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FIELD OF THE INVENTION

This invention relates to methods for isolating polymer resins from solution
slurries utilizing a precipitation aid.

BRIEF DESCRIPTION OF RELATED ART

A number of methods have been disclosed for separating soluble

5 thermoplastic resins from organic solvents. A majority of these methods are-
energy intensive requiring the removal of the organic solvent. More energy
efficient means involve the precipitation or coprecipitation of the polymer

resin from solution. These precipitation techniques can be hindered by the
presence of a solid phase of fine particulates within the solution. These fine

10 particulates are not easily recovered before precipitation of the soluble
polymer resin and can interfere with the recovery of the precipitate. The
presence of this solid particulate phase' is particularly troublesome when
attempting to employ equipment which is not adapted to handle fine particles.

An example where this problem occurs is in the copolymerization of

5 2,6-xylenol and 2,3,6-trimethylphenol via oxidative coupling, It is reported
that most of the copolymers formed from these monomers spontaneously
precipitate in the reaction mixture as very fine particles. This reaction
mixture turns into a. three-phase slurty comprising: a solid phase of
‘copolymer particles, a copolymer solution phase and an aqueous phase. In the

) preparation of polyphenylene ether homopolymers with 2,6-xylenol, the
polymer reaction product remains solubilized in the toluene reaction solution.-
After purification of the solution, the homopolymer is typically precipitated in
methanol. The polyphenylene ether homopolymer of 2,6-xylenol precipitates
as large size clusters suitabl_e for liquid-solid filtration. In contrast, the three-
Phase reaction mixture obtained with the preparation of polyphenylene ether
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pol yphenyl ene et her honopol yners with 2, 6-xylenol, the polyner reaction
product remains solubilized in the toluene reaction solution.' After
purification of the solution, the honopolyner is typically precipitated in
met hanol . The pol yphenyl ene et her honopol yner of 2, 6-xylenol precipitates
as large SSWME'QETHEIHHENTIQNI iquid-solid filtration. In contrast,
the three- phase reaction nixture obtained with the preparation of

pol Iy%enyl ene dPPrAspert of theNOsen® Owebtidrt pﬂosiﬁdeaim@thia@ fdra Qép%‘f‘étﬂ@ @rf]hbie

i sol at'i on goBBH ' within.g solutjon slurry that -
contains a sol | Jﬁﬁﬁ;@g{ %? 81%1 ?@F%S{rgﬁrr%? %?%tgﬁnﬁ aa%f’"aipﬁase B#a?'ac"? PayEEREESithit h
does not mEgffUlaEess Jbisi methed comeses addingeapreipitiiseaid to a solution slurry which

contains at least one soluble polymer resin selected from the group consisting of
polycarbonates, polystyrenes, rubber modified polystyrenes, polyphenylene ethers,
. polyetherimides, polyamides, and polyesters and a solid phase of said polymer resin as

15 particulates. The precipitation aid is a linear or chain-branched polymer which absorbs

onto the surface of the polymer resin particulates. This polymeric precipitation aid is also
a suitable blend component for formulations of the polymer resin to be isolated.

Following the addition of the precipitation aid, the solution slurry is

added to a non-solvent for the soluble polymer resin to precipitate the soluble
20 polymer resin in the solution slurry.

Following precipitation of the soluble polymer resin, it can be

‘recovered by conventional techniques such as by conventional filtration
techniques.

The polymer resins which can be isolated from a solution slurry by the methods
25 may have a weight average molecular weight of above about 500 as
determined by differential scanning calorimetry. Suitable polymer resins may include

‘most thermoplastic resins, i. e., polymers which
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particul ates. WO 01/ 83588 copol yners of 2, 6-xyl enol and
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polyphenylene ether pol’ymers may comprise a plurality of aryloxy repeating units

preferably with at least 50 repeating units of the following Formula | :

; ¢ a
wherein in each of said units independently, each Q' may be independently halogen,
alkyl (preferably primary or secondary lower alkyl containing up to 7 carbon atoms), aryl
(preferably phenyl), halohydrocarbon groups (preferably haloalkyl) having at least two
carbons between the halogen atoms and the phenyl nucleus of Formula 1, aminoalkyl,
hydrocarbonoxy or halohydrocarbonoxy wherein at least two carbon atoms separate the
halogen and oxygen atoms and at least two carbon atoms separate the halogen atoms
and the phenyl nucleus of Formula I.

Each Q* may be independently hydrogen, halogen, alky! (preferably primary or
secondary lower alkyl up to 7 carbon atoms), aryl (preferably phenyl),
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r ko
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secondary |l ower alkyl up to 7 carbon atons), aryl (preferably phenyl), 3 22

Nov 2004 A iretedR éﬂﬁéﬁ gﬁ,% .ocar bon (preferably hal oal kyl)
havi ng at V\ﬂlalgst two cﬂ%ﬂatomg e{\t@bﬁhﬁ% hal ogen atons and t he phenyl
nucl eus of Fornula |, h){ldrocar bonoxy groups or ha[oh&drocar bonoxy groups
wher ei n at -$ubstitutedo polyphenylene ether polymers, wherein the aromatic ring is
substituted;
-polyphenylene ether copolymers;

15 -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; and

-end-capped polyphenylene ether polymers with functional end groups.

