FLAME RETARDANT COWPCSI TES Ral ph Bauer Doruk Yener CROSS- REFERENCE TO
RELATED APPLI CATION(S) [0001] This application is (i) a .
cont i nuatwoneespsst application of US Patent Applicati eoTARLebs43H90, filed
April 16, 2003, which in turn is a non-provisional application of US

Provi sional Application 60/374,014 filed April 19, 2002, and (ii) a _
continuation-in-part application of US Patent Application 10/823,400, filed
April 13, 2004, and (iii) a continuation-in-part of US Patent Application
10/ 845,764, filed May 14, 2004. Priority to the foregoing applications is
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reference. BACKGROUND Field of the Invention [0002] The present invention

is generally directed to f#@mqgﬁﬁfx§@@Nquﬂgp§Fh%%, and nmore particularly
to flane retardant conposites that include a polymer base material and a

flame retardant filler to inprove fRragEsdef ardancy. Description of the
Rel ated Art [0003] Wth rapid inprawgiepinet N technol ogy over the past
decades, increasing demand has been created for high performance naterial s,

i ncl udi ng ceram cs, rs. f a riad of applications. For
anngle,gin t he cont§§¥@§§“§$§¥§§#%@5F@%f@&H%OF%%¥%4ﬂ%a§£@t pra;su;es
dictate smal , f.aster and nore sophisticated end products, i ch occupy
| ess volune[%ﬁh 3béﬂ§§@mép'ﬁ?bﬁ@FmBWWP@ﬁ?Pﬂbﬁ§Pﬁﬁ@§Pfﬁﬁéé@nhigher current

densi ties fwpphi&ition 1e4 BES®, HRANApHENEDEGT, Which M wrPlsta8on-RRGEld N9
tenperatures. Jn this context, it _has becone increasingly inportant for

safety conc@P&atiqy of ffreppnaty\ppieetier 60/8 1A, 4ftledkApiinig. Aeeandglisa t hat
pr ovi deexenpbtindationamBark Sﬁhi%&tﬁﬂfo@us%%npkpslm{ﬁ%%@“ﬁla@gﬁhﬁ@ ng

materials is_but one exanple anobng many in pr.oduct gners have
speci fied u %%O%anv q::aﬁé:ontmation-in-pagt of US Patent Application 10/845,764, filed May
14,2004. Priority to the foregoing applications is hereby claimed, and the subject

matter thereof hereby incorporated by reference.

BACKGROUND
Field of the Invention

[0002] The present invention is generally directed to flame retardant composites, and
more particularly to flame retardant composites that include a polymer base material

and a flame retardant filler to improve flame retardancy.

Description of the Related Art

[0003] With rapid improvementvin technology over the past decades, increasing
demand has been created for high performance materials, including ceramics, metals
and polymers for a myriad of applications. For example, in the context of
microelectronic devices, market pressures dictate smaller, faster and more
sophisticated end products, which occupy less volume and operate at higher current
densities. These higher current densities further increase.heat generation and, often,
operating temperatures. In this context, it has become increasingly important for

safety concerns to implement microelectronic packaging materials that provide



resistant materials. For exanple, flanme resistant thernoplastic polyners
are in demand as construclion materials. [0004] In addition, governnental

r egul at orwohoebiasssBave al so sought flane resistant natercalus2008/08=06 ai n
applications to neet ever-increasing safety concerns. Accordingly, the

i ndustry has continued to dermand i nproved conposite materials, for exanple,
i mproved polexemplabeieck resittendealUse bhfaimelrayantl psdkhdibgd @afehiab® vuesmr dant

characteristics., SUWMARY [00058], According to an aspect of the present
i nvention, & FIRIFAMO8E 318 H‘twrﬁ%ﬂ ﬂé‘f‘“g"é Bréi?"t“é”sP%C' A9 getirmerne conposite

i ncludes a pedigtamddaie. Fof &ahple, Albe @sfﬁﬂaﬁtﬁﬁerﬁ@%laﬂg%bn{eh‘ ar€fh provided in
t he pol yner CFase material, the flame retardant filler containing seeded

boehni t e parteenf a1 WNHEICHPR M35 ng an aspect ratio of not |ess than 2:1,
typically not less than 3:1 . BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] The

present i nvenoo4prin Batidde chekinthtal rgelahondics AR aldoSotHIBARQE SesRRAKECE S,
features, and advantages nade.aggaarent to those skilled in the art by
r ef er enci ng THEBLESHPURITMGAENAW RS VT ORIFCAFINEFLELY $O1FINGst rat es a process

flow for forAdcoglinlygele/inmIstrs BERBARIiHURI RERRTaHH REprb@daBmphediA®als, oF the
present invention. [0008] FIG 2 illustrates a thernogravinetric analysis
(TGA). of sed&ddBPIEIBIRREE Polymerbasetmetedaiathatipme desyaioflame ectasdant of t he sane
ref erence syrh@ttsridtias.di fferent drawi ngs indicates simlar or identical

i tens. DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) [00 10] According to one
aspect of the present invention, a flame retardant polynmer conposite is
provi ded, which includes a polynmer $@g®iAmyerial and a flane retardant
filler. Notably the flame retardant filler includes a seeded boehnmte

particul at e [0005] According to an aspect of the present invention, a flame retardant polymer
composite is provided. The composite includes a polymer base material and a flame
retardant filler provided in the polymer base material, the flame retardant filler
containing seeded boechmite particulate material having an aspect ratio of not less than

2:1, typically not less than 3:1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention may be better understood, and its numerous objects,
features, and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

[0007] FIG. 1 illustrates a process flow for forming a polymer composite according to

an embodiment of the present invention.

[0008] FIG. 2 illustrates a thermogravimetric analysis (TGA) of seeded boehmite vs.

conventional ATH.

{0009] The use of the same reference symbols in different drawings indicates similar

or identical items.



mat eri al having an aspect ratio of not |ess than about 3:1 . Typically, the
pol ynmer based material is a material that has commercial significance and
demand i rwondesaipgss but oftentines does not exhi bit natipee/Ush@smatsed ar dant
properties. Quantitatively, flanme retardancy may be neasured according to
underwriter |aboratories test UL 94, the so called vertical burn test. The

UL 94 test is carri gsEuipPOMOFMHIOBRER e ENBOBIMER®{Sgr i al s are given a

V rating based upon several observed characteristics including flane tine,

gl ow ti.me, nkc&irdlﬁg[ﬂnggepegtzci%re%ﬁ lh%tl@‘pl lﬂaHé rgtfard‘élt&%t g?rgpl eto

ignite cott Typi ca ased mat’eri al's of st and in
need of fIan@np@ntansotm\tld@ha/hahﬁre:ﬂudsup@yma\}@s“fammmgzand aflamg retdrdagic 2 or

above. |{ndi Gkl NS ALk YedBE TSARLRAR SO0 BLART A plconal feat ures

of the polynmer base Yaterial . accor e present
i nvention amtedlalsmﬁ@eﬂ a@bo\atno &1 ot tess then ahoun3 ﬂonbieall‘yl mﬂpohymbrar dant

filler, par% 'c']” aéer%} ig @ dnat tena?flin q}as c?_lm?{'ﬁrtgl?ﬂ ggmfcan ¢ ?ndede%aa%ﬂ;{ IH?lf ?rg;ﬁ[ ding to

embodi ment s °8 1*hVEen es 10 sSig
i mpr ovenent butrnffehﬁm deet astdahibit nat[\(é(ﬂailr&]retA@iammdopeglet OQaarpiaativelgul ar f eat ure,

t he seeded hoehnmi t articul ate terial is utili drathr boehm te
Heri ved 1 onem Rt BuR ey e nReSr st R St oSS T bER,

hydr ot hernakhetsbealudaiemtlcamimpfeetcmheUa194aastﬁmdahwaymt byAsSTMIBdsssed in nore
detail bel ow, nts of the esent, i nvention have denonstrated
exenpl ary thﬁH@? %\tﬁ%‘iis g FRR" g}’ TR Do YpoR O SH B¢ onal £ 1 ane
retar dalnt C onPaVIEBLiSs ihcludinp fliavetiperdiov fdmaCetent O0LZdinGaeder ab@.ehm te
particul ate i

mterial is generally fqornmed by a rocess t hat | udes
provi di ng aagg 'ttﬂee“aﬁ‘tp@g&ﬂgé‘(‘ﬁc 'gé@ﬁ"ﬁ{yt é‘eé’@ P%e%mﬁ‘igf)léﬁ i on, and heat
treating (sugfeaand®in deydoOldney eBtdaht BatbBRdtks hdle asmpefhﬁh%af(/aldr ernatively
sol or slurrgé,to convert the boehmte precursar, .intq boehnmte particul ate
&

material fof igfictinervolatibiy ‘E‘F’er(ﬁeﬂ’%‘{la‘i"}‘ji‘?@é Additiondd feagres@t depar t i cul ar

aspect, thepbRrRMbdse mRRFihl £tbrahg (& diréntdFhSprehehi by al ongat ed
nmor phol ogy, descrlbed generally herein in terns of
discussed below. First, we tumn to the flame retardant ﬁller particularly, the seeded
boehmite particulate material according to embodiments of the present invention that

contributes to significant improvement in flame retardancy.

