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CLEARPOLYPHENYLENE ETHER/BLOCK 
COPOLYMER COMPOSITION 

BACKGROUND OF THE INVENTION 

This invention relates to polyphenylene ether blend com 
positions. 

Polyphenylene ethers (PPE) also known as polyphenylene 
oxide (PPO(E) are naturally clear high melting thermoplastic 
engineering resins. Because of their high melting points the 
polymers by themselves are of limited utility. However, PPE 
is highly miscible in polystyrene and highly miscible in 
many high impact polystyrenes produced by rubber modi 
fication (HIPS). Such blends are lower melting and thus 
constitute the type of PPE compositions typically employed 
in commerce. While PPE is a high strength material, it has 
low impact strength as measured by notch sensitive tests 
such as notched Izod. The incorporation of high impact 
polystyrene improves impact strength but results in a loss of 
clarity. 

Another class of polymers which can be blended with 
PPE resins is the block copolymers produced with alkali 
metal catalysts. This technology is well known in the art and 
allows the sequential polymerization of monomers such as 
vinylaromatics and conjugated dienes to give block copoly 
mers having resinous and rubbery blocks. Through this 
technology, diblock polymers can be formed which are 
typically designated A-B. Also, triblock linear polymers 
which are generally designated A-B-A can be produced 
either by the sequential polymerization of the monoviny 
larene monomer followed by the conjugated diene 
monomer, followed by a second aliquot of monovinyl aro 
matic monomer or by the coupling of the A-B species with 
a difunctional coupling agent. Alternatively, polyfunctional 
coupling agents can be utilized to give a radial or star 
configuration. Generally, such polymers are defined in terms 
of their total monovinyl aromatic content since resinous 
products are produced from predominantly polymerized 
monovinyl aromatic component whereas rubbery materials 
result from predominantly conjugated diene compositions. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide clear, tough PPE 
compositions; 

It is a further object of this invention to provide impact 
resistant compositions with a minimal sacrifice of clarity; 
and 

It is a further object of this invention to provide a process 
for producing clear impact resistant PPE compositions. 

In accordance with this invention, there is provided a clear 
PPE composition containing 2 to 30 weight percent of a 
hydrogenated conjugated diene/monovinyl aromatic linear 
block copolymer, said copolymer having: 
45-58 weight percent monovinyl aromatic content; 
polymerized monovinyl aromatic blocks having a 

molecular weight within the range of 23,000-100,000; 
polymerized conjugated diene blocks of less than 150,000 

molecular weight; and 
a total molecular weight in the case of A-B polymers 

within the range of 40,000-225,000, and in the case of 
A-B-A polymers, 80,000-350,000. 

DETALED DESCRIPTION OF THE 
INVENTION 

Surprisingly, it has been discovered that it is the molecular 
weight of the individual monovinyl arene blocks as well as 
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2 
the weight percent monovinyl arene content that is critical 
when the goal is to give clear impact resistant blends. For 
instance, two A-B polymers, one with a 15,000 molecular 
weight styrene block and a 15,000 molecular weight iso 
prene block and the other with a 40,000 molecular weight 
styrene block and a 40,000 molecular weight isoprene block 
would both have 50 weight percent styrene but only the 
second would be suitable for this invention because the first 
has such low molecular weight individual styrene blocks. 
The PPE resins suitable for use in this invention are 

commercially available and are produced by techniques well 
known in the art such as by oxidizing a phenol with an 
oxygen-containing gas in the presence of a catalyst system 
comprising a cuprous salt and a tertiary amine. Suitable PPE 
resins are homo- and copolymers with repeating units of the 
formula 

wherein Q, Q, Q" and Q", are independently selected from 
the group consisting of hydrogen, hydrocarbon radicals, 
halohydrocarbon radicals having at least two carbon atoms 
between the halogen atom and the phenol nucleus, hydro 
carbonoxy radicals and halohydrocarbonoxy radicals having 
at least two carbon atoms between the halogen atom and the 
phenol nucleus, and Q, Q" and Q" in addition may be 
halogen with the proviso that Q and Q are preferably free of 
any tertiary carbon atoms; and n represents the total number 
of monomer residues and is an integer of at least 50. 

