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Accordingly, there is a need in the art for a method of forming poly(arylene ether)

powder into a compressed form that has better processability and higher density.
BRIEF DESCRIPTION OF THE INVENTION

Disclosed herein is a method for compression molding poly(arylene ether) powder. The
method comprises introducing a powder comprising unheated poly(arylene ether) powder

to compaction equipment comprising a compression mold and subjecting the powder in
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Poly(arylene ether)s are known polymers comprising a plurality of structural units of the

formula (I):
Q? Q!
O__
& o 0

wherein for each structural unit, each Q' is independently hydrogen, halogen, primary or
secondary lower alkyl (e.g., alkyl containing up to 7 carbon atoms), phenyl, haloalkyl,
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intrinsic viscosities are used, will depend somewhat on the exact intrinsic viscosities of

the poly(arylene ether) used and the ultimate physical properties that are desired.

Poly(arylene ether) is generally prepared by the oxidative coupling of at least one

monohydroxyaromatic compound such as 2,6-xylenol or 2,3,6-trimethylphenol. Catalyst

systems are generally employed for such coupling; they generally contain at least one
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ether)s include many of those presently known, irrespective of variations in structural

units or ancillary chemical featores.

The poly(arylene ether) is in powder form and may have an average particle size of about
50 micrometer to about 1500 micrometers, or, more specifically about 75 micrometers to
about 1250 micrometers, or, even more specifically, about 90 micrometers to about 1000

micrometers. In some embodiments the poly(arylene ether) powder has a wide particle
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alcohols; esters of thioalkyl or thiocaryl compounds, such as, for example,

distearylthiopropionate, dilaurylthiopropionate, ditridecyithiodipropionate; and amides of
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grd%t!@e bid@ﬁ'@&i@@ﬁleﬁst dukict RO LBREAY gﬂouﬁhfﬁﬂh@ﬁ e G groups may be
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d1 %ﬁ%ﬁéwﬁxchtﬁ 'dﬁﬁhﬁéld Q?Me%o@ FW?)O@ 318 NS @#M’/@e@dml suitable
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. exanpl ri phen S tric hat
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iEhb TR s SN UOPhenS) NS PS5 Japsabete,
b1s@dodec)%2 p-g‘lyldf pB&8phate, dibutyl phenyl phosphate, 2-chloroethyl diphenyl

phosphate, p-tolyl bis(2,5,5°-trimethylhexyl) phosphate, 2-ethylhexyl diphenyl
phosphate, or the like. A specific aromatic phosphate is one in which each G is aromatic,
for example, triphenyl phosphate, tricresyl phosphate, isopropylated triphenyl phosphate,
and the like.

Di- or polyfunctional aromatic phosphorus-containing compounds are also useful, for

example, compounds of the formulas below:



GOOO% Xn1J OP-OG ('32 X Xin & n OOr G
0 11 1~11 [I G-pO ONG & & wher

W%%\%'P{"le s independently a hydrocarbon havi ngPClT"V%"O(’:""’117"4
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hydr ocar bon or hydrocarbonoxy having 1 to about 30
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chlorine; in 0O to 4, and nis 1 to about 30. Exanples
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phosphor gs- cont ai ning conpounds include resorcino
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Met hods for the preparation of the aforenentioned di-
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British P te 2 043,083. Wen a flane retardant
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percent fl g né % etardant, based on the total weight of
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et heg)} % An xture having inproved cohesion
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atogﬂ?s each X i 1s independently a bromine or chlorine; m 0 to 4, and n is 1 to about 30.

Examples of suitable di- or polyfunctional aromatic phosphorus-containing compounds
include resorcinol tetraphenyl diphosphate (RDP), the bis(diphenyl) phosphate of
hydroquinone and the bis(diphenyl) phosphate of bisphenol-A (, respectively, their
oligomeric and polymeric counterparts, and the like. Methods for the preparation of the
aforementioned di- or polyfunctional aromatic compounds are described in British Patent

' No. 2,043,083.

