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BACKGROUND OF THE INVENTION

1. Field of the invention

The invention relates to a novel process for the manufacture of very low
molecular weight polyphenylene ether resin, typically within the intrinsic
viscosity range of about 0.08 dl/g to about 0.16 di/g as measured in
chloroform at 25°C.

The invention also relates to the polyphenylene ether resin made by the
process as well as blends and articles containing the polyphenylene ether
resin made by the process.

2. Brief Description of the Related Art

Polyphenylene ether resins (hereinafter “PPE") are commercially attractive
materials because of their unique combination of physical, chemical, and

*159159*




PCT/ US99/ 29059 el ectrical properties. Furthernore, the conbination of PPE
with other resins provides blends which result in additional overall °
properties such as chem cal resistance) high strength, and high flow The
processes nooog@atral |y used to produce PPE | nvol ve t he Bel/PF8gatdhsat i on
of at |east one nonoval ent phenol in the presence of an oxygen containing
gas and a catalyst conprising a netal am ne conplex to produce resins

typical l'y wybétfigalldiGpdrités. Fﬁhﬁermo?sqabtdbn{m@nqif FRE WithGbtRér @king t 0 about
0.65 dl /g as neasured in chloroformat 25C. These processes are typically

carried outPrPvidesblepds ydvigheresslt imhaddiipna everall Peapertigssucheas ehemicaln i s
usual I'y terggaingd, hyn gﬁg@%glaﬁméﬁ]ﬁowat alyst fromthe reaction m xture.
The catal yst netal, afte eing converted into a soluble netal conplex wth

the aid of achelatln ent, is renoved fromthe nmer solution with
st andar d exT'?eacH'P?ﬁ?ngchﬁh@@Eeragbc‘l'ﬁegs 19 | RfAAYCS q%?p dx\é‘%\’? dbei 8l T PPE

pol ymer cancddehSdtlontd? &t igastovdinoRbyaléit pRBhBIOA ShelpiddBHEole6%yfehy DY
anti-sol vent precipitation. A new conmercial applications are sought for

PPE, a wi defontainige g6 ane: 2 catalyst compesing ar'@gﬁahgmlr@smp K|t PrAMER i ntri nsic

viscosity rﬁégina&Yp.&ﬂw%hﬁﬁﬂwéﬂmﬁsﬁdwse%sitwrémg"@bpam@0335 1 gfftesbaﬁses in PPE
resins) the |ev dr oxyl Prou s inceases and the rheol ogi cal
properties Q:ﬁéﬂ@i@aéqugdﬂlcy ofefermeAt 33%cosity as intrinsic viscosity
decreases) as conpared to current conmercially avilable high nolecul ar

vei ght PPE 'ﬂ’(é%@ug%e@éést AR wémglscamayloqu% xh@lep%éme dhanpéhgahiea!

properties of PPE remain hig desirabl e and souht after in plications
Bdf

such as, fofolvapapddhe Eﬂﬂ‘?@@" %%suaﬁuééﬁrmiﬂaée%hu r@fngvﬁiﬁé@ gatalysidromBRr,  or
epoxi es fOfthaHl A?gﬂgh' Mﬁtur@oqﬁb%talﬁ%tblngﬂe%ﬁéegﬁvﬂ%g lﬁﬂoeé:.%lhﬁlal

appl i cations. epoxy based nposi tes for aer pace, autonotive
structural m@#ﬁbé@@P@ﬁd‘"%Ptﬁ'%gf @qnfﬁlphmegqﬁelsm@@pam @’Oﬁiﬁbﬁlp@hﬁn&ins as are
el ectri cal éd?u AV sta%ﬁgrd &tﬁ‘é&%@:ﬁ’%&rﬁ ygé%g&aaﬁﬁd.d%m .es and
unsat ur at ed esters riction nat erl s I ves conpoun based on

phnolic ar eT X6 E' Esmhgﬁ@l' edn be isofegted jnsa z/anewfmthwsaltmnhmmlsosg al so
useful as us thernoplastic and thernoset naterials
i ncl udi ng, @ME&&W?’& r%bg%@%§ , pol ystyrene, ABS, polycarbonate,

pol yet heri m ge, pol yam des) polyesters) and the like and al so t hernpbsetting
resins such®% §ve°8F‘"é9(5ﬁbP%‘)"°€'ﬁﬂﬂ§l e sopghtdenPRE 7 Witaryargephintrinsic

pol yur et han\ﬂosﬂi( reding: spesiamsiBiver mmr&mah%datgleésmmﬁnaltseenro%&lré@ and the
| i ke Varyi ng|enhanced properties nay nproved in fferent systens such

as) for exl"'é""$'$r1\ﬂ569€8’ ﬁ%‘ii?aﬁ?ér'f‘op '?r%rfé@"svﬂhérﬂﬁwleqfd?ﬂmQFQHPﬁoverrent)
decrease ofingfeggéd bﬁ@kh&fr%ﬁfgwa%rddems%aﬁaé d%mat%ﬂy feWer VidcodySt ur e
absor ptl on, Ilncr eased creep resi St ance, her mal expansi on reduct | on,
cheni cal reas|JntiRgie viscasityddegieasesisas. cwmpar@dr F%u@féﬂ@blmm’tf‘ietﬁ'ﬁi')’such as)
for exanpl .

NPl Eayg HEIQ”H%VrﬁoI@&ﬂaegg)égllt LF&E’ p?éorlﬂltcﬁg B@e ﬁ{etl%lﬁdﬁrevi

t heref ore apparent Errent of ro%esses for

t he manuf acdescebed. vERg phygicabpeperties akiPiR r@r@amph@ i éﬂ%lra@dm@n resin,
typically > i to about
0 16 di I § 2%5 b aiaE i Bpbicaiofs ¥uc 88, fof SRRER MeRE. e o The

needs di scuggedasedven rﬁﬂé 588 qeeraxigs Jorsautomptivel bousing: epbstiogiery of a
process for

about 0. 08 ’8‘5"5"’?'59 o Eleghitsl gppRanbl, | A, bl ta3b4 oot s T anoe ©f
conpri sing e 'elaaaeveaLﬁomptwmgstnuntwalr gwmbers and (spodingateqlipment oare

rotal cat al JaeRle APRfieling pird kPO oG OO 2 SoBRR R

range of abmateridlsOBasid gn tepogibs EndOurisatutbted polyestersur Brdction mbledalsf or m at
25C, renovipg t n.o h rrpl X Jret al ly th an
aqueous contd %f’rr?ﬁﬁ'gg cﬁﬁ'l 8H"3%ﬁ85‘? 58'{i 85??\‘3"% aﬁgts? g%&‘%r Ebﬁl\‘gtl l'ization
of the reactijon sol vent. 2




3 WO 00/ 46273 PCT/ US99/ 29059 The description that foll ows provides
further” detai’l s regardi ng vari ous enbodi nents of the invention. DESCRI PTI ON
OF THE DRAW NGS Not applicabl e DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s

i nventi on mwooooi4e33 for a process for the preparation of IPERUSBYIRYI ar

wei ght PPE, preferably having an intrinsic viscosity between about 0.08
dl/g and 0.16 dl/g) by oxidative coupling at |east one nonoval ent phenol

IS|oeci esg1 |oa|e.f>eursahlr|1 \asadn kaditive &n pgr%dsgmeﬁﬁoméﬁdﬁhailwmermds&t 'ﬂ’fauériaﬁm In at
east the t portho positions and hydrogen or ha nint a position,
usi ng an o%§ WE'QH‘ e orf-Gi ni RRIYRJGRY %’l‘fbl a cBﬂ%&&?"ﬁetaﬁ‘ i R@'VE@!@&F@'&

pref er abl yp@ly@tﬁamrde( Ipbtyms;wowlekms) ami theelil@xand ansa:gth%gaaéetﬁﬁyi
extracting at IeaB ccp{ortlon of the net gﬁaptal st as a netal -organic acid

salt with EFNSGHHEHAS LSRR ?rge%"é!eﬁt HeTA ”'é P%'%?%?fsn§°&yHEet'ﬁﬂ5\95t hr ough

devol atilig acqneﬁﬁostdw bl@ﬁﬁﬂdlrﬁiﬁlﬁoT nendlic tasiny)eaririangliiiRBNt Vahjiiy process
affords a PPE that has | ess than.a 10% i ncrease preferably |l ess than 5%

i ncrease i gnhanced nRPperies (Hay tBe dnproved dat ?"ﬁ@’qnﬁtﬁysﬁ%s SEFR 9B, 1 n
anot her enbeghsiBNtimpr\RedPI 168 S pedbiidrids, aNdihe fdiadaRay Infirevéman, & 10%

decrease, preferably |ess than 5% decrease, nost r(&geferably 'ess’ than 3%
decrease i fleGraase i glegirisabgrenertigs dike 2R« cand 1Bro regses ireneisiurewi ng t he

oxi dati ve SoupbAGH iRAcddsRN-crdle RREAEN, Oitfimel SRS aBhuLiRyentfon are

known pol yners corrprlsmg urality of structural units o e fornula 4
WD 001 4627¢herutaluesistansg39 a@@S@@@SdprmaP@ apelicetions sueh a$ dPrunit may

be the Sa”Exéiﬁ%l édtSﬁ\%n&eaﬁ@Houée t?@&Enébféé?rfc‘df&éodémt each Q 'S

i ndependent |y I ogen) primary or secondary | ower aIkyI (i.e., alkyl
containing up . to 7 carbon atons), phen§ﬁéphaloalk am noal kyl ,

hydr ocar boltdg jhergfore, appareat Kah Aeaasex kthe dgvejopmant (of Precesseh at ons
separate thp tﬁ@lnswﬂrac?urre &Wm@mmua?%mcﬁu@ehﬂeha@m%&m Iy

hydr ogen, halo r|nar¥ or’ secondary | ower al henyl, hal oal kyl ,
r

hydr ocar boh’@i@? rW'thlil theylakrinsier yeersity "a%QQi@f eheet . ﬁ g, tovakaut gk 1&n, each Q
i's al kyl ogyphemeasufedff chidkdfémyat 2540 Kyl , and each Z is

SUMMARY OF THE INVENTION

The needs discussed above have been generally satisfied by the discovery of
a process for preparing PPE having an intrinsic viscosity within the range of
about 0.08 dl/lg to about 0.16 dl/g as measured in chloroform at 25°C
comprising oxidative coupling in a reaction solution at least one monovalent
phenol species using an oxygen containing gas and a complex metal catalyst
to produce a PPE having an intrinsic viscosity within the range of about 0.08
dl/g to about 0.16 di/g as measured in chloroform at 25°C; removing at least a
portion of the complex metal catalyst with an aqueous containing solution; and
isolating the PPE through devolatilization of the reaction solvent.