20 It will be‘apparent to those skilled in the art from the foregoing that
the 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
25 methods of the present invention include but are not limited to

' poly(2,6—djmethyl—1,4-phexiylene ether);
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art fromthe fopelytRifgdiprapyl-1,4pheoylemedatierne et her pol yners cont enpl at ed
for use in the nethods of the present invention include all of those

preseptly known, ke ctive of the variations in structural units.
Speci ?i c pol yphgﬂwé%gﬂﬁt%bﬁ@gl’y#r@?‘?"%%lnfﬁe{bﬁﬁ be used in the 25 nethods
of the present invention include but are not limted to

pol y( 2, 6- ( Emet hpbly(2,6-ditanyl-ggepledriydene) eth@2 NOV 2004 WO 01/ 83588
poly(2,3,6-trinethyl-1, 4-phenyl ene) ether; poly(2,6-diethyl-i,4-phenylene)

IS P B R ]

pol y(2-et hyl - 6-propyl -1, 4- phenyl ene) et her;
poly(2,6-dimethoxy-1,4 phenylene) ether;
poly(2,6-diethoxy-1,4-phenylene) ether:

0 poly(2-methoxy-6-ethoxy-1,4-phenylene) ether;
poly(2-ethyl-6-stea1yloxy—1,4-phenylenej ether;
poly(2,6-dichloro-1,4-phenylene) ether;
poly(2-methyl-6-phenyl-1,4-phenylene) ether;
poly(2-ethoxy-1,4-phenylene) ether;

5 poly(2-chloro-1,4-phenylene) ether;

poly(z,6-7d-ibromo-1,4-phenylene) ether;

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
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Suitable polyesters include polybutylene terephthalate and polyethylene
terephthalate and those disclosed in U.S. Pat No. 5,237,005. Suitable

polycarbonates are described in U.S. Pat No. 4,217,438.

The polystyrene resins suitable for use in this invention include
15 homopolystyrene, polyalpha-methylstyrene, polychlorostyrene and styrene
copolymers such as styrene-acrylonitrile copolymers (SAN), acrylate-styrene-
acrylonitrile copolymers (ASA), acrylonitrile-butadiene-styrene copolymers
, (ABS), styrene-maleic anhydride copolymers, styrene-ethylvinylbenzene

_ copolymers and styrene-divinylbenzene copolymers.

20 Suitable rubber modified polystyrene resins (referred to herein as high
impact polystyrene or “HIPS”) comprise blends and grafts of polystyrene with
clastomeric polymers such as polybutadiene.

An important feature of this invention is the presence of both polymer

resin particulates as a solid phase and polymer resin solubilized within the

25 solvent of the solution slurry. While the solid polymer resin particulate phase

can interfere with the isolation of the solubilized polymer resin from the

~ solution slurry in conventional techniques, these polymer resin particles take

part in the recovery of soluble polymer resin from the solution slurry in this
invention.
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Preferr_ed _soI ution slurries are the reaction nmedia of solution
pol ymerization PR@K#E #S polymer resin particles of the solid phase can vary widely in

15 size, it is preferable that there be some uniformity in size to aid the eventual

separation of the polymer resin from the solution slurry.

The concentration of solid polymer resin particulates within the
solution slurry can also vary widely and is preferably less than 70 wt. % based
on the ‘veight of a total solution slurry. The methods of this invention can be

20 performed with levels of polymer resin particulates of less than 1%, based on
the weight of the total solution slurry. However, it may be possible to ignore
the polymer resin solids at such low levels. The use of the methods of this
invention st low solid levels such as this is inefficient. Concentrations of
polymer resin particulates of from 10 to 60 wt. %, based on the total weight of

25 the slurry are more typical. The reaction media of solution polymerization
processes which contain the polymer resin may not have solids at these levels.
Therefore, it may be desirable to concentrate the reaction medium to solids
levels in this range or at least 10 to 30 wt. %, based on the total weight of the
slurry. With higher concentrations of polymer resin particulates, the

30 probability increases that these particulates will interact with the soluble
polymer resin and each other.
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15 by molecular weight. The intrinsic viscosity of the polymer resin which

comprises the solid phase can be 2 or 4 times higher than the intrinsic
viscosity of the solubilized polymer resin. The concentration of soluble resin
within the solution slurry can vary widely with amounts up to 60 wi% of the
total solution slurry being suitable. Where the solution slurry is a reaction
20 medium of a solution polymerization process that contains polymer resin, the
concentration of the polymer resin will depend on the extent of
polymerization performed in the reaction medium. Solution slurries which
are the reaction medium of a polyphenylene ether oxidative coupling reaction
typically have a Solubie polyphenylene ether resin at a concentration of about
15 5 to 25 wt% of the total composition.

To this solution slurry there is added a linear or chairl-branched
polymeric precipitation aid. This precipitation aid absorbs onto the surface of
the solid resin particulates of the solid phase within the solution slurry. Not
being bound by theory, it is believed that the polymer chains of the

0 precipitation aid entangle and the precipitation aid then functions as a
flocculent. This precipitation aid must be a suitable blend component of the

8
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precipitation aid. This precipitation aid absorbs onto the surface of the

solid resin part sol rr. Not
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precipitati mﬁuddnémrahgﬂd:emcsynhhetmmbhnrs andaheandplalsan eﬂamcineems as a
flocculent. This precipitation aid nust be a sui t abl e bl end conponent of

the 8 22 NOV 2004 VO Q148gR58y %o%‘f‘o&lc € astomers are homopolymers and
15 copolymers of monomers selected from the group consisting of olefins (e.g.,
ethylene, propylene, 1-butene, 4-methyl-1-pentene), styrene, alpha-methyl

styrene, conjugated dienes (e.g., butadiene, isoprene and chloroprene)
vinylcarboxylic acids (e.g., acrylic acid and alkylacrylic acids) and derivatives

of vinylcarboxylic acids (e.g., vinylacetate, ethylacrylate, methyl methacrylate

20 acrylonitrile).  Suitable ccpolymers include random, block and graft

copolymers of these monomers, discussed more particularly below.

