:{| e3eh~edF6* T~HSY\D U31021623 1 THERMVALLY CONDUCTI V$ LAMP REFLECTOR
BAGCKGROUND OF THE | NVENTI ON PCTI USU2l 275U8. The present invention generally
rel ates t avd @pieef | ectors and net hods for maki ng suchciredhesior s.
Parti-cularly, the reflectors are nade froma thermally conductive pol yner
conposition that can dissipate heat froma heat-generating |ight source
within the reflector. The reflectors can be used in autonotive headl anps,
flashlights, and other lighting fixtures. In the past, reflector housings
for autonotive headl anps and other |ighting devices were nade by stanping
sheets of netal into a deSHFRMALIYNGOYBUCTAVE ahAMP REFLESFQRT num was -

vacuum deposited onto the shaped netal to forma highly polished reflective
surface. This netal stanping process produced headl anps havi ng good
mechani cal strength, but onl yesxédotid 66 ot rhamrk Si npl e shapes coul d be
made. As designs for autonobile headlights changed, the need for reflectors
havi ng nore cdot] ex aermdyna@dbéntSt inteitinesS gaiie@wlly Totkaytesr eéd etan@pr housi ngs
for autonotive headl anps are often made from t hernosetting or thernoplastic
conposi tions that &sfetersol #¥d "Atdn vERT efPRiBY sHKkPeste Bally, these
conpositions contain.a resin an infarcing naterial ot ' oves the
strength and di rrenlg?r()tﬁ‘é 1‘-:lgitya’lbiéklhfq't 3‘3% C%ﬁg %ngg&ho%gﬁna. hc?ﬁl{a)l?l{agi)%]z’irrpI e,
Weber, U. S. Patent cbpddd6ivéd 31 ghes CldorSddSt ian Nk Gen Glissiphtl RGcacrvehi cl e | anp
reflector froma conposition containing substantial anobunts of fiber and
mneral fillers. THeatrgedestrips odies =PuFenpvitsin etlcor “HaATSAY a™e
substantially Q.03 0216e3, PCILIIN2AR AR08 2 olabigh cokbiifiver a
substantially inorganic core. 5\ l'ayer of al um num can be vacuum deposit ed
onto the organi c Skha oshdrhDightihgi figtw@ebase coat. Baciu et al., U S Patent
4,617,618 discl oses a headl anp reflector made by a co-injection nolding
process. The clZk of thenrehkeatest, | sefigdeoxf r bywstnasonPasi evtoretdvmt ai ni ng
pol yal kyl ene terephthal ate apd _hematite, (85 t.o 95% b Lght of. Fez03)
particles having aq‘ﬁargtafn%"l e""m;sli°ztgerl eg*sgthtth“%ngef'dcﬁt mo 3%?’ i ttgm 5

m crobeads, and ot h@kedsi bt GletfiBti@fd Al Sectady RRaRAdEX] 1agert BE NGMAGEI t i ON.
Wthoos et al., US. Patent 4,188,358 disclose a nmethod of nmanufacturing a
metal | i zed pl astic 4eef Yasewnfepopited| entortheapiiaped @ptal by FOE° mabibial (for
exanpl e, glass or carbon.fihers) is ovi degd. Qv e of a
nol d and saturated R/?nﬁﬁe% fqg?cfrt)ﬁ‘-' asrugéar?fhg gtill%t %%%a?c%?%%%. %%\%{egg parti al
har deni ng of the rgsotyced HeayBhpOhatingUjodd NMetidni@ar strehes, ilmtspilryed onto
the resin. A supporting layer including a synthetic resin reinforced with
fibrous material (forivbadpreberpef §Eeie shapeangquddPe Wapy off S8 BYer the
metal layer. The |ight .SQULGES AdlaAULGMLLYEahaRd! MRS :andelblssT ef | ect or
devi ces can generate a trenendous anount of heat. These devices nust neet
mai ntai N an oper at | ixyitenper edwlex swrbdmamichetrastokasaevwr ef | ecti ve regi on
(area between the reflector and | ens assenbly) of no greater than 190C
Many reflector [B8vi ces dedavmmerEleqtombeptidet] tpF LaEPosiven Badlaes 56y
conductors of heat. a result, t i ns i it hi
reflective area, and ¢ rén'f)aéi? a’%lruo‘r“ egﬂ%%ﬁe%tﬁl?%k{}y t%‘irrglgﬁgg%\geg%gsétm%ﬁi S

over heati ng phenonengr oid e @6TIASintoWD G3AOZ] G2 3sikpds.| 139R{ATHO8 3

these compositions contain a resin and a reinforcing material
that improves the strength and dimensional stability of the
molded housing.

[04] For example, Weber, U.S. Patent 5,916,496 discloses a
method of molding a vehicle lamp reflector from a composition
containing substantial amounts of fiber and mineral fillers.

The wethod produces a lamp reflector having a substantially
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in underwater flashlights where the entire lighting structure is nmade of
plastic and sealed to prevent infiltration of water. ~0%~ The industry has
att enpt ed i@osmdlsase t hese overheating probl ens by a vardwtspr/osesways. One
process involves nolding large mlled al um num heat sinks onto the back of
autonotive headl anp reflectors. These heat sinks are used often with heat
pipes to transfer heat fromthe back of2 the reflector to other heat sinks
renotely located in the assenbly. Another process involves making
reflectors fromsheets of nmetal. For exanple, a sheet of _alum num can be
mlled or spun interdnke geis ped & HEMFEEa N PERPECEE: BovE9EPL t hese

manuf act uring processes, are o3t | e ANfhobdir GANRE GUIPSERQAME Lianpr oduce
reflectors having corrp'I'ex shapes usi ng Elch processes. ere is a need for
a thermal |y conductkisheud asgagrebhcéqak. t hat can effectively renove heat from
heat generating | anp assenblies such as autonotive headl anps. underwat er
flashlights, afifll the |idegeiu The presews.i rhaeemti o6 646 déiscierel & thermal |y
conductive reflector. SU ~N~ARY OF THE | NVENTI.ON This .invention relates to
a thermal |y conductPRARaTeaFstieat e @edy P¥ nd | WatHG A R HabTHG"4 surface
that is coated wth,a pglaldd z8d reHeedd V& | AYEr excihea SBafpbsitfonmade from a
conposition containing a base polyner matrix and thermally conductive
filler material. Thentsumninaoelpflkyiege Shedphtlpdatebmdnpimatitez8d W 84 a | ayer of
al um num A protective |ayer conprisin po‘g%si I oxane, sii I ilcgglt i oxi de, or
acrylic resin  WOPHIOPECS PRl RREGHFLEYIGE S L BH He cBATed over t he

