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(57) ABSTRACT 

This invention relates to a method to make an article com 

prising the steps of combining a semi-amorphous polymer 
having a heat of fusion of less than 70 J/ g With a plasticiZer 
and optionally one or more additives, to produce a polymer 
concentrate, combining the polymer concentrate With one or 
more ?nal materials to produce an article precursor; and 
forming the article at least partially from the article precursor, 
Wherein the polymer concentrate preferably shoWs no visible 
phase separation as demonstrated by the polymer concentrate 
having no visually detectable loss of the plasticiZer after a 
portion of the polymer concentrate is aged on an absorbent 
surface for 24 hours at 250 C. An article produced by the 
method is also disclosed. 
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METHOD TO MAKE AN ARTICLE COMPRISING 
POLYMER CONCENTRATE 

FIELD OF THE INVENTION 

[0001] This invention relates to a method to make an article 
comprising combining a polymer With a polymer concen 
trate. The invention also relates to a polymer concentrate, also 
knoWn as a masterbatch, and a process of making the same. 

BACKGROUND OF THE INVENTION 

[0002] Polyole?ns are Widely used in a number of everyday 
articles, machines, consumer goods, and the like. Polyole?ns 
are relatively inexpensive to produce and are capable of pro 
viding a number of useful functions. Polyole?ns may be 
formed into various shapes, ?lms, laminates, and the like. 
Polyole?ns may be coated on, or co-extruded With various 
substrates. Polyole?ns may also be combined With other 
materials to form a structure having a plurality of layers, each 
layer having a speci?c purpose. Laminates, for example, may 
comprise a plurality of layers, such as a con?gurationally 
rigid core layer, an outer liquid-tight layer, an oxygen gas 
barrier such as a mid-layer of aluminum foil, and/or other 
layers depending on application needs. 

[0003] HoWever, polyole?ns may have relatively high glass 
transition temperatures. This may render various polyole?ns 
brittle, in?exible, and thus unsuitable for particular uses, par 
ticularly uses at loWer temperatures. Many applications of 
polyole?ns Would bene?t from a polyole?n having useful 
properties over a Wide range of temperatures, and under a 
variety of conditions. Such useful properties may include 
both high and loW temperatures performance in the areas of 
impact strength, toughness, ?exibility, and the like. One Way 
in Which such properties may be obtained is by the addition of 
plasticiZers to polyole?ns. 

[0004] Examples of the addition of plasticiZers to polyole 
?ns may be found, for example, in Us. Pat. Nos. 4,960,820, 
4,132,698, 3,201,364, and in WO 02/31044, WO 01/18109, 
and EP 0 300 689. These and other references are directed to 
the addition of functionaliZed plasticiZers to polyole?ns. 
Examples of functionaliZed plasticiZers include mineral oils 
containing aromatic groups. These exampled fail to provide 
improvements in impact strength, transparency, and other 
properties of polyole?ns. Other references Which are directed 
to the addition of plasticiZers to polyole?ns include EP 0 448 
259, EP 1 028 145, U.S. Pat. Nos. 4,073,782, and 3,415,925. 

[0005] It Would be desirable to utiliZe compounds such as 
paraf?ns to plasticiZe polyole?ns. HoWever, such an 
approach is taught to be counter to producing improved poly 
ole?ns (See e.g., Chemical Additives for Plastics Industry 
107-116 (Radian Corp., Noyes Data Corporation, NJ 1987); 
and WO 01/18109 A1.) 

[0006] Us. patent application Ser. No. 10/716,306, ?led 
Feb. 19, 2004 is directed to a plasticiZed polyole?n compo 
sition comprising one or more polyole?ns and one or more 

non-functionaliZed plasticiZers. The plasticiZed polyole?ns 
produced are reported to comprise improved softness, better 
?exibility (loWer ?exural modulus), a depressed glass transi 
tions temperature, and/or improved impact strength When 
compared to plasticiZed polyole?ns knoWn in the art. 

[0007] HoWever, a need remains for facile incorporation of 
plasticiZers into polyole?ns. PlasticiZers are often liquids. On 

Mar. 5, 2009 

the other hand, polyole?ns are typically formulated, com 
pounded, and/ or combined as solids or partially molten semi 
solids in extruders, mixers, kneaders, and the like. Such pro 
cesses are not readily amenable to addition of liquids. 
Addition of liquids to an extruder, for example, may require 
utiliZation of metering pumps and extruder con?gurations in 
opposite to those useful to produce polyole?n articles of 
commerce. Accordingly, there remains a need for a method by 
Which plasticiZers may be incorporated into polyole?n com 
positions Wherein the plasticiZers are in a solid form that is 
?oWable. 

SUMMARY OF THE INVENTION 

This invention relates to a method to make an article com 

prising: 

[0008] combining a semi-amorphous polymer having a 
heat of fusion of less than 70 J/ g With a plasticiZer and option 
ally one or more additives, to produce a polymer concentrate; 

[0009] combining the polymer concentrate With one or 
more polymers to produce an article precursor; and 

[0010] forming the article at least partially from the article 
precursor. 

[001 1] This invention further relates to a method to make an 
article comprising: 

[0012] combining a semi-amorphous polymer having a 
heat of fusion of less than 70 J/g With a semi-crystalline 
polymer having a melting point of 1000 C. or greater, and 
optionally one or more additives, With a non-functionaliZed 
plasticiZer to produce a polymer concentrate, pelletiZing the 
polymer concentrate into a plurality of free ?oWing particles; 

[0013] combining at least a portion of the particles of the 
polymer concentrate With one or more polymers to produce 
an article precursor; and 

[0014] forming the article at least partially from the article 
precursor. 

[0015] In a preferred embodiment, the semi-amorphous 
polymer comprises 55 to 95 mole % of a ?rst alpha ole?n 
having 2 to 6 carbon atoms (preferably propylene), and 5 to 45 
mole % of at least one comonomer comprising an alpha 
ole?n having 2 to 6 carbon atoms Which is different from the 
?rst alpha ole?n (preferably ethylene), and Where the semi 
amorphous polymer has a heat of fusion of less than 45 joules 
per gram, and a tacticity index of 75% or greater. 

[0016] In another preferred embodiment, the polymer con 
centrate shoWs no visible phase separation as demonstrated 
by the polymer concentrate having no visually detectable loss 
of the plasticiZer on an absorbent surface, after a portion of the 
polymer concentrate is aged on the absorbent surface for 24 
hours at 250 C. 

[0017] In another preferred embodiment the plasticiZer has 
a VI of 120 or more and a pour point of —100 C. or less. 

[0018] An article produced according to the above methods 
is also disclosed. These and other features, aspects and advan 
tages of the present invention Will become better understood 
With reference to the folloWing description and claims. 
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DETAILED DESCRIPTION 

De?nitions 

[0019] For the purposes of this invention and the claims 
thereto, and for ease of reference herein, When a polymer is 
referred to as comprising an ole?n, the ole?n present in the 
polymer is the polymerized form of the ole?n. For ease of 
reference, polypropylene is abbreviated PP, isotactic polypro 
pylene is abbreviated iPP, syndiotactic polypropylene is 
abbreviated sPP. 

[0020] Unless noted otherwise: 

[0021] Percents express a Weight percent (Wt %), based on 
the total amount of the material or component at issue; 

[0022] Kinematic viscosity (KV), also referred to merely as 
viscosity, is expressed as centistokes (cSt) and is determined 
at the temperature speci?ed according to ASTM D445; 

[0023] Glass transition temperature (Tg) is determined 
according to ASTM E 1356; 

[0024] Distillation range is determined according to ASTM 
D 86; 

[0025] Initial boiling point and ?nal boiling point are each 
determined according to ASTM D 86; 

[0026] Pour point is determined according to ASTM D 97; 

[0027] Speci?c gravity is determined according to ASTM 
D 4052, 15.6° c.; 

[0028] Weight average molecular Weight (MW), number 
average molecular Weight (Mn), and Z average molecular 
Weight (MZ) are each determined utiliZing gel permeation 
chromatography (GPC); 

[0029] Molecular Weight distribution (MWD) is de?ned as 
the Weight average molecular Weight divided by the number 
average molecular Weight (MW/ Mn); 

[0030] Flash point is determined according to ASTM D 56; 

[0031] Dielectric constant is determined at 1 kHZ, 20° C.; 

[0032] Density is determined according to ASTM 4052, 
15.60 C.; and 

[0033] Viscosity index is determined according to ASTM 
D-2270. 

Upper and loWer limitations on physical properties and pro 
cess conditions may comprise any combination of those lim 
its recited in any combination herein for a particular compo 
nent, compound, composition, and/or process. 

[0034] For purposes of this disclosure, the term oligomer 
refers to compositions having 2-40 mer units and the term 
polymer refers to compositions having 41 or more mer units. 
A mer is de?ned as a unit of an oligomer or polymer that 
originally corresponded to the monomer(s) used in the oligo 
meriZation or polymerization reaction. For example, the mer 
of polyethylene Would be ethylene. For simplicity, When 
polymers are referred to, the reference may also apply to 
oligomers, unless speci?cally noted otherWise. Accordingly, 
the term polymer and oligomer may be referred to inter 
changeably herein, unless otherWise speci?ed. In addition, 
unless otherWise stated, the term “polymer” may include both 
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homopolymers (i.e., a polymer comprising essentially one 
monomer), and/or copolymers (i.e., a polymer comprising 
more than one monomer.) 

[0035] For purposes of this invention an oligomer is de?ned 
to have an Mn of less than 21,000 g/mol, preferably less than 
20,000 g/mol, preferably less than 19,000 g/mol, preferably 
less than 18,000 g/mol, preferably less than 16,000 g/mol, 
preferably less than 15,000 g/mol, preferably less than 13,000 
g/mol, preferably less than 10,000 g/mol, preferably less than 
5000 g/mol, preferably less than 3000 g/mol. 

[0036] The terms “semi-crystalline polymer” and “semi 
crystalline polyole?n” may be used interchangeably herein, 
and are de?ned to be an ole?n polymer having a melting point 
(Tm) of 1000 C. or greater. Melting point may be measured by 
differential scanning calorimetry (DSC) second melt, as 
described herein. 

[0037] The terms “semi-amorphous polymer” and “semi 
amorphous polyole?n” may be used interchangeably herein, 
and are de?ned to be an ole?n polymer having a heat of fusion 
of less than 70 J/g, preferably betWeen 0.5 and 70 J/g (as 
determined by DSC, described herein), and a tacticity index 
of 75% or more (preferably 80% or more, preferably 85% or 
more, referably 90% or more). Preferred semi-amorphous 
polymers may have a melt ?oW rate of 0.1 to 2000 dg/min 
(preferably 100 dg/min or less); and/or an intermolecular 
compositional distribution as determined by thermal fraction 
ation in hexane such that 85% by Weight or more of the 
polyole?n is isolated as one or tWo adjacent, soluble fractions 
With the balance of the polyole?n in immediately preceding 
or succeeding fractions; and Wherein each of these fractions 
has a Wt % comonomer content With a difference of no greater 
than 20 Wt % relative to the average Wt % co-monomer 
content of the copolymer polyole?n; and/or a MW/Mn of 1.5 
to 40. 

[0038] By heterogeneous composition it is meant a compo 
sition having tWo or more morphological phases in the same 
state. For example a blend of tWo polymers Where one poly 
mer forms discrete packets dispersed in a matrix of another 
polymer is said to be heterogeneous in the solid state. Also 
heterogeneous blend is de?ned to include co-continuous 
blends Where the blend components are separately visible, but 
it is unclear Which is the continuous phase and Which is the 
discontinuous phase. Such morphology is determined using 
optical microscopy, scanning electron microscopy (SEM) or 
atomic force microscopy (AFM), in the event the optical 
microscopy, SEM and AFM provide different data, then the 
SEM data shall be used. By continuous phase is meant the 
matrix phase in a heterogeneous blend. By discontinuous 
phase is meant the dispersed phase in a heterogeneous blend. 

[0039] By homogeneous composition it is meant a compo 
sition having substantially one morphological phase in the 
same state. For example, a blend of tWo polymers Where one 
polymer is miscible With another polymer is said to be homo 
geneous in the solid state. Such morphology is determined 
using optical microscopy, scanning electron microscopy 
(SEM) or atomic force microscopy (AFM), in the event the 
optical microscopy, SEM and AFM provide different data, 
then the SEM data shall be used. Miscible may also include a 
blend of tWo or more polymers that exhibits single-phase 
behavior for the glass transition temperature, eg the Tg 
Would exist as a single, sharp transition temperature on the 
DMTA trace. By contrast, tWo separate transition tempera 
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tures Would be observed for an immiscible blend, typically 
corresponding to the temperatures for each of the individual 
components of the blend. Thus in an embodiment, a polymer 
blend is miscible When there is one Tg indicated on the 
DMTA trace. A miscible blend is homogeneous, While an 
immiscible blend is heterogeneous. 

[0040] For the purposes of this invention and the claims 
thereto, a propylene copolymer of the present invention may 
comprise propylene, and at least one additional ole?nic com 
ponent. Accordingly, the propylene copolymer of the present 
invention may include propylene and a plurality of other 
monomers in polymerized form. A preferred semi-amor 
phous propylene copolymer of the present invention, Which is 
described in detail beloW, may be referred to as a random 
copolymer of propylene, a random copolymer of propylene 
and ethylene (Wherein ethylene is the comonomer, or as a 
propylene-ethylene plastomer (Wherein ethylene is the 
comonomer). 
Polymer Concentrate 

[0041] The polymer concentrate of the present invention 
preferably comprises a plasticiZer in combination With a 
semi-amorphous polymer. The semi-amorphous polymer is 
de?ned for use herein to include a polymer or blend of poly 
mers, at least one of Which is at least partially amorphous 
(e. g., having a heat of fusion of less than 70 J/ g) and partially 
crystalline (e.g. having a tacticity index of 75% or more) to 
Which the plasticiZer, and optionally other additives are 
mixed With, blended With, incorporated Within, and the like. 
Accordingly, in an embodiment Wherein a plasticiZer is added 
to a semi-amorphous propylene copolymer blend to produce 
a polymer concentrate, the semi-amorphous propylene 
copolymer blend Would be considered the polymer concen 
trate of the composition. 

[0042] A polymer concentrate may comprise a polymer 
concentrate having one or more semi-amorphous polyole?ns 
in combination With one or more plasticiZers, preferably one 
or more non-functionaliZed plasticiZers. 

[0043] Concentrate blends (e. g., a masterbatch) containing 
relatively large amounts of plasticiZer (i.e., at least about 5, 
preferably at least about 10 Wt %, preferably at least about 20 
Wt %, preferably at least about 30 Wt %, preferably at least 
about 40 Wt %, preferably at least about 50 Wt %, preferably 
at least about 60 Wt %, preferably at least about 70 Wt %, 
preferably at least about 80 Wt %, preferably at least about 90 
Wt %) may be obtained by mixing the semi-amorphous poly 
mer concentrate, preferably a molten or partially molten poly 
mer concentrate, With the plasticiZer under high shear condi 
tions. Typically the shear rate is 100 sec-1 or more, preferably 
200 sec'1 or more, 300 sec'1 or more, 400 sec'1 or more up to 
2000 sec-l, typically up to 1000 sec-l, preferably, in a in a 
single or tWin screW extruder. 

