10 MAY 2006 WO 03/041831 PCT/ US02/ 33240 (57) Abstract: A nethod of renoving
substantially all solvent froma solution containing a pol yphenyl eng) gAhEQE
polymer resin with little by-product formation (less than 250 ppm) is

provi ded. The nethod enploys a wiped thin filmevaporator with a

cyl i ndweat/odat i ng chanber operating under conditions phatussatssby the
relationships defined by Equations | and I1: 5.3*1024RL6exp(241231T)/ m< C
(), 100- (4960AP/Tm < C (I1); yields are nmnaxim zed wherein values for
feed rate (m and percent solids (C) are selected to provide a nmaxi num
value for the output, Q determned fromthe equation m* C = Q and the
melt viscosity of the pol yphenyl ene ether product is |ess than 50, 000
Pascal - seconds at the operating tenperature of the cylindrical heating
chamber. 10 MAY 2006 WD 03/041831 PCT/ US02/ 33240 METHOD FOR | SOLATI NG
POLYPHENYLENE ETHER POLYMER RESINS FROM SOLUTI ON CROSS- REFERENCE TO
RELATED APPLI CATI ONS Not applicable. FEDERALLY SPONSORED RESEARCH Not
~appl i cabl e. BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Thi s
invention relates to nethods for isolating pol yphenyl ene ether polyner
resins fromsolution in a single pass froma w ped thin-film evaporator.
BRI EF DESCRI PTI ON OF RELATED ART Met hods for renoving organi c solvents from
t hernopl astic resins using wiped thin filmevaporators are disclosed in

U S. Patent Nos. 5,419,810, 5,573,635, 4,065,346 and 5, 256,250. It would
be desirable to operate the device under high tenperature conditions,

whi ch renoves substantially all solvent from pol yphenyl ene ether polyner

(57) Abstract: A method of removing substantially all solvent from a solution containing a polyphenylene ether
polymer resin with little by-product formation (less than 250 ppm) is provided. The method employs a wiped thin
film evaporator with a cylindrical heating chamber operating under conditions that satisfy the relationships
defined by Equations I and II: 5.3*10%*RLSexp(**'**'")/m < C (X), 100- (4960AP/Tm) < C (II); yields are
maximized wherein values for feed rate (m) and percent solids (C) are selected to provide a maximum value for
the output, Q, determined from the equation m * C = Q and the melt viscosity of the polyphenylene ether product
is less than 50,000 Pascal-seconds at the operating temperature of the cylindrical heating chamber.



resins in a single pass. This is not practical where the heat necessary to
achi eve such a result can pyrolize or thermally deconpose the

- pol yphenyl ene ether polynmers, formng volatile by-products as well as
non-vol atil e by-pr-oducts. The formation of such by-products reducksMAEDD
yield and/ or product quality. It is desirable to provide a nethod which

all ows for polyphenyl ene ether polyner resins to be isolated fromsol ution

and substantiqklé? ree of solvents in a single pass of ﬁ hln film
evapor at or WP oA significant degradation of the polyp enyl ene et her

pol ymer resins. is also desirable to maxi m ze the throughput of w ped

Subst ant] & F;W@%@ﬁ@i@%@%@ NS STBRSA T RBYR33240
sol.vents from a sol ution of pol yfr@evgoengie@t her pol yner resins wthout the

significant degradation of the pol yphenyl ene ether polyner resins. SUMWARY
OF THE | NVENTI ON The present invention provides a nmethod of renoving

sol vent fr onmCROSQRBFERENGE T6 REDATYD PP IEAfioRisher pol ymer resin within a
wi ped thin f|In1evaporator to isolate the polyphenyl ene ether polyner

resin. This th onprises: a) feeding a solution conprising at |east one
organi c solvgﬁf'éﬁaﬁ% pol yphenyl ene ether polyner resin into a wiped thin
filmevaporator having a cylindrical heating chanmber, b) formng a film of
sai d sol uti oFERERAHE SRONSQREIZREGEARCHNdri cal heating chanber, and c)
heating said filmin the cylindrical heating chanber of said a wiped thin
fil mevapor akgrapgiRgi@t i ng under conditions of pressure, tenperature, feed
rate and solutlon solids concentration which satisfy two rate nodels. One

nodel def'neﬁAéK&ﬁkEEﬁgop¥HB&ﬁgﬁﬁ&K; rmati on, the other nodel defines the

rate of

FIELD OF THE INVENTION

This invention relates to methods for isolating polyphenylene ether polymer resins

from solution in a single pass from a wiped thin-film evaporator.
BRIEF DESCRIPTION OF RELATED ART

Methods for removing organic solvents from thermoplastic resins using wiped thin
film evaporators are disclosed in U.S. Patent Nos. 5,419,810, 5,573,635, 4,065,346
and 5,256,250. 1t would be desirable to operate the device under high temperature
conditions, which removes substantially all solvent from polyphenylene ether polymer
resins in a single pass. This is not practical where the heat necessary to achieve such
a result can pyrolize or thermally decompose the polyphenylene ether polymers,
forming vglatile by-products as well as non-volatile by-products. The formation of

such by-products reduces the yield and/or product quality.

It is desirable to provide a method which allows for polyphenylene ether polymer
resins to be isolated from solution and substantially free of solvents in a single pass of
wiped thin film evaporator without significant degradation of the polyphenylene ether
polymer resins. It is also desirable to maximize the throughput of wiped thin film

evaporators operating under conditions which remove substantially all organic




material exiting the wiped thin filmevaporator, i.e. the vapor velocity.
Equations | and Il below are exanples of these rate nodels. 5.3 * 1024 RL
S expl-24123/r) /m< C | 100 - (4960AP/Tn) < C || wherein T is th& MAY 2006
operating tenperature of the cylindrical heating chanber within the w ped
thin filmevaporator in absolute tenperature (K); Ris the radius of the
cylindrical heating chanber within the wiped thin film evaporator in ft; 2
10 MAY 2006W@3/@33041831 PCT/ US02/ 33240 L is the | engt lroafusedmesz4eyl i ndri cal
heati ng chamber within the wiped thin filmevaporator in ft; 8 is the

t hi ckness of the thin filmfornmed on the wall of the cylindrical heating

cﬂager in &élvenk ﬂtﬁnihwlgmaefpdwfﬂh{&xwrﬁ&ﬁwfmmeﬁéms G/%thdu:ﬂdxéki@ﬁhcéﬂeati n? )
chanber within e wiped thin fi evaporator in absolute pressure (mtg);
Ais the cr %ggggag‘é't‘\fqﬁit%ﬁﬂ’ypg‘?nglﬁn%‘ftg‘ltrWBI T3H8% i cal heating chanber within
the wiped thin film evaporator in ft2; mis the feed rate of the solution
of pol yphenylUdEARYHYT THB INYENTIOMNi n into the heating chanber within the
wi ped thin filmevaporator in 1 b/hr; and Cis the solids concentration of

the sol uti onpohreRQt YRBRRK pRIRIE h M ROSHEREViRE KiRnd Roila s‘é{mﬁ&ﬁu gls. The
tenperature T is at |east above the nelting tenperature of the

pol ypheny| eRelyehecrdene st pohwper 1gfin withintshwiped thin filonevapraatprrteisolaiethe at a val ue

that the vi $60sichYie etlelBolidrr&hh. PR kod Rhplide Operating tenperature is
| ess than 53,]8%6' ]MDgsceal -Eoeggérfds 'n order to gc%i eve the desired heat

transfer rate anq paintain flow through the w ped thin filme\éagorator as

the sol vent is @ feeding a solution comprisiig at least one organic solvent an
polyphenylene ether polymer resin into a wiped thin film evaporator having a

cylindrical heating chamber,

b) foﬁning a film of said solution on the wall of said cylindrical heating

chamber, and

¢) heating said film in the cylindrical heating chamber of said a wiped thin
film evaporator operating under conditions of pressure, temperature, feed rate

and solution solids concentration which satisfy two rate models.

One model defines a rate of by-product formation, the other model defines the rate of
material exiting the wiped thin film evaporator, i.e. the vapor velocity. Equations ]

and II below are examples of these rate models.

53 * 10*RL § exp™?"* M /im < C 1

100 - (4960AP/Tm) <C Il

wherein T is the operating temperature of the cylindrical heating chamber within the

wiped thin film evaporator in absolute temperature (K);

R is the radius of the cylindrical heating chamber within the wiped thin film

evaporator

inft;



removed. QOperating under the conditions set forth in Equation 11 wll )
ensure that substantially all of the solvent is renoved fromthe]gsghpyﬂ'[]@)n
of pol yphenyl ene ether resin at a | ow vapor velocity so as to mnimze the
entrainment of the liquid droplets in the vapor stream Preferably, the
sol ventwomaters3li s reduced to Il ess than 1 w 9% preferablperiesesshmn 0.5
w% and nore preferably less than 0.2 wt%in a single pass at a vapor

Eauat | of 1 Pasate ot e G T biliin AR AR e flob i ¢

| ow. Preferably, |ess than 250 ppm deconposition by-products are generated
while the solvent is renpoved fromthe solution of polyphenyl ene et her

pol yme 13 thedhicknesp f the thipifilm fopmedhpms therwallefitheiclindaisel heatingedhamber ittt i ze
mul tiple stages, i.e. nore than a single-pass, to achieve such |ow | evel s
of solvent in the pol yphenyl ene ether resin. 3 10 MAY 2006 WD 03/ 041831

