; OPQRe3e™dpl P6ThzWO O1/ 83371 PCT/ USOL/ 1-t0-41 H GHLY DELAM NATED HEXAGONAL
BORON NI TRI DE PONDERS, PROCESS FOR MAKI NG, AND USES THEREOF Thi s
applicati ¢p ¢lsfs the benefit of U S. Provisional Patent pgpikeaispan 5
Serial No. 60/200,846, f led May |, 2000. FlIELD OF THE | NVENTI ON The
present invention relates to highly del am nated hexagonal boron 10 nitride
powders, a process for making such powders, and the use of the resulting
powders. BACKGROUND OF THE | NVENTI ON Several nethods for mlling boron

nitride, in partpgutary ARARTPATERAG AR ABPRENREIDEN ) are knowr
e ot e e A DR osea” el

«Virgin h-BN powder (characterized by a particle size of about 10 um a
surface area of about 5 n2/g, and a thickness of about 100 nm) is nilled by
grinding w th tungsfign, carbideciaidBe béndG: ofU.S%'Frovilﬁ'&‘ﬁal@d@é}{tﬂb%li%ﬂd%ose of
*Hagio's mlling operation is to increase the surface area of the h-BN
powdef, tSecnkENg. G0AXM0:3AN, fited Mey Ae2@0i vity. When nmilled in this manner for

24 hours, the resultant h-BN powder has a | ower particle di a
hi gher surface area (54 n2/g), and is slightly thinner (71 qmﬂmmmmaﬂw
reported by Hagi o suggests theLDGF THRINVENEION of the m IS
not dependent upon the starting powder purity. Al though Hagi o rép®¥t's a

reduction in the platelet thickness, Hagio's mlling operation primarily

results in BN partigle fractur t her eby, reducing. t rtic i ameter,
resulting in an inc " W’F’gt o fgﬁéeﬁgi’}%%g ']mgg}ageﬁltlpe%ggor%! g%rg?l 84 to
Tsuyaghi BiridepowderbSayRebis by makinkSu vdeasl 288 theade ITitiresUih@powadSa,

hi ghly reactive h-BN powders are useful in providing high density,

pressurel ess sintered h-BN conponents. In each exanple in Tsuyoshi, the
virgin h-BNis mlled ingg i *W resent invention is
di rected towards providi %Ag%%{Rngp@\}gQw 1 ng EN%%U 83371 SUWARY OF
THE | NVENTI ON PCT/L SO1/1-4(1.11 The present invention relates to a powder
conpri sing hexagonal boron nitride particles having an aspect ratio of from
about 50 to about ﬁﬂyﬁra@smﬂﬂpdﬁﬁf@sraﬂﬁng h@f@ﬁpiteaeap§aﬂw&la&t}@§a&®a§b%9hod of
maki del:am e | LR . i + hedninyvol ves

o ovi a1 g P ey A i R B o oo o R N b on
nitride phsaeedimHagioiettlyl Amdesr. Sond? 148284 €1 980 (THazio’). proodudoe to

del am nat ed ,hexaggnal_horon njtri de powder having a spect ratio.of from
about 50 HegigwofBedBN ?@Wgﬁb@h%ﬁacrﬁ’éfféic y %Paqlﬁf@ ngreé)gé‘g?uti ﬁ\h‘éﬂt? eI at es
to a met j ]L{B[r;e < Shiled hLavehygs bl ending a
powder cgﬁn%§%b8?%é§%ggﬁ%?t or O%p%ﬁgk) ?{@Op%rgﬁsgwgg Eg%nhg n 1aspect ratio
of from alogiterbfrbide atvotat (WO imairh The pppayens putiesé of Hagiold reildingogkraicr udi ng

the hl end th h t rud d diti ffective.to di th
bor orf0ni v cisare P redade R eHBE B BoRarS TREretD g EIHEHs SefiBr dher -
product. Jmedhe tieidanckrdbr Mﬁo&gﬁﬁ@fetsulitam_ﬁrdnmgwraépmgcaﬂ%wepﬁmaieghI y

del am nat ed, hi gh aspect ratio boron n|2tr| e powder. Wiereas the dry
mlling pliemeduCesmpfa lipleersniface aea (St eased tsisdightly fhaneer §7lesmpf Thehe BN

ticl t] . particle fract i, e .b ing th ticl
E et or ) ot TeBoTal b ot Stgesfi Bacht Bl atnet o Rl BS o B0t hor cnces
in surf aC@eg@ﬁ@e%t Bhén Ge BB Rwda IhfﬁgA eAdRb@IH Aatib 8épokris-ageduddivn LS thaCi Ng

particle 20 thickness). The Tesul boron nitride powder has a high
aspe@S r aplatolef thitkness Hagio'$ wiiléing ioperetien prmerily repsis|in Fa¥ partirle fraghe&ness)

which is useful in certai pplications., e.g.. as recessing aid for the
ext r usi o_nt 181?{’%&74}‘%’5356 P?’{ﬂﬁlgr ?IB?C}F%F‘?S“@% n&%‘?é{ r%agg%gur%ﬁgéa%er s of the
present invention apeysoPaiesf N6CI,06%1 &t tol TRWSsIhN 6t AINE T sk, lif ipedpored
‘interfacial friction d“”{iﬁ extrusion, leading to a decrease in extilision

pr essur esthanighistriace agea highhereactyethBNapgetersore gpefukinqupyidmgdighidensity,
higher ef E)r%gs%lre\f&sssﬂl%%gd fxfﬁl\el %bm%ﬁrlle%lt:s. qg%%ﬂ 5(1;.'111 e %TJ@%S%%N%% h-BN is

30  milled in either air or nitrogen.

The present invention is directed towards providing an improved milling
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method for producing h-BN powders.




Figure 1 is a graphic showing the structure of boron nitride, where many of
30 these units make up a BN platelet. Figures 2A-C are scanning el ectron

m cr oscopwd oiRBd1) phot om crographs of h-BN produced by copgemsioixak; dry
mlling procedures. WO 01 /83371 PCT/4)S01/ 1~0-41 Figures 3A-C are SEM

phot om crographs of h-BN produced by conventional dry mlling procedures.
Figure 4 is a graph show ng the specific surface area, particle dianeter,
and thickness effects of a h-BN powder of the present invention. DETAILED

DESCRI PTI ON OF THE | NVENTISPWIMARY ©FDHE INCENTION €l ates to a powder
conpri si ng hexagonal boron nitride particles having an aspect ratio of from

about 50 to about 300. The aspect ratio of 10 a particle is determ ned by

'dividing particle dianeter,.by particle. thickpness. Hexagonal horon nitride
s hn Tert, 1 ubri dPBaEsga e BRhariEe if # RN SomraR R Recedbliar

cryst al | niifdspartiles hevihs bihdpRet faflo b &bnodbodt SEH 4wt §00- BN') . The wel |
*known_ani sotropic nature of h-BIT can be easily explained by referring to

Figur® 1, which shdwes Presgeigovention alse rplaintipanethad of maies delamimatad of t he

h- BN particl hatel et .is the 15 di { on . sh I Eigure |, and is
referr edthF )gaérslatbr%m%&tglﬂree%% o, i‘%’lﬁ qg%ﬂidowg?gﬁnggdgrﬁ@jegaﬁgnﬁﬁ 106’1 ane of the
a- di r ect initfide povederant inGilléhgt the bngssalibdrdmh@tritlevaleo ih $ Axttireamdee, Which is
perpendi cular to dianeter and is referred to as the c-direction. Stacked BN

hexagons cppdiions gffectinetocnradpesdeiaspinatad bexpgpaalthoyes mtidegpawdephavamarier Waal s
forces, I L en a shearing force greater than the
YIS E B BRLARIONE 5Y Ry 30

weak Van der al's'tforce 1s ‘ed across of the planes of BN

hexagons, the weak Afithel@spedtiaf the bysert ihgentive telaee icoathettod fpf amedingld de
relative tq each other, The rel ativ% eg_se wi t h. whi ch .t hese pl anes of BN
slide agaititep peligperotl sy mpthgd evobise blsndinge Rosvdes Aamprising RexagpaM Dot i ci ty

of h-BN. n!ri;tgi}ig ?ﬁ'élrgfé??ﬂg{/lggeﬁ a%{%eia 1aBB o FohPShEEE 1 PatiE ﬁ@&@dtﬂ%@%lﬁﬁﬁeﬂ | east

about 20 era ) east about 40 n/g, and, nor prefer ably,
at | east foinoablefd an® txtrudihgti2Dlapabidugh as exfradee vadexonfitiheefiedBMepar t i cl e

is typicall asur ed BET .adsqQr pti on techni e.g., using a
M cr oner SRS T USoRITIS s (renepasbe BeRpE B SRl iR Nt of os
have jan average di amRtgined o llle;}/)?eg@ﬂt iARbn iardﬂugésorﬂgretglﬁgl'%?%ia}hi@ﬁéd’,‘een

about 1 and 20 um nore typica et ween about an used herein,

"parti cl dighi aspectoatic biransitgde powderhéVhergN thadei miling prceduses ¢fghe heo30

di mensi on_shown Din Fiqure 1. . This,is typically neasured canni ng
el ect ron M 18?8?83%%/5‘5%86 Ia]e?gé’rf %éec%]t"tpé"‘F‘iC&%"*ﬁ“’e‘ﬁ%ﬂ?’%’&é}éﬂﬁ? ﬁ@?mree. (gg’ g%l Leeds &
Nor t hr op rdit the partickUiarhéeSameahdhod Filthe pleBer@@aNentioN prdvides RakildrC! €
dianeter D 10 o is typically at |east about 2 WO (11183371