[0044] The present invention therefore may also provide a 
process for the production of polymer concentrate composi 
tions comprising blending under high shear conditions, a 
polymer concentrate of one or more semi-amorphous poly 
ole?ns, With one or more plasticiZers, and optionally one or 
more additives, to produce a concentrate containing at least 
about 5 Wt %, preferably 10 to 90 Wt % of the plasticiZer. In a 
preferred embodiment, the concentrate comprises at least 50 
Wt % of the plasticiZer. In an embodiment, the polymer con 
centrate comprises l-70 Wt % of the plasticiZer, preferably 
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5-60 Wt %, more preferably 10-50 Wt %, more preferably 
15-50 Wt %, more preferably 20-50 Wt % of the plasticiZer. 

[0045] The concentrate of the present invention is prefer 
ably a solid material, capable of being pelletiZed. The con 
centrate may subsequently be blended With other materials 
Wherein the plasticiZer may be released (let doWn) from the 
concentrate to produce a resultant blend comprising the plas 
ticiZer at a concentration in the ?nal blend Which is less than 
the concentration of the plasticiZer in the concentrate. It is to 
be understood that the polymer concentrate used to make the 
polymer concentrate of the present invention need not be the 
same polymer used in subsequent processes Wherein the plas 
ticiZer is released. The ratio of the mixture of the plasticiZer, 
and additional additives, and the polymer concentrate in the 
concentrate composition typically depends upon the quantity 
of plasticiZer desired in the end product and the ability of the 
fabrication machinery to handle incorporation of additives. 

[0046] The plasticiZer and the polymer concentrate are 
preferably blended under conditions Where both components 
are molten and under su?iciently high shear conditions to 
ensure intimate mixing of the plasticiZer Within the polymer 
concentrate. If necessary or convenient, the components may 
be physically blended prior to melt blending. The compo 
nents of the concentrate are conveniently melt blended in a 
tWin screW extruder or a kneader. Alternatively, a Banbury 
mixer may be used. Where a tWin screW extruder or a kneader 
is used, it may be preferred to cool the screW particularly 
When producing concentrates containing plasticiZer content 
Which prevents the composition from sticking to the screW. 

[0047] The concentrate of the present invention typically 
comprises from 0.1-95 Wt % of semi-amorphous polymer, 
preferably 0.5-70 Wt %, more preferably l-50 Wt %, more 
preferably l-lO Wt %, more preferably 5-20 Wt % of the 
semi-amorphous polymer. 
PlasticiZer 

[0048] The plasticiZer of the present invention is any com 
pound Which improves particular properties of the polymer 
concentrate directed toWards softness, a depressed glass tran 
sition temperature, impact strength (e.g., Gardner impact), 
toughness, ?exibility (e.g., loWer ?exural modulus), and the 
like. 

[0049] Preferred plasticiZers of this invention are charac 
teriZed in that, When blended With the polymer concentrate to 
form a polymer concentrate, the plasticiZer and the polymer 
concentrate form a homogeneous composition, also referred 
to as a homogeneous blend. 

[0050] Preferably, the plasticiZer is miscible With the poly 
mer concentrate, as indicated by no change in the number of 
peaks in the Dynamic Mechanical Thermal Analysis trace 
(DMTA) determined according to ASTM D4065, as com 
pared to the DMTA trace of the polymer concentrate in the 
absence of the plasticiZer. PlasticiZers suitable for use herein 
may comprises a para?in, a hydrocarbon ?uid, a polyalpha 
ole?n oligomer, a polybutene, a mineral oil, a phthalate, a 
substituted phthalate, a substituted mellitate, a substituted 
adipate, or a combination thereof, Wherein the substitutions 
comprise C l to C20 hydrocarbons. In a preferred embodiment, 
plasticiZers suitable for use herein include both functional 
iZed and non-functionaliZed para?ins (e.g., isopara?ins, nor 
mal or linear paraf?ns, cyclic para?ins, dearomaticiZed ali 
phatic hydrocarbons, high purity hydrocarbon ?uids, 
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mixtures thereof, and the like), poly alpha ole?n oligomers 
(PAOs), polybutenes, and/or mineral oils. 

[0051] Preferably, the plasticiZer is a PAO, Which may be 
manufactured by the catalytic oligomeriZation of ole?ns hav 
ing 4 or more carbon atoms. A PAO thus includes synthetic 
?uids produced by oligomeriZation. PAO’s may also be func 
tionaliZed to comprise, for example, esters, polyethers, poly 
alkylene glycols, and the like. (see Synthetic Lubricants and 
High-Performance Functional Fluids, Second edition, Rud 
nick, Shubkin, eds., Marcel Dekker, Inc. NeW York, 1999.) 

Non-FunctionaliZed PlasticiZer 

[0052] In a preferred embodiment, the polymer concentrate 
of the present invention includes a non-functionaliZed plasti 
ciZer (“NFP”). The NFP of the present invention is de?ned for 
use herein to include a compound comprising carbon and 
hydrogen, that does not include, to an appreciable extent, 
functional groups comprising oxygen, nitrogen, sulfur, and/ 
or phosphorus (i.e., polar functional groups). Examples of 
such functional groups include hydroxide, carboxyls, esters, 
ethers, amines, and the like. 

[0053] By an “appreciable extent”, it is meant that func 
tional groups and compounds comprising functional groups 
are not deliberately added to the NFP, and if present at all, are 
present at less than 5 Wt %, based on the total Weight of the 
NFP. More preferably, functional groups are present at less 
than 4 Wt %, more preferably less than 3 Wt %, more prefer 
ably less than 2 Wt %, more preferably less than 1 Wt %, more 
preferably less than 0.7 Wt %, more preferably less than 0.5 Wt 
%, more preferably less than 0.3 Wt %, more preferably less 
than 0.1 Wt %, more preferably less than 0.05 Wt %, more 
preferably less than 0.01 Wt %, more preferably less than 
0.001 Wt %, based upon the total Weight of the NFP. 

Paraf?ns 

[0054] In an embodiment, an NFP may comprise, or may 
consist essentially of one or more para?ins. For purposes of 
the present invention and the description herein, the term 
“paraf?n” includes all isomers such as normal or linear par 
af?ns (n-paraf?ns), branched paraf?ns, also referred to as 
isoparaf?ns, and cyclic paraf?ns, preferably cyclic aliphatic 
paraf?ns. Paraf?ns may be derived synthetically by means 
knoWn in the art, or may be re?ned from crude oil in such a 
Way as to meet the requirements of an NFP as described 
herein. It is to be understood that the classes of materials 
described herein that are useful as NFP’s can be utiliZed 
alone, or admixed With other NFP’s, other plasticizers, and 
the like, in order to obtain the recited properties. 

[0055] In an embodiment, an NFP may comprise, or may 
consist essentially of one or more C6 to C200 paraf?ns. In a 
preferred embodiment, the NFP may comprise C8 to C100 
paraf?ns, more preferably C6 to C200 para?ins, more prefer 
ably C8 to C100 paraf?ns. 

[0056] A preferred NFP or blend thereof may comprise a 
paraf?n having one or more of the folloWing properties: 

[0057] 1. a distillation range as determined by ASTM D 86 
having a difference betWeen the upper temperature and the 
loWer temperature of 40° C. or less, preferably 35° C. or 
less, preferably 30° C. or less, preferably 25° C. or less, 
preferably 20° C. or less, preferably 15° C. or less, prefer 
ably 10° C. or less, preferably 6 to 40° C., preferably 6 to 
30° C.; and/or 
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[0058] 2. an initial boiling point as determined by ASTM D 
86 greater than 50° C., preferably greater than 100° C., 
preferably greater than 120° C., preferably greater than 
130° C., preferably greater than 140° C., preferably greater 
than 150° C., preferably greater than 160° C., preferably 
greater than 170° C., preferably greater than 180° C., pref 
erably greater than 190° C., preferably greater than 200° 
C., preferably greater than 210° C., preferably greater than 
220° C., preferably greater than 230° C., preferably greater 
than 240° C.; and/or 

[0059] 3. a pour point of 10° C. or less (as determined by 
ASTM D 97), preferably 0° C. or less, preferably —5° C. or 
less, preferably —15° C. or less, preferably —40° C. or less, 
preferably —50° C. or less, preferably —60° C. or less; 
and/or 

[0060] 4. a speci?c gravity (ASTM D 4052, 15.6° C.) of 
less than 0.88, preferably less than 0.85, preferably less 
than 0.80, preferably less than 0.75, preferably less than 
0.70, preferably 0.65 to 0.88, preferably 0.70 to 0.86, pref 
erably 0.75 to 0.85, preferably 0.79 to 0.85, preferably 0.80 
to 0.84; and/or 

[0061] 5. a ?nal boiling point as determined byASTM D 86 
of less than 700° C., preferably 115° C. to 500° C., prefer 
ably 200° C. to 450° C., preferably 250° C. to 400° C.; 
and/or 

[0062] 6. a Weight average molecular Weight (MW) less 
than 21,000 g/mol determined by GPC, preferably 100 to 
2000, preferably 150 to 1500, more preferably 200 to 1000; 
and/ or 

[0063] 7. a number average molecular Weight (Mn) of 100 
to 2000 g/mol determined by GPC, preferably 150 to 1500, 
more preferably 200 to 1000; and/ or 

0064 8. a ?ash oint as measured b ASTM D 56 of P y 
greater than —30° C., preferably —30° C. to 150° C., and/or 

[0065] 9. a dielectric constant at 20° C. of less than 3.0, 
preferably less than 2 .8, preferably less than 2. 5, preferably 
less than 2.3, preferably less than 2.1; and/or 

[0066] 10. a density (ASTM 4052, 15.6/15.6° C.) of less 
than 0.90 g/cm3, preferably 0.70 to 0.83; and/or 

[0067] 11. a viscosity (ASTM 445, 25° C.) of0.5 to 20 cSt 
at 25° C.; and/or 

[0068] 12. a carbon number of6 to 150, preferably 7 to 100, 
more preferably 10 to 30, more preferably 12 to 25; and/or 

[0069] 13. a kinematic viscosity (“KV”) of 2 centi Stokes 
(cSt) or less at 100° C., preferably 1.5 cSt or less, prefer 
ably 1.0 cSt or less, preferably 0.5 cSt or less, as deter 
mined according to ASTM D 445; and/ or 

[0070] 14. a glass transition temperature (Tg) according to 
ASTM E 1356 of less than 30° C. preferably less than 20° 
C., more preferably less than 10° C., more preferably less 
than 0° C., more preferably less than —5° C., more prefer 
ably less than —10° C., more preferably less than —15° C., 
still more preferably a Tg that cannot be determined 
according to ASTM E 1356. 

n-Para?ins 

[0071] NFPs may comprise linear or normal paraf?ns 
(n-paraf?ns). Preferred n-para?ins comprise at least 50 
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Weight %, preferably at least 60 Wt %, preferably at least 70 
Wt %, preferably at least 80 Wt %, preferably at least 90 Wt %, 
preferably at least 95 Wt % preferably essentially 100 Wt % of 
C5 to C25 n-paraf?ns, more preferably C5 to C20 n-paraf?ns, 
more preferably C5 to C15 n-para?ins. Preferred n-para?ins 
may also comprise less than 0.1%, preferably less than 0.01% 
aromatics. In a preferred embodiment, the n-para?ins may 
have: 

[0072] 
[0073] a distillation range of 30° C. or less, preferably 20° 
C. or less; and/or 

[0074] an initial boiling point greater than 150° C., prefer 
ably greater than 200° C.; and/ or 

[0075] a speci?c gravity of 0.65 to 0.85, more preferably 
0.70 to 0.80, more preferably 0.75 to 0.80; and/or 

[0076] a ?ash point greater than 60° C., more preferably 
greater than 90° C., more preferably greater than 100° C., still 
more preferably greater than 120° C. 

a KV of2 cSt or less at 100° C.; and/or 

[0077] Examples of suitable n-para?ins are commercially 
available under the tradename NORPAR (ExxonMobil 
Chemical Company, Houston Tex.), and are sold commer 
cially as NORPAR series of n-para?ins, examples of Which 
are summarized in Table 1a. 

TABLE 1a 

NORPAR Series n-paraf?ns 

pour Avg. Viscosity @ saturates and 
distillation point Speci?c 25° C. aromatics 

Name range (° C.) (° C.) Gravity) (cSt) (Wt %) 

NORPAR12 1894218 0.75 1.6 <0.01 
NORPAR 13 2224242 0.76 2.4 <0.01 
NORPAR 14 2414251 0.77 2.8 <0.01 
NORPAR 15 2494274 7 0.77 3.3 <0.01 

Isoparaf?ns 

[0078] The NFP may comprise branched paraf?n, also 
referred to as isoparaf?n. By isopara?in it is meant that a 
paraf?n chain possess C 1 to C10 alkyl branching along at least 
a portion of the paraf?n chain. More particularly, the isopar 
af?ns are saturated aliphatic hydrocarbons Whose molecules 
have at least one carbon atom bonded to at least three other 
carbon atoms or at least one side chain (i.e., a molecule having 
one or more tertiary or quaternary carbon atoms), and pref 
erably Wherein the total number of carbon atoms per mol 
ecule is in the range betWeen 6 to 50, more preferably betWeen 
10 and 24, still more preferably from 10 to 15. Various iso 
mers of each carbon number may be present. Suitable isopar 
af?ns foruse as NFP’s may also include cycloparaf?ns having 
branched side chains. Cyclopara?ins may also exist as a 
minor component of a particular isopara?in. 

[0079] The NFP may comprise at least 50 Wt %, preferably 
at least 60 Wt %, preferably at least 70 Wt %, preferably at least 
80 Wt %, preferably at least 90 Wt %, preferably at least 95 Wt 
% preferably essentially 100 Wt % of C6 to C150 isoparaf?ns. 
More preferably, the NFP comprises C6 to C100 isoparaf?ns, 
more preferably C6 to C25 isoparaf?ns, more preferably C8 to 
C20 isoparaf?ns. 
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[0080] Preferred isoparaf?ns may have: 

[0081] a density of 0.70 to 0.83 g/cm3; and/or 

[0082] a pour point of—40° C. or less, preferably —50° C. or 
less; and/or 

[0083] a viscosity (ASTM 445, 25° C.) of 0.5 to 20 cSt at 
25° C.; and/or 

[0084] a Weight average molecular Weight (MW) of 100 to 
300 g/mol determined by GPC. 

[0085] The isoparaf?ns may include greater than 50 Wt % 
(by total Weight of the isoparaf?n) mono-methyl species, for 
example, 2-methyl, 3-methyl, 4-methyl, 5-methyl or the like, 
With minimum formation of branches With sub stituent groups 
of carbon number greater than 1 , (e. g., ethyl, propyl, butyl and 
the like), based on the total Weight of isoparaf?ns in the NFP. 
In one embodiment, the isopara?in includes greater than 70 
Wt % mono-methyl species, based on the total Weight of the 
isopara?in present. 

[0086] Preferably, the isopara?in has a boiling point of 
from 100° C. to 350° C., more preferably 110° C. to 320° C. 
In preparing different grades of isoparaf?n, a para?inic mix 
ture may be fractionated into cuts having narroW boiling 
ranges, for example, of about 35° C. 

