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HEAT ABLATI VE COATI NG COVPOSI TION 5 Field of the Invention

The present invention relates generally to heat ablative coating
conpositions and, nore particularly, to heat ablative coating
conpositions t‘Pﬁ}”’%& anbi ent curing and capabl e of f or FcRAIsoE9173
el astoneric fi Background of the Invention Heat

abl ative coatings are useful in applications to protect underlying
substrates fromboth the effects of hi gh-t enperature heat exposure,
and actual flane contact. 15 | deal Iy, such coatings forma protective
barrier between the heHEASOABELATIVE CORSTEING COMPOSIPTIONN M ze t he
anount of thermal energy that is transferred to the underlying
substrate surface. If |left unchecked, the thermal energy could cause

t he substrat e Rieldoof thesInwenbiomerti es such as yield 20  strength,
Cauge tge Sgbzt[at'?héq%fégéri@dr&@ﬁt(iéﬁsﬁeiﬁ?ﬁest gefne%lamyr %bghféﬁifé}gﬁaﬂﬁré)e
oxi di zed and deter.iorate away. as._a res of such oxi i_on. . Because
t he underlyi ndw??fﬂ‘?lgr gPOEPPgLEions oafrfde'ntmloésggﬁt%ﬁ%g?’tggyn‘t )%sq }L?&U gﬁaﬁé er
associ at ed wi tdeatiiag comppeitien®dihathGrgepmbéents yewring iand Ivapehde of a
rocket body 2%5ornlift aRodsastemseLkedilangi ne, or in the case of a launch
pad or such a rocket, any possible loss in the physical

propertiés of such structure is_undesirable and coul d prove

- cat ast rophi ¢ @ackeyound of the Invenmtlohentional nethods that are used to
protect substratesH@ft ablauiiveheoatingbsané weeful dmpapplliicarbens exposure
or flame FULRE! uBELYPEnd AT filesS ol BSEH {hd Serath c2s ! hoOSE
used on the space shuttle, al are applied to _the supstrate surface
usi ng a hi gh- tegbetempeEakyresherrt ePﬁS’S‘t‘ﬁI]eesa&Fea%‘Fi‘rl flameQOBtRCEe as

| ong as tlhey riemillyadisecbhdcbatiigs uitder lay prgtdbt ive uteptrixe wiweaoe Lthand

are known to boak 2\avel LAE EhE subst HHRStbAkEnSH 2ECE L UanduiblEN the

di fferences in_therna expansi on characteristics of, the substrate and
tile, and to thermaloepgraysthRt i ih GANSETEEPetobiE HNIRTIYiNEnSUPSEERES
heat surface. If left unchecked, thé- thermal energy could cause

~ the substrate to lose physical properties such as yield
20 strength, cause the substrate to ignite, and cause the
substrate surface to be oxidized and deteriorate away as a
result of such oxidation. Because the underlying substrate is
oftentimes an important structural member associated with the
heat producing device, such as in the case of a rocket body
25 that houses a rocket engine, or in the case of a launch pad
for such a rocket, any possible loss in the physical
properties of such structure is undesirable and could prove
catastrophic during use. '
Conventional methods that are used to protect substrates
30 from the effects of high-temperature heat exposure or flame
contact include the use of solid heat tiles, such as those
used on the space shuttle, that are applied to the substrate
surface using a high-temperature adhesive. The tiles are only
effective as long as they remain adhered to the underlying
35 substrate surface, and are known to break away from the
substrate surface due to both the differences in thermal
expansion characteristics of the substrate and tile, and to
the forces acting on the tiles by the high-temperature heat
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source, i.e., the rocket engine exhaust. Once atile is renoved, the
Tinder |l yi ng substrate becones exposed to the 5 har nf ul hi gh-t enperature
heat. Further, the use of such tiles does not provide any degree of
flexibility andls t heref ore, unsuited for use with

substrates M?i’”d%ﬁ“an unbi |i cal cord attached bet menggfiﬁgﬁlgﬂand a

| aunch pad. O her nmethods that are used to protect substrates
fromthe 10 effects of high-tenperature exposure or flane contact include
t he use of heat abl ative coating conpositions. Such conventional heat

abl al] ve cOYL0.COMGS) LANS-BFed dlithe exnalicOT | GREEU Sy At cause

t he coating durin exposure to

t enper at ur e ret“t?"iﬁdovﬁ:bé S‘Bﬁérlﬁmg dBipstaade PrePRas %*B‘P%%‘? i%h ttl"c? t he _
under | $i ng HdifAl Bigh-temPechtiieathedd.at iFuetheal i the wse abphickd tddes t he
under! ying goeq SRSHERLEaBNnP! fedebe G16R1B1 21 BoAndDl 8! | \thelrldeBre,
However, heal abl at rom such convehti gna

abl ati ve coanswjdesy £opaues WhtRpbEXUNE SIOFEratRingusld as (3 Hihiddrathat
provi de onl yedddridetdchedt beeeeehamcmaﬁetf ok a lauabhupad@00[err]F to

250[err] F and ar % Uge ¥l Q‘ﬂ‘?ﬁl%a%z%f uEE&ttagpf t su 'Eg§ Pfom the

protectlng an underTyi ng roc unch su s rate omte eratures
on t he 18r derefdfecty i PéF?mPerat'Sr‘b(ﬁﬁWF pEr £ %’F‘?oﬂ"%"fa‘éﬁ %‘@é’?em
seconds. AddiHd arzd lof, heeat aBhatied| edatiend |dompofs@tmedsf r odmshich

convent i onal o GRANM s3Ad ) heatussw@we b@ée&cir@%h?gglei&ﬁé RROTEdphidAVi ol et

weat her resi stance, g resi st.anceé cause. early. chal ki ng,
f adi ng and I%@“o‘f"ﬂj‘le@é?ntﬁuft ﬁErca‘é‘b%ngearﬁ?a&Fé‘?hﬁﬂeaB?a@é%l urlnrﬁi’eat
abl ati ve coaflamp camesitt oenexposure ¢ |mghderperathrekst@Oprovidsxideme ty,

and burgs a%wrﬁ Q:%errﬂé'lch:'Bﬂséti‘&eW&W%Qderlylnéosﬂb%éﬁmerat ure

condi ti ons act nesista re

properties Such heat ﬁé’é@téb'ﬁa?? lB%%t n%g appdded, ﬁ %%ﬁfl}gﬁ? f or
pur poses of sibstirettd rpdorrei cumedi hg épmrﬁmma@aabéabfws‘il fhlf% failure,
the flaking of thgysylst rﬁé@t ablat iANA¥ i8N EbPRe @ URSd -t donventlienabg

ot e "o hebE g AR, 8 A1 ) s B dad
condi t i26n, technology that provide only llmlted hea:zre81s ance of om
about 200°F to 250°F and are, thus not capable of meeting the
demands of protecting an underlying rocket launch pad
substrate from temperatures on the order of approximately
5,060°F for period of at least 10 seconds. additionally., heat
25 ablative films formed from such conventional epoxy and
urethane based coatings offer poor ultraviolet, weather
resistance, and acid resistance that cause early chalking,
fading and loss of gloss. Further, epoxy and urethane based
heat ablative coating compositions form a f£ilm that both lacks
30 flexibility, and burns and generates toxic fumes when exposed
to high temperature conditions.

Flexibility and impact resistance are desired properties
for heat ablative coating used in such applications for
purposes of eliminating or minimizing a common cause of film

35 failure, the flaking of the substrate
away from the substrate due to flexing of the underlying
substrate, or the erosion of film due to film contact by
propellent particles during the high-temperature condition,
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e.g., the launch of a rocket. Flaking away or erosion of the heat
ablative filmis not desired as this exposes the 5 under | yi ng substrate
surface to the high-tenperature heat, which could result in fire or

| oss of rrecha%g 4T opert I es. Addi tional |y, heat pebiisgsnyezsfi | ns
formed from & A% onal heat abl ative coating conpositions typically
require an el evated tenperature cure, i.e., cure above anbi ent outdoor
10 tenperature, or even adherence to a cure process or cycle that

I nvol ves subjecting the applied coating conposition to I ncreasingly
el evat ed tenpegal ufles Taunchpedi hi edcket i odBlaking awalyi oe. efbeioreasf ftde

el evated tenpglatiifaiye A4 96 h?t desi AN LA o AxpEBs A hr € process

makes the use Of Suc ati1ve coati1ngs _conplicated time
consunihg. underlying suhstyate,FRFLace ettt tHEhsHETPREREVERI MRPtoat ed i s
a large whichiCéollRl rdsfltainaflisanch Pogk wf mechanicadqpropextidmt t he

cure process eiligaiBgfaiil e 9# éﬁﬁia@&%s'f@@méhﬁofﬂéd " Erom J:onﬁ/%ﬁrt?cgnal

surface to the necessary | ar ge aven
by curing cohea¥ %‘é’cﬂq% ‘ﬁatﬁﬁﬁ SEMRPFLtions Yps"éifi‘l}é‘ﬁ(t FﬁflPi‘rrBya’Em ng a
| ocal |y appl ekevieed tsmpermture cure, ilé.| squrteherbefver ambdent rabtdodhat a

heat abjgtiv 0 p
prot et By aceibekities, or SN %P%‘%?gi;%“m%?a%‘ﬁ%a?%&ﬁf PEOPRE: e

g
hi gh- terrpera%ﬁY%l‘ﬁ%%\ts“ebl cq‘g‘ r 8P T?Pet%tcog'lé’f’ﬁf‘f‘%g coat| ng
conposi ti on becreamirdal yfefevatiedg tampenatuigsitior spdonfied paniddg of

el astoneric Eiﬁ?@e”'rﬁ‘é ziéécprf&@ @e%aésar@&upérature fdue Bnliyby e®d i npact
resi st ance. Is desired t

é rL bl ati.ve coatlng osition
be capabl e of9REFFRGE tC F)C M“Eﬁt pf'gﬁﬁﬁ? a'{‘%?eés Wih&FE Phe H‘élggg 3 an

el evat eth ablautivee ateatwings canpldicapefcandting igrpseypdngs. Thissigl so
desired that ofpec{gfiy &bé@é e @ikl aws@fm@ K&ﬁ?e@da‘t%df ikma largé hat has

good ul travi ol et weat er .and aci.d_resi st t,dogs urn
or generate PORPCEHEReSYHE RS D SRR op§ nﬁeelggtlgrnégcon Tt |oérols
- 3- cure process either be carried out by expos1ng the entire

coated surface to the necessary curing heat in a large oven

20 and the like, or by curing coated sections of the substrate
sequentially by using a locally applied heat source.

it is, therefore, desirable that a heat ablative coating

composition be prepared that is capable of protecting an
underlying substrate from the harmful effects of

25 high-temperature heat. It is desired that the heat ablative
coating composition be capable of forming a heat ablative film
having elastomeric properties to provide a degree of
flexibility and impact resistance. It is desired that the
heat ablative coating composition be capable of curing at

30 ambient temperature without the need for an elevated
temperature cure or complicated curing cycles. It is also
desired that the heat ablative coating form a protective £ilm
that has good ultraviolet, weather and acid resistance, and
that does not burn or generate toxic fumes when exposed to

35 high temperature conditions.
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Summary of the Invention: There is, therefore, provided in
practice of this 5 i nvention a heat ablative coating conposition that is
pr epar ed by conbi ni ng an epoxy silane resin, an epoxy resin, a
-silicone i ntermedi ate, a silicon-nodified polyether, an @HL bi73ne,

at | east WHEN8Wdanonet al | i c catal yst, at |east one orgaht ¢ S
solvent, water, at |east one filler, optional 10 nonsi | i con-cont ai ni ng

am ne catal yst, and optional pignents and thi xotropic agents. The

I ngredients are conbined in two parts, and are packaged and stored in
two containerg.that ar m.xed together prior to application

The heat abl 2 £ the Inleht °£h is applied to forma 15 film having

a buil d thi ckness Therehésy ablerefors.omrayddedoin practige ®f tlishes that is
gapabge f cuinvghtiomdinai: apldesve coatirﬁgmﬁ)"n@ildﬂijeibﬂ ah@utiéfyﬁp%%&,
ependi ng on . 0 o | | so_for i S
capabl e of @béf)%ie%ﬂ%g%angfh%gergﬁ?%ggefs%%ﬁ'r gat%e%g’l?r a%g,gméf gaf‘,s T otKet
20 | aunch phetexwediahe, & sdhifae-Refhiigd Aqly@thes; Apgaminosilane, at

t enper at ur e hegdstirsheororjanemiethliie expabyete, dudt Nkastdhenegdganic tine
period. The rgggv%gueu¢ éﬁgilaglgga%grggg fflﬂéﬁiQ%ﬁﬂoEgl undergo a sl ow

t hermal deconposifion wthdut, igniting or ‘causing excessive snoke, and
i s desi gfed tBPHHEiRIEIEindhgoaning (cafatysy t ndoOpEépaal pigments
under | yi ng sudsd rishiexdtmpitchegenks. Theetmymedidntenare combined The thwat

abl ative fil 1.5l I ' r g A r OV

I mpact resi s%ﬁéeé)'t g&:?dr) a?'ééecsztppa t?%gﬁgﬁeéhﬁ %Ite?fmipn%pg:l:;gst% ?gp’giggg% %yeéc :aéfecal
damage that cBHfeA t PIdQE t8 pBPt1TFE Yt ot her contact, e.g., from

al um num oxi de Thepakehet abpaties | axhtfingmcamposkeion Tie appsitedneo €orm a
propertigs  fi1@Thd g{]eaaFmﬁ%at»_hxekﬁégm@A%&rﬁwg@eaff Ee3hbibddy 4O
permt t he heat, all ativye coatlng cgnpqglthn to bewéied to ot ect
flexi bl e subst? ey, inehps BRC A FREAPLIR 71 FURINIS GthaPREBAL 20%Ed0OT o ket
and the | aunctempeikature in aboliesgvandday$erddpatdings pnaspeiest and

advant ages of cdf®it ions Pr @8RNhehRVABLARvAM £11W RN TR riREC i 8PEASBLe fdPM t he

fz[lomnng desgééé&ééﬁhé”&%EH%%EFQ%Qn&'gﬁﬂgtrate surface, e.g., a rocket
20 launch pad structure, from the harmful effects of high

temperature heat and/or direct flame exposure during a defined
time period. The heat ablative film so formed is designed to
undergo a slow thermal decomposition without igniting or
causing excegsive smoke, and is designed to have good thermal

25 conductivity to protect the underlying substrate from thermal
decomposition.

