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POLYPHENYLENE ETHER/‘I'HERMOPLAS'I'IC 
ELASTOMER BLOCK COPOLYMER BLENDS FOR 

ADHESIVES AND SEALANT S 

BACKGROUND OF THE INVENTION 

The present invention relates to high service temper 
ature block copolymers which contain polyphenylene 
ether resins and block copolymers of vinyl aromatic 
hydrocarbons and conjugated dienes. More particu 
larly, the present invention relates to a method for mak 
ing improved high service temperature block copoly 
mer blends which can be used for rubber compounds 
and hot melt adhesive and sealant compositions utilizing 
polyphenylene ether resins and such elastomeric block 
copolymers. 
Hot melt adhesive compositions containing poly 

phenylene ether resins and block copolymers of vinyl 
aromatic hydrocarbons and conjugated dienes are well 
known. In U.S. Pat. Nos. 4,104,323 and 4,141,876, the 
patentee describes such hot melt adhesive compositions 
containing low molecular weight polyphenylene ether 
(PPE) resins. Such low molecular weight PPEs have a 
molecular weight as described by intrinsic viscosity of 
less than 0.3 deciliters per gram. The patents also de 
scribe blends of such block copolymers and PPEs with 
higher viscosities, i.e. 0.3 deciliters per gram or more 
and show that the blends with the lower molecular 
weight PPEs are superior to those using the higher 
molecular weight PPEs. 

In commercial practice, it has proved difficult to use 
either the blends with the high molecular weight PPE 
or the low molecular weight PPE in adhesive and seal 
ant formulations. It has proved very difficult to ade 
quately mix the PPEs with the block copolymers in 
commercial equipment. This is most likely due to the 
limitations of the equipment which is most often used by 
formulators who are interested in making hot melt ad 
hesives or sealants with these materials. Such com 
pounders and formulators normally use lower viscosity 
materials than PPE and thus do not require high inten 
sity mixing apparatus. 

Therefore, it would be very advantageous if a way 
were found to permit these high service temperature 
adhesive and sealant compositions to be made in the 
currently commercially used low intensity mixing 
equipment such as Sigma Blade mixers. The present 
invention provides such a method and allows the for 
mulator or compounder to achieve a very. good com 
patible mixture of these materials while using the lower 
cost mixing methods which are currently being used 
commercially today. 
The aforementioned US Pat. Nos. 4,104,323 and 

4,141,876 describe the advantages of utilizing lower 
molecular weight PPEs, i.e. the ability to achieve high 
service temperatures in the blends while avoiding the 
high viscosity which is a characteristic of the higher 
molecular weight PPEs. The lower molecular weight 
PPEs are difficult to make commercially. Therefore, it 
would be an advantage to ?nd a way to make a lower 
viscosity high service temperature blend using the 
higher molecular weight PPEs. The present invention 
also provides such a method. 

SUMMARY OF THE INVENTION 

The present invention provides a method for making 
high service temperature rubber compounds and hot 
melt adhesive/sealant compositions by combining a 
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2 
polyphenylene ether resin with an elastomeric block 
copolymer of a vinyl aromatic hydrocarbon and a con 
jugated diene. The method comprises ?rst making a 
masterbatch of 2 to 50 phr, preferably 5 to 30, of a 
polyphenylene ether resin having an intrinsic viscosity 
(IV) of 0.3 deciliters per gram or more and 100 phr of 
said block copolymer by extruding them together with 
2 to 30 phr of an endblock compatible resin. This mas 
terbatch can be used by itself or compounded further 
with other ingredients to form adhesive, sealants or 
rubber compounds. This method is also advantageously 
utilized with a polyphenylene ether having an intrinsic 
viscosity of less than 0.3 deciliters per gram. If the low 
molecular weight PPE is used, the endblock resin is not 
necessary. Phr is parts by weight per 100 parts rubber 
wherein “rubber” refers to the block copolymer. 
The present invention also encompasses the master 

