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This disclosure relates to polyneric conpositions and
met hods of manufacture thereof. Conpatibilized
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processes wherein the average shear rates for the extruded resin are reduced when
compared with the shear imparted m 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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Di scl osed herein is a screw for a nultiple screw
extruder that conprises at |least two conveying
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polynmeric resin from the feed end to the discharge
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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.



di aneter (L/D) ratio of 9.8. DETAI LED DESCRI PTI ON OF
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manuf actured screw el enents, each of which forns just
A myldplei ssrevofextrider as defined herein is an exiruder having more than one

screw, wherein each screw (if it is a continuous piece of metal) or assembly of screw
elements is mounted upon a single shaft that transmits rotary motion to the screw. A
screw formed from a single, continuous piece of metal is characterized by the fact that
it cannot be transformed into a group of shorter sections except by means such as
cutting with a saw or torch, which would produce the shorter sections in a condition
not allowing for their reassembly into exactly the same original screw. The screw for

use in the multiple screw extruder may alternatively be assembled from several
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screw as actually operated. These screw el enents are
rotatably disposed in the appropriate sequence on an
axi al shaft to forma "stack", and are generally held
in place as the shaft rotates by a system of splines
and keyways and a. locking nut at the end of the
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2(@@&1@4&5%%6/%&%11@%& ﬁiew elements in the conveying sections, it
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 bave multiple

conveying sections and it is preferable to have at least two conveying sections for
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advant ageous di spersion of the conponents of the
conposition, particularly inpact nodifiers, wthin
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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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section is about 1, while the preferred pitch is about
wbBohonabsut 26 degrees at the feed throat whidaEresro04/008352

the proximty of the first mxing section the L/D of
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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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the polyneric resin beyond the limts of elastic
wonelmsifsor the material. Plastication of thecT/us2004008352
pol yneric resin occurs as a result of the conbined
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The gwdisdd ushallyabdth eatdieriy th saode ditectipme bitewith thedingnldr arientation

eadi blpck at the dischar end of the section.
of Ao §15ed et AC e e RBICHETet Eig e ion Buskong paddle
wRle8 BN b&tliee WP thSTiRg afd viveN@kR. ThisMMipingPhdtioh8¥eps$material from
fli %ht ed screw el ement can be used at the discharge

stagipliag or ppldecsiag ohdhe paple edggs-ng section can contain

short conveying el enments preferably having an L/D

o _ i
THERRnB ket fiRS al B lsn B NP thel B S RER NG Ob it rediice of
a jxheadihg biockfat e Gwd endemmend &ndrbnghblothvat the distlmrgerayd of the

al.so ?\ive screw el ements hayi nsg m)ria t han two .
SE’FPP@'h ternglively, 2 PESERE §e’PFé?/Ti“f€g CKDY &lemeRhox %mFPﬁSﬁ{T!ﬂP“S‘“g a
' | ) . . : _
SR SRR 108 SRSCro% Lo SRS S MR g o of
thevsection. g ithedmidahg wesiion ¢dir caspecthiovtecapveying aderdents greferably

haq/?ggl & L/(B rgtﬂneofflelssls %]z}ne(f’l %Lt?x%%g ];the) kr}egditng %lol'cicg ratio

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



7 WD 2004/ 094128 PCT/ US2004/ 008352 of the sum of al
flighted el enents having nore than two flights is

about 0.1 to about 9. The nmixing sections may

conpri se kneadi ng blocks with a forward pitch, reverse
pitch or neutral pitch with respect to the direction
ofwor@aveds12ef the nolten polyneric resin. Aspafsamvechsssz
herein, a forward pitch-kneadi ng block is one wherein
the material is transmtted downstream towards the
S:qéfgt ?%Lgne %iieﬁldfl’l(lght vé}&?neléc’ngsr}%\g{\?wr Soge gh'&l?txioo lﬁ s 5 abgut 0 ltto I?bout
i s%one wherein the material is transn1tted back
towards the feed end of the screw or upstreamwth the

rofgd hﬂﬁn%ﬁem&ﬁ%é@ﬂ&ﬁﬂh@@ K2 @GK 1o Ghth Tafordird Hlch, reverse

kneadi ng bl ock i s 'one wherein the polyneric resinis

nobitabyos el pidch Wwith Frepech 18 rthiafispcnn ‘Efd&ﬁl’?\'/aqfd@’“ WplieR pofygeric

I Ofegihl QR definckiN@reft h @Mwarkitpiich-Bnch@nP BloHINARLS twﬁ&@tn&%atenai
the general mass of polyner. is conveyed fromthe f

eed
entd t&aasnuttwoermétﬁq#alrtg‘@ar@hfae dischergs epdp thwr%v%tbﬁml% of
| afhg @ndauip Q-[ocl@fwm%%tﬁ*@rseﬁhtﬁﬁﬁ)ewglbﬂgls ot ﬂfﬁé’r&n%{eematenal
used since nost of the elenents utilized in the screw

ar i tieeyitgdkpck fowvapds dhe ferd\iid o1 B sres AV B RFEEY @F th fiation of

POthY WBEddfmp 'Sk AMeutRE PR kRAIBEPBERLs dHe WAt he Qblymeric
travel of the mass of po ol nerlc resin towar ds the

di AT R4S el Gl | &pckwaigg wit ‘}ew@*aa% e screw. It

KNRaslbdighdls @6 that the BRI MhssiofPIhér iS ERREyell GofnNRe feed end to
use of reverse nd neutra

pol ricre t he

P A st L PR e VR 4 R Praba ot unehasadipe
OLbIO?kh Q8 usg@ Eih&ﬁrélp@ loy glﬁreﬂdfleﬁﬁgﬂtlﬂzédhﬁ Iﬂleﬁsﬁfmre Ebiébteﬂ Hor the
t oy war neadi ocks. because the

oSS! PR CEGR RORIET B bt R AR |y Setion of
nowas! dfaangds of fdiendic sehhas gevaria thealischdrg: aiti ol thg extruder.
section. This noving back and forth of the polyneric

J eWhﬂc A2 u%é of lﬁleidﬁ@ Iﬁ&tl@% %egeléﬂg%ﬁrtsf é?lgérltJ) Ih@tpgﬁ/menc resin, the

di spersion of e conposi tion nponent's
pavseiof givars gud mtrﬂldwa@din&wld@nkﬁ irepartiquiar iabdrts asereates amount of

bl &@% £898p G%én? &h%ﬁ'cﬂﬁlparkci‘ \@&d% fmtv&rd RfrdaBiAE Dlocks

egree 0 S er si on, It q?enera desirable to
| nleqeauss &xetpnb/mea@ rqgmcseclprw@@s b%ﬂk apg fordnae itganarily aeflvagtowards

bl @¢ Hﬁch‘a&e eRd MBQmM?gas‘éétbe rhi® $469ing bRcKIRA €5l of Helpolyderic
desirable to maintain a ratig of reverse kneadlng

bl GERSS {45 Fbiefie & Msdaniigenligrarsionott thagnsiposition components,

abguiculf \metxmpabt olliféE Bs WIKAsNBe BBt polytheAe Rbild. | 1@lorder
manner |{ enerally desirable to nmaintain a ratio

of*oriléﬁ?E}S%FheH?éféﬁi PheispTovkd it gerpildpdraRindadrcgse b véref

of ncARAUSr Rveksd Rncadifd blodls 101 foRlddd %néﬂd)f@rbl&k&(' N8 general, it is
section. The L/Dratio of the_ sumof all forwa

rd
k n&SROGo BIEGENR @ fagiorof svers Imgading blerks dqtvrvrd kpepding blocks of

about 0.1 to about 10 within a given mixing section. In a similar 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 te L/D ratio of the sum of all

reverse kneading blocks in the first mixing section is about 1 to about 10. The

8



reverse kneadi ng blocks in the first m xing section is
about 1 to about 10. The 8 WD 21104/094128

weaniPa034/ 008352 preferred ratio for the L/ DOTAIS2004/008352
of the sumof all forward kneading blocks to L/Dratio
of the sumof all reverse kneading blocks in the first
mmgg section is about 3. Simlarly the desired

preferred sttiotfipe thedDortiapf thfeaumfdﬂlkfﬁé\wd kgessling Riocksdotl{p ratio
/ f f
O 88 e T R SO0 b v o

Simtlafy iy ddshred katd sfadht euafoftaflefosmirddneadihg t:nmatodthe L/D ratio
kneadl ng]kbl ocks to L/D ratio _of the sum of al
ohalitneitaldneadinglonksdr $ha Frst méxing segtion 1y .ah@utsle@tabeﬁt 1§ The

PP it R AFPTEO Y SRR SRR v
of giid uobf dlbe=weal eneagiigetledkstihaie st wiNing sdctionboabou3.1,
preferably greater than or equal to about O0.15 and