[0011] According to a particular feature, the seeded boehmite particulate material is
utilized rather than boehmite derived from non-seeded processing pathways, including
non-seeded hydrothermal treatment and precipitation pathways.‘ As discussed in more
detail below, embodiments of the present invention have demonstrated exemplary
flame retardancy, even without relying on additional flame retardant components to

improve performance.

[0012] Seeded boehmite particulate material is generally formed by a process that
includes providing a boehmite precursor and boehmite seeds in a suspension, and heat
treating (such as by hydrothermal treatment) the suspension (alternatively sol or
slurry) to convert the boehmite precursor into boehmite particulate material formed of
particles or crystallites. According to a particular aspect, the boehmite particulate
material has a relatively elongated morphology, described generally herein in terms of

aspect ratio, described below.



aspect ratio, described bel ow. [0013] The term "boehmte" is generally used
herein to denote al um na hydrates including mneral boehmte, typically
bei ng Al WgHo@d4e8sd havi ng a water content on the order pofi/ub28ds/0asiioel | as
psuedoboehm te, having a water content higher than 15% such as 20-38% by
weight. It is noted that boehmte (including psuedoboehmte) has a

particul ar gom)i tietkind i‘@emit@’riygér@}alwhgdamremretp RAte BlafPiCiyates Uni que X-ray
diffraction_pattern, and as such, is distinguished from other alum nous

materi al s i HElgHeyngEHROrh R o @ly britgr hQs To0end havingrrveler epvfantion
trihydroxi degk Rdes 0TIV, BWRAUE pREISTRLIH R haisSAwWher &nfenl REnd:Mfinf abri cation
of boehmte g)artl culate materials. [0014] The aspect ratio, defined as the
rati o of thé& %ongeat2Hittehywsight dt isheted gt bachmdfe sinclddingnsi on per pendi cul ar
to the | ongpsiqdoBRnRl)As a piQRDGRRlded:iM8le RS shMale 2 jeferably
not |ess thgn‘ 3: f, 4 _:) 1?'afc))r '6: 1. Indeté ) e(':Ce_)fst alsn en%oafkﬁ%%fbg“ ave

rel atively enigpyatreddiffactiorcpassmn, andey sech, vistinggished fiwm @hdr alubfnous, and i n
some cases, Liak G&ud , L B Gul | e- shaped
particles, {rﬁ% lfl)zflrti cI@%éy%%te%l&&ﬁggg%hggQ?{He aﬁjfggﬁ wrﬁwhg)épjgféejnce to a
secondary as@ewmpn pracureordetdriabused ereindonthe fabricdtion hébaboan gaitiowigtest di nensi on
to the thi r%a%g%gest di nensi on. The secondary aspect ratio is generally not
greater than 3:1, typically not greater than 2:1, or even 1.5: 1, and
oftentines about 1:1. The secondar])n/ aspect ratio .generally describes the
crosssect i of@l4lgEsraspeoyrayp. definedysithe retiesf theloagest dimengien ppethelnextil ar to t he

| ongest di MRRASLL Bimeh | et - e | cl nerally
have an el onggte 'mstgg%?%r?%dﬂ%\%lyﬁ)gr‘% ﬁég{ﬁ%@%@@gﬁ %gprgg)ygﬁil%ggggbove in
connect i on W®ilt éndipneferablydbelessitbgna’d], gali bi €1l e deddo vertady emipldimeitsttave haped
particles g I S| ' ces > osite nmjor
surfaces be%{vg r?)éorn g?%{@pagﬁ%g%agrl}cgﬁgﬁdég%%ﬁéf P@’S‘ZF’&EP&? o Céisaeéhnoct)t her. In
addi ti on, tlees thhmt4l eWithipapiedlapafarénct esnendiy-shaped haticles, dreimpedtleasapavi ng a
secondary a rati reat.er than that of needle-sh d ticles,
general 1y noy i beetpideRledRlfraorfle &3 toofinrh S0 Gl iR Blbowfie™™ 1,
even not | es&tht brapndlidngdest dithgmiaablthye, third longest dimension. The secondary aspect

or

ratio is generally not greater than 3:1, typically not greater than 2:1, or even 1.5:1, and
oftentimes about 1:1. The secondary aspect ratio generally describes the cross-

sectional geometry of the particles in a plane perpendicular to the longest dimension.

[0015] Platey or platelet-shaped particles generally have an elongated structure
having the aspect ratios described above in connection with the needle-shaped
particles. However, platelet-shaped particles generally have opposite major surfaces,
the opposite major surfaces being generally plénar and generally parallel to each
other. In addition, the platelet-shaped particles may be characterized as having a
secondary aspect ratio greater than that of needle-shaped particles, generally not less
than about 3:1, such as not less than about 6:1, or even not less than 10:1. Typically,
the shortest dimension or edge dimension, perpendicular to the opposite major

surfaces or faces, is generally less than 50 nanometers.

[0016] Morphology of the seeded boehmite particulate material may be further .
defined in terms of particle size, more particularly, average particle size. Here, the
seeded boehmite particulate material, that is, boehmite formed through a seeding

process (described in more detail below) has a relatively fine particle or crystallite
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the shortest dinension or edge dinension, perpendicular to the opposite
maj or surfaces or faces, is generally less than 50 nanoneters. [0016]
Mor phol ogyoabodidaessseeded boehmite particul ate material mway/uUseoosSwster
defined in terns of particle size, nore particularly, average particle
size. Here, the seeded boehmite particulate material, that is, boehmte

formed through GensRAHithDavera@€ BShiclt 68 BhnbP@eatérhdiibButd@bahinolrleps)) has a
relatively fine particle or cru%st allitesize. General I@l)(),d_t he average
sS

particle si 2 fald within agprggof pbquh 100 19J 804 napemstersa (S eBPedimsAE "% | within a

range of abgyh fhOGEQed PREIORRQANRER ESnot BlARF heTRMit SBMapoha¥e. sven fi ner
average particle sizes, such as not greater than about 800 nanoneters, 600

nanomet er s, "BOUCEH SPetaapeter ot OnananEeeraad cyRdPaEiFles hppg fcdd®ehavi ng an

average parfiGligsigd fr&lrémk.k 860 fNBR 3RO PRRNIKS £fife pAERARSABLHNI 1R fine
particulate material. In certain enbodi nents, the average particle size was

| ess than 2caireanthesiments, the avtiagaatictetsizg wes lesnthen 390 eayeureteroBichanonet ers to
about 150 n@pfﬁ'ﬂ%ﬁ%@w&&g@@o dRoHSEd e"%ﬁ? népg;ngté}g.erage particle size" is

used to denote the - average | ongest or I mensi on of the particles.
Due to the el ongated norphol ogy of the particles, conventional
char act er i zEOI Bt esehhFagihe i‘aVerpen arrtsle yize Hadeq tadaotedhapessee aver age

particle siga,eBbNERUCNHAGHE FAbdrQdest TR DonkfReDRPBhGbLYMARSED Uupon an
assunption that the particles are spherical or near-spherical. Accordingly,

aver age par parti¢les. sprventigaal charaeteridatiag tepnologljinggnerglly inpdesuate i measyreat i ve

sanpl es and ‘Eb%g . i ; i i i presentative
sanpl es. Su?: alr[?%?igl;)élr%g%ﬁﬁgE?ﬁ%@%aa&\?g%h:{lglhgy %r%‘%z%{y?}éigga‘{p?%ﬁ'?t echni ques,
such as by ssampfianghas thequartistes arecspbericeloy ne@pipericplo @egprdingly, presagent seeded
boehm te parti.Gul.al: i . . I ge
particle si E%Jflay 1?% gagﬁ%ﬁ%@% ﬁ%}) Q‘g‘pﬁ“%‘g%%ﬁ%@ﬁggéﬁ“@giéé‘g%thzs\éﬁﬂ% ogi es are
gener al | y i meagpeig the pértiple izesiionnd muehrestitatvepamplegeSyshrsampleemgy bees in t he

cont ext of iSOt ropic rti.cles. hi r (5 ) ted that
of tenti nmes %Rer{ ﬁévaﬁ?%se%hglt%ﬁt%ggatlggEcc)‘r]{lgl%s’p%?k{| ciiesgasnlnkzn selle%?@?not set forth in
t he cont ext midfrosaumr(@G8S. as in the present

[0018] The present seeded boehmite particulate material has been found to have a fine
average particle size, while oftentimes competing non-seeded based technologies are
generally incapable of providing such fine average particle sizes in the context of
anisotropic particles. In this regard, it is noted that oftentimes in the literature,
reported particle sizes are not set forth in the context of averages as in the present
specification, but rather, in the context of nominal range of particle sizes derived from
physical inspection of samples of the particulate material. Accordingly, the average
particle size will lie within the reported range in the prior art, generally at about the
arithmetic midpoint of the reported range, for the expected Gaussian particle size
distribution. Stated alternatively, while non-seeded based téchnologies may report
fine particle size, such fine .sizing generally denotes the lower limit of an observed

particle size distribution and not average particle size.