PCT/ US| 11nereases imsprigcoprepipiedqey 5p &3 Ppificky delapigptiomd . by refHCing regéee her ei n,
Do Qbam‘?ﬁﬁﬁnés%. g rgéu"l’ﬁq?é Blrofthitride powder has a high aspect ratio (a large particle
diameter and a small particle thickness) which is useful in certain applications, e.g., as a
processing aid for the extrusion of polymers. In particular, the delaminated BN powders
of the present invention are more effective at lowering the die wall/polymer interfacial
friction during extrusion, leading to a decrease in extrusion pressures and delaying further

25  the onset of gross melt fracture to higher effective shear rates.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphic showing the structure of boron nitride, where many of
30  these units make up a BN platelet.
Figures 2A-C are scanning electron microscopy (“SEM”)

photomicrographs of h-BN produced by conventional dry milling procedures.



whi ch 10% of the volune of BN particles is smaller than the indicated
dianeter. Also, the particles preferably have a thickness of no nore than
about 50 wo on®s® preferably, between about 10 and 40 nm apdT/UseEi4041
preferably, between about 10 and 20 nmyThe particle thickness is the

di mensi on shown as Lc in Figure 1. This is typically measured by scanning
el ectron mcroscopy (SEM, calculated indirectly from SEM di aneter and
surface area data and, if the particle platelets are not nmufti-crystalline,

soneti mes by x-ray Hagio et al.,
J. Am Cer. Soc. ﬁgﬁ%ﬁg&t?ﬁ%g%g 11 l’ Ii@ﬁl?gd% m}?{?’éh@f’g‘ﬁﬁdé‘rgéﬁy. ncor por at ed
by ref er anaegntivaiingyy neilling pré€edareS| EVENS Mbdel D500 diffractonmeter. The

‘powder of the present |nvent| be a h- er having a.hi
ordered hexagonal dHPWEIS@ & ’cﬁ@ob’é‘%&j@?@?%‘\blfes‘%i aGFy?‘Ee?aIPEFPgIS ngrndex

(Hubacel ?‘Lv ed Boron Nitride," J.
"Cer. Soc%ndtﬁ%%ﬁgﬂé%%f%@%gp Sﬁﬁgﬁl‘aﬁh ‘?l?aby i ncor por at ed by
referénce) of at least 0.12 15 (quantification of highly hexagonal h-BN)
and, preferably, gre bg owder has a
crystallinity of abommaﬁéﬁmﬁﬁéﬁ %E g@.&ﬁ%@ From about 0. 30
to about 0.55. Del am nation of the h-BN powder of the present invention

exposes newy cleaved BN surfaces which are readily oxidized by an
oxi di zi ng agent, suEle mrssenaiteeniaom 2htesip agrowdeheoropiigig hexpgagm orareact s

ith th t cligved that th
br ecence B IRS AR G PG M daoh Alpkaodr frow Al BRAspracnte af as
opposed t LRkl iCdRe RGN pAficeBahdRas) RetiQwinisamss. B203 may b

present in the resulting powder as an artifact ‘'of the washing and drying
t echni ques used. Itmegob@b@mmeieesmnmj, lubrictoue cerapunmatsiiaBRHang & t he

par i cul ey BPtagd R R Diear RuRR iribinl gt - "

i nvent i ongridgh@itnisofrayR ratirewr WE3N Bin BeeéaCsﬁga terglginedl bP2&X3rriry tb Feg @83 ewhits
hydroscopi ¢ nature of the resulti ngrrk@owder (w1l not dry the skin

Pr ef er abl pows dexagessef ach-3ppusisle; digmgterpiphe bt arrtiske niselepisdbent

i nventsd on ef 0 ppm
o anout o0 aTemBbEe DITFRI PO IS e o s M Bhielot, B SRRy

washi ng (bmdbd asthscplanemfﬂmsdinirmom THn: pa@tlge Ihldmessaisﬁlﬁﬂ‘ldhknenei@hdhmheﬁ, et c)
and dryi freeze drying ﬁteer natively, for use_ as a

processi n’gc é’flﬂch Jre§ PEERepishlagia ﬁhB@F@ﬁ anciﬂsd Fed iQiesine gt ciomt %ﬁﬁkWe nhance
ticl f
particle I@xﬁ%&fs% ONihl Bl et ish rZFéI feld T%E&er 8{5'12 bﬁ \‘7’% der Waa Oc?ééshe feh sent

PCT/ US01/ 1-491 for’ extrusion a cati wder
i nvent i onarhagdatately wasit. MEnwts%mngplmmmnwmhaMegk Vfancdm Sraist fofteSs wt % t o

about..5 wt % er, for cess ai tact with the
ol yradh | LrTigedpispes o piaas eighl BEteront (EuE Kan g HeeS bRt i Sritonee

appl i cat i giasthe ponélestideabibve thAcPHBREMhd REENE bR \ﬂ1|tl§ﬁrhfcﬁ|tﬁés€§3la{r@s af met hod
of maki ng del am nat ed hexagonal boron nitri de;ﬁ'?nhper This nethod invol ves

provi di ngBNelkidgy @geanst b@frlmthﬁi may bl@omwﬁbc regpens gl Imbribigwalfodid. bor on

nitride powder in m xt.u ndi ti.ons_eff |ve t o, produce
del am nat ed hexagon I;%r]%)d ge %‘Epg‘qw%é#’%ﬁa%.s ngacgﬁreﬁsggg capt atbogt from
about 50 mﬁvggﬂn@fﬁrabw(ht 16kt Boaf 45 @blgy and, Rtord BrEgaRg) atheisofbovit 60 ndfey. prvder

has a highly ordered hexagonal structure, as described above. Typically,
t hi s &Y ar Pepd Cﬁmm@rarﬁ%ofbtg@a&waﬁgﬂeaw tmt%IYflil@@uredr%faﬁ%ﬁ@scwtuw raw,

essentl al | I(I?JFB (see Hagi o et
al ., Fgg{l%égtg% "'I%légave opﬁr%en )Ftlﬁg%r%g?g}o |za O?‘Sogr%dgr{\)l—bxagonal Bor on
LNitri de J. Mat. SPieferhislyfthe bacti¢RShdOS8ar 5.\&967@3 dimheteofi &8 1daet afoyt 1

i ncorporated by 15 reference). In a preferred enbodi nent, a fine
t ur bost r ABIEOIBRY RiGAkYRCt R %@ufal and;39 4, mose Hpically beivesh abeutst Ak 12 i s
-heat treap Elséd'hePél{x r‘%ﬂﬁi&lﬁl%eab %ﬂla}é&)&‘” A%%%N%an‘ic% APRYYs fhe>- 12 hours.

