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compared with the shear imparted in three flighted twin screw extruders. These
reduced shear rates result in lower degrees of dispersion and mixing. It would
therefore be advantageous to utilize an extruder wherein the screws are designed to
operate at high speed and therefore provide high throughput, but which impart an
amount of shear to the polymeric blend effective to disperse the resins as well as the
impact modifier adequately, so as to advantageously obtain impact properties which

permit the use of these blends in automotive applications.
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Figure 3 is a sectional view of a screw wherein the second mixing section has 2
flighted kneading blocks and has one reverse flighted screw element and a length to
diameter (L/D) ratio of 7.1.

Figure 4 is a sectional view of a screw wherein the second mixing section has two
flighted kneading blocks and has three reverse flighted screw elements and a length to
diameter (L/D) ratio of 6.7.
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use in the multiple screw extruder may alternatively be assembled from several
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is also possible to use two and three flighted screw elements. As defined herein, a

‘flight’ is a raised ridge helically disposed about an elongated cylinder, which
constitutes the screw. A flight may have forward or reverse pitch, and the degree of
pitch may be varied. In general, the conveying sections are comprised of screw
elements having a forward pitch. As stated above, the screw may have multiple

conveying sections and it is preferable to have at least two conveying sections for
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In general, the first conveying sections comprises a plurality of single flighted screw
elements wherein each element has a L/D of about 0.5 to about 4 and a pitch of about

5 degrees to about 35 degrees. The preferred L/D of a single screw element in the
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The second conveying section has an L/D ratio of about
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heating) to_which screw
conveyed to the first mixing section, while the polymeric resin from the second

conveying section which generally comprises polymeric resin fed into the first
conveying section and any additional polymeric resin fed in at the second conveying
section is fed to the adjacent second mixing section. The mixing sections generally
comprise a plurality of screw elements set up in a manner so as to enable the

plastication of the polymeric resin. Plastication, as defined herein, refers to the
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action subjects the polynmeric resin. In general, the

screw elenents utilized in the m xing sections are
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wipésstlxlertawléalescnﬁthwfei;tamdnuse yerva. nchisroriging letmort keeps material from

oﬁgrtewelél %lng nore than two flights
St%ﬁ? Clifte B} TP BPEEG © el ement's having two
fllghtsn‘ desired. The L/D ratio of the sumof all

THeWRixingd gHotierh ar@ R ALIShed ﬁérﬁ&ﬁ@@dﬂv\éﬁngfseéthﬁis bk dRé pféﬁence of
design of the flighted elenments) to t /D ratio

a k@aémgmlca@qatz@e Hest ersbend adorading bigck: #cthe mcaargalqnd of the
Se&LoSPAJS&T% A Jﬁ?sgﬁ%:' é@ﬁ%‘ﬁﬁ Q%I%W‘elé nt];olﬁ'se@ﬁ&té g’ompnslng a

sinplepr nsiktiphe eeveise dlighted karewi etlémaatfoan\hanﬂecp bt the dlsrchmge %ad of
pitch or_peutral pitch with respect to the d| rection
thpeqiiony e Thamiking Jestisn R SPYiREY short ceayeyingaglegentspprgferably

ha?ﬁg%h%/le)ﬁfgﬁmﬁs%&ﬁ b bIHREAtH UnllHbibSksONe Wherein

As discussed above, the mixing section while comprising a plurality of screw
elements having two flights, may also have screw elements having more than two
flights. Screw elements having more than two flights may also be interspersed with
elements having two flights if desired. The L/D ratio of the sum of all two flighted

elements (irrespective of the order or design of the flighted elements) to the L/D ratio



Is transmtted downstreamtowards the di scharge end of

the screw with the rotation of the kneadi ng bl ock,
wohnilmeH28 ever se pitch kneadi ng bl ock is one WAeT/@52004/008352

the material 1is transmtted back towards the feed end

of the screw or upstreamwi th the rotation of the

kneadi ng bl ock. A neutral pitch kneading bl ock is one
ofithe pamnroitalidlighied elaments haviigmpre then twe dhghts istabgued.d Hembout
9forvvard or backwards with the rotation of the screw

It is to be understood that the general nass of

pol ynmer is conveyed fromthe feed end to the
Tl sdkiap gechng mby tdompeixd kuetelinge birkwheith a foargd pitthibedverse

of neutral pitch kneading blocks are used since nost

pifgh QHREUEPE R §’ltbtrﬁ$neﬁtef& tbﬁ dimetiane plelfpv of dog melteqy Pplyymeric
e A A O A BT A i
is prahgmisted clomasirean) sovwapdethe slischargeiead bﬁﬂ@escmvdwuxh thehmtatlon of

thFe %éq%? glﬁ)vg,rw ! I'Q E%v%gsg }8{% gacﬁl n%}pc&(tolg Ersie IW B‘ft rea}fllaterla,l
is W%ﬁﬁd%ﬁgk R Pne KORBGANT d?é &k dr pa%aiﬂ Gith3he rotation of
arts a gr eat er anount of S ear to he pO neric

thc é@ﬁardm@ diooko npameattalivpitth kheading ekl ik mea dvhegeln Ithe pelymeric

repiog RO o R K e BRaRiadct e "6RCOnaF e sore- 1

is @6 bé hﬁdéi“st&b@ ¢ha$ Gfel defibral thRsSoffPolyMer Baskveyed ot the f8dd end to
ynmeric resin as it is subjected to shear

the discharetod ofithysaFeTPVeR WS Aduigs GSEDA! boMpbMTh Iseading
blgﬁa{esn%'? lﬁ & %1¥1Cé Fj%rsr{e {r;qf)@l%treé%?eg{gg hffleeda\g; thE ! {;rg%f%ré Eglggtgd for the

dd\hendagr@mveiande D ehes polymerric rieSing@ideheck \thel @sndralbdigection of
rease the ratio _of _neutral qr reverse kneadi ng
trame ekide mass of pRlymern Esin 18 fowards ke dischagpepad of thej exiruder.
desirable to maintain a ratio of reverse kneadi ng
W10 elSudedff l&feﬁ@ﬁg bl ei:%ll ?ﬁrté)gheaf‘gpﬂﬁ% é)glyl'nérﬁ: resin, the
about 10 wth gi ven XI ng section simlar
useefmeverse andsneugeah nedding blosks mt)}j)aartld:ldammnpatta|argraatmamnount of

of peutral, kneadi ng bl.ocks to forward k ead|
soir BEAA PODINED SO0 0HED QPR S Joh REFD e Dlocks
bet@seitRdpolyRrib hédif AlcipRodtestdagk andtth & i g&&&ﬂl’ﬂr Moves towards
kneadi ng bl ocks to L/'D ratio of the sum of

the disehagge rirbaliiha gnikingsrefiang Ehiemovingtbagk aid @)rﬁwe@ﬁth@polwmenc

ref B kb st iR R 4h stk it ne Pefsion pE e dhpsifjop gpmgonents,

padficuldr®y theriinphctahddifier; waiwdll las eedblegdiby of sslyherit rédisatln @rder
of the sum of aII reverse kneading blocks in the first

tofngeess the degwsh of dispsesian, 3t is @nﬁﬁaﬂardeylrah%@ tQjinsrqage the ratio of
e f LEVRY, ck 1€;

neElf}%)f ?E\? %‘g}& @éélﬂ}n%nglg% l%SaF neggﬁl ng %% %%&!k% t eé%le%gs]’t it is

degirable tp maiitaina ratto abeuérsd kheadatpoblbckisGo fatveard kn@ﬂﬁfgrlﬂdcks of

ratiQ for,the L/D. ratio of the sum of a} for

abgHte Qch anngClé within @a-giver jmgixing section. In a 51m manner it is

generally desirable to maintain a ratio of neutral kneading blocks to forward kneading

blocks of about 0.1 to about 10 within a given mixing section.