al um num coated | aygr, Th f or . t pUCt dabdiMaOf greater
than 3 WnK and m)%g ppmr'efglrag Iéﬁﬁg%éaﬁlg%%?%ghm%%?ﬁi@%lgfA t her nopl astic
pol ymer sel ected frfamdehsiagd @uxns aREpssitian. of pol ycar bonate, pol yet hyl ene,
pol ypropyl ene, acrylics, vinyls, and fluorocarbons can be used to formthe
matrix. Preferf®ly, a | wiphbck et \a3t alu.poPatesty 4j138 13568 ddisAlose ranmethod| v,

t hernosetting polynmers such as el astaners, .epoxies ol yest ers, pol yi m des,
and acrylonitril es ¥alPBETEERY TS 1S rplr?g'ilé:r f%ﬁlegrrcé’? bz\ gle meglsed from
the group consistingpefc AeURINYER @ictilaa o8 ORRAPle, TRQAES iok MeadlbbASS,

carbon) silicon nitride, alumnumnitride, boron nitride, zinc oxide,

gl ass, mca, and gr&iphist e is Threvided| evempt sppvak FEfatse 9tn 2t Bl P of
particles, fibers, or any. other suitable form I Mg gd

preferably constituteeabou 1tEOat ghea %tlﬁ‘?rds %aﬁ%mtﬁ%tggt %%’r?l?ral I 1;t/ﬂ!(‘:ﬁc()nducti ve
filler preferably cguisidit whemnadaowk 28e tx@sahout 1399 f vodwdenghlt he
conposition. ~' ~2~ In one enbodi ment, the conposition includes: i) about 30
to about 60% by vol RATEIBES aiporBrarad PaET i Sbe TPYinapBut e~ 189 abBEt 60% by
volume of a first thernmlly, GONAUGL ¥ ideh e 0Bt flchabsnhaNi Ao aSPECT
ratio of 10:1 or greater; an I11) about 10 to about 15% by vol une of a
second thernal |y conglutcCétavplef i pdlggstamioeriyaén) hde pngyided gupethe mettato of 5:1
or less. The present invention al so enconpasses nethods for making

thermal |y conducti vE¥&np refl ectors. WO 03/ 021G23 PCT/ US02/ 27508 5 BRI EF
DESCRI PTI ON OF E DRAWNGS.[ 14] The naqvel f ure a acteristic
of the present [lgﬁventi onﬁllgr éigiﬁét *forth in a?rﬁg&gg%eﬁe&ggﬁcf a%rﬁlsgg%mever, t he
preferred enbodi nentesieéedrhecviienseni gagerhiget benentiotd shovmthef hedj.ect s and
attendant advantages, are best understood by reference to the follow ng

det ai I'ed descri pti ofPY8KkERVICRP CBHR eIt ol IRFL Phe REERURPaRYPRY ditawi ngs in

whi ch: within the enclosed reflective region (area between the
reflector and lens assembly) of no greater than 190°C. Many
reflector devices are made from molded plastics that are poor
conductors of heat. As a result, heat remains trapped
within this reflective area, and temperatures can quickly

rige above 190°C. This overheating phenomenon often occurs



[15] Fig. 1 is a planar cross-sectional view of a lanp reflector of the
present invention; and Fig. 2 is a graph showi ng bulb tenperature over tine
for | anp reblesstiemss of the prior art conpared to | anp mafusextrsmss of the
present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The
present invention relates to a thermally conductive |anp reflector and

met hods for nmaking such reflectors. ~' ~%~ A thermally conductive
conposition is used to nake the lanp reflector of this invention. This
conposition contains a base polyner matrix and thernal IQ/ conductive filler
mat eri al . Ther nopl dgtindepwksarétashiighie slerngothgcentbiondiadtingotSFETTYT ene,

pol ypropylene, acryli ggy VieMoh et 8l LUGLICA! HOORAE A DR UERE bp Torm the
mat ri x. AIternativeiISy, FheFmBa s I ng pofymars uch as el astoners, epoxies,
pol yesters, polyi myles. and acrylonitrilea can be used as the matri x.

Sui tabl e el astonmers include, for exanple, styrene-butadi ene copol ymner,

pol ychl or oprenfd8]ni t ri | ehs uhbestry at yattenptbreo palvy sthefe deerhghtiog

et hyl ene- propyl ene terpol yners, FOl ysi |l oxanes (sili c'o_nesg . ang N

pol yur et hanes. Li quiFEPIer§tvar BoisHetts Yate (PerBPrEd dueled ThAE™ highly
crystal |ine nature Ang, 8ol Youmslfo 3¢ QAHEP 3 RCHLIBAZ 37 908abidve provi de a
good matrix for the 71 ler material. Exanples of liquid crystalline

pol yners incl ude t heaanpbasiflectar@mairhesepbéare singe sarePpefdepishyyithhe pol yner
matri x constitutes about 30 to about 80s by vol unme of the conposition. [19]
Thermal Iy conduct i V2#2F Ripes tRet"BPIIET So2r E*Fythedh ‘t%“%ﬁﬁ%?” matri x.
Suitable filler matghialiai NGk Gendtaly QX¥&TRA Gn allgbdubiy. al Atna, copper,
magnesi um brass, carbon, silicon nitride, alumnumnitride, boron nitride,
zinc oxide, glass, prccess dgnapinst eskimndefligetors lEoom Rhoeterofsmegfl.suRY fillers
are also suitable. The filler nmat %rilal Pr ef erbabl ll%gnsftistut g&oa%%ut 20 to
about 700 by vol une®BfPt%e®cBiFposTt HEM ot 8 B & eranly i he pol ymer matrix
constitutes greateraddiags 4QYa@nd ok heuki | bafiedrBteri al ao@sbtf utthssd ess than
60% of the conposition. In one enbodiment, the polymer matrix is a liquid
crystal | i ne pol yner maufadtiuring prycessostare 0F By - v utfe oo Pen@"BHTPWsi ti on,
and the filler material is PIT based, carbon_fiber t .Ut i bout 40%
by vol ume of the corir%ogf‘fd?%ﬁ "THE T | &F Rt é?l'fpg ’?n%ygg‘i !llénl%hgg?%rm of
granul ar powder, papidcebsas,. whiskers, fibers, or any other suitable form
The particles can have a variety of structures. For exanple, the particles
can have fl ake,[0B) ate, riteee d$&r andeehefagomnakhermallygplrenductive| iXREP shapes.
The filler material may have a rel ativel y. high aspec | epgt h to.thickness)
ratio of about 10:1%BF*egr¥at Bt FaP éaiger%f"eew bglg'getd g%?“ bon i ber
having an aspect ragLa.0fidbadly 5sdmidss DaciSad. allohaiinat hasabampst he filler
material may have a relatively | ow aspect ratio of about 5:1 or |ess. For
exanpl e, boron ni tr uoderyrtarufashiightsi cindstiealikeg Jhe EHEEE FHEMIODF about
WO 031021&3 PCTJIUSQ2/ 27508

provides such a thermally conductive reflector.