PCT/ USQ2{s3B2 4etidl} tpreszald yf thet cylimdHbaXRaGhe ¢hhMder Githh {heWwiped ¢his filin
deconposi tion products could be achieved ile operating within the

par aneCEROIHAr HragselaedrespureH{mmilglsent i nvention.  Conventional teachings in
this art would predict the need to have extrenely high vacuum conbi ned
with high tenperatures and | ow t hroughput rates to achieve the desired very

| ow resigthalcrese! wefibnaleared of tHercylintiitedt mheptigd hidnlsbr avittonlithewiped thinefilm
conditions for the renoval of the solvent are such that the wt %solids of

the soltlth%Ho%n fheat sensitive thernoplastic resin, C, falls within the

range of 25 to 80 wt % Sol ution concentrations greater than 80 w % solids

are typically difficult to handle due to high viscosity and wi ped thin

film ewnapotist foed ez obdthepsauiioe of lpelyphshylend ethiee pblynteransinfioto the rheuiimg

sol vent . from sql.ut.i ons Vi a solids, concentyation less than 25 wt% in
fhin S Bl

that t IFBRRBIT HERIR the Reipg CYOTEATE 10 hi gh and the product rate
per hour is very low Concentration of the solution to at |east 25 w%
solids before use of a wped thin film evaporator is preferred. Consistent
with t Keisuppeolids edncentiatBh off tte colutioe of golyjhenylaneathenpolymeotesithin wolat i on
I's a solids.
The temperature T is at least above the melting temperature of the polyphenylene ether
polymers within the solution and preferably at a value that the viscosity of the molten polymer
at the operating temperature is less than 50,000 Pascal-seconds in order to achieve the desired
heat transfer rate and maintain flow through the wiped thin film evaporator as the solvent is
removed. Operating under the conditions set forth in Equation 11 will ensure that substantially
all of the solvent is removed from the solution of polyphenylene ether resin at a low vapor
velocity so as to minimize the entrainment of the liquid droplets in the vapor stream.
Preferably, the solvent content is reduced to less than 1 wt%, preferably less than 0.5 wt%,
and more preferably less than 0.2 wt% in a single pass at a vapor velocity below 1.5 ft/s.
Operating under the conditions set forth in Equation I will ensure that the production of
decomposition by products is low. Preferably, less than 250 ppm decomposition by-products
are generated while the solvent is removed from the solution of polyphenylene ether polymer

resin. One of skill in this art would expect to need to utilize multiple stages, i.e. more than a

single-pass, to achieve such low levels of solvent in the polyphenylene ether resin.



limtation on the nelt viscosity of the isolated pol yphenyl ene ether (100
w9% at the operating tenperature of the thin fihn evaporator. ﬂ(}g Yregob
viscosity of 100 wt % pol yphenyl ene ether is preferably bel ow 50, é
Pascal - seconds at the operating tenperature of the thin film evaporation

t o obt &y ¢ o8legissed evaporation efficiency. Isolating a peyahnpskesne et her
at a higher viscosity can be acconplished but the evaporation efficiency

ol y ety 5 neShe el ok 167 5 Re S Do R LurY sl st Yoa7 "
(1996) aclBev&f WRRRCHpRAR wathid MBe Papithdi8S 4d PRYVRICH by tRe PrBHr ARRWIGE the

| oss in weight of a polyphenylene ether resin with increasin t enperat ure
for 3 fiohventmnal tvechinggyim thisart iwjd peedicti the acegd tphavestrdweinredy high vagtemof

wei ght | oss of . .0 heny] ene ether ,resin with . increasing tenmperature for
5oarr 1 apRRiefufh RRh YRS ERC L0 S hald oo et s &l B ARG o
= 2412%sithml dodvehdledelsd 10 MAY 2006 WO 03/ 041831 PCT/ US02/ 33240 Figure 4 is

a plot of solutions for equations | and Il at 563K and p = 100 mHg with
var yi nén fathge praferred embedinhents; the Rogditiens fargheirgmayal of thesblvenivars spel that

equatigns J.angd. 1 .at 553K a =100... wth .varyi pg | ues f.or "nf' and
T L o BlesPREfondheR SRS TS Feotiohtrig @b CO MR Mn pran, TV,
varyi ngf 2§ esRekablrSlaith dopeehtiatiohd greblef ManE0 VABSSHI R B Oty pidally HEACNYENTI ON
The net hods of this invention unexpectedly serve to produce high guality

pol yph&naidle dae txheh viseasity apdyined thin filma jesanargtossydogins peavideyth mepst off igient

At i ' . ) ¢
by- pr odians [ Bt adivéntided suBhERRRE shdbohEaREbn I LOR AR " ©
separ athadtheevplupewifitvolatilieed §dleentdPoery high and the product rate per hour is very low.

Concentration of the solution to at least 25 wt% solids before use of a wiped thin film
evaporator is preferred.

Consistent with the upper limit of 80 wt% on the solids concentration of the solution is a
limitation on the melt viscosity of the isolated polyphenylene ether (100 wt%) at the operating
temperature of the thin fihn evaporator. The melt viscosity of 100 wt% polyphenylene ether is
preferably below 50,000 Pascal-seconds at the operating temperature of the thin film
evaporation to obtain desired evaporation efficiency. Isolating a polyphenylene ether at a
higher viscosity can be accomplished but the evaporation efficiency drops as the product
viscosity increases as reported by Pradip S. Mebta in Polymer Revolatilization, Ed. Ramon J.
Albalak, Marcel Dekker inc. p231 (1996).

Brief Description of the Drawings
Figure 1 is a graph showing the loss in weight of a polyphenylene ether resin with increasing

temperature for 3 different heating rates.

Figure 2 is a grapll showing the rate of weight loss of a polyphenylene ether resin with

increasing temperature for 3 different heating rates.

Figure 3 is a plot of the linear relationship y =24123 X - 19.738.




velocity. For exanple, operating a wiped thin film evaporator under
conditions that satisfy both Equations | and 11 unexpectedly provirlrﬂmaz
pol yphenyl ene ether polymer resin product having | ess than 250 pp Y 2006
preferably | ess than 100 ppm by-products from deconposition, which is
substantially free of solvent (less than about I w.% ppm of residual
solvent) in one pass at a | ow vapor velocity, preferably below 1.5 ft/s

(to minimzagobhsgptrainnent of the liquid droplets). Perssoapdhidy naterial
handling, the solids content of the solution feed, C, is preferably

mai ntained within the range of 25 to 80 w % The equi pnent used to

perform the_.net hods .of .the.present..inyentijo 5 r ef erabl i ped thin
fil m evapor 269 g lmPteOféan%ﬁﬁr §qu€8?ﬂs;fﬁﬁ%h§{]§ﬁ§\g Hgi T)ﬁdoa{mﬂééfv\g’a sur f ace
such as di sedryisgeehhien fdd“R” aktta®nt s 4, 065, 346, 5,419, 810 and 5, 256, 250. These
devices have a heated cylindrical chanmber with w per elenents rotating

it hi he gh ' j ol T hods of th
oresent i mEREEar a8 of BT AR B R oh ey ot M 1"

cont ai ni ng ypoyiypubrey ferta” endtel”. pol ynmer resins. Such resins undergo
degradation at tenperatures above their nelting point such that sone

product mypGel ORla bior oPYEIROSIrSr BfuadBE TR 1HGCeIDARY! LN bR T emDVi ng
all of the solvent in one pass 5 10 MAY 2006 03/ 041831 P S02/ 33240

t hrough a wicpeeratursiand feefl Fitiev apor at or.  The pol yphenyl ene et her pol yrer
resins suitable for use in the nethods of this invention have an intrinsic

Vi scosi ty obEDeiLEn DESGOPHIONOF THENNVESTIOMN at 25C. These suitabl e
pol yphenyl ene et her polymer resins include both hornopol yners and

Vi Scoui ty i Mt g cor? By BYeend s BhclSly 5% o8 Bl bl 1 ©
chl or of or m pdlyd&Q@lenPethgptesinypr@ing effidiently be opargingi untieraie ¢contitionssthat vi scosity
of about satisfy both a rate model with respect to the formation of by-products and a model
that defines the rate of material exiting the separation equipment, i.e. the vapor
velocity. For example, operating a wiped thin film evaporator under conditions that
satisfy both Equations 1 and II unexpectedly provides a polyphenylene ether polymer
resin product having less than 250 ppm, preferably less than 100 ppm by-products
from decomposition, which is substantially free of solvent (less than about 1 wt.%
ppm of residual solvent) in one pass at a low vapor velocity, preferably below 1.5 fi/s
(to minimize the entrainment of the liquid droplets). To simplify material handling,
the solids content of the solution feed, C, is preferably maintained within the range of

25 to 80 wt %.

The equipment used to perform the methods of the present invention are preferably
wiped thin film evaporators where a film is continuously wi}Sed on a heated surface
such as disclosed in U.S. Patents 4,065,346, 5,419,810 and 5,256,250. These devices
have a heated cylindrical chamber with wiper elements rotating within the chamber to

form and maintain the thin film.

The methods of the present invention are well suited for use with polymer solutions
containing polyphenylene ether polymer resins. Such resins undergo degradation at
temperatures above their melting point such that some product may be lost to

pyrolysis or thermal decomposition when removing all of the solvent in one pass

5



0.30 dl /g generally have nore than 50 repeating units of fornmula | below, a
nunber average nol ecular weight within the range of 3,000 to 40,000 and a
wei ght average nolecular weight in the range of 20,000 to 80, ODD MAS 2006
determ ned by gel perneation chromatography. O particular interest are
met hods of this invention which renove solvents from pol yphenyl ene et her
resins having an intrinsic viscosity of bel ow about 0.50 dl/g, preferably
bel ow about wb &m4sl/ g, nore preferably bel ow 0.20 dug g4 aRst,,, Preferably
bet ween about 0.08 dl/g to 0.16 dug, as neasured in chloroformat 25C. The
| ow nol ecul ar wei ght pol yphenyl ene ether resins generally have a nunber

aver age nol g L . W I Nl r t t 10,000 and
a weight a\%?uégé %F%E%? m]ﬁ]vh\ée‘)iap(%{%}&\}vi ?‘ ﬁigﬁoﬁheeﬂf%geeﬂ%ﬁg Q'glgru?eg l%EOO t o about
125,000, as su@bleforivpein tb%/mgfbﬁdSpgﬁhi%iiwmﬁnn bive omixtringicapdegsity Pheadew

pol yphenyl e r { : LoD wei ghts and
degr ade V\hegsﬁgg gldCh(i)d\?zﬁrﬁZ%t%ﬁ%grﬁ 5%5"#%“3%@‘.9 %ﬁ@%@?@%@r@fe g#\%ﬁ%t her pol yner
resins suit dilude peih homepalyinerhandepeipeiers.o Prefinied polypheayleneoathenresing ypi cal | y

prepared i npsRlHthARiOVislddifey @41 Afkds \font 099 d/D® 042 lg, 28 3RhsuRBGn MONONYdr OXY

aromatic compound in_the presence of a copper, nanganese, or cobalt
catal yst. THEw&fopp @y Ehenolgphendensesthep ssipputity ap dptpsicowdscasify afiebaut t y of

aryl oxy repgati/dgeneRily faemir&thaR by rapdtidg dhits! R FHnuih Q. beldR! £niff erably with
at | east 20, an st ‘Br_ef era east 50 repeating units of the

fol | owi ng f BYFASF Frolcgulary WW@%%“%&%&%!%‘NWP/ WVdaTYEdd A6 herein in
each of sai gholeBilirSweightl @GO Rt by20,88aH 86000 & deepaRRINIER! pambtibpgen, al Kyl
S om) . ar y PR EiRby o ST PSR, EStiat BRYBAGE APDERPD JBED (HEF or abl'y
hal oal kyl) bawintagroai pdiyphaiylent vheraesiizdadnpai ngiasic vikwsiledfegeow abdwwns and t he
phenyl nuc 8%6 dl?gf, prlfa%l;arg'ljj; baelojw about 0.25 dl/g, more preferably below 0.20 dl/g and most |

preferably between about 0.08 dl/g to 0.16 dl/g, as measured in chloroform at 25°C.