The L/D ratio of the sum of all forward kneading blocks to L/D ratio of the sum of all

reverse kneading blocks in the first mixing section is about 1 to about 10. The
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of the sumof all neutral kneading blocks in the first

m xi ng section is about 3. It is generally desired to
whasa/obdiesrati o of the LID ratio of the first PECRUSD04/008352

section to the LIDratio of the screw greater than or

equal to about 0.1, preferably greater than or equal

to about 0.15 and nost preferably greater than or

pretpueed reto Siydbe LA ratiorpfdheism phall Edriverd kneeflipghiledkd te héD ratio

[ ' ' her .an i.th.the i. t
o S/ PSP g5 RGP LR e g 3 e 2
Siuikalyi thg desitedkatid of tHeDBumdbf 811 MrwihEksdadingfbladis to the L/D ratio
reverse_kneadi ng}@bl ocks in the second m xi ng section

of ll neytal kneading, blogks i thefisst mixigetection iszaboyt 1 &p abowg 10. The
je f ' .
Pief el dtend Db BB i LAY LSRG RAREKTL Pt

of the stve cfati awdtrali kueading blockoin the fisdd miking. sectisinnis hbeutya.

the desired ratio of the sumof all forward kneadi ng

bl ocks to.the L/D ratio .of .all_neutral. kneading. .
1oy gEneGalhncqeiied o Pate thesdmi o B Dot Seheifinet migingisseiion t
th¢@/D kBo oPiRIs8restehidf ihan bP Eiﬂall’ﬁ) S bat Fféf&ﬁbl h@ea8dtthan or

of all forward kneading blocks to L/Dratio of the

eqgahicodbaait 0. 13eundrmadst lpnefandblygerbatecthen ion eqind tg ebard.2 in order to
1 X ecthon s about 5..1t is enerally desired i

e B LR Boly e iieh o s T Dl BT Rest giflrs.
section to the LIDratio of the screw greater than or

TRSLAD rdtid eabelbufd .of all F6:0faed kikadingr slatlertotllPriats of #@dam of all
to about 0.15 and npst preferably greater than or
reygiga knegding hlacks ip the, sefoad mixgng seolientis wbpyt bitesgontha  The

PASNERESE 5} D M 8 LB AU BB E5L a
ofStheesuttoob bl tlérghkachding baclks motheegcomgl mixiagysedloansrbsut 1.
SR B o A T R e bbiodh A
oftD{]u hORrap Rh¥ABNd BlobRSinthe W@ HRiddh@clb® 60U 1 89db&t 10. The

e mxing sections. Double fli'ghted reverse screw ]
prferediratio faythal ddratie aftheswpef alktbrward kneatimglbherkditmb/D ratio

ks i.n..the m xi tjon.,Th doub] . .
offh? §¥i5 o Ao abondlnd Bfpak e secopf iSRG FONS s 1is
gdrReAlIyeITr&c®td haw 1B rafilof MRy IL/D #a€idiof$he $ecndlinikifif k&fion to the
Lgﬁposme to the travel of the nass of polynmeric resin

tatiecel Be sceavparegtey thanersequalito albpup@. hauafepdly g@ater than or

AT R R PR BB DI 0 R i e

effisativélyeblend the poBxieti@tsinewith thvh dthdeandiwith the g@padtahddifiers.
desirable to have at | east two m xing sections

conprisin crew | ement s havi { least t )
Itfni’fgpg‘i’ﬁté’,naﬁ]ﬁ BF dFirabifoart gomae dovide M@Cﬁfqrwa&o HpEng screw
clbAbhQ intelfsgéﬂasd Saneed kﬁéa&ngw&g i s&%l e ﬁl&igg SectiBRgin order
to dianeter ratio of the Screwis about 0.17 to about

toOfabilitaté tthe maveimsnt afthe, pdlymenicl egsint tovands ket diséhasge end of the
ef.fective di]%) [Si.0

0 .
mixing sections. bl ﬂlgq'lteC{ reverse screw elements may also be interspersed
with the kneading blocks in the mixing section. The reverse double flighted elements
are generally utilized to increase the reverse flow of polymeric resins in a direction

opposite to the travel of the mass of polymeric resin and act as temporary seals thus



the inpact nodifier within the polyneric resins, the

l ength to dianeter ratio of the sumof the m xing
waeatioenssto the length to dianmeter rati o of tPeT/Ss100¥008352

is greater than or equal to about 0.2, preferably

greater than or equal to about 0.3 and nost preferably

eater t r e I about 0.4. The screw al.so

proffgfing e, Seafing; ol Ge molibstity oot ing S Soprgon g dReps, impect
modigiets AtidBYanthd RERKEd adj acent to the die and neters

the ampbunt of nolten polymeric resin fed to the die.

The metering section generally conprises single or
It ig cﬂ;ﬂ@ﬁ@ll{yl deshieble ochavg akleaseive ran@ngrﬁectwpﬁrmrrswg screw

r | I r

elexagrh fx gesagtr fg%p %\21%1’61?}11% r%é é)rf %ﬁ%g%@%ﬂélttiggdﬁaﬂa&ef Tatio

of the %maeﬁ thérﬁuﬁﬁg: ations W he 168eh todiamdted ritheoftthe sakwtib@about
extruder. The screw descri bed abgve may be utilized to

0.1% 1t Abow Guf-d Vithinithis yange, FoPifiepio Eacﬂrtéfe.qesefﬁﬁcflﬁe digpgrsion of
v i DAYl 88 R ik o or e
sumiref ﬁleknﬁgﬁn@&cﬁmslbtth@ ength toatibmetenpaiotof thoprewiiegreater than

or Rl b0 bePEEPOBRet 60 PRSI 1 g Addngnost Peferably

greﬁt%te{hHH% dl fo &%t 62, thernosetting resins, blends of
thernosetting resins or conbinations of t her nopl asti c

resins with thernosetting resins. Suitable exanples of
The M¢wmruiyafdsq opficanby eMammma@nng secésmn 'herm¢tenieg section may

be !5 té@ fl&agepé go 816: ac r eﬁ%&o :[%11(3{8]? 8€ gtﬁ% golymerlc resin fed to

the Rﬁ’é y atRyiheReng ts@c!tﬁﬁhééﬂ%f %'eaonﬂtﬁis}éb %ﬁ))gleE@ﬁdouble fh%hted SCTew
terepht hal ate, polyam de (nylon 6, nylon 6,6

elergenty and mqydypt@nqlb/ COIYPIEYE ONE q;rmqa,ryﬂgﬁ adipg | blocks as desued Itis
genggalllé' ﬁ tSI %ave &%l 1¥1@t{ fv%hg onpﬁ)e!t%é'é ﬁ% g(fnednrénxmg section

fone one

andsthéﬂiedﬁ)the patudenr yI ene et her) pol yvr nyl chI oride,
pol ysul fone, pol yetherim de, polytetrafl uoroethyl ene,

The, g arBes FPaibr BaY Hp BHLed J0] YoRhgl Vienauiegnbgplymeric
resn%g %ﬁpgf&aﬁhg GHAYRAP 46 R med id Hﬁﬂitﬁ’t@ Ahd @s?é’r‘si%ﬁ' of impact

| uoride, polyetherketone, polyether etherketone
mo@ldﬂeysewitbm & polymeric keattinesp asdp yqbtmmj syitable inepdet piopediss while

d
it 3l U L oS pRBrRic %% kR LS et et ins
blefaPohesndflasht @ass, Eeribtiimptedik] BlefiddsdMBerditetting resms or

t her nopl astic copolyners i ncl ude
congipgtionsiof thermoplgsticresine withyhermoseiting ssinge
acrylonitrile butadi ene styrene

SuifRle &3 ?ﬁ'ﬁlt(ﬁl %%%ﬁﬂé@gétfc[s' ﬁgfﬁtﬁgg Vﬁerrs]%rseﬁﬁ lyacetal

acrylonitrile ene rene
polmdrylﬁcewlyemeomee ppblystyrares ywodyeshylped, pébrpwpeteees polyethylene

terephthalate, polybutylene terephthalate, polyamide (nylon 6, nylon 6,6, nylon 6,10,

nylon 6,12, nylon 11 or nylon 12), polyamideimides, polyarylates, polyurethanes,
polyarylsulfone, polyethersulfone, poly(arylene sulfide), poly(arylene ether),
polyvinyl chloride, polysulfone, polyetherimide, polytetrafluoroethylene, fluorinated
ethylene propylene, perfluoroalkoxy, polychlorotrifluoroethylene, polyvinylidene
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et her)/ pol yam de,

pol ysul fone/ acrylonitril e-butadi ene-styrene,
w@oelgoatibonat e/ t her nopl asti ¢ ur et hane, PCT/US2004/008352

pol ycar bonat e/ pol yet hyl ene terepht hal ate,

poI ycar bonat e/ pol ybut yl ene t erepht haI ate,

rmopl astic el astoner all oys, ol yam_de/ el ast o
g&fey gelyxpy ﬂgg}tl%@pglettﬁg}f%}%ypléfﬁ er etherketone, polyether ketone

ketb®, %Wlﬁ?(ha 2 P8 l‘gé?ﬂ’e}‘lﬁﬂ&é’ L& %on)]'i)ﬁfaﬁgﬂ§ b&hpti§ing at least one of the

acét al ene- nma
%mhn}gjmeﬂmb}ﬂmﬁylrmimrl | e- but adi ene- styrene, polyether
et her ket one/ pol yet her sul fone, pol yet hyl ene/ pol yami de,

ol S tisa e ERmRENor hiseio dt TUOBIREY Ao U1 REpmaplasi

co;féiyrﬁag lﬁ&a&%tﬁam%@waad@neIsli?ﬁ-éﬂ@ﬁ&,@ﬁhidé s@$loffrile butadiene
Specific non-l'imting exanpl es of polyneric

styrener nﬂ@waegaw@smi@ntrﬂ@ibu@élenp@r}ymeet haerslonitrite urlyitadiene
sty By ™ lariier,ooPotya By L BERRTreR Y SR Gene