SUMMARY OF THE INVENTION

[10] .This invention relates to a thermally conductive lamp
reflector including a shell having a surface that is coated
with a metallized reflective layer. The shell is made from a
composition containing a base polymer matrix and thermally
conductive filler material. The surface of the shell can be
wetallized with a layer of aluminum. A protective layer

comprising polysiloxane, silicon dioxide, or acrylic resin



7 4:1 can be used. Preferably, both | ow aspect and hi gh aspect ratio filler
materials are added to the polyner matrix as described in MeCull ough, U S
Patents 6, wobs@{§sand 6,048,919, the disclosures of Wpcghsahsoher eby

i ncorporated by reference. [21] In a preferred enbodi nent, the pol yner
conposition includes: i) about 30 to about 60% by vol une of a pol yner
matrix; ii} about 25 to about 60% by votune of a first thermally conductive
filler material having an aspect ratio of 10:1 or greater; and (iii) about
10 to about 15% by vol une of a second thermally conductive filler material
havi ng an aspect r atik ®eofoabedl over ks aLufif@Ri-cddyed lprest erThp|rpilecks

conposition includes: i)_ about 50% by vol une of oly
o P W

rix; ii) about
35% by , vol ume of &3Fi% SPeTRbFRMY E6h RfcFITE™ l“{Ke:Jrl?ataImoﬁsavi ng an

aspect ratio of at J.easinilOsrlatedNiabhidai d/m@out 15% by vol une of a second
thermally conductive filler material having an aspect ratio of 5:1 or |ess.

j23 The fillerprpterial ai sheRdoprmted ypoiyned wkidarddhesanceadusbmye pol yner
matrix to formthe thermally conductive conposition. The | oadi ng of the
filler material inparistingertfal PEBFRIOORES t SPW YIRS po PSR PESHDOSi tion. |f
desired, the mixture. gmy. contaLn ANLYESOHE RA%A0Ida0M GBAL Sne

pl asticizers, non-conductive fillers, sta |hi I zers, dispersing aids, and

nol d-r el easi ng agendasrixlhe Pdexéabey,Can higupl epasted wpsiyagr t Bchwmieques known
in the art. Preferably, the ingredients are m xed under |ow shear
conditions in orderAiermatyely.dpaioRgttine BYWURCE urkPofst IF21ReYfal | v
conductive filler terial 0 PCTEJ 8eanlds
significantly, then%g vﬁérg%lgﬁ%\ggf't %ﬁ%*%ga % EB%JJ%E%q?’BefTagct or

assenbl i es of this wdagentthen fi1a¥e watbdial Nedy dongliedted | trgm ofhegoeaber t han 3
WnK and preferably greater than 22 WnK. These heat conduction properties
are critical for makPAYEATE iFpPlVHEY oAb UHET | SEPRSF: t TIPSt EH BEIPer

di ssipate heat f ron&ﬁ‘b&?atsfig%ﬁr ﬁidr:gga,l | i nSP Wi€Btde| 2B]rod NicRQley MET

[2

conposition can be nolded into the lanp reflector using a nelt-extrusion,

i nj ection-nol di ng, eastbxige, Glamt hercas Linaddaphipe oc @bs filferi Witeekalon- nol di ng
process i~ particularly preferred. This praocess ?&%alcluy inV%kﬁé‘% | oadi ng
pellets of the compB® theort™i ttd 5 WopPeP " The *hopper f uhinel s the pellets
into a heated extrugghap1ehehbii.N t1he PElyh&t Snadfie Beseembianebnatititdsen
conmposition (liquid plastic) forms. The extruder feeds the nolten
conposition into a ebahbat twombaitnieply aad Ehy ebemelyprevsttiverHdlfitst on
forces the nolten conposition in a mold Typica d.eont ai ns
two ol di ng secti ong%ﬁﬁ?btlﬁrcé’n%1%'%53&%’%95? gtgr'ﬂ)f’% gh%ﬁyyaﬁggq{fhgtfe a nol di ng
chanmber or cavity i sodpesatiesl bet ween the sections.) The material remains in
the nol d under high pressure until it cools. The shaped reflector is then
renoved from thdZhol d. |26 omefeabodimentt othel gompdsitdere inglyded: nithtabedt t he | anp
reflector assenbly 10 of the present invefnti on i S shc(]):mw_. ii)nagg g-.d, alanp
reflector shell 12 & Y 8%t *wPY oL I &5t B8 gl eSS | ens 14" at t ached
thereto. The | anp reghLl £640koSREIJordd b5 aNBiGE: fhanayt Raaverldeysiaoaduct i ve
conposi tion as described above. The surface of the |lanp reflector shell 12
can be netal |ized wimateraak bftiagtanyespeny ratde-dfi kl| gyefeaty; and (1ii)

about 10 to about 15% by volume of a second thermally
conductive filler material having an aspect ratio of 5:1 or
less.

[13] The present invention also encompasses methods for

making thermally conductive lamp reflectors.



Typically, alumnumis used to formthe polished reflective WO 03/021&23
PCT/ US02127508 9 | ayer 16. The netallized surface | ayer 16 can be forned by
sprayi ng | wousaiest al | i c al um numonto the surface of gdrasix@htect or shel |
12 using known vacuum depositing nethods, plating, or any other suitable
technique. A protective coating 18 can be applied over the al um num coated
| ayer. For exanple, a |layer of silicon d8ioxide or polysiloxane can be
vacuum deposited or acrylic resin can be sprayed onto the coated al um num

| ayer 16. Also, a light source 20, such as a lanp bulb, is provided within
interior chanber 22. |n Fi gBRTEF DERERIPENPN QFeTHECRRABINGEhel | 12 is shown havi ng
a parabolic sh , but it is understood that shell can have a variety of
shapes. For exif@l e, theébsheavel 15eatyrrsh et a2 o PRt EHaPE, °Fhéht anp
reflector shell 12 glolite praseill LOVEN | QRN SRUCLYendllvantABEOUS
properties. Particularly, the reflector s ef 12 has a thermal conductivity
of greater than 3 Wawkyerante pirefeatableibddiments ¢f @aé chvéntenn, 22g8WhaK. These
heat transfer properties allow the reflector to renove heat frominterior

chanber 22 of the a¥$8nifi¥Fhen, oRisete Meartt@iNY VBRI uprquisekl y. The
reflector efficienty.flssl Bples. bl BPahe F0MRLEARLE A REAALLRD Of this
encl osed area. The unique cohposition of the reflect or keeps tenperatures
within this area betaxan id0onandidiehiow dik dceaiphtiy@ty laeawehss. id rhizbldi tion, the
| anp refl ector shell 12 may include a nunber of . heat dissipating elenents
24 to inprove H&dt trangfer byis rcrdamimgredsesssuidhakevigneat of e | anp
reflector shell 12.r‘lg}e heat di ssi Eating el.enents 24 are shown in the form

of upstanding pins, "PUECThSY TEPRAVE BTREFtoRY gurations such as fins.