batch described above and the product of the process 
described above. The product utilizing the lower mo 
lecular weight PPE is characterized by lower viscosity 
which is important for rubber compounds and ad 
hesives/sealants. Surprisingly, the masterbatch product 
made with the higher molecular weight PPE and the 
endblock compatible resin exhibits a viscosity and ser 
vice temperature which is comparable and almost 
equivalent to that of the composition made using the 
lower molecular weight PPE. This is advantageous 
because the desired result can be achieved without hav 
ing to use the difficult to manufacture lower molecular 
weight PPE. Also, when the masterbatch is let down 
into a typical sealant formulation, sealant with the end 
block resin/PPE blend, it performs as well as the formu 
lation with the pure 0.4 IV PPE indicating there is 
better utilization of the high temperature PPE compo 
nent. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The block copolymers which form the base polymer 
for the adhesive and sealant compositions of the present 
invention are thermoplastic elastomers which are block 
copolymers of vinyl aromatic hydrocarbons and conju 
gated dienes. The polymers have to have at least two 
vinyl aromatic hydrocarbon blocks and at least one 
elastomeric conjugated diene block. The number of 
blocks in the block copolymers is not of special impor 
tance and the macromolecular con?guration may be 
linear, graft, radial or star, depending upon the method 
by, which the block copolymer is formed. Typical block 
copolymers of the most simple con?guration would 
have the structure polystyrene-polyisoprene-polysty 
rene or polystyrene-polybutadiene-polystyrene. It is 
highly preferred that the block copolymers be hydroge 
nated because it allows more ?exibility in mixing condi 
tions because higher temperatures can be used. A typi 
cal radial polymer would comprise one in which the 
diene block has three or more branches and the tip of 
each branch is connected to a polystyrene block. The 
branches are connected together or coupled to a cou 
pling agent in the center. Star polymers are similar to 
radial polymers except that they have many more arms 
and the coupling agent is usually a multifunctional ma 
terial such as divinyl benzene. Further descriptions of 
such block copolymers and methods for making them 
are taught in US. Pat. Nos. 3,231,635, 3,265,765, 
3,322,856, 4,096,203, 4,391,949, and 5,104,921, which 
are herein incorporated by reference. 
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The preferred vinyl aromatic hydrocarbon used in 
these block copolymers is styrene. Other useful vinyl 
aromatic hydrocarbons include a-methylstyrene, vari 
ous alkyl-substituted styrenes, alkoxy-substituted sty 
renes, vinyl napthalene, vinyl toluene and the like. The 
preferred conjugated dienes are butadiene and isoprene. 
Other dienes which may be used include piperylene, 
methylpentadiene, phenylbutadiene, 3,4-dimethyl-l,3 
hexadiene, 4,5-diethyl-1,3-octadiene and the like. Pref 
erably, those conjugated dienes containing four to eight 
carbon atoms. The diene segment of the block copoly 
mer also can be hydrogenated to eliminate the double 
bonds. 
The molecular weights of these block copolymers 

vary from as little as 10,000 up to as much as 2,000,000. 
The molecular weights of such block copolymers are 
usually and most advantageously determined as the 
peak molecular weight as determined by gel permeation 
chromatography, a well known and well documented 
method described in many patents including US Pat. 
Nos. 5,229,464 and 5,247,026, which are herein incorpo 
rated by reference. For use in rubber compounds (com 
pounds containing the block copolymers and polyole 
?ns, such as polypropylene and polyethylene, and/ or 
other thermoplastics, such as nylon, polycarbonate, 
etc., and other ingredients such as plasticizers and ?ll 
ers) and adhesive and sealant compositions utilizing 
PPE resins, it is preferred that the molecular weight of 
these block copolymers (as determined by Gel Perme 
ation Chromatography-peak molecular weight) range 
from 30,000 to 1,500,000 with the molecular weight of 
the vinyl aromatic hydrocarbon blocks ranging from 
5000 to 30,000 and the molecular weight of the conju 
gated diene blocks ranging from 20,000 to 150,000. 
The low molecular weight polyphenylene ether res 

ins are low molecular weight resins having an intrinsic 
viscosity of less than 0.3 deciliters per gram, when mea 
sured in solution in chloroform at 30° C. The higher 
molecular weight resins described according to the 
present invention have an intrinsic viscosity of 0.3 deci 
liters per gram or more. 
The polyphenylene ether resin is preferably one 

which is comprised of the formula: 

Q I: 

wherein the oxygen ether atom of one of the units is 
connected to the benzene nucleus of the next adjoining 
unit, n is a positive integer and each Q is a monovalent 
substituent selected from the group consisting of hydro 
gen, halogen, hydrocarbon radicals free of a tertiary 
a-carbon atom, halohydrocarbon radicals having at 
least two carbon atoms between the halogen atom and 
the phenyl nucleus, hydrocarbonoxy radicals and 
halohydrocarbonoxy radicals having at least two car 
bon atoms between the halogen atom and the phenyl 
nucleus. 
For purposes of the present invention, an especially 

preferred family of polyphenylene ethers includes those 
having alkyl substitution in the two positions ortho to 
the oxygen ether atom, i.e., those of the formula 
wherein each Q is alkyl, most preferably having from 
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4 
one to four carbon atoms. The most preferred poly 
phenylene ether resin for the purposes of this invention 
is poly(2,6-dimethyl-l,4—phenylene)ether. 