Especially preferred is poly(2,6-dimethyl-1,4-phenylene) 
ether. 
The monovinyl aromatic/conjugated diene copolymers 

can be made by anionic polymerization with an alkali metal 
catalyst such as sec-butyllithium as disclosed for instance in 
Bean, Jr., U.S. Pat. No. 4,764.572 (Aug. 16, 1988), Holden 
et al., U.S. Pat. No. 3,231.635 Jan. (25, 1966.) Wald et al., 
U.S. Pat. No. 3,700.633 (Oct. 24, 1972, and Stevens et al., 
U.S. Pat. No. 5, 194530 (Mar. 16, 1993), the disclosures of 
which are hereby incorporated by reference. 
The monovinyl aromatic monomer suitable for producing 

the resinous block of the block copolymers of this invention 
is styrene or ot-methylstyrene, most preferably styrene. 
The conjugated diene monomers suitable for producing 

the rubbery block of the block copolymers utilized in this 
invention are preferably conjugated alkadienes having 4 to 
8 carbon atoms. Illustrative of such conjugated alkadienes 
are 1,3-butadiene (butadiene), 2-methyl-1,3-butadiene 
(isoprene), 13-pentadiene (piperylene), 13-octadiene, and 
2-methyl-1,3-pentadiene. Preferred conjugated alkadienes 
are butadiene and isoprene, most preferably isoprene. 
The block copolymers utilized in this invention are those 

which have been selectively hydrogenated to remove most 
of the ethylenic or vinyl unsaturation and to leave unaffected 
most of the aromatic unsaturation. Suitable known catalysts 
for accomplishing this include nickel compounds in com 
bination with a reducing agent such as an aluminum alkyl. 
Hydrogenation is taught in U.S. Pat. Nos. 3494.942. 3,634, 
549, 3,670,054, 3,700,633, and Reissue 27,145, the disclo 
sures of which are hereby incorporated by reference. The 
hydrogenation is effective to remove a majority generally at 
least 90%, more generally at least 95% of the original 
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unsaturation in the polymerized diene component and to 
remove no more than 50%, preferably no more than 25%, 
more preferably no more than 10% of the aromatic unsat 
uration in the polymerized monovinylarene component. 
The block copolymers utilized in this invention have a 

weight percent polymerized monovinyl arene content within 
the range of 45 to 58. 
The individual polymerized monovinyl arene blocks have 

a molecular weight within the range of 23,000-100,000, 
preferably a molecular weight within the range of 
40,000-80,000. 
The polymerized conjugated diene blocks have a molecu 

lar weight of less than 150,000. 
The total molecular weight of the block copolymers is 

within the range of 40,000-225,000 for the A-B diblock 
polymers, preferably 60,000-160,000 and for the A-B-A 
polymers, the molecular weight is within the range of 
80,000-350,000, preferably 100,000–275,000. 

Molecular weights of linear polydienes are conveniently 
measured by Gel Permeation Chromatography (GPC), 
where the GPC system has been appropriately calibrated. 
Polymers of known molecular weight are used to calibrate 
and these must be of the same molecular structure and 
chemical composition as the unknown linear polymers or 
segments that are to be measured. For anionically polymer 
ized linear polymers, the polymer is essentially monodis 
persed and it is both convenient and adequately descriptive 
to report the "peak" molecular weight of the narrow molecu 
lar weight distribution observed. As used herein, references 
to molecular weight mean "peak" molecular weight. These 
techniques are known in the art as disclosed for instance by 
Erickson et al., U.S. Pat. No. 5.229,464 (Jul. 20, 1993), the 
disclosure of which is hereby incorporated by reference. 
The block copolymer is present in the compositions of 

this invention in an amount within the range of 2-30, 
preferably 5-25, more preferably 10-25 weight percent 
based on the weight of the copolymer and PPE component. 
The PPE resin and the block copolymer can be combined 

by either melt blending or solution blending, but preferably 
are combined by melt blending. 

Since the purpose of this invention is to provide a clear 
composition, the composition cannot contain any additional 
ingredients which would significantly impart haze. A small 
amount of polystyrene may be added to improve the pro 
cessability of the blends. However, the polystyrene should 
not be added in an amount high enough to affect the haze 
properties (i.e. less than 10% weight). Preferably, if used, 2 
to 5 weight percent based on the weight of the total com 
position is used. The compositions will, however, in almost 
all instances contain a small amount of stabilizer such as an 
antioxidant, so as to prevent degradation of the polymer. 
Such ingredients are generally present in an amount within 
the range of 0.01 to 2 weight percent, more generally 0.05 
to 0.5 weight percent. Suitable stabilizers disclosed for 
instance in St. Clair, U.S. Pat. No. 4,835,200 (May 30, 
1989), the disclosure of which is hereby incorporated by 
reference. One particularly suitable material is tetrakis 
methylene-(3.5-di-t-butyl-4-hydroxycinnamate) methane 
sold under the tradename Irganox 1010 by Ciba Geigy. 
Other hindered phenols are also suitable, 
When reference is made to clarity it is to be understood 

that the composition of the invention may have some slight 
haze imparted by the copolymer. However, the compositions 
are such that they have a visual appearance of clarity and 
preferably a luminous transmittance of at least 20% of that 
of the unmodified PPE. 