The heat ablative film also displays elastomeric
properties which provides impact resistance to protect the
underlying substrate from mechanical damage that could occur

30 due to particle or other contact, e.g., from aluminum oxide
pellets propelled from a rocket. The elastomeric properties
of the heat ablative film also provides flexibility to permit
the heat ablative coating composition to be used to protect
flexible substrates, e.g., an umbilical cord running between a

35 rocket and the launch pad.

These and other features, aspects and advantages of the
present invention will become more apparent from the
following description and appended claims.
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Det ai |l ed Descri ption: This invention relates to heat ablative
céating 5 conpositions that are capable of curing at anbient tenperature
to provide a cured filmhaving heat ablative and el astoneric

properties ofg§I ig;lity and i npact resistance. Heat aptaiukssasemat i ng
conposi tions Qﬁ%@pﬁmared according to principles of this invention,
by conblnlng, in the presence of 10 a sufficient anount of water to
effect hydrolysis and pol ycondensat i on: a. an epoxy sil ane
resin, with - b. a silicone I nt er medi at e; cC. a

silicon modi f ipada pPLy &b, ; d. an aninosilane' e. an
epoxy resin; 5pt] opal ani ne cat al .an

or ganonet al | i ¢ cat'réﬁ%tm"entm relgtes;tq deat gh aﬁi‘é%n?%a%’d}ﬁlent 20

|. at |®ast compbsitions aittht are capabjle oftdanialg pitgeebisnantdéeperature

t hi xotropic aﬂﬁe#§ tJ“%ure lm hav1n§ K€at a 1aﬁE@% aﬂarggéggaﬁefH53

conbi ned t oget r r.qQl Si s condensat | on,
homopol yrer i zBFPBRT® éﬁ% éiﬁﬁﬁ& ?ﬁ?lﬁﬂpﬁﬁé)r PEEPNGRs t BF oduce bot h
crosslinki ng abdlative coaumgarqmmsutapnﬂgan@twmﬂanﬂd t Iaecoedmg thdat form

e e ] b i e e el
i ncl ude E oseahﬁsgﬁé f?ﬁFd¥W§F§1°FoV g strede hydrdinls and [err]

35 having opelyrondersatdatene ri ngs, mhere Rlerr] is selected fromthe

group consisting gf, hysh ossd-BoNH 1he RaskA; th@li@nge of from about one
to six carbon atons, wher prefer blg sat urat ed hydrocarbon
having in the rangg of # f?%%ﬁéﬁbuﬁ' g e
-5- c. a silicon- modlfled pelyether;
15 4. an aminosilane;
e. an epoxy resin;
f. an optional amine catalyst;
g. an organometallic catalyst;
h. at least one organic solvent;
20 I. at least one filler; and
j. optional pigments and/or thixotropic agents and the
like.
The ingredients are combined together and undergo hydrolysis,
polycondensation, homopolymerization, and heteropolymerization
25 reactions to produce both crosslinking and an
interpenentrating network of the resins that form an
elastomeric, ambient curing, heat ablative film.
With respect to the epoxy silane resin, suitable epoxy
silane resins include those having the general formula
30
0
Comam C—R,~—~S 1= (OR,;)
35 having one or more oxirane rings, where R, is selected from the

group consisting of hydrocarbons having in the range of from
about one to six carbon atoms, where R, is preferably a
saturated hydrocarbon having in the range of from about one to

-5-
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three carbon atons, where each R err] can be the sane or different,

and where x is in the range of from about one to three. It is 5 desired
that the Rlerr] groups be limted to about three carbon atons to limt
the effect of steric hindrance that such groups couldP o5 Ng
hydr ol ysi s ¥@P7A818¢condensati on reacti ons, whi ch coul d”"reduce the rate
of such reactions and ultimtely Iengthen the tine to achieve cure. 10
A preferred epoxy silane resin is one where the R err] group is an
oxyal kyl group and the R2 groups are nethyl groups to facilitate fast

cure. A partlcula%v¥{ r%&?ﬁ%id ggéye%ﬁ{qpecan beréﬁgrggﬁ% dlf5gF Bre

ganma- egC| ane commerci a

from for engwhereos ispdai & f—. ¥ange af fromabpusnane Ney lem@uncrérr ishe
prgducst tnﬁrahéi&led%gﬁh the R, group'Et’lQ)efp.QIh}itém e@eaw@ajhrtnz%w&aébba 3ot h
ennance e I N,er coa n | a n {o

i npr ove t he 'f?"é%qtt? l],tml %:h% gfﬁﬁgédéﬁ %e@%@e%&%r% S @lagtc.) éﬁé}%eqaﬁ%ups

abl ative comu¥gy Q%wmﬁuml@a hydrelyeis mqugq%gcpﬁdﬁnéageon ¥earfelasts f r om
about 0.5 tghfrweriad dedueel ght paté hef epmty reactiohbaard rebt imate1g0at i ng

corrpositiori??retﬂlar eg:r@/&liﬁ.l ngol géﬁleve alfan about 0.5 percent of the epoxy

silane w || oat and substrate adhesion properti es,
and hdfe reduced prefern%?w@grsltlfneAre&w 1§ WAEHRS Fhep Re [BFBWP by
using nore 2% an tchq;alad;ﬂugrbupeaﬁdrthatn,bgrmpghar@fmémlewpsl kane wil |

be ecopol £4l doe %%S'cm | e ﬁs Pel ¥ %xemaansp
cure % e

appreC|any | Nprove coa |n he5|o
part|cuIarlﬁeiﬁﬁﬁ¥ﬁrﬁﬁﬁmﬁé§tY&Bﬁ8¥Y9€°¥%%E%Wﬁfh°XYS1ﬂ§nﬁrEB%FeHFu3|ng
appr oxi mat eémnmmlgeravah)law&eghtomf fdre StamplepoRglsEpactaliesed.of

Wth rg Speﬁfer]%mf'ﬁé& E%‘e ume'h LPr iRl os1 A- 11wtabl e

|ty A

S|I|cone [ lates 1 ncl ose haviln ner a ormul a
+ he epoxy silane r%%&q]ls us%d Rhg th el ect ed
fromthe grinqermbumfandu;uﬁétaate adhesion of the coating, and to - 6-

improve the flexibility of the cured coating. A preferred
heat ablative coating composition is formed by using in the
20 range of from about 0.5 to 5 percent by weight of the epoxy
silane resin. A coating composition prepared by using less
than about 0.5 percent of the epoxy silane will have reduced
intercoat and substrate adhesion properties, and have reduced
film integrity. A coating composition prepared by using more
25 than about five percent by weight of the epoxy silane will be
economically undesirable as the added epoxy silane does not
appreciably improve coating adhesion or cured coating
flexibility. A particularly preferred heat ablative coating
is prepared using approximately one percent by weight of the
30 epoxy silane resin.

With respect to the silicone intermediate ingredient,
suitable silicone intermediates include those having the
general formula

Ry
35 R,—O sli——o R
% | 4
R, n
where each R, is selected from the group consisting of an
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hydr oxy group, and al kyl, aryl and al koxy groups having in the range
‘of from about one to six carbon atons, where each Rerr] 5 group can be
the sane or different, where each R err] is selected fromthe group
consisting of h dro en, and al kyl and aryl groups haviwmgrusssi¥sds r ange
of from about si x carbon atons, where each Rl err] group can be
t he same or dlfferent, and where n is selected so that the silicone

i nternmedi ate has an 10 average nol ecul ar weight in the range of from
about 500 to 3,500. It is desired that carbon-containing groups

sel ect ed I langd e 4y O 1k 288ps Madw Uin Yhe
carbon ato hyépéx#(r)be’]-ﬁg a]ndf gg!{cgiof iyterl C . hi nd\r!'kgnge dprl ng??gré)l ysi s

and polyé%ﬁ*ﬁie?%aﬁ"i'% arbé’éf& PBRsEAEE (FREESHY A-e8Ge e VaTF 2 The 15
silicore | ntgrowplicdre bes theedame prodifiterrnit, amerei each R, isesedesred to

;[mhe CO?L' ngR[ £L5R Osthd '&bup cons:.stlné\ Of hypdrRfersi lan@0Beky Dt SAdELMYE € | sdone
ere the R{err oups e 88 PS, L0 LagiLi api
cure by ITFRVRR BB i égvgf {Pﬁ ag{ %Pganél %Hé 4 kSN{/\/her

the R4 groupstame, eetmrepmc}!l Rgrgﬂpﬁ) can bgr Fh@uﬁéﬁ"?yo’pr@f ré‘d'tf and
silicone intgriapdiQtfy lél@dﬁé@nbb Hﬁ&i‘JW:IE@téEJJXiM:cﬁ'Ié iig@Bemélnite has izn

comercjally avail abI for a f dl and,
M chi ga Wund@?’ eTR2e P c‘fqrgﬁawelﬁgé 884 a%&o l\/\2 I?gogg?ui\dsg;;éw

M chi gan und2;5éfe p¥"0d’cﬁ:tdq1ﬁa‘r¥9 dsyhag cazion-containing. gxPHRY HRLECHES ati ve
coating conpesttiRé RS ahd@ Rpdydups havesilegsi thameabangsixf chrbonadboms 0. 5

to 5 percent by, mwh%feécts of fs%r?elhfﬂ@fam APAHAHGarb19858 | 4

conposi tion prepar usin ess . ercent ht of
Che o1 1 conepolycondens sk ATHPRP R Rt LHFRAPH ety FRES: Bk ed
and 30 15f| agRlieshet imcermedi ateatisngsednpo prowiniephepdr eddbfivei ng

more than ab?Fy un%ﬁcgeé%e&;e %a‘@."ih@hEo@ﬁoH@l&l' icone i ntermedi ate

I S econom ca esira dd g ht er d| ate does
not appreci abl y iPGFETREL Sb}l??‘é‘?‘remtermeqlg €5t 8n2Re ofRgfe W& &a film
and wi || forgreuparade féedch 3tethdxyy gngubs cte abrci Hiratite Fapideenta sy

fle?'b'l'ty f@Qﬂﬁ@lon of PEAEAY Wat8toie NeBiorl alnaQgs/ pAdtwikedar |y
preterr

bl
per Cem%gy wEhgnEe S s e oS 0R LAy P AISRAY C0 AURLDE: BRPLLY) Btk

-7- silicone intermediate is diphenyl-methylmethoxy silicone that
is commercially available from, for example, Dow Corning Corp
of Midland, Michigan under the product name DC-3074; and
Wacker of Adrain, Michigan under the product name SY-231.

25 A preferred heat ablative coating composition is formed by
using in the range of from about 0.5 to 5 percent by weight of
the silicone intermediate. A coating composition prepared by
using less than about 0.5 percent by weight of the silicone
intermediate will form a cured film having reduced heat and

30 flame resistance. A coating composition prepared by using
more than about five percent by weight of the silicone
intermediate is economically undesirable as the added silicone
intermediate does not appreciably improve heat or flame
resistance of the cured film, and will form a cured film

35 having increased hardness, decreased flexibility, and a
decreased rate of heat ablation. A particularly preferred
heat ablative coating is prepared using approximately two
percent by weight of the silicone intermediate.