hydr ogen. Bot h honopol yner and copol yner PPE ace included. The preferred
honopol yners are those contai ning 2, 6-di net hyl -1, 4- phenyl ene et her units.
Sui t abl e copol ynmers include random copol ynmers cont ai ni ng such units in
conbi nat i onWRIM620F or exanple) 2,3,6-trinmethyl -1 (4-phenyP@rEsssewst units.
Al so included are PPE containing noieties prepared by grafting vinyl
nononmers or polynmers such as pol ystyrenes and el astoners, as well as

coupl ed PPEHgN dedbigtionOnati dlloR@e PcvidedC furtifer| autan®! @gul'diﬁg Wairdds

pol ycar bonat es, . qui nones, heterocycles and formats undergo reaction in
known mannembgdimentsof ERRIAYERNIOZr oups of two pol y(phenyl ene ether) chains to
produce a hi gher nol ecul ar wei ght pol yner, provided a substanti al
proportion of free OH groups renmains. Also included are PPE "s containing a
functional endgroup, obtained fromreaction with a reactive conpound havi ng
the functiqual _endgro he | ow nol ecul ar wei ght PPE generally have a
nunber aver Egngf?(ﬂ c‘ffﬁ%ﬁ%%ﬂ'ﬂ%vx,ithi n the range of about 1250 to about
7000 and a wei ght average 5 WO 00/ 46273 PCTNS99I1 29059 nol ecul ar wei ght
wi t hi n t he Netrageliesbleabout 2500 to about 15,000, as deterni ned by gel
perneati on chromat ography, with a preferred nunber average nol ecul ar wei ght
within the range of about 1750 to about 4000 and a wei ght average nvol ecul ar
wei ght within the range of about 3500 to about 9,000, as determ ned by gel
perneation chromato raghy. . Alternatively, the intrinsic viscosity

(her ei naf t PETAILGD DESGRIPTIRN OF JHE MYENE@Nar “wei ght PPE is nost often in the
range of about 0.08-0.16 dl.lg., preferably in the range of about 0.10-0.14

dl.l1g., as Th&sventon préehdey &irod Mradesd F6F theh prdparatidheott o fidldculapr epar ed by

the oxidative co ing._of at | east one ponohydraoxyaromaiic ¢ und such as

e ol ool WelgEP P, Prberabi navienan Ml icenty bawesn abeu CBRRAG " oot ol vor

systens ar earigie0\ 86 dl/hy by BRidENRIcIPing dE leaBPENd hitholAEnt Hisahdl ¥podiad, | Y gom ain
as a co nese, oOr coba

at | east one heavy netal conpoupd such [ er, n

S ommoand. CralbARlY ahioedhapemon Shneh hove susEABRe At FRPCRRENS othe i1 be
apparent t qdsitiehs ditd hidrdgem draidien in" @ paR pesigeri wing Ant odygen PPE
contenplated in the present invention include all those present] known,

i rrespect i VRONRINIDG Ga§1aNG3 CoMPaX, metahpmine,catalysty prefarably acoppefeil-cal

features. ThRinETaldipt] 8tHeotkidiking RReR@ritPbktfacliRg @i RiastB)poRforcartheed out by
addi ng t he |_t_)lhenol i ¢ nononer or nononers to a suitable reaction solvent and

pr ef er abl y,Matat SRSt 48§ 7o reatelberganic aqid j salt) with o AR RAUEQUE 49NJAIRING t he

pol ymer i zatddhitiohNahd Rokitifg e PPEfthidugh BBl dlafiizafidtP b réadtionsRRRAdary am ne
catal yst such as, for exanpl cupri¢c chloride an i -n-butylam ne. The

h dd
pol yner i zatiNoe aMBodiERaNt & 3%195955 abiprds & PRl that hasdeps daahael®p an
I'norgant c ghmbée,rﬁbﬂraﬂy %Es%aﬁ%"/@ihc?éé&?' ignﬁriﬁﬁﬁt\;&cgﬁhﬂ%ﬁw KeHtAg- The

i norgani c brom des may be used at a | eve f from about” 0.1 nole to about

150 nol es peto theanetbpeasesf Inanolfriembesipey thetpresesscalfady siPRfathati al s are
described ighsliess tﬁ%i% m gdSeZ%%sg,g?re(anBQe[?sE_tthéﬁ-3% dédréad, kbgimmoni um

salts may al so be pronoters If desired. These pronoters are
di scl osed ipreferably fess thap. 3% degmease7n (meRsietiscosityafter ag equilipration 46273

PCT/ US99/ 29&5[9 following the oxidative coupling reaction.

The PPE employed in the present invention are known polymers comprising a
plurality of structural units of the formuia



The primary, secondary or tertiary am ne conponent of the catal yst conplex
general'ly correspond to those disclosed in U S. Pat. Nos. 3,306,874 and
3,306,875 (Hay). Illustrative nenbers include aliphatic am nes) including
al i phatic wenesesand di - ani nes, where the aliphatic groupPERNSYEI®Prai ght or
branched chai n hydrocarbon or cycloaliphatic. Preferred are aliphatic
primary, secondary and tertiary nonoam nes and tertiary di am nes.
Especially preferred are nono-, di- and tri(lower) al kyl am nes, the al kyl
groups havi froY to 6 carbon atons. Typically, there can be used nono-,
di- and tri , ethyl, n-propyl i-propyl, n-butyl substituted am nes,
nono- and di ¢ exyl.am ne, ethyl nethyl am ne, norpholine, N (lower) alkyl
cycl oal i phati nes) such as N nethyl cycl ohexyl am ne,

N, N - di al kyl et/niyTenedi am nes, the N, N -di al kyl propanedi am nes, the

N, N, N, " -tri Qkyl pé:nlanedl amnes, and the like. In addition, cycl ic tertiary
am nes) such as pyridine, alpha-col I i dine, gamma picoline, and the |ike,

can be used. Especially useful are N, N , N tetraal kyl et hyl enedi am nes,
but ane- di MHeTES. easly SE’HEWI'Q' Kéit ay; B?e@eoﬁa’@%c‘ﬁ differapt.,yand de RRLdr y and

tertiary %?aueﬁﬁalrmﬂt BScH &R .neepérﬁfenu?ndnogeﬁopmhworaé@caﬁdﬁ IGwdrut yl amine;

a preferred dial kyl amne is di-nbut am ne referred trial kyl

am ne is talkybt tiprad@kyb. CORtRIRG o kP P chqqﬂéo"t eﬁtﬂmé)ypgﬁmﬂe haloalmli di ne. The
concentr atarnﬂoﬂkynprnyapdc&rmﬁesnmﬁﬁfwd@&r&nb WiereRast li64st gt Ur e may
vary within w de but 1s desirabl ow concent, rations. A
preferred qeabsyba@ﬁmﬁd@a@t@|taeyhai¢ﬁ%§n€o¢mgﬁge@iomomndbge@h 2%0ist o about
250 0% Sindilontidt Rl Gioger. FAGRUE Fitark ap WBbonddly WiFercaRA, Bhedylert!ary

am ne, the pre err an e is consider broa es from
about 0. 2 haioaikhuhydrecarbrpdxys Opé\alomgrmm@@ow asomfmefqr Q eMost Wt h
tertiary e f e S egnk t | e, i's
preferredac{ﬂglauzeeac rgvn\?gb%h*l gp%heﬁﬁaboﬁgm%l[gp? fmr?'k 3 a?rlgknﬂgc)f;ze}ré 100 m)l es
of phenol .hydrogem. er is renoved fromthe reaction, then only about 10 nol es
of tertiary amne, e.g., triethylamne or triethylamne, per 100 nol es of
phenol ne%tﬁenaﬁl%g et L eéoplolyidr- Pﬁeerhrérfﬁ{ghﬁ@aamvﬁﬁ Sprdferred VO
001 46273 PCT/ US99/ 59 tertiary "di am nes
N, N, N N - thamenalmegmspareathese santaining 2.&dimettad-1,418bpnyieneastheswnits. about 0. 2
nol e per U Sinand cupric
gﬁg%ag% grﬁ ?gmgrée lude! YaHdo c%%@lpﬁl'e?i ht‘gmﬁﬁ’cé QY4eh Sl%f?_ in

salts sui e process are s tents hese salts

i ncl ude, feombination avithc (for Rxamig)o Rik-trirsetpyloli4- pbpowﬁu%)etbgrpmus suI fate)
cuprous azidg, InEHBB&uﬁret EﬁF‘@”&cﬂﬁalﬁM f fidra le).%u@;?rélfc 5 o?# gmnauv'h

butyrate, cuprous toluate, cupric c | ori cupric sulfate)
cupric azimenomelsr Pt polymessi shish sas palystyrenasr and siastemers, @;pWB& asut yr at e,
cupric tol hah féi d PHE tlnewhlche!:?lf plin eé&&ﬂs%ﬁl{h"% R ﬁiHlBElél%r %ﬁébﬁt i ncl ude

t he hal i des kanoates or su g., cuprous bromde an cuprous

chl ori de) mumarb;onatesn qyinomes, clnqienocydes canddéommlqomndeegﬂ fraaasaoncunprl c
fluoride, { r i econdary
am nes, th@%n@éﬁ@g'ﬁ\oﬁeﬁggﬁ%ﬁ%ré%ggoﬁ sg}pﬁ Q'(Wetnglgglér gﬁ%rgc mai ntai ned | ow
and pr ef erprbdycera higher maesudroveigitt. golyrer? piovidedes sutestarit@) pragoetionof

nmonoval ent ' [ Q rabl e used
in an anou H:Ifbperg %rl\égﬁlépf é@%%%abépéf) 6}.83].33%1 aIIeb F gggﬁtaﬁﬁl@ B fﬁm‘lq{?ggﬁnl es of

t he nonov a¢regroyp) eobitaine@uiporn crelaatiord eithaa eregetive alcomppurd mavm theer cuprous
hal i des for the pre ar ation of the copper am ne catal yst because of their

| ower cost u"‘f‘f?@ E BPUR-he copper (1) species also greatly increases the
rate of oxygen utili zatl on ire the early stages of the polynerization
reaction afe tdwe nateweraroxgightnPEE genetallythave a nuinber Beerdge prolecwér t he

react or jn.re in K P n reactor.
process fo‘#g'angwﬁb@gtﬁ J?ﬁ%%ggﬁh&’lztsﬁgf tfosétfqugg 0§6 %’g‘;%%a\##} %veg Gal ysts i s
in US Pat. No. 3,900,445 (Cooper et @al.). A faster initial reaction rate
with the copper (1) based catalyst also results in |less accurnul ati on of
unreacted nmononer and a reduction in the anount of undesirable

t et r amet hyl di phenyl qui none produced. The tetranethyl di phenyl qui none) a
backward diner, is believed to incorporate into the PPE through
equilibration reactions. The equilibration reactions Lead to a drop in the
intrinsic viscosity of the PPE due to the decrease in nolecular 8 WO

00/ 46273



PCTNS99/ 29059 wei ght of the PPE fromthe incorporation of the diner.