[0019] Likewise, in a similar manner, the above-reported aspect ratios generally
correspond to the average aspect ratio taken from representative sampling, rather than
upper or lower limits associated with the aspect ratios of the particulate material.

Oftentimes in the literature, reported particle aspect ratios are not set forth in the
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specification, but rather, in the context of nom nal range of particle

si zes derived from physical inspection of sanples of the particul ate

mat eri al .wécoawbssgl y, the average particle size will | ipeTwistéuisn3tshe
reported range in the prior art, generally at about the arithnetic m dpoint
of the reported range, for the expected Gaussian particle size

distri b]ch_ti Oébnteﬁtéﬁafwragésta@ﬁmmb bkﬁ@#n}( spe\n&mcht&)nnlﬁm-rﬁm,dlﬂl(ﬂhdhgﬁ&dt é¢fechnol ogi es may
report fine particle size, such fine sizing genera enot t he | ower
limit of an"YB&alores obatPertpiios dpoved diogt l?‘]yﬁ‘g‘iliq'bsﬁecé‘ﬁa Oﬁfﬂnpéﬁfé’? gﬁe particle

si ze. [0019)adibdt@WinaRriall ™\ Ror@inglyl B aVeiRQEpect Ao ANONEW HIBR AL EshrRgpect

rati os generally correspond to t he avera_ge aspect ratio taken from

repr esent at fapee BAhPHq gt eatRbY attaheu t cbe midpaat of theirerortsd EHESat ed wit h

the aspect fab|QspQeddRsHR faktdid AbShIBLAibAbutio? SRRl ABRaiivelyf he
P ed p

literature, repor article aspect ratios are not set forth in thecontext

of aver ageswhie ion-sepdedbaseddephnaipgies MACEPIrbsped fatior sch data gengralle cont ext  of

nom nal rans&opefs ﬁ%@@&tnnﬁaé\ya%bgl&cédva@&ﬁcf,raf?@memsﬂa&aandineﬁm& bQipeQl sanpl es

of the parti.culate material. Accordingly, the average aspect ratio wll lie

within the raiported range in the prior art, generally at about the
arithnmetic mdpoint of the reported range, for the expected Gaussi an

particle morgahg! AAMdiRbS o dshit 1480 andhRteE paHitie siaabt e hakicuMit hrehion- seeded
based technol ogi es may report aspect rati o, such data generally denotes the

| ower | i nit mefphalesnpiae perticap aeterinlgpabedisher Pharactsitedimdensiof aver age aspect

ratio. [002Q] ded s@ge bie@NHER mée@rﬁ&mmgtama@le%meahﬂgﬁe Ras blipkg i ze of the
particul ate materi al, morphol og f the particulate material may be further

0

char act er i zegasure Stpetriﬁ%Stmfacgﬁremélth@@émlﬂ%‘t@ataﬁ@aAcmﬁiég tq grebodismenth| y
avai | abl e BET : I Ut ] ; e area of
the parti CUF%.;F l(ﬁa‘e&rrgtg %é?l?hzﬁe. lglg%dre crll:l f{‘gg% %ﬁg@%@ﬁﬁﬁ;ﬁg%?ﬁ%% %{%&’boehn‘i te
par ti cul at egeratatly inafl ledsalsanzabpes| 18t Vg buchias uot lesp e Bbeut §Unfigc @ mi/e=or general |y

not |ess thﬁ%%ﬁ% géfg.lt gg/ngn/f/ é%gisﬁe%id%%hrf&c%??eatiéq%{@&wgf‘?%cl@?/ g, 70 n/g,

or not | ess ce specific surtface area Is a function
of parti cl emuphplogy egyelhas peeicle Sz, paetally the spécifes, sutfasearaaldfy t he specific

surface ar eg‘mgcl;diments was less than about 400 m%/g, such as less than about 350 or 300 m?/g.

[0021] Turning to the details of the processes by which the boehmite particulate
material may be manufactured, generally ellipsoid, needle, or platelet-shaped
boehmite particles are formed from a boehmite precursor, typically an aluminous
material including bauxitic minerals, by hydrothermal treatment as generally
described in the commonly owned patent described above, US Patent 4,797,139.
More specifically, the boehmite particulate material may be formed by combining the
boehmite precursor and boehmite seeds in suspension, exposing the suspension
(alternatively sol or slurry) to heat treatment to cause conversion of the raw material
into boehmite particulate material, further influenced by the boehmite seeds provided
in suspension. Heating is generally carried out in an autogenous environment, that is,
in an autoclave, such that an elevated pressure is generated during processing.AThe pH
of the suspension is generally selected from a value of less than 7 or greater than 8,
and the boehmite seed material has a particle size finer than about 0.5 microns.
Generally, the seed particles are present in an amount greater than about 1% by

weight of the boehmite precursor (calculated as Al,O3), and heating is carried out at a
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enbodi nrents was | ess than about 400 n2/g, such as |ess than about 350 or
300 n2/g. [0021] Turning to the details of the processes by which the
boehm t e wenvicubste materi al nmay be manuf actured, generalrhus2@sispsei d,
needl e, or platel et-shaped boehmte particles are forned froma boehmte
precursor, typically an alum nous material including bauxitic mnerals, by

hydr ot her Wﬁ|tenﬁp’eﬁﬁ-ﬁl’€'@fbhteﬁﬂlaﬂ]aﬂﬁf alorg, sdasasrgrmd tham ab.b\e mmﬂmnmn owned pat ent
descri bed above, US Patent 4,797,139.. Mbre s 3%1 he boehmte
parti cul at e BFRIEE Haa pbayt {3056, andiahiBregsyreBeatir g *W feeftecur sor and

boehnite se@mab&xtseuwem;gnor@oeﬁ%%a&gtmn@b@uweml on (al ternatively sol or
slurry) to heat treatnent to cause conversion of the raw material into

boehm te partlcul ﬁte rra erial furthzr i nflue t he boehmte seeds

provi ded i n (3¢ &RsPasticy %E?‘FH@ may bgdpsicaled V'tgﬁ?‘tlﬁ?cg‘y d "SR %n aut ogenous

envi ronment cohdi@dnsicSmbinBd @ih AdldtRElly ANE seeding eveRahd aamelpavamdngo"rnessur eis
generated during processing. The pH of the suspension is genergl ly sel ected

froma val u@r%?remt@égrofvﬂh?fb?etﬁl"t"g‘?l%%&%‘re axin St aXgH d-ange YdRHIFPY seed

mat eri al  hasre@niRAf hhybefussd ©PrédudSéveh sHed@Wighlr Hpsbt fti0F the GeataMial | y, the
seed particles are present. in an anount greater tﬁan about 1% by wei ght of

t he boehni t @apiclee apdeslargerpagtisiesineeeng@l- Al 208) , and heating is carried out at
atenperature greater than about 1200C, such as greater than about 1250C, or

even great e'[Oth"PFoH’&ﬂN%hébB@&@nerﬁdeclﬁis@I@H@ﬂﬁ:ﬁﬁﬂ t@aerheand hhahmabout 85 psi,
such as greater than about 90 psi si, or even greater than about 110

psi. [0022] CamersRty th hedighidcentpaiosnae w%sd FUHK3s SaP R AR e ERded
hydr ot her malpr@efidir b AQS e AL Svapblate theledainiie I}(]uid)W‘h‘éQ@ﬁér,n@d evel s and
acidi c pH, resul ting in preferentj al gr owt h ng boehn(‘i ?‘1 %_g%l ne axis or

two axes. L&sryEingmastisersraliicrushedasyehie 10/pese ys BYC ¥en | onger

and hi gher %&9@estcnbaitue%1@§enmﬂyb&ehtsestt& méérydt@ﬁteamgd thkcgger particles
in-general. [0023] Followng heat treatnent, such as_by hydrot her mal

treat nent, @meﬁmfﬁméthe@ﬂv@g@rpgﬁﬁs whigh m@yqeinamd%ﬁ%r@mem@ HesEY al |y

renoved, squ aﬁ)rmbg@f,}ggu@sqhé{lcgﬁgrlamgﬁéggggdg{a@é@,ggs or by heat treatnment to
evaporate the 'remaining liquid. Thereafter

[0024] According to data gathered by the present inventors, several variables may be
modified during the processing of the boehmite raw material, to effect the desired
morphology. These variables notably include the weight ratio, that is, the ratio of
boehmite precursor to boehmite seed, the particular type or species of acid or base
used during processing (as well as the relative pH level), and the temperature (which
is directly proportional to pressure in an autogenous hydrothermal environment) of

the system.

