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POLYMER BLENDS 

FIELD OF THE INVENTION 

This invention relates to polymer blends of improved 
properties. More particularly, the invention relates to 
blends of polyole?n, especially polybutene, with a se 
lectively hydrogenated block copolymer. 

BACKGROUND OF THE INVENTION 

The polymerization of ole?ns, particularly lower 
a-ole?ns, to produce polyole?n polymers has become 
an industry of substantial signi?cance. The polyole?n 
polymers have gained widespread commercial accep 
tance because of the relatively low cost of the polymers 
and the desirable properties they possess. Moreover, a 
wide variety of such properties are available depending 
in part on the choice of monomer to be employed in the 
polyole?n production. There are some instances, how 
ever, where it is desirable to modify the properties of a 
polyole?n polymer in order to meet the requirements of 
some particular application. One such method of modi 
?cation is by the production of copolymers of more 
than one ole?nic monomer. For example, a random 
copolymer of ethylene and propylene demonstrates 
properties of elasticity that are not available from either 
ethylene or propylene homopolymer. 
An alternate method of modifying the properties of a 

polyole?n polymer is through the provision of a poly 
mer blend, e.g., blends of a polyole?n with another 
polyole?n or with other polymeric materials. For exam 
ple, U.S. Pat. No. 4,189,519 describes a blend of a co 
polymer of ethylene and an unsaturated ester with a 
high molecular weight polybutene. The blend demon 
strates better heat sealing properties than either single 
blend component. 

Polymeric materials of suitable properties have 
shown substantial utility in the ?eld of packaging as the 
use of plastic containers becomes more widespread. A 
substantial proportion of plastic containers and ?lm 
wraps have been made from polyvinyl chloride. How 
ever, with the possible health and environmental prob 
lems associated with the use of polyvinyl chloride be 
coming more apparent, the use of other polymers or 
polymeric compositions of properties similar to those of 
polyvinyl chloride has become of wider interest. Poly 
mers and copolymers of poly(l-butene), as well as 
blends thereof, have shown substantial utility in packag 
ing applications, particularly those involving ?lm. By 
way of illustration,‘ U.S. Pat. No. 3,817,821 describes 
blends of polyvinyl alcohol and poly(l-butene) for 
packaging ?lms. U.S. Pat. No. 3,879,492 discloses 
blends of poly(l-butene), styrene-butadiene copoly 
mers, high and low density polyethylene and polyisobu 
tylene. These and other blends of poly(l-butene) with 
other polymeric materials are known to have properties 
useful in packaging applications and better than those of 
poly(l-butene) when used alone. However, it would be 
of advantage to provide additional blends of poly(l 
butene) and other polymers, where the blends demon 
strate properties which are improved and also similar to 
those of polyvinyl chloride. 

SUMMARY OF THE INVENTION 

The present invention provides novel blends of poly 
ole?n and other polymeric material. More particularly, 
the invention provides blends of poly(l-butene) and 
selectively hydrogenated block copolymer of a vinyl 
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aromatic compound and aconjugated alkadiene. The 
blends of the invention demonstrate properties advanta 
geously employed in the production and use of ?lms 
and ?lm laminates for packaging applications. 

DESCRIPTION OF THE FIGURES 

FIGS. 1A and 1B depict a stress-strain relationship 
for each of three polymeric ?lms. These relationships 
were developed by the general procedure of Illustrative 
Embodiment II as found below. The solid line repre 
sents a monolayer of blown ?lm of polyvinyl chloride. 
The dashed line represents the relationship observed for 
a three-layer laminate wherein the outer layers are ethy 
lene-vinyl acetate copolymer and the inner or core 
layer is a poly(l-butene) marketed by Shell Chemical 
Company as PB8640. The dotted line also represents the 
stress-strain relationship of a three-layer laminate hav 
ing ethylene-vinyl acetate outer layers but one in which 
the inner layer is a 2:1(by weight) blend of P138640 and 
a selectively hydrogenated block copolymer of styrene 
and butadiene of the SEBS type marketed by Shell Oil 
Company as KRATON ®G 1652 Thermoplastic Rub 
ber. FIG. 1A describes the relationship when the stress 
is applied in the machine direction. FIG. 113 describes 
the relationship when the stress is applied in the trans 
verse direction. 
FIG. 2 represents the stress-strain relationship of two 

single polymers determined by the procedure of Illus 
trative Embodiment II. The line 1 represents the rela 
tionship for PB8640. The line 2 depicts the relationship 
for the 2:1 blend of PB8640 and KRATON ®G 1652 
Thermoplastic Rubber. 

