- - 4 JUN 2004 Conposite Abradable Material 5 Background of the Invention
This invention relates to resilient conposite abradable nateri al S,-@ﬂlﬁh 0
particularly to abradable materials for use in the conpressor sections 8#

gas turbine engines, and particularly in the | ow conpressor section of
such engi nes. Mdern | arge gas turbi ne engi nes have axial flow conpressors
whi ch include to nultiple circCérapositierAtopdabdg Matesiahpunt ed at the periphery
of rotatable disks. Adjacent each set of noving conpressor airfoils is an
array of stationary airfoils. The efficiency of such a conpressor is
strongly affected by air which | eaks around the ends of the noving
airfoils. i h to mnimze such | eakage is to provide an
abr adaBl e%%lfﬁg}%ﬁ@gl(&\l}&mtaﬁ%ﬂ% the conpressor airfoil outer ends interact

to mnimze | ef’]ﬁl?’;gt%bveflxﬁgg Ee?élﬁgﬁ%remierﬁ’c ) lﬁ?ﬁg&%ﬁé Pﬁ&riﬁﬂ,eaﬁpﬁﬁﬂanh‘?y seal

materials sim are curre y In use 1 n engines produced

by the assignee of the present . invention. The seg.l rrgtrgirnie%ln i%f Uep-  Patent
3, 575, 427 te@hfadpllegnaterials fori ush in theCOMPreisersertipns L &Y HRINR§ & "G Sper si on of
friable hollow gl ass m crospheres. Applicants currently use such materials
whi ch conpparSaularlsin the dmve comptassorsaetianof speh eRgiResi ni ng” 15 to 50 vol une
percent of hollow glass m crospheres as an abradable air seal material.
The evol ution offodem laigelyan eurbingiengimed bavelzaen flow edmeprassoscwhich 1eslude gher
operating EH 10273 1 |

10 multiple circular airfoil arrays mounted at the periphery of rotatable disks. Adjacent each

set of moving compressor airfoils is an array of stationary airfoils. The efficiency of such
a compressor is strongly affected by air which leaks around the ends of the moving
airfoils. The typical approach to minimize such leakage is to provide an abradable air
seal with which the compressor airfoil outer ends interact to minimize leakage.
15 U.S. patent 3,575,427 describes the abradable seal materials similar to those
which are currently in usé in engines produced by the assignee of the present invention.
The seal material of U.S. patent 3,575,427 comprises a resilient matrix matenal
containing a dispersion of friable hollow glass microspheres.
Applicants currently use such materials which comprise a silicone rubber matrix
20  containing 15 to 50 volume percent of hollow glass microspheres as an abradable air seal

material.

The evolution of gas turbine engines has been in the direction of higher operating

EH-10273




- - 4 JUN 2004 5 tenperatures. Tenperatures in the conpressor section_pguﬂﬂm4
engi ne have increased noderately, while tenperatures in the conbustor |
turbi ne section have increased substantially since the devel opnent of the
‘material described in U S patent 3,575,427. In gas turbine engines with
gl ass m crobal | oon containing seals, when the abradable seals abrade, the

gl ass m Crtg.ﬁp [R8s. B @nsed4tliie8 G tHer v PResidresechorbofithe enginelhd @ inarebsade
sections o e engine. In nodem engi nes, the tenperatures in the conbustor

and turbine Secg,iog,tr]']ﬁe té}ﬁ;?errr%tﬁésiifitﬂfé%%uwogm fupbif@kttioh Rev Pindfeased

nicrosphef@@“?ge en or has been occasional |y observed t hat

these softeped or nelted gl ass mcr her - r et 813K 1367
conponent suasiantzlyes! edg%g%yegqp[me@g(g?ﬁlﬁdn :ﬁglﬁae]g.%%%lbg@ggg'ﬁg)fa ool ng hol es
is detrimental to engine conponent |ongevity. 15 Accordingl Ll 1s an

obj ect of this Ingastebmg qnsmawéthi%%ss&HC@E?‘X‘%?&‘H&OB%P%F?%% "%hc?P trﬁthse in
modern high tenperature gas turbine engines. It is angther o Lective of the
i nvent i on dbeadablecseals@beade atbe giab micraspheresgre vw%tmhecﬁﬂ@g HOEHMS will
not subsequently adhere to conmbustor and turbine conponents. It is yet

