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anpunt as a function of reaction tine for Conparative Exanple 14 and

Exanpl es woanib/ 3038 [0017] Figure 7 is a plot of nomrofrmsesizomxals
pol y(aryl ene et her) honopol yner anmount as a function of reaction tine for
Conpar ati ve Exanple 14 and Exanples 1 and 2. [0018] Figure 8 is a bar

chart qiemmn@f thé e)taileh@tdm/ee chﬁ@unweﬁfthmm;m‘ﬂmma loadihg pak yHcasayddtoe20et her )
honopolyner honqpﬁ ner '), bifunctional poly(aryl ene ether) honopol yner
(" bi f uriEgieRroeyt ofdhe sl Imqriamer shree Py Blorgis InskRABIBR SEICIG ol yrer

(" copol ygRtedko bOko 2RELQT. the six fractions fromthe gel pernmeation
chromat ography (GPC) separation of the isopropanol -precipitated

t her m)pl ast i[00@d riiesd itS|thmefofe Eneedpbeingproved methpdOi@yntheguing pOlyiaylangl ot  of

Gy RGP R ST egfor s bidimprg o @ En TSR Faltie B Phe crc

separ atth@aes%dbmklcspcﬂfm@@npim@ﬂ 8¢y pitigd pslydiktaamDphdingd.c conposition of
Exanpl e 2. [ 0020] Figure 10 is a plot of nunber average nol ecul ar

wei ght ("Mh"), weight average nol ecul ar weight ("Mv'), and pol ydi spersity
("D = O ation of the

nmet hano]%\fﬁ;)r ecl %??lzﬁiggbf?grén%ﬁﬁastl C i%ﬁgoﬁsﬁpﬁggﬁ anple 2. [ 0021]
Figure 11 i 406041l @ie a)ﬁbddhtﬁemtngmrrmroaltcffq)rmhygalthmmbplaémc (ﬁ)mpqsﬂioyISI | oxane

within aryl ene et her ol.ysi | oxan lo opal ymer ercent for
the si >6p fﬂ%‘éﬁgé’ﬁf afl?’%lPhCPPn y 1§%Bé‘f‘°é]f’ﬁ}ﬁfﬁ‘l “ﬂ?&}%d ﬁ‘a 9‘36?@% % tat ed
ther mﬁio%%ﬂbf@arﬁoﬂ;ﬁ%int a0 hatFE BRI Endizing the mdr@g%?dc Friedbf fidlBe 1 s a pl ot of

the total” pol ysil oxane wei ght pércent for the six fractions fromthe GPC
separ athydroxghryt-lreminstddaredysilpxangi qointpaisesch mhaeohydpk abeiad addifrpogéiddon of

r o B R+ Rt g s adion Brpiland " Pr oo™

et her) cmaﬂayﬁhlzwlagn@s&b@@{engﬁmlhmrg%at@yh@melﬁtst Vénseooley iRl 4 mtpemm@f a
m)nohydrl c phenol and a hydroxyaryl -term nated (ﬁO:ﬁSI | oxane, substantially
i mpr oveaMefefied bﬁ&fe@gthre@ridtﬂﬁ@ PRHe®sbihg PrBé Pefodi pad kg the tapparMEiced

pol ysi | r mer are
R e R L T e
(RULE ZB35°Wpe2@rﬂ13uit603038PCT/ US2012/ 042175 tenperature is i ncr eased between
t he so-call dition riod (durjn |c.h nmonohydri c ph added to
the renct | oMLy bieufet sRtpogieert 6 e TetP G BT SuP EabieT Ag aAveRe

equi | i Rfegdrien nfithdeacti on conmponents occurs. Rate of terrperature i ncrease
was identified as an experinmental variable in the inventors' previous work,
publ i shed a§00,0% Am&h@wmb/xémlwwta Garnmbistic spmpnsiten, CDJ@pz@l@g/ 8318635 Al of
Carrill 2l a i%ne eg eﬁr erll af t1 { CI?‘” erb/oolussl 2;(%9@{){%31%%3? mer, %om tl)l%}n there was
no |nd|p69f nn af P%ya%g A tlﬂe Was T &R YTEF T PVE ¥ or

i mpr ovipety(hilyeene ktheo)i tesuky and a p@l@@ldac@ﬁélblloolﬂ c@hpiiyigly, @x\aeyke, ta@owd 20ab@ablout

pol ysi | oxane. To the contrary, the experiments in the previous work suggest

that t H® SIPKNS TEPRAANS LK AYhsLs)a g th%ramaﬁa% ERMPRIHY qoFIpalses £1RRIET (8P 8t i on

was eit n the

ddi t1 oq ool PRIkl W ch o Epenl o BRI R) ESRaE SEElRe S gne 1y

as t he peatest ofylenenther apeatmgmm&mgmsadmﬂhaw& wSekt, of elxpedy@llgne eﬂwzr} z'uidl o US

2009/ 03 5 Al at page 11, Tab , anples 4, 3, and where "ranp

ol ope" DepradYe B BAGPoRERtRe bed bl pbertin B dinoBlgit v Bbcess

par ametiefie phedit BEA Ero@@ﬁ%bﬁc@hsﬁgfoﬂﬂlﬁtﬁélﬁBoﬁcﬁyﬂaeﬁilﬂga mMAbfer ingxthienked to

ranp slope), and the correspondi ng | oxane 1 ncorporation efficiency varied
I'O

f r om 9@omPrioweaonamdYsiric phynetand/e pagdderminatod pqlygjaxane; aeﬂmhsre@sﬂ@ and
7, wher rocess
o ol R ORGSOy AL LA LRARSPYE] Yoo At o
ranp shﬁmﬁhnuand t he correspondlng si | oxane i ncorporation eff|C|ency was

94% and 94% respectlvel In contrast, the present work shows

sur pri si ngl yOOOHANqthercaibodiment i apqlymer WE?%@OWPBW@E et erfe F"é‘%l}t(?ﬁs of

hydr ox yadiyhtdeflehl Mt‘ﬁ@mﬂgl%ﬁk k%g&qtloﬁ Q@mgﬁglhg 'a%'aﬁb(a 9fene ether); and a

hydr oxyaryl -ter m nat ed l'ysi | ne incorporafion’increases at reduced

aver agedl ¥apyEmatethes- Mﬁﬂﬂgearred:ﬂecéi @pobbwutodpidng o paky(myle@e S5 tiavkt @nd( i .
rates_bel.ow those tested in Carrillo 9/ [0024]

Thus. MRETEHBSHTR T e et A 8eurecy P B R o RS RR R Stre R mes b ¢ 1 on,

conpri si ng oxi datively copol yneri zi ng »a nmonohydric phenol and a

hydr oxyaryl -term nated pol ysil gxan wherein said oxidatively pol ynerizing

t he nonohydric phenol and tsttéBEWH‘l’ ?ﬁ??Tﬁ%ﬁ@iat ed pol ysi | oxane conprises

(is characterized by) a nonohydric phenol addition period characterized by

a f| rst terrperature a bUI | d peri od foI I ow ng the add| t| on period and

o, M

e o .y .



[0030] In sone enbodi nents, the hydroxyaryl-term nated pol ysil oxane
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(“Eug-OH No React”) assuming none of the groups reacted, in the reaction solution as a
function of reaction time for Example 3.

[0015] Figure 5 is a plot of total poly(arylene ether)-polysiloxane block copolymer
(diblock and triblock) amount as a function of reaction time for Comparative Example 14 and
Examples 1 and 2

[0016] Figure 6 is a plot of bifunctional poly(arylene ether) homopolymer amount as a
function of reaction time for Comparative Example 14 and Examples 1 and 2.

[0017] Figure 7 is a plot of monofunctional poly(arylene ether) homopolymer amount
as a function of reaction time for Comparative Example 14 and Examples 1 and 2.

[0018] Figure 8 is a bar chart showing the relative amounts of monofunctional
poly(arylene-ether) homopolymer (“homopolymer”), bifunctional poly(arylene ether)
homopolymer (“bifunctional”), and poly(arylene ether)-polysiloxane block copolymer
(“copolymer”) for each of the six fractions from the gel permeation chromatography (GPC)
separation of the isopropanol-precipitated thermoplastic composition of Example 2.

[0019] Figure 9 is a plot of number average molecular weight (“Mn”), weight average
molecular weight (“Mw”), and polydispersity (“D” = Mw/Mn) for the six fractions from the
GPC separation of the isopropanol-precipitated thermoplastic composition of Example 2.

[0020] Figure 10 is a plot of number average molecular weight (“Mn”), weight
average molecular weight (“Mw”), and polydispersity (“D” = Mw/Mn) for the six fractions
from the GPC separation of the methanol-precipitated thermoplastic composition of Example
2.

[0021] Figure 11 is a plot of the incorporated polysiloxane (i.e., polysiloxane within
poly(arylene ether)-polysiloxane block copolymer) weight percent for the six fractions from
the GPC separation of the isopropanol-precipitated thermoplastic composition of Example 2.

[0022] Figure 12 is a plot of the total polysiloxane weight percent for the six fractions
from the GPC separation of the methanol-precipitated thermoplastic composition of Example

2.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present inventors have determined that in the formation of poly(arylene
ether)-polysiloxane block copolymer by oxidative copolymerization of a monohydric phenol
and a hydroxyaryl-terminated polysiloxane, substantially improved efficiencies for the
incorporation of hydroxyaryl-terminated polysiloxane into the poly(arylene

ether)-polysiloxane block copolymer are achieved by decreasing the rate at which the reaction
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wei ght percent, even nore specifically about 16 to _about 20 wei ght percent.
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speci f iledl ¢onsaboether hanoamp dinie, 8Biokas tihkedreramptlopyehndrdeeospgondlingal | y

about 80 to about 84 wei.ght perc . i 1| be understood that the
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pol ysi |\ pxRABowARApH MR Wat DerefdtRArmixBREALiMOhiYN IO n@nBad&isiored from the
monohydri ¢ phenol. I n sone enbodi nents, such as, for exanple, when the

t her mopiyderiyaryb tapasiad poysilexangr fheiesliciacy o hediopyarsi teoninped ipsbpopancl , the

i | Oxang. £ SRGAL N 0L LS GONS KL B8 M- AhlYcndhiad AR LSS difeo anous
ydroxyaryt-term nated pol ysiloxare a as n-rncorporatea into the

pol y( ar(y}3agmaiube(i k-, potays ibexathesdte ek ircOpsilly s 2000038685 anhodi ments, t he

t her nopl asti ¢ _conposition conprises 15 to about 25 weight percent siloxane
repeat i ng udPPE ks apsipmbpdimpent gsa psthgr of pespadng 2 diejnapiastistaerosidigiat i ng

units. W.thin t . -3 . t r oy 3 peati ng
ni 1 Chit e RROR9 Ry 8 Ao e e B B D ot
24 wei ghlysgexaenthespewid oxaddtivelygimdyrherizing e abomoty®@® pteinghtndgbe cent, nore

specificglly about .18 to. about 20 wei gh ercent. Wthin the .rapnge, of about
75%% 0 d5tauRb i ro PR ns <o T BV A HEp Bk 2B un t <
can be bRdh pélod ehakaetize84y Wairghtmpehaedta buslagelibd €alowin@Bewldi(i@nt 0 about
83 wei ght percent, nore specifically about 80 to about 82 wei ght percent.

[ 0038] Henod apdelaragieriziesl by asaernditpaperawre gigetehan g fistHempeiabtisdnil@ phenol
is 2,6-di | . 0, | -term .nol.y:si | IS a
cugenol MBS B Rica ey S ORI o S DI P, HERE e 5
di met hyk@péracanenppdriod cohgrisesi idatasie e pahysmuiezatn averag @endubbed with a
reactign time of 170 to 220 mi nutes; the tenperature 11 SUBSTI TUTE SHEET
(RULE 26Y! @P20137 06308 8peTieus2 ey oMb erEn® FarisuEdApPiPSESd i ner easi ng
the tenpgafiey iﬁc@&sigg‘t}@\fé‘rhﬁé}%uf@ét%n%fve@ e G aboli0. 2ROMouP036CREF M nute,
specifically about 0715 to about O0.25 per mnute; the

hydr oxymamyie; spEcifically elebup 011pgo hbxd B2 c@hsdrininties Adhoerngd Gitasef &boparat® wei ght

percent, specificall baut 14 to about 26 weight percent, nore .

pec 1 i<bafy ey ifou ol e it Gombia FrPEaft SRR ohrb e tlyne o
the nonohydric phenol and the hydroxyarylterm nated polysiloxane; the

t hernopl asti c conposition incorporates greater t han 85 wei ght percent of

t he hydroxyaryl -term nat ed %@Vﬁﬁ’@ﬁ'ﬁ% T RYRH pol y(aryl ene

et her) - pol ysi | oxane bl ock copol yner; the thernoplastic conposition
conprises 15 to about 25 weight percent, specifically about 16 to about 24

o o o o o o, o e . o o,



[0043] In a very specific enbodi ment of the thernoplastic conposition
prepared by the above-descri bed net hods, the nonohydric phenol is

2, 6- di mretwol2ptsannsdsg t he hydroxyaryl -term nated pol ysi | oramasee2a42175
eugenol - capped pol ydi net hyl sil oxane conprising 35 to 60 di nethyl sil oxane
units; the thernoplastic conposition conprises 15 to about 25 wei ght

per centslow,paditlid eattbyedquiynmiént 16intticadney tutildedved giverage raesdbovaabaut 0.35°C
specifically about_ 17 to about 22 i ght percent, even nore specifically
about RST fBNUBALE ciigicRey Cﬂ@?@eﬁgﬁgﬁ%%y@éﬂet%lﬁéﬁg PRYSYRNANE INAHY about ~ 75
to 85 Vﬁb&%@@ﬁlﬁfe‘? Nund%ﬁ%ﬂ)f deakdd. ah Qe Eﬁlbﬁ)@in?éﬁ%lﬁhe%te"(\ﬁ't%erﬂﬁfecent ,
nore specifically about 78 to about 83 wei ght percent, even re

speci f iloaksg dabogthegemperapoamBrivdiighenspat.camthareyibedenanthére mepegat i ng

units; .and the thernoplastjc, co sition has a weight. gverage.mol ecul ar

wei gt B Gs BE ROl RO P prr s ARASE in 58 SpRE e
enbodi B RthidhStha rith 6f FBPerBirt ¢ate HERASE sl Aton®NRkf ThahVaragelie drher mopl asti ¢
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si | oxarie repeati ng Its, specifically about 25 to about 70 sil oxane
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units, even nore specifically about 35 to out. 50 sil oxane repeati
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nor e spbehydresyaryl-taingnated polysilaxsneicarhe meiseghin the reaetien vesyad hefpne mitiation
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about 30,00 Q. abaut 150 0, at.om,c_nassS, unit re specifjcally about
30000 PP ot E88 Hora Rl Y o AT R Sty B Bo SR8 M. dRispiepont
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45,000 to about 70,000 atom ¢ mass unjts. o EPO45% I n some enbodi nent s,
the t hevsahiPssencoldbaasalimonahydimphengbused speeifighhiabos! {golegiihamal cent

si | oxang.; i i ﬁ?ﬂz i . r r et her
repeat?ﬁaggﬁ%?%hp%9¥ﬁkﬁﬁt e P nge]g%éa%gggﬁg oﬁgg%%ﬂ§éﬁgﬂ?2§€%%§ﬂ§)si|oxane
r epeat iwgghtrpeteent ¢fttbe wedl ghenopgdiepitenof usil dxsuck embpdiandng additiosofthn be

about 16 to.about .24 .wej gh ercen specifically about .17 .to about 22

et ght THeR DR moREifab el pREE R i B pe it 5 B BtAODG S ng R MBer cent
Wt hi n h@hian@phbl akpidn pHiddPafPacikd BRt teRetite, the wei ght percent of
aryl ene ethéer repeating units can be about 76 to about 84 melght per cent,
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part i o gy AEs R B AR S e SR b ERBhOMA Brn TN g 1t o
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t her nopPAREICEZE OB PN IFERSFatES 2FGater Shanghe §ityd fHRResYBE- AP SOHBne of whi ch

conpr i Se?rfboﬁﬂfl?ﬁ&é inse'te .e I@&re E)see(b%%pEO ﬁ)! Ab%ﬁﬁgtgdj Qﬁ& the second ter£1 Qrét@l ei ils n some

enbodi nent s, thernopltasti ¢ conmposition a me|5ht aver age nol ecul ar
wei ght ®bucdoetabdi, WOT . t Wikhome i@ 0P AEb1RLOM EbdREE °ANiht First temperah047] 1 n
sonme enbodi ments, the thernoplastic conposition has an intrinsic viscosity
of at |least 0.3 as nmeasured at 25C in chloroform In sone enbodi nents, the
intrinsic viscosity is 0.3 to about 0.5, specifically 0.31 to about 0.5,
nore specifically about 0.35 to about 0.47. In any of the enbodi nents
described in this par agrapl‘ﬁuqﬂéﬂﬂfeﬁ'ﬁﬁ'a@#i';cz%onposi tion can, optionally,
conprise 15 to about 25 weight percent siloxane repeating units.