[0087] Suitable isoparaf?ns are commercially available 
under the tradename ISOPAR (ExxonMobil Chemical Com 
pany, Houston Tex.), and are described in, for example, US. 
Pat. No. 6,197,285 (column 5, lines 1-18), US. Pat. Nos. 
3,818,105 and 3,439,088, and sold commercially as ISOPAR 
series of isoparaf?ns, examples of Which are summarized in 
Table 1b. 

TABLE 1b 

ISOPAR Series Isoparai?ns 

distillation pour Avg. Viscosity@ saturates and 
range point Speci?c 25° C. aromatics 

Name (° C.) (° C.) Gravity (cSt) (Wt %) 

ISOPAR E 1174136 —63 0.72 0.85 <0.01 
ISOPAR G 1614176 —57 0.75 1.46 <0.01 
ISOPAR H 1784188 —63 0.76 1.8 <0.01 
ISOPAR K 1794196 —60 0.76 1.85 <0.01 
ISOPAR L 1884207 —57 0.77 1.99 <0.01 
ISOPAR M 234254 —57 0.79 3.8 <0.01 
ISOPARV 2724311 —63 0.82 14.8 <0.01 

[0088] Other suitable isopara?ins for use as NFPs are com 
mercially available under the trade names SHELLSOL (by 
Shell Chemical Co.), SOLTROL (by Chevron Phillips) and 
SASOL (by Sasol Limited). SHELLSOL is a product of the 
Royal Dutch/Shell Group of Companies, for example 
ShellsolTM (boiling point=215-260° C.). SOLTROL is a prod 
uct of Chevron Phillips Chemical Co. LP, for example SOL 
TROL 220 (boiling point=233-280° C.). SASOL is a product 
of Sasol Limited (Johannesburg, South Africa), for example 
SASOL LPA-210, SASOL-47 (boiling point=238-274° C.). 

Para?in Blends 

[0089] In another embodiment, the NFP may comprise par 
a?in blends comprising a mixture or blend of tWo or more 
cyclic, branched, or normal paraf?ns. Preferred blends have a 
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KV of 2 cSt or less at 100° C. Para?ins in the blends prefer 
ably comprise from 6 to 50 carbon atoms, more preferably 10 
to 24 carbon atoms. The paraf?n blends may have a branch 
paraf?n to n-paraf?n molar ratio (moles branched para?in 
:moles n-para?in) of0.5:1 to 9: 1, preferably 1:1 to 4: 1, based 
on the total moles of paraf?n present in the blend. 

[0090] The para?in blend may include isopara?ins having 
greater than 50 Wt % (by total Weight of the blend) mono 
methyl species, for example, 2-methyl, 3-methyl, 4-methyl, 
5-methyl or the like, With minimum formation (i.e., less than 
10 Wt %) of branches With substituent groups of carbon num 
ber greater than 1, (e.g., ethyl, propyl, butyl and the like), 
based on the total Weight of isopara?ins in the NFP. In one 
embodiment, the isopara?ins of the composition contain 
greater than 70 Wt % of the mono-methyl species, based on 
the total Weight of the isopara?ins present in the mixture or 
blend. Preferably, the para?in blend has a boiling point of 
100° C. to 350° C., more preferably 110° C. to 320° C. 

DearomaticiZed Aliphatic Hydrocarbon 

[0091] In an embodiment, the NFP may comprise a dearo 
maticiZed aliphatic hydrocarbon, Which may comprise nor 
mal para?ins, isoparaf?ns and/or cycloparaf?ns. Preferred 
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hydrocarbons may contain less than 0.1 Wt %, preferably less 
than 0.01 Wt % aromatics, based on the total Weight of the 
dearomaticiZed aliphatic hydrocarbon. 

[0093] In a preferred embodiment the dearomaticiZed ali 
phatic hydrocarbon may have: 

[0094] a distillation range of 30° C. or less, preferably 20° 
C. or less; and/or 

[0095] an initial boiling point greater than 50° C., prefer 
ably greater than 100° C., preferably greater than 200° C.; 
and/or 

[0096] a speci?c gravity (15.6° C.) of 0.65 to 0.85, more 
preferably 0.70 to 0.85, more preferably 0.75 to 0.85, still 
more preferably 0.80 to 0.85; and/or 

[0097] a ?ash point greater than 60° C., more preferably 
greater than 90° C., more preferably greater than 100° C., still 
more preferably greater than 110° C. 

[0098] Suitable dearomaticiZed aliphatic hydrocarbons are 
commercially available under the tradename EXXSOL (Exx 
onMobil Chemical Company, Houston Tex.), and are sold 
commercially as EXXSOL series of dearomaticiZed aliphatic 
hydrocarbons, some of Which are summariZed in Table 1c. 

TABLE 1c 

EXXSOL Series 

saturates 

Viscosity @ and 
distillation Pour point Avg. Speci?c 25° C. aromatics 

Name range (° C.) (° C.) Gravity (cSt) (Wt %) 

EXXSOL isopentane 0.63 0.3 i 

EXXSOL methylpentane 59462 0.66 0.5 i 

naphtha 
EXXSOL hexane ?uid 66469 0.67 0.5 i 

EXXSOL DSP 75/100 78499 0.72 0.6 i 

EXXSOL heptane ?uid 94499 0.70 0.6 i 

EXXSOL DSP 90/120 984115 0.74 

Naphtha 
EXXSOL DSP 115/145 1164145 0.75 0.8 i 

Naphtha 
EXXSOL D Naphtha 1584178 0.77 1.2 i 

EXXSOL D 40 1614202 0.79 1.4 0.3 

EXXSOL D 60 1884210 0.80 0.4 

EXXSOL D 80 2084234 0.80 2.2 0.4 

EXXSOL D 95 2244238 0.80 2.1 0.7 

EXXSOL D 110 2494268 0.81 3.5 0.8 

EXXSOL D 130 2824311 —45 0.83 6.9 1.5 

dearomaticiZed aliphatic hydrocarbons have a KV of 2 cSt or 
less at 100° C., and preferably comprise at least 50 Weight %, 
preferably at least 60 Wt %, preferably at least 70 Wt %, 
preferably at least 80 Wt %, preferably at least 90 Wt %, 
preferably at least 95 Wt % preferably essentially 100 Wt % of 
dearomaticiZed aliphatic hydrocarbon. 

[0092] Preferred dearomaticiZed aliphatic hydrocarbons 
may include a mixture of C4 to C25 normal para?ins, isopar 
a?ins and cyclopara?ins, more preferably C5 to C18, still 
more preferably C5 to C12. Preferred dearomaticiZed aliphatic 

[0099] Other examples include processing oils produced 
using an all-hydroprocessing route Which transforms the 
molecular structure of undesirable aromatics into highly 
desirable saturates to produce a process oil With particular 
physical and chemical properties including loW aromatic con 
tent, loW volatility, and ease of processability. Such oils are 
available commercially under the tradename ParaluxTM pro 
cessing oils, Which are available from ChevronTexaco Global 
Lubricants, San Ramon, Calif. Properties of some of the 
available Paralux oils are summariZed in Table 1c-1 beloW. 
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TABLE 1c-1 
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Paralux Series 

Physical ASTM Paralux Paralux Paralux Paralux 
Properties Method 701R 1001R 2401R 6001R 

Viscosity at: D445 12.1 20.0 43.3 117.6 
40° C., cst 
Viscosity at: D445 2.9 4.1 6.5 12.5 
100° C., cst 
Viscosity index D2270 80 99 101 102 
Speci?c gravity D4052 0.8509 0.853 0.8665 0.8747 
60° F. 
Density at 20° C. D4052 0.8517 0.8493 0.8632 0.8712 
g/cc 
Molecular D2502> 318 360 430 582 
Weight 
Pour point, ° C. D97 —40 —17 —12 —21 
Asphaltenes 0.0 0.0 0.0 0.0 
Polar compounds 0.1 0.1 0.1 0.1 

Aromatics 0.3 0.5 1.3 Total aromatics 0.3 0.5 1.3 3.1 

Saturates 99.6 99.4 98.6 96.8 
Carbon type by ndM D3238 
% Carbon in 61 68 66 70 
paraf?nic structure 
% Carbon in 39 32 34 30 
naphthenic structure 
% Carbon in 0 0 <03 0 
aromatic structure 
Carbon type analysis, % D2140 

Cn 37 32 34 31 
Cp 63 68 66 69 
Aromatics by HPLC Chevron <1 <1 <1 <1 
Saturates by HPLC Chevron >99 >99 >99 >99 

High Purity Hydrocarbon Fluids [0105] In a preferred embodiment, a high purity hydrocar 

[0100] The NFP of the present invention may comprise a 
“high purity” hydrocarbon ?uid, preferably comprising one 
or more para?ins having 6 to 1500 carbon atoms, preferably 
8 to 1000 carbon atoms, preferably 10 to 500 carbon atoms, 
preferably 12 to about 200 carbon atoms, preferably 14 to 150 
carbon atoms, preferably 16 to 100 carbon atoms. The high 
purity hydrocarbon ?uid composition may have an isoparaf 
?n: n-para?in ratio of about 0.5:1 to about 9:1, preferably 
about 1:1 to about 4:1. The isopara?ins of the “high purity” 
hydrocarbon ?uid composition may contain greater than ?fty 
percent mono-methyl species, e.g., 2-methyl, 3-methyl, 
4-methyl, >5-methyl or the like, With minimum formation of 
branches With substituent groups of carbon number greater 
than 1, i.e., ethyl, propyl, butyl or the like, based on the total 
Weight of isopara?ins in the mixture. Preferably, the isopar 
a?ins of the “high purity” hydrocarbon ?uid composition 
contain greater than 70 percent of the mono-methyl species, 
based on the total Weight of the composition. 

[01 01] A preferred high purity hydrocarbon ?uid may have: 

[0102] a KV at 25° C. of1 to 100,000 cSt, preferably 10 cSt 
to 2000 cSt; and/or 

[0103] a KV at 40° C. of1 to 30,000 cSt, preferably 10 cSt 
to 2000 cSt; and/or 

[0104] a pour point beloW —20° C., more preferably beloW 
—30° C., more preferably from about —20° C. to about —70° C. 

bon ?uid may comprise para?ins having: 

[0106] a number average molecular Weight of 500 to 
21,000 g/mol; and/or 

[0107] less than 10% side chains having 4 or more carbons, 
preferably less than 8 Weight %, preferably less than 5 Weight 
%, preferably less than 3 Weight %, preferably less than 2 
Weight %, preferably less than 1 Weight %, preferably less 
than 0.5 Weight %, preferably less than 0.1 Weight %, prefer 
ably at less than 0.1 Weight %, preferably at 0.001 Weight %; 
and/or 

[0108] at least 1 or 2 carbon branches present at 15 Weight 
% or more, preferably 20 Weight % or more, preferably 25 
Weight % or more, preferably 30 Weight % or more, prefer 
ably 35 Weight % or more, preferably 40 Weight % or more, 
preferably 45 Weight % or more, preferably 50 Weight % or 
more; and/or 

[0109] less than 2.5 Weight % cyclic paraf?ns, preferably 
less than 2 Weight %, preferably less than 1 Weight %, pref 
erably less than 0.5 Weight %, preferably less than 0.1 Weight 
%, preferably at less than 0.1 Weight %, preferably at 0.001 
Weight %. 

[0110] In another preferred embodiment, a high purity 
hydrocarbon ?uid may comprise para?ins having: 

[0111] a KV of2 cSt or more at 1000 C.; and/or 

[0112] a viscosity index of 120 or more, preferably 130 or 
more, preferably 140 or more, preferably 150 or more, pref 
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erably 170 or more, preferably 190 or more, preferably 200 or 
more, preferably 250 or more, preferably 300 or more; and/or 

[0113] a mixture of para?ins of carbon number ranging 
from about C8 to C20; and/or 

[0114] a molar ratio of isopara?ins to n-para?ins of about 
0.5:1 to about 9:1; and/or 

[0115] greater than 50 percent of mono-methyl species, 
based on the total Weight of the isoparaf?ns; and/ or 

[0116] 
[0117] a kinematic viscosities at 25° C. of about 1 cSt to 
about 10 cSt; and/or 

[0118] 

a pourpoint of about —20° F. to about —70° F.; and/or 

a carbon number of C10 to about C16; and/or 

[0119] greater than 70 percent mono-methyl species; and/ 
or 

[0120] a boiling temperature of about 320° F. to about 650° 
F., more preferably of about 350° F. to about 550° F. 

[0121] In a preferred embodiment, the high purity hydro 
carbon ?uid comprises a mixture of para?ins having a carbon 
number of C10 to about C16; 

[0122] 
cies; 

contains greater than 70 percent mono-methyl spe 

[0123] has a boiling temperature of about 350° F. to about 
550° F., and 

[0124] has a molar ratio of isoparaf?ns to n-para?ins of 
about 1:1 to about 4:1. 

[0125] The high purity hydrocarbon ?uid may also be 
derived from a Fischer-Tropsch process, such as those dis 
closed in US. Pat. No. 5,906,727. 

Polyalpha Ole?ns (PAOs) 

[0126] The NFP may comprise a Poly-Alpha-Ole?n (PAO), 
comprising oligomers of branched and/ or linear alpha ole?ns. 
PAOs useful as plasticiZers in the present invention may com 
prise C2O to C1500 para?ins, preferably C4O to C1000 para?ins, 
preferably CS0 to C750 paraf?ns, preferably CS0 to C500 par 
a?ins. Preferred PAO’s comprise linear alpha ole?ns having 5 
to 14 carbon atoms, more preferably 6 to 12 carbon atoms, 
more preferably 8 to 12 carbon atoms, still more preferably an 
average of about 10 carbon atoms. 

[0127] In an embodiment, PAO’s may include dimers, tri 
mers, tetramers, pentamers, and the like of C5 to C14 ot-ole 
?ns, preferably C6 to C 1 2 ot-ole?ns, more preferably C8 to C 1 2 
ot-ole?ns. Suitable ot-ole?ns includes 1-pentene, 1-hexene, 
1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene and/or 
1 -dodecene. 