The low molecular weight polyphenylene ether resins generally have a number

average molecular weight within the range of about 1250 to about 10,000 and a

weight average molecular weight within the range of about 2500 to about 25,000, as

determined by gel permeation chromatography. These polyphenylene ether resins

have significantly lower molecular weights and degrade when heated over extended

periods.

The polyphenylene ether polymer resins suitable for use in the methods of this
invention are typically prepared in solution by the oxidative coupling of at least one
monohydroxy aromatic compound in the presence of a copper, manganese, or cobalt
catalyst. These polyphenylene ether polymers comprise a plurality of aryloxy
repeating units preferably with at least 10, more preferably with at least 20, and most

preferably with at least 50 repeating units of the following formula:




am noal kyl, hydrocarbonoxy or hal ohydrocarbonoxy wherein at |east two
carbon atons separate the hal ogen and oxygen atons and at Ieast1 IEME B& bon
atons separate the hal ogen atons and t he phenyl nucleus of Formula '|. Each
@ is independently hydrogen, hal ogen, al kyl (preferably primary or
secondary |ower alkyl up to 7 carbon atons), aryl (preferably phenyl),

hal ohydrocarbon (preferably hal oal kyl) having at | east two carbon atons
bet ween t he wabxgen: atons and t he phenyl nucl eus of FOF&MOQ shao

hydr ocar bonoxy groups or hal ohydrocarbonoxy groups wheréin a 1east t wo
carbon atons separate the hal ogen and oxygen atons and at |east two carbon

at oms  separ afiRrelf Bl PIRH uftsQRRpiaey! QEn Qhﬁf}%deaét%éikﬁ%ogén, alk@rmul a | .

Each of Q andreQZ can suitably contain up to abo 2" carbon atonms and
most of t en, (@aErRbly Primanaer seFqafry dewep Rlkidontaningaipita l icgrbenatems)aily | and each
@ is hydregeRrbilihedyt), RaloRrotRiBeN HoB RS pRtdMy RS hdkingth §ddsd N T he
specification and clai'ns herein, includes: -unsubsfitut e& pol i/phenyl ene

et her pol yndYVe cabenshbativean: b h3lorghpiemy | a8 dheephray! pislepref Sormiedei n t he

aromatic ri Rghinoalkyls WhdEbEdbEn6El or RAGHIBREIINSRE WabBRT 2t GOROIWIB4ion
- pol yphenyl ene et he raf t pc;l %rrers cont ai ni ]ngsbg}r' afted noi eties such as
H ca

:
vi nyl nonong@iogs SERS‘F%‘%? Palpges and erygFLA PRt QSO Ploms &ePatser coupl ed

pol ymers, whigfRiogerC4Hd dnd@hedBeriyll Sucle@s & Form@®l. ycar bonat es, form hi gh
nol ecul ar wei ght polyners; 7 10 MAY 2006 WD 03/041831 PCT/ US02/ 33240

-functi onal i 600 PRl Y ROGIR IS aS b hogth | dla? (FerShnr) Bl Sary G2 S bndgry 9" OUPS,

lower alkyl up to 7 carbon atoms), aryl (preferably phenyl), halohydrocarbon
(preferably haloalkyl) having at least two carbon atoms between the halogen atoms
and the phenyl nucleus of Forinula I, hydrocarbonoxy groups or halohydrocarbonoxy
groups wherein at least two carbon atoms separate the halogen and oxygen atoms and
at least two carbon atoms separate the halogen atoms from the phenyl nucleus of
Formula I. Each of Q' and Q? can suitably contain up to about 12 carbon atoms and
most often, each Q' is an alkyl or phenyl, especially C;-C4 alkyl and each Q* is
hydrogen.

The term “polyphenylene ether resin,” as used in the specification and claims herein,

includes:
-unsubstituted polyphenylene ether polymers;

-substituted polyphenylene ether polymers, wherein the aromatic ring
is substituted;

-polyphenylene ether copolymers;

-polyphenylene ether graft polymers containing grafted moieties such

as vinyl monomers, polystyrenes and elastomers;

-polyphenylene ether coupled polymers, wherein coupling agents, e.g.,

polycarbonates, form high molecular weight polymers;



e.g. am no, carboxylic acid, carboxylic ester, hydroxyl, epoxy, and
anhydri de groups, and -end- capped polyphenylene et her polyners wth
functional end groups such as those reactive noieties previously 10 MAY 2006
described. It will be apparent to those skilled in the art fromthe
foregoi ng that the polyphenyl ene ether polyners contenplated for use in
the nmethods of the present invention include all of those presently known,

i rrespecti vay@bsoifasy variations in structural units. Spp&[&oﬁm?“gl yphenyl ene
et her polyners which can be used in the nmethods of the resent i nvention
include but are not Iimted to poly(2, 6 dlnethyl 1, 4- phenylene et her);

poly(2,6-dinethyl-1,4 trlne henyl ene
ether):; poly(2,3,6-t rfuﬁ‘gl{oﬁ ngl]p%ﬁ)%ﬁrg' i g(ﬁeers 8’{ 8’?6)°r Hioie v grotid

pol y(2, 6-di et hyI 1, 4-e;memy10em¥b®whela9ld, carboxylic ester, hydroxyl, epoxy, and
poly(2-nethyl 6- prop yl ene et her);

pol y(-2, 6-di propyl -1, %ﬁ%%né @Jn et her).;

pol y(2-et hyl - 6- propyl 1, 4- phen ene et her)

pol y(2, 6-di | auryl - , 4tF@PREA 9 b@tnmsvf)etherp@wyfrzwab Sinptipaahend proupspheny| ene

ether); pol y(2, 6-di RIS Mbsclresb i 1RBI S PRVBhdMPdekéribed.
pol y(2, 6- dlethoxy 1, 4- phenylene ether); 8 10 MAY 2006 WD 03/041831

PCT/ US02/ 33240 1pq)l yéps}?farentt h?x % anejﬂb%rghfryltgen%rgéobng Vst the

pol y(2- ethyl 6- 5t 8al OXY-
polyphenylene ether polymers contemplated for use in the methods of the present

invention include all of those presently known, irrespective of the variations in

structural units.

Specific polyphenylene ether polymers which can be used in the methods of the

present invention include but are not limited to
poly(2,6-dimethyl-1,4-phenylene ether);

poly(2,6-dimethyl-1,4-phenylene ether-co-2,3,6-trimethyl-1,4-phenylene
ether);

poly(2,3,6-trimethyl-1,4-phenylene ether);
poly(2,6-diethyl-1,4-phenylene ether);
poly(2-methyl-6-propyl-1,4-phenylene ether);
poly(2,6-dipropyl-1,4-phenylene ether);
poly(2-ethyi-6-propyl-1,4-phenylene ether);
poly(2,6-dilauryl-1,4-phenylene ether);
poly(2 ,6-diphen;/1-] ,4-phenylene ether);
poly(2,6-dimethoxy-1,4 phenylene ether);

poly(2,6-diethoxy-1,4-phenylene ether);




pol y(2, 6-di chl oro-1, 4- phenyl ene ether); poly(2-nethyl-6-phenyl -

|, 4- phenyl ene ether); poly(2-ethoxy-1,4-phenylene ether);

pol y(2-chloro-1, 4-phenyl ene ether); poly(2,6-dibrono-1, 4-phenyl é#emgtzl%ﬁr) ;
pol y( 3- brorno-2, 6-di net hyl -1, 4- phenyl ene ether); m xtures thereof, and the
| i ke. The methods of this invention provide effective results with

pol yphenyl ene ether resins which are copol yners of

2, 6- di met hyko ddsphenyl ene ether units (from 2, 6- xyl ep@dsoaisio
2,3,6-trinethyl -1, 4- phenyl ene ether units (from 2,3, 6-trinmethyl phenol)
which typically formfine particulates in the reaction nmedium Specific

exanpl es of SUi%@9&%n8ﬁ%¥%ﬂ%ﬂ%y§Q%m%hﬂ%@e@%%ins and net hods for preparing

t hese pol yphenyl ehe et resins are set fofth in U S. Patent Nos.
3,306,874, 3,306,875, 3,914, 266 and 4,028, 341 (Hay); U.S. Patent Nos.
3,257,357 and 3P9% :%@éﬁ'ste@tykﬂ’%?éfﬂ“’)"?ﬂ%?§.hefﬁéatent Nos. 4,935,472 and
4,806,297 (S.B. Brown et al.); and U.S. Patent No. 4,806,602 (Wite et

al . ). The |i qui golya-dichiorodfpadamyitneefhed;he sol uti on of pol yphenyl ene et her
polymer resin can vary widely and is typically an organic solvent having a

vapori zation teg@@(%é{ﬁﬁ-ﬁ-ﬂﬁgﬂﬁfl,4?;%%9&15@%& rably bel ow 200C. Al though
i'Ty ™ conpr

preferred |iqui arriers pri'mar 'se one' or nore organi c solvents,
suitable liquid carriers include aqueous based solvents. The liquid
carrier may eit ReWCrtearyilfephenyiepesthen) or di sperse the pol yphenyl ene et her
pol ymer therein. Suitable organic solvents include those well known in the
art such as al i phiat3ajoreydiphenytenelethgrymat i ¢ hydr ocar bons, i ncl uding

het er ocycl i ¢ conpounds, heteroaryl conpounds and hal osubstituted aliphatic,

cyclic 9 10 MAY 2006 VD 03/,04%830 RCHAS02/ 33240

poly(3-bromo-2,6-dimethyl-1,4-phenylene ether); mixtures thereof, and the
like.

