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(57) ABSTRACT 

The present invention relates to a composition comprising 1) 
from 1 to 98 Weight % of a ?rst propylene polymer having a 
melting point of 1000 C. or more, 2) from 5 to 98 Weight % of 
a second propylene polymer having a heat of fusion of 70 J/ g 
or less and a tacticity index of 75% or more, 3) from 0.5 to 75 
Weight % of a non-functionaliZed plasticiZer (“NFP”) having 
a viscosity index of 120 or more, based upon the Weight of the 
?rst polymer, second polymer, and the NFP, and articles 
therefrom 
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PLASTICIZED POLYOLEFIN COMPOSITIONS 

PRIORITY CLAIM 

[0001] This application claims the bene?t of 60/637,429, 
?led Dec. 17, 2004; 60/655,612, ?led Feb. 22, 2005 and 
60/655,310, ?led Feb. 22, 2005. 

FIELD OF THE INVENTION 

[0002] The present invention relates to soft polyole?n com 
positions exhibiting a good balance of mechanical, optical 
and elastic properties. More particularly, the present inven 
tion relates to semicrystalline polypropylene compositions 
comprising a high-melting propylene homopolymer or 
copolymer, a loW-crystallinity propylene homopolymer or 
copolymer, and a non-functionaliZed plasticiZer; and articles 
made from such compositions. 

BACKGROUND OF THE INVENTION 

[0003] Polyole?ns are useful in any number of everyday 
articles. For many of these applications, including ?lms and 
?bers, ?exibility and softness combined With retention of 
properties at high end-use temperatures (“thermal resis 
tance”) are desirable attributes. Semicrystalline polyole?ns 
are used in such applications because they are thermoplastic, 
meaning the crystalline nature (not cross-linking) alloWs 
them to form useful articles; such materials can be formed 
into pellets for ease of handling and are processed using 
standard plastic-industry equipment such as extruders. This is 
in contrast to polyole?n thermoset materials, such as ethyl 
ene-propylene-diene (EPDM) elastomer (also called EPDM 
rubber), Which have very little to no crystallinity and very 
high molecular Weights, and must be highly cross-linked to 
form useful articles; such materials can not be pelletiZed and 
are processed using standard rubber-industry equipment such 
as roll mills. 

[0004] Often, propylene-based semicrystalline polyole?ns 
are chosen for their relatively high melting temperature. 
HoWever, one draWback to such polyole?ns, especially pro 
pylene-rich ones, is their high hardness and stiffness Which 
makes then unsuitable for applications requiring a soft touch. 
Another draWback to propylene-rich polyole?ns is their rela 
tively high glass transition temperature, Which is detrimental 
to toughness, particularly loW temperature toughness and 
impact resistance, that is often critical to applications that 
involve structural parts fabricated by molding or extrusion 
techniques. 

[0005] One Way of making semicrystalline polypropylene 
softer and tougher has been to blend in softer polymers such 
as elastomers and plastomers. This, hoWever, leads to haZy 
optical properties. In addition, these compositions, While 
exhibiting soft touch, do not exhibit any elastic properties 
such as good compression set and elastic recovery after high 
strains. This characteristic makes these polyole?ns incapable 
of use in a Wide variety of applications Where softness and 
elasticity are required along With good thermal resistance. 
Another common approach to improving ?exibility, softness, 
toughness and/or elasticity of semicrystalline polypropylene 
is to loWer the polymer crystallinity by addition of comono 
mer. HoWever, this results in reduced melting points, and 
therefore loWer thermal resistance and possibly poor pellet 
quality. It is often desirable for a polyole?n to exhibit good 
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pellet-forming and pellet-stability characteristics to ease use 
of the polyole?n in processing operations. 

[0006] Many applications of semicrystalline polyole?ns 
bene?t from having useful properties over a broad range of 
temperatures; consequently, there is a need to provide poly 
ole?ns that can maintain desirable characteristics such as 
high Vicat softening temperature, While maintaining or 
improving upon the softness and elasticity. In particular, it 
Would be advantageous to provide a propylene-based poly 
mer composition possessing improved softness, toughness, 
elasticity and clarity, Without sacri?cing its other desirable 
properties. Speci?cally, What is needed is a composition that 
exhibits excellent softness, toughness and/or elasticity, With 
out sacri?cing thermal resistance, clarity and/or pellet qual 
ity. A modi?ed semicrystalline polyole?n according to this 
invention ful?lls these needs. 

[0007] A loW melt viscosity (high melt ?oW rate) is advan 
tageous for almost all polyole?n fabrication processes, 
because this reduces cycle time or alloWs for loWer tempera 
ture and/or energy requirements. Traditional approaches to 
achieve loW melt viscosity are loWering the molecular Weight 
and broadening the molecular Weight distribution of the resin. 
HoWever, both approaches can have detrimental effects on the 
?nal physical properties of the polyole?n article due to the 
presence of loW molecular Weight polymer. Therefore, What 
is further needed is a method to improve physical properties, 
as described above, While simultaneously loWering melt vis 
cosity. Moreover, it Would also be advantageous in a fabrica 
tion environment be able to continuously vary these param 
eters to match changing needs, instead of choosing betWeen 
discrete grades of polyole?n(s) and/or blending different 
polyole?ns Which requires great expertise and care to prop 
erly control the morphology and ?nal properties of the blend. 
A modi?ed semicrystalline polyole?n composition accord 
ing to this invention ful?lls these needs. 

[0008] Addition of a loW molecular Weight, amorphous 
substance to a semicrystalline polyole?n is one Way to 
attempt to address the above needs. Some patent disclosures 
directed to such an end are US Pat. No. 3,201,364, US Pat. 
No. 3,415,925, U.S. Pat. No. 4,073,782, US Pat. No. 4,110, 
185, U.S. Pat. No. 4,132,698, U.S. Pat. No. 4,210,570, U.S. 
Pat. No. 4,325,850, U.S. Pat. No. 4,960,820, U.S. Pat. No. 
4,774,277, U.S. Pat. No. 5,869,555, U.S. Pat. No. 6,465,109, 
EP 0448259, FR 2094870, and JP 09208761. These disclo 
sures are directed to semicrystalline polyole?ns blended With 
materials such as mineral oils Which often contain substantial 
concentrations of unsaturation, aromatic groups, naphthenic 
groups, and/or other functional groups. Addition of mineral 
oils in polyole?n elastomers, Which have little to no crystal 
linity and very high molecular Weights, is also Well knoWn; 
see e.g., RUBBER TECHNOLOGY HANDBOOK, Werner 
Hoffman (Hanser, N.Y., 1989), p. 294-305. 

[0009] Addition of mineral oils tend to improve the ?ex 
ibility of a semicrystalline polyole?n, Which identi?es such 
compounds as “plasticizers” under the commonly accepted 
de?nition; that is, a substance that improves the ?exibility, 
Workability, or distensibility of a plastic or elastomer. Mineral 
oils are also added to polyole?ns as extender oils or process 
ing oils, as Well as for other purposes. HoWever, use of these 
additive compounds typically does not preserve the optical 
properties (e.g., color and/ or transparency) or loW odor of the 
polyole?n, among other things. The melting point of the 
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polyole?n is also typically not preserved, Which reduces the 
softening point and upper use temperature of the composi 
tion. In addition, such additive compounds often have high 
pour points (greater than —20° C., or even greater than —10° 
C.), Which results in little or no improvement in loW tempera 
ture properties or impact toughness of the polyole?n, espe 
cially When the glass transition temperature is not loWered. 

[0010] The addition of mineral oils often translates into a 
loWer melt viscosity and improved processibility of the poly 
ole?n composition. Unfortunately, this often leads to other 
problems. For example, all or some of the additive can 
migrate to a surface and evaporate at an unacceptably high 
rate, Which results in deterioration of properties over time. If 
the ?ash point is suf?ciently loW (e.g., less than 200° C.), the 
compound can cause smoking and be lost to the atmosphere 
during melt processing. It can also leach out of the polyole?n 
and impair food, clothing, and other articles that are in contact 
With the ?nal article made from the polyole?n composition. It 
can also cause problems With tackiness or other surface prop 
erties of the ?nal article. What is needed is a compound Which 
imparts superior loW temperature properties While also exhib 
iting loW bloom, migration, leaching, and/or evaporation 
behaviors. 

[0011] Another shortcoming of typical additive com 
pounds is that they often contain a high (greater than 5 Wt %) 
degree of functionality due to carbon unsaturation and/or 
heteroatoms, Which tends to make them reactive, thermally 
unstable, and/or incompatible With polyole?ns, among other 
things. Mineral oils, in particular, consist of thousands of 
different compounds, many of Which are undesirable for use 
in polyole?ns due to molecular Weight or chemical compo 
sition. Under moderate to high temperatures these com 
pounds can volatiliZe and oxidize, even With the addition of 
oxidation inhibitors. They can also lead to problems during 
melt processing and fabrication steps, including degradation 
of molecular Weight, cross-linking, or discoloration. They 
may also impart an undesirable odor. 

[0012] These attributes of common additive compounds 
like mineral oils limit the performance of the ?nal polyole?n 
composition, and therefore its usefulness in many applica 
tions. As a result, they are not highly desirable for use as 
modi?ers for semicrystalline polyole?ns. What is needed is a 
modi?er that does not suffer from these de?ciencies. Speci? 
cally, What is needed is a modi?er that alloWs the formulation 
of semicrystalline polyole?n compositions With improved 
softness, ?exibility (loWer ?exure modulus), and impact 
toughness especially at loW temperatures (beloW 0° C.), While 
not materially degrading thermal resistance and With minimal 
migration of loW molecular Weight substances to the surface 
of fabricated articles. Ideally, the modi?er has a loW pour 
point, While still of su?icient molecular Weight to avoid unac 
ceptable exudation and extraction. It should also not contrib 
ute to deterioration of optical properties, color, smell, thermal 
stability, oxidative stability, and the like. Preferably, the glass 
transition temperature of the modi?ed polyole?n composi 
tion is loWer than that of the unmodi?ed polyole?n. Modi?ers 
and modi?ed semicrystalline polyole?n compositions 
according to this invention ful?ll these needs. 

[0013] It Would be particularly desirable to modify semic 
rystalline propylene-rich polyole?ns by addition of a simple, 
non-reactive compound such as a para?in liquid. HoWever, it 
has been taught that addition of aliphatic or para?inic com 
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pounds impairs the properties of polyole?ns, and is thus not 
recommended; see, e.g., CHEMICAL ADDITIVES FOR 
PLASTICS INDUSTRY (1987, Radian Corp., Noyes Data 
Corporation, NJ), p. 107-116. Other background references 
of interest include US. Pat. No. 6,639,020 and ADDITIVES 
FOR PLASTICS, J. Stepek, H. Daoust (SpringerVerlag, NeW 
York, 1983), p. 6-69. 

[0014] Examples of semicrystalline propylene-based poly 
ole?ns combined With para?inic liquid plasticiZers for non 
adhesive applications include the folloWing. HoWever, none 
of these disclosed compositions speak to a balance of good 
thermal resistance, softness, toughness and/or elasticity; 
more speci?cally, none speak to elasticity as measured by 
compression or tension set. 

[0015] US. Pat. No. 4,536,537 discloses polypropylene 
compositions that comprise LLDPE having a density of 0.912 
to 0.935 g/cm3 or polybutene and poly-ot-ole?n liquid having 
a kinematic viscosity of about 2 cSt to about 6 cSt at 100° 
F./38° C.; those With viscosity greater than about 2 cSt are 
reported to “not Work” (col 3, In 12). 

[0016] WO 98/44041 discloses blend compositions that 
comprise a chlorine-free polyole?n and poly-ot-ole?n oligo 
mers having a kinematic viscosity at 100° C. of about 4 cSt to 
about 8 cSt for a sheet-like structure, especially a ?oor cov 
enng. 

[0017] WO 2002/18487 and WO 2003/48252 disclose 
polypropylene compositions that comprise 10 to 30 Wt % of 
vulcaniZed or unvulcaniZed polyole?n elastomers, especially 
EPDM or styrene-ethylene-butene-styrene (SEBS) block-co 
polymers, and poly-ot-ole?n oligomers having a kinematic 
viscosity at 100° C. of about 4 cSt to about 8 cSt. 

[0018] US. Pat. No. 4,645,791, JP 07292167, EP 0315363, 
and WO 2002/31044 all disclose poly-ot-ole?n type materials 
in EPDM compositions. 

[0019] JP 56095938 discloses polypropylene compositions 
that comprise ole?n oligomer plasticiZers mixed With poly 
ole?n granules. 

[0020] WO 2004/14998 discloses propylene-based poly 
mer compositions that comprise various non-functionaliZed 
plasticiZers. 

[0021] Other references of interest include: GB 1329915, 
JP 01282280, JP 69029554, WO 2001/18109, EP 0300689, 
EP 1028145. 