anot hefy ohj,Afke ctibheof the¥agthé. ol modate soginks the temppratissoin the cambugianing
mat eri al which exhi bits higher erosion 20 resistance over tenperatures

ranging f 8 5 OQMbEIRRS @leéienilyohidRe Eadsba gl mivraspherbyto sofled onmelr Tl
and is usable in tenperatures up to 450 F, and exhibits desirable

abradabl | |4 ﬁ%gghgﬁs, %Lﬁ%hgsl%aﬁaﬁqmﬁe@e Qbfréra of MERBA pRas AficrBEstRdéshast at ed,

the invent Ses gh tenperature resilient material conprised of
i Sper'si omapead 1g1EBRGAP RPN ERIRP DI SRELF cOmrE ks, BRERRME 2
selected from i i

holes is detrimental to engine component longevity.

15 Accordingly, it is an object of this invention to describe an abradable matenal for

use in modern high temperature gas turbine engines. It is another objective of the

invention to describe an abradable material which whose constituents will not

subsequently adhere to combustor and turbine components. It is yet another object of the

invention to describe a compressor of abradable material which exﬁibits higher erosion

20 resistance over temperatures ranging from room temperature to 400° F than the currently

used material and is usable in temperatures up to 450° F, and exhibits desirable

abradability characteristics.

Summary of the Invention
25 Broadly stated, the invention comprises a high temperature resilient material
comprised of a high temperature capable silicone polymeric material which contains a

dispersion of high temperature capable organic particles. The particles are selected from



.2 -4 JUN 2004 5 a material which is stable to at | east 4000 F. Th

e

particles are present in the seal in an anmount of about 10 wt % 'Tﬂ(JUN 2004
silicone polyneric matrix is selected so as to be thermally stable at
tenperatures in excess of 300 F and preferably in excess of 450 F. Most
preferably the silicone polyneric matrix can wi thstand short tenperature
spi kess of Upatbi@al SAACIE sWhdbO W at 1443t 4003 e Het pariidesare pneseMag dhe gral Branof t he
Preferred Enbodi mnents This invention conprises a matrix containing a
particle qr_ | é"’o@a%%ﬁﬂ(f(\@%.o (<10:1) fiber dispersion. 15 The phrase

"abr adabl 8751 ¥ohie pol ymer matrix" or ASPMis used herein as a defined

termfor a material.that js a resi.li Ofs th'¥R tIRGhiall$ slabfeosie pol yner
catal yzed by a35-80868° eéﬁc“s]eHe‘éfgetl c?rosr%%h&e) group c%ns?i sting of Ru,

Rh, Pd, Gs, Ir, Pt and mxtures thereof, which i e |
| east 300feMTgatusEs 1 GXeesp ?r‘g(ﬁ g‘f?'ﬁ‘rp’ﬁ%ab]%\"}%’gﬁstgefr#ﬁ@r gm{)ﬁ Z‘%\@?F@ it
strength of greater than 400 PSI, an elongation to fail Ere 0_1,5(%9: Leaner
than 100%siliode polSiveris mat(ipgap mithatend phorhiraweralprespies PEUBE 2> Br eV EPab v
the ASPM material is a demethyl or nethyl phenyl silicone. - Preferably the
ASPM Bt enindhe detefigdatisna transition netal oxide selected fromthe group
consisting of oxides of V, G, Ce, M1, Fe, Co, Ni, or other transition
metal and m xtures thereof with iron oxide being particularly preferred.
The transition netal oxide 25 acts as a thermal or thermal oxidative

stabilizery Preferaphyplthe ASEMpRBiRhtal is produced froma mxture of a
Vi nyl terr???ﬁ’f%do
: This invention comprises a matrix containing a particle or low aspect ratio (<10:1)
l .
fiber dispersion.

15 The phrase “abradable silicone polymer matrix” or ASPM is used herein as a
defined term for a material that is a resilient one or two part silicone polymer catalyzed
by a precious metal selected from the group consisting of Ru, Rh, Pd, Os, Ir, Pt and
mixtures thereof, which is thermally stable at least 300° F. The cured ASPM material has
a room temperature tensile strength of greater than 400 PSI, an elongation to failure of

20  greater than 100%, and a Shore A (Durometer) hardness of from 15-50.

Preferably the ASPM material is a demethyl or methy! pheny! silicone.

Preferably the ASPM material contains a transition metal oxide selected from the
group consisting of oxides of V, Cr, Ce, Mn, Fe, Co, Ni, or other transition metal and
mixtures thereof with iron oxide being particularly preferred. The transition metal oxide

25  acts as a thermal or thermal oxidative stabilizer.