[0048] In sone enbodi nents, the thernoplastic conposition conprises |ess
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* wherein for each repeating unit, each Z1 is independently hal ogen,
unsubstituted or substituted Cl-Cl2 hydrocarbyl provided that the

hydr ocar by 2gr300p038s not tertiary hydrocarbyl, Cl-Cl2 hydrasasibpkiing o,
Cl- C12 hydrocarbyl oxy, or C2-Cl2 halohydrocarbyloxy wherein at |east two
carbon atons separate the hal ogen and oxygen atons; and each Z2 is

i ndependg bt ol gegesut shet apedficlRsbost 30 t@taﬁﬁut@msuﬂﬁfd Jpetigidallatioki?
hydr ocar byl provided that the hydrocarbyl group is not tertiary

hydr ocaStty labo@i45&I2 Wiytdn diearbgd eftaboyt 30 to@boutidde othasesdnd xgmpayatu@xcagbe

hal ohyd I t | t t te t hal
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th t dent |
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pol ysi ltepparatuld ofuuswasod@gom Isp&Sfical eabmltrtado abBiit 298y gk y@@lﬁsﬁuwct ure
17 SUBSTI TUTE SHEET (RULE 26) WD 2013/ 003038PCT/ US2012/ 0421 wherein Y

is hydﬁbgemﬂﬂowb@mﬂKVGrocarbyI Ci - C12 hydrocarbyl oxy, or hal ogen, and

wher ei n eac rrence |nde enden dr.oge 1- C12
N oear b o E A BE Rath W&:ﬂ? dabivt 2SEREER oY i e i rercs of
the thQ%ﬂﬁ@hQﬁ&ﬂgfﬁ&ﬂﬁ9§bﬁa$@1mﬁh@rﬂ@h%é%@&hﬁ&ﬁbﬁﬁb&éhb&hggbnﬁﬁﬂE§lSeS
aryl ene ether repeating units having the structure and

t he polyeieispsaieallylabewt HAd0 abeut P m;mgﬂa@ even more specifically about 170 to about

220 minutes. The reaction time is the elapsed time between initiation and termination of
oxygen flow. Although, for brevity, the description herein repeatedly refers to “oxygen” or
“oxygen flow”, it will be understood that any oxygen containing gas, including air, can be
used as the oxygen source.

[0028] The build period can be characterized by a build time, which is a subset of the
reaction time and is the time between completion of the temperature ramp period and
termination of oxygen flow. In some embodiments, the build time is about 30 to about 240
minutes, specifically about 60 to about 210 minutes, more specifically about 90 to about 180
minutes.

[0029] In some embodiments, the hydroxyaryl-terminated polysiloxane comprises, on
average, about 20 to about 80 siloxane repeating units, specifically about 25 to about 70
siloxane repeating units, more specifically about 30 to about 60 siloxane repeating units, still
more specifically about 35 to about 50 siloxane repeating units, yet more specifically about 40
to about 50 siloxane repeating units. The number of siloxane repeating units in the
polysiloxane block is essentially unaffected by the copolymerization and isolation conditions,
and it is therefore equivalent to the number of siloxane repeating units in the
hydroxyaryl-terminated polysiloxane starting material. When not otherwise known, the
average number of siloxane repeating units per hydroxylaryl-terminate polysiloxane molecule
can be determined by NMR methods that compare the intensity of signals associated with the
siloxane repeating units to those associated with the hydroxyaryl terminal groups. For
example, when the hydroxyaryl-terminated polysiloxane is a eugenol-capped
polydimethylsiloxane, it is possible to determine the average number of siloxane repeating

units by a proton nuclear magnetic resonance (‘'H NMR) method in which integrals for the

7
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protons of the dimethylsiloxane resonance and the protons of the eugenol methoxy group are
compared.

[0030] In some embodiments, the hydroxyaryl-terminated polysiloxane constitutes
greater than 8 to about 30 weight percent of the combined weight of the monohydric phenol
and the hydroxyaryl-terminated polysiloxane. Within this range, the weight percent of the
hydroxyaryl-terminated polysiloxane can be at least about 10 weight percent, specifically at
least about 15 weight percent, more specifically at least about 20 weight percent, even more
specifically at least about 22 weight percent, yet more specifically at least about 25 weight
percent. Also within this range, the weight percent of the hydroxyaryl-terminated
polysiloxane can be up to about 28 weight percent, specifically up to about 26 weight percent,
even more specifically up to about 24 weight percent, yet more specifically up to about 22
weight percent.

[0031] An important benefit of the method is that it increases the efficiency of
incorporation of the hydroxyaryl-terminated polysiloxane into the poly(arylene
ether)-polysiloxane block copolymer, particularly when the hydroxyaryl-terminated
polysiloxane constitutes greater than 8§ weight percent of the combined weight of the
monohydric phenol and the hydroxyaryl-terminated polysiloxane. For example, in some
embodiments, the thermoplastic composition incorporates greater than 80 or greater than 85
or greater than 90 or greater than 95 weight percent of the hydroxyaryl-terminated
polysiloxane into the poly(arylene ether)-polysiloxane block copolymer. In contrast, in the
working examples of Carrillo US 2009/0318635 A1 utilizing a hydroxyaryl-terminated
polysiloxane loading greater than 8 weight percent, incorporation efficiencies of less than or
equal to 72 percent were observed. The method of calculating polysiloxane incorporation
efficiency is described in the working examples below.

[0032] The thermoplastic composition comprises a poly(arylene ether). The
poly(arylene ether) is the product of polymerizing the monohydric phenol alone and is a
by-product of the block copolymer synthesis. When the monohydric phenol consists of a
single compound (for example, 2,6-dimethylphenol), the poly(arylene ether) is the product of
homopolymerizing that single monohydric phenol. When the monohydric phenol comprises
two or more distinct monohydric phenol species (for example, a mixture of
2,6-dimethylphenol and 2,3,6-trimethylphenol), the poly(arylene ether) is the product of
copolymerizing the two or more distinct monohydric phenol species.

[0033] In addition to the poly(arylene ether), the thermoplastic composition comprises
a poly(arylene ether)-polysiloxane block copolymer. The poly(arylene ether)-polysiloxane

8
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enbodi ment 1, wherein the first tenperature is about 20 to about 60C, and
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[ 0074] Enbodi nent 15: A thernopl astic conposition prepared by the nethod of
any of enbodi nents 1-14. [ 0075] Enbodi nent 16: The thernoplastic
conposi t iwo 20f3/@8i38di ment 15, wherein the conposition ceapriss@/ogrieat er
than 8 to about 30 wei ght percent siloxane repeating units and about 70 to
| ess than 92 wei ght percent arylene ether repeating units. [ 0076]
Enbodi nent 17: The thernopl astic nposﬁgjtn of enbodi ment 15 or 16,
wherein the thernopl asti c conposit|ion conprli ses 15 to about 25 wei ght
percent siloxane repeating units gnd about [75 to 85 wei ght percent aryl ene
ether repeating units. [0077] E QrendiTg™ The thernopl astic conposition
of any of enbodi nents 15- 17, whgrein tjhe |hydroxyaryl -term nated

pol ysi | oxane conprises, on averagd, abow? 35 to about 80 sil oxane repeating
units. [0078] Enbodi nent 19: The thernopl aStic conposition of any of

enbodi nemiréin bach ockBireideit &' And IRE i @EpBARLABLHyArGRAPOSCY, drddashyBomei ght
average nol ecul ar wei ght of at |east 30,000 atom c mass units. [ 0079]
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nmonohydfi ¢.pigRo!l is 2, 6-di met hyl phenol ; wherein the hydroxyaryl -terninated
pol ysi I oxane 1's a eugenol -capped pol ydi net hyl si | oxane conprising 35 to 60
di nmet hyl si | oxane units;[wherein the thernoplastic co osition conprises 15
to about 25 wei ght perdent silo repeating uni " gnd about 75 to 85

wei ght percent aryl ene |et her iRg units; and rein the thernoplastic

conposition has a weisght (Cm?%ghL19 . 000 to 150, 000
atom c nmass units. I ment 21: A tlherlnopl astic conposition,
conprising: a poly(aryllene ethex)—&nd a pol y(arylleng et her)-pol ysil oxane

bl ock copol yner conprising a poly(arylene 21 suesh TUTE SHEET (RULE 26) WO

2013/ 003038PCT/ US2012/ Q42175 et he Kk nd ol ysil oxane bl ock.
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a nonohydri c phenol and a hydroxyaryl-term nated pol ysil oxane; and wherein
t he t her nopgl as{Pc conposition has a wei ght average nol ecul ar wei ght of at

| east 30, 000 atonic pass units. cH, [|00&%] Enbodi nent 22. The
t her nopl ast|i ¢ copfp i on of enbqdj nent| 21, wherein the/ Thexmopl
conposi ti o1—eo L 0CIRh O ? rgit—perdéntisy
units and gbout R6 t# 85 wei ght pe | ene et her repea
[ 0082] Enbqdi nent 23: The therno a 6%bosition of enboYi nment| 21 or 22,
wherein thg thernoplastic conposition has a wei ght average nelrecuf| ar wei ght
of about 35,000 to about 150,000 atomic mass units. [0083] Enbodi nent 24:
The t hevlmsphass 26 teoposi ti on of any of enbodi ments 21- 23, wherein the

t her nopl ast i osi tiaon h an intrinsic viscosit f at l.east 0.3 as
measured at DSET HehiERaraF Rl BRSSP aalod R 8T &
conposittinfifal@fro@yinGbme Rhdduimimt S thelrydrddaryiemeiadied figydiloediatak astngte
conposition has an intrinsic viscosity of 0.3 to 0.6 deciliter per gram as
nmeasur eWERXYIIIRINGhEOHBS 8 MYRIC G083 POfvensrether) Pelysiprane HeHodpl asti c
conposi & . i . - ! t L.C
conposi C{OPQQH%(E lrEpaf??hsléeHs Iﬁe%?{sé 7 te ﬁgg&%e%&sé |thge ﬁ?d%)\ggc ﬁ%e?%liﬁgregl I{36 %F‘g%rﬁzlf/a:s ng a

nol ecultavo hydraylgaryl essinahgoufQ 110@Bichtcasn i0 whagscasapoly(arflo86] Enbodi nent 27:

The thernopl ast.jc conppsition of any, of enbadi mepts 21-. 26, wherein the

o1 ecul T RIS AT PBE b ape B grn R e R OO e e REBETHRS <
conpri S&her?@i_b@d&rc%g@lgméﬁodﬂé fokfhell O1@DAYS II)_és%iM@fcﬁ} e PRESSAySérhRXANE

repeating units. L 087] Enbodi nent 28: The thernoplastic conposition of any
of embawlysdaxaneaq hayera bighehedishuethes thiterllowp thise Pememnpdsyrohteeomst i ses | ess
t han 26 wej gh e t of |.ecul havin | ecul ar wei ght greater than
100, oocSd Relbfillaty SPsSEBHTE AT her mopl ast 6
conposition of any of enbodinments 21- 28, wherein the nol ecules having a
nol ecul ar wei ght greater than 100,000 atom c mass units conprise, on
average, about 17 to about 25 wei ght percent siloxane repeating units. 22
SUBSTI TUTE SHEET (RULE 26) WO 2013/ 00338PCT/ US2012/ 042175 [ 0089]

Enbodi nent 30: The thernopl astic conposition of any of enbodi nents 21- 29,
wherein the thernoplastic é%#ﬁ%@TQFggH%%ﬁﬁﬁQEﬁﬁ?)less t han 20 wei ght percent
of nol ecul es having a nol ecul ar wei ght | ess than 10,000 atom c mass units;
and wherein the thernoplastic conposition conprises |ess than 26 wei ght

Y - e o A NN NN I




[ 0091] Enbodi nent 32: The thernopl astic conposition of any of enbodi nents
21- 31, wherein the hydroxyaryl -term nated pol ysil oxane conprises 35 to
about 60 wol2008038epeat i ng units. [0092] Enbodi nent 33PCcThms2aiheurmopl astic
conposition of any of enbodinents 21- 32, wherein the

hydr oxyaryl -term nat ed pol ysil oxane conpri ses about 40 to about 50 sil oxane
repeati ng ur003] IhQ6®3kmbobiathnme te (Bdmophwtit banpaitiashias @ veognasetagon of any
of enbodi ments 21- 33 rein the nonohydric phenol consists of

2, 6- di r@?lﬁwqﬁh‘@%ﬁlt,()fé‘h&a%@r QTR MRase FREH | LS ek amRlsniBe ShmeRlagEpr i ses

less t %&6)%%12]%9 Ul hd@ Owdghehv8Rbe RRIGERE wRlght oB36l00RIMLRN SN0 didhlc end

groups. | Enmbodi nent “35: The thernopl astic conposition of any of
enbodi meass sinRg. specdidcalipraboeti 35,1000 mbmaHLE00¢ apienolascemtsi swose giecifically

2, 6-di neth I in the th | astic . it i 0.1
2 RN ORRen i S e D LRy e ERTRGRb ETogBE o
Enbodi merio03eomitheask harngropl astic conpositi on of any of enbodi nents 21- 35,

wherein the nDnogydric phenol consists of 2, 6-di nethyl phenol, and wherein
t he t her nopl[89%7]1dnsemp esibedigientso Hsrtharapphrstic egmposgiciesoghitispegieatat thap 8

2, 6-di '18taﬂé{%?ﬁ'\%sﬁ%}ﬁ;peiﬁeﬂﬁﬂl%éé%ie“réBé’a‘?ﬁr%g’ﬁ){R?%WQQOPPZK?”@%&’S tH£IP§'§§;eig\%er o [ 0096]

Enbodi nent hernopl asti ¢ conposition o I ment n the
pol y( arpeke@neargiche etheblepedting amijis,itaes] @r pt estel vediplerof tiepgay(andenervthics) dmavi ng

t he structur 3 SUBSTI TUTE SHEET (RULE 26

2013/ 006 BElpEn R0 1 - palpRsane E‘O_glg i) f‘éﬁﬁ?@;}%%ﬁ ebgiengr Bar d ©each z1
'S | Pd%gﬂﬂﬁﬁ%i%h%c%ﬁﬁhe WQi%Hpﬁér&én@Biﬁgcaﬁé repe ARl drkits @eh 6d allold 10YSLRRAT DY
provi ded t hat the hydrocarbyl” group is not tertiary hydrocarbyl, Cl-Cl2

hydr oc af/by¢ighti perceat sBxéidajis rbeerByth ekgut 24 rwaiht Qeehianohy sheodmalby dkory

wher e b : he hal d. :
and eack 0 PR ABRERET s NP sSERARLR R T RR AT E BhgRa" o
subst i twithih t6d rdag@ ohytsli@ Cakdiks MEOYD dedhht Ea’&:eﬂth@e Rycelihe palcht! argefhdrs not

tertiary hydrocarbyl, G -Cl2 P%dr ocar byl thio, G -Cl2 hydrocarbyl oxy, or
C2- C12 "ARdabRY HRibcEnBigI bRyt (e 9 weighisiereepb spesilisaHy aboty' 7de phpHoe t he

hal oge . i } C i peati ng
i £ 9 TATPRGRIEE B S RRY She /3% RRLCRS S RAR0 PemeR SR SRl

i ndeperathent §0ytolapdutdfencigiilpeGdat. hiy diild bantbydrstood Giat B 2ilbredne hyrepteauditsl ; and
wherein the. pqglysiloxane bl ock further c ri ses termngl unit.having the
ot uot (e CSTRG A Y TP Ryt blsemthst Rebp Ty ot By e Sips epestink

hydr ocamhy hRXaerived oAl @8 &bnoRRH VYIRS M SARY cRBESUIRRCSicRTas R3r dBgh R4 1S

i ndependent |y hydrogen, Cl-Cl2 hydrocarbyl or Cl-Cl2 hal ohydrocarbyl .

[0097] ‘Eriadhi fhermodasticTepohitpmnaE el oicorpositianon isbrensholdMesioxam,
R TN e MR N
has been incorporated into the poly(arylene ether)-polysiloxane block copolymer. In some
embodiments, the thermoplastic composition comprises 15 to about 25 weight percent
siloxane repeating units and about 75 to 85 weight percent arylene ether repeating units.
Within the range of 15 to about 25 weight percent siloxane repeating units, the weight percent
siloxane repeating units can be about 16 to about 24 weight percent, specifically about 17 to
about 22 weight percent, more specifically about 18 to about 20 weight percent. Within the
range of about 75 to 85 weight percent, the weight percent arylene ether repeating units can
be about 76 to about 84 weight percent, specifically about 78 to about 83 weight percent,
more specifically about 80 to about 82 weight percent.
[0038] In a very specific embodiment of the method, the monohydric phenol is
2,6-dimethylphenol; the hydroxyaryl-terminated polysiloxane is a eugenol-capped
polydimethylsiloxane comprising about 20 to about 60 dimethylsiloxane units; the oxidative

copolymerization is conducted with a reaction time of 170 to 220 minutes; the temperature
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PCT/ US2012/ 042175 ; and wherein the polysil oxane bl ock
has the structure - - CH3 CH3 [
WO 2013/003038 PCT/US2012/042175

ramp period comprises increasing the temperature at an average rate of about 0.1 to about
0.3°C per minute, specifically about 0.15 to about 0.25 °C per minute; the
hydroxyaryl-terminated polysiloxane constitutes about 10 to about 28 weight percent,
specifically about 14 to about 26 weight percent, more specifically about 18 to about 24
weight percent of the combined weight of the monohydric phenol and the hydroxyaryl-
terminated polysiloxane; the thermoplastic composition incorporates greater than 85 weight
percent of the hydroxyaryl-terminated polysiloxane into the poly(arylene ether)-polysiloxane
block copolymer; the thermoplastic composition comprises 15 to about 25 weight percent,
specifically about 16 to about 24 weight percent, more specifically about 17 to about 22
weight percent, even more specifically about 18 to about 20 weight percent siloxane repeating
units and about 75 to 85 weight percent, specifically about 76 to about 84 weight percent,
more specifically about 78 to about 83 weight percent, even more specifically about 80 to
about 82 weight percent arylene ether repeating units, based on the total weight of the
poly(arylene ether) and the poly(arylene ether)-polysiloxane block copolymer; and the
thermoplastic composition has a weight average molecular weight of 30,000 to 150,000
atomic mass units.

[0039] Other embodiments include thermoplastic compositions prepared by any of the
above-described methods.