[0022] Certain mineral oils have been classi?ed as Hydro 
carbon Basestock Group I, II, or III by the American Petro 
leum Institute (API) according to the amount of saturates and 
sulfur they contain and their viscosity indices. Group I bas 
estocks are solvent-re?ned mineral oils that contain the high 
est levels of unsaturates and sulfur, and loW viscosity indices; 
they tend to de?ne the bottom tier of lubricant performance. 
They are the least expensive to produce and currently account 
for the bulk of the “conventional” basestocks. Groups II and 
III basestocks are more highly re?ned (e.g., by hydroprocess 
ing) than Group I basestocks, and often perform better in 
lubricant applications. Group II and III basestocks contain 
less unsaturates and sulfur than the Group I basestocks, While 
Group III basestocks have higher viscosity indices than the 
Group II basestocks do. Additional API basestock classi?ca 
tions, namely Groups IV andV, are also used in the basestock 
industry. Rudnick and Shubkin in SYNTHETIC LUBRI 
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CANTS AND HIGH-PERFORMANCE FUNCTIONAL 
FLUIDS, 2nd Ed. (Marcel Dekker, NeW York, 1999) describe 
the ?ve basestock Groups as typically being: 

[0023] Group limineral oils re?ned using solvent extrac 
tion of aromatics, solvent deWaxing, hydro?ning to reduce 
sulfur content to produce mineral oils With sulfur levels 
greater than 0.03 Weight %, saturates levels of 60 to 80 Weight 
% and a Viscosity Index (VI) of about 90; 

[0024] Group IIimildly hydrocracked mineral oils With 
conventional solvent extraction of aromatics, solvent deWax 
ing, 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 com 
pounds, saturate levels are greater than 95-98 Weight % and 
VI is about 80-120; 

Group IIIiseverely hydrotreated mineral oils With saturates 
levels of some oils virtually 100%, sulfur contents are less 
than or equal to 0.03 Weight % (preferably betWeen 0.001 and 
0.01 Weight %) and VI is in excess of 120; 

[0025] Group IVi“polyalphaole?ns,” Which are hydro 
carbon liquids manufactured by the catalytic oligomeriZation 
of linear alpha-ole?ns having 6 or more carbon atoms; in 
practice, hoWever, this Group is generally thought of as syn 
thetic basestock ?uids produced by oligomeriZing alpha-ole 
?ns have 4 or more carbons; and 

Group V4esters, polyethers, polyalkylene glycols, and 
includes all other basestocks not included in Groups I, II, III, 
and IV. 

[0026] Prior attempts of adding mineral oils to polyole?ns 
to modify properties involve for the most part addition of 
Group I and Group II mineral oils. Even in cases Where the 
mineral oil is not identi?ed by an API Group classi?cation, 
such as the case for so-called “process oils,”“technical White 
oils,”“food grade oils,” etc., such mineral oils are still readily 
categoriZed into tWo classes based on VI alone: those With VI 
less than 120 (similar to Group I and Group II mineral oils), 
and those With VI of 120 or greater. Certain aspects of the 
present invention ideally pertain to substances With a VI of 
120 or greater, Which excludes Group I and Group II mineral 
oils and any other mineral oils With VI<120. 

SUMMARY OF THE INVENTION 

[0027] This invention relates to compositions comprising 
one or more high-melting propylene polymers, one or more 
loW-crystallinity propylene polymers, and one or more non 
functionaliZed plasticiZers (N FP). Speci?cally this invention 
relates to a composition comprising 1) from 1 to 98 Weight % 
of a ?rst propylene polymer having a melting point of 100° C. 
or more, 2) from 5 to 98 Weight % of a second propylene 
polymer having a heat of fusion of 70 J/ g or less and a tacticity 
index of 75% or more, and 3) from 0.5 to 75 Weight % ofa 
non-functionaliZed plasticiZer (“NFP”) having a viscosity 
index of 120 or more, based upon the Weight of the ?rst 
polymer, second polymer, and the NFP. 

[0028] In particular, this invention relates to compositions 
comprising: 1) a ?rst propylene polymer having a melting 
point of greater than 100° C. (as measured by the DSC 
method beloW); 2) a second propylene polymer having a heat 
of fusion of 70 J/g or less (as measured by the DSC method 
beloW) and a tacticity index of 75% or more (as measured by 
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the method beloW); and 3) a non-functionaliZed plasticiZer, 
preferably having a viscosity index (VI) of 120 or more (as 
measured by ASTM D 2270). Alternately the NFP has a 
speci?c gravity of 0.85 or less (as measured byASTM D 4052 
15.6/15.6° C.) and a pour point of —20° C. or less (as mea 
sured by ASTM D 97). Alternately the NFP has a ?ash point 
of 200° C. or more (as measured by ASTM D 92) and a pour 
point of—10° C. or less and a viscosity index of 120 or more. 
Alternately the NFP has a ?ash point of 200° C. or more and 
a pour point of —20° C. or less.Altemately the NFP has a ?ash 
point of 200° C. or more and a kinematic viscosity at 100° C. 
of 35 cSt or more (as measured by ASTM 445). This invention 
further relates to articles made from such compositions With 
improved balance of thermal resistance, softness, toughness 
and/or elasticity. 

[0029] This invention further relates to the above composi 
tions Wherein the NFP comprises polyalphaole?n oligomers 
made from C5 to C20 ole?ns. It also relates to the above 
compositions Wherein the NFP comprises C2O to C1500 linear 
and/or branched para?ins With little to no sulfur or unsatura 
tion content. It also relates to the above compositions Wherein 
the NFP comprises linear and/ or branched para?ins produced 
by a Gas-to-Liquids process. 

DEFINITIONS 

[0030] For purposes of this invention and the claims 
thereto, When a polymer or oligomer is referred to as com 
prising an ole?n, the ole?n present in the polymer or oligomer 
is the polymerized or oligomeriZed form of the ole?n, respec 
tively. Likewise the use of the term polymer is meant to 
encompass homopolymers and copolymers, Where copoly 
mers include any polymer having 2 or more chemically dis 
tinct monomers. The term copolymer also encompasses inter 
polymers and block copolymers of 2 or more chemically 
distinct monomer types. 

[0031] For purposes of this invention and the claims 
thereto, the terms polypropylene, propylene polymer, and 
propylene-based polymer all refer to a polymer comprising at 
least 50 mol % (preferably at least 60 mol %, more preferably 
at least 70 mol %, more preferably at least 80 mol %, more 
preferably at least 90 mol %, even more preferably at least 95 
mol % or 100 mol %) propylene units; and having less than 40 
mol % ethylene units. Thus, a propylene polymer as it is 
de?ned here can not be an EP Rubber as de?ned beloW. 
Furthermore, a propylene-based plastomer is de?ned to be a 
propylene polymer With a Shore D hardness of less than 50 
and a heat of fusion of less than 60 J/ g. As used herein, the 
term polypropylene composition means a blend comprising 
at least one polypropylene component. 

[0032] For purposes of this invention and the claims 
thereto, an EP Rubber is de?ned to be a copolymer of ethylene 
and propylene, and optionally diene monomer(s), Where the 
ethylene content is from 35 to 80 Weight %, the diene content 
is 0 to 15 Weight %, and the balance is propylene; and Where 
the copolymer has a Mooney viscosity, ML(1+4) @ 125° C. 
(measured according to ASTM D1646) of 15 to 100. 

[0033] For purposes of this invention and the claims 
thereto, an oligomer is de?ned to have a number-average 
molecular Weight (Mn) of 10,000 g/mol or less as measured 
using the method speci?ed under Fluid Properties in the Test 
Methods Section BeloW. 
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[0034] For purposes of this invention and the claims 
thereto, Group I, II, and III basestocks are de?ned to be 
mineral oils having the following properties: 

Saturates 
(Wt %) Sulfur (Wt %) Viscosity Index 

Group I <90 &/or >0.03% & Z80 & <120 
Group II 290 & 50.03% & Z80 & <120 
Group III 290 & 50.03% & 2120 

[0035] Saturates content, sulfur content, and Viscosity 
Index are measured following ASTM D2007, ASTM D2622, 
and ASTM D2270, respectively. 

[0036] For purposes of this invention and the claims 
thereto, Group IV basestocks are de?ned to be polyalphaole 
?ns, Which are hydrocarbon liquids manufactured by the cata 
lytic polymerization of linear alpha-ole?ns having 5 or more 
carbon atoms, preferably 6 or more carbon atoms, preferably 
8 or more carbon atoms. The polyalphaole?ns may be char 
acterized by any degree of tacticity, including isotacticity or 
syndiotacticity, and/or may be atactic. In another embodi 
ment the polyalphaole?n has more than 50% meso dyads as 
measured by 13 C-NMR, preferably more than 60%. In 
another embodiment the polyalphaole?n has more than 50% 
racemic dyads as measured by l3C-NMR, preferably more 
than 60%. 

[0037] For purposes of this invention and the claims 
thereto, the term para?in includes all isomers such as normal 
paraf?ns (n-paraf?ns), branched paraf?ns, isoparaf?ns, 
cycloparaf?ns, and may include cyclic aliphatic species, and 
blends thereof, and may be derived synthetically by means 
knoWn in the art, or from re?ned crude oil in such a Way as to 
meet the requirements described for desirable modi?ers 
described herein. The term isopara?in means that the para?in 
chains possess C1 to C18 (more commonly C1 to C10) alkyl 
branching along at least a portion of each para?in chain, and 
may include cycloparaf?ns With branched side chains as a 
minor component. More particularly, isopara?ins are satu 
rated 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); various isomers of each 
carbon number (i.e., structural isomers) Will typically be 
present. Isoparaf?ns may also include cycloparaf?ns With 
branched side chains, generally as a minor component of the 
isopara?in. Isopara?ins With multiple alkyl branches may 
include any combination of regio and stereo placement of 
those branches. 

[0038] For purposes of the present invention and the claims 
thereto, the term mineral oil includes any petroleum-based 
oil; derived from petroleum crude oil that has been subjected 
to re?ning steps (such as distillation, solvent processing, 
hydroprocessing, and/or deWaxing) to achieve the ?nal oil. 
This also includes petroleum-based oils that are extensively 
puri?ed and/or modi?ed through severe processing treat 
ments. It excludes synthetic oils, Which have been manufac 
tured by combining monomer units using catalysts and/or 
heat. In the polymer processing art, mineral oils are often 
called process oils. Characteristics of some commercially 
available mineral oils used as process oils in polymers are 
listed in the table beloW. 
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Commercial Examples of Mineral Oils 

KV @ Pour Flash 
1000 C., Point, Speci?c Point, APHA 

Grade cSt VI ° C. gravity ° C. Color 

Drakeol 341 9 99 —12 0.872 254 10 
Paralux 1001R2 4 99 —17 0.849 212 25 
Paralux 2401R2 6 101 —12 0.863 234 45 
Paralux 6001R2 12 102 —21 0.871 274 45 
Sunpar1203 6 106 —15 0.872 228 >200 
Sunpar1503 11 97 —9 0.881 245 >300 
Sunpar 22803 31 95 —9 0.899 305 >300 
I’lastol1354 5 104 —9 0.865 210 10 
Plastol 5374 11 97 —3 0.880 240 10 
Plastol 21054 30 110 —15 0.885 270 10 
Flexon 8434 5 91 —12 0.869 218 >250 
Flexon 8654 11 93 —3 0.879 252 >250 
Flexon 8154 32 101 —9 0.895 310 >300 
Shell?ex 2105 4 95 —18 0.860 216 >200 
Shell?ex 3305 9 95 —10 0.875 256 >250 
Shell?ex 8105 33 95 —9 0.896 324 >300 

lAvailable commercially from Penreco. 
2Available commercially from ChevronTexaco. 
3Available commercially from Sunoco. 
4Available commercially from ExxonMobil. 
5Available commercially from Shell. 

[0039] For purposes of this invention and the claims 
thereto, When melting or crystallization point is referred to 
and there is a range of melting or crystallization temperatures, 
the melting or crystallization point is de?ned to be the peak 
melting or crystallization temperature from a differential 
scanning calorimetry (DSC) trace as described beloW under 
Test Methods, and, unless noted otherWise, When there is 
more than one melting or crystallization peak, it refers to the 
peak melting or crystallization temperature for the largest 
peak among principal and secondary melting peaks, as 
opposed to the peak occurring at the highest temperature, 
thereby re?ecting the largest contribution to the calorimetric 
response of the material. 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] This invention relates to polypropylene composi 
tions comprising one or more high-melting propylene poly 
mer (HMPP), one or more loW-crystallinity propylene poly 
mer (propylene-based plastomer), and one or more non 

functionalized plasticizer (NFP). It further relates to articles 
made from such compositions, including molded, cast, and 
extruded articles, as Well as ?lms and ?bers, With improved 
balance of thermal resistance, softness, toughness and/or 
elasticity. 

Composition 

[0041] Propylene polymers (e.g. both the HMPP and the 
propylene based plastomer) are preferably present in the 
compositions of the present invention at from 40 Wt % to 99.9 
Wt % in one embodiment, and from 50 Wt % to 99 Wt % in 
another embodiment, and from 60 Wt % to 98 Wt % in yet 
another embodiment, and from 70 Wt % to 97 Wt % in yet 
another embodiment, and from 80 Wt % to 97 Wt % in yet 
another embodiment, and from 90 Wt % to 98 Wt % in yet 
another embodiment, Wherein a desirable range may be any 
combination of any upper Wt % limit With any loWer Wt % 
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limit described herein and the Wt % is based on the Weight of 
the NFP and total polymer content of the composition. 