eth /pbandidy, egOl ng thernos etﬁdlmlfbﬁé’hmlonﬁhbdldﬁadiéne-styrene
ernDsettlng resins, as well as bl ends of

polw?ébw&r thermeplasdisi nyethpng tnedyansnata/ prjyethrleny stsrephthalate,

f
polbb TR BEET SHASH AT OB, | SRR E s
polpmhgd(:&ﬂaskgnms,epdlws)erﬁeﬁstdmermcpdﬁﬁhylpné yergsinlydl g obtbingriene

bl s e Rl s

ck r S o€ CO
Styl%gie’y ( a?&l ene eth e@@gk%i&ﬁ@)%\’)ryeﬁge?o mat ? ccC ? oun ds an ofmlde
polpcthyl(em/pblern@t&li hény)e,ne aprdpylhee |didre; nﬂmbdr(EBRbl arelt combinations

corGRE T8, e SRS BRSPSl AR CRly (1 1 ore

a pl urallty of structural units of the formula (I): 11

Spedic? 0044-DEAdES Bhabiple?084/ ?@Efﬁﬁﬁlc Qﬁeﬂlos@m@l redihs  include

wherein for each structural unit, each i S
polywgthgaerd e Raiuial hyehbst e wynthgtio gatbbenr |ena>ﬂy phenodise opelyesfers,

pol torr%i’?lslﬂﬁ onésf gm?1 ?“(‘t?{u ) ?:@g%!nﬁiéx Vil toBe 7 of a&go nforegomg

thehiyeetiogyr bemm(y Bialds hyfi rthemdsemm)gy rovivest easn vadll |agablends of
carbqon atons separate t al qge d ox
theraml&stwdﬁsmwtﬁ ithegmozgiting gath @EF yiitlpegy 3@%@%&65 polymeric
% t B R & 'Wedgower al kyl,
resil g%%ﬁachgﬁggﬁi}idﬂ drgz:é;%(g ogémg%al eodhdsdr ocar bonoxy
V\,her ein at |east two carbon atonms separate the
Thehatietsy epola((m‘ybngl g@herat rmm, igeludére polxdenylend esthds! (PPE) and
polg%q%%?}h@ c?% Warls gol’ymeé %% yi zlu'ly encce: %ﬂl%r)aetge\flibnomers;

and block copolymers of alkenyl aromatlc compounds with poly(arylene ether)s, vinyl

aromatic compounds, and poly(arylene ether), and the like; and combinations
comprising at least one of the foregoing. Poly(arylene ether) resins per se, are known

polymers comprising a plurality of structural units of the formula (I):
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Bot h honopol yner and copol yner pol y(aryl ene ether)s

are included. The preferred honopolyners are those
wa@oeonab41eg 2, 6- di met hyl phenyl ene et her units. PEIUSZN04/@08352

copol ynmers i ncl ude random copol yners contai ni ng, for

exanpl e, such units in conbination with

2,3,6-trinmethyl -1, 4-phenyl ene ether units or

copol ymers derived f®Rom cQpol ynerization of

2, 6-di net hyl phenol witk 2/3,6-trinethyl phenol. Al so

i ncluded are poly(aryl et her) contai ning noieties

prepared by grafting ononmers or pol yners such

as pol ystyrenes, as we s coupl ed Esly(arylene

ether) in which coupfing a@yents suckVas | ow nol ecul ar

wei ght pol ycar bonat es, qui nones, heterocycles and

for.mal s updergo reaction _i;n known manner with the )
VIR d%c% é%gm%mtvﬁ?cg&l;}-‘( a}%ﬁpg}ﬁl@n%x Redpeet, plhgen. grimary
or gs(r)elegrﬁﬁ?y JoRkd Qﬁ{gé ;()E’ge, CHLAr c&ﬁéiﬁﬁ?uggl%nﬁrcarbon_ atoms), phenyl,

(arylene et further inc conbi nati ons
haboatipyl,i smigalityl.) badrocaobeosf, hilehydibcarbonoiyewherein at least two

ol y(aryl ene ether) .has a .nunber average l.ecul ar .
caflRptiid Shiat D glateion e GoRCh RS Srabe TG fud a2 is
inddpendentty BRHrRYE" AERER) ?ﬁkﬂ@y ¥ei @béndaty ab@et alkyl, phenyl,

30, 000- 60, 000 amu, as determmned b gel ‘perneation
halsatkyhahyshyeeasbgnoxyhbalohytrgqaabaniosy é’VéElThl@ra)t lpasy twvacarhon atoms

Lntri [ ' it f .ab . t t. 0, .
sopfelel 17 SFOEEE S8 ot P br et S SRRy ea 3 i gttt or
phalflléspeidBy 0/ glkyBandeagied biydrogeh) or of orm at 25C. It

is al so possible to utilize a high intrinsic viscosity

12 WD 2004/ 094128 PCT/ US2004/ 008352 _ pol y(aryl en
Both hepopglyanes and \gopaypieh gplc.y?w@e% Sthep)s 5e¢ ygs&cifepie he preferred

. ot Lon: ermini FAbLO.
BT o LBl 2 I DR e a0 Syl
copalypwimtindudd hrandoxa copolytrern sostairisg ofirt exesnmé, stmh units in

Ly(aryl t h d and the ultinpte physical . .
coBRiRR iR S Bty A e bty R e R ) derived
frdrg dopelyaRdiMtiBh ﬁé@&@diﬁﬁé’cﬁy‘l}ﬁ;eﬁéi QatH 023,694 RkinypHeholat Also

~least one nonohydroxyaromatic conpound such as )
ingludedy gtee poly (anylede 3sther) rqomisining pheisties prepared 3t grafting vinyl

L T

wiitle Reoaplis GEPIe M such g Biwe SRoledul&o hlidht Ciulpeushates, quinones,
usual |y in conmbination with various other materials.

hefespqyiclas l2ad fgrmal padergrorepetinn indee v manmes with thedigroxy groups
p r e ‘ S '
of JoPBIFRrRete LRACchalY L phRIRE  BenchhER P i Votymer.
Pody(arydsick yther)s efdithet! inckide yqointhahdtionk csvaipeding atifeast bhe of the
position to the hydroxy group. Products

above.

The poly(arylene ether) has a number average molecular weight of about 10,000-
30,000 atomic mass units (amu) and a weight average molecular weight of about
30,000-60,000 amu, as determined by gel permeation chromatography. The
poly(arylene ether) may have an intrinsic viscosity of about 0.10 to about 0.60
deciliters per gram (dl/g), preferably about 0.29 to about 0.48 dl/g, as measured in

chloroform at 25°C. It is also possible to utilize a high intrinsic viscosity
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cont ai ni ng such end groups nmay be obtai ned by

i ncorporating an appropriate primary or secondary
woeeamize such as di -n-butyl am ne or di et hyl poi/N820a4008352

one of the constituents of the oxidative coupling

reaction mxture. Also frequently present are 4-

hydr oxybi phenyl end groups, typically obtai qed from .
poharyleng eteR: (Ads & HOW]ilEtﬁmﬁlcby’ls"B?lB’d Galy(arylene ether) in
combmﬁeﬂq'ﬁe&gﬁ. ‘?nih% aR'e&5&Mhtio, SHREGR! ih¥firsf Wscosities are uged,

copper-hali de-se ontfary or tertiary amne system A
willudepemhédnad wipt @opaht exact aftrihdie vizsobsities ofithe @oly(@ylene ether)

typically. constityting as ch as.about 90% by wei ght
usey] Anchfbe himyaie PR siea) e Afatary 5FCone of sai d
am noal kyl - cont ai ni ng and 4-hydr oxybi phenyl end

THIRURErylchR RS} isaggsi@m gizbaed v§ @ﬁ&bxihﬂimoxlpﬁﬁgbmqeast one
et'her) [pol yam de ends are a generl c famly of

morsdydroxkaromatiascompeny, setharagc2érivienpl bor t2hd0prmstyyinhenol.

f. an_am de_grou - @) . lon+6 A . :
ol aoHE Skl apbh el ool b Gued Ry By odbiain a
leskY @h¢ B he@Mempaiindeiih @b aCEpper, ehdlsasdt ot @sbalOth@pound,

pol yam des, however, such as nylon-4,6, nylon-12,
ushgllyoin-combinatiepwith wirpus gihepmattigls. and nyl on 6, 6/ 6T
wth triamne contents bel ow about 0.5 wei ght