-7-
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Wth respect to the silicon-nodified polyether, suitable

silicon-nodified polyether useful in preparing the heat 5 abl ative
coating conposition include those represented by the general formula
[err] where each R err] can be selected fromth

saturated WOYRYH¥focar bons having in the range of from oﬁ%‘gﬁlgébg,ilﬁg?:ar bon
atons, where each R err] can be the sanme or different, where each 15

Rlerr] can be an al koxy group having in the range of fromone to _three
carbon atons, where each R err] can be the sane or different, wher e

Rlerr] can be seli¢ht edspeoth ey Bilidonsablified p¥lyethedNSRli¢haB e

o and Srasfddifi SR198CRE: LSTHEPU, SWBaring, His HERES PO
pol yether haBlaties creafd neolcomgrgitien girclyde thosehwepaagentéd fbyiheout

250 to 5, 00genéfal stshafivsed that the nunmber of carbon atons for the
Rlerr] and R err] groups each be_| imted to reduce the effects of
steric hindrance during hydrol ysjs ngs pol ycondensati on reactions and,

thereby facilitate rapid 25 o cyel o . ) preferred silicon-nodified
pol yether is one where the dﬁér _ g dﬁbs &re each nethyl groups, the
R[errh groups are each net hoxy grougsg the Rlerr] group is propylene,
and where n[err] is selected so ® t hatnAbparticularly preferred
silicon-nodified polyether is 30 one comrercially available from for
exanpl e, Kawk&de cdactiffgNcan be Ussbsctidtt fSidnelesgrtws of fittaten
The sili .Conﬁ)g@%éé%rf?'ﬁé%% ih® Fﬂé.ega{xg?? RS BFS to siﬁoé‘éiéﬂ'&q.
conposition because 1t provides flexibi Y, el 'ongat ron, ~abrasi on
resi st ance, aF9fe§ e here @ach R s rPsFhe Sadespandbf ferrnt mythared epichm
integrifty tRr, tdam ®er ek hllkoxy droup haprieierinedhbepingsd|of | fiont @did e
Conposi t1ong e Oéé%xﬁyaéb%lé‘,gwhﬁre L:Qcﬁgé’ E:gggﬁeoéh% r&éﬂlé‘%‘l‘“di%%etr%nﬁ?
percent by weight o e si1icon-nodi¥ied pol yef her. coating
conposi ti onWpprEPdieGapybe selected from the group of saturated or
PCT/ US96/ 1%id@aturated hydrocarbons having in the range of from about one
to twelve carbon atoms, and where n, is selected so that the
20 silicon-modified polyether has an average molecular weight in
the range of from about 250 to 5,000. It is desired that the
number of carbon atoms for the R, and R, groups each be limited
to reduce the effects of steric hindrance during hydrolysis
and polycondensation reactions and, thexeby facilitate rapid
25 cure.

A preferred silicon-modified polyether is one where the R,
groups are each methyl groups, the R; groups are each methoxy
groups, the R, group is propylene, and where n, is selected so
that A particularly preferred silicon-modified polyether is

30 one commercially available from, for example, Kaneka of Japan
under the Silmod series of products.

The silicon-modified polyether is used to prepare the
coating composition because it provides flexibility,
elongation, abrasion resistance, increased heat ablation

35 resistance, and improved film integrity to the cured £ilm. A
preferred heat ablative coating composition is formed by using
in the range of from about 20 to 45 pexcent by weight of the
silicon-modified polyether. A coating composition prepared by

-8-



WO 97/.19764 using |l ess than about 20 percent by wei ght of the
silicon-nodified polyether will forma cured film having 5 reduced
‘properties of heat ablation resistance, flexibility, el ongati on, and
heat and fire resistance. A coating conposition prepared by using nore
t han about 4%{?%8?& by wei ght of the silicon-nodifi edCpUSSsasITer wil l
produce a fil having a slow cure time, poor filmintegrity, poor
adhesi on, 10 and reduced heat and fire resistance. A particularly
pr ef erred heat abl ative coating is prepared using approxi mately 35
percent by weight of the silicon-nodified pol yet her. Wth
respect to t %g‘ HQsk! 8Asn éﬁaﬁ@bide peFcRati benesidic ofus@fell in preparing
V,

t he heat abl atl coati_n oSl ti,on i_ncl ude tho vi.ng.the general
formul a silicon-modi 1e8ng)o ye k&rr]wz.léoform c%e xg[m rh &i g sgl ect ed

fromthé groumdimesi propgroiesaviirheadd aplation yeshstanfsd ﬂ%ﬁ%rlé’é EB¥n

groups conpr i tT[i hheaﬁénﬂéa@farfd Gire reslstnd8. Caf vawinys, where
Rlerr] is select (? r.

om t he . _consij st Y, a
al koxy gr oupsc‘??!ir\ﬂsr’r&lf’ﬁ Pﬁ%pgregq?% el mPFSmkg%ré %%&‘L%(xisc r)élent Bﬁs
where n2 is iweidht odngbe silicdnimaeshided pelyRkber whil mdél%al §lr“ﬁ t he
range of fromgangg a s1be Ehr&eridk efidrediaw naskyanes, iRainidrinsasa, wher e

215 g0 SR A9 e s A st "o A an”

about Ireferned hestsabbative tceatdng d€orepased theinghi nosil ane to
an accept abl eaﬂﬁ}\egdma%adyt bst p&tesny Wye weightedft ohé esslidwm nadddifti ed

si x carbon ato I|mt the effect of steric hindrance to

facilitate r A particularly preferred am nosiéggse S

N- bet a- ani noet hyI Wgéhrme%m%m%ﬁ%ﬁ AFABORLXIRE | 471 tefhde pminosi
comrer cijgl | y \aveofd 1ak3ire prepairifigr tiex drgrte abdE@t iSpecoat ing scomposidmigar t he

Pg?dUCt name A didfk +Hoe nithhgblfe AR 308hula

(NH, )":-Ra——si——- (OR, )n;
20

where R, is selected from the group consisting of saturated or
unsaturated hydrocarbon groups comprising in the range of from
1 to 18 carbon atoms, where R, is selected from the group

25 consisting of alkyl, aryl, and alkoxy groups having in the
range of from one to six carbon atoms, where n, is in the range
of from one to three, and where n, is in the range of from one
to three. Preferred aminosilanes include those where n, is
equal to two, where R, is a methyl group, and where n, is equal

30 to three. It is desired that R, be limited to less than about
18 carbon atoms to limit the viscosity of the aminosilane to
an acceptable level, and that R, be limited to less than about
six carbon atoms to limit the effect of steric hindrance to
facilitate rapid cure.

35 A particularly preferred aminosilane is
N-beta-aminoethyl-gamma-aminopropyltrimethoxysilane that is
commercially available from, for example, OSI Specialties
under the product name A-1120. Other suitable aminosilanes

9.
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i ncl'udes those available from for exanple, Dow Corning under t he

pr oduct name DC-Z6020, and Uni on Carbi de of New York, New 5 . York under
the A-1100 product series. The am nosilane acts as a catal yst and as
a cross linker for the formation of Si-OSi bonds bet weshudehRo1Ss | | cone
i nt er nedi at eW2F1ME si| ane nonomers, and al so serves as the reactive
conmponent to form epoxy-am ne bonds. Therefore, the anmount of

am nosi | ane used 10 to prepare the coating conpositionis a

stoi chionetric anmount of am nosil ane based on the total epoxy, present
as epoxy nd. e d {at ani,ne, ent.as

am nosi | ane én%i&%]%et%%gst a%fs%hagiﬁl 55 e’ncéoor %xamp e, RB ??ﬂbn%o%%es’f tion
prepared by tRe rRFedat mame &Caﬁﬁgag 1@nd t&fl%n%@ﬂan@fwev Yorkn dNew | m
havi ng 3 ncr epefiel Wnder tiHEe A-1100WpkbdReOrsdiies .| numr bhinoé\lE&h@élélﬂ:s as
conposi tion pr y. Si | trlc u f the
e Lo & C?Mﬁ?eré) and as 9 c?gfg‘)%:guyll%gfg scth% Gl rRdF 1o of "B W
parti cul ar| ybonds Rﬂ"é‘feéﬂr éd‘ehéécthSBPﬁt +‘%e’8‘8?é’c11% |a§dpFBﬁaFéHa%S| ng 20

appr oxi mat el yordree e, card dlsorseghres ods tttee ardamadivieaaempbaéntl to foxtw t he
1S OF (PP ORI Clntss ) SARIECNpBY HELON e 1P Houune, of 3B 5 PLAD! BB Con!

by wei glrsbt epo esl n, one ,percent am ne ca
Wth redpectt® cP?EFRa”@pd%QF r@ﬁtﬁngsGP'E‘%‘B?’et’eﬁib%f rae§|tﬁ’§‘—'§5°me'e§b¢ uiFmCPWt
form ng the dfadmaidsilane dasedngncohposotalbrepmxy, present as epoxy

nonsi | i con- cgmgﬂén rreeglgs hﬂ&'é’&‘.w a;n{]_ql%e g‘BEhél ng at | east

two oxirane roups% @E ) aI| atlc or ., %Q matic, and which may

further conp®T Em?d"c?rr%‘ame cath & e §BH VAISRFeresi ns are

gl yci dal -type epry:oaeingscouﬁpdﬂnthmrpziepahradl bypueimy resbephan @esmouns a

nodi fi r eSQ§ C n, | e | dal
e I esQE Ck Bogi fneemm &%?h a BOGR I ﬁamid Yncredbbh QYP% A nE!

et her B| s resorcli na that i.s aval

commerci al |y rﬁ°9‘6r I RtEITEVE - SR cﬁ’%ﬁtt g(j‘Fé’i‘ﬁP(:’éIlElB’r" Prepa@fé;rlm
Hill, New Jeusaggmmlm then g edodechhanet £i¢ samouRE- ©F. tBE amihestlaneg resin
IOrOVI d;as fi |J}11i‘tﬁﬂc5dddé d 'ﬂﬂ‘mt ?ﬁbﬁﬁé{?ﬁﬂi&d pot 1&{1@ adﬂeﬁbi‘@l?@ﬁax‘?ﬁ‘%' ve
properti es. rred hea Qati,ng _conposition i's
formed by PTeiRYTRA| }}F#n@bﬁgﬁdg oFo??]O’?ﬁ aso LﬁrefatrSdZ Sp8Pcent by wei dght
of 20 approxXymarglpo rge percent by weight of the aminosilane, base

PCT/ US96/ 19148 the use of approximately one percent by weight epoxy
silane, eight percent by weight epoxy resin, and one percent
by weight amine catalyst.

With respect to the epoxy resin, suitable epoxy resins
25 useful in forming the heat ablative coating composition are
nonsilicon-containing epoxy resins including those comprising
at least two oxirane groups, which may be aliphatic or
aromatic, and which may further comprise some monomers.
Preferred epoxy resins are glycidal-type epoxy resins. A
30 particularly preferred epoxy resin is a modified resorcinol
epoxy resin; specifically, modified di-glycidal ether
Bis-phenol F-resorcinal formaldehyde that is available
commercially from, for example, CVC Specialty Chemicals of
Cherry Hill, New Jersey under the produce name Erisys RF-50.
35 The epoxy resin provides film integrity, £ilm tear strength,
and adhesive and cohesive properties.
A preferred heat ablative coating composition is formed by
uging in the range of from about 1 to 20 percent by weight of

-10-



t he epoxy resin. A coating conposition prepared by using |ess t han

about one percent by weight of the epoxy resin will formb5 a fil mhaving
reduced filmelongation, reduced flexibility, and increased cure tine.
A coating conposition prepared by usi ng nore than about 20 percent by
wei ght of theﬁgg%lz?,, gesin wi || produce a filmhaving reggc®md96/19173
flexibility a uced heat abl ation resistance. A particularly
preferred heat 10 abl ative coating. is prepared using approximately eight
per cent by wei ght of the epoxy resin. Wth respect to the
am ne catal yst, suitable am ne catal ysts include tertiary am nes

havi ng t he genhﬁaep@nymam 1% coating composition prepared| byrfpsing less

\gfelre gl[erlr] tﬁaﬁeéﬁ%gg%ﬁ% ﬁ&h@xtgbzulﬂe(iglgﬁléi Ih t{;ﬂe Qs‘pa&x,d&egsﬁ wzﬂl f@m
ups \Y

o bon b s, SnLER hedfng pPBReERioRy qmiced egxip i Ry o

hydr ogen, andaadyincaed@d:d qm@a;uwe anéd coatinyctarposdltiiph prepasedavy ng

froml to 12 GQEHQ“m@i@f@ha@beout zowg»ei-ee&ew]wéf?k Helogckad EpoRythes i oup

o oups. havi ng“etonpiofude ¢ Fine B zpgigsa FId oty o e iteh o
catal ysts i nchedt abhetign rRIIALANCEN nd Particylamihprefenznd| heane,

di met hyl {@r opapeheiréecoslit ived hd preparaat a80ha NapsroinaReny epPght aperadne,

di met hyl hexanol ann ] met hanol am ne, net hyl propyl
met hanol am neQ ﬁr‘étﬁp th&%m é’t hano am ne, methyl ethyl propanol am ne,

nono i sopr oprhrﬁWecﬁeFﬁth%h VIR STATALYSE - t Frit ke amine,

di et hanol ani neat&i 868! e Nede Adraiilairgu bl higs PheFRid atheadeReral fofmbhba ySt
is tri-2-ethyl hexoate commercially available from 35 for exanple, Ar

Products_of Pennsyl vani a under the product nane Ancam ne K-54.

The ani n® catal yst- acts, |ike the ammos.l.,l,aq@ as a catal yst and cross
| i nker for the formation of Si-OSi ﬁds, WD 97/ 19764

PCT/ US96/ 19173 between the siligpne internediate and sil ane

nononers, Serves

where R,, is selected from the group consisting of hydrogen,

20 and aryl, alkyl, alkyaryl and cyclooxyalkyl groups having from
1 to 12 carbon atoms, where R,, is selected from the group
consisting of hydrogen, and aryl, alkyl, alkyaryl and
cyclooxyalkyl groups having from 1 to 12 carbon atoms, and
where R,, is selected from the group consisting of alkyl, aryl,

25 alkyaryl, cyclooxyalkyl and hydroxyalkyl groups having from 1
to 12 carbon atoms.