[0042] In another embodiment, one or more HMPP’s may 
be present at up to 50 Wt %, or at 1 to 40 Wt % in another 
embodiment, or at 2 to 30 Wt % in another embodiment, or at 
3 to 20 Wt % in another embodiment, or at 5 to 10 Wt % in 
another embodiment, or at 25 Wt % or less in another embodi 
ment, or at 15 Wt % or less in another embodiment, or at 5 Wt 
% or less in another embodiment, Wherein a desirable range 
may be any combination of any upper Wt % limit With any 
loWer Wt % limit described herein and the Wt % is based upon 
the Weight of the NFP and total polymer content of the com 
position. In another embodiment, the blends of this invention 
comprise from 60 to 99 Wt %, preferably from 60 to 90 Wt %, 
preferably from 60 to 85 Wt %, preferably from 60 to 75 Wt % 
of one or more HMPP, based upon the Weight of the NFP, 
HMPP and propylene based plastomer. 

[0043] In another embodiment, one or more loW-crystallin 
ity propylene polymers (propylene-based plastomers) are 
present at 50 to 99.9 Wt %, alternately 60 to 99 Wt %, alter 
nately 70 to 98 Wt %, alternately 80 to 97 Wt %, alternately 90 
to 96 Wt %, and the NFP and any other polymer are present at 
50 to 0.1 Wt %, alternately 40 to 1 Wt %, alternately 30 to 2 Wt 
%, alternately 20 to 3 Wt %, alternately 10 to 4 Wt %, Wherein 
a desirable range may be any combination of any upper Wt % 
limit With any loWer Wt % limit described herein and the Wt % 
is based upon the Weight of the NFP and total polymer content 
of the composition. 

[0044] In another embodiment, the blend comprises: 1) a 
propylene-based plastomer comprising at least 60 Wt % pro 
pylene and 2) at least one NFP present at 0.1 to 50 Wt %, more 
preferably 0.5 to 45 Wt %, more preferably 1 to 40 Wt %, more 
preferably 2 to 35 Wt %, more preferably 3 to 30 Wt %, more 
preferably 4 to 25 Wt %, more preferably 5 to 20 Wt %, more 
preferably less than 15 Wt %, Wherein a desirable range may 
be any combination of any upper Wt % limit With any loWer Wt 
% limit described herein and the Wt % is based upon the 
Weight of the plastomer and the NFP. 

[0045] In another embodiment, the composition comprises 
1) from 1 to 98 Weight % (preferably from 5 to 75 Weight %) 
of a ?rst propylene polymer having a melting point of 100° C. 
or more, 2) from 5 to 98 Weight % (preferably from 5 to 75 
Weight %) of a second propylene polymer having a heat of 
fusion of 70 J/ g or less and a tacticity index of 75% or more, 
3) from 0.5 to 75 Weight % (preferably from to 60 Weight %) 
of a non-functionaliZed plasticiZer (“NFP”) having a viscos 
ity index of 120 or more, based upon the Weight of the ?rst 
polymer, second polymer, and the NFP. 

[0046] In another embodiment, the compositions of this 
invention comprise less than 50 Wt % (preferably less than 40 
Wt %, preferably less than 30 Wt %, preferably less than 20 Wt 
%, preferably less than 10 Wt %, more preferably less than 5 
Wt %, more preferably less than 1 Wt %) of EP Rubber, based 
upon the total Weight of the composition. 

[0047] In another embodiment, the compositions of this 
invention comprise less than 10 Wt % (preferably less than 5 
Wt %, preferably less than 3 Wt %, preferably less than 2 Wt %, 
preferably less than 1 Wt %, more preferably less than 0.5 Wt 
%, more preferably less than 0.1 Wt %) of an elastomer, based 
upon the total Weight of the composition. 

[0048] In another embodiment, the propylene polymers in 
the present invention comprise 0% diene. In another embodi 
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ment the total diene content of all propylene polymers present 
in the composition is 0%. In another embodiment the propy 
lene polymers comprise less than 30 Wt % diene, preferably 
less than 20 Wt %, preferably less than 10 Wt %, preferably 
less than 5 Wt % diene, preferably less than 2.5 Wt %, prefer 
ably less than 1 Wt %, based upon the Weight of all the 
propylene polymers. 

[0049] In another embodiment, the compositions of this 
invention may further comprise a copolymer or co-oligomer 
of ethylene and one or more alpha-ole?n(s), such as those 
disclosed in US. Pat. No. 6,639,020. 

[0050] In a another embodiment, the composition com 
prises less than 40 Wt % (preferably less than 30 Wt %, 
preferably less than 20 Wt %, preferably less than 10 Wt %, 
preferably less than 5 Wt %, preferably less than 1 Wt %, 
preferably 0%, based upon the Weight of the composition) of 
ethylene/alpha-ole?n copolymer(s) Where the alpha-ole?n(s) 
are chosen from propylene, 1-butene, 1-hexene, and/or 
1-octene and the ethylene/alpha-ole?n co-oligomer/copoly 
mer is a liquid. 

[0051] In another embodiment, the compositions of this 
invention comprise less than 20 Wt %, preferably less than 10 
Wt %, preferably less than 1 Wt %, of a liquid homopolymer or 
copolymer of isoprene and or butadiene having a kinematic 
viscosity at 40° C. of 10,000 cSt or less, based upon the 
Weight of the composition. In another embodiment, the com 
positions of this invention comprise less than 20 Wt %, pref 
erably less than 10 Wt %, preferably less than 1 Wt %, of a 
liquid homopolymer or copolymer of isoprene and or butadi 
ene having a kinematic viscosity at 40° C. betWeen 2,000 cSt 
and 20 cSt. 

[0052] In another embodiment, conventional plasticiZers 
such as is commonly used for poly(vinyl chloride) are sub 
stantially absent. In particular, plasticiZers such as phthalates, 
adipates, trimellitate esters, polyesters, and other functional 
iZed plasticiZers as disclosed in, for example, US. Pat. No. 
3,318,835; US. Pat. No. 4,409,345; WO 02/31044 A1; and 
PLASTICS ADDITIVES 499-504 (Geoffrey Pritchard, ed., 
Chapman & Hall 1998) are substantially absent. By “substan 
tially absent”, it is meant that these compounds are not added 
deliberately to the compositions and if present at all, are 
present at less than 0.5 Wt %. 

[0053] In another embodiment, “naphthenic” mineral oils 
and “aromatic” mineral oils are substantially absent; i.e., 
present at less than 0.5 Wt % of the inventive composition. In 
another embodiment, if such oils are present in the composi 
tion, the aggregate of such oils is at most 5 Wt % of the total 
NFP in the composition. 

[0054] Preferred compositions of the present invention can 
be characterized in that the Weight of the modi?ed composi 
tion decreases less than 3%, preferably less than 2%, prefer 
ably less than 1% When plasticiZer permanence is determined 
by ASTM D1203 (0.25 mm thick sheet, 300 hours in dry 700 
C. oven). Weight loss here refers to the reduction in Weight in 
excess of that measured for the unmodi?ed blend of propy 
lene polymers under the same test conditions. 

[0055] For purposes of this invention and the claims 
thereto, the amount of NFP in a given composition is deter 
mined by the NMR method described in the TEST METH 
ODS section beloW. 
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Non-FunctionaliZed PlasticiZer 

[0056] The compositions of the present invention include at 
least one non-functionaliZed plasticiZer (“NFP”). The classes 
of materials described herein that are useful as non-function 
aliZed plasticizers can be utiliZed alone or admixed With other 
NFP’s described herein in order to obtain desired properties. 
Any NFP useful in the present invention may also be 
described by any number of, or any combination of, param 
eters described herein. 

[0057] Preferably the NFP is a liquid With no distinct melt 
ing point above 0° C. and a kinematic viscosity at 25° C. of 
30,000 cSt or less. 

[0058] In one embodiment, the NFP of the present inven 
tion is a compound comprising carbon and hydrogen, and 
does not include to an appreciable extent, functional groups 
selected from hydroxide, aryls and substituted aryls, halo 
gens, alkoxys, carboxylates, esters, carbon unsaturation, 
acrylates, oxygen, nitrogen, and carboxyl. In yet another 
embodiment, aromatic moieties (including any compound 
Whose molecules have the ring structure characteristic of 
benZene, naphthalene, phenanthrene, anthracene, etc.) are 
substantially absent from the NFP. By “appreciable extent”, it 
is meant that these groups and compounds comprising these 
groups are not deliberately added to the NFP, and if present at 
all, are present at less than 5 Wt % by Weight of the NFP in one 
embodiment, more preferably less than 4 Weight %, more 
preferably less than 3 Weight %, more preferably less than 2 
Weight %, more preferably less than 1 Weight %, more pref 
erably less than 0.7 Weight %, more preferably less than 0.5 
Weight %, more preferably less than 0.3 Weight %, more 
preferably less than 0.1 Weight %, more preferably less than 
0.05 Weight %, more preferably less than 0.01 Weight %, 
more preferably less than 0.001 Weight %, based upon the 
Weight of the NFP. By “substantially absent”, it is meant that 
these compounds are not added deliberately to the composi 
tions and if present at all, are present at less than 0.5 Wt %. 

[0059] In another embodiment, the NFP of the present 
invention is a hydrocarbon that does not contain ole?nic 
unsaturation to an appreciable extent. By “appreciable extent 
of ole?nic unsaturation” it is meant that the carbons involved 
in ole?nic bonds account for less than 10%, preferably less 
than 9%, more preferably less than 8%, more preferably less 
than 7%, more preferably less than 6%, more preferably less 
than 5%, more preferably less than 4%, more preferably less 
than 3%, more preferably less than 2%, more preferably less 
than 1%, more preferably less than 0.7%, more preferably 
less than 0.5%, more preferably less than 0.3%, more prefer 
ably less than 0.1%, more preferably less than 0.05%, more 
preferably less than 0.01%, more preferably less than 
0.001%, of the total number of carbons. In some embodi 
ments, the percent of carbons of the NFP involved in ole?nic 
bonds is betWeen 0.001 and 10% of the total number of 
carbon atoms in the NFP, preferably betWeen 0.01 and 7%, 
preferably betWeen 0.1 and 5%, more preferably less than 
1%. 

[0060] In another embodiment, the NFP comprises C6 to 
C para?ins (preferably C8 to C100 paraf?ns), Where the NFP 

200 . . . 

has a) a spec1?c gravity of 0.85 or less and b) a pour point of 
—20° C. or less. In another embodiment, the NFP consists 
essentially of C6 to C200 para?ins (preferably the NFP con 
sists essentially of C8 to C100 paraf?ns) Where the NFP has a) 
a speci?c gravity of0.85 or less and b) a pour point of—20° C. 
or less. 
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[0061] In certain embodiments of the present invention, the 
NFP having a) a speci?c gravity of 0.85 or less and b) a pour 
point of —20° C. or less has one or more of the folloWing 
properties: 
[0062] 1. a distillation range as determined by ASTM D86 

having a difference betWeen the upper temperature and the 
loWer temperature of 40° C. or less, preferably 30° C. or 
less, preferably 200 C. or less, preferably 100 C. or less, 
preferably betWeen 6 and 40° C.; and/or 

[0063] 2. a ?nal boiling point as determined by ASTM D 86 
offrom 115° C. to 500° C., preferably from 200° C. to 450° 
C., preferably from 250° C. to 400° C.; and/or 

[0064] 3. a number average molecular Weight (Mn) 
betWeen 2,000 and 100 g/mol, preferably betWeen 1,500 
and 150 g/mol, more preferably betWeen 1,000 and 200 
g/mol; and/or 

[0065] 4. 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] 5. a viscosity (ASTM 445, 25° C.) offrom 0.5 to 20 
cSt at 25° C.; and/or 

[0067] 6. a glass transition temperature (Tg) determined by 
ASTM E1356 of less than 0° C., preferably less than —10° 
C., more preferably less than —20° C., more preferably less 
than —30° C., more preferably less than —50° C., or most 
preferably a Tg that can not be determined by ASTM 
E13 56. 

[0068] In other embodiments, the NFP having a) a speci?c 
gravity of 0.85 or less and b) a pour point of —20° C. or less 
preferably comprises 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 100 Wt % of C6 to C150 isoparaf?ns, preferably C6 
to C100 isoparaf?ns, preferably C6 to C25 isoparaf?ns, more 
preferably C8 to C20 isoparaf?ns. Preferably the density 
(ASTM 4052, 15.6/15.6° C.) of these isopara?ins ranges 
from 0.70 to 0.83 g/cm3; the pour point is —40° C. or less, 
preferably —50° C. or less, the viscosity (ASTM 445, 25° C.) 
is from 0.5 to 20 cSt at 25° C.; and the number average 
molecular Weights in the range of 100 to 300 g/mol. Suitable 
isoparaf?ns are described in, for example, US. Pat. Nos. 
6,197,285, 3,818,105 and 3,439,088, and are commercially 
available under the tradename ISOPARTM (ExxonMobil 
Chemical), some of Which are summariZed in the Table 
beloW. 