Thi s heat reat men 0 produ more: Boar se° h-BN powder, as

the fiMe, dlﬁﬂensiah@hwﬁadbuwsigureﬂ Thtsde syipi@illy enqasivde by Bednining] elsctimcone nor e
ordered (crystallized) and Iarg% (> 1 micron) durjng_the heat treatnent.
In typi camicrescappard lessissatiaring Pﬁ@rﬂmﬁ Papg BN bertset Nogbrup Migreiag e sij ze

of betwe r Vi he
i rgin DA DR P I8 R r S ba SRR POt Bt G iy 4
m xture. |f substantially less than 10 wt% is used, then productlon
efficiencies decline. If nore than 30 wt% is used, then the viscosity of
the mlling slurry 25 increases, leading to less efficient mlling.
Preferably, the mlling mxture includes a mlling nmedia and a mlling



liquid. The mlling liquid my be water, nmethanol, ethanol, propanol,

but anol, isonmers of |ow nol ecul ar wei ght al cohols, acetone, and
supercritinwaphig382 | n one 30 enbodinment, the liquid is all yct,iugm/ﬂojun whi ch
B20 is soluble. Typically, the liquid gilling nmedium conprises between

about 70 and 95 wt% of the mlling mxture If less than 70 wt % i s used,
then the viscosity of the slurry is WO 111 /83371 C PCTI USO1 /1.t0-41
too high for efficient mlling. If nore than 95 wt%is used, then there is
a sacrifi rger

vol une of“chgo 3@&&89#&?3; %E‘I&a@% n‘? %gceélglgdr e%éq’l'ﬁ Jla g{rp tﬂgglagl,e&a%gor di ng
to the presieRnt0dovfend v&lﬁmem}m\hﬁa’[ﬁc&ﬁ 1m&gmadltmtiwat&fdﬁxﬁam about 1 nmm
'to about 20 mm Preferably, the mlling media is coarse mlling nedia

havi ng an average df\lsaethepagiclestprefewmbly mvemmthicknesapf 8o more theg ahewtis® i ncl ude
zirconia,_st inC i f on

217 eont A Sl el BetiEnanald 10oAR 4 i |8, Sl b GRRASATRN R, B0

magnesi um oxi ’hée m I"r'ng nmedi a
can al5so ipeandsxcuh OTlgd ﬁ@ﬁéletﬁiekl&s@ﬁ%e dmﬁan@loﬁfshbm afLt lieBiged Br Thisis | n
particular, mlling with fine 1 nun 10 zirconia produces_an_h- BN powder
havi ng a tgnlﬁalﬂsemew@d@r geapningelestron miproseapyH SBMB, cal¢idaigd indiresily ’énony mlled
with 1/8" di Qor der
to | owner e d\% s%g%s%l Su“f% ?%@E dﬁ{&ltblﬂ gmd?a?“ae g@?‘?%?“d“é‘%“éﬁ? tte{smil ncl ude
Rol un & I-ﬁﬁﬁ:tlﬁlﬂ:ls blyBcha@ A ctidal lmrdbmaderﬁq @3imigiNe(sad Hagiodkt ahel. Am t@m. seri es.

15 In oth nd, 20 wmt % al cohol is used to

assi st i @m& gﬁé %@)ﬂﬁ%’ g&}’ﬁﬂ% WEOTPIAL: Teferenged USHIE G-y of

t he N Pemeg Yondetyet mlling approach e.g., in a ball
m||%Stta?.tuo%quYIPngr§o?F]ﬂ%afb“ooﬁ’$e¥rf|| If aball mil is used, then the
preferred nilling nEhépowderst ¢ed presenoinventiGunapbt y hrldlypetwider kategaal to aid

inthe 2 | | deb t t
| wh ch THEGN CHGEBEherAPRy SHENTS, SHsbPPRaE s PR ARueh BideBTbisRke  and
48 hours gig,JHHLaNiBde] dffru%ds{rbﬂthﬁﬂ&ler)%'m%cfemJ (&2 SSdcNBf I BakioUr S,

there is insufficlient delam nation. ling 1s perforned for nore than
48 hour s, 1041598 61990k vdddeid hersby lmorpcrr@tleééwedfemnbdb)l aofgt isapte). 1However, as

T RS R Bes BB Sh SNE I B R L bSR3 R

t he tenpefhahBN poivdeBas ér?;!.té\l@inﬁ}  %F BBt 006 abewt 08559 md‘st frefdrhtly disrang t he
mlling operation. Since the production of B203 increases accor di ng to an

Ar r heni usaboat 830 49ebguti®-Xenperature, it is possible that this increase in
t t ffect f
erbbdi ment s it chel gl s SN G REA SR LA I EL e

mai nt ai necleated BN batfanss ab@aliaraeea@ﬂy Okitkzredibyean dxlidizihg ragerrta&uahas ofater loe

mlling m xture_can be increased.
2()g oxygen. Tﬁe ox1d(1azmg agent reacts with these new surfaces to produce B,0Os. Although

it is believed that the presence of B,03 during milling is associated with particle fracture
as opposed to particle delamination, as described below, some B,O3 may be present in the
resulting powder as an artifact of the washing and drying techniques used. It may be
desirable to adjust the amount of B,0s in the resulting powder based on the potential use
25  of the resulting powder. In particular, for cosmetic applications, the h-BN powder of the
present invention should have a low weight percentage of B,Oj3 to increase the
hydroscopic nature of the resulting powder (will not dry the skin). Preferably, for
cosmetic applications, the h-BN powder of the present invention has no more than 500
ppm B,03, more preferably, from about 0 ppm to about 200 ppm B;03. Low B304
30 content can be achieved by careful washing (such as solvent washing with, e.g., dry
alcohol, cold water, etc) and drying (by, e.g., freeze drying).
Alternatively, for use as a processing aid in polymer extrusion, high

residual B,O; content may enhance particle dispersion within the melt. Thus, preferably,



WO 01/83371 PCT/ US01/1. 4f1~1 Al though not w shing to be bound by theory, it
is believed that the energy inparted by the mlling nedia upon the h-BN
particl eswaztgsssm cl eave the h-BN particles at their weakeptTSini®41i.¢€.,
the planes of BN (in the a-direction), sas the stacked hexagonal crystal

pl anes of h-BN are held together by very weak Van der Waals forces. It is 5
believed that the initial phases of the mlling operation of Hagio et al.,
J. Am Cer. Soc. 72:1482-84 (1989) ("Hagi 0"), which is hereby incorporated
by refer I -1 1 € ] j . i C ol hese
pl anes. EfH?)I\C/veést/rélrs ﬁﬁtéhé!slbe&lo%?tr{ﬁ %ﬁ%(ﬁ %‘r’%aénlja(ﬁ{i}%ér)\éreé%gggjegng%génss%tg%sﬁl(’a‘\%% /°cl eaved
BN sur f ad®®s] mom prefefdtdy, dxorg @bout 0.3 Wedo a0 abaue dottds BLOH Hbeserfewproeast | ve
‘surfaces, .t hereby produci ng B203. It appears.that this increased B203 10
content i Sa‘gléeé%}(oé{de‘iﬁ’%cf Withdbe PYlymsnismossiblg low BoOs canteptaas disetibefhe 1 eason

as to Why L ReE5s tF?Q%I'EQL % JBS es particle fracture is not
presently g?&eé)r. ? e olt \%ﬁ%ﬁ% 1to e bound by theory, it may be that

the rigidity of B20Bheqauseasinvhtidr dst weiates thhaenethod ef meking eglaantated | | | ng of
the nmore brittle B203 |l aden h-BN.particgle results. substantially in nore
fract ur o ToRegal Borpt K Pl ieio I Iae SR LTS BF Y A RB S RN FORA | o)
resul ti ngysideShark: ald Hillif RQAInh ObbrbA nfthi§e HORARLEE nili i bh&dre (not
its thi ckrlless%. AFlterna% }lvgeﬁlf, i{irg()trrrlay t;e 'Pﬁate?%e aéﬁesnlﬁvler;grqﬁ;txﬁ?g g?ért he
bor on oxicdedipoosieffedivd uo prigluns fddlampatdisssgdnraBborpanitiidé pewde levinglant oget her

when they contact,. formn sort aqf rigid agglonerate which essentially

| och eacl?sﬂqcéﬂ?tlﬁaqftf{‘?f?gi’?%tf@ t‘éaé?}“ggﬂst rai ned position. \Wen this .

aggl qgerate is eVerP&ﬁlréBIy,Qﬁé‘H&%agQ&il%f‘dh ﬂiﬂﬁle'ﬂo%ei’ﬁés%hikﬂly@rbér&@g nedi a,
the individual platelets constrained within the aggloneraté fracture in the

c- di r ect ilsmaganakstyuchare nasl deseitie @bpveat Bpacallaxihey starfing @owder iv producevhena

mlling i.p.t,he presenc f a liqui. ium..the liguid may cause the
m 11 ng ol SERBEEE o h ey SRR i b Bhtisy oRY ERUEahE: 25
forces paked Hadio keall,MaliBNsph@hel BevelbhrasmbyitPCOReIlliAe o oF BekapdhhOBoron
Nonet hel ess, it is believed that the conventional dry milling process was

sel f | i milVitiide, W-tMat Seinbett. 165795 E08&BPPTX Which ip hergby écamoraed B¥pect ratio

h- BN &t r u e 141 4 p . ' t han by shear
o7 tHS pr Stk P EEH BRI (hocdilh 8hE TR o BROE el e 30
It is beldreasitizativatinideoflegstnt 0.1 D veivat featsdindgogdieatpboinl 1600 od 2300 °C

uncontrolnéeed fracture by using an aqueous nedium or any other |iquid._ nedium
that pron6f 80 [eal2 hoact NsdeHdestmen typiraliyRetiediredush@ noie couroh- B t ri de