Pagt%rugaﬁgﬁ urlrsgglﬁ Ba\gﬁt(s QU YsSFor FHAR lpgtr?po%gﬁe%rzeggﬁeptiﬂ% comprise

ul tfor partic ene
methdes) hpdhy atilest omp pdninedlkylrsntdihing Uends gwipy afhe aminoalkyl

rafifa” B gieaLE e iedrie oy G PENDIBIGHF dRdGD ERD. Products

¥R Srakifi K la@Proprift
AR AR Sy R e

or aist@idand mypoaminentish asf dipr-bulyberse o0 thylangige as one of the

cop RS0 ES I BB Bt L AR bl Ao
hydrexdBipheRy]l ol lged\nf, tybRalle ¥BERlee fronsreactic Mikgies & whith a by-

product of a caprolactam Nylon-6,6 is a condensation,
produsd diphengquirfing i peasend, especiallping eerpsHHalideniecondary or tertiary
Lii kew I i d i
ol 6R81, ALEP R, oPrfRREn SRt  AyRLeekeUEL e BRaly
coastitdtin@édianclseibdut 60Bdydweibn oftthe pplyeparmsy contaif at least one

ol yam des include azelaic acjd, sebacic acid,
ofgalé@@aa@dlayla@mﬁlmag aﬂéﬁrhyggowﬁwgﬁ%ﬁﬁa BEOURSd
i sophthalic acids, and the |ike. O her useful

| BAYARRC | hamiRey pdlyarhilie blend -
Tﬂay no%ﬁlziﬁyﬁ?hg?‘ﬁ%%?ﬂ g}ﬂ@?ﬁygﬁé‘n@o@ég o%exyle) lends arc a generic
famjlg-of iresins krrwmaspimd o, haregenized by the presence of an amide group (-

-di - (4-am_nocycl.oh [ ) propane, ,,ano ot hers. .
CEYTEFY oS R P EEh ent et LY dRORHE dpamidss and are
avail£bla kit y%&ﬁ&% of RemyastigiesoulRy] 0ghét polyeesided, howkvdrefigeh as

than or equal to about 400 milliliters/gram .
nylon-4,6, nylon-12, nylon-6,10, nylon 6,9, nylon 6/6T and nylon 6,6/6T with
triamine contents below about 0.5 weight percent, as well as others, such as the
amorphous nylons may be useful for particular poly(arylene ether)/polyamide
applications. Mixtures of various polyamides as well as various polyamide

copolymers are also useful. The preferred polyamide for the poly(arylene
ether)/polyamide blends is nylon-6,6.
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(mM/g) may be used in the poly(arylene

et her)/polyam de blends. It is generally desirable to
waois@4peligam des having a viscosity of greater POBDSTNG008352

equal to about 90, preferably greater than or equal

to about 110m /g when nmeasured in a 0.5 weight

percent (W% solution in 96 wt% sulfuric acid in

Pelzenidgnmes beiobkineddyForumber of progessss sydipsitheseylescribed in U.S.
I t iyl

PSS NGO, PO YATSIRNHS 2] S5TEA4N Ble e

2,51th606r I‘é;dum% tfox akeoniple 24802 rﬁodgnaﬁszaﬂeasprbml:tldf a cﬁplfialactam

MR PR e e S Kb ea ol v
n§119ne facm@tal éaﬂde&s%usﬂ re&!lcx (&wie%ﬁnsdl %1 %Si JA-dbhihobutane.

pol yam de reS| Conpat | ryl ene
Balcl%r@dll}pglaymlmotk@r isefiudl slizids fype ke @tdpyratmmff;mdyaxmdds include

w8 5 o P TG R Pt it Do el erpbitpGs Ay aphalic

add®, Nahd! i 1iRd Dpidredieyull BiahSnge ﬁﬁ:‘hﬂie' ih—?ﬁk/érﬁe\/ Qshrhifal di-(4-
t he conpati bilizing agent brings about a feaction

arm@pplwml)m@élapgl y(aryl dné¢t-eminocyclahekybinesthave) yani de 2ahdi-(4-
act i ducts | rov t he conpatlblllt
BRBhaseDpREaRo ) , e T e e P sann Ganorh § ofhers
Coptidyase of caftplattiali with MidcRis hdl Fidnfiney¥raaredisefhysi cal
properties such as, for exanple, |ncreased ductility.
Illustrative conpatibilizing agents for co%os itions

Pdyarpides bayipe en¥iseesier o1 sel thidy ghsfied tPridiout Oémllrﬂiltérs/gram
(na}g) %a}mﬂe eﬁr%d 3Rhyd nﬁsdif(ca?fléﬁgi Eﬂhgrg% }%fﬂ‘ﬂﬁ@ lﬂleg-]fdg isenerally

as Co I nati o risin east
ddsiyatdgdo mee pdlyamidieR omixfggmmaosﬂmdﬂﬁeﬁmvlm&a&auaummom 90,

npdi.ti ers ar ener al | dd o.the poly ene
PrEfe r?@.fbj E&éf%ﬁﬁlﬁ@r Sri S hout #b'rl %p%’@ %&5‘@?& T gveight
pdr@nt (R846) RB1AGATD6IWiSs ﬁﬂﬁlric%ﬁd &"h%coﬁﬁﬁée‘ Gith ﬂ?id)%m It is also
swtable thernopl astic i npact nodifiers are ck

geneyaly ythslr@le topti mp@ib'elmdﬁs Baving| milscosctapzﬂ lymﬂlsn an @qual to

h K
S50 WIS SI BB DGy Bl AT 0.
walbRdescenf (VY soliiearin Bb arbs sulfurisfabidlin iascor@ite hath 1I8CRB07.

i soprene or butadi ene bl ock. The butadi ene bl ock may
be partially. hydrogenated, M xtures of these_dibl ock

It dp Lenpraly of&élre*alsotoy rempatihilize fise prhiaryleng sathep) resin with the
oﬁ%ﬁlﬁ@ L &irf éoﬁ@g‘[ﬂﬁhﬁedb‘p&lg%%%é@ﬁ%&éiﬂlﬁﬁd@ﬂfen&g Ere%‘herally

ed to styrene-
maoifacstrgd enerqaotivy edhydumdngpiecimil@seyherein a compatibilizing agent

is gg#%i(tg)ﬁ‘lrnpgqeﬁyg %I Y o g‘;gg il%f&fl é?éﬁﬂé‘f?éy it is generally believed that the
o%aMEQan%%e%g&r&%gtaﬁg?ﬁgag?%ﬁtﬁﬁ %lene ether) and the

pol ystyre rene,
pobsnyide yiné thatpibese sapti@neroducts improve the compatlblhty between the

poly(arylene ether) and polyamide. This improved compatibility results in enhanced

physical properties such as, for example, increased ductility.  Illustrative
compatibilizing agents for compositions of poly(arylene ether) and polyamide include
citric acid, maleic anhydride, fumaric acid, malic acid, as well as combinations

comprising at least of the foregoing.
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pol ystyrene and

pol y( al pha- net hyl st yrene) - pol ybut adi ene- pol y(al pha- net
whydoanysiesie), as well as the sel ectively hydrpgensted008352

versions thereof, and the |ike. Mxtures of the

af orenenti oned bl ock copol yners are al so useful. Such

A-B and A-B-A block copolyners are avail able

Impgsiapeifigrs are meaemby adeesbio GF peblarziage qth?é)/wwwglde blends to

oG SR T ol UGS g e

themdgilastlh Enipﬁ&dﬂﬂﬁrﬁersl E@;ﬁ?ckaa@o@ﬁae,aﬁoru extanplé, SA-B diblock
enar T useful ampunt o act i

copeligs B ot SOPIEK GRECIHBIEORVREPOPNE Bf £¥0 Wit spmatic
bl ké’ Ao vﬁ{?&i‘tarelgeﬂ\@raﬁ)pr ?r@ﬂer % ck?n%xcf‘goﬂﬁobgr WMokt &, WhltCh is

12 wt % eSpeci al | preferre wherei n t he” wéi
gqnelraﬁy rdnaiyeprene er Jagatiersn block. efbé betadisng Hilodd malyebe partially

hy eos' ‘i{ct | %F r&ggeCL é{aﬁé et}ciglro{:lgdcole)o y(rjl%rsnE are especially

uSggﬂystyrene polybutad|ene pol ystyrene bl ock copol yner.
The pol y(aryl ene et her)/ pol yam de bl ends nay
optionally be made into conductive blends by the use

Suitableo AdB canidvA-Bredd icopelzmery nslugde blstr m n’ﬂ%I liited ¢emobistyrene-

RBLGRS: ofENAE B A GTRY, LBBSme it e
pdl@Eagahylgyreht)- myB@l@éfeQQ4ﬁ&§s@@ﬁé%@ﬂﬁﬁd‘iﬁiﬁ%ﬁﬂystyrene (SBS),
Commer ci al I%lwlval | abl e carbon bl acks nmay be any

polyviaRs-pls( W@P&]@Re)rmswf@@used i ﬁolffr%ﬁfwrm&yuswene-
t
PRI b BEER L T0h REOREE i Rabba ot

asumglbas the waledtbrely l@fdrd)gelﬂ*&dn&rmms theredf dndthedilte. Adixtures of the
limted to S.C.F. (Su er Co ducti.ve Eur.nac

afpremeptioned  plorl PPy  usely j & SHOBIAD apE A block
ogawérééﬂeedvaﬂm é\!sl%lﬁuegaau i%ﬁh 3 nBMbBCELE 3JuRRS, AkRAlkqg Phillips

referred carbon bl acks are t hose havi ng aver age
Peatauintimles thegsademesk SORRREDSY Sheld Chamirahoe und¢nthy frademark