[0128] In a preferred embodiment, the alpha ole?n is 
1-decene, and the NFP includes a mixture of oligomers of 
1-decene (e.g., dimers, trimers, tetramers and pentamers and 
higher). Preferred PAO’s are described more particularly in, 
for example, US. Pat. No. 5,171,908, and US. Pat. No. 
5,783,531 and in SYNTHETIC LUBRICANTS AND HIGH 
PERFORMANCE FUNCTIONAL FLUIDS 1-52 (Leslie R. 
Rudnick & Ronald L. Shubkin, ed. Marcel Dekker, Inc. 
1999). 
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[0129] Preferred PAO’s may also have: 

[0130] a KV at 100° C. of 10 cSt or more, more preferably 
30 cSt or more, preferably 50 cSt or more, preferably 80 cSt 
or more, preferably 1 10 or more, preferably 150 cSt or more, 
preferably 200 cSt or more, preferably 500 cSt or more, 
preferably 750 or more, preferably 1000 cSt or more, prefer 
ably 1500 cSt or more, preferably 2000 cSt or more, still more 
preferably 2500 or more, preferably 10 cSt to 3000 cSt, pref 
erably 10 cSt to 1000 cSt, still more preferably 10 cSt to 40 
cSt; a viscosity at 100° C. of 0.1 to 3000 cSt, more preferably 
0.5 to 1000 cSt, more preferably 1 to 250 cSt, more preferably 
1 to 200 cSt, more preferably 10 to 500, more preferably 0.1 
to 150 cSt, still more preferably less than 2 cSt; and/or 

[0131] a viscosity index of 90 or more, more preferably 100 
or more, more preferably 105 or more, more preferably 1 10 or 
more, more preferably 115 or more, more preferably 120 or 
more, more preferably 125 or more, more preferably 130 or 
more, more preferably 140 or more, more preferably 150 or 
more, more preferably 190 or more, more preferably 200 or 
more, more preferably 250 or more, still more preferably 300 
or more, more preferably 90 to 400, still more preferably 120 
to 3 5 0; and/ or 

[0132] a number average molecular Weight (Mn) of 100 to 
21,000, more preferably 200 to 10,000, more preferably 200 
to 7,000, more preferably 200 to 2,000, still more preferably 
200 to 500 g/mole; and/or 

[0133] a Weight average molecular Weight MW of less than 
20,000 g/mol, more preferably less than 10,000 g/mol, more 
preferably less than 5,000 g/mol, more preferably less than 
4,000 g/mol, more preferably less than 2,000 g/mol, more 
preferably less than 500 g/mol, more preferably less than 100 
g/mol; and/or 

[0134] a pour point ofless than 0° C., more preferably —5° 
C. or less, more preferably —10° C. or less, more preferably 
—20° C. or less, still more preferably less than —40° C.; and/or 

[0135] a dielectric constant at 20° C. of less than 3.0, pref 
erably less than 2.8, more preferably less than 2.5, more 
preferably less than 2.3, still more preferably less than 2.1; 
and/or 

[0136] a speci?c gravity (ASTM D 4052, 15.6/15.6° C.) of 
less than 0.920, more preferably less than 0.910, more pref 
erably 0.650 to 0.900, more preferably 0.700 to 0.860, more 
preferably 0.750 to 0.855, more preferably 0.790 to 0.850, 
more preferably 0.800 to 0.840; and/or 

[0137] a boiling point of 100° C. to 500° C., more prefer 
ably 200° C. to 450° C., still more preferably 250° C. to 400° 
C. 

[0138] In a preferred embodiment, the NFP is a PAO com 
prising C6 to C14 ole?ns having a kinematic viscosity of 10 
cSt or more at 100° C., and a viscosity index of 120 or more, 
preferably 130 or more, as determined by ASTM D-2270. 

[0139] Particularly preferred PAO’s for use here in are 
those having a ?ash point of 200° C. or more, preferably 220° 
C., ore more, preferably 230° C. or more, preferably 250° C. 
or more. 

[0140] Particularly preferred PAO’s for use here in are 
those having a ?ash point of 200° C. or more (preferably 220° 
C., or more, preferably 230° C. or more, preferably 250° C. or 
more) and a pour point less than —25° C. (preferably less than 
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—30° C., preferably less than —35° C., preferably less than 
—40° C.), or a kinematic viscosity at 100° C. of35 cSt or more 
(preferably 40 cSt or more, preferably 50 cSt or more, pref 
erably 60 cSt or more). 

[0141] Desirable PAO’s are commercially available under 
the tradename SHF, SuperSyn, and SpectraSyn PAO’s (Exx 
onMobil Chemical Company, Houston Tex.), some of Which 
are summarized in the Table 2 beloW. 

TABLE 2 

SHF and SuperSyn Series Polyalphaole?ns 

speci?c gravity Viscosity @ Pour Point, 
PAO (15.6/15.6° C.) 100° C., cSt VI ° C. 

SHF-20 0.798 1.68 i —63 

SHF-21 0.800 1.70 i —57 

SHF-23 0.802 1.80 i —54 

SHF-41 0.818 4.00 123 —57 
SHF-61/63 0.826 5.80 133 —57 
SHF-82/83 0.833 7.90 135 —54 
SHF-101 0.835 10.0 136 —54 
SHF-403 0.850 40.0 152 —39 
SHF-1003 0.855 107 179 —33 
SuperSyn 10 
SuperSyn 2150 0.850 150 214 —42 
SuperSyn 2300 0.852 300 235 —30 
SuperSyn 21000 0.856 1,000 305 —18 
SuperSyn 23000 0.857 3,000 388 —9 
SpectraSyn 2 0.798 1.68 i —60 

SpectraSyn 2B 0.802 1.80 i —54 

SpectraSyn 4 0.818 4.00 123 —57 
SpectraSyn 5 0.824 5.1 138 —57 
SpectraSyn 6 0.826 5.80 133 —57 
SpectraSyn 8 0.833 7.90 135 —54 
SpectraSyn 10 0.850 10.0 136 —54 
SpectraSyn 40 0.855 40.0 152 —39 
SpectraSyn 100 0.850 107 179 —33 
SpectraSyn Ultra 0.852 150 214 —42 
150 
SpectraSyn Ultra 0.856 300 235 —30 
300 
SpectraSyn Ultra 1000 305 —18 
1000 

[0142] Other useful PAO’s include those sold under the 
tradenames Syn?uidTM available from ChevronPhillips 
Chemical Co. in Pasedena Tex., DurasynTM available from BP 
Amoco Chemicals in London England, NexbaseTM available 
from Fortum Oil and Gas in Finland, SyntonTM available from 
Crompton Corporation in Middlebury Conn., USA, 
EMERYTM available from Cognis Corporation in Ohio, USA. 

Polybutene 

[0143] Polybutenes may be useful as NFP’s of the present 
invention. Suitable polybutenes, also referred to herein as 
polybutene processing oils, include homopolymers or 
copolymers of ole?n derived units having from 3 to 8 carbon 
atoms, preferably from 4 to 6 carbon atoms. In a preferred 
embodiment, the polybutene is a homopolymer or copolymer 
of a C4 ra?inate. Examples of suitable polybutene polymers 
are described in, for example, SYNTHETIC LUBRICANTS 
AND HIGH-PERFORMANCE FUNCTIONAL FLUIDS 
357-392 (Leslie R. Rudnick & Ronald L. Shubkin, ed., Mar 
cel Dekker 1999) 

[0144] Suitable polybutenes may include a copolymer 
comprising isobutylene derived units, 1-butene derived units, 
and/ or 2-butene derived units. Preferred polybutenes include 
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homopolymers, copolymers, and/or terpolymer of the three 
units or more. Preferred polybutenes include those in Which 
isobutylene derived units comprise 40 to 100 Wt %, preferably 
40 to 99 Wt %, more preferably 40 to 96 Wt % of the polymer; 
and/ or the 1-butene derived units comprise 0 to 40 Wt %, 
preferably 2 to 40 Wt % of the copolymer; and/or the 2-butene 
derived units comprise 0 to 40 Wt %, more preferably 0 to 30 
Wt %, still more preferably 2 to 20 Wt % of the polymer. 

[0145] In yet another embodiment, the polybutene is a 
homopolymer or copolymer of isobutylene and 1-butene, 
Wherein the isobutylene derived units are from 65 to 100 Wt % 
of the homopolymer or copolymer, and the 1-butene derived 
units are from 0 to 35 Wt % of the copolymer. 

[0146] Preferred polybutenes may have a Mn of less than 
15,000, and a MW of 60,000 or less. Particularly preferred 
polybutene processing oils include those having a number 
average molecular Weight (Mn) of less than 10,000 g/mol, 
more preferably less than 8000 g/mol, still more preferably 
less than 6000 g/mol; and/or a number average molecular 
Weight Mn of greater than 400 g/mol, preferably greater than 
700 g/mol, more preferably greater than 900 g/mol. A pre 
ferred embodiment can be a combination of any loWer 
molecular Weight limit With any upper molecular Weight limit 
described herein. For example, in one embodiment of the 
polybutene of the invention, the polybutene has a number 
average molecular Weight of from 400 g/mol to 10,000 g/mol, 
and from 700 g/mol to 8000 g/mol in another embodiment, 
and from 900 g/mol to 3000 g/mol in yet another embodi 
ment. 

[0147] Suitable polybutenes may also have a viscosity of 
greater than 35 cSt at 10°° C., preferably greater than 100 cSt 
at 100° C., more preferably 10 to 6000 cSt at 100° C., still 
more preferably 35 to 5000 cSt at 10° C. 

[0148] Commercial examples of useful polybutenes 
include the PARAPOLTM Series of processing oils (In?neum, 
Linden, N.J.), such as PARAPOLTM 450, 700, 950, 1300, 
2400 and 2500 and the In?neum “C” series of polybutenes, 
including C9945, C9900, C9907, C9913, C9922, C9925 as 
listed beloW. The commercially available PARAPOLTM and 
In?neum Series of polybutene processing oils are synthetic 
liquid polybutenes, each individual formulation having a cer 
tain molecular Weight, all formulations of Which can be used 
in the composition of the invention. The molecular Weights of 
the PARAPOLTM oils are from 420 Mn (PARAPOLTM 450) to 
2700 Mn (PARAPOLTM 2500) as determined by gel perme 
ation chromography. The MWD of the PARAPOLTM oils 
range from 1.8 to 3 in one embodiment, and from 2 to 2.8 in 
another embodiment; the pour points of these polybutenes are 
less than 25° C. in one embodiment, less than 00 C. in another 
embodiment, and less than —10° C. in yet another embodi 
ment, and betWeen —80° C. and 25° C. in yet another embodi 
ment; and densities (IP 190/86 at 20° C.) range from 0.79 to 
0.92 g/cm3, and from 0.81 to 0.90 g/cm3 in another embodi 
ment. 

[0149] BeloW, Tables 3a and 3b shoW some of the properties 
of the PARAPOLTM oils and In?neum oils useful in embodi 
ments of the present invention, Wherein the viscosity Was 
determined as per ASTM D445-97, and the number average 
molecular Weight (Mn) by gel permeation chromatography. 
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TABLE 3a 

PARAPOL TM Grades of polybutenes 

Grade Mn Viscosity @ 100° C., cSt 

450 420 10.6 
700 700 78 
950 950 230 
1300 1300 630 
2400 2350 3200 
2500 2700 4400 

[0150] 

TABLE 3b 

In?neum Grades of Polybutenes 

Viscosity @ 
Grade Mn 100° C., cSt Viscosity Index 

C9945 420 10.6 ~75 
C9900 540 11.7 ~60 
C9907 700 78 ~95 
C9995 950 230 ~130 
C9913 1300 630 ~175 
C9922 2225 2500 ~230 
C9925 2700 4400 ~265 

Mineral Oils 

[0151] Suitable NFP’s may also include mineral oils, Which 
may be distinguished by their viscosity indices determined 
according to ASTM D-2270, and an amount of saturates and 
sulfur they contain. Hydrocarbon basestocks have been clas 
si?ed as Group I, II or III by the American Petroleum Institute 
(API). Group I basestocks are solvent re?ned mineral oils. 
They contain the most unsaturates and sulfur of the three 
groups, and have the loWest viscosity indices. Group II and 
Group III basestocks are referred to as High Viscosity Index 
and Very High Viscosity Index basestocks respectively. They 
are hydroprocessed mineral oils. The Group III oils contain 
less unsaturates and sulfur than the Group I oils, and have 
higher viscosity indices compared to Group II oils. 

[0152] 
[0153] Group I basestocks, including mineral oils that may 
have been re?ned using solvent extraction of aromatics, sol 
vent deWaxing, and hydro?ning to reduce sulfur content. 
Group I basestocks may have sulfur levels greater than 0.03 
Weight %, saturates levels of 60 to 80%, and a viscosity index 
of about 90 by ASTM D-2270; and/or 

In an embodiment, NFP’s may comprise 

[0154] Group II basestocks, including mineral oils that 
have been mildly hydrocracked With conventional solvent 
extraction of aromatics, solvent deWaxing, and more severe 
hydro?ning to reduce sulfur levels to less than or equal to 0.03 
Weight %, as Well as removing double bonds from some of the 
ole?nic and aromatic compounds such that saturate levels are 
greater than 95-98% and the viscosity index is about 80-120 
by ASTM D-2270; and/or 

[0155] Group III basestocks, including mineral oils that 
have been hydrotreated to comprise saturates levels greater 
than 95%, to virtually 100%, sulfur contents of less than or 
equal to 0.03 Weight % (preferably betWeen 0.001 and 
0.01%), and VI is in excess of 120 by ASTM D-2270. 
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[0156] In another embodiment the NFP comprises a Group 
III hydrocarbon basestock. Preferably the NFP comprises a 
mineral oil having a saturates levels of 90% or more, prefer 
ably 92% or more, preferably 94% or more, preferably 96% 
or more, preferably 98% or more, preferably 99% or more, 
and sulfur contents less than 0.03%, preferably betWeen 
0.001 and 0.01% and a viscosity index of 120 or more, pref 
erably 130 or more. 

[0157] In a preferred embodiment any of the NFP’s 
described above has a ?ash point of 200° C. or more (prefer 
ably 220° C., or more, preferably 230° C. or more, preferably 
250° C. or more). In a particularly preferred embodiment any 
of the NFP’s described above has a ?ash point of 200° C. or 
more (preferably 220° C., or more, preferably 230° C. or 
more, preferably 250° C. or more) and a pour point less than 
—25° C. (preferably less than —30° C., preferably less than 
—35° C., preferably less than —40° C.), and/or a kinematic 
viscosity at 100° C. of 35 cSt or more (preferably 40 cSt or 
more, preferably 50 cSt or more, preferably 60 cSt or more). 

Other Oils 

[0158] The polymer concentrate may also comprise oils 
including aliphatic napthenic oils, White oils, and the like. 
Particularly preferred oils include paraf?nic or napthenic oils 
such as Primol 352, or Primol 876 available from ExxonMo 
bil Chemical France, SA. in Paris, France. 

Other Plasticizers 

[0159] Other plasticizers suitable for use in the polymer 
concentrate include phthalates, mellitates, adipates, and the 
like. Examples of suitable plasticizers also include the sub 
stituted phthalates, mellitates, adipates, and the like, Wherein 
the substitutions comprise C1 to C20 hydrocarbons. Pre 
ferred plasticizers include di-iso-undecyl phthalate (DIUP), 
di-iso-nonylphthalate (DINP), dioctylphthalates (DOP) com 
binations thereof, and/or derivatives thereof, and/or the like. 
Examples of suitable plasticizers include those commercially 
available under the trade name JayFlexTM, available from 
ExxonMobil, BaytoWn Tex., examples of Which are listed in 
Table 3c. 

