgasmietiesel
engines) even iftdhg,RonI0FRSEIHSEHRASIAR ARBIANNG [RIPRs8ENRAPINEhesBOAT 6M{duBitRat

40°C in a Class T3 environment. As will be appreciated, both these measures
10 reduce the efficiency and operability of gas and diesel engines in potential

explosive environments.

However, the health and safety regulations often run counter to the concept of
reducing CO,, NOy, and SOy emissions, which usually require engines to
15 operate at higher temperatures, for example by using turbocharger. However,
such high temperatures may not be permissible in view of the ATEX directives
and particularly the use of dry manifolds, cylinder heads, and turbocharged
engines may not be permitted since these components may reach a
temperature in excess of that permitted under the health and safety

20 regulations.

The present invention solves the above problem by providing a thermal barrier
coating that can be applied to metal surfaces and other surfaces that get hot
so that the temperature of the surface that is exposed to the potentially
25 explosive environment is reduced below the required temperature class
threshold. By lowering the surface temperature, the risk of explosions can be
eliminated and the equipment may be safely operated within the ATEX
directive in the relevant type of area (which is Zone 2 for gas and diesel
engines) even if the equipment itself has an operating temperature above the
30 ATEX limits.



3 Silicone rubber is a polymer that has a "backbone” of silicon-oxygen linkages and fluorosilicone
rubber is a polymer that has a "backbone" of silicon-oxygen linkages and having fluorine-containing
side groups. Normally, heat is required to vulcanise (set) the silicone and fluorosilicone rubber; this is
5 normally carried out in a two stage process at the point of manufacture into the desired shape, and
then in a prolonged post-cure process. Mixtures of siligpne rubber and fluorosilicone rubber are known.
For example, GB 2321464 describes the application of a fluorosilicone coating 0.1 to 10 mil 10 (2.5 to
250 pm) thick to a gasket. The fluorosilicone coating can include not only a fluorosilicone but also a
silicone and a ciifRReIPRATAR SO RE HHaIERBSR phaekbrsR TrehPlisokeexVe e tinkages

disclosed a siloXerRIGRIQMES O MIBBRHN QB IvmEr BRaY OB SIS s WRLARWIWEe scope

of the claims, it i%gossible that up to 50% of the Siloxane radicals may 15 include fluorine. EP

0387806 disclodBsaags| fpiaNsidcdimarnarpbipndigasidfogirERbntARBANcoReboifed
fluorocarbons. TaggRlds Useq RARmPEraSTemer ARBhA0AR A 6N AL RITBBEE s is

discolouration. US 5340866 discloses a fluorosilicone composition of use as hoses, seals, gaskets,

linings foPfuel tAMES'aHY ERIERR DDl ABMHS ISR RIRESy AL dRsoRIBPTBRNHRERIRGTIP or

hydraulic fluid. [HeclpsyrePEHARItIGH tHis RRESYIbIBMERHSLBIQYIAE D RItasangement that allows a
hot surface to be 25 used, even in a potentially explosive atmosphere, e.g. an atmosphere covered by

the ATEX directive or similar regulation governing explosive atmospheres, and equipment operating

within S}J?h atmpaRhfgeSofl Qi"%@n%cmﬁ}%‘# QN@RGN@I%@P@ F‘L@Béinékéq{mam i et surface
so that it is not exposed to the potentially explosive atmosphere but rather it is the surface of 30 the

coating that is esb<ed 13 elcdesrEbsRcne ARl oAt e JluprebistRs icRlRgMhbdraldéelow the

temperafgre of fesipsdedgnadiohickiase: dhskedatingdtnarisHigsne iBrnfRAdarrmaudethdnetallic
and non-metallic 4 components and other surfaces that are only permitted to operate at a temperature

of up to 200C, 2§280tI0rABIHANE PHENFR AupdiaeRSs 8Fe SaIAY Han! IS RIEMADEIVS] 15102506 per

4mm layer, the ppsgeRtagediagdn senanerriuic feiratealcultod As7ABE iR BsiRMBCENbKERErOSS the
coating 5 as a percentage of the temperature of the underlying hot surface (in C); thus the exposed

surface of the cE6R7I§ASE SABIRBEILRNN &R &IFBlBVPTRYIG! sperh Y RERuMYEMAeRderlying
hot surface. Multip dayeiREEIRiciEiiay e dendserd a5 SPR pnResioRIAYI Asdidasanagsary
reduction _in temperature. 10 . ] . o
15 include fluorine. EP 0387806 discloses a gel composition containing
polydiorganosiloxane containing silicone-bonded fluorocarbons. The gel is
used at temperatures of about 100°C and exhibits a resistance to
discolouration. US 5340866 discloses a fluorosilicone composition of use as
hoses, seals, gaskets, linings for fuel tanks and electrical insulation subject to

20 degradation from fuel, lubricating oil or hydraulic fluid.