RATER) b0 SRR yH R PR b gptemar

SEPEOKS nmay al so have surface areas greater than about
200 square neter per gram (nR/g), preferably greater

t han about 400 n2/g et nore preferably greater than
Agiseiil amopet fi ngpacpmdiﬁ¢réa Woitdhaut 8 weiehboperse(Rg”e), with

abBRYs QS %b@lﬁrlg wt"/o Eg@f@ écfj aﬁ&ta%ut@%v{h/alt@taﬁmﬂqz% %%J&lally

greater than I’c centime
prefeand, (vhaminl G weight giceceatgys gredhsyd di athe alntce weight of the

cnB/ 1008, nore preferabl ter than about 150 )
compgpitiong In ot eerindy PES iR R SRl B lmpaeﬁegow%r cqpgprises a
p%@reﬁ@mgolgﬁﬁ%l E&ly&y%é%ﬁ&k%ﬁ&&n%? wt % based on the

tota

The poly(arylene ether)/polyamide blends may optionally be made into conductive
blends by the use of conductive additives such as carbon black, carbon nanotubes,
conductive metals, carbon fibers, and the like, and combinations comprising at least

one of the foregoing.
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conposi tion. Carbon nanotubes conprising both

multi-wall and single wall carbon nanotubes may al so
wheomsed2s n t he conductive poly(aryl ene PCT/US2004/008352

et her)/ pol yam de bl ends. Useful carbon nanotubes are

those having dianeters of about 0.7 to about 500

nanonet ers. Carbon nanotubes nmay be manufactured b

Cogmamviely ayailable gabe iblacks mayobe 881 sondusiiyg $aEiop bl%%l%/&@t is
roces . OF -ati:0Rn_proc S :
sl BEFRRET R e MieoRBE dibRLR PRI SprobBEL WP RRermoplastis
resﬁfﬁ.e Spieh etfbbh Yldcks la]tectokhtl)m_ler g,r\fa‘i!\iﬁtywﬂtmm rfgirt@e,ria;]adﬂlg but not
_t‘ ese ar e ener.a JTu I - e t ubes, ereas
limi g g6 b e (JFETCPPOR R HERcRbE G (LS s Bmace),
KeAQIBIARSIC ARRAHIOROR! ARASEES LA PoRRR! el black! PR Ldrbon

anot ubes ot h single wa and nul t'i -wal | nanot ubes
blanky atecthosecltbving dveeageoparticle sizen dess ghdneaboup 80§ amnetueters (nm),

| ends i n. amun f about O. about W% Th
prederably et i Aot 190 But e argebly Een fodtind . Preforred
coRBitI84rbbi bIFRRE Rfab Bl hdvelsifatdadfls EXERP tdhYabout 200 square
enbodi ment, _.the poly(aryl ene ether), the inpact

metardick igeam (M), Erofepabty Igidaterithen abmHnt408rm”/g.cxktimers raeferably

tw n, screw uder {nt.o the first convey '
el TSR THR B PR GOBHEVE RERRLER por
volsRA(dibuthephthhlaR ABbRItiodl grésterddiah rabut MerRUbIRIcaAtimeters per
reduced pressure may al so be conducted if desire

hupdseq) (gregis efvan’di0Re).) Pretespbly  Bivpiee t tham bepe 1 04ngm /%Ogh more
proRRI L BULT ASL 2BLR 150X HioBRS PR cchBulR AN Pt didinay

romthe®“first conveylng section to
be thdizEd rfsdm rbsutny e td abowh 25 avttd dasdnmo tlentatalaweight of the
pl asticated to forma first m xture. Polyam de resin
ComBofiBeNi nt o the extruder at the second conveying
section, preferably through a side feeder. The second

Cafiot 1%31{)‘[11%@? E&ﬁﬁriﬁﬁ@%&ﬂih%ﬁﬁﬁwﬁl‘l‘ @nd @in?%g@'vﬂ? c&B6n nanotubes may

acl ates cohpatibilization with pol yéarél ene
¢ 05

alsetteeuspd g theheonidietie prlyarlencagthewyipblyamidenblendss pPsefitbearbon

Sipbirt T e bS5 T L7 o 10 SRR oo
nahA8b&hhy 88 mdnlifached By Rhéhical Yagondeposttidrapdedses, carbon arc

desired.” This screw permts a nunber of advantageous |
bagedapragesses on lapasyablationtiecassgsuf Nanaivhes pbtasmedybpyyidie chemical

bl ends . hi gh.th ' [ '
vaig P8y ol HRRBLY AP Bl LR 08 and these
ardd p&egdliyngui-wallée warsinetedswhéregs drke detdiepedofrormohalcatbon arc

about 500 rpmw th a specific throughput . of grglfter
bagedaprogessey aad 1assr ablsten 2pracsgesnire cerperalysingle iRl mgnotubes.
€ uf agt urd 3 C LN 01 Z1ag =T I 81}@:&91
E"oo hsellgagi%gﬁ éﬁedagl?llﬂgﬁiﬁgrrggg t%%n y%xggﬁrlg of ?he one
ethek éudy dmids ddnas e drndougts cfhebant Ardohibght 20 wt%. The conductive

additives may also be added to the extruder in masterbatch form.

In an exemplary embodiment, the poly(arylene ether), the impact modifier, and

compatibilizing agent are fed into a twin screw extruder into the first conveying

section at the feed throat. Heating bands may be optionally used to heat the material

if desired. Venting at reduced pressure may also be conducted if desired. The

poly(arylene ether) resin, impact modifier and compatibilizer are then transferred
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tenperatures within the extruder. It is especially

advant ageous for the manufacture of high inpact
w@obo(as19s ene et her)/ pol yam de bl ends havi ng pOT/URPaEd08352

strength of greater than or equal to about 300 kg-cm

while utilizing a specific energy consunption of |ess

than or equal to about 0.3 kil owatt_ hour/Kkil ogram of
froty @ncﬁrmmmagg seqtionite ﬂ@f‘eﬁ’éﬁ Blixipe geafionaphese ths campongals are

plaified® Yol ¥ S Rlle! ) PAOANARAGn B 30E SO TS Bltruder ot the

seo%g@ dﬁ@véﬁh@tse&ﬁﬁﬁ\@r?fﬁ%ﬁs tlabugh easide hfédfthﬂ dl’heeqeluzbhdtmmmg
about 200 r m pref er. y ater than or ual to

Secél@@utpl@GGatF%rﬁ empkyaml @139% §3 !é,lfaé%& emm&hﬁ%?%q%th the
polérgadgﬁﬁéj tetﬁc%g Lcl)trf ptg% ?ﬁ?t ;nm%ur@ ragf\%l? blsYihg" &Q}Se%loﬁ h&MHRS impact

to a so generally
modéfidrr aiflecblemd mﬂh@mckmvsya@hthpmlgh(lhe yhegeréng zone to the die, where it

et her | ya havi n strengt hs of
eX‘&r@SF%ﬁ‘g‘i) Hi?ci% g?'%f‘B Oéﬁgﬂﬂcp%“(fggﬁ%& cmat specific
t hr oughput s of greater than or equal to about 1
Thl%%?éw faeﬁmt@é ﬁﬁ:ﬁﬁﬁk&ﬂ/ad%ﬁaé&hs FhaReQr It Rauak tHeomahkdturing
hr-cnB, and nost preferably greater than or_ equal
of polymmgtbl@dss @? high tlmesghpmi baving limpags grepestins| sseatenhar pr equal

I S

500 #pinOREh n@/pédlmﬁio‘hgﬂﬁﬁuﬂd’f%reeﬂtgr 106h 20 @4 0A%6 12But 2.5 kg/hr-cm®
PCT/ US2004/ 008352 pol y(aryl ene et her)/ ol yam de
thus| redueing he gnapafacsumeneasts fafd HinmRizinged gopy apd; qther side
W, e n
AL B il SR BRI e g i
tenipdratoregrveidiie thet dxamdar equal to about 8.8 and
conpri si ng tvvo fI i ghted kneadi ng bl ocks inatwn

Screwe en Ieeethe o mde
It 30 reSbReTa o Fasreg i 1t RS RSy s HighD PR Fotyfprylene
etheP/pdPifidd thaRIe qla%ﬁtdﬁein{ﬁ%taétréh@ﬂgbf % Rhtet Hﬁm or equal to about
conposition, was ne | énded in a 120 nm Wer ner and
300 fligetraerbile (Wiblpingwd Apeséficeanergx tmamptmwﬁ@sa thagaer equgl to

ab Zco(gsﬁé o&a‘%& sﬁrﬂ?{ﬁgﬁan%\l\%:flble %ﬂ?g?haw %g g%%llg%suable to

exfridt @cﬁllﬁly(ﬁ@@e&%ﬂpolﬁﬁﬁ%aﬁéﬂdﬁ Ghdvﬂng itnpect kBOngths of greater
extruder is designated sanple 1 and was_ nanufactured

thanprieayalith @bew 2o %gcﬁm awreaf pRRgds pbgisatenthap g penad to about 200

rpnvﬁhﬁlre?érgbl? r%ré(aééxhthgxf HI‘ L’J}n )izlttcﬁ gbosdé ??9%:219 n%ée(b{%rgﬂélg}%éater than

or squib ke aboud 660 gmataad mi)a’n})ﬂe&rﬂ)ly gear ¢had @redualdnpbeut800 rpm.

wer e manufactured on the 58
It 1s also generally desirable to extrude suc pcyinyparylene ether)/polyamide blends

having impact strengths of greater than or equal to about 300 kg-cm at specific
throughputs of greater than or equal to about 1 kg/hr-cm®, preferably greater than or
equal to about 5 kg/hr-cm®, and most preferably greater than or equal to about 9 kg/hr-

C).’].’l3 .