ISOPAR Series Isoparai?ns 

Kinematic 
pour Visc. @ saturates & 

Distillation point Speci?c 25° C. aromatics 
Name range (° 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 1.80 <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 3.80 <0.01 
ISOPARV 2724311 —63 0.82 14.8 <0.01 
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[0069] Other suitable isoparaf?ns are also commercial 
available under the trade names SHELLSOLTM (Royal 
Dutch/Shell), SOLTROLTM (Chevron Phillips) and 
SASOLTM (Sasol Limited). 

[0070] In another embodiment, the isoparaf?ns are a mix 
ture of branched and normal paraf?ns having from 6 to 50 
carbon atoms, and from 10 to 24 carbon atoms in another 
embodiment, in the molecule. The isoparaf?n composition 
has a ratio of branch para?in to n-para?in ratio (branch par 
a?in:n-paraf?n) ranging from 0.5:1 to 9:1 in one embodi 
ment, and from 1:1 to 4:1 in another embodiment. The iso 
paraf?ns of the mixture in this embodiment contain greater 
than 50 Wt % (by total Weight of the isoparaf?n composition) 
mono-methyl species, for example, 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, such as, for example, ethyl, propyl, butyl or the like, 
based on the total Weight of isopara?ins in the mixture. In one 
embodiment, the isopara?ins of the mixture contain greater 
than 70 Wt % of the mono-methyl species, based on the total 
Weight of the isopara?ins in the mixture. The isoparaf?nic 
mixture boils Within a range of from 1000 C. to 350° C. in one 
embodiment, and Within a range of from 1 10° C. to 320° C. in 
another embodiment. In preparing the different grades, the 
paraf?nic mixture is generally fractionated into cuts having 
narroW boiling ranges, for example, 35° C. boiling ranges. 
These branch para?in/n-paraf?n blends are described in, for 
example, US. Pat. No. 5,906,727. 

[0071] In another embodiment, the NFP of the present 
invention comprises C25 to C1500 para?ins, and C30 to C500 
paraf?ns in another embodiment, and has a ?ash point of 200° 
C. or more and a pour point of —10° C. or less and a viscosity 
index of 120 or more. Alternately the NFP comprises C25 to 
C1500 para?ins, preferably C3O to C500 para?ins, and has a ?ash 
point of 200° C. or more and a pour point of —20° C. or less. 
Alternately the NFP comprises C25 to C1500 paraf?ns, prefer 
ably C3O to C500 para?ins, and has a ?ash point of 200° C. or 
more and a kinematic viscosity at 100° C. of 35 cSt or more. 
In another embodiment, the NFP consists essentially of C3 5 to 
C300 para?ins, preferably the NFP consists essentially of C40 
to C250 para?ins, and has a ?ash point of 200° C. or more and 
a pour point of—10° C. or less and a viscosity index of 120 or 
more. Alternately the NFP consists essentially of C35 to C300 
paraf?ns, preferably C4O to C250 para?ins, and has a ?ash 
point of 200° C. or more and a pour point of —20° C. or less. 
Alternately the NFP consists essentially of C35 to C300 paraf 
?ns, preferably C4O to C250 para?ins, and has a ?ash point of 
200° C. or more and a kinematic viscosity at 100° C. of35 cSt 
or more. Alternately the NFP has a ?ash point of 200° C. or 
more and a pour point of —20° C. or less. Alternately the NFP 
has a ?ash point of 200° C. or more and a kinematic viscosity 
at 100° C. of 35 cSt or more. 

[0072] In another embodiment, the NFP comprises polyal 
phaole?n (PAO) oligomers of C5 to C20 ole?ns, and oligomers 
of C6 to C 1 8 ole?ns in another embodiment, and oligomers of 
C6 to C14 ole?ns in yet another embodiment. In a preferred 
embodiment the NFP comprises oligomers of C8 to C 1 2 1-ole 
?ns. In a more preferred embodiment, the NFP comprises 
oligomers of linear C8 to C 1 2 1-ole?ns, and most preferred are 
oligomers of linear C1O 1-ole?ns. In a preferred embodiment, 
the NFP comprises oligomers of C8 C10 and C12 1-ole?ns, 
preferably 1-octene, 1-decene and 1-dodecene. 
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[0073] In another embodiment the NFP comprises polyal 
phaole?ns (PAO) oligomers of linear ole?ns having 5 to 18 
carbon atoms, more preferably 6 to 12 carbon atoms, more 
preferably 10 carbon atoms, Where an individual PAO or a 
combination of PAO’s has a kinematic viscosity (KV) at 100° 
C. of 3 cSt or more, preferably 6 cSt or more, preferably 8 cSt 
or more, preferably 10 cSt or more (as measured by ASTM 
D445); and preferably having a viscosity index (VI) of 100 or 
more, preferably 110 or more, more preferably 120 or more, 
more preferably 130 or more, more preferably 140 or more, 

preferably 150 or more (as determined by ASTM D2270); 
and preferably having a pour point of —10° C. or less, more 
preferably —20° C. or less, more preferably —30° C. or less (as 
determined by ASTM D97). 

[0074] In another embodiment, the NFP comprises C2O to 
C1500 (preferably C35 to C400, more preferably C4O to C250) 
polyalphaole?n oligomers. The PAO oligomers are prefer 
ably dimers, trimers, tetramers, pentamers, etc. of C5 to C14 
ot-ole?ns in one embodiment, and C6 to C14 ot-ole?ns in 
another embodiment, and C8 to C12 ot-ole?ns in another 
embodiment, and C10 ot-ole?ns in another embodiment. Suit 
able ole?ns include 1-pentene, 1-hexene, 1-heptene, 
1-octene, 1-nonene, 1-decene, 1-undecene and 1-dodecene, 
and blends thereof. In one embodiment, the ole?n is 
1-decene, and the NFP is a mixture of dimers, trimers, tet 
ramers and pentamers (and higher) of 1-decene. In another 
embodiment, the PAO is comprised of oligomers or polymers 
of 1-octene, 1-decene, and 1-dodecene. 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 FUNC 
TIONAL FLUIDS 1-52 (Leslie R. Rudnick & Ronald L. 
Shubkin, ed. Marcel Dekker, Inc. 1999). The PAO oligomers 
or polymers useful in the present invention may be character 
iZed by any degree of tacticity, including isotacticity or syn 
diotacticity, and may be atactic. In another embodiment the 
polyalphaole?n has more than 50% meso dyads as measured 
by l3Carbon NMR, preferably more than 60%. In another 
embodiment the polyalphaole?n has more than 50% racemic 
dyads as measured by 13 Carbon NMR, preferably more than 
60%. 

[0075] PAO’s useful in the present invention typically pos 
sess a number average molecular Weight of from 300 to 
21,000 g/mol in one embodiment, from 400 to 20,000 g/mol 
in another embodiment, from 500 to 10,000 g/mol in another 
embodiment, from 500 to 5,000 g/mol in another embodi 
ment, from 600 to 3,000 g/mol in another embodiment, and 
from 500 to 1,500 g/mol in yet another embodiment. Pre 
ferred PAO’s have kinematic viscosities at 100° C. in the 
range of 3 to 3000 cSt in one embodiment, from 4 to 3000 cSt 
in another embodiment, from 6 to 300 cSt in another embodi 
ment, and from 8 to 100 cSt in another embodiment, and 10 
cSt or greater in another embodiment; and have pour points of 
less than —10° C. in one embodiment, and less than —20° C. in 
another embodiment, and less than —25° C. in another 
embodiment, and less than —30° C. in another embodiment, 
and less than —35° C. in another embodiment, and less than 
—40° C. in yet another embodiment. Desirable PAO’s are 
commercially available as SpectraSynTM and SpectraSyn 
UltraTM (ExxonMobil Chemical, previously sold under the 
SHF and SuperSynTM tradenames), some of Which are sum 
mariZed in the Table beloW. 
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SpectraSyn TM Series Polyalphaole?ns 

KV 

@100° Pour Flash 
C., Point, Speci?c Point, APHA 

PAO cSt VI ° C. gravity ° C. Color 

SpectraSyn 4 4 126 —66 0.820 220 10 
SpectraSyn 6 6 138 —57 0.827 246 10 
SpectraSyn 8 8 139 —48 0.833 260 10 
SpectraSyn 10 10 137 —48 0.835 266 10 
SpectraSyn 40 39 147 —36 0.850 281 10 
SpectraSyn 100 100 170 —30 0.853 283 60 
SpectraSyn Ultra 150 150 218 —33 0.850 >265 10 
SpectraSyn Ultra 300 300 241 —27 0.852 >265 20 
SpectraSyn Ultra 1000 1,000 307 —18 0.855 >265 30 

[0076] Other useful PAO’s include those sold under the 
tradenames Syn?uidTM available from ChevronPhillips 
Chemical Company (Pasedena, Tex.), DurasynTM available 
from BP Amoco Chemicals (London, England), NexbaseTM 
available from Fortum Corporation (Keilaniemi, Finland), 
and SyntonTM available from Crompton Corporation 
(Middlebury, Conn.). 
[0077] In other embodiments the PAO’s have a kinematic 
viscosity at 100° C. of 3 cSt or more, preferably 6 cSt ormore, 
preferably 8 cSt or more, preferably 10 cSt or more, prefer 
ably 20 cSt or more, preferably 300 cSt or less, preferably 100 
cSt or less. In another embodiment the PAO’s have a kine 
matic viscosity at 100° C. of between 3 and 1000 cSt, pref 
erably between 6 and 300 cSt, preferably between 8 and 100 
cSt, preferably between 8 and 40 cSt. 

[0078] In other embodiments the PAO’s have a Viscosity 
Index of 100 or more, preferably 1 10 or more, preferably 120 
or more, preferably 130 or more, preferably 140 or more, 
preferably 150 or more, preferably 170 or more, preferably 
200 or more, preferably 250 or more. 

[0079] In other embodiments the PAO’s have a pour point 
of—10° C. or less, preferably —20° C. or less, preferably —25° 
C. or less, preferably —30° C. or less, preferably —35° C. or 
less, preferably —40° C. or less, preferably —50° C. or less. 

[0080] In other embodiments the PAO’s have a ?ash point 
of 200° C. or more, preferably 210° C. or more, preferably 
220° C. or more, preferably 230° C. or more, preferably 
between 240° C. and 290° C. 

[0081] Particularly preferred PAO’s foruse herein are those 
having a) a ?ash point of 200° C. or more (preferably 210° C. 
or more, preferably 220° C. or more, preferably 230° C. or 
more); and b) a pour point less than —20° C. (preferably less 
than —25° C., preferably less than —30° C., preferably less 
than —35°, preferably less than —40° C.) or a kinematic vis 
cosity at 100° C. of 35 cSt or more (preferably 40 cSt or more, 
preferably 50 cSt or more, preferably 60 cSt or more). 

[0082] In another embodiment, the NFP is a high purity 
hydrocarbon ?uid with a branched para?in: normal para?in 
ratio ranging from about 0.5:1 to 9:1, preferably from about 
1:1 to 4:1. The branched para?ins of the mixture contain 
greater than 50 wt % (based on the total weight of the 
branched para?ins) mono-methyl species, for example, 
2-methyl, 3-methyl, 4-methyl, 5-methyl or the like, with 
minimum formation of branches with substituent groups of 
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carbon number greater than 1, such as, for example, ethyl, 
propyl, butyl or the like; preferably, greater than 70 wt % of 
the branched para?ins are mono -methyl species. The paraf?n 
mixture has a number-average molecular weight in the range 
of 280 to 7000 g/mol, preferably 420 to 5600 g/mol, prefer 
ably 560 to 2800 g/mol, preferably 350 to 2100 g/mol, pref 
erably 420 to 1400 g/mol, more preferably 280 to 980 g/mol; 
has a kinematic viscosity at 100° C. ranging from 3 to 500 cSt, 
preferably 6 to 200 cSt, preferably 8 to 100 cSt, more prefer 
ably 6 to 25 cSt, more preferably 3 to 25 cSt, more preferably 
3 to 15 cSt; and boils within a range of from 100 to 350° C., 
preferably within a range of from 110 to 320° C., preferably 
within a range of 150 to 300° C. In a preferred embodiment, 
the para?inic mixture is derived from a Fischer-Tropsch pro 
cess. These branch para?in/n-para?in blends are described 
in, for example, US. Pat. No. 5,906,727. 