[0040] In some embodiments, the thermoplastic composition comprises greater than 8
to about 30 weight percent siloxane repeating units and about 70 to less than 92 weight
percent arylene ether repeating units, based on the total weight of the poly(arylene ether) and
the poly(arylene ether)-polysiloxane block copolymer. Within the range of greater than 8 to
about 30 weight percent, the weight percent siloxane repeating units can be about 10 to about
27 weight percent, specifically about 12 to about 24 weight percent, more specifically about
14 to about 22 weight percent, even more specifically about 16 to about 20 weight percent.
Within the range of about 70 to less than 92 weight percent, the weight percent arylene ether
repeating units can be about 74 to about 90 weight percent, specifically about 76 to about 88
weight percent, more specifically about 78 to about 86 weight percent, yet more specifically
about 80 to about 84 weight percent. In some embodiments, the thermoplastic composition
comprises 15 to about 25 weight percent siloxane repeating units and about 75 to 85 weight
percent arylene ether repeating units, based on the total weight of the poly(arylene ether) and
the poly(arylene ether)-polysiloxane block copolymer. Within the range of 15 to about 25
weight percent siloxane repeating units, the weight percent siloxane repeating units can be

about 16 to about 24 weight percent, specifically about 17 to about 22 weight percent, more
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CH2-CH2 CH2 -Si -USi CH2 CH2 CH2 | | CH3 _ - CH3 n - OCH3 _
wherein n is 35 to 60; and wherein the thernoplastic conposition has a
nunber awsoagss/medlecul ar wei ght of 10,000 to 30, 000 at orCT/USAEIR/0WXIT7E S.
[ 0098] Enbodi nent 39: A polymer blend, conprising: about 5 to about 95
wei ght percent of a polyner selected fromthe group consisting of

pol yst wpetifisallypbby@als t@efboutmﬂ weikkf pensent. pwlighasthe rsnge af db@a TSitm 85 weit

th f d about 5t b ght t of th tif
compoSITETGR. TEORER ST RB Py b o ntind yon bt J61ATRb FEHBIEBt her) -
polySTRXRNE sPlAGkig AROlLRR asmglv%@ﬂ éyércléﬁ’ﬂ HoRL YloBMtR RS ATl 801ORour and a

pol ysi I'oxane conprising, on ave about 20 to out 80 sil oxane
r epeat id2gveiphttpercenher ei n t he t hernopl astic conposition conprises greater

than 8 to a 0 we ercen i |.oxane its and about 70 to

oae than o30tiktIdR OB HAbaB RGBSR SRR ke G be o

total webEhe, a@f)uttjrﬁetom@bryt(@rsylbeﬂe I@f)éﬁﬁv\% uaig sphgfiRaly vibadloas about 70

ether) pol ysi | oxane bl ock copoﬁ%:l1 erein the thernoplastic conposition
#

i s t he SIPBNGCEPLHING UPiLHEWSS SREE byt 4Qitiahauy 60 yensain YHET $VENARPTE nonorer
m xtur esgsaﬂ?eﬁiﬂbggt v&ﬁ) (TORGHY: ib' én% %}auﬁ Qmﬁ‘s hydroxyaryl -term nat ed
xXan er no

pol ysi | ereint i c conposition has a wei ght
aver age nol €004 HrInweing Ietnboﬂmaatntsl &aﬂher&(bpﬂa@ﬁc erbmmsﬁ:tmmhaas aundigls. av{n@@t99] The

I nvention i further | %@ b t he foII %rnon I|n1t|%% exa

WORKI N&* Pght of at eﬁﬁ EH% PR s Hpites }}‘W ghtayerer moletias o f
sever al:,RHe3e$0 Y@ﬁﬁ@l@h%o@cr\ateﬁl@@ﬁr%s FRRr FeLiBTiIRt al‘tﬁ)ﬁt 3%@@@%@/@0@0@@! es
1-10 were produced ina 1.8 liter RC1 | ab reactor. anpl es 1-4 and

Conpar atoms r@@amtpitesnore_sneﬂ:lfmﬂe almttﬁd@é)@a t¢ pbaart 90,000 atoemc piabounisl even
react Ormor%SSpeScl‘{B le aHTEt 4%%%10 (aﬁ{é{h%%% atomic mass units.

[0043] In a very specific embodiment of the thermoplastic composition prepared by
the above-described methods, the monohydric phenol is 2,6-dimethylphenol; the
hydroxyaryl-terminated polysiloxane is a eugenol-capped polydimethylsiloxane comprising
35 to 60 dimethylsiloxane units; the thermoplastic composition comprises 15 to about 25
weight percent, specifically about 16 to about 24 weight percent, more specifically about 17
to about 22 weight percent, even more specifically about 18 to about 20 weight percent
siloxane repeating units, and about 75 to 85 weight percent, specifically about 76 to about 84
weight percent, more specifically about 78 to about 83 weight percent, even more specifically
about 80 to about 82 weight percent arylene ether repeating units; and the thermoplastic
composition has a weight average molecular weight of 30,000 to 150,000 atomic mass units.

[0044] Another embodiment is a thermoplastic composition. Specifically, the
thermoplastic composition comprises a poly(arylene ether); and a poly(arylene
ether)-polysiloxane block copolymer comprising a poly(arylene ether) block, and a
polysiloxane block comprising, on average, about 20 to about 80 siloxane repeating units,
specifically about 25 to about 70 siloxane repeating units, more specifically about 30 to about
60 siloxane repeating units, even more specifically about 35 to about 50 siloxane repeating
units, still more specifically about 40 to about 50 siloxane repeating units; wherein the
thermoplastic composition comprises greater than 8 to about 30 weight percent, specifically
about 10 to about 27 weight percent, more specifically about 12 to about 24 weight percent,
even more specifically about 14 to about 22 weight percent, yet more specifically about 16 to

about 20 weight percent siloxane repeating units, and about 70 to less than 92 weight percent,
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WO 2013/ 003038PCT/ US2012/ 042175 [0101] The following materials were
used in the synthesis of the poly(arylene ether)-polysil oxane bl ock

copol ynerwo 281350si38et hyl phenol was obt ai ned from SABI C Pomasadi2we21 asti cs
LLP; N, N-di nmet hyl -n-butyl ami ne (DVBA), N, N -di-tert-butyl et hyl enedi am ne
(DBEDA), and di-n-butylam ne (DBA) were obtained from Cel anese Ltd.;

cupr ousspexiictaly(«bur0)4 waboattakeight ferant, At kpritidalie abdut Conpab@itisdn; a phase

transfer .agent was obtai ned as AT_4450T from Mason Cheni cal Conpany;
hydr obri#i PsEsea’ (@}L@B}rl}wm%gf%m%uwma_%%tzf{@«@%amwebrysbmaﬁ on; tol uene
was 0bts§b8ﬁ9al§a%ht°ﬁ‘ﬂo%‘8%t &g \!véigﬁt' aﬂé%e'ﬂt £1‘_’y1eh@%(h'e@f‘e‘51’:zﬁfn§ oW AdasiBSh @Rt ai ned
from Akzo Nobel Functional Chemicals LLC eugenol -capped pol ysil oxane

f 1 ui ds toel weght ali the dolfyfasptehbether) anvkthegotydaryne ethvhtpetysdbsane block [ 0102]

Nunber aver age | ecul wei ght. and wej.ght aver | ecul ar wei ght were
det or M NEaBY U8 MHaBE ST SHRPEGH Ab Ry ORa oD RS o g GLT S Eer meat | on
chr omat 2R BlyicdpSlghieAriab @tnéioinitd nliv@ky/e i syist ¥ henehysitia paddland each of
narrow nol ecul ar weight distribution, and collectively spanning a nol ecul ar
wei ght hydrgeat-termgpéedrelysilongiconn! whems) the thermapasticsomprsitige 825 ser e 1, 000
and 10 - | 1 liter m PLgel
quard obn Bverea: RIS APLLTEIY) NodyBr® SRR bl PR ANARRLET. § ves
chl or of 38 00vb tabout AG0 P80 b npe mass hhiisomobyspeeifighlly shoun3 £ 00§ toaatione] 20THE)
elution flowwas 1.5 mlliliters per mn . The tor .wavel engt h was
754 nartiRtdres s Bifl e gresdicanl Sttt Q8 e S50G5 FOPCBAFTIBEGH ! he
cal i br %b@@F&inéhtll§r- bENRBT0TRD hBbuSBMRD @forfit enRt GR@Y, €d by dissolving 0.01
gram of isolated Solid thernoplastic conposition in 20 milliliters

chl or of or m [B0464 Iniseme leimbedingatsp e thérntopstiesernpostegpnseimytrisenl i © dbapect ed

R e B T R s o T S e e ey

si gnal rusdanigg Lhies. PRgEL 316 ege 0l § by @duops el pdibent ¥RbAHRS répeatisisaquent | y
converted from pol ystyrene nol ecul ar weight to )

pol y( 2,tBe Weiedt PRraent ol Sikans reppding s yamBe ehaut 4p tavehoyh24$ wgihhBereed: f or mul a:
M PPE) =.Q¢ ) , )  -0=1¢l] - nyl ene
NS AR (s SR o e P e

[ 0103] wWdightpreaess sSWuthin tht rawgs ofialeous Uhnmsd wedhi perdab) ths w2ighnder8entwiier e

"Tol uene 1sourﬁe" refers to w}gtager ,}6he %ol L%%ne .solvent is ffr. ezlh gr I cycl ed
(" Recy AI¥Iens; cthegdepaafipg unifs cap i aRRUi 604 4baYt o Bl RSEICPL SPSAHILTDY 8P r§
hormopol ¥ ABsutRERE e IpBicen OB f¥Rlcally@boult 80 8P RE GRIghabEREtOThese _

di met hyl - n- butyl am ne, expressed as a wei ght percent relative to the weight
of t ol ueprating Spit parouiitypre pastiquivslyppljpabloto themyiplatie copesityn ghenol and
eugenol . capRed ROIY RbhONANS: wWhKRLARDE AP L AL nABEEER Ll ALEye Lo the
sum of Fhel el gh]fs o P2Pe i e ylllp enoty eugenoF-c ppeyc?%ofym oxane, and
t ol uengjolysRokatel b aiemopiakiic deamgishioniisdistieguashed &@en the emoplastic

di et hyl si | oxane (-Si gCHS 20-) units in the eugenol -capped 26 SUBSTI TUTE
SHEET (ROIPESIiEHS Offgsrpi w%mﬁﬁ&@i}éimv&@ﬁﬁ@ GOBIBFSEY HRERan 14

"Pol ysi i %0« is the weight percent of eugenol-capped

pol ysi I%ﬁgﬁgﬁféﬁﬁﬁﬁ%)&?%éﬁlﬁsbn m xture, based on the total weight of the
eugenol - capdéqdhygsint exdbndinamds, tHeeh@n®ptisnetdypeitemdias a"waghtiagérage

2, 6-di net hyl phenol (99" i e i cent. of 2, 6-dinethyl phenol present
"1t he TheRoreg et abou b R 50 8 §ERs Mpsdiisa t on Lt he

i ntroduct i oref7)a%%6@8 ch®olliifnte el th@hopRSEELImpdsathddt had @n tifrih§le visebsdy

wei ght of 2, 6-di net hyl phenol ; "0:2, 6-di net hyl phenol nole ratio” is the nole

rati o off ahleastiled esapgesuredpt 80 i(diagrhiggorenme diyperne emhedmentsoth igrigsieret hyl phenol
mai nt ai Auyi t it = dj I o hRELT al

char ge ‘?%%Slgfi% O{'"%eo %Bglrlr%gs’a#ﬁ(ggfﬁlfyn&%gtgor Aebgy Qéh@?@e& %%icel,ﬁc%gr%%ﬁgt (?2%% ion

m Xt ur esbatien41.hix dangiof klad encivalirgentoticsorbahmrthis paadetetl, the thdmmopasat i on vessel ,
and when oxygen is first introduced to the reaction m xture; "Tenp.,

addi t i GI?MPEYHIOR 2t patipRallyt FURPHENPEP APUL & JUFEHPOrERE Heransdapealins uBts-

2, 6- di met hylipha§ah somd @B odinRits, the(thermdpBastioth SO Al Risc SRR @858 1 N
degrees centigrade, during the build phase of the reaction; "Ranp tine

(m n)" waghthperdenfrepecexqatle $ese thann Srvaqghtesrcedumang spwhifchlly les thenpématghte was

ranped fromthe addition t erat u to.the build tenperature; "Ranp sl ope
(& i el e PP TRHETES G S rbodrat o ES R ey SR
centigrade per nminute, during the peripd in which the tenperature was
ranped fromthe addition tenperature to the build tenperature; "Reaction
time (mn)" is the total re%@%TéﬂJYﬁ%?EE@L@s%%d in mnutes, elapsed

bet ween the nmonment of oxygen introduction and the nonment of oxygen cut-off.
For all variations, controlled nononer addition time is 40 to 80 m nutes

o .. Y . g, -, = Y N o



"Wei ght % siloxane"” is an oversinplification in that it neglects isolated
product constituents other than the 2, 6-di nethyl-1, 4-phenyl ene ether units
and di netwgleidos@ae units. Nevertheless, it is a usefulPCHaiSROIR/042175
[0106] In Tables 2 and 3, "Siloxane Incorporation Efficiency (%" is the
wei ght percent of dinethylsiloxane units in the isolated product conpared
t o t he wegighesspeamcEntotaftodicmidyings.| bxane dntbddsmens, thembiales hprioger
conposi tion used in the rea tion mxture (the preC|p|tat|on rQm

i sopr ogAAefU! %ru‘ﬁ%lglaﬁﬁt‘sat% (HEHbA eI RS 01 BRI N B A PSR é'asutéﬁé%ﬁleﬂu-t capped
POl ysi | @gienttfiBkp @Jﬁ&ug%@&qm %H&ttlmateggm eREnYY Sl kahOWpRLBCHERT

wei ght bl oc opol y det er m ned u3|ng protgns ["abel ed a
and b ilnsoie eetbpdumemtsetheab@hw@ldsﬁ@ccpmpwtwn coadisealesuthan 86 wvagghSperoxane

| ncor por at. [ ht %8 duct 100 %5i | oxane

Loaden RRdrebe afirmet Sr Rt R er RS fooh TR e Rk v Hhave,

and Vi g spéciSidigianehMmonEthiRadad o¥Sidl@xngdatia N%deﬁbte@malr%lght greater
Wi ght of Si |l oxane Mononer Loaded +Wei %ht of 2,6 noner Loaded where

" Viei ghtthast 106, 0Whadpraionps maits. Lisagageny tfﬁ@lt%éhfgmpleé‘ﬂleﬁb%}ﬁ%@wwtaér m nat ed
ol ysi l ng. "

Poadec X EEHRGLAT (RRAAAEL G Tt Wirfor@Dth sy lipdtl 1 FHEMRRETT o,

m xt ur evelglal peraegt, Eﬂmcsﬁmiy rab@ut 18itb abk@an &3 Iweigin porcait, sitoxkhé i re(peﬁmgwmtss an

over si ification in that |t negl ects the pOSS|b|I|t t hat anmount s

of nnngﬁjé‘rrlgméaﬁtﬂ’né 1 GorRsrapraplyc %P]ds"t’hantﬂ IRQRIRSYICiCOMPRFIHER gsabqgtS

exanpl golhied b§ plddfRtagbi ﬁ%tn'ﬁ{oﬂ%e ple for the Si | oxane | ncorporation
Efficiency to exceed 100% i f "all of the hydroxyaryl-term nated pol ysil oxane

is incor por dpe4d]ilnsome Iqmbp@tnjﬁ(nwcgﬂtbméleembpém)ticgompgtitiomaih@nmriﬁckle@mh@nyrrer :
and so | ene eéher

Nover (0 Reth el SRt R nE i stk pk B SR Tl RE BER TR

[0107] W& mqiekeﬁt 2van@lo, spe &ﬁtduy(l%s"thatretzewelghc)pdrts@lt pﬁrn@‘(ﬂétlul&fhavmg a
2, 6-di rret% phenol that are in an_end group configuration conpared to total
2, 6- di r@@lﬁ%lﬁh‘é‘ﬁé]llt lpssdhau s 0homic Patsamip; r?@étwhmmmﬂwpwgowﬁel "tail"

promn%@g@{asﬁgssethéﬂ‘zé (igh EP&E&M% +1ﬁgﬁ}ﬁgss"tﬁgt{ E%@l H;é,rl n bW and the

pr ot ons alnthe“structur or mul a el ow, and

cal cul apedfielydegoihard 22=x¢ight @ereeny, e28n BlOBSTHTUITHESldEERaf RUWEig perci, of

2013/ 003 38PCT/ U82012/P 175 where th ei (?éd)](gn for Y is.above, and =
Peak" dMVFHieiaymed moceapBRgh\RFYe: Bag @ flORIC BAFHHHE] | n Tabl es 2 “and

3, "Bi phenyl[0(50] nisSmt BRILVEINEMAEs FTRREBRIM&lastic composition, the molecules having
3,3,55 -tetrarret hyl- 4, 4' - bi phenol residues, that is, residues having the

st r uct urmoleculangeight lgest tham ttymlq-mmvamts m@pnm on @V«phem yboutdPde ons

| abel ed,d in the structure I " =or bel ow,..and the protons
| abel e d?lb ﬂ% \E\Iﬁéhts err%egE sPem# l?le %8ut, Ot})%?t?tl &ght e H:ent ’sﬂo;ian€ rta)eatri) 8V

%8BI phenlits: —ahHQHe Mbi¥ulsh asieng b]ﬁl(ﬁ@uﬁir IWQ:IIgHt @fealtr ﬂ&naﬂﬁ)o\()@() a@d@lc massFumeak” d"
ntegr aclom%brge ?:)?1 averrarl)t(ge I\a/tkt/)\{)t?tl %ht%n}tl)out 25 welght percent siloxane repeating units.

[0051] In some embodiments of the thermoplastic composition, the
hydroxyaryl-terminated polysiloxane comprises 35 to about 60 siloxane repeating units,
specifically about 40 to about 50 siloxane repeating units. When the hydroxyaryl-terminated
polysiloxane is a eugenol-capped polydimethylsiloxane, it is possible to determine the
average number of siloxane repeating units by a 'H NMR method in which integrals for the
protons of the dimethylsiloxane resonance and the protons of the eugenol methoxy group are
compared. The hydroxyaryl-terminated polysiloxane comprises at least one hydroxyaryl
terminal group. In some embodiments, the hydroxyaryl-terminated polysiloxane has a single
hydroxyaryl terminal group, in which case a poly(arylene ether)-polysiloxane diblock

copolymer is formed. In other embodiments, the hydroxyaryl-terminated polysiloxane has

two hydroxyaryl terminal groups, in which case poly(arylene ether)-polysiloxane diblock
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wherein "MWV bi phenyl " is the nol ecul ar wei ght of the residue of 3,3
, 5,5 -tetranethyl-4,4" - biphenol shown above. [0109] "OH (ppm" is
t he part swpenismioBdsson by wei ght of all hydroxyl groups, poaamsdoien4iihe t ot al
wei ght of the isolated sanple, as determ ned by 31P NWR after phosphorus
derivatization of the hydroxyl groups of the isolated sanple as descri bed
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(RULERﬁ%u gFormula (11): Formula (11): WO 2013/ 003038PCT/ US2012/ 042175
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variabl n the characteri stics of, the thernopl astic..co si.tiqn.