or renov r . . ' . [ d that the
i qui d F@r%hgﬁégféﬁﬁo ﬂ}éé’e @*&C@?"%@%ﬁ%ﬂ%‘@%&k %O{Xge%@g%%g‘lﬁ@y@gou 1. 40~1
B203 f r orortitred sty étaltieed)f antingrgeiet>a micssing dutingtiie Helietreinyiem! Tovpigal nor e
del ami nation to o it at B203 is readily soluble in

ccur, As_ it is _known th . )
wat er20 i tembodiyaenta,tag highAired hBN poyrHeHpe 2 nagtichs siaeekbrtwesd hand MeHer eavage
of the h-BN._pl b ntial fraction of that B203 is washed awa
Oy ALt betefl THRES I, 1

fromthe f- eous nedium thereby leaving a relatively

pure del am nated h-Bhpipdlt kgl Brgivh!BN pewaér doRgsRecb@naraidart §iasd 86 wigsul t's
substantially in nore delam nati 05 g_;ot fracture), thereby producing a high
y

aspect r atfithe mBling suigbye. Kisybwardia o thapr lddvde ts wsad. then BroBedptient
dol am natd BRFAIsHERal EuRG B B, Bl el e BeBE ribingishuy
t her €lsy riasrghdes igading o Repdtliyicdemithpnat ed, ul tra-hi gh aspect ratio h 10 BN
powder. Preferably, the milling mixture includes a milling media and a milling
liquid.
The milling liquid may be water, methanol, ethanol, propanol, butanol,
isomers of low molecular weight alcohols, acetone, and supercritical CO;. In one
30  embodiment, the liquid is any liquid in which B,0s is soluble.
Typically, the liquid milling medium comprises between about 70 and 95

wt% of the milling mixture. If less than 70 wt% is used, then the viscosity of the slurry is



Thus, the selection of the mlling liquid should depend upon the desired
aspect ratio of the h-BN. For exanple, if a highly del am nated, high aspect
rati o h- BWwgovglsr: i s desired, then the liquid should be onecwhischseadily
renoves B203 fromthe h BN particle (tg prevent particle fracture and
pronote delam nation). In these cases, the 15 liquid should be one in which
B203 is highly soluble (i.e., in which B203 has a solubility of at |east
0.01 grans/cc). Gven the B203 solubility in the selected mlling liquid, a
mat eri al b I rati o of
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‘aspect ratl o BN platelets is shear 20 mlling, then any liquid of
sufficiert 9% ity can be used in combination with milling nedia. It may
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or der 5of aBbiage dianieter o Srommalmbiud irera tto abichit 20 mmiy. Pecfaeblye ednidyngwatians ng t he

mlling method. J‘25 resent invention with d m|l] e, e.g.,
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preferred enbodi ne resen PV ent or

dry milliofghd dlib@eRfryniSutthle dppedsits umdﬁre Ruhingl 8 HesssD@hinec B0VYE to produce
del am nat ed part| cles having a dianmeter of fromabout 1 umto about 2.5 um
More pr efEhasdepgx COMB 65 Dgkals ddgbenlrikipeRieBN powder has a hi gh aspect ratio

and Sstherefore o SHdee bl Bluleashoaiou AELRAATELgHA!y ot
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out bef orthe pmﬁem@tmlﬂlmg inediads sipel qt\btl@r su.itqblymalagmig materighdy aldentlecessary to

careful 'y was e,resultin er to renove residual B203.

Anot H&r  JEPRYF! 2 gfml}lm;gyc};trbggg};{nqgﬁ%%%pgw\{\gg a method for extruding a nolten
pol ymer. This net hogh sitax@dnées whirblnsspacirans 8B edsiisd Ngil ex@adensd boron
nitride 1~ particles having an aspect ratio of from about 50 to about 300

with a pdrjiesn § end 4 hewss preamefemedl oenitling is gerfpranas fonless then ddwueinthese r uder
d f t
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pol ydPef i the BN partiglgs Bbqh%erSBE&nIgéW@ depingreapsot act i ¢ pol ypropyl ene, |inear

It has been found that, in some embodiments, the temperature of the
milling mixture increased significantly during the milling operation. Since the
production of B,03 increases according to an Arrhenius rate law with temperature, it is
possible that this increase in temperature affects the ultimate B,O3 concentration.

30  Therefore, in embodiments in which low B»O3 powders are desired, the temperature is
maintained at or below about 30 °C. Otherwise, the temperature of the milling mixture

can be increased.



pol yet hyl enes such as high density polyethylenes (HDPE), linear |ow density
pol yet hyl enes (LLDPE), e.g. having a specific gravity of 0.89 to 0.92. The

| i near | owglemsiily pol yet hyl enes nade by the I NSITE err] catauget/i4o41
technol ogy of Dow Chem cal Conpany and,the EXACT pol yethyl enes avail abl e

from Exxon Chem cal Conpany can 25 al so be used in the present invention;
these resins are generically called nmLDPE. These |inear |ow density
pol yet hyl enes are copol ynmers of ethylene with small proportions of higher
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Exambes QhtefitizhsRRIaEERIh phbiE c@}{tﬁ,ue%aﬂ%refﬁmrbnat ed and can be used
include tetrafl uoroethyl ené/ethyl ene and chlorotrifl uoroethyl ene/ethyl ene

10 copol yners. Fr orffhmasmn\ﬂert@why lmfreetshféBn@emﬁw@smn@teppmnbrf@ctmarsg| ng

tner mopt 0t el et PR TR Ry 10 b totRBREREH LR oE Tt s B

t her nopl aﬂazog RehEEle fFacha¥ e THEkfory, saB2Yhét 88 115CIT thdidord bre¥le AB ;-
melt-extrudible. 15 As is known in the alt, the polymer may contain various

ot her addrdamfeBNoprttielodestite substastially tsmene feace bf thermsrticdnfwithast ki ng agent s,
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t he poly end is
from abouheﬁm‘ﬁGIéantpmthrmh&spr ef erably, from about 100 1000 ppm and, nost
preferably, from 20 about 200Q-500 ppm _BI ing is carried out, in a m xer,
such as a v-bl ender® %ré‘%t“@i)ér‘rﬂlné%b%ﬁiab a%g‘?ﬁ“f%‘lﬂ‘ére the KPR OXIdE | ude si ngI e

2OLEY oL ARG SRR ASNRAIB L ghi Sl Sl o 1o
r ef er encdprmingtar 0si ccfmgméaggidmemteewhieh lessenivalty looks daoh &-IBIN partnhlmmtcya skill in
t he r()tggicr(])gg\é\glrlxelg ]%)%Etggf X&Re% tﬁus agglomeratg }saclventgglrlf ICarl].lgi‘l? geetWngi glé 'high S. Patent
velocity milling media, the individual platelets constrained within the agglomerate
fracture in the c-direction (i.e., normal to the platelet axis).
Alternatively, when milling in the presence of a liquid medium, the liquid
may cause the milling media to impact the particles in a manner that promotes shear
25  forces parallel to the BN platelet, thereby promoting delamination.
Nonetheless, it is believed that the conventional dry milling process was
self-limiting with respect to its ability to produce a high aspect ratio h-BN structure
because the milling process was more by impact than by shear or the production of B,O;
promoted too much fracture of the platelets.
30 It is believed that the present invention solves the problem of uncontrolled
fracture by using an aqueous medium or any other liquid medium that promotes shear
impact between the milling media and the boron nitride or removes B,O3 from the surface

of the BN. Is it further believed that the liquid medium has the effect of removing the



No. 3,125g47; U.S. Patent No. 5,688,457 to Bucl anaster et al.; Yip et al.,
ANTEC 1999, Tech. Papers, 45, New York (1999), which are hereby

i ncor por ainasloimssrief erence). 30 Briefly, the boron nitride powdss/ansh

pol yner powder are blended in a m xer.gThe blend is fed to a hopper, which
feeds the extruder. The polyner is nelted in the extruder which inparts
sufficient shear to disperse the boron nitride particles throughout the
mel t ed pol yner. WO O1/83371 11 PCT/USULl/1.40-tl In one enbodi nent, the

met hod of ' HeSEMatd i (WyTol X t he
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boron ni tocbwe Axokemown thieB gxtis vsidiln splubrua twatdriit yebelidned thet, akiidigdi nent ,
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ot her polBefsrs prodeesdsduingdhe slierieas thedyBdplatetetimasubiiatiat fraghionorthaty
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‘conbi nati on"may provi a synergistic effect.
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with a high graphitizatiion i powder having a s ace area of
appr oxi mavedyyby@herwater athd cacleefidelaminateniBa Ot poddecpdratBaOewadhingesrer of

approxi matel.y 6 microns. .The charge to .t mll .was,225 grans of boron
D e ot s S, FhEPy Tr e A Henly el e e e Rattt e fa

ful I.1oThepliigosieexperi nent was performed dry for 30 mnutes at 500 rpm The
20 resultant powder was highly contam nated and difficult to disper se for
| aser scattering anbBhyssths scldoimmyelthe mBingdrguidshoukd depenghispdmtbadesited SEM t o

be subm cron st iJmat to_be about .0. 25, m crons e Fiqures .2+ The
our face dPBsED SRR BYTeRRie el ElaRRatR Bek s TSR RN