M nim zation of the tetranethyl di phenyl qui none during the oxidation
coupling is desirable so as to avoid the drop in nol ecular weight and the
acconpanyi rvp ediirdetizcul ties in having to build to a hi gher PCRARIRI?ESr ed

nol ecul ar weight to offset the loss during equilibration of the backward
dinmer. It was unexpectedly found that the present invention affords a

process i nmyficglar tweighttwithin tie réﬁ@@téfoébmtXQBG@ tohavsut! 85 900ha8 a 10%
drop, preferably |ess t 5% }g{é nost l{)ref erably | es than a 3% drop

in |.V. dudet ﬁﬁ“‘ﬁﬂdétYuigprlﬁ’PHP??}W"sP MAtERP ew'Hkl%PL’?§€e oMYAREN zation of

the phenol é@r@ﬁﬁﬁc&tar%mwmm&hemg@a afn@at:mmtd dbduk 806 akd  per f or med
in a sol vent uitabl e solvents are disclosed in the above-noted Hay

patents. Aveight Axerage vapipsulan, weicht wilbiny, theerangs) ﬁfeﬁ%o“teﬁ%ﬂ ke xyl ene,

and o-di chd poebanaetermmes t@sgmcdeﬁhbat.d?mfrsma%}a;ﬂ{yt hmhaatweny, the
tetrachl or onet hane) trichl oronmet hane chl or onet hane, 1, 2-di chl or oet hane

and tri chl BFH&icHscosity &we'aﬁﬁef he- "nggﬁ‘e 'PWemﬁ)@Pﬁﬁf wejght 5’ AfcisvBe¥ sol vent

and ”Dnorreéftérﬁln”tﬂérfﬁhéy of Bbbiren. 08.001% élr/?mpileféra‘bﬂf iA0thé . rah§‘e ofBbé@ @ naxi mum
20-fol d excess of solvent. The ratio ween sol'vent and nononer is

pr ef er abl y0.18-0: Hedi/a.n ge Measket: in chigraform ah?5%ei ght . One unexpect ed
advant age of the present process to nake low intrinsic viscosity PPE is

that a hiofgd P iafs ¢ \)ﬁ@ﬂu@g& bireROBP e OxURNGHEBARIRG bPaPIQRETHRS Lhat make

hi gher (|. . >0 28 L t hout the 1ncrease ution viscosity build

t hat concOWPOMTQKYémﬂaﬁQ@BOUﬂdgw%F%8&'&'9'%& ﬁﬁ-ﬁmglhﬁpheﬂohe final
Soly s congeRiidres ¥t o §oingcreat%ﬁgt SYstiins! 58denefly dhbiByed feases of

30% or nore possi resent” process a
i ncreased sushceasipling BM’ ﬁ.'@ﬁm Wntcaﬂwccpnt@la@tleaﬁtwemqahmmetalmmndg t he size

or number Qjchtggaar@o%gﬂeprmé(ﬁg%?\%é orT &bt Qirfigound! st 51@9{1'66’&16?:?&8 tions for

t he pol yneri zati on uch as reaction tiIne, npera oxygen ftlow rate
and the || With yariousciher matetialsed on t he exact target nol ecul ar wei ght
desired. The endpoint of the polynerization is conveniently determned with

an i n-1i new i 6ep Exrerﬁm@fhosédsrkmeumhtm 8% troth the'feréfiirPthad tHeCPPEY9/ 29059

met hods such as m nmol ecul ar. wei 9 ht measur enent’s, runni ng to a

pr edet er i $REUePRigtad b’h the rRsgsend rinvastion Hpclude calls hoset pregentlyd kewn

concent r at jra8pedtive P ParitibEs th QFUMEFJrﬁt%'d?'anblﬂar?%ld#ﬁd&'ﬂfééﬁ)fe@' so be
utilized. The tenperature to carry out the polynerization stage of the

t
| nvention The polymerization of the phenolic monomer may be carried out by adding the

phenolic monomer or monomers to a suitable reaction solvent and preferably,
a copper-amine catalyst. It is preferred to carry out the polymerization in the
presence of a cupric or cuprous salt-secondary amine catalyst such as, for
example, cupric chloride and di-n-butylamine. The polymerizations are
advantageously carried out in the presence of an inorganic alkali metal
bromide or an alkaline earth metal bromide. The inorganic bromides may be
used at a level of from about 0.1 mole to about 150 moles per 100 moles of
phenolic monomer. These catalyst materials are described in U.S. Pat. No.
3,733,299 (Cooper et al.). Tetraalkylammonium salts may also be employed
as promoters if desired. These promoters are disclosed in U.S. Pat. No.
3,988,297 (Bennett et al.).



generally ranges from about 0C. to about 95C. More preferably, the
tenperature range is fromabout 35C. to about 45C with the higher reaction
tenperature near the end of reaction. At substantially higher tenperatures,
si de react wnev462m occur | eading to reaction by-products ROTA/S8/29059
tenperatures substantially lower, ice crystals formin the solution. Mny
di verse extractants or chelating agents nay be used in the practice of the

i nvention {Re ﬁﬂﬁ%rrl'%féee%ﬁdbr? P t6rBhd! édfﬁihe%hﬁfonbhﬁ £ @halyftecoaligrreri zation

_ 0
reaction. For exa ) sultfuric acCid, acetic_acid, amoniumsalts,

bi sul fat e generalyaperresnanguty tese Aisdiesesith UsS gt pilosis3J0B\énandhese
material s 3"@66,‘%‘#3:@5‘@ alllEﬂFatfv@%Eth@rssﬁ*dlﬂdeoﬁiipﬂdﬁg &M ag’re |rﬂ'3'{93cfr|]}§‘? catal yst

beconmes poi'soned urther oxidation does not take p _ di fferent
mat eri al s atphatie mensd angt diramines, prarethe @lipbatisngiioup aanobe straightief ng agent s
that are dysabRSEthdin hh’dl%cal%%b'or cloéﬁ\%ﬁc.W%fér{%%rﬁ}@tatliaﬁétic:#rir?\a. The useful
chel ati ng agents 1 nclude polytunctrion carboxylic aci t contal ni hg
conpounds sacondagy, #ngr testiarpl meneardinasn pod atasliargh diamines.e Especially ot ri aceti c
acid (NTA) i 11 i-d) gl yel ne. e ' t ill be
sel ected fPrce)’?#rE% ?/%ﬁ ?ﬂéh%oﬁ%ﬁﬁ@%&o@%%@hé% tlnéeéa't@ gﬁé’)dps an“

am nopol ycfromok o i6ccarbpd tomsi Tynieallyothdré candied ssechmanopolliy @adidtxyl i ¢

acids, am b lic i | ycar o i d ir_alkali netal,
Sk na Pl g ol Borcll XPRUGC e AhinBE b6 B 621 TP T
preferred emiohexylamina) dthydrnbthykeareitieamormitoiine, dd¢lowiec) aliyl dyg|éalipAatic

hydr oxyet hyl enedi ami n | a i Cl i_et hyl rjam nepent aacetic acid
and Cherr mies: SEd B NRiSo eREniamilos NNV SREHERIRRBABARGE IR T "Re o
or a nono- N,Nlidialkylpropanediamiiesadbeli NN, Bldittialkylperdahedimdinese argstthé i ng copper
conpl ex cap be referred t a _copper carhoxylate.co X. . WO

00/ 46273 PIkEr JBo89THeEo oHals BHIAN, (AP AR 8‘1“?1 LR '%PB'I&’EMB’&@WF can be
eﬁt ract edf gbmrhat ﬂiietél}ﬂl%t and gl‘l@dkmaﬁpi e tﬂsletiﬁpEbya&t?allyzla?éde!'ﬂmrkarlaemus};l'tl'mﬂI by t gr ](c)ugh
the use o I qui iquid centrifuge., The red extraction liqui or
use in thete%taah(g’é y&”#@'pﬁ%wq%ﬁa?@'%’ ﬁﬁdjﬁﬁﬁ@(esol uti on of | ower

al kanol, i.e., a mxture of water and an al kanol having from1l to about 4
car bon at oMixtur@snafr stidhy pfimery, sdeoandary tamdatestiery &0finey may beeused. sk al kanol

or glycol ese ratios o [ 1. Q.01:1 to about
10: 1 part sg%¥ye'€e§ ﬁ’%g%gaw?e%u'g%l ‘uSLng'u agg'gg‘?%géqé#é P%‘%ﬁg@]?ﬁ&'g dg ganic
phase. Thebutyhaminen aned prefprreelrtablkyl aroimpris sristhylamingu Acprefetred cyalicrent .
Antisolvents,.can also be utilfzed in conbination with the agueous nedia to
el b dr | velsPiR Grans i s, T onsepbRid) Sy Sop decotidtY SR 'on of an
appropri at in thetreacionvmibituresmbypsed withit iwide Yimits, butds Hekinkbly iadded én ef f i ci ent
of the copper (I ecies,that is bein recipitated. The halides are
i ahl'y |+ nobM sinseniBiisrA prelgred rafiopt R0 GrRsk B comarRas oM o 55 ang -
11.96 fotr]I ;ﬁ@t)hZ.@lﬂtBrabaﬂd25?0:cmolée$xéeqD?Vﬁdal?!_s gS@r_idH@VhigthhéhoNatl@;théS _ )
i ncrease t presence .of excess o al i de ions o the formation o
oo o o S3secihAS R ereie, o astr oo tatoe B epseraty bieadessand
Non-1imti sgmprsesdirerd ablouB02 tosMoueNEG0 moles per 100 moles of monovalent

phenol. With tertiary amines, if water is not removed from the reaction

mixturs, it is preferred to use from about 500 to about 1500 moles of amine

per 100 moles of phenol. If water is removed from the reaction, then only

about 10 moles of tertiary amine, e.g., triethylamine or triethylamine, per 100

moles of phenol need be used as a lower limit. Even smaller amounts of



woul d conprise | ow nol ecul ar wei ght al kyl and aromatic hydrocarbons,

ket ones, al cohols and the Iike which in thensel ves woul d have sone
solubility in the aqueous solution. One skilled in the art would be able to
sel ect an appoepriate type and anount of anti-solvent, | fPGIAYSINER9sutili zed.
One unexpected advantage of the present invention to nake | ow nol ecul ar

wei ght PPE (i.e. PPE having an |.V. in the range of about 0.08-0.16 dl./qg.)

i's the redugfidnyibminesYsudtiia N, NOTNaRErafiRtfitatedi@hBBt c4 b NReBPE after
the end of reaction. In the processes of the prior art to make higher

intrinsic dpwWedaps oW asabguti0.2moleperd0f myesipf phenchit er t he end of reaction
the PPE is held at elevated tenperature, typically between about 45C to
about 70C fropichieixanplesidiQubrots shfts 9Ad BupHy £ifits sultable fdritRe pRicaky ate chel ati ng

speci es as described above is_added and all owed to react. ring this
ShuL | | br at FOPVIUBBXEY RAIEhy TORSA IS 1cligs. 00 kg Pis, SoRiEusSOlos8so

descri bed basrsus bforHideE Eutoas eLifate halpralis arigd Céugrbud tetiirie' eLatef t he
oxi dation process i ncorgL?rate into the ackhone resulting in a

ol yner b
decrease i RURTRES ASEIALS) SHPrQMS &HEYraéﬁdc‘l’P'&’s deluaiee CHPHC Chioride; GURTIGt e t hi s
decrease) grdihife ! @ipdieiseftaled cbﬁ}@a%db,'cu ric gétaél}‘?iﬂg stllfate, 8lpridscepatd, of

reaction will drop to an LV. of about 0.3 g after equilibration.