Igféigté‘f*g{aﬁf %f@?ﬁam%azat %ratél?r?P ithe LZ@ Il’Jf;‘l‘FéPf ewrf%a %‘W $gftion to
REED Pét{(\ f tﬂ@@r%f%?cf%{iﬁh%h%l% b8y 5 oléh%lgwl-élgatﬁ tlljlan or

rati o of the sum kneadi ng
enadlito abbutt héS sndmmfst pdeferahig‘geaasm thareaickqug! tol aierSG L.rin order to

PR Bl s oflyEic st iy SR it abfu BT ipoagt prodifiers.

forward kneading blocks to L/Dratio of the sum of

Take|L/Da¥es o€ o wadbNgl Riresidknehdihf 81tk eND/MMtatiod the sum of all
section is about 1. Simlarly the desired ratio of

revesseskmgagingablockp imihedserprch BliNgg ieslds 1t abauid to ghout 5. The
L} |
rhe Rt il B b P00l of BB Gl RIS Belty bt o 1 raso

of ah¢ euhasf dlhecvierse Krhdiag Glodkbén Shhms@fonaldnxirigr Miﬁ&] is about 1.
kneadi ng blocks to L/D ratio_ of the sum of

Sailerlathadrstiad myiaplobr sumpipldoserdriacsing hlycgw the /D ratio
o(lt;?all?rﬁ.g&%l/ %mah 'Eﬁo%l&qﬂ ?l{eafuls}’mgﬁﬁg s@&;otn% NAYG 1 {Beabroﬁf \® The

fat e e secon section t
pedfBiTeditatio fof tlteﬂe’Dafanewf the eainarf ailirfama‘rd kecathihg bhc}asbto llt/D ratio
t.0o about .0.

{ t
gﬂ%ﬁ’ %?II %F ?ﬁ%&eg‘rfg? an r eg&ch'ﬁ‘fﬂfﬁpg BEtgn &ﬂboﬁt 9 Itis
o'eﬂergﬁﬁ QEsifed 1o Bhb @i ¥ b %‘?ﬁ r&ﬁ@o%@%&ﬁfnﬁ%i&ﬁ% &étlon to the

each other and wth the inpact nodifiers. may
lé@tnaba aif 1the berevegreatabthen oo eualdosbonut adupteé?eraiblwgmé@t than or

<t Rttt B oSt R B oA RBT e Bt rbhe T grcer o

efeievely bRnfl 8¢ pdIvAbEe fiMs FRIKEBR bt add'®ith dhe/MRakbCmodifiers.
resin tovvards t he di scharge end of the m xing

sections. Double flighted reverse screw el enents may

Temgy opbonaiydiesirsiraldd o nversomeedaubleailightpdipovid cppvaying screw
e[gng(én@sgm%f‘%:felr u\yﬂ-lf]ﬁlerkga&fcﬁﬁgebﬂgwmeoofﬂkb%%%“fli*ﬂ g s??t%n% 1a order

are gener ncrease the revers
g Fhcinmtd therxﬁSVéIﬁent rofahe @oly@@dricaidsin towards the discharge end of the
mixing sections. Double flighted reverse screw elements may also be interspersed
with the kneading blecks 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



opposite to the travel of the mass of polyneric resin

and act as tenporary seals thus 9 WD 2004/09412%
wartisaz® 0 4 /11118 3 5 2 pronoting added bPendsmgsmns3s2

of the polyneric resins and dispersion of fillers,

i npact nodifiers, antioxidants and the like. It is

eneral |y si,r abl e ave, at | eas WO m X
prodighing gAdec gﬁ’»aiiang.q{gth%w erig &%ﬁﬁt@dhfiiwﬁ%ﬁ?q&?& fmpact
modlﬂ@rsf Lt Bmatsd fkd he ratio of the Iength to

diameter ratio of the sumof the nixing sections to

the length to dianeter ratio of the screwis about
1t i9. genetatly adsirable. . hanet A feashirwo rlahgw SEGHiOPR ROIMATIGING screw

facilitate an effegt| e
clerpiy Pl it R Cr ol yRRRE R adin g o Bt B ihpger ratio
of th AR khd Ablify Kctibheto HEMridth tdEamktek ﬁﬂtcﬁ(ﬁ(}ht @dﬁﬁwtl@ about
the length to dianmeter rati o of the screwjs greate

0.17 kapbous 0. 5qWithin ghiasenge, b ordepiefasilipfeancpitostide dtsnﬁrﬁwn of
the 1%??8% uaI %@gr %kf h 0(5?' tl;%ﬁ%ﬁ?%ﬁ} spE ee]c ]% |t¥\ dig&l@éf Fdtio of the

sunPHf ih@ﬂﬂslhkﬂb £ONGR 1B the rmgwwr@a:ﬁaei tzmn ofmsomt: % pwegter than
section (}/% be | ocated adjacent to t nd neters

or el tasbowt0. DiprefrabbingseEy Wan OF cqusd Fmah%‘egl G gt grederably
greag h?%ﬁ‘%ﬂﬂ OS% ugq generally conprises single or

screw elenents and may optionally
conprise one or nore kneading blocks as desired. It is
Thegener ahdyyaldzesptmabll)e cmmaihmeteﬁeg wedtioni Nidicgneteiigg sectlon may

bet th t d..th
be I6GR1PG AURCOTT e D e AP ineters By ef Ryep Boffpfrf edn fes to
the %fneth% HedBny %Edtﬁﬁxyge%fer ?I gﬁgﬁgﬁlsﬁs sin@f 65 dYGHLH fRAaE screw

er and may al so be uti to facilitate the
elerérstpend inwy ayftionaliyacempisdiric; among kriehding basky pe dpsired. It is

tain suitahle i act
genfRtydesighiF o HYE Berpitiv sasmotihral 4R HRE fng sretion
and'tRS b¥SofMRY clfudepier mopl astic resins, bl ends of
t hernopl asti c resins, thernnsettlng resins, blends of

thernosetting resins or conbinations of ther nopl asil c .

Ther sesewsdssctibed Heavepmey thenyfilized tsblemsbiag WiteevasieRhgf #glysperic
resi %%ﬂp Qe{cﬁ tth&sa ﬂrrﬁeé}i 5\% '{5‘3% k4 %o ga%ﬂitﬁt% th&AlspeiBion of impact

ace ycar onat es,
mo@@ieysswmmpolypﬁlriyehdmkem@,s tp aibjaim smyabémaspact properties while
yet hyl ene tere ht hal at ol ybutyl e
wilfghel A PR PRb it e ROBEIF R TGN oo tsmpgleie rosin,
blex@dsll@f thclg% 5&&1@ rddns, W @Bsctdn® Fesh¥! Bands2df thermosetting resins or
el'm des, pé yaryfat es, pol yur et hanes,

conﬂmhatmn)slcﬁ" uilxdrmnpl,astpmﬂeyms Imeﬁlsthtmmettmg otsiisar yl ene
sul fide), poly(arylene ether), polyvinyl chloride,

sufPlysuLione. (pelyetherim de. ypol vt atluor 0ghu! Bifaceta),
polyacrytic, polycarbonates, polystyrenes, polyethylene, polypropylenes, polyethylene
terephthalate, polybutylene terephthalate, polyamide (nylon 6, nylon 6,6, nylon 6,10,
nylon 6,12, nylon 11 or nylon 12), poiyamideimides, 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 hyl ene propyl ene, perfl uoroal koxy,

pol ychl orotrifl uoroethyl ene, polyvinylidene 10 WO
2004/ 094128 PCT/ US2004/ 00X352 fluoride, pol yvinyl
fluoride, polyetherketone, polyether etherketone,

pol yet her ketone ketone, polyimde, polyetherimde
amd wombimat i ons conprising at | east one of PCRES2004008352
foregoi ng thernopl astic resins. Specific non-limting
exanpl es of bl ends of thernoplastic resins and

L/ v AL Fﬂof‘ﬁrt Pﬂuo?i‘ap galoﬁr%éﬁetbﬁbc bst98ner etherketone, polyether ketone

acryl oni t r| but adi éne- st yr éne/ pol yam de,
al@t%eopﬂlyxmlqee p@mﬂg@p@?ean Sqomngﬁ@ons comprising at least one of the

PRIeseRE BRARRAACKMLONI tri | e- but adi ene- styrene,
acrylonltrlle but adi ene styrene/ponV|nyI chl ori de,

e%?%\(f / B'I %ﬁlﬁ%gcg%:glep otl tYI d\g o?lgh mngﬁa%r( res ns dn(? thermoplastic

p@lpy@mleifs Qikdda atrylonittilt-bih@etaeticfRBamidss £ntonitrile butadiene
poI car bonat /ther g{)ﬁpl ft I ¢ urethane,
§

1 LRACRPIN S HediuF SRR Argonitile  butadiene
p@jfy@@fmﬂﬁ’t e/ ﬂﬂ‘bﬂd@}ﬂ VibodyigryleRe epblhh;lbcﬂij@rrcne, poly(arylene