Di gi sor b ey &edestréd, MeenliBe ligBidshamd bEae Ra%éh fendilHitpldve@BROSKBRMhEBNL S
were done with Stoddard solvent mlling nmedium {CAS # 8052-41 25 g? The

resul t i ngdBNwariolo(to peevigair parti¢le frgpipee ddramandedamination. én 88se aavds, 31654

i , i The,.Saef ingl . b
T ey o SERESRAL B dne NEPHBAOTR BT MABICTRET FERARAERE: Nal FRRIMEEA, L0 O
not subni sfrapfeastEX@NptagnsZec). Biedubé Bod, eflutilit ighhdsdetdd MEkn@lighdpowder . 30

CTFS, a highly crystalline hexagonal  boron nitride powder, avai]able from
Car bor undBAFBREANGE calewationmmgy bs used\y defprmingdhe Bypimuwa ROt mNIEN mat eri al

o SRS PSPy B =2 o
gr aphi t i z@u itlerptherdexd, if theOndéhanism for producing high aspect ratio BN platelets is shear
20  milling, then any liquid of sufficient density can be used in combination with milling
media.
It may also be desirable to produce tailored BN particles which are not
only very thin, but also somewhat fine, e.g., a powder having thin platelets on the order of
BN 1-2 microns in diameter. This may be achieved by combining the milling method of

25  the present invention with dry milling (see, e.g., Hagio et al., J. Am. Cer. Soc. 72:1482-84

(1989), which is hereby incorporated by reference) in order to produce both delaminated
and fractured h-BN particles. In particular, when the average particle size of the h-BN
powder is between about 1 and 10 microns (um), a change in the particle size (such as
cutting the particle in half across the basal plane, as in Figure 1) does not effectively

30 change the specific surface area of the particles produced (see Figure 4). In such
instances, a slight reduction in the diameter of the powder provides the benefit of
providing about two to four times as many particles (which typically improves the

homogeneity and, therefore, the performance of the BN) without losing the benefits of



WO 01/ R3371 12 PCT/US01/1-t0-41 A mlling m xture conprising about 10 w %
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di sper saniyo eunssst eel mlling nedia was fornul ated i n accopdaige/woih the
details provided in the Tables that follow This mlling m xture was then
poured into a high energy Sweco Vibro 5 Energy Ginding MII Mdel No. M
18L-5 (Fl orence, KY), and mlled for between about 4 and 48 hours. The
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of the vahebBropaiieldegartividstthdughdit 1) polPmB0 fornl @fefrudifieproahictne is smal | er
than the indicated size. =~ D50 = 5010 of the volume is snaller than the

i ndi cat ed size. Doli eregmipdgnentibe pelvmnes 1§ athepaeplasticehnneth Expmgics &t ed

si ze. t A =

cal cul at e suﬁf1 a@g@%%&ig@‘ecﬁ%g%b‘gér t CE| 8&8@{%‘2‘%& gﬁese;% g%llgis%\t andard
devi 80i onnolfud@d’retpo@cﬂeﬁnszmchiaspmlyﬁmpyl@ne e.d-dsotadtibipokypessy le(m,elmdél gure 1) {by
X-ray dif chl)?eCﬁtx)lllgngs such as hlgh %Iegsq’g/tp% yegh}Xenes (ﬁ}sP(]ijl)fﬁnre%E olwoc?ensity W

polyethylenes (LLDPE),e.g. having a specific gravity of 0.89 to 0.92. The linear low

density polyethylenes made by the INSITE® catalyst technology of Dow Chemical

Company and the EXACT® polyethylenes available from Exxon Chemical Company can
25  also be used in the present invention; these resins are generically called mLLDPE.

These linear low density polyethylenes are copolymers of ethylene with small

proportions of higher alpha monoolefins, e.g. containing 4 to 8 carbon atoms, typicaily

butene or octene. Any of these thermoplastic polymers can be a single polymer or a

blend of polymers. Thus, the EXACT® polyethylenes are often a blend of polyethylenes
30 of different molecular weights.

Other thermoplastic polymers include fluoropolymers. Examples of

fluoropolymers include the melt-fabricable copolymers of tetrafluoroethylene with one



bnr OV +._. WO 01/83371 1; PCT/ 11501/ 1~0-41 Analysis of this data
indicated that the Lc as reported by Hagio is not the appropriate neasure
of paz-tioleoimsza, shape, and surface area. |nstead, by nepsmusmngi4siize by
| aser scattering and confirm ng by scagning el ectron m croscopy, one can
see that mlling as 5 described produces a high surface area powder by
del am nation of BN platelets. The increase in surface area is linearly
correlated with the input of mlling energy (tine). The del am nation

mllingr i ] J i [:anet.er d by | aser
scatt e?i r?gﬁtgé%: ﬁﬁ?ﬁﬁﬁeﬁgﬂgglﬁgﬁ%?%é ﬂu{ﬁﬁ@%@% Lgongdflgjgﬁl 138 ethg%gaE&%rgi Ex%/r usi on
Aid U S. siet sgiiexbfluodpoPBleds, ant dluBue kimgbéthersptomhiningvihice o ted catioaby
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t he r5andeefofabhy (© Tiuboopblymdsiapetflooneatehand ldse meélr escadfitylof 6t5we d0? alfout 0. 5
~ mto 2Q m  Buck er also teaches that BN particles less than 5 ~, ' m
and usuallpgP f af E@ ﬁﬁé‘@seoﬁuoéﬁwym?-s@&? ua?'éat%ié%r&ﬁ%@%ver | ar ger BN

particl egwerﬁﬂo?inﬁﬁmﬁ&an&)he us H‘.@oﬁfegc%ﬁé}eghem%gﬁf’ EOHteM Jf rtl'lcdﬁuc;';)f%ﬁ MRfs
Concentration On The eol ogy An rocessabi ity OF Molten o?,ymers," ANTEC
1999, TeqhmeferahheatdeasdBy wiidiyExamiples b9 9@h mAyraeryivdiigh anatmiot perflaotmeatedeimd

i ncorporated by reference, exan ned the effeci. of differ ent BN types on
such pro&és g’f" Hée,d"é‘ﬁ]&d? Eﬁﬁr@ﬂPoﬁoﬁ%Penﬁ/)ethé’ge&F@ngcé{oéﬁ“ BMSWF%F/@E%%%Q rabl e;
b) pgpdergpbhiguiepg hi gh oxygen and/or B203 (such as about S wt% 02 and 2 wt %
BO3) are undésirable; and c) powders having good dispersability are
desirable. In an efffromtthe diversity o theuthermrapiastid polysnedy nanginsfrofn BN as an

extrusion_ai 5.fqr pol yner pr.ocessi t he useful ness, of. the powders

o csont aqonipeti th HaoR R S SERRE o by Sk b fobic bR aR SRS
extrusi onskfulfh (e pEcRBitdfvdniioBU alliestiab tiRimapidstid polyhBrsaié mekthvadcositibe af f ect
of changi ngjcharact eristics of the BN powder on the maxi mum shear rate at

t he onsetsuelt thgt By arpmelttxigediblee ("GWF') was studied. 30 WO 01/83371 1l
PCT/Stl 1 /1. 40 41 Aréﬁ]‘fé'_k%o%n i VO, S AhBEHa] B5nikR YaRSunG ddattRleon 2l d

for pol ynmer processi
and modifiers, such as UV stabilizers, antiblocking agents, foaming agents, and fillers

(e.g., minerals), to adjust the properties of the polymer.
Preferably, the amount of boron nitride powder in the blend is from about
0-5000 ppm, more preferably, from about 100-1000 ppm, and, most preferably, from
20 about 200-500 ppm.
Blending is carried out in a mixer, such as a v-blender (see Examples
below).
Suitable extruders include single screw or twin screw extruders, as are
known in the art (see U.S. Patent No. 5,688,457 to Buckmaster et al., which is hereby
25  incorporated by reference).
Extrusion methods are well known to those of ordinary skill in the art and
will not be explained in detail herein (see, e.g., U.S. Patent No. 2,991,508; U.S. Patent
No. 3,125,547, U.S. Patent No. 5,688,457 to Buckmaster et al.; Yip et al., ANTEC 1999,
Tech. Papers, 45, New York (1999), which are hereby incorporated by reference).
30  Briefly, the boron nitride powder and polymer powder are blended in a mixer. The blend
is fed to a hopper, which feeds the extruder. The polymer is melted in the extruder
which imparts sufficient shear to disperse the boron nitride particles throughout the

melted polymer.
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of the volune is snpl]ler than th 1113' cated. size, f BET = BET surface area
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measur ed SORCSNTARMRY Perpp Bithde Rewider in BreARANTONPIIICFahl e 3 |ed to a nunber
of concl usi ons. Fi rgﬁa T e mtenghh@ﬁ@@ﬁ?nmt BuBABIGhe Blosddie Present