(0111] RBRSREES Slroudt eorineol Siube el PO Re DS SRR & e Biven i n
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gr ans (Eytgempknoﬁna(mﬁdla&idb stxange in whichahd fnqar pselntt m@ﬂemﬂacstteﬂnivateﬂ abl e See

R O T T R T N Y
dimethylphenoxy “tail”. So, the low concentration of 2,6-dimethylphenoxy tail end groups is
an indication that the thermoplastic composition comprises a reduced concentration of such
monofunctional homopolymer and an increased concentration of the desired poly(arylene
ether)-polysiloxane block copolymer. In some embodiments, the monohydric phenol consists
of 2,6-dimethylphenol, and the thermoplastic composition comprises 0.1 to 2.0 weight
percent of 2,6-dimethyl-4-(3,5-dimethyl-4-hydroxyphenyl)-phenoxy groups.

[0053] The thermoplastic composition can further include groups derived from a
diphenoquinone, which is itself an oxidation product of the monohydric phenol. For
example, when the monohydric phenol is 2,6-dimethylphenol, the diphenoquinone is
3,3’,5,5’-tetramethyl-4,4’-diphenoquinone. During the build phase of the reaction, the
diphenoquinone is typically incorporated into the “tail” end of a head-to-tail poly(arylene
ether) as the corresponding biphenyl group. Through further reactions, the terminal biphenyl
group can become an internal biphenyl group in the poly(arylene ether) chain. In some
embodiments, the monohydric phenol consists of 2,6-dimethylphenol, and the thermoplastic
composition comprises 0.1 to 2.0 weight percent, and specifically 1.1 to 2.0 weight percent,
of 2,6-dimethyl-4-(3,5-dimethyl-4-hydroxyphenyl)-phenoxy (“‘biphenyl”) groups. The
biphenyl groups are present only in bifunctional (head-to-head or hydroxy-diterminated)
structure. So, the low concentration of biphenyl group is an indication that the thermoplastic
composition comprises a reduced concentration of such bifunctional homopolymer and an
increased concentration of the desired poly(arylene ether)-polysiloxane block copolymer.

[0054] The thermoplastic composition can be isolated from solution by an isolation
procedure that minimizes volatile and nonvolatile contaminants. For example, in some

embodiments, the thermoplastic composition comprises less than or equal to 1 weight percent
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50% 2, 6- di net hyl phenol in toluene, gradually added to reactor after
initiation of 02 flow 553 granms 92. 1% of total 2, 6-di nethyl phenol DBA,
added t o weaotm3isef ore initiation of 02 flow 3. 00 granecifsbazme2ion t ot al
nononer DMVBA, added to reactor before initiation of 02 flow 10.05 granms 1%
based on total toluene Diamine Mx initially present in reactor 0.474 grans
DBEDA 2il%thiasgaliled) spaepiiaily 9@ tatli weightChdbiav oo als ol adetctmiinbdoaseithgon
copper solution 0.869 granms tol uene 38.6% based on copper sol uti on Copper
sol ut.dﬂthwrp?%urvnﬁh%%ﬂimg RSO 16 grams Cu20 0.75% based on t ot al

monomer 2. GBogH c]ﬁH‘%oﬁ@%Mﬂ@&m(&?s the9Rorfonilr Mixtudd &loxGRBREY B él&'&bﬁibdm' uene

rinse (hand-fee grans Rate of mononer addition 20 grans/ mnute N2
Fl ow 12b@pssange of a catalyst comprising a metal (such as copper or manganese), and the

thermoplastic composition comprises less than or equal to 100 parts per million by weight of
the metal, specifically 5 to 100 parts per million by weight of the metal, more specifically 10
to 50 parts per million by weight of the metal, even more specifically 20 to 50 parts by weight
of the metal.

[0056] In some embodiments of the thermoplastic composition, the poly(arylene

ether) block comprises arylene ether repeating units having the structure

wherein for each repeating unit, each Z' is independently halogen, unsubstituted or
substituted C;-C;, hydrocarbyl provided that the hydrocarbyl group is not tertiary
hydrocarbyl, C;-C;, hydrocarbylthio, C;-C;, hydrocarbyloxy, or C,-C;, halohydrocarbyloxy
wherein at least two carbon atoms separate the halogen and oxygen atoms; and each 77 is
independently hydrogen, halogen, unsubstituted or substituted C;-C;, hydrocarbyl provided
that the hydrocarbyl group is not tertiary hydrocarbyl, C;-Cj; hydrocarbylthio, C;-C;»
hydrocarbyloxy, or C,-C;, halohydrocarbyloxy wherein at least two carbon atoms separate the

halogen and oxygen atom; the polysiloxane block comprises repeating units having the

wherein each occurrence of R' and R” is independently hydrogen, C1-C, hydrocarbyl or

structure

C1-Cy2 halohydrocarbyl; and the polysiloxane block further comprises a terminal unit having

the structure
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in Table 2 were superinposed on the foll ow ng general synthetic procedure
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inlet to adjust the nitroggn con in the regctjor. An addition pot was
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and t he headspace of the additi el was purged with nitrogen. The
tenperatures of the additiqgn pot its contem's| were adjusted to 50C
using an et hyl ene glycol bath. The reactor was washed with 60C tol uene
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wer e sﬂakm@daﬁmﬁylhe tenperature was maintained at the value shown in the
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C
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Table 2 row | abel ed "Ranp tine (nln)" nd |at the rate indicated in the
Table 2 row | abel ed "Ranp sl op¢ * ring the tenperature adjustnent
phase and t he constant tenpera|ur-—"wase that foll owed, the oxygen flow was
adj usted (typically, reduced)_a o mai ntain a headspace oxygen
concentration of 18% The reacti G A con inued until a desired tinme point
was reached. This tinme point i$ predatermped with other experinents and is
i ntended to ensure nmaxi mum sil i gor ppration and target intrinsic
viscosity and is generally 80 to 160 m nutes; afkt er conpl ete addition of
2,6-d| th enol e this time point was reached, the oxygen fl ow was
st opped! ﬁ%@gﬂgﬁﬁip@%pﬁ?%%ﬁF%wﬁﬂﬂ headspace are then purged with nitrogen.
The total reaction time is the tinme el apsed between initiationjand
ternlnatlon of\ oxygen flow. The reac |on m xture is transferred to a gl ass

vessel for chel n and separ ttHon Tﬁe polyner|z. Fon cat allyst. The
chel ati on Ste ut i I\ %% %% s og tré Q% ri gcet atle, per nol e
of coppel ion, mhg/e thé Plsé ifum niltrilotri adetate ovidgd as a 40
wei ght percent ution in watery, Th ﬁblned reacti 'xture and chel ant

sol ution|were stirred and nai ntai ned at 60C for one hour. e r1xture IS
t hen phase separated using a separatory funnel or a I|qU|d) i gdi d
centrif Gl nd a

l'i ght (orgghgc¥b§%éé?agﬁ%%%%%%ﬂﬁﬁwH§%W%£§1U6 zgébdvmﬁgévgﬁgdgcgggage of the
chelanhmsghuﬁnomOprB@abmy&mﬁsuﬁ$§mnﬁ a product having a residual catalyst

metal concentration of 1 to parts per mlljon bY wei ght, specifically 1

to 20 parts [BY %Q@Fwwl%?téﬁ‘tcmdﬁééws 6h therfergioplagi ﬁ‘PWPQﬁUOcnh‘élﬂi‘ sol at ed
powder otﬁé}%ogrn@éﬂycsu&{a&hér o ﬁ&e@gcaﬂ 1ﬂclﬁﬁ§(fblpé;5aﬁfpﬂé)'ﬂo§‘st¥bn€? ihangh
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34 SUB$mhIm$ESSMﬁiﬂvauwﬁh@BﬁmiNmyﬂﬁﬁﬁﬁoﬁ&@ﬁ&ﬂ@ﬁ&U@@Oﬁ@kﬂﬂzmi5 foll owed by
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per cent roduct analysis, all sanples were precipitated with

| sopr °F"é’ﬂ"d"“tené%@éépleff’@rcoﬁ@lﬁﬁ@fsétﬂﬁ@sﬁml'@lng furempigsobfakylpia at ed with
th 5C Ex. 6
gEEAC'?'P%kf E%ﬁ]%f@ éﬁg&%&@sé’%%leggea%éh%tgg,hﬁércggﬁ)%atlgﬁs thdreSt, Hlfe

embodiment is a polymer blend, comprising: about 5 to about 95 weight percent of a polymer

selected from the group consisting of polystyrenes, polyamides, polyolefins, polyesters, and
combinations thereof; and about 5 to about 95 weight percent of a thermoplastic composition;
wherein the thermoplastic composition comprises a poly(arylene ether); and a poly(arylene

ether)-polysiloxane block copolymer comprising a poly(arylene ether) block, and a
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polysiloxane block comprising, on average, about 20 to about 80 siloxane repeating units,
specifically about 25 to about 70 siloxane repeating units, more specifically about 30 to about
60 siloxane repeating units, even more specifically about 35 to about 50 siloxane repeating
units, still more specifically about 40 to about 50 siloxane repeating units; wherein the
thermoplastic composition comprises greater than 8 to about 30 weight percent siloxane
repeating units, specifically about 10 to about 27 weight percent siloxane repeating units,
more specifically about 12 to about 24 weight percent siloxane repeating units, still more
specifically about 14 to about 22 weight percent siloxane repeating units, even more
specifically about 16 to about 20 weight percent siloxane repeating units, and about 70 to less
than 92 weight percent arylene ether repeating units, specifically about 74 to about 90 weight
percent arylene ether units, more specifically about 77 to about 88 weight percent arylene
ether repeating units, even more specifically about 78 to about 86 weight percent arylene
ether repeating units, yet more specifically about 80 to about 84 weight percent arylene ether
repeating units, based on the total weight of the poly(arylene ether) and the poly(arylene
ether)-polysiloxane block copolymer; wherein the thermoplastic composition is the product of
a process comprising oxidatively copolymerizing a monomer mixture comprising a
monohydric phenol and a hydroxyaryl-terminated polysiloxane; and wherein the
thermoplastic composition has a weight average molecular weight of at least 30,000 atomic
mass units, specifically 30,000 to about 150,000 atomic mass units, more specifically about
35,000 to about 120,000 atomic mass units, even more specifically about 40,000 to about
90,000 atomic mass units, yet more specifically about 45,000 to about 70,000 atomic mass
units.

[0059] The invention includes at least the following embodiments.

[0060] Embodiment 1: A method of preparing a thermoplastic composition,
comprising oxidatively copolymerizing a monohydric phenol and a hydroxyaryl-terminated
polysiloxane; wherein said oxidatively polymerizing the monohydric phenol and the
hydroxyaryl-terminated polysiloxane comprises a monohydric phenol addition period
characterized by a first temperature, a build period following the addition period and
characterized by a second temperature greater than the first temperature, and a temperature
ramp period between the addition period and the build period; and wherein the temperature
ramp period comprises increasing the temperature at an average rate of about 0.01 to about
0.35°C per minute.

[0061] Embodiment 2: The method of embodiment 1, wherein the first temperature is

about 20 to about 60°C, and the second temperature is about 30 to about 70°C.
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[0062] Embodiment 3: The method of embodiment 1 or 2, wherein the oxidative
copolymerization is conducted with a reaction time greater than or equal to 110 minutes.

[0063] Embodiment 4: The method of any of embodiments 1-3, wherein the reaction
time comprises a build time of about 30 to about 240 minutes.

[0064] Embodiment 5: The method of any of embodiments 1-4, wherein the
oxidative copolymerization is initiated in the presence of less than 50 weight percent of the
total hydroxyaryl-terminated polysiloxane used.

[0065] Embodiment 6: The method of any of embodiments 1-5, wherein the
oxidative copolymerization is initiated in the presence of less than 50 weight percent of the
total monohydric phenol used.

[0066] Embodiment 7: The method of embodiment 6, wherein addition of remaining
monohydric phenol occurs before the temperature ramp period and at the first temperature.

[0067] Embodiment 8: The method of any of embodiments 1-7, wherein the
hydroxyaryl-terminated polysiloxane comprises, on average, about 20 to about 80 siloxane
repeating units.

[0068] Embodiment 9: The method of any of embodiments 1-8, wherein the
hydroxyaryl-terminated polysiloxane constitutes greater than 8 to about 30 weight percent of
the combined weight of the monohydric phenol and the hydroxyaryl-terminated polysiloxane.

[0069] Embodiment 10: The method of any of embodiments 1-9, wherein the
thermoplastic composition incorporates greater than 80 weight percent of the
hydroxyaryl-terminated polysiloxane into the poly(arylene ether)-polysiloxane block
copolymer.

[0070] Embodiment 11: The method of any of embodiments 1-10, wherein the
thermoplastic composition has a weight average molecular weight of at least 30,000 atomic
mass units.

[0071] Embodiment 12: The method of any of embodiments 1-11, wherein the
thermoplastic composition comprises greater than 8 to about 30 weight percent siloxane
repeating units and about 70 to less than 92 weight percent arylene ether repeating units.

[0072] Embodiment 13: The method of any of embodiments 1-12, wherein the
thermoplastic composition comprises 15 to about 25 weight percent siloxane repeating units
and about 75 to 85 weight percent arylene ether repeating units.

[0073] Embodiment 14: The method of embodiment 1, wherein the monohydric
phenol is 2,6-dimethylphenol; wherein the hydroxyaryl-terminated polysiloxane is a eugenol-

capped polydimethylsiloxane comprising about 20 to about 60 dimethylsiloxane units;
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wherein the oxidative copolymerization is conducted with a reaction time of 170 to 220
minutes; wherein the temperature ramp period comprises increasing the temperature at an
average rate of about 0.1 to about 0.3°C per minute; wherein the hydroxyaryl-terminated
polysiloxane constitutes about 10 to about 28 weight percent of the combined weight of the
monohydric phenol and the hydroxyaryl-terminated polysiloxane; wherein the thermoplastic
composition incorporates greater than 85 weight percent of the hydroxyaryl-terminated
polysiloxane into the poly(arylene ether)-polysiloxane block copolymer; wherein the
thermoplastic composition comprises 15 to about 25 weight percent siloxane repeating units
and about 75 to 85 weight percent arylene ether repeating units; and wherein the
thermoplastic composition has a weight average molecular weight of 30,000 to 150,000
atomic mass units.

[0074] Embodiment 15: A thermoplastic composition prepared by the method of any
of embodiments 1-14.

[0075] Embodiment 16: The thermoplastic composition of embodiment 15, wherein
the composition comprises greater than § to about 30 weight percent siloxane repeating units
and about 70 to less than 92 weight percent arylene ether repeating units.

[0076] Embodiment 17: The thermoplastic composition of embodiment 15 or 16,
wherein the thermoplastic composition comprises 15 to about 25 weight percent siloxane
repeating units and about 75 to 85 weight percent arylene ether repeating units.

[0077] Embodiment 18: The thermoplastic composition of any of embodiments 15-
17, wherein the hydroxyaryl-terminated polysiloxane comprises, on average, about 35 to
about 80 siloxane repeating units.

[0078] Embodiment 19: The thermoplastic composition of any of embodiments 15-
18, wherein the thermoplastic composition has a weight average molecular weight of at least
30,000 atomic mass units.

[0079] Embodiment 20: The thermoplastic composition of embodiment 15, wherein
the monohydric phenol is 2,6-dimethylphenol; wherein the hydroxyaryl-terminated
polysiloxane is a eugenol-capped polydimethylsiloxane comprising 35 to 60 dimethylsiloxane
units; wherein the thermoplastic composition comprises 15 to about 25 weight percent
siloxane repeating units and about 75 to 85 weight percent arylene ether repeating units; and
wherein the thermoplastic composition has a weight average molecular weight of 30,000 to
150,000 atomic mass units.

[0080] Embodiment 21: A thermoplastic composition, comprising: a poly(arylene
ether); and a poly(arylene ether)-polysiloxane block copolymer comprising a poly(arylene
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ether) block, and a polysiloxane block comprising, on average, about 20 to about 80 siloxane
repeating units; wherein the thermoplastic composition comprises greater than 8 to about 30
weight percent siloxane repeating units and about 70 to less than 92 weight percent arylene
ether repeating units, based on the total weight of the poly(arylene ether) and the poly(arylene
ether)-polysiloxane block copolymer; wherein the thermoplastic composition is the product of
a process comprising oxidatively copolymerizing a monomer mixture comprising a
monohydric phenol and a hydroxyaryl-terminated polysiloxane; and wherein the
thermoplastic composition has a weight average molecular weight of at least 30,000 atomic
mass units.

[0081] Embodiment 22: The thermoplastic composition of embodiment 21, wherein
the thermoplastic composition comprises 15 to about 25 weight percent siloxane repeating
units and about 75 to 85 weight percent arylene ether repeating units.

[0082] Embodiment 23: The thermoplastic composition of embodiment 21 or 22,
wherein the thermoplastic composition has a weight average molecular weight of about
35,000 to about 150,000 atomic mass units.

[0083] Embodiment 24: The thermoplastic composition of any of embodiments 21-
23, wherein the thermoplastic composition has an intrinsic viscosity of at least 0.3 as
measured at 25°C in chloroform.

[0084] Embodiment 25: The thermoplastic composition of any of embodiments 21-
24, wherein the thermoplastic composition has an intrinsic viscosity of 0.3 to 0.6 deciliter per
gram as measured at 25°C in chloroform.