The methods of this invention provide effective results with polyphenylene ether
resins which are copolymers of 2,6-dimethyl-1,4-phenylene ether units (from 2,6-
xylenol) and 2,3,6-trimethyl-1,4-phenylene ether units (from 2,3,6-trimethylphenol)

which typically form fine particulates in the reaction medium.

Specific examples of suitable polyphenylene ether resins and methods for preparing
these polyphenylene cther resins are set forth in U.S. Patent Nos. 3,306,874,
3,306,875, 3,914,266 and 4,028,341 (Hay); U.S. Patent Nos. 3,257,357 and 3,257,358
(Sﬁmatofﬂ; U.S. Patent Nos. 4,935,472 and 4,806,297 (S.B. Brown et al.); and U.S.
Patent No. 4,806,602 (White et al.).

The liquid carrier component of the solution of polyphenylene ether polymer resin can
vary widely and is typically an organic solvent having a vaporization temperature
under 250°C, preferably below 200°C. Although preferred liguid carriers primarily
comprise one or more organic solvents, suitable liquid carriers include aqueous based
solvents. The liquid carrier may either dissolve, emulsify or disperse the
polyphenylene ether polymer therein. Suitable organic solvents include those well
known in the art such as aliphatic, cyclic and aromatic hydrdcarbons, including

heterocyclic compounds, heteroaryl compounds and halosubstituted aliphatic, cyclic
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and aromati c hydrocarbons up to per-halo, as well as aliphatic, cyclic and
aromatic al dehydes, al cohols, ethers and ketones, and hal o subdgti MAYt 2385
derivatives thereof. The term"aromatic", as used herein includes

al kyaromati ¢ conpounds. Mre specific exanples include hexane, pentane,
hept ane, carbon tetraflouride, isopropyl alcohol, n- octane, dodecane,
pyridene, trichloronethane, dichloronethane, n-butyl alcohol, t- butyl

al cohol , i swbusmpshsdh cohol , net hyl butyl ket one, diethyl etgiarososbsab hyl ene
gl ycol, dinethyl ketone, benzene, toluene, xylene, resorcinol,
hydr oqui none, tetrahydrofuran, and the |ike. Oher solvents suitable for

the nethod @fq &Bhsic H}M?d&hﬂb&% Upe | péfiRalo, G |v$é[1'a§‘§ﬁﬁﬂnéifé9cliéra9m&hﬁiﬁ
hydr ocar bons_having from| to 20 carbon atoms. such .as. neth ige chl ori de,
T

1,1, 2, 2- t et PAeYAes ethqlonethery andl ketauey, gpdchelqsppstitied qeryagiveRhH

chl or of orm teith ClloRafb e A7 R RRGh Inclidel dikyaedMaBE RehpRNEs. Marepypedify r ed
embodi nents, the_solvent is the reaction medi um.n mhlcgﬂggﬁbgolyphenylene

et her pol yn&rampies inglude fiexane, PeHaneskspiaps. GFTooR etiloyridreisonreny: resin may

contain sol bgﬁleofiodel?ﬁ%rﬂ&id@nedl SR bRA-hate, d@mu}oﬁiethbm aniyll'thaoHol]Q- sol vent .
Sol ubi l'i zed_resi ns may pr esent W th emul sified di sper sed

resins. | sobutd plgehl r‘@%’PW‘ai'ct"B‘Ph ﬁ’eg‘%]lb%’] 5ﬁ°‘390ﬁ’teﬁ’i>’lﬁ1hﬁ’g dighpviege & §r°l’ the present

i nvention mayndaf pét@feetseﬁa%teqméneomafe feQBEIRd] q'laj'ﬁr%qﬁﬂ&fé Bah .ﬂxbﬁxfaa; ion, where
the solids are ver%/f=0 | ne and dlffICU|t to handl e when isolated.b
r

filtration. @ etk rPieigsivratsnttabe 8% ﬂ’(eh’("§ﬂ‘?41\?§ﬁ]9‘§ dﬂ"emt’??e"\ﬁhuﬂ%d thin film
evapor at or bﬁo&ﬁ%awdronﬁﬁmrhytdmmwl jfrorﬂrletSQUI’c%orﬁﬁtdm§ hrcmughput S
a

wi t hin conventi onal ranges nnerc
t enper at ur e&ePpyleps, ghlpadiy - ]0? 2 F ‘I‘Beﬂlﬂ’iﬁ) ﬁ%@%@@%ﬁm ﬁﬂ?mg %Fabout 200C

to 350C ar e chisRebrm, BichlPlob&ftbiecant il N2atieistodtiune.Nén prefepred] embidimdntsl m

t he addition af t f ] th
o yor v st soRhn B b0 Sl i tary o R rRe e AR R O ot ol

vacuum (abetduced. rnrmHg) to 2 ATM More typically, the pressure ranges from
about 60 mHg and above. The feed rate can al so range w dely and often

depends on Hﬂ@soﬂt?ﬁ ogﬂ&rﬁﬂéﬁgé!ﬂfel%ﬁgr Tebth Thals kb YGHRO6 AR Ofesin BébdrRd bt Cal units
having a radius of about 1 oot )

emulsified within the solvent. Solubilized resins may also be present with the

emulsified or dispersed resins. Isolating a resin from a solution containing solids by

the present invention may be preferred over other techniques such as filtration, where

the solids are very fine and difficult to handle when isolated by filtration.

In performing the method of this invention, the wiped thin film evaporator is operated
under temperatures, pressures and throughputs within <£onventiona] ranges for
commercial equipment. For example, temperatures in the range of 100°C to 400°C
more typically from about 200°C to 350°C are used. The pressure maintained in the
wiped thin film evaporator, prior to the addition of the solution of polyphenylene
ether i)olymer resin, can also range widely from pressures approaching total vacuum
(about 10 mmHg) to 2 ATM. More typically, the pressure ranges from about 60
mmHg and above. The feed rate can also range widely and often depends on the size
of the wiped thin film evaporator. Cylindrical units having a radius of about 1/3 foot
and a length of about 5 feet will permit feed rates of up to 300 Ib/hr to be achieved.
Where substantially complete solvent removal from a solution containing a
polyphenylene ether resin is desired, feed rates significantly below 300 Ib/hr may be

necessary. Each of these variables can be adjusted to satisfy both models, such as the
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and a length of about 5 feet will permt feed rates of up to 300 Ib/hr to
be achi eved. Were substantially conplete solvent renoval fronqgapag@lletion
containing a polyphenylene ether resin is desired, feed rates
significantly bel ow 300 | b/hr may be necessary. Each of these vari abl es
can be adjusted to satisfy both nodels, such as the 10 10 MAY 2006 WO
03/ 041831 PCT/ US02/ 33240 rel ati onshi ps defined by Equations | and 11
di scussed abovm4185he concentration (W % solids) of paecympsenyliene et her
within the solution can vary widely and can be adjusted as is necessary to
satisfy the relationships for Equations | and Il discussed above. However,
t he concent rditiooshipyfdefiet bg & qudtiphs Inend Hsdidcusts'ed)iboires 'Imypcbrrcedttagiord&lt&’cr mned by a
synt hesi s ue pr ces ste L epar t he pol yner.
Ther ef or e, mt%he s8ﬂ’?}l‘§é{%ﬁ%’en%e§tm) 1ét'oé’o aﬂt F‘?‘”%Pyb ({]rgaélaFed may be
| ef t unchangéjdstedaasds oedasaryvtarsata;fymsrdd}ausmmdoxtﬁzquwdnmfayd Bodissussediel s, such
as the rel atj onshi r atlan nd,.ll discusse ere are
limts to va{r’%lvlcn ? ver’cg)encc?g%P ".“6’25‘8?5 wﬂ Pllg agtgpmn l%ﬁpw?@ @émﬁ? ecrer able to
adj ust the dgla si&tlwmmm&ﬁbdadrlsnbseqdent bmcessihgnsﬁepmmt frefeeing ttheepdladert 0 Wi t hin
the range of, 25. wt Provi sal i co "tet bel ow 80
w56 5ot 1 £ TG S ot GBS R e s b e R |
evapor at or andl osmbmdrableengummmt samfyt‘dmﬂi meddls) suchng the h'dslatimhgﬁmrfosol i ds
contents are v cult ta and e at anbient tenperature.
S arty. SovplTEa R o) Thed s s B e s tbitin thert el v do
not provide tiieogolugibii. e ittis mefec@b; mfadjuktethseqms adncontratiopuifpie stiytion eégbe ri ng
signi ficant I ar, nput with
T e out pifRER BF st SR 6 LPsQANN, Bids? PG jas JIRE sltlenl "ML
sol i ds, suclpelaw 8th wi%i dmphfm bodivg nf) thee sadution rwittind itherwipsdrthivefimoncent r at ed
nor e effimg fobaYor BY4 & : US. Pat ent
4,692,482 or % aoﬁe% ﬁ ﬂ&e’&ggﬁhﬁlgﬁdﬁy&gﬂﬁn%era?lgirgg&g ove
opt i onal | y \mspwsmhfbdléfﬁqyltlt@hanidbrat @mblemagmntura’h‘éwax&soradutlonerhswwe mld as

conpar ed 10 LAASGnETRNLES Widh RinbxBettdiP 86 not provide for effective use of the

separation equipment, requiring significant expenditures of energy to handle large

volumes of input with little output. Solvent so]uiions, which contain fewer than 25 wt
% of solids, such as an oxidative coupling reaction medium, can be concentrated more
efficiently by known techniques such as that described in U.S. Patent 4,692,482 or by
heating the solution to a temperature above 50°C, optionally with the application of
vacuum. These conditions are mild as compared to those employed within a wiped -

thin film evaporator.