TABLE 3c 

Other Plasticizers 

Speci?c Density 
Gravity @ Viscosity @ 

20/ 20° C. 40° C. 
Tradenarne Chemical Narne 20° C. lb/Gal Cst 

Jay?ex 77 diisoheptyl 0.994 8.29 18 
phthalate 

Jay?ex DHP dihexyl phthalate 1.007 8.39 15 
Jay?ex DIDP diisodecyl 0.967 8.07 3 8 

phthalate 
Jay?ex DIDP-E diisodecyl 0.968 8.07 39 

phthalate 
Jay?ex DINP diisononyl 0.974 8.12 33 

phthalate 
Jay?ex DIOP diisooctyl phthalate 0.985 8.21 25 
Jay?ex DTDP diisotridecyl 0.955 7.96 86 

phthalate 
Jay?ex UDP undecyl dodecyl 0.957 7.98 70 

phthalate 
Jay?ex L11P-E electrical grade 0.954 7.96 29 
Jay?ex L11P di-1-undecyl) 0.955 7.96 28 

phthalate 
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TABLE 3c-continued 

Other Plasticizers 

Speci?c Density 
Gravity @ Viscosity @ 

20/ 20° C. 40° C. 
Tradename Chemical Name 200 C. lb/Gal Cst 

Jay?ex L711P di-1-undecyl) 0.970 8.09 
phthalate 

Jay?ex L911P di-1-(nonyl, 0.962 8.02 25 
undecyl) phthalate 

Jay?ex L9P di-1-nonyl 0.970 8.09 22 
phthalate 

Jay?ex TINTM triisononyl 0.978 8.16 129 
trimellitate 

Jay?ex TIOTM triisooctyl 0.990 8.26 92 
trimellitate 

Jay?ex DIDA diisodecyl adipate 0.919 7.66 13 
Jay?ex DINA diisononyl adipate 0.922 7.69 12 
Jay?ex DIOA diisooctyl adipate 0.928 7.74 9 
Jay?ex DTDA ditridecyl adipate 0.914 7.62 27 
Jay?ex 210 naphthenic 0.887 7.40 9.3 

hydrocarabon 
Jay?ex 215 aliphatic 0.769 6.41 2.4 

hydrocarbon 

Additives 

[0160] The polymer concentrate of the present invention 
may also comprise one or more additives in combination With 
the polymer concentrate. In one embodiment, the additives 
may function as a plasticizer (i.e., may affect various physical 
and/or chemical properties of the polymer concentrate). 
Additives suitable for use in the inventive polymer concen 
trate disclosed herein may comprise one or more of APP-IPP 
grafted polymers (i.e., amorphous polypropylene grafted to 
isotactic polypropylene) as described below, C2-C4O poly 
mers, elastomers, random copolymers, impact copolymers, 
tacki?ers, crosslinking agents, antioxidants, neutralizing 
agents, nucleating agents, ?llers, adhesion promoters, Waxes, 
loW molecular Weight polymers, ester polymers, and/or other 
such additives. 

APP-g-iPP Polymers 

[01 61] Preferred additives include grafted polymers, Which 
are described in US. Ser. No. 10/686,951, ?led Oct. 15, 2003 
and US. Ser. No. 10/687,508, ?led Oct. 15, 2003, Which are 
incorporated by reference herein. In particular, pages 23 to 91 
ofU.S. Ser. No. 10/686,951 and pages 22 to 168 ofU.S. Ser. 
No. 10/ 687,508 provide speci?c instruction on hoW to pro 
duce the grafted polymers useful herein. In general preferred 
grafted polymers comprise a polypropylene prepared utiliz 
ing tWo or more catalysts (typically metallocene catalysts), 
Wherein one catalyst is selected as being capable of producing 
essentially atactic polypropylene (aPP), and the other metal 
locene catalyst is selected as being capable of producing 
isotactic polypropylene (iPP) under the polymerization con 
ditions utilized. Preferably, under the polymerization condi 
tions utilized, incorporation of aPP and iPP polymer chains 
may occur Within the in-reactor blend such that an amount of 
semi-amorphous polypropylene present in the grafted poly 
mer is grafted to isotactic polypropylene, represented herein 
as (aPP-g-iPP) and/ or such that an amount of isotactic 
polypropylene present in the grafted polymer is grafted to 
amorphous polypropylene, represented herein as (iPP-g 
aPP). In another embodiment, the amorphous polymer of the 
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concentrate may be an aPP-g-iPP polymer, provided the aPP 
g-iPP polymer has a heat of fusion of 70 J/g or less. 

Elastomers 

[0162] In another embodiment the polymer concentrate 
may comprise an elastomer. Examples of suitable elastomers 
include one or more polypropylene copolymers having elas 
tic properties. Such preferred propylene copolymers having 
elastic properties may be prepared according the procedures 
in WO 02/36651 Which is incorporated by reference here. 
Likewise, the additive may comprise polymers consistent 
With those described in WO 03/040202, WO 03/040095, WO 
03/040201, WO 03/040233, and/or WO 03/040442. Addi 
tionally, the polymer concentrate may comprise polymers 
consistent With those described in EP 1,233,191, andU.S. Pat. 
No. 6,525,157. 

[0163] Other elastomers suitable for use as an additive in 
the polymer concentrate include all natural and synthetic 
rubbers, including those de?ned in ASTM D 1566. In a pre 
ferred embodiment, elastomers may be rubber toughened 
compositions. In a particularly preferred embodiment, the 
rubber toughened composition is a tWo (or more) phase sys 
tem Where the rubber is a discontinuous phase Within a con 
tinuous phase comprising the functionalized amorphous syn 
diotactic rich polyole?n. Examples of preferred elastomers 
include ethylene propylene rubber, ethylene propylene diene 
monomer rubber, neoprene rubber, styrenic block copolymer 
rubbers (including SI, SIS, SB, SBS, SIBS, SEBS, SEPS, and 
the like (S is styrene, I is isoprene, B is butadiene, EB is 
ethylenebutylene, EP is ethylenepropylene), butyl rubber, 
halobutyl rubber, copolymers of isobutylene and para-alkyl 
styrene, halogenated copolymers of isobutylene and para 
alkylstyrene. 
Random Copolymers 

[0164] In another embodiment, the polymer concentrate 
may comprise a random copolymer. Random copolymers 
suitable for use herein may be produced by copolymerizing 
propylene in a single reactor process With other monomers 
such as ethylene, butene and higher alpha-ole?ns, the most 
common one being ethylene. Ethylene content for these addi 
tive copolymers preferably ranges from 3-4 mole %, up to 
14-17 mole %. 

Impact Copolymers 
[0165] In another embodiment the polymer concentrate 
may comprise one or more impact copolymers, also called 
heterophasic copolymers or block copolymers. Impact 
copolymers suitable for use herein may be de?ned to be a 
blend of isotactic PP and an elastomer such as an ethylene 
propylene rubber. In a preferred embodiment the impact 
copolymer blend is present in a tWo (or more) phase system 
Where the impact copolymer is a discontinuous phase in the 
polymer concentrate and one or more of the other additives as 
described above, is the continuous phase. 

Tacki?ers 

[0166] The polymer concentrate may also include tacki? 
ers. Examples of suitable tacki?ers may be selected from the 
group consisting of aliphatic hydrocarbon resins, aromatic 
modi?ed aliphatic hydrocarbon resins, hydrogenated polycy 
clopentadiene resins, polycyclopentadiene resins, gum ros 
ins, gum rosin esters, Wood rosins, Wood rosin esters, tall oil 
rosins, tall oil rosin esters, polyterpenes, aromatic modi?ed 
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polyterpenes, terpene phenolics, aromatic modi?ed hydroge 
nated polycyclopentadiene resins, hydrogenated aliphatic 
resin, hydrogenated aliphatic aromatic resins, hydrogenated 
terpenes and modi?ed terpenes, hydrogenated rosin acids, 
and hydrogenated rosin esters. In some embodiments the 
tacki?er may be hydrogenated. 

[0167] In other embodiments, the tacki?er may be non 
polar, meaning that the tacki?er is substantially free of mono 
mers having polar groups. Preferably, the polar groups are not 
present, hoWever if they are present, they are preferably not 
present at more that 5 Wt %, preferably not more that 2 Wt %, 
even more preferably no more than 0.5 Wt %. In some 
embodiments the tacki?er may have a Ring and Ball soften 
ing point, as measured by ASTM E-28 of 80° C. to 150° C., 
preferably 1000 C. to 130° C. In another embodiment the 
resins is liquid and has a Ring and Ball softening point of 
betWeen 10° C. and 70° C. 

[0168] Preferred additives include hydrocarbon resins used 
as tacki?ers or modi?ers Which include resins such as C5/ C6 

terpene resins, styrene terpenes, alpha-methyl styrene terpene 
resins, C9 terpene resins, aromatic modi?ed C5/C6, aromatic 
modi?ed cyclic resins, aromatic modi?ed dicyclopentadiene 
based resins or mixtures thereof. Additional preferred resins 
include those described inWO 91/07472, U.S. Pat. No. 5,571, 
867, US Pat. No. 5,171,793 and Us. Pat. No. 4,078,132. 
These resins may be obtained from the cationic polymeriza 
tion of compositions containing one or more of the folloWing 
monomers: C5 diole?ns (such as 1-3 pentadiene, isoprene, 
and the like); C5 ole?ns (such as 2-methylbutenes, cyclopen 
tene, and the like); C6 ole?ns (such as hexene), C9 vinylaro 
matics (such as styrene, alpha methyl styrene, vinyltoluene, 
indene, methyl indene, and the like); cyclics (such as dicy 
clopentadiene, methyldicyclopentadiene, and the like); and 
or terpenes (such as limonene, carene, thujone, and the like). 

[01 69] Also preferred additives include hydrocarbon resins 
used as tacki?ers or modi?ers Which include resins obtained 
by the thermal polymerization of dicyclopentadiene, and/or 
the thermal polymerization of dimers or oligomers of cyclo 
pentadiene and/or methylcyclopentadiene, and/or With viny 
laromatics (such as styrene, alpha-methyl styrene, vinyl tolu 
ene, indene, methyl indene, and the like). 

[0170] The resins obtained after polymerization and sepa 
ration of unreacted materials, can be hydrogenated if desired. 
Examples of preferred resins for use as additives herein 
include those described in Us. Pat. No. 4,078,132; WO 
91/07472; U.S. Pat. No. 4,994,516; EP 0 046 344 A; EP 0 082 
726 A; and Us. Pat. No. 5,171,793. 

Crosslinking Agents 
[0171] In another embodiment the polymer concentrate 
may further comprises a crosslinking agent. Preferred 
crosslinking agents include those having functional groups 
that can react With functional groups present on the random 
copolymer of propylene. Preferred crosslinking agents 
include alcohols, multiols, amines, diamines and/or tri 
amines. Particular examples of crosslinking agents useful in 
this invention include polyamines such as ethylenediamine, 
diethylenetriamine, hexamethylenediamine, diethylaniino 
propylamine, and/or menthanediamine. 

Antioxidants 

[0172] In another embodiment, the polymer concentrate 
may comprise one or more phenolic antioxidants. Preferred 
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examples of phenolic antioxidants include substituted phe 
nols such as 2,6-di-t-butylphenol in Which a hydrogen atom at 
2 and/or 6 position is substituted by an alkyl residue. Typical 
examples of the phenolic antioxidant include 2,6-di-t-butyl 
p-cresol, 2,4,6-tri-t-butylphenol, vitamin E, 2-t-butyl-6-(3'-t 
butyl-5'-methyl-2'-hydroxybenzyl)-4-methylphenyl acry 
late, 2,2'-methylene-bis(4-methyl-6-t-butylphenyl), 2,2' 
methylene-bis(4-ethyl-6-t-butyl-phenol), 2,2'-methylene 
bis(6-cyclohexyl-4-methylphenol), 1,6-hexanediol-bis([3 
(3,5-di-t-butyl[4-hydroxyphenyl])]propionate, and 
pentaerythrityl-tetrakis-[3-(3,5-di-t-butyl-4-hydroxyphe 
nyl)]propionate. Preferred antioxidants include phenolic 
antioxidants, such as Irganox 1010, Irganox, 1076 both avail 
able from Ciba-Geigy. 

Neutralizing Agents/Nucleating Agents 

[0173] The polymer concentrate of the present invention 
may also include a neutralizing agent such as calcium stear 
ate, magnesium hydroxide, aluminum hydroxide or hydrotal 
cite, and/ or a nucleating agent such as a salt of benzoic acid, 
sodium-2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate 
and benzyl sorbitol, and the like. 

Fillers 

[0174] In another embodiment, the polymer concentrate 
may comprise ?llers. Suitable ?llers include titanium diox 
ide, calcium carbonate, barium sulfate, silica, silicon dioxide, 
carbon black, sand, glass beads, mineral aggregates, talc, 
clay, and the like. 

[0175] Additional embodiments contemplated include a 
nanoclay, also referred to herein as a nanocomposite, com 
prising organo-clay, and the polyole?n of the present inven 
tion, preferably the polyole?n comprising stabilization func 
tionality, preferably the stabilization functionality being 
covalent. 

[0176] The organo-clay may comprise one or more of 
ammonium, primary alkylammonium, secondary alkylam 
monium, tertiary alkylammonium, quaternary alkylammo 
nium, phosphonium derivatives of aliphatic, aromatic or ary 
laliphatic amines, phosphines or sul?des or sulfonium 
derivatives of aliphatic, aromatic or arylaliphatic amines, 
phosphines or sul?des. 

[0177] The organo-clay may be selected from one or more 
of montmorillonite, sodium montmorillonite, calcium mont 
morillonite, magnesium montmorillonite, nontronite, beidel 
lite, volkonskoite, laponite, hectorite, saponite, sauconite, 
magadite, kenyaite, sobockite, svindordite, stevensite, ver 
miculite, halloysite, aluminate oxides, hydrotalcite, illite, 
rectorite, tarosovite, ledikite and/or ?orine mica. 

[0178] The organo-clay is preferably present in the nano 
composite at from 0.1 to 50 Wt %, based on the total Weight of 
the nanocomposite. The stabilization functionality may be 
selected from one or more of phenols, ketones, hindered 
amines, substituted phenols, substituted ketones, substituted 
hindered amines, and combinations thereof. 

[0179] The nanocomposite may further comprise at least 
one elastomeric ethylene-propylene copolymer. The at least 
one elastomeric ethylene-propylene copolymer may be 
present in the nanocomposite from 1 to 70 Wt %, based on the 
total Weight of the nanocomposite. The nanocomposite may 
further comprise at least one non-functionalized thermoplas 
tic polyole?n. 
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[0180] Preferably, the stabilization functionality is present 
in the at least one stabilization functionalized thermoplastic, 
and the organo-clay is present in the nanocomposite, each in 
an effective amount such that the heat aged failure of a 
molded sample of the nanocomposite by 10% When com 
pared to a reference nanocomposite made With a thermoplas 
tic polyole?n containing functionality substantially free of 
covalently-bonded stabilization functionality. In an embodi 
ment, the stabilization functionality may be present in the at 
least one stabilization functionalized thermoplastic polyole 
?n from 0.01 to 15 Wt % based on the total Weight of the at 
least one stabilization functionalized thermoplastic. 

[0181] The non-functionalized thermoplastic polyole?n is 
preferably miscible With the at least one ?rst stabilization 
functionalized thermoplastic polyole?n. In such an embodi 
ment, the at least one non-functionalized thermoplastic poly 
ole?n may also be present in the nanocomposite from 1 to 40 
Wt %, based on the total Weight of the nanocomposite, and the 
organo-clay may be present in the nanocomposite from 0.5 to 
40 Wt %, based on the total Weight of the nanocomposite. 
Preferably, both the at least one ?rst stabilization functional 
ized thermoplastic polyole?n and the at least one non-func 
tionalized thermoplastic polyole?n each comprise one of 
polypropylene or polyethylene. 