[0083] In another embodiment, the NFP comprises paraf 
?nic hydrocarbons having: 

[0084] 1. a number average molecular weight of 300 to 
10,000 g/mol, preferably 400 to 5,000 g/mol, preferably 
500 to 2,500 g/mol, preferably 300 to 1,200 g/mol; 

[0085] 2. less than 10% of sidechains with 4 or more car 
bons, preferably less than 8%, preferably less than 5%, 
preferably less than 3%, preferably less than 2%, prefer 
ably less than 1%, preferably less than 0.5%, preferably 
less than 0.1%; 

[0086] 3. at least 15% of sidechains with 1 or 2 carbons, 
preferably 20% or more, preferably 25% or more, prefer 
ably 30% or more, preferably 35% or more, preferably 
40% or more, preferably 45% or more, preferably 50% or 

more; 

[0087] 4. less than 2.5 wt % cyclic para?ins (based on the 
total weight of para?ins in the mixture), preferably less 
than 2 wt %, preferably less than 1 wt %, preferably less 
than 0.5 wt %, preferably less than 0.1 wt %, preferably at 
less than 0.1 wt %, preferably at 0.001 wt %; 

[0088] 5. a kinematic viscosity at 100° C. of3 cSt or more, 
preferably 6 cSt or more, preferably 8 cSt or more, prefer 
ably between 3 and 25 cSt; and 

[0089] 6. a viscosity index (VI) of 1 10 or more, preferably 
120 or more, preferably 130 or more, preferably 140 or 
more, preferably 150 or more, preferably 180 or more, 
preferably 200 or more, preferably 250 or more, preferably 
300 or more; 

[0090] 7. a pour point of—10° C. or less, preferably —20° C. 
or less; and 

[0091] 8. a ?ash point of 200° C. or more, preferably 210° 
C. or more, preferably 220° C. or more. 

[0092] In another embodiment, the NFP comprises a wax 
isomerate lubricant oil basestock, which includes hydroi 
someriZed waxy stocks (e.g. waxy stocks such as gas oils, 
slack waxes, fuels hydrocracker bottoms, etc.), hydroisomer 
iZed Fischer-Tropsch hydrocarbons and waxes, Gas-to-Liq 
uids (GTL) base stocks and base oils, and other waxy feed 
stock derived hydroisomeriZed base stocks and base oils, or 
mixtures thereof. Fischer-Tropsch waxes, the high boiling 
point residues of Fischer-Tropsch synthesis, are highly par 
a?inic hydrocarbons with very low sulfur content, and are 
often preferred feedstocks in processes to make hydrocarbon 
?uids of lubricating viscosity. 
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[0093] The hydroprocessing used for the production of 
such base stocks may use an amorphous hydrocracking/hy 
droisomeriZation catalyst, such as one of the specialized lube 
hydrocracking catalysts or a crystalline hydrocracking/hy 
droisomeriZation catalyst, preferably a Zeolitic catalyst. For 
example, one useful catalyst is ZSM-48 as described in US. 
Pat. No. 5,075,269. Processes for making hydrocracked/hy 
droisomeriZed distillates and hydrocracked/hydroisomeriZed 
Waxes are described, for example, in US. Pat. Nos. 2,817, 
693; 4,975,177; 4,921,594 and 4,897,178 as Well as in British 
Patent Nos. 1,429,494; 1,350,257; 1,440,230 and 1,390,359. 
Particularly favorable processes are described in European 
Patent Application Nos. 464546 and 464547. Processes using 
Fischer-Tropsch Wax feeds are described in US. Pat. Nos. 

4,594,172 and 4,943,672. 

[0094] Gas-to-Liquids (GTL) base stocks and base oils, 
Fischer-Tropsch hydrocarbon derived base stocks and base 
oils, and other Waxy feedstock derived base stocks and base 
oils (or Wax isomerates) that can be advantageously used in 
the present invention have kinematic viscosities at 100° C. of 
about 3 cSt to about 500 cSt, preferably about 6 cSt to about 
200 cSt, preferably about 8 cSt to about 100 cSt, more pref 
erably about 3 cSt to about 25 cSt. These Gas-to-Liquids 
(GTL) base stocks and base oils, Fischer-Tropsch hydrocar 
bon derived base stocks and base oils, and other Waxy feed 
stock derived base stocks and base oils (or Wax isomerates) 
have loW pour points (preferably less than —10° C., preferably 
about —15° C. or loWer, preferably about —25° C. or loWer, 
preferably —30° C. to about —40° C. or loWer); have a high 
viscosity index (preferably 110 or greater, preferably 120 or 
greater, preferably 130 or greater, preferably 150 or greater); 
and are of high purity (high saturates levels (preferably 90 Wt 
% or more, preferably 95 Wt % or more, preferably 99 Wt % or 
more), loW-to-nil sulfur content (preferably 0.03 Weight % or 
less), loW-to-nil nitrogen content (preferably 0.05 Wt % or 
less), loW-to-nil aromatics content (preferably 0.05 Wt % or 
less), loW bromine number (preferably 1 or less), loW iodine 
number (preferably 1 or less), and high aniline point (prefer 
ably 120° C. or more). Useful compositions of Gas-to-Liq 
uids (GTL) base stocks and base oils, Fischer-Tropsch hydro 
carbon derived base stocks and base oils, and Wax isomerate 
hydroisomeriZed base stocks and base oils are recited in US. 
Pat. Nos. 6,080,301; 6,090,989, and 6,165,949 for example, 
and are incorporated herein in their entirety by reference. 

[0095] In a preferred embodiment, the NFP of the present 
invention comprises a GTL-derived base-stock or base-oil 
that has a kinematic viscosity at 100° C. of 3 to 500 cSt, 
preferably 6 to 200 cSt, preferably 8 to 100 cSt, more prefer 
ably 3 to 25 cSt; and/or a number average molecular Weight 
(MD) of 300 to 10,000 g/mol, preferably 400 to 5,000 g/mol, 
preferably 500 to 2,500 g/mol, more preferably 300 to 1,200 
g/mol. 

[0096] In another embodiment, the NFP comprises a Group 
III hydrocarbon oil (also called a lubricant basestock), Which 
is a special class of mineral oils that is severely hydrotreated. 
Preferably the NFP has a saturates levels of 90% or more, 
preferably 92% or more, preferably 94% or more, preferably 
95% or more, and sulfur contents less than 0.03%, preferably 
betWeen 0.001 and 0.01%, and VI of 120 or more, preferably 
130 or more. Preferably the Group III hydrocarbon oil has a 
kinematic viscosity at 100° C. of 3 to 100, preferably 4 to 100 
cSt, preferably 6 to 50 cSt, preferably 8 to 20; and/ or a number 
average molecular Weight of 300 to 5,000 g/mol, preferably 
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400 to 2,000 g/mol, more preferably 500 to 1,000 g/mol. 
Preferably the Group III hydrocarbon oil has a pour point of 
—10° C. or less, and a ?ash point of 200° C. or more. 

[0097] In some embodiments, the NFP comprises a loW 
molecular Weight of C4 ole?ns (including n-butene, 2-butene, 
isobutylene, and butadiene, and mixtures thereof). Such a 
material is referred to as a “polybutenes” liquid When the 
oligomers comprise isobutylene and/or 1-butene and/or 
2-butene. It is commonly used as an additive for polyole?ns; 
eg to introduce tack or as a processing aid. The ratio of C4 
ole?n isomers can vary by manufacturer and by grade, and the 
material may or may not be hydrogenated after synthesis. In 
some cases, the polybutenes liquid is a polymer of a C4 
ra?inate stream. In other cases, it consists essentially of poly 
isobutylene or poly(n-butene) oligomers. Typically, the poly 
butenes liquid has a number-average molecular Weight of less 
than 15,000 g/mol, and commonly less than 5,000 g/mol or 
even less than 1,000 g/mol. They are described in, for 
example, SYNTHETIC LUBRICANTS AND HIGH-PER 
FORMANCE FUNCTIONAL FLUIDS 357-392 (Leslie R. 
Rudnick & Ronald L. Shubkin, ed., Marcel Dekker 1999). 
Commercial sources of polybutenes include BP (Indopol 
grades) and In?neum (C-Series grades). When the C4 ole?n is 
exclusively isobutylene, the material is referred to as “poly 
isobutylene” or PIB. Commercial sources of PIB include 
Texas Petrochemical (TPC Enhanced PIB grades). When the 
C4 ole?n is exclusively 1-butene, the material is referred to as 
“poly-n-butene” or PNB. Properties of some liquids made 
from C4 ole?n(s) are summarized in the Table beloW. Note 
that grades With a ?ash point of 200° C. or more also have a 
pour point greater than —10° C. and/or a VI less than 120. 
Preferably, the NFP is not a polybutenes liquid. 

Commercial Examples of Oligomers of C4 ole?n s 

KV @ Pour Flash 
100° C., Point, Speci?c Point, 

Grade cSt VI ° C. gravity ° C. 

TPC 137 (PIB) 6 132 —51 0.843 120 
TPC 1105 (PIB) 220 145 —6 0.893 200 
TPC 1160 (PIB) 660 190 3 0.903 230 
BP Indopol H-25 52 87 —23 0.869 ~150 
BP Indopol H-50 108 90 —13 0.884 ~190 
BP Indopol H-100 218 121 —7 0.893 ~210 
In?neum C9945 11 74* —34 0.854 170 
In?neum C9907 78 103* —15 0.878 204 
In?neum C9995 230 131* —7 0.888 212 
In?neum C9913 630 174* 10 0.888 240 

*Estimated based on the kinematic viscosity at 100° C. and 38° C. 

[0098] In another embodiment, When a NFP is present, an 
oligomer or polymer of C4 ole?n(s) (including all isomers, 
e.g. n-butene, 2-butene, isobutylene, and butadiene, and mix 
tures thereof) may be present in the composition. In a pre 
ferred embodiment, the composition comprises less than 50 
Wt % (preferably less than 40%, preferably less than 30 Wt %, 
preferably less than 20 Wt %, more preferably less than 10 Wt 
%, more preferably less than 5 Wt %, more preferably less 
than 1 Wt %, preferably 0 Wt %) polymer or oligomer of C4 
ole?n(s) such as PIB, polybutene, or PNB, based upon the 
Weight of the composition. 

[0099] In a preferred embodiment, the NFP contains less 
than 90 Weight % of C4 ole?n(s), preferably isobutylene, 
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based upon the Weight of the NFP. Preferably the NFP con 
tains less than 80 Weight %, preferably less than 70 Wt %, 
preferably less than 60 Wt %, preferably less than 50 Wt %, 
preferably less than 40 Wt %, preferably less than 30 Wt %, 
preferably less than 20 Wt %, preferably less than 10 Wt %, 
preferably 5 Wt %, preferably less than 2%, preferably less 
than 1 Wt %, preferably 0 Wt % of C4 ole?n(s), preferably 
isobutylene, based upon the Weight of the NFP. 

[0100] In another embodiment, any NFP described herein 
has a pour point (ASTM D97) of less than —10° C. in one 
embodiment, less than —20° C. in another embodiment, less 
than —25° C. in yet another embodiment, less than —30° C. in 
yet another embodiment, less than —35° C. in yet another 
embodiment, less than —40° C. in yet another embodiment, 
less than —45° C. in yet another embodiment, less than —50° 
C. in yet another embodiment, and less than —60° C. in yet 
another embodiment, and greater than —120° C. in yet another 
embodiment, Wherein a desirable range may include any 
upper pour point limit With any loWer pour point limit 
described herein. 

[0101] In another embodiment, any NFP described herein 
has a Viscosity Index (VI, ASTM D2270) of 100 or more, 
preferably 105 or more, more preferably 110 or more, more 
preferably 115 or more, more preferably 120 or more, more 
preferably 125 or more, more preferably 130 or more, more 
preferably 150 or more. In another embodiment the NFP has 
a VI betWeen 100 and 300, preferably betWeen 120 and 180. 

[0102] In another embodiment, any NFP described herein 
has a kinematic viscosity at 100° C. (KV1OO,ASTM D445) of 
from 3 to 3000 cSt, and from 6 to 300 cSt in another embodi 
ment, and from 6 to 200 cSt in another embodiment, and from 
8 to 100 cSt in yet another embodiment, and from 4 to 50 cSt 
in yet another embodiment, and less than 50 cSt in yet another 
embodiment, and less than 25 cSt in yet another embodiment, 
Wherein a desirable range may comprise any upper viscosity 
limit With any loWer viscosity limit described herein. In other 
embodiments, the NFP has a kinematic viscosity at 100° C. of 
less than 2 cSt. 

[0103] In another embodiment, any NFP described herein 
has a ?ash point (ASTM D92) of 200° C. or more, preferably 
2100 or more, preferably 220° C. or more, preferably 230° C. 
or more, preferably 240° C. or more, preferably 245° C. or 
more, preferably 250° C. or more, preferably 260° C. or more, 
preferably 270° C. or more, preferably 280° C. or more. In 
another embodiment the NFP has a ?ash point betWeen 200° 
C. and 300° C., preferably betWeen 220° C. and 280° C. In 
other embodiments, the NFP has a ?ash point betWeen 100° 
C. and 200° C. 

[0104] In another embodiment, any NFP described herein 
has a dielectric constant measured at 20° C. of less than 3 .0 in 
one embodiment, and less than 2.8 in another embodiment, 
less than 2.5 in another embodiment, and less than 2.3 in yet 
another embodiment, and less than 2. 1 in yet another embodi 
ment. Polyethylene itself has a dielectric constant (1 kHZ, 23° 
C.) of at least 2.3 according to the CRC HANDBOOK OF 
CHEMISTRY AND PHYSICS (David R. Lide, ed. 82°l ed. 
CRC Press 2001). 