Preferably, the compositions consist essentially of the 
PPE resin, the block copolymer, and the stabilizer with the 
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4 
stabilizer preferably being present in an amount within the 
range of 0.05 to 0.5 weight percent based on the weight of 
the PPE and block copolymer. Alternatively it consists 
essentially of these ingredients plus the polystyrene. Most 
preferably the compositions consist essentially of PPE, A-B 
block copolymer and antioxidant, again with the antioxidant 
being present in an amount within the range of 0.05 to 0.5 
weight percent based on the weight of the polymeric ingre 
dients. 
The compositions of this invention are useful for con 

sumer items such as lighting fixtures. 

EXAMPLES 

In the following examples, a styrene-isoprene A-B block 
copolymer was prepared utilizing an organolithium initiator 
in cyclohexane solvent and subsequent to the recovery of the 
polymers, they were each hydrogenated utilizing a nickel/ 
aluminum catalyst to give a product wherein 2% of the 
original unsaturation in the polymerized isoprene remains 
and no more than 5% of the original unsaturation of the 
styrene is removed. 
The PPE utilized was a product sold under the trade 

designation PPO 806 by GE Plastics. The PPE and each of 
the block copolymers was melt blended on a 25 mm 
co-rotating twin screw extruder at 300° C. and a screw speed 
of 300 RPM. All of the ingredients, including antioxidant, 
were dry tumble blended together prior to addition to the 
twin screw extruder. The blend extrudates were collected as 
pellets. The resulting blends were molded into test speci 
mens on a 25 ton injection molding machine. The results of 
the analysis of these test specimens is shown herein below 
in Table 1. 

TABLE 1. 

In- Lumi 
pact Flex nous 

AB." ft-lb Mod Visual Trans- Clarity 
MW AB, in (Mpsi) Clarity mittance (Haze) 

1. --- O 1 O 38 es 55.O 23.5 
2 28-100 17.0 9.7 276 No 0.5 O.O 
3 100-100 10.6 2.O 348 Yes 40 1.4 
4 100-100 25.8 22 316 No 2.9 0.1 
5 40-40 0.6 2.2 349 Yes 36.5 10.6 
6 40 40 25.8 2.3 324 es 264 4.1 

6-6 18.2 No . g 

"Selectively hydrogenated styrene-isoprene block copolymer to give styrene 
ethylenelpropylene AB polymer, MW shown in thousands (Peak" MW). 
Weight percent block copolymer based on total weight of block copolymer? 
PPE bed. 
Notched Izod run on 8-inch specimens at room temperature, 
ASTM D1003 
ASTM D1003 
Not run because blend extrudate was too low viscosity to pelletize and 
delaminated upon cooling. 
22 wt. percent styrene. 

As shown by Run 1, the neat PPE has excellent clarity but 
low impact strength. As shown by Run 2, a block copolymer 
having only 22 weight percent styrene improves the impact 
strength but destroys clarity. As shown by Runs 3-5, clarity 
is improved compared with Run 2 if the percentage poly 
merized styrene content is greater. Run 4 with the same 
block copolymer as Run 3 at a higher level shows that 
200,000 total molecular weight is close to the upper accept 
able limit for total molecular weight with an AB polymer. As 
can be seen by comparing Run 4 with Run 6, the poor clarity 
in Run 4 is the result of the total molecular weight being 
almost too high, not the 50-50 weight ratio of resinous to 
rubbery component. Run 7 shows that 12,000 total molecu 
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lar weight is too low because at this molecular weight clarity 
is destroyed. Finally, Run 7 shows that the absolute size of 
the styrene block as well as the percent styrene is important 
since Run 7 had 50% styrene but gave unacceptable results. 
While this invention has been described in detail for the 

purpose of illustration, it is not to be construed as limited 
thereby but is intended to cover all changes and modifica 
tions within the spirit and scope thereof. 
What is claimed is: 
1. A clear composition comprising: 
a polyphenylene ether; and 
a hydrogenated AB block copolymer having a terminal 

resinous block derived from styrene or a-methylstyrene 
and a rubbery block derived from a 4-8 carbon atom 
conjugated alkadiene, said resinous block having a 
molecular weight within the range of 23,000-100,000, 
the total resinous component content of said block 
copolymer being within the range of 45-58 weight 
percent; 

wherein the total molecular weight of said block copoly 
mer is within the range of 40,000-225,000, said block 
copolymer being present in an amount within the range 
of 2-30 weight percent based on the weight of said 
polyphenylene ether and said block copolymer; 

wherein said block copolymer is hydrogenated to the 
extent that unsaturation is said rubbery block is reduced 
to less than 10% of the original unsaturation; and 

wherein no more than 10% of the original aromatic 
unsaturation of said resinous block is removed. 