Conver sel y CUpTi¢ Prgraie.ccuntic tofiphtamshthealitepe Preforrag cipransg@nd swericor run 1. V.
of about 0s3i{3indl a8, the HaMbes BikdrioBfed! brosuitdtds, Y Buprdus -byomﬂg akput 0.115
di/g. It should be apparent that the present invention affords a nmethod to
prepare a Pemoushiaide, cueric bramidesedt cupricoshieridep cupfie seifatel puprisss t han

about a 5% r th a&?H 4 NI VA
during equ?gf@%ét@gﬁ)dég%%r@% ﬁjer%eﬁgirbgf é%g%gi_ [ g’rillth Al téev.a?'gfn%%ﬁmgwt he

cat al yst, Bminesptheceancentiation efdhe cornerisalts imdesinablet maintained lawganst sol i ds

| evel as p t el j R RLeGhai i j andard
non- sol ven?Fétfee@ 'r¥i \réﬁleegsfﬁyrﬁltdggpt ?%rtblg%sE rﬁ%\e}? ﬁgpﬁeé'ﬁaéé ggtrﬁé)rﬂo? lgﬁlt 0.28 dllg
are not genbengll Wnﬂtmwmna%mea@qmr salt isavefepakie ysed inen gMOUMPE due to

the smal | B(F)zgt;%%ﬁ' Shoith 6% @%ohghg%ar%% Fepiod n\%;e%a?fttiag Iohovaighyy | ow

yields are ed wth undesira Ionation o i gomeric species. A
total isol ahérad. process is preferred for isolating the PPE. As part of the
total isolation, a portion of the solvent is preferably renmoved in order to

reduce t hecughiy RhlideabroNgbhfaly0t Abteh®al BhbONcudblis® Wibties CRRCEY rat i on of

the PPE contalning solution is acconplished by reducing the pressure in a
sol vent f| Reapalationaf thehcorpesaating eajalyst hacausss phifer inwarcepler Hiaws® of t he PPE

cont ai ni ngoﬁmbﬁfg‘!ﬁ@r (IF$eeid fiso feafPRbieades i rath @%xygéﬁ’ uﬁl?z%liélfm e wth

sol ution tenpe ures i1 ncreased to at | east 200C, préferably of at |east
230C. A softhej®arlyyetages ofptheyfpoimerization geagtion: @ndr e Jower xygefast 65% or

hi gher i's dgsddn®tién inth8 Hea@'sphdesr tRb réar&orFr-Peg»é if r&mfe'irfgaihbmsﬁ%? ﬁ{?ed_ out in a
devol atilizing extruder alt hough ot her nethods 1 nvolvihg spray drying,
wi ped fil moeexplesian i the repelke  Awspeasstion e pieparaliesand use @ guaébteh mel t

punps, i nCLyldiGnYiAd tdfysts is in U.S. Pat. No. 3,900,445 (Cooper et al.).

A faster initial reaction rate with the copper (1) based catalyst also resuits in

less accumulation of unreacted monomer and a reduction in the amount of

undesirable tetramethyldiphenylquinone produced. The

tetramethyldiphenylquinone, a backward dimer, is believed to incorporate into

the PPE through equilibration reactions. The equilibration reactions lead to a

drop in the intrinsic viscosity of the PPE due to the decrease in molecular
8



12 WO 00/ 46273 PCT/ US99/ 29059 conbi nati ons invol ving these nmethods are

al so useful ahd in sone instances preferred. As previously described, total
isolation '"is preferably fromthe viewoint that oligonmeric~species are not
renoved to wbeosame degree as wWith precipitation. Likew seCT/issoheiss on
yields are extrenely high and are near quantitative. These techniques

requi re however that the catal yst renpoval be conpleted in the prior process

Steps as afeidhR!dH g (PREe FBT R0inkbsipdRlish! AMtndiditmer SRfifiRAEAoR gianbsol ated in
the PPE. Devolatilizing extruders and processes are known in the art and
typi cal | y itetrasnetbyldiphanylqgiperedering the«axidagon soupling is idesinable sbasvtent i ng
sections f d ' . ; ' ntion, the
o eheat od cyaany 8% hIFRKR er Miohl ¥nd B Hfitplhyhe BRARSTh nalfC

devol ati | i 20 rgpilé:te raubighet thinndésinedi melgcualar aveightje roffset thel loss duniag about
275C, and pr Vot BSS 2 a t ween
about 185- %Eg%gl\rﬂ%tg h %rg‘gsﬁéﬂﬁ’ﬁqﬁ'ﬁé"vgg&anﬁ gg%ﬁoﬁe%g‘ﬁ{ﬁg‘wéﬁgut 1 bar.
The resul t pnesenbinvention afferdsiasprosesscimcwhioh Itiees ©PEniarthalreactioh20xtyse m

o 1LY b3 e 0K, S, BRI el SHCHRR. ), 20020

ppm Furthernore, was unex enper ature ss than
250C and predsethabl 3 3o dremein ANVodurid® an2éqidlibretidrdstep afterfthe adidbtipeef erred as

current PP Vi . f >0. | generally require a tenperature of
300C or hi Eﬁgffnqrﬁgg%ﬂ?hgp P?‘S[‘%{%’ﬁ%%‘?q’g%fgon processes. Anot her unexpected
result obtained through the use of a devolatilizing extruder was the
extrenel y HihghpglymedzationPreEctiorhiis peefeiably perfonmexk s 2 Salverdx Sujiably a PPE

ield of % ' ' f P ' | V. _wh in th
ot ot SBieRR e OB BF e UE e T BRI, AHA ol £ e "
was | ess t Isanh @Bo%beriRens, tauanep ethyhezepe oxyerse, andpoidichiayobertenelarei | i zi ng

extruder af to e r L. enyl ene
et her resi nefsgégglll@alrﬁ%@&mg?hl na'& E‘ ﬁ% nttlF{l?%érl{@B&%gﬂcag\gr rier'rg'ghbog@%?‘(&ghoout 0. 08
dl / g to abdighldrotmhéthdineg t,2-dicorpetiateandoviehloeWylgrecinay atdoybeoussd. 95%) nor e
13 WO 00/ 7 . 9 referably aver % a nopst preferably
over 99% BIBHAIRhRYD PEMeeRt savesk Ry Hidthrier Brengly Bte Foe i, b
oxi dati ve doufd 20g, ie. up to a maximum 20-fold excess of solvent. The ratio between

solvent and monomer is preferably in the range from 1:1 to 10:1 by weight.

One unexpected advantage of the present process to make low intrinsic
viscosity PPE is that a higher solids loading is possible as compared to
processes that make higher (i.e. >0.28 I.V.) PPE. Without the increased
solution viscosity build that concomitantly accompanies high molecular weight
polymer, the final solids concentration can be increased by at least 20%, with
increases of 30% or more possible. Thus, the present process affords a
method for increased reactor utilization and productivity without increasing the
size or number of the reactor vessels.

The process and reaction conditions for the polymerization, such as reaction

time, temperature, oxygen flow rate and the like are modified based on the

exact target molecular weight desired. The endpoint of the polymerization is

conveniently determined with an in-line viscosity meter. Although other
9



When using a devol atilization extruder for the total isolation of the PPE,
it was found that traditional underwater or water spray cooling of strands
of extrudate foll owed by chopping the extrudate into pellets gave

unaccept abl WO0&4a37X s presumably due to the |low nelt strem@uUsapedoshher ent
brittle nature of |ow nol ecular weight PPE. It was found that special

pel I etization techniques can overcone these difficulties. Useful techniques

i ncl ude di %{nﬁs&s I%%kh %é Zﬁéku‘@mél@@dlé’fdw&il_;h@rfﬁéééﬁﬁér%n@e%ﬁﬁlh&%' gn and

flaking, declining e strand | etization using water spraying, and
vi brati on cnfé‘éﬁtﬁﬁﬁ"f‘é‘ﬂl Aqaction V\l"f'ﬁ’ uﬁﬂ@f%\lﬂlger theld efPofiachn eBdgBEP Al | v

sui table. éonle@fﬁ[éﬁaﬁng%%qweﬁéaﬁ&enﬁmn iNBERGYRIRY I beldigabl on resul ted

in a significant | ower color in the PPE as corrpared to the standard
stranding with waterlair coolin etizajion techni ques.
Vel onnogs Taidamparaliie, oo Eaey itt| Bes PANBRTERIon 08 h JLvaER 25 ar e
achi evabl e %ﬁe%ﬁ@ﬁn@éstﬁbrﬁ“ ati)u5Q)°@C hoexsslitvodee. t haofe @P&afamystthandl ng

t echni que. shoul d be apparent that the present process affords a nethod
of prepari rtgmpermEzetange is fiam @bolte3XCt Imabei #9fC 30th tbeélmmqpﬂbess t han

b 25. h f f
cspeci al | y PORBENMRRER o S tEacton ot HHSIARBRL HeRet Brhghishet, o1 [0
fines) defisidalremctipnd tart ecdur leadingata ieetti) byeprodests aridaat teperataresns in

si ze, coul dwgfﬁg@é%oﬁgr idd cr?%élﬂlfgrnp?\ tﬁggg@n&bat t he present invention

I ncl udes a ducCe namper s I'nes having a particle size |less
t han about 850 m cron in pol yphenyl ene ether wherein the nethod conprises
under wat er Many diversgt eéxiractants aechaitingnagepte maydiehesed ipstha practiseaifer r ed

s e, bn o AU .5 0 VLB B, .,

particle size Tess than . _ an a y
| ess t han abactionl Fevoaxampls, ulfuticiaeid, @neﬁmecmoammm&tirgmaltaf bisuifatgel | ets. 14