{0025] In particular, when the weight ratio is modified while holding the other
variables constant, the shape and size of the particles forming the boehmite particulate
material are modified. For example, when processing is carried at 180°C for two
hours in a 2 weight % nitric acid solution, a 90:10 ATH:boehmite seed ratio forms
needle-shaped particles (ATH being a species of boehmite precursor). In contrast,
when the ATH:boehmite seed ratio is reduced to a value of 80:20, the particles
become more elliptically shaped. Still further, when the ratio is further rec_iuced. to
60:40, the particles become near-spherical. Accordingly, most typically the ratio of

boehmite precursor to boehmite seeds is not less than about 60:40, such as not less
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resulting mass is generally crushed, such to 100 nesh. It is noted that the
particul ate size described herein generally describes the single

crystal | iwe0dsnupssd t hr ough processing, rather than thepaggrsegaesiiohi ch
may remain in certain enbodinments (e.g., for those products.that call for
and aggregated material). [0024] According to data gathered by the present
i nventors, Hevebal 7¢:30 bafl:2G Himyevbetdmdh:feiaédqudtmsédd@gtlaelqn‘bq)mﬁsd ng of the
boehmte ra ffect, the de5| ho These vari abl es
not abl y incYKugﬁ %E %mcumc e'}oé(ﬁycshatf%d&?'"id t“ﬁ’ég Fg?f'f)(??g‘?éhﬁ‘étéﬂﬁf"fré‘)’pr ecur sor
t o boehni t etcsleebinité knedmrgmawlyafot Eryarer thin szl@&tCQ()eﬁ 0ph8:2CBekedON BRSE Used
during proc ssin e.relative pH level), and the tenperature

(which is d ?%%?f'%ygfb%’ﬁ%sretw&% tragjo 5‘?“6?&‘&%@@3%5&?@& Edyerdias hydr ot her mal

envi r onment Jedvdasd ineves s tRiN gehBBecleBsepatebautiar , When the weight ratio is
nodi fied while holding the ot her vari abl es constant, the shape and size of

A T S TR LR s M e

nitric aci desslant, thal’shapa (99,, asbBetAdttd) baedizg dfehes@actlesatd dfeteaNBorneed| e- shaped
particles (ATH Z g eC| es of boehr[1 é%a'pr ecyr sor In contrast, when
the ATH: boefATPE> &8 raprpa ssig8 jseapried qukay 1P (/%’fo B A the particl es
becone nor eAdiH:bophiiakdey raidamed.10 Ht 4 » WefeHt Sohfitkic avbeAutidiemeat i o is further
reduced to 60:; 40{@(1& artl cl es,_becaone near-spheri cal Accor di ngly, nost

typical ly tB@tes BoEhERNE!pPesd srsbaned; in pBRTH Whendheasid 5 s not | ess

than about &fbstiticd WihIH@ St Beént 61 ReEhERM Tesd, Hie3In@EsiRL paliciebipwever, to
ensure adequate seedl ng levels to pronote the finé particul ate norphol ogy

that is desBFER!lypes Sm'ﬁﬁt W@PlzowedghtB/b‘éfkhﬁfteéof)‘f[@b'ﬁlu%ﬁedﬂbe boehni te seeds
i's general | ynRtizQf RAIEds bebdiit g’bh@r'df-lﬁ/ Reddlekshafl. A81 %vengﬁ?@%nﬂ@a& Ee f Or eQO' ng,

an |ncrease |n wel ght ratio genera y I ncreases aspect rati o,

decr ease. i nthGeYyrrsizedparticigesie platcle)-skiped. cBustar, adth aise ofiadiapis 501[’@@26] Furt her ,
when the tygenhaf1 aeigh: Ak HASS: bﬁ]tﬂé@i@éd‘ ;Ba?ﬁjolesgl Hht@gt- lﬂﬁ%eiﬂ%lx ?Ef&fabl es

constant, the sha% (e.g., aspect ratio si ze o particles are
af f ect ed. Fefids and bases is utilized, such as I weight Aa KOH and 0.7 weight % nitric acid, the

morphology of the synthesized particles is platelet-shaped.

[0027] Suitable acids and bases include mineral acids such as nitric acid, organic
acids such as formic acid, halogen acids such as hydrochloric acid, and acidic salts
such as aluminum nitrate and magnesium sulfate. Effective basés include, for
example, amines including ammonia, alkali hydroxides such as potassium hydroxide

b

alkaline hydroxides such as calcium hydrokide, and basic salts.

[0028] Still further, when temperature is modiﬁed while holding other variables
constant, typically changes are manifested in particle size. For example, when
processing is carried out at an ATH:boehmite seed ratio of 90:10 in a 2 weight %
nitric acid solution at 150°C for two hours, the crystalline size from XRD (x-ray
diffraction characterization) was found to be 115 Angstroms. However, at 160°C the
average particle size was found to be 143 Angstroms. Accordingly, as temperature is
increased, particle size is also increased, representing a directly proportional

relationship between particle size and temperature.

[0029] The following examples focus on seeded boehmite synthesis.
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exanpl e, when processing is carried out at 1000C for two hours with an

ATH boehmte seed ratio of 90:10 in a 2 weight %nitric acid solution, the
synt hesi 2w0 2pewt4pssBes are general |y needl e- shaped, in ceotrnssdososhen t he
acid is substituted with HJ at a content of 1 weight %or |less, the

synt hesi zed particles are generally near spherical. Wen 2 weight % or

hi gher of HE03¢]sExdmplé ¥.ctiate-thimpedpantitie sindedisparti cl es becone general |y

needl e-shaped. At 1 weight % formc acid, the synthesized particles are

| at el et - sh r t such wei ght %
p t he syﬁﬁﬁgségggggg\fetvégcggggh?gw? a? qb%f Hg(l"{aohg a‘“ln}'hum i fj ao%ed%of aci ds
and bases i gpungbdstd fred Alsaach 82 cilfbwshrglhatoménm-ﬂrcanlASOlZ uvmaergﬂiﬁna%em tric acid,

t he nor phol f the t hes rticles |s et - sh 0027]

Sui t abl e acﬁgés‘/’p%ndpsﬁ égé}‘mﬁ%r E%igﬂ’n?qf?&o&ze 8?“8 32}4) c§a‘stsi'i”f“r roé‘& d, organic
aci ds such aﬁddwmofzam%mtd’kaidirgéhe B@dhdﬁteS&h@bre&S%d&ydei achlbasfitie vaérd, and
acidic salts a rate andmanesmm ulfate. Effective
bases i ncl ua'édséjﬁgp) 3 {Rbe Oé?’r? é'égtf’ﬁ*tqau‘m“ﬁb Fﬁ"é F%ﬂrfamﬁ‘&‘ti‘lgoxi des
such as pot a&&rumﬂbyﬁgnomnga,oxﬂbkal i ne hydroxi des such as cal ci um hydroxi de,
and basic salts. [0028] Still further, when tenperature is nodified while
hol d! ng ot h Oﬁﬁ eau 0c§av09vg§ﬁ aped’t tlélﬂgbcg‘\!erx4§rr}\qp eserlarea ma'ra]ll fae18t eg in
particle si F When procesSihy T §"CaF P o4 3gt aigaingg 2

ATH: boehm tmasemﬂemmte ﬁor @ho@@witﬂ@tlmmgatszsmmpmghh a%gﬂnbﬂiﬂlﬁg@@ﬂaﬁédsol ution at
1500C for two ho stalline size fr di.ffraction

char act er i z8IF6h Ofs\ﬁg%mqgaﬁ% af)reﬁlghe%fgém&?'? ggtg( ﬁg\%\k ggehg’t' *1600C t he

aver age par dispdreiors vzeremased foan thetaotoblavd 43tcAngsd svene pH\cstmé gdlvgky, as
terrperaturels eased, particle size is a|SOI Le epresenting a
directly pr 8 Qgﬁi‘gﬁq‘f“gIcﬁﬁ?'ﬁﬁ“?ﬁfeﬁmdg%%ﬁmﬁ%ﬁtt‘fe& 35 §? i‘geéﬁﬁﬂl Erper at ur e.

[ 0029] The hﬁkdm&icﬂghamamls eﬁnfnowsSmrrhéssmdthb@@hmn& Bowdentshagabout [ 0030]
Exanpl e 1, % shaped zf;rart' cle synt he5| [ 003 n aut ocl ave was char ged

with 7.42 IS A ERRT P iofysizg et W‘t d’r%‘%&ed’ F&%’é’é& fifom Al coa;
0.82 Ib of haohige SeM Mdaeandlysgm SASOL under t he name- -

[0033] Example 2, Needle-shaped particle synthesis

[0034] An autoclave was charged with 250 g of Hydral 710 aluminum trihydroxide
purchased from Alcoa; 25 g of boehmite obtained from SASOL under the name--
Catapal B pseudoboehmite; 1000 g of deionized water; and 34.7 g of 18% nitric acid.
The boehmite was pre-dispersed in 100 g of the water and 6..9 g of the acid before

adding to the aluminum trihydroxide and the remainirig water and acid. .

