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(57) ABSTRACT 

A thermoplastic composition includes a poly(arylene ether) 
and a poly(arylene ether)-polysiloxane block copolymer. The 
thermoplastic composition is prepared by a method that 
includes oxidatively copolymerizing a monohydric phenol 
and a hydroxyaryl-terminated polysiloxane. The method is 
simpler than prior methods of preparing poly(arylene ether)- 
polysiloxane block copolymers by linking pre-formed poly 
(arylene ether) and polysiloxane blocks. The method is also 
produces greater incorporation of polysiloxane into the poly 
(arylene ether)-polysiloxane block copolymer than prior 
methods of copolymerizing monohydric phenols and 
hydroxyaryl-terminated polysiloxane. 
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POLY(ARYLENE ETHER)-POLYSILOXANE 
COMPOSITION AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of U.S. Nonprovi 
sional patent application Ser. No. 12/277,835, filed Nov. 25, 
2008, which claims the benefit of U.S. Provisional Patent 
Application Ser. No. 61/075,100 filed Jun. 24, 2008. These 
related applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 Block copolymers comprising a poly(arylene ether) 
block and a polysiloxane block are known materials that are 
useful components of various thermoplastic and thermoset 
compositions. Their polysiloxane content makes them useful 
as flame retardant additives. They can also be employed as 
compatibilizers to stabilize otherwise poorly compatible 
blends of polysiloxanes with aromatic polymers, such as 
polystyrenes, poly(arylene ether)s, aromatic polyesters, aro 
matic polyamides, and aromatic polyimides. 
0003. Some known methods for preparing poly(arylene 
ether)-polysiloxane block copolymers involve the linking of 
pre-formed poly(arylene ether) and polysiloxane groups to 
each other. For example, in U.S. Pat. No. 4,871,816 to Percec 
etal, silyl hydride-terminated polysiloxane blocks are linked 
to vinyl-terminated polyarylene polyether blocks via a 
hydrosilylation reaction. Thus, these known methods involve 
at least three steps, the first step to form a poly(arylene ether) 
block with reactive terminal functionality, the second step to 
form a polysiloxane block with at least one end group capable 
of reacting with the poly(arylene ether) reactive terminal 
functionality, and the third step to covalently link the poly 
(arylene ether) and polysiloxane blocks. 
0004. It would be efficient and economically advanta 
geous to prepare poly(arylene ether)-polysiloxane copoly 
mers with fewer processing steps, and some efforts have been 
made toward this end. For example, Banach et al. in U.S. Pat. 
No. 5,357,022 have reported the oxidative coupling of 2,6- 
Xylenol and a silicone macromer having terminal phenol 
groups. However, attempts to reproduce the reaction condi 
tions of Banach et al. have resulted in products in which much 
of the phenol-terminated silicone macromer is not covalently 
linked to a polyphenylene ether block and the isolated product 
as a whole has a relatively low intrinsic viscosity (typically 
about 0.2 deciliter per gram). The reaction products of 
Banach are therefore of limited use as flame retardant addi 
tives or compatibilizers, because they tend to segregate into 
two distinct and poorly compatible phases, one consisting 
largely of polyphenylene ether homopolymer, and the other 
consisting largely of the phenol-terminated silicone mac 
O. 

0005. There is therefore a need for improved methods of 
synthesizing poly(arylene ether)-polysiloxane copolymers 
with improved incorporation of the polysiloxane into the 
desired block copolymers. 

BRIEF DESCRIPTION OF THE INVENTION 

0006. The above-described and other drawbacks are alle 
viated by 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, 35 to 80 siloxane 
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repeating units; wherein the thermoplastic composition com 
prises 1 to 8 weight percent siloxane repeating units and 12 to 
99 weight percent arylene ether repeating units; wherein the 
thermoplastic composition is the product of a process com 
prising oxidatively copolymerizing a monomer mixture com 
prising 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. 

0007 Another embodiment is a method of preparing a 
thermoplastic composition, comprising: oxidatively copoly 
merizing a monohydric phenol and a hydroxyaryl-terminated 
polysiloxane to form a thermoplastic composition; wherein 
the oxidative copolymerization is initiated in the presence of 
at least 50 weight percent of the hydroxyaryl-terminated pol 
ysiloxane and less than or equal to 50 weight percent of the 
monohydric phenol; wherein the oxidative copolymerization 
is conducted with a reaction time greater than or equal to 110 
minutes; wherein the hydroxyaryl-terminated polysiloxane 
comprises, on average, 35 to 80 siloxane repeating units; and 
wherein the hydroxyaryl-terminated polysiloxane constitutes 
1 to 8 weight percent of the combined weight of the mono 
hydric phenol and the hydroxyaryl-terminated polysiloxane. 
0008 Another embodiment is a thermoplastic composi 
tion prepared by a method, comprising: oxidatively copoly 
merizing a monohydric phenol and a hydroxyaryl-terminated 
polysiloxane to form a thermoplastic composition; wherein 
the oxidative copolymerization is initiated in the presence of 
at least 50 weight percent of the hydroxyaryl-terminated pol 
ysiloxane and less than or equal to 50 weight percent of the 
monohydric phenol; wherein the oxidative copolymerization 
is conducted with a reaction time greater than or equal to 110 
minutes; wherein the hydroxyaryl-terminated polysiloxane 
comprises, on average, 35 to 80 siloxane repeating units; and 
wherein the hydroxyaryl-terminated polysiloxane constitutes 
1 to 8 weight percent of the combined weight of the mono 
hydric phenol and the hydroxyaryl-terminated polysiloxane. 
0009. These and other embodiments are described in 
detail below. 

DETAILED DESCRIPTION OF THE INVENTION 

0010. In the course of research on efficient syntheses of 
poly(arylene ether)-polysiloxane block copolymers, the 
present inventors determined that prior art methods nomi 
nally intended for copolymerization of monohydric phenol 
and hydroxyaryl-terminated polysiloxane often resulted 
largely in the homopolymerization of the monohydric phenol. 
In other words, a large fraction of the hydroxyaryl-terminated 
polysiloxane was not incorporated into block copolymer and 
remained, unreacted, in the isolated product. The isolated 
product was therefore much less useful as a flame retardant 
additive or a compatibilizer, because the unreacted 
hydroxyaryl-terminated polysiloxane was incompatible with 
aromatic polymers. 
0011. The present inventors have discovered that several 
factors improve the incorporation of hydroxyaryl-terminated 
polysiloxane into a poly(arylene ether)-polysiloxane block 
copolymer. Chief among these are methods of addition of the 
hydroxyaryl-terminated polysiloxane and the monohydric 
phenol to the reaction mixture, the total reaction time, and the 
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number of siloxane repeating units in the hydroxyaryl-termi 
nated polysiloxane. The effect of total reaction time is par 
ticularly Surprising, because oxidative coupling of the mono 
hydric phenol is expected to be substantially complete within 
the reaction times taught by Banach, yet extending the reac 
tion time was observed to increase the apparent coupling 
between the hydroxyaryl-terminated polysiloxane and the 
monohydric phenol. Furthermore, the progress of polysilox 
ane block incorporation into block copolymeras a function of 
time is highly non-linear, with an abrupt increase in incorpo 
ration typically occurring at times Substantially longer than 
those used for homopolymerization of monohydric phenols. 
Using the presently described method, the present inventors 
have been able to generate very effective incorporation of 
hydroxyaryl-terminated polysiloxane into block copolymer. 
The reaction product is therefore distinct from the product of 
prior art copolymerizations of monohydric phenol and 
hydroxyaryl-terminated polysiloxane. 
0012. Thus, one embodiment is a thermoplastic composi 

tion, 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, 35 to 80 siloxane repeating units; wherein the 
thermoplastic composition comprises 1 to 8 weight percent 
siloxane repeating units and 12 to 99 weight percent arylene 
ether repeating units; wherein the thermoplastic composition 
is the product of a process comprising oxidatively copolymer 
izing 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. 
0013 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-prod 
uct 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 monohy 
dric phenol species (for example, a mixture of 2,6-dimeth 
ylphenol and 2.3,6-trimethylphenol), the poly(arylene ether) 
is the product of copolymerizing the two or more distinct 
monohydric phenol species. Using the nuclear magnetic reso 
nance methods described in the working examples, it has not 
been possible to allocate the phenylene ether residues 
between poly(arylene ether) and poly(arylene ether)-polysi 
loxane block copolymer. However, the presence of poly 
(arylene ether) is inferred from the presence of “tail groups 
as defined below (e.g., 2,6-dimethylphenoxy groups when the 
monohydric phenol is 2,6-dimethylphenol) and/or the pres 
ence of “biphenyl groups as defined below (e.g., the residue 
of 3,3',5,5'-tetramethyl-4,4'-biphenol) in the isolated product. 
0014. In addition to the poly(arylene ether), the thermo 
plastic composition comprises a poly(arylene ether)-polysi 
loxane block copolymer. The poly(arylene ether)-polysilox 
ane block copolymer comprises a poly(arylene ether) block 
and a polysiloxane block. The poly(arylene ether) block is a 
residue of the polymerization of the monohydric phenol. In 
Some embodiments, 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 hydrocar 
byl, C-C hydrocarbylthio. C-C hydrocarbyloxy, or 
C-C halohydrocarbyloxy wherein at least two carbon 
atoms separate the halogen and oxygen atoms; and each Z is 
independently hydrogen, halogen, unsubstituted or Substi 
tuted C-C hydrocarbyl provided that the hydrocarbyl 
group is not tertiary hydrocarbyl, C-C hydrocarbylthio. 
C-C2 hydrocarbyloxy, or C-C halohydrocarbyloxy 
wherein at least two carbon atoms separate the halogen and 
oxygen atom. In some embodiments, the poly(arylene ether) 
block comprises 2,6-dimethyl-1,4-phenylene ether repeating 
units, that is, repeating units having the structure 