Preferably the ASPM material is produced from a mixture of a vinyl terminated

polymer having a molecular weight of 1,000 g/mol to 1,000,000 g/mol; a silane



pol-ymer having a nol ecul ar wei ght of 1,000 g/nol to 1,000,000 g/nmol; a
silane 3 - 4 JUN 2004 5 crosslinker having a nol ecul ar wei ght of4 300 a8 nol
to 10,000 g/nol and a precious netal catalyst, nost preferably Pt. The
ASPM may al so contain a reinforcing file such as funed silica. Preferably
the roomtenperature tensile strength of the cured ASPM material exceeds
1, 000 PSI ¢rodflinReChRinbi yoldialar omipit ofipe0 gimal ¢o 0,609 8(mIrand@ RIEFIPLT VY t he
cured ASPM material exceeds 800% Preferably the Shore A Duroneter

har dness ggt%lkg,emg,g{ @g%g@ﬁ’h*/b{rats& A8PM faf aRGcontainy reiffotcingaflostic as

Preferably e’cure material is oxidation resistant, exhibiting | ess
than 2% éJS &i.ﬁht loss after 100 hours (using a 1" x 1" x 1/4" sanple) at
300 F, an Y%t ef erably at 400 F exposure in air. Preferably the cured

ASPM material is thermally stable,. |qsin 9 | tnatekignsi | e
strength af t er Pieferahlype regm %@eﬁét“%?ﬁansbqgest‘g‘?@!ﬁ a{}oc%?eé R%_lﬁlgl phtreals e

"abradabl e organic filler particles" or AOFP is used herein as a 20 defined
t er m meanexageds h@P@PShl that is hard, organic, and that retains useful

properties at 300F. The AOFP material must contain ss t out 2% S to
ensur go proper ®uéferabiyothe rodre tox@RIvh e téelF@FanM@l'AG:‘iﬂl ‘ﬁﬁf‘érrepgﬁ‘rg@aé‘t‘atﬁré‘b{e a
glass transition tenperature which exceeds 300 F and a roomtenperature

i mpact st penglhgbad.excess of . 5 ft-1b/inx to reduce the likelihood of
particle breakage during abrading conditions in engine operation.

Preferably the Shore A Durometer hardness of the cured ASPM material is from
about 15 to about 40.
Preferably the cured ASPM material is oxidation resistant, exhibiting less than 2%
15  weight loss after 100 hours (using a 1”7 x 1” x ¥4” sample) at 300° F, and most preferably
at 400° F exposure in air.
Preferably the cured ASPM material is thermally stable, losing less than 20% of
its tensile strength after 100 hours at 300° F, and preferably 400° F.
The phrase “abradable organic filler particles” or AOFP is used herein as a
20  defined term meaning a material that is hard, organic, and that retains useful properties at
300° F. The AOFP material must contain less than about 2% S to ensure proper curing of
the ASPM material. The AOFP material must have a glass transition temperature which
exceeds 300° F and a room temperature impact strength in excess of .5 fi-1b/in, to reduce
the likelihood of particle breakage during abrading conditions in engine operation.

25 Preferably the AOFP material retamns useful mechanical properties at

temperatures in excess of 500° F.




- 25 Preferably the AOFP material retains useful nmechanical properties at
tenperatures in excess of 500 F. 4 - 4 JUN 2004 5 Preferably the ACEP
material contains |ess than about 2 w% F so that the products ofs J-1804
mat eri al conmbustion are not corrosive to gas turbine materials. Preferably
the ACFP material contains |ess than about | W% S and | ess than about |
Wt % F. 5 Pr ef er alprafetably heRFOFRtatdrial cotaids bess thonlapoak wbed COBUEE | on
products when 10 conbusted in a gas turbine engine at tenperatures in

excess of ﬁcﬂx@& It ASPRhakdal combetivhnge senditosivase gddtnibins gaterelsmat eri al s
contain fi ers such as mca, glass particles etc. Preferably the ACFP

material does @Q%fe&%!y ﬁmb'}\(BFﬂ’ Wik ial l:(f)ntfu'nk |35 PhadlaBol EGEALS ddilgssrhist e t her

conmbust conpl et'é e non conbustable with softening tenperatures in
excess is of 2150 and preferably in excess of 3000 F. Non conbustabl e
fillers pPBPYrl §9Fhave a particle size of less than | nil. Preferably the