Disclosure of Invention

The present invention provides an arrangement that allows a hot surface to be
25 used, even in a potentially explosive atmosphere, e.g. an atmosphere covered
by the ATEX directive or similar regulation governing explosive atmospheres,
and equipment operating within such atmospheres. This is achieved by
applying a thermally insulating coating to the hot surface so that it is not
exposed to the potentially explosive atmosphere but rather it is the surface of
30 the coating that is exposed to the atmosphere and the surface of the coating
is at a temperature below the temperature of the underlying hot surface. The

coating in particular is intended to cover both metallic and non-metallic



A further problem lies in that the atmospheres are potentially explosive since there is potentially a
volatile organic material, most commonly a fuel or solvent, in the vicinity of the hot surface and many
thermally insulating materials are attacked by such volatiles. Also, many thermally insulating 15
materials are not stable over an extended period at elevated temperatures, e.g. above 200C. In the
composition of the present specification, all percentaggs are given by volume before curing unless
specifically expressed to the contrary. 20 In accordance with the present invention, there is provided a
composition that can be applied to a surface of an article, e.g. an engine component, to reduce the

temperature of HRHPASHER Nt ekpoddaaesthibatnsspeay, ReEHtRM R sRRATFEMPTisEs:
25(a)about 9 to @l RELEPDS % PORR S ieneBibplerTiy ahaytis (erApekHiBRYRIo8s emore

fluorosilicone rubber (c) about 0.05 to about 1% of one or more catalyst that is capable of catalysing

the cross-linkinG@#HAg Sifitohe asdIiRTidone 2albeer fHarmdayRbdhe P’y eadage0dksr the or
more additive. SulBas8RN SIS LaRsIRRRDANCHRENaRS HRNARARRSA SRS tiAbsHEagRy

temperature reduction, particularly at relatively thin coating thicknesses, while at the same time has a

good resRtance®® diPEFrERIBI obe esnRarriy® aidhadndribknsifodidiassadbresistitee. 5 we
envisage that th dayepes e GAFaRESHON &V ERRIAG MhsPe hiprBRife14BIMbEISK hét25008ing

between 1 to 3 layers of the composition. . Other coatings have been tested, e.g. epoxy thermal

barriers, mica 1{EMRRERINERD HETENhE dbatdeRvinE brtaittasalaltdtiialayeraat thiskehrovide
the COmbinatiorlﬁé?@%%W%%@@dﬁ@@kﬁ}ﬁ%@ %tb?d%ﬁﬁéefﬁén%@g@@a@h?e‘ém%%ﬁ fipbber
compound must be solid at room temperature in its cured
temperature.
10
A further problem lies in that the atmospheres are potentially explosive since
there is potentially a volatile organic material, most commonly a fuel or
solvent, in the vicinity of the hot surface and many thermally insulating
materials are attacked by such volatiles. Also, many thermally insulating
15 materials are not stable over an extended period at elevated temperatures,

e.g. above 200°C.

In the composition of the present specification, all percentages are given by
volume before curing unless specifically expressed to the contrary.
20
In accordance with the present invention, there is provided a composition that
can be applied to a surface of an article, e.g. an engine component, to reduce
the temperature of the component that is exposed to the atmosphere, which
composition comprises:
25 (@)  about 9 to about 90% of one or more silicone rubber,
(b)  about 9 to about 90% of one or more fluorosilicone rubber
(c) about 0.05 to about 1% of one or more catalyst that is capable of
catalysing the cross-linking of the silicone and fluorosilicone rubbers
and

30 (d)  about 0 to about 20% of one or more additive.



15 state. Preferred silicone rubbers are those from the VMQ class and preferred fluorosilicone rubbers
are from the FVYMQ classes. In terms of the curing of the rubber, HTV (high temperature vulcanised)
are preferred. The components are mixed together and may then be partially cured to form a 20 solid,
e.g. a sheet. This can be achieved by extruding the rubber composition at an elevated temperature
which both shapes the composition and partially curesghe rubbers (i.e. the first stage of the
above-mentioned two-stage curing is performed during extrusion). The extrusion is preferably through
a slot-shaped die to provide sheets, e.g. strips, that are partially cured. By changing 25the nozzle,
other shapes arltl G IPRER e Brakibre aARRVRaseRGSH I PERWdes PshebantiaiBswiHRes ck work

well. The siliCO%Ww%ewigﬁﬁ&%@0raﬁyraelrméﬂlﬁé(iynﬁnﬁe&%@fﬁ@'ﬁﬁe%&f}@m@efore

should be used in amounts of at least 50%, e.g. at 30 least 60% when the operating temperature of

the surface und@f{iify IRBEJiNEgNBSHPoEEREST B isiaaeRIdaril AR A IEcRd tesistriephere and
class of environfRgphePERBEKSSh & SoddliRpRIGaTMRs AR Gxceeds or potentially 6 exceeds 200C for