DESCRIPTION OF THE INVENTION 

The blends of the invention are blends of polymerized 
l-butene with a selectively hydrogenated block copoly 
mer of vinyl aromatic hydrocarbon and a conjugated 
alkadiene. The blends have certain properties improved 
over those of either blend component that make the 
blends particularly useful in packaging applications. 
The poly(l-butene) polymer component of the blends 

of the invention is a crystalline poly(l-butene) having at 
least a major proportion of monomeric units as l-butene 
units with no more than a minor proportion of mono 
meric units derived from other a-ole?ns of up to 14 
carbon atoms inclusive. The poly(l-butene) polymers 
useful as blend components, have up to 30% mole of 
monomeric units such as ethylene, propylene, l-hexene, 
4-methyl-l-pentene, l-Octene or l-tetradecene. Such 
polymers, although technically copolymers, are known 
and understood in the art as poly(l-butene) polymers. 
Poly(l-butene) polymers, which are homopolymeric 
poly(l-butene); are preferred, but when other a-ole?n is 
present, amounts of such a-ole?n from about 0.1% mole 
to about 20% mole are preferred. 
The degree of crystallinity of the poly(l-butene) pol 

ymer is typically from about 10% to about 60% as 
measured by X-ray diffraction methods. The crystalli 
zation temperature of such polymers, as measured by a 
differential scanning calorimeter, is from about 30° C. to 
about 90° C. The intrinsic viscosity, as measured in a 
conventional capillary viscosity measuring device in 
decalin at 135° C., is typically from about 0.8 dl/g to 
about 8 dl/g, more often from about 1 dl/ g to about 6 
dl/ g. Such poly(l-butene) polymers are well known and 
conventional and a number are marketed by Shell 
Chemical Company. 
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The second component of the blends of the invention 
is a selectively hydrogenated block copolymer of a 
vinyl aromatic hydrocarbon compound and a conju 
gated alkadiene. The block copolymer, prior to the 
selective hydrogenation thereof, is a thermoplastic elas 
tomer of at least one block of at least predominantly 
polymerized vinyl aromatic hydrocarbon (Block A) 
and at least one block of at least predominantly poly 
merized conjugated alkadiene (Block B). ‘ 
The vinyl aromatic hydrocarbon, useful as the pre 

cursor of an A block, has a vinyl group, i.e., a 

group, attached directly to an aromatic ring and has up 
to 12 carbon atoms inclusive. Preferred vinyl hydrocar 
bons are styrene and styrene homologs such as those of 
the formula 

(I) 

C=CH1 

R 

wherein R independently is hydrogen or alkyl of up to 
4 carbon atoms inclusive. Illustrative of the vinyl aro 
matic hydrocarbons are styrene, p-methylstyrene, p 
ethylstyrene, m-propylstyrene, a-ethylstyrene, a-meth 
ylstyrene and a-4-dimethylstyrene. Styrene and a 
methylstyrene are a preferred class of vinyl aromatic 
hydrocarbon compounds and particularly preferred is 
styrene. 
Each A block of the block copolymer independently 

is at least predominantly the polymerized vinyl aro 
matic compound and preferably is homopolymeric. 
Alternatively, however, one or more A blocks is a 
block wherein some of the monomer of block B is copo 
lymerized with the predominant vinyl aromatic hydro 
carbon. Such blocks are termed “tapered” and have at 
least 85% by mole and preferably at least 93% by mole 
of the polymerized vinyl aromatic hydrocarbon with 
any remainder being the conjugated alkadiene of B 
block. The A blocks containing a mixture of two or 
more vinyl aromatic hydrocarbons are also suitable but 
are less preferred. The average molecular weight of an 
A block is typically from about 1000 to about 125,000 
but A blocks of average molecular weight from about 
7000 to about 125,000 are preferred and average molec 
ular weight A blocks from about 7000 to about 60,000 
are particularly preferred. 
Each B block of the block copolymer independently 