[0182] In another embodiment, a nanocomposite suitable 
for use in the adhesive of the present invention may comprise: 

[0183] a) at least one ?rst non-functionalized polypropy 
lene present in the nanocomposite from 10 to 98 Wt %, based 
on the total Weight of the nanocomposite; 

[0184] b) at least one second polypropylene comprising 
stabilization functionality, the stabilization functionality 
selected from one or more of phenols, ketones, hindered 
amines, substituted phenols, substituted ketones, substituted 
hindered amines, or combinations thereof, and the stabiliza 
tion functionality present in the stabilization functionalized 
polypropylene from 0.05 to 15 Wt %, based on the total Weight 
of the of the polypropylene comprising stabilization function 
ality, the at least one second polypropylene comprising sta 
bilization functionality present in the nanocomposite from 10 
to 90 Wt %, based on the total Weight of the nanocomposite; 

[0185] c) an organo-clay Wherein the organo-clay com 
prises one or more of hexyl ammonium ion, octyl ammonium 
ion, 2-ethylhexyl ammonium ion, dodecyl ammonium ion, 
octadecyl ammonium ion, dioctyl dimethyl ammonium ion, 
trioctyl ammonium ion, distearyl ammonium ion, ammonium 
salt, pyridinium salt, sulfonium salt, phosphonium salt, or 
combinations thereof, Wherein the organo-clay further com 
prising a clay selected from one or more of montmorillonite, 
sodium montmorillonite, calcium montmorillonite, magne 
sium montmorillonite, nontronite, beidellite, volkonskoite, 
laponite, hectorite, saponite, sauconite, magadite, kenyaite, 
sobockite, svindordite, stevensite, vermiculite, halloysite, 
aluminate oxides, hydrotalcite, illite, rectorite, tarosovite, 
ledikite or ?orine mica, and Wherein the organo-clay is 
present in the nanocomposite from 1 to 30 Weight %, based on 
the total Weight of the nanocomposite; and 

[0186] d) further comprising one or more of an ethylene 
propylene elastomeric copolymer or an isobutylene rubber 
present in the nanocomposite at 2 to 70 Wt %, based on the 
total Weight of the nanocomposite. 
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Adhesion Promoters 

[0187] In another embodiment the polymer concentrate 
may comprise one or more adhesion promoters including 
polar acids, polyaminoamides (such as Versamid 115, 125, 
140, available from Henkel), urethanes (such as isocyanate/ 
hydroxy terminated polyester systems, eg bonding agent 
TN/Mondur Cb-75 from Miles, Inc.), coupling agents, (such 
as silane esters (Z-6020 from DoW Corning)), titanate esters 
(such as Kr-44 available from Kenrich), reactive acrylate 
monomers (such as sarbox SB-600 from Sartomer), metal 
acid salts (such as Saret 633 from Sartomer), polyphenylene 
oxide, oxidized polyole?ns, acid modi?ed polyole?ns, and 
anhydride modi?ed polyole?ns. Examples include silanes, 
titanates, organosylane, acrylics, acids, anhydrides, epoxy 
resins, hardening agents, polyamides, methylacrylates, 
epoxies, phenolic resins, polyisobutylene, aminoalkyl, mer 
captoalkyl, epoxyalkyl, ureidoalkyl, carboxy, acrylate and 
isocyanurate functional silanes, mercaptopropyltrimethox 
ysilane, glycidoxpropyltrimethoxysilane, aminopropyltri 
ethoxysilane, aminoethylaminopropyltrimethoxysilane, ure 
idopropyltrimethyloxysilane, bis- . gamma. -trimethoxysilyl - 

propylurea, l ,3 , 5-tris- . gamma. - 

trimethoxysilylpropylisocyanurate, bis-.gamma. 
trimethoxysilylpropylmaleate, fumarate and .gamma. 
methacryloxypropyltrimethoxysilane, 
aminopropyltriethoxysilane, and combinations and deriva 
tives thereof. 

Waxes 

[0188] Preferred Waxes suitable for use in the polymer con 
centrate include polar or non-polar Waxes, polypropylene 
Waxes, polyethylene Waxes, and Wax modi?ers. Particularly 
preferred Waxes may be selected from the group consisting 
of: polar Waxes, non-polar Waxes, Fischer-Tropsch Waxes, 
oxidized Fischer-Tropsch Waxes, hydroxystearamide Waxes, 
functionalized Waxes, polypropylene Waxes, polyethylene 
Waxes, Wax modi?ers, amorphous Waxes, carnauba Waxes, 
castor oil Waxes, microcrystalline Waxes, beesWax, carnauba 
Wax, castor Wax, spermaceti Wax, vegetable Wax, candelilla 
Wax, japan Wax, ouricury Wax, douglas-?r bark Wax, rice 
bran Wax, jojoba Wax, bayberry Wax, montan Wax, peat Wax, 
ozokerite Wax, ear Wax, ceresin Wax, petroleum Wax, paraf?n 
Wax, polyethylene Wax, chemically modi?ed hydrocarbon 
Wax, substituted amide Wax, and combinations and deriva 
tives thereof. In some embodiments, the polar and non-polar 
Waxes may be used together in the same composition. 

Ester Polymers 

[0189] In another embodiment the polymer concentrate 
may comprise one or more ester polymers (polyesters). In a 
preferred embodiment the additive comprises a blend of tWo 
(or more) phase system, Where the polyester is a discontinu 
ous phase. 

Stabilizers 

[0190] In another embodiment the polymer concentrate 
may comprise one or more stabilizers. Stabilizers suitable for 
use herein include hindered phenols, sulfur phenols, phos 
phorous-containing phenols, l,3,5-trimethyl-2,4,6-tris(3-5 
di-ter‘t-butyl-4-hydroxybenzyl)benzene, pentaerythritol tet 
rakis -3 (3 ,5 -di -tert-butyl -4 -hydroxyphenyl)propionate, 
n-octadecyl-3(3,5-di-tert-butyl-4-hydroxyphenyl) propi 
onate, 4,4'-methylenebis(4-methyl-6-tert butylphenol), 4,4' 
thiobis(6-tert-butyl-o-cresol), 2,6-di-tert-butylphenol, 6-(4 
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hydroxyphenoxy)-2,4-bis(n-ocytlthio)-1,3,5-triaZine, 2,4,6 
tris(4 -hydroxy-3, 5-di-tert-butyl-phenoxy)-1 ,3 ,5 -triaZine, 
di-n-octadecyl-3,5-di-tert-butyl-4-hydroxybenZylphospho 
nate, 2 -(n-octylthio)ethyl-3 ,5 -di -tert-butyl -4 -hydroxyben 
Zoate, sorbitol hexa-(3,3,5-di-tert-butyl-4-hydroxy-phenyl 
)propionate, and combinations or derivatives thereof. 

Other Additives 

[0191] Other preferred additives suitable for use in the 
polymer concentrate include block, antiblock, pigments, 
dyes, dyestuffs, processing aids, UV stabilizers, lubricants 
such as polydimethylsiloxane and calcium sterate, adjuvants, 
surfactants, color masterbatches, ?oW improvers, crystalliza 
tion aids, plasticizers, oils, antioxidants, polymeric additives, 
defoamers, preservatives, thickeners, rheology modi?ers, 
humectants, ?llers, Water, and the like. 

[0192] Polymeric additives may include homo poly-alpha 
ole?ns, copolymers of alpha-ole?ns, copolymers and ter 
polymers of diole?ns, elastomers, polyesters, block copoly 
mers, ester polymers, acrylate polymers, alkyl acrylate 
polymers and vinyl acetate polymers. 

[0193] Desirable plasticiZers and/or additives for use in the 
present invention may thus be described by any embodiment 
described herein, or any combination of the embodiments 
described herein. For example, in one embodiment, the plas 
ticiZer may include an NFP comprising a C6 to C200 paraf?n 
having a pour point of less than —25° C. In another embodi 
ment, the NPP may comprise an aliphatic hydrocarbon hav 
ing a viscosity of from 0.1 to 1000 cSt at 100° C. In yet 
another embodiment, the polymer concentrate may comprise 
a polymer concentrate combined With a plasticiZer and an 
additive such as a phthalate. 

Polymer Concentrate 

[0194] The polymer concentrate of the present invention 
may comprise a blend of one or more plasticiZers and/or 
additives in combination With a one or more semi-amorphous 
polymers. The polymer concentrate may comprise a blend of 
semi-amorphous polymers or the polymer concentrate may 
comprise a blend of a semi-amorphous polymer and an at 
least one semi-crystalline polymer. Preferably, the polymer 
concentrate comprises a semi-amorphous polymer and a 
semi-crystalline polymer. The semi-amorphous polymer 
preferably comprises an alpha ole?n copolymer, and the 
semi-crystalline polymer preferably comprises an alpha ole 
?n homopolymer. More preferably, both the semi-amorphous 
polymer and the semi-crystalline polymer comprise ethylene, 
propylene, and/ or ethylene and propylene. 

Semi-Amorphous Polymer 

[0195] In an embodiment, the semi-amorphous polymer 
useful herein has a heat of fusion of less than 70 J/ g and a 
tacticity index of 75% or more; and/ or a Melt FloW Rate of 0. 1 
to 2000 dg/min (preferably 100 dg/min or less); and/or an 
intermolecular compositional distribution as determined by 
thermal fractionation in hexane such that 85% by Weight or 
more of the polymer is isolated as one or tWo adjacent, soluble 
fractions With the balance of the polymer in immediately 
preceding or succeeding fractions; and Wherein each of these 
fractions has a Wt % comonomer content With a difference of 
no greater than 20 Wt % relative to the average Wt % comono 
mer content of the copolymer; and/ or an MW/Mn of 1.5 to 4. 
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[0196] In particular, preferred semi-amorphous polymers 
useful in this invention preferably have a percent crystallinity 
of 0.1% to less than 35% crystallinity. Preferably Within this 
range, the semi-amorphous polymer of the polymer concen 
trate comprises less than 30% crystallinity, preferably less 
than 25% crystallinity, preferably less than 20% crystallinity, 
preferably less than 15% crystallinity, preferably less than 
10% crystallinity. Also preferably, the semi-amorphous poly 
mer of the polymer concentrate comprises at least 0.5% crys 
tallinity, preferably at least 1% crystallinity, preferably at 
least 2% crystallinity, preferably at least 5% crystallinity. 

[0197] Preferred semi-amorphous polymers useful in this 
invention preferably have a Melt FloW Rate (MFR) of 0.1 to 
200 dg/min, preferably 0.1 to 100, preferably 0.5 to 50, pref 
erably 1 to 25, preferably 1 to 15, preferably 2 to 10 dg/min (as 
measured by ASTM 1238, 2.16 kg and 230° C.); alternately 
the MFR is from 15 to 50 dg/min. 

[0198] Preferred semi-amorphous polymers useful in this 
invention preferably have a DSC melting point of 105° C. or 
less, preferably 900 C. or less, preferably betWeen 25 and 90° 
C., preferably betWeen 30 and 80° C., preferably betWeen 35 
and 75° C., as measured by the DSC procedure described 
herein. 

[0199] Preferred semi-amorphous polymers useful in this 
invention preferably have an intermolecular composition dis 
tribution of 75% or more, preferably 80% or more, preferably 
85% or more, preferably 90% or more by Weight of the 
polymer isolated as one or tWo adjacent, soluble fractions 
With the balance of the polymer in immediately preceding or 
succeeding fractions; and Wherein each of these fractions has 
a Weight % comonomer content With a difference of no 

greater than 20 Wt % (relative), preferably 10% (relative), of 
the average Weight % comonomer of the copolymer. The 
fractions are obtained at temperature increases of approxi 
mately 8° C. betWeen stages. 

[0200] The intermolecular composition distribution of the 
copolymer may be determined by thermal fractionation in 
hexane as folloWs: about 30 grams of the semi-amorphous 
polymer is cut into small cubes of about 1/s inch (0.32 cm) on 
the side and is then introduced into a thick Walled glass bottle 
closed With screW cap along With 50 mg of Irganox1076, an 
antioxidant commercially available from Ciba-Geigy Corpo 
ration. Then, 425 ml of hexane (a principal mixture of normal 
and iso-isomers) is added to the contents of the bottle and the 
sealed bottle is maintained at about 23° C. for 24 hours. At the 
end of this period, the solution is decanted and the residue is 
treated With additional hexane for an additional 24 hours at 
23° C. At the end of this period, the tWo hexane solutions are 
combined and evaporated to yield a residue of the polymer 
soluble at 23° C. To the residue is added su?icient hexane to 
bring the volume to 425 ml and the bottle is maintained at 
about 31 ° C. for 24 hours in a covered circulating Water bath. 
The soluble polymer is decanted and the additional amount of 
hexane is added for another 24 hours at about 31° C. prior to 
decanting. In this manner, fractions of the semi-amorphous 
polymer soluble at 40° C., 48° C., 55° C., and 62° C. are 
obtained at temperature increases of approximately 8° C. 
betWeen stages. The soluble polymers are dried, Weighed and 
analyZed for composition, as Wt % ethylene content. To pro 
duce a copolymer having the desired narroW composition, it is 
bene?cial if (1) a single sited metallocene catalyst is used 
Which alloWs only a single statistical mode of addition of the 
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?rst and second monomer sequences and (2) the copolymer is 
Well-mixed in a continuous ?oW stirred tank polymerization 
reactor Which alloWs only a single polymerization environ 
ment for substantially all of the polymer chains of the copoly 
mer. 

[0201] Preferred semi-amorphous polymers useful in this 
invention preferably have a molecular Weight distribution 
(MW/Mn) of MW/Mn of less than 5, preferably betWeen 1.5 
and 4, preferably betWeen 1.5 and 3. 

[0202] In an embodiment, the semi-amorphous polymer of 
the polymer concentrate may comprise at least 50% ethylene 
or propylene. Preferably, the semi-amorphous polymer of the 
polymer concentrate comprises a ?rst monomer comprising 
at least 50 Wt % ethylene or at least 50 Wt % propylene, more 
preferably at least 50% propylene, and at least one other 
comonomer polymer comprising C2, and C4-C20 ole?n, 
Which is different from the ?rst monomer. The ?rst monomer 
and comonomer(s) of the semi-amorphous polymer of the 
polymer concentrate are preferably C2-C6 alpha ole?ns. 

[0203] In a preferred embodiment, the semi-amorphous 
polymer may comprise a propylene-based copolymer 
referred to herein as a random copolymer of propylene or as 
a propylene-“comonomer” plastomer (e.g., propylene-ethyl 
ene plastomer). Suitable random copolymers of propylene 
have a heat of fusion of less than 70 J/ g, and thus are semi 
amorphous, and preferably comprise an average propylene 
content on a molar basis of from about 68 mol % to about 92 
mol %, more preferably from about 75 mol % to about 91 mol 
%, even more preferably from about 78 mol % to about 88 mol 
%, most preferably from about 80 mol % to about 88 mol %. 
The balance of the random copolymer of propylene (i.e., the 
one or more comonomers) may be one or more alpha-ole?ns 
as speci?ed above and/ or one or more diene monomers. Most 

preferably the balanced of the random copolymer of propy 
lene is ethylene. 