The following examples, which are meant to be exemplary, not limiting, illustrate

compositions and methods of manufacturing some of the various embodiments of the
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screw extruder utilizing the screws shown in Figures 4

and 5 respectively where only two flighted kneadi ng
whb@aksiieere utilized in the second m xi ng SecPCDNS2004/008352

Sanple 2 was nmanufactured on the screw shown in

Figure 4, while sanples 3 and 4 mere made on the

sho in Figure 5. In Figures 2, .4 and scre

pOQ(eﬁgﬁ %Pﬂgmmd@ lmu\ﬁw&vaéwuﬁmtewe% aher\ﬁbeve detailed
scie@fer to forward flighted el ements, reverse flighted

el ements and neutral flighted el ement s respectively.

SF refers to single flighted screw elenents while XKB
EXAV@d Yo 3 flighted elements. Thus it may be seen

fron1Figure 2 t hat the second m xi ng section for the

d
T I e RrstioRy e ROfEr bt FltiFee T i peBt Bt an LD
rat@d) Sreatel EHHRI @equlhl ﬁMb@dt 88l &H%hﬁ)rfsﬁfgoﬁsﬁi flighted. knkadihe blocks
Conposi tion Pol y di met h heny Iene ether%)0

in P5tvgn seEAVH ﬁXEu®f38A930(IY(iP§WYII€Pﬁ§a@ en @p&yetrw% pempesifion hgving
0941 / o /
0880500 5% T PR, S90S Bkl g o e

coikfpéitiOn, Svds@eh bisndbd NPa ¢ 20 eirh iWeasef aid Pﬂadéxes PP itvid screw
ext ruders are shown in_Tahles, 2 and 3 respectively

extrpdh heainge 1 baprelsa(zopes) sedre ditads Ml 295 A rm l)Mefner and
oL d
Piltldeldr? BP) ol Syl Aiddr Ot S Porfes o s, fhied AR sample
mamfqehesd 2 ther Rumedextrudehss &81gmated>mmphel ,andl vens senoificttured
and fo

m Xi ng sectio ad a L/Dratiaq.. anmpl es
g SRS ORRIEHRR v dHefe, 2ichelag, onle Topndfighted
knBAdihd) iR G bIBBkS %reauﬁfligdr Al iR Mixife %eétﬁﬁ@ecﬂlé’ ﬁiré!e samples

Dynatup irpact strength was neasured as per

deggeged Jabple 23 spmpleet and smeple énweneanmtéamdumu tbﬁ§ 8(mm twin
bl G0 SRR L S 0 e oy
twa 'fli Sae® lkaeaHliHa BRIcRs Here ﬁ@‘lizﬁéw iAULE keddnd MRixElg sedfoD8 Shliple 2
waSSE;nanufactured on the screw shown in Figure 4, while samples 3 and 4 were made
on the screw shown in Figure 5. In Figures 2, 4 and 5 screw elements having the
designation RKB, LKB and NKB refer to forward flighted elements, reverse flighted
elements and neutral flighted elements respectively. SF refers to single flighted screw
elements while XKB refers to 3 flighted elements. Thus it may be seen from Figure 2
that the second mixing section for the screw has only one reverse flighted screw
element, the second mixing section in Figures 4 and 5 show 3 and 5 reverse flighted

elements respectively.

Table 1

Composition Wit%
Poly(2,6-dimethylphenylene ether) 35.9
Nylon 6,6 38.9
high impact polystyrene 15.0
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(mllinmeters) Primary mxing section 7.8 8.1 8.1 8.1

L/D ratio Secondary mxing 3.5 6.7 9.8 9.8

section

wh L4tz Rati o of sum of m xing 0.33 0.36 0.Bdr/0S2144/008352

section L/Dratios to LID of screw Throughput

rate

(kg/hr) 1409 1045 909 500 Specific throughput 0.8 5.4

6 (kalhr- pnrﬂl Screw snppd (rnnr*

300 1000 10

S]i%élbh[‘?fgi‘fo@(’g?neéuter di aneter 1.2 1.55

root dj ter Dynatup inpact 360 225
né?l%l npar ati ve exanples 19 WO 2

s # S

PCT/ 1US2004/ 008352 Table 3 BRarrel

1.55 2:055 to
116 195 stren
D04/ 094128

nmple 1* Sanpl

gt h

e

Chric 8githl e 3 Sanple 4* 1 50 50 50 50
180 3

280 300 300 300 4 280 300 300

2 2000880 180
300 5 290 32

0

Irgpex3936 6 285 320 320 320 7 260 300

300 306G 8 25

300 300 300 9 250 300 300 300 10 25

D 300 300 300

0

11

265 -

The operating conditions for the respective extruders are shown in Tables 2 and 3

respectively. From Table 2 it may be seen that the 120 mm extruder utilized in the

production of sample 1 has a second mixing section L/D ratio of 3.5, while for the

samples 2, produced in the 58 mm extruder, the second mixing section had a L/D ratio

of 6.7 and for samples 3 and 4 also produced in the 58 mm extruder the second

mixing section had a L/D ratio of 9.8 respectively.

Dynatup impact strength was

measured as per ASTM D 3763. Table 3 reflects the temperature conditions (in °C)

utilized in the extruders during the extrusion process.

Table 2
Extruder Conditions Sample 1* | Sample 2* Sample 3 Sample 4*
Screw outer diameter 120 58 58 58
(millimeters)
Primary mixing section 7.8 8.1 8.1 8.1
L/D ratio
Secondary mixing 3.5 6.7 9.8 9.8
section L/D ratio
Ratio of sum of mixing 0.33 0.36 0.44 0.44
section L/D ratios to
L/D of screw
Throughput rate (kg/hr) 1409 1045 909 500
Specific throughput 0.8 54 4.6 2.6
(kg/hr-cm?)
Screw speed (rpm) 300 1000 1000 460
Ratio of outer diameter 1.2 1.55 1.55 1.55
to root diameter
Dynatup impact 360 225 416 195
strength (kg-cm)

*Comparative examples
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ratl® ﬁ)ﬁtﬁﬂ@&ﬁnﬁlrﬁﬂlﬁgoiecﬁé}ﬁnﬂhisﬁdww 136316 When an attempt was made
et her)/ yam de blend is the sane as that .in Exanpl e

to yeplizatp smvactzperfaﬁaars:egn GviVirlserERr Siuderyung onlyrtwy fighted

el dRA{E Gl a s%QQnﬁnﬁﬁhg EJc%Bn‘h il %ﬁrﬁqﬂ il bH6. 9h%1\é‘?§%§ét%trength
cach A arger er

successi ve sC GMICOH

ofriky edfsaﬁlrigmﬁﬂyldphgnyﬂérmcétherb/poltyhmu@bleﬂdi wamrsdlmgd e ma'yolﬁe seen
For exa t he scr ﬁnel ted. in Fjgure 3 has

fox gppig oxzfrﬁg -EBct g VBTECRaRE GENaE 7 49,08, it is
seéil AFE e fofpict ReUneR BdreRdedSEEARAIEBM1S 124 T8 sample 3. For

sample 3, the extruder screw was operated at 1000 rpm. When the extruder screw

et her)/poly
perfgrmnce
—whengphty—t
i nst €ad of |
WO 2994/ 094
section. Th
bIocRé i nst

HPHRONES

hl-aed
g S—at]

ng bl'ocks

speed was reduced from 1000 rpm to 460 rpm as seen for sample 4, the impact is

again reduced to 195 kg-cm.

