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FI ELD OF THE | NVENTI ON The present invention relates to highly del am nated
hexagonal boron 10 nitride powders, a progess for making such powders, and

the use of the resulting powders. BACK ND OF THE | NVENTI ON Sever al

met hods for mlling boron nitride, in particular, hexagonal boron 15

ni_triide ('i'h-BN') airﬁl WDIELA Q'Em i, 0@; ; Cg‘;ﬁir mlling
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particle size of about 10 m a surface area of about 5 n2/g, and a

t hi ckness of about 100 nm is mlled by grinding with tungsten carbide
nortar (WC) in air. The: ] Haair Q' ¥l i 20
is to increase the sur é@g?gg}% “ 1g§eﬁzegkﬁpomd§i?rt g<la6rde gat?[ﬁg alé:lanlﬂgl its
reactivi§y. SYHgIMNo.r60/20800846nfilediMayty2000. f or 24 hours, the resul tant h-BN
powder has a | ower particle dianeter (2 n), a higher surface area (54
n2/g), and is slightly thinner (71 nm. The data reported by Hagio
suggests that the final geonetr f ' IS not dependent
upon the starting powder puri tyﬁ%?%%%%ts a reduction in the
25 platelet thickness, Hagio's mlling operation primarily results in BN
particle fracture, thereby reducing the particle dianeter, resulting in an
i ncreased surface ar ealhe presgnSinventiosrelaigs to kighly3lelmuinatsd hexagonaliboran g .

("Tsuyoshi "), it is .reported hat..hi gh,sur e D ghl ti - BN
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conponents. In each exanple in Tsuyoshi, the virgin h-BNis 30 mlled in
either air or nitrogen. The present invention is directed towards providing
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Several methods for milling boron nitride, in particular, hexagonal boron
15  nitride (“h-BN”) are known in the art. One conventional process for milling h-BN is
disclosed in Hagio et al., . Am. Cer. Soc. 72:1482-84 (1989) (“Hagio™). According to
Hagio, a virgin h-BN powder (characterized by a particle size of about 10 pm, a surface
area of about 5 m*/g, and a thickness of about 100 nm) is milled by grinding with
tungsten carbide mortar (WC) in air. The apparent purpose of Hagio’s milling operation
20 is to increase the surface area of the h-BN powder, thereby increasing its reactivity. When
milled in this manner for 24 hours, the resultarit h-BN powder has a lower particle
diameter (2 um), a higher surface area (54 m?/g), and is slightly thinner (71 nm). The
data reporied by Hagio suggests that the final geometry of the milled powder is not
dependent upon the starting powder pﬁrity. Although Hagio reports a reduction in the
25  platelet thickness, Hagio’s milling operation primarily results in BN particle fracture,
thereby reducing the particle diameter, resulting in an increased surface area.
| In U.S. Patent No. 5,063,184 to Tsuyoshi et al. (“Tsuyoshi™), it is reported
that high surface area, highly reactive h-BN powders are useful in providing high density,
pressureless sintcréd h-BN components. In each example in Tsuyoshi, the virgin h-BN is
30 milled in either air or nitrogen.
The present invention is directed towards providing an improved milling

method for producing h-BN powders.



SUMVARY COF THE | NVENTI ON The present invention relates to a powder

conpli sing hexagonal boron nitride particles havi ng an aspect rat 04 @7 2004
from about 50 to about 300. 5 . The present invention also relates to a
met hod of maki ng del am nated hexagonal boron nitride.powder. This nethod
I nvol ves providi ng hexagonal boron nitri ge powder and mlling the

hexagonal boron nitride powder in a mixtufe under conditions effective to
produce del am nat ed hexagonal boron nitride powder having an aspect ratio
of from about 50 to about 300 A Iﬁhe] present invention
relates to a nethod for extru%mgﬁw I's method involves
bl endi ng a powder conprising hexagonal boron nitride particles having an

aspect ratio of fromabout 50 to about 300 with a polymer to forma blend
and extrudi ng the bl enbhe pressotinventionxtlated 4o a pneder ecomptisingdwezagenalblirove t o
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dry mlling procedures of the prior art increase the surfate area of the
BN particl e leexagoral hotoy nityidppowder] €hisrmethod evplves providing hexdigonab hotdne
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Figure 1 is a graphic showi ng the structure of baron nitride, where many of

30 these uni farmilendpndextrydingsheblend thrpughy ansextrder undesconditions affeativede r on
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of h-BN psoduced by  The method of the present invention produces more highly delaminated,

high aspect ratio boron nitride powder. Whereas the dry milling procedures of the prior
art increase the surface area of the BN particle essentially by particle fracture (i.e., by
_ reducing the particie diameter), the method of the present invention provides similar

increases in surface area but does so by particle delamination (i.e., by reducing particle

20  thickness). The resulting boron nitride powder has a high aspect ratio (a large particle
diameter and a small particle thickness) which is useful in certain applications, ¢.g., as a
ﬁroccssing 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

Figﬁre 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.