CH 

CH 

2.3,6-trimethyl-1,4-phenylene ether repeating units, or a 
combination thereof. 

0015 The polysiloxane block is a residue of the 
hydroxyaryl-terminated polysiloxane. In some embodi 
ments, the polysiloxane block comprises repeating units hav 
ing the structure 

wherein each occurrence of R' and R is independently 
hydrogen, C-C hydrocarbyl or C-C halohydrocarbyl, 
and the polysiloxane block further comprises a terminal unit 
having the structure 

R3 

* --O (CH2)3-Si-H* M 23 K)- 
wherein Y is hydrogen, C-C2 hydrocarbyl, C-C2 hydro 
carbyloxy, orhalogen, and wherein each occurrence of Rand 
R" is independently hydrogen, C-C2 hydrocarbylor C-C2 
halohydrocarbyl. In some embodiments, the polysiloxane 
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repeating units comprise dimethylsiloxane (—Si(CH)O—) 
units. In some embodiments, the polysiloxane block has the 
Structure 
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pler than poly(arylene ether)-polysiloxane block copolymer 
synthesis methods that require the coupling of pre-formed 
poly(arylene ether) and polysiloxane blocks. 

HCO 

st || ". 
*-HO CH-CH2-CH2 –o -cis-cis-ch, O-H-* 

CH CH 
pi 

OCH 

wherein n is 35 to 60. 

0016. The hydroxyaryl-terminated polysiloxane com 
prises 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 polysilox 
ane has two hydroxyaryl terminal groups, in which case in 
which case poly(arylene ether)-polysiloxane diblock and/or 
triblock copolymers are formed. It is also possible for the 
hydroxyaryl-terminated polysiloxane to have a branched 
structure that allows three or more hydroxyaryl terminal 
groups and the formation of corresponding branched copoly 
CS. 

0017. As noted above, the polysiloxane block comprises, 
on average, 35 to 80 siloxane repeating units. Within this 
range, the number of siloxane repeating units can be 35 to 60, 
more specifically 40 to 50. 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 mol 
ecule 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 pol 
ysiloxane is a eugenol-capped polydimethylsiloxane, it is 
possible to determine the average number of siloxane repeat 
ing units by a proton nuclear magnetic resonance ("H NMR) 
method in which integrals for the protons of the dimethylsi 
loxane resonance and the protons of the eugenol methoxy 
group are compared. 
0018. The thermoplastic composition comprises 1 to 8 
weight percent siloxane repeating units and 12 to 99 weight 
percent arylene ether repeating units, based on the total 
weight of the thermoplastic composition. Within these 
ranges, the weight percent of siloxane repeating units can be 
2 to 7 weight percent, specifically 3 to 6 weight percent, more 
specifically 4 to 5 weight percent; and the weight percent 
arylene ether repeating units can be 50 to 98 weight percent, 
specifically 70 to 97 weight percent, more specifically 90 to 
96 weight percent. 
0019. As mentioned above, the thermoplastic composition 

is the product of a process comprising oxidatively copolymer 
izing a monomer mixture comprising a monohydric phenol 
and a hydroxyaryl-terminated polysiloxane. As such, the 
thermoplastic composition is made by a process that is sim 

0020. The thermoplastic composition has a weight aver 
age molecular weight of at least 30,000 atomic mass units. In 
Some embodiments the weight average molecular weight is 
30,000 to 150,000 atomic mass units, specifically 35,000 to 
120,000 atomic mass units, more specifically 40,000 to 
90,000 atomic mass units, even more specifically 45,000 to 
70,000 atomic mass units. In some embodiments, the thermo 
plastic composition has a number average molecular weight 
of 10,000 to 50,000 atomic mass units, specifically 10,000 to 
30,000 atomic mass units, more specifically 14,000 to 24,000 
atomic mass units. A detailed chromatographic method for 
determining molecular weight is described in the working 
examples below. 
0021. The thermoplastic composition can also include 
relatively small amounts of very low molecular weight spe 
cies. Thus, in Some embodiments, the thermoplastic compo 
sition comprises less than 25 weight percent of molecules 
having a molecular weight less than 10,000 atomic mass 
units, specifically 5 to 25 weight percent of molecules having 
a molecular weight less than 10,000 atomic mass units, more 
specifically 7 to 21 weight percent of molecules having a 
molecular weight less than 10,000 atomic mass units. In some 
embodiments, the molecules having a molecular weight less 
than 10,000 atomic mass units comprise, on average, 5 to 10 
weight percent siloxane repeating units, specifically 6 to 9 
weight percent siloxane repeating units. 
0022. Similarly, the thermoplastic composition can also 
include relatively small amounts of very high molecular 
weight species. Thus, in some embodiments, the thermoplas 
tic composition comprises less than 25 weight percent of 
molecules having a molecular weight greater than 100,000 
atomic mass units, specifically 5 to 25 weight percent of 
molecules having a molecular weight greater than 100,000 
atomic mass units, more specifically 7 to 23 weight percent of 
molecules having a molecular weight greater than 100,000 
atomic mass units. In some embodiments, the molecules hav 
ing a molecular weight greater than 100,000 atomic mass 
units comprise, on average, 3 to 6 weight percent siloxane 
repeating units, specifically 4 to 5 weight percent siloxane 
repeating units. 
0023. In some embodiments, the thermoplastic composi 
tion has an intrinsic viscosity of at least 0.3 deciliter per gram, 
as measured at 25°C. in chloroform. The intrinsic viscosity 
can be 0.3 to 0.6 deciliter pre gram, specifically 0.3 to 0.5 
deciliter per gram, still more specifically 0.31 to 0.55 deciliter 
per gram, yet more specifically 0.35 to 0.47 deciliter per 
gram. 

0024. One indication of the efficiency with which the 
hydroxyaryl-terminated polysiloxane is incorporated into 
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block copolymer is the low concentration of so-called poly 
(arylene ether) “tail groups. In a homopolymerization of 
2,6-dimethylphenol, a large fraction of product molecules 
have a so-called head-to-tail structure in which the linear 
product molecule is terminated on one end by a 3,5-dimethyl 
4-hydroxyphenyl “head and on the other end by a 2,6-dim 
ethylphenoxy “tail”. Thus, when the monohydric phenol con 
sists of 2,6-dimethylphenol, the poly(arylene ether) tail group 
has the structure 