Thus it may be seen that by using a higher L/D ratio for the second mixing section
and a higher operating speed, poly(phenylene ether)/polyamide blends having suitable
impact performance may be obtained from a twin screw extruder when only two

flighted kneading blocks are utilized instead of three flighted kneading blocks in the
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the prefix "L' or "LKB') and two neutral screw

el ements (indicated by screw el enents having the
w@e@khiod128\KB' ) and one forward kneadi ng bl ock PCT/US2004/008352

(i ndi cated by screw elenents having the prefix

RKB'). Figure 4 on the other hand depicts a screw

havi ng. 3 rever screw el e t
secOnd FBRIE 670D f SR & Srﬂéﬁl%t%g ﬂn@%‘g‘?ﬂ blogis nstegd of
thﬂé@‘fﬁgﬁt@d k&g OB liyprcvel eegh{laér & SIRPLE whiE Raintaining or

forward el ements. The extruder had 1 zones havi ng

impmvpey impacestrengtvef thepdlsgihenyiendtheipayaridodlends.
PCT/ US2004/ 008352 Table 4 Barrel # Tenperature (C 1

O 3300 4 300 5320 6 320 7 300 8 300 9
EW#SOO Die 300 The properties for the sanples

made utilizing the screws depicted in Figures 3, 4,

Thadeikanipl@ demdhsidtes the hatdntszeb of Gtififtg 4 IaB%P @ﬁd}iowﬁhyof reverse
Dynat up nmeasurenents were conducted as per ASTM

kngyding blacks) whep ceampaseds ithdhe dorard kessding: blpcks qsepeutral

oL BRRE 1 WL GRS 2oL AP hESHSy MRERAGORUES only

scieon dlpherds dmavingr tWoTHghts123Bhe Samplossioh for3thee pely(pitaylene
using the screw depicted in Figure 3, le s l e

ether KOl B e i, b e 28 ft 18 ERGTPIFL b iBtes & i S 5 show

dllgeergfli‘tggtcgﬁW’fo?ﬁ 58 mmWeMsf &m&déﬁf Ren bR WSGHRWer wherein each

n Fgure 5. Tables 5, 6 and 7 al so show the
suenessing crewl coptifion lagarnudtbeprod dercrseokneading bledksdn dhe gecond

J f t pl.ant t, ..
misgCRRE P FREEP PRI T e fRRErRof EOie ; TeP AU gixing
se@inYcontPrRéh J)ﬂd?ﬂé‘if&ﬁ'e &ﬁé\ﬁ‘é’leﬁﬁe@lﬁ@dﬁtlﬁdmﬂe& B§ sbiledd dléiments having

sections of the screw, while the sanples 1 - 13 in

thepigfixakt or UdkB ) end @wg@@mraé C1g qignents (indicated by screw elements
having the prefix ‘NKB’) and one forward kneading block (indicated by screw

elements having the prefix ‘RKB’). Figure 4 on the other hand depicts a screw having
3 reverse screw elements, 3 neutral screw elements and 2 forward screw elements.
Figure 5 has 5 reverse screw elements, 2 neutral elements and 2 forward elements.

The extruder had 10 zones having temperatures shown in Table 4.
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the two flighted screws depicted in Figures 3, 4, and
5 as descri bed above. As nay be seen fromthe Tables

wW®2008/094108 7, the inpact properties of the mat ePCHUSAS4/008352
nmeasured by the notched |zod and Dynatup show that as
the nunber of reverse flighted screw elenments in the
gecond m xing section is increased there is an

Tablgék ease in the i mpact propertles of the

POBY&EETY e %ﬁ'ﬁ%rhﬁi}é)g nmide) bl end. Thus by

i ncreasing fthe nu 0 everse flighted screw

el emdnts wijth respecf0to the nupber of forward 22 WO

2004/ 094128 PCT/1US2004/008352 flighted screw

elengnts rlesi dence ¥%e in the| extruder is increased

promgting g ncre rm—disper si on and i nproving the
i npact pr operti es. 23 WD 2004/ 0P4128 PCT/ US2004/ 008352
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The properties for the samples made utilizing the screws depicted in Figures 3, 4, and
5 are shown in Tables 5, 6 and 7 respectively. Dynatup measurements were
conducted as per ASTM D 3763. Tensile test measurements were conducted as per
ASTM D 638. Notched Izod impact tests were conducted as per ASTM D 256. Melt
Flow Index tests were conducted as per ASTM D 1238. Samples 1 — 3 were made
using the screw depicted in Figure 3, while samples 4 — 6 were made utilizing the
screw depicted in Figure 4 and samples 7 — 13 were made using the screw depicted in
Figure 5. Tables 5, 6 and 7 also show the average values for over 20 production runs
conducted in a manufacturing plant. These manufacturing plant production materials
were made in an extruder having only three flighted screw elements in the mixing
sections of the screw, while the samples 1 — 13 in contrast, were manufactured using
the two flighted screws depicted in Figures 3, 4, and 5 as described above. As may be
seen from the Tables 5, 6 and 7, the impact properties of the material as measured by
the notched Izod and Dynatup show that as the number of reverse flighted screw
elements in the second mixing section is increased there is an increase in the impact
properties of the poly(phenylene ether)/polyamide blend. Thus by increasing the

number of reverse flighted screw elements with respect to the number of forward
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flightedcoseray ¢lements) rgsyde%cebg@e in the extruder is increased promoting an

increase in dispersion and improving the impact properties.
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general, the specific energy consuned to produce these

hi gh i npact polyneric blends is an anpbunt |ess than
woroe@eabs t o about 0.3 kwhr/ kg of bl end, prefepreblUg2004/008352

| ess than or equal to about 0.28 kwhr/kg of blend and

nost preferably |less than or equal to about 0.25

kwhr / kg of .bl It. my al so be seen that in order to
AS; gy ch‘?esqeﬁﬂ% g g‘?‘i‘*@?f&g ranH@ieﬁg %{g#el%ﬁ’a& @P#YB%‘H“CS &y haying
imphdt &We §gre91fer HaBr uﬁlﬂ@rhbeﬁt —cﬁl%%bgé’gro'ﬁﬁged Ricrew
preferably greater than or equal to about™ 750 rpm an
speeds tof greafes tlznl apogt @0;& wm.t fragensral, i quebsetved dbas inpa&Ghrengths
m.is desir t he i nvent

ar R b, B 2ot o Popul A0t £5 B e Brsaferdhan or pqual to
ab¥it! 30008s- b'lﬁdﬁfa§tbé0ﬂfoﬂl‘icetd%55%e§ﬁb |th1%€igh;ﬁlt§ Q&aﬁs&&héﬂ"&t equal to

vari ous changes nmay be nmade and equival ents g 3
abewiyb kpthiend, mere pregsrably sereater toh qmetqn@mo ehopaSt kglyr-cm™. In
ol R B Cob SRR o P e e s
is & hatntqBssQha&t &fuablo Akdut bS It \ﬂﬁﬂ&g'héﬂﬂelﬂf pidfBrably less than or

i nvention wthout departi n fromthe essential scope

eqwﬂé? abeut Orffekwhigegof ltendgn mashpeederablxlessithan ox/eqnal nabout

DA GO i hpa SRR tHelln STBPH ARSI Sl bt
using R preseribeld tretah) at sctehze spd@\tl&ﬁ'tgréﬂ‘ﬁewﬁlhlh of Bqlallde abddt 500 rpm,

enbodi ments_falling within scope of the appende
prefpraplyssreater then obemabtyaboyt %éﬂrmz@é@% preforably StFiigs fhan or

eq%alt&aﬁcﬁftqmmfﬁﬁn%c{@érﬁﬁlpl e screw extruder conprises: at
east two corive

ying secti ons for transporting a
conmposi tion comgrlsmg a nmeric resin fromthe
Whikethegnention hae betinsdstser r@ﬁeremh@tce&xemrdw engbpndliments, it

il 35 g sl e ﬁﬂ@&éﬂiﬁ}a‘%"aﬂ%ﬁ At Bt sy e and

eqli9aldh@ARiyhe subbili@tedl fof BRnReUY thErebN@ithbut RPat@E e $hd Rope
the length to diameter ratio of the screw is about

of thejipvengionp dutadélt@namnmmdeﬁwupﬁ%n@m rh%wc}ﬁgto aglapt 3 parsicular
sGUERESEHRESS (Pl BRL T Bt SO Depfr o e

esseatili sooge thereofi  Thefore Cinny ayténtigd Skatthe invieatiom go1abe hrmted to
meter, ratio of about 4 to about 12 and a

I en to di
thes BUBFRA O el disdpsedrasnilgibag moderrptemplgted; iopsatgying out
oy BRI (R Uk o SRR Wik EnA, I GbehdFallpCHhin the
scapeadice appandedi algmssections to the length to di aneter

ratio of the screwis preferably |ess than about O0.5.