conventi onal dry n1II|ng procedures. Figure 4 is a graph show ng th
speci'fic surface area particle dianmeter, and thickness effects of %ﬂﬁlﬁmﬁ
powder of the present invention. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The present invention relates to a powder conprising hexagonal boron
nitride particles having an aspect ratio of fromabout 50 to about 300. The
aspect ratio of 10 a particle is determTred by dividing particle dianeter
by particle thickness. Hexagonal boron nitride is an inert, |ubricious

ceram c material havi gnal crystalli structure (simlar
to that of graphite) ‘Hﬁ‘rﬁ\@pﬁj%taﬁ\{éggéag OLORRICEAG d i@bfﬁﬁﬂ%‘{“cﬁ‘ighre(of h- BN
can be easil | to Figure 1, which shows hexagons of
an h-BN par f:%/%‘ﬁéﬁb%%ﬁgm%nnégk%&#dr?‘ﬂe h-BN particle platelet is the 15

di mensi on shown as D iFiguré gwa?%rhphallmngﬂtﬁpemﬁedurtfﬁceamal; partielediiameten, on. BN
is covalently bonded in the plane of the a-direction. The particle

t hi ckness i gnd Hucldiessefiactsp §H‘UBN pegvder of thprespntiBvendiPendi cul ar to di amet er
and is referred to as the c-direction. Stacked BN hexagons (i.e., in the
c-directfon) are held together only by Van der Waals forces, which are

rel atively weak. Wen apETALEWDESCRIPTION OF THEINVENTEON Van der \Mal s

force is 20 inparted across of the planes of BN hexagons, the weak Van der
Waal s force is overcone and the planes slide reI ative to each other. The

relative ease with whi¢h these anes I de agalnst each .qt her ma
be one of the reasons ﬁlirpr'fsﬁﬁt ‘HP"Q}WOPJBIPECHQ §,p%\ydq L “F‘r‘?gg'ﬁ’éagé’ﬂﬁlgtﬁ’lr nt g

the particl %%ﬂgégrtn% aWala g%n%%[feét ﬂftlo%tffrloﬁ?é’ﬂouﬂmtbtabggt 3002 THe a e@tfﬁﬁélbfy

at | east abou re preferably, at |east about 60 n2/g. The
25 speciti ¢ aparficle s ctatmuurfdbyhhvﬂn@pqﬂmle dmireter:bytpymchaﬁlﬂoknmasur ed by BET
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bonded in the plane of the a-direction. The parficle thickness is the dimension shown as
Lc, which is perpendicular to diameter and is referred to as the c-direction. Stacked BN
hexagons (i.e., in the c-direction) are held together only by Van der Waals forces, which
are relatively weak. When a shearing force greater than the weak Van der Waals force is
20  imparted across of the planes of BN hexagons, the weak Van der Waals force is overcome
and the planes slide relative to each other. The relative ease with which these planes of
BN slide against each other may be one of the reasons for the high lubricity of h-BN.
In one embodiment, the particles have a surface area of at least about 20
m?/g, preferably, at least about 40 mz)g, and, more preferably, at least about 60 m?/g. The
25  specific surface area of the h-BN particle is typically measured by BET adsorption
technique, €.g., using a Micromeretics, Flowsorb I1 2300 (Norcross, GA).
Preferably, the particles have an average diameter of at least about 1
ﬁlicron, typically between about 1 and 20 pm, more typically between about 4 and 9 um.
As used herein, “particle size” or “diameter” of the h-BN particle platelet is the
30  dimension shown as D in Figure 1. This is typically measured. by scanning electron
microscopy and laser scattering techniques using, €.g., a Leeds & Northrup Microtrac
X100 (Clearwater, FL). In addition, the particle diameter D)o is typically at least about 2



m nore typically at l.east about 3 m As used herein, D10 dianeter _is the
di améter at which 10%.of the volume of BN partic¢les is smaller th8# G0
i ndi cated dianeter. Also, the particles preferably have a thickness of no
nore than about 50 nm nore preferably, between about 10 and 40 nm and,
nost preferably, between about 5 10 and_g£0 rim The particle thickness is
t he di nension shown as Lc in Figure 1. This is typically neasured by

scanni ng el ectron mcroscopy (SEM, calculated indirectly from SEM
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Delamination of the h-BN powder of the present invention exposes newly
cleaved BN surfaces which are readily oxidized by an oxidizing agent, such as water or
20  oxygen. The oxidizing agent reacts with these new surfaces to produce B;0,. Although
it is believed that the presence of B,0O; during milling is associated with particle fracture
as opposed to particle delamination, as described below, some B203 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,0; 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 percenﬁge of B,05 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 B20;, more pfeferably, from about 0 ppm to about 200 ppm B;03. Low B20;
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).
Altemnatively, for use as a processing aid in polymer extrusion, high

residual B,0; content may enhance particle dispersion within the melt. Thus, preferably,



resi dual B203 content nmay' enhance particle di spers; on within the nel E T
Thus, preferably, 0 4° OCT 2004 5 for extrusion applications, the h- lﬁﬂc 2004
powder of the present invention has at least 0.5 wt% B203, nore

preferably, fromabout 0.5 w%to about 5 wt % B203. However, for process

ai ds where food contact with the polynmer_4s possible | ow B203 content, as
descri bed above for cosnetic applications, is desirable. 5 The present
invention also relates to a nethod of making del am nated hexagonal boron

nitride powger, Tmmbﬁ abfiichiachs, (R BRPoRdRHd{thEdreditaoRARDN REY &t Teabt 0.5 Witk

powder and m exagonal boron nitride powder ina mlling mxture
under  condBiOQ Iﬁi?orefpf'éfatabl\yefrbm qbomdhi et¥hab abotrfowtid Ba®x afowever for processt r i de
powder haV|n an aspect ratig om about 0 bout 300. .10

Preferably, & ﬁ@fhﬁ@xfaaéﬁa!mﬁdﬁ’@h EPP MEE 1S RRRED 36ORteNY a3 deseribed

hexagonal structiu{ g%n?&wgssl?{ahgf chl Typ| cal I y, this starting powder is

pr oduced by rea a raw, essentially turbostratic

(anor phogis) boron nit %é@rds@mdﬁ'iennbﬁeso rlgeotoed method of Makmgsielm&ﬁhﬂé@l
Devel opnent with Crystallization of Hexagonal Boron N tride," J. Mat. Sc'.