To obtain a kinetic model of the rate of by-product formation in the polyphenylene
ether polymer such as that of Equation I, the rate of by-product formation in the
polyphenylene ether polymer is determined at varying heat rates, i.e. at least two or
more preselected heating rates. This can be accomplished by measuring the weight of
a sample of polyphenylene ether polymer with increasing temperature at different
heating rates. For example, Figure 1 illustrates the loss of polyphenylene ether
polymer (0.12 dl/g) when heated under nitrogen from a temperature of 300° to 500°C
at rates of 5°C per minute, 10°C per minute and 20°C per minute. From these values,
the rate of weight loss (by-product formation) with increasing temperature is

determined for the different heat rates (5°C per minute, 10°C per minute, and 20°C per
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thin filmevaporator. To obtain a kinetic nodel of the rate of by-product
formation in the pol yphenyl ene ether polynmer such as that of Eq‘r‘ﬂarMhP?‘Uﬂb
the rate of by-product formation in the polyphenylene ether polyner

determ ned at varying heat rates, i.e. at least two or nore presel ect ed

heat i ngy$dsBe1g3fhi s can be accorrpl i shed by measuring theciatg@hizsnf a
sanpl e of poI yphenyl ene et her pol ymer vm'th increasi ng terrperature at

di fferent etlngz[a}tI5 O€< | e, h% tes tPe | oss of
pol ypheRiu ‘f"§/r¥é “e(‘ of %Ilr?‘ij) elafsea earga}ﬂs PEGERE om a
t enper gmp&atdte 30QiffQGerOR t Bles' REBSHETdRE gﬁ’@é’n A Piphfe 11 PfoRahisTpiBHR: and

20C per mnute. Fromthese values, the rate of weight | oss (by-product
f or mat itamperatwie at theonaxigiuny rite mﬁeiﬁgtada@on san etdeteminmed foor given bigat fratcent

heat r e nute, and 20C per Il 10 MAY 2006 WO
03/ 041 Tseﬁgé%efl P%%Eﬁ%te%rh@?é@ AU o 2 shows val ues for the rate of
wei ght |loss plotted against increasing tenperature at different heat rates

fromthe data given in Figure 1. Fromthis plot the tenperature at the
maxi mum r at & 6F2/KegraddiT.on can be deternmined for a given heat rate. These

i oo pBGRuer Rwp 4t Rt 4 BpAciois B CaRporiar (P atesmihrkE RARPAMORLPE or

degr adatdi@sn ﬁesat rat@ whidteire Eﬁ@'ﬁedﬁﬁ@g%B%e@ﬂﬁc]Bhﬁ%} GheiplotfifFigige 3 defiaes
di sclosure). The plot of_ Fi defines the linear relationship:

Y=24128h¢ hneaj_rgreigg)nsm Xrahi@3Xs- HhiBS. ntke é@@?; Sy anflripteredptsl, fremathivnship
?:’ fstjs?%?%o f§ taerrenﬁsgc? 16 NEAGIHVRL ag'pvzﬁﬂ)ﬁr % ?r[hdv\ﬁ%%'teﬂﬁto ‘f’t Oiﬁrsf’f a

1B H&SEC Fars equat Ion fe %

order bale I@ﬁ)dlﬁzt 11 eqdétlloﬁ tl&*&\e ﬁ“@é} R kflth@ﬁr:(t/bfdJr thée ¥ork@ih? 1A sy theR S
the gas constant and T is the absolute tenperature. The kinetic nodel of

the rat@quencyfa@eHEAT Y- 118(9‘ir Hat Vo) R 15 faqeassconpiant andrT iscthe hsotie ERPRSEALRTSF or
wi ped iy E%ﬁehc@cf&é?gﬂh%tx%{e of HySprEdtdt 30 Aofdsdh AN eh i Rihdd 6 EQhdRR opeti C

rate equation
wiped thin film evaporators, is extrapolated from this first order kinetic rate equation after

determining the activation energy (200kJ/mol) and exponent factor. Methods other than plot of

Figure 3 can be used to determine the activation energy.

For a given equipment, R. L, A, and are typically constant and the solids concentration, C,
feed rate (m), pressure (P) and temperature (T) that satisfy Equation I are selected. One to
three of the solids concentration, (C), feed rate (m), pressure (P) and temperature (T) can be
predetermined, i.e. constant. The temperature is at least above the melting temperature of the
heat sensitive thermoplastic resin to maintain flow through the wiped thin film evaporator and
preferably is at a value that the melt viscosity of the molten polymer is less than 50,000
Pascal-seconds to achieve the desired heat transfer rate. For polyphenylene ether resins with a
glass transition temperature value (Tg) of up to 205°C, operating temperatures of 210 C to
315°C are preferred. For a given temperature (T), solids concentration (C) and pressure (P),
the feed rate (m) is maximized while still satisfying Equation 1. This will minimize
degradation. Preferably degradation is kept below 250 ppm, most preferably less than 1 00
ppm by products. Feed rates higher than those dictated by Equation I can be used but can

result in high levels of residual solvent. Feed rates lower than those dictated by
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determ ning the activation energy (200kJ/ nol) and exponent factor. Methods
other than plot of Figure 3 can be used to determ ne the activation
energy. For a given equipnment, R L, A and are typically constignyAYazids t he
soli'ds concentration, C, feed rate (m, pressure (P) and tenperature (T)
that satisfy Equation | are selected. One to three of the solids
concentration, (C, feed rate (n), pressure (P) and tenperature (T) can be
predet er mi nggosdag8; constant. The tenperature is at | epsfyabensp the nmelting
tenperature of the heat sensitive thernoplastic resin to maintain flow
through the wiped thin fil mevaporator and preferably is at a value that

the nmelt visgpsidny @il bof 1HQL$e‘§§1de%PJdXt§E%Gf bfier ngz%ﬁxfe{eﬂaé?e p& 8ked to

Pascal - seconds to achi eve the desired heat rate. For pol yphenyl ene
et her resi nscompsrﬁatafor@eas@ctlwnﬁeﬂmn tenperature value (Tg) of up to 205C,
operating tenperatures of 210 Cto 315C are preferred. For a given

t enper at ure fd én.surs @lat @8 p6 Eﬁfeﬁﬂ%ﬁe&ftﬁe@ﬁo}@@r i9R6lated RRAHE Bndefpiableidde feed rate
(m is maxim | e st tisf uation 1. This wil] mnimze

degr adat i on. féf‘éjl“‘é‘r éﬁ??cﬁéﬁ?’g&}ﬁ’f‘? YA S?] gel@é?)?“’b‘é? BIBYINIRYT VRS- pr ef er abl y

:5 esst t hanI 1 R0 ﬂgq)wmeh)yhzﬂrﬂ)ﬁlmbl&)ratﬁe@% ﬁrﬁ&e@ﬁcdﬂaﬂlbxﬁrpréﬂaﬁﬂl%/tﬂi&ﬁ& fbk ct at Ied b%/
quation | can e evel s. of resi sol vent .

Feed rates |'GRE¥ Pﬁséfﬁgﬁnﬁg@%*ﬁg?o&“[e&tt(Z(L#O{Wp’%f“i ofigp ((;J BPRBY e 831

PCT/ US?Z/ 33 2¢ynkea irai single Ipassd thloughethel Edjuxplﬁbtnexme&sst f]bagmaﬁahd ::tQﬁhslf)f thO]'E he(r]I t

paraneters ar ensa e reduction in feed rate.

To ensure thrﬁﬁn @Pgﬂg‘i)‘ﬁh‘éhd’yf’é% rg%%‘f’ POFATEP™28%% sol at ed wi t hout

unacceptable | oss of product, the process conditions are selected to
provi de a maxi num vaper 10@+-dé96t03fAP/FmD the Wi ped thin fil mevaporator, the
process conditions preferably provide for removal of substantially all

sol vent (< 289 aRpilentididh Wiped il fih Slaphaby MR- &Ronst J}@aroftp@aaofzer in a
single pass hroggﬁg[ he e UI ment. Process conditions that satisfy the

rel ati onshi pigfs Y R3efefipe e?rﬁﬁ}’réa{ﬁ) sdo\rrperatyre @ prd sitentinedidsc > 100 -
(4960 * AP/ Tethcentration (C) or feed rate (m) are typically predetermined as well. The feed rate

(m) or solids concentration (C) is then selected so as to satisfy the relationship of
Equation I1. To maximize the output, the highest value for the feed rate or solids
concentration is selected. Lowering the feed rate (m) for a given solids content and
other process conditions will increase residence times and decrease vapor velocity.
Increasing the feed rate results in fewer by-products but these increases are limited by
the need to isolate the polymer resin from solvent at a low vapor velocity, as

prescribed by Equation 1.