‘invention |leads to est s ear rate ore e onset gross nelt
f r act oir e.inWntienweay, betdmmhmmﬂ \pmh\d‘éuequrbmmhpmeeésmldﬂashdheastﬂmme&astdme whi ch

wer e heat treat te ature d a the hi gh f

red pométf%%ﬁ%&l Fﬁ%hﬁy %fe[gé)ﬁig S‘ﬁ&?“l ﬁi‘}g % E @PF e ‘c')ltat hese
mat er| al %oﬁﬁt%@ﬁh?dy'ﬂ&oﬁi@e'a%?né@%ﬁc gﬁ%tf unctional groups adhering thereon
(i.e., they are cherically clean) is possible that the cleanliness of

t hese surfaces | eads to | ower frlctlon Ther efore, when using BN as a

processing aid, it is desir able tﬁw powder having a highly order
hexagonal |attice. The best perfor AS431, was highly del an

iinatjgd. Such a thin 20 particle has a low pr ofile, which may be pr efer
able if the nmechanismfor reducing pressure drop is die deposition.
Mor eover Exampled + CompavdtiveExymnple when deposited on the die wall, may be

roceasing aid, it 14 QUPRARCEraNEE demom Sl Gy e et dadect
rati o, sugfndBinghfoqanebedprafuct Rphpispae pitid ANt i on. 25 Hi gh B203 resi dual
content (nore than about 20 ppm  may enhance particle dispersion within the
nmelt (in the mannerlsarsiingskperiayis wetedpasiprinegd Rradriaeh, laboratory, high g-

15  force, cyclomill (Dayton Tinker Company, Dayton, OH). All experiments began with a
high graphitization index (>0.4) powder having a surface area of approximately 8 m*/g
and a mean volume particle platelet diameter of approximately 6 microns. The charge to
the mill was 225 grams of boron nitride and 1/4" steel media filling the volume of the mill
almost half full. The first experiment was performed dry for 30 minutes at 500 rpm. The

20  resultant powder was highly contaminated and difficult to disperse for laser scattering
analysis. However, the particle size was found, by SEM, to be submicron, estimated to be
about 0.25 microns (see Figures 2-3). The surface area was measured by single point
technique on a Miromeritics Digisorb Analyzer to be 102 m*/gram. The next two
duplicate experiments were done with Stoddard solvent milling medium (CAS # 8052-41-

25  3). The resulting mean volume particle size was measured to be 6.835 and 5.654 microns,
respectively. The surface area was correspondingly measured to be 33 and 22.6 m%/gram,

respectively. SEM confirmed that the particles were not submicron.

Example 2 — Production of a High Aspect Ratio BN powder.

30 CTF5, a highly crystalline hexagonal boron nitride powder available from
Carborundum Boron Nitride, Amherst, NY, was selected as the raw BN material for this
example. This high-fired material has a specific surface area of 7.97 m?/g and a particle

size Djo of approximately 3.4 um. Its graphitization index is >0.40.



WO O1/83371 17 PCTlI US111/1-10~ 1 for calciumtetraborate and organic acid
salts). O note, this finding apparently contradicts Yip's conclusion that
02/ B203 i svoiodgssiry abl e. Therefore, when using BI T as a proeesaisogi#id, it
is desirable to use a BN powder havingpat | east 0.5 wt % BZG3. The prior art
conclusion that fine particle size is inportant is not at all 5 supported
by Table 3. Although the high surface area powder perfornmed the best, the
powder with the | owest sur face area (CFTS ) was the second best powder.
Ther efore, it does f act or
in determning the ﬁ?l?i Flll %&H%Igtcgﬁlﬁﬁ% ggg?tnlgf‘g?/o IaﬁJ{F\/\Eﬁ\] Ip%wael] AR 9

Ther ef or eyttemgterfdboatl0 BN poYideias dvavinAgplar dlSI@hlSaaS[aﬂd:SteelatlllbngilmddeMI bly a

tent th t d t d
Al T hough IPHEUIRRY SR AHSRARAE YEUGRe HEcts PRRLER b (i LSt SR pur pose of
i1lustration, it i STMQ%IlﬁﬂgCQﬁ&tdrE‘%s%fbo@?&ﬁh{o A ﬁ‘éh@r?% ShREo Wb pur pose,

‘and vari ations can be nade therein by those skil e art wthout
depar ti ng‘ExiqrgmGrmémngrl] MOdﬂld\I@inﬂ)&df(FﬂcﬁendﬁeKYOvmdtlmblnd\ﬂm betwien abefit ned by
the follown ai Ims. WO 01/83371 18 WHAT IS CLAI MED: PCT/ US(11/1~11-t1
1. A po ‘g%@b Y'8i ng hexagonal boron nitride particles having an aspect
ratio of fr om about ThgdothedRuh pai8y ofthe millBE pHRIGasak&GPfdly28d tThec! @i M |,
wherein the particles Ig‘lave a surface ar ea of at |east about” 20 nk2/g. 3.
The powd eBzCéac@@tem, ispedific surficmarea, particleidiameter Pax idpasticlh svieknesg De sugr f ace
area of at ?gi @Qolejt 40d /g. 4. The powder according to claim3, wherein
t he partll%lf)g gy Ssh?’[? ‘e area of at |east about 60 n2/g. 15 5. The
powder according to claim1l, wherein the particles have a characteristic

di aneter greater than about 1 mcron. 6. The powder according to claiml,
wherein the particles have a Duo di aneter of between about 1 ~m and about
2.5 ~m 20 7. The powder according to claim1l, wherein the particles have
a thickness of no nore than about 50 nm 8. The powder according to claim
1, wherein the powder has a 25 crystallization index of at |east 0.15. 9.
The powder according to claim1l, wherein the powder conprises no nore than
about 500 ppm BzQ . 30 10. The powder according to claim1, wherein the
powder conprises at |east about 0.5 wt % B203.




WO 01183371 PCT/USO1/1.L0.11 19 11. A method of maki ng del am nat ed
hexagonal boron nitride powder conprising: providing hexagonal boron
nitride powder/gszand mlling the hexagonal boron nitride powdgfydofvigim | 1ing
m xture under 5 conditions effective tg; produce del am nated hexagonal boron
nits ide powder having an aspect ratio of front about 50 to about 300. 12.
The nmet hod according to claim11l, wherein said providing conprises high
fire treating raw boron nitrigde powder. 10 13. The method according to
claim 11, wherein the hexagoapl boron nitride powdef has a crystallization
i ndex of at least 0.15. 145 & 9nét 5ol ag%g%diﬁ Btolclaim1l, wherein the
hexagonal boron 15 nitride® er>iquPB Bh?qg W % to about 30 wt % of
the mlling mxture. 15. The thod according to claim1 |, wherein the
mlling mxture conprisegsag)!ling media and a ml{ing liquid. 20 16. The

met hod according to cl aipgiig Mexein the mlling nedia is zirconia, steel
bal l's, alumina, silicon Rigrggem mhiﬁégagoéeg bprozl carbide, calcium
oxi de, or magnesi um oxi d&.zig|" The el d¥ng{to claim 15, wherein
the mlling nedia has 25 an ayerage dianmeter of fromabout 1 nzn to about
g to claim15, whereip the mlling liquid is

20 nm 18. The nethod acgordi
any liquid in which B203gi §§ ghiren 3R VR Ihe et pod according to claim
- rs<Wet@ne ofret franok, et hanol, propanol ,