When a flame retardant is present, the mixture may comprises about 1 to about 40 weight
percent flame retardant, or, more specifically, about 1 to about 30 weight percent, or,
even more specifically, about 1 to about 20 weight percent flame retardant, based on the

total weight of the mixture.

A binder may be added to the poly(arylene ether) to form a mixture having improved
cohesion between the particles of the poly(arylene ether) powder. The binder provides
flexibility in manufacturing articles using the compression molding method. The binder

does not cause irreversible agglomeration of the particles of poly(arylene ether) powder
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rolBFLIEE AT LR AP PR s

indd@dige Rinyb aﬁaﬂe Q:ifi gbihers taati gdolywedrghligonderd be etiyiepe viiybacetate |

hi% igg{ec%%lgﬁ%gn I? thig%g isggg Sollg%ct:r% S{%p%ﬁﬁg&eogm persed ina
stﬁ&%@cﬁ)ﬁﬁ%l@@%% C' J@h@%ﬁly@é@ﬁﬂhbfﬁ%ﬂhﬁen@% Lahle pleBnt m the

A-B- A type copol'yners are disclosed in, fo
dispzusioplie an bnSIntRA abeit 4&&%@1@ 68 vpight pswent tasegon the bptal Welght
Of% é;.és?e %3 3, 265, 765, and 3,594, 452 and U. K. Patent
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BB BRI PcAr PR BB ERE ) Sapy Bl el bpe
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3,402,159, 3,297,793, 3,265,765 3, 594 452 and UK. Patent 1,264,741, In one
embodiment the elastomeric block copolymer comprises polystyrene-poly(ethylene-
butylene)-polystyrene(SEBS), polystyrene-polybutadiene-polystyrene(SBS), polystyrene-
poly(ethylene-propylene) (SEP) copolymers or a combination of two or more of the

foregoing elastomeric block copolymers.
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carbonyl “containing conpounds, acid anhydrides, acid

bindeisdes, carboxyl ates, acid azides, sulfone containing
conpounds, nitrile containing conpounds cyano

On€ Y Ab21 RatGO B ggl%?lts mia$ QY He@he 1@%@ﬁ§y(a@ﬂ@:ﬂ'&eether) powder.
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Thtspdfrodmj/d congmmals mhaygact esrpinderd svhen gompresBen aiofingyis carried out
e{elygale undst oxazol i ne contai ni ng. conpounds, and thi ol
318@thpﬂlﬁ8r00npounds The conpression nol di ng et hod
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C b

B, A R TR0 g R
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and thiol containing compounds.

The compression molding method may comprise cold compaction or warm compaction
of the poly(arylene ether) powder and may produce a single pbase or multi phase
compact. A multi-phase (or two phase) solid article may comprise a fused cover of the
mixture surrounding a core of compressed poly(arylene ether) powder mixture.
Alternatively, a multi-phase article may comprise a fused binder extending throughout

the article. The binder may be grafted or end capped on the poly(arylene ether) powder.
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conprises a neans for,  nj xing onponent s t he
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thafiioo aguat 1) 2300 kgbau tsveﬁ@n@e spagifish. Hn@esswharmrmqmi ite 20W@rge
the applied pressure may be greater than or equal to

Thgboférg ri en Qtﬂ/ ow'dExO{nO% rb‘f P8 Glifn ﬁl@ldpﬁona@ 6@b&Hents#r to

, or, eve
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iy 196 TREE M FoGoRea 6 of AR S0P aher LY BF Cpflona
co1HPc§ri%n§9§é§z' Yl detgbd ¥mult@fdudlPenseq@éntRUyal to about 15

tons/cn2,” or, even nore specifically, less than or

equal to about 7 tons/cn?2. As used herein, refers

The GpelicdeRrrsoeret 00w LA (18 DEE SEFE FRFTFS (HBGR Jpiogbout 50.0
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speﬁﬁgsgﬂﬁ?gléee}t% boéjrtqualstg %QouCE§ 1:or1s/csr192 WSQ '\xﬁthtrpt'h% thitdi4fre applied

pressure may be less than or equal to about 20 tons/cm?, or, more specifically, less than
or equal to about 15 tons/cm?, or, even more specifically, less than or equal to about 7

tons/cm’. As used herein, ton refers to a metric ton.