Lett. 16: 795eﬂ@6niél]1:®9¢l) nitride potwdes msaw;hqdnamlp@ﬁrm@élwemm@ Roremce). In

a preferred e 0d|

crystal | i zaffgfic PRY! ‘?{ B&Fl R h?&eqlﬁﬁ#%ggéé %%’io%ﬁlé%&d@%\l\g’gér l&ﬁ P%fgc Wﬁlgﬁ ugler
about 1400 EBncﬁﬁQle &reclivf tAR8MiceYefaminatePhé@gordl bbrdnaatide pBRUE dvirigydn cal | y

acts to produce nore coarse h-BN powder, as the fine, <1 mcrystallites,
of turbostra&psctmbdﬁrﬁmahuwsém sﬂmub’mﬁ more ordered (crystallized) and

| 1 d | i cal 20.enbaqdi ,

the hi gt i red b BN Eé"vwafgra%ﬁg Hesagar LR nittidp pown s highBherdss g
I,

mor e typica \)léve@n A ou 41 8&}"%& W%lg%(’eb ?@kﬂcﬁlly,ttﬁ'ﬁ sttt fhvitteBN ﬂ?@&\ﬁ@ﬂ bya

conpri ses b he mIling mxXxture.
subst ant i al I%ighefire” h’eatmaiaﬂofm%ﬂ sssastidly tuibestrzﬁmddmorplnns) betdn mtmiccpowler

Slurry 25 (e Rasies! ahoMiFgr RS L SR CRYRARRG A R Bodte
v e O
mol ecul a5 Werefdfénca). c fins prefersarednthodimentoa Suptarbostratic BN poeaier havinge
| crystallization index of less than 0.12 is heat treated in nitrogen at about 1400 to 2300 °C
for about 0.5-12 hours. This heat treatment typically acts to produce a more coarse h-BN
powder, as the fine, <1 pm crystaliites, of turbostratic powder particles become more
ordered (crystallized) and larger (>1 micron) dﬁring the heat treatment. In typical
20 embodiments, the high fired h-BN powder has a particle size of between 1 and 20 pm,
more typically between 4 and 9 pm. |
Typically, the virgin h-BN powder comprises between about 5 and 30 wi%
of the milling mixture. If substantially less than 10 wt% is used, then production
efficiencies decline. If more than 30 W/a is used, then the viscosity of the milling slurry
25  increases, leading to less efficient milling.
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 liguid is any liquid in which B,O; is soluble.
Typically, the liquid milling medium comprises between about 70 and 95
wi% of the milling mixture. If less than 70 wt%% is used, then the viscosity of the slurry is



30 enbodiment, the liquid is any liquid in which B203 is sol uble.

Typi tally, the liquidim|ling nmedi um conpri ses between about 70 and060CTif0,
of the mlling mxture. If less than 70 wt% i s used, then the viscosity of
the slurry is 0 4 OCT 2001 -6 too high for efficient mlling. If nore than
95 Wt % is used, then there is a sacrifice in productivity and the added
burden of renoving a | arger vol une of sot@ent if a dry powder is desired.
The mlling nmedia, according to the present invention, may have an 5

aver age di aneter of fron1ab§k$gl mmto about 20 mm Preferably, the mlling

media is cdeg bighdpr effigigniyaiing. lEmpregham 9 veredgused; then there i/ saerificedat 3 nm

Suitable mlling.. [ 8yl T L a.: L Das, 811 can
wtrde, o ey B Sia e ehBoing iech tila of it Bl
oxi de. The sid&iefl. the mlling nedia can also be used to affect the aspect
ratio of the mlled material. In particular, mlling with fine 1 nm 10

zirconi a produces an hIBmitingimedipagiending totke presenp inventidne maydave &r t han an.
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(i oper Sant - aserAes diametes i om spoie i f e €0 gl betessbly b8 il P G -y

Sui t abl e di | i ; : 436,
Nekal , and tscﬁ’gﬁ?'?ﬁ@# @gl?gglﬁ:%%p%‘ﬁrdgéﬁﬂé odi ﬁ%ﬁ%%&%ﬁlﬁ 1 and
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ball mll is . : AR . -RT . r her
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esired, mlling tines of _between 8 and 4 ours are preferred. If mlling
is perfor nedPQ@TISE%@”tW%Ieg“ﬂW%,StMQPLh is insufficient delamnation. If

mlling is performed f r 8 .h@\ : q . Of
increased mlling ti msﬁxrﬁgom&g\%ﬂrotaﬁmg%nﬁmaw.ﬂ]egsa{uf1?@@&??%1@?}@%@2%11&%“r a‘g§°%§l|r€a of
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that, in sonme enbodi nents, the tenperature of the mlling mxture
i ncreased si Bhodapen£Q0/436 Nekalgandbe friton segiesper at i on. Since t he
15 In other embodiments, between about 1 and 20 wt% alcohol is used to

assist in the wetting of the h-BN by the water.