Class T3 environments. For articles operating well above the allowable maximum temperature, e.g. at
a tempergture of 250C in an environment in which the article should not exceed 200C, even higher

amounts of silicope Bﬁmgé%fesh%thmf lg§ef. JP iR IBRIBoSRiEh NP §eheiBilp BAOYH: 1 Abdute Of

different silicone rubbers may be used. The fluorosilicone rubbers provide a superior resistance to oil
and fuel than sillcsRE BB RUEhHRHSING BetyieeR At id %r'\aé{ﬁfélﬁfttﬁﬁléé?&%%ﬁf)g%. Obviously the
fluorosilicone rubbers can be present in an amount greater than 10 9% if higher resistance to oil and
fuel is required but flurosilicone rubber has lower thermal insulation properties than silicone rubber and

therefore, for th@HIGhe CRAHIPEFatiiRY8ppR8N0I18S18usE Sho RRBY tahiarIAth LRI nd ¥ dnhe range
given ahqye, forayxpaapist@damfatie) Sxmmie 18ria 2etanidsinlndninge ariyEvaHipnsHisone

rubber and this will generally limit the 15amount included in the composition. A mixture of different
fluorosilicone Provide the combination of properties achieved by the coating of the present

invention.

The silicone rubber compound must be solid at room temperature in its cured
15 state. Preferred silicone rubbers are those from the VMQ class and preferred
fluorosilicone rubbers are from the FVMQ classes. In terms of the curing of

the rubber, HTV (high temperature vulcanised) are preferred.

The components are mixed together and may then be partially cured to form a
20 solid, e.g. a sheet. This can be achieved by extruding the rubber composition
at an elevated temperature which both shapes the composition and partially
cures the rubbers (i.e. the first stage of the above-mentioned two-stage curing
is performed during extrusion). The extrusion is preferably through a slot-
shaped die to provide sheets, e.g. strips, that are partially cured. By changing
25 the nozzle, other shapes and thicknesses are possible. We have found that

extruded sheets 3 to 8 mm thick work well.

The silicone rubber used provides better thermal insulation than the
flurosilicone and therefore should be used in amounts of at least 50%, e.g. at
30 least 60% when the operating temperature of the surface underlying the
coating approaches or exceeds the allowable limit for the atmosphere and

class of environment concerned, e.q. if it approaches or exceeds or potentially



rubbers may be used. The catalyst used can be any catalyst used to cross-link (vulcanise) silicone and
fluorosilicone rubbers and may, for example, be a high temperature 20 vulcanisation (HTV) catalyst,
such as a peroxide, or a room temperature vulcanisation (RTV) catalyst, such as platinum. The
amount of catalyst used should be sufficient to provide cross-linking of the compounded rubber in situ
on the article concerned at the curing temperature andgwill generally be in the range of 0.05 to 1%, e.g.
0.8 to 0.5%, such as 0.1 to 0.3%. 25 The composition may include additives, pigments, fillers,
plasticizers and agents that provide electrical conduction properties to the composition, for example

graphite or othe®X6AA4DREArbofPIThiaSbdRVMINIBRHEditives aticCieapprratirg2uel aravegh the
total amount wilgengraliuihe IresdRahstdRie @Qirese B1aatSytehpdatpe &t fogpechat tie

compositions in accordance with the ?ﬂresent Invention can possess good act resistance so that, for

im
example, if an OPRHABARSEPEY WiisthdeoaitigleumBesldt RatosxseRdn RIS HEndifYSSUdNIRacts. 5
Furthermore, the feafifg of SR SRESSHY IRKPRIRRRIBUSRS GORS ESRBRSS 4adhsumab Shamkso that f

the underlying article suddenly chan%es temperature, for example because it is part of a machine that
is switcheéd off a#feod\BRsteisy Of TSI S HCABRILHPRRESCRAY R AIASAtact in such circumstances.
10 The adhesion between the coating of the present invention and the underlying surface depends

substantially on_the nature of the surface it is applied to, which will generally be a metallic surface. In
order to provide iR P SIHFRR FURRS S RERW AR GLIRUPE TREERRIPIGNIE S, QB FBEsBELMEBptionally

15 roughened, %iﬂc@ﬁé%ﬂﬁ%r@”éH@%H&IH%W@%H RRsaRIafRdiRtude RBeNdipeAJeMS. between
the surface and the coating% although good adhesion between the composition of the present invention

and clean metafP¥R¥Re RIS CONBVERPS (R FHHRBIREESEAIE AP B UPHIERALS iR ea to be
coveredyipy the SHCONRiGHRPeEsRMPRENGD VithRadfydhis ieersrel al learirdSiIkbiBisi®berBrRRdIng

agents are well known in the field of silicone rubbers and other fields and any known bonding agent

may be used. ASWRNRSIGEAIRIEaERTREPE BRI AR SHISSRR S WrRehFndtheraem iR the

higher temperature applications, its use should be towards the lower end of
the range given above, for example 9 to 30%, for example 10 to 20%. It is
also more expensive than silicone rubber and this will generally limit the
15 amount included in the composition. A mixture of different fluorosilicone

rubbers may be used.