15, wherein the nilling Eiqup csswats
| ar wei ght al cohols, acetone, or

but anol, isomers of |ow fiol ec
supercritical Q02. WO 01/ R3B71 20 PCTIU S(11/1 ~(]~ 1 20. The net hod
according to clai mg Séé\hgra nthe mlling liquid [s fromabout 70 wt% to
about 90 wt % of theg @ ElEn e. 21 Jhe_net hod| according to claim 11
further conprisi ngfggoﬁiggbfna( isgpgrﬁz]ﬁt‘“'%ootﬁ’egm ling mixture. 22. The
met hod accordi ng t & cl @i mﬂlg urther conprising: adding fromabout 1 wt%to
about 20 wt % al cohol to the nZilling mxture. 10 23} The net hod accordi ng
toclaim1l |, wherein the\giJ, ing is caz-ried out fpr about 8 hours to
about 48 hours. 24. The meg®d FEERARnY A & B fidh 11, wherein the nmilling
out ‘T 1525 “The pethod accor di ng to

tenperature is no nore thand@
claim11l further conprising: dry mlling the hexagopal boron nitride powder

before or after said mllipg,| 20 26. A nethod for extruding a nolten
pol ymer conprising: bl endi® @n}h@ir;j%@@rﬁ 51 §gthekagonal boron nitride
pairticles having an aspec® & pt Fo~oF £rof abdu? 50 to about 300 with a
polymer to forma blend, and
—
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extruding the bl end through an extruder under conditions effective to

di sperse the boron nitride particles throughout the polyner to form au
extrusi onwwy opgsstr 25 27. The nethod according to clai m26pcvhgigifesai d

bl endi ng conprises v-blending. 28. Themethod according to claim 26,
wherein the bl end conprises 30 from about 0-5000 ppm of the powder. 29. The
nmet hod according to claim28, wherein the blend conprises from about

100- 1000 ppm of the powder. WO 01183371 21 PCT/USOL/ 1-401 30. The met hod

according to claim?29, \/\her;_iaélr &ke=ll end conprises from gbout 200-500 ppm
of the powder. 5 31. The nef&pt—ac€ordjng td cl Bi m 26, erein the
particles have a gurface area|of at |epst z%)gut 29 n@/g. |32. The net hod
according to claim31l, wherglh the particl esshajeza) sugface area of at
| east about 40 n2/lg. 10 33.% Eheameghod accdd & ng £6° €l@ai m 32, wherein the
particles have a surface ar®a|of at | egst out{ 60 n2/g. [34. The net hod
‘according to claim 26, wherei L] the particles have a 15 characteristic
di ameter greater than aboutdei Ji-ar@r B85, Th& npfhed_accarding to claim 26,
wherein the particles have a*[¥ e -ttameter of sbef@ehSaboyt 1 ~, m and about
2.5 ~m 20 36. The nethod ac¢ording tp claim 26, wherei nthe particles
have a thi ckness qbf no rrore_gljmba,bgut 50 nmu_,;:}z,. O‘I;pg net @od according to
clai m 26, wherein|the powdefERas A5 yst al | | dati08 § &dex |@f at | east 0. 15.
25 38. The nmethodjaccording tp claim 26, whereih the pol yrier is a
t hernopl astic pol ymer. 39. ZEiegneghod according to clainw26 further
conprising: 30 mixing the exgpPusiPonprpduct ity i &® p@ yger under
conditions effectiive to achieye a desifed coficept «ai FoA dﬁ_i gron nitride
powder in the extrusion pgcdéct . WO D1/ 83371 R2 PCT/ US(lgl &-11.11 40. The
met hod accordi ng tjo cl ai mEZ_:B.EtU@_ h&r< cpnpri séng! addi ng d%fjf gor oel ast oner
pol ymer process ai|d to th&DEghg "~ “ RESRE |88
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| zupkf a\ W ca] ca] ca] ca] ca] ca] calU] ca] c<a] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca]ca
] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] caU] ca! \

f9.J4ZLI akjd swssB* Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cattakeri4o4] ca] cal
cal caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c@] ca] ca! j NK&vgx7
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0T00000021{ vgkf [ V] ca] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca! 21111334"444%U555U66607778"
889\ 99: : lAnalysiswf this data indicated that the Lc as reported by Hagio is not the appropriate

PRpCE TR Ca]cha]]gg]fa Jsalsralealsglozhglle oo ool ca

3 L===3>3241 g YRS Shd &4 &R eAlGRlfal] ca] cal ¢
a] ca]ca]ca ca] al ca] ca] ca ca] caj ca ca] ca] ca] ca]’¢a] ca] ca] ca] ca] caJca] ca] c”a]
ca! Ho$H Kesciib& kBidnted MENNMTICHEORPIIRRRR delamination of BN platelets. The

SSSBT{ vq|.

Tl ca] CARFUAT CLUERE Aeads L (R Lo b T OB SO 8 FOVEDYBAL [
[ H W Gh%iallllhﬁtf&%ﬂﬁﬁg%kmm]&ﬁlrﬁabﬁ,ﬁﬂge%1 fﬁh@l@l&%ﬁﬂl&é] M@ﬁhﬁ:@ '\l{ﬂ]aé‘e‘?] caj ca]
ca] ca] cal] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] caJca!* NaaaRbebq
bt bbb scattering technique.

c ccNd| dddddd(ereftfztoje [V] ca]ca]ca] ca]ca]ca]c”a]ca]ca]ca]ca]ca]ca]ca]caU

] caU] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]caltff)ggghhiiijQjEk
K Tkegkk Mxlalnl pleBINEHANES of BN Powders as an Extrusnon Aid

n{vql ga\ V] c"aJ ca] c"a ca] calcalc a] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca
] ca] ca] ca] c"a] ca] Cd-]T af@tﬁljﬁd&? .G é&ﬂ aster et al., which is hereby
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PD PZ?S?Q?IE(%% %ﬁ‘k?@%g?f@%ﬁ%g r@p&}sqtﬁ%} ca ca ca ca caf]r%gaﬁegg]ucd]ldmf ]0 cal] ca]
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shear rate at the onset of gross melt fracture (“GMF”) was studied.
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10" 110%&:| 0391 / 139 @Z(Q; 0.990926).- 1 PP () 16:15 %@5 3192138 ($1° 889\ 99: :
- dE:/ 100431] 1080 0.8 | 210 ~4 3.726/2.026]3.545| 5.6 | 65
CTF5( 925 | 0.3 {0.02| 2100 ~7 6.285(3.261|5.753(9.937| 8
CTUF| 155 | ~5 | ~2 | 1325 0.5 ~4-6
CTL40| 93 | 0.2 (0.02|2100 ~7 Agg
65
* AS# analytical sample number,
b Mv is the mean diameter of the volume (average particle size).
© D10 = 10% of the volume is smaller than the indicated size.
5 ¢4 D50 =50% of the volume is smaller than the indicated size.
¢ D90 = 90% of the volume is smaller than the indicated size.
T BET = BET surface area measured on Micromeritics machine.
10 Analysis of Table 3 led to a number of conclusions. First, use of the high
aspect ratio powder of the present invention leads to the highest shear rate before the
onset of gross melt fracture. Moreover, the two powders which performed best were those
which were heat treated at high temperatures. As discussed above, these high fired
powders have highly ordered hexagonal lattices. The surfaces of these materials
15  generally do not have any functional groups adhering thereon (i.e., they are chemically
clean). It is possible that the cleanliness of these surfaces leads to lower friction.
Therefore, when using BN as a processing aid, it is desirable to use a BN powder having
a highly order hexagonal lattice.
The best performing powder, AS431, was highly delaminated. Such a thin
20 particle has a low profile, which may be preferable if the mechanism for reducing
pressure drop is die deposition. Moreover, such a low profile wall, when deposited on the
die wall, may be more adherent because of reduced drag. Therefore, when using BN as a
processing aid, it is desirable to use a BN powder having a high aspect ratio, such as the
powders of the present invention.
25 High B,0Os5 residual content (more than about 20 ppm) may enhance

particle dispersion within the melt (in the manner analogously described by Buckmaster
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10%& 1) - S ! 109& () - Thérefof@ HighHrd®BN powders having a high aspect ratio and possibly

a minimum B,05 content are the most desirable polymer extrusion aids.

Although the invention has been described in detail for the purpose of
illustration, it is understood that such detail is solely for that purpose, and variations can
be made therein by those skilled in the art without departing from the spirit and scope of

15 the invention which is defined by the following claims.



10! s, , y109%&' ()-*10%& ()-  (10%& ()-FL' 10%& ()-%

109%&' ()- $10%& ()-__" M NadEYNC 10! 5109 () - F4! 109%&' ()- 2

109%& () - iDMB36Ir YT/ 109 ()--T 10% () - NaaaRbbbcbdbebgbxmbEraghi/iQug’ () -
10 10 10" <&10%& ()-:110%& ()-9Z10%& ()gY7 $10%& () - gbt bbb ¢’ ccdEnbC 10! LY
109%& ()-109%& ()- 109%& ()-Lf109& ()-"s10% ()- 10% () - cNd| dddddaBmbC
10 f 109%& () - g10%& () - Y, 109 () - SL0%& () - 9S10%& () - !