[0085] Embodiment 26: The thermoplastic composition of any of embodiments 21-
25, wherein the thermoplastic composition comprises less than 20 weight percent of
molecules having a molecular weight less than 10,000 atomic mass units.

[0086] Embodiment 27: The thermoplastic composition of any of embodiments 21-
26, wherein the molecules having a molecular weight less than 10,000 atomic mass units
comprise, on average, about 10 to about 18 weight percent siloxane repeating units.

[0087] Embodiment 28: The thermoplastic composition of any of embodiments 21-
27, wherein the thermoplastic composition comprises less than 26 weight percent of
molecules having a molecular weight greater than 100,000 atomic mass units.

[0088] Embodiment 29: The thermoplastic composition of any of embodiments 21-
28, wherein the molecules having a molecular weight greater than 100,000 atomic mass units

comprise, on average, about 17 to about 25 weight percent siloxane repeating units.
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[0089] Embodiment 30: The thermoplastic composition of any of embodiments 21-
29, wherein the thermoplastic composition comprises less than 20 weight percent of
molecules having a molecular weight less than 10,000 atomic mass units; and wherein the
thermoplastic composition comprises less than 26 weight percent of molecules having a
molecular weight greater than 100,000 atomic mass units.

[0090] Embodiment 31: The thermoplastic composition of any of embodiments 21-
30, wherein the molecules having a molecular weight less than 10,000 atomic mass units
comprise, on average, about 10 to about 18 weight percent siloxane repeating units; wherein
the molecules having a molecular weight greater than 100,000 atomic mass units comprise,
on average, about 17 to about 25 weight percent siloxane repeating units.

[0091] Embodiment 32: The thermoplastic composition of any of embodiments 21-
31, wherein the hydroxyaryl-terminated polysiloxane comprises 35 to about 60 siloxane
repeating units.

[0092] Embodiment 33: The thermoplastic composition of any of embodiments 21-
32, wherein the hydroxyaryl-terminated polysiloxane comprises about 40 to about 50 siloxane
repeating units.

[0093] Embodiment 34: The thermoplastic composition of any of embodiments 21-
33, wherein the monohydric phenol consists of 2,6-dimethylphenol, and wherein the
thermoplastic composition comprises less than or equal to 0.4 weight percent of
2,6-dimethylphenoxy tail end groups.

[0094] Embodiment 35: The thermoplastic composition of any of embodiments 21-
34, wherein the monohydric phenol consists of 2,6-dimethylphenol, and wherein the
thermoplastic composition comprises 0.1 to 0.4 weight percent of 2,6-dimethylphenoxy tail
end groups.

[0095] Embodiment 36: The thermoplastic composition of any of embodiments 21-
35, wherein the monohydric phenol consists of 2,6-dimethylphenol, and wherein the
thermoplastic composition comprises 0.1 to 2.0 weight percent of 2,6-dimethyl-4-(3,5-
dimethyl-4-hydroxyphenyl)-phenoxy groups.

[0096] Embodiment 37: The thermoplastic composition of embodiment 21, wherein

the poly(arylene ether) block comprises arylene ether repeating units having the structure
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wherein for each repeating unit, each Z' is independently halogen, unsubstituted or
substituted C;-C;, hydrocarbyl provided that the hydrocarbyl group is not tertiary
hydrocarbyl, C;-C;, hydrocarbylthio, C;-C;, hydrocarbyloxy, or C,-C;, halohydrocarbyloxy
wherein at least two carbon atoms separate the halogen and oxygen atoms; and each 77 is
independently hydrogen, halogen, unsubstituted or substituted C;-C;, hydrocarbyl provided
that the hydrocarbyl group is not tertiary hydrocarbyl, C;-Cj; hydrocarbylthio, C;-C;»
hydrocarbyloxy, or C,-C;, halohydrocarbyloxy wherein at least two carbon atoms separate the

halogen and oxygen atom; wherein the polysiloxane block comprises repeating units having

R!
ot
L

wherein each occurrence of R' and R” is independently hydrogen, C1-C, hydrocarbyl or

the structure

C1-Cy2 halohydrocarbyl; and wherein the polysiloxane block further comprises a terminal unit

R3
T |

——0—4\ (CH,);——Si——*
)

wherein Y is hydrogen, C;-C;, hydrocarbyl, C;-C;, hydrocarbyloxy, or halogen, and wherein

having the structure

each occurrence of R” and R” is independently hydrogen, C,-C, hydrocarbyl or C;-C,
halohydrocarbyl.
[0097] Embodiment 38: The thermoplastic composition of embodiment 21, wherein

the poly(arylene ether) block comprises arylene ether repeating units having the structure
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C Ex. 9 C Ex. 10 REACTIO\I CO\IDI TI ONS Tol uene source Fresh Recyc.

i? wpeo13pivBasl evel (% 1 1.17 1.17 1.17 PCT/US2012/042175
_ o -
— O__
CH,
— -4 ;and

wherein the polysiloxane block has the structure

H,CO,

L
#=——0 CH,—CH,—CH, Ti—o Sli—CHz—CHz—CHZ o——*
CH, CH,
n

OCH,

wherein n is 35 to 60; and wherein the thermoplastic composition has a number average
molecular weight of 10,000 to 30,000 atomic mass units.

[0098] Embodiment 39: A polymer blend, comprising: about 5 to about 95 weight
percent of a polymer selected from the group consisting of polystyrenes, polyamides,
polyolefins, polyesters, and combinations thereof; and about 5 to about 95 weight percent of a
thermoplastic composition, comprising a poly(arylene ether); and a poly(arylene ether)-
polysiloxane block copolymer comprising a poly(arylene ether) block, and a polysiloxane
block comprising, on average, about 20 to about 80 siloxane repeating units; wherein the
thermoplastic composition comprises greater than 8 to about 30 weight percent siloxane
repeating units and about 70 to less than 92 weight percent arylene ether repeating units,
based on the total weight of the poly(arylene ether) and the poly(arylene ether)-polysiloxane
block copolymer; wherein the thermoplastic composition is the product of a process
comprising oxidatively copolymerizing a monomer mixture comprising a monohydric phenol
and a hydroxyaryl-terminated polysiloxane; and wherein the thermoplastic composition has a
weight average molecular weight of at least 30,000 atomic mass units.

[0099] The invention is further illustrated by the following non-limiting examples.

WORKING EXAMPLES

[0100] These examples illustrate the effects of several process variables on product
characteristics. Comparative Examples 1-10 were produced in a 1.8 liter RC1 lab reactor.
Examples 1-4 and Comparative Examples 11-14 were produced in a 190 liter pilot plant

reactor.
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Solids (%9 23 23 23 23 Pol ysil oxane chain Iength 30 45 45 45 Pol ysi | oxane
loading (%9 20 5 5 5 Initial 2,6-DWP (%9 7.9 7.9 7.9 7.9 0:2,6-DW° nol e
rati o 0. 980QoBA0B0388 0.98 Catal yst (% 0.75 0.75 0.75 OPCH/UBemp/o4217Ri ti al
charge (C) 30
[0101] The following materials were used in the synthesis of the poly(arylene
ether)-polysiloxane block copolymers: 2,6-dimethylphenol was obtained from SABIC
Innovative Plastics LLLP; N,N-dimethyl-n-butylamine (DMBA), N,N'-di-tert-butyl-
ethylenediamine (DBEDA), and di-n-butylamine (DBA) were obtained from Celanese Ltd.;
cuprous oxide (Cu,O) was obtained from American Chemet Corporation; a phase transfer
agent was obtained as MAQUAT 4450T from Mason Chemical Company; hydrobromic acid
(HBr) was obtained from Diaz Chemical Corporation; toluene was obtained from Ashland;
trisodium nitrilotriacetate (NTA) was obtained from Akzo Nobel Functional Chemicals LLC;
eugenol-capped polysiloxane fluids were obtained from Momentive Performance Materials.
[0102] Number average molecular weight and weight average molecular weight were
determined by gel permeation chromatography as follows. The gel permeation
chromatograph is calibrated using twelve polystyrene standards, each of narrow molecular
weight distribution, and collectively spanning a molecular weight range of 1,000 to 1,000,000
grams/mole. The columns used were 1,000 and 100,000 angstrom PLgel columns with a 5
microliter 100 angstrom PLgel guard column. Chromatography was conducted at 25°C. The
elution liquid was chloroform with 100 parts per million by weight di-n-butylamine. The
elution flow was 1.5 milliliters per minute. The detector wavelength was 254 nanometers. A
third degree polynomial function is fitted through the calibration points. Experimental
samples are prepared by dissolving 0.01 gram of isolated solid thermoplastic composition in
20 milliliters chloroform. A 50 microliter sample of the resulting solution is injected into the
chromatograph. The values of number average molecular weight (M,) and weight average
molecular weight (My,) are calculated from the measured signal using the polystyrene
calibration line. The values are subsequently converted from polystyrene molecular weight to
poly(2,6-dimethyl-1,4-phenylene ether) molecular weights using the formula: M(PPE) =
0.3122 x M(PS)"”, where M(PPE) is poly(2,6-dimethyl-1,4-phenylene ether) molecular
weight and M(PS) is polystyrene molecular weight.
[0103] The process variations are summarized in Tables 2 and 3, where “Toluene
source” refers to whether the toluene solvent is fresh or recycled (“Recyc.” or “Recycled” in
Tables 2 and 3) from a poly(arylene ether) homopolymer synthesis; “DMBA level (%) is the
concentration of dimethyl-n-butylamine, expressed as a weight percent relative to the weight
of toluene; “Solids (%)” is the weight of total 2,6-dimethylphenol and eugenol-capped
polysiloxane, expressed as a weight percent relative to the sum of the weights of
2,6-dimethylphenol, eugenol-capped polysiloxane, and toluene; “Polysiloxane chain length”

is the average number of dimethylsiloxane (-Si(CH3),0O-) units in the eugenol-capped
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21 21 21 Tenp., addition (C) 30 38 38 38 Tenp., build (C) 49 49 49 49 Ranp
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polysiloxane; “Polysiloxane loading (%)” is the weight percent of eugenol-capped
polysiloxane in the reaction mixture, based on the total weight of the eugenol-capped
polysiloxane and the 2,6-dimethylphenol; “Initial 2,6-dimethylphenol (%)” is the weight
percent of 2,6-dimethylphenol present in the reaction vessel at the initiation of polymerization
(the introduction of oxygen to the reaction vessel), relative to the total weight of
2,6-dimethylphenol; “0O:2,6-dimethylphenol mole ratio” is the mole ratio of atomic oxygen
(provided as molecular oxygen) to 2,6-dimethylphenol maintained during the addition of
2,6-dimethylphenol; “Temp., initial charge (°C)” is the temperature, in degrees centigrade, of
the reaction mixture when the initial charge of monomer is added to the reaction vessel, and
when oxygen is first introduced to the reaction mixture; “Temp., addition (°C)” is the reaction
temperature during further addition of 2,6-dimethylphenol; “Temp., build (°C)” is the
temperature, expressed in degrees centigrade, during the build phase of the reaction; “Ramp
time (min)” is the time, expressed in minutes, during which the temperature was ramped from
the addition temperature to the build temperature; “Ramp slope (°C/min)” is the rate of
change of temperature, expressed in degrees centigrade per minute, during the period in
which the temperature was ramped from the addition temperature to the build temperature;
“Reaction time (min)” is the total reaction time, expressed in minutes, elapsed between the
moment of oxygen introduction and the moment of oxygen cut-off. For all variations,
controlled monomer addition time is 40 to 80 minutes from start of reaction (that is, the
initiation of oxygen flow). Build time is measured from the end of the temperature ramp
period to the end of reaction (that is, to the termination of oxygen flow); build time was
varied between 30 and 110 minutes.

[0104] The properties of resulting products are also summarized in Tables 2 and 3.
For the product properties in Tables 2 and 3, “Mol. Wt. <10K (%)” is the weight percent of
the isolated product having a molecular weight less than 10,000 atomic mass units, as
determined by gel permeation chromatography; “Mol. Wt. >100K (%)” is the weight percent
of the isolated product having a molecular weight greater than 100,000 atomic mass units, as
determined by gel permeation chromatography; “IV, end of rxn. (dL/g)” is the intrinsic
viscosity, expressed in deciliters per gram and measured by Ubbelohde viscometer at 25°C in
chloroform, of dried powder isolated by precipitation from isopropanol (IPA); “IV, end of
cheln. (dL/g)” is the intrinsic viscosity, expressed in deciliters per gram and measured by
Ubbelohde viscometer at 25°C in chloroform, of the product present in the post-chelation
organic phase which has been isolated by precipitation from isopropanol then dried; “My, end

of rxn. (AMU)” is the weight average molecular weight, expressed in atomic mass units and
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13 11 Mol. W. >100K (% -- 7 10 11 1V, end of rxn. (dL/g) -- 0.46 0.42
0.42 IV, end of cheln. (dL/g) 0.25 0.28 0.31 0.33 My, end of rxn. (AMJ) --
64000 58000 261B00803%N, end of rxn. (AMJ) -- 24000 23000 2800G2013648WBSTI TUTE
SHEET (RULE 26) WO 2013/ 003038PCT/ US2012/ 042175 MM M', end of rxn.

measured by gel permeation chromatography, of the product present in the reaction mixture at
the end of the polymerization reaction which has been isolated by precipitation from
isopropanol and then dried; “M,, end of rxn. (AMU)” is the number average molecular
weight, expressed in atomic mass units and measured by gel permeation chromatography, of
the product present in the reaction mixture at the end of the polymerization reaction which
has been isolated by precipitation from isopropanol and then dried; “My/M,, end of rxn.” is
the ratio of weight average molecular weight to number average molecular weight for the
product present in the reaction mixture at the end of the polymerization reaction which has
been isolated by precipitation from isopropanol and then dried; “My, end of cheln. (AMU)” is
the weight average molecular weight, expressed in atomic mass units and measured by gel
permeation chromatography, of the product present in the post-chelation organic phase which
has been isolated by precipitation from isopropanol and then dried; “M,, end of cheln.
(AMU)” is the number average molecular weight, expressed in atomic mass units and
measured by gel permeation chromatography, of the product present in the post-chelation
organic phase which has been isolated by precipitation from isopropanol and then dried;
“Mw/M,, end of cheln.” is the ratio of weight average molecular weight to number average
molecular weight for the product present in the post-chelation organic phase which has been
isolated by precipitation from isopropanol and then dried.

[0105] In Tables 2 and 3, “Weight % siloxane (%)” is the weight percent of
dimethylsiloxane units in the isolated product, based on the total weight of 2,6-dimethyl-1,4-
phenylene ether units and dimethylsiloxane units in the isolated product, as determined by 'H
NMR using protons labeled a and b in the structure labeled “Formula I, below, and

calculated as

x 100

Weight %Siloxane _in _ product =
X+Y

where

¥ = Peak"b" Integral @ 0.6 ppm X Mn Siloxane Fluid

- - , and
proton per Siloxane Chain

_ Peak"a" Integral @ 6.47 ppmXxX MW 2,6 xylenol
2

Y

where “Mn Siloxane Fluid” in the equation for X is the number average molecular weight of
the dimethylsiloxane units in the hydroxyaryl-terminated polysiloxane, and “MW 2,6xylenol”
in the equation for Y is the molecular weight of 2,6-dimethylphenol. Calling this metric
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-- 2.7 2.52.7 My, end of cheln. (AMJ) 31000 37000 44000 44000 M, end of

chel n.
Wi ght

(AMJ) 15000 14000 17000 16000 MW M', end of cheln. 2.1 2.6 2.6 2.8
%WwO0l20132008038%9 14.4 4.9 4.8 5 Sil oxane | ncor por arcomusksiosiiency (%

72 98 96 100 Tail (% --

“Weight % siloxane” is an oversimplification in that it neglects isolated product constituents
other than the 2,6-dimethyl-1,4-phenylene ether units and dimethylsiloxane units.
Nevertheless, it is a useful metric.

[0106] In Tables 2 and 3, “Siloxane Incorporation Efficiency (%)” is the weight
percent of dimethylsiloxane units in the isolated product compared to the weight percent of
dimethylsiloxane units in the total monomer composition used in the reaction mixture (the
precipitation from isopropanol substantially removes unreacted (unincorporated)
eugenol-capped polysiloxane and may also remove a small amount of very low molecular
weight block copolymer), as determined by 'H NMR using protons labeled @ and b in the
structure labeled “Formula I”’, and calculated as

Weight % Siloxane _in_ product
% Siloxane Loaded

%100

Siloxane _ Incorporation _ Efficiency _(%) =

where the equation for Weight%Siloxane_in_product is given above, and

Weight of Siloxane Monomer Loaded
Weight of Siloxane Monomer Loaded + Weight of 2,6 Monomer Loaded

% Siloxane Loaded = x100

where “Weight of Siloxane Monomer Loaded” s the weight of hydroxyaryl-terminated
polysiloxane used in the reaction mixture, and “Weight of 2,6Monomer Loaded” is the total
weight of 2,6-dimethylphenol used in the reaction mixture. Calling this metric “Siloxane
Incorporation Efficiency” is an oversimplification in that it neglects the possibility that small
amounts of monomers and oligomers may be lost in the isolation process. For example, it is
theoretically possible for the Siloxane Incorporation Efficiency to exceed 100% if all of the
hydroxyaryl-terminated polysiloxane is incorporated into the poly(arylene ether)-polysiloxane
block copolymer, and some arylene ether oligomers are lost in the isolation procedure.
Nevertheless, Siloxane Incorporation Efficiency is a useful metric.