The catalyst used can be any catalyst used to cross-link (vulcanise) silicone
and fluorosilicone rubbers and may, for example, be a high temperature
20 vulcanisation (HTV) catalyst, such as a peroxide, or a room temperature
vulcanisation (RTV) catalyst, such as platinum. The amount of catalyst used
should be sufficient to provide cross-linking of the compounded rubber in situ
on the article concerned at the curing temperature and will generally be in the
range of 0.05 to 1%, e.g. 0.8 to 0.5%, such as 0.1 to 0.3%.
25
The composition may include additives, pigments, fillers, plasticizers and
agents that provide electrical conduction properties to the composition, for
example graphite or other forms of carbon. The amounts of such additives
etc. may be 0 to 20%, although the total amount will generally be less than
30 10%, e.g. less than 5%.



that are generated by static electricity. The silicone/fluorosilicone rubbers 25 used in the coating of the
present invention are electrically insulating and this can give rise to static electricity if, for example, a
dry cloth or a dry overall is rubbed against it. In order to avoid this, it is possible to apply an over coat
of an electrically conductive silicone rubber compound or to incorporate a conductive material, e.g.
carbon black, into the composition. 8 Brief Descriptionyof the Drawings There will now be described
some examples of the composition in accordance with the present invention and certain test results,
which make reference to the accompanying drawings in which: 5Figure 1 shows the test rig of

Examples 2 andt3hasgheen ifoahohrfirdhe ctempesdieiyiit frsodieer Wihphesseiessising,
Figure 3 and Figyye 4igfe PARIBBS Ahdba NRics Ridigbree BBt with agraliRgpieceprsiance with

the present invention, 10Figure 5 is a photograph of the coated housing of Figure 4 but with an
additional coatirRPisichriseiemeafly X¥RIMGI GO 2638 7} TRRfIrE 6SarRPERyURe Witieapdiis SWelving the
temperature at gy points in the coating of the present invention in the tests of Example 1.
15Detailed Description of the Invention Example 1 A composition was made up as follows: 76%
RhodorsiPElastomer MF775 U CR, which is a silicone rubber made by 20Henkel and commercially

available, e.g fremtiepkR)rbidndiea8ting of the present invention provides good resistance to
thermal shock so that if the underlying article suddenly changes temperature,
for example because it is part of a machine that is switched off and cools
quickly, the coating is flexible and can remain intact in such circumstances.
10
The adhesion between the coating of the present invention and the underlying
surface depends substantially on the nature of the surface it is applied to,
which will generally be a metallic surface. In order to provide improved
adhesion, the surface should be thoroughly clean, degreased and optionally
15 roughened, e.g. by sand or grit blasting. However, it is possible to include a
bonding agent between the surface and the coating, although good adhesion
between the composition of the present invention and clean metallic surfaces
has been achieved. Such bonding agents may be applied to the area to be
covered by the silicone rubber compound, with a dry thickness of at least 10
20 microns. Bonding agents are well known in the field of silicone rubbers and

other fields and any known bonding agent may be used.

As mentioned above, sparks can initiate explosions and in particular sparks
that are generated by static electricity. The silicone/fluorosilicone rubbers

25 used in the coating of the present invention are electrically insulating and this
can give rise to static electricity if, for example, a dry cloth or a dry overall is
rubbed against it. In order to avoid this, it is possible to apply an over coat of
an electrically conductive silicone rubber compound or to incorporate a
conductive material, e.g. carbon black, into the composition.

30



Winsford Industrial Estate, Winsford, Cheshire CW7 30Y 9%AP501/100 Fluorosilicone Rubber, which
is commercially available from Advanced Polymers Ltd, 20 Ham Bridge Trading Estate, Willowbrook
Road, Worthing, West Sussex BN14 8NA 2515% Carbon Black additive 1-3% Platinum catalyst As
can be seen the composition includes both a silicone rubber and a fluorosilicone rubber and also
carbon powder in an effort to make the surface 30elecgically conductive. 9 This composition is mixed
together as "rubbers" and extruded to form partially cured strips that are either 4 or 8 mm thick, Im in
length and 50 mm in Wldth Example 2 5A test rig shown in Figure 1 was constructed comprised of two

test pieces fitted PAEHEE K6 Db HMNAEMIAGE st. The purpose of the testing was to determine the