[0035] The autoclave was heated to 180°C. over a 45 minute period and maintained
at that temperature for 2 hours with stirfing at 530 rpm. An aﬁtogenously generated
pressure of about 150 psi was reached and maintained. Thereafter the boehmite
dispersion was removed from the autoclave. After autoclave the pH of the sol was
about 3. The liquid content was removed at a temperature of 95°C. The resultant mass
was crushed to less than 100 mesh. The SSA of the resultant powder was about 120
m?/g. Average particle size (length) was within a range of about 150 to 200 nm

according to SEM image analysis -

[0036] Example 3, Ellipsoid shaped particle synthesis
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Cat apal B pseudoboehmte; 66.5 Ib of deionized water; 0.037 Ib potassium
hydr oxi de; and 0.18 Ib of 22wt % nitric acid. The boehm te was pre-di spersed
in 5 b oWotbheoasgesr and 0.18 Ib of the acid before addipog/useodshgrsad um num
trihydroxi de and the remai ni ng water and pot assi um hydroxi de. [0032] The
aut ocl ave was heated to 185C. over a 45 mnute period and naintai ned at

t hat tenper ammV]eAmntoaamasscthemw&h RO & ag{ﬁiralﬁ?p@almﬁmum{\ﬂmg%%@nousl y

generated pres bou was re and mai nt ai ned. Thereafter
the boehmit & f’Qi“ §5 ﬁB‘%H“WPWﬁ“F% om SASALNer the parpe-aut ocl ave t he
pH of the S@Jatdﬁ@lSB pdeaddbodimitelNE0d d SfdednZoMivaBt; al@S! . 4%@\/@}% nftlic f&id.emperature
of 65C. The regultant mass was crushed to |l ess than 100 mesh. The SSA of

the resul t arlt'®BeIHE Waadreadignsesed (M egf teratagad b eiof the asidAsforg engt h) was
within a rang@ngfo abauhinkaDirihRiree ﬁ@tl@&&@ﬁﬂln%gvatté? amiEiy mage anal ysi s.
[0033] Exanple 2, Needle- shaped particle synthesis [0034] An autoclave was
charged wit ral 710 al umi num tri hydroxi de purchased from

d
Al coa: 25 gTQS’rZ?g’ng'ﬁﬁP‘f’& BhYaisaiad for ld M (s Reen 43rdiarte prodandenaintainehal B

pseudoboehmiat ®at t&;ﬁp@atgrecff)r ﬁﬁdu@i"hﬁl@ﬁlrﬂ&\@é £1530 Al %u?oggn&xfslyg)g%r{é‘rﬁbd ric acid.
of .the water and g of the acid

The boehm te was &%g éﬁ}prsed in 100

bef ore addi REFSTHEE PiAdOW IgRPRU¥ASFFaC &P%?]ad‘éa‘%qdm%ﬁ?éﬁﬁp?ﬁmtewater and

aci d. [0035}isphsiodwadrnved e titaatREvd. A ibBARGIave YIRS piofithe BIRML e Period and
mai nt ai ned at that tenperature for-2 hours with stirring at 530 rpm An

aut ogenousl § beyit Aethst! iy idsonsaivas renowgd 8t 2 temperatyeq of RAEC g aeretang mass
mai nt ai ned. whBengRltélesd fish hs@enéghtﬂ]e@smt@ @5&1%%&@%&%&&9 the
autocl ave. After autoclave the pH of the sol was about iquid
content was f @rdveaecrarticls szgdlngihypes withing cage Thaboptcksdite 20 nmass was
crushed to Lesaitd@BEM thdpedfulysihe SSA of the resultant powder was about
120 n2/g. Average particle si ze (I engt h) was within a range of about 150 to

200 nm according to SEM i nage anal ys
[0039]" Example 4, Near Spherical Partlcle synthesis

[0040] An autoclave was charged wiih 165 g of Hydral 710 aluminum trihydroxide
purchased from Alcoa; 110 g of boehmite obtained from SASOL under the name--
Catapal B pseudoboehmite; 1000 g of deionized water; and 35.2 g of 18% nitric acid.
The boehmite was pre-dispersed in 100 g of the water and 30.6 g of the acid before

adding to the aluminum trihydroxide and the remaining water and acid.

[0041] The autoclave was heated to 160°C. over a 45 minute period and maintained at
that temperéture for 2.5 hours with stirring at 530 rpm. An autogenously generated
pressure of about 100 psi was reached and maintained. Thereafter the boehmite
dispersion was removed from the autoclave. After autoclave the pH of the sol was
about 3.5. The liquid content was removed at a temperature of 95°C. The resultant
mass was crushed to less than 100 mesh. The SSA of the resultant powder was about

196 m%/g.

[0042] Turning to the polymer base material of the composite, the material may be
formed of polymers including elastomeric materials, such as polyolefins, polyesters,
fluoropolymers, polyamides, polyimides, polycarbonates, polymers containing

styrene, epoxy resins, polyurethane, polyphenol, silicone, or combinations thereof, In
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[0036] Exanple 3, Ellipsoid shaped particle synthesis[0037] An autoclave
was charged with 220 g of Hydral 710 al um numtri hydroxi de purchased from
Al coa; 55wQ 2066/daesshmi t e obt ai ned from SASOL under the naoeASCacapalio B
pseudoboehmi te; 1000 g of deionized water; and 2 1.4 g of 18%nitric acid.
The boehnite was pre-dispersed in 100 g of the water and 15.3 g of the acid
bef ore addi pge dxembphey @hbudimentthe pdiymkr exinpesitandfotrhe ofeitimomd, siiconat er and

acid. [0038]. The autocg] ave s.heated.to 172C. over.a 45 m e period and
mai nt ai ned &PSPRSH a'EdeWbcé’PSlﬁ%,]?es"P“b‘?“%’glhc(?ﬂ? éaéﬂl?{’ & Sr!lfclmﬁeggeést'g%?f Ppm An
aut ogenous| y, g asiak efions 6§srsRodhe bfsHerd RV iRstunwrsaligeaphadhand

mai nt ai ned. Thereafter the boehnte di s&ersi on was r.enmpved,fromthe

aut ocl ave. AKykgouRst PR IHILEBHPS BRCIERYY HRPSBGTREDETHRE | quid

content was gFo%gpMﬂdcaﬁtyZ@d L siafubt s &f orPefoxidthetalyes lEJxéxaﬂlbrymH'&SneWaS crushed
to less than 100 nesh.” The SSA of the resul t ant ,vader, S out- 135 n®/g.
Aver age par taylineludexényinobydifasthylitoxang ?%W%ﬂ?%g 2t défB%A'}lE)f hyd88%"0 200 nm

accor di ng tgibgj!gfé,iomﬁbiﬁ&%yﬁlkx%ot 0Q3AL: FxapR! Rckhide NeArticSaReRiigal Particle

synt hesis | An autocl ave was charged with 165 g of Hydral 710 al um num
tri hydroxi destpuetberasestepprysibatiteisd siloxamesg InpgnepgrisHiet EnRAimIhdlf f r om SASOL

under the nappee (b PP eUARRRNTh L8y 1sikRAR%. dn GhotkiRipamibasd wat er; and
35.2 g of 1@%}%6{“ cﬁbgg%%. p'?‘he. b@ghmtle vv}(/;l;l pre-'dinspoersgd in 100 g of the

wat er and 3@mbogimeht, the@olyeiedcdeiasitecompistidlimethy e dweemsikeysict P9 oxi de and
the remai ni g\ 4R %o BlaPRictkst koPOGhesTIR AN RCAANG VaPaddBRR B t 0 1600C

over a 45 ninute p mal ntal ned at that tenperature for 2.5 hours
with stirridguett. 530 rpm An autogenously generated pressure of about 100
psi was reached and maintai ned. Thereafter the boehm te di spersion was

removed fr 036(%42]6 égﬁéc%qu@ﬁ/eepres@ﬁttiﬁ%n%ﬂ aebaveulhdeusetil @k pbifResiake Was about

3.5. The liquid tent was renoved at a tenperature of 95C. The resultant
nmass was cr wsheitlsthatidegiot havaa natd\g, byt flampp ectasdpneyfsughyas those pPYEEF powder was

about 196 ”@A;ﬂ have a flame retardancy of V-2 or greater. For example, Nylon 6, noted below,
has been characterized as having a native flame retardancy of V-2. Accordingly, asa
subset of polymers that benefit from flame retardancy additives according to aspects
of the present invention include: non-chlorinated polymers, non-fluorinated polymers,
and may be selected from the group consisting of polyolefins, polyesters, polyamides,
polyimides, polycarbonates, polymers containing styrene, epoxy resins, polyurethane,

polyphenol, and combinations thereof.