VD 007 46273 RETaT R Myl agBfl! B4 30 BB, WPhAP et Afaifaldigd st N9

t echni ques H € art ’nc cen qryers ch or
cont i nuous aﬂded tb;aerﬁ’Efneactmrbsdmyoranma ioeppen(ammaenahalyshamcomeef an

the art w el OBl Pk oot B nted VERT fematBial . oc' o,
i ncor por at eday decusedoputr &flerpeefeeed Ito eonpley thdsat chetating agarits ¢hitiaret he art
will be beté)&g? :'ﬁ&jssr @&BI 5% g(%&sﬁ_@d&% )the foll ow ng exanpl es are

gi ven by wa |on an limtation. Exanples A

typi cal | aboratory reaction reci pe and reaction conditions are indicated
bel ow: The useful chelating agents include polyfunctional carboxylic acid containing

compounds such as, for example, sodium potassium tartrate, nitrilotriacetic
acid (NTA), citric acid, glycine and especially preferably they will be selected
from polyalkylenepolyamine polycarboxylic acids, aminopolycarboxylic acids,
aminocarboxylic acids, aminopolycarboxylic acids, aminocarboxylic acids,
polycarboxylic acids and their alkali metal, alkaline earth metal or mixed alkali
metal-alkaline earth metal salts. The preferred agents include
ethylenediaminetetraacetic acid (EDTA), hydroxyethylenediaminetriacetic
acid, diethylenetriaminepentaacetic acid and their salts. Especially preferred
are ethylenediaminotetraacetic acid or a mono-, di-, tri- and tetrasodium salt
thereof and the resuiting copper compiex can be referred to as a copper

carboxylate compiex.
10



The catal yst solution can be prepared by stirring 0.41 g of cuprous brom de
and 10.9 g of di-n-butyl amne in 100 m of toluene. The catalyst is
transferred to a one liter stirred glass reactor equipped with an internal
cool i ng coMO ®WHER73 nl et tubes for oxygen and nonomer. A r RFTHSEYPEEm of
oxygen is introduced near the bottomof the reactor and a solution of 70 g
of 2,6-xylenol in 100 m of toluene is added through a netering punp, over

a period ofnd ichbRes etlhie Tatalyat dBmpbABhtdtah Bbi éxtRiktetOWithi tAE- watBe
tenperature is maintained initially at about 40C to about 45C148C t owards

the end of Plogeced,in the E‘P'Y’@HT‘%ﬂtﬁoﬁdeﬁﬂtoé'r by thsaugh thenusef atliavisliavidir e bat h

through t hgedtfabe ngTﬁal;Lreféwdeemﬁuowqﬁm fé}uuw if Sthsgn LE440L e mONi L or ed
with a typical reaction tine to tarP about 100-107 m nutes. 15

WO 001 462 7BvestionUs | 3aeeus Aptutien gh awes a&m&! t-Porfsmixturerefwaten asbr at or y
scal e reachh aikahbevavidy B6mef & ashrleaitbsn b@n@”@ﬁﬁ&hw frBRCuE 48, carri ed

out in comercial equipnent w thout undue burden by one of skill in the
art. In tht gbqssm’/e&cvtmlumesﬁzfean alkarol 5 3i¥qol daayabg smplayed ofpeesed by t he
addi tion of GRATP a}ﬁ,tmlbga §41th Yok ) r copper
conpl exi ng aggnt ‘Lﬁg rato s% ubi FI zgh?f?GHrﬁrﬁgﬁ)g\éﬂ%sﬁgqa%%ephas

M xing ti n’m%emmmwdlﬁpa&’tapwim@l‘assc Typical conditions for a
liquid/liquid centrifuge on a cormmercial scale are as indicated bel ow. PPE

solution f t &f,,ﬂg eegaptiat e to the
la- UL cen? ﬁ?frﬁg&é%fog’e%% g%Iﬁﬁrra E sol rLstb %;&ﬂ-ﬁ faéggaga?@%ﬁ?ﬁﬁt' 29mE/ L

cent rif ugeswvg\ts con galsmba rufitizast inf easebination wigh thecagueqys mediaftprhel 100 11 hr
VO 00{.',t W21 P&Iélfnlé%?{ 2P ORe Ia{;ﬂ:le?afa) rssgb,ggal @t gé'gg%%p%?p&?r Cont ent s

ach| eved a centrifug ter as | ow as pm and copper

as | ow as epmomﬁiﬁ @mrqﬂlveﬂtrﬁgbysw pmglly enrtbe tsnbabllméowwrmﬁ

| at t th
ace of cenchi ) BEHeY ks SbinG predb it e Ml b MY P ol i pl ¢

extracti onirswates,.log K valudsatR5°C. atee- 248, €828randugtl .96 for QudlcCuBni t hout
addi ti onal ahg- %JI.Sreas?)gSﬁllelf.’ r eé:o%bﬁﬁ{)tiﬁ %Jt@ﬁis increased by the presence of
excess of halide ions due to the formation of, e.g., CuCl,, CUCI, , and CuCl,
and by other complexing species. Non-limiting examples of anti-solvents
would comprise low molecular weight alkyl and aromatic hydrocarbons,
ketones, alcohols and the like which in themselves would have some solubility
in the aqueous solution. One skilled in the art would be able to select an
appropriate type and amount of anti-solvent, if any was utilized.

One unexpected advantage of the present invention to make low molecular
weight PPE (i.e. PPE having an L.V. in the range of about 0.08-0.16 dl./g.) is
the reduction in L.V. variation and molecular weight of the PPE after the end of
reaction. In the processes of the prior art to make higher intrinsic viscosity
resin, i.e. 1.V. > 0.28 dl/g., after the end of reaction the PPE is held at elevated
temperature, typically between about 45°C to about 70°C for between about
45 to 90 minutes, while the catalyst chelating species as described above is
added and allowed to react. During this equilibration process, the previously

11



Typical conditions for a commercial scale are as follows. The PPE .
containing solution is preheated to a tenperature of at |east 240C a
pressure of ca. 40 bar. The solution is flashed to | ow pressure in a flash
vessel a PP@®@FI7¥s content of at |east about 65 % The RFHHS¥EPISAs |evel
Is desirable to reduce the solvent toad to the total isolation equipnent

t hat woul d have been present w, thout preconcentration. Typical conditions

are tabul agestribed ovackiwake fdiner tdmen6|bambt \&#6 Silactich b@rﬁob@&tgra‘ tHee flash
vessel : 245 - 260CFeedrate to the fla z'?ee ank: 0. t onl hFT after t he fl ash
I

vessel 114 0Xiga4aR PFREESS oINGPIPGRALS Sin W@ercgf"?'f e [RsuftiRgain a

devol at | | | gkdreagaxin whkemold&iRarDweight raad mved #d PPE. ng e Hiuswate thisS a
corotatln twin screw extruder with ? ? ged capabllltg Multip
¥r et Pé fowe

devol ati | i ‘H’@aﬁﬁ‘erﬂ PRE taratebinshayesan qiig atthe snd 9‘!9“at| I es
content. Iyj drB\@tQQin‘lﬁ‘W&f Ayt 48 a bﬁagéq@rﬁatnm meérsbry W@xet abl e

below. T zone 1ca. 200CT zone 2ca. zone 3¢ OCT zone

195- 200CT E&Sé"%ﬁeaent@!?sa@%ﬁa!'aa@ @&?t e@éd&T“EdNe OF@HOUtz‘é)G@rdE%ne 8ca.

200CT Zoneaﬁaaeqoum nb.amlﬁaveiahqav of aBolay, P1é8|/g Vﬁcéﬁémd\/@é‘hﬁﬁareﬁt 8 barP 2~a
vacuum vent ca P 3" vacuumventca. 0.7 bar Screw r pnta.

294Ext r udethat SFQ]B@@&T“ inyentiogsaifards ISQQY"'QQGQSPGBWB W\BP@IMM‘?Q ¢sst r uder
motor AND f@n %c&ué a 6%’ %pu%?&é?e%@ﬁ%sbtthﬁﬁsaﬂbﬂ?é%%t Ef%pt hiak mgsh very |ow

tenperatures c be used while still naintaining excellent |ow residual
sol vent | epeferably lesfethandberbadta drqPPE | ¥ syeng eauilipration after theterehd havi ng
LV." s of aj¢leg 0.28 dl/g are isolated at 300C or above under simlar
condi tions. 8: er configurations and nodifications can be used as well)

li ke different size and nunber of venting ports, other screw design,

sequence of fecfte{ndemandl; thec 1Gatalyst, Aheo RAR cAdaBinge golubigy B uti on can
be added i BorpiantrafedvRNh KigREreSdIidatie®dl ¥4 phrt! bfafial RBIalbs BITtheaspEy or
totally in_the devol ati zi ng

Precipitation using standard non-solvent techniques typical for PPE having

I.V.'s greater than 0.28 dl/g are not generally useful for isolation of low

molecular weight PPE due to the small PPE particle size and friability of the

particles. Very low yields are obtained with undesirable fractionation of

oligomeric species. A total isolation process is preferred for isolating the PPE.

As part of the total isolation, a portion of the solvent is preferably removed in

order to reduce the solvent load on the total isolation equipment.

Concentration of the PPE containing solution is accomplished by reducing the
pressure in a solvent flash vessel while preferably increasing the temperature
of the PPE containing solution. Pressures of about 35 to 50 bar are desirable
with solution temperatures increased to at least 200°C, preferably of at least
230°C. A solids level of PPE of at least 55%, preferably of at least 65% or
higher is desirable.