CH3 

CH3 

wherein the 3-, 4-, and 5-positions of the ring are substituted 
with hydrogenatoms. (that is, the term 2,6-dimethylphenoxy 
does not encompass divalent 2,6-dimethyl-1,4-phenylene 
ether groups). In a copolymerization of monohydric phenol 
with hydroxyaryl-terminated polysiloxane, incorporation of 
the hydroxyaryl-terminated polysiloxane into block copoly 
mer will reduce the concentration of arylene ether “tail 
groups. Thus, in some embodiments, the monohydric phenol 
consists of 2,6-dimethylphenol, and the thermoplastic com 
position of comprises less than or equal to 0.4 weight percent, 
specifically 0.2 to 0.4 weight percent, of 2,6-dimethylphe 
noxy groups, based on the weight of the thermoplastic com 
position. 
0025. 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 ther 
moplastic composition can comprise 1.1 to 2.0 weight per 
cent of 2,6-dimethyl-4-(3,5-dimethyl-4-hydroxyphenyl)phe 
noXy groups. 
0026. The thermoplastic composition can be isolated from 
Solution by an isolation procedure that minimizes Volatile and 
nonvolatile contaminants. For example, in some embodi 
ments, the thermoplastic composition comprises less than or 
equal to 1 weight percent of total volatiles, specifically 0.2 to 
1 weight percent of total volatiles, determined according to 
the procedure in the working examples below. In some 
embodiments, the monomer mixture is oxidatively copoly 
merized in the presence 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. 
0027. The thermoplastic composition can be prepared by a 
method, comprising: oxidatively copolymerizing a monohy 
dric phenol and a hydroxyaryl-terminated polysiloxane to 
form a thermoplastic composition; wherein the oxidative 
copolymerization is initiated in the presence of at least 50 
weight percent of the hydroxyaryl-terminated polysiloxane 
and less than or equal to 50 weight percent of the monohydric 
phenol; wherein the oxidative copolymerization is conducted 
with a reaction time greater than or equal to 110 minutes; 
wherein the hydroxyaryl-terminated polysiloxane comprises, 
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on average, 35 to 80 siloxane repeating units; and wherein the 
hydroxyaryl-terminated polysiloxane constitutes 1 to 8 
weight percent of the combined weight of the monohydric 
phenol and the hydroxyaryl-terminated polysiloxane. 
0028. In some embodiments, the hydroxyaryl-terminated 
polysiloxane comprises, on average, 40 to 70 siloxane repeat 
ing units, specifically 40 to 60 siloxane repeating units, more 
specifically 40 to 50 siloxane repeating units. 
0029. As noted above, the hydroxyaryl-terminated polysi 
loxane constitutes 1 to 8 weight percent of the combined 
weight of the monohydric phenol and the hydroxyaryl-termi 
nated polysiloxane. Within this range, the hydroxyaryl-ter 
minated polysiloxane can constitute 2 to 7 weight percent, 
specifically 3 to 6 weight percent, more specifically 4 to 6 
weight percent of the combined weight of the monohydric 
phenol and the hydroxyaryl-terminated polysiloxane. 
0030. In some embodiments, the oxidative copolymeriza 
tion is initiated in the presence of at least 80 weight percent of 
the hydroxyaryl-terminated polysiloxane, specifically at least 
90 weight percent of the hydroxyaryl-terminated polysilox 
ane, more specifically 100 weight percent of the hydroxyaryl 
terminated polysiloxane. 
0031. In some embodiments, the oxidative copolymeriza 
tion is initiated in the presence of 0 to 50 weight percent of the 
monohydric phenol, specifically 1 to 30 weight percent of the 
monohydric phenol, more specifically 2 to 20 weight percent 
of the monohydric phenol, even more specifically 5 to 10 
weight percent of the monohydric phenol. 
0032. The oxidative copolymerization is conducted with a 
reaction time greater than or equal to 110 minutes. The reac 
tion time is the elapsed time between initiation and termina 
tion 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.) In some embodiments, the 
reaction time is 110 to 300 minutes, specifically 140 to 250 
minutes, more specifically 170 to 220 minutes. 
0033. The oxidative copolymerization can include a 
“build time' which is the time between completion of mono 
mer addition and termination of oxygen flow. In some 
embodiments, the reaction time comprises a build time of 80 
to 160 minutes. In some embodiments, the reaction tempera 
ture during at least part of the build time can be 40 to 60°C., 
specifically 45 to 55° C. 
0034. After termination of the copolymerization reaction, 
the product thermoplastic composition can be isolated from 
Solution using methods known in the art for isolating poly 
(arylene ether)s from solution. For example, the thermoplas 
tic composition can be isolated by precipitation with an anti 
solvent, such as a C-C alkanol, including methanol, ethanol, 
n-propanol, and isopropanol. The present inventors have 
observed that the use ofisopropanol is advantageous because 
it is a good solvent for unreacted hydroxyaryl-terminated 
polysiloxane. Therefore, precipitation and washing with iso 
propanol Substantially removes hydroxyaryl-terminated pol 
ysiloxane from the isolated product. As an alternative to pre 
cipitation, the thermoplastic composition can be isolated by 
direct isolation methods, including devolatilizing extrusion. 
0035. In some embodiments, the thermoplastic composi 
tion comprises 1 to 8 weight percent siloxane repeating units 
and 12 to 99 weight percent arylene ether repeating units. 
0036. In some embodiments, the thermoplastic composi 
tion has a weight average molecular weight of at least 30,000 
atomic mass units, specifically 30,000 to 150,000 atomic 
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mass units, more specifically 35,000 to 120,000 atomic mass 
units, even more specifically 40,000 to 90,000 atomic mass 
units, yet more specifically 45,000 to 70,000 atomic mass 
units. 
0037. In some embodiments, the thermoplastic composi 
tion incorporates greater than 75 weight percent, of the 
hydroxyaryl-terminated polysiloxane starting material into 
the poly(arylene ether)-polysiloxane block copolymer. Spe 
cifically, the amount of hydroxyaryl-terminated polysiloxane 
incorporated into the poly(arylene ether)-polysiloxane block 
copolymer can be at least 80 weight percent, more specifi 
cally at least 85 weight percent, still more specifically at least 
90 weight percent, yet more specifically at least 95 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 polydimethyl 
siloxane comprising 35 to 60 dimethylsiloxane units; the 
oxidative copolymerization is initiated in the presence of at 
least 90 weight percent of the hydroxyaryl-terminated pol 
ysiloxane and 2 to 20 weight percent of the monohydric 
phenol; the oxidative copolymerization is conducted with a 
reaction time of 170 to 220 minutes; and the hydroxyaryl 
terminated polysiloxane constitutes 2 to 7 weight percent of 
the combined weight of the monohydric phenol and the 
capped polysiloxane. 
0039. The invention includes a thermoplastic composition 
prepared by any of the above-described methods. Thus, one 
embodiment is a thermoplastic composition prepared by a 
method, comprising: oxidatively copolymerizing a monohy 
dric phenol and a hydroxyaryl-terminated polysiloxane to 
form a thermoplastic composition; wherein the oxidative 
copolymerization is initiated in the presence of at least 50 
weight percent of the hydroxyaryl-terminated polysiloxane 
and less than or equal to 50 weight percent of the monohydric 
phenol; wherein the oxidative copolymerization is conducted 
with a reaction time greater than or equal to 110 minutes; 
wherein the hydroxyaryl-terminated polysiloxane comprises, 
on average, 35 to 80 siloxane repeating units; and wherein the 
hydroxyaryl-terminated polysiloxane constitutes 1 to 8 
weight percent of the combined weight of the monohydric 
phenol and the hydroxyaryl-terminated polysiloxane. 
0040. In some embodiments, the thermoplastic composi 
tion comprises 1 to 8 weight percent siloxane repeating units 
and 12 to 99 weight percent arylene ether repeating units. 
0041. In some embodiments, the thermoplastic composi 
tion has a weight average molecular weight of at least 30,000 
atomic mass units. 
0042. In some embodiments, the thermoplastic composi 
tion incorporates greater than 75 weight percent of the 
hydroxyaryl-terminated polysiloxane into the poly(arylene 
ether)-polysiloxane block copolymer. 
0043. In a very specific embodiment, the monohydric phe 
nol is 2,6-dimethylphenol; the monohydric phenol is 2.6- 
dimethylphenol; the hydroxyaryl-terminated polysiloxane is 
a eugenol-capped polydimethylsiloxane comprising 35 to 60 
dimethylsiloxane units; the oxidative copolymerization is ini 
tiated in the presence of at least 90 weight percent of the 
hydroxyaryl-terminated polysiloxane and 2 to 20 weight per 
cent of the monohydric phenol; the oxidative copolymeriza 
tion is conducted with a reaction time of 170 to 220 minutes; 
and the hydroxyaryl-terminated polysiloxane constitutes 2 to 
7 weight percent of the combined weight of the monohydric 
phenol and the capped polysiloxane. 
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0044) The invention includes at least the following 
embodiments. 

0045 Embodiment 1. A thermoplastic composition, com 
prising: a poly(arylene ether); and a poly(arylene ether)-pol 
ysiloxane block copolymer comprising a poly(arylene ether) 
block, and a polysiloxane block comprising, on average, 35 to 
80 siloxane repeating units; wherein the thermoplastic com 
position comprises 1 to 8 weight percent siloxane repeating 
units and 12 to 99 weight percent arylene ether repeating 
units; wherein the thermoplastic composition is the product 
of a process comprising oxidatively copolymerizing a mono 
mer mixture comprising a monohydric phenol and a 
hydroxyaryl-terminated polysiloxane; and wherein the ther 
moplastic composition has a weight average molecular 
weight of at least 30,000 atomic mass units. 
0046 Embodiment 2. The thermoplastic composition of 
embodiment 1, wherein the thermoplastic composition has a 
weight average molecular weight of 30,000 to 150,000 
atomic mass units. 