Preferred amine catalysts include dimethyl methanolamine,
dimethyl ethanolamine, dimethyl propanoclamine, dimethyl
butanolamine, dimethyl pentanolamine, dimethyl hexanolamine,

30 methyl ethyl methanolamine, methyl propyl methanolamine,
methyl ethyl ethanolamine, methyl ethyl propanolamine, mono
isopropanolamine, methyl diethanolamine, triethanolamine,
diethanolamine, ethanolamine. A particularly preferred amine
catalyst is tri-2-ethylhexocate commercially available from,

35 for example, Air Products of Pennsylvania under the product
name Ancamine K-54.

The amine catalyst acts, like the aminosilane, as a
catalyst and cross linker for the formation of Si-0-Si bonds

-11-



as the reactive conponents to for t he epoxy-am ne bonds and, 5 unl i ke

the am nosil ane, catal yzes honopol yneri zati on of the epoxy groups. The
am ne catalyst is optional and is not essential for achieving anbient
tenperature cure. However, the ami ne catal yst does act to speed up
cure. referred heat abl ati ve coating corrposrt 3med by
10  using W?’é"?ﬁgout five percent by wei ght of the ani b@f’rubﬁmt)f’f alyst. A
coating conposition prepared w thout using the anrne catalyst Wil
forma filmhaving an increased cure tine. A coating conposition
prepared by using nore than about five percent by wei ght of the am ne
catalyst wibdcu G 2i1ieBudS incbadia ra%@eeﬁgpgé rln{#é&g%r€nds&r}e%ss of

flexibility. articular ed heat a
pr epar ed us??rgthe reaé%dr"&x?f?ﬁ?@‘émgﬁ e FPREY GRPLRS l?q’féi%rﬂ%
catal Yst. unkike the a?nosilangQ cataly%ﬁs homopolymerization of the
-12- epoxy groups. The amine catalyst is optional and is not
essential for achieving ambient temperature cure. However,
the amine catalyst does act to speed up cure.
A preferred heat ablative coating composition is formed by
10 using up to about five percent by weight of the amine
catalyst. A coating composition prepared without using the
amine catalyst will form a film having an increased cure time.
A coating composition prepared by using more than about five
percent by weight of the amine catalyst will produce a film
15 having a reduced pot life, and a loss of flexibility. A
particularly preferred heat ablative coating is prepared using
approximately one percent by weight of the amine catalyst.

20

25

30

35
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Wth respect to the organonetal lic catalyst, preferred organonetal lic
cat al ysts include organotin conpounds havi ng t he general formula
[err] where Rlerr], Rerr], Rerr], and Rlerr] are each selected

fromthe ar oyp, 1976 0NSI sting of al kyI aryl, and al koxy grewpsedByiang
fromlto 19 bon at ons, and mhere any two of Rlerr], Rerr],
Rlerr], and Rerr] are al so selected froma group conS|sting of

i norgani c atons 15 i ncluding hal ogens, sul phur or oxygen.

Organotin conpounds useful as catal ysts include tetramethyl tin,

tetrabutyltin, tetitapeesbets, tbrtmtd&gartbmetalmbleatﬂwsﬂ,rlgméﬂéxtﬁea
%

nethacrylate L bu

sul fide, di bufg???%gg%jéﬁéj cca%fsqgl an:yﬁl cpécﬁ%ﬂaur &t hgggng %{%I eate

pol ymer3 di btbg| geperal Eqrmudar yI mer captide, tin oct oate, di butyI tin

bi s(i sooctyl thioglycolate), butyltin trlchlorlde but yl st annoi ¢ aci d,

di octyltin dichloride, d'OCty|f€§y . dioctyltin dilaurate,

dioctyltin mal eate pol yner, dioc 25 bi s(i sooctylthioglycol ate)

dioctyltin sulfide, dibutylti n 3-8 mercapto propionate). Qther suitable
Iuaéﬁp

organonetal lic catal ysts rganozi nc conpounds. A
part|cup§rly preferred organone Bllic datalyst is di butyltin diacetyl
acetonate that is comercially ava| | able 30 from for exanple, Kaneka of

Japan under FRET®rBducRunafe. and Rya- 399 eachselecred E5am| BRe SRR ti on
i s prepared ushsfsting of klkyd,olkrgilgaandi allemnds (g:@mp@zhacmgnﬁﬂuﬁcts to
conprising 4, ma,a yézt[a.& dla%e%gracsapn@&@ AR ZI RE, SR 0AEn R,y are

The or ganonet alfic cat E‘ét n%} i s used pronot e 35 d?ol yS| fagy
condensat i on2F°t fgl %‘F‘F Dh & ﬁé"’H?eg%ﬂ%%S%‘fng of lé‘ﬁ’ir 881CTREOBF ganot i n
conpounts, i knpaunfiingllalogers usellphur or dxygemitiati ng such hydrol ysis

and condensat i on §,8a{k3RS compoundli k1€ A8 GARATYBEs COfPAIRS are usef ul

for drivin th
9 etramethyltln, tetrabutyltin, tetraoctyltln, trlbutyltln

chloride, tributyltin methacrylate, dibutyltin dichloride,
dibutyltin oxide, dibutyltin sulfide, dibutyltin acetate,

20 dibutyltin dilaurate, dibutyltin maleate polymer, dibutyltin
dilaurylmercaptide, tin octoate, dibutyltin
bis{isococtylthioglycolate}, butyltin trichloride,
butylstannoic acid, dioctyltin dichloride, dioctyltin oxide,
dioctyltin dilaurate, dioctyltin maleate polymer, dioctyltin

25 bis (isococtylthioglycolate) dioctyltin sulfide, dibutyltin 3-
mercapto propionate). Other suitable organometallic catalysts
include organozinc compounds.

A particularly preferred organometallic catalyst is
dibutyltin diacetyl acetonate that is commercially available

30 from, for example, Kaneka of Japan under the Product name
UA-220. A preferred coating composition is prepared using a
blend of organotin and organozinc compounds comprising
dibutyltin diacetyl acetonate and zinc octoate.

The organometallic catalyst(s) is used to promote
35 hydrolysis and condensation of the silanes in the presence of
~amines. The organotin compounds, in particular, are useful
for initiating such hydrolysis and condensation reactions,
which the organozinc compounds are useful for driving the

-13-
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reactions to conpletion. A preferred heat ablative coating

conposition is conprises in the range of fromO0.5 to 5 percent 5 by

wei ght of the organonetallic catalyst(s). A coating conposition
prepared by usi | ess than about the preferred anount

or ganonet al | WO Ea?zi‘l‘yst(s) wll forma heat abl ative fl‘?ltm%a@l ng an

i ncreased cure tine. A coating conposition prepared by using nore than
t hat desired amount of 10 the organonetallic catalysts wll pr oduce a
cured film havi ng reduced heat and fl ane resistance.

par {1 cul ar| Aol L eahp 0L 3bLve £GUALI Begbabet. ioe Molig 2 bl end

of an organotin conpou ano Stiate
hydrol ysi's é?ﬁ!f‘%’r&éﬁ%t‘?oﬁmﬁﬁﬂs?ﬁ in jihe, range P@aér@mn% § CaxGnpegtcents. A

parti c8l ar | yoymefightedf the onyahysétdll g mﬁnﬁrb&ﬁ?ﬁ) appK ddwiR) ¥y 0.3
percent by wgj n@ysz.tlon g{r %)Ege&rggn@éi G.I.%@%()lt‘_ﬂgg aﬂout‘:_ip& OXI:{% elxygspect

percent by e organoz]

to water usdfmaunt, °%r &Psr PrYgapAR Fl%-lalthZGatad-M%t(F\)/ewhbhtf@ign comeasi tion, it
is desired tdiﬂiatavesﬁﬁﬂinchanﬁ.ng an bmapedsed c@re @imé0i Qi EigC anount,

of water beoq;m%% | r m).te ydr ol of
the epoxy %?tgﬁgﬁa 5e§a?| C(;eg% q@r%g-em@hgnAég f M %e
coat i ng Pi’-'@ﬁnﬁ%tﬁé%hcaﬁ%ﬁjeﬁ"c‘c? a%dddi peaduepsa r%m@d £5.1m

at rmspherl ¢ havtiey eedovedt heat i sndekEliete resdeiphete the curing of the
coating to form | abl ative

coati ng conposi t?on olncg?!égesw%&fb%reénﬂéegégl?ﬂh% coaging, bszpf)%?%‘?ﬁ
added wat er Wy ePgR tc[eB ap prganotin GSH‘BSBPtil 8nd 30 crganegisenposi ti on

prepar ed by compogndess BOth ifhbniabstydrolypescand bdndaiﬁttldhf waer wll
form apheat drlve ﬂhkat:éxetibhg‘ E@aé?n}(}:ﬁllétfa?xt C#V\gapé O&?ﬂtfﬁﬁr pre %tr::xgg

conposi tion are é ysi npre than ahout percen ht of
water will é’@t blgp oF° P’FW%%IE}HPmeatelbaPt?'cRﬁra?ﬁ%F &Yefﬂéllgéﬂ heat
abl ative coalfi ngeu erganptirdcompound5 andappporkimaeély 0.9 pereent by wei ght
wat er . weighW bR EB8PSFGah@z S \@mpguﬂgef ul in preparing heat ablative
coat i ng conposi tvg qi of this invention gﬁ]t abl e sol vents i ncl ude
convent i onal ord T TR £ HRReEs U8 Ebhot™s Preparing the heat

-14- 20 ablative coating composition, it is desired that a sufficient

amount, i.e., a stoichiometric amount, of water be present as
added deionized water to promote hydrolysis of the epoxy
silane and silicone intermediate. Additionally, after the
coating composition has been applied to a desired substrate,

25 atmospheric water or moisture is needed to complete the curing
of the coating to form a heat ablative film. A preferred heat
ablative coating composition comprises in the range of from
0.1 to 2 percent added water by weight of the total
composition. A coating composition prepared by using less

30 than about 0.1 percent by weight of water will form a heat
ablative film that will not cure properly. A coating
composition prepared by using more than about two percent by
weight of water will préduce a gel or firm solid. a
particularly preferred heat ablative coating is prepared using

35 approximately 0.5 percent by weight water.

With respect to solvents useful in preparing heat ablative

coating compositions of this invention, suitable solvents
include conventional organic solvents such as alcohols,

-14-
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glycolic acetates, ethers, esters, aromatics and the |ike. Specific
solvents include, for exanple, MEK, MBK, n-propyl 5  ketone, nethyl

i soanyl ketone, nethyl anyl ketone, isobutyl acetate, butyl acetate,
et hyl - 3- et hox,ﬁgﬁg;]%gnat e, xylene and -~ hi gher boiling arrgwS96/193 vent s
such as gl yci et her acetate, hexyl acetate, heptyl acetate and the
i ke. The sol vent ingredient can either be a single type of solvent or
10 can be a blend of two or nore types of solvent. A preferred

coating conposition is one prepared by using a blend of solvents. A
particul arly ganebaitedcbt b6k pfetdpirscnestess pn@romat idsoramed thye ¢dkbi ni ng
xyl ene and glyci dal. e t : S Niyygxgr edi y s used
K both fac shesdde %ﬁg{'ﬁ‘g’%ﬁ‘qt‘?&ét for exanplfe SHRHED sk B L
to redude vi kesoney methyliseamyl ketongeaPehlyh ML datame ALFERPLYD| at i ve
coati ng aeitptel, t babyToapstams, iathylle3rathexpfpfominmatiey 291lpaecand by
wei ght sol vent, . ls e ' e ; ol vent (s)
w11 produce M bk PRytipurarahe ik K8 RRELCRLEY Scial cehet oLl i
fornmi ng a filanetarenghpsyt aFerate. hWégPFF?‘T‘“Us‘?% thS & 1¥5an frﬁ@
preferred amyglivent sabrediés) can eiwhelr ber an singks i typec @pesilveon bavi ng
afiimbyildidg pe o 53088 Aftywcll,eo&smntwas SESkSBrhdtO. SO e eRaraeheat

abl ativ m A particul ar referred goating. co i ti,on_conprises
25  a bl end BRNBS ﬁ&f"epylﬁwlbe’r% e W%Fﬁﬁtbﬁfug’dﬁ/g@% ?Ed

from a bl end sflveyitane, Agpyctilablatlhepraferaed hbendrsthandvents is one Wth
respect to fidd el E@HLEniﬁé':%Fdl%ﬂé%Bﬁ' glPcidal MRAATddHEaReNCatl