[0105] In another embodiment, any NFP described herein 
has a speci?c gravity (ASTM D4052, 15.6/15.6° C.) of less 
than 0.86 in one embodiment, and less than 0.85 in another 
embodiment, and less than 0.84 in another embodiment, and 
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less than 0.83 in another embodiment, and from 0.80 to 0.86 
in another embodiment, and from 0.81 to 0.85 in another 
embodiment, and from 0.82 to 0.84 in another embodiment, 
Wherein a desirable range may comprise any upper speci?c 
gravity limit With any loWer speci?c gravity limit described 
herein. 

[0106] In other embodiments, any NFP described herein 
may have an initial boiling point (ASTM D1160) of from 
300° C. to 600° C. in one embodiment, and from 350° C. to 
500° C. in another embodiment, and greater than 400° C. in 
yet another embodiment. 

[0107] In other embodiments any NFP described herein 
may have a loW degree of color, such as typically identi?ed as 
“Water White”, “prime White”, “standard White”, or “bright 
and clear,” preferably an APHA color of 100 or less, prefer 
ably 80 or less, preferably 60 or less, preferably 40 or less, 
preferably 20 or less, as determined by ASTM D1209. 

[0108] Any NFP described herein preferably has a number 
average molecular Weight (Mn) of 2 1 ,000 g/mol or less in one 
embodiment, preferably 20,000 g/mol or less, preferably 
19,000 g/mol or less, preferably 18,000 g/mol or less, pref 
erably 16,000 g/mol or less, preferably 15,000 g/mol or less, 
preferably 13,000 g/mol or less and 10,000 g/mol or less in 
yet another embodiment, and 5,000 g/mol or less in yet 
another embodiment, and 3,000 g/mol or less in yet another 
embodiment, and 2,000 g/mol or less in yet another embodi 
ment, and 1500 g/mol or less in yet another embodiment, and 
1,000 g/mol or less in yet another embodiment, and 900 g/mol 
or less in yet another embodiment, and 800 g/mol or less in yet 
another embodiment, and 700 g/mol or less in yet another 
embodiment, and 600 g/mol or less in yet another embodi 
ment, and 500 g/mol or less in yet another embodiment. 
Preferred minimum Mn is at least 200 g/mol, preferably at 
least 300 g/mol. Further a desirable molecular Weight range 
can be any combination of any upper molecular Weight limit 
With any loWer molecular Weight limit described above. Mn is 
determined according to the methods speci?ed under Fluid 
Properties in the Test Methods section beloW. 

[0109] Any of the NFP’s may also be described by any 
number of, or any combination of, parameters described 
herein. 

[0110] In a preferred embodiment, any NFP described 
herein has a ?ash point of 200° C. or more (preferably 210° C. 
or more) and a pour point of —20° C. or less (preferably —25° 
C. or less, more preferably —30° C. or less, more preferably 
—35° C. or less, more preferably —45° C. or less, more pref 
erably —50° C. or less). 

[0111] In another preferred embodiment, the NFP has a 
?ash point of 220° C. or more (preferably 230° C. or more) 
and a pour point of—10° C. or less (preferably —25° C. or less, 
more preferably —30° C. or less, more preferably —35° C. or 
less, more preferably —45° C. or less, more preferably —50° C. 
or less). 

[0112] In another preferred embodiment, the NFP has 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) and a speci?c gravity (15.6/15.6° C.) of0.87 or less 
(preferably 0.865 or less, preferably 0.86 or less, preferably 
0.855 or less) and a ?ash point of 200° C. or more (preferably 
230° C. or more). 
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[0113] In another preferred embodiment, the NFP has a) a 
?ash point of200° C. or more, b) a speci?c gravity of0.86 or 
less, and c1) a pour point of —10° C. or less and a viscosity 
index of 120 or more, or c2) a pour point of —20° C. or less, or 
c3) a kinematic viscosity at 100° C. of 35 cSt or more. 

[0114] In another preferred embodiment, the NFP has a 
speci?c gravity (15.6/15.6° C.) of 0.85 or less (preferably 
betWeen 0.80 and 0.85) and a kinematic viscosity at 100° C. 
of 3 cSt or more (preferably 4 or more, preferably 5 cSt or 
more, preferably 8 cSt or more, preferably 10 cSt or more, 
preferably 15 cSt or more, preferably 20 cSt or more) and/or 
a number-average molecular Weight (MD) of at least 280 
g/mol. 

[0115] In another preferred embodiment, the NFP has a 
speci?c gravity (15.6/15.6° C.) of 0.86 or less (preferably 
betWeen 0.81 and 0.855, preferably betWeen 0.82 and 0.85) 
and a kinematic viscosity at 100° C. of 5 cSt or more (pref 
erably 6 or more, preferably 8 cSt or more, preferably 10 cSt 
or more, preferably 12 cSt or more, preferably 15 cSt or more, 
preferably 20 cSt or more) and/or a number-average molecu 
lar Weight (MD) of at least 420 g/mol. 

[0116] In another preferred embodiment, the NFP has a 
speci?c gravity (15.6/15.6° C.) of 0.87 or less (preferably 
betWeen 0.82 and 0.87) and a kinematic viscosity at 100° C. 
of 10 cSt or more (preferably 12 cSt or more, preferably 14 
cSt or more, preferably 16 cSt or more, preferably 20 cSt or 
more, preferably 30 cSt or more, preferably 40 cSt or more) 
and/or a number-average molecular Weight (Mn) of at least 
700 g/mol. 

[0117] In another preferred embodiment, the NFP has a 
speci?c gravity (15.6/15.6° C.) of 0.88 or less (preferably 
0.87 or less, preferably betWeen 0.82 and 0.87) and a kine 
matic viscosity at 100° C. of 15 cSt or more (preferably 20 cSt 
or more, preferably 25 cSt or more, preferably 30 cSt or more, 
preferably 40 cSt or more) and/or a number-average molecu 
lar Weight (MD) of at least 840 g/mol. 

[0118] In another preferred embodiment the NFP has a 
kinematic viscosity at 100° C. of 3 to 3000 cSt, preferably 6 
to 300 cSt, more preferably 8 to 100 cSt; and a number 
average molecular Weight (MD) of 300 to 21,000 g/mol, pref 
erably 500 to 5,000 g/mol, more preferably 600 to 3,000 
g/mol. 

[0119] In another preferred embodiment the NFP has a 
kinematic viscosity at 100° C. of 3 to 500 cSt, preferably 6 to 
200 cSt, more preferably 8 to 100 cSt, more preferably 3 to 25 
cSt; and a number average molecular Weight (MD) of 300 to 
10,000 g/mol, preferably 400 to 5,000 g/mol, more preferably 
500 to 2,500 g/mol, more preferably 300 to 1,200 g/mol. 

[0120] In another preferred embodiment the NFP has a 
kinematic viscosity at 100° C. of 3 to 100 cSt, preferably 4 to 
50 cSt, more preferably 6 to 25 cSt, more preferably 3 to 15 
cSt; and a number average molecular Weight (MD) of 300 to 
3,000 g/mol, preferably 350 to 2,000 g/mol, more preferably 
400 to 1,000 g/mol, more preferably 300 to 800 g/mol. 

[0121] In another preferred embodiment, the NFP has a 
pour point of —25° C. or less, preferably betWeen —30° C. and 
—90° C., and a kinematic viscosity in the range of from 20 to 
5000 cSt at 40° C. In another preferred embodiment, the NFP 
has a pour point of —25° C. or less and a Mn of 400 g/mol or 
greater. Mo st mineral oils, Which typically include functional 
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groups, have a pourpointoffrom10° C. to —25° C. at the same 
viscosity and molecular Weight ranges. 

[0122] In another preferred embodiment the NFP has kine 
matic viscosity at 100° C. of 3 cSt or greater, preferably 6 cSt 
or greater, more preferably 8 cSt or greater, and one or more 
of the folloWing properties: 

[0123] 1. a pour point of—10° C. or less, preferably —20° C. 
or less, preferably —30° C. or less, preferably —40° C. or 
less; and/or, 

[0124] 2. a Viscosity Index of 120 or greater; and/or, 

[0125] 3. a loW degree of color, such as typically identi?ed 
as “Water White”, “prime White”, “standard White”, or 
“bright and clear,” preferably anAPHA color of 100 or less, 
preferably 80 or less, preferably 60 or less, preferably 40 or 
less, preferably 20 or less, preferably 15 or less as deter 
mined by ASTM D1209; and/or 

[0126] 4. a ?ash point of 200° C. or more, preferably 2200 
C. or more, preferably 240° C. or more; and/or 

[0127] 5. a speci?c gravity (15.6° C.) ofless than 0.86. 

Most mineral oils at the same viscosity range have a pour 
point greater than —20° C. or anAPHA color of greater than 
20 or a speci?c gravity (15.6° C.) of 0.86 or more. 

[0128] In another preferred embodiment, the NFP has a 
Viscosity Index of 120 or more and one or more of the fol 

loWing properties: 
[0129] 1. a pour point of—10° C. or less, preferably —20° C. 

or less, preferably —30° C. or less, preferably —40° C. or 
less; and/or, 

[0130] 2. a kinematic viscosity at 100° C. of 3 cSt or greater, 
preferably 6 cSt or greater, preferably 8 cSt or greater, 
preferably 10 cSt or greater; and/or, 

[0131] 3. a loW degree of color, such as typically identi?ed 
as “Water White”, “prime White”, “standard White”, or 
“bright and clear,” preferably anAPHA color of 100 or less, 
preferably 80 or less, preferably 60 or less, preferably 40 or 
less, preferably 20 or less, preferably 15 or less, as deter 
mined by ASTM D1209; and/or 

[0132] 4. a ?ash point of 200° C. or more, preferably 220° 
C. or more, preferably 240° C. or more; and/or 

[0133] 5. a speci?c gravity 15.6° C.) ofless than 0.86. 

Most Mineral Oils Have a Viscosity Index of Less than 120. 

[0134] In another preferred embodiment, the NFP has a 
pour point of —20° C. or less, preferably —30° C. or less, and 
one or more of the folloWing properties: 

[0135] 1. a kinematic viscosity at 100° C. of 3 cSt or greater, 
preferably 6 cSt or greater, preferably 8 cSt or greater, 
preferably 10 cSt or more; and/or, 

[0136] 2. aViscosity Index of 120 or greater, preferably 130 
or greater; and/or, 

[0137] 3. a loW degree of color, such as typically identi?ed 
as “Water White”, “prime White”, “standard White”, or 
“bright and clear,” preferably APHA color of 100 or less, 
preferably 80 or less, preferably 60 or less, preferably 40 or 
less, preferably 20 or less, preferably 15 or less as deter 
mined by ASTM D1209 
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[0138] 4. a ?ash point of 200° C. or more, preferably 220° 
C. or more, preferably 240° C. or more; and/or 

[0139] 5. a speci?c gravity (15.6° C.) ofless than 0.86. 

Most mineral oils have a kinematic viscosity at 100° C. of less 
than 6 cSt, or an APHA color of greater than 20, or a ?ash 
point less than 200° C. When their pour point is less than 
—20° C. 

[0140] In another preferred embodiment the NFP has a 
glass transition temperature (Tg) that cannot be determined 
by ASTM E1356 or, if it can be determined, then the Tg 
according to ASTM E1356 is less than 0° C., preferably less 
than —10° C., more preferably less than —20° C., more pref 
erably less than —30° C., more preferably less than —40° C., 
and, preferably, also has one or more of the following prop 
erties: 

[0141] 1. an initial boiling point as determined by ASTM 
D1160 greater than 300° C., preferably greater than 350° 
C., preferably greater than 400° C.; and/or 

[0142] 2. a pour point of—10° C. or less, preferably —15° C. 
or less, preferably —25° C. or less, preferably —35° C. or 
less, preferably —45° C. or less; and/or 

[0143] 3. a speci?c gravity (ASTM D4052, 15.6/15.6° C.) 
of less than 0.88, preferably less than 0.86, preferably less 
than 0.84, preferably from 0.80 to 0.88, preferably from 
0.82 to 0.86; and/or 

[0144] 4. a ?nal boiling point as determined by ASTM 
D1160 offrom 300° C. to 800° C., preferably from 400° C. 
to 700° C., preferably greater than 500° C.; and/or 

[0145] 5. a Weight average molecular Weight (MW) betWeen 
30,000 and 400 g/mol preferably betWeen 15,000 and 500 
g/mol, more preferably betWeen 5,000 and 600 g/mol; 
and/or 

[0146] 6. a number average molecular Weight (Mn) 
betWeen 10,000 and 400 g/mol, preferably betWeen 5,000 
and 500 g/mol, more preferably betWeen 2,000 and 600 
g/mol; and/or 

[0147] 7. a ?ash point as measured by ASTM D92 of 200° 
C. or greater, and/or 

[0148] 8. 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 2.2. 