, hﬁ{;g@ﬁl i G; gS te IC) ?r:tr g e rp 0 |a|y | O%Pg’ﬁg%"lx ﬁ)mtrdl&buta lgnegsrgrexcne

tﬁﬂﬂ@%ﬁﬂé/&bﬁio@ﬂbﬁcb utrgtheeﬁp pdlﬁﬁﬂjﬁhﬁthﬁil‘ﬁ!ﬂ@lene terephthalate,
t al,/ eI

yaoRuPRaBime:  MEHRRy cfemogiivensasignr ociler
epdnﬁnmt/@mm yelly bsea/slabtbnere, pabwithytenb ydrephihalae! ppbiligene
P@%é@ﬁ{lél&%]a%ét&% C?é%%ﬁ%?lﬁg{mg rr]r}élmene {'cp faXIJacr{(]l {ugrrle g\?tfndlene-
osftyxbriae f qroa@meng bthe:rkdenaﬁjﬁolydﬂermtfmeast |polyr:th51r:mn$‘polyam1de
S ozj%lth len glnace af” etth E]e%e exag%ng %1391{: rel%l %(Eﬁ??é%nd co blnatr'ons

fesi n. yure tora
mdnkpelsmg sMnﬁsh@*Eloe the ﬁb@mg béqmd:ng thepimeplastic cesinpol yest er s,
pol yam des, silicones, and m xtures conprising any one

of,cbite ok eRinRY ex&mssm&etaoimna eaienﬁosaﬁhg NASin®f include
thernosetting resins, as well” as bl ends of

t PRbYHERAnES t pEUTRl SHRRST, witthetinebbEet PPy BRI sBelpsters,
Utdt djra'nﬁ&g smendar ehe neduip| oiRkikify AfSiole | & AR | BRAGHy

fied poly(arylene ether)/polyam de bl en The er
p‘@PW{Oé"rtheﬁ%‘m@t hdt§nd F e FPCFH%SFWB%sreﬁPﬁ: y"ﬁh(‘-}’ﬁgl wndl "@ hé

(RREopRAL reml withahoHnesaingidae sl)so BORIZYATETS ;pre@iérabitpolymeric
copol yners; pol gé(&; | ene et th r..i gnomers; and
DIEE kS aea%a?wa? o %(W‘sﬁw %ﬂﬁpounds with
poly(aryl ene ether)s, vinyl ar ormtl c conpounds, and
p“ﬂhey (tarny lpely@ardértee eiher) a;reﬁint h:elul:lésk @plyp}mdylmeilmat(Pbﬁ)s and

St one e P e

lSéP gql?{ico&g ng gr goag mers pol%@?heng etherget}gér Jo%me
pzh'ldrbéﬁck typobimess ofubeapt adomana; ¢c8n1mimdslvethfpo]'ymgjrlme(eﬂ')er)s ]yinyl
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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wherein for each structural unit, each QL is

i ndependent |y hydrogen, hal ogen, primary or secondary
| ower al kyl (e.g., alkyl containing up to 7 carbon
atons), phenyl, hal oal kyl, am noal kyl,

hydroeanbenoxy, hal ohydrocar bonoxy wherei n atrtlsastonss?
two carbon atons separate the hal ogen and oxygen
atons, or the like; and each Q2 is independently

hydr ogen, hal ogen, prijrary or secondary |ower alkyl,
phenyl, hal oal kyl , h9oroc'rbonoxy hal ohydr ocar bonoxy
wherein ai |east two carbhdn atons separate the

hal ogen and oxygen atof Ote |ike. Preferably,
each Q is alkyl or Ayl , especially Cl4 al kyl, and
each @ is hydrogen. .uth honopol ynéh and copolyner
poly(arylene ether)s are included. The preferred

L.
OBV CR0 ) RS SR ety gt pimary
cep @d:cym id:vm I allcbe (€. gn b c@m’uygmp Sio CoRiradm mngs) fpbenyl,

)}(‘%n%l‘ﬁy amm Pytﬁ ri)éxﬂ n?!il ocarb)%(»,ef wherein at least two

Ve
coqaﬁdnyﬁmms setarata/éﬂ hafogammoqgggquomz,atrltbmhber and each Q° is
h Ql
2SR LGRS S0 S’ BRSNS et S
pmdpaksédh)blyoogrbaﬁdmynlyﬂ@hympbarquxboWhersmmt lqasf] tyarecaho @twms
a%iﬂ)%pa%ey t?ng Yhig \Age%saﬁld %}ci{»%ﬁ orri%s’orctﬁérj Hi{ edPli%fék‘aY)iyaEyclthS atk; l or

h ents suc l'ecu
'mmhgmte@@mwbdﬁbaﬁat@@iﬁQMQnGhE@DgMMeterocycles and
formal s undergo reaction in known manner with the

h B@fh‘)ﬂ@lm@ﬂgﬁﬂs andcﬂzoptgiy@emllﬁ(i(rﬂ&ya &ﬁ@)s%@ REd & AR prdf@red
pr oduce eCU ar wei g

POPERAYREh aroRE § yetginipg ﬁérd“i‘WEYlB]&’é‘Y%’é"rrﬁﬁhﬁfat“i"HnsS““abie

C QBRynSerd) Snchide | BAIm Qﬂﬁblﬁﬁeri Rentaiaia@V Eor éﬂaﬁxple such units in
po Iy(arylene et her) has nunber aver age nol ecul ar

wePgPination wih g 61@%1%1 léﬁllwlﬁneas f PR CORMYRES [dghss
a&rx@mac WISz 8 68 Gfﬁikhﬁﬂyuﬂ)}ﬁﬁow\@lt@ .3, ohxmwhenol Also

0- 60, 000 a deternlned neatl .
Bwa i it BORG e Eesb eyRir g dipicts ety R BEate!
I MohbiA&rs 6r Ndiﬁﬁﬁs kttck( a@]ﬁo]ﬁb@&ﬂe) s, @s \filal fsocoapledipolNaglne ether) in
|ter er abl
OB tronireh e 36 Wl B i aP bk B e
i ﬁetalomlq@ asé fchas hmdengol rhdcdien ia khowgimiamter it ite hydrsxogbtps

1%f two poly(arylene ether) chains to pi’oduce a higher molecular weight polymer.

Poly(arylene ether)s further include combinations comprising at least one of the

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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poly(aryl ene ether) and a lowintrinsic viscosity
poly(aryl ene ether) in conbination. Determ ning an
exact ratio, when two intrinsic viscosities are used,
wi || depend sonmewhat on the exact intrinsic
vivecowiopfieges of the pol y(aryl ene ether) usedCHHSRIH@EIS2
ultimate physical properties that are desired. The
poly(arylene ether) is typically prepared by the

0Xd1 ﬁh‘léﬁ@ cALP! 4430 200wt inh RGeSt vieRSity poly(arylcne ether) in
nmono drOﬁégéonatlc conpound such as. 2, 6-xyl enol or

2 canlgiatiop nDeKIPRE #B Exact 1ae, a‘r‘ff%fw%lﬁ'gt“é‘ﬁé”sﬁ?sé‘e@é‘ﬁé’ﬁ%’l’l y

eqml aesh {oflewBMD (RO ilBinsid tﬁ%sﬁﬁspéfocﬁé poly(@QRhabmerdt
| east one heavy netal conpound such as a copper,

nised @é“@ﬁw€ﬁ$ﬁﬂﬁﬂ€@ﬁﬂ5ﬁﬂﬂﬂamﬁ%%@ﬂly in conbi nation
with various other materials. Particularly useful
p qrhe/ gay(ylly&ae et &rtygicdll ﬁardpaay bpthe pﬁﬁﬂsfe abwplihg ofse Jeast one
rise. nolecu havi n east,
TR T ica PR et 28 ot S Aaal Bpptyiphenol.
r adiaB@ sybtems Mﬁlgelwrailw drrtpd:c@rbdaﬂur Ismcha:nu;ﬂmghtheyptymcalimnm at

h ts conta|n| suc
ol eigEe hayYeres el B § A SRR AR Dol oo
pﬁmﬁﬂfynmﬂ%uﬁﬁﬁﬂmﬁa%MOWDanﬂnmaﬁsuCh as
di -n-butyl am ne or dinethyl amne as one of the
c .
955(]1’? E\élgér ﬁ’ll 8 l}(%gﬁ éag)é hgl%pﬁogggﬁfﬂﬂédswaé AREL WRARN comprise
h yrehicoslyh hph@m legst ngjaminsikytoppiaiwinel sadogsew ndbe pmiaplkyl
?a%]ﬁtai %nty c%l ﬁ“ [o(éz?ced th M"oﬁfx‘o gosk?%n ﬁrtﬂg q&llroxy group. Products
di phenoqu e present speci al I'n
C oprpenmgl amqhd:ed s@mmuar‘gﬁ @tanteérbv |ir§pyvoraam ﬁea@y@f@ﬁpmary
syp §éc bal'no%a@?&r LdeR s Afent %G@laﬁl(ﬂ{ey&ﬁﬂmgﬂbi%h% &S one of the
ypi ca cons uting as nuch as about 90% by wei ght
otonsh@nerpi@pgxh@wdmsfcqzre&wpwtlan mp@aet Alsp Eequsnthispypsgnt are 4-
a@y&ﬁ%’bﬁlﬂmﬁ le @blﬁis px@zﬁg oﬁt'am{(@ﬁ&ﬁ)f&bﬂﬁﬁﬁﬁﬁ ure@ Mfwhich a by-

gr oups. pol yani i de résins usef ul |n(§ rylene
eﬁ’ﬁ@ﬂ?t/dmblﬂwmﬂ@l@ ppeepas carceially Perraprog-hal ﬁm B&f or tertiary