[0044] The polymer composite may comprise at least about 0.5 to about 50 wt%
boehmite particulate material, such as about 2 to about 30 wt%. According to one
feature, exemplary flame retardancy may be achieved even a low loadings, such as

within a range of about 2 to 15 wt% of the total composite.

[0045] Oftentimes the composite material is in the form of a component (cured form),
and may find practical use as a pdlymer structural component such as a construction
material. Typically, the polymer base material is combined with the boehmite filler
material to form the composite, such as by mixing the components and, in the case of
structural components, followed shape forming. Shape forming would not be

" required in the case of coating compositions.
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[0042] Turning to the polyner base material of the conposite, the material
may be fornmed of polyners including elastoneric nmaterials, such as

pol yol ef iwe,20@wal4yssst ers, fl uoropol ynmers, pol yam des, polpgirrosdes/ 037410

pol ycar bonat es, pol yners containing styrene, epoxy resins, polyurethane,
pol yphenol, silicone, or conbinations thereof. |Inone exenplary enbodi nent,
t .hf. pol ymer l[em@p_crlsbﬁ@ tb $IG._OI|F, ABebces f?‘rifbrinﬁﬁ)g’lﬁipolﬁrhgﬂ db&{penéhlt as\tvmlam : ang
silicone gels, Silicone, silicone el astoner, and. silicone ge may be
formed usi n@oVENF Bﬁécﬁﬂ%ﬁﬁ%‘ﬁ F‘B&‘%{B@ ‘P’r‘ﬁh‘?ﬂqr‘g‘i"gc'h[:?\fb?@”?' ?ftWQfﬁ%ﬁloﬁ’r%ups such
as al kyl gr qifiged gONEREY koI HeRSs fornBY by Bje@tidiSmolingC IFHDXYdgiRdRs, and

nmet hacryl oxy groups and catal yzed using pl ati hum based or  peroxi de

catal yst. EREoRshliqn SF plewprdasedrglymeesarponeIt it BaY (FF RIS FPEREhe,

pol yet hyl t ri GReXysdulie0ffig st hcyrlth@?/a%&%enﬁweomIaes_crieéd,9 Bhighat i ons
thereof. Further exanples include aliphatic, aromatic, ester, ether, and
epoxy subst inaieréadisdirteliahdaliovred bymeenpising it ibashmirpdrieneys lopbingol yrrer
conposite cqupid &3 pye'rﬂ?)yozaldg'%{)%- JoPRh WY is SHeh QX @RRd 1 RrARRIABE Patlikeyl ar

enbodi ment, the polyner composite conprises dinmethyl hydrogen sil oxane.

Si | i cone gelwhielrare then penled andldzied.i Fheeffrabartielois thercermedsay igisetioray be f or med

w th addi th oy iahe Andbdi el od RS L NRAGERS llisib iR flnd YERAE ON are
particularly Usepbu or polyner se erials that do not have a native,
robust f | angroesarihampeayiculsngshmatsic chiefsgaratioh yam vary widgly Hepgadiag fipoarthe '
retardancy of ,V-2,0or grgater.. F I , as been
characteri zeeadélge’ lque%gﬁ% bﬁ%ﬁ%%’%ﬁ%dem%t&%%gﬁg?/egof [L@/[S%g]p%gtog\ﬁapggl y, as a
subset of paokyriensy.that benefit fromflame retardancy additives according
to aspects of the present invention include: non-chlorinated polyners,

non- 1 1UOT! NabGi) REIAIERE e fﬁﬁagoiﬂgy oBRs AG S6h AEFIrER TEBadif PRPISQBRT Sti ng of
pol yol efi ns,” pol yesters, polya cfes, pol yi m des, polycarbonates, polyners
cont ai ni ng sklertedtfor flepo reardansy testingy 3wy andiavie?e of oeadiswbarsdd,  and

conbi nati on : E | B BY TR S Gelt | east
about 0.5 tg(aﬁa‘%ﬁ%’t@/&%66%&9%§§]3%£Fﬁ§¥%%%gorqﬁ%%%ﬁg?§éﬁ§at e??aT, su l‘?ag about 2 to
about 30 wt %estedcavoerdingep Wb 98Meutilizing the classifying criteria below in Table 1.

[0048] Table 1

Criteria Conditions 94V-0 94V-1 94V-2
Flame time, T1 or T2 <10s <30s <30s
Flame Time, T1 + T2 <50s <250s | <250s
Glow Time, T3 <30s <60s <60s
Did sample burn to

holding clamp? No No No
yes/no

Did sample ignite

cotton? Yes/no No No Yes

[0049] As a result of testing, both the 3 wt.% and 5 wt.% loading levels provided the
highly desirable V-0 rating. Such exemplary flame retardancy is notable, for various
reasons. For example, the V-0 rating was achieved at very moderate loading levels,
and without inclusion of additional flame retardant fillers. It should be noted,
however, that additional fillers may be incorporated in certain embodiments to
achieve additional flame retardancy, although the particular seeded boehmite material
described above provides a marked improvement in flame retardancy without relying

upon additional fillers.
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feature, exenplary flanme retardancy may be achi eved even a | ow | oadi ngs,
such as within a range of about 2 to 15 wt% of the total conposite. [0045]
O t ent i masot2hes/aessposite material is in the formof a ceopasess/oftus ed
form, and may find practical use as a polyner structural conponent such as
a construction material. Typically, the polynmer base material is conbined
with the boghd]t €hd atoberepomddefianad reﬁamaﬁ@rtmketbeemmmionﬂ sngmfmhncas by m xi ng

the conponents and the casge, of s ruct ural ent s d shape

Form ng.  ShaBen PP A Hab Tk AR o TG BYE PE REB Yt ng

conposi ti onsn {vﬁ’i@ﬁﬁ]‘ne Féﬂh:‘iinﬂ@atdglaﬁia&m@lbea\ mmc@s@ndatmﬁsarfrﬁmg g pol yrrer :
corrponent I n C a po ase, conponent i s, co t emte I n
the parti culr%ﬁwg?ﬂcéﬂ’caé‘%'mf}y%s rePOHe] '&Fé%P'pQPVﬁ’@F’ tl&%‘?ﬁg’g é‘ﬁ?d‘ilmgveisﬂl;‘

injection nmi @efdthdrtdportd is@eierdllysot HeeepddisRBsitd, Iamsff@ﬁmdayhr@mgrﬁamsed

pol ymer conponent that nay take on various contours and geonetric
configurati ofrdeq Bﬁoce{sﬁé“%'é‘{?ﬁ naRrsgpded hydrgbiermahgrogessiog PEEWaYsH 91 Bn- 6 r aw

material i s pfdelpihtidH. IveRile @ WishMado BY bdhe Bl Xhyghriduld e tid ®ijender vari ous
| oading | evels. The prem xed nyl on-boehmite is then extruded to form

pel | eti zed &@fﬂﬁd@ﬁdé@mw'e&p wayt sk ibetss fele sxrnriry dame 18udsncnal articl e

i's then for ngdrbyhdrBiheOht pELsiBRI @dbRBatioh & tRighd BidiRERe@NobdARES Provi di ng
the feedstock material for the nol ding process. Theﬂé)artl cul ar geonetric

conf i gur at i Gitasalhas apigugigeThglogispldpinay Perbars evprebeyred the orphologigsr e, f1 at
bars were eyt Ha&tbbhn cWe@tlém\@% bi$Asly 38d §e‘3§r§daﬁaﬂpéc@§dt159for$’n

r et ar dancy 004@;/ Fol l om ng the foreg0ding process flow, two different
filler | oadlt‘ftfvgg?}t riptleindmneedie-shapechiparionulatgsa o wewerait saddiioralst i ng, 3 wt . %
and 5 W . % %ghégg@ a?th§h%ﬂ%’pe&@'attlcﬁ%Ql%hblggitzyel{ﬁlfe@‘)g/ @&a&@pra&symg sker or

rod- shaped) he sanpl'es were tested according to UL 94V,
utilizing t lpethwmamsy W@ ﬁ!gthe'rqov@rbufa t%@b@mmmaﬂﬁbme rgardfrgg4Bhe fighl e 1 [ 0049]

As a result vel s provided
the highly 3%%‘9&%@ gﬂgﬂ%mghgme% ente/g'(egﬁg r2?03\(/yg P @We%ﬁd‘gncy IS
not abl e, f omigratipmtiereby inhibiting ﬂame propagation due to reduced oxygen migration to

the flame front or area.