[0107] In Tables 2 and 3, “Tail (%)” refers to the percent of 2,6-dimethylphenol that
are in an end group configuration compared to total 2,6-dimethylphenol residues and is
determined by 'H NMR using the “tail” protons labeled e in the structure labeled “Formula
(ITD” below, and the protons labeled a in the structure labeled “Formula (1)” below, and

calculated as

%Tail = x100

Z+Y
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EXAMPLES 11-14 [0113] These exanples, which were conducted on a 190
liter pilwoO2pisansosscale, illustrate the effects of severahl/ysec@esnss s

vari abl es on the characteristics of the thernoplastic conposition. The
process variations and the properties of resulting products are sunmari zed
i n Tablvwehede thEhwguatidnavaiies abagoygndr at i on efficiency reported for Exanples 1-4
was cal cul ated based on a pol ysil oxane | oadi ng of 20 wei ght percent, while
t he siloxane incorporation efficiency reported for Conparative Exanples

11-14 was cal cul at ed bapgg 0,8 P& §i0b ¥ AN WO 8,8f, 5 wei ght percent.
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the resulting products are given above. 3 [0114] The process variations
wer e superi 2 ral cedure for the
pi | ot pIantqgggﬁgnq%R%Q?égggo?mgggn?ﬁg?fggxgyﬂé?ﬁ%#%ﬁgggI addition tank
ver e rinh¥edd wetrthmelhyt obpbawl roidesuhd is.edidues hewnk iteeggictufhe reacti on was
purged with nitrogen to achieve an oxygen concentyation of |less than 1%
The reactor was charged witlh i'hitial toluene (fresh or recycled), and this
m=qute (frpm. The tenperature of
the initial toluene was adjug ki al,_lcharge" tenperature
specified in Table 3 and i Nt ai\ enpefrature during addition of
the initial charge of 2, 6-di P rom thel addition tank to the
reaction vessel. After the |addidion of the imiitial charge of
2, 6-di met hyl phenol was conpfete, the reaction veSsel was charged with the
eugenolandappacinpadd/sl TFeNMR siingXaraipichel” dirotondlabyb@dimee strlieure labeled
di met hyl - n- but Ianine the N,N -di-tert-butyl-ethyl enedi am ne, and the
copper  dafmrkdH)” bsloyernd theprotens lpbrlechein e nbnerredabeled diormaldDi mndi at ed,
and t he. QXY fIOM/mas regul ated to maintain a head space 37 SUBSTI TUTE
SHEET (RULE 26) WD 2013/ 003038PCT/ US2012/ 042175 concentration | ess than
17% During further nononer addition, coaiin wat er supply tenperature was
adjusted to maintain the tenpé@%@dﬁ@’ g as "Tenp., addition (QO" i
Table 3. After nononer addition was conple e, the nononer addition |ine was
flushed with toluene and the reaction tenperature was increased to the
tenperature specified as "Tenp., build (C" in Table 3. This tenperature
adj ust neidre Weqoanhuor ds abort, drde ti me period specified as "Ranp tine
(mn)", and at the rate specified as " Cnmn)" in Table 3. The
reacti on was conti nueg, uftd® & Bregred&d EQﬁPﬂ’@d%W&’ﬂﬁﬁ”ﬁ{ i s reached. The
pre-determ ned end point is the tine at4which target intrinsic viscosity
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the rampyRabi 9dwandobui | d period. Once the end point was reached, t he
oxygen f?OM/MBS stopped. The reaction m xture was then heated to 60C and

punped to a [0hatQkdmpmariks homans mrngilliaqlieowsighthei adlritydgdyligiioops. b¥sed on
| t t t d h d t The |ight
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heavy plaseim@sn i Geakdestyl dospedf] th@ﬁblatddrkaﬁhi)let Alekdripatl iPRapeCMase:sanpl ed
and precipitated with isopropanol for analysis, and the remainder of the

i ght phasie Qia@tiﬁweéﬁlaiselsa)fﬁ@é@w tad iCeﬁuRsaﬁ ol Occompihivk & 4uiheRy AR hanol
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The precrpit e was tere ornia was reslurri‘ed three
times with the sane antisolvent and dried under nitrogen until a toluene
concentration |less than 1 weight percent was obtained. Table 3 Ex. 1 Ex. 2
Ex. 3 Ex. 4 C. Ex. 11 REACTI ON CONDI TI ONS Tol uene source Recycl ed Recycl ed
Recycl ed
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Recycl ed Recycled DVMBA level (%9 1 1 2 1 2.4 Solids (% 23 23 23 23 23
Pol ysi | oxane chain length 45 45 45 45 45 Pol ysil oxane | oading (% 20 20 20

20 5 I ni twal20/®30B8P (%9 7.9 7.9 7.9 7.9 7.9 PCT/US2012/042175
Formula (I):
H,C [ HC H a]
OCH,
HO —0 0,
o
H,C H,C H a Si Si gz
= “n H |\o \bo
[(H CH; | CH,4
H ¢
0— 0 OH
I
Si
’g/ | OCH3 _H a CH3 4, CH3
CH,4
Formula (I1):
H,C dH Hd CH,
**
H,C dH Hd CH;
Formula (I1I):
[~ HC 7  HC H e
*o‘@fo He
H,C H,C H e
— - n
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0:2,6-DMP nole ratio 1 1 1 1 0.98 Catalyst (%9 0.75 0.75 0.75 0.75 0.9
Tenp., initial charge (C 21 21 21 21 21 Tenp., addition (C 39 39 39 39 38
38 SUBSTIWUORHI3BIEBS ( RULE 26) WO 2013/ 003038PCT/ US2012/ @¢24782012@mp175 bui l d
(O 49 49 49

COMPARATIVE EXAMPLES 1-10

[0110] These examples, which were conducted in a 1.8 liter RC1 lab reactor, illustrate
the effects of several process variables on the characteristics of the thermoplastic
composition.

[0111] Component amounts for a representative reaction mixture are given in Table 1,
where the flow rate units of standard cubic centimeters per minute are abbreviated “sccm”,
the agitator speed units of rotations per minute are abbreviated “rpm”, and all amounts are

expressed as percents are weight percents.

32
SUBSTITUTE SHEET (RULE 26)



49 49 Ranp tinme (mn) 50 50 50 50 30 Ranp slope (C/mn) 0.2 0.2 0.2 0.2
0.37 Reaction tinme (mn) 200 200 200 200 200 FI NAL PRODUCT PROPERTI ES Mol .
W .

<10K We92013/003638- - -- 13 Mol. W. >100K (% -- -- -- PCI/US2012/042175
Table 1
Amount Relative Amount
Toluene, initially present in reactor 605 grams
Eugenol-capped siloxane, initially Variable See Tables 2 and 3.
present in reactor
50% 2,6-dimethylphenol in toluene, 47 grams 7.9% of total
added to reactor before initiation of O, 2,6-dimethylphenol
flow
50% 2,6-dimethylphenol in toluene, 553 grams 92.1% of total
gradually added to reactor after 2,6-dimethylphenol
initiation of O, flow
DBA, added to reactor before initiation | 3.00 grams 1% based on total monomer
of O, flow
DMBA, added to reactor before 10.05 grams 1% based on total toluene
initiation of O, flow
Diamine Mix initially present in 0.474 grams 21% based on copper solution
reactor DBEDA
0.0237 grams 1.05% based on copper
Maquat solution
0.869 grams 38.6% based on copper
toluene solution
Copper solution initially present in 0.16 grams 0.75% based on total monomer
reactor Cu,O
2.09 grams 92.7 % of total copper solution
48% HBr (aq.)
Toluene rinse (hand-feed ) 100 grams
Rate of monomer addition 20
grams/minute
N, Flow 1200 sccm
0O, Flow 700 sccm
Agitator speed 1000 rpm
NTA/100 ml water 1.78 grams 1.2 mole NTA per mole Cu
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rxn.

19 1V, end of rxn. (dL/g) -- -- -- -- 0.53 1V, end of cheln. (dL/g) 0.38
0.36 0.41 0.42 0.46 My, end of rxn. (AMJ)) -- -- -- -- 72000 M1, end of
(AMJ) -- WO 2013/0030387000 MV Mh, end of rxn. -- -- -- -- PCT/USM120Wd70f
cheln. (AM))

[0112] The process variations summarized in Table 2 were superimposed on the
following general synthetic procedure for the RC1 reactor. The reactor was purged with
nitrogen (N») via the dip tube later used for oxygen introduction. There is also a separate
nitrogen inlet to adjust the nitrogen content in the reactor. An addition pot was loaded with a
50 weight percent solution of 2,6-dimethylphenol in toluene, and the headspace of the
addition funnel was purged with nitrogen. The temperatures of the addition pot and its
contents were adjusted to 50°C using an ethylene glycol bath. The reactor was washed with
60°C toluene while the nitrogen purge of the reactor was continued. The reactor was charged
with initial toluene, polymerization catalyst, and eugenol-capped polydimethylsiloxane via a
side port. Monomer addition and oxygen addition were started and the temperature was
maintained at the value shown in the Table 2 row labeled “Temp., addition (°C)”. Starting
after complete addition of 2,6-dimethylphenol, the temperature of the reaction vessel was
gradually raised to the value shown in the Table 2 row labeled “Temp., build (°C)”. This
temperature adjustment occurred over the time span indicated in the Table 2 row labeled
“Ramp time (min)” and at the rate indicated in the Table 2 row labeled “Ramp slope
(°C/min)”. During the temperature adjustment phase and the constant temperature phase that
followed, the oxygen flow was adjusted (typically, reduced) as necessary to maintain a
headspace oxygen concentration of 18%. The reaction was continued until a desired time
point was reached. This time point is predetermined with other experiments and is intended
to ensure maximum siloxane incorporation and target intrinsic viscosity and is generally 80 to
160 minutes after complete addition of 2,6-dimethylphenol. Once this time point was
reached, the oxygen flow was stopped. The reaction mixture and headspace are then purged
with nitrogen. The total reaction time is the time elapsed between initiation and termination
of oxygen flow. The reaction mixture is transferred to a glass vessel for chelation and
separation of the polymerization catalyst. The chelation step utilizes 1.2 moles of trisodium
nitrilotriacetate per mole of copper ion, where the trisodium nitrilotriacetate is provided as a
40 weight percent solution in water. The combined reaction mixture and chelant solution
were stirred and maintained at 60°C for one hour. The mixture is then phase separated using
a separatory funnel or a liquid/liquid centrifuge to yield a heavy (aqueous) fraction that was
discarded and a light (organic) fraction containing the block copolymer product. Use of the
chelant solution typically results in a product having a residual catalyst metal concentration of
1 to 50 parts per million by weight, specifically 1 to 20 parts by million by weight, based on
the dry weight of the isolated powder. The product was isolated via precipitation with

methanol or isopropanol in a weight ratio of polymer solution to alcohol of 1:2 to 1:3,

34
SUBSTITUTE SHEET (RULE 26)
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(% - | PAvpremsqosdsati on 17.7 18.2 18.5 19.3 4.9 Wi ght #c3iusexane21(8) -
MeOH precipitation 20.4 20.9 20.4 21.9 Siloxane Incorporation Efficiency
(%9 88.5 91.0

followed by filtration and drying of the filtrate under partial vacuum with nitrogen bleed at
110°C overnight. The final powder typically has a residual solvent (e.g., toluene)
concentration of 50 parts per million by weight to 1 weight percent. For product analysis, all
samples were precipitated with isopropanol, except for Comparative Example 1, which was

precipitated with methanol.

Table 2

C.Ex.1 | C.Ex.2 | C.Ex.3 | C.Ex.4 | C.Ex.5 | C.Ex.6

REACTION CONDITIONS
Toluene source Fresh Fresh Fresh Fresh Fresh Fresh
DMBA level (%) 1 1 1 2 1 1
Solids (%) 23 23 23 23 23 23
Polysiloxane chain length 45 45 45 45 45 10
Polysiloxane loading (%) 20 20 20 20 10 20
Initial 2,6-DMP (%) 100 7.9 7.9 7.9 7.9 7.9
0:2,6-DMP mole ratio NA 0.98 0.98 0.98 0.98 0.98
Catalyst (%) 0.75 0.75 0.75 1.5 0.75 0.75
Temp., initial charge (°C) 30 30 30 30 30 30
Temp., addition (°C) 30 30 30 30 30 30
Temp., build (°C) 49 49 49 49 49 49
Ramp time (min) 10 10 10 10 10 10
Ramp slope (°C/min) 1.9 1.9 1.9 1.9 1.9 1.9
Reaction time (min) 80 120 200 200 200 200

FINAL PRODUCT PROPERTIES
Mol. Wt. <10K (%) -- - - - - -
Mol. Wt. >100K (%) - - - - - -
IV, end of rxn. (dL/g) -- -- -- -- - --
IV, end of cheln. (dL/g) 0.15 0.25 0.26 0.30 0.30 0.15
M, end of rxn. (AMU) -- -- -- -- - --
M,, end of rxn. (AMU) -- -- -- -- - --
M./M,, end of rxn. - - - - - -

M, end of cheln. (AMU) 21000 | 23000 | 25000 | 32000 | 34000 7900
M,, end of cheln. (AMU) 9000 11000 11000 14000 14000 4600
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92.5 88.1 98 Tail (% 0.25 0.21 0.25 0.17 Biphenyl (% 1.23 1.19 1.18 1.15
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1.16 External Mannich (% 0.65 0.64 0.72 0.70 Internal Mannich (% 0.00
0. 00 0. 13w0.20B3/0088 ( ppm) 1762 PCT/US2012/042175
M,,/M,, end of cheln. 2.3 2.1 2.3 2.3 24 1.7
Weight % siloxane (%) 9 11 11.8 14 5.52 5.2
Siloxane Incorporation
Efficiency (%) 45 55 59 70 55 26
Tail (%) - - - - - -
Biphenyl (%) - - - - -- -
OH (ppm) -- -- -- -- -- --
Table 2 (cont.)
CEx.7 | CEx.8 | CEx.9 | C.Ex
10
REACTION CONDITIONS
Toluene source Fresh Recyc. | Recyc. | Recyc.
DMBA level (%) 1 1.17 1.17 1.17
Solids (%) 23 23 23 23
Polysiloxane chain length 30 45 45 45
Polysiloxane loading (%) 20 5 5 5
Initial 2,6-DMP (%) 7.9 7.9 7.9 7.9
0:2,6-DMP mole ratio 0.98 0.98 0.98 0.98
Catalyst (%) 0.75 0.75 0.75 0.75
Temp., initial charge (°C) 30 21 21 21
Temp., addition (°C) 30 38 38 38
Temp., build (°C) 49 49 49 49
Ramp time (min) 10 10 30 5
Ramp slope (°C/min) 1.9 1.1 0.37 2.2
Reaction time (min) 200 180 180 180
FINAL PRODUCT PROPERTIES
Mol. Wt. <10K (%) - 21 13 11
Mol. Wt. >100K (%) - 7 10 11
IV, end of rxn. (dL/g) -- 0.46 0.42 0.42
IV, end of cheln. (dL/g) 0.25 0.28 0.31 0.33
My, end of rxn. (AMU) - 64000 | 58000 | 61000
My, end of rxn. (AMU) - 24000 | 23000 | 23000
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Table 3 (cont.) CEx. 12 C. Ex. 13 C. Ex. 14 REACTI ON CONDI TI ONS Tol uene
source Recycl ed Recycled Recycled DVBA level (%9 1.2 1.2 2.4 Solids (9% 23
23 23 39w6UBSI03WISE SHEET (RULE 26) WD 2013/ 003038 Polpgsiusexane2ichai n

| ength 45 45 45 Pol ysil oxane loading (%9 5 5

M,/M,, end of rxn. -- 2.7 2.5 2.7
M, end of cheln. (AMU) 31000 37000 44000 44000
M,, end of cheln. (AMU) 15000 14000 17000 16000
M../M,, end of cheln. 2.1 2.6 2.6 2.8
Weight % siloxane (%) 144 4.9 4.8 5
Siloxane Incorporation 98 96 100
Efficiency (%) 72

Tail (%) - - - -
Biphenyl (%) -- 2.0 1.6 1.6
OH (ppm) -- -- -- --

EXAMPLES 1-4 AND COMPARATIVE EXAMPLES 11-14

[0113] These examples, which were conducted on a 190 liter pilot plant scale,
illustrate the effects of several process variables on the characteristics of the thermoplastic
composition. The process variations and the properties of resulting products are summarized
in Table 3. The siloxane incorporation efficiency reported for Examples 1-4 was calculated
based on a polysiloxane loading of 20 weight percent, while the siloxane incorporation
efficiency reported for Comparative Examples 11-14 was calculated based on a polysiloxane
loading of 5 weight percent. Explanations of the types of process variations and types of
properties of the resulting products are given above.

[0114] The process variations were superimposed on the following general synthetic
procedure for the pilot plant scale. The reactor and the 2,6-dimethylphenol addition tank
were rinsed with warm toluene to assure their cleanliness. The reaction was purged with
nitrogen to achieve an oxygen concentration of less than 1%. The reactor was charged with
initial toluene (fresh or recycled), and this toluene was stirred at 500 rotations per minute
(rpm). The temperature of the initial toluene was adjusted to the “initial charge” temperature
specified in Table 3 and maintained at that temperature during addition of the initial charge of
2,6-dimethylphenol from the addition tank to the reaction vessel. After the addition of the
initial charge of 2,6-dimethylphenol was complete, the reaction vessel was charged with the
eugenol-capped polydimethylsiloxane, the di-n-butylamine, the dimethyl-n-butylamine, the
N,N'-di-tert-butyl-ethylenediamine, and the copper catalyst. Oxygen flow and further

monomer addition were initiated, and the oxygen flow was regulated to maintain a head space
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5 1lnitial 2,6-DWP (%9 7.9 7.9 7.9 0:2,6-DVP nole ratio 0.98 0.98 0.98
Catalyst (%9 0.75 0.75 0.75 Tenp., initial charge (C 21 21 21 Tenp.,
addi ti on WwORoBH3Bs38 Tenp., build (C) 49 49 49 Ranp ti meT(Useonp/030780 30
Ranp slope (C/mn) 0.37 0.37

concentration less than 17%. During further monomer addition, cooling water supply
temperature was adjusted to maintain the temperature specified as “Temp., addition (°C)” in
Table 3. After monomer addition was complete, the monomer addition line was flushed with
toluene and the reaction temperature was increased to the temperature specified as “Temp.,
build (°C)” in Table 3. This temperature adjustment was conducted over the time period
specified as “Ramp time (min)”, and at the rate specified as “Ramp slope (°C/min)” in Table
3. The reaction was continued until a pre-determined end point is reached. The
pre-determined end point is the time at which target intrinsic viscosity and maximum siloxane
incorporation are attained and is typically 80 to 160 minutes after 2,6-dimethylphenyl
addition ends. This time period includes the ramp period and build period. Once the end
point was reached, the oxygen flow was stopped. The reaction mixture was then heated to
60°C and pumped to a chelation tank containing aqueous chelant solution. The resulting
mixture was stirred and held at 60°C for one hour. The light (organic) and heavy (aqueous)
phases were separated by decantation, and the heavy phase was discarded. A small portion of
the light phase was sampled and precipitated with isopropanol for analysis, and the remainder
of the light phase was pumped to a precipitation tank and combined with methanol
antisolvent in a weight ratio of 3 parts antisolvent to 1 part light phase. The precipitate was
filtered to form a wet cake, which was reslurried three times with the same antisolvent and

dried under nitrogen until a toluene concentration less than 1 weight percent was obtained.