ol o (mmgnesi n STRF B YSTTC AR SSIERE StF SRR i BOLH S0CEa ARF RS aits
silicatdy, wildgetthen the(rebinsmnd the diilllezse)and e inpaucs ydsgreity
bari L _etse( b;r #gﬂ%&i%aﬁatebaawmgc Oapp]}i@;trtﬁ.@ﬁﬁ gt xs:i) ,h@A% ramgfﬂ fiviel Ia:_bdlta.?g,
?Lglou:je fi nalqciy‘pdﬁe\lﬁit&é’g?mcompriﬁﬁ?tf’gﬁll}ﬁ &&"° ﬁcﬁkagg “é.l’él fgeog %cﬁg;re{zjglr%k@ By
sul fate), cl aseightr soilyent3s) . rn¥eing diesgcsban therprsierredhanauRinPtE| ake,
gl ass flare% solveﬁfﬁéﬁh%ﬁg?spgédfﬁefdEﬁﬁatﬁﬁgdtfbe 16 kot w?lﬁ mifedEillers
e VIERL | M SR AR e neving ST
PCT/ US96/ 191 AAntegrity. Using more than the preferred amount of solven (8)
will form a coating composition having a film building
capability less than that desired to serve as a heat ablative
film. A particularly preferred coating composition comprises
25 a blend approximately 12 percent by weight of solvents formed
from a blend of xylene, glycidal ether acetate and methanol.
With respect to fillers, suitable fillers useful in
preparing a heat ablative coating composition include silica
powder, ceramic fibers, talc (magnesium silicate), clays such
30 as china clay {aluminum silicate), wollastonite (calcium
silicate), calcium carbonate, barites (barium sulfate, barium
metaborate), aluminum trihydrate, graphite, zinc, aluminum,
copper and the like. Preferred fillers include finally divided
particulates such as barites (barium sulfate}, clay, ceramics,
35 mica, micaceous iron oxide, aluminum flake, glass flake,
stainless steel flake, and the like. '
Fillers are useful for producing structural support for

the film to facilitate high film build. It is desired that
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heat_ apl ative filnms fornmed fromcoating conpositions of this I nvention
have a filmbuild thickness in the range of from5 about 0.1 to 0.5
rnches. Filnms of thickness are desired because they have been shown
to be nost effective at protecting an underlying structure from
har nf ul heat and/ of flame contact under conditions of rpefisbesn9173

t enper at ure iWePFLYE such as in a launch pad application, from

anbi ent outdoor 10 tenperature to a tenperature of approxinmately
5,000[err]F during a period of approximately ten seconds.

Preferred fillers include those that are fire and snoke retardant when

exposes to hih%%tt STREERLYI lj?!l;lsdféﬁlgd fflz%EBCfgtlngo&Bl‘ﬁ&%e NS %% ]‘thIlFer or

- conpositions Of thiS 1 NvVEn

a bl end of diifvensdens bﬁrvere U£ilm by rHLGHNSHSt he %%rlfaéwq AEmEFPBper ti es
for a specifiabout 0.apebi 0abi iichdwr @damsl f i:hﬂ.ckus&asa:& hml_mh’ﬂ ative

| aunch Q)%q: %%t Eﬂg hPG%CQ&}L' %m%gw HBs{:SePf i ng a blend

of clay, talc an cer ar. i erre he%d
abl ati ve coatBnRyechipasani BRASEHHING fbyusture frpp birgato@mbgdofo 35
percent by wdilglide fdontactshndér condmairisngfcarapd)di tempeyatBRE dohdreassi, ng

pess that abqilends in aPEhGRE abhere?%m%ﬂné reaaagred film

havi ng a reduce %r ee ness ane an 1
ret ardattPon ftcﬁmﬂﬁét%ea Redt t%'ﬁl’%’c'?weccﬁ’aft PR&”"N“%E%%Y 000k é’b‘rﬁi&g i on
prepared by ysirigdreife appaoxibateleyersecoondsy wei ght of filler(s)

wi Il produce a cupededildn rﬁmeq—soq%maénthose M Yrle! ¥ 1 #BUaRQ0Emoke

appl i cation propertres A particul arl eferred co ang{__éccjo osition
conpri ses appiehansant| yhes S?SP°S$%r%%ntfl%’y t\ﬁgﬁpﬁﬁf‘tr‘?ﬁ%’?(% egyéﬁ' ®of a

bl end of cl aygoritalct. Coatddgceompositfiday ofi théssinvention ma¥ grompirsssuch
as 1ron;gxide ﬁr{yﬂen'ée?g‘éxb@efliléﬁ%f”a blend Q'foéﬂh.éﬁer&xm Oflﬂﬂr%en and the

. like may al so_ be é ePntarnrn% houl d be..avoi ded
because of i iSRG F‘r gsired filmproper ijﬁ ﬂ’fs s‘iRﬁF “hansa
yel | ow, pht hadpplgrceenon Forasgapbléal fomhluse msyaaheat beblative dassicdr t he

product. ZinGgyaq coat@ﬂgdetﬁ@ncaﬁéQnQecéh%%Eﬂthﬁl dsf praphpédlaid ity 2 blend

The coating cog‘rpqlsr ti on can prepar P using,3 s Si ngI e
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PCT/U896019173 A preferred heat ablative coating composition comprises in
the range of from 10 to 35 percent by weight filler(s). A

coating composition prepared by using less that about 10
percent by weight filler(s) will form a cured film having a
reduced degree of build thickness, flame, and smoke

25 retardation for use as a heat ablative coating. A coating
composition prepared by using more than about 35 percent by
weight of filler{s) will produce a cured film having poor film
integrity and poor application properties. A particularly
preferred coating composition comprises approximately 25

30 percent by weight filler(s) made up of a blend of clay, talc
and ceramic fiber fillers.

Pigments such as iron oxide, aluminum oxide, titanium
dioxide, chrome green and the like may also be used. Pigments
containing lead should be avoided because of interference with

35 cure. Organic pigments such as hansa yellow, phthalo green,
and phthalo blue may also be used to color the product. Zinc
oxide can also be used to aid film hardening.

The coating composition can be prepared using a single
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type.of. pignment, or by using a blend of nore than one pignent,

dependi ng on the particular application. A preferred heat 5 abl ative
ceating conposition may conprise up to about 15 percent by wei ght

pi gnent(s). A partlcularly preferred coating conposition conprises
apprOX|nater ‘ﬁercent by wei ght pignment (s). PCT/USIEOOMTB Ng
conposi tions prepare according to principles of 10 this invention can

al so include additives such as pignent wetting agents, surfactants,
def oanmers, flow control agents, t hi xotropes and UV stabilizers as well
pl asticizers. A coating conposition nmay conprise up to about percent
by wei ght tyﬁddcbf | yRsfmerts ,Dicef B a8ifigak | BermD HFOMoireOGhERY RS NP1 et ,Up

15 to about ﬁ% SIS Jhe WRL00E,3G4I U] ffCatl’%trPar b ﬁglaééﬁfed B3t by

preferred coa osition“conprises a
wei ght additi @’eéatlve coatmgrwe"weaﬁtaenawoé:%afmsegumﬁeoeb@%nls s

prepared and perceft Bpedveight Plampati(sbyStRpant ekt Ngréberegoxy sil ane

20 | d

catalyot (], URREHS Rohpdic el oD EEE LA fonr RARROTELBRL  Brians, v

pi gnent (s), aW9e9h¢oPF§ﬂeqqﬁ?Hll ler(s), and a portion of the addi tives
together in a firsoatanyacsapositicisnprepared htsbr@ixig .td irinciples of

P ST L PG A U38h! 30E1udE aadllitR " Bhahy 2L plsfBld | "o

filler(s), remalning g%% . are
conbi ned togeVﬁEF1¢$ agentea §@6@ﬁ&téBHFal °§W?qﬁarﬁﬂ&wsﬁeﬁﬁﬁobaﬁgen¢#ncw
to appl i epikotropdre axahtinicsablilibersi astwedld plasendigensai rers

are combi ned gogl T SRR Wil bbE 1 NG ARkELLVBedlon: S0P dkne

COITpOSItIOﬂ WIS In boun particu

t heory or adddehet sm? iRraterged; 698 lT$Eﬁ°WHﬂ§1ﬁé8P QBYaF?WExkiﬁﬁlqﬂy
conposi tidon i sof abowd thwo pedrengt by peligbbrathidsiiviesn oA paeticulaxliy i cones

and silanes, galalyzed Dadiily %%Beelaméntéen&ises%g POREhatLiy ¢ad al yst

in the presence of Itaneously, honopol ynmeri zation and
heteropolyner??ﬁf?ﬁgfhﬁ welghttﬁg ng&%? bccurs due to the presence of the

am ne cat al yst an@he heathablatitesi¢eatanglicomppait iem et pregaaeidoasdpr oduce

both a stored as a two-part system by combining the epoxy sila&7/19764

PCT/USQQﬁ9917§e91n, epoxy resin, silicone intermediate, organometalllc'
catalyst(s), water, a portion of the organic solvent (s},
optional pigment(s), a portion of the filler(s), and a portion
of the additive({s) together in a first container to form a
first part. The silicon-modified polyether, aminosilane,

25 amine catalyst, remaining filler(s), remaining organic
solvent (s), and remaining additive(s) are combined together in
a second container to form a second part. Prior to
application, the contents of the first and second containers
are combined and mixed together to form the heat ablative

30 coating composition.

While not wishing to be bound by any particular theory or
mechanism, it is believed that the heat ablative coating
composition is formed by hydrolytic polycondensation of the
silicones and silanes, catalyzed by the amines and the

35 organometallic catalyst in the presence of water.
Simultaneously, homopolymerization and heteropolymerization of
the epoxy occurs due to the presence of the amine catalyst and
the aminosilane. The simultaneous reactions produce both a
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crossli,nking and interpenetrating network of the resins to form an

el astoneric, anbient curing, heat ablative film The coati ng
conposition can be applied by conventional application techni ques
such as by brush, roll or spray. Use of one or nore traditional
organi c solvents can be used to dilute the coating to f spray
appl i cati on. WQ&HH8t y sol vents whi ch can be used are tﬁ?nhsézglrir,eﬁl?s

t hose previously 10 described for preparing the coating conposition. |If
desired, up to 50 percent by weight of the solvent can be used based
on t he: conbi ned wei ght of the solvent and coating conposition.

Preferably, in_the.range of. f.rom abou .10 2 Jbence ht of
the organi ¢ §bPV@ f&nﬁi s f'%fgﬁFB?hF 1o et %eﬁgélrﬁﬁ Bfa%gons
t hat govern £aEmexm cptagiiomaylisy,i pmbient @M{Eﬂﬂcqﬁﬁﬁp@bﬂétéwﬁsélbms A

particu arly prefrger %aaahgycomposﬁmin Gkl BeCapplned W%ﬁ#&&ﬂo&aﬁor med

by using [ O] t.el b ht of th anlc sol v,
based on theaPB?Q tteeﬁnjlt%ﬁ“‘i@% %lﬁe% V%Y\gben sh Ynd°dda ? PoRY - gee
conposi ti on. of one or qu@«ﬁfaﬂééﬂeﬂé109r3%@&¢rﬂ?kﬁﬂﬂ&@spﬁhohs ugedpte ed
according  dilh®e Pthé g Eingdlfeot FagilDvebé | Sbkay %ﬁ;he.caleubhty f-:Qerﬁb'I&r}at

anbi ent tengﬁésﬁrre t&hjégﬂgéi ?%ahséﬁ'ékév 44RO A, ose §¥evﬁ8?3fyand

structural es SucC rom concre
the ik | deacpilad fey mlﬁgnFPeaF?%?11@915C°m9031|t|4@i'1ed| &ft deaixed,
conbi ned t ogephes Smdoedrite byt wedglesofethe solwihiSicant Be LBedapabé@ton

coat | g COMPORL! b6 SHE Sud L Be" 2H8°g0dven®add UBANAY! Babfotés SRV

dependi ng on suc ors a erature co
rel ative hunPHgE§raklyran fha rapge QﬁpggﬁmeabqqqrﬁQIWPcRHe§§rcﬁPﬁde
condi ti ons awdighe &f kithe dryanic soleeaxaiplwsed o coaifiorm eonposition of

this inﬁﬁnt'ggg%ﬁﬂ+§% ?1 re#ﬂ%ﬁﬂloﬁgpthsg %gyé%ﬁﬁgﬁg ext %Ergkevoiétf able

of being i N approxi y seven days at an a
tenperature erga%?o&?m% emisEirpe. Tﬁep%%’c‘f‘ﬂg"rcl@rrﬁé”&fﬁﬁﬁdofpw thi s
i nventi on caapbticaiple exbatolnguceompbsabbornis ofwhest by usingnperatures in
]Ehe range. of 5 {ﬁa&ﬁmlé%erﬁd:%ehe ﬁ;OLéigﬂn.F of the organée%a@oekely f
raure ol i Basedoon Ofr;,Pte:'a "WeightPSE® Qhe rgegg 19eh? BR4"EHR £ig ©
PCT/USQE¥191¢GNPOSlt10n- resul ting heat ablatlve fllns produced are capabl e

of prOteCt@ﬂ&e@anEQQEEYbﬂgbéﬁﬂﬁi Qkﬁm%%ﬁt@@ﬁsfrﬁ&@ﬁ&&éﬁlﬂcéirdlng
s rects of LEROREALY e My SV ot ] ShTATELARS core 101
ambient temperature to form a heat ablatlve film on a variety
of structural substrates such as those formed from concrete,
25 metal and the like. 1In a preferred embodiment, after the
ingredients are combined together and applied to a desired
subgtrate, the applied coating composition cures in the range
of from about 5 to 12 days, depending on such factors as the
ambient temperature condition, relative humidity, ultraviolet
30 exposure, film thickness, wind conditions and the like. 1In
one example, the coating composition of this invention, after
being applied to a metal substrate, is capable of being
completely cured in epproximately seven days at an ambient
temperature of approximately 70°F. The coating composition of
35 this invention can be applied to cure at ambient outdoor
temperatures in the range of from about 50°F to 120°F.
Another key feature of coating compositions, prepared
according to principles of this invention, is that the
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the structure of a rocket |aunch pad used for |aunching space vessel s,
mssiles and the like, the heat ablative filmacts to protect the
underlying netal and/or concrete structure from 10 t he high tenperature
heat and flanme produced by the vessel or - mssile rocket engine(s).
Under such co 'tgi7ﬂ5‘7%4 t he heat ablative filmis exposedrdTouseengiss d
tenperature increase at | aunch from anbi ent outdoor tenperature to

t enperatures as high as 5,000[err]F during a brief period of at |east
ten seconds. 15 During such exposure to extrene tenperatures, the
heat ablative filmis designed to undergo a sl ow thernal

deconposi ti ony@kliNothg | Kedd |AKEHiveadSIRE SXSANSed arETelaPabdBUof has
good t her nmal cong??%hngt Hl)rk erqt ectgnt?ngsg*jgteé lé’\lﬂ.gact?eo ftrl §1UR§ f rom

t her mal deco I ona ve coa ngs f or med
from non$i | i cefifeatedotpaigh aﬁﬁmperatuaﬁebﬁaﬁ %@#vfmuchrmf, fhame ePNEATWes

foatl n]gJS of thbe a defiﬂé’&rﬁéﬂfb@ro& EQheconb?ﬁtéﬂnq:l@]dvﬂana p?ﬂa&r?se
OXl1 C unes n_such an. exa a 0] ea lve |