0047 Embodiment 3. The thermoplastic composition of 
embodiment 1 or 2, wherein the thermoplastic composition 
has an intrinsic viscosity of at least 0.3 as measured at 25°C. 
in chloroform. 

0048 Embodiment 4. The thermoplastic composition of 
any of embodiments 1-3, wherein the thermoplastic compo 
sition has an intrinsic viscosity of 0.3 to 0.6 deciliter per gram 
as measured at 25°C. in chloroform. 

0049 Embodiment 5 The thermoplastic composition of 
any of embodiments 1-4, wherein the thermoplastic compo 
sition comprises less than 25 weight percent of molecules 
having a molecular weight less than 10,000 atomic mass 
units. 

0050 Embodiment 6. The thermoplastic composition of 
embodiment 5, wherein the molecules having a molecular 
weight less than 10,000 atomic mass units comprise, on aver 
age, 5 to 10 weight percent siloxane repeating units. 
0051 Embodiment 7. The thermoplastic composition of 
any of embodiments 1-6, wherein the thermoplastic compo 
sition comprises less than 25 weight percent of molecules 
having a molecular weight greater than 100,000 atomic mass 
units. 

0.052 Embodiment 8. The thermoplastic composition of 
embodiment 7, wherein the molecules having a molecular 
weight greater than 100,000 atomic mass units comprise, on 
average, 3 to 6 weight percent siloxane repeating units. 
0053 Embodiment 9. The thermoplastic composition of 
any of embodiments 1-4, wherein the thermoplastic compo 
sition comprises less than 25 weight percent of molecules 
having a molecular weight less than 10,000 atomic mass 
units; wherein the molecules having a molecular weight less 
than 10,000 atomic mass units comprise, on average, 5 to 10 
weight percent siloxane repeating units; wherein the thermo 
plastic composition comprises less than 25 weight percent of 
molecules having a molecular weight greater than 100,000 
atomic mass units; and wherein the molecules having a 
molecular weight greater than 100,000 atomic mass units 
comprise, on average, 3 to 6 weight percent siloxane repeat 
ing units. 
0054 Embodiment 10. The thermoplastic composition of 
any of embodiments 1-9, wherein the hydroxyaryl-termi 
nated polysiloxane comprises 35 to 60 siloxane repeating 
units. 
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0055 Embodiment 11. The thermoplastic composition of 
any of embodiments 1-10, wherein the hydroxyaryl-termi 
nated polysiloxane comprises 40 to 50 siloxane repeating 
units. 
0056. Embodiment 12. The thermoplastic composition of 
any of embodiments 1-11, wherein the monohydric phenol 
consists of 2,6-dimethylphenol, and wherein the thermoplas 
tic composition comprises less than or equal to 0.4 weight 
percent of 2,6-dimethylphenoxy groups. 
0057 Embodiment 13. The thermoplastic composition of 
any of embodiments 1-12, wherein the monohydric phenol 
consists of 2,6-dimethylphenol, and wherein the thermoplas 
tic composition comprises 0.2 to 0.4 weight percent of 2.6- 
dimethylphenoxy groups. 
0058 Embodiment 14. The thermoplastic composition of 
any of embodiments 1-13, 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-C2 hydrocarbyl 
provided that the hydrocarbyl group is not tertiary hydrocar 
byl, C-C hydrocarbylthio. C-C hydrocarbyloxy, or 
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0060 wherein the polysiloxane block further comprises a 
terminal unit having the structure 

wherein Y is hydrogen, C-C2 hydrocarbyl, C-C2 hydro 
carbyloxy, orhalogen, and wherein each occurrence of Rand 
R" is independently hydrogen, C-C2 hydrocarbylor C-C2 
halohydrocarbyl. 
0061 Embodiment 15. The thermoplastic composition of 
any of embodiments 1-14, 
0062 wherein the poly(arylene ether) block comprises 
arylene ether repeating units having the structure 

CH3 

CH 

and 

0063 wherein the polysiloxane block has the structure 

H3CO 

it it 
* --O CH-CH-CH –o -cis-cis-ch, O-H* 

CH3 CH3 

C-C halohydrocarbyloxy wherein at least two carbon 
atoms separate the halogen and oxygen atoms; and each Z is 
independently hydrogen, halogen, unsubstituted or Substi 
tuted C-C hydrocarbyl provided that the hydrocarbyl 
group is not tertiary hydrocarbyl, C-C hydrocarbylthio. 
C-C2 hydrocarbyloxy, or C-C halohydrocarbyloxy 
wherein at least two carbon atoms separate the halogen and 
OXygen atom; 
0059 wherein the polysiloxane block comprises repeating 
units having the structure 

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

pi 

OCH 

wherein n is 35 to 60; and 
0064 wherein the thermoplastic composition has a num 
ber average molecular weight of 10,000 to 30,000 atomic 
mass units. 

0065 Embodiment 16. A method of preparing a thermo 
plastic composition, comprising: oxidatively copolymerizing 
a monohydric phenol and a hydroxyaryl-terminated polysi 
loxane to form a thermoplastic composition; wherein the 
oxidative copolymerization is initiated in the presence of at 
least 50 weight percent of the hydroxyaryl-terminated pol 
ysiloxane and less than or equal to 50 weight percent of the 
monohydric phenol; wherein the oxidative copolymerization 
is conducted with a reaction time greater than or equal to 110 
minutes; wherein the hydroxyaryl-terminated polysiloxane 
comprises, on average, 35 to 80 siloxane repeating units; and 
wherein the hydroxyaryl-terminated polysiloxane constitutes 
1 to 8 weight percent of the combined weight of the mono 
hydric phenol and the hydroxyaryl-terminated polysiloxane. 
0066 Embodiment 17. The method of embodiment 16, 
wherein the thermoplastic composition comprises 1 to 8 
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weight percent siloxane repeating units and 12 to 99 weight 
percent arylene ether repeating units. 
0067. Embodiment 18. The method of embodiment 16 or 
17, wherein the thermoplastic composition has a weight aver 
age molecular weight of at least 30,000 mass units. 
0068 Embodiment 19. The method of any of embodi 
ments 16-18, wherein the thermoplastic composition incor 
porates greater than 75 weight percent of the hydroxyaryl 
terminated polysiloxane into the poly(arylene ether)- 
polysiloxane block copolymer. 
0069. Embodiment 20. The method of any of embodi 
ments 16-19, wherein the monohydric phenol is 2,6-dimeth 
ylphenol; wherein the hydroxyaryl-terminated polysiloxane 
is a eugenol-capped polydimethylsiloxane comprising 35 to 
60 dimethylsiloxane units; wherein the oxidative copolymer 
ization is initiated in the presence of at least 90 weight percent 
of the hydroxyaryl-terminated polysiloxane and 2 to 20 
weight percent of the monohydric phenol; wherein the oxi 
dative copolymerization is conducted with a reaction time of 
170 to 220 minutes; and wherein the hydroxyaryl-terminated 
polysiloxane constitutes 2 to 7 weight percent of the com 
bined weight of the monohydric phenol and the capped pol 
ysiloxane. 
0070 Embodiment 21. A thermoplastic composition pre 
pared by a method, comprising: oxidatively copolymerizing a 
monohydric phenol and a hydroxyaryl-terminated polysilox 
ane to form a thermoplastic composition; wherein the oxida 
tive copolymerization is initiated in the presence of at least 50 
weight percent of the hydroxyaryl-terminated polysiloxane 
and less than or equal to 50 weight percent of the monohydric 
phenol; wherein the oxidative copolymerization is conducted 
with a reaction time greater than or equal to 110 minutes; 
wherein the hydroxyaryl-terminated polysiloxane comprises, 
on average, 35 to 80 siloxane repeating units; and wherein the 
hydroxyaryl-terminated polysiloxane constitutes 1 to 8 
weight percent of the combined weight of the monohydric 
phenol and the hydroxyaryl-terminated polysiloxane. 
0071 Embodiment 22. The thermoplastic composition of 
embodiment 21, wherein the reaction time comprises a build 
time of 80 to 160 minutes. 
0072 Embodiment 23. The thermoplastic composition of 
embodiment 21 or 22, wherein the thermoplastic composition 
comprises 1 to 8 weight percent siloxane repeating units and 
12 to 99 weight percent arylene ether repeating units. 
0073 Embodiment 24. The thermoplastic composition of 
any of embodiments 21-23, wherein the thermoplastic com 
position has a weight average molecular weight of at least 
30,000 atomic mass units. 