Specific examples of suitable olefin homopolymers that can be used as
a precipitation aid include polyethylene, polypropylene and polyisobutylene.
The polyethylene homopolymers include LLDPE (linear low density
25 polyethylene), HDPE (high density polyethylene), MDPE (medium density
polyethylene) and isotatic polypropylene. Polyolefin resins of this general
structure and methods for their preparation are well known in the art and are
described for example in U.S. Patent Nos. 2,933,480, 3,093,621, 3,211,709,
3,646,168, 3,790,519, 3.884,993, 3,804,999, 4,059,654, 4,166,055 and

30 4,584,334.



final formulation for the polyner resin in that the preci z}za&wﬁj{ﬁls
not separated fromthe polyner resin recovered. Suitable I i on
aids will depend on the polynmer resin to be isolated since this ’
preci pi watsimosssi d must be conpatible with the pol yner regichaisdosiygefi nal
formul ation. Wth respect to 5 pol ycarbonates, suitable polynerization aids
i nclude inpact nodifiers as well as pol yesters

(pol yeutyl ene-teﬁépwrft?ﬁpowmeﬁm yrh?ychﬂm E@ruseﬂohg_ Wﬂ)i‘iﬁﬁoﬂ?tﬂtﬂﬁ
resins, sui r itation ai i ncl ude jopact _nodifiers, polystyrenes
as di scusse@%gjo&g’\}g, 8%@%&% d’ggﬁe{‘ﬁp akphai Pﬁ@ﬁ@ﬁ dipsepplesei andsyrt abl e
preci pit at i metigigéentede-)oing!t I, des m. des, ~and
pol yesters i nﬂ?hgt theslg regi%gpgféﬁpémg%s&&@%e?gt%fdQ%J‘g‘iﬁn?’ng:gqu

modi fi ers VREROP dindnenrcorimgated dicpes). Sui t abl e i npact modifiers which
-can function as a precipitation aid include natural rubbers, synthetic

omopol yrer s and PRt sxantpIEs of o fueitl 3Rl noRRePRvBieee rand odom ¢

consi sti ng copobiteéisnthatecan beetdey a9 redipdaYioaNfids - RiehEde: olybutg_diene

(e, b MARGAEEh ik S5 el Epfbene-sotipe it assape:
e.g., bu o n or - ,a e-g.,

acrylic acijsbinftena! &yﬁfﬂ kd. C cRIor Ut A Ch 'lﬁeﬂ/eﬁ%}t é inyl ¢ rbL%)lgi)[I iC

acids (e.g., .vinylacet agl?e-‘?é ét hy acryﬁ at e, ﬁ& vl et a% \#‘gt é‘:‘é@‘m‘ €

acryl oni t r Polymemsandpolyisoppenginer s i ncl ude random bl ock and graft
copol yners of these nononers, discussed nore particularly below Specific

cramhes o ! bk Bl B ITORBL KBS, 5835 Dt S5, Babes ene.
Y e I R
3,211, 709, and adk Hds tgpically 51eonjuigdtt] Bihe AnFQFGHOBlock 6BoBRAers of
4, 1645055 Po@%’nulé%ﬂs)i% ﬁx%g'gergm is at least 2 and R is a multifunctional coupling
agent for the blocks of the structure AB. Suitable conjugated diene blocks
include the_conjugated diene hemopolymers and copolymers described above
which may be partially or entirely hydrogenated. The suitable alkenyl
aromatics other than styrene include alpha-methyl styrene, para-methyl
20 styrene, vinyl toluene, vinyl xylene and vinyl naphthalene. Examples of
~ triblock copolymers of this type are polystyrene-polybutadiene-polystyrene
(SBS), hydrogenated polystyrene-polybutadiene-polystyrene,  styrene-
ethylene-butylene-styrene  (SEBS), polvstyrene-polyisoprene-polystyrene
(SIS) and poly(alpha methylstyrene)-polyisoprene -  poly(alpha
s methylstyrene). Examples of commercially available triblock copolymers are
the CARIFLEX®, KRATON D® and KRATON G® series from Shell Chemical
Company. '

Also suitable as precipitation aids are impact modifiers comprising a
radial block copolymer of a vinyl aromatic monomer and a conjugated diene
0 monomer. Copolymers of this type generally comprise about 60 to 95 wt%
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conpri sing @odifiers, styrene copolymers, particularly ABA block copolymers containing
15 styrene units and conjugated diene units or hydrogenated diene wunits
(ethylene-butylene units) are effective precipitation aids for polyphenylene
ethers which include copolymers of 2,3,6-trimethylphenol and 2,6-xylenol.
Amounts of precipitation aid in the range of 0.5 wt% to 10 wt%, based on the
weight of the total solids within the reaction medium (polyphenylene ether
20 and precipitation aid) have been shown to be erfective. In a preferred
embodiment, the styrene copolymer is a styrene-ethylene-butylene-styrene
block copolymer such as those of KRATON G® series available from Shell

Chemical Company. '

The precipitation aid may be added as a solid that is dispersed in the

25 solution slurry or it may be added in the form of a solution. Adding a

precipitation aid to the solution slurry can be accomplished by utilizing
conventional equipment.