Table 3

Ex. 1 Ex.2 Ex. 3 Ex. 4 C.Ex. 11

REACTION CONDITIONS
Toluene source Recycled | Recycled | Recycled | Recycled | Recycled
DMBA level (%) 1 1 2 1 24
Solids (%) 23 23 23 23 23
Polysiloxane chain length 45 45 45 45 45
Polysiloxane loading (%) 20 20 20 20 5
Initial 2,6-DMP (%) 7.9 7.9 7.9 7.9 7.9
0:2,6-DMP mole ratio 1 1 1 1 0.98
Catalyst (%) 0.75 0.75 0.75 0.75 0.9
Temp., initial charge (°C) 21 21 21 21 21
Temp., addition (°C) 39 39 39 39 38
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0.37 Reaction time (mn) 200 200 200 FI NAL PRODUCT PROPERTIES Mol . W.

(% 11 13 12 Ml. W. >100K (% 16 19 12 IV, end of

0. 40 |V, wocossioosdse!
72000 58000 M,

rxn.

<10K
(dL/g) 0.45 0.53

n. (dL/g) 0.39 0.46 0.36 My, end of PCXUS21ANK1764000

end of rxn. (AMJ) 23000 27000 24000 MM Wn, end of rxn. 2.8
Temp., build (°C) 49 49 49 49 49
Ramp time (min) 50 50 50 50 30
Ramp slope (°C/min) 0.2 0.2 0.2 0.2 0.37
Reaction time (min) 200 200 200 200 200
FINAL PRODUCT PROPERTIES
Mol. Wt. <10K (%) - - - - 13
Mol. Wt. >100K (%) - - - - 19
IV, end of rxn. (dL/g) - - -- - 0.53
IV, end of cheln. (dL/g) 0.38 0.36 0.41 0.42 0.46
M, end of rxn. (AMU) -- -- - -- 72000
M., end of rxn. (AMU) -- -- - -- 27000
M./M,, end of rxn. -- -- - -- 2.7
My, end of cheln. (AMU) 60000 55000 52000 61000 67000
M,, end of cheln. (AMU) 20000 19000 18000 16000 23000
M,,/M,, end of cheln. 2.97 2.87 2.89 3.85 2.9
Weight % siloxane (%) — 17.7 18.2 18.5 19.3 4.9
IPA precipitation
Weight % siloxane (%) — 204 20.9 204 21.9
MeOH precipitation
Siloxane Incorporation 88.5 91.0 92.5 88.1 98
Efficiency (%)
Tail (%) 0.25 0.21 0.25 0.17 --
Biphenyl (%) 1.23 1.19 1.18 1.15 1.16
External Mannich (%) 0.65 0.64 0.72 0.70 --
Internal Mannich (%) 0.00 0.00 0.13 0.15 --
OH (ppm) -- 1762 -- -- --
Table 3 (cont.)
CEx.12 | C.Ex. 13 | C.Ex. 14
REACTION CONDITIONS
Toluene source Recycled | Recycled | Recycled
DMBA level (%) 1.2 1.2 24
Solids (%) 23 23 23
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2.7 2.4 My, end of cheln.

20000 23000 19000 MW Nn,

(AMJ) 56000 67000 50000 WMn,
end of cheln.
| PA preciwOtatioso3d. 78 4.9 4. 77 Wi ght

2.7 2.9 2.6 Wi ght
% si | oxane (%

Si | oxane Incorporation Efficiency (%9 96 98 95 Tail (%

1.26

Polysiloxane chain length 45 45 45
Polysiloxane loading (%) 5 5 5
Initial 2,6-DMP (%) 7.9 7.9 7.9
0:2,6-DMP mole ratio 0.98 0.98 0.98
Catalyst (%) 0.75 0.75 0.75
Temp., initial charge (°C) 21 21 21
Temp., addition (°C) 38 38 38
Temp., build (°C) 49 49 49
Ramp time (min) 30 30 30
Ramp slope (°C/min) 0.37 0.37 0.37
Reaction time (min) 200 200 200
FINAL PRODUCT PROPERTIES
Mol. Wt. <10K (%) 11 13 12
Mol. Wt. >100K (%) 16 19 12
IV, end of rxn. (dL/g) 0.45 0.53 0.40
IV, end of cheln. (dL/g) 0.39 0.46 0.36
My, end of rxn. (AMU) 64000 72000 58000
M,, end of rxn. (AMU) 23000 27000 24000
M,/M,, end of rxn. 2.8 2.7 24
M, end of cheln. (AMU) 56000 67000 50000
M,, end of cheln. (AMU) 20000 23000 19000
M../M,, end of cheln. 2.7 2.9 2.6
Weight % siloxane (%) — 4.78 4.9 4.77
IPA precipitation
Weight % siloxane (%) — -- -- --
MeOH precipitation
Siloxane Incorporation 96 98 95
Efficiency (%)
Tail (%) -- -- --
Biphenyl (%) 1.26 1.16 1.26
External Mannich (%) -- -- --
Internal Mannich (%) -- -- --
OH (ppm) -- -- 1532
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1.16 1.26 External Mannich (% I nternal Mannich (% OH (ppm 1532
40 SUBSTI TUTE SHEET (RULE 26) WO 2013/ 003038PCT/ US2012/ 042175 [0115]
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forward, the terminal biphenol units are converted to internal biphenoxy units, as indicted by
the decrease in the biphenol curve (“Biph-OH”).

[0119] Figure 4 is a plot of measured concentrations of 2,6-dimethylphenol and
eugenol-capped polysiloxane end groups (by >'P NMR analysis after phosphorus
derivatization) and calculated (theoretical) concentrations of 2,6-dimethylphenol and
eugenol-capped polysiloxane end groups, assuming none of the phenolic groups react, in the
reaction solution as a function of reaction time for Example 3. It can be seen from Figure 4
that the eugenol-capped polysiloxane (“Eug-OH”) only starts incorporating into the
poly(arylene ether)-polysiloxane block copolymer after all the 2,6-dimethylphenol has
reacted. Note that the initial decline in eugenol-capped polysiloxane concentration from 0 to
about 60 minutes is attributable to dilution based on the addition of 2,6-dimethylphenol
solution to the reaction mixture.

[0120] The components of the thermoplastic composition — diblock plus triblock
poly(arylene ether)-polysiloxane block copolymers, bifunctional poly(arylene ether)
homopolymer, and monofunctional poly(arylene ether) homopolymer — can be estimated from
'H NMR data based on the following assumptions. First, when the copolymer is isolated by
precipitation from isopropanol (IPA), all the residual (unreacted) eugenol-capped
polysiloxane is removed. This assumption is based on the fact that eugenol-capped
polysiloxane has good solubility in isopropanol. Second, every polymer chain has either a
eugenol-capped polysiloxane group, a 2,6-dimethylphenol tail (Formula (1)), or a biphenyl
group (Formula (II)). Third, any given polymer chain cannot have more than one of the above
mentioned groups. The second and third assumptions rest on the generally accepted
poly(arylene ether) polymerization mechanism in which an incoming monomer unit attacks
the unsubstituted para position of the terminal (tail) unit of a growing poly(arylene ether)
chain, thereby forming a reactive quinone ketal intermediate. In other words, in the
thermoplastic composition isolated from precipitation in isopropanol, the “eugenol-capped
polysiloxane group” is present in and a proxy for poly(arylene ether)-polysiloxane diblock
copolymer and polysiloxane-poly(arylene ether)-polysiloxane triblock copolymer; “2,6-
dimethylphenol tail” is present in and a proxy for head-to-tail poly(2,6-dimethyl-1,4-
phenylene ether) (i.e., monofunctional or hydroxyl-monoterminated 2,6-dimethylphenol
homopolymer); and “biphenyl group” is present in and a proxy for poly(2,6-dimethyl-1,4-
phenylene ether) containing a single biphenyl group per molecule (i.e., bifunctional or
hydroxy-diterminated 2,6-dimethylphenol homopolymer). Fourth, no significant branching

exists in the samples. This assumption is based on the fact that there was no detection by 'H
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(1 PA ppt.we 2br3amsizen 1 (H gh MN 21.44 0.1278 0.5500 0. @00@sG014852179. 1881 -
Fraction 2 19.84

NMR of peaks that would have been expected from branch point hydrogen atoms. Fifth, the
polydispersity of the eugenol-capped polysiloxane will not impact the analysis. Sixth, the
polysiloxane moiety of the eugenol-capped polysiloxane has on average 282 hydrogen atoms
per chain (i.e., the polysiloxane moiety actually contains, on average, 47 dimethylsiloxane
repeat units per molecule, notwithstanding the Table 3 “Polysiloxane chain length” nominal
values of 45 dimethylsiloxane repeat units).

[0121] Based on the above assumptions and 'H NMR data, the amounts of the major
components of the thermoplastic composition as a function of reaction time were calculated
and are depicted in Figures 5 (poly(arylene ether)-polysiloxane block copolymer), 6
(bifunctional poly(arylene ether) homopolymer), and 7 (monofunctional poly(arylene ether)
homopolymer). Data are presented for a poly(arylene ether)-polysiloxane block copolymer
made with a 5% polysiloxane loading corresponding to Comparative Example 14, and two
different poly(arylene ether)-polysiloxane block copolymers made with a 20% polysiloxane
loading, corresponding to Examples 1 and 2. As can be seen from Figure 5, the higher 20%
polysiloxane loading results in higher concentrations of poly(arylene ether)-polysiloxane
block copolymer. As can be seen from Figure 7, the final equilibrated concentration of
monofunctional poly(arylene ether) homopolymer is not affected by polysiloxane loading.

[0122] For characterization of the Example 2 composition as a function of molecular
weight fraction, fractions from six gel permeation chromatography injections (36 mg of total
material injected) were collected using a Gilson fraction collector. The effluent eluting
between 12 and 25 minutes run time was divided over 60 test tubes which were later
recombined to give 6 fractions with each contained approximately 16.67% of the total
material (determined from area percent of the chromatogram). A small part (200 microliters)
of the five fractions was analyzed by gel permeation chromatography to confirm the success
of the fractionation. The remaining part was used for 'HH NMR analysis. The portion used for
NMR analysis was evaporated to dryness at 50°C under a nitrogen flow. One milliliter of
deuterated chloroform (with tetramethylsilane as internal standard) was added and the
samples were analyzed by IH NMR (512 scans). Two samples from Example 2 were
fractionated — one that had been isolated by precipitation from methanol, and one that was
isolated by precipitation from isopropanol. The molecular weight and "H NMR data for each
of the fractions are summarized in Tables 4 and 5, respectively. “D” is the polydispersity of
the molecular weight distribution (i.e., Mw/M,). Figure 8 is a bar chart showing the relative
amounts of monofunctional poly(arylene ether) homopolymer, bifunctional poly(arylene
ether) homopolymer, and poly(arylene ether)-polysiloxane block copolymer for each of the
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six fractions from the isopropanol-precipitated thermoplastic composition of Example 2. It
can be seen from Figure 8 that that the amount of poly(arylene ether)-polysiloxane block
copolymer is highest for the highest molecular weight fraction (Fraction 1). And the highest
molecular weight fraction (Fraction 1) is essentially free of monofunctional poly(arylene
ether) homopolymer. As the molecular weight of the fraction decreases (i.e., as one moves
from fraction 1 to fraction 6), the mole percent of poly(arylene ether)-polysiloxane block
copolymer decreases, and the mole percents of monofunctional and bifunctional poly(arylene
ether) homopolymer increase. Figures 9 and 10 are plots of number average molecular
weight (M,), weight average molecular weight (My,), and polydispersity (Mw/M,) for the six
fractions from the isopropanol-precipitated (Figure 9) and methanol-precipitated (Figure 10)
samples of the thermoplastic composition of Example 2. Figures 11 and 12 are plots of
siloxane amount for the six fractions from the GPC separation of the isopropanol-precipitated
(Figure 11) and methanol-precipitated (Figure 12) samples of the thermoplastic composition
of Example 2. The results are consistent with formation of poly(arylene ether)-polysiloxane
block copolymer during the later, “build”, stage of the reaction. In addition, the results show
that the higher molecular weight fractions include a greater proportion of poly(arylene

ether)-polysiloxane block copolymer.

Table 4
Sample M, M, D

From Final Dry Powder II (IPA ppt)

- Fraction 1 (Hi MW) | 111800 197400 1.77
- FPraction 2 84100 119000 1.41
- Fraction 3 56000 76100 1.36
- FPraction 4 38000 50200 1.32
- Fraction 5 21600 29000 1.34
- Fraction 6 (Lo MW) 6960 13000 1.87

From Final Dry Powder III (MeOH ppt)

SUBSTITUTE SHEET (RULE 26)

- Fraction 1 (Hi MW) | 89500 178500 1.99

- FPraction 2 77700 117000 1.51

- Fraction 3 52000 73800 1.42

- FPraction 4 35800 48700 1.36

- Fraction 5 20900 29400 1.41

- Fraction 6 (Lo MW) 6570 13300 2.02
45




1.9050 0.7165 From Dry Powder (MeOH ppt.) - Fraction 1 (H gh MN 22.23
0.1757 0.8163 0.0000 0.7144 0.6761 - Fraction 2 20.36 0.0370 0.6320 0.1423
0. 4525 0.w83813/00603acti on 3 19.20 0.0480 0.7040 0.1316 0P¢33%2€01204075 -
Fraction 4 18.71 0.0220 0.9921 0.2468 0.6049 0.3082

Table 5
Weight %
% Si % TMDQ % % % Ext. % Int.
Biphenyl PPE-tail | Mannich | Mannich
From Dry Powder (IPA ppt.
- Fraction1 | 21.44 0.1278 0.5500 0.0000 0.4354 0.1881
(High MW)
- Fraction2 | 19.84 0.0200 0.6132 0.2140 0.3467 0.1688
- Fraction 3 | 18.64 0.0110 0.7050 0.2120 0.4119 0.1613
- Fraction4 | 17.79 0.0150 0.9185 0.2086 0.5261 0.2032
- Fraction 5 | 16.81 0.0230 1.4924 0.2434 0.7345 0.1291
- Fraction 6 | 13.97 0.2802 2.9032 0.9930 1.9050 0.7165
(Low MW)
From Dry Powder (MeOH ppt.)

- Fraction 1 | 22.23 0.1757 0.8163 0.0000 0.7144 0.6761
(High MW)
- Fraction2 | 20.36 0.0370 0.6320 0.1423 0.4525 0.2332
- Fraction3 | 19.20 0.0480 0.7040 0.1316 0.4834 0.2407
- Fraction 4 | 18.71 0.0220 0.9921 0.2468 0.6049 0.3082
- Fraction 5 | 19.83 0.0310 1.4468 0.2234 0.9622 0.1989
- Fraction 6 | 22.27 0.3964 2.5104 1.0345 2.2067 0.9675
(Low MW)
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- Fraction 5 19.83 0.0310 1.4468 0.2234 0.9622 0.1989 - Fraction 6 (Low MN

22.27 0.3964 2.5104 1.0345 2.2067 0.9675 46 SUBSTI TUTE SHEET (RULE 26)
WO 2013/ OWB0Q8BR0I0I3RS2012/ 042175 Table 5 (cont.) Ml e %PErarsedeyp4Rosder
(IPA ppt.) - Fraction 1 (H gh MW Bl ock Copoly. Bifunct. Hono. Monofunct.

Table 5 (cont.)

Mole %
From Dry Powder (IPA ppt.)
- Fraction 1 Block Bifunct. Monofunct.
(High MW) Copoly. Homo. Homo.
- Fraction 2 75.8% 24.2% 0.0%
- Fraction 3 60.1% 23.6% 16.3%
- Fraction 4 56.2% 27.5% 16.3%
- Fraction 5 50.5% 342% 15.3%
- Fraction 6 39.0% 46.2% 14.8%
(Low MW)
From Dry Powder (MeOH ppt.)
- Fraction 1 17.1% 49.8% 33.1%
(High MW)
- Fraction 2 -- - -
- Fraction 3 - - -
- Fraction 4 -- - -
- Fraction 5 - - -
- Fraction 6 - - -
(Low MW)

[0123] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to make and use the invention. The
patentable scope of the invention is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the scope
of the claims if they have structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences from
the literal language of the claims.

[0124] All cited patents, patent applications, and other references are incorporated
herein by reference in their entirety. However, if a term in the present application contradicts
or conflicts with a term in the incorporated reference, the term from the present application
takes precedence over the conflicting term from the incorporated reference.

[0125] All ranges disclosed herein are inclusive of the endpoints, and the endpoints
are independently combinable with each other.