3. The screw of Claim1l, wherein the at |east two

m xi ng sections are a first

26



m xi ng section having a length to dianeter ratio of
about 3 to about 15 and a second m xing section
whasdogias | ength to dianmeter ratio of about 3 POT/ABIING/008352
15. 4. The screw of Claim3, wherein the first and
second m xi ng section may conprise a forward flighted
CWJ ng bl ock, reverse' flighted kneadi ng bl ock or
al flighted kneadi ng bl ock and wherein the ratio
of reverse kneading bl ocks to forward kneadi ng bl ocks
1.1 n tAecrbwrtst a aidtile 6@ efirilldtGofipeikédNs is about 1 to
about 20 and further wherein the ratio of neutral
kneadi ng bl ocks to forward kneadi ng bl ocks in__the )
at {qaptdivo£REVEBRS SREtiANSOR dranerortingnd COIBPREHIRR comprisingbpelymeric
. ' Lpithe first
redfl ol he PATURR, it oHBldtendl o7 it oIBEE R 0 e
el enents having nore than two flights and wherein the
at et two ofixinp eedtemg tdontpoisuhic aserive elenhischaving tveo flighesy wherein

th¢ g A ot EPES P TERCGER B L HEHIGIR g SEolsTBIY Bl lneth
Qati8-of thd s&@@gg _Iaﬂﬁ&ut @17 YPBARY P44 4Berein the conveying

to g%l )
PCT/ US2004/ 008352 e screwof Cains 1 - 5

seotfoms eferseptrateddtyi ab lekt oteamixingsectipmnet er to the root
di anmeter of the screwis greater than or equal to

abo 1.2. 7 .nmef hod f.or, maki ng.an extruded .
2. Conpine: efeah O SRURFL A arBn TR I R S AfE Papions are a it
cofiPé¥itid S&sionflR@tieng lendth 1t6 tdigiadtymBitioCofl &5dud 4 it 8bdui€l2 and a
first conveying section of a nultiple screw extruder;

segandcopreitingigecting having @ lppath fredinmeies satip piabeut 4 fasabout 12 and
4 | . . r .
8. A A8 SR HATELP B0 Blin
se¢tivng td the 1aetiy tddiametee yativgofIRe sdrew ioprefdnable kdss tidarabout 0.5.
and blending the first polyneric resin with second

ol ric resin in.a secand, m xin ect.i on havi ng a
3. enghtht SCEPHIORARER 1 aYICEIB O Ab JAsh o B Seias 116 a firs
miRRRWecRon WRBAE B Nendi® BRIHeRr ¥4tid BeatiBab abb@ 1eA8f HSecond

of the first and second m xing sections to the |length
migingtseetigchaying & leapuip dianetenretiobbahoud 330 abriitiler ei n
the screw speed is greater than or equal to about 500

rev t] 1 Nyt e tr ud ecit] .

02RO, BCYn Bl W o o AL o mey

cothpbik@/ahforoiatl fBghtdd eknerdihg bledk, Geadrse Tlightvé rigiendihf eblock or
first and _secqnd_m xi ng sectjion nmay .

neutral flighted kneading block and wherein the rafio of reverse kneading blocks to

forward kneading blocks in the first and second mixing sections is about 1 to about 20

and further wherein the ratio of neutral kneading blocks to forward kneading blocks in

the first and second mixing sections is about 1 to about 20.

5. The screw of Claims 2 - 3, wherein the first and second mixing sections
further comprise screw elements having more than two flights and wherein the ratio
of the length to diameter ratio of the screw elements having more than two flights to
the length to diameter ratio of screw elements having two flights is about 0.2 to about

L.
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conprise a forward flighted kneadi ng bl ock, reverse

flighted kneadi ng bl ock or neutral flighted kneadi ng
whbaakgrgl wherein the ratio of reverse kneadi POT/DEmoke608352

to forward kneadi ng blocks in the first and second

m xi ng sections is about 1 to about 20 and the ratio

of ut r al din ocks .t g forward kneadi.n | ocks
6 {n e speweet Clme Lot fheg Rt or s QRpL st 4 oot
dia@Rastlof A schow REorERENBEN 6f eddaPiobodt 1.28, wherein the
first and second m xing sections further conprise
screw el enents having nore than two flights and
7. whedeimethase foramakingodn eieudednermpasiiion dhapesxtrugder of g fixed
.the screw el ements having nore than two flights to
(hﬁﬁé?ﬁqgﬁﬁyﬁ&%o di ameter ratio of screw el enents having
two flights is about 0.2 to about 1. 28 WO
fecdipd4 BRA I8y ET¢ LSAOOdtb QA8 BBR cobbeyiiiiecctipnhalla ofultplai serew
7, wherein the first and second polyneric resins are
exigedesct ed from the group consisting of thernoplastic
resins, wherein the thernoplastic resins are
plfﬁﬁ%@fﬁlg%?lﬁrsp@b ¥l teSin ROk Y& ﬁﬁﬂﬁ%es%cti&P 6" £08%th to
pol yethyl ene, ol ypropyl enes, pol yethyl ene
didnetephtidaf geater hmhybontyd; ene t er epht hal at e, pol yani de,
pol yam dei m des, pol yaryl ates, pol yurethanes,

ol yaryl sul f one, . pol yet hep,sul f g l v .
redie F eon e DR R bR BE >er SR cop Py ROGA 8 the extruder
an®0l yet heri m de, polytetrafl uoroethylene, fluorinated

et hyl ene propyl ene, perfl uoroal koxy,

pol ychl orotri fluoroethyl ene, polyyinylidene, fluoride,. .
blgpding,thefirst P%meﬂé,res%df’%ﬁ??@ﬂ& SOSHBCIIG FS{fe {h & Second. mixing
secqfoﬁel{abﬁltgoam%ngﬁﬁlol!oycﬁ&g%r i‘a%%%r&ﬁé&ﬂﬁl 8F e@.laq QRLARS: Wherein

conpris'fng at 1 east one o egoi ng thernopl astic
the @sib $ thet suer obthe ldrighs ofebé fist anhsacendintikieg sections to the length

o e S 5o B BELH S R SEep Gt rcter o o
eqBA! 5EsHoE $00 REYATbSCHer Birdutd BREShe BXtridlet QPE¢INAh@Gghput is
conprising at |east one of3 t he foregoing
greatathosetaqualgorabgutid Skgihr-emconbi nat i on of
thernoplastic resins with thernosetting resins. 11.

An truded.c si t4 on, R :
R R
colnppiséta fordliafd lightdd kriehding iblodk, aovetsy iftightsé dinieading dflock or

an extruder; blending the first pol,ymf=ri C resin_an
neptidl flighted tkngeding ibleck andawhereig therati, g ST dmeadiag tigsks to
R HALEBLRFLRE b RndhELE Lol AL B b
an€ Al eytionsf waitial kineading bleclextor fockeard kneading blocks in the first and

second mixing sections is about 1 to about 20.

9 The method of Claims 7 - 8, wherein the first and second mixing sections
further comprise screw elements having more than two flights and wherein the ratio
of the length to diameter ratio of the screw elements having more than two flights to
the length to diameter ratio of screw elements having two flights is about 0.2 to about
1.
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and bl ending the first polyneric resin, the inpact

nodi fier, and the second polyneric resin in a second
woRogdfogisect i on having a length to di ameter rapPCDUS$004/008352

greater than or equal to about 5; wherein the ratio

of the Iengt hs of the sumof the first and second

| Ienth of . the screw,i s, about
109, 1 AR GREe} 0L 8im MRS ficieL SeogPd AP LR faspsins are
sel@@t@&' tfro%pﬁler ﬁ&% H&ﬁs@é@ﬁlgﬂﬁrthéﬂﬂ%iﬂaﬁtlc H%ﬁlss %@fefﬂ the thermoplastic
hroughput 1s ‘greater than kg/ -cnB and wherein

restnlrse aronpolyacdtan belyacaylid, rrpakypalbpn@ﬁsgt polyseaenss, tredyetiarlene,
poFy%ropylén%s ago %th%?ene kterepﬁtlhgme po%ﬂatutﬁe €ne tereph%lgalate polyamide,
polyamideimides, polyarylates, polyurethanes, polyarylsulfone, polyethersulfone,
polyphenylene  sulfide, polyvinyl chloride, polysulfone, polyetherimide,
polytetrafluoroethylene,  fluorinated  ethylene  propylene, perfluoroalkoxy,
polychlorotrifluoroethylene,  polyvinylidene  fluoride, polyvinyl  fluoride,
polyetherketone, polyether etherketone, polyether ketone ketone or a combination
comprising at least one of foregoing thermoplastic resins; thermosetting resins
wherein the thermosetting resins are polyurethanes, natural rubber, synthetic rubber,
epoxy, phenolic, polyesters, polyamides, silicones, or a combination comprising at

least one of the foregoing thermosetting resins; or a combination of thermoplastic

resins with thermosetting resins.
11.  Anextruded composition manufactured by a method comprising:

feeding a first polymeric resin and an impact modifier into the first conveying section

of an extruder;

blending the first polymeric resin and the impact modifier in a first mixing section

having a length to diameter ratio of greater than about 5;

feeding a second polymeric resin into the second conveying section of the extruder;

and

blending the first polymeric resin, the impact modifier, and the second polymeric
resin in a second mixing section having a length to diameter ratio of greater than or
equal to about 5; wherein the ratio of the lengths of the sum of the first and second
mixing section to the length of the screw is about 0.17 to about 0.5, the screw speed is
greater than about 500 revolutions per minute, the specific throughput is greater than
2.5 kg/]nr-cm3 and wherein the composition has an impact strength greater than or

equal to about 250 kilogram - centimeters.
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