25 desi gnedtPS ﬁ% c‘f‘ﬁxée u‘glnfder Irlyglt‘yr]feét Egh{é}ﬁ‘ %a&] folg e?lg ﬁ‘rzﬁmg SPY %no
about 150[err}f§sselS: wmissilgmand theylikes u\il@em%ahlﬁgw@nﬁ@%mta@m to

prep?[?d N ﬂ@ﬁ@églﬁﬁb;ﬁ?dEﬂIYEd@ Q%tﬁﬁ &Rd got Nt drelte Birhbﬂﬁréhﬁrom
resul ting, hea ve fi OQER| Vi

degr ee o |rrp§BF Lég sTEMRE %ﬁx@: %%%eggéegl%gg gro %Cte%r% gF'f%e %?Ef or
substrat es. mxaﬁlbﬁaﬁwbe%mngm (sdn oHnder o8 conditigns.t khehbeat

ablative fil maBetheive® PiDheld dxippgeddenl i Agpid tenpdisithidee iheosaseciani cal

damage known §2uRER a¥$&°£%§iéﬁq YiPaoor %Q&@ﬂté e t@k‘g%%sge%rggn the

rocket. The hea mis a SO use

substrates, shiéfhadstpe000°F quuiing @apréS?dP%EHEfit%ﬁ\ﬁéerlreﬁﬁé Fean8RCPREE and
vessel , ff§om the destructive effects of heat and fl ane exposure during
| aunch.
97/ 19764 . . . i
Anot her key f8Rtaréver fhbaisfegigned: 59t PRGEEIMPTEMokbermal o tpis

i nvention i s Geabmphsit powwidchancdigndéntingl ¢or avawsistg excessieat Amokandamti d
resistance “hﬁQsCQHB&r@ﬂe%&hf%ﬁ%ﬁﬂk&QQ§E¥lto fEEEHé'HH@“uHﬁ@%@y@HQXY and

ur et hane_coat | t | ative coati
preparedz or ﬁggstrate from therméi decomp051t10n rﬁ%lfﬁ convenglonal

protective coatings formed from nonsilicon-based epoxy and

During such exposure to extren%é#?m 85?%%%%%? the ﬂ@gt

urethan compositions, heat ablatives coatings of this
invention are not combustible and do not generate toxic fumes.
In such an example application, the heat ablative film is

25 designed to keep the underlying substrate at a temperature
below about 150°F.

Another key feature of coating compositions, prepared
according to principles of this invention, is that the
resulting heat ablative film is elastomeric and, thus provides

30 a degree of impact resistance and can be used to protect
flexible substrates. 1In an example application on a launch
pad, the heat ablative film acts to protect the undexrlying
substrate from mechanical damage known to cccur from aluminum
oxide pellets propelled from the rocket. The heat ablative

35 film is also used to protect flexible substrates, such as the
umbilical cord used between the launch pad and vessel, from
the destructive effects of heat and flame exposure during
launch.
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on a launch pad for space vessels, rockets and the |ike according to

the foll owi ng exanple. 10 Exanpl e A first part of a heat
apl ative coating conposition was prepared by conbining approxinately 2
granms(g) of the epoxy silane resin, 7.6 grans of xylene, 15g of the

epoxy resin, 15 3.4g of the silicone internmedi ate, 0.69 Obct/gegaogdnoti n
compound, and"®?%§’¥f t he organozi nc conmpound and m xi ng t he

i ngredi ents together until uniform To such first part i ngredients
were added 12g clay filler, 0.8g nethanol, 2.7g gl ycol ether acetate,
13.3g titani um di oxi de pignent, 2.3g 20 bl ack oxi de pignment, 12g talc
filler, 18g ceramc .fiber filler .9 I.Qni zed,. water, 8 49 X ne,
and 0.3 thi xot rgi@ﬁ%ther ?‘eyaggﬁtt.ur?hggf hedt %%%etli ngr S%Féﬁ?sc%%s'%&é’erlfe

t oget her at ofotinis invenbhperis hatyihey prPVéfm excellent ulkragdghgtpart

of thesheat yallkdbirvangoatiadrédimatidd WhenasoRparedr epasas dit icaabi ni ng

approxi mately 66q.siligcon-podifie lLyet . g thixotropic agent,
59 ceranic ﬁ%@ﬁg‘ﬁfppégfsegoep‘i’%d%ﬁflaf rﬁQ?‘F é?é gﬁét}ﬁ?%@hg t he ingredients
together until A heamighdahiveocogbhngeeoRROHHIION WqScBreRREedefer ik d
7.69 )(;)drﬁ'&e:la%néﬁ pHBNESE | Sptce arbsdl4y @BtREtsadmd Yie _1er second 30
part ingredients were m tenperature unti

uni f orm according ﬁga?ﬁgb#é)l?f%‘gﬁ{(ﬁ)ge{’?# cigirrposi tion was prepared by
conbi nit®g the first and second part ingredients together and m Xi ng

t he conbi nededapgiedi ents at roomtenperature until 35 uniform The heat
ablat1ve coatlng,Cprpasiddan dif SPAS! ablaridC Ay LonbBEILIRMMLE | S
capabl e of being a%p led at  a, i I mthi_ckness In E%e rfa;\n e of fromO0.1
to 0.5 incha¥ergred by cephpntrd| IPRIMFIMRELS Yapsr 8% AL P 53@19@39%' at an
anbi ent silane resin, 7.6 grams of xylene, 188-of the epoxy resiviD

97/197§ of g%angéﬁcoe% intermediate, O.ESTEEE@ﬁ%Jéydg%otin

3.49 :
t enper at ur e "of ~appr err]F, and protecCtin he ... underlying
substrate frsHRSHREGsuRABY 8'58@ re r%’égad?zﬁ'in@hCS@P?s‘gné s iR &
5, 000[ er r ] F fmeyremiipaitisottogbt Rbount £h weidmmis. To such £iygt lparth but a

singl e exany,p.QfaieRls @Qt%ét L48e§0Pdd NWay £ilAREPOSI Q]i;qnétm,dim@gto this
i nventi on has been descri bed | _be t to

those ski| | 1YGP) ipEhgx; acetateg h%e@%"rﬁ\;ta“éﬁﬁ @ggf‘\g??o%%g‘“n%p&gref%&de, it

is to 20 undekstloagkide pigment, 12g talc filler, 18g ceramic fiber
filler, 0.9g deionized water, 8.4g xylene, and 0.3 thixotropic

agent. The first part ingredients were mixed together at room
temperature until uniform.

A second part of the heat ablative coating composition was

25 prepared by combining approximately 66g silicon-modified
polyether, 0.6g thixotropic agent, 5g ceramic fiber filler,
16g clay filler and mixing the ingredients together until
uniform. To such second part ingredients were added 7.6g
xylene, 2.4g aminosilane, and 2.4g amine catalyst. The second

30 part ingredients were mixed together at room temperature until
uniform.

A heat ablative coating composition was prepared by
combining the first and second part ingredients together and
mixing the combined ingredients at room temperature until

35 uniform. The heat ablative coating composition prepared
according to this example is capable of being applied at a
film thickness in the range of from 0.1 to 0.5 inches, of
completely curing in approximately seven days at an ambient
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10 that wthin the scope of the following clains, this invention may

be practiced otherwi se than specifically descri bed. 15 20
25 30 35 -21-
PCT/ US96/ 19173 WD 97/ 19764

WO 97/19764 PCT/US96/19173

10

15

20

25

30

35

temperature of approximately 70°F, and protecting the
underlying substrate from exposure to temperatures as high as
approximately 5,000°F for a period of about ten seconds.

Although but a single example of heat ablative coating
compositions according to this invention has been described,
many variations will be apparent to those skilled in the art.
Since many such variations may be made, it is to be understood
that within the scope of the following claims, this invention
may be practiced otherwise than specifically described.
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Wat i s. Clained is: 1. _An anbient-curing heat ablative coating

conposition 5 prepared by conbi ni ng: an epoxy silane resin

an epoxy resin; a silic1 ' ' ' a
silicon-nodified polyether; 10 mull:mmmr"m,ne at least one
organonetal lic catal yst; * at® | east one*organi c sol vgRty

vva'?er; and WO99763 5t | east one filler. 15 ) 2. ATent ablati ve
coating conposition as recited in claim1l1l wherein the epoxy sil ane
resin has the formula [err] 20 havi ng one or
nore oxirane rings, where Rlerr] is selected fromthe group consi sting
of hydrocarb thf iEQa{ﬂ &hf range of from 25 about one to six carbon
atons, where err% I's sefTected fromthe group consi sting of saturated

hydr ocar bons havilng i Ant Asbiemfgecuring eak, ghlabbie erating cempesitiebn
atons, fnd wpeeparedSbycoddileining: range of from about one to three. 30

3. A heat ablatixe | LiLon as recited in claim1l wherein
S S, BB Ssp L

the silicone internmne ) or mul a [err] where each
Rlerr] is sel ect &P GRANN F€SFRéup consi sting of an hydr oxy group, and
al kyl, aryl and a @iy gneupatkamedfate; t he range of from about one to

si x carbon atons, 3%?%3?%%ﬁgd§kggﬁ]p5fyether;

-22- pcT/ 35
10 an aminosilane;

at least one organometallic catalyst;
at least one organic solvent;
water; and
at least one filler.
15
2. A heat ablative coating composition as recited in
claim 1 wherein the epoxy silane resin has the formula

0
20 / \

C=—C—R,~—S1i—(OR;)

having one or more oxirane rings, where R, is selected from the
group consisting of hydrocarbons having in the range of from

25 about one to six carbon atoms, where R, is selected from the
group consisting of saturated hydrocarbons having in the range
of from about one to three carbon atoms, and where x is in the
range of from about one to three.

30 3. A heat ablative coating composition as recited in
claim 1 wherein the silicone intermediate has the formula

Ry
R,~—O0--Si—O0-R,

35 Ry 1,
where each R, is selected from the group consisting of an
hydroxy group, and alkyl, aryl and alkoxy groups having in the
range of from about one to six carbon atoms, where each R, is

2.



WO 97/ 19764 , selected fromthe group consisting of hydrogen, and

al kyl and aryl groups having in the range of trom about one to six 5
carbon atons, and where n is sel e silicone

i ntermedi ate has an average nol eimmi"m“m"mu\ﬂ he range of from
about 500 to 3w§)05f)/119764 *A Reat abl &tive coating conpORUSICQTETAS
recited in 10 aim1l wherein the silicon-nodified polyether has the
formul a [err] 15 where each Rlerr] is
selected fromthe group consi sti ng of saturated hydrocarbons having in
the range of fromone to six carbon atons, where each Rerr] is

sel ected from sékeapedtifrom theogsospi consistalrigof fydupgehavamd) dkytlheand
range of fromong t@oups HAVIGE §8'PRE ALRYE otVIgR gbsgﬁloﬁé &g!ct ed from

t he group 20 con st| ng of saturated h car bons, unsat ur at ed

hydr ocar Pons HERFRRP idFMFe ARAgWhEYe R t6fe8Po FRRYEhe silicgnson

at ons, and wheistexmzdilaties hasl aat avlesmge hedledvdagi Wedght in themchrgecdf

pol yet her has ?r %gb%roovqbggt sbf.the range of from 250 to 5, 000.