The isolation of the PPE is typically carried out in a devolatilizing extruder
although other methods involving spray drying, wiped film evaporators, flake

evaporators, and flash vessels with melt pumps, including various
12



extruder. The low nelt strength of the |ow nol ecul ar wei ght PPE s requires
speci al "pelletization techniques conpared to normal |V grade PPE materials.
The tabl e bel ow shows typical settings for the underwater pelletizer:
Product thwauepmeers: ca. 240 kg/ hrMelt punp feed pressure: GCTAGYYZOMEl t punp
product pressure:ca. 95-100 barD e tenperature:ca. 300CWater addition
rate:ca. 10 nBl hr 19 WO 00/ 46273 Rotating knife rpmca. 3600Water

t enper at ur Eorﬁ&nam%%l(ﬂhbqﬁé’ée MedRids ra?@hfs% usbndl d?'n@TA lé%ﬁ% %Q%geér he

pelletlzedlowrmecu ar weig PPE, whi is in erent%ver brittle,
unexpect edPigferead. a A-“o\}?’%‘dﬂlﬂ%htdeé?“qqdnégta' F‘$Qi@5°’1 I8, prefergoly &om thaan 3% by

vei ght bel ﬁ%ﬁéﬂtﬁa@b méﬁceé;ﬁ&?elalaye hSﬁr%dd%B t@%epé’a gf?e \itArost

preferably less-t out 1.1 % by wel ght can be ac the process.
Modi f i cat | ewglp&a&orhcmlbws%iamacﬂﬁauwelelﬁom@ @x@melwéﬂglatarmwarﬁ neae die

desi gn, g@%dtﬁ&v@”'f%ép@%lqd&”ﬂégg@é HEJ\%@éﬂhéWh@“éﬂ?ﬂ?ét)rfeurt Pﬁ’ét icle size

can be rea y controlled to desir val ues. 1 n order hi ghl i ght
sonme of t héomnlsiqﬂelﬂttbﬁl PFieE PIOCSSHEIERS AS @NY wataist peroaising IprS@bJéiQB Wll! he

fol |l owi ng Fﬁr"?%gpg(f]gteéq@r@@,:@r operties and characteristics obtained

far | ow nol ecular”wei as conpared to a PPE having an |.V. of 0.48
dl /g prepared as descrl bed by nethods known in the art. The tabl e bel ow
conpares t Revelatilizings extrudass, andl Brogesseswateykeown tin the arh@ner typisall i on 1. V.

of about Or@alveléqgms@fewaaﬂmo%fr L@beﬁomﬁ afi réev&hgngpgét{aag fap_an end of

reaction | a ter equi atlon of the high
mol ecul ar Seivet remayvalir dppte agaca@mm%hmresqntzov&mr dbe prekeatedy nol ecul ar

ht PPE f th
wei g 8&%@9@@&@ ﬁioﬁ%ld\%ﬁ%ﬁ%r‘lsﬁérgfeWnH%'tgtegiégﬁéhlﬁﬁ%gPﬁBFOr of the

test nmethod. Arter t sanp had been tre rocessi ng
i n the nel and maintaingd ral|actamperatues @hs ttWEabamﬂ?égCagm'l preferrwlyriesau rly

ol ccul ar WA APORPRRRE A art aRESRRNT vefheal, abaRo dBE R b,
equi | i br at pressti@sdiy the vébwaSverittafrlesmhén abome'sbang‘)‘h@rasunammnof about
25% It WaFevePls rgggée%dtotlggst thtaﬂeabou%%)d egnl%[ glreft\e’\r'g\‘:aglqessp@%n ab B? 5&9 'n 20
ppm, and most preferably less than about 400 ppm. Furthermore, it was
unexpected that temperatures as low as less than 250°C and preferably
between about 185-220°C would be useful and preferred as current PPE
having an L.V. of >0.28 dl/g generally require a temperature of 300°C or higher
in similar total isolation processes.

Another unexpected result obtained through the use of a devolatilizing
extruder was the extremely high yield of PPE achieved in the process. For
example, a PPE yield of over 99% was obtained even for PPE having a low
L.V. whereas in the precipitation process known in the art, the yield of similar
low L.V. PPE was less than 90%. Thus, the present process comprising a
devolatilizing extruder affords a method to prepare low molecular weight
polyphenylene ether resin, typically within the intrinsic viscosity range of about
0.08 dl/g to about 0.16 dl/g, in a yield of over 80%, preferably over 95%, more

13



WO 00/ 46273 PCTNS99/ 29059 the present process would have an |.V. that
varied | ess than about 5%t hroughout equilibration and thernmal processing
(heating into the nelt for about 0.2 minutes to about 20 m nutes, ca. 200C
for | ow novezw4273wei ght and ca. 300C for high nol ecul ar PREU§HPI21 WD
00/ 46273 PCT/ US99/ 29059 PPE Gradel.V. at end ofl.V. afterl.V. after

thermal reaction (dllg)equilibrationprocessing(dl/g)(dl/g)Low nolecul ar

wei ght 0. 118fferablQ .oléh 98%0ark?RidBEpiatirably dvenoat, baséd upoe ittghaModAtd0. 1160. 116
- 0.122PPE _pat ch ain %E n‘ﬁl ?ﬁul ar((). 48063180' 485wej ght PPE It shoul d be cl ear
from t he dgkBOnovaeNt PABRR)Miizad In the,axidztye auRING. " i nvention i ncl ude a

nmet hod to prepare a | ow nol ecul ar wei ght PPE that has | ess than about 3%
change i n When usingoaidevalatilizétidmr extiuder for thes todal lisblatiopoofilee PPERIt wadsat t he

present inyenii 1 ncl th to pare.a Lpw nolecul ar wei ght
PPE t hat hé’g‘n{jeg‘? f\@ﬁho&%gu%%&v%ﬁgﬁode&gherl ?&aﬁag?(g\naeaﬁiﬁtﬁpgt &on and

t hr ough t hextrafatepfallowed ibygchoppinghtbe rextredate tintohpalibts gdveourecceptable tﬂat

t he-present ipvention. include PPE t hat has | ess than.about 3% change in
|V, P br outaels sk BReb e e e Jow et gt g fiibrent e eblug’ef o
procerS]S a|BJWinbldcuﬂﬁWeighNﬂHB)hRmdsG?&n@tHﬁrspédali nsabnbazétimg tbﬂﬁ3ql¥é’$lar about ﬁ
10% change in intrinsi¢ viscgsity aft I libration st ol | owi ng t he
oxXi (:jat ive EYLpPYS EPBRd Ferd?fgc%'%ér naﬁjste?@a?%mq”ﬁ QU’&.‘;'ef o‘ﬁg'éfl?&ut 0.2

m nut es tOp?twuétioaO imﬂlm&?gwd@h&atéﬁb{alﬁetibeﬁmNand)Arﬂ:arng$ debmihge\aa]lgleof Cﬁ'pper
remaining after t catal yst extraction steps... can he.seen fromthese
Gata the PeAdeeElzR BN YRl HAlhERAN. AB SRFatn sEPrpalausatng arth ot
residual cofwate? Feilatization esgdetallil duitabi 00/ 46273

it was unexpectedly found that underwater pelletization resulted in a
significantly lower color in the PPE as compared to the standard stranding
with water/air cooling followed by pelletization techniques. Yellowness index
(Y1) numbers of less than 30, and even less than 25 are achievable as
compared to Yl > 50 achieved with the standard stranding technique. it
should be apparent that the present process affords a method of preparing a
PPE with a Y| of less than about 30, preferably less than about 25.

Another unexpected benefit of underwater pelletization of PPE, especially low
.V. PPE, is that very low (less than about 3% by weight) fines, defined as
pellets (i.e. particles) of less than 850 microns in size, could be obtained. It
should be clear that the present invention includes a method to reduce the
number of fines having a particle size less than about 850 micron in
polyphenylene ether wherein the method comprises underwater pelletization
of the polyphenylene ether resin. A preferred embodiment includes a method
to reduce the number of fines having a particle size less than about 850
micron to less than about 3%, preferably less than about 1.5% by weight
based on the total weight of the pellets.

14



PCT/ US99129059 final isolated product. It was unexpected that the I.V. of
t he PPE woul d have an effect for inproving the catalyst renoval. PPE
Gradeppm Cu PPCppm Cu final productsolution after 1 S centrifugelLow

nmol ecul ar wai@RtB32 - 21-3PPE (0. 11 dl/g) Hi gh nol ecul ar cXCEERWRPght PPE
(0.48dl/g) The table bel ow conpares the devolatllization extruder
tenperature range and residual toluene level remaining in the final

i sol at ed RRE.colibetd@ PREBEIRAS (8R Heldred gb@n%ﬁdh%ﬁﬁbs%ﬂdinlﬁ’% st ed at a

| ower tenperature range and obtain residual solvent levels that are as good
or bett er indigdinggentritvgal davers. RRIFHT qoBHpeqUst Qvansdrygls, Juidi kadsy apd. 48 1. Vv.)
mol ecul ar yiekidlt dEtErmihhtic 8t A {etél seh@f cohgitiend IcdASe PPt be

oper at ed aptnéatl e | ovverm't er'rp.er_ataur%ﬁrrgbr?ge V?II th O. 48| ™ V.(.: PPE W t k‘lgut

exceedi ng detesmineddyconesefiskill i the: 27 witheutiundue 23perirentation;6273

PC1' / US99/ 29059 PPE G adeExtruder zone Tenperature rangeppmtoluene in

final pr oguGiakéhs BRI holéraed B4 1A BtporeARERRi by feTBRcd.0- 11 dl / g) Hi gh
nol ecul ar 245 - 300Cca.” 300 - 500wei ght PPE (0.48dl/g) The follow ng table

conpares the level of dibutylamne (DBA) incorporated in the | ow nol ecul ar
wei ght PPE of the present invention as conpared to the |evel incorporated

into high nolecular weight (0.48 LV.) PPE. It was unexpected that such | ow
| evel s wourh Grdee treit those skilledlimtienart witilieslyettae aplet topricticetthe invehtibrhe cl ear

B L

di but yl amjifrgtatieai ns with the sol vent stream and can be recovered and
recycl ed. PPE G adeDBA content of final productLow nol ecul ar wei ghtO.15 -
0. 28PPE (EQ(aghjple%l /g)H gh nolecular0.9 - 1.0wei ght PPE (0.48dl/Q)

Polymerization Reaction:

A typical laboratory reaction recipe and reaction conditions are indicated
below:

The catalyst solution can be prepared by stirring 0.41 g of cuprous
bromide and 10.9 g of di-n-butyl amine in 100 mi of toluene. The catalyst is
transferred to a one liter stirred glass reactor equipped with an internal cooling
coil and inlet tubes for oxygen and monomer. A rapid stream of oxygen is
introduced near the bottom of the reactor and a solution of 70 g of 2,6-xylenol
in 100 ml of toluene is added through a metering pump, over a period of
fifteen minutes, to the rapidly stirred solution. The temperature is maintained
initially at about 40°C to about 45°C/48°C towards the end of the run by
circulating water from a constant temperature bath through the cooling coil.
Molecular weight build is continuously monitored with a typical reaction time to
target I.V. of about 100-107 minutes.
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24 WO 001 46273 PCTI US99/ 29059 Thus, the present invention includes a
process to make low |.V. PPE having an incorporated am ne |evel of |ess
t han about 0. 3% by wei ght based on the weight of the PPE. These and ot her
enbodi ment sysbedskd be apparent fromthe disclosure cont aiptadsheeson. 25 W
O 00/ 46273 Clains: What is clained: PCTILJS99J29059 1. A process to produce
a pol yphenyl ene ether resin having an intrinsic viscosity between about
0.08 dl/g and Q / V\Ar:&;a i f ' id process
conpri si ng Oxi daé{%\lfgh ctgﬁp [ ng%ﬁ%s‘ﬁéSiggcdt]i'%%@é&utg%qg?&ﬁegag@oﬂe
nonoval ent ggrresalolscalpableeto Leammergial oppgessesoraniedi oyt gas cememescialonpl ex
netal cata f ; esin having an intrinsic
Vi scosity émé{lfﬁém%%\ﬁl{e@gﬁg%@eowggﬁgﬁQéé%g%ﬂngﬁ%ghabout 0.16 dl /g as
measured in chloroformat 25C; recovering the conplex netal catalyst with
an aqueousEguiliRrationing sol ution and isolating the pol yphenyl ene ether resin
t hrough devol atilization of the reaction solvent. 2. The process of claim
1, wher ei nintthe gRis8¢65¢tor WskBIC theCAppE! S4talyStwaistrhplBked by thetdddiioRet al
chel ati ng afgent wth ”]'E cqn:PI ex netal catal yst,

of a complexant like nitriiotriacetic acid (NTA) or other copper complexing

agent in order to solubilize it in the aqueous liquid phase.