Once the precipitation aid has been added to the solution slurry, an
optional procedure is to concentrate the solution slurry before precipitation of
30 the resin is initiated. Preferred concentrations for the resin within the
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may be added as a, soljd that is dispersed in the solution slurry or it
my be ado@fectiye: ieenbancipg thesahserption lﬁddlmcuntanon aid to the polymer
resin particulates.
5 Following the addition of the precipitation aid, the solution slurry is

added to a non-solvent for the soluble polymer resin therein so as to
precipitate the soluble polymer resin. The term “non-solvent” as used herein
intends to refer to solvents that provide a lower solubility for the polymer
resin than the solvent of said solution slurry. For a reactior medium of a
9 solution_ polymerization process that contains polyphenylene ether polymer
products and toluene solvent, methanol is a preferred non-solvent. This is
also the case where the polyphenylene ether polymer is a copolymer 2,6-
xylenol and 2,3,6-trimethylphenol. Where the solution slurry has “een heated
to enhance the absorption of the precipitation aid to the solid polymer resin
5 particulates, it is preferable to quench this heated solution slurry with the
non-solvent to stop the agglomeration process. The amount of non-solvent
employed is typically from 1 to 4 times the volume of the solution slurry. After
the addition of non-solvent, the solution slurry may be agitated if desired. The
polymer resin precipitate within the solution slurry may be recovered by
conventional means such as through the use of a filter, with or without filter

paper. Preferably, the polymer resin is recovered as particles of an average

12
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non-sol vent for the sol uble polyner resin therein so as to precipitate the

sol ubl e polymer resin. The term"non-solvent" as used herein _intends to
refer Wo sol vent Vithaut famher elabaratien, doisupelieved thet aneesliBed s the adi n

t han the sol : ' ' -Far. I Is ' f
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disclosure in any way whatsoever,

15 The entire disclosure of all applications, patehts and publications, cited
above are hereby incorporated by reference.

EXAMPLES
Formulation Of Solution Slurry

Copolymerization of 2,6-xylenol and 2,3,6-trimethylphenol by oxidative

20 coupling was performed in toluene on a pilot plant scale in a 50 gal reactor.
The total monomer charge was 52 1bs. Of the total monomer charge, 50 wt%
was 2,3,6-trimethylphenol. 320 1b 6f solvent was also added that made the
total monomer charge about 14 wt% of the reaction medium. A copper/ amine
catalyst: Cu/dibutylmethylene diamine (DBEDA) 1:1.5, was used at a level

25 which provided a Cu/phenol ratio of 1:300. After 5 hours of reaction, the
catalyst was peutralized and removed. The final reaction contains 11% of
soluble polymer based on total monomer charge.

Examples 1-8
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di scl osur e ;fkr8pY) Way whatsoever. 15 The entire disclosure of all

applications, patents and publications, cited above are hereby
i ncorporated by reference. EXAMPLES Fornul ation OF Solution Slurry

Copol yner i zat i ol tine-ofyfikratiomis &ed, £ thé westing REARRIrdoforopt&Ririne

desirable particles and these values are reported in Table 1. Because not all of

15 the pre-concentrated material could ‘be transferred into methanol, the

“filtration rate” is reported in Table 1 for each example. Filtration rate is the

filtration time divided by the weight of final dry material obtained. The dats

shows rapid filtration times and filtration rates under all conditions, even

without pre-concentration as compared to the Comparative Examples Y and

20 Z. Pre-concentration enhanced the filtration time and rate and pre-

concentration at higher temperatures (115°C) improved these values even

further. Using less than 10 wt% SEBS coprecipitant (5 wt%) can impact
performance as shown in Table 1.

Comparative Examples Y and Z

15 For comparison purposes, 20g samples of the solution slurry prepared above
‘were pre-concentrated as indicated in Table 1 and precipitated in agitated
methanol, as described in Examples 1-8. The solution slurries of the
comparative examples were not precipitated with the precipitation aid, SEBS
Tubber. The comparative examples required signiﬁcantly longer filtration

0 times and higher filtration rates. The filtration time of Comparative Example
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20 coupling was perfornmed in toluene on a pilot plant scal g hn n\?mﬁr
reactor. The total nononer charge was 52 I bs. O the total nN ge,

50 wt % aas 2 336-trinethylphenol. 320 I b of solvent was al so added that
made t he"OB38 rononer charge about 14 wt % of the reacti o HENHUYNEF6IA
copper/am ne catalyst: Cu/dibutyl nethylene diam ne (DBEDA) 1:1.5, was used
at a level 2% wheight A leageatiad BhenRratich b : LWk 5O
reaction, the cat alégt sgn_eqt rali zeggra.n(ﬁfi P@%&gﬁﬂ%}gﬁ’i%ﬁdﬁr@%%bf%n
contai ns i i %CERCEINEAGH| andpregipitatpd swdep similamtonditiomsr THeadifferekoeainrihes