thermal barrier nwé?gmn%wfﬁaed%%mgaﬂg B iaakiat WiaHbiEsRPAHSING HeibRfm ne of

test pieces was sand blasted while the other was not and was merely covered with a primer, SS4004P
from 10 Momenife terfBrasantdVarHipn st 8ertaimiasy F@%’HQNNYBW"C‘T‘@G%@?@I@J&CmM)
thermocouples yyreala) RG-SRy SHigehiRIece that would provide readings of the temperature
of the test piece surface. Thus, thermocou&;s #1 and #2 were located on the exhaust test piece that

had beerPsand blasted @HiR 1{?%?9’{6‘&(9% roplbbxemRas Haatkd.on the 15 primer only surface
prepared exhaust pieceigiierpos QR REH e @Rt fLFB8 HERSIP RIS pEassOf the
exhaust test piece and then wrapped with one layer (4 mm thick) of the silicone rubber composition of
Example 1. The other N%’%*féﬁ’mocouples (thermocouples #2 and #4) were placed on the outside of
the silicone rubber |ay€F'”@u% helghia Fﬂiﬂﬂ@mbzyré%%%&% of [HB%U:&J‘P@ r&PP@dﬁ@QtBQF cured

in an oven at 200C for four hours.
with a coating in accordance with the present invention,

10 Figure 5 is a photograph of the coated housing of Figure 4 but with an
additional coating of an electrically conductive coating,
Figure 6 and Figure 7 are graphs showing the temperature at various

points in the coating of the present invention in the tests of Example 1.

15 Detailed Description of the Invention

Example 1

A composition was made up as follows:

76% Rhodorsil Elastomer MF775 U CR, which is a silicone rubber made by
20 Henkel and commercially available, e.g from Henkel Ltd., Road 5,

Winsford Industrial Estate, Winsford, Cheshire CW7 3QY

9%  AP501/100 Fluorosilicone Rubber, which is commercially available
from Advanced Polymers Ltd, 20 Ham Bridge Trading Estate,
Willowbrook Road, Worthing, West Sussex BN14 8NA

25 15% Carbon Black additive

1-3% Platinum catalyst

As can be seen the composition includes both a silicone rubber and a
fluorosilicone rubber and also carbon powder in an effort to make the surface

30 electrically conductive.



The exhaust test pieces were then connected into the exhaust of the diesel engine, which was run at
1800 rpm, and the temperature recorded by the 25 thermocouples was monitored over a period of 1
hour 30 minutes. A graph showing the readings from the thermocouples is shown in Figure 6, where
the upper two plots are from thermocouples #1 and #3 positioned on the outer metal surface of the
exhaust test piece while the next two plots are from theymocouples #2 and #4 placed on the outside of
the silicone rubber layer. 30The lower plot is a reading of ambient temperature. 10 The maximum
exhaust temperature on the sand blasted exhaust test piece during the run was 179.3C at an ambient
temperature of IHES FPARSFIHRRIRIFBINESHiBBRIRaT At e dRRa St 20FF st usiad deatored Rt surface

of the silicone/flygragilieaps ivklsicsltiis 30RIPIARIaHIBRNAHSHPIERE N AR @ 3B HimGh &y fetr? %0

reduction. The corresponding performance in the silicone/fluorosilicone rubber on the primer-exhaust
test piece gave a temperature difference of 31.6C, or 18.6% reduction, between the exhaust surface
temperature, whigh wagaomaximum 10of 170.3C at an ambient temperature of 35C. Example 3 Using

the same set up as described in connection with Example 2, but with an additional layer of the same
compositn of Hhet8ffcHaeHNBsifichifiraphevassciphbeied srmingd Wadwantesh BiIRFASM and

the temperaturerggniiiBadheTHESOUBIRFNKASIRRAIISN CATAEh BrpBEE P A RIAY WiawiRs. A
graph showing the temperature readings from the thermocouples is shown in Figure 7, where again

the upper two pRREERIMR Hhen EVETRRuBRIEISN REIECHMABCRIGh A CaBRRH MBIt LIERKeaSf the
exhaust test pieggo/diferidia BeREXWRIRIaArORRB thesiaeeEBIfad s andl HIARERSGche8 the outside

of the
other was not and was merely covered with a primer, SS4004P from

10 Momentive Performance Materials of 187 Danbury Road Wilton, CT 06897
USA. Two thermocouples were placed on each exhaust test piece that would
provide readings of the temperature of the test piece surface. Thus,
thermocouples #1 and #2 were located on the exhaust test piece that had
been sand blasted, while thermocouples #3 and #4 where located on the

15 primer only surface prepared exhaust piece. Thermocouple #1 and #3 were
positioned on the outer metal surface of the exhaust test piece and then
wrapped with one layer (4 mm thick) of the silicone rubber composition of
Example 1. The other two thermocouples (thermocouples #2 and #4) were
placed on the outside of the silicone rubber layer and held in position by small

20 pieces of rubber. The rubber was then cured in an oven at 200°C for four

hours.