is a block of at least predominantly polymerized conju 
gated alkadiene. The alkadienes, useful as the predomi 
nant monomer for a B block, are conjugated alkadienes 
of up to 8 carbon atoms such as those of the formula 

i‘ i ‘n’ 
R-CH=CH—CH=CH2 

wherein R has the previously stated signi?cance. Illus 
trative of such alkadienes are 1,3-butadiene (butadiene), 
2-methyl-l,3-butadiene (isoprene), 2,3-dimethyl-1,3 
butadiene, 1,3-pentadiene (piperylene), 1,3-octadiene, 
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4 
and 2-methyl-l,3-hexadiene.'Preferred conjugated alka 
dienes are butadiene and isoprene, particularly butadi~ 
ene. Each B block is at least predominantly polymerized 
conjugated alkadiene with the B block being at least 
85% by mole and preferably at least 93% by mole of 
polymerized alkadiene with any remainder being the 
vinyl aromatic compound of block A, in the case of the 
tapered blocks. Homopolymeric B blocks are preferred 
although tapered B blocks and B blocks containing 
mixed alkadienes are also satisfactory. Within a poly 
merized alkadiene block two modes of polymerization 
are possible and both are generally observed. In what is 
termed 1,4 polymerization, each carbon atom of the 
four carbon nucleus of the alkadiene is incorporated 
within the polymer chain which then includes two car 
bon atoms joined by an ethylene linkage. In 1,2 poly 
merization, the polymerization involves only one car 
bon-carbon double bond of the conjugated alkadiene. 
The carbon atoms of that double bond will be incorpo 
rated into the polymer chain which will have a pendant 
vinyl group. Control of these two modes of polymeriza 
tion is well known and within the skill of the art. Pre 
ferred block copolymers are those wherein from about 
25% to about 100% of the units of each B block are the 
result of 1,2 polymerization, preferably from about 35% 
to about 55%. The average molecular weight of a B 
block is suitably from about 10,000 to about 450,000, 
preferably from about 10,000 to about 150,000. 
Within the block copolymer, when the A block con 

tent is not more than about 55% by weight, the block 
copolymer has the characteristics of a thermoplastic 
elastomer. Higher A block contents produce polymers 
with resinous characteristics which are not suitable in 
the blends of the invention. Preferably, the total A 
block content will be from about 2% by weight to about 
55% by ‘weight based on total copolymer. Contents of 
total A block from about 10% by weight to about 40% 
by weight on the same basis are preferred. The total 
average molecular weight of the block copolymer will 
be from about 11,000 to about 2,500,000, preferably 
from about 25,000 to about 350,000, more preferably 
from about 35,000 to about 300,000. These average 
molecular weights are determined by conventional 
techniques such as gel permeation chromatography or 
by gel permeation-low angle light scattering. 
The structure of block copolymers in general can be 

varied and will depend upon the method of production. 
The block copolymer precursors of the selectively hy 
drogenated components of the blends of the invention 
are termed linear and, in one modification, are produced 
by the sequential polymerization of the blocks. The 
polymerization typically takes place in the presence of 
an initiator such as an alkyllithium compound as is well 
known in the art. In the preparation of a three-block or 
triblock polymer, the vinylaromatic hydrocarbon com 
pound of the A block is polymerized using a mono-func 
tional initiator. The conjugated alkadiene of the B block 
is then introduced and subsequently additional vinyl 
aromatic hydrocarbon for a second A block is provided. 
Such a three block copolymer is conventionally charac 
terized as an ABA polymer. A two block polymer or 
diblock polymer is produced by polymerizing the vinyl 
aromatic hydrocarbon compound to form an A block 
and then providing conjugated alkadiene for form a B 
block. Such a polymer is characterized as an AB poly 
mer. Substantially complete polymerization of each 
block prior to introducing the monomer of the next 
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block will result in the production of homopolymeric 
blocks. If, however, prior to the substantially complete 
polymerization of the monomer of any one block, the 
monomer of the next block is added the blocks will be 
tapered. Similar sequential polymerization techniques 
are employed to produce block copolymers character 
ized as ABABA, ABAB or ABABABA or polymers of 
an even higher number of blocks. Production of linear 
block copolymers of at least three blocks is alternatively 
accomplished by the use of a difunctional initiator to 
grow the blocks “inside out”. The conjugated alkadiene 
is provided to the initiator to produce a B block and A 
blocks are grown on each end to produce an ABA 
polymer. These and other methods of producing linear 
block copolymers of these types are well known and 
conventional in the art. 
The linear block copolymers most useful as the pre 