Typically, the milling of the h-BN powder is undertaken by a wet milling
approach, e.g., in a ball mill, attrition mill, or vibratory mill. Ifa ball mill is used, then
the preferred milling media is steel or other suitably magnetic materiat to aid in the

20 removal of milling debris by magnetic separation.
' In situations in which high aspect ratio h-BN is desired, milling times of
between 8 and 48 hours are preferred. If milling is performed for less than 8 hours, there
is insufficient delamination. If milling is performed for more than 48 hours, there is the
added cost of increased milling time. | However, as milling time increases, surface area of
25  the BN particles in the resulting powder increases. .

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,0; increases according to an Arrhenius rate law with temperature, it is
possible that this increase in temperature affects the ultimate B;0;3 cbncentration.

30  Therefore, in embodiments in which low B;0; powders are desired, the temperature is
maintained at or below about 30 °C. Otherwise, the temperature of the milling mixture

can be increased.



production of B203 increases according to an Arrhenius rate law with 04 00T 20p
tenpérature, it is possible that this increase iin tenperature affects the
ultimte B203 concentration. 30 Therefore, in enbodinments in which | ow B203-
powders are desired, the tenperature is nmaintained at or bel ow about 30 T.
O herw se, the tenperature of the mlling, mxture can be increased. 0 4
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(not it 40t hicokteat is)assotlatest widk pewslycontrollpdiparbeletfragture.ne adhesi ve nature of

t he boron oxide produged durin \lLing c s h -BN particle Q.sti.ck
toget her when they Coﬁfﬂgcr??son@gwhgngr%a?fﬂg(ﬁs FongEn P‘é’g‘bﬂ‘%ﬂi’eﬂf‘é‘iﬁﬁwg
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promotes shear 25 forces parallel to the BN platelet, thereby pronoting
del ami nat i onthe particle (not its thickness).

Alternatively, it inay be that the adhesive nature of the boron oxide
produced during milling causes h-BN particles to stick together when they contact,
forming a sort of rigid agglomerate which essentially locks each h-BN particle into a

20  constrained position. When this agglomerate is eventually caught between the high
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 cbnventional 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;03
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 liguid medium that promotes shear
impact between the milling media and the boron nitride or removes B;0; from the surface

of the BN. Is it further believed that the liquid medium has the effect of removing the
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medi um t hat pronotes shear inpact between the mlling nedi a and the boron
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during subsequent lam nation is al so washed e water, the cycle
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hi gh aspect hen the liquid s be one
‘whi ch readi |BNmpewdees 8203 fromthe h- BN particle . (to prevent particle

fracture and pronote m. nat i on case | i dsho | d be
one in which I55)203 i s hﬁ@]ﬁ} 9‘°§6‘F?P51)“é)f(‘€° ’@qﬁ H%ﬁﬁﬁﬂmégeaﬂﬁéwg |ty
of at | east I |
mlling li qu?SBQ&a Oan%litsde“?ﬁa ance ca %&ﬁglﬁlygg%ﬁt# hEEht% et er m ne
the nini mum gaides indesited, Ithermghe liqajdisHowld bel ore wmdzabaiﬂyaﬂﬁﬁv&scﬁz&fﬁmﬂm h-
effective renoval of 8203 fromthe BN surface. O@péhe'q%g hand, if the
mechani sm foBNmﬂﬁml%(tﬁ@fWW%‘é@?a%@é PENNOfE Aleeminati gﬁgﬁﬁe opgESpibe| i ng,
th
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mlling so be de 0 pro uceta| BN part
whi ch are nopf at least 0.01 grams/cc). Given the B2O; solubility in the selected milling liquid, a

material balance calculation may be used to determine the minimum ratio of milling
liquid volume to total B,Os to achieve effective removal of B,O; from the BN surface.
On the other hand, if the mechanism 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., 8 powder having thin platelets on the order of
BN 1-2 microns in diameter. This mﬁy 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
tl 989), which is hereby incorporated by reference) in order to produce both delaminated
and frachlfed 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



only very thin, but also sonewhat fine, e.g., a powder having thin

ol atel ets on the order of BN 1-2 microns in dianmeter. This may be %HFE@@B
by conbining the mlling nethod of 25 the present invention with dry
mlling (see, e.g., Hagio et at., J. Am Cer. Soc. 72:1482-84 (1989),

whi ch is hereby incorporated by referencga In order to produce both

del am nated and fractured h-BN particl€e€s.”In particular, when the average
particle size of t he h- BN povvder is between about 1 and 10 microns (n), a
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i nst ances, uctton In thé dianmeter of the powder provides the
benefit of effe@ivedd podabedélaminatadpaftinles Havimgs dismetenyf foam taboutdsyraw albsdut
typically inproves the honogeneity and, therefore, the perfornmance of the
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condit} ons yRLERELL 6fh&’n§a"r§ﬂ'ﬁﬁ§kﬂ.ﬁ'5@ FAEaB dd fbRSNARMNGG 26 A, %‘a&&r of
0 . m re re

from about a out erably, e resulting miled h-BN

powder has aahictddiampreD,§ ﬁtbieav&ﬂdb@ttlhﬁn ahd 26 jeamsmofequeferabbebeativest aboatist
about 20 n2/g (preferably at |east about 40 n2/g) and a thickness Lc of no
nore than al:iqun abd 2 yrpr Bre&rablwthn grymilling mmnmm afier mitling ﬁtﬁ@ome