The exhaust test pieces were then connected into the exhaust of the diesel
engine, which was run at 1800 rpm, and the temperature recorded by the
25 thermocouples was monitored over a period of 1 hour 30 minutes. A graph
showing the readings from the thermocouples is shown in Figure 6, where the
upper two plots are from thermocouples #1 and #3 positioned on the outer
metal surface of the exhaust test piece while the next two plots are from
thermocouples #2 and #4 placed on the outside of the silicone rubber layer.

30 The lower plot is a reading of ambient temperature.



silicone rubber layer. The lower plot is a reading of ambient temperature. The maximum exhaust
temperature on the sand blasted exhaust test piece during the run was 195.5C at an ambient
temperature of 42.2C. The 25 temperature drop between the exhaust surface temperature and the
surface of the silicone rubber on the sand blasted exhaust piece was 64.9C, a 33.2% reduction. The
corresponding performance in the silicon rubber on thggrimer-exhaust 30 test piece gave a
temperature difference of 59.2C between the maximum exhaust surface temperature of 186.8 C, at an
the ambient temperature of 42.2C, and the silicone rubber surface temperature. A reduction of 31.7%.
11 The conclusibRErBaXiHBUBL E st iRBRfRatElee 5303 hisgiattexRardnteRueiesticone

compound proviglgs StHRIgPaUMangaier reduging s damRerateraeié Rt serdace ofggpiece of

equipment that is exposed to a 5potentially explosive environment, thereby aIIowin% the equipment to

be used in the ABAHRPIRHES Etam BRtwoet: e exhiaiahsHE It BPEHRIWERaRE BrCRiRee6 4.2 of
standard 10 ENGORZOLi20AE/ASISSliEare 1epidbe snnaet wsiatanssiehtagslisansiduorgaiicone

rubber composition of Example 16 The requirement for impact resistance of a non-metallic part in
apparatus group®- ks &. iRl ] Bve RINEHODsed was a sheet having a thickness of 4mm. The test
involved

The corresponding performance in the silicone/fluorosilicone rubber on the

primer-exhaust test piece gave a temperature difference of 31.6°C, or 18.6%

reduction, between the exhaust surface temperature, which was a maximum
10 of 170.3°C at an ambient temperature of 35°C.

Example 3
Using the same set up as described in connection with Example 2, but with an
additional layer of the same composition of the silicone/fluorosilicone rubber
15 compound, the engine was run at 1800 rpm and the temperature given by the
thermocouples was monitored over a period of 1 hour 30 minutes. A graph
showing the temperature readings from the thermocouples is shown in Figure
7, where again the upper two plots are from thermocouples #1 and #3
positioned on the outer metal surface of the exhaust test piece while the next
20 two plots are from thermocouples #2 and #4 placed on the outside of the

silicone rubber layer. The lower plot is a reading of ambient temperature.

The maximum exhaust temperature on the sand blasted exhaust test piece
during the run was 195.5°C at an ambient temperature of 42.2°C. The
25 temperature drop between the exhaust surface temperature and the surface
of the silicone rubber on the sand blasted exhaust piece was 64.9°C, a 33.2%

reduction.

The corresponding performance in the silicon rubber on the primer-exhaust
30 test piece gave a temperature difference of 59.2°C between the maximum
exhaust surface temperature of 186.8 °C, at an the ambient temperature of

42.2°C, and the silicone rubber surface temperature. A reduction of 31.7%.



15 dropping a weight of 1kg having a part spherical end face (diameter 25mm) on the
silicone/fluorosilicone sheet from a height of 0.7 m. Due to the properties of the rubber, it was deemed
that the worse case for impact resistance would be at a lower temperature. Therefore, the sample was
conditioned in a freezer for 24 hours at - 30C before being subjected to the 20impactor weight. The
sample was not damaged in any way during the test, ghowing that it is robust under the test
conditions. 25Example 5 The surface resistivity of the composition of Example 1 was measured. Even
with a loading of 15% carbon, the surface resistance was still too high to measure and was therefore in
excess of 1 GO. 12 properties of the overlying layer may have to be increased to make the coating

have a sufficientty bigh qndisetivibriond $8eals aRRlARLRNIFEARINSSSA SRABOSEIgRINGRdMade up
as follows: 90%Rhodorsil Elastomer MF775 U CR, which is a silicone rubber 10%AP501/100

Fluorosilicone FaMsttellusypgilisane campaLNdmiamars 2 WAkl ReiaIRPRESSERAPGECRMpressor
housing for a digselierHBRBAGY 18 RWErcNas clgaeed SP\é/djLﬁ%@Fﬁ Eﬂ%ﬁ%béfx%%@@%% and

was then degreased using a solvent cleaner. Strips of not fully cured compound strips having the
compositn of PRIAMHRIE W@%H@WV'W@BE&%@U@W@Q theilQIMRE'8 LS RS/ EIREN
covered to a thigkes aRRBYBARB& to 8Bmm. The housing is then place in a cold oven and cured at a
temperature of 145C for thirty minutes. The resulting housing is shown in Figure 3. The edges of the
silicone rubber were then sealed using a high temperature

Example 4

A test in accordance with the requirements of Clause 26.4.2 of standard
10 EN60079-0:2006 was set up to test the impact resistance of the

silicone/fluorosilicone rubber composition of Example 1. The requirement for

impact resistance of a non-metallic part in apparatus group Il is 7 Joules.