F @RS sRAWN Rssdﬁyth&ﬁ réi:lﬂﬁfoﬁcﬁfe |ﬂiez S&ylﬁyr h’[&)ﬁ:cﬂé@st@ﬁlezﬂ]y
of an am de grou 96 and

o RIS RN RN 9bo¢lf Wby ws*gfa&ﬂf g)mo{}a@& Mo o o st one

a\éagah@&hlﬁoarntm@mmg et &hyRkoxgBIpReRl Cdndlgraupsir ces. Ot her
pol yan1des however, such as nylon 4, nylon 12

6,
i PO R e SR A B B¢ BT

P GAGIBNGS, reshss WWh aﬁﬁyimtshﬂiaﬂptesnd foy ais: ﬂrdfsenceamﬁm whidei group (-

2@@@}'&&}2{% Jggn %Eﬂ %E?F | otnggryem fggflgésfé oy?&f{f/aﬁﬁges and are

pakyiabiedes asarisel df cammesial suscep oﬂmmmldnsmwm;@ch as
gr ek?%llaf 0 noglfllé' ne 1 & %Brﬁéé’ %ﬁlér}’n g%‘ld%uf 9?105 rhesf%T with

er)f ol Sis
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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13 WO 2004/ 094128 PCT/ US2004/ 008352 Pol yam des may be
obt ai ned by a nunber of processes such as those
described in U S. Patent Nos. 2,071, 250, 2,071, 251,
2,130,523, 2,130,948, 2,241,322, 2,312,966, and
2,512,606. Nylon-6, for exanple, is a polynerization
produdt+o® a caprolactam Nylon-6,6 i s a cRETASAGAISST
product of adipic acid and 1, 6-di am nohexane.

Li kewi se, nylon 4,6 is a condensati on product between

aﬁb]@ézfﬁdékqha@ lﬁ%ﬂtaﬂw‘ff d@a m&pbwréae%es sube S (HGS d@s%wdqn USS.
aci d, _other I aci ds for %oepar atio

pBPt%Inge%OTIH‘CSIO 3!3871 %ﬂekd?@@cwdmg a@f‘&%‘el?@ﬁlz 956 and

dodecame HiyRsid forae%aﬂiﬁu i p&l?ﬁx@xﬁ’ﬁﬁ&ﬁbn‘oﬁu@@ a caprolactam.
[ Soﬁjﬂt halic acids, and the |ik O her useful

dNxIonReSis 7 Fen Eﬂfétl%w(‘?quy@»fédl@r‘ &ﬁqdﬁ@d 1 é]dla(rquohehane Likewise,

ansn&onf@eﬁyé LRERANE, p:@auc( et agyic| Lieandl 1,1%tRARButane.
di - (4- anj nophenyl ) propane

2BQS“EHS %‘E‘caaﬁ\‘dn SE5PsH Ay AR erepapismeiortigmides include
C@a@mclym Setfatic Caa;ﬁr 9%&@&@%&&% Bs iR Gk @sephblid tmams?;ﬁﬁhanc
areas ol ya S aV|n a VI SCOosSI yo

¢ P gpd & iﬁ t P ‘Eﬁoﬂie@ﬂdga‘m“?% F‘}C?‘idér‘EP* S dipming dh@‘y
b&lﬂﬂslﬁanﬁmemge pol y( aﬂYltﬁﬁﬁn&iyblehéx@DﬁEtMﬂm de bl endgi-(4-
Ith% eral l S|r ble to se?%)yamdes havi ng, a
v REEER ?33 pgp eat“e‘r'd’f é‘ﬁ’“&?ﬁy%ﬁl‘iﬁr @ &pout?ipse  omers.
PCEfotymadnd of cepraiadiah with Atcids aiqliahindsQrad@uikefsLOn / g when
measured in a 0.5 weight percent (vvt% sol ution in 96

WFO/IO anlflldesul;alvﬁl aaC{)Id ols@y 4] B(s)sr ?‘ance eV\fl to a %Qg dllﬁiﬁrs? ram
E39) gener aﬁl esira itz m de
a(miied aoeyi beyusei 1hehespo]h@rylme eetq:cbaiolytamldealﬁemi‘s 360s gttdegx}ly

pﬁe% r?rﬁcag)l e pgﬁgmlggéﬂw éhate‘qyc%lﬂ g@%a?é!‘&}sagdbg g&@ tc3a§‘nout 6

neasur e
wpifesablyf gredter thai of ¢qua!a®ca'bpctalri@ml/wwhqn 8@ \E@t7in 4 9 5|\selght

g fﬁ@ernzmy Qo%iloﬁgbfﬁto,@ s&ﬂ;?ﬂ? @&ag dckdiBarke DG ég %cyw »i} R8Ro

In wt resin. | zed
paingiady yiesilde &1 wérzr/ppbwalm baving| evieresity of Ig@ﬁb@aqm agual to

\’I‘\E&Hf Pl re‘féré’ol%l%@&ﬁxhﬁ/ & SRAROLRL P4b ﬁx%%&@ﬁ%ﬂ ina0.5

ereln a C at i I zi ng agent 1s added
r esighiercyyt W ehsolytipmig %.vﬁ%’otszékﬁurwcxdh’éwyrdmce véfh %o 307.
generally believed that the conpatibilizing agent
brti 9Qnail Besﬂaﬁ]@&@tdoﬁ@athﬂﬂéﬂﬁﬂ pbry@rﬁa{eyétafrylresne with the

et he t he .ya e, and t
ARt B DR B 2P eIhey) P E e R epfachr Benerally
pﬁlh:)ﬂ(fﬂi\%édleﬂg r&tmrc)on@ﬂtﬁidﬁ@ tﬁcdhqu@ wikhdirs a Ic&’ﬁﬁdﬁ%ﬂﬂmg a_gent
tibilit en Si c ties
 BoR a0t petng | S Peip R0 ehne B el WREORT ol 2
I bdm@tnuslaimg/@genmmg@ibom 4 feZdting bageai the bely(anbemp @Ehbrt) amhthe

| ene et her, am d ncI itric

obeBs, P S s acien Srdnly e e RipiteTin, Byrheyg e
Weoly (adfen€ aivér) mat podyrdnide. This improved compatxb;hty 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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conprising at |east of the foregoing. 14 WO

2004/ 094128 PCT/ US2004/ 008352 I npact nodifiers are
wogenesallsy added to the pol y(aryl ene et her)/ palcrams2oenosss2

bl ends to inprove inpact properties for use in

autonotive applications. Particularly suitable

t hernopl astic i rrpact nodi fiers are bl ock copol yners,
Impagt r@@@ﬁﬁw are gergraliyopdsisl to ébﬂamlymlsn%ﬁ@ewmlmmlde blends to

im rro('\)/?rl51 ?)‘?gct (}F}gérﬁ&e ﬁﬁ‘ %Vl nﬁ%g} eotlg en Lfsz%ty Ss_.?lylfagﬁgdlarly suitable

thePinoplistic anphch mhodibiers BleOBlock %ﬁéﬂ?hﬂéﬁ’s ifor exan@lel AR @iblock
i soprene or butadi ene bl ock. The but adi ene bl ock. may

comimawm& AP-Lipihledesenobmeniryive e GF Uhaceallipy gegmatic
|
g A Bl ARS8 A, Lot B n i

gehdrallyt afl ikapran) ysbyldires lﬂ@d:lybl?{thadlbtﬁﬁlﬁene block may be p'u;tlaliy
pol yst yr ene- pol y( et hyl ene- propyl ene),
hydropngtss e Abixpes; o€ dhfsendiblock and trxblock copolymers are especially

usdifl Y(a- met hyl st yrene) - pol ybut adi ene,
pol yst yr ene- pol ybut adi ene- pol ystyrene (SBS),
pol yst yr ene- pol y( et hyl ene- propyl ene) - pol yst yr ene,
Supably SA-Br end- ApBI i seppeners ipduge tyt anfenahdilmlted to polystyrene-

ha- I ol yb d
poﬁ/@rléﬁw e pohsiyreRpr IS LEIRE-HaPUESes o) DR D BT dprene,
A-8iicf ﬁr@ﬁé}ﬂ:{b\ﬁﬂﬁ&ﬁé" epdijféfﬁené\/béﬂsrldﬁtﬁéleﬁé-pb@@tyrene %SBS)

ore tl one COpO yners are al so usef dl
polg;sarm@w(ahqumpﬂm@bw@ear e avamlmfbf@ne-polylsomene-

o SRTRE A BHRRRE P Pl P i sen,
as Séﬁ' as tiQIdcEly Wdro %ﬁﬁi@cﬂ velRRnt iR hdrd thl:(WGMmme@ﬂif the

under the tradermrk ECTOR, and Kuraray under th
aforemertinned blSEPTopelymerss ateuplsamsoh. oBuihndaBt «’ﬂvﬁbeﬁ Br4rblock

t 2 ht 9
e B S s LD o v
Pe@tbRuin &ﬂeﬂ%&’a@a@gﬁﬂéﬂ(DNPRENﬁt Sh¢l EGhenical (Eh‘o nuifldw theetirglemark
ercent ages are bas on t t of, t
Kl@&ﬁ%% iRexem under the t@gﬁ@éikapgﬁgﬁa’e Vﬁl&rg trademark
N mpact nodifier conprises a
pol yst yr ene- pol ybut adi ene- pol ystyrene bl ock copol yner.