ticle di t Di t t .1 d 25
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after m 10! | e, RfRer, Rieldrl ﬁﬁuﬁg\eﬂ@m als0 teltarred dut Beford m&w&mmﬁguﬁpng
milli rredlaa ing | wet 10 m || owever

milli ng coulﬂﬁmkpmﬁmanmwieomceswmmﬂﬂﬁy 8#11@%3 msubngmwd@rtodry
mlling, it may be ndgggé&ry to carefully wash and dry the resulting powder
to renove rrég‘PH'EJEHS‘ JAnot her aspect of the present invention is a

met hod for extruding aAH&h&eAaged@efm%feseﬁhh&mhheﬂmemlmmnhhm@cu mélteh
powder conprising hexagonal ron nitride 15 particles havi n% an aspect
pramchi

rati o of fropnlﬂhthlﬁﬂnmﬁIOdbmﬁlvéB@ﬂbndmgl’a rovslsr gomprising hexagonal
trudi ng the bl d th d
i spor sel’ ¢ nEBOFORAYIRE 7l taeartd of BT eh B 35 e AEOH 0§ Mqlﬁﬁ%r'tﬁi?ﬁan
extrusion o QT&Hnd é}ﬁm‘ﬁﬂ% tﬁéﬂeﬁﬁa WRBigh &fh&uﬂﬁém& EdndRtidnd eﬂmmeas Bisﬁcrse
e

pol ymer. s of thernopl astic polymers which can be used
accor dance \/\ﬂt:ﬂootd'nanp‘rd@smrttchsnb@nghm the polymer to form an extrusion product

In one embodiment, the polymer is a thermoplastic polymer. Examples of
thermoplastic polymers which can be used in accordance with the present invention
20  include the polyolefins such as polypropylene, e.g. isotactic po}ypropylcne, linear
polyethylenes such as high density polyethylenes (HDPE), linear low density
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, typically
butene or octene. Any of these thermoplastic polymers can be & 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

fluoropotymers include the melt-fabricable copolymers of tetrafluoroethylene with one



20 include the polyolefins such as pol ypropyl ene, e. g'. I sotactic 04 0CT 200
vol ypropyl ene, |inear. polyethylenes such as high density pol yet hyl enes 4
(HDPE), linear |ow density polyethylenes (LLDPE),e.g. having a specific

¢ gravity of 0.89 to 0.92. The linear |ow density pol yet hyl enes nade by the

IN. SITE(r) catal yst technol ogy of Dow Chgﬁ\ ca Conmpany and the EXACT*
pol yet hyl enes avail abl e from Exxon Cheni Corrpany can 25 al so be used in
the present invention; these resins are generically called nLLDPE. These

| i near | ow densit ol yet hyl enes are copol yners of. et hyl ene with small
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O her thernopl astic polyners include f| uoropol nmer,s npl es. of
f 1 uor opol ynﬁm‘bon atanesd Spegitic sieh manapierciapi eﬁéﬁ‘mﬂ(ﬁthx Q;fpropy vinyl ether).

e ST ) Sy B

hexaf | UOfODflG@H@a@np‘@ Theseamt dlbbiher@ e‘iﬂu&ﬁﬁteﬂl Butlessttharee to ten
carbon atons, such as perfluoro(al kyl vi né ether), wherein the alkyl
1

group cont aipesfi@rinatién canehersed. £oo nmmﬁp.dbﬁ: @In@nﬁﬂlﬁ% abwke Alorapelymes is

fl t 5. P f t he fl [
ber 1 uor | nassremshly RASRY S5t ¥ Exnl b sish robuier® Hbmalf aou ot GRRaTERg, ©
372 C. Thes aﬁ'be%&ﬂ%ma@fe‘fraﬂﬁ&oaﬁﬂtewemyﬁﬂé 884 cllbfotfifsdtodthyiene/ethylene
perfluorination can be used. For exanple; the fluorine content of the

f | uor opdDy meopolymeps. ef er abl y at least 35 wt % Exanples of such polyners
whi ch are not perfluorinated.and. use ncl.ude

tetrafl uoroet hyl ene/ etffﬁq %d%‘(ﬁﬁ“xﬂ?@}egﬁ %%Qlﬁmeﬁ@ngmﬁe 10

copol yners. Jgf mﬁmo%wp%lﬁ%rph i Bppdr&ifR HHER R ?tdﬂfeﬂas&maﬁra&m poMiAémsdrd rom

pol yolefins " to fluoropolymérs, it i's apparent that rran¥mot er
t her nopl ast iusefud hrytierpsesamanvmen ulllisuch ﬂxgrrpolelsssmpqlmm vrmeln\viscasitigs

ol t - ext r udibrB el Bexrs GEUABHIP. t he art . the pol ymer may contain vari ous
ot her adxgi tives and nEgidunBng in Hech, 8% poYratERhy bdAif vaddils Jth Gldifides
agents, foam ng agents, and fillers (e.g., mnerals), to adjust the
properties odndredifietsysaeh as UV stabilizers, antiblocking agents, oaming agents, and fillers
(e.g., minerals), to adjust the properties of the polymer.
Preferably, the amount of boron nitride powder in the blehd 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.



Preferably, the amount of boron nitride powder in the blend is from about

0-5000 ppm nore preferably, from about 100-1000 ;ppm and, nost pref @ralfTy00;

. from 20 about 200-500*ppm Blending is carried out in a mixer, such as a

: Vv-bl ender (see Exanples below). Suitable extruders include S|ngle screw or
twin screw extruders, as are known in the art (see U S. Patent No.