25 5. I"ati ve cbating conposition as recited in claim
1 wherein the organorret allic catal yst conprises a m xt ure of organoti n
and organozi nc compgounds heat3@blativebeoaing atongiglsdttivn asateaited in

conposi tign as.ieGh t€4Hdrein thel gméoﬁima&ﬁﬁera)%nyétﬁgrahas the formula

nonsi | i con- contalnlng am ne cat al yst
R R
-23- l 'y (]
Rs‘"“sli O0—R, S‘i —Rs
R, h.R6
15 where each R; is selected from the group consisting of

saturated hydrocarbons having in the range of from one to six
carbon atoms, where each R, is selected from the group
consisting of alkoxy groups having in the range of from one to
three carbon atoms, where R, is selected from the group

20 consisting of saturated hydrocarbons, and unsaturated
hydrocarbons having in the range of from about one to twelve
carbon atoms, and where n, is selected so that the silicon-
modified polyether has a mo lecular weight in the range of
from 250 to 5,000.

25
5. A heat ablative coating composition as recited in
claim 1 wherein the organometallic catalyst comprises a
mixture of organotin and organozinc compounds.

30 6. A heat ablative coating composition as recited in
claim 1 further comprising a nonsilicon-containing amine
catalyst.

35
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7. A heat ablative coating co ecited in claim®6 wherein
the amine catalyst is a tertiar m g"ﬂﬁr‘m& the formul a

[err] where Rlerr] is sel roup consi sting of
hydrogen, 10 _and aryl, alkyl, alkyaryl and cyclooxyalkyl q&gﬂﬁs ng
from 1 tWO fy%a?bon atons, where R err] is selected fromthe gb?zjup
consi sting of hydrogen, and aryI al kyl, al kyaryl and cycl ooxyal kyl
groups having from1l to 12 carbon atons, and where R err] is selected
fromthe group consisting of alkyl, aryl, 15 al kyaryl, cycl ooxyal kyl and

hydr oxyal kyl groups hﬁvh Qtféégaﬁave canQn%2c8ﬂ§$§¥Efgﬂ3g% recitwﬁe;eln ?he

A heat abl ative coating l'on as

filler conprFidémgé nvlst?mw d?hqnaaynet Spealyst igf teatdpry AmpER Ravieds.
9. A heat abhatfwemabating conposition as recited in claim1l
conprising in the range of fromO0.5 to 5 percent by wei ght epoxy
silane resin, 1 to 20 percent Hy™Vv dﬁ@ epoxy 25 resin, 0.5 to 5 percent
by wei ght si licone i nt er nedi at e, to 45 percent by wei ght
~silicon-nodified polyether, a 8t oi chiometric anDunt of am nosi |l ane

based on epOgHeRBoRATLB pel et &L WHE0GrBuS Lo AR WycieLl,

or gano allic to 20 rcen anfc s
2o 05n 58 Landenrvhy ShFh iyl ahd 6Y3£??}¥vzav5§@3c ﬁP“g§ herdmg Erom
wat er . 1 to 121&arken atipmmit wherend.nhaésat sabéated & munttiveg gromposi ti on

prepar ed by eenbistisy &b hydrogergn afBOXYy1 NO4 B ENta 1k 92 aRhne
'_ggf edient each; o oxyal S SN B80S e85 (€512 YR atoms, and
where R,, is selected from the group consisting of alkyl, aryl,
15 alkyaryl, cyclooxyalkyl and hydroxyalkyl groups having from 1

to 12 carbon atoms.

8. A heat ablative coating composition as recited in
claim 1 wherein the filler comprises a mixture of clay, talc,
20 and ceramic fiber fillers.

9. A heat ablative coating composition as recited in
claim 1 comprising in the range of from 0.5 to 5 percent by
weight epoxy silane resin, 1 to 20 percent by weight epoxy

25 resin, 0.5 to 5 percent by weight silicone intermediate, 20 to
45 percent by weight silicon-modified polyether, a
stoichiometric amount of aminosilane based on epoxy and amine
equivalence, 0.5 to 5 percent by weight organometallic
catalyst, 5 to 20 percent by weight organic solvent, 10 to 35

30 percent by weight filler, and 0.1 to 2 percent by weight
water.

10. An ambient-curing heat ablative coating composition
prepared by combining:
35 an epoxy ingredient and an amine ingredient each
%
‘containing one or more -Si-OH group;
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a nonsiticon-cont ai ni ng epoxy ingredient; at | east one ingredi ent
containing repeating [err a nonsilicon-containing

\ ]
am ne catal yst; at I ea E ﬁllﬁmﬂﬂﬂm | 1ic catal yst; a
si |l i cone-cont ai ni ng i ngredi ent [err] groups, where

R is selected (semdBe 9roup consi st |ng of saturated ardrussatoarat ed
hydr ocar bons; at | east one organi c sol vent; wat er; and 15
at | east one filler. 11. An anbient-curing heat ablative coating
conposition prepared by conbi ni ng: an epoxy silane resin
having the fornmula 20 [err] where Rerr] is

sel ect ed fron1theagﬁ&ﬁglxmaaﬂAEbhﬁg1gin§y§§@xyuiny¥édlent haV|ng I n the range
of from about one to six carbon atons, wher e R[err] i s sellected from

t he group consi statnglexsts amg a-mectedlenthqmmmmgelp@aitﬁggl @-8heOrange of
from abdut one to three carbon atons, and where x is in tHe range of
from about ORf-dups; t hree; an epoxy resin; 30 a silicone

Egﬁsinedlate; a nonsfif%gﬂ—%%ﬂlg9g5£§eghfﬁg aggiyggaV|ng the fornula

at least one organometallic catalyst;
a silicone-containing ingredient having repeating

10 I
-R-0-R- groups, where R is selected from the group
I
consisting of saturated and unsaturated hydrocarbons;
at least one organic solvent;
water; and
15 at least one filler.
11. An ambient-curing heat ablative coating composition:
prepared by combining:
an epoxy silane resin having the formula
20
A\
C~=C~—R,—Si—( OR;}
where R1 is selected from the group consisting of hydrocarbons
having in the range of from about one to six carbon atoms,

25 where R, is selected from the group comnsisting of saturated
hydrocarbons having in the range of from about one to three
carbon atoms, and where x is in the range of from about one to
three;

an epoxy resin;
30 a silicone intermediate;
a silicon-modified polyether having the formula
Ry R,
R,—S1i—0—R,+-Si—R;
35 | l

R -] R
6 AR

where each R; is selected from the group consisting of
saturated hydrocarbons having in the range of from one to six
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where each Rerr] is selected fromthe group consisting of sat urat ed
hydr ocarbons having in the range of fromone to six

carbon atoms. where cacn o 1 (IRBHIIIMME o ou ™" “Consi iPng o
al koxy groupig{;g%i%gq in the range of fromone™o 5 thr ee gednlieéhait0s,

where R7 is fromthe group consi sting of saturated

hydr ocar bons, and unsat urat ed hydr ocarbons having in the range of from
about one to twelve carbon atons, and where n[err] is selected so that
the silicon- nodi fi ed pol yether has a nol ecul ar weight in the range of

from10  25a#Korb ihs, where eacRMRAANGELLAPE] from the grdfup €ast one
organonetal | i ¢ cat.al yst;

t; a nansiJlican-containing ne catal yst;
at | east one TP Sy atfexys9¥oups %%ﬁlé’fg 1, §ne Fange of jron e Go.
fillerd three carbpn Atpmg: whesbeiRe isogeiagtednpowt tthen aroupcited in
clai m 11 whesstidh ddings idf @@I&erhaéarnfwi@&a&ﬂm,t hedl ahBNtarafeq

. I f t ti f
LT, oy IABEERARRS Tk 15 PALSEAER OB LIE SRV obRS) s 1 o
‘range of froPRERYUIAtONE. .t @nei whexeben ist §ﬁ%?céﬁgr%‘3e@@t Fher giliigon-

sel ected fromdiFi <l @Pdlye@heirshasgaofioleliegemeight ahkyhe aPshge of &pém

gr oups ¢havi t ge of from about one to six carbon atons, and
wher e nl|6| S 2%?(56(: Oe?is({){)%?hat the silicone 30 internediate has an average
mol ecul ar wei ght a3pnankROP hiAReE of from about 500 to 3, 500.

13. A heat abl at kyeleasti e cgzanieitallas e&€alysk n claim11

silicone-nodifie . .
t least one organic solvent;

15 water; and

conprising in thg %%ﬁgg%%?‘r’!%@a%&g‘gﬁmméCgﬁai%é?’ wei ght of the
a

at least one filler.

12. A heat ablative coating composition as recited in
claim 11 wherein the silicone intermediate has the formula

20 Ry
R,—0-Si—O0-1-R,
|
R, n
where each R, is selected from the group consisting of an
25 hydroxy group, and alkyl, aryl and alkoxy groups having in the
range of from about one to six carbon atoms, where each R, is
selected from the group consisting of hydrogen, and alkyl and
aryl groups having in the range of from about one to six
carbon atoms, and where n is selected so that the silicone
30 intermediate has an average molecular weight in the range of
from about 500 to 3,500.

13. A heat ablative coating composition as recited in
claim 11 comprising in the range of from 20 to 45 percent by

35 weight of the silicone-modified polyether.

14. A heat ablative coating composition as recited in
claim 12 comprising in the range of from 0.5 to 5 percent by
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14. A heat ablative coating compositiomas recited in claim12

conprising in the range of fro t by
oas7 s A A
[ sin, 1 to 20 percent by

PCT/ US96/ 19173 wei ght *epoxiyt Si
wei ght epoxy, woomiefse® t0 5 percent by weight silicone interpetusssagiand
10 to 35 5 percent by weight fillers. 15. A heat abl ative
coating conposition as recited in claim 11l conprising a m xture of
organonetal lic catal ysts conpri sing organotin conpounds and organozi nc
conpounds. 10 - 16. A heat ablative coating conposition as recited
in ) cl ai mvﬂé'igﬁmwpiosdynginané heeghmnga alo R200pebcébnt by el lepdyty,
‘wei ght organongt ' t : 74 - ti ati\n
conposi tion arsHa'rsgé:lét gdglg%g%% ﬁ%[%?%ﬁ%ﬁ % lelrcgl}l% %ﬁgggﬁhé%%% 'ar?e%gg H?egs
formula 3 percent by weight £illewg, where Rlerr] is selected
fromthe group consisting of saturated or unsat ur at ed hydr ocar bon
groups conprising ip thew.ang . : o) 3 re
Rlerr] is select Qdﬁ'?f‘ o% thliu%?' [ﬁggl%tg{g?n&%%tnzsr}gétcfoﬁxgg%#gﬂg % a%%}%ed\g%g

al koxy groups H@ithdl FOPRELIBING R JptiEryge ﬂfoﬁlrgﬁEW‘%t%}il‘émY&Férm,
where n[err] iconpriisiagr arganotin odmpoundsomadt organeginansbimeindsn3 is in
the rangggof from one to three. 30 18. A heat ablative

coating conposition as recited 'in , \ . , .
16. A heat ablative coating composition as recited in

claim 15 comprising in the range of from 0.5 to 5 percent by
weight organometallic catalysts.

15 17. A heat ablative coating composition as recited in
claim 12 wherein the aminosilane has the formula

(NI, ) —Ry—S1i—(OR,),
20

where R, is selected from the group consisting of saturated or
unsaturated hydrocarbon groups comprising in the range of from
1 to 18 carbon atoms, where R, is selected from the group

25 consisting of alkyl, aryl, and alkoxy groups having in the
range of from one to six carbon atoms, where n, is in the range
of from one to three, and where n, is in the range of from one
to three.

30 18. A heat ablative coating composition as recited in
claim 17 comprising a stoichiometric amount of aminosilane
based on total epoxy and amine equivalence.

19. A heat ablative coating composition as recited in
35 claim 11 where the amine catalyst has the formula

Rl'l
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claim17 conprising a stoichionetric anmpunt-—of—am nosil ane based on
total epoxy and am ne equival ence. abl ati ve coati ng

ep( ] ( e. - . 19. A heat
?8?pn8|s;t ion as recited in 35 “MH”“‘ILH“JMHMH!I‘ he amine catal yst has the

c

- 27- | 97/ 19764
PCT/US96/19173
PCT/ US96/ 1917?’097”97&‘\0 where Rerr] is selected fromthe group

consi sting of hydrogen, 5 and aryl, alkyl, alkyaryl and cycl ooxyal kyl

groups having from -1 to 12 carbon atons, where R err] is selected from
the group consi sting of hydrogen, and aryl, alkyl, alkyaryl and
cycl ooxyal kyl groups having from1 to 12 carbon atons, and wher e

Rlerr] is selected fromthe group consisting of alkyl, aryl, 10 al kyaryl ,
cycl ooxyal kywhexe Rydriexpelegredr bops the ignpur eengistingtof Iydardson
atons. 5§ and aryd0. afkpeat aﬂb}@éyw%na)wcuaoﬁgmm LB HalGirg® $rbh
claim 19 CO”@{%?'Q% In Lhe rgqge of frog%ouz tol gerc nt by 15 wei ght
am ne catal yst.-® *4 carbon a Qs Wheh® Xt 4 PSLES Fanr‘a'B BTV as
recited in consdisgingl efcbypregemg and @ lrandbyds alayaxy’s and 5 percent
by 0wgi ?@ygﬁ%a&%cﬁr%nﬁréﬁé trha@i:;gn f&@npq[ Eaniéb&amggﬁﬁ&@,xﬁn&QS
resin, O. 0 ercen i € ernedi.at e

percent by wel§ie E(F‘I ilgoﬁiér]fl\%%%:??egé%%l e%]r%lrcf paconsmgf%?c?ﬁo Yic 3¥dunt
of ami nd8i| arkd 4 rofYEdPaRYRpEeRY hydroxyml k¥l egronps dmMing) £xomo 15

percent by waigghfz a@rbencatehyst, 0.5 to 5 percent by weight

organonetallic catalyst, 5 to 20 25 percent by wei ght organic solvent. 10

to 35 percent by weight filler, and 0.1 to 2 percent by weight water.
20. A heat ablative coating composition as recited in

claim 19 comprising in the range of from 0.2 to 5 percent by
15 weight amine catalyst.