WO 03/021G23 XC[1aCT/ USO%%Z%OQSFerrQ ’shL %.ltﬁit{ﬁe e?n{:irg growgfr £ﬂ\|es

invention i s netshape nol Thi s ans t I nal shape of the
reflector is deterntEnedidsy trbBestvapeodfl thdepribr dartg Segirednse Newaddi ti onal
processing or tooling . is required to produce the ultimte shape of the
reflector. This nol a?fr}QCtﬁF‘bGEs?eéﬁﬁ?ﬁ“gs‘“‘t’ﬁ’él‘i’“nt egration of the heat

di ssipating elenents 24 directly into the lamp reflector shell 12. [29) The
present invention is further illustrated by the foll ow ng exanpl es, but

t hese exanpl es shoul d PEYRILFD RESPRIPFIPNCOFASHH PREFEHRAR EMPOIMANOpe of t he

i nvention. EXAVPLES ~30) Exanple x ~3'~) A thermally conductive conposition
i ncl udi ng 60% b7V ol ume B PeermtdinveREiemirelrses fera APRFORI0Y, 99auFbiEme of

Pl TCHbased car bon fLher I i Ql.1.c- shell for ala
hg pdfaSecOP aﬁsgﬁkerggg_;gr g.ragﬁng;ugr ehapeds mp

reflector. The lanp reflector wei e surface of the lanp

reflector was n@sj met al | 4 zedni tyh céhab&fib e Colpbidiy 8- uskhed aflR Lgf | ect or
was equi pped with a bulb providing 4 8V and 0.38A. The tenperature within

the encl osed refl| eclpmpersflectonees Huai inyertdof.ofhiy qmpésdbionfcopbairs (4? hours.

The results are identified as refere nuoeral .x on th raph Fig. 2.
[32) Exarrpl e 2 rl-lzsaleze polymer matrix anglq: ermally conduct(ive flﬁe]g mageriglf.

Thermoplastic polymers such as polycarbonate, polyethylene,
polypropylene, acrylics, wvinyls, and fluorocarbons can be
used to form the matrix. Alternatively, thermosetting
polymers such as elastomers, epoxies, polyesters, polyimides,
and acrylonitriles can be used as the matrix. Suitable
elastomers include, for example, styreme-butadiene copoclywer,
polychloroprene, nitrile xubber, butyl rubber, polysulfide
rubber, ethylene-propylene texpolymers, polysiloxanes
(silicones), and polyurethanes. Liquid crystal polymers are

preferred due to their highly crystalline nature and ability



[33] A thermally conductive conposition including 60% by volume of a liquid
crystal polyner and 40% by vol une of PITCH based carbon fiber Was nol ded
into a sol wéobaek and then machined i'nto a conical - shapadoehes! for a | anp
WO 03/ 021&23 PCT/ US02127508 11 reflector weighing 4.6 grans. The surface of
the lanp reflector was not netallized with a reflective layer. The | anp
refl ector was equi pped with a bulb prow ding 4.8V and 0. 38A. The
tenperature within the enclosed reflective area was nonitored for a period
of four (4) hours. The results are identified as reference nuneral 2 on the
graph of Fig. 2. Coc-gpnvidead igeed mxaripl ®rAtfe35111Ar coherdrki aFfappkefai | abl e

exi sting production_| agp refl ector made friom I utn‘i nurr]rwgsc ec uipped with a
bul b providing 4. 89f AE3G FHR2ITHE RUVTEE P61 P hE TP Bt 0f " Was ot

netal lized with a pefilbechlVerld¥fiiy,ToR LIRS aldrie Mhdthidiet RBoNCI Osed
reflective area was nonitored for a period of four (4) hours. The results
are identified as refieraénve spebyerlyieorf thecgregihiar Fig. 2. (36~

Conpar ati ve Exan?l e B ~37~ A commercially-avail abl e prototype | anp

refl ector havi H§l a coni Bermadhaseniugtive Hldes Rateridtgsareqeddsded W h a bul b
provi ding 4.8V and 0, 38A. The surfage, of f. al um S was,,not
netallized with a rpé’%ylmtealét f“?/téuf'ayersu%rab%olgllgﬁegd.m%?rgg{penj!p&girdgfhrzox\?\,i thin the
encl osed refl ectivexaped, Wasif)i i10nad, fRppad, pabheatunof bfastr cdzbpnhours. The
results are identified as reference letter B on the graph of Fig. 2.

Conpar ati ve Exanpl eiticpnoityide hatymipry niaadhchirer "deifers 741%M ficl udi ng 50%
by vol une al um num and 50% by vo nyl.o . Jol d .0t 0 | cal - shaped
| anp reflector. The"qéﬁ’rfé“c“éa'ofgr? hgge'an%‘d Qf?\%a glﬁ%Zl%&%%TI%S%g%7508 12
reflector was netaldiized wid iad UsdiBaHTet OrHeOEMlar I edteeial | yetkegpdy . The | anp
reflector was equipped with a bulb providing 4.8V and 0.38A. The

t enper ature wit hi n ©PREIEHEE oSEE Y e?‘?eé?i VB e nBH“tor 88 BF a period
of four (4) hours. Mos&@i%ﬂl.t%o?e" Sré.fgf‘atﬂa},f k@p@l%méﬁk%x@ﬂ%@nslt@ﬁ&t@ﬁ C on the
graph of Fig. 2. In view of the foregoing, an inproved |anp assenbly 10 is
provi ded havi ng an gmepregvebhnl anp sidelthe 121wt hatepidloapstiadies diessi pat i ng

el enents 24. Wth the present inventjon, .the t enper.at uFe% Wi toll'ui n.a lam
assermbly can be redtRBE*t HuE e SPERE AT t h&® PPT "o "5 ght “Solrce t herei n.

[41] As shown in thggf:aRh a0fightd crystalifife baitRes @blRCRISy aRAe doB
accordance with the present invention, as identified by curves 1 and 2,

have an inproved bubb vobwperht tiee qoreskitioncomwgaried fibteax paterin} Pfoducti on
| anp refl ectors. Specificall th veral | .t eratures .fo anp
reflectors of the p?Iér%'r?f‘seldnédern ?%rilg%fr 8°r15(l3\i/\té1§1 han. ét%egrya{t;%lﬁlgg OIff or
conventional reflectir SompflitQon.it takes less tinme for the lanp reflectors
of the present invention to cool down. In addition, other thermally
conductive confd@@i ti ons mer eildsednterighkeryl &rpinx efbeeéewr oF | araaek®dr dance
with the present invention as descrjbed i ngi;bhe fol | owi ng Exanpl 3- 8.