5,688,457 to S$uckmaster et al., which rdlhereby 25 incorporated by

reference). Extrusion nmethods are well known to those of ordinary skill in

the art and w Il not be explained in detall herein (see, e.g., U S. Patent

No. 2,991,508; U S. Phtensembadimentiths mstipod of extrupen efihe pessens Ipe@tian 7 ¢ o
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to a hopper, which feeds the extruder. The polymer is nelted in the

extruder which i npar Isysanother @nluodsme@tr the bornsnitids powder ofdhopresent i de
particles throu hout t he p 04 OC.T 2004

Erbod! et . B %mxirecsmﬁ@;% my@ tihergp i pfoegeniite, SR broast st
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desired cen?ratl oron | ride powder in the extrusion product.

In yet anot lembiationl e providdesymergisticdffeci. de powder of the present 5
i nvention may be conbi ned with other polymer process aids, such as

fl uoroel astonmer process aids (e.g., Dynamarr by Dynecon, Vitono by DuPont

Dow El-astoners). Such a conbinati onEgmmpEEsde a synergistic effect.
EXAMPLES 10 Exanple | - Conparative anple This conparative Exanple
demonstngtes the inability of the conventional, dry mlling procedure to

produce hi gh_aspect ratlo h- BN. Threle mlling experiments were performed on
a 4-inch, | dxamplgdy- Comgprajivefix cyclonil|l (Dayton Tinker Conpany,

Dayton, CH). Al eXperfkﬂ?Eﬁrﬁpat?ﬁ%rEﬁ%ﬂﬂib @emonstrates the inability of the conventional-
dry milling procedure to produce high aspect ratio h-BN.
| Three milling experiments were performed on a 4-inch, 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 w1th Stoddard solvent millhé 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 correspondﬁngly 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 powdei-.

30 CTF35, 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 D1g of approximately 3.4 pm. Its graphitization index is >0.40.
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Analysis of this data indicated that the Lc as reported by Hagio is not the appropriate
measure of particle size, shape, and surface area. Instead, by measuring size by laser
scattering and confirming by scanning electron microscopy, one can see that milling as
described produces a high surface area powder by delamination of BN platelets. The
increase in surface area is linearly correlated with the input of milling energy (time). The

delamination milling results in a minor change in particle diameter as measured by laser

scattering technique.

Example 3 — Analysis of BN Powders as an Extrusion Aid

U.S. Patent No. 5,688,457 to Buckmaster et al., which is hereby
incorporated by reference, reports that certain foarn cell nucleating agents including boron
nitride, when added to thermoplastic polymers, significantly extend the maximum
extrusion rate before the onset of gross melt fracture. Buckmaster teaches that such
powders are preferably in the range of 0.001 to 5 wt% and have particle sizes of between
about 0.5 um to 20 um. Buckmaster also teaches that BN particles less than 5 um, and
usually in the range of about 2-5 pm, are preferred over larger BN particles. Yip etal., ©
The Effect Of The Boron Nitride Type And Concentration On The Rheology And
Processability Of Molten Polymers,” ANTEC 1999, Tech. Papers, 45, New York (1999)
(“Yip”), which is hereby incorporated by reference, examined the effect of different BN
types on such processing, and taught that: a) agglomerated powders are undesirable; b)
powders having high oxygen and/or B,O; (such as about 5 wi% O and 2 wt% B,0;) are
undesirable; and ¢) powders having good dispersability are desirable.

In an effort to further understand the dynamics of BN as an extrusion aid
for polymer processing, the usefulness of the powders presented in Table 3 below was
exarnined under substantially the same extrusion line presented in Buckmaster and Yip.
In particular, the affect of changing characteristics of the BN powder on the maximum

shear rate at the onset of gross melt fracture (“GMF") was studied.
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AS# = analytical sample number.
® My is the mean diameter of the volume (average pamc!e sme).
¢ D10 = 10% of the volume is smaller than the indicated size.
5 4 150 = 50% of the volume is smaller than the indicated size.
¢ D90 = 90% of the volume is smaller than the indicated size.
! 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 &
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,0; residual content (more than about 20 ppm) may enhance

particle dispersion within the melt (in the manner analogously described by Buckmaster



undesi rabl e; and c) powders having good dispersability are desirable. In an
effort to further understand the dynam cs of BN as an extrusion aid042§Cfmm
pol ymer processing, the-useful ness of the powders presented in Table 3
bel ow was exam ned under substantially the sanme extrusion |ine presented

I n Buckmaster and Yip. |In particular, the affect of changing
characteristics of the BN powder on the -t num shear rate at the onset of
gross nelt fracture ("GW") was studied. 30 0 4 OC T 2004 -16 Table 3.
Powders exam ned for use as an extrusion aid for polynmer processing. Mx.
BN SEM Shedor caltiiifl G@ratiosate @rdysrpaiit a¢id sits)r Of nate, this indifg dyspardntl@ (w

NDLODS0DS0 Samterisy Yabs fonciusion B0 Bed: 5 1deabl, Jogmipre when using BN as
processing aid, it is desirable to use a BN powder having at least 0.5 wt% B,0;.
The prior art conclusion that fine particle size is important is not at all
5  supported by Table 3. .