Toluene, initially present in reactor 
Eugenol-capped siloxane, initially present in reactor 
50%. 2,6-dimethylphenol in toluene, added to reactor 47 grams 
before initiation of O, flow 
50%. 2,6-dimethylphenol in toluene, gradually added to 553 grams 
reactor after initiation of O2 flow 
DBA, added to reactor before initiation of O2 flow 
DMBA, added to reactor before initiation of O, flow 10.05 grams 
Diamine Mix initially present in reactor 

Copper solution initially present in reactor 
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0074 Embodiment 25. The thermoplastic composition of 
any of embodiments 21-24, wherein the thermoplastic com 
position incorporates greater than 75 weight percent of the 
hydroxyaryl-terminated polysiloxane into the poly(arylene 
ether)-polysiloxane block copolymer. 
0075 Embodiment 26. The thermoplastic composition of 
any of embodiments 21-25, 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 oxi 
dative copolymerization is initiated in the presence of at least 
90 weight percent of the hydroxyaryl-terminated polysilox 
ane and 2 to 20 weight percent of the monohydric phenol; 
wherein the oxidative copolymerization is conducted with a 
reaction time of 170 to 220 minutes; and wherein the 
hydroxyaryl-terminated polysiloxane constitutes 2 to 7 
weight percent of the combined weight of the monohydric 
phenol and the capped polysiloxane. 
0076. The invention is further illustrated by the following 
non-limiting examples. 

Examples 1-10, Comparative Examples 1-7 

0077. These examples, which were conducted on a labo 
ratory scale, illustrate the effects of several process variables 
on product characteristics. 
0078. The following materials were used in the block 
copolymer synthesis: 2,6-dimethylphenol was obtained from 
SABIC Innovative Plastics LLP: N,N-dimethyl-n-buty 
lamine (DMBA), N,N'-di-tert-butyl-ethylenediamine 
(DBEDA), and di-n-butylamine (DBA) were obtained from 
Celanese Ltd.: Cuprous Oxide (CuO) 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 Func 
tional Chemicals LLC; eugenol-capped siloxane fluids were 
obtained from Momentive Performance Materials. 

0079 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, and the agitator speed units of rotations per minute 
are abbreviated “rpm. 

TABLE 1 

Amount Relative Amount 

605 grams 
variable (See Table 2) 

7.9% of total 
2,6-dimethylphenol 
92.1% of total 
2,6-dimethylphenol 
1% based on total monomer 
1% based on total toluene 
21% based on catalyst solution 

3.00 grams 

0.474 grams DBEDA 
0.0237 grams Maquat 
0.869 grams toluene 
0.16 grams Cu2O 0.75% based on total monomer 
2.09 grams 48% HBr (aq.) 92.7% of total catalyst solution 
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TABLE 1-continued 

Amount 

Toluene rinse (hand-feed ) 100 grams 
Rate of monomer addition 20 grams/minute 
N. Flow 1200 sccm 
O. Flow 700 sccm 
Agitator speed 1000 rpm 
NTA100 mL water 1.78 grams 

0080. The process variations are summarized in Table 2, 
where "Toluene source” refers to whether the toluene solvent 
is fresh or recycled (“Recycl” in Table 2) 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(CH)O—) units 
in the eugenol-capped 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-dim 
ethylphenol 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; 
“0:2,6-dimethylphenol mole ratio” is the mole ratio of atomic 
oxygen (provided as molecular oxygen) to 2,6-dimethylphe 
nol 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 min 
utes, during which the temperature was ramped from the 
addition temperature to the build temperature: “Ramp slope 
(C./min) is the rate of change oftemperature, expressed in 
degrees centigrade perminute, 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 controlled 
monomer addition to the end of reaction (that is, to the ter 
mination of oxygen flow); build time was varied between 80 
and 160 minutes. 
0081. The process variations were superimposed on the 
following general synthetic procedure. 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 reactor. An addition pot was 
loaded with a 50 weight percent solution of 2,6-dimethylphe 
nol 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 

Aug. 4, 2011 

Relative Amount 

1.2 mole NTA per mole Cu 

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 cata 
lyst, 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 tempera 
ture adjustment occurred over the time span indicated in the 
Table 2 row labeled “Ramp time (min) and at the rate indi 
cated 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 head 
space oxygen concentration of 18%. The reaction was con 
tinued 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 reac 
tion time is the time elapsed between initiation and termina 
tion of oxygen flow. The reaction mixture is transferred to a 
glass vessel for chelation and separation of the polymeriza 
tion catalyst. The chelation step utilizes 1.2 moles of triso 
dium nitrilotriacetate per mole of copper ion, where the tri 
Sodium 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) frac 
tion that was discarded and a light (organic) fraction contain 
ing 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, specifi 
cally 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, followed by 
filtration and drying of the filtrate under partial vacuum with 
nitrogen bleed at 110° C. overnight. The final powder typi 
cally 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. 
I0082) Number average molecular weight and weight aver 
age molecular weight were determined by gel permeation 
chromatography as follows. The gel permeation chromato 
graph is calibrated using eight polystyrene standards, each of 
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narrow molecular weight distribution, and collectively span 
ning a molecular weight range of 3,000 to 1,000,000 grams/ 
mole. The columns used were 1e3 and le5 angstrom Plgel 
columns with a 5 microliter 100 angstrom PLgel guard col 
umn. 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 1.2 milliliters per 
minute. The detector wavelength was 254 nanometers. A 
third degree polynomial function is fitted through the calibra 
tion points. Experimental samples are prepared by dissolving 
0.27 grams isolated block copolymer solid in 45 milliliters 
toluene. A 50 microliter sample of the resulting solution is 
injected into the chromatograph. The values of number aver 
age molecular weight (M) and weight average molecular 
weight (M) 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)=0.3122xM(PS)'97, where M(PPE) is 
poly(2,6-dimethyl-1,4-phenylene ether) molecular weight 
and M(PS) is polystyrene molecular weight. 
0083 Reaction conditions and properties of resulting 
products are summarized in Table 2. For the product proper 
ties in Table 2, “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. Wit.>100K (%) is the weight percent 
of the isolated product having a molecular weightgreater than 
10,000 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 pow 
der isolated by precipitation from isopropanol: “IV, end of 
cheln. (dL/g) 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; 
“M, end of rxn. (AMU)” is the weight 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 
then dried; “M, end of rxn. (AMU)” is the number average 
molecular weight, expressed in atomic mass units and mea 
Sured by gel permeation chromatography, of the product 
present in the reaction mixture at the end of the polymeriza 
tion reaction which has been isolated by precipitation from 
isopropanol then dried; “M/M, end of rxn is the ratio of 
weight average molecular weight to number average molecu 
lar weight for the product present in the reaction mixture at 
the end of the polymerization reaction which has been iso 
lated by precipitation from isopropanol then dried; “M, end 
of cheln. (AMU)” is the weight average molecular weight, 
expressed in atomic mass units and measured by gel perme 
ation chromatography, of the product present in the post 
chelation organic phase which has been isolated by precipi 
tation from isopropanol then dried; “M, end of cheln. 
(AMU)” is the number average molecular weight, expressed 
in atomic mass units and measured by gel permeation chro 
matography, of the product present in the post-chelation 
organic phase which has been isolated by precipitation from 
isopropanol then dried; “M/M, end of cheln is the ratio of 
weight average molecular weight to number average molecu 
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lar weight for the product present in the post-chelation 
organic phase which has been isolated by precipitation from 
isopropanol then dried. 
I0084. In Table 2. “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 'HNMR using protons labeleda and bin the 
structure labeled “Formula I, below, and calculated as 

Weight 9%. Siloxane in product = x 100 
X -- Y 

where 

X Peak 'b' IntegralG 0.6 ppm.x Mn Siloxane Fluid 
proton per Siloxane Chain 

and 

Peak a” Integral?a 6.47 ppm.x MW 2, 6 xylenol 
y 2 

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 “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. 