[0149] Preferred compositions of the present invention can 
be characterized in that the glass transition temperature (Tg) 
of any propylene polymer in the composition decreases by at 
least 2° C. for every 4 Wt % of NFP present in the composition 
in one embodiment; and decreases by at least 3° C. for every 
4 Wt % of NFP present in the composition in another embodi 
ment; and decreases from at least 4 to 10° C. for every 4 Wt % 
of NFP present in the composition in yet another embodi 
ment, While the peak melting and crystallization temperatures 
of the highest melting propylene polymer component remain 
constant (Within 1 to 2° C.). For purpose of this invention and 
the claims thereto, When glass transition temperature is 
referred to, it is the peak temperature in the dynamic mechani 
cal thermal analysis (DMTA) trace. 

[0150] Preferred compositions of the present invention can 
be characterized in that the glass transition temperature (Tg) 
of at least one propylene polymer in the composition 
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decreases by at least 2° C. for every 1 Wt % of NFP present in 
the composition in one embodiment; preferably by at least 3° 
C., preferably by at least 4° C., preferably by at least 5° C., 
preferably by at least 6° C., preferably by at least 7° C., 
preferably by at least 8° C., preferably by at least 9° C., 
preferably by at least 10° C., preferably by at least 11° C.; 
preferably While the peak melting and or crystallization tem 
peratures of the highest melting propylene polymer remain 
Within 1 to 5° C. of the plasticized polyole?n, preferably 
Within 1 to 4° C., preferably Within 1 to 3° C., preferably 
Within 1 to 2° C. 

[0151] Preferred compositions of the present invention can 
be characterized in that the glass transition temperature (Tg) 
of at least one propylene polymer in the plasticized compo 
sition is at least 2° C. loWer than that of the neat propylene 
polymer, preferably at least 4° C. loWer, preferably at least 6° 
C. loWer, preferably at least 8° C. loWer, preferably at least 
10° C. loWer, preferably at least 15° C. loWer, preferably at 
least 20° C. loWer, preferably at least 25° C. loWer, preferably 
at least 30° C. loWer, preferably at least 35° C. loWer, prefer 
ably at least 40° C. loWer, preferably at least 45° C. loWer. 

High-Melting Propylene Polymer 

[0152] For purposes of this invention, a high-melting pro 
pylene polymer (HMPP) is de?ned to be a propylene polymer 
having a peak melting point of more than 100° C. (preferably 
more than 110° C., preferably more than 120° C., preferably 
more than 130° C., preferably more than 140° C., preferably 
more than 150° C.), preferably having a Melt FloW Rate of 0.1 
to 2000 dg/min (preferably 100 dg/min or less). A preferred 
HMPP has a percent crystallinity of greater than 35%, pref 
erably greater than 40%, preferably greater than 45%, pref 
erably greater than 50%. 

[0153] In a preferred embodiment, the blends of this inven 
tion comprise one or more HMPP’s, each HMPP comprising 
propylene and preferably from 0 to 5 Weight % alpha-ole?n 
comonomer (based upon the Weight of the polymer), prefer 
ably from 0.1 to 4 Weight %, preferably from 0.25 to 3 Weight 
%. Preferably the alpha ole?n comonomer is a C2 to C10 
alpha ole?n, preferably selected from the group consisting of 
ethylene, butene, pentene, hexene, heptene, octene, nonene, 
and decene, preferably ethylene, butene, hexene, and octene, 
preferably ethylene. (For purposes of this invention When a 
copolymer is described as comprising propylene and one or 
more C2 to C10 ole?ns, or alpha ole?ns, the C2 to C10 ole?ns 
or alpha ole?ns do not include C3 e.g. propylene.) 

[0154] Preferred HMPP’s have a melting point (Tmisec 
ond melt as measured by DSC as described herein) betWeen 
105 and 170° C., preferably betWeen 110 and 170° C., pref 
erably betWeen 125 and 170° C. 

[0155] Preferred HMPP’s have a melt ?oW rate of from 0.1 
to 200 dg/min, preferably 0.25 to 100 dg/min, preferably from 
0.5 to 50 dg/min, preferably 0.5 to 20 dg/min, preferably 1 to 
20 dg/min (ASTM 1238-D, 2.16 kg, 230° C.). 

[0156] Preferred HMPP’s have an Elongation at Break of 
700% or less, preferably 300 to 700%, as measured by ASTM 
D 638, 2 in/min/50 mm/min on a 0.125 in (3.18 mm) thick 
injection molded sample). 

[0157] Preferred HMPP’s have a 1° Secant Flexural Modu 
lus of from 100,000 psi to 250,000 psi (690 to 1720 MPa), 
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preferably from 150,000 psi to 250,000 psi (1035 to 1720 
MPa) as measured by ASTM D-790A (0.05 in/min/1.3 
mm/min). 
[0158] “High-crystallinity polypropylenes,” e. g. those hav 
ing values above 250,000 psi (1720 MPa) can also be used as 
HMPP’s in this invention. 

[0159] Any propylene polymer having 0 to 5 Weight % 
comonomer, a melting point betWeen 100 and 170, and an 
MFR of 200 dg/min or less may be used in the practice of this 
invention as an HMPP. Suitable examples include polymers 
produced by Ziegler-Natta catalyst systems, metallocene sys 
tems, and the like. The polymers may be produced by any 
means including solution, slurry, gas phase, supercritical or 
high pressure. In a particularly preferred embodiment the 
HMPP’s useful herein have a molecular Weight distribution 
(MW/Mn) of 5 or less preferably betWeen 1.5 and 4 preferably 
betWeen 1.5 and 3. In another preferred embodiment, pre 
ferred HMPP’s useful herein include those produced by met 
allocene catalyst systems. In another embodiment preferred 
HMPP’s useful herein include those having a composition 
distribution breadth index (CDBI) of 60% or more, preferably 
70% or more, preferably 80% or more, preferably 90% or 
more. (CDBI is measured as described in WO 93/03093, With 
the modi?cation that any fractions having a Weight average 
molecularWeight (MW) beloW 25,000 g/mol are disregarded.) 
Preferred HMPP’s that can be used in the practice of this 
invention include those propylene polymers sold by Exxon 
Mobil Chemical Company under the tradename 
ACHIEVETM. Particularly useful grades include 
ACHIEVETM 3854, ACHIEVETM 1654E1, 
ACHIEVETM3825, ACHIEVETM1605, available from Exx 
onMobil Chemical Company in Houston, Tex. Additional 
preferred HMPP’s useful in the practice of this invention 
include those propylene homopolymers, and random copoly 
mers available from ExxonMobil Chemical Company under 
the grade names: PP1024E4, PP1042, PP1032, PP1044, 
PP1052, PP1105E1, PP3155 and PP9852E1, PP9272, 
PP9513, PP9544, PP9562. 

[0160] In some instances impact copolymers (ICP) can be 
utiliZed in the practice of this invention. Several are available 
from ExxonMobil Chemical Company (e. g. PP7032 E2). 
Preferred ICP’s useful as the HMPP may also be those ICP’s 
described in WO 2004/014998, particularly those described 
at page 37 to page 41. 

[0161] In another embodiment preferred HMPP’s useful 
herein have a melting point greater than 110° C., preferably 
greater than 1 15° C., and most preferably greater than 130° C. 
and/or a heat of fusion of greater than 60 J/g, preferably at 
least 70 J/ g, preferably at least 80 J/ g, as determined by DSC 
analysis described herein. 

[0162] The molecular Weight of the HMPP’s is preferably 
betWeen 10,000 to 5,000,000 g/mol, alternatively 50,000 to 
500,000 g/mol, preferably With a polydispersity index (PDI= 
MW/Mn) betWeen 1.5 to 4, preferably 1.5 to 3. 

[0163] Preferred HMPP’s may be isotactic, highly isotac 
tic, syndiotactic, or highly syndiotactic. In one embodiment, 
the HMPP is an isotactic polypropylene. In another embodi 
ment, the HMPP is a highly isotactic polypropylene. As used 
herein, “isotactic” is de?ned as having at least 10% isotactic 
pentads, preferably having at least 40% isotactic pentads of 
methyl groups derived from propylene according to analysis 
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by 13 C-NMR. As used herein, “highly isotactic” is de?ned as 
having at least 60% isotactic pentads according to analysis by 
13 C-NMR. In a desirable embodiment, a polypropylene 
homo- or co-polymer having at least 85% isotacticity is the 
HMPP. In another embodiment, the HMPP has at least 90% 
isotacticity. As used herein, “syndiotactic” is de?ned as hav 
ing at least 10% syndiotactic pentads, preferably at least 40%, 
according to analysis by l3C-NMR. As used herein, “highly 
syndiotactic” is de?ned as having at least 60% syndiotactic 
pentads according to analysis by 13 C-NMR. In a desirable 
embodiment, a polypropylene homo- or co-polymer having at 
least 85% syndiotacticity is the HMPP. In another embodi 
ment, a propylene homo- or co-polymer having at least 90% 
syndiotacticity is the HMPP. 

LoW-Crystallinity Propylene Polymer (Propylene-Based 
Plastomer) 
[01 64] The compositions of the present invention contain at 
least one propylene-based plastomer. For purposes of this 
invention Propylene-based plastomers are de?ned to com 
prise at least 50 mole % propylene, have a heat of fusion of 
less than 70 J/g and a tacticity index of 75% or more. Useful 
propylene-based plastomers may also have 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. 

[0165] In particular, preferred propylene-based plastomers 
useful in this invention preferably have a percent crystallinity 
of 0.1% to less than 35% crystallinity. Preferably Within this 
range, the propylene-based plastomer comprises less than 
30% crystallinity, preferably less than 25% crystallinity, pref 
erably less than 20% crystallinity, preferably less than 15% 
crystallinity, preferably less than 10% crystallinity. Also pref 
erably, the propylene-based plastomer comprises at least 
0.5% crystallinity, preferably at least 1% crystallinity, pref 
erably at least 2% crystallinity, preferably at least 5% crys 
tallinity. 

[0166] Preferred propylene-based plastomers 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. 

[0167] Preferred propylene-based plastomers useful in this 
invention preferably have a DSC melting point of 100° C. or 
less, preferably 90° 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. 

[0168] Preferred propylene-based plastomers 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 
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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. 

[0169] The intermolecular composition distribution of the 
propylene-based plastomer may be determined by thermal 
fractionation in hexane as folloWs: about 30 grams of the 
propylene-based plastomer 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 Corporation. 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 addi 
tional 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 propylene-based plastomer 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 produce a copolymer having the desired 
narroW composition, it is bene?cial if (1) a single sited met 
allocene catalyst is used Which alloWs only a single statistical 
mode of addition of the ?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 environment for substantially all of the poly 
mer chains of the copolymer. 

[0170] Preferred propylene-based plastomers 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. 

[0171] In one embodiment, the propylene-based plastomer 
comprises propylene and at least one other comonomer cho 
sen from C2 and C4-C2O ole?ns. Preferred comonomer(s) are 
C2, C4, C6, or C8 alpha ole?ns, most preferably the comono 
mer is ethylene. 

[0172] In a preferred embodiment, the propylene-based 
plastomer 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. 
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[0173] The comonomer of the random copolymer of pro 
pylene may comprises about 8 to 32 mol % of ethylene (C2) 
and/or a C4-C2O 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. 

[0174] 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. 

[0175] The random copolymer of propylene may have a 
Weight-average molecular Weight (MW) of 5,000,000 g/mol 
or less, a number-average molecular Weight (MD) of 3,000, 
000 g/mol or less, a Z-average molecular Weight (MZ) of about 
5,000,000 g/mol or less, and a g' index of 1.5 or less, all 
determined by siZe exclusion chromatography. 

[0176] In a preferred embodiment, the random copolymer 
of propylene may have an MW of about 5,000 to about 5,000, 
000 g/mol, more preferably about 10,000 to about 1,000,000 
g/mol, more preferably about 20,000 to about 500,000 g/mol, 
more preferably about 50,000 to about 300,000 g/mol, as 
determined by siZe exclusion chromatography. 

[0177] In a preferred embodiment, the random copolymer 
of propylene may have an Mn of about 5,000 to about 3,000, 
000 g/mol, more preferably about 10,000 to about 1,000,000 
g/mol, more preferably about 30,000 to about 500,000 g/mol, 
more preferably about 50,000 to about 200,000 g/mol, as 
determined by siZe exclusion chromatography. 

[0178] In a preferred embodiment, the random copolymer 
of propylene may have an MZ of about 10,000 to about 5,000, 
000 g/mol, more preferably about 50,000 to about 1,000,000 
g/mol, more preferably about 80,000 to about 500,000 g/mol, 
more preferably about 100,000 to about 300,000 g/mol, as 
determined by siZe exclusion chromatography. 

[0179] The molecular Weight distribution (MW/ Mn) of the 
random copolymer of propylene is preferably 1.5 to 40.0, 
more preferably about 1.8 to 5 and most preferably about 1.8 
to 3. 

[0180] 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: 

Where 1] b 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 (M) of the 
random copolymer of propylene. 111=KM,,“, 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. 

[0181] In a preferred embodiment, the random copolymer 
of propylene has a crystallization temperature (Tc) measured 
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With differential scanning calorimetry (DSC) of about 200° 
C. or less, more preferably, 150° C. or less. 