21. A heat ablative coating composition as recited in
claim 11 comprising in the range of from 0.5 to 5 percent by
weight epoxy silane resin, 1 to 20 percent by weight epoxy

20 resin, 0.5 to 5 percent by weight silicone intermediate, 20 to
45 percent by weight silicon-modified polyether, a
stoichiometric amount of aminosilane based on total epoxy and
amine equivalence, 0.2 to 5 percent by weight amine catalyst,
0.5 to 5 percent by weight organometallic catalyst, 5 to 20

25 percent by weight organic solvent. 10 to 35 percent by weight
filler, and 0.1 to 2 percent by weight water.

22. A method for protecting a substrate from
high-temperatures and flame exposure by applying the heat
30 ablative coating composition recited in claim 10 to the
substrate and curing the applied coating at ambient
temperature.

23. An ambient-curing heat ablative coating composition
35 prepared by combining:

an epoxy silane resin;

a nonsilicon-containing epoxy resin;

a silicone intermediate;
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22. A nethod for protecting a subStratefrom —hi gh-t enper at ures and

fl ame exposure by applying the h | ati coating conposition
recited in claim10 to the 3 @wi dﬂm Lng the applied coating at
* C .

anbi ent t enper at ur e. nt-curing heat ablative
coati ng conposiid PR9%? prepared by conbi ni ng: an BpuuseesdiTane
resin; a nonsilicon-containing epoxy resin; a silicone
i nt er nedi at e; - 28- WO
97/ 19764 PCT/ US96/ 19173 a
silicon-nodified poI her

[err] %E%h%cf?'ﬂ[o pg Y%@EJ%!H 1'1‘arvd‘txr‘f"‘t ﬁgegFSﬁ'ﬂu%%nm sting of
10 saturat ed hydrocarbons haV| n theyrgnge of fromone to six

carbon atons, where each R err] elect d|?ron1the group consi sting
of al koxy groups having in t -Lsﬁ O6+Rf t hree carbon
atons, where Rerr] is selected flr the consi sting of saturated
“hydr ocar bons, and unsat urat ed 15!% hydr oc rmpns having in the range of from
about one to twelve carbon atons, and®where n[err] is selected so that
the silicon- modi {i gd pol th | ecul ar wei In the range of
from ZSO“Fﬁ 5 GBGL ﬁs 5@3 cgﬁdaﬁfﬁ%gg?aﬁgxﬁgb ﬁ&sgﬁél?%r la 20
[err] 10 saturated hydrocarbons having in the range of from one to eix

carbon atoms, where each R; is selected from the group
consisting of alkoxy groups having in the range of from one to
three carbon atoms, where R, is selected from the group
consisting of saturated hydrocarbons, and unsaturated

15 hydrocarbons having in the range of from about one to twelve
carbon atoms, and where n, is selected so that the silicon-
modified polyether has a molecular weight in the range of from
250 to 5,000;

an aminosilane having the formula

20
(NH, )n:'RB ~Si— (OR, )n
25 where R, is selected from the group consisting of saturated or
unsaturated hydrocarbon groups comprising in the range of from
1 to 18 carbon atoms, where R, is selected from the group
consisting of alkyl, aryl, and alkoxy groups having in the
range of from one to six carbon atoms, where n, is in the range
30 of from one to three, and where n, is in the range of from one
to three;
at least one organometallic catalyst;
a nonsilicon-containing amine catalyst having the formula
Ryy—N—R,;
35 |
Ry
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25 .where Rerr] is selected fromthe group—eonsisting of saturated or
unsat ur at ed hydr ocar bon groups range of from 1to 18
carbon atons, where Rlerr] is § mnﬁﬂm 'm group consi sting of
al kyl, aryl, and al koxy groups haw Ll range of fromone to six
carbon at ons, V\/nerepg[err] Is in the range 30 of from Oneﬁc‘}/ﬁsgf/ y3 and

t

where n3 is |‘H PHE? nge of from one to three; east one
organonetal lic catal yst; a nonsilicon-containing am ne catal yst
having the formula 35 [err]

- 29- WD 97/ 19764

Pt Usoe! égl%ﬁ re Ry 1o sdfESSAla i §§Bﬁﬁt88'n$isf€‘ﬂr¥$§f%&ﬁ?o§833' sting

ALy R e

havi ng from 87d axyig arér gYe ?&@faﬂa %15 oxorpet EGV?r-’i‘%n“r‘f%

group 5 consoslz ngprtﬁorh)aj:rangaanwham'de Bryhis seketted fnear wheagadoup

cycl ooxyal kyl:oﬂé?é'@ﬁ@%@. r}grdxrdaanl raadlarg;ﬁr bm}alt Oraaky%% d Wﬂere R12

is selected f e con3| gl g %/ ¥

cycl ooxyal kyFYS %ﬁﬂ% p&%h G?ﬂg f'?%r?l CRgrbon 8‘595 caf®dn

at ons; where aRy,| easaelmetqd ot tdel gravp consisting et eikydndaryl,

at | east oneafki4£y1, cﬂ@looxyalkya.‘lanﬁ Hgéi'oﬁ?éﬁéylV%r%%E' RavE gpf);sérﬁ'lon as

remtedut\e %laj%%P %? nprising in the range of from20 to 45 percent
i gh? 371 FROhti I pol yet her, a stoichionetric anount of

am nosi | ane base@todeRBE PBELaPTERDLY SRV eRt ine equi val ence, 0.2 to 5

percent by wei ghtwagi@xijeaqdt al yst, and in the range of 20 from1l0 to 35

percent by weight, fijller. one gi11er.

15 24. A heat ablative coating composition as recited in
claim 23 comprising in the range of from 20 to 45 percent by
weight silicon-modified polyether, a stoichiometric amount of
aminosilane based on the total epoxy and amine equivalence,
0.2 to 5 percent by weight amine catalyst, and in the range of

20 from 10 to 35 percent by weight filler.

25. A heat ablative coating composition as recited in
claim 23 wherein the epoxy silane resin has the formula

25 o]
C~——C—R;~—S1i—(OR,)

where R, is selected from the group consisting of hydrocarbons
30 having in the range of from about one to six carbon atoms,
where R, is selected from the group consisting of saturated
hydrocarbons having in the range of from about one to three
carbon atoms, and where x is in the range of from about one to
three.
35
26. A heat ablative coating cowposition as recited in
claim 25 comprising in the range of from 1 to 20 perxcent by
weight epoxy resin.
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25. A heat ablative coating conpositiomas recited in cl ai m 23 wherein

t he epoxy silane resin has the f [err]
wher e Rlerr] is selected fromt glmum III l‘l g of hydrocarbons 30
having in the range of fron1abo Bi Xs Cow on at ons, wher e
Rlerr] is seleﬁagg!;gfn1the group consi sting of saturated PCTRBOGIEAN bons
having in the range of from about one to three carbon atons, and where
X is in the range of from about one to three. 35 26. A heat
abl ative coating conposition as recited in claim25 conprising in the
range of from1l to 20 percent by wei ght epoxy resin.

- 30- 27. WA ©hAat9ablative coating composition as recited in

PCT/ US96/ 19173 a3 25 wherein €he Aff@anémrﬁ@m@degeé |k 43 as
recited in 'Talnl 25 wherein the silicone I nterned ate has the ormul a
[err]- 510 where each Rlerr] is s Iecte fromthe group consisting of an

hydroxy group, and alkyl, aryl and roups having in the range
of from about one to six carbon at re each R4 is sel ected from
t he group consi sting of hydrog é T Bnd aryl groups having in
the range of from about one to SIX 1 carijon atons, and where n is

sel ected so that the silicone i térne mat e has an average nol ecul ar

vei ght i19 t hg{anPd&th R, is selected from the group consisting of an
hydroxy group, and alkyl, aryl and alkoxy groups having in the
range of from about one to six carbon atoms, where each R, is
selected from the group consisting of hydrogen, and alkyl and
aryl groups having in the range of from about one to six

15 carbon atoms, and where n is selected so that the silicone

.intermediate has an average molecular weight in the range of
from about 500 to 3,500.

28. A heat ablative coating composition as recited in
20 claim 27 comprising in the range of from 0.5 to 5 percent by
weight silicone intermediate.

29. A heat ablative coating composition as recited in
claim 23 wherein the fillers comprise a mixture of clay, talc
25 and ceramic fiber fillers.

30. A heat ablative coating composition as recited in
claim 23 wherein the organic solvent comprises a blend of
xylene, glycol ether acetate, and methanol.

30
31. A heat ablative coating composition as recited in
claim 30 comprising in the range of from 5 to 20 percent by
weight organic solvent.
35 32. A heat ablative coating composition as recited in

claim 23 wherein the organometallic catalyst comprises a
mixture of organotin compounds and organozinc compounds.
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from ahout 500 to 3, 500. 28. A heat ablative coating
conposition as recited in 20 claimZ2Z7 conprising in the range of fromO0.5

to 5 percent by wei ght sil ﬂ“ﬂ" 'n "‘fﬂlm'e _ ~29. A heat
; claim 23 wherein the
alc ®25s _

abl ative coating conposition as
fillers conpr] 1 xture of clay,ct and ceramc fi ddlolRr S-
30. A heat aﬁ*'(i?-f@émcoati ng conposition as recited in Igleg}lbr%dé% wher ei n

the organic solvent conprises a blend of xyl ene, glycol ether acetate,
and net hanol . 30 31. A heat ablative coating conposition as
recited in claim 30 conprising in the range of from5 to 20 percent by

wei ght organi c sqlLvent 3 . 32.. A heat abl.ative_ coati onposi tion
as recited in 95.(:' ihﬁaéisg\%%gfé?ﬁ The- acr?g\%?tsé?f"f’ﬁ ?:%u’é??/’g?ecid%ri ses a
m xture of otkpittA3n coPwFaERng andthe gaanss ©f £sepolnsisto 5 percent by

-31- 5 weight or¥@ndmetlIb4c catalyst. _ _ o
PCT/ US96/ 19173 33. A heat ablative coating conposition as

recited in claim 23 conprising in the range of from0.5 to 5 percent
by 5 wei ght oP$andndekibrdc fext BF§RITing an ambientsgurimgrgherid f or
preparing arablrdyise codting bempositiomldoniprieiagathedseap@asstion

cpoxy ol ane resraibifling together: [OTH TNO  BRSther: 10 at 1 east
oﬁe Ziﬁpcone; ' an epoxy silane re iny' ’

an epoxy resin;
at least one silicone;
at least one organometallic catalyst;
water;
15 at least one organic solvent; and
at least one filler to form a first mixture;
combining together:
a silicon-modified polyether;
an aminosilane;
20 at least one filler; and
at least one organic solvent to form a second
mixture; and
mixing the first and second mixtures together.

25

30

35
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. : \ 2 % Squggom-é

at Ledst” one organonetal lic catalyst; N
| east one organic solvent; and - atMXast ope TN er to fornRaMP
first mixture; conbi ni ng together: f&f ' . -~ coPY
silicon-nodified pol yether; an ge{nodigl e 201 at
| east one filler; and at | east # organi ¢ “Jol forma
second PRQEre; and WoRLD INTELLECTUAL BROPER WARBANIZATION. :an ok Y e
m xt ures toget her
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(54) Title: HEAT ABLATIVE COATING COMPOSITION
{57) Abstract

A heat ablative coating composition is prepared by combining an epoxy silane resin, an epoxy resin, a silicone intermediate, a silicon-
modified polyether, an aminosilane, at least one organometallic catalyst, at least one organic solvent, water, at least onc filler, optional
nonsilicon-containing amine catalyst, and optional pigments and thixotropic agents. The heat ablative coating composition is applied to a
substrate {o form a film having a build thickness in the range of from about 0.1 to 0.5 inches that is capable of curing at ambient outdoor
temperature ir about seven days, depending on ambient conditions, The heat ablative film so formed is designed to undergo a slow thermal
decomposition when exposed to high temperature conditions without igniting or causing excessive smoke, and is designed to have good
thermal conductivity 1o protect the underlying substrate from thermal decomposition. The heat ablative film has elastomeric properties of
impact resistance and flexibility that serves to both protect an underlying structure from mechanical damage due to particle or other contact,
and facilitate its use with fiexible substrates.