; : 1 rs, OY any. exr sul abelse .
Various particles wBPESUs @84S Phe WY cbvatict Ve i PFer naterials in the
fol | owi ng exanpl es. sJhe AMEIAYERE kit hevsShzRr YRy detductirest M ral t hough
particles having a particle

example, the particles can have flake, plate, rice, strand,
hexagonal, or spherical-like shapes. The filler material may
have a relatively high aspect (length to thickness) ratio of
about 10:1 or greater. For example, PITCH-based carbon fiber
having an aspect ratio of about 50:1 can be used.
Alternatively, the filler material may have a relatively low

aspect ratio of about 5:1 or less. For example, boron

nitride granular particles having an aspect ratio of about



size as large as 500 ~Imwere used at tines. In accordance with the present
invention, it has been found that particles WO 031021@&3 13

PCTI USO2/ 2ver@zfvayi ng a rel atively small particl e sizegigdovesanpl e about Z5
)tm should be used, because these small particles help provide a snoot her
surface for the lanp reflector. The snmooth surface can be plated with a
nmetallized reflective |layer. After plating and ot her secondary operations,
the surface remai ns snooth and does not have any pits or orange peel-Ilike

i nperfections. [43] Exanple 3 A thermally conductive conposition including
80% by vol une of péilyezr bavase HrefoBYIybarb|lgneserct g HBR &SPt i cl es

havi ng an average rtigcle size qf.about_ 15 .~m and |t ~1 g/ cc was
nol ded into a shel ﬁf‘%rg%?f%nmﬁ '?réti?ufsecatr?)raﬁt 13151]‘J Egear?%ﬁgn%h %t%xer?aﬁal |y
conducti ve conposi késeRideac| ugdi ngcenQdeday velsunmersbéntpol yoar ponatedand 50% by
vol ume of graphite particles having an average particle size of about 15
~tm and density of 6248.§Pccthpadissinsieer oAt Wiak she|lerekyr ivporrayptedef | ect or.

[47] Exanple 5 At errrérgérlexceconducti ve conposition including polyester (PET)
and alum na particles was prepared. The anount of polyester varied in the

range of aboutp@D% to e by, \velulR, Aldidle aiRuRbLAL: aldbig:particl es
varied in the range of about 20%to about 40% by vol'une. The al um na
particles had WOif3 182t G2B dbdutPGD/ US0bb@/ 508 by volume of a polymer

matrix; ii) about 25 to about 60% by volume of a first

thermally conductive filler material having an aspect ratio

of 10:1 or greater; and (iii) about 10 to about 15% by volume

of a second thermally conductive filler wmaterial having an

aspect ratio of 5:1 or less.

[22] Moxre preferably, the composition includes: i) about 50%
by volume of a polymer matrix; ii) about 35% by volume of a
first thermally conductive filler wmaterial having an aspect
ratio of at least 10:1; and (iii) about 15% by volume of a
second thermally conductive filler material having an aspect

ratio of 5:1 or less.

[23] The filler material is intimately mixed with the non-
conductive polymer matrix to form the thermally conductive
composition. The loading of the filler material imparts
thermal conductivity to the polymer composition. If desired,
the mixture wmay contain additives such as antioxidants,
plasticizers, non-conductive fillers, stabilizers, dispersing
aids, and wmold-releasing agents. The wixture can be prepared
using techniques known in the art. Preferably, the
ingredients are mixed under low shear conditions in order to
avoid damaging the structure of the thermally conduqtive

filler materials.



an average particle size of about 15 (1m,and density of 3.9 g/cc. The
conposition was nolded into a shell for a.lanp reflector. [49] Exanple 6 A
t her mal | y wg0slsgd8 ve conposition including pol yester ePEFo2226k 9! ass.
particles was prepared. The anount of polyester varied in the range of
about 60%to 80% by vol une, and the anmount of glass particles varied in the
range of about 20% to about 40% by vol usre. The gl ass particles had an
average particle size of about 15 ~m and density of 2.6 g/cc. The
conposition was nolded into a shell for a lanmp reflector. Exanple 7 [52] A
thermal |y condgﬂli ve CORNOSkih@ly] NGkUHiRHeP UokisiGhnd REL @ndlard ca
particles was prepared. e anount of polyester varied in the range of
about 60% t o 80% bytheokeftestoanssstitd ienpuinthisf invephiopahtveckheshrargti ed in the
range of about 20%to_about 40%153‘;/ vol une. Thglém' éa ngr jcles had an

3 Parks©

t
average particle siPBMSFIYEHAE FEREPMEFhE M ‘Trgélngfeeatﬁ%ed to try

and reduce the coeffl,cignf/mf. tRELIBLEYRANSON pkdplB)iepTart NRiGRAPOSI ti ON.
The conposition was nol de({into a shell for a lanmp reflector. Exanple 8 .
A thermal | y conductfiore mekingosint i imprdvad| diahionrepbicyast drt aar ghefishi t e
particles was prepared. The ampunt of pol yester_varied in the range of
about 60%to 80% bydi\?B’rﬂﬁ‘ﬁ%,he%fn&r"f“haeheatvﬁ“ﬁ%ﬁ%”?l&fg‘tfé’“‘i‘féﬂ US02/ 27508 WHAT
IS CLAIMED | S: A therpal |y conductive |a ref |l ector. _havi t her mal
conductivity oflésdr eat er Tg%a‘?fx?éme\?v Wscl\érlr‘f)nricggn%? mé’?cg der“iltrlh\éb?gl&ﬁ% surf ace;
and a netallized | ayffiefdr ludensS HIfed€RxOfusidig iSh@ithon-Gaidthgs ha@lstidgncl udi ng
about 30%to about 80% by volune of a polynmer matrix and about 20%to about
70% by vol ume of a ehethed syitebedaraceve f P# |idjeckitrePelding procdie ifanp
reflector of claimJ. . .wherein tal l4.ze r e i num 3.
The | anp refl ector %ftcl:‘\fl\éai?%yl,p.rg %F%?n th%ﬁp%r%@%? r?ﬁ%%%}ql ?@?ﬁ%gs a

t her nopl asti c or thesdadsebéilags poltyaebmpoditidinéntaahoppdfrl. eherhoperc| ai m 3,
wherein the polyner matrix includes a thernoplastic (g)ol yner selected from
the group consi sti n§*®eipotyc&FP6Hat Btopadl et efE™Fol V’fﬁ"SBS/Ié’ﬁe,
acrylics, vinyls, apg tlUQroGarhanga 2noltie Laphbitehl eakela plastlai m 3,

wherein the polynmer " nmatri x

forms. The extruder feeds the molten composition into a
chamber containing an injection piston. The piston forces
the molten composition inte a mold. {(Typically, the mold

contains two molding sections that are aligned together in
such a way that a molding chamber or cavity is located
between the sections.) The material remains in the mold under
high pressure until it cools. The shaped reflector igs then

removed from the mold.

[26} Referring to Fig. 1, one embodiment of the lamp
reflector assembly 10 of the present invention is shown. In
Fig. 1, a lamp reflector shell 12 is provided with a plastic
or glass lens 14 attached thereto. The iamp reflector shell
12 is made from a thermally conductive composition as
described above. The surface of the lamp reflector shell 12
can be metallized with a reflective, mirror-like layer 16.