When operating at preselected process conditions, a number of combinations of
values for solids content (C) and feed rate (m) will unexpectedly satisfy Equations I
and I and provide substantially solvent-free polyphenylene ether resin (< 1 wt.%
solvent) with substantially no by-product (< 250 ppm by-products). However simply
satisfying the relationship of Equations 1 and II does not provide maximum output for
the wiped thin film evaporator. To maximize the output of a wiped thin film
evaporator, values for solids content, C, and feed rate (m) are considered. The
maximum output will be achieved from a pair of values for feed rate (m) and solids
content (C) that provide a maximum value for Q, defined by the equation: m* C=Q,

preferably with a solids content of from 25-80 wt %,
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Il For a conventional w ped thin filmevaporator, the cross-sectional area
of the device (A) is typically predefined. Pressure (P) and Tenperature
(T) and either the solids concentration (C) or feed rate (m arld MAYpilEtal | y
predetermned as well. The feed rate (m or solids concentration (C is
then selected so as to satisfy the relationship of Equation 11. To

maxi m ze the output, the highest value for the feed rate or solids
concentr at ivwmo¥disgel ected. Lowering the feed rate (n) frowusnzgsMen solids
content and other process conditions will increase residence tines and
decrease vapor velocity. Increasing the feed rate results in fewer

by- pr oduct s Iibordert thetshose gkillebinabe af @ill babdtetlatiiyto prdeticene thvemioh,sthé at e t he

pol ymer resi.n fromsolvent .at .a | ow or. velocity, as. prescribed by
Equat i on ||.f°q\‘/wgﬁ eé?f’é@%“tair%@veé‘tby&aé’s%ﬁ@gtfaé’ﬂn B}WEE%IW@&EHF’F‘?%’HS, a nunber of
conmbi nations of values for solids content (C) and feed rate (m wll
unexpect edl EX&MBIHSy Equations | and 11 and provide substantially

sol vent-free pol yphenyl ene ether resin (<1 w.% solvent) with

subst ant i al ks¥1ufichs Bt 10% A6ty (50IypREyRRE Y BIoREHE b2 -TvHANC ¥&HaishgP! ¥

satisfying the rel ationship”of uations | and Il does not PI’O\!I de maxi mum
out put for 7OR_Prip pEEsital tplyene)And yesgent grade tolurpe sesnpdd and heldat K¥Hut of a

wi ped thin ) Bl (BRVeALIOThedbAoHBions £ n@é?éldi iﬁ'% »ﬁ&e@ﬁﬁﬂtmg%at&!‘ﬂitﬁ eed rate
e

(m are considered. Th maxi mum out put w e achieved froma pair of

val ues for PREPTEPEClY AY st ficheabixchpnge wem e inch dipmetprand g height@€S & maxi num

val ue for Qrpélesst Befe BystenBc1BqEI Alrb@A Jodkhnd aFositife displaBénfdnEmaiy. Yhov th a
solids content of from25-80 wt % 13 10 NMAY 2006 WO 03/041831

PCT/ US02/ 33599y SPeedgs et 8 TratPm #dsthe tprrative is et SOF dorgll tralpe Thet t er abl e

to practi cenfolign prodRMs bldwedtd @ oollifto pRITLAGoR%AIPIERIcAERIyEVEN by way of
illustration and not by way of limtation. EXAMPLES

Example 1

A polyphenylene ether solution prepared as described above and comprising 35%
solids is fed into a wiped film evaporator at a rate of 230 Ib/hr (80.5 Ibs solids/hr).
The pressure is maintained at 70 mm Hg. The product comprises over 99.7% solids
and is recovered at a rate of 52 lb/hr. Yield = 64%.

Example 2

A polyphenylene ether solution as used in Example 1 is passed through the same
wiped film evaporator oberat_ing at the same pressure and temperature but at a higher
feed rate of 280 Ib/hr (98 Ib solids/hr). The product comprises over 99.7% solids;
however, the yield is dramatically less than 64% in that a significant amount of the
polymer is lost going “over head” with the vapor stream. Therefore the yield cannot

be determined.

Example 3
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Sol utions of |ow viscosity pol yphenyl ene ether (nomnal 0.12 |V dug,
containing 7,000 ppm of residual toluene) and reagent grade toluene are
made and held at 160F in a stirred tank vessel. These sol utions 1arMY 2006
treated in a wiped filmevaporator, with an approximately 10 sq. ft. heat
exchange area, an 8 inch dianmeter and a height of 5 ft. The base of the
systemincludes a rotary | ock and a positive displacenent punp. The rotor

speed i s setw@gspdkm 'Pm and .the tenperature is set at pO0f far all trials.
The nolten product is allowed to drool into product containérs for |ater
anal ysis. Exanple | A pol yphenyl ene ether solution prepared as descri bed
above and cojppr.i sing 35% solids is fed into a wiped filmeyapgrator at a
rate of 230 ?]Pi]?shef’)gﬁ’.e?heb??‘g’&’ PEFETH 3S.des°f’h%d %P\ées‘@g%m?rémﬁg?‘ﬁ& ﬁ ned at 70
mm Hg. The pobduBtpassedniiroghshovaie Vped s @vapdtator andn Esampc dweneédl at a rate
of 52 I b/hr._Yield = 64% al e ne..ether. sol ution as used
i n Exanpl e I™7§8558EEY ’?%ef%gﬁqajtzg%?bgé rpr(}//\‘{’)%fegﬁfllg? ?ﬁhgwgp ab'8 uc%)perati ng at
t he sane pre®sprises anal 99.6Velidstand B ridoveratat ardid ¢fl92 ib/hrf Yield rédbe of 280 | b/ hr
(98 I'b solids/hr). The product conprises over 99. 7% solids; however, the
yield is dramatically less than 64%in that a significant anount of the
polymer is |lost going "over head" with the vapor stream Therefore the
yi el d cannot be _determ ned. Exanple 3 14 1 0 MAY 2006 WO 03/041831
PCT/ US02/ 33240 AEﬁb‘PR}’f)ﬁenyl ene ether solution prepared as described above
and conprising 60 wt % solids is passed through the same wiped film
evapor at or  aFhel samepalypheyleneaéthet GOluticmeéigpl pyed i Bxanpld\3 fiefd thratgh thé 230
| bs/hour pr Os\g}ng %pe]d%ﬁmleggpo%%r,l éjpseéaglrlg' at-lipeesa%ré%geléls%tre and temperature but at a

slower feed rate of 138 Ib/hr (about 82.8 Ib solids/hr). A product of over 99.8% solids

is recovered at a rate of 66 lbs/hr. Yield = 81%.

As seen from the high % solids of the recovered product, the variables in all four
examples satisfy the relationship of Equation 1. Example I did not satisfy the
relationship of Equation 11 as is evident from the low yield. Example 2 with a higher
feed rate is even further from satisfying the relationship of Equation 1I as is evident
from the more significant loss of product. Example 3, with a higher solids content of
60 wt % and higher pressure, is closer to satisfying Equation II than Example 1 and
provides a higher yield. Example 4 with the reduced feed rate of 138 1bs/hr comes the
closest to satisfying Equation II, as is evidenced by the highest yield.

Example 5

To further illustrate the methods of this invention, parameters for a particular wiped
thin film evaporator operating at a predetermined pressure (P), temperature (T) and
film thickness (&) have been inserted into Equations 1 and II to determine the optimum_
solids concentration (C ) for a polyphenylene ether solution having an 1.V. of 0.12
dl/g. With R = 333ft, L = 5ft, T = 563°K, P = 100mmHg and & = 0.0033 ft, the
calculation of C from Equations 1 and 11, with varying values for feed rate, are given

in Table I below.
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conprises over 99.5%solids and is recovered at a rate of 92 Ib/hr. Yield =
66% Exanple 4 The sane pol yphenyl ene et her sol ution enpl oyed in}w& 3
is fed through the sane wi ped filmevaporator, operating at the 0
pressure and tenperature but at a slower feed rate of 138 | b/hr (about
82.8 I b solids/hr). A product of over 99.8%solids is recovered at a rate
of 66 Ibs/hr. Yield = 81 % As seen fromthe high % solids of the recovered
product, thegovssmsbl es in all four exanples satisfy theruglabispnshi p of

Equation |I. Exanple |I did not satisfy the relationship of Equation Il as
is evident fromthe low yield. Exanple 2 with a higher feed rate is even
further from saty;gtyi ng the relationship of Equation Il as is evident from

the nore significant |oss of product. Exanple 3, with a higher solids

content of —60—w—%andhi-gher—pressure—+s—closer—t-o—satsHHrg—Equati on

Il than Exganple | and provides a higher yield. Exanple 4 wth theg reduced

feed rate pf 138 | bs/hr conmes the closest to satisfying Equationlill, as is
evi denced pKeetl nete Ihihg ke t | Recenpl (ppiy 4 rBabatiob 1 To | Entaten 11i ||| Weproaimste He net hods
of this inyention, paraneters for g particulaj w ped tihi n shigem eviapor at or

operating fat_a predeterm ned pressure (P), temperature (T) and fijlm

thi ckness (8) have been inserted into Equations | and Il to determine the
0pt| mum sé6li-ds-concentrati-on ((‘ \ for-—-a-pol \lnh&n\ll ene -ether-soluti on

S~

having an |, of 0.12 (dI/g/83Wth F¥7&5 _333ft, 2%8— 5ft,| T = 563K, [P =

e o tos tor Teoa ot o lATaBe van | A6 Tans o IBRoN 1o 10 NAY
2006 WO 03 %1831 Fabtei r'\,MéJDUAT 3@%40 614 62-80%

100 104 71.4 69.1 70-71%

120 80 595 . 743 -

140 66 51.0 78.0 -

160 48 446 80.7 -

180 42 39.7 84.5 -

200 38 ‘ 35.7 85.97 -

From Table I it is seen that feed rates of 120 lb/hr. and above will not satisfy
Equations I and II since the values calculated for C from Equation 11 are greater than
the values calculated from Equation 1. A feed rate of 40 Ib/hr results in high levels of
decomposition products. At a feed rate of 60 Ib/hr, a sdlution concentration .in the
range of about 49-80% can be used. At a feed rate of 80 Ib/hr, a solution concentration
in the range of about 62-80% can be used. At a feed rate of 100 1b/hr, a solution
concentration in the range of about 70-71% can be used. Maximum output conditions
fall between about 80 to about 100 Ib/hr with a solids content in the range of 71 to 80
wt % since with a feed rate of 100 Ib/hr @ 71% solids (m * C = Q), the output is 71
Ib/hr and with a feed rate of 80 Ib/hr @ 80% solids (m * C = Q), the output is 64 lb/hr.