The pol y(aryl ene ether)/pol yam de bl ends may
A apdfuomabint dfémpademodifer domguotabout 20 vesight mﬁycetnh éwtbop with

onductive addifives such rb bl ack,
ooV A8 PO Stk PGS 81 S Bgite 1 Bt 125 Rtacially
r%cfhllfgd When OB Rafohe Her@RiAREd GeNBasdll L@ enBiRewdight RE the
or egoin
ompomgon Ign an especially preferred embodiment, the impact modifier comprises a

polystyrene-polybutadienc-polystyrene block copolymer.

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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15 WD 211114/1194128 PCT/ US211114/ 008352 Conmercially
avai | abl e carbon bl acks may be any conductive carbon
black that is wused in nodifying the electrostatic

di ssipation (ESD) properties of thernoplastics

resins. Such carbon bl acks are sold under a variety of
twade+/mas, including but not |inmted to BETASH008352
(Super Conductive Furnace), E.C.F. (Electric
Cbnductive Furnace), Ketjen Black EC (avail able from

ﬁtfg?auy Av&iﬁ’ab)e QFbo Wik B vBlaBF KendREIRE QEMHBA bRaK BANIs
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Eft nore preferably %gvater t ég 8? ),
ekoHE EhpSe BHIRSCAVP/ES DAt 24s| 16 K i outZY ganpmsters, (nm
Y)?éféiﬂiﬂ (edd st MoubTvohal, ahore gb&mbmle@naangbaaﬁe Innd, Haererred
About 40 cubi ¢ Centineters @EW hundég @m 2t 200 square
(cewblptmmjybon BlaélfSelF%fr 3P e SEEre PSR (T 150 4
1'F')(ﬁf ), ﬁéfﬁrﬁﬁ? %Eﬁatétr gt ab&n gU(lﬂ Az Ao wiord plferably
referr 0 |v car
R if@a prbPaLBE P R ca8n Mo RalR s A TP
tv@Iuﬁle Q&ﬂiugrhfphtﬁﬁlat% fhﬁsorﬁﬁiﬁp@&b&t han abian BOrcuhanoehtimess per

S b a0 b L, S50,

q)%fy&ag )gireﬁtrdﬁthﬁﬁ iR 150y Andg G’réﬂeﬁcmmdds&f esrbondvidokaumay
nanot u

those havi n i a t A
é’ﬁo‘ﬁt‘m@bg Otet &4 to(?ﬁ?‘g‘o% w% ubesthgl&%i wilaif e
ﬁﬁﬁ@@&yred by chem cal vapor dep03|t|on processes,
on arc based processes or |aser ablation

3’5 essérelgtubel\l%&g}é BESooBPhakinGa zInEl gmgfehﬁll%aﬁﬁh G@lotub¥AReY
EDOSII{I on rocC S are)genera ter ned vapaor rown
cdsoleruséd me:hsccawd@ptw eele(ardens cfendelrmife blamds. %ﬂf% &grbon

%Hé@%?e thé{!a%ﬁﬁﬁ%gm%% Favek 00ed afdu0 R0 RBoBAERO Tadbe
bas a

processes | aser abl ation processes are

geanetnbﬂsmyayshenganéfdmeﬂ by shepigH e@por dpRsHIoR PRRFPCSHET PO

gi]téﬁ }9@3'3%33 DR, %Bﬁﬁoxﬂﬁr)bcé?@es UsRdothies ob@ink® h‘lﬂéﬁi&hy Ligdcal

yam de bl ends i n amounts of about g mﬁ .
endez@!twm%ocmes 1o BNGEALlY Jesmed, PRPOY $10WR SRR Hpelhangdhese

caxe ?ﬁgrfe}a@l " Hﬁ% @ngléduxqaﬁﬁtub& pastRRak abvelPEdromnth@Barbon arc

I ment, the poly(ary Ien et her

|bq@%&bpronmﬂsmﬂérlaselaﬁlala“oélowﬁ%?ﬁﬁ%larq %‘iﬂﬁfé} nGwREe %ﬁih“@é’&"’eﬁ
| B3R @ndidMh1iS GhE Wil Oroth Bds Omb) ebef {ide81 inC ﬂmvpgay(aglene
section at the feed throat. Fbat|Q§1 %% 0/ma\;fh ductive
orfbarifpriyamjda elends i apemits efabopkt wt € con

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
16



if desired. Venting at reduced pressure may al so be
conducted if desired. The poly(arylene ether) resin,

WO dipdetidodi fi er and conpati bilizer are then PCT/US2004/008352
transferred 16 WD 2004/094128 PCT/ US2004/ 005352 from
the first conveying section to the first m xing

section where the_corrp%e ts are plasticated to form
frorg the HEY cARYRYIRgesectiof (Pathie dustusting sestipn Whers 1 cgponents are

_ oLran Hre ¥ (
plasff L{eagﬁrfoah_é ﬁf‘s% gggglga ;ﬁg&&g& s 8CHd0hto Meeh@habl Xt the

rough a side second m xi ng section
secqaldastineyins s¢dienpptefaablgethemghf acide featles The second mixing
conpatibilization with the ol.y(aryl ene et.her) of the
scoi) SRHGHSS: Do oPUITISSS le THLEFS FORPERT Padionmyaty  the
polﬂgglléﬂee Ethe§2§f ?llnee 'ﬁﬁst' lgiii;‘ietﬂl%nasc QRye%edhd REDUBLNt BE the impact

ering z o the , Where it exits the extruder
modifiet. nEhé dbiemdd$ thenfdonveysd thtongh theamettoisg ek toTthe glie cvlene it

.permts an r _of vant agequs features. It permts
exitf e Py y Forgt oo TR AEEREE GERI &% i g
t hr oughput havi ng i npact properties greater than or

ThiS A&y iRm0 Of kdvigedy f-enene rapemdisahe athafcturing
speeds of greater than or equal to about. 500 rpmwth

of polyspertd bleods atrhaghytipenghpst kpvingt isrpachpiepertics greater fhan or equal

b 5 kgl ht-cnB .. - .
to oBaRL 100k grewy mHe SPvavbenr bl MRS of Bpf R RS A sbous
500" B¢ Wihe sEf@ﬂ@ ro@shpaY of XRass tBar0 br tiel b abelttns kg/hr-cm?

sust ai ned gh shear and hi gh _t_ermeratures_vvithcin t he,
thug xeduging the manafagkyrag icapts \and piiniziag despdationand other side
f e_of _hj [ | Y. ish sh d hich
res R, Pt oL RSERA thePRCHA ROk high sheqr and hig
tem@pedires withantheexeqdal to about 300 kg-cm while
utilizing a specific energy consunption of |ess than

N e
eth@?f;ﬁémﬁ@ BRn&S NSNS BRiyRRtderchE@NsSyrbay han ofRged] to about

s of greater than or equal to about 250 kg-cm
30kgsor, ewhidputitizingfa specificesncrgyaporsumption | oftlessathantor Xgual to

o REAASHRMAShCrL LMD Ghaftie 1, 10 B

extrldl sﬁagggl}%?nléﬁé eeB/RIvide Bleadé Rivihf afpat seeigths dfopreater

about It i's also generally desirable to

than et eqipd te aletiit 850 kig-smatsprevetiets Pimtajerthapopiaabte about 200

havi [ f
oo SRR e OSIR, 90 B8 AP SR, ol than
or éﬂamocuboaqy@d rphoagb@ust prefegpbly grea@r thanet eqad ky algre 0@ rpm.
than or equal .to about 5 ksg]éhr- and

It i rabsos eensgily desieble ionayirade hd}ﬂfxn(gfyé%l&&tﬁ%%ﬁbwide blends
ha\ﬁﬁ'é3 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-c’, preferably greater than or
equal to about 5 kg/hr-cm®, and most preferably greater than or equal to about 9 kg/hr-

cm3.