[0204] The comonomer of the random copolymer of pro 
pylene may comprises about 8 to 32 mol % of ethylene (C2) 
and/ or a C4-C20 ole?n, more preferably about 9 to about 25 
mol %, even more preferably about 12 to about 22 mol %, 
With about 13 to 20 mol % being still more preferred. 

[0205] More preferably, the random copolymer of propy 
lene comprises about 8 to 32 mol % ethylene, more preferably 
about 9 to about 25 mol % ethylene, even more preferably 
about 12 to about 22 mol % ethylene, With about 13 to 20 mol 
% ethylene being still more preferred as the comonomer. 

[0206] The random copolymer of propylene may have a 
Weight average molecular Weight (MW) of 5,000,000 or less, 
a number average molecular Weight (Mn) of about 3,000,000 
or less, a z-average molecularWeight (Mz) of about 5,000,000 
or less, and a g' index of 1.5 or less measured at the Weight 
average molecular Weight (MW) of the polymer using isotac 
tic polypropylene as the baseline, all of Which may be deter 
mined by GPC, also knoWn as size exclusion chromatogra 
phy, e.g., 3D SEC. 

[0207] In a preferred embodiment, the random copolymer 
of propylene may have a MW of about 5,000 to about 5,000, 
000 g/mole, more preferably a MW of about 10,000 to about 
1,000,000, more preferably a MW of about 20,000 to about 
500,000, more preferably a MW of about 50,000 to about 
300,000, Wherein MW is determined as described herein. 
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[0208] In a preferred embodiment, the random copolymer 
of propylene may have a Mn of about 5,000 to about 3,000, 
000 g/mole, more preferably a Mn of about 10,000 to about 
1,000,000, more preferably a Mn of about 30,000 to about 
500,000, more preferably a Mn of about 50,000 to about 
200,000, Wherein Mn is determined as described herein. 

[0209] In a preferred embodiment, the random copolymer 
of propylene may have a Mz of about 10,000 to about 5,000, 
000 g/mole, more preferably a Mz of about 50,000 to about 
1,000,000, more preferably a Mz of about 80,000 to about 
500,000, more preferably a Mz of about 100,000 to about 
300,000, Wherein Mz is determined as described herein. 

[0210] The molecular Weight distribution index (MWD= 
(MW/Mn)) of the random copolymer of propylene may be 
about 1.5 to 40.0, more preferably about 1.8 to 5 and most 
preferably about 1.8 to 3. Techniques for determining the 
molecular Weight (Mn and MW) and molecular Weight distri 
bution (MWD) may be found in Us. Pat. No. 4,540,753 
(CozeWith, Ju and Verstrate) (Which is incorporated by refer 
ence herein for purposes of Us. practices) and references 
cited therein and in Macromolecules, 1988, volume 21, p 
3360 (Verstrate et al.), Which is herein incorporated by refer 
ence for purposes of Us. practice, and references cited 
therein. 

[0211] In a preferred embodiment, the random copolymer 
of propylene may have a g' index value of about 1 to about 1 .5, 
more preferably a g' of about 1.25 to about 1.45, When mea 
sured at the MW of the polymerusing the intrinsic viscosity of 
isotactic polypropylene as the baseline. For use herein, the g' 
index is de?ned as: 

[0212] Where 11b is the intrinsic viscosity of the random 
copolymer of propylene and 111 is the intrinsic viscosity of a 
linear polymer of the same viscosity-averaged molecular 
Weight (MV) of the random copolymer of propylene. 
111=KMv+, K and 0t Were measured values for linear polymers 
and should be obtained on the same instrument as the one 
used for the g' index measurement. 

[0213] In a preferred embodiment, the random copolymer 
of propylene may have a crystallization temperature (Tc) 
measured With differential scanning calorimetry (DSC) of 
about 200° C. or less, more preferably, 1500 C. or less. 

[0214] In a preferred embodiment, the random copolymer 
of propylene may have a density of about 0.85 to about 0.95 
g/ml, more preferably, about 0.87 to 0.92 g/ml, more prefer 
ably about 0.88 to about 0.91 g/ml as measured per the ASTM 
D-1505 test method at 25° C. 

[0215] In a preferred embodiment, the random copolymer 
of propylene may have a melt ?oW rate (MFR) equal to or 
greater than 0.2 g/ 10 min., preferably betWeen 2-500 g/ 10 
min. and more preferably betWeen 20-200 g/10 min., as mea 
sured according to the ASTM D-1238 test method. 

[0216] In a preferred embodiment, the random copolymer 
of propylene may have a heat of fusion (Hf) determined 
according to the procedure described in ASTM E 794-85, 
Which is less than 70 J/ g, preferably greater than or equal to 
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about 0.5 Joules per gram (J/g), and is less than or equal to 
about 25 J/ g. Preferably less than or equal to about 20 J/g, 
preferably less than or equal to about 15 J/ g. Also preferably 
greater than or equal to about 1 J/ g, preferably greater than or 
equal to about 5 J/g according to the procedure described in 
ASTM E 794-85. 

[0217] A chiral metallocene catalyst may ensure methyl 
groups of the propylene residues in the random copolymer of 
propylene have predominantly the same tacticity. Both syn 
diotactic and isotactic con?guration of the propylene are pos 
sible, though the isotactic polymers may be preferred. The 
tacticity of the propylene residues leads to an amount of 
crystallinity in the polymers. The relatively loW levels of 
crystallinity in the random copolymer of propylene may be 
derived from isotactic polypropylene obtained by incorporat 
ing alpha-ole?n comonomers as described above. 

[0218] The random copolymer of propylene may be par 
tially crystalline, Which preferably arises from crystalliZable 
stereoregular propylene sequences. For use herein, the crys 
tallinity of the random copolymer of propylene can also be 
expressed in terms of percentage of crystallinity, based on the 
heat of fusion of the polymer divided by the thermal energy 
for the highest order of polypropylene, Which is estimated at 
189 J/g (i.e., 100% crystallinity is equal to 189 J/g.) for 
purposes herein. 

[0219] The random copolymer of propylene of the present 
invention preferably has a polypropylene crystallinity of 
about 0.25% to about 15%, more preferably from about 0.5% 
to about 13%, and most preferably from about 0.5% to about 
1 1%. 

[0220] In addition to this level of crystallinity, the random 
copolymer of propylene preferably has a single broad melting 
transition. HoWever, suitable random copolymer of propylene 
polymer may shoW secondary melting peaks adjacent to the 
principal peak, but for purposes herein, such secondary melt 
ing peaks are considered together as a single melting point, 
With the highest of these peaks being considered the melting 
point of the random copolymer of propylene. The random 
copolymer of propylene preferably has a melting point of 
from about 25° C. to about 75° C., preferably about 25° C. to 
about 65° C., more preferably about 30° C. to about 60° C. 

[0221] The procedure for Differential Scanning Calorim 
etry (DSC) is described as folloWs: About 6 to 10 mg of a 
sheet of the polymer pressed at approximately 200° C. to 230° 
C. is removed With a punch die. This is annealed at room 
temperature for 240 hours. At the end of this period, the 
sample is placed in a Differential Scanning Calorimeter (Per 
kin Elmer 7 Series Thermal Analysis System) and cooled to 
about —50° C. to about —70° C. The sample is heated at 20° 
C./min to attain a ?nal temperature of about 200° C. to about 
220° C. The thermal output, recorded as the area under the 
melting peak of the sample Which is typically peaked at about 
30° C. to about 175° C. and occurs betWeen the temperatures 
of about 0° C. and about 200° C. is a measure of the heat of 
fusion expressed in Joules per gram of polymer. The melting 
point is recorded as the temperature of the greatest heat 
absorption Within the range of melting of the sample. 

[0222] The random copolymer of propylene may have a 
Mooney viscosity ML (1 +4)@1 25 ° C., as determined accord 
ing to ASTM D1646, of less than 100, more preferably less 
than 75, even more preferably less than 60, most preferably 
less than 30. 
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[0223] The random copolymer of propylene of the present 
invention preferably comprises a random crystalliZable 
copolymer having a narroW compositional distribution. The 
intermolecular composition distribution of random copoly 
mer of propylene (e.g., the narroW compositional distribu 
tion) may be determined by thermal fractionation in a solvent 
such as a saturated hydrocarbon e.g., hexane or heptane. This 
thermal fractionation procedure is described beloW. Typi 
cally, approximately 75% by Weight and more preferably 
85% by Weight of the polymer is isolated as one or tWo 
adjacent, soluble fraction With the balance of the polymer in 
immediately preceding or succeeding fractions. Each of these 
fractions has a composition (Wt % ethylene content) With a 
difference of no greater than 20% (relative) and more prefer 
ably 10% (relative) of the average Weight percent (Wt %) 
ethylene content of random copolymer of propylene. Thus the 
semi-amorphous random polypropylene copolymer is said to 
have a narroW compositional distribution if it meets this frac 
tionation test criteria. 

[0224] The length and distribution of stereoregular propy 
lene sequences in a preferred random copolymer of propylene 
is consistent With substantially random statistical copolymer 
iZation. It is Well knoWn that sequence length and distribution 
are related to the copolymeriZation reactivity ratios. By sub 
stantially random, We mean a copolymer for Which the prod 
uct of the reactivity ratios is generally 2 or less. In stereoblock 
structures, the average length of polypropylene sequences is 
greater than that of substantially random copolymers With a 
similar composition. Prior art polymers With stereoblock 
structure have a distribution of polypropylene sequences con 
sistent With these blocky structures rather than a random 
substantially statistical distribution. The reactivity ratios and 
sequence distribution of the random copolymer of propylene 
polymer may be determined by 13C NMR in such as Way so 
as to locate the ethylene residues in relation to the neighbor 
ing propylene residues. 

[0225] As outlined herein, to produce random copolymer 
of propylene With the required randomness and narroW com 
position distribution, it is desirable to use (1) a single sited 
catalyst and (2) a Well-mixed, continuous ?oW stirred tank 
polymeriZation reactor Which alloWs only a single polymer 
iZation environment for substantially all of the polymer 
chains of preferred random copolymer of propylene poly 
mers. 

[0226] A preferred random copolymer of propylene used in 
the present invention is described in detail as the “Second 
Polymer Component (SPC)” in co-pending U.S. applications 
U.S. Ser. No. 60/133,966, ?led May 13, 1999, and US. Ser. 
No. 60/342,854, ?led Jun. 29, 1999, and described in further 
detail as the “Propylene Ole?n Copolymer” in US. Ser. No. 
90/346,460, ?led Jul. 1, 1999, Which are both fully incorpo 
rated by reference herein for purposes of US. practice. 

[0227] In addition to one or more comonomers making up 
the major portion of the random copolymer of propylene 
polymer (i.e., alpha-ole?ns) selected such as, but not limited 
to, ethylene, alpha-ole?ns having 4 to 8 carbon atoms, and 
styrenes, random copolymer of propylene polymers, as 
described above can contain long chain branches, Which can 
optionally be generated using one or more alpha, omega 
dienes. 

[0228] Alternatively, random copolymer of propylene may 
comprise at least one diene, and more preferably at least one 
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non-conjugated diene, Which may aid in vulcanization and 
other chemical modi?cation and/or cross-linking processes. 
The amount of diene in random copolymer of propylene may 
preferably be no greater than about 10 Wt %, more preferably 
no greater than about 5 Wt %. 

[0229] In a preferred embodiment, the diene may be 
selected from the group consisting of those that are used for 
the vulcanization of ethylene propylene rubbers. Speci?c 
examples of preferred dienes include ethylidene norbomene, 
vinyl norbomene, dicyclopentadiene, and 1,4-hexadiene 
(available from DuPont Chemicals). 

[0230] In another embodiment, the semi-amorphous poly 
mer of the polymer concentrate may comprise random 
copolymer of propylene in the form of a blend of discrete 
random copolymers of propylene. Such blends can include 
tWo or more polyethylene copolymers (as described above), 
tWo or more polypropylene copolymers (as described above), 
or at least one of each such polyethylene copolymer and 
polypropylene copolymer, so long as each of the polymers of 
the random copolymer of propylene blend Would individually 
qualify as a random copolymer of propylene. Each of the 
random copolymers of propylene are described above and the 
number of random copolymer of propylene in a preferred 
embodiment may be three or less, more preferably tWo or less. 

[0231] In an embodiment of the invention, the random 
copolymer of propylene polymer may comprise a blend of 
tWo random copolymer of propylene polymers differing in 
the ole?n content. Preferably, one random copolymer of pro 
pylene may comprise about 7 to 13 mole % ole?n, While the 
other random copolymer of propylene may comprise about 
14 to 22 mole % ole?n. In an embodiment, the preferred ole?n 
in the random copolymer of propylene is ethylene. 

[0232] It is believed that the use of a blend of tWo random 
copolymers of propylene lead to bene?cial improvements in 
the tensile-elongation properties, Which differ in their struc 
ture from any existing commercially available polypropylene 
copolymers. The propylene ethylene copolymers from this 
invention have unique properties as evidenced by the relation 
ship of their isotactic index and propylene triad tacticity to 
their ethylene content. 

[0233] Random copolymer of propylene polymers differ 
from the types of polypropylene copolymers available on the 
market. These polypropylene copolymers include: random 
copolymers (RCP) and impact copolymers (ICP) also called 
heterophasic copolymers orblock copolymers. RCPs are usu 
ally produced by copolymeriZing in a single reactor process 
propylene With other monomers such as ethylene, butene and 
higher alpha-ole?ns, the most common one being ethylene. 
Typical ethylene content for these copolymers range from 3-4 
mole % up to 14-17 mole %. As ethylene content increases, 
melting point and stiffness decreases. Typical melting tem 
peratures are ranging from 120° C. to 150° C. and ?exural 
modulus have values betWeen 500 and 1500 MPa. ICPs are 
sequentially produced in processes involving series reactors 
With an isotactic polypropylene being produced in the ?rst 
reactor and ethylene being fed to the second reactor to gen 
erate an ethylene propylene rubber. Typical ethylene propy 
lene rubber content ranges from 20% to 50% and even up to 
70% When Catalloy technology developed by Himont is used. 
Such high rubber contents are referred to in the art as high 
alloy copolymers. In the case of these ICPs, the melting point 
may still be around 160° C. as they still contain an isotactic 
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polypropylene fraction. The ?exural modulus is typically 
betWeen 800 and 1300 MPa. The high alloy copolymers have 
?exural modulus betWeen 90 and 500 MPa. 

[0234] The random copolymer of propylene polymers of 
the instant invention preferably comprise a particular triad 
tacticity. The term “tacticity” refers to the stereogenicity in 
the polymer. For example, the chirality of adj acent monomers 
can be of either like or opposite con?guration. The term 
“diad” is used herein to designate tWo contiguous monomers; 
thus, three adjacent monomers are referred to herein as a triad. 
In the instance Wherein the chirality of adjacent monomers is 
of the same relative con?guration, the diad is termed isotactic. 
In the instance Wherein the chirality of adjacent monomers is 
in an opposite relative con?guration, the diad is termed syn 
diotactic. Another Way to describe the con?gurational rela 
tionship is to term contiguous pairs of monomers having the 
same chirality as meso (m) and those of opposite con?gura 
tion racemic (r). 