Mixing time: ca.70 min.

Temperature: ca. 55°C

Removal of complexed catalyst:

Typical conditions for a liquid/liquid centrifuge on a commercial scale are as
indicated below.

PPE solution feed rate to the 1** L/L centrifuge: 10 m*hr

water feed rate to the 1% L/L centrifuge: 100-200 I/hr

PPE solution feed rate to the 2™ L/L centrifuge: 0.5-0.8 m¥hr

water feed rate to the 2™ L/L centrifuge 100 i/hr
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3. The process according to claim2, wherein the intrinsic viscosity of the
pol yphenyl ene ether resin after the equilibration has less than a 10%
change in intrinsic viscosity as before the equilibration. 4. The process
of claim Ly yReesn the devolatilization is acconplished ratr/sesznsyi n part
with a devgfatilization extruder. 5. The process of claim4, wherein the
devol atilization extruder is at |east partly operated at between about

ol ds. | evdpioal FestduB Safercondt baR tontiBR SLAeie shERRE' PLEBAINER. T2 on

ext ruder . 226 watahasDiowiga 7800PEAUIBRICRP@S as Tow Bsd).P ppoe Surprdisinglyitm 1,

i 1 nai ¢ WS oNR e pBCEe AR o FriRuBil oERSat7 By IR ofdles ot e

coupl i ng. vtholheepathee effect onl thenedse wheseparatioh eomp ehygsien forematioat her resin

has | ess than abouyt a 10% change.in intrinsic viscasi ter

equi || br atPaPrEreherdh AEHPVGE RS, SR b ston T FRerdedla e 2% ner rm

t r eat ment cehtri@fE oy watdrpwithdut 2dditiondI TA 13 adddedt 20 minutes. 9. The process
of claim 1l wherein the nonoval ent phenol species conprises

2, 6-di net Q. The process of claim 1l wherein the pol yphenyl ene

et her res%‘g%}rﬁg ﬁdﬁml]ﬂ‘,orporat ed am ne content of |ess than about 0. 3% by
wei ght based on the weight of the pol yphenyl ene ether resin. 11. The
process ofTypical eanditigmsifer a comeeateigiicate aneas follows.s The Ehtpeantainingat | east in
part with ] .0, é%dr eld eti,ger. 12. The
pol yphenylsghgig}é? %g%éhre ége?j}]khg]age?%&%ﬂ?% ﬂ?&ﬁﬁ%&c Vi §C%'§%et%;s/ur%e f\/\(/%éﬁ‘aabout 0. 08
dl I g and Mat.6 The/ splatiorcisaflashéd to low pressure in a flash vessel a PPE solids

content of at least about 65 %. The high solids level is desirable to reduce the

solvent load to the total isolation equipment that would have been present
wjthout preconcentration. Typical conditions are tabulated below:

P before the flash vessel: 40 bar

T before the flash vessel: 245 - 260°C

Feedrate to the flash tank: | 0.7-.87 ton/hr

T after the flash vessel 114 - 126°C

The isolation is preferably carried out in a devolatilizing extruder. The
preferred devolatilizing extruder is a co-rotating twin screw extruder with a
backfeed capability. Multiple devolatilizing venting sections are preferred to
achieve low volatiles content.
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13. A method to prepare a poiyphenylene ether resin that has | ess than

about a 10%drop in intrinsic viscosity after equilibration,

conpri si ng oxi dative coupling in a reaction solution at

sai d met hod
| east one

nmonoval ent vahgi@l7aspeci es usi ng an oxygen contai ni ng gas pamasss/20e8pl ex

net al

catal yst to produce a pol yphenyl ene ether resin having an intrinsic

viscosity within the range of about 0.08 dllg to about 0.16 dllg as

measured in chloroformat 25C, equilibrating a netal
t he conpl ex net al
recovering_the chel ated conp

catal yst to prepare a chel ated conpl ex netal

| ex net al

chel ating agent with
catal yst;

catal yst with an aqueous contai ni ng

sol ution; Byrical settines ace indisated|in fiedAhledi®iovet ner resin through

devol atilization of the reaction sol vent.

27 WD 00/ 46273 PCT/ US99I 29059

14. The ni
t han abou
nmet hod of
2, 6-di net
pol ypheny
in a reac
oxygen co

pol ypheny

PThRepe 9T Cclaim1l
[ a 10%drop in

| claim 13-wherei
hVEpRRAol . 16. A
ene ether resin

Beavizeoes n poly
Nntrinsic vlsc

wherein the

h—t-he-fppnoval e
¢t2R8%t o red

henyl ene ether resin that has |ess
psity after equilibration. 15. The
nt phenol species conprises
uce the yel l owness i ndex of
ret hod conpri ses oxidative coupling

SBne gl ut1on at
nt al ni ng gas and

epne ether resin

ééij%bo ne non

a conpl ex net
having an jnt

pval ent phenol species using an
al catal yst to produce a
insic viscosity within the range of

about 0.0
recoverin

BT @appgj4t o about
j the conplex me

Dcal 898120°Gs |
catal yst W

pasured in chloroformat 25C
th an aqueous containing solution

and isol a
reaction
part with

wher ei n
a devol atili zat

TP aner ei n

t al
e a0 Gt i |

on_extruder

]

sin through devolatilization of the
zation is acconplished at least in
pi Nt ai ned at a tenperature | ess than

about 275

CT zéiie 6The net ho

dcanf200f@i m 16

f urt her conpri sing underwat er
[ resin. 18. The nethod of claim 16

phenyl ene ether resin is |ess than

pel l etizafion of the polyphenyl ene ethe
wher el 0 ¢ [T 28Rt eSS e s e ot

T zone 8 ca. 200°C

T zone 9 ca. 200°C

P back vent ca. 0.8 bar

P 1* vacuum vent ca. 0.8 bar

P 2" vacuum vent | ca. 0.7 bar

P 3"vacuumvent |[ca. 0.72 - 0.75

bar
Screw rpm ca. 294
Extruder Torque ca.30-38 %
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19. The process of claim 16 wherein the nonoval ent phenol species conprises
2, 6-di met hyl phenol . 20. The pol yphenyl ene ether resin of claim18. 21. A
met hod to reduce the nunber of fines having a particle size |l ess than about
850 mi cron waoget7gphenyl ene et her wherein the nethod conpratTaesszsesber wat er
pel l etization of the pol yphenyl ene ether resin. 28 WD 00/ 46273

PCT/ £ JS99/ 29059 22. The nethod of claim 19 wherein the pol yphenyl ene et her
resin ha ¥ st fSCoSEt —tfi-m t he range of about 0.08 dl/g to
about 0.1é%ﬁ$wsrggﬂﬁg§§%réﬁLPE'éH oroformat 25C. 23. A process to produce
a pol yphenyl ene ether resin having a gljass transition tenperature in the
range of about 150C to about 160C, said process conprising oxidative
coupling in a reaction solution at |east one nonoval ent phenol species
using an qyAeMEonlded sl SRR vaRAIoH AT St B8 el hnleutl 0duce a
pol yphenyl ene ether resin having an intrinsic viscosity wthin the range of
about 0. 08mdinfaining exbelient Joweredidug! asiventalevelsdini thecand podductn BPE25C;

recoverin M ntaining sol ution
and | sol arradcs RESHL BT end Bedt . tdrias Rk G A0R SATSBRRTA, P00 *The
reacti on s3fl0Y6€rr ab8vie uiider simitareesditibne| ai m 23 wherein t he pol yphenyl ene
ether resin has an incorporated am ne content of |ess than about 0.3% by

wei ght ba i e . " j 5.. The process
of ol ai m 330ief EoirRErdRhe B inediiEaoB LB B sBR s Halblid el Size o) B 11 o
| evel of |asknuimber @boentitg @opismoties estrem ddsign)ysegloencs of feeghandphenyl ene
et her resin. ,.26. .proc Q pr C ol yghenyl ene ether .resi n having an
intrinsic \(Plngﬁ%sﬁe@&[)set@génthgb‘grﬁﬁg%lggé‘gaﬁlﬁ@}?a é'irlg"edﬁf’ge RfM¥easured in
chl or of or rscitent SEhcesaratiop witheashirgnpithes i pagtho i ¢ttty i tHeugévolgizing a reacti on
solution at , | east one nonoval ent phenol species using an oxygen contai ni ng
gas and a%ﬂﬁ?'éx netal catalyst to produce a pol yphenyl ene ether resin
having an intrinsic viscosity within the range of about 0.08 dllg to about
0.16 dl /g Relletizationt ed i n chl orof orm at 25C, recovering the conpl ex netal
catal yst with an aqueous containing solution and isolating the
pol yphenyl L i tA3r L i f .Lion sol vent,
pol yphe th@%;;ﬁ Rt Sfndin (d"AY dbw ARURLaRH et PP rebfed 864k

pelletization techniques compared to normal IV grade PPE materials. The

HEEP Y S
| DL )

table below shows typical settings for the underwater pelletizer:

Product throughput: ca. 240 kg/hr

Melt pump feed | ca. 6 bar
pressure:

Melt pump product | ca. 95-100 bar

pressure:
Die temperature: ca. 300°C
Water addition rate: ca. 10 m*hr
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WO 00/ 46273 PCT/ US99/ 29059 pol yphenyl ene ether resin is over 90% based upon
t he anobunt of nonoval ent phenol utilized. 27. The process of claim 26
wherein the yield is over 95% 30 .AFHR A[. Aln. Al. A e. A3. AY e. Al . A53e. A AY

. AY. AYn3e. AvohbaedBR. A , . A3y. AF. AY3?. Al 5F?. A y. Af 3R A3R. A, pcr/esssg9nsdh . A3, . A3
Rl j YZ] i x>h{
zzupkf " zZU] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] cTaU] cTa] ca] ca]ca]ca]c