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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The foll ow ng exanples, which are neant to be

exenplary, not limting, illustrate conpositions and
worpst-sde28of manuf act uri ng sonme of the vari ous PCT/US2004/008352

enbodi nents of the 17 WD 2094/094128

PCT/ U$2004/ 008352 pol y(aryl ene ether)/ pol yam de

arl terials.,and t bove, det ai |
polgerdse eherkipe 3%%!653%%%‘@1&% Fiabd i gbove Bdtailed
Scraglvant age of ut| I izing a nixing section having an L/D
ratio greater than or equal to about S. S and
conprising two flighted kneading blocks in a twn
EX déxtruder. A pol y(phenyl ene et her)/ pol yanv. de
conposi tion havi ng ingredients in the anbunts shown

Thiig gﬁ%ﬁgfeedeghoggégtg Iatd}‘}%ftge%t d(ﬁj C}u}ﬁkrg“éﬁ xnnl%?%ﬁéxon havmrg 0 L/D

ratiBfdredteiethen of \é@alttWaBoﬁQ? $and eoizhptiﬁiﬁg tivafliglged knéxaahmgbmcks
(zones) and die as well as in _a 58 nm Werner

in pftwa &@@\é{rewﬁyr t vt molyéphenyiene cthsel Polamidg %}%ﬁ@g having

Hu ! bt of th
gl ruder 'S "’Elgy gnaii“{?\'g‘ggnrp'})Zgl1 gﬁ cIvvg][s]l tprgr;%%p‘ ed” ¢
cori‘m&)snthﬂl, iwme nselt Blehdwiniti gwmthWMdi Filcdeger (éNQ) twm SCrew

wher ei n, on| three flight kneadi nm Xi bl o
extipen Taying; L ansls (gen igﬂ dig s ‘Hﬁ@gasﬂ‘?ea ohrBg P Wemer and
pSiasRt ggvpdd%ﬁing Qag%deﬁ }%a%m%s aPkfesd AAda SAEP! Thé sample
wer e nuf ac e

tur e 58 twin screw extruder
mattifabtupddnig thbd 26 anavextrsbemn desigitgl sanpw lagil ®as manufactured

respectivel ere.on t Wo kneadi
ha‘w& R seTam, gnpEmafich s%‘@ﬁﬂd"ﬂ*rhg‘ﬁ SRS f@gn@’u‘% Sghted
%’@2&{5@0&1&1&%&% i Bed Ghark &ﬂ&mg kéttiohd UrEnedthradhkdrBples

were made on the screw shown in
desﬁ-‘g@tﬂdesaﬁipm a Fatgulp Ssar@, sampdndl veere apaswiasiused g she 4§ iprg twin

RKB L B d
srbf a5 SR e 2By G PRRAPAE s KA e ony
twd ittt kxfxéakiﬁlgt sdcie) ®pRNitlizee 3P eet tecohd miShngrsetiors Sample 2
single flledghted screw elenments while XKB refer ﬁ to 3

was maghfastired ewrtherssrewr plasvn in Figyrert Whilersamplss rangl$ @epe made

that the seco g f Mo th
on SR8 Srt S BEET I TR 20 B 2y R aph "F 36K g B he
deﬁg?ﬁhbﬁ RKB, EI\MIQSN K Baatbr So $howrd ﬂ@ﬂecﬁ elbemntssmverse flighted

hted el enents respect ivel %e ng 'ht ihglgl

eleents g mgualclighted elepIciaRsRcE el e BB eGOGUELS Mighted sorew
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 Wi%
Poly(2,6-dimethylphenylene ether) 359
Nylon 6,6 38.9
high impact polystyrene 15.0
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Nyl on 6,6 38.9 high inpact polystyrene 15.0 18 WO 2

0 04/094 1 28 PCT/ US2004/ 008352 SBS di bl ock copol yner
WOROQHAOKIt on D1101) Citric Acid 0.9 Irganox PETEISINBANRIS2

The operating conditions for the respective extruders

are shown in Tables 2 and 3 respectively. From Tabl e
mmevV—be seen-that-t-he-120-rm-extruder utilized in

oo ST

qur@bloﬁgﬁﬂﬁ@?%ﬁ of sanple | has a sedond mgzpng
ectt?g h/D ratio of 3.5, while for tlhe sanples 2,
A n the 58 nmi extruder, the|second mi xing
.Q_prti.(m had a /D ratio of 6 7 and flor sanples 3 and
Citricsdd@ produced in the 58 nm extruder| the s®8ond
m xjing section had a L/D ratio of 9.8 respectively
Irgaporal 09 i npact strength was neasured as pef3ASTM D
3763. Table 3 reflects the tenperaturie conditions

n

C utilized in the extruders during the extrusion
process. Table 2 Extruder Conditions Sanple | * Sanple
ThE*opSmmI;,ecdﬁdBmmplfer tie reSmcﬁw: emttredersj aeensticorn #P0ales 38nd 3

resgecitwe y)- lD% L]g‘%%)et bt:]rlaggra %X §5SH @Segﬁg)l n(;)unrgegngglegut:ls ze%i in the
I

] 1 ER AP 31 e

sarhples agpmdtwerdanethe( 5§y xthdieg tHoOSo0) MiBing se@ivediafiad./D ratio

of (({.1{) %gtsg_lgg %031@4 ﬁgzﬁszo %rod{](k:ugc{ liz{ h?e”%?; l’gl%r i %ge 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 I* | Sample 2* Sample 3 Sample 4*
Screw outer diameter 120 58 58 38
(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 o)
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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Ratio of outer diameter 1 2 1.55 1.55 1.55 to root

di anmeter Dynatup inpact 360 225 416 195 strength
WO(Jotex)28' ' Conpar ati ve exanples 19 WO 2 0 031 RETAUSRORIAGEIS2

PCT/ US2004/ 008352 Table 3 Barrel # Sanple 1 * Sanpl e

2* Sanmple 3 Sample 4* 1 50 50 50 50 2 200 I1SO I SO
Taésg 3 280 300 300 300 4 230 300 300 300 5 290 320

53 320 6 285 320 320 320 7 260 300 300 300 8 250

SURpl Y SU T 9] PR 11
| E 2‘?@3030300 300 Darmple 3 e e

265 - - - T- ormar atiyve eexanpl eq

As mhy be seen BBom Tabl 5@, the i nplct strengbh for |
A_a_r_m_]___em e |n_fhn 120 nun OV*-"—U"I%"

cont &i ni ng |t hr li ght ed I§fhead ng ks is 369

kRg=CcHr—Ttre Ll'ngga foT3ggTe SECOMgRIT XTI 10 Seggipi on 1in
thIS‘ case s 3.5. Wien an attenpt was mape to
repl dcate the iIfigact jper f30rancke in3@0tvvi n scrdw

extruder using -only two flighted qenf 5 Wi-t-b—a
secofd nixijng setion havidfy an| L/ D3‘r%1t| ol of 6%, t

iupaBt strengtthgof~the TeFp tT My pg)‘@(y([m.,nyl W
et her) / pol ylam dés%l end vva?(}lrjeduced as_may] be ?ve?n far

Sanplfe 2 tq 225d(g- cm V\b‘tﬁh)the L/ D30t i o} was 300
increased from6.7 tol.9 i.s g%gm%
strefgth incread¥d si gmf?’@antl ) to3%6 kg- cm 1

~—+

o vl ok o anmal 1

SATTPEE—o— 101 T € ad STT EW VVHS{)

oper ated at] 10 rpm V\F‘le%oqjhe =xtr§%%r SCrew 0
10 250 300 300 300
11 265 - - -
DIE 290 300 300 300

*Comparative examples

As may be seen from Table 2, the impact strength for sample 1 which was made in the
120 mm extruder containing three flighted kneading blocks is 360 kg-cm. The L/D
ratio for the second mixing section in this case was 3.5, When an attempt was made
to replicate the impact performance in a twin screw extruder using only two flighted
elements with a second mixing section having an L/D ratio of 6.7, the impact strength
of the resulting poly(phenylene ether)/polyamide blend was reduced as may be seen
for sample 2 to 225 kg-cm. When the L/D ratio was increased from 6.7 to 9.8, it is
seen that the impact strength increased significantly to 416 kg-cm for sample 3. For
sample 3, the extruder screw was operated at 1000 rpm. When the extruder screw
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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speed was reduced from 1000 rpmto 460 rpm as seen for
sanple 4, the inpact is again reduced to 195 kg-cm
woOTlhusgeddtzsmay be seen that by using a higher L/FOTV@8R2iE/008352
for the second mi xing section and a higher operating
speed, poly(phenyl ene ether)/polyam de bl ends havi ng

sui tabl e inpact performance may_be optained frqom.a
secPipfl HUSRESHEdSR r hhey tharish 06 rﬁlllfytwqmﬂlgm lgrﬂagla‘lgk@%% i{fgead of

- id bRsE | esuEhh AL knsasig
theel S Khipdtid HERGG IR0 S udet EOMEbR A kaed o
impreemgdmpeet shgnsthaif itlenpol iiliphanyiidre ctise)/pdlyarhalethlmds.

flighted kneadi ng bl ocks instead of three flighted

- ' bl ocks i nproves extruder throughput while
E’%ﬁﬁgggﬁl ng or inproving inpact strength of the
pol y( phenyl ene et her)/pol yam de bl ends. EXAMPLE 2 This