1-8 2 2 NOV ; I 132869 I 209) ,.of .the sol ution
slurry descr ?@@éngﬁ\%%%dgg‘zéﬁ@%-ﬁg ‘ﬁéﬁs?’émf’ﬁ@f) e I%é@?f'éne
(SEBS) bl ock abopbbytimes goéater tistert thdfiliratics einie fer EXRNEIRE, WRich 70 pre-
avai | abl e from Shel | eari cal, Co. The_ anmount of SEBS bl ock copol yne

enpl oyed in Q%W’g%\tﬁéﬁ“@ iRregipitated undemsimilar conditiens.ed sol ution slurries
were pre-concentrated in either a 6oC vacuum oven or 115C oil bath, as
specified in Table 1. The solids concentration of the solution slurry at
the tine of precipitation is givenin Table i as W% based on the weight
of the total slurry. The solution slurries were then precipitated into 2.5
times of their volunme (about 50 ml) of agitated nethanol at either room 10
tenperature or 50C, as indicated in Table i. The precipitated material was
vacuum filtered using a "Fritted Buchner Funnel"” (m ddle pore size - 1o0-15
mcrons). The tinme of filtration is used as the testing standard for
preparing desirable particles and these values are reported in Table 1.
Because not all of 15 the pre-concentrated material could be transferred
into nethanol, the "filtration rate" is reported in Table i for each
exanple. Filtration rate is the filtration tine divided by the weight of
final dry material obtained. The date shows rapid filtration tinmes and
filtration rates under all conditions, even wthout pre-concentration as
conpared to the Conparative Exanples Y and
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BRedy npar at | VE®Exanpl &2 j s

rates is e The t rat PEEM e o
about 9 tl\n%s Breater than(‘{‘% f||trat|on tlnéﬁ%%or Exanpl e 6, which was

pre- 5 concentrated and precipitat&€)under sinilar condiSe¢)ons. 1%Sét
NOv2004 WO 01/ 83588 Tabl e PCT/ US00132869 Sol i dsSEBSConc. I\/Et hanol Filtration

o\ L N\ Can)

Filtration,procedyg@sSTi NeryE examype( WA {w i EC(EC{See)rtSee)
115. 210. ONART6021 o 21

2 15.2 10.0 NA 50 60 T 20
3 25.7 10.0 55+ vacuum RT 30 15
4 23.0 10.0 55+ vacuum 50 i5 6.i
5 16.4 10.0 115 RT 14 5.2
6 23.0 10.0 115 RT 10 3.9
7 18.8 5.0 15 RT 25 - 89
8 243 5.0 115 RT 15 7.9
Y 29.5 0 55+ vacuum 50 ‘ 480 258
Z 21.8 o 115 50 | 93 61

Examples 9-10 and Comparative Example X

Another solution shurry comprising a copolymer of 2,6-xylenol and 2,3,6-

5 trimethylphenol was prepared by oxidative coupling in toluene on a pilot plant
scale as described above. The catalyst was removed from the solution slurry
before precipitation.

Samples of this solution slurry (about 100g) with catalyst removed were
mixed with about 5.04 wt% or 10 wit% KRATON® GX-1702 styrene ethylene
) butylene sytrene block copolymer available from Shell Chemical Co. Two
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215. 210. ONA506020 325. 714. 055+ vacuunRT3015 423. 010. 055+ VaC?J rTKOd.\SIG 6
516. 410. 0115RT145. 2 23.010. 0115RT103. 9 718. 85. 0115RT258-9 % 2 Ulf
824. 35. 0115RT157. 9 Y29. 5055+ vacuunb0480258 Z21.80115509361 Exanples 9-10

and Oorrpaﬂ’%ﬂ %58xanmpl e X Another solution slurry conprisi BerausueBSiey Ter of
2, 6-xylenol and 2,3,6- 5 trinethyl phenol was prepared by oxidative coupling

in toluene o n | e as descri bed above. The catal yst was

r enoved fromrr‘b‘f;gﬁ;g% L‘:t:;lﬁligﬁ ;s\I qﬂ‘fé ViEEE 6‘?%9‘&%@‘91111&{2 |9;|hotl$<‘lmpi1®a1>;6ult Blozy

solution slu HBSublot c Wwer.e w t h about
&S al,qf:i.leb'{rene %1@9‘—1 %BP? (gﬁ@er?;ﬁleﬁ'@ﬂe

5.04 wt % or % 1702 st
bl ock copol yﬁﬁrﬁ%f\’}gp Bpe fligngrspEnts GﬁGBEE&Iblé‘dc cE lyi:ﬁe e [ﬁ}g,y %ith\éo

01/ 53588 PCTsbRfmds rr A and B,,were tes
9, both havir? about gﬁﬁek%‘%{i "6&9 Rayted In Thbbezscﬂ'umpmtwe

slurries, A mﬁeﬁwmasolmumhﬁxaM&éﬂgxomgg%g&x of SEBS bl ock

copol yner enployed in the solution slurries o

reported in E%@llgﬁl parative s Exanple X was a soI ution slurry that did
not enploy S P (H? JWy‘ﬁ%?PreE’é‘émﬂeml‘aledmashgi’@yul%hl@hﬂ-mefﬁ(yté&lt ed

in a 115C oi {ntbat. 't&m@ t f s the vol une of agitated
met hanol at rnoom ?enpe?gglg(r:%&h#% 39%@5@' g Y‘&ﬁw% e’fqoéll teEerarey afhem
filtered umh’@cwlméﬂﬁéﬁtmaims threh vid:lhirﬁrﬁlﬂétl@ﬂruﬁ ?lxg*‘lﬁelg?unnesll na (20

m crons, 50 ans to indicat ed
k& Paper gPQal%us pore} 51zes (20 microns, 50 rmcrons 100 microns), as
10 indicated in Table 2.