{0051] Turning to FIG. 2, the results of thermogravimetric analysis (TGA) are
reported for whisker (needle) shaped boehmite, as compared to conventional ATH.
As shown, the needle-shaped boechmite particulate material loses crystalline (as
opposed to adsorbed or absorbed) water at lower temperatures and cpntinues losing
water at temperatures above ATH, extending into the 500°C range. The dynamics
associated with water loss associated with the seeded boehmite particuiate material

'may also partially explain the flame retardancy characteristics reported herein.

[0052] While the foregoing has focused on polymer composite components, such as
structural components, it is also noted that the pqumer composite may also be in the
form of a surface coating solution, such as a polymer-containing paint formulation.
Of course, like the polymer component described above, the flame retardancy
éharacteristics are generally associated with the cured material. Accordingly, in the
case of surface coating solutions, flame retardancy is associated with the cured, dried

coating. For additional details of surface coating solutions, the reader is directed to
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reasons. For exanple, the V-Orating was achieved at very noderate | oading
| evel s, and wi thout inclusion of additional flanme retardant fillers. It
shoul d bewoQveh4ogsewever, that additional fillers may becrrnsesposated i n
certain enbodi nents to achieve additional flane retardancy, although the
particul ar seeded boehmte material described above provides a marked

i mpr ovenent cbipefidiegne. St Pitext dapplisatioh t V828,400¢ Fijed gril pRyr20ad] itiorRal

fillers.[00 Th bove-re ted fla retardancy takes on even additional
signifi canc?%%ﬁ@%ﬁbhosgﬁ‘@ggt'ﬁ@@ﬁ? hed?‘"ghée?%{ﬂ%eizor exanpl e, ot her
reports have been provided in which fine boehnmte material has only been
abl e to provowde] Acmrdiegitofd @artkerragicar cfanciyiyengingl theflande tasant perhad herein.

However, the, boehmte additives.ytilized in these other reports is

general |y néf® eé'gt]gfélgo mtf)gémﬁ"?&fH%{ﬁ%refaé‘gaf’b‘f‘oﬂﬂ’ﬁn?rﬁsrBlf ing iKBeEeded process,
i ncl udi ng nand s erdethghydpaiche suthlas PleC B&aies) PrafahiVBS borale, X¥nddi@ci pi tati on.
Wil e not w shi n(g %o be bound by anry Ear ticul 8r 5 eory, it is believed that
the seeded PHo¥ELdbREMSATICY aldratsiab tiessdbaddn fefall ehoxpptanyentionghe r et ar dancy

reported hergiHimafieo BOBEIPdree@XOlRAMdrOthy fitiludeMateriafs shbipds Jfie seeded
boehm te materi al has unj que norphol ogi cal features, perhaps even beyond
t he nor phol 5@?@5"%%‘@5@?’?’5 Bin6 e SHEMIETER AWLE AR ing:eRd FHbefary and secondary
aspect ratios form ng el ongated platel et and needl e-shaped particul ates.

However, it [0054jadhk pdlpnalcbiynpbste inty @attteh icluib el casfeGie fildkd, Such

nor phol ogi es enabl ed % seeded processin at hwa al so further
contribute EdAFRIN22Rd R pride TP ta%gﬂ'}é?‘?s‘t‘f yH?%ﬁtE%rB’ébt ratio
particl es maynducovityd@t RssIBADOLT 018 WOk K, GOEHMR WSt Ratthuelo MOk -0¥Y@srN

m gration, thereby iphipiting f|lanme propagation due to reduced oxygen
mgration td&stHan ¥10a\gﬁ"'kr m‘gWJYéPE%P.e '[%OQB’i‘I’a“PHF FeARigng a thermpl tansfethe resul ts

of thernogr uiféiiahdessidiad ¥ efind] Tfedac@AterigNREd RdnitREIeVRingkker (needl e)
shaped boehmte, as conpared to conventional ATH As shown, the

needl| e- shap@®Pi588H%i te particulate material |oses crystalline (as opposed
to adsorbed or absorbed) water at |ower tenperatures and continues | osing

[0055] While the invention has been illustrated and described in the context of
specific embodiments, it is not intended to be limited to the details shown, since
various modifications and substitutions can be made without departing in any way
from the scope of the present invention. For example, additional or equivalent
substitues can be provided and additional or equivalent production steps can be
employed. As such, further modifications and equivalents of the invention herein
disclosed may occur to persons skilled in the art using no more than routine
experimentation, and all such modifications and equivalents are believed to be within

the scope of the invention as defined by the following claims.
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wat er at tenperatures above ATH, extending into the 5000C range. The
dynam cs associated with water | oss associated with the seeded boehmte
parti cul ave 2ow@@pseal may al so partially explain the flareTrst@sadancy
characteristics reported herein. [0052] Wile the foregoing has focused on
pol ymer conposite conponents, such as structural conponents, it is also
noted that the polynmer conposite nay also be in the formof a surface
coating solution, such as a pol WMEAT SoGLAIMEDJ@S:pai nt formul ati on. O
course, ‘like the polyner conponent described above, the flane retardancy
characteristics are; i e _cured material.
Accordingly, in '?1heA ggﬂﬁ&?{&a}éhﬁg@gc?%‘ggsln\rél’lg&?gfl%%ons, flame retardancy is
associ ated with taphmmer beke mirdrial asdat i ng. For additional details of surface

coating sol utions, [ s directed t ~pendi.n Pat ent

Appl i cation 10/ 8f£a&%§?ta%?ﬂ§l lerAgrr0 ?lﬁde{@,tﬁ%%ﬁﬁg,kﬁ%orgﬁg% l’&%ﬂae'?e Number

1055- A4363, i ncor por ataaddie fidercobwyrisief srcdnlclmechmitd BO6I]atdmawerigdilagingo a
further aspect of the rilnv%(r;}tr‘jﬁ%n fntplessfdlar'_rse retardant filler may also be in
the form of a blend of fiPShe et 4P dSit " @sbonent s, i ncl uding iron oxi de,
and a vitrifying conponent, such as netal borates, preferably zinc borate,
along with the s 21| i t 1 i I etail
above. Conventi o%gﬁﬁg%ﬁgﬁi}gb gfggﬂge “&E%@rtg%%‘%gitﬂés%Z%ﬁ#eir?(ﬁg?ﬁ Og i ncl ude
mat erial s su¥t ay-yeeserdinig tbélid4 nano-cl ays, alumina (e.g., submicron al pha
al um na), and carbon. [0054] The pol ynmer conposite may further include
thermally conductive fillers, such as alum na and boron nitride. As a
result, the conpdsikhé cpfaposHaoEciam hahgwgin the pIpositshasy flape reterdancyivhin about
0.5 WmK, sygh as not less than 1.0 WmK or not less than 2.0 WmK,
particularly suitable for applications requiring a thermal transfer:
performance, such as a thermal interface material used in mcroel ectronic
appl i cations. [ 0Q@553the Wrhpsitt bEcihipvE Mhih thasonk@eite hds kals flaat edarasidy descr i bed
in the context of specific enbodinments, it is not intended to be limted to
the details SF8%A® nce various rodifications and substitutions can be
made w t hout departing in any way

5. The composite of claim 4, wherein the composite is a polymer component.

6. The composite of claim 4, wherein the composite is in the form of a surface

coating solution, the composite having said flame retardancy in coated form.

7. The composite of claim 1, wherein the polymer base material has a ﬂ-ame
retardancy of V-2 or higher, the filler functioning to improve the flame retardancy to

composite to V-1 or V-0 according to UL 94.

8. The composite of claim 1, wherein the polymer base material is selected
from the group consisting of polyolefins, polyesters, fluoropolymers, polyamides,
polyimides, polycarbonates, polymers containing styrene, epoxy resins, polyurethane,

polyphenol, silicone, and combinations thereof.

9. The composite of claim 8, wherein the polymer base material is a non-
chlorinated polymer and is a non-fluorinated polymer, and is selected from the group

consisting of polyolefins, polyesters, polyamides, polyimides, polycarbonates,
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fromthe scope of the present invention. For exanple, additional or

equi val ent substitues can be provided and additional or equival ent

product i omovepRssan be enpl oyed. As such, further nodi Precascasssamne
equi val ents of the invention herein disclosed may occur to persons skilled
in the art using no nore than routine experinentation, and all such

nmodi fi cat i op@ymerd cerfainmabtprens, capxy rhans, polpetethanchpolyphienplnantdne scope of the

i nvention a§rﬂﬁ&hﬂﬁ9m9%ofhe following claims. WHAT IS CLAIMED IS: 1. A flane
r et ar dant péfyner conposite, conprising: a polynmer base nmaterial; and a
flame retardant filler provided in the polyner base material, the flanme
retardant filler;campihapide seasiad RAeRH he aras b ke MRt @l having an
aspect ratio of not less than 3:1 . 2. The conposite of claiml, wherein

t he conposi theludessadditipha] gempenteasdancy of V-0 or V-1 according to UL94 3. The
conposite. of claim2, wherein the conposite has a flame retardancy of V-O
4. The conposite of_claim 2, ﬁﬂerein t he, conposite has said flane
retardancy in cutledhfsPRPOsHe ofgain: fnyerindhosddionplfompotgntsiass n t he

conposi t e i sel@tdAGtE gfRpRONRRhAE ofiron TRRI1GRIRRHyfhgQle! @il M 4, wherein the
conposite is in the formof a surface coating solution, the conposite
havi ng said flane retardancy in coated form 7. The conposite of claiml,
wher ei n the pol yreerThbasmpdsitt ef ¢lain hashaeinl thatrifeihgaghanioyluds 2Mc2 or hi gher,
the filler Lunctioning to inprove the flame retardancy to conposite to V-1
or V-0 accoPYPfiy to UL 94. 8. The conposite of claim1, wherein the polymer
base material is selected fromthe group consisting of polyol ef ns,

pol yesters, fl uom%%xssﬁéém BRLY:AM, A er &%%ig{nggﬁgwg@e%%a&&&@at es,

pol ymers contai ning styrene, epoxy ’resins,
filler.