Equation ] and Equation II are solved for the above conditions for the temperature and

pressure and the solution is shown in Figure 4.
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Feed rate | b/ hr (m Deconp. (ppm Equation | Equation |1 Approxi mate range
40783178. 522. 8-- 60246119. 048. 649- 80% 8014689. 361. 462- 80% 1001

0471. 469. 170- 71% 1208059. 574. 3-- 1406651. 078. 0-- 1604844. 680. 7 10 MAY_2006
1804239. 784.5 2003835.785.97-- From Table | it is seen that feed rm eéﬂ Q)f
120 I b/hr. and above wll not satisfy Equations | and Il since the val ues
calculated for C fromEquation 11 are greater than the values cal cul ated
fromEquation 1. A feed rate of 40 Ib/hr results in hi%{dsﬁ‘z‘lﬂﬁ of
deconposi t i SR PHElicts. At a feed rate of 60 Ib/hr, a solutlon
concentration in the range of about 49-80% can be used. At a feed rate of
80 I b/hr, a,_solution concentration_in the range of about_ 62-80% can be

used. At a fRedPaied Pagss fisons Batisatishiss ko equptions AcBnsaR e ioBa Mth t he range
of about 70-i%l8oraaion hkat UBE dolydverXEontaitraitnPidt not Qe e 80%f abdlydiet ween about
80 to about 100 Ib/.g{ W th a,sobi dshcontgnt in the range aof Zl to 80 w %
since with ACPRYY W} & cgReengHon (9T g #4%, @g nolide pracess@ wdes thesehe oyt put i s
71 | b/ hr arendiidnk Borfaeemhin edhe ofthePOlylnby donce@rBQ%U S,ah brider 1§ flatimGe= Q, the
output is 64% eltf?-/ hrh. tlusahti.ogol ang uat i on. 1 are solved for the above
conditions forCREPHlBSeUEl IeoPERl 2 PF SELLPENHE The sol ution is shown in
Figure 4. 16 10 MAY 2006

If the temperature is reduced from 563°K to 553°K, then the allowable operating

space changes as shown in Figure 5.

Under these conditions, the lower allowed polymer concentration, C, is 26% and the

operating space is larger as compared to the case of 563°K.

The melt viscosity of polyphenylene ether as a function of intrinsic viscosity of the
polymer and temperature was determined to obtain a guide to preferred operating
temperatures for a thin film evaporator for a particular resin. Polymers having
intrinsic viscosities of 0.09, 0.12, and 0.15 dl/g were synthesized. Rheological
analysis showed that the viscosity of the molten polymer is a function of the shear rate
and zero-shear viscosity was determined at various temperatures. The results,
presented in Table 2, show variations in molten polymer viscosity as a function of

intrinsic viscosity of the polymer and temperature.
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WO 031041831 PCT/ US02/ 33240 The shaded space is the one that satisfies both
equations at the sane tine along wwth the condition that the pol }ﬂﬁ\?
concentration is not higher than 80% Polynmer solutions with a 1 2006
concentration |ower than 44% can not be processed under these conditions.
For a &ppiospdigypl ue of the polyner concentration, C inpefrd&28324080Xi M ze
the throughput, it is desired to operate at the curve of Equation II. If
the tenperature is reduced from 563l% h@ 553K, then the allowabl e operating
space changes as shown in Figure S. 8 ezr t hese conditions, the | ower

al | owed—polymer—concentrati-on, i 9 } e is larger

as cofpared to |t he case of SGéI{éW%It vi sco<etrshspr Yiseosieny| ene et her
as a {&ncNpon ofLYrdkigisic viqddsity of the poKBaseal-sseehdskenper at ure was
determned to ogbtain a quide tjo preferred operating tenperatures for a
~thin filmevapogrator ¢.09 a parjti cul ar2reesin. Pol yners bewi ng

vi scosities of 10,09 0.12 and Q.15 dug-w i
anal y$i s showed that 982 viscdsity of24the noltén pol ymé28is a fuhction of
t he shear—fateTand—zerg=shearrviscosity was—deternimeg, at—various
tenpetatures. The res@p?s, priesent ediwr,l Tabl e} 2, shovﬁ/gri ations in nolten
pol ymer vigcosifty as g@obunctidn of 1pdginsic Viscosity;.@f the pplyner and
tenpetature. 1710 MAY 2006 WD 03/041831 PCT/ U$02/ 33240 Table 2 . No.l.V.
(dL/ g) Tenplrat ure Zer®98hear \fi scosit¥5q C) (Pasg¢al - secor@ds)

6 0.09 260 14.4

7 0.12 210 4830

8 0.12 220 1280

9 0.12 230 448

10 0.12 240 178

11 0.12 250 81.3

12 0.12 260 42.6

13 0.15 210 23700

14 0.15 220 4920

15 0.15 230 1480

16 0.15 240 591

17 0.15 250 266

18 : 0.15 260 130
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10. 09210294 20. 09220128 30. 0923058. 2 40. 0924031. 8 50.0925020. 8 60. 0926014. 4
70. 122104830 80. 122201280 90. 12230448 100. 12240178 110. 1225081. 3

120. 1226042. 6 130. 1521023700 140. 152204920 150. 152301480 160. 1524bbYAY 2006
170. 15250266 180. 15260130 18 10 MAY 2006 WO 03/ 041831 PCT/ US02/ 33240 Usi ng

cony, ' regression techni ques, the data were used to generate the
equaﬁﬁ%ﬁﬁ¥ﬁ§%l(-1 8847+26878XI V~ /1= 3.36x 10-' 7e 272?Cﬁﬁ*€%63 ere 11 is

the zero-shear viscosity of the polyner nelt (expressed in Pascal -seconds),
| V i gsing genvsotigna regressionnedhniqrics,dbs ddty wiere wdell ¢o gdrerate e cgbdfiohdAPr essed i n
dL/g), and T is the ‘ :

] 8847+26878><]V)

U= 3.36x10"7e( 272147
(4)

where 11 is the zero-shear viscosity of the polymer melt (expressed in Pascal-seconds), IV is
the polymer intrinsic viscosity in chloroform at 25°C (expressed in dL/g), and T is the
temperature (expressed in °C) of the molten polymer. Equation (A) can be solved for

temperature, T. with the value viscosity to be less than 50000 Pascal-seconds resulting in

equation (B):
T>{115+552X1V) (B)

Equation (B) suggests that in optimizing the efficiency of the evaporation process, the
operating temperature of the wiped thin film evaporator should exceed a minimum value that

is dependent on the 1.V. of the polymer.

For the case of Example 5 where polymer concentration, C, is fixed at 50%, the following

operating space for feed rate, m, and temperature, T. is calculated and shown in Figure 6.

- Again the shaded space in Figure 6 is the operating space that satisfies both equations. This
operating space shows that the desired temperature is lower than 565°K and in order to keep
the melt viscosity of the polymer (0.12 dl/g) below 50,000 Pascal-seconds, the desired
operating temperature is higher than 455°K (as calculated from Equation B) and to maximize

the heat transfer rate it is desired to keep the temperature near 565°K.

The entire disclosure of all applications, patents and publications, cited herein are hereby

incorporated by reference.
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tenperature (expressed in C) of the nolten polynmer. Equation (A) can be
solved for tenperature, T. with the value viscosity to be |ess than 50000
Pascal - seconds resulting in equation (B): T> (115 + 552 X lii) @% 0
Equation (B) suggests that in optimzing the efficiency of the ]s \()IZ%PI on
process, the operating tenperature of the wiped thin film evaporator

shoul d exceed a m ninum value that is dependent on the 1.V. of the

pol yner. Fo +sase of Exanple 5 where polyner concentration, C, is fixed
at 50% thew(%)(faﬁg\%nﬁng operating space for feed rate, iHVUiR#*¥&nperat ure,
T. is calculated and shown in Figure 6. Again the shaded space in Figure 6
i's the opgkalkdaing RAGAPIEN4n D& trépehtb® SWilROLRiISI RO S - subdiitusing QRET at i ng space
shows that the desi redptenperature is lower than 565K and in order to keep
the nelt &spsicely oy sprcificpldy dlsscybrdr reepants agd/pry prasgtingvronditionsoofpifétal - seconds,

t he desi r;p@ntidI6r st M&dtigiRetAlpse IS higher than 455K (as cal cul ated from
Equation B) and to maxim ze the heat transfer rate it is desired to keep
the tenperature. near 565K.. The entire disclosure of all applications,
batent o 5 icirEdes de ooy s SRUPLR P58 Aoty SerferpSPatEl by

r ef er encehardQeribcsMAhi 2DOEIVE) 208 0L 8cpaficg fiols0Rd PFR40d Schee theredfedi ng
exanpl es can _be r.epeat W, t iml ess t LUt i he

generi calcf“g/mfl)]%23 Vé’a%‘gicﬁﬁ"?gﬁ z1n§i/ mggxs‘?igérq%sgé’ﬂ?eﬁggep g?ﬂ @xg%g?gor\la%%%#’ g’%ﬁlg condi tions
of this andewditiomsn for those used in the exanples. Fromthe foregoing
description, one skilled in the art can easily ascertain the essenti al
characteristics of this invention, and wthout departing fromthe spirit
and scope thereof,. can nake various changes and nodifications of the
invention to. adapt it to various usages and conditions.
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20 10 MAY 2006 WD 03/041831 PCT/ US02/ 33240 IN THE CLAIMS | . A nethod for
renovi ng solvent froma solution of a polyphenyl ene ether polyner resin in
a thin filmevaporator said nethod conprising: a) feeding a sol uti @
conprising at |east one organic solvent and a pol yphenyl ene et he %Y);%r
resin into a thin filmevaporator having a heating chanber, b) formng a
filmof said solution on the wall of said heating chanber and c) heating
said filmigg T(,g@m??atl ng chamber of said thin film evapgfad@ssaperating
under conditions pressure, tenperature, feed rate and solution solids
concentration which satisfy two rate nodels, one nodel defines a rate of
by- pr oduciN TWE ol of | ess than 250 ppm the other nodel defines the
vapor velocity of the material exiting the thin filmevaporator of |ess
than 1.5 ft/s. 2. A nethod as in claiml wherein the nodel defining a rate

of by-proguct 4 i . I I t he nodel
defi ni ng g va&o@é‘%%ﬁg?’gg& ess {Lﬁ?sﬁlﬁ%@?’ﬁ%@h&g&ﬁ% hg&#g]ﬁ??al exiting
the thin firemevaporineavaposat@geidmiethnd tamprisBgd * 1024 RL S expt-24123frt /m
< CIl 100- (4960AP/Tm) < C1l; wherein T is the operating tenperature of

the Cy|'ndrw@jfe&ﬁﬁédd&ﬁxt:@ﬂé‘dﬁ&@fsm ﬂbasfbﬁefaﬁga%@&dzntmrapofybﬁ 1eyaporator in
absolute tenperature (K); Ris the radius of the c |ndr|ca heati ng

chanmber vFRFRPAYREH BOF hRifim £yIpaator Bysiethsrung shanfoes, 21 10 MAY 2006 WO
03/ 041831 PCT/ US02/ 33240
b) forming a film of said solution on the wall of said heating chamber and

¢) heating said film in the heating chamber of said thin film evaporator operating
under conditions for pressure, temperature, feed rate and solution solids concentration
which satisfy two rate models, one model defines a rate of by-product formation of less
than 250 ppm, the other model defines the vapor velocity of the material exiting the thin
film evaporator of less than 1.5 fi/s.