Typically, aluminum is used to form the polished reflective



i ncludes a thernosetting polyner selected fromthe group consisting of

el astoners, epoxies, polyesters, polyimdes, and acrylonitriles. 6. The

| anp refl ewboso2dzcl aim Z, wherein the polyner matri xpipgsiess a |iquid
crystal polyner. 7. The lanp reflector of claim1l1, wherein the filler
material is selected fromthe group consisting of alum num alum na,
cogper, VF O 03/ 021&3 PCTI US0212' 7508 17 magnesi um brass, carbon,
silicon nitride) alum numnitride, boron nitride, zinc oxide, glass, nca,
and graphite. 8. The lanp reflector of claim7, wherein the filler material
is in the formof pawti . esTheOmethhldzbdampriagé |legtons o:‘andieafqm@d byherei n t he

particles have an average particle size of 15 Etm refl ector
of claim7, wherei ﬁpﬁaﬁé"%f F‘F‘E‘F‘ FEEFE aP 1™ °Fife tP%r?‘f\rgqrce reT':'[r?l S. 11. The

lanp reflector of clakMol MG abNuginpr RIKA! lvél&uﬁw’axﬁ‘cfsﬂlﬂ&ud&h%,a conpound
selected fromthe group consisting of polysiloxanes, acrylics, and silicon

di oxi de i s coated oVeringhernengnl bﬁhzedmlliasy@re téohnidyet. hermrbgﬁcebnducti ve

| anp refl ector having . a thermal conducti vi ré; q\rleater t.h FWrrK
conprising: a shel I°°%409 4§ B PRLET AFF %‘e PT FeyFer ave er ‘o't he surface

of the shell: saidcshghl, lnehpdli B0'sii koML a30% (01,740 bi4ecb0%6 by VOI U Of
a polymer matrix, ii) about 25% to about 60% by volunme of a first thermally

conductive filler matwmidebodiaed g asrvabpeetim gbn obepfspided @rogiheat er, and

iii) about 10%to aboutd 15% b é vol une of a seco d th er rggl I\%:conductl ve
filler material havPRG aH BEBRIEYFats o V511Gt FRES® <% W'D3F G123 18

PCT/ US02/ 27508 13. 11& phe¥IP ik eJrLﬁqsd)mgImCix@emthamQr-m.n ttheig.ef | ect or
has a thermal conductivity of greater than 22 Wmnl C.
1, the lamp reflector shell 12 is shown having a parabolic

shape, but it is understood that shell can have a variety of

shapes. For example, the shell 12 can have a conical shape.

[27] The lamp reflector shell 12 of the present invention
has several advantageous properties. Particularly, the
reflector shell 12 has a thermal conductivity of greater than
3 W/wK, and preferably it is greater than 22 W/w°K. These
heat transfer properties allow the reflector to remove heat
from interior chamber 22 of the assembly 10, where heat tends
to build up quickly. The reflector efficiently dissipates the
heat and prevents overheating of this enclosed area. The
unique composition of the reflector keeps temperatures within
this area below 140°C and below UL required levels. In
addition, the lamp reflector shell 12 may include a number of .
heat dissipating elements 24 to improve heat transfer by
_increasing the surface area of the lamp reflector shell 12.
The heat dissipating elements 24 are shown in the form of
upstanding pins, but they can have other configurations such

as fins.



14. The lamp reflector of claim12, wherein the netallized | ayer includes
al um num 15. The lanmp reflector of claim.12, wherein the polymer matrix
i ncl udes awbhetiiepl astic or thernosetting pol yner. 16pcThasnhanp refl ector
of claim 12, wherein the polynmer matrix includes a liquid crystal polynmner.
17. The lamp reflector of claim12, wherein the first thermally conductive
filler material includes carbon fiber having an aspect ratio of about 50:1,
and the second thermally conductive filler material includes boron nitride
particles having an aspect ratio of about 4:1. 18. A nethod of formng a

thermal |y condyzd]i ve | anpcched,| ekd Qemfravinged bhahp®linGanibacts ety of
greater than 3 WnK, conprising the steps of: nolding a shell, having an
i nner surface, and $4e¢ uBfed-aboThis3@ea7Fo thtfouthegddpBy VUt &P a pol yner

matri x and about 20%.t 9. .abqut, 70% by, v of e Ve ctive
£ tg‘ . g.d Q.Te\gy%}f lt%frr%lﬁ'%t acﬁl %%eégmirlg eQ:QﬂQH

filler material; and epositing a material on the inner
surface of the sheliko 2&8itiddae pRkbOEndlorCkadlingl 8 whpiweidntd Ipeocdwet al | i zed
material is alum num WO 031 021623 PCTI US02127~08 19 20. The nethod of
claim 18, wherein tHe gotipaier shaper P& thactafdedos t ABITIRIALT iPECHFS

t her .”DS.Et ting p0| ynexgablezslth;rqgteg‘rag qgrg o(%f tl(%I %Ieam g? si%lq{xgﬁle@e&e% BQ' ymer .
matri x includes a thernoplastic pSiyner §5 ected 17dm the group consisting
of pol ycarbonate, peaixetiyyiseaane paky pénpydenmeraczylics, vinyls, and
fluorocarbons. 22. The nmethod of claim 20, wherein the polynmer matrix

i ncl udes a ther[@8setti ngrhpoprement selaciad ibr ourthére Glowpatednky stheng of

el ast oners, epoxies, polyesters olﬁérides, and acryloqﬁgrngs 23. The

met hod of clai m 18, SSMEHEFn TATIEY| v IR S PTRPTI0ER° | "8I &cryst al

pol yner. 24. The nethRdnh £ BniRik cn¥hRES Br khe ifiddntfn. material is
selected fromthe group consisting of alum num alum na, copper, magnesium
brass, carbon, silicon nitride, alumnumnitride, boron nitride, zinc

oxi de, glass, mca, and graphite. 25. &Fm@at hod of claim 24, wherein the
filler material is in the form of paI‘FI cl'es. 26. The nmet hod of claim 25,

wherein the parfspr! 6s,.Aave an average particle size of 15 ~tm 27. The
nmet hod of clain%tzfl, ‘waﬁ%r‘efrn the filler material is in the formof fibers.

[31] A thermally conductive composition including 60% by
volume of liquid ecrystal polymer and 40% by volume of PITCH-
based carbon fiber was molded into a parabolic-shaped shell
for a lamp reflector. The lamp reflector weighed 2.9 grams.
The surface of the lamp reflector was not metallized with a
reflective layer. The lamp reflector was equipped with a
bulb providing 4.8V and 0.38A. The temperature within the

. enclosed reflective area was monitored for a period of four
{4) hours. The results are identified as reference numeral 1

on the graph of Fig. 2.