[0126] The use of the terms “a” and “an” and “the” and similar referents in the

context of describing the invention (especially in the context of the following claims) are to
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Honp. - Fraction 2 75.8% 24.2%0.0% - Fraction 3 60.1% 23.6% 16. 3% -
Fraction 4 56.2% 27.5% 16. 3% - Fraction 5 50.5% 34.2% 15.3% - Fraction 6
(Low MW 180.2024006038% 14. 8% From Dry Powder (MeOH ppt.) PCEmedizomw1is (H gh
MN 17.1% 49.8% 33. 1% - Fraction 2

be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. Further, it should further be noted that the terms “first,”
“second,” and the like herein do not denote any order, quantity, or importance, but rather are
used to distinguish one element from another. The modifier “about” used in connection with
a quantity is inclusive of the stated value and has the meaning dictated by the context (e.g., it

includes the degree of error associated with measurement of the particular quantity).
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- Fraction 3 - Fraction 4 - Fraction 5 - Fraction 6 (Low MA
[0123] This witten description uses exanples to disclose the invention,

i ncl udi ngvohe1dnesizsnode, and al so to enabl e any person ®kiriusedziomivhe art
to make and use the invention. The patentable scope of the invention is
defined by the clains, and may include other exanples that occur to those
skill ed GiAlM® art. Such ot her exanples are intended to be within the scope
of the clains if they have structural e]enents that do not differ fromthe

literal |anguage ‘MG UPARIENE 8hqrmopkise GHRIATHONeLRIMRIA XGB!t ur al
el emnt&eri?i@%%ﬁ?&ﬁﬁ?ﬂ% }[)l%nt)f SEIMEREoAYaRM e HEndibd ﬁ(‘)’l?{%ﬂdxgﬁ%ﬂuage of the

cl ai nms. ed patent’s, pat'ent applications, and ot her
r ef erences avlréincadpordtiedy pelymienzing thefreonemakiciphenrdiand thent i rety. However,

if atermint resent .application contradi ct.s or conflicts.wth a term
¢ ne T BT SRR SRR P PP BANERR rRine BREURE BTt 1 on ¢ akes
pr ecedemeRcRYigéd b2 if® inhpegdtiiega beldpdiidanollBeink MEOIREEH Reiotehar ence.

[0125] Al ranges disclosed herein are inclusive of the endpoints, and the

endpoi rihgragicszehiep avddhtompesiswsisrrabiréhag the lgh édmpsraare, and a empegdyrs]  The
use of rmﬁ pgﬁgﬁet'\'x%gré 84 qaRfdn é)@HS'd atd'@e baid g?r}i(fﬂ; Lgg referents in the

context o escribing the invention (especi y’'in the context of the
foll ow ng clvalarh tiar ©niporadife SldiSidriodIdentpirisesTin¢iRblifp #6)tempdretucoatsir ued to

cover both the singular and the pluyral,. unless otherw se indicated herein
or cl ea?rVFVg%%?9@%%&@816@3%5&&5%@%%&_, it should further be noted
that the ters "fifeShethod SEARRA1L, wiRD&nderilst fetpRRiat & ARuDel wifRat € any
order, quantity, or inportance, but rather are used to distinguish one

el emrent60P€omdahosdvend tehiperatoeii$ alerut 3Qoakicut 8¥d i n connection with a

quantity is jncluysive of t Sstated val ue and. has the neani ng dictated by
the context Te. gthmetﬁ%P el ?’h‘iéhedi%‘@FléeeO’BT]atQFrCBPOIMB@“é’Pé C%dpﬁteﬁ

neasureﬂi?rpﬁré&tztiérh@m@%féal&%a%ror‘ékfﬁ’dltui)TIY() minfi&. SUBSTI TUTE SHEET (RULE 26) WO
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4. The method of claim 1, wherein the reaction time comprises a build time of
about 30 to about 240 minutes.

5. The method of claim 1, wherein the oxidative copolymerization is initiated in
the presence of less than 50 weight percent of the total hydroxyaryl-terminated polysiloxane
used.

6. The method of claim 1, wherein the oxidative copolymerization is initiated in
the presence of less than 50 weight percent of the total monohydric phenol used.

7. The method of claim 6, wherein addition of remaining monohydric phenol
occurs before the temperature ramp period and at the first temperature.

8. The method of any of claims 1-7, wherein the hydroxyaryl-terminated
polysiloxane comprises, on average, about 20 to about 80 siloxane repeating units.

9. The method of any of claims 1-7, wherein the hydroxyaryl-terminated
polysiloxane constitutes greater than 8§ to about 30 weight percent of the combined weight of
the monohydric phenol and the hydroxyaryl-terminated polysiloxane.

10. The method of any of claims 1-7, wherein the thermoplastic composition
incorporates greater than 80 weight percent of the hydroxyaryl-terminated polysiloxane into
the poly(arylene ether)-polysiloxane block copolymer.

11. The method of any of claims 1-7, wherein the thermoplastic composition has a

weight average molecular weight of at least 30,000 atomic mass units.
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CLAI Ms: 1. A nethod of preparing a thernoplastic conposition,

conpri sing oxidatively copolynerizing a nonohydric phenol and a

hydr oxyarwb-20evmBo3at ed pol ysi |l oxane; wher ei n sai d Paxiusatizoeilys

pol ymeri zi ng the nonohydric phenol and the hydroxyaryl -term nated
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14. The method of claim 1, wherein the nonohydric phenol is .
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of 0.3 deecflt Q1A8Kd Jep&a&fng%ns GRAMBRS 7ORARY @ 82 wenkt %&C@Iﬁla%ﬂ@{e%ﬁgr

26. The thernoplastic conposition of any of clains 2 , Wherein the

t her mpﬂ@@tmg umdmbwdtqndhe wtrpraigt of lepoli(ateng othasiagH thppal@ntenst

nol ecul a(\)/l ng englog,lgul al vvel ght less than 10,000 atom c mass units.

27. Thé eh p 2815 ¢ co(r:’rﬁ)o fon of any of clainms 21-25, wherein the

mol ecul es havhdigin ahaibk@aipl@xic wenghditibreBshd b@ﬂudt@);f@@@ooa'smﬁn@rm&fgs units
conprise, on average, .about 10 to about 18 weig percent sil oxane
r epeat i Prdatiyplysopolymerizing a moRomes SHRWH %@Hrbgﬂlﬁo%rﬁﬁg?lﬁdﬁﬁ PBENAAAYd 8f ¢l ai s

21- 25, nposition conprises |ess than 26 wei ght

per centﬁwﬁxﬁoﬁl ﬁa%aé}ljng%g&ﬂﬁo Igdgul ar wei ght greater than 100,000 atomc

nMass units. wherem tizothefineplashie compbagon bascaomaighti avieouge ofolamiar efeighit af as 21- 25,

wher ei thg ecul.es havi.ng a nol ecul ar wei ght greater than 100,000 atom c
Mmass u 5 Q%?ﬁogléc M3 WSy age, about 17 to about 25 wei ght percent

si | Oxane repeat i NtheURhfoplastic compébitiodhdt ANBr MORhaRA e @RFROpIatdion of claim
21, wherein the thernopl astic conposition conprises |ess than 20

wei ght eEmeeiNon 6pmpHsesdalte sbevdnyright pelcesiiilarancarpating e8is agabor0/ D0
atom c m‘?%@@ % gg%ne ethemeﬁ@zﬁfn i %tE he thernoplastic conposition

conpri ses per ‘'of nol ecul es having a nol ecul ar
wei ght greata t hEha: tﬁﬁ&d@&@tlatmﬁp@slm diimt 5., wherein thd therhoplattier mopl asti c
conposition of claim 2l

composition has a weight average molecular weight of about 35,000 to about 150,000 atomic

mass units.

24. The thermoplastic composition of claim 21, wherein the thermoplastic
composition has an intrinsic viscosity of at least 0.3 as measured at 25°C in chloroform.
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wherein the nol ecul es having a nol ecul ar wei ght | ess than 10,000 atom c
mass units conprise, on average, about 10 to about 18 wei ght percent

si | oxane wepesstdoagsuni ts; and wherei n the nol ecul esThBYIRY4A 7S5

nol ecul ar wei ght greater than 100,000 atom ¢ mass units conprise, on
average, about 17 to about 25 wei ght percent siloxane repeating units.
32. The t her2fopl aiel theraippege tomposidoncdfailaim2l, whbesieihs thdimoplastic

hydroxyaryl -t erm nat ed. pol ysi | oxane_conprjses 35 to about 60 siloxane
r epeat i SIPRHiIPG has an intringse Viggpsity Hed. %%Péé{er@tf‘éd’ﬁb%@m gsgRCasrred a2,

wher ei nhigroydr oxyaryl -t erm nat ed pol ysi |l oxane conprises about 40 to about
50 sil oxane repeating units. 34. The thernoplastic conposition of any
of clains 21625 oFhe3Ber8B®plasher@npositive ofomy oy diaines phéhovharanghest s of

2, 6-di net hyl phenol , and wherein the thernoplastic c sition conprises
ess t HATTBP R GuaT RS e i pePean arens Pl ARy RO S ta | end
gr oups. m&ZcuhBRIi b (RHEERT0ARIbAIAG)ss Wi, 2013/ 003038PCT/ US2012/ 042175

35. The thernoplastic conposition of any of clainms 21-25 or 30-33, wherein

t he nonohydrd’e phiidherawniisse sorppospiL ¢fjang Ohylapheabld. vairdeipmes @plecilpe

t hermo Hla@ﬁ@: aﬁ&@%&?ﬁ%ikﬁﬂg%ﬁﬂm iég@ Qorhid 8a%g$i%é&?ﬁseo h 99&5%%? Ec:lbout 10

2, 6-di net enoxy ta gr ou er nopl as
conpositbiaboutd® vasightgkreeh@dilvg aiRlre@&atiap udlds.33, wherein the nmonohydri c phenol

consi sts of 2,6-dj.nethyl phenol, and.wherein the the | astic conposition
conpri ses 0_%. t O%edﬁ@%p@ﬂpﬂ&gqre@qﬁtl% ofr any of claims 91 _Egr,D \Eherem the

2, 6- di nREMODIAE Sorrpdlittet ¥ prite PG @XY PHSRYh pRRER D W @URSayinga  37- The
t her nopl astic conposition of claim?21, wherein the poly(aryl ene

et her) moleoRarcperpht geaterdhyd EROM: dtemicrrapssamithg units having the structure -

* wher ei n f.0r ch.repeatj.ng unit, each Z1 js i endent | hal ogen,
insubeet tut a5 o ORIt FRER GattPideoriaRRu T glyind FESPIRTTR e ARlcORE!
hydr oc afabily agheldpuliSweight dredttd @iy 10/0naambyhassGhitCtampyish; 66 avdydd, hi o,

Cl1- C12 hydrocar byl oxSy, or C 2-C 12 hal ohydrocarbyl oxy wherein at |east two
car bon &PBink/ WebariaeV¢iBl nexgeahElPxariredsdgen it ons; and each 72 is

i ndependent |y hydfd%gﬁ%}ﬁlﬁﬁ%sﬁggﬂ%&mpﬁéﬂ&ﬁtﬁd or substituted Cl-Cl12

hydr ocar byl provi rocar group is not tertiary
hydr ocar byl ,wirei€li: thyhaptastibybmphogtiorCroni&eh eds taa2bywaghyt peeentCE- C12

hal ohydr ocar byl oxy wherein at. | east t bon.at ons separate the hal ogen
and oy BORC AP HEPEIR 8o 31 oIRGB BORPITSEa epeat | ng. units
havi ng the s{xdiGh WiEthe MIPIALIR csﬁgbsie&pwrleﬁ{g@me@é tHzZh 28RekidH peehiffependent |y
hydr ogen, C1-Cl12 hydrocarbyl or 1 -C 12 hal ohydrocarbyl; and wherein the

pol ysi Iroxagidedhayoie & miplchelar woight freesr Gan pOphatomnd magsawitdg t he structure
53 SUBSTI TUT3EI SHEET flRULE 2@2 WO 2t013/f0(i)303ﬁPCT/ US2012/ 042175 wherein Y
; ¢, thermopldstic composT of ctaim
i s hydrogen,” Cl - hycfr ocar yF, o hydr ocar byl oxy, or hal ogen, and
wher ei n G - Glikreiache @okuileehoen®f miskcandwkdht ks thdepeooe atdmic mueds ogen,
Cl1- C12 hydrocarbyl or hal ohydrocarbyl. 38. The thernoplastic conpaosition of
cl ai m Xpmprise, on dverage, about 10 to about 18 weight percent siloxane repeating units; and
wherein the molecules having a molecular weight greater than 100,000 atomic mass
units comprise, on average, about 17 to about 25 weight percent siloxane repeating units.
32. The thermoplastic composition of claim 21, wherein the
hydroxyaryl-terminated polysiloxane comprises 35 to about 60 siloxane repeating units.
33. The thermoplastic composition of claim 21, wherein the
hydroxyaryl-terminated polysiloxane comprises about 40 to about 50 siloxane repeating units.
34. The thermoplastic composition of any of claims 21-25 or 30-33, wherein the
monohydric phenol consists of 2,6-dimethylphenol, and wherein the thermoplastic

composition comprises less than or equal to 0.4 weight percent of 2,6-dimethylphenoxy tail

end groups.
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wherein the poly(arylene ether) block conprises arylene ether repeating
units having the structure ; and wherein the polysiloxane bl ock has the
st ruct ur ewo 2013/003@38i3 CH3 . CH2- CH2 CH2 CH2 CiRT/UsSh 12021

35. The thermoplastic composition of any of claims 21-25 or 30-33, wherein the
monohydric phenol consists of 2,6-dimethylphenol, and wherein the thermoplastic
composition comprises 0.1 to 0.4 weight percent of 2,6-dimethylphenoxy tail end groups.

36. The thermoplastic composition of any of claims 21-25 or 30-33, wherein the
monohydric phenol consists of 2,6-dimethylphenol, and wherein the thermoplastic
composition comprises 0.1 to 2.0 weight percent of
2,6-dimethyl-4-(3,5-dimethyl-4-hydroxyphenyl)-phenoxy groups.

37. The thermoplastic composition of claim 21,

wherein the poly(arylene ether) block comprises arylene ether repeating units having

the structure

wherein for each repeating unit, each Z' is independently halogen, unsubstituted or
substituted C;-C;, hydrocarbyl provided that the hydrocarbyl group is not tertiary
hydrocarbyl, C;-C;, hydrocarbylthio, C;-C;, hydrocarbyloxy, or C,-C;, halohydrocarbyloxy
wherein at least two carbon atoms separate the halogen and oxygen atoms; and each 77 is
independently hydrogen, halogen, unsubstituted or substituted C;-C;, hydrocarbyl provided
that the hydrocarbyl group is not tertiary hydrocarbyl, C;-Cj; hydrocarbylthio, C;-C;»
hydrocarbyloxy, or C,-C;, halohydrocarbyloxy wherein at least two carbon atoms separate the
halogen and oxygen atom;
wherein the polysiloxane block comprises repeating units having the structure
Rl
11

RZ
wherein each occurrence of R' and R” is independently hydrogen, C;-C;, hydrocarbyl or
C1-Cy; halohydrocarbyl; and

wherein the polysiloxane block further comprises a terminal unit having the structure
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. CH3 - CH3 n _ whereinnis 35 to 60; and wherein the

t hernopl asti c conposition has a nunber average nol ecul ar wei ght of 10,000
to 30, 0O0Owetom/m3isass units. 39. A pol yner blend, conpri cmgis2abouwt17 to
about 95 wei ght percent of a polyner selected fromthe group consisting of
pol ystyrenes, pol yam des, polyolefins, polyesters, and conbi nations

t hereof; and about 5 to abqut 95 wei ght percent,;qf a t hernopl astic
conposition, conprising a poly(a e ether);land a poly(aryl ene

et her) - pol ysi | oxane bl ock: &8),ng- | y(aryl ene ether) bl ock,
and a pol ysil oxane bl ock cqnpri about 20 to about 80

sil oxane repeating units; 54 SUB E SHEET (RRULE 26) wherein the
t her nopl astic conmposition conprises greater than 8 to about 30 wei ght

per centwhkeir¢ip Xa rehyidegreat ¢ nf1ubydrecadnd. G@bout hydgocadylaxys ot halegeg2aneivgerein
per cent yl rof i Ng. uni t thet ight of ~the
pol y(ary er?(gglgrfeilulgé ;H%a}r{]d%{?ﬁgyplgl ¥ géeﬁﬁg%gﬁgfﬂgg%’ péc;ll'ggﬁltl}@%ér%gﬁ}%l%c -Ci2

copol yrmatchydrocarbywher ei n the thernopl astic conposition is the product of a
process conprising oxidatively copolymnerizing a nononmer m xture conpri sing
a nnnphydrié“%he etBﬁHFQhﬁVHF?ﬁgﬁﬁ%HQ?Qﬁ ted pol ysi | oxane; and

wherei n the fhesaopl ?(é)l%{a?ylgwﬁéﬂ), tcSSH{ J%ﬁﬁuri%eé"%’y&% cfhéf E&ﬁ%iﬂ?hﬁ%‘ﬂa@ingwe' ght

of at | east 30,000 a C nass uni
the structure

CH,
— O_—
CH,
— - and
wherein the polysiloxane block has the structure
H;CO,
oL
*——0 CH,—CH,—CH, Ti—o Sli—CHz—CHz—CHz o—*
CH; CH;
n
OCH;

wherein n is 35 to 60; and
wherein the thermoplastic composition has a number average molecular weight of
10,000 to 30,000 atomic mass units.
39. A polymer blend, comprising:
about 5 to about 95 weight percent of a polymer selected from the group consisting of
polystyrenes, polyamides, polyolefins, polyesters, and combinations thereof; and
about 5 to about 95 weight percent of a thermoplastic composition, comprising
a poly(arylene ether); and
a poly(arylene ether)-polysiloxane block copolymer comprising
a poly(arylene ether) block, and
a polysiloxane block comprising, on average, about 20 to about 80

siloxane repeating units;
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wherein the thermoplastic composition comprises greater than 8§ to about 30 weight
percent siloxane repeating units and about 70 to less than 92 weight percent arylene ether
repeating units, based on the total weight of the poly(arylene ether) and the poly(arylene
ether)-polysiloxane block copolymer;

wherein the thermoplastic composition is the product of a process comprising
oxidatively copolymerizing a monomer mixture comprising a monohydric phenol and a
hydroxyaryl-terminated polysiloxane; and

wherein the thermoplastic composition has a weight average molecular weight of at

least 30,000 atomic mass units.
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