ref erabl y the Bickmb ?@f&é‘r‘ﬁ‘%@ BiREy o i it FERRLBRBY %Eads“ﬁﬁé“’ﬁ’“
according 20 to ASTM D 648, at 1.8 MPa, which exce Oab . F, and
pr ef enabl yombosted sn 58 mrbineerging @tﬁpmp@%@@bﬁlﬁxﬁ%ﬁﬁé’ 231 §§ g @%
tenperature tensile strength which exceeds 10 ksi. Preferably the ACFP
mat eri al Rafdiging @enditienper at ure el ongation to failure which
Many organic materials contain fillers such as mica, glass particles etc.
Preferably the AOFP material does not contain fillers. If fillers are present they must
either combust completely, or be non combustable with softening temperatures in excess
15 of 2500° F and preferably in excess of 3000° F. Non combustable fillers preferably have
a particle size of less than 1 mil.
Preferably the AOFP material has a glass transition temperature exceeds about
400° F.
Preferably the AOFP material has a Deflection Temperature, measured according
26 to ASTM D 648, at 1.8 MPa, which exceeds about 400° F, and preferably exceeds 500° F.
Preferably the AOFP material has a room temperature tensile strength which
exceeds 10 ksi.
Preferably the AOFP material has a room temperature elongation to failure which

exceeds 1%.

25 Preferably the AOFP material has 2 room temperature 1zod impact strength which

exceeds 1.0 fi-1b/in.




exceeds 1% 25 Preferably the ACFP naterial has a roomterrperature | zod

| npact strength which exceeds 1.0 ft-Ib/in. 5 - 4 JUN 2004 5 Th mdes
whi ch are added to the matrix material serve to slightly weaken the rix
material, and nake it nore abradable. It is well within the ability of one
skilled in the art to select the proper amobunt of particul ate material for

a matrix materiple fRNd18OwhRBREd sddedto theahattik esaterinl aeve v dlightly vekaken the
degree of abradability. W prefer to use from about 5 to about 20 wei ght

per cent p?natn#u? ln?eﬁerla]l 0, Tﬂﬁa@'& f'rloﬁ:é S5raddtie. pft ¢f RERBithirsMk abilied of omenskilieal igr oup

consisting O I mdes, polyanide-imdes, as well as other

t her mopl aﬁg%%%ggg@% @%”P‘};gg ﬁ%% @@fmcdvgtel Gl 5% £l Ratdhf] G¥ing ur bi ne

conpr esso ularly prefer a pol yam e-imde
known as Tor|on 400Q which is e fr ﬂg
Chi cago, Ipafticadargiualidesgoarhieve H‘Cd’g’é‘“‘t é‘?wffo‘%f AP EF;' ﬁe‘%er age (glfért icle
size of 55 mcroneters. A range of 35 to 75 m crometers appears to be a
broad rangbo#iof ta muaﬁém&ﬂ peicenidiagticdes;e. W prefer that 90% of particles
have a size which is |ess than about 150 micronmeters and t hat 90% of the
partiqbes fall Tie pdrficlesazgrefantly slecldl fram 1x6grebp cormistiogof pekvampdestr y ASPM
materials include: a) LSR 5820 produced by the NuSi| Conpany. 20b)
polyimides, polyamide-imides, as well as other thermoplastic and thermoset materials
which are stable in the gas turbine compressor operating environment.
" We particularly prefer a polyamide-imide known as Torlon 4000 which is
available from the BP Amoco Company of Chicago, lllinois. We prefer to use this
15  material in an average particle size of 55 micrometers. A range of 3510 75 micrometers
appears to be a broad range for the average particle size. We prefer that 90% of particles
have a size which is less than about 150 micrometers and that 90% of the particles fall in
the size range of 10 to 125 micrometers.
Exemplary ASPM materials include:
20 a) LSR 5820 produced by the NuSil Company.
b) LSR 5830 produced by the NuSil Company.
c) Dow Corning Silastic GP-70 produced by the Dow Coming Company.
d) Visilox V-240 produced by the Rhodia Company.
Currently LSR 5830 is preferred.

25 Exemplary APM materials include:

a) Torlon available in several grades from BP-Amoco.