[32] Example 2

[33] A thermally conductive composition including 60% by
volume of a 1ligquid crystal polymer and 40% by volume of
PITCH-based carbon fiber was molded into a solid block and

then machined into a conical-shaped shell for a lamp



WO 03! 021&23 20 PCTI USO02/ 27508 2s. The nethod of claim 18, wherein a
protective layer including a conpound selected fromthe group consisting of
pol ysi | oxawessmaesylics, and silicon di oxide is coategconedidie netallized
layer. .A{ .A3.A .ALE .A9. AL2 .A LE . AIL. AFL% Al Lr. Al 9r. AY . AYs2 . An9
.Ay&% AY . AF9 Alr. AF5 30°0 i " uw
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reflector weighing 4.6 grams. The surface of the lamp
reflector was not metallized with a reflective layer. The
lamp reflector was equipped with a bulb providing 4.8V and
0.38A. The temperature within the enclosed reflective area
was; monitored for a period of four (4) hours. The results

are identified as reference numeral 2 on the graph of Fig. 2.

[34] comparative Example A

[35] A commercially-available existing production lamp
reflector made from aluminum was equipped with a bulb
providing 4.8V and 0.38A, The surface of the reflector was
not metallized with a reflective layer. The temperature
within the enclosed reflective area was monitored for a
period of four (4) hours. The results are identified as

reference letter A on the graph of Fig. 2.

[36] comparative Example B

[37] A commercially-available prototype lamp reflector
having a conical-shaped aluminum shell was equipped with a
bulb providing 4.8V and 0.38A. The surface of the aluminum
shell was not metallized with a reflective layer or polished.
The temperature within the enclosed reflective area was
monitored for a period of four (4) hours. The results are

identified as reference letter B on the graph of Fig. 2.

[38] cowparative Example C

[39] A thermally conductive composition including 50% by
volume aluminum and 50% by volume nylon was molded into a

conical-shaped lawmp reflector. The surface of the lamp



@-{uoj d_YT] caU] ca] cal] ca] cal] cal] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] cay

cal.c: a] caU] ca] ca] cal] ca] ca] caU] cal] cal] cal] ca~), | K} OWLa| +%46r zt oi d*YSU] ca] c
al] ca] cal] wahsigul6a) cal] cal] cal] ca] cal] ca] cal] ca] cal] e¢eksaddheas cal] cal cal c
a] ca] caU] caU] ca] caU] ca] caU] ca_7?olra|

Prrmrgl "zt ni cAYTi dMYSU] ca] ca] caU] ca] caU] cal] cal] caU] cal] cal] cal] cal] cal] caU
] caU] cal] cal] cal] calU] cal] cal] ca] cal] ca]wea] cal] ca] cal] ca] ca" g###$UEIRE ' ' ' A
(()**L+b+f ++K, - - - - - N. .. ~xrngb] WJ] cU] ca] ca] cal] ca] cal] cal] ca] cal] ca] caU] cal]

ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca] caU] ca] caUl ca] caUca]ca..1/j//011
?1x111(2c2z2~2' BCSM%MMWI@MMMMMW Cainc 2] eHlexfiva] ca) ca] ca]

ey e oo el oal il gad gl saplealed) o iahenlopih cplepid ) cad cal e
8: : : 1 X<<====>7C?M? LG OMER A AAAABBRB GG Gk s B MN caY TWhkioad c”aU] cal] ¢
a] caU] ca] caU] ca] ca

gCI(EIA a] cagE(ézé}:(éaU] C aje€tdct itd] avcpcedscfca)i carpd £bf eajecial chjfea] ¢4] bajreal cal] cal] cad
HI KKKKKKK" LZLYM M MYENURNiRu 500 Seaiféady e Bp i Eai el afc R aPcHrcSPRA] cra] ca] ca
] ca] ca] ca] ca] ca] ca] g@}_;lga] ga] ca] ca] cal] ca] ca] ca] ca] c”a] cal ca] cal] ca] ca
OOYOPPPPBQ QRR>TBTTTTT%J) U>UAU_UbUUUUUUUUWV| vpj c] WRnhc”Y] cal] cal] ca

Ul cral] cal] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] ca] c”aU] ca] caV] ca] ca] c”a]ca]c
~a] ca] ca] caU] ca&a] ca] caV( VFWVWWEWNKXXXMYYOQZRZpZS ZZA[ [ [[[[\V\\\ 9\ \] ysnhc] X
Rn[lJ]c"Y]U] ca} caﬂ } caﬂ cdpceiey cUresaFerehiod] ¢a) earvaf cawp @ﬁfﬂ“@bﬂ &y cal] cal
cal] ca] cal] cal ca] c c calJl cal caUl ca ’\D"’\’\’\’\’\’\ bbcc#c9cxcce
cccddeezt oj e [Vnhc"%J] %f%:J]a clzﬂg '}cau%:aﬁj} T%asjhce{] ?;1_L]rca] %ﬁ%?‘ca] cal] cal] c
a] cal] cal] ca] cay caﬁ&al&s&bﬂ&a&ﬂ Gableatd @all| cwks aldlec alzaef igfaggaghhhNaaai bb
cc#c9cxcccccddeezt oj e [ VnheMYU c] ca1 cal ca] ca] ca] cal] ca] c a caU] ca] cal] ca]
cal] cal] ca] cal] caU] kb EBPEARPTEatEar2c 2P TPy C3F & %‘%

30N G ymlovh( h( & £,10% % 910‘V&
|1|0%(¥L ()_W([ﬁ/l (1 ée%n%;g.g(t%s%o o}Q-, { &nl)sontQUbedid: Y ¢ ()

S210%(c( & () - 'faf0% (1 ( &s( Lnéwxlﬂl/déﬁé((g%aﬁﬂ of Fig. "S5Mend QU &ebdect HQUIUE () - !t
Y10%AA&' () -910% ()- 109 ()- 3109%& ()-F"
) *+, | KUV7 Ly10%r& ( pade] B4mecqrjiarss widhaiie (Jresangofreetior 26 UdentdfAsal oUU!
* ' N

1098JU& () V\al %l E} Lchﬂer()smP ag)i_z,lgave an improved bulb temperature profile
compared to existing production lamp reflectors.
Specifically, the overall temperatures for the lamp
reflectors of the present invention are lower than
temperatures for conventional reflectors. Also, it takes

less time for the lamp reflectors of the present invention to
cool down.

[42] In addition, other thermally conductive compositions
were used to make lamp reflectors in accordance with the
present invention as described in the following Examples 3-8.
Various particles were used as thermally conductive filler
materials in the following examples. The average particle
size was about 15 pm, although particles having a particle
size as large as 500 pm were used at times. In accordance

with the present invention, it has been found that particles
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[43]
[44]

{45]
{46}

[47]
18]
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having a relatively small particle size, .for example about 15
pm, should be used, because these small particles help
prov%de a smoother surface for the lamp reflector. The
smooth surface can be plated with a metallized reflective
layer. After plating and other secondary operations, the
surface remains smooth and does not have any pits oxr orange

peel-like imperfections.