[0235] When three adjacent monomers are of the same 
con?guration, the stereoregularity of the triad is abbreviated 
as “mm”. If tWo adjacent monomers in a three-monomer 
sequence have the same chirality and that is different from the 
relative con?guration of the third unit, this triad has ‘mr’ 
tacticity. An ‘rr’ triad has the middle monomer unit having an 
opposite con?guration from either neighbor. The fraction of 
each type of triad in a polymer may be determined, and then 
multiplied by 100 to indicate the percentage of that type of 
triad found in the polymer. The reactivity ratios and sequence 
distribution of the polymer may be determined by C-13 
NMR, Which locates the ethylene residues in relation to the 
neighboring propylene residues. 

[0236] Random copolymers of propylene have unique pro 
pylene tacticity as measured by the % meso triad. As shoWn in 
detail in US. Ser. No. 09/108,772, ?led Jul. 1, 1998, fully 
incorporated herein by reference, random copolymer of pro 
pylene polymers of this invention have a loWer % meso triad 
for any given ethylene content When compared to US. Pat. 
No. 5,504,172. The loWer content of % meso triads corre 
sponds to relatively loWer crystallinity that translates into 
better elastomeric properties such as high tensile strength and 
elongation at break coupled With very good elastic recovery. 
Good elastomeric properties are important for some of the 
potential applications of the present invention. 

[0237] Preferred random copolymers of propylene used in 
embodiments of the present invention have a tacticity index 
(m/r), also referred to herein as a propylene tacticity index 
and/or a triad tacticity index, of at least 75%. The propylene 
tacticity index, expressed herein as “m/r”, is determined by 
13C nuclear magnetic resonance (N MR). The propylene tac 
ticity index m/r is calculated as de?ned in H. N. Cheng, 
Macromolecules, 17, 1950 (1984). The designation “m” or 
“r” describes the stereochemistry of pairs of contiguous pro 
pylene groups, “m” referring to meso and “r” to racemic. An 
m/r ratio of 0 to less than 1.0 generally describes a syndio 
tactic polymer, and an m/r ratio of 1.0 an atactic material, and 
an m/r ratio of greater than 1.0 an isotactic material. An 
isotactic material theoretically may have a ratio approaching 
in?nity, and many by-product atactic polymers have su?i 
cient isotactic content to result in ratios of greater than 50. 

[0238] In a preferred embodiment, the random copolymers 
of propylene have isotactic stereoregular propylene crystal 
linity. The term “stereoregular” as used herein means that the 
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predominant number, ie greater than 80%, of the propylene 
residues in the polypropylene exclusive of any other mono 
mer such as ethylene, has the same 1,2 insertion and the 
stereochemical orientation of the pendant methyl groups is 
the same, either meso or racemic. 

[0239] Preferred random copolymers of propylene useful 
in this invention have a triad tacticity index of three propylene 
units, as measured by 13 C NMR, also referred to as a “tacticity 
index” of 75% or greater, 80% or greater, 82% or greater, 85% 
or greater, or 90% or greater. The triad tacticity index of a 
polymer is the relative tacticity of a sequence of three adjacent 
propylene units, a chain consisting of head to tail bonds, 
expressed as a binary combination of m and r sequences. For 
purposes herein, it is expressed for semi-amorphous copoly 
mers of the present invention as the ratio of the number of 
units of the speci?ed tacticity to all of the propylene triads in 
the copolymer. The tacticity index (mm fraction) of a propy 
lene copolymer can be determined from a 13 C NMR spectrum 
of the propylene copolymer and the folloWing formula: 

PPP(mm) 
mm Fraction: — 

PPP(mm) + PPP(mr) + PPP(rr) 

Where PPP(mm), PPP(mr) and PPP(rr) denote peak areas 
derived from the methyl groups of the second units in the 
folloWing three propylene unit chains consisting of head-to 
tail bonds: 

CH3 CH3 CH3 

CH3 

The 13 C NMR spectrum of the propylene copolymer is mea 
sured as described in US. Pat. No. 5,504,172. The spectrum 
relating to the methyl carbon region (19-23 parts per million 
(ppm)) can be divided into a ?rst region (21.2-21.9 ppm), a 
second region (20.3-21.0 ppm) and a third region (19.5-20.3 
ppm). Each peak in the spectrum Was assigned With reference 
to an article in the journal Polymer, Volume 30 (1989), page 
1350. In the ?rst region, the methyl group of the second unit 
in the three propylene unit chain represented by PPP (mm) 
resonates. In the second region, the methyl group of the 
second unit in the three propylene unit chain represented by 
PPP (mr) resonates, and the methyl group (PPE-methyl 
group) of a propylene unit Whose adjacent units are a propy 
lene unit and an ethylene unit resonates (in the vicinity of 20.7 
ppm). In the third region, the methyl group of the second unit 
in the three propylene unit chain represented by PPP (rr) 
resonates, and the methyl group (EPE-methyl group) of a 
propylene unit Whose adjacent units are ethylene units reso 
nates (in the vicinity of 19.8 ppm). The calculation of the triad 
tacticity is outlined in the techniques shoWn in US. Pat. No. 
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5,504,172. Subtraction of the peak areas for the error in 
propylene insertions (both 2,1 and 1,3) from peak areas from 
the total peak areas of the second region and the third region, 
the peak areas based on the 3 propylene units-chains 
(PPP(mr) and PPP(rr)) consisting of head-to-tail bonds can be 
obtained. Thus, the peak areas of PPP(mm), PPP(mr) and 
PPP(rr) can be evaluated, and hence the triad tacticity of the 
propylene unit chain consisting of head-to-tail bonds can be 
determined. 

[0240] The triad tacticity can be determined from a 13 C 
NMR spectrum of the polymer, as described by J. A. EWen, 
“Catalytic Polymerization of Ole?ns”, (the EWen method); 
and Eds. T. Keii, K. Soga; Kodanska Elsevier Pub.; Tokyo, 
1986, P 271, and as described in detail in US. Patent Appli 
cation US2004/054086 ?led Mar. 18, 2004 on page 8, in 
numberedparagraphs [0046] to [0054], all of Which are incor 
porated by reference herein. 

[0241] Random copolymers of propylene are available 
commercially under the trade name VistamaxxTM (ExxonMo 
bil, BaytoWn Tex.). Suitable examples include: 

[0242] VistamaxxTM 1000, Vistamaxx 2000, and Vistamax 
3000, specialty elastomers characterized as semi-crystalline 
polyole?n polymers highly elastic and ?exible With unique 
technical properties and characteristics, some of Which 
include: 

[0243] free ?oWing pellets With demonstrated ease of pro 
cessing in conventional polyole?n processing equipment; 

[0244] chemical resistance and long-term aging; 

[0245] very loW ash metals (i.e., less than about 0.1 Wt %) 
and oligomers; and 

[0246] 
[0247] In a preferred embodiment, the semi-amorphous 
polymers useful herein have a density of 0.88 g/cc or less, 
more preferably 0.87 g/cc or less, most preferably 0.86 g/cc or 
less. In another preferred embodiment, the semi-amorphous 
polymer has a % crystallinity of 15% or less, preferably 10% 
or less, preferably 5% or less. In another preferred embodi 
ment, the semi-amorphous polymer comprises at least 50 
mole % ethylene and has a % crystallinity of 15% or less, 
preferably 10% or less, preferably 5% or less. In another 
preferred embodiment, the semi-amorphous polymer com 
prises at least 50 mole % propylene and has a % crystallinity 
of 25% or less, preferably 20% or less, preferably 15% or less. 

a superb compatibility With various polyole?ns. 

Preparation of Semi-Amorphous Random Copolymers of 
Propylene 

[0248] Random copolymer of propylene can be prepared 
by polymerizing propylene With one or more of a C2 or 
C4-C20 alpha ole?n, most preferably the random copolymer 
of propylene comprises propylene and ethylene. The mono 
mers are preferably polymerized in the presence of a chiral 
metallocene catalyst With an activator and optionally a scav 
enger. The comonomer or comonomers used in combination 
With propylene may be linear and/or branched. Preferred 
linear alpha-ole?ns include ethylene or C4 to C8 alpha-ole 
?ns, more preferably ethylene, 1-butene, 1-hexene, and 
1-octene, even more preferably ethylene or 1-butene. Pre 
ferred branched alpha-ole?ns include 4-methyl-1-pentene, 
3-methyl-1-pentene, and 3,5,5-trimethyl-1-hexene. 
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[0249] In a preferred embodiment, a continuous solution 
polymerization process may be used to produce random 
copolymer of propylene comprising, for example, propylene 
and one or more of ethylene, octene or a diene. The polymer 
iZation process preferably utiliZes a metallocene catalyst, 
namely, 1 ,1'-bis(4-triethylsilylphenyl)methylene-(cyclopen 
tadienyl)(2, 1 -di-tertiary-butyl-9-?uorenyl)hafnium dimethyl 
With dimethylaniliniumtetrakis(penta?uorophenyl) borate as 
an activator. An organoaluminum compound, namely, tri-n 
octylaluminum, may be added as a scavenger to the monomer 
feed streams prior to introduction into the polymerization 
process. For production of more crystalline polymers, dim 
ethylsilylbis(indenyl)hafnium dimethyl may be used in com 
bination With dimethylaniliniumtetrakis(pen 
ta?uorophenyl)borate. Preferably the solution 
polymeriZation is conducted in a single, or in tWo, continuous 
stirred tank reactors connected in series. Hexane may be used 
as the solvent. In addition, toluene may be added to increase 
the solubility of the co-catalyst. The feed is transferred to the 
?rst reactor Where the exothermic polymerization reaction is 
conducted adiabatically at a reaction temperature betWeen 
about 50° C. to about 220° C. Hydrogen gas may also be 
added to the reactors as a further molecular Weight regulator. 
If desired, polymer product is then transferred to the second 
reactor, Which is also operated adiabatically at a temperature 
betWeen about 50° C. to 200° C. 

[0250] Additional monomers, solvent, metallocene cata 
lyst, and activators can be fed to the second and/ or additional 
reactors. The polymer content leaving the second reactor is 
preferably from 8 to 22 Weight percent. A heat exchanger then 
heats the polymer solution to a temperature of about 220° C. 
The polymer solution is then brought to a LoWer Critical 
Solution Temperature (LCST) liquid-liquid phase separator 
Which causes the polymer solution to separate into tWo liquid 
phasesian upper lean phase and a loWer polymer-rich phase. 
The upper lean phase contains about 70 Wt % of the solvent 
and the loWer polymer rich phase contains about 30 Wt % 
polymer. The polymer solution then enters a loW pressure 
separator vessel Which operates at a temperature of about 
150° C. and a pressure of 4-10 bar-g (400 to 1000 Pa) and 
?ashes the loWer polymer rich phase to remove volatiles and 
to increase the polymer content to about 76 Wt %. A gear 
pump at the bottom of the ?ash vessel drives the polymer rich 
solution to a List devolatiliZer. An extruder is coupled to the 
end of the List devolatiliZer Whereby the polymer material is 
transferred to a gear pump Which pushes the polymer material 
through a screen pack. Then the polymer may be cut into 
pellets and fed to a Water bath. A spin dryer may be used to dry 
the polymer pellets, Which preferably have a ?nal solvent 
content of less than about 0.5 Wt %. 

[0251] As stated above, preferred random copolymers of 
propylene of the present invention may be prepared by poly 
meriZing propylene and at least one C2 or C4-C20 alpha 
ole?n in the presence of a chiral metallocene catalyst With an 
activator and optional scavenger, most preferably ethylene 
and propylene. Preferred chiral metallocenes are those knoWn 
to favor incorporation of propylene for the production of 
predominantly isotactic polypropylene pentads and statisti 
cally random incorporation of the alpha-ole?n comono 
mer(s). The term “metallocene” and “metallocene catalyst 
precursor” are terms knoWn in the art to mean compounds 
possessing a Group IV, V, or VI transition metal M, With a 
cyclopentadienyl (Cp) ligand or ligands Which may be may be 
substituted, at least one non-cyclopentadienyl-derived ligand 
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X, and Zero or one heteroatom-containing ligand Y, the 
ligands being coordinated to M and corresponding in number 
to the valence thereof. The metallocene catalyst precursors 
generally require activation With a suitable co-catalyst (also 
referred to as an activator) in order to yield an active metal 
locene catalyst or catalyst system. An active metallocene 
catalyst refers generally to an organometallic complex With a 
vacant coordination site that can coordinate, insert, and poly 
merize ole?ns. 

[0252] Preferred metallocenes for use herein include 
bridged and unbridged biscyclopentadienyl complexes Where 
the cyclopentadienyl group are, independently, a substituted 
or unsubstituted cyclopentadienyl group, a substituted or 
unsubstituted indenyl group, or a substituted or unsubstituted 
?uorenyl group. Preferred metallocenes include those repre 
sented by the formula: TCpCpMX2, Where T is a bridging 
group such as a dialkyl silica group (such as dimethylsilyl) or 
a hydrocarbyl group (such as methyl, ethyl, or propyl), each 
Cp is, independently a substituted or unsubstituted cyclopen 
tadienyl group, a substituted or unsubstituted indenyl group 
(preferably a 2, 4 or 2, 4, 7 substituted indenyl group), or a 
substituted or unsubstituted ?uorenyl group, M is a group 4 
metal (preferably Hf, Zr or Ti) and each X is independently a 
halogen or hydrocarbyl group (such as chlorine, bromine, 
methyl, ethyl, propyl, butyl, or phenyl). 

[0253] Preferred metallocenes for use herein include cyclo 
pentadienyl (Cp) complexes Which have tWo Cp ring systems 
for ligands. The Cp ligands preferably form a “bent sandWich 
complex” With the metal and are preferably locked into a rigid 
con?guration through a bridging group. Such preferred 
cyclopentadienyl complexes may have the general formula: 

Wherein Cpl of ligand (CplRlm) and Cp2 of ligand (Cp2R2p) 
are preferably the same, R1 and R2 each are, independently, a 
halogen or a hydrocarbyl, halocarbyl, hydrocarbyl-substi 
tuted organometalloid or halocarbyl-substituted organomet 
alloid group containing up to 20 carbon atoms; 

[0254] 
[0255] p is preferably 1 to 5; 

[0256] preferably tWo R1 and/ or R2 substituents on adjacent 
carbon atoms of the cyclopentadienyl ring associated there 
can be joined together to form a ring containing from 4 to 20 
carbon atoms; 

[0257] R3 is a bridging group; 

In is preferably 1 to 5; 

[0258] n is the number of atoms in the direct chain betWeen 
the tWo ligands and is preferably 1 to 8, most preferably 1 to 
3; 

[0259] M is a transition metal having a valence of from 3 to 
6, preferably from group 4, 5, or 6 of the periodic table of the 
elements and is preferably in its highest oxidation state, 

[0260] each X is a non-cyclopentadienyl ligand and is, 
independently, a hydrocarbyl, oxyhydrocarbyl, halocarbyl, 
hydrocarbyl-substituted organometalloid, oxyhydrocarbyl 
substituted organometalloid or halocarbyl-substituted orga 
nometalloid group containing up to 20 carbon atoms; and 

[0261] q is equal to the valence ofM minus 2. 

[0262] Numerous examples of the biscyclopentadienyl 
metallocenes described above for the invention are disclosed 






