Pressure is applied for about 0.1 seconds to about 100 seconds.‘ Within this range
pressure may be applied for greater than or equal to about 2 seconds, or, more

specifically, greater than or equal to about 5 seconds. Also within this range, pressure
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greater than or equal to about 1.0 glent®, or, more specifically, greater than or equal to
about 1.05 g/cm®. Within this range the density may be less than or equal to about 1.5
g/cm®, or, more specifically, less than or equal to about 1.1 g/lem®, The compressive
strength may be greater than or equal to about 5000 kg, or, more specifically, greater than

or equal to about 6000 kg.
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the Lﬁfarylene et her) powder or poly(arylene ether)
W%é%ﬂ M xture to the conpaction equi pnent, FEEUS2005/011754
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or renove gas, such as air, trapped between the powder

particles. Useful processing includes vibration,

ultrasoni fication, vacuum and the |ike. Gas, when

trapped in the at |east softened poly(arylene et her),

Afienintisduging dwspeady(eniavg ghhonspaypsice oy Qqa,]y(aﬁglenq pfer) powder mixture

X
o %}@?%}fﬂ@@%ﬁ)ﬁ\%ﬂ& 111\491‘3 'thlé(rﬁolw(ra]i& (9 gy y{rﬁﬁﬂﬁgne el;f\ﬂ%ﬂo%sgé?ﬁo reduce
or Eﬂm’d\mr@:st hehiandaluy Itldpg_:&ld Mmmnhatp@wdayph(aclemd degkful processing

aneous or, se uenti al | ction
incBigl BHEHER FHESPUR Py sHEm 1B oo ity ecd in the at
leald &&%n\eﬁtﬁug 1R QB! BHTRRNEMSed SURIUEASsip REMIng, the
In a eénder prior to introducing the mxture to

appdicetaen @filwa@wuna of gHfer ﬁléﬂloéké@%r@hdém ce or to the
feedthroat of an extruder. Batch or quasi-continuous

Wl'L, q er a [P%%a gdr?y é?lgfehfé e ﬂﬁ’g ?&gﬂ{iﬁg{qﬁg&- conf¥nents may be

addednghonkanesushpyr bequent fyodube dompact@nf@qugnndnmd" hp poty(ariylene
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blefiertphior fXihirbdlRing tROMiR0le)té ALy igNd a @htigsd pregetatevics or to the
d via a second feed port of thﬁ ext ruder and mx%gone
t

adde
feemfrﬁt Phan geiruden B@?Ch&éﬂua%@?tmuau% QW JBEYHIFE B U5
embédl&%%%ﬁé' &L Tand Bkl &:Shit | ?et e Rt o Wﬂ)ﬁﬁl @on%cﬁ‘lgﬁﬁ thay be

sent, the conpression usually occurs
mttodnq:ﬂdr dhur ﬁrsg rfesalt port ohian extiadernaid thteelmpéfvramdtﬁ of safered by

R o7 R sl DS P RSB Sl
ethe) FRESSE QBdRICHN b Seddid deddegvpiestahel egtngleg atiemixted avitt fhe molten
Tg of the binder and | ess than th? %_of t he
bm&@b yhsgiel e gccepd e p%miqwnsm of fhe Tisstfeet port
anor phous. The pressure applied is about 0.2 tons/cnR