The results show an increase in the yield of the precipitate (filtration yield)

with the use of a SEBS block copolymer precipitation aid as compared to
-Comparative Example X. The results also show that the level of precipitation

| aid has an effect on the particle size of the precipitate, with high levels of the
15 SEBS block copolymer precipitation aid, filter papers with larger pore sizes

(100 microns and 50 microns) can be used while m:untammg high yields
above 90%, as shown in Table o2,

Table 2
Example # Free Solid SEBS ‘ Filter Cloth Effluent Filtration
) Yield
Pore Size '
(wt%) (wt%) (microns) (%)
Example 9A 19.8 5.04 20 Clean 95.1
9B 19.8 | 5.04 50 Turbid 92.8
Example 10A 18.9 10 20 Clean 97.8
17



The results show an increase in the yield of the precipitatge (il i on
yield). with the use oftza SEBS bl ock copol yner precipi tat?oz Mﬁyzﬂﬁt‘r
conpared to Conparative Exanple X. The results al so show that the |evel  of

pr eci pW(ﬁﬁis(ést aid has an effect on the particle size of ptirusosmseni t at e,
with hig lI/evel s of the 15 SEBS bl ock copolymer precipitation aid, filter
papers with larger pore sizes (ioo mcrons and 50 mcrons) can be used
whi | e maintainise@ hi ghiggel ds alwve 90%g@s shown in dighd e 2. ggble 2.
Exanpl e #Free Sol i dSEBSFilter Cloth EffluentFiltration Pore SizeYield
(M9 (W% (mcr ) (96 anpl e 1 $ g.5 04200 ean95,,1

9B19. 85. 0450Tur1%|&392. Sigégrrpl'e i ?)@18. 9102 ean97. 8 17Cl§a"2 Nov B4 wo
01/ 83588 PCT/ US0Q/ 32869. ioB 19.9 10 50 Clean 98.5 i0oC '9.8 10 100 C ean
98.6 ConpkPmEP##EYéExanple X 20 0 20 Turbid O From the foregoing

descri pti oExamfygleXskilled in the art can easily ascertain the essential
characteristics of thisoinventioa, and w ddgout departiTgbidrom tde spirit
and scope thereof, can nake various changes and nodifications of the 5
invention to adapt it to various usages and. conditions.

From the foregoing description, one skilled in the art can easily ascertain the |

essential characteristics of this invention, and without departing from the

spirit and scope thereof, can make various changes and modifications of the
5 invention to adapt it to various usages and conditions.
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08CNO881P8CINIBYB7 WHAT IS CLAIMED: 2 2 NOV 2004 1. A nmethod for separating
a soluble polyner resin froma solution slurry, which contai aN li
phase of said polyner resin as particul ates, said nethod congIrSZsi m/zdﬂol,.
adding to a solution slurry which contains at |east one soluble polyner
resin sekgcaipdsfiromthe group consisting of polycarbonates, polystyrenes,
rubber nodified polystyrenes, polyphenylene ethers, polyetherimdes,

pol yam des, and pol yesters and a solid phase of said polyner resin as

particul WHERAT 5 CGLAdMED: chai n-branched pol yneric precipitation aid which
absorbs onto the surface of the polyner resin particulates in said

| ut | wh i d t at bl bl end
Component T or 1 or i #6tBAG 107 ?’%*lﬁ'a%éﬁﬂlﬁ%ﬁﬁ%ﬁagf FPRYF BRI ut f on
| , d h
Sty Mo SRR RRACLA RS AL 08 peft s SR DU BELNRLE cLey (e

sol ubl e r resi 0 preci FeS A’ W thin said
sol uti onmeqhgarcy,mlgrmﬁgnet hod as in claim1 conprising the additional step
of recovering the precipitate fromsaid solution slurry. 3. A method as in
claim2, wherein the precipitate is recovered fromsaid solution slurry by
filtration through adding tera selutiog gupgr w}scrlzeontyumaae&eashmemﬂubia:r ons.

4. A nmethod as in clalrp \M}ereln over 90% of the total ? {)re resin in
sai d sol BPEReS| 165K, selaatedditrynt ﬁbesgm‘ﬁpecgm%@g PLspRhERaPPRRteS | i d

mcron. PYBEbyeRBEe: 71808 \GPSEBs P HMERSh o AxPERYRRE™ Sihodh e
sol ubl e pelydikériigded) polyamides, and po]yesters and a solid phase of said
polymer resin as partlculates, a linear or cham-brancned polymerlc ”
precipitation aid which absorbs onto the surface of the polymer resin
particulates in said solution slurry, wherein said precipitation aid is a suitable

blend component for formulations of said polymer resin; and

adding the solution slurry, which contains said precipitation
aid, to a non-solvent for the soluble polymer resin to precipitate the soluble

polymer resin within said solution slurry.

2. A method as in claim 1 comprising the additional step of

recovering the precipitate from said solution shurry.

3. A method as in claim 2, wherein the precipitate is recovered
from said solution slurry by filtration through a filter having a pore size

greater than 100 microns.