I0085. In Table 2, “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 removes unre 
acted (unincorporated) siloxane macromer), as determined 
by H NMR using protons labeled a and b in the structure 
labeled “Formula I, and calculated as 

Siloxane Incorporation Efficiency (%) = 

Weight 9%. Siloxane in product 
%. Siloxane Loaded x 100 

where the equation for Weight% Siloxane in product is given 
above, and 

% Sl Loaded = Weight of Siloxane Monomer Loaded 100 

Weight of 2, 6 Monomer Loaded 

where “Weight of Siloxane Monomer Loaded' is the weight 
of hydroxyaryl-terminated polysiloxane used in the reaction 
mixture, and “Weight of 2.6 Monomer Loaded' is the total 
weight of 2,6-dimethylphenol used in the reaction mixture. 
Calling this metric “Siloxane Incorporation Efficiency’ is an 
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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 
block copolymer, and some arylene ether oligomers are lost in 
the isolation procedure. Nevertheless, Siloxane Incorporation 
Efficiency is a useful metric. 
I0086. In Table 2, “Tail (%)" refers to the percent of 2,6- 
dimethylphenol that are in an end group configuration com 
pared to total 2,6-dimethylphenol residues and is determined 
by H NMR using the “tail” protons labelede in the structure 
labeled “Formula (III) below, and the protons labeleda in the 
structure labeled “Formula (I) below, and calculated as 

% Tai- x 100 

where the equation for Y is above, and 

Peak 'e' Integrala 7.09 ppmx MW of 2, 6 xylenol 
Z 3 

I0087. In Table 2, “Biphenyl (%) is the weight percent of 
3.3',5,5'-tetramethyl-4,4'-biphenol residues, that is, residues 
having the structure 

H3C H3C Ha 
OCH 

HO O O 
CH 

H3C H3C Ha pi H. O 
CH 

Formula (II): 

HC CH 

HC CH 
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and is determined by "H NMR using the “biphenyl" protons 
labeled d in the structure labeled “Formula (II)”, below, and 
the protons labeled a in the structure labeled “Formula (I), 
and calculated as 

x 100 %. Biphenyl W o Biphenyl= w 

where the equation for Y is above, and 

W Peak d” Integrala 7.35 ppm x MW biphenyl 
4 

wherein “MW biphenyl is the molecular weight of the resi 
due of 3,3',5,5'-tetramethyl-4,4'-biphenol shown above. 
I0088 “OH (ppm)' is the parts per million by weight of all 
hydroxyl groups, based on the total weight of the isolated 
sample, as determined by 'PNMR after phosphorus deriva 
tization of the hydroxyl groups of the isolated sample as 
described in K. P. Chanet al., “Facile Quantitative Analysis of 
Hydroxyl End Groups of Poly(2,6-dimethyl-1,4-phenylene 
oxide)s by P NMR Spectroscopy", Macromolecules, vol 
ume 27, pages 6371-6375 (1994). 

Formula (I): 

CH3 
He 

OH 

H. b (H, 
so pi CH3 

CH3 i, CH3 
D 

Formula (III): 
H3C H3C He 

O O He 

H3C H3C He 
pi 

I0089. The results show Examples 1-10, using 
hydroxyaryl-terminated polysiloxanes of moderate chain 
length, low concentrations of hydroxyaryl-terminated polysi 
loxane, gradual addition of phenolic monomer, and extended 
reaction times, all exhibit siloxane incorporation efficiencies 
of 91 to 102 percent. In contrast, Comparative Examples 1-7, 
each using at least one of an excessive polysiloxane chain 
length, a high concentration of hydroxyaryl-terminated pol 
ysiloxane, bulk addition of phenolic monomer, and inad 
equate reaction times, exhibit siloxane incorporation efficien 
cies of 26 to 72 percent. 
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TABLE 2 

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

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 45 
Polysiloxane loading (%) 2O 2O 2O 2O 10 5 
Initial 2,6-DMP (%) 1OO 7.9 7.9 7.9 7.9 7.9 
O:2,6-DMP mole ratio NA O.98 O.98 O.98 O.98 O.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) 8O 120 2OO 200 2OO 200 
Mol. Wt. <10K (%) 
Mol. Wt. >100K (%) 
IV, end of rxn. (dLig) 
IV, end of cheln. (dLig) O.15 O.25 O.26 O.30 O.30 O4O 
M, end of rxn. (AMU) 
M, end of rxn. (AMU) 
M/M, end of rxn. 
M, end of cheln. (AMU) 21 OOO 23OOO 2SOOO 32OOO 34OOO S1OOO 
M, end of cheln. (AMU) 9000 11OOO 11 OOO 14OOO 14000 2OOOO 
M.M., end of cheln. 2.3 2.1 2.3 2.3 2.4 2.6 
Weight% siloxane (%) 9 11 11.8 14 5.52 4.8 
Siloxane Incorporation 45 55 59 70 55 96 
Efficiency (%) 
Tail (%) 
Biphenyl (%) 
OH (ppm) 

C. Ex. 6 C. Ex. 7 Ex. 2 Ex. 3 Ex. 4 Ex. S 

Toluene Source Fresh Fresh Fresh Recyc. Recyc. Recyc. 
DMBA level (%) 1 1 1 1.17 1.17 1.17 
Solids (%) 23 23 23 23 23 23 
Polysiloxane chain length 10 30 45 45 45 45 
Polysiloxane loading (%) 2O 2O 5 5 5 5 
Initial 2,6-DMP (%) 7.9 7.9 7.9 7.9 7.9 7.9 
O:2,6-DMP mole ratio O.98 O.98 0.7 O.98 O.98 O.98 
Catalyst (%) 0.75 0.75 0.75 0.75 0.75 0.75 
Temp., initial charge (C.) 30 30 30 21 21 21 
Temp., addition (C.) 30 30 30 38 38 38 
Temp., build (C.) 49 49 49 49 49 49 
Ramp time (min) 10 10 10 10 30 5 
Ramp slope (C./min) 1.9 1.9 1.9 1.1 0.37 2.2 
Reaction time (min) 2OO 200 18O 18O 18O 18O 
Mol. Wt. <10K (%) 13 21 13 11 
Mol. Wt. >100K (%) 10 7 10 11 
IV, end of rxn. (dLig) O.36 O46 O.42 O42 
IV, end of cheln. (dLig) O.15 O.25 O.34 O.28 O.31 O.33 
M, end of rxn. (AMU) 55000 64000 S8OOO 61OOO 
M, end of rxn. (AMU) 21 OOO 24OOO 23OOO 23OOO 
M/M, end of rxn. 2.6 2.7 2.5 2.7 
M, end of cheln. (AMU) 7900 31OOO 47OOO 37000 44OOO 44000 
M, end of cheln. (AMU) 4600 1SOOO 19000 14OOO 17OOO 16OOO 
M/M, end of cheln. 1.7 2.1 2.5 2.6 2.6 2.8 
Weight% siloxane (%) 5.2 14.4 4.6 4.9 4.8 5 
Siloxane Incorporation 26 72 92 98 96 100 
Efficiency (%) 
Tail (%) 0.37 
Biphenyl (%) 1.5 2.0 1.6 1.6 
OH (ppm) 1576 

Ex. 6 Ex. 7 Ex. 8 Ex. 9 Ex. 10 

Toluene Source Recyc. Recyc. Fresh Fresh Recyc. 
DMBA level (%) 1.2 1.2 1 1.2 
Solids (%) 23 23 23 23 
Polysiloxane chain length 45 45 45 45 
Polysiloxane loading (%) 5 5 5 5 
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TABLE 2-continued 

Initial 2,6-DMP (%) 7.9 7.9 7.9 
O:2,6-DMP mole ratio O.98 O.98 O.98 
Catalyst (%) 0.75 0.75 0.75 
Temp., initial charge (C.) 21 21 21 
Temp., addition (C.) 30 30 30 
Temp., build (C.) 49 49 49 
Ramp time (min) 10 30 30 
Ramp slope (C./min) 1.9 O.63 O.63 
Reaction time (min) 18O 18O 18O 
Mol. Wt. <10K (%) 16 16 11 
Mol. Wt. >100K (%) 8 8 16 
IV, end of rxn. (dLig) O41 O.45 0.55 
IV, end of cheln. (dLig) O.32 O.31 O41 
M, end of rxn. (AMU) S8OOO 64000 81OOO 
M, end of rxn. (AMU) 21OOO 23OOO 3OOOO 
M.M., end of rXn. 2.8 2.8 2.7 
M, end of cheln. (AMU) 41000 41 OOO 57OOO 
M, end of cheln. (AMU) 16OOO 16OOO 21OOO 
M.M., end of cheln. 2.6 2.6 2.7 
Weight% siloxane (%) 4.7 4.7 4.60 
Siloxane Incorporation 94 94 92 
Efficiency (%) 
Tail (%) 0.27 O.25 O.25 
Biphenyl (%) 1.6 1.6 1.3 
OH (ppm) 1914 1897 1339 

Examples 11-17 

0090 These examples, which were conducted on a pilot 
plant scale, illustrate the effects of several process variables 
on the product characteristics of the block copolymer prod 
uct. 