Wﬂe‘i’l aalgiﬁ&'ér ié grés&ﬁsﬂl%"égmpWsﬁibh RistdllySoct @I attB@per ﬂtﬁlﬁzsgéﬁt@r than
ed may be greater than or_ equal to about 0.2

thetmévemrattm of e bindesgneldpssitiean thy 1 e of Swtnaly(@ryhane gther) powder,
| )
whglgg% bfn!lc%r ?ﬁb&%talﬂng aﬁ“ﬁ’@@ rﬁﬂalgsn sg):n oc@%xg lrét HR& Ig%ﬁl ature ]gr%atel than the
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[X be | ess than or equal to about 10.0 tons/cnR, or,
Whecifically, less than or equal to about 5.0
tons/chQ or, even nore specifically, less than or

The@teRburé Qpp'ﬂiéﬁtiﬁ aBou® 01 PRE4ERAR o about 20 tons/cm®. Within this range the
pressure applied may be greater than or equal to about 0.25 tons/cm®, or, more
specifically, greater than or equal to about 0.5 tons/om’ or, even more specifically,
greater than or equal to about 1.0 tons/em’. Also within this range the pressure applied
may be less than or equal to about 10.0 tons/cm’, or, more specifically, less than or equal

to about 5.0 tons/cm?, or, even more specifically, less than or equal to about 2.5 tons/cm’,
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c‘%Jpl_i ed for about 300 seconds to about 2000 seconds.
WOYWHI%hi s range pressure may be applied f QCTHBHE1754

than or equal to about 500 seconds, or, nore

specifically, greater than or equal to about 900
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ot her nethods invol ving spray drying, wped film
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h operations as sinple g,
newdesany, by |cbhdmmpmt1carcd warmubohpsean af dessebédabove. These

el ements include forward-flighted screw el enents
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e of the'material bein ruded. Such EQUIanHt IS
Thga@aﬁlftﬂaﬁgﬂtaezmhidmfmar@@ghted screw elements designed for simple transport,
and reverse-flighted screw and cylindrical elements to provide intensive mixing and/or
create a seal. Particularly useful are counterrotating, non-intermeshing twin screw
extruders, in which one screw is usually longer than the other to facilitate efficient flow
through the die of the material being extruded. Such equipment is available from various

manufacturers including Welding Engineers, Inc.
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2005/ 105921 PCT/ US2005/ 011754 Using the cold or warm
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The compression molding method may be used to prepare pellets having any arbitrary
shape. Particularly useful pellet cross sectional shapes include spherical, cylindrical,
cubical, elliptical right prism, ellipsoidal, cylindrical with torrispherical heads, elliptical
with ellipsoidal heads, rectangular or square right prisms, rectangular or square right

prism with rounded edges.
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Further automobile part examples include instrument panel, center console, meta console,
glove box, airbag, defroster garnish, air duct, heater control, steering column cover, air
defroster, door trim, sunshade, roof liner, pillar cover, pillar impact absorber, bonnet air
scoop, radiator grill, signal lamp part, fog lamp part, door handle, door mirror, door

panel, quarter panel, battery tray and battery housing.

Also, the compression molded poly(arylene ether) may find application in the aerospace

industry. Applications include missile and aircraft stabilizer fins, wing ribs and panels,
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0.38 grams of poly(arylene ether) powder was introduced to the compression mold at
room temperature. The piston was fixed, and a hydraulic compression press applied a
pressure for 5 seconds, after which the molded piece was taken out of the mold. These
molded pellets were tested under compressive load in a Zwick Z010 machine, and the

load at which the pellet started to disintegrate was measured which hereinafter is referred

as the compressive strength.
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EXAMPLES 4 TO 6

The same procedure as in Example 1 was carried out, except that the mold consisted of a

cylinder of 16 millimetres base diamster.

1.5 grams of poly(arylene ether) powder was filled in the compression mold at room
temperature. The piston was then fixed, and a pressure was applied by a hydraulic
compression for 5 seconds, after which the molded piece was taken out of the mold.

These molded pellets were tested as in Examples 1-3. Data is shown.in Table 2.