14. The composite of claim 13, wherein the thermally conductive filler is

selected from the group consisting of boron nitride and alumina.

15. The composite of claim 1, wherein the composite comprises about 0.5 to

50.0 wt% flame retardant filler.

16. The composite of claim 15, wherein the composite comprises about 2.0 to

30.0 wt% flame retardant filler.

17. The composite of claim 16, wherein the composite comprises about 2.0 to

15.0 wt% flame retardant filler.

18. The composite of claim 1, wherein the seeded boehmite particulate

material has an aspect ratio of not less than 4:1.

19. The composite of claim 1, wherein the seeded boehmite particulate

material has an aspect ratio of not less than 6:1.

20. The composite of claim 1, wherein the seeded boehmite particulate

material has an aspect ratio of not less than 9:1.
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pol yphenol, silicone, and conbinations thereof. 9. The conposite of claim
8, wherein the polyner base material is a nonchlorinated polyner and is a
non- f | uorwoavesh4psstyner, and i s sel ected fromthe grouppconseasiosn10f

pol yol ef i ns, pol yesters, pol yam des, polyim des, polycarbonates, polyners
cont ai ni ng styrene, epoxy resins, polyurethane, polyphenol, and

conbi nati ons t hezieofhe cdfposliBof E1QIP OSIHceiPthe GbleMbdehni@ PhRicialehe 1 ame
retardant filler further includes additional conponents. 11. The conposite

of clai m 10MalfHakRsFdontipaRtl ARMeTish AltelbsirpRbPartcley Badeg recentlanraspsct he group
consi sting gkiolof A&t 1&%kiAe 3and a vitrifying agent. 12. The conposite of claim
11, wherein the vitrifying agent includes zinc borate. 13. The conposite of
claim1l, further conprising a thermally conductive filler. 14. The

conposi te of cl al2anTd combedieionclaine2 t, vereal thy seonthugishre rdtiolit @3t 145 sel ected
fromthe grqaﬁ ﬁonsisting of boron nitride and alum na. 15. The conposite
of claimi,! 8lein the conposite conprises about 0.5 to 50.0 wt% fl ane
retardant filler. 16. The conposite of claim 15, wherein the conposite

conprises about 2, 0.t o 30, 0 % f | retardant filler. 17. The conposite
of claim 16, mhe%%?ﬁ“fﬂ%P%%ﬁ@%@%wéig§ﬁ§$P§§%“%8%%¥Y%Pﬁ“ﬁ%mi%WB?%%9@f|ane
retardant fihah&o:1. 18. The conposite of claim1l, wherein the seeded boehmte
particul ate material has an aspect ratio of not less than 4:1. 19. The
conposite of claiml, wherein the seeded boehnmte particulate nmaterial has

an aspect ratio ¥F Hsromeesite phelaing!, whepdn thlseedebbprbuiite partitulattai m 1, wher ei n
the seeded Rgﬁhgpﬂr@dcﬂﬁﬁzﬁl@ U&rﬁﬂ;r?ses needle-shaped particles.

25. The composite of claim 24, wherein the needle-shaped particles have a

secondary aspect ratio of not greater than 3:1.

26. The composite of claim 25, wherein the secondary aspect ratio is not

greater than 2:1.

27. The composite of claim 1, wherein the average particle size of the seeded

boehmite particulate material is not greater than 1000 nm.

28. The composite of claim 27, wherein the average particle size is between
about 100 and 1000nm.

29. The composite of claim 29, wherein the average particle size is not greater
than 800 nm. V

30. The composite of claim 29, wherein the average particle size is not greater

than 600 nm.

31. The composite of claim 30, wherein the average particle size is not greater

than 500 nm.
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material has an aspect ratio of not less than 9:1.2 1. The conposite of
claim1, wherein the seeded boehmite particulate material predom nantly
conpr i seswpl2adsalsegssshaped particles, having a secondarypaspsedosnatsii® of not
|l ess than 3 :1. 22. The conposite of claim 21, wherein the secondary aspect
ratio is not less than 6:1. 23. The conposite of claim 22, wherein the
secondary aspect 32aThecanposiatoficks 3t harreldthe hver2ek. pafivde dnpoastigratedf cl ai m
1, wherein tgae &seded boehm te particul ate material predom nantly conprises
needl e- shapedfpartitl es. 25. The conposite of claim24, wherein the

needl e- shaped particles have a secondary-aspect ratio of not greater than

3:1. 26. The co Si | ; i ary .aspect ratio is
not greater thancs Thecop it so MR e WOt R AN SRR S er age
particle sizencf00mive seeded boehnite particulate nmaterial is not greater
than 1000 nm 28. The conposite of claim27, wherein the average particle
size is between about 100 and | OCOOnm 29. The conposite of claim 29,
wherei n the aver dfeThragompesite oficlain il gwhparin gredaekmita MaticudoOmaterialdas a The

conposi te ofs,chifl MRP arWh6i 1Bssih BYRBIParticle size is not greater
than 600 nm "3 1. The conposite of claim 30, wherein the average particle

size is not greater than 500 nm 32. The conposite of claim 31, wherein the

average particl e3si 7 dompddite GeRah 84, WHamsn hOGpdeMec s3dace RS iSRSMQSi t e of

claim 32, wherein the . average particle size is not greater than 300 nm
than about 50 m“/g.

36. The composite of claim 35, wherein the specific surface area is hot less

than about 70 m?/g.

37. The composite of claim 36, wherein the specific surface area is not greater

than about 400 m”/g.

38. A method of forming a flame retardant polymer composite, comprising:

providing a polymer base material; and

combining a flame retardant filler with the polymer base material to form the
flame retardant polymer composite, the flame retardant filler
comprising seeded boehmite particulate material having an aspect ratio

- of not less than 3:1.

39. The method of claim 38, further including shape forming following

combining, the flame retardant composite being a polymer component.

40. The method of claim 38, wherein the flame retardant composite is a

surface coating solution.

41. The method of claim 38, wherein the composite has a flame retardancy of

V-0 or V-1 according to UL94.

- 18 -



34. The conposite of claim11l, wherein the boehmte particulate material has
a specific surface area of not |ess than about 10 n2/g. 35. The conposite
of cl ai mBd,2ovdnapsBn the specific surface area i s not | ess/ushas/oataout 50 m
/'g. 36. The conposite of claim35, wherein the specific surface area is not
| ess than about 70 nR/g. 37. The conposite of claim 36, wherein the

speci fic surfacedarébe msthmfcﬁimedﬂevhemaﬁle&bmuwm@@s a'r@drge reB8dangy afet hod of
form ng a flage retardant polyner conposite, conprising: providing a

pol yner base material; and conbining a flanme retardant filler with the

pol ymer base material to formthe flame retardant polyner conposite, the
flame retardant §sl #ﬁém&ﬂ@éﬂcﬂnﬂ%%@l‘?&‘&ﬁ'ﬂ@%‘%@m& S’as@ﬂ(a%e'riﬁw gta‘?l pateri al

havi ng an aspect ratio of not |ess 3 ¢ ai m 38,
further i nclrefaidatsysth¥peorhigher. tep fillst funeiiongrecto by aige fleme rdtardaney teet ar dant
conposite b yier % The method of claim 38, wherein
the flanme rgtbgl?dﬁtﬁggtk:/o]%o\g??g%?dg%}slﬂ?face coating solution. 4 1. The

nmet hod of claim 38, wherein the conposite has a flane retardancy of V-O or
V-1 according to UL94.42. The nmet hod of claim 41, wherein the conposite has
a flame retardancy of V-O 43. The nethod of claim 38, wherein the pol yner
base material has a flanme retardancy of V-2 or higher, the filler
functioning to inprove the flane retardancy to conposite to V-1 or V-O
according to UL 94.
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