The sample used was a sheet having a thickness of 4mm. The test involved
15 dropping a weight of 1kg having a part spherical end face (diameter 25mm)
on the silicone/fluorosilicone sheet from a height of 0.7 m. Due to the
properties of the rubber, it was deemed that the worse case for impact
resistance would be at a lower temperature. Therefore, the sample was
conditioned in a freezer for 24 hours at — 30°C before being subjected to the

20 impactor weight.

The sample was not damaged in any way during the test, showing that it is

robust under the test conditions.

25 Example 5
The surface resistivity of the composition of Example 1 was measured. Even
with a loading of 15% carbon, the surface resistance was still too high to

measure and was therefore in excess of 1 GQ.

30 This result shows that an additional coating with conductive properties can

overlie the silicone/fluorosilicone compound, although the conductive



20 silicone adhesive/sealant, Intek XTS-320, which was allowed to cure at room temperature, see
Figure 4. Optionally, a conductive coating, C 853 thinned with toluene, was applied over the silicone
rubber and allowed to cure at room temperature. The resulting housing is shown in Figure 5. 13
CLAIMS 1. Use of a composition comprising, in % by volume: 9 to 90% of one or more silicone rubber
59 to 90% of one or more fluorosilicone rubber 0.05 to;3% of one or more vulcanisation catalyst and O
to 20% of one or more additive to provide a surface coating that is at least 4mm thick on an article
that, in use, operates at a temperature above 200C, e.g. above 250C, in a 10potentially explosive
environment. 2PPREHIEE|MnAEINVEIHMINIWAKRSITIAYE dHavR 18 DsuiREeatesHh &ndgneksr Hifengine
component. 153:bloerasreloimed.imiel Mg 38t & BPBEINY AsiSRtdRdesent between the
article and the coating to promote adhesion between the coating and the article, which bonding agent
optionally being a layer having a dry thickness of at least 10 microns. 204.Use as claimed in any
preceding cIaimEWgn,%rﬁjg the coating has a thickness that is 4-12 mm. 5. Use as claimed in any

precedin% claim, wherein:
A composition was made up as follows:

90% Rhodorsil Elastomer MF775 U CR, which is a silicone rubber
10% AP501/100 Fluorosilicone Rubber
1-3% Peroxide catalyst

10 Example 7
A cast aluminium turbocharger compressor housing for a diesel engine shown
in Figure 3, was cleaned down to bare metal by grit blasting and was then
degreased using a solvent cleaner. Strips of not fully cured compound strips
having the composition of Example 6 were carefully applied to the housing
15 until all the areas have been covered to a thickness between 4 to 8mm. The
housing is then place in a cold oven and cured at a temperature of 145°C for

thirty minutes. The resulting housing is shown in Figure 3.

The edges of the silicone rubber were then sealed using a high temperature
20 silicone adhesive/sealant, Intek XTS-320, which was allowed to cure at room
temperature, see Figure 4. Optionally, a conductive coating, C 853 thinned
with toluene, was applied over the silicone rubber and allowed to cure at room

temperature. The resulting housing is shown in Figure 5.



the amount of silicone rubber is at least 50%, e.g. at least 60% and/or 25the amount of fluorosilicone
rubber is 9 to 30%, e.g. 10 to 20%. 6. An article having a surface that in use operates at a
temperature above 200C e.g. above 250C, in a potentially explosive environment, the surface
including a surface coating that has a thickness of at least 4 mm and has a 30composition comprising,
in % by volume: 9 to 90% of one or more silicone rubbgg 9 to 90% of one or more fluorosilicone rubber
14 0.05 to 1% of one or more vulcanisation catalyst and 0 to 20% of one or more additive. 7. An
article as claimeel_iz )ﬁlﬁn 6, wherein the article is an engine or an 5engine component. 8. An article
as claimed in cl claim 7, wherein a bonding agent is present between the article and the
coating to promote adhesion between the coating and the article, the bonding agent optionally being a

layer having a d{)_/ 10”153‘@@%(%%%%%&9 é‘?gﬁ?ﬁnﬁn éiﬁ%iﬁg%ﬁ%ggimed in any of claims 6 to 8,

wherein the coating has a nessthatis 4 rticle as claimed in any of claims 6 to
9, wherein: the amount of Siltod&sudfoanesoatieast Stigene.gukivésast 60% and/or the amount of

quorosiIi(‘@ne rubber is 9 t0§3{2§’/g(ﬁ/90118,{8 8p%?ore fluorosilicone rubber

0.05 to 1% of one or more vulcanisation catalyst and

0 to 20% of one or more additive
to provide a surface coating that is at least 4mm thick on an article that, in
use, operates at a temperature above 200°C, e.g. above 250°C, in a

10 potentially explosive environment.