Table 2.
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Table 2. 17 WD 2005/ 105921 PCT/ US2005/ 011754 S.
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, > ressure was appj.ied
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ethem) pbatikre 3. Table 3. |1 Pam Hei ght D matsi Wi ght

Density Conpresive Conpressive Conpte% ve S.

T [ Rati o Load Shength Shess 7 25 1 19.64
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temperature. The piston was then fixed, and a pressure was applied by a hydraulic

compression for 5 seconds, after which the molded piece was taken out of the mold.

These molded pellets were as in Examples 1-6. Data is shown in Table 3.

Table 3.
Fix. | Tempetatse Pressug Height | Dimension Weight| Density | Compressive | Compressive | Compressive
Ratio Load Strength Stress
7 3 T 11968 | 0817 | 93 | 0733 1982.56 202,10 977
8 25 2 11617 099 | 99 | 0913 | 738922 73323 3643
9 25 3 [ 1543 | 1041 | 301 | 090 | 963325 08402 47.59

No separation or cracking was seen on the surface of these compression molded pellets or
tablets. The compression strength of the compression molded pellets in examples 7 to 9 is

less than the compressive strength of the pellets in example 4 to 6.

EXAMPLE 10

The same procedure as in Examples 4-6 was carried out, except that the raw material
used was a poly(arylene ether) powder with an intrinsic viscosity of 0.46 and containing
about 35 to about 45 volume percent particles with a size less than 100 micrometers.
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subj ecting the powder in the conpression nold to a
pressure of about 0.05 tons per square centinetre to
about 50 tons per square centineter at a tenperature
| ess than the glass transition tenperature of the
pol y(arlyene ether) powder to produce an article
having a density greater than the unheated

(aryl ene ether) powder. 2. A nethod for
CLAMY

1.

ression mol ding of poly(arylene ether) powder to
produce an article, conprising : introducing a mxture
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centinete
pov@r&aterdhanéme @ahpat%bgoiu(andeneathermoamfx ive, a
nodi fyi ng agent or a conbination of the foregoing. 5.

Th t I 4 t he bj nder i
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ol Ao e at%#“?énﬁéaﬁﬁﬁ%wbﬂaiﬁn@’ HadngnBoyfaiiehe sther
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I nt rfqtﬂgcptlalgparf))/ene etheo) powder to form an article having a density

greater than the poly(arylene ether) powder.

The method of claim 1 or 2, wherein the article has a compressive
strength of about 5 to about 3000 kilograms and a density of about 0.6
to about 1.2 grams per cubic centimeter.

The method of claim 1 or 2, wherein the powder further comprises a
binder, an additive, a modifying agent or a combination of the foregoing.

The method of claim 4, wherein the binder is crystalline and has a meit
temperature less than the glass transition temperature of the
poly(arylene ether) powder or the binder is amorphous and has a glass
transition temperature less than the glass transition temperature of the
poly(arylene ether) powder.

The method of claim 1 or 2, wherein the compression mold is
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10.

8. The nethod of claiml or 2, wherein the

pol y(aryl ene ether) powder conprises about 1 to about
20 vol une percent, based on the total vol une of
poly(aryl ene ether) powder, of particles having a
particle size I|ess than about 100 m croneters. 9. The
nmet hod of claim 2, wherein the binder is heated prior

R B 1

solution and the mxture is subjected to

. g‘lev?h@%éﬁfdooﬂf a1 'of 20 HHMeRUPCEIRBrd SioR HiskiYstheated

after introduction of the powder.

The method of claim 1 or 2, wherein the poly(arylene ether) powder
comprises about 1 to about 20 volume percent, based on the total
volume of poly(arylene ether) powder, of particles having a particle size
less than about 100 micrometers.

The method of claim 2, wherein the binder is heated prior to blending
with the poly(arylene ether) powder.

The method of claim 2, wherein the binder is in solution and the

mixture is subjected to devolatization prior to being subjected to
pressure.
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