. LSR 5830 produced by the NuSil Conpany. c)Dow Corning Silastic GP-70
produced by the Dow Corning Conpany. d)Visilox V-240 produced by thisﬁhodi a
Conmpany. Currently LSR 5830 is preferred. 25 Exenplary APM nateri al UN 2004
include: a) Torlon available in several grades from BP-Anoco. 6 - 4 JUN
2004 5 b) PMR-15, a NASA devel oped polyimde material comrercially

avai | agl e frormgymul tpyIRe] $QWASA developedipaigintide orperiGocpumetdigly ofailablevel and
Chio. c) DvBZ, a NASA devel oped polyimde naterial conmercially avail abl e

from mul tiple sour cegyhnaliHpleReurdYS Maud: Edhb WorpdéticaIof €iveMnd Odifer
Torl on 4000 avai l abl eOIJf‘rom %P— Alrlmcc’). 10@%91?% t(\:)Jas It)urbi ne conpressor

appl | cati on theyseal pUteLheh o deloBEFEAl b rordrf B ftheplah Paigeleal |y

interior surfac | In the engine so that it

circunscribes the tips of the nmovin irfaoi,ls, and the. abradable seal wll
preferably be Iocatfg%‘“i“ﬁ“IHE'?ﬁﬁ?ﬁcﬁﬁﬁﬁﬁg&éﬁﬁ?@@egggggiﬁgﬁi n the ring. The
depression will have a width which is conPa abl ePto and sonewhat greater

than the wi dt h \We cufrentboprsfes Jesion 3080 avatlpbledromBRAMOce or act with the
seal, for exanple 35-75 mm and a depth of fromlto 5 mnmllineters. The
ring wol | be mHhahé gas tutbjms ceprgsset applicanierpthetseal apateng! vaHeenasplyder or med in
segnents. The seal material is applied to the groove in the ring or ring
segnent agechad bOWR radilBy BREVFSuifScecdfontn wising loamedinttheprging sxthat Yues.

e

We prefer to anodize th
circumscribes the tips of the moving airfoils, and the abradable seal will preferably be
located in a shallow groove or depression in the ring. The depression will have a width
which is comparable to and somewhat greater than the width of the compressor blades
15 which will interact with the seal, for example 35-75 mm, and a depth of from 1 to 5
millimeters.

The ring will be metallic, typically aluminum or titanium, and may be formed in
segments. The seal material is applied to the groove in the ring or ring segment as
follows. The groove is cleaned using conventional techniques. We prefer to anodize the

20  cleaned groove surface when producing new parts, when overhauling parts, we have used
chromate conversion coating such as Iridite‘ 14-2 from the MacDermid Company in
Wallingford, CT on the groove surfaces. Anodizing and chromate conversion are
preferred but may not be required for all applications.

While the invention materials previously described will adhere to metallic

25  surfaces, whether bare, anodized or with a chromate conversion coating, adherence is
generally improved through the use of an appropriate primer material which is applied to

the surface prior to the application of the particulate filled polymer material. The primer




- 20 cl eaned groove surface when produci ng new parts, when overhauling parts,
we have used chromate conversion coating such as Indite 14-2 fromtt SUN 7004
MacDerm d Conpany in Wallingford, CT on the groove surfaces. Anodi zing and
chromate conversion are preferred but may not be required for all

applications. Wile the invention materials preyiously. descri.be b |

adher e5t o aserial Wil generally pg supplie éf?@f‘l'eg]at}yet?'e ‘88?6‘23%“8? SUhP llﬁ’ gvp‘é\%# onat e
conversion coating, adherence is generally inproved throygh the use of an
appr opr i atgenqjailymsefnlmrbn@raIquec]HC'r@OQWW%JT%D%QO@U}&(gg@p?ﬂyl r to the
application of the particulate filled polymer material. The priner 7 - 4

" JUN 2004 M{dlanatddl,i ikilos VIoGEomnbé Ryodie GoupgrhiierioloFroyfe¥iand SE2 5 fropgthe
silicone matrix supplier, typical generally useful primers include DC 1200

primer fromgRonbpeFlion®f CarpedieiapCA M dland M, Visilox V-06 fromthe
Rhodi a Corporation of Troy NY and SP270 from The NuSil| Corporation of