4. A method as in claim 2, wherein over 90% of the total polymer
resin in said solution slurry, including the soluble polymer resin and the solid
‘phase polymer resin, is recovered as particles of a size greater than 100

microns.
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within t BBCBHIBELYon slurry. is a pol yphenyl ene ether resin. 6. A nethod as

in claimi1, wherein the soluble polyner resin wthinsaid soI;’_hQi qulmq!‘
is a copol yner of 2,6-xylenol and 2,3,6- trinethylphenol and th€ sol ut

slurry is a reaction nediumof a solution polynerization process in which
sai d copol ymes_has hegetisdddcedclalm A, "ehéreih abei svlabki Ppolymehirebin
conprises the additional step of concentrating said solution slurry after
t he addi withindhesalutign duirpy isat polyphedylene edbén wesin.a concentrati on of

sol ubl e pol yner resin above 10% based on the total weight of said
solution slurry. 8., Anmethod as ip.clgim.y7, wherein.said solution slurry is
concentrated By hed@‘i]ﬁ‘ﬁnﬁi(ﬁioést’é‘nﬁ%]% r VRS té@C?OIth Qﬁ’iywrvﬁe?w t hey
appl i cat | Of u . h S.J | , et pregipi tation
ARl L s S S

pol yam dggmedi¢lpHefBRahd @i {dlatidn slRrryAis'@rbacid®s nheditin@ioh ® sowhtiorei n t he

I npact nodifier is selected fromthe group consisting of natural rubbers,
synt het i pohyrnbrrstiangrotdse imuhialk said @ipdymweshes beengreduredm t he group
consisting of olefin honopolyners, olefin copolyners, styrene

h ! , St | yners, ! of ' d, dj , '
Copolyror's. of 7con] dhaneod G i oo s, T 4 BBk HoPLoRe i

| f Vi . i ' \ : . of vinvl
car bowy! Fancntiie, s ERR YA chuffy i FOIRRBURCEE A PRUDIRIAPRE oo

11. A metdgehieseidcon@nitalion sheslable polynedefdsin abpok 1084, basedra tise EPDM
copol yners, the conjugated di ene honopolyners conprise 20 2 2 NOV 200k

08CN088 1ibtpbivekghitanfi sand seludiontsdustyyr ene copol yners include AB, (AB)-R and
ABA bl ock copolyners. 12.. A nmethod as in claim11l, wherein the styrene

bl ock: copol YT8'S A method as in claim 7, wherein said solution slurry is

concentrated by heating to a temperature above 50°C, optionally with the

application of vacuum.

9. A method as in claim 5, wherein the precipitation aid is selected
from the group consisting of polyesters, polystyrenes, polyamides, and

impact modifiers.

10. A method as in claim 9, wherein the impact modifier is selected
from the group consisting of natural rubbers, synthetic rubbers and
thermoplastic elastomers selected from the group consisting of olefin
homopolymers, olefin copolymers, styrene homopolymers, styrene
copolymers, homopolymers of conjugated dienes, copolymers of conjugated
dienes, homopolymers of vinyl carboxylic acids, copolymers of vinyl
carboxylic acids, homopolymers of derivatives of vinyl carboxylic acids and

copolymers of derivatives of vinyl carboxylic acids.

11. A method as in claim 10, wherein the olefin copolymers

coniprise EPDM copolymers, the conjugated diene homopolymers comprise
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conpri se styrene-butadi ene-styrene bl ock copol yners, 5
styrene-et hyl ene-butyl ene-styrene bl ock copol yners,

pol yst yrene- pol yi sopr ene- pol ystyrene bl ock copol yners, hydroanZtN@V 200!"
pol yst yr ene- pol ybut adi ene-pol ystyrene bl ock "copol ymers and
pol y( al pha- naggbriosgyr ene) - pol yi soprene-pol y(al pha-net hyl styrene) 10 bl ock
copolyners. 13. A nethod as ¥n claim 10, wherein the styrene copolyner is a
styrene bl ock copolynmer. 14 A method as in claiml1l, wherein the anmount of
pre¢ipitation aid added to said solution slurry falls within the range of
1 to 10 wt. Yholytasadienn andShe lveyrend abpoieimgh irefudeOABPABRRI WAEr ABASI N i N

sai d solutiog)s‘%éjrryI 15. A nethod as in claiml1 for separating a soluble
pol yphenyl en®PlO&RBPIYMELS-n from a solution slurry, said nethod conprising:
adding to a solution slurry which contains at |east one sol uble

pol yphenyl ene et hep. resiretBbd ad irs Bthirél 1DNER@ Rl the QyrBREPLR BSp Y ReFs esin 20
particul ates, a |inear or chain-branched polyneric precipitation aid which
absor bs ont o SPRWrisE pyane-Brtadigae-pyrsnsiiesk copelysan®r particul ates within
said solution slurry, wherein said precipitation aid is a blend conponent
for the sfinal fosRWmRidRNeM-beRId el HROBIRYIL r resin;, 21 08CN08817
2 2 NOvV 2084 addiﬁgﬁﬁhe g@lutioﬁﬂslﬁﬁiy, mﬁicﬁﬂggﬁ%gﬁhs the precipitation
aid, to a non-solvent for the soluble polyphenylene ether resin so as to
preci pitate sai dPRUFYEIE-RRIVSIPREAS PElsvEeRplofkegpelymersai d sol uti on
slurry. 16. A nethod as in claim15, conprising the additional step of
recovering the pragdfetadted f I onpsighwraRlpdyitadibad-pilystfene® MR as in
claim15, wherein the precipitate is recovered fromsaid solution slurry
by-fiItratioﬁOPﬂﬁﬁﬁﬁﬁﬂﬂfilter having a pore size greater than 100

m crons.

poly(alpha-methylstyrene)-polyisoprene-poly(alpha-methylstyrene)
10 block copolymers.

13. A method as in claim 10, wherein the styrene copolymer is a

styrene block copolymer.

14. A method as in claim 1, wherein the amount of precipitation aid
added to said solution slurry falls within the range of 1 to 10 wt. %, based on

15 the total weight of soluble polymer resin in said solution slurry.