In general, the polyphenylene ether resins of this 
invention can be prepared by the following procedures 
fully described in US. Pat. Nos. 3,306,874 and 
3,257,375, which are herein incorporated by reference. 
The polyphenylene ethers are self-condensation prod 
ucts of monohydric monocyclic phenols typically pro 
duced by reacting the phenols in the presence of a com 
plexing agent or complex metal, e.g., copper catalyst. In 
general, the molecular weight will be controlled by the 
reaction time with longer times providing a higher aver 
age number of repeating structural units. For low mo 
lecular weight PPE, at some point before an intrinsic 
viscosity of 0.3 deciliters per gram, is obtained, the 
reaction is terminated. Obviously, for higher molecular 
weight PPE, the reaction is continued until the desired 
molecular weight is achieved. Termination can be 
brought about by the use of conventional means. For 
instance, in the case of reaction systems which make use 
of complex metal catalysts, the polymerization reaction 
can be terminated by adding an acid, e.g., hydrochloric 
or sulfuric acid, or the like, or a base, e.g., lime sodium 
hydroxide, potassium hydroxide, and the like, or the 
product is separated from the catalyst by ?ltration, 
precipitation or other suitable means. 
The endblock compatible resin is a resin which is 

compatible with the polymer block which is normally 
on the end of the block copolymers of the present in 
vention, i.e., the vinyl aromatic hydrocarbon block. 
Such endblock compatible resins are often used as rein 
forcing agents. Normally, these resins should have a 
ring and ball softening point between 80° C. and 150° C. 
although mixtures of aromatic resins having high mid 
low softening points may also be used. Useful resins 
include coumarone-indene resins, poly alpha methyl 
styrene, polystyrene resins, vinyl toluene-a-methyl sty 
rene copolymers and polyindene resins. 
Examples of aromatic resins useful in the formula 

tions of the present invention are AMOCO ® 18 series 
resins, which are composed of alpha methyl styrene 
(AMOCO), Kristalex® series resins, which are com 
posed of alpha methyl styrene (HERCULES), PIC 
COTEX ® Series resins, which are composed of alpha 
methyl styrene and vinyl toluene (HERCULES), NEV 
CHEM® (NEVILLE) and PICCO 6000 (HERCU 
LES) series resins, which are composed of aromatic 
hydrocarbons, CUMAR ® series resins and CUMAR 
LX-509 (NEVILLE), which are composed of couma 
rone-indene, PICCOVAR® AP series resins (HER 
CULES), which are composed of alkyl aryl species, 
PICCOVAR® 130 (HERCULES), which is an alkyl 
aromatic poly indene resin, and ENDEX ® 155 (HER 
CULES), a resin derived by copolymerization of pure 
aromatic monomers. 
The method of the present invention provides high 

service temperature rubber compounds and hot melt 
adhesive/sealant compositions. For example, the 
method involves making a masterbatch of 20 phr of a 
polyphenylene ether having an intrinsic: viscosity of 0.4 
deciliters per gram and 100 phr of a block copolymer of 
a vinyl aromatic hydrocarbon and a conjugated diene 
by extruding the two together with 10 phr of the end 
block compatible resin. The ?nal step of the process for 
adhesives and sealants is mixing the masterbatch with 90 
to 250 phr of a tackifying resin and, optionally, more of 
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the block copolymer to form the adhesive or sealant 
composition. The masterbatch could also be combined 
with polyolefin resins such as polypropylenes or poly 
ethylene plasticizers and ?llers to form rubber com 
pounds. 

It is important to note that the masterbatch method is 
also advantageous to use when a low molecular weight 
PPE, i.e., a PPE having an intrinsic viscosity of less 
than 0.3 deciliters per gram, is used. The masterbatch is 
made in the same manner but the endblock compatible 
resin is not necessary. This blend with the lower molec 
ular weight PPE has the characteristics of high service 
temperatures without the increase in viscosity that is 
normally associated with the use of the higher molecu 
lar weight PPE. Quite surprisingly, when the master 
batch method is used with a high molecular weight PPE 
and an endblock compatible resin, the service tempera 
tures and the viscosities of such masterbatch blends are 
comparable to and almost equivalent to the service 
temperatures and viscosities of blends using the lower 
molecular weight PPE. 
The masterbatch is made by introducing the PPE and 