0091. The process variations are summarized in Table 3 
and are the same as those described above for Table 2. 

0092. The process variations were superimposed on the 
following general synthetic procedure. 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 
2 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 diamine, 
and the copper catalyst. Oxygen flow and further monomer 
addition were initiated, and the oxygen flow was regulated to 
maintain a head space 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 tolu 
ene and the reaction temperature was increased to the tem 
perature 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 con 
tinued until a pre-determined time point is reached. The pre 
determined end point is the time at which target intrinsic 
Viscosity and maximum siloxane incorporation are attained 

19000 
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7.9 7.9 
O.98 O.98 
0.75 O.94 

21 21 
38 38 
49 49 
30 30 
0.37 0.37 

18O 150 
13 16 
13 16 
O46 O.47 
0.37 O.39 

111 OOO 
39000 

2.6 2.8 
S1 OOO S4OOO 

16OOO 
2.7 3.4 
4.7 4.56 
94 91 

O.26 O.21 
1.35 1.68 

and is typically 80 to 160 minutes after 2,6-dimethylphenyl 
addition ends. Once the time point 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. 

0093. Reaction conditions and properties of resulting 
products are summarized in Table 3. “Total volatiles (%)", 
which is weight percent of volatiles in the isolated product, 
was determined by measuring the percent weight loss accom 
panying drying for 1 hour at 110°C. under vacuum: “Residual 
Cu (ppm), which is the residual catalyst concentration 
expressed as parts per million by weight of elemental copper, 
was determined by atomic absorption spectroscopy; for prop 
erties as a function of reaction time, samples were removed 
from the reactor and precipitated (without prior chelation of 
catalyst metal) by addition of one volume of reaction mixture 
to three Volumes of room temperature isopropanol to yield a 
precipitate that was filtered, washed with isopropanol, and 
dried prior to "H NMR (to determine weight percent siloxane 
and siloxane incorporation efficiency) and intrinsic viscosity 
analyses. 
0094. The results in Table 3 show that long reaction 
times—much longer than those used for polymerization of 
monohydric phenol alone—are needed to achieve high silox 
ane incorporation efficiencies. 
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TABLE 3 

Ex. 11 Ex. 12 Ex. 13 Ex. 14 

REACTION CONDITIONS 

Toluene Source Fresh Fresh Fresh Recyc. 
DMBA level (%) 1 1 1.2 2.4 
Solids (%) 23 23 23 23 
Polysiloxane chain length 45 45 45 45 
Polysiloxane loading (%) 5 5 5 5 
Initial 2,6-DMP (%) 7.9 7.9 7.9 7.9 
O:2,6-DMP mole ratio O.98 O.98 O.98 O.98 
Catalyst (%) 0.75 0.75 O.9 0.75 
Temp., initial charge (C.) 21 21 21 21 
Temp., addition (C.) 30 38 38 38 
Temp., build (C.) 49 49 49 49 
Ramp time (min) 10 30 30 30 
Ramp slope (C./min) 1.9 0.37 0.37 0.37 
Reaction time (min) 200 200 200 2OO 

FINAL PRODUCT PROPERTIES 

Mol. Wt. <10K (%) 12 7 10 12 
Mol. Wt. >100K (%) 9 12 23 12 
IV, end of rxn. (dLig) O.33 O.36 O.S3 O.40 
IV, end of cheln. (dLig) O.31 O3S O.47 O.36 
M, end of rxn. (AMU) 4SOOO S1OOO 78OOO S8OOO 
M, end of rxn. (AMU) 19000 2OOOO 27OOO 24000 
M/M, end of rxn. 2.4 2.6 2.9 2.4 
M, end of cheln. (AMU) 4SOOO SOOOO 7OOOO SOOOO 
M, end of cheln. (AMU) 18OOO 19000 22OOO 19000 
M.M., end of cheln. 2.5 2.6 3.2 2.6 
Weight% siloxane (%) 4.71 4.75 S.09 4.77 
Silox. Incorp. Effic. (%) 94 95 102 95 
Weight% Biphenyl (%) 1.3 1.25 1.1 1.26 
Total OH (ppm) 1532 
Total volatiles (%) O.89 O.22 
Residual Cu (ppm) 64 23 

PROPERTIES ASA FUNCTION OF REACTION TIME 

Wt.% siloxane, 80 min (%) 2.98 O.6O O.9 O.17 
Wt.% siloxane, 110 min (%) 4.SS 4.42 S.O.3 3.67 
Wt.% siloxane, 200 min (%) 4.56 4.67 5.07 4.64 
Silox. Incorp. Effic., 80 min (%) 59.66 12.00 18 3.34 
Silox. Incorp. Effic., 110 min (%) 90.97 88.40 100.6 73.33 
Silox. Incorp. Effic., 200 min (%) 91.21 93.40 101.4 92.81 
IV, 80 min (dLig) O.11 O.O6 O.08 O.O6 
IV, 110 min (dLig) O.29 O.29 O.39 O.12 
IV, 200 min (dLig) O.33 O.36 O.S3 O.40 

Ex. 15 Ex. 16 Ex. 17 

REACTION CONDITIONS 

Toluene Source Recyc. Recyc. Recyc. 
DMBA level (%) 2.4 1.2 1.2 
Solids (%) 23 23 23 
Polysiloxane chain length 45 45 4S 
Polysiloxane loading (%) 5 5 5 
Initial 2,6-DMP (%) 7.9 7.9 7.9 
O:2,6-dimethylphenol mole ratio O.98 O.98 O.98 
Catalyst (%) O.9 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 3O 
Ramp slope (C./min) 0.37 0.37 0.37 
Reaction time (min) 2OO 200 2OO 

FINAL PRODUCT PROPERTIES 

Mol. Wt. <10K (%) 13 11 13 
Mol. Wt. >100K (%) 19 16 19 
IV, end of rxn. (dLig) O.S3 O45 O.S3 
IV, end of cheln. (dLig) O46 O.39 O46 
M, end of rxn. (AMU) 72OOO 64000 72OOO 
M, end of rxn. (AMU) 27OOO 23OOO 27OOO 
M.M., end of rXn. 2.7 2.8 2.7 
M, end of cheln. (AMU) 67OOO S6000 67OOO 
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TABLE 3-continued 

M, end of cheln. (AMU) 23OOO 2OOOO 23OOO 
M.M., end of cheln. 2.9 2.7 2.9 
Weight% siloxane (%) 4.9 4.78 4.9 
Silox. Incorp. Effic. (%) 98 96 98 
Weight% Biphenyl (%) 1.16 1.26 1.16 
Total OH (ppm) 
Total volatiles (%) 
Residual Cu (ppm) 

PROPERTIES ASA FUNCTION OF REACTION TIME 

Wt.% siloxane, 80 min (%) 3.39 1.68 3.39 
Wt.% siloxane, 110 min (%) 4.88 4.71 4.88 
Wt.% siloxane, 200 min (%) 4.88 4.93 4.88 
Silox. Incorp. Effic., 80 min (%) 67.87 33.64 67.87 
Silox. Incorp. Effic., 110 min (%) 97.67 94.26 97.67 
Silox. Incorp. Effic., 200 min (%) 97.59 98.57 97.59 
IV, 80 min (dLig) O.15 O.087 O.15 
IV, 110 min (dLig) O.48 O.36 O.48 
IV, 200 min (dLig) O.S3 O4S2 O.S3 

0095 For characterization of the composition as a func- Examples 18 and 19 
tion of molecular weight fraction, fractions from six gel per 
meation chromatography injections (36 mg of total material 0096. These examples illustrate the effect of precipitation 
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 (200ul) of the five fractions was 
analyzed by gel permeation chromatography to confirm the 
Success of the fractionation. The remaining part was used for 
"H 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 "H NMR (512 scans). The results, presented in Table 4, 
show, first, that all fractions contain substantial dimethylsi 
loxane contents. The fact that no “% tail” was detected in the 
highest molecular weight fraction indicates that this fraction 
is essentially free of poly(arylene ether) homopolymer; that 
is, it is essentially pure block copolymer. Similarly, the fact 
that the largest"/6 tail was observed in the lowest molecular 
weight fraction means that the poly(arylene ether) is biased 
toward the lower molecular weight fractions. 