Example 3

A thermally conductive composition including 80% by
volume of polycarbonate and 20% by volume of graphite
particles having an average particle size of about 15 pm and

density of 2.1 g/cc was molded into a shell for a lamp

reflector.

Example 4

A thermally conductive composition including 50% by
volume of polycarbonate and 50% by volume of graphite
particles having an average particle size of about 15 pm and

density of 2.1 g/cc was molded into a shell for a lamp

reflector.

Example 5

A thermally conductive composition including polyester
(PET) and alumina particles was prepared. The amount of
polyester varied in the range of about 60% to 80% by volume,
and the amount of alumina particles varied in the range of

about 20% to about 40% by volume. The alumina paxrticles had

aBH1
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10'yF 31008 0§03 0% () - & 109& ()- ~ 109& () - 9109%& ()-ch,@ %&a
101 y@ 10% () - 109%&' ()-S| &Z10%: ()- nlO%& ()- GLO%' ()-SS10 ?? Y|

11317241
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S, "()-s '()-s109%& ()-s10%&4()-g! x9F10988& ()-g ~10%& ()-j
c2z2c3dBoPl1 1s, 10! | F -9 -9 Q-rouz

+109& () -*9109%& ()-| (109%&' ()-3%0%& ()-S10%& ()-10%& ()-c334L4AMANAOA\ 4k4bC
1s, 10! S10%&’ () - FL10&Rafdragd @adtB.cle size of about 15 pm .and density of 3.9

g/cc. The composition was molded into a shell for a lamp

reflector.

[49] Example 6

[50] , A thermally conductive composition including polyester
(PET) and glass particles was prepared. The amount of
polyester varied in the range of about 60% to 80% by volume,
and the amount of glass particles varied in the range of
about 20% to about 40% by volume. The glass particles had an
average particle size of about 15 pm and density of 2.6 g/cc.

The composition was molded into a shell for a lamp reflector.

[51]  Example 7

[52] A thermally conductive composition including polyester
(PET) and wmica particles was prepared. The amount of
polyester varied in the range of about 60% to 80% by volume,
and the amount of mica particles varied in the range of about
20%. to about 40% by volume. The mica particles had an
average particle size of about 15 um. The mica particles
were used to try and reduce the coefficient of thermal
expansion (CTE) of the composition. The composition was

molded into a shell for a lamp reflector.

[53] Example 8

[54] A thermally conductive composition including polyester
and graphite particles was prepared. The amount of polyester

varied in the range of about 60% to 80% by volume, and the
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WHAT IS CLAIMED 1IS:

1. A thermally conductive lamp reflector having a thermal

conductivity of greater than 3 W/wm°K, comprising:

a shell having a surface; and

a metallized layer on the surface of the shell;

said shell including about 30% to about 80% by volume of a

polymer matxix and about 20% to about 70% by volume of a thermally

conductive filler material.

2. The lamp reflector of claim 1, wherein the metallized layer

includes aluminum.

3. The lamp reflector of claim 1, wherein the polymer matrix

includes a thermoplastic or thermosetting polywer.

4. The lamp reflector of claim 3, wherein the polymer matrix

includes a thermoplastic polymer selected from the group consisting

of polycarbonate, polyethylene, polypropylene, acrylics, wvinyls,
and fluorocarbong.
5. The lamp reflector of claim 3, wherein the polymer matrix

includes a thermosetting polymer selected from the group consisting

of elastomers, epoxies, polyesters, polyimides, and acrylonitriles.

6. The lamp reflector of claim 1, wherein the polymer matri.'x

includes a liquid crystal polymer.

7. The lamp reflector of claim 1, wherein the filler wmaterial is

selected from the group comsisting of aluminum,

alumina,

copper,
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magnesium, brass, carbon, silicon nitride, aluminum nitride, boron

nitride, zinc oxide, glass, mica, and graphite.

8. The lamp reflector of claim 7, wherein the filler material is

in the form of particles.

9. The lamp reflector of claim 8, wherein the particles have an

average particle gize of 15 pm.

10. Thé lamp reflector of claim 7, wherein the filler material is

in the form of fibers.

11. The lamp reflector of claim 1, wherein a protective layer
including a compound selected from the group consisting of
polysiloxanes, acrylics, and silicon dioxide is coated over the

metallized layer.

12. A thermally conductive lamp reflector having a thermal
conductivity of greater than 3 W/m°K, comprising:

a shell having a surface; and

a metallized layer on the surface of the shell;

said shell including: i) about 30% to about 60% by volume of
a polymer matrix, ii) about 25% to about €0% by volume of a first
thermally conductive filler material having an aspect ratio of 10:1
or greater, and iii) about 10% to about 15% by volume of a second

thermally conductive filler material having an aspect ratio of 5:1

or less.
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13. The lawmp reflector of claim 12, wherein the reflector has a

thermal conductivity of greater than 22 W/wm°K.

14, The lamp reflector of claim 12, wherein the metallized layer

includes aluminum.

15. The lamp reflector of claim 12, wherein the polymer watrix

includes a thermoplastic or thermosetting polymer.

16, The lamp reflector of claim 12, wherein the polymer watrix

includes a liquid crystal polywer.

17. The lamp reflector of claim 12, wherein the first therwally
conductive filler material includes carbon fiber having an aspect
ratio of about 50:1, and the second thermally conductive filler

material includes boron nitride particles having an aspect ratio of

about 4:1.

is. A method of forming a thermally conductive lamp reflector
having a thermal conductivity of greater than 3 W/m°K, comprising
the steps of:

molding a shell, having an inner surface, and including about
30% to about 80% by volume of a polymer matrix and about 20% to
about 70% by volume of a thermally conductive filler material; and

depositing a layer of metallized material on the inner

surface of the shell.

19. The method of claim 18, wherein the metallized material is

aluminum.
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thermoplastic or thermosetting polymer.
21. The method of claim 20, wherein the polymer matrix includes a

thermoplastic polymer selected from the group consisting of

polycarbonate, polyethylene, polypropylene, acrylics, vinyls, and

fluorocarbons.

22, The method of claim 20, wherein the polywmer matrix includes a
thermosetting polymer selected from the group consisting of

elastomers, epoxies, polyesters, polyimides, and acrylonitriles.

23. The method of claim 18, wherein the polymer matrix includes a

ligquid crystal polymer.

24, The method of claim 18, wherein the filler material is
selected from the group consisting of aluminum, alumina, copper,
magnesium, brass, carbon, silicon nitride, aluminum nitride, boron

nitride, zinc oxide, glass, wmica, and graphite.

25. The method of claim 24, wherein the filler material is in the

form of particles.

26. The method of claim 25, wherein the particles have an average

particle size of 15 pm.

27. The method of claim 24, wherein the filler material is in the

" form of fibers.
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acrylics, and silicon dioxide is coated over the wmetallized layer.