the block copolymer into a Berstroff twin screw ex 
truder, for example, and running them through the 
extruder at a temperature of about 250° C. to about 310° 
C. The same mixing conditions can be used when an 
endblock resin is added with the advantage being lower 
viscosity. 
The key advantage of the present invention is provid 

ing a formulation which has a higher service tempera 
ture than formulations utilizing the block copolymers 
alone. The addition of the PPE increases the service 
temperature as well as the viscosity. The use of these 
formulations helps to improve the heat distortion prop 
erties of the thermoplastic elastomers and make them 
more useful in automotive, wire and cable, and other 
applications involving high temperatures. 
The masterbatch of the present invention is formed 

under high shear conditions in an extruder. This allows 
the production of a very wellmixed and very compati 
ble blend of the two or three components involved. The 
extremely well mixed and compatible condition of the 
masterbatch makes it possible to take the masterbatch 
and mix it with other formulating ingredients such as 
resins, plasticizers, and polyolefms in standard commer 
cial mixing equipment which is much lower shear than 
an extruder (such as a Sigma Blade mixer or Banbury 
mixer) and still produce very good compositions 
whether rubber compounds or adhesives or sealants. 

It may be necessary to add a different kind of adhe 
sion promoting or tackifying resin that is compatible 
with a polymer. A common tackifying resin is a die 
neole?n copolymer of piperylene and 2-methyl-2 
butene having a softening point of about 95° C. This 
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resin is available commercially under the tradename 
WINGTACK® 95 and is prepared by the cationic 
polymerization of 60 percent piperylene, 10 percent 
isoprene, 5 percent cyclopentadiene, 15 percent Z-meth 
yl-Z-butene and about 10 percent dimer, as taught in 
US. Pat. No. 3,577,398. Other adhesion promoting 
resins which are also useful in compositions of the pres 
ent invention include hydrogenated rosins, esters of 
rosins, polyterpenes, terpene phenol resins and poly 
merized mixed ole?ns, lower softening point resins and 
liquid resins. An example of a liquid resin is Regalrez ® 
1018 resin (a hydrogenated pure monomer resin) from 
Hercules. The amount of adhesion promoting resin 
employed varies from 0 to 400 parts by weight per 100 
parts rubber (phr-the term “rubber” refers to the block 
copolymer). The selection of the particular tackifying 
resin is, in large part, dependent upon the speci?c poly 
mer employed in the respective adhesive or sealant 
composition. 
The compositions of the present invention may con 

tain plasticizers or compounding oils or organic or inor 
ganic pigments and dyes. Optional components are 
stabilizers which inhibit or retard heat degradation, 
oxidation, skin formation and color formation. Various 
types of ?llers and pigments can be included in the 
robber compound or adhesive/sealant formulation. A 
wide variety of ?llers can be used including calcium 
carbonate, clays, talcs, silica, zinc oxide, titanium diox 
ide and the like. Polyolefm resins such as polypropyl 
ene, polyethylene copolymers of ethylene/octene or 
ethylene/hexene can also be used. 

EXAMPLES 

The following examples include masterbatches made 
with a high molecular weight PPE and an endblock 
resin and a hydrogenated block copolymer of a vinyl 
aromatic hydrocarbon and a conjugated diene as well as 
masterbatches made with the block copolymer and a 
low molecular weight PPE without the endblock resin. 
For comparative purposes, a blend has been made of a 
high molecular weight PPE, an endblock compatible 
resin and the block copolymer. Also provided is a mas 
terbatch blend of a high molecular weight PPE and a 
block copolymer (a commercial product) without the 
endblock compatible resin. Sealant compositions were 
made from all of these blends and the properties of these 
compositions are described below. The masterbatches 
were prepared in a Berstroff ZE-25 co-rotating inter 
meshing twin screw extruder using mixing temperatures 
of 300° C. and 300 RPM. The sealant formulations were 
mixed in % liter Baker Perkins Sigma Blade mixer at . 
177° C. for 5 hours. 
Table 1 shows masterbatch formulations mixed on 

the Berstroff extruder and their properties. 