cursors of the selectively hydrogenated block copoly 
mer blend components are of the following types: 

polystyrene-polybutadiene (SB) 
polystyrene-polyisoprene (SI) 
polystyrene-polybutadiene-polystyrene (SBS) 
polystyrene-polyisoprene-polystyrene (SIS) 
Block copolymers of the above SBS type are pre 

ferred. These block copolymers are conventional and a 
number are commercial, being marketed by Shell 
Chemical Company as KRATON ® Thermoplastic 
Rubber. 
To prepare the blend components of the invention, 

the base block copolymers are selectively hydrogenated 
by a process suf?cient to hydrogenate no more than 
about 25% and preferably no more than about 5% of 
the aromatic unsaturation present in the block copoly 
mer but suf?cient to hydrogenate from about 80% to 
about 99% of the aliphatic unsaturation present in the B 
block. Such hydrogenation is well known and conven 
tional and is accomplished by conventional methods 
illustrated by U.S. Pat. No. 3,113,986 and US. Pat. No. 
4,226,952. The selectively hydrogenated block copoly 
mer is often identi?ed by the structure of the block 
copolymer precursor with regard to A block, and by 
the “apparent” structure of the aliphatic block. Thus, 
selective hydrogenation of an SBS polymer will result 
in a polymer having a hydrogenated mid-block which is 
apparently polyethylene in the case of a mid-block pro 
duced by 1,4¢polymerization and a mid-block which is 
apparently ethylene/butylene copolymer in the case of 
an SBS polymer wherein the mid-block is produced by 
predominantly 1,2 polymerization. These selectively 
hydrogenated block copolymers would be character 
ized as SES or SEBS respectively. Corresponding di 
block polymers would be termed SE or SEB. The poly 
mer produced by selective hydrogenation of an SIS 
block copolymer of a high degree of 1,4 polymerization 
is termed an SEPS because of the similarity of the hy 
drogenated mid-block to an ethylene/propylene co 
polymer. The preferred selectivity hydrogenated block 
copolymers for use as blend components of the inven 
tion are of the SES/SEBS type wherein the majority of 
the hydrogenated mid-blocks are of the E type with the 
remainder being of the EB type. The selectively hydro 
genated block copolymers of these types are also well 
known and a number are commercial, being marketed 
by Shell Chemical Company as KRATON ®G Ther 
moplastic Rubber. 
The composition of the blends of the invention is 

material but not critical. Proportions by weight of the 
poly(l-butene) and the selectively hydrogenated block 
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6 
copolymer from about 5:1 to about 1:5 are suitable. 
However, blends having weight proportions of poly(l 
butene) to selectively hydrogenated block copolymer 
from about 2:1 to about 1:2 are preferred. 
The blends of the invention are produced by methods 

which are well known for the production of intimate 
blends of polymeric materials. In one embodiment, the 
blends are produced by dry blending. In a second em 
bodiment, the blends are produced in a mixing device 
such as a blender operating at high shear. In a preferred 
embodiment, the blends are produced in an extruder 
whereby the blend is formed as an extrudate. The 
blends may also contain a variety of additives conven 
tional for polymeric materials such as antioxidants, UV 
stabilizers, dyes, pigments and ?re retardant chemicals 
which are provided together with or separate from the 
blend components. 
The poly(l-butene) and selectively hydrogenated 