Garpenteria, CryeThfy &7l Qhnichfid pOANRINith & aYdl flchéditfosmsmantie Binewhi ch
n S

conforms to the I'n rface of the ring sealing the groove and

eaving an amnular caviiy 9 a2Ee0l \hPRBAEGhSheulal hdiToSblepeRRDaRRM er of

t he i AYentPBaAce more“apertures through which the
silicone polyneric particle containipng material can be inj ecte%qhmIHg
ﬂtj fills

silicone goleyrtlicone pealenafithe iymptinm; Ty mandeslingp opg of ML PRS0 A
the annular cavity. After the annular cavity is filled the apertures
t hr ough Wivihibh thessilimine polyimericspanigle pentpining) eeledel @pdedngei&d and the filled
ring or ring segnent (along with the mandrel) is placed in an oven for
curing. Curing Tie dilg@@neglolymerar pasticte doathinirgpatedalis éxjetsed ineand Siothe and
400'F for times of one to two hours or as otherw se recomrended by the
annular cavity. After the annular cavity is filled the apertures through which the material
15 has been injected are closed and the filled ring or ring segment (along with the mandrel)
is placed in an oven for curing. Curing is typically performed at temperatures between
300°F and 400° F for times of one to two hours or as otherwise recommended by the
silicone producer.
After curing, the ring and mandrel are removed from the oven, the mandrel is
20 removed, and the ring segment with the groove containing the siliconelpaniculate
abradable rather may be further heat cured as appropriate.
The present invention will be better understood through reference to the following
examples which are meant to be illustrative rather than limiting.
LSR 5820 or LSR 5830 {produced by the NuSil Corporation; LSR 5820 and LSR |
75 5830 have Shore A Durometer hardnesses of about 20 and 30 respectively after curing)

which has been thermally modified with iron oxide is combined with 10 weights per cent

of Torlon 4000TF particles having an average size of 55 um, and the filled silicone




silicone producer. After curing, the ring and mandrel are renoved fromthe
oven, the mandrel is 20 renopved, and the ring segment with the groeveJUN 2004
containing the silicone/particulate abradable rather nay be further heat
cured as appropriate. The present invention will be better understood
through reference to the follow ng exanples which are neant ’E@ gie

i | | ust rsat i materialt s procebsed and einteidag preveRshadescribed, Shoseszs 308 Hant &K ¥ he
NuSi | Corporation; LSR 5820 and LSR 25 5830 have Shore A Duroneter

har dnessesqq Fabrhétsy2@mais dvalhbiesR 2l aefrymahe BuSddidrpgptionhi ch has been
thermally nodified with iron oxide is conbined with 10 wei ghts per cent of

Tor | on 4000TF pagiii GhfisatBd HoROthd ResdURipdB6disch provide &fivalent abddatity ard ed
silicone 8 - 4 JUN 7004 5 material is processed and cured as previously

descri bed, , g hours, ' ;ﬂﬁfé DR SbAkabIAQER draterTAIS (SonBdiRig ipfass

avai l abl e %té aﬂgﬁzﬁ%@%t}g%@{% ug?lc Cor por atai on. Seats frgtbri cated fromthe
resul ting product provjde equival en br idd Mo 4 tines
the erosi oWqreY IQSRS Hf*?ﬁe&?ﬂ‘gﬁﬁ}@a&%f"g énegs%br‘r%itslé‘?éﬁg&%{] é%)srtligda?n??lg gl ass

m crobal | oons, and as general ly described in US 3, 575, 427) when.t at
foom 19 1 cleppeesureandAGOTRG espebtivals o AR Pry SR AaRAE B 0E 0T e
appar atus using 50-70 mesh Otawa sand at 800 feet per second and a 20*

i nci dence @nrgive sand atl8G0dtet tpei second amt 4 3¢) ineidenseangihown and described with
respect to detailed enbodinments thereof, it will be understood by those
skilled in the alholdtahisiavenfion hatregsiown adniesgibed svitharspesiddidetaded in form
and detail thereof may be made wi thout departing fromthe 15 spirit and
scope of t by GlialeE thdr @SN WilPBe urdéRitscl bylthewRakilieg $n fhetartithat vatiowxthiRfge,1 60
are a -’

omissions, and additions in form and detail thereof may be made without departing from the

15  spirit and scope of the claimed invention. Typical properties for the cured R3-2160 are a

-Shore A hardness of 32, a tensile strength of 680 psi and a tensile elongation of 600%.