TABLE 1 

Ingredient KRATON ® G 
(parts by weight) Masterbatch A Masterbatch B Masterbatch C 1652 

KRATON @ G 100 100 100 100 
16521 
PPE (IV = 0.4) so 20 
PPE (IV = 0.13) 30 
ENDEX @155 10 
Irganox 1010 0.5 0.5 0.5 
Peak in Tan Delta No apparent peak 155 155 95 
value (C) at IOHZ 
Dynamic viscosity 48,000 26,000 26,000 25,000 
in poise at 200° C. 
and 100 
radians/sec 
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TABLE l-continued 
Ingredient KRATON @ G 
(parts by weight) Masterbatch A Masterbatch B Master-batch C 1652 

Appearance Amber colored Clear amber pellet Clear amber pellet Clear 
pellets with a slightly lighter in 
slight haze color than the 

other blends 

1A hydrogenated styrene-butadiene-styrene block copolymer with a molecular weight of 53,000. 

The masterbatches were characterized using a Rheo 
metrics Mechanical Spectrometer Model 800 and a 
rectangular torsional bar geometry (Thickness=25l 
mm, Width=2.5 mm, Length-45.25 mm). A dynamic 
frequency/ temperature sweep procedure was utilized at 
10 and 100 rad/sec, with a step of 10° C./minute. The 
tan delta value is the ratio of the loss and stored energy 
G"/ G’ in the dynamic experiment. The tan delta value 
will exhibit a maximum at the temperature at which the 
styrene domains of the block copolymer experiences a 
glass transition. The dynamic viscosity is a measure of 
the viscosity of the sample at a given temperature. 
As can be seen from Table 1, lowering the IV or 

molecular weight of the PPE increases the compatibil 
ity with the endblock as manifested by a very clear tan 
delta peak and at the same time reduces the viscosity of 
the blend signi?cantly. Surprisingly, the same thing can 
be accomplished by adding the endblock resin EN 
DEX® 155 to a high molecular weight PPE in the 
masterbatch in the proportions shown above. The clar 
ity of the PPE/ENDEX ®/KRATON ® Gl652 blend 
was also a very good indication of good compatibility. 
The masterbatches were then mixed into sealant for 

mulation the proportions shown in Table 2. 

25 

30 

3/16 inch in the channel. As can be seen from Table 2, 
PPE in the formulation signi?cantly improves the 
slump temperature compared with the pure EN 
DEX @155 or the sealant with no endblock resin. This 
would be expected since the PPE is signi?cantly in 
creasing the glass transition temperature of the end 
block. Sealant C made with the masterbatch of high 
molecular weight PPE (IV=0.4) and the ENDEX® 
shows almost the same slump temperature properties 
even though there is less PPE in the total formulation. 
This would indicate that the endblock resin is useful in 
increasing the compatibility and ef?ciency of the PPE 
in the system, i.e. less PPE can be used to accomplish 
the same result. 
We claim: 
1. A method for making high service temperature 

rubber compounds and hot melt adhesive and sealant 
compositions by combining a polyphenylene ether resin 
with an elastomeric block copolymer of a vinyl aro 
matic hydrocarbon and a conjugated diene, which com 
prises: 

(a) making a masterbatch of 2 to 50 phr of a polyphen 
ylene ether having an intrinsic viscosity of 0.3 deci 
liters per gram or more and 100 phr of said block 

TABLE 2 
Ingredient 
(parts by weight) Sealant A Sealant B Sealant C Sealant D Sealant E 

Masterbatch A 130 
Masterbatch B 130 
Masterbatch C 130 
KRATON ® 61652 100 100 
ENDEX @ 155 30 
Regalrez ® 1018 250 250 250 250 250 
ProErties 
Brook?eld 12,500 24,000 11,600 2,300 2,700 
Viscosity (177° C.) 
Slump Temp (°C.) 105 140 100 <70 <70 
Appearance Amber Amber Light Clear — 

and color and amber and 
opaque hazy opaque 

A Brook?eld Viscometer model RVTD and spindle 
29 was used to measure the viscosity at 177° C. To 
measure the slump temperature, the sealant formula 
tions were poured hot and allowed to solidify in metal 
channels with the following dimensions: 2.0 cm wide, 
by 2.5 cm high, and 1.5 cm deep. The channels were 
placed vertically in an oven and the temperature was 
raised in 5° C. increments, allowing the sample to equili 
brate for 10 minutes at each temperature before increas 
ing the temperature again. The slump temperature was 
the temperature at which the sample moved more than 
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copolymer by mixing them together with 2 to 30 
phr of an endblock compatible resin in a twin screw 
extruder, and 

(b) mixing the masterbatch with more of the block 
copolymer. 

2. The method of claim 1 with the additional step of 
mixing the masterbatch with other formulating ingredi 
ents. 

3. The masterbatch of step (a) of claim 1. 
4. The product of the process of claim 1. 

* * * * * 