2. A method as in claim 1 wherein the model defining a rate of by-product formation
of less than 250 ppm is Equation 1 and the model defining a vapor velocity of Jess than

1.5 fi/s for the material exiting the thin film evaporator is Equation 11 :

53%10%RL § exp™"® M /m<C ]
100- (4960AP/Tm) < C 1I;
wherein

T is the operating temperature of the cylindrical heating chamber within the wiped thin

film evaporator in absolute temperature (K);

R is the radius of the cylindrical heating chamber within the wiped thin film evaporator in
ft;
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Lis the length of the cylindrical heating chamber within the w ped thin
film evaporator in ft; Pis the operating pressure of the cylindrical
heating chanber within the wiped thin film evaporator in absol utld Bedsure
(mHg); A is the cross-sectional area of the cylindrical heating chamber
within the wped thin film evaporator in ft2; Sis the thickness of the
filmof said solution on the wall of said cylindrical heating chanber in

ft. mis thgofoaeksfate of said solution of polyphenyl epgrgighgdrpol yNer
resin.into the «cylindrical heating chanber within the wiped thin film

evaporator in Ib of solution/hr; Cis the solids concentration of said
solution of pql MBﬁqaﬁéhle&@he%mﬁl}icﬂﬂéa)ﬁﬂ?EhaFn%éx' \{Q‘itﬂixﬂth%fpeg/ ihids. 3. A method

for renoving solvent froma“solution of a pol yphenyl'ene ether pol yner

resin in &PpRbIntHi n fil m evaporator said method conprising: a) feeding a
sol ution conprising at |east one organic solvent and a pol yphenyl ene ether
pol ynmer r Pss the opefatingpreéspR@f thbcylintiidaMmQuaPdhabahvitiahd \dipad i lsimdr i cal
heating chanber, forning a Li[n1of said solution on the wall of said
cyl i ndri cBY*PHESE PALOLISRESI™T W8R8} heating said filmon the wall of said
cylindrical heating chanber of said wiped thin filmevaporator operating
under condiit theerssstsertiopalass uf e ctlipdp@i beatingechambar ovithinttie wipell thisdilmit i on sol i ds
concentra&jggﬂwgk%h satisfy the relationshi ps defined by Equations | and
11: 5.3 * 1 S expt' 24123 m/m< C | 22 10 MAY 2006 WO 03/041831

6 is the thickness of the film of said solution on the wall of said cylindrical heating

chamber in fi;

m is the feed rate of said solution of polyphenylene ether polymer resin into the

cylindrical heating chamber within the wiped thin film evaporator in Ib of solution/hr;

C is the solids concentration of said solution of polyphenylene ether polymer resin in wt

% solids.

3. A method for removing solvent from a solution of a polyphenylene ether polymer

resin in a wiped thin film evaporator said method comprising:

a) feeding a solution comprising at least one organic solvent and a polyphenylene
ether polymer resin into a wiped thin film evaporator having a cylindrical heating

chamber,

b) forming a film of said solution on the wall of said cylindrical heating chamber

and

c) heating said film on the wall of said cylindrical heating chamber of said wiped
thin film evaporator operating under conditions for pressure, temperature, feed rate and
solution solids concentration which satisfy the relationships defined by Equations I and
1

53% 10% RLS exp™* My < C 1
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PCT/ US02/ 33240 100- (4960AP/ Tm) < C 11; wherein T is the operating
tenperature of the cylindrical heating chanber within the wiped thin film
evaporator in absolute tenperature (K); Ris the radius of the cyliMidiléal
heati ng chanmber within the wiped thin filmevaporator in ft; L is the

| ength of the cylindrical heating chanber within the wiped thin film
evaporator in ft; Pis the operating pressure of the cylindrical heating

chanber within the wiped thin film evaporator in abs MR sure (mHg);
Ais the cr¥8%Uional area of the cylindrical heat iOJﬁg C %Enggr within the
wiped thin film evaporator in ft?, 5 is the thickness of the filmof said

solution on the wall, o i lindrical heating chanber in ft; inis the
feed rate of said gh?’u{‘l?%%‘})g]fn%ol ygh nyl ene e# her polymer resin into the

cylindrical heating chanmber within the wiped thin filmevaporator in |b of
solution/br; kgl is the solids concentration of sai'd solution of
pol yphenyl ene ether polynmer resin inw %solids. 4. Anethod as in claim

3 wher e Chgte 3pefaind @enMefaliirdortiteryininigs heding EhalBeBlth thavipdBthh0 MAY 2006 WO
03/041831 PCT/ lfSOZ/, 3240 5. A net h]?)d as in claim4 where the nelt viscosity

of the polBRERYPORE 28T HBFIHE ) r esin is I ess than 50, 000
Pascal -seconds at the operating tenperature, T, of the cylindrical heating
chanber wiRiliha rddhs ofiihp exlinfiridahheatiggxbeabep within the wiped thin film evaporator

inft;

L is the length of the cylindrical heating chamber within the wiped thin film

evaporator in fi;

P is the operating pressure of the cylindrical heating chamber within the wiped thin film

evaporator in absolute pressure (mmHg);

A is the cross-sectional area of the cylindrical heating chamber within the wiped thin film

2
evaporator in ft;

8 is the thickness of the film of said solution on the wall of said cylindrical heating

chamber in ft;

m is the feed rate of said solution of polyphenylene ether polymer resin into the
cylindrical heating chamber within the wiped thin film evaporator in Ib of solution/hr;

and

C is the solids concentration of said solution of polyphenylene ether polymer resin

in wt % solids.

4. A method as in claim 3 where C has a value within the range of 25 to 80 wt %.
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6. A nethod as in claim4 where the operating tenperature of the
cylindrical heating chanber within the w ped film evaporator satj W?@ t he
equation T > (115+552xI1V), wherein IV is the intrinsic viscosit é

pol yphenyl ene ether polymer resin in said solution. 7. A method as in claim

6 wher svo 08/0£1880! yphenyl ene et her polyner resin w thin poirutseans324pas an
intrinsic viscosity of less than 0.25 dl/g in chloroform 8. A nethod as in

claim 2 i o 2dhtd 903y, £RBE! AETACHRISH B8y RiATHRYERL cuBObpaEnY! ene

et her polyner resrn from atin yl ene

et her psity (€lesy tah 500DUPPAsSAING cONEY atgcﬁe ?{mﬁh dempetarub &£ Ve fofttha By l&RRicRPm
formed by- products. 9. A nethod as in c alm wherein the values for R L

and A &f’?émé&h@mh@ftwﬂlﬁnth@n‘éﬂmdé"é@eVﬁPQrMOévaporator enpl oyed, and the val ues
for P, T, Mand C are selected to provide a value for the output, Q of
90%to 100% of the maxi mum as determned fromthe equation m* C = Q 10.

A methed as A mediodi a9 @ sibied @i whérbehy apetating’ ta@nsbrdtusy 6f ﬂﬁ@ﬂlﬁdﬁlcaﬂﬂﬂaﬁiﬂge
values for m and C are selected to provide a value for the output, Q of
90- 1009h¥nberetharnirinedilim ¢aparatonsatisfies the squatioant > (1154562 ) shEsE as in

claim gy‘é‘@ﬁ{ Sﬁt\g\iﬁéll?%lswélﬁgof&a }L)Jocl:yfglﬁeng) ﬁg%ﬁh g&?ﬁgr R0 189518%@% 12. A met hod

as in ereint te mis predeterm ned and
constant. 13. A nethod as in claim11 wherein the values for P, 1.V., and T
are predeterm ned and constant. 24 10 NAY 2006 WO Q3/041831 PCT/ USQ2/ 33240
14. A et hod lagtipﬁ ag iy¢laim 6 wiessiaithe polephegylsas ether pglymengesigygthin aql*fé tion

Pr edet BLThnfitinsAsGRRSLARL yd0.28 dTRURGHoRTol) ©1 21 M O vherein the

sol uti pnenyl ene et resi

8. A method as in claim 7 which additionally comprises recovering a product of
polyphenylene ether polymer resin from the heating chamber, said product of polyphenylene
ether polymer resin comprising over 99.5% solids and fewer than 250 ppm formed by-

products.

9. A method as in claim 8 wherein the values for R, L and A are constant for the wiped |
film evaporator employed, and the values for P, T, M and C are selected to provide a value for

the output, Q, of 90% to 100% of the maximum, as determined from the equationm * C=Q.

10. A method as in claim 9 wherein the values P and T are constant and the values for m
and C are selected to provide a value for the output, Q, of 90-100% of the maximum permitted

by Equations I and II.
11. A method as in claim 9 wherein the value for C is predetermined and constant.

12. A method as in claim 9 wherein the value for the feed rate m is predetermined and
constant.
13. A method as in claim 11 wherein the values for P, I.V., and T are predetermined and

constant.
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reaction nedium of a solution polynerization process in which a copol yner
of 2,6- xylenol and 2,3,6-trirnethyl phenol is produced in a toluene
solution. 16. A nethod as in claim4 wherein the wiped thin filn1@w@p9m@tor
operates at a tenperature in the range of 200C to 350C. 25

WO 03/041831 PCT/US02/33240

14. A method as in claim 12 wherein the values for P, 1.V,, and T are predetermined

and constant.

15. A method as in claim 9 wherein the solution of polyphenylene ether resin is a
reaction medium of a solution polymerization process in which a copolymer of 2,6-

xylenol and 2,3,6-trimethylphenol is produced in a toluene solution.

16. A method as in claim 4 wherein the wiped thin film evaporator operates at a

temperature in the range of 200°C to 350°C.
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