15. A method as in claim 1 for separating a soluble polyphenylene

ether resin from a solution slurry, said method comprising:

adding to a solution slurry which contains at least one soluble

polyphenylene ether resin and a solid phase of polyphenylene ether resin

20 particulates, a linear or chain-branched polymeric precipitation aid which
absorbs onto the surface of the polyphenylene ether particulates within said
solution slurry, wherein said precipitation aid is a blend component for the

final formulation of said polyphenylene ether resin;
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18. A nmeDBGWNG®S1Vn cl ai m 15, wherein over 90% of the total pol yphenyl ene :
ether resin in said solution slurry, including the soluble polédhdﬁéwé@@ﬂk
et her polyner .resin and the solid pol yphenyl ene phase polyner resin, is
recovered as particles of a size greater than 100 microns. 19. A nethod as
in claim15, wher elamidiﬁg tROLYRNRAYSIARE, VHich coftdifs tMé pRédipRatinagd ut i on
slurry is a copolyner of 2,6-dinethyl phenol and 2, 3, 6- trimethyl phenol and
t he sol utdé emai-solvent forathesatublerpalpphemylefie atheer nesiroso apbd prediptatel on
process which_produces. said copolynmer.. 20, A nmethoq as in claim15, which
conpri sesaidiolablei Relgphenyeng eher resnciE i OB Yol ution slurry after
the addition of said precipitation aid to achieve a concentration of

sol ubl e pol ymgg, re% rh,g@ﬁ{gn‘{q‘igé‘:’i{? c %6959@0%%%%% 484 a?fStéﬁio% slurry

solution slurry. 2 as 1nclhai mil3, reirn sard solu

i's concgmovalie thléﬁiﬂé?ﬁt@ﬂe £r6n@séiar§é%ﬁ6#§hraﬁwe 50C, optionally with the
application of vacuum 22. A nethod as in clai'm 15, wherein the

precipitation aid is selected fromthe group consisting of inpact
modi fiers. 221D8CNI88uathpd2ad\By ckiou133whereimt thedpeipitatel iai necaPeredner ei n

the inmpact nodifier is selected _fromthe group gconsisting of thernoplastic
el ast omeHoNs SREE QYR FYIE by HHtistiosn élﬁgﬁga gy bﬁvw&@nﬁaﬁr FHEST s,

olefin c I S, honopol yners, styrene copol yners, honopol yners
of conj ué‘gﬁ%é%énlg?%%ggﬁ%opol ymers of conjugated dienes. 24. A nethod as

in claim215, wherein the olefin copolyners conprise EPDM copol yners, the

conj ugat ed di ggle h@nopethoe's ¢ANERIHC 15pWhéeiadbese 98 dhehstiotane

copol yners conprise styrene block copolyners. 25. A method as in claim 15,
wher ei n polyphepybre btlerk wspolinnsaid solmions elwryr éndudingadhersolsble ene

bl ock COIE)(C))II}’)II) e;g?lensét %gﬁer}e-p% ;%Jegnﬁe_sin and the solid polyphenylene phase

polymer resin, is recovered as particles of a size greater than 100 microns.

19. A method as in claim 15, wherein the polyphenylene ether resin
within said solution slurry is a copolymer of 2,6-dimethylphenol and 2,3,6-
trimethylphenol and the solution slurry is a reaction medium of a solution

polymerization process which produces said copolymer.

20. A method as in claim 15, which comprises the additional step of
concentrating said solution slurry after the addition of said precipitation aid
to achieve a concentration of soluble polymer resin above 25%, based on the

total weight of said solution slurry.

21. A method as in claim 15, wherein said solution slurry is
concentrated by heating to a temperature above 50°C, optionally with the

application of vacuum.

22. A method as in claim 15, wherein the precipitation aid is

selected from the group consisting of impact modifiers.



but yl ene-@GINEBELDI ock copol ymers, pol ystyrene- pol yi sgprene- pol ystyrene

bl ock copol yners, hydrogerét ed pol ystyrene- pol ybut adi‘efie- pol yStZQGREOVbQBBK
copol ymers and pol y(al pha-net hyl styrene) - pol yi sopr ene- pol y(al pha-

met hyl styrene) copolyners. 26. A nethod as in claim15, wherein the anmount
of precipitati2s aAdmetisetas in daid 220iHereim thieumpact alddifiat ishvefectdd r ange
of 1 to 10 wt. % based on the total weight of soluble polalphenyl ene et her
pol ymer rfeeim the grougpp censiatingnoks thermpoplagtic elastomers selected from' the

group consisting of olefin homopolymers, olefin copolymers, styrene

| homopolymers, styrene copolymers, homopolymers of conjugated dienes

and copolymers of conjugated dienes.

24. A method as in claim 15, wherein the olefin copolymers
comprise EPDM copolymers, the conjugated diene homopolymers comprise
polybutadiene and the styrene copolymers comprise styrene block

copolymers.

25. A method as in claim 15, wherein the styrene biock copolymeré
comprise styrene-butadiene-styrene biock copo]yﬁiers, styrene-eth}}lene;
butylene-styrene block copolymers, polystyrene-polyisoprene-polystyrene
“block copolymers, hydrogenated polystyrene-polybutadiene-polystyrene
block copolymers and poly{alpha-methylstyrene)-polyisoprene-poly(alpha-

methylstyrene) copolymers.

26. A method as in claim 15, wherein the amount of precipitation
aid added to said solution slurry falls within the range of 1 to 10 wt. %, based
on the total weight of soluble polyphenylene ether polymer resin in said

solution slurry.