Shore A hardness of 32, a tensile strength of 680 psi and a tensile

el ongation of 6WQO 9 - 4. JUN20R 5 In the Cains | An abradable materi al
whi ch conprises: fromabout 5 to about 20 wei ght percent of Abradabl e 4 JUN 2004
Organic Filler Particles in an Abradable Silicone Polyner Matrix. 2. An
abradable material as in claiml wherein the ACFP particles have an average
10 sizq ofy3Re Bhimscroneters. 3. An abradable material as in claiml
wherein the AOFP naterial has a room tenperature |zod inpact strength in
excess of 1.0 fg-10/i 3 : Jaaterial as in claiml wherein the
ACFP materlll‘al c%ﬁtagfarnglfle}gaé%gﬁﬁa?&?wﬁ%%g 15 5. An abradable material as
in claiml whergin the AOFP rjal I hid geatdire in
excess of 300* E‘.’mba&)o h 500?b§’g'§%§‘ea}e%§'f Eér;l%g‘? Ogs&al? %dagf%i@%%llnwmlﬁg?tiﬁimt he ACFP
material is selected from..the ou onprising polyimdes, polyan des,

pol yam de-imi d@é',‘b%ﬁﬁ‘ﬁblﬁirg!]t‘%ﬂ"@ Ey[’?l‘grléﬁtrfr& 20 7. An abradable material as in
claiml wherein the AOFP material produces only %ls_.eous canmbusti on
products vhen cénisbeadableimateriaj4s in claip ﬂné"‘l?f@!‘ﬁéﬁ"%. RATUFlESNAYE B0 AXEPRE | o
as in claiml wherein the abradable silicone polyner matrix conprises a

di met higl sili cosige of 3G80miitroimepdreny| silicone. 9. An abradable nmaterial as
in claiml|l wherein the ASPM contains a stabili zing

3. An abradable material as in claim 1 wherein the AOFP material has a room

temperature [zod impact strength in excess of 1.0 ft-1b/in.

4, An abradable material as in claim 1 wherein the AOFP matenal contains less than
1 wt% S.
15 5. An abradable material as in claim 1 wherein the AOFP material has a glass

transition temperature in excess of 300°F.

6. An abradable material as in claim 1 wherein the AOFP material is selected from
the group comprising polyimides, polyamides, polyamide-imides, and mixtures
thereof.

20 7. An abradable material as in claim 1 wherein the AOFP material produces only
gaseous combustion products when combusted in a gas turbine engine.

8. An abradable material as in claim 1 wherein the abradable silicone polymer
matrix comprises a dimethyl silicone or a methyl phenyl silicone.

9. An abradable material as in claim 1 wherein the ASPM contains a stabilizing

25 material consisting of one or more transition metal oxides.

10. An abradable material as in claim 1 wherein the ASPM has been catalyzed by Pt.




.25 material consisting of one or nore transition netal oxides. 10. An
abradable material as in claim| wherein the ASPM has been catal yzed _t_)g .@N'ZUM
10 5 11. An abradable material as in claim| wherein the cured ASPM ha
room tenperature tensile strength which exceeds 400 PSI. 12. An abradable
material as in claim1l wherein the cured ASPM has a room tenperature

el ongat i onl whi gl abraiabldandt&ddlcas iBclaibm 1 atdreaeiabheccured ASPH hass §oNE| ai m 1
wherein the ASPM has a roomtenperature 10 Shore A Duroneter hardness of
15-75. 14. A ggsndeiihienensiie WReMRAR Whidhh@dakl400rSIer i al whi ch conpri ses:
fromabout 5 to about 20 wei ght percent of Abradable Organic Filler
Particles;jn an ANA0RMSeilas $OBRid e WiEREin M durdd ASPM Kasiamoolmuir bi ne

abr adabl e 'Seal “"which conprises: 15 a) at |east a segnent of a ring, said

ring being netallic. b) a grogye,i ' rd surface of said ring. c) an
abr adabl e nat e?‘i“éﬂer?tﬂrcea%%aﬁﬂngv o ég}rc%%ell,oﬂ%% d abradabl e nateri al
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10 Shore A Durometer hardness of 15-75.
14. A gas turbine compressor abradable material which COIMprises:
from about 5 to about 20 weight percent of Abradable Organic Filler Particles in
an Abradable Silicone Polymer Matrix.

15. A gas turbine abradable seal which comprises:

15 a) at least a segment of a ring, said ring being metallic.
b) a groove in the inward surface of said ring.
c) an abradable material located in said groove, said abradable material
comprising;

from about 5 to about 20 weight percent of Abradable Organic Filler

20 Particles in an Abradable Silicone Polymer Matrix.
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