block copolymer blends are particularly useful as ?lms 
or as components of laminated ?lms where the proper 
ties of optical clarity and a relatively constant stress 
strain relationship (see FIG. 2, for example) enables use 
of the blends in packaging applications which have 
traditionally employed polyvinyl chloride. A particu 
larly suitable use is in ?lm wrapping for food products 
where clarity is required and the relatively constant 
stress-strain relationship provides for neat and snug 
wraps. The blends are useful as single layer ?lms but in 
preferred modi?cations the blends are employed in 
laminates with other polymer layers such as nylon, 
polyester, high density polyethylene or ethylene-vinyl 
acetate copolymer. Such laminates are produced by 
conventional methods such as coextrusion of the layers 
or by separate extrusion of layers with an adhesive used 
to produce the laminate. The preferred laminates, when 
the blends are employed as laminates, have the blend as 
the central or core layer with outer layers of other 
polymeric material, especially ethylene-vinyl acetate 
copolymer. 
The invention is further illustrated by the following 

Illustrative Embodiments which should not be regarded 
as limiting. 

Illustrative Embodiment I 

A blend was produced from a commercial poly(l 
butene), marketed by Shell Chemical Company as 
PB8640, having a melt index of about 1 g/ 10 minutes 
and a density of about 0.910g/cm3 with a selectively 
hydrogenated styrene/butadiene block copolymer of 
the SEBS type marketed by Shell Chemical Company 
as KRATON®G 1652. The blend was produced by 
mixing the polymer components and passing the result 
ing mixture through a Brabender mixer operating at 
190° C. and a rpm of 100. 
Produced by this method were blends of poly(l 

butene) and the selectively hydrogenated block copoly 
mer in a weight ratio of 2:1 (Blend A), a weight ratio of 
1:1 (Blend B) and a weight ratio of 1:2 (Blend C). 

Illustrative Embodiment II 

From each of the blends prepared by the method of 
Illustrative Embodiment 1, sample strips of a “dumb 
bell” con?guration, of 1 inch dimension between the 
“bells”, were produced by compression molding. The 
strips were evaluated for stress/strain relationships and 
also evaluated was a similar strip produced from un 
blended poly(l-butene) (PB). The response to stress of 
the strips was determined by rapidly separating two 
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portions of each strip which were gripped 2.5 inches TABLE vl'_cominued 
apart. The separation was at the rate of 20 inches/mi 

- - ~ Strain at 

nute and the separation was stopped when the strip . 17°“ 3‘ 5mm“. 
.. . . k lb 13 k B k ‘7 broke. The condmons of the evaluation were ambient specimen BM ( s) m (ps1) m ( a) 

and the evaluation was made with a Instron Extensome- 5 PB 39-83 ‘664 398° 

ter. Table 1 provides the dimensions of the strips of 
Blend A evaluated and Table II rovides the results of , _ 
‘hat evaluation p Illustrative Embodiment III 

TABLE I By the procedure of Illustrative Embodiment I and 
s cimen Thickness (in) width (in) 10 II, sample strips were prepared from a poly(l-butene) 
p: marketed by Shell Chemical Company as PB 0200 and 

g 8%: gig‘; KRATON ®G 1652. The strips were evaluated by the 
3 @069 0131 procedure of Illustrative Embodiment II. The results 
4 0.069 0.130 15 are given in table VII. 
5 0.068 0.129 
PB 0070 0.122 TABLE VI] 

Ratio Stress at Strain at 
PB 0200=KRAT0N @ G 1652 Break, psi Break, % 

TABLE H 211 2922 389 

Load @ Break Stress, @ Break Strain @ Break 20 I11 3262 479 
Specimen (lbs) (psi) (%) 1:2 4007 509 

1 30.49 3396 447.9 
2 28.74 3229 418.1 
3 23-49 3152 4021 Illustrative Embodiment IV 
4 28.32 3157 414.1 ' ' _ _ 

5 29.35 3345 448.9 25 The tensile and optlcal properties were determined 
PB 39-33 4664 398-0 for: 1) a ?lm of polyvinyl chloride of 13 micron thick 

ness (Sample X), 2) a three~layer laminate of 25 micron 
Table III provides the dimensions of strips of BlendB thickness Where the Outel: layers are‘ ethylene-Vinyl 

evaluated and Table IV provides the results of that acetate copolymer and the lnner layer is PB8640 (Sam 
evaluation. 30 le , and 3 a similar laminate where the inner layer is P 

TABLE In a 2:1, blend of PB8640 and KRATON ®G 1652 (Sam 
ple Z). The results are shown in Tables VIII, IX, and X. 