Although the high surface area powder perfofmed the best, the powder
with th.e lowest surface area (CFT5) was the second best powder. Therefore, it does not
appear that surface area per se is a large factor in determining the utility of a BN
processing aid powder.

10 Therefore, high fired BN powders having a high aspect ratio and possibly
a minimum B;0; 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.
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5. The powder according to claim 1, wherein the platelets have a

characteristic diameter greater than about 1 micron.

6. The powder according to claim 1, wherein the platelets have a Dyg
diameter of between about 1 um and about 2.5 pm.

7. The powder according to claim 1, wherein the platelets have a thickness
of no more than about 50 nm.

8. The powder according to claim 1, wherein the powder has a
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;0s.

10.  The powder according to claim 1, wherein the powder comprises at least

about 0.5 wt% B,0;.



-17 for calciumtetraborate and organic acid salts). O note, this ﬂﬁr@(ﬁﬂﬂ@"
capparently contradicts Yip's conclusion that 02B203 i s undesirable.
Therefore, when using BN as a processing aid, it is desirable to use a BN
powder having at |least 0.5 wt % B203. Tti? prior art conclusion that fine
particle size is inportant is not at al 5 supported by Table 3. Although
the high surface area powder perforned the best, the powder wth the

| owest surface aea (Chilahod WS mhidfigS BARRMARAS helUAIRT bordhSiglde! owddr does

not appear that Sur e area per sé Is a large factor in determning the
utility otompf®ing:pr ocessing aid powder. 10 Therefore, high fired BN powders
havi ng a high aspect,. rati o an 0ssi b a, m ni,mum B203 content are the

|
most desirabl e JBPViAingG %Pﬁg‘.iélm‘f’%t?dﬂ the invention has been

descri bed in detrﬁiﬂ%q?et APorPnitride! pewdert in0R. niiflingS midey whdad t hat
such detail is sole or that purpose, and variations can be nmade therein
by those séudifiem éffective taptoduce Helaminntgsdohaxiagonal borent nitrideppawder Javing @pe of

15 the invention i,ch iis defjned he following clains. 0 4 OC T 2004
18 WHAT ISSFGEWPNE\g? ‘.HWOBB%@‘E’BB%Q "si ng hexagonal boron nitride

pl atel ets having an aspect ratio of fromabout 50 to about 300. 2. A
powder according to claim1, wherein the platelets have a surface ,area of

at |east about 2Q.n2/The Bethvdecpudingrtoaalainy 41.nwhereincsaid providipg CpBPHSEShe

pl at el ets_hav, surfac area.of at.|l east about 40 n2/g. 4. The powder
accor di ngh{?gllﬁ? ' ,W@?Hﬁ? GPOVISi cles platelets have a surface area
of at |east about 60 n2/g. 5. The powder according to claim1l, wherein the
pl atel ets have a characteristic dianmeter &reater t han about mcron. 6

1 :
The powder accorldi ng The methpdraacording taxslaim &, whereiaithe hexagonal bopprpnitnide, ot o
of between ahout 1m and.. t; 5 : e powder according to claim1,
wherein tﬁgwaf’r;haélamléégﬁﬁl? |cqgﬁgiseg§0'@

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

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 an
average 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,0; is soluble.

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».



of no nore than about 50 nm 8. The powder according to claim1l, wherein
the powder has a «crystallization index of at |east 0.15. 9. The pagdﬁg
according to claiml1, wherein the powder conprises no nore than a 1584
ppm B203. 10. The powder according to ghai m 1, wherein the powder conprises
at least about 0.5 wt% B203. 0 4 OCT 2004 19 11. A nethod of naking

del am nated hexagonal boron nitride powder conprising: providing

hexagonal boron BI tr :#gt@%gﬁndpg?&qgon&ﬂgw Qﬂ} ?&fé@ﬁpﬁﬂlm Qi i frérmde

powder |namII|hg t1ong tive to produce

del am nat gbut 96 ag% @ abbor 0wtk of thtanitlingimixtireyvi ng an  aspect ratio of from
about 50 to about 300. 12. The nethod according to claim1l, wherein said

provi di ng conprises high fi re treating raw boron nitride powder. 13. The

net hod accordi ngyto G[Lﬂglrggtﬂ(}d flfég,gmﬁl NERABS @ mpRifgd nitride powder

has a crystallization 1 ndex of ast 0.15. 14. The nethod according to
claim11, \Ahereladdhgad)q)emgnrmlthé)mlhngmlxmwde powder is from about 5 wt %
to about 30 wt/% of the mlIling mxture. 15. The nethod according to claim
11, wherein the mlling mxture conprises a mlling nedia and a mlling

liquid. 16. Thezg‘;t h%ﬁf&ﬂ&ﬁh&&&%ﬁ}é}&lm {iPfurthbescRmptisidge M| 1ing media is

zirconia, steel I'ls um na con nitride, silicon carhide, boron
car bi de, cal ci uraddingifrben about regfret aboub20 wets alcpholindhevmiliing mis®es-di ng t o
claim 15, wherein the mlling nmedia has an average dianeter of from about
1 mmto about 20 mm 18. The nethod according to claim15, wherein the

mlling Iiquid ixg anyrhel hétbd adcordifg t'c1BaD B1,ivwheséth the milliddis chtrtednoit ffierd
according to claim15, wherein the mlling liquid is water, rmethanol,

et hanol , pbmp&dtﬂursﬂombams hdwsners of | ow nol ecul ar wei ght al cohol s,
acet one,

24.  The method according to claim 11, wherein the milling temperature is
no more than about 30°C.

25.  The method according to claim 11 further comprising:
dry milling the hexagonal boron nitride powder before or after said milling.