2. Use as claimed in claim 1, wherein the article is a surface of an engine

or an engine component.

15 3. Use as claimed in claim 1 or claim 2, wherein a bonding agent is
present between the article and the coating to promote adhesion between the
coating and the article, which bonding agent optionally being a layer having a

dry thickness of at least 10 microns.

20 4. Use as claimed in any preceding claim, wherein the coating has a

thickness that is 4-12 mm.

5. Use as claimed in any preceding claim, wherein:

. the amount of silicone rubber is at least 50%, e.g. at least 60% and/or
25 . the amount of fluorosilicone rubber is 9 to 30%, e.g. 10 to 20%.

6. An article having a surface that in use operates at a temperature above

200°C e.g. above 250°C, in a potentially explosive environment, the surface
including a surface coating that has a thickness of at least 4 mm and has a
30 composition comprising, in % by volume:
9 to 90% of one or more silicone rubber

9 to 90% of one or more fluorosilicone rubber



11.A method allowing an article to be maintained in a potentially explosive 20environment at a surface
temperature above 200C, e.g. above 250C, which method comprises: applying a composition
comprising, in % by volume: 9 to 90% of one or more silicone rubber 9 to 90% of one or more
fluorosilicone rubber 250.05 to 1% of one or more vulcanisation catalyst and 0 to 20% of one or more
additive to the surface of the article to form a coating thigreon that has a thickness of at least 4 mm and
curing the composition, and subsequently maintaining the article in the potentially explosive 30
environment such that fag, r f icle.] e.g. above 250C but the
surface temperature of h8e§c%5a ir%ég(?'e%gn%ilﬂéﬁc%gg %gé%ﬁi@?%%&%eﬁgg as claimed in claim 11,
wherein the article is af) éagifgmfanerineoteragditent that is maintained at said temperature by
operating the engine. 513.A method as claimed in claim 11 or claim 12, wherein a bonding agent is
present between the article and the coating to promote adhesion between the coating and the article,
the bonding ageht optiBnadististsirasaclajpeddnimtpinti6; wiekreisding arliehetis @mnginte or an

5 engine component.

8. An article as claimed in claim 6 or claim 7, wherein a bonding agent is
present between the article and the coating to promote adhesion between the
coating and the article, the bonding agent optionally being a layer having a dry

10 thickness of at least 10 microns.

9. An article as claimed in any of claims 6 to 8, wherein the coating has a

thickness that is 4-12 mm.

15 10.  An article as claimed in any of claims 6 to 9, wherein:
. the amount of silicone rubber is at least 50%, e.g. at least 60% and/or
. the amount of fluorosilicone rubber is 9 to 30%, e.g. 10 to 20%.

11. A method allowing an article to be maintained in a potentially explosive
20 environment at a surface temperature above 200°C, e.g. above 250°C, which
method comprises:
e applying a composition comprising, in % by volume:
9 to 90% of one or more silicone rubber
9 to 90% of one or more fluorosilicone rubber
25 0.05 to 1% of one or more vulcanisation catalyst and
0 to 20% of one or more additive
to the surface of the article to form a coating thereon that has a thickness
of at least 4 mm and curing the composition, and
e subsequently maintaining the article in the potentially explosive
30 environment such that the surface temperature of the article is above
200°C, e.g. above 250°C but the surface temperature of the coating does
not exceed 200°C.



1014.A method as claimed in any of claims 11 to 13, wherein the coating has a thickness that is 4-12
mm. 15.A method as claimed in any of claims 11 to 14, wherein the amount of silicone rubber is at
least 50%, e.g. at least 60% and/or 15the amount of fluorosilicone rubber is 9 to 30%, e.g. 10 to 20%.

15

12. A method as claimed in claim 11, wherein the article is an engine or an
engine component that is maintained at said temperature by operating the

engine.

5 13. A method as claimed in claim 11 or claim 12, wherein a bonding agent
is present between the article and the coating to promote adhesion between
the coating and the article, the bonding agent optionally being a layer having a

dry thickness of at least 10 microns.

10 14. A method as claimed in any of claims 11 to 13, wherein the coating has

a thickness that is 4-12 mm.

15. A method as claimed in any of claims 11 to 14, wherein
. the amount of silicone rubber is at least 50%, e.g. at least 60% and/or

15 . the amount of fluorosilicone rubber is 9 to 30%, e.g. 10 to 20%.