ThRXAARpE: 4&NBRHhtaURS adRatady anhialiesg aflargti piopbA®naof reverse
| arger proportion of reverse kneading bl ocks

when
kneadingablarkai when rontperoda mithk thea dorgrd| kaerding  blagkit o neutral

kneadi bl.ocks i.n. the m xi t i \
S SR SRR S S s e
scrbivi @lthfentsT havia@mBAS | flighR. f Orhet kOmposisiow hisnyihenpoly(phenylene
et her)/polyam de blend is the sane as that in I%gan‘gle
cther)/polypumide biendais thsprse ahBwt iy PraBpient EHEstsd i ong Sghow
Aun \Wer ner. a ' W 1 Whek&l;
airin S8 eLRs PR Cnd PARUSE! (ih SHENUEERAUNTIRA cach
sudceysives scrknaadiang legdt huintbet bé reeewericheading ibherks éx theosecond
For exanple, the screw depicted in F',gure ? has a
misisgowation x FRg examrle; BIF KHHIeRICtsd Ip s 3 Peva sgfany mixing
| di |; SYBA aMeWklerh&fs havin
Secgiroglﬁa ﬁ{pl {Eﬁ%odr&qh%%f&é% etﬁ:\%{gﬁﬁ(eagtlr al g%lr)gw el ement s s
the preflk ¢ht ed 1B’ and we herteh seewrdamnens (ihdicgedby gcrepedements

and one faqr neadi n | oc i ndi cat.ed,. C
hawing t%reﬁémsh%“ oBf gk B 'ﬁﬁgﬁlf’gk ooy sorew
eie?xﬁe!h% LRI SR RIEBIC PRMNAGh ARk otBer IRMAIISPICHA R¥éw having
el ements,” 3 neutral sc¢rew elenments and 2 forward screw

3 elvemestew clBingutse 35neutial Srewedensents apdy foraasngesew slements.

. tral gl t d, 2 f d el
S84 R B ] A S 0 s
ﬂ¥@x&9@&{ 1&84@%?5518@4&@@%%&35&0\&%%% Barrel #
enper at ur e
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150 2180 3 300 4 300 5 320 6 320 7 300 8 300
9 300 10 300 Die 300 The properties for the sanples
WORRoHE9438l | zi ng t he screws depicted in Fi gur eP(G/USBIHHANEIS2
and 5 are shown in Tables 5, 6 and 7 respectively.
Dynat up nmeasurenents were conducted as per ASTM D
Tab 763. Tensile test neasurenents were conducted as per
a M D 638. Notched |zod inpact tests were conducted
i D 288npdVilie (°€] OW Tndex tests were
conduct ed_as per A{]STM D 1238. $anples 1 - 3 were nade
using the gcrew depi¥ied in Fiqure 3, while sanples 4

Wrew depicted in Figure
4 and sanplles 7 - 13“Were nmde jusing the screw
depigted 1 Figurespg 1antes 3, 6 and 7 al so show the

average vallues for over 20 production runs conducted
in adnmanufacturing glant. Thesq manufacturing plant

production 5 in an extruder having
onl y5three flighted ¢lrew el emants in the mxi ng
sectrons—offthe st whitetfhe sanples 1 - 13 in

conttrast, were manufactured usijng the two flighted
scremws depijcted in BOgures 3, 4, and 5 as descri bed
above. As nmy he seen fromthd Tables 5, 6 and 7, the
i npa&t properties of3%he materifal as neasured by the
rotegret—zgd—and-Byngiup—show tihat as the nunber of
reverse flijghted screw elenentis in the second m xi ng
Sectpgon i s {i ncreased@(0bhere is an increase in the

[ npact prgperties of the poly(phenyl ene

et h&4g / pol yai ni de bI¥fd. Thus by increasing the
Atber—ef—reverse-frghted-screw el enents with respect
to the nunber of forward 22 WO 21)04/4)94128
ThEPIpRRAFs/ HR83nBles tiadg titidingcheverewe depicted in Bigutksiic &, and

time in the_extruder is _jncrease per)ti ng.an
5 are shown in Tables 5, 6 and 7 respectively. ynatup Ineasurements 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 2 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 35 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
clements 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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i ncrease in dispersion and inproving the inpact
properties. 23 WD 2001/094128 PCT/ US2001/ 008352 a> O
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increase in dispersion and improving the impact properties.
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AS o) RSP B8 O CoTRRRITR R biac Dieh FRRGT AR gD, WP yine
imPYet %H@thst SeRBOMhn 2P Qﬂ&g 5 %5@@5@%@06@ %‘é‘}ege ﬁltodﬁgédeé&’ screw

speeds of greater than about 500 rpm |In 'general, it
Speleds obgrenteethat hhouti 360ap. shr @mgtah,st 1sgﬂ:§attve theh ampaat strengths

erchl S B SR RoB U R of B o
abcﬁj@ %@ofugccnh higy B8 Hﬁb&l&ﬂ%t‘sﬁéuﬁ@ %&o@éhpﬁwg‘ﬂea{e@ thzﬂb&uéqtﬂl to
kg/ hr-cm 3, nobre preferably greater than or ual to

abatt dluke/Br-kiy wowsnpeferably @eﬁrﬁéqtraﬂhan 1o 28 elei ahO@t rheelaggem’.

RS LSS B S TE s

is A arb @i doss MRS GraBhliol #56t 0.DAWIRNKe EHI@ld, pe:fakblyt 1e§ag tB8n or
kwhr/ kg of bl end and nost dp()r ef er abl y less than or

equad ta hbaus Oa$olgvhn/igg Qfsblﬁwham gw@t prsfasally l4s6 thatyorgauel teeabout

T e T T

usiff e preSeriR@WtrebOQ scim speed eifgwnérythgt eaé@lal td a‘mui) rseo pm,
equal to about 750 r&n% and_nost preferably f
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While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.
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wi |l be understood by those skilled in the art that
vari ous changes may be nade and equival ents may be

substituted for elenents thereof w thout departing
fromthe scope of the invention. In addition, many
ChedMS: cati ons may be nmade to adapt a particul ar

situation or material to the teachings of the

i nvention without departing fromthe essential scope

t her T : Lt 1S . that the invention
1'not égt:]ieiwmﬁ? é L?%ﬁetsﬁjgwpegﬁu%ﬁagﬁ%éﬁodi ment di scl osed

as tédedsesto cmsteying stceiops Atrednfpitiged cothmgithuit contlisthg a

[ ion,.b [ nvent i ill includ |1
QURIEHT RO 419 FRbeR Eribh SR S B OHHECEgpnded
cl ai gBeaslvdhNiNSiectid clﬁ%nﬁﬁfsﬁi@ R AefMbis 'hejviﬁ% ?\?g E};"more

extruder conpri ses: at’ least o conveyi ng se
fligbis, whenipbe tatiegfshaclonglbgo theaharodnmpiatis iofi theasumpal thermixing

SRR L 5B A R Sty

0.5 @h@WheleaBB sn Ui et MR 8¢ seplfated ty dt WHsBoncWMIBER Retion: and
the ratio of th‘ggl eg::%th to thdgglgli amglter ratio of&t he "o

sum Wheredhgiaiio g theslergth dndiamster hasiol efribg serew ebiimemtstharving
i of & | tailly 0.17 .t .
bt e AR W Il RRDERE Pt Bl bR bevin e st

is anlest:meply avead sibstatiallgast one i xi ng section; and

wherein the ratio of the length to dianmeter ratio of

the screw el enents having nore than two flights to

t he e ' . ' ‘ ' ,
T A R v T S e RS
copyeyihesstoehaofg Clangth tb, dimheteeiatio bieutatantigl®st td Wibstantially 12

onveying sections are.a first cgnveying section

anf 2R LFopEydRh e B atias elenith oigreimle ahesaayall 4 o
suﬁﬁaﬁiéﬁlsjtlélréﬁ'lﬁ NHeYeid @ng_i h & &amaRd reﬁﬁ%%é ah 3?&1]@{13& jlﬂd the

aving a length to dianeter ratio of substantiall
segand ooubetiznsachdisyto 12 kngthwh diagiatertrhigo bihgstretds preferably less

di anet er Lo of the sumof the first and the second
tl’%ﬁo%\rg’gvp%ad{y?%%‘ti ons to the length to dianmeter ratio of

the screwis preferably less than substantially 0.5.
3. The screw of daim1l, wherein the at |east two o
3. i xi Ty sswet pidrlginad ewberpinthe anlieast o mixiog seviohawiergfiral mixing

: . j r o ratiq.- of; st.ant ial | to
Y TR T
sedamdghixirteaedianedvarg 4 Rhih totiswiatrans d8dubytadtidlly 3 to substantially

substantially 15. 4. The screw of any one of d ains
1-3, wherein the first and second m xi ng section

4, The screw of any one of Claims 1-3, wherein the first and second mixing section
comprise one or more kneading blocks selected from the group consisting of a forward
flighted kneading block, a reverse flighted kneading block and a neutral flighted
kneading block.