T \1(1 A
31/0311536‘] IC?IU]#;z %r‘*é\ﬁk# 'é{ﬁﬂ] a] CZ]FE’] ?Q?ﬁﬂcaU] ca] cg] ca] ca] ca] ca] cal] ca] ca] ca]

ca] ca] ca] caU] cd] caU ca] caU] call cal ca] cal] cal ca] cd] ca] ca
&& n()))) *$, S-| Whte? sidpataRin266 8 ¢a. 90°C H
<(=Q==>X?7?| wrmhc”"Y] ]] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] cal] cal] ca

alaalll ~olll ~ A Al Aanl ~nl

] ca] ca] ca] ca] careatecalecatcattcal cal-cafea
2AA" BnBCCl C@D&ﬁy@mﬁi TKLCW PPQMORSAupkf a\ W | ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] cdUl cal] ca] ca] ca] calfcal cal ca] ca] ca] da] ca] ca] ca] cal] ca] ca] ca] ca
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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ca] ca] ca] ca]'temp]eu:w]dd;a]'tadi]ach!)\ts]]c c?'lﬂ]mta@fcﬁr]e(sa] Eaﬂ]asa];m]i:] (Diﬁ]l] ttmhLG%W]z z ]@ L]zz{}
+ ~ b] > calc al.call.ca] caU ca] ca] ca] ca
c] ca] ca] CHEINS bely AoPC e PiareraBhcBeR Ipas] 47 67 idlgh” Fpragmost
)(,.yTZf u2bre:]érgb]y)(h§sa]ﬂdd] At dad % dycweigh wibeddhmabcm]ldhb Mm]sca] cal ca]c
?leiitgf‘]ecf‘ }:f%f% %%%@2%?8&1 @]‘@éﬁc@?} b%?%ﬁ]oc fé’gf'gﬁ] calcalcal ¢
a] ca] cal] cac]tam‘]g:hmlma]spemi] ctetdperdtura] ard jtlab?ghp]lgﬁ&ﬂ?ﬂ@;l{avﬂk@ cLhJ]h’Uﬂe]:a] i:a] i:aU] c
.cal cal ca] ca] ca] ca] ca] ca] ca] cal] cal] ca]ca]ca]ca]c
Z]ﬂcg]icg]icgf%mgs'll@ké%é%%@% k]e‘ [ VU] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caljcaljiK-F&
10%&' () - F10v@rder t¢ further highlight some of the unexpected results obtained |n the

@ () y F1B0RE FGSRoobe %%9&?] 5 S Ve R ook ()

10 10 10f #ehArade(ijtidslobiaified forydbwantl&caar(Wweight PPE as compared to a PPE

stovet! SRR Sub R o B ot o e

The table below compares two batches of low molecular weight with an
end of reaction |.V. of about 0.11 dI/g to a batch of high molecular weight PPE
having an end of reaction |.V. of about 0.48 dlI/g. After equilibration, the |.V. of
the high molecular weight has dropped by approximately 20% whereas the
low molecular weight PPE batches have remained constant within
experimental error of the test method. After the PPE samples had been
treated to thermal processing in the melt, the low molecular weight PPE
samples again remain fairly stable in I.V. with less than 5% increase in L.V.
Conversely, the high molecular weight PPE has an increase in 1.V. from about
0.38 after equilibration to about 0.485 after melt processing, an increase of
about 25%. It was unexpected that the low molecular weight PPE prepared in
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Low molecular weight { 0.113 0.115 0.116 - 0.122

PPE batch 1

Low molecular weight | 0.114 0.116 0.116 - 0.122

PPE batch 2

High molecular | 0.48 0.38 0.485

weight PPE

It should be clear from the data in the above table that the present
invention include a method to prepare a low molecular weight PPE that has
less than about 3% change in LV. through equilibration. It should aiso be
clear that the present invention also includes a method to prepare a low
molecular weight PPE that has less than about 5% change in LV. after
equilibration and through thermal processing. Furthermore, it should also be
clear that the present invention includes a PPE that has less than about 3%
change in |.V. through equilibration. Also it should be clear that the present
process also includes a polyphenylene ether resin having less than about a
10% change in intrinsic viscosity after an equilibration step following the
oxidative coupling and after a thermal treatment at 200°C for about 0.2
minutes to about 20 minutes.

The table below compares the level of copper remaining after the
catalyst extraction steps. As can be seen from these data, the low molecular

weight PPE has less than half the amount of residual copper remaining in the
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PPE Grade ppm Cu PPO | ppm Cu final product
solution after 1%
centrifuge

Low molecular weight | 0.2 - 2 1-3

PPE (0.11 di/g)

High molecular | ca. 5 ca. 8

weight PPE (0.48

dl/g)

The table below compares the devolatilization extruder temperature
range and residual toluene level remaining in the final isolated PPE. It was
unexpected that the extruder could be operated at a lower temperature range
and obtain residual solvent levels that are as good or better than obtained
with higher temperatures for a higher (0.48 1.V.) molecuiar weight PPE. It
should be noted that the extruder cannot be operated at the lower
temperature range with 0.48 |.V. PPE without exceeding the torque rating of
the machine.
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Low molecular weight | 195- 200°C 260 - 450

PPE (0.11 dl/g)

High molecular | 245 - 300°C ca. 300 - 500
weight PPE (0.48
di/g)

The following table compares the level of dibutylamine (DBA)
incorporated in the low molecular weight PPE of the present invention as
compared to the level incorporated into high molecular weight (0.48 1.V.) PPE.
It was unexpected that such low levels would remain in the low molecular
weight PPE. It should be clear from these data that the present process
affords a more cost effective and environmentally friendly PPE process as a
larger proportion of the dibutylamine remains with the solvent stream and can
be recovered and recycled.

PPE Grade DBA content of final
product

Low molecular weight | 0.15- 0. 28 %
PPE (0.11 di/g)

High molecular | 0.9 - 1.0 %
weight PPE (0.48
di/g)
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complex métal catalyst to produce a polyphenylene ether resin having an

intrinsic viscosity within the range of about 0.08 dl/g to about 0.16 dl/g as

measured in chloroform at 25°C; recovering the complex metal catalyst with

an aqueous containing solution and isolating the polyphenyiene ether resin

through devolatilization of the reaction solvent.

2. The process of claim 1, wherein the process further comprises an
equilibration of a metal chelating agent with the compiex metal catalyst.

3. The process according to claim 2, wherein the intrinsic viscosity of the
polyphenylene ether resin after the equilibration has less than a 10% change
in intrinsic viscosity as before the equilibration.

4. The process of claim 1, wherein the devolatilization is accomplished at
least in part with a devolatilization extruder.

5. The process of claim 4, wherein the devolatilization extruder is at least
partly operated at between about 185-220°C.

6. The process of claim 4, wherein the reaction solvent has a solids level of
at least about 65% before feeding into the devolatilization extruder.
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7. The process of claim 1, wherein the polyphenylene ether resin has less
than about a 10% drop in intrinsic viscosity after an equilibration step following

the oxidative coupling.

8. The process of claim 1, wherein the polyphenylene ether resin has less
than about a 10% change in intrinsic viscosity after an equilibration step
following the oxidative coupling and after a thermal treatment at 200°C for
about 0.2 minutes to about 20 minutes.

9. The process of claim 1 wherein the monovalent phenol species comprises
2,6-dimethyiphenol. '

10. The process of claim 1 wherein the polyphenylene ether resin has an
incorporated amine content of less than about 0.3% by weight based on the
weight of the polyphenylene ether resin.

11. The process of claim 1 wherein the devolatilization is accomplished at
least in part with a devolatilization extruder and an underwater pelletizer.

12. The polyphenylene ether resin having an intrinsic viscosity between about
0.08 dl/g and 0.16 di/g of claim 1.

13. A method to prepare a polyphenylene ether resin that has less than about
a 10% drop in intrinsic viscosity after equilibration, said method comprising
oxidative coupling in a reaction solution at least one monovalent phenol
species using an oxygen containing gas and a complex metal catalyst to
produce a polyphenylene ether resin having an intrinsic viscosity within the
range of about 0.08 dl/g to about 0.16 di/g as measured in chioroform at 25°C;
equilibrating a metal chelating agent with the complex metal catalyst to
prepare a chelated complex metal catalyst; recovering the chelated complex
metal catalyst with an aqueous containing solution; and isolating the
polyphenylene ether resin through devolatilization of the reaction solvent.
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14. The method of claim 13 wherein polyphenylene ether resin that has less

than about a 10% drop in intrinsic viscosity after equilibration.

15. The method of claim 13 wherein the monovalent phenol species comprises
2,6-dimethylphenol.

16. A method to reduce the yellowness index of polyphenylene ether resin,
wherein the method comprises oxidative coupling in a reaction solution at
least one monovalent phenol species using an oxygen containing gas and a
complex metal catalyst to produce a polyphenylene ether resin having an
intrinsic viscosity within the range of about 0.08 di/g to about 0.16 dl/g as
measured in chloroform at 25°C; recovering the complex metal catalyst with
an aqueous containing solution and isolating the polyphenylene ether resin
through devolatilization of the reaction solvent, wherein the devolatilization is
accomplished at least in part with a devolatilization extruder maintained at a
temperature less than about 275°C.

17. The method of claim 16 further comprising underwater pelletization of the
polyphenylene ether resin.

18. The method of claim 16 wherein the yellowness index of the
polyphenylene ether resin is less than about 30.

19. The process of claim 16 wherein the monovalent phenol species
comprises 2,6-dimethylphenol.

20. The polyphenylene ether resin of claim 18.

21. A method to reduce the number of fines having a particle size less than
about 850 micron in polyphenylene ether wherein the method comprises
underwater pelletization of the polyphenylene ether resin.
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24. The process of claim 23 wherein the polyphenylene ether resin has an
incorporated amine content of less than about 0.3% by weight based on the
welight of the polyphenylene ether resin

25. The process of claim 23 wherein the polyphenylene ether resin has a
residual volatiles level of less than about 600 ppm based on the weight of the
polyphenylene ether resin.

26. A process to produce a polyphenylene ether resin having an intrinsic
viscosity between about 0.08 dl/g and 0.16 di/g when measured in chloroform
at 25°C, said process comprising oxidative coupling in a reaction solution at
least one monovalent phenol species using an oxygen containing gas and a
complex metal catalyst to produce a polyphenylene ether resin having an
intrinsic viscosity within the range of about 0.08 di/g to about 0.16 di/g as
measured in chloroform at 25°C; recovering the complex metal catalyst with
an aqueous containing solution and isolating the polyphenylene ether resin
through devolatilization of the reaction solvent, wherein the yield of isolated
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polyphenylene ether resin is over 90% based upon the amount of monovalent
phenol utilized.

27. The process of claim 26 wherein the yield is over 95%.
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