TABLE 4 

Siloxane 
Parent weight 
sample Sample description (%) 

Ex. 2 Fraction 1 (83-100% of MW curve: highest MW fraction) 4.70 
Fraction-02 (67-83% of MW curve) 4.39 
Fraction-03 (50-67% of MW curve) 4.19 
Fraction-04 (33-50% of MW curve) 4.54 
Fraction-05 (17-33% of MW curve) 5.39 
Fraction-06 (0-17% of MW curve; lowest Mw fraction) 7.11 

Ex. 14 Fraction 1 (83-100% of MW curve: highest MW fraction) 4.39 
Fraction-02 (67-83% of MW curve) 4.18 
Fraction-03 (50-67% of MW curve) 4.34 
Fraction-04 (33-50% of MW curve) 4.71 
Fraction-05 (17-33% of MW curve) 5.27 
Fraction-06 (0-17% of MW curve; lowest Mw fraction) 6.90 

antisolvent type on the final properties of the isolated product. 
(0097. The reaction conditions for Examples 18 and 19 
were the same as those for Example 17 as shown in Table 3, 
except that the reaction mixture and chelant Solution were 
separated via liquid-liquid centrifuge rather than separatory 
funnel Example 18 used precipitation in methanol, while 
Example 19 used precipitation in isopropanol. Characteriza 
tion of the isolated products is summarized in Table 5. The 
results show a higher weight percent siloxane in the metha 
nol-precipitated Sample than the isopropanol-precipitated 
sample, which is consistent with the observation that isopro 
panol is a significantly better solvent for the hydroxyaryl 
terminated polysiloxane than is methanol. Thus, precipitation 
with isopropanol can be an effective means of minimizing 
residual hydroxyaryl-terminated polysiloxane in the isolated 
product. 

TABLE 5 

Ex. 18 Ex. 19 

Intrinsic viscosity (dLig) O.391 O403 
M 214O1 22347 

Biphenyl Tail 
weight Weight 
(%) (%) 

1.19 O.OO 
O41 O.S3 
1.06 O.22 
1.37 O.28 
18O O.34 
2.74 1.01 
O.S6 O.OO 
O.85 O.OO 
O.87 O.OO 
1.16 O.09 
1.61 O.19 
3.40 1.00 
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TABLE 5-continued 

Ex. 18 Ex. 19 

M 56135 57151 
Wt.% siloxane (%) 5.05 4.60 

Examples 20-24 
0098. These examples use hydroxy end group derivatiza 
tion with a phosphorus reagent and 'PNMR to characterize 
the hydroxyl end groups of various previously described 
samples. 
0099 Examples 20-24 used isolated products correspond 
ing to Examples 2, 6-8, and 14, respectively. The hydroxyl 
groups of the isolated products were phosphorus derivatized 
and analyzed by P NMR as described in K. P. Chanet al., 
“Facile Quantitative Analysis of Hydroxyl End Groups of 
Poly(2,6-dimethyl-1,4-phenylene oxide)s by 'PNMR Spec 
troscopy”. Macromolecules, volume 27, pages 6371-6375 
(1994). The analysis was able to differentiate hydroxyl 
groups derived from 1-hydroxy-2,6-dimethyl phenyl groups 
(“Head' groups), 1-hydroxy-2-methyl-6-(di-n-butylami 
nomethyl)phenyl groups (“Mannich’ groups), 2-methox 
yphenyl groups (“Eugenol groups), and 1-hydroxy-2- 
formyl-6-methyl phenyl groups (Aldehyde' groups). 
Results are presented in Table 6 where mole percent values 
are based on total moles of head, Mannich, eugenol, and 
aldehyde groups. The results represent “fingerprints of ther 
moplastic compositions prepared according to the present 
method. 

TABLE 6 

Head Mannich Eugenol Aldehyde 
groups groups groups groups 
(mol%) (mol%) (mol%) (mol%) 

Ex. 20 59.30 26.36 4.89 9.45 
Ex. 21 61.93 26.27 4.56 7.24 
Ex. 22 61.72 28.41 4.14 5.72 
Ex. 23 57.90 24.45 4.49 1316 
Ex. 24 S1.49 43.50 3.41 1.60 

0100. 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. 
0101 All cited patents, patent applications, and other ref 
erences 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 con 
flicting term from the incorporated reference. 
0102 All ranges disclosed herein are inclusive of the end 
points, and the endpoints are independently combinable with 
each other. 

(0103. The use of the terms “a” and “an and “the and 
similar referents in the context of describing the invention 
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(especially in the context of the following claims) are to 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,” “sec 
ond' 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). 

1. A thermoplastic composition, comprising: 
a poly(arylene ether); and 
a poly(arylene ether)-polysiloxane block copolymer com 

prising 
a poly(arylene ether) block, and 
a polysiloxane block comprising, on average, 35 to 80 

siloxane repeating units; 
wherein the thermoplastic composition comprises 1 to 8 

weight percent siloxane repeating units and 12 to 99 
weight percentarylene ether repeating units; 

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 aver 
age molecular weight of at least 30,000 atomic mass 
units. 

2. The thermoplastic composition of claim 1, wherein the 
thermoplastic composition has a weight average molecular 
weight of 30,000 to 150,000 atomic mass units. 

3. The thermoplastic composition of claim 1, wherein the 
thermoplastic composition has an intrinsic viscosity of at 
least 0.3 as measured at 25°C. in chloroform. 

4. The thermoplastic composition of claim 1, wherein the 
thermoplastic composition has an intrinsic viscosity of 0.3 to 
0.6 deciliter per gram as measured at 25°C. in chloroform. 

5. The thermoplastic composition of claim 1, wherein the 
thermoplastic composition comprises less than 25 weight 
percent of molecules having a molecular weight less than 
10,000 atomic mass units. 

6. The thermoplastic composition of claim 5, wherein the 
molecules having a molecular weight less than 10,000 atomic 
mass units comprise, on average, 5 to 10 weight percent 
siloxane repeating units. 

7. The thermoplastic composition of claim 1, wherein the 
thermoplastic composition comprises less than 25 weight 
percent of molecules having a molecular weight greater than 
100,000 atomic mass units. 

8. The thermoplastic composition of claim 7, wherein the 
molecules having a molecular weight greater than 100,000 
atomic mass units comprise, on average, 3 to 6 weight percent 
siloxane repeating units. 

9. The thermoplastic composition of claim 1, 
wherein the thermoplastic composition comprises less 

than 25 weight percent of molecules having a molecular 
weight less than 10,000 atomic mass units: 

wherein the molecules having a molecular weight less than 
10,000 atomic mass units comprise, on average, 5 to 10 
weight percent siloxane repeating units: 

wherein the thermoplastic composition comprises less 
than 25 weight percent of molecules having a molecular 
weight greater than 100,000 atomic mass units; and 
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wherein the molecules having a molecular weight greater 
than 100,000 atomic mass units comprise, on average, 3 
to 6 weight percent siloxane repeating units. 

10. The thermoplastic composition of claim 1, wherein the 
hydroxyaryl-terminated polysiloxane comprises 35 to 60 
siloxane repeating units. 

11. The thermoplastic composition of claim 1, wherein the 
hydroxyaryl-terminated polysiloxane comprises 40 to 50 
siloxane repeating units. 

12. The thermoplastic composition of claim 1, 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 groups. 

13. The thermoplastic composition of claim 1, wherein the 
monohydric phenol consists of 2,6-dimethylphenol, and 
wherein the thermoplastic composition comprises 0.2 to 0.4 
weight percent of 2,6-dimethylphenoxy groups. 

14. The thermoplastic composition of claim 1, 
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-C2 hydrocarbyl 
provided that the hydrocarbyl group is not tertiary hydrocar 
byl, C-C2 hydrocarbylthio, C-C hydrocarbyloxy, or 
C-C halohydrocarbyloxy wherein at least two carbon 
atoms separate the halogen and oxygen atoms; and each Z is 

HCO 

independently hydrogen, halogen, unsubstituted or Substi 
tuted C-C hydrocarbyl provided that the hydrocarbyl 
group is not tertiary hydrocarbyl, C-C hydrocarbylthio. 
C-C2 hydrocarbyloxy, or C-C halohydrocarbyloxy 
wherein at least two carbon atoms separate the halogen and 
OXygen atom; 
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wherein the polysiloxane block comprises repeating units 
having the structure 

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

wherein the polysiloxane block further comprises a termi 
nal unit having the structure 

wherein Y is hydrogen, C-C hydrocarbyl, C-C hydro 
carbyloxy, orhalogen, and wherein each occurrence of Rand 
R" is independently hydrogen, C-C2 hydrocarbylor C-C2 
halohydrocarbyl. 

15. The thermoplastic composition of claim 1, 
wherein the poly(arylene ether) block comprises arylene 

ether repeating units having the structure 

CH3 

CH3 

and 

wherein the polysiloxane block has the structure 

it it 
CH-CH2-CH2 –o -cis-cis-ch, O-H* 

CH3 CH3 
pi 

OCH 

wherein n is 35 to 60; and 
wherein the thermoplastic composition has a number aver 

age molecular weight of 10,000 to 30,000 atomic mass 
units. 

  