26. A method for extruding a molten polymer comprising:

blending a powder comprising hexagonal boron nitride platelets having an
aspect ratio of from about 50 to about 300 with a polymer to form a blend, and

extruding the blend through an extruder under conditions effective to disperse
the boron nitride platelets throughout the polymer to form an extrusion product.

27.  The method according to claim 26, wherein said blending comprises v-

blending.

28.  The method according to claim 26, wherein said the blend comprises

from about 0-5000 ppm of the powder.

29.  The method according to claim 28, wherein the blend comprises from

about 100-1000 ppm of the powder.



or supercritical CO2. 04 OCT 1004 20 20. The nethod according to claim15,
wherein the mlling liquid is from about 70 wt% to about 90 wt% of the
mlling mxture. 21. The method according to claim 11 further condyd 8L,
addi ng a dispersant to the mlling m'xg re. 22. The nmethod according to

claim11l further conprising: adding fr about 1 W% to about 20 w%
al cohol to the mlling mxture. 23. The nethod according to claim11,
wherein the mll [ ’ fier s .
24. The net hod :}?cor &ﬁ‘ﬁ;’ﬁé a&&r:%ﬁlﬁ%mker el ﬁ‘aﬁgﬁfnﬁ Fﬁg@?gﬂn%gﬁture S
no nore t Rgdut 20500 gﬁ.ofzﬁepaimemet hod according to claim 11 further
conprising: dry mlling the hexagonal boron nitride powder before or after
said mlling. 26. A rrethod for extruding a nolten polymer conprising:
bl ending a powd claiy lad16k Blae Bawifag an
aspect ratio of% rom %tﬂg%gf%’ﬁgg%% 9\’VI ?h&gingge?rrer to forma bl end,
and extrudfcagfhﬂea@hmdmhnﬁglgh an extruder under conditions effective to
di sperse the boron nitride platelets throughout the polynmer to form an
extrusion product. 27. The nethod according to claim26, wherein said
bl endi ng corrprl S V ' dwﬁg,@ tdlets Hafé Bisufdace
wherein said th(sajabl er;lﬂr1 co%??g?a%%?g%dgﬁ)g? SO%MBE% of the powder. 29.
The net hodreamatldastgbbmwlm’i/gn 28, wherein the blend conprises from about
100- 1000 ppm of the powder. 0 4 OCT 2004 21 30. The nethod according to
claim 29, wherein the blend conprises from about 200-500 ppm of the
powder. 31. The th@ﬂx@rﬁ&lﬂb&’h&&r&ﬁg% elaimaﬁ, whéreirethe pldieleiihave hstfadeave a
surface area of at l'east apout 20

area of at least about 60 m"/g.

34. The method according to claim 26, wherein the platelets have a
characteristic diameter greater than about 1 micron.

35. The method according to claim 26, wherein the platelets have a Dy
diameter of between about 1 um and about 2.5 pm.

36. The method according to claim 26, wherein the platelets have a
thickness of no more than about 50 nm.

37. The method according to claim 26, wherein the powder has a
crystallization index of at least 0.15.

38. The method according to claim 26, wherein the polymer is a
thermoplastic polymer.

39.  The method according to claim 26 further comprising:
mixing the extrusion product with virgin polymer under conditions effective to
achieve a desired concentration of boron nitride platelets in the extrusion product.

40.  The method according to claim 26 further comprising:
adding a fluoroelastomer polymer process aid to the blend.



32. The nethod according to claim 31, wherein the platelets have a surface
.area of at |east about 40 m2/g. 33. The method according to clai m 3204 0CT 2004
wherein the platelets have a surface area of at |east about 60 n2/g. 34.
The met hod according to claim 26, wherg'gn the platelets have a
characteristic dianmeter greater than aBbbut 1 m cron. 35. The nethod
according to claim26, wherein the platelets have a D10 dianmeter of

bet ween about | pm and about 2.5 m 36. The nmethod according to claim 26,
wherein the platelets have a thickness of no nore than about 50 nm 37.
The net hod accorgi ng 4 o WWS&@QH&@]&M@M@@@MM nitridggiateletsz at i on
i ndex of at |east O0.15. he net hod accord t"nf&HP im26, wherein the
pol yner i bawing e aspesipiatie of FopaabphbI0 tozho %g WPt ng to claim 26
further conprising: mXxing the extrusi on product with virgin polymer under
conditions effective to achieve a desired concentration of boron nitride
platel ets in thegext FA'?bl@ﬂmer:@d uorf}ﬁomﬁhsmg'et hod according to claim 26

further conprisin adding a f el ast omer pol yner process aid to the
blend. 0 4 OCT 2ugltpregessable poly ei] pr ocessi ng aid, conprising hexagonal
boron nitride pl b¥ flﬁemb lletsTHa @bout
300 and a fl uor bﬁbﬁéﬁoc gﬁéﬁﬂl@c corrp Srlia':[Pl orgm corrp?#zgl ng: vﬁ@

IOrOcessablag)eﬂﬂ‘aﬁaﬁ‘onﬁﬁisbw%ymﬁbow%@mxi;aﬂgorapelymerrpr| si ng hexagonal boron
nitride platelets having an aspect ratio fromabout 50 to about 300 and a

fl uor opol yner.