Specimen Thickness (in) Width (in) 

1 0.070 0.131 
2 0.074 0.129 35 TABLE VIII 

2 Tensile - Machine Direction 
5 0'07] 0'1” . Stress at Strain at 

' ' - Sample Modulus Break, psi Break, % 

X 26103 3282 143 
TABLE IV 40 Y 12930 3140 180 

z 8820 2789 187 
Load at Stress at Strain at 

Specimen Break (lbs) Break (psi) Break (%) 

1 27.43 2992 4280 TABLE IX 
2 30.72 3219 453.8 _ _ _ 

3 2962 3074 4543 45 Tens1le - Transverse Direction 

4 28.39 2889 418.1 Stress at Strain at 
5 27.41 2903 439.9 Sample Modulus Break, psi Break. % 
PB 39.83 4664 398.0 x 7617 2944 139 

Y 12473 1755 400 

Table V provides the dimensions of strips of Blend C 50 z 6433 m6 401 
evaluated and Table VI provides the results of that 
evaluation. TABLE X 

TABLE V Qptical 
Specimen Thickness (in) Widlh (in) 55 Gloss, angle of measurement 

1 0.0700 - 0.129 Sample 45‘ 60° Haze, % Clarity, % 

i 813% x 89.2 142.0 0.3 84.4 
4 60690 0'128 Y 84.2 124.5 1.6 30.5 
5 Q0690 (H27 2 81.2 115.3 0.9 3.4 

What is claimed is: 
TABLE VI 1. A laminate ?lm having superior stress-strain and 

' Load at Stress at Strain at optical properties produced from a polymer blend com 
spwm’“ Break (lbs) Break (PS‘) Break (%) prising a crystalline poly(1-butene) and a selectively 

1 29-97 3319 470-7 65 hydrogenated block copolymer of a vinyl aromatic 
2 49m 5537 5660 hydrocarbon and a conjugated alkadiene. 
3 44.92 4942 544.2 . . . . 
4 43,28 4901 5223 2. The ?lm laminate of claim 1 wherem the blend is a 
5 28.87 3295 459.8 core layer and the outer layers are nylon, polyester, 
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polypropylenes, polyethylene 
unsaturated ester copolymers. 

3. The ?lm laminate of claim 2 wherein the outer 
layers are ethylene-vinyl acetate copolymer. 

4. The blend of claim 1 wherein the selectively hy 
drogenated block copolymer is a block copolymer de 
rived from a base block copolymer having at least one 
block of at least predominantly polymerized styrene or 
o-methylstyrene and at least one block of at least pre 
dominantly polymerized butadiene or isoprene, wherein 
no more than about 25% of the aromatic unsaturation 
has been hydrogenated and from about 88% to about 
99% of the aliphatic unsaturation has been hydroge 
nated. 

5. The blend of claim 4 wherein the weight ratio of 
poly(l-butene) to selectivity hydrogenated block co 
polymer is from about 5:1 to about 1:5. 

or ethylenically» 
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6. The blend of claim 5 wherein the poly(l-butene) 

contains up to about 30% mole of other a-ole?n of up to 
14 carbon atoms inclusive. 

7. The blend of claim 6 wherein the base block co 
polymer from which the selectively hydrogenated 
block copolymer is derived is of the SBS type. 

8. The blend of claim wherein the poly(l-butene) is 
homopolymeric. 

9. The blend of claim 8 wherein the selectively hy 
drogenated block copolymer is of the SEBS type. 

10. A three-layer '?lm laminate wherein the outer 
layers are nylon, polyester, polypropylenes, polyethyl 
enes or ethylenically-unsaturated ester copolymers and 
the core layer is the blend of claim 9. 

11. The ?lm laminate of claim 10 wherein the outer 
layers are ethylene-vinyl acetate copolymer. 

# i t t i 