2. A composition according to claim 1 wherein said 
conjugated alkadiene is selected from the group consisting 
of isoprene and butadiene and said block copolymer is 
present in an amount within the range of 5-25 weight 
percent. 

3. A composition according to claim 1 wherein said 
resinous block has a molecular weight within the range of 
40,000-80,000, said total molecular weight of said block 
copolymer is within the range of 60,000-160,000, and 
wherein said blockcopolymer is present in an amount within 
the range of 10-25 weight percent based on the weight of 
said polyphenylene ether and said block copolymer. 

4. A composition according to claim 1 wherein said 
polyphenylene ether is poly(2,6-dimethyl-1,4-phenylene) 
ether. 

5. A composition according to claim 1 comprising in 
addition a stabilizer. 

6. A composition according to claim 5 wherein said 
stabilizer is tetrakis (methylene(3,5-di-t-butyl-4- 
hydroxyhydrocinnamate)) methane. 

7. A clear composition comprising: 
a polyphenylene ether; 
a hydrogenated AB block copolymer having a terminal 

resinous block derived from styrene or a-methylstyrene 
and a rubbery block derived from a 4-8 carbon atom 
conjugated alkadiene, said resinous block having a 
molecular weight within the range of 23,000-100,000, 
the total resinous component content of said block 
copolymer being within the range of 45-58 weight 
percent wherein the total molecular weight of said 
block copolymer is within the range of 40,000-225, 
000, said block copolymer being present in an amount 
within the range of 2-30 weight percent based on the 
Weight of said polyphenylene ether and said block 
copolymer; and 

a stabilizer. 
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8. A composition comprising: 
a polyphenylene ether of the formula 

wherein Q. Q, Q" and Q", are independently selected from 
the group consisting of hydrogen, hydrocarbon radicals, 
halohydrocarbon radicals having at least two carbon atoms 
between the halogen atom and the phenol nucleus, hydro 
carbonoxy radicals and halohydrocarbonoxy radicals having 
at least two carbon atoms between the halogen atoms and the 
phenol nucleus, and Q. Q" and Q" in addition may be 
halogen with the proviso that if Q. Q" or Q" are halogen Q 
and Q are preferably free of tertiary carbon atoms; and n 
represents the total number of monomer residues and is an 
integer of at least 50; 

a blockcopolymer having the general configuration of AB 
wherein A is a polymerized styrene block and B is an 
ethylene/propylene block derived from hydrogenation 
of polymerized isoprene; and 

a stabilizer; 
wherein said polymerized styrene block has a molecular 

weight within the range of 23,000-100,000 and con 
stitutes 45-58 weight percent of said block copolymer, 
wherein said block copolymer has a molecular weight 
within the range of 40,000-225,000 and wherein said 
block copolymer is present in said composition in an 
amount within the range of 2-30 weight percent based 
on the weight of said polyphenylene ether and said 
block copolymer. 

9. A composition according to claim 8 comprising an 
addition of stabilizer. 

10. A composition according to claim 9 wherein said 
stabilizer is tetrakis-(methylene(3,5-di-t-butyl-4- 
hydroxyhydrocinnamate)) methane. 

11. A composition according to claim 10 wherein said 
hydrogenated polymerized isoprene contains less than 10% 
of the original unsaturation in the unhydrogenated polymer 
ized isoprene and wherein greater than 90% of the polymer 
ized styrene aromatic unsaturation remains. 

12. A composition according to claim 10 wherein said 
polymerized styrene block has a molecular weight within the 
range of 40,000–80,000, said molecular weight of said block 
copolymer is within the range of 60,000-160,000 and 
wherein said block copolymer is present in an amount within 
the range of 10-25 weight percent based on the weight of 
said polyphenylene ether and said block copolymer and 
wherein said polyphenylene ether is poly(2,6-dimethyl-1,4- 
phenylene)ether. 

13. A composition according to claim 12 wherein said 
ethylene/propylene block has a molecular weight of less 
than 150,000. 

14. A composition according to claim 8 comprising in 
addition an amount of polystyrene sufficient to improve 
processability but less than 10 weight percent. 

15. A composition according to claim 8 comprising in 
addition 2 to 5 weight percent polystyrene based on total 
weight of said composition. 
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