SH109&' () - d(ereftff)gaBan

10% 10%'\%‘ ' "|10%&'()-|DIB#10%&'() Y109 () - 109%& () -)ggghhi i aB
mbC 102109 5856 & ()-- "10%& ()-*

109%&' () - (4"1ocy&' ) YL "10%&'()-|jQ]BkaDkEkQ<xan 10L10% h& ()- 10 10
.10° <mLO%& () - 9! 10%&’ () - Y7$10%& () - 5910%& kekkkM | dEmbC 10sF 10%
h& ()-10% h& ()-t! 10% he&d Pywde H’P&“’(E)he*"%f@%( Rgrop yutngp particles having an
h&'()-lHg,gawm\%ﬂ@bomawgbm.@ohsv 10% h&' ()~ 10% h& () - S&10%

h& ()-10% h& () - y#10% h&’ ()- 810%& ()- 810%& ()-
810%& () - |&k10%)&'()-| 10%3&'() = 10%3&'() Anmnnn#n$neA+C810%b#3f

0, ! 0, ! 0,
gﬁgﬁ? f* |('1) n- ﬁ/lgflg gL 3 1 00 AO&\XQer ac80%)0 21a11’1‘1 '? wherein the particles have a

surface area of at least about 20 m%/g.

3. The powder according to claim 2, wherein the particles have a

10 surface area of at least about 40 m?/g.

4. The powder according to claim 3, wherein the particles have a

surface area of at least about 60 m%/g.

15 5. The powder according to claim 1, wherein the particles have a

characteristic diameter greater than about 1 micron.

6. The powder according to claim 1, wherein the particles have a Dy
diameter of between about 1 um and about 2.5 pm.
20
7. The powder according to claim 1, wherein the particles have a

thickness of no more than about 50 nm.

8. The powder according to claim 1, wherein the powder has a

25  crystallization index of at least 0.15.

9. The powder according to claim 1, wherein the powder comprises

no more than about 500 ppm B,0:s.

30 10.  The powder according to claim 1, wherein the powder comprises at
least about 0.5 wi% B,0s.
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1n3n7n8n: n<n>neF+C810% &' (810%& ()- 810%& ()- 810%& ()- #3f 810%& () -
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810%& ()- 810%& ()- #3f Yn[n”nbnhni nknnndJ+C810%& ()- 810%&' ()- #3f
810%& ()- 810%& ()- 810%& ()- 81l0%& ()-

nnpnt nunwnzn| neF+C810% & (810%& ()- 810%& ()- 810%& ()- #3f 810%& () -
810%& () - | nnnnnnngF+Col QB FRABR: lamBhtEdixbgonal boron nitride powder

comprising:
providing hexagonal boron nitride powder, and
milling the hexagonal boron nitride powder in a milling mixture under
5  conditions effective to produce delaminated hexagonal boron nitride powder having an

aspect ratio of from about 50 to about 300.

12.  The method according to claim 11, wherein said providing
comprises high fire treating raw boron nitride powder.
10
13.  The method according to claim 11, wherein the hexagonal boron

nitride powder has a crystallization index of at least 0.15.

14.  The method according to claim 11, wherein the hexagonal boron

15  nitride powder is from about 5 wt% to about 30 wt% of the milling mixture.

15.  The method according to claim 11, wherein the milling mixture

comprises a milling media and a milling liquid.

20 16.  The method according to claim 15, wherein the milling media is
zirconia, steel balls, alumina, silicon nitride, silicon carbide, boron carbide, calcium

oxide, or magnesium oxide.

17. The method according to claim 15, wherein the milling media has

25  anaverage diameter of from about 1 mm to about 20 mm.

18.  The method according to claim 15, wherein the milling liquid is

any liquid in which B,Os is soluble.

30 19.  The method according to claim 15, wherein the milling liquid is
water, methanol, ethanol, propanol, butanol, isomers of low molecular weight alcohols,

acetone, or supercritical CO,.
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cS' Kw#nnrinom ebdit DO tdodiot) 9O 8A%0fikee miHing mixture.

cS KWHEH#10%D&' () - &#10%H& () - &#10%& () -0
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cS Kw#%p+p0p4p5p9p>pgM 1C&#10%& () - &#10%&' () -

CS KWHS#10%& () - &#109%& () - &#109%0&’ () - >pDpGpJd pPpUpYpeF1Ca#10% &8#10%& () -

&#10%& () - &#10%&' 19.- S&#ThYimétho)-a8étkiig &0 (:Da:r&#l%&eﬁu)th&pﬂﬂ)iﬁg@@hpdmmﬁ M 1C&
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="109%% & () -ggogpgqqr qsq 8 @qr 16%&“? nﬂoyiﬁ%gm(p}wm&m%& ()-,1410

W& ()-1,!41098& () blehdih¥BEwikr comprising hexagonal boron nitride particles having an

1098&' () - (wgxqyqzggqqqpP44<@ ! 41098& () -,!41098& ()-,!41 %3&& - |410%3& ()

~, 1 41098&2spyet Tatp obgem @bout Wiiowbent A0k pelyPen iadorm B9ER, end | 1 41098& () -

| 410988 () -, ! 41098 9 L, t pP44, 1 4

100B& ()- 1 410988 %”Q | 2@8@%%\%&?3’9&%@ undef‘%grﬁﬁ‘m(s)efﬂ:gﬂgg{

$(* - 24qqaodisgrasy the Hotoh A& payticldsALQUBIEOUL the polhBeBS fogm &n bxthBUBRP10OYuct! 41098&

"()-,141098& ()-,!41098& ()-qqqqqqqqpTs4, !, ! 41098& () -, ! 41098& () -, ! 4109B8&'

() -, 1810988 ()-,!41098& ()-,!41098& ()-,! 41098& () - qqqqql POpT84, | 41098&: () -

,141098&' ()-wg t
$(*-24. 1 41098& () - qabqqae SEF IS PG IBEALCA™ 20, V8580 A vedB8eer ()- . 1 410%
8& () -, ! 4ddBMé&ses y-blendli2B& () -qqqqrrrhH84,!141,!141098& ()-,!41098& ()-,!410%
8& ()-,!14109B& ()-,!41098& ()-,!41098& ()-rrr"r)rhHs4, 141, !141098& ()-,!410%
8,!141098& ()-,!'41098& ()-,!4109B& ()-,!'41098& ()-)r*r3r:r?rlL, hH84,! 41098&
.()' 141098& () -, ! 410§8& {he Witlod according to claim 26, wherein the blend comprise
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rrrrrrrg
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rerrl L, _?8w,!141098& ()-,!'41098& ()-,!41098& ()-wg t
$(*- 24rrrrrrr _C8w, I410%3 141098& ()- 1 41098& ()- '410%3& ()- '410%3& ()- I4
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Dz! HILMNOPQkOB4M' | 109 9&' () - 9" ! 10%x9&' ()-9"! 109 9&' () - % ! 109 9&' ()-"! 109 9&
T()-"1 10998 ()-"! 109%9&' () - QRSUNVUAKCBAM f F10% #&' ()- wf F10%8& () -0
W FLO%& (0 ddIMO& () - M8 Dz! nPK| [: 34M  (109%&' ()-w ' 10%SBetstynst
"1096& ()- # 100B& ()- F'#1096& ()- | f51098& ()-Kw|[:34M f 29! 109%8& ()-w
0GLOYBE& ()-w ,/: 1098& ()- -1 1098& ()- +1098& ()- L*#1098& ()-t%d [: - 410$
&M 10988 ()-w : | 109%& ()-w 810%& ()- FIM 1098& ()- 5! 1098 ()-

"1098& () - XbA410$  110% 2% & ()- y10% 2% & ()- " 10% 2%’ & (

L 10% 2% & () - S10%g$’ & M10%'>$&()
Y10% 2% & () - 10%87$ & ﬂgﬁé@%‘%’%éﬂ?& 26194@&%&%&%111 qd| [ : A410$
s110% 2$' & () addihg @Bupgdebasiomer folydBerBoGise id 161BMIARL & ()- |, #10% 28 & () -
. 10% 2$' & () - ?@ABNQbt VU410 "910% R$: & ()- S 10% R$: & ()- | 10% R$: & () -
910% R$: & ()-10' 2$' 10' 2§’ 10' 28" F10% ?$' & ()-t 0| [: vU410 | Z"109%%& ()- @
10% RS: & 0 Y Z'10% R$: & ()- | 10% R$: & ()- s10% R$: & () -
'$110% R$: & ()-1|[:-410R$ | 7° $109R$& ()-y 21 10% R$: & ()- Y-110% R$: & ()- (
10% RS & & ()- YL'10% R$: & ()- #!10% R$: & ()-JbA410RS ~"10% #: & ()-3

"10%' ()-3 10% R$: & ()- " S10% R$: & ()- LM 10% R$: & () - LORS1ORS| [ : A410R$ V"
10%R$ & ()- |y@10% R$: & ()- !10% R$: & ()- Y10% R$: & ()- 10% R$: & () -

10% R$: & ()- H [: A410R$ 34 10% R$: & ()- 210% R$: & ()- Y@ MLO% R$: & () -
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