5. The screw of Claim 4, wherein the first and second mixing sections comprise one or

more reverse flighted kneading blocks and one or more forward flighted kneading blocks
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conprise one or nore kneadi ng bl ocks selected fromthe
group consisting of a forward flighted kneadi ng
bl ock, a reverse flighted kneadi ng bl ock and a neutral
flighted kneading block. 5. The screw of O aim 4,
antifBs B Jrh&ctdeNiba g pRBRODT oAl REcRRHI BIAS if MPhiksSed
one or nore reverse flighted kneadi ng bl ocks and one
segendnmiéng sctamsds Shlsimtiedy kneadismgtidllyodks 27 and the
rati o of reverse kneadi ng bl ocks to forward kneadi ng
bl.qcks in e.first and econd m xing .sections is |
6. oubfer iy o 5&9@ 4 SheGishatTan §eeoe Tgxing feetigRs eqingfise one or

m&tedHeMrAl 110088 Rhadidkeo1bé KsSihd € oS FERNSrTAN g tSE RhdaBTS blocks
conprise one or nore neutral flighted kneadi ng bl ocks

and il vutie odmewtpal &néastingabldcis to gorveadd kimpadidigridodik oc ke firsiraad
the rati o of. neutral kneadi ng,b] oc f or war d
seiaa e s teRes iRy T RREEB AR o g

sections is substantially |I to substantially 20. 7.
The screw according to any one of Clains 1-6, wherein
7.t he ThgtscevofcoprBng ot any ongioafaias [t el strate ahide epter
of the screw.is ar ‘han. or t .2, 8.
el R B RS I P B S R B8 ok
extruder of a fixer dianeter conprises: feeding a
first polynmeric resin into the first conveying section
8. ofr ethpd £ pnaking agirtruded comapsitio B exfrud¢rpt precer diagieter
Mperic resin in a first mxing section having a
COF@%¥§ﬁ to dianmeter ratio of greater than
subdtahing alfiry pblyniceedisig irdo seclondcopetywnesdoton ef i multiplascrew
seéond conveyi ng section of the extruder; and
“*BPerdi ng the first polymeric resin with the second
pol WIRkibGideafit Firdt BoBnR2RIBGn 2 KiPHi SRS tdBBn tﬁ@Vi‘an% 1&hgth to
length to dianeter ratio of greater than or equal to
digndser rativ ioh kfepter Banwhestaitially St he ratio of the sum of
the dengths of the first.and second m xing sections to.
t he R ReBrd PREMSEEdT 4 A BERTYT A g SeripR 4 g ettder
angubstantially 0.5; the first and second m xi ng
sections conprise screw el enents having nore than two
f1i gherslingde Wi pelyinarisacsintiith the sqched peliigiehc gesin in a second
o PREE S5 RS Rhnoh A TROL B ST o PG Lo
5;el ements having two flights

wherein:

the ratio of the sum of the lengths of the first and second mixing sections to the
length of the screw is substantially 0.17 to substantially 0.5;

the first and second mixing sections comprise screw elements having more than
two flights and wherein the ratio of the length to diameter ratio of screw elements having
more than two flights to the length to diameter ratio of screw elements having two flights
is substantially 0.2 to substantially 1; and

the screw speed is greater than or equal to substantially 500 revolutions per

minute and the extruder specific throughput is greater than or equal to substantially

2.Skg/hr~cm3.
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I's substantially 0.2 to substantially 1; and the screw
speed is greater than or equal to substantially 500
revolutions per mnute and the extruder specific
t hroughput is greater than or equal to substantially
2.5kg/ hr-cnB8. 28 9. The nethod of Claim8, wherein the

9f IMRtm&nst secand SWP{érQ& (BE G A GRBRA h¥6in®8&: 1Bk cofﬁBﬁ?& one or
kneadi ng bl ocks selected fromthe group consisting

mard loreading bidcks kel entiedkineradhagroup ke onsksting of everveed flightgt ledading

kneadi b d tral,fl ock.
P kB e ROt arerdng Fook TPl Fhig iR epdiy floek
second m xi ng sections conprise one oOr nDre reverse
flighted kneadi ng bl ocks and one or nore forward
14| |l—gﬁtﬂé‘<§h gérreddiiay, wheseirdhalingt pidesceend wixphe sastiensemprise one
oJﬂH&%q vgs%htgﬁ%éﬁ k agadﬁl% I}J/chlgsec eogiglé)xn 0?(': %&?xgni? F,élleﬁ )1711iad1ng,

blbd(&SdﬂlﬂShtﬁﬂitlb@lf kaveR@ knéa]dmgl' blecleeb ff@@va@d k&dadin® Bocks in the first

Igﬂgre the first .and second m xi ng sections conprise
a MpdgescrdeRsiapubsiangabe Y i Hbsanigdibcks and one
or nore forward flighted kneadlng bl ocks and t he
rat n n o forward kneadi
TI}% 19&118(? ﬁl‘ &@!m l§ S/ﬁ%ﬁl Iglgcg st a ﬁd gc;?oHcg XN SeCtions gor%prise one

ora‘dbﬁtnanti aldliphted kiirdBighgdantahdbhy o2@orelfdrwabieli gt hRekading

e of Clains 8-11, wherein the first and second
blb&wg theratip @& perirah kecadinzdilod to fiathinegdiogplocks in the first

an&a%eémtmwéec&aﬁ yamsf%ﬁhalgy [‘?oséd%&ianﬂ\ilgfﬁi n the

t hernopl asti c resins are pol yaceta lI'yacryli c,
pol ycar bonat es, pol ystyrenes, polyethylene

IZJO| ypiicopythed esanypacy gt hyingre t,eviepdih iad fats€and second polymeric
but§lene terephthalate polyan1de
‘eBBF yRririgeiehiligast e;&&?@a@?ﬁé‘t‘%(’f 1&3@}111}%19&1?1 835, wherein the

thBHRIHL s Aoty RUA LA G DAKRNGAYA Siles.

pqlmdrt]lyﬁerme polly'pd)@lylepeﬁ, pbmmlfdnu ot glfd&halhtemlyﬁdtylemé radphthalate,
t [ e, er u )

P@&TSY} GP@#%W 1%0@%@?@ P zswﬁ&aﬁ%ﬂ PlsnaIsuifaesi de,

PRI Mone, ﬁdl%hﬂ@nc ﬁ@ﬁ&@%@g\fﬁﬁﬁ Qiﬂgrld@?)' gféhﬂ@ﬁc

et her ket one, pol yet her ket Ketone o
podisthsir nmdﬁmlsd@tm:ﬂuomeﬁgf ate, Aeastatahehgend gopglenng

ot A PR RS b PR b AL Sl Bk S dhh B byt

fluosidefoly &Ndk&IBihd, GolyethePetherk@RPX Ypo RN Reiote, ketone or a
pol yesters, polyam des, silicones, or a corrbl nation

CORBILIon |Cﬁ§1prlaﬂg pelgatt oppefl Biregdies ﬂﬁ@m@@dm@ resins; thermoseiting
re{ E@&/H&% ttil ﬂl%nﬁg& tﬂ] re?xfﬁ% ‘iﬁgﬁr&ﬁ‘é s, na?mal 1ulbple§ Syféhetic

resi rnosetting res

rubdtrer eeﬁow mn@lmoﬁ/bitbl@mmfdaﬁ tsDicefksbyr acoBbin®tbn comprising
nprisin
at feast one of t%?c foregoing thermosetting resins; or a combination of thermoplastic

resins with thermosetting resins.
13. An extruded composition manufactured by a method comprising:

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

section of an extruder;
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feeding a first polyneric resin and an inpact nodifier
into a first conveying section of an extruder; 29

bl ending the first polynmeric resin and the inpact
nodifier in a first mxing section having a length to

di anBlkgding afel ﬁ—fstngolﬁﬁ@‘% REintHaMhSubabanbdiak h a5ﬁ1 st mixing
feeding a second polyneric resin into a second

seglaov apinga faeth todiameteatiext gigaler than ammtamm@idwﬁn g the

firs | G resin . t

L o TR 850t D RS By B0 e e
arfdaving a length to dianmeter ratio of greater than or

equal. to substantially 5; wherein the ratio of the

| engilprding theEsiqupbrmasriq reaing fhedmpagt enasléicsrandrths psgnd polymeric
16%53@5‘3&0&1%&”} S'e@cp.?l;ﬁﬁgﬂ{g; y & %Efétﬁ% ﬁ?%ﬂetcbr S S(Igfzgnédtéj th%(n or equal

to substartia SCrew spee grea
tombhnmﬂuﬁ$6ant|ally 500 revol utions per mnute, the

speci fic. throu ubstantl ly 2.5
kg/ hWOF ¢ b R bt éOE‘@ﬁab@ﬂM&f I ARoqrdaEng section
tostﬁé %Hgﬁﬁbf I @aLe (s stuB?antQ{inquﬂﬂo iBstHRAT AN LR deYevd9Red is

%r am centi neters.
grealer than substantially 500 1ev0[ut10ns per minute, the specific throughput is greater

than substantially 2.5 k‘g/hr—cm3 and wherein the composition has an impact strength

greater than or equal to substantially 250 kilogram-centimeters.
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