[0182] In a preferred embodiment, the random copolymer 
of propylene has a density of about 0.85 to about 0.95 g/ml, 
more preferably, about 0.87 to 0.92 g/ml, more preferably 
about 0.88 to about 0.91 g/ml as measured per the ASTM 
D-1505 test method at 25° C. 

[0183] In a preferred embodiment, the random copolymer 
of propylene has 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 measured 
according to the ASTM D-1238 test method. 

[0184] In a preferred embodiment, the random copolymer 
of propylene has a heat of fusion (Hf) determined according 
to the procedure described inASTM E 794-85 Which is 70 J/ g 
or less, preferably 60 J/g or less, preferably 50 J/g or less, 
preferably 40 J/ g or less, preferably 30 J/ g or less, preferably 
25 J/g or less, preferably 20 J/g or less, preferably 15 J/g or 
less, and preferably 0.5 J/ g or more, preferably 1 J/ g or more, 
preferably 5 J/ g or more, preferably from about 1 J/ g to about 
15 J/ g, Wherein a desirable range may be any combination of 
upper Hf limit and loWer Hf limit. 

[0185] Preferred random propylene polymers are typically 
made using a chiral metallocene. A chiral metallocene cata 
lyst typically causes methyl groups of the propylene residues 
in the random copolymer of propylene have predominantly 
the same tacticity. Both syndiotactic and isotactic con?gura 
tion of the propylene are possible, though the isotactic poly 
mers are preferred. The tacticity of the propylene residues 
leads to an amount of crystallinity in the polymers. The rela 
tively loW levels of crystallinity in the random copolymer of 
propylene are believed to be derived from isotactic polypro 
pylene obtained by incorporating alpha-ole?n comonomers 
as described above. 

[0186] The random copolymer of propylene is preferably 
partially crystalline, Which preferably arises from crystalliz 
able stereoregular propylene sequences. For use herein, the 
crystallinity 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 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. That is, the heat of fusion of the polymer in 
question is divided by 189 J/g><100 to determine the % crys 
tallinity. In a preferred embodiment, the random polymer has 
a % crystallinity of 35% or less, preferably 30% or less, 
preferably 25% or less, preferably 20% or less, preferably 
15% or less, preferably 10% or less. In another embodiment 
the random polymer has a % crystallinity of 3 to 30%, pref 
erably 5 to 25%. 

[0187] 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%. 

[0188] 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, 
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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. 

[0189] 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. Thermal output, recorded as the area under the melt 
ing 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. 

[0190] The random copolymer of propylene may have a 
Mooney viscosity ML (1 +4)@125° 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. 

[0191] 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. 

[0192] 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. 
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[0193] 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. 

[0194] 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. 

[0195] 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. 

[0196] Alternatively, random copolymer of propylene may 
comprise at least one diene, and more preferably at least one 
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 %. 

[0197] 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). 
[0198] In another embodiment, the propylene-based plas 
tomer 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. 

[0199] 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 mol % ole?n, While the 
other random copolymer of propylene may comprise about 
14 to 22 mol % ole?n. In an embodiment, the preferred ole?n 
in the random copolymer of propylene is ethylene. 

[0200] 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. 
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[0201] 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 
mol % up to 14-17 mol %. As ethylene content increases, 
melting point and stiffness decreases. Typical melting tem 
peratures are ranging from 1200 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 1600 C. as they still contain an isotactic 
polypropylene fraction. The ?exural modulus is typically 
betWeen 800 and 1300 MPa. The high alloy copolymers have 
?exural modulus betWeen 90 and 500 MPa. 

[0202] 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). 

[0203] 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. 

[0204] 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. 
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Good elastomeric properties are important for some of the 
potential applications of the present invention. 

[0205] Preferred polymers used in this invention, prefer 
ably 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 (NMR). The propylene tacticity 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 propylene groups, 
“m” referring to meso and “r” to racemic. An m/r ratio of 0 to 
less than 1.0 generally describes a syndiotactic 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 suf?cient isotactic content 
to result in ratios of greater than 50. 

[0206] In a preferred embodiment, the random copolymers 
of propylene have isotactic stereoregular propylene crystal 
linity. The term “stereoregular” as used herein means that the 
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. 

[0207] 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: 

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 
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-continued 
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. 
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. 

[0208] 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. 
[0209] In a preferred embodiment, propylene based plas 
tomers useful in this invention have a Vicat Softening point is 
greater than 45° C., preferably greater than 55° C., preferably 
greater than 65° C. In a preferred embodiment, propylene 
based plastomers useful in this invention have a Shore A 
hardness greater than 45, preferably from 45 to 55, preferably 
from 45 to 60, preferably from 45-50. 

[0210] Random copolymers of propylene are available 
commercially under the trade name VistamaxxTM (ExxonMo 
bil Chemical). Suitable examples include: V1stamaxxTM 
6100, VistamaxxTM 6200, and VistamaxxTM 1 100, specialty 
elastomers characterized as semi-crystalline polyole?n poly 
mers highly elastic and ?exible With unique technical prop 
erties and characteristics, some of Which include: free ?oWing 
pellets With demonstrated ease of processing in conventional 
polyole?n processing equipment; chemical resistance and 
long-term aging; very loW ash metals (i.e., less than about 0.1 
Wt %) and oligomers; and a superb compatibility With various 
polyole?ns. 
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Preparation of Propylene-Based Plastomers 

[0211] Preferred propylene-based plastomers, such as ran 
dom copolymers of propylene, can be prepared by polymer 
izing propylene With one or more of a C2 or C4-C2O alpha 
ole?n, most preferably the random copolymer of propylene 
comprises propylene and ethylene. The monomers are pref 
erably polymerized in the presence of a chiral metallocene 
catalyst With an activator and optionally a scavenger. The 
comonomer or comonomers used in combination With pro 
pylene may be linear and/ or branched. Preferred linear alpha 
ole?ns include ethylene or C4 to C8 alpha-ole?ns, more pref 
erably ethylene, 1-butene, 1-hexene, and 1-octene, even more 
preferably ethylene or 1-butene. Preferred branched alpha 
ole?ns include 4-methyl-1 -pentene, 3-methyl-1 -pentene, and 
3 ,5 ,5 -trimethyl- 1 -hexene. 

[0212] In a preferred embodiment, a continuous solution 
polymerization process is used to produce random copolymer 
of propylene comprising, for example, propylene and one or 
more of ethylene, octene or a diene. The polymerization 
process preferably utilizes a metallocene catalyst, namely, 
1 ,1'-bis(4-triethylsilylphenyl)methylene(cyclopentadienyl) 
(2,7-di-tertiary-butyl-9-?uorenyl)-hafnium dimethyl With 
dimethyl-aniliniumtetrakis-(penta?uorophenyl) borate as an 
activator. An organoaluminum compound, namely, tri-n-oc 
tylaluminum, 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(penta?uorophenyl) 
borate. Preferably the solution polymerization is conducted 
in a single, or in tWo, continuous stirred tank reactors con 
nected in series. Hexane may be used as the solvent. In addi 
tion, 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 adia 
batically 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. 

[0213] 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 
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the polymer pellets, Which preferably have a ?nal solvent 
content ofless than about 0.5 Wt %. 

[0214] 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-C2O alpha ole?n 
in the presence of a chiral metallocene catalyst With an acti 
vator and optional scavenger, most preferably ethylene and 
propylene. Preferred chiral metallocenes are those knoWn to 
favor incorporation of propylene for the production of pre 
dominantly isotactic polypropylene pentads and statistically 
random incorporation of the alpha-ole?n comonomer(s). The 
term “metallocene” and “metallocene catalyst precursor” are 
terms knoWn in the art to mean compounds possessing a 
Group 4, 5, or 6 transition metal M, With a cyclopentadienyl 
(Cp) ligand or ligands Which may be may be substituted, at 
least one non-cyclopentadienyl-derived ligand X, and zero or 
one heteroatom-containing ligandY, the ligands being coor 
dinated 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 metallocene catalyst 
or catalyst system. An active metallocene catalyst refers gen 
erally to an organometallic complex With a vacant coordina 
tion site that can coordinate, insert, and polymerize ole?ns. 

[0215] 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). 

[021 6] 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 typically have the general for 
mula: 

Wherein Cpl of ligand (CplRlm) and Cp2 of ligand (Cp2R2p) 
are cyclopentadienyl groups and are preferably the same, R1 
and R2 each are, independently, a halogen or a hydrocarbyl, 
halocarbyl, hydrocarbyl-sub stituted organometalloid or halo 
carbyl-sub stituted organometalloid group containing up to 20 
carbon atoms; In is preferably 1 to 5; p is preferably 1 to 5; 
preferably tWo Rl 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 (such as indene or ?uorene); R3 is a bridging group; 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; 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 
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is preferably in its highest oxidation state; each X is a non 
cyclopentadienyl ligand and is, independently, a hydrocarbyl, 
oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted orga 
nometalloid, oxyhydrocarbyl-substituted organometalloid or 
halocarbyl-substituted organometalloid group containing up 
to 20 carbon atoms; and q is equal to the valence of M minus 
2. 

[0217] Numerous examples of the biscyclopentadienyl 
metallocenes described above for the invention are disclosed 
in US. Pat. Nos. 5,324,800; 5,198,401; 5,278,119; 5,387, 
568; 5,120,867; 5,017,714; 4,871,705; 4,542,199; 4,752,597; 
5,132,262; 5,391,629; 5,243,; 5,278,264; 5,296,434; and 
5,304,614, all of Which are incorporated by reference for 
purposes of US. patent practice. Illustrative, but not limiting 
examples of preferred biscyclopentadienyl metallocenes of 
the type described above for the invention include the racemic 
isomers of: 

Wherein M may include Zr, Hf, and/or Ti. 

[0224] Preferably these metallocenes are used in combina 
tion With one or more alumoxanes (preferably methyl alu 
moxane, or modi?ed methyl alumoxane) and or one or more 
ionic activators such as 

[0225] N,N-dimethylanilinium tetraphenylborate, 

[0226] N,N-dimethylanilinium tetrakis-(penta?uorophe 
nyl)borate, 

[0227] diphenylcarbenium 
or 

tetra(per?uorophenyl)borate, 

[0228] N,N-dimethylanilinium tetrakis(hepta?uoronaph 
thyl)borate. 

Additives 

[0229] The compositions of the present invention may con 
tain additives such as those commonly used to modify the 
properties of polymers. These include antioxidants, nucleat 
ing agents, acid scavengers, stabiliZers, anticorrosion agents, 
bloWing agents, other UV absorbers such as chain-breaking 
antioxidants, etc., quenchers, antistatic agents, slip agents, 
pigments, dyes and ?llers and cure agents such as peroxide. 
Dyes and other colorants common in the industry may be 
present from 0.01 to 10 Wt % in one embodiment, and from 
0.1 to 6 Wt % in another embodiment, based upon the Weight 
of the composition. 

[0230] In particular, antioxidants and stabiliZers such as 
organic phosphites, hindered amines, and phenolic antioxi 
dants may be present in the compositions of the invention 
from 0.001 to 2 Wt %, based upon the Weight of the compo 
sition, in one embodiment, and from 0.01 to 0.8 Wt % in 
another embodiment, and from 0.02 to 0.5 Wt % in yet another 
embodiment. Non-limiting examples of organic phosphites 
that are suitable are tris(2,4-di-tert-butylphenyl)phosphite 
(IRGAFOS 168) and di(2,4-di-tert-butylphenyl)pentaerithri 
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tol diphosphite (ULTRANOX 626). Non-limiting examples 
of hindered amines include poly[2-N,N'-di(2,2,6,6-tetram 
ethyl -4 -piperidinyl)-hexanediamine-4 -(1 -amino -1 ,1 ,3 ,3 -tet 
ramethylbutane)sym-triaZine] (CHIMASORB 944); bis(1,2, 
2,6,6-pentamethyl-4-piperidyl)sebacate (TINUVIN 770). 
Non-limiting examples of phenolic antioxidants include pen 
taerythrityl tetrakis(3,5-di-ter‘t-butyl-4-hydroxyphenyl) pro 
pionate (IRGANOX 1010); and 1,3,5-Tri(3,5-di-tert-butyl-4 
hydroxybenZyl-isocyanurate (IRGANOX 31 14). 

[0231] Fillers may be present from 0.001 to 50 Wt % in one 
embodiment, and from 0.01 to 25 Wt %, based upon the 
Weight of the composition, in another embodiment, and from 
0.2 to 10 Wt % in yet another embodiment. Desirable ?llers 
include but are not limited to titanium dioxide, silicon car 
bide, silica (and other oxides of silica, precipitated or not), 
antimony oxide, lead carbonate, Zinc White, lithopone, Zircon, 
corundum, spinel, apatite, Barytes poWder, barium sulfate, 
magnesiter, carbon black, dolomite, calcium carbonate, talc 
and hydrotalcite compounds of the ions Mg, Ca, or Zn With 
Al, Cr or Fe and CO3 and/or HPO4, hydrated or not; quartz 
poWder, hydrochloric magnesium carbonate, glass ?bers, 
clays, alumina, and other metal oxides and carbonates, metal 
hydroxides, chrome, phosphorous and brominated ?ame 
retardants, antimony trioxide, silica, silicone, and blends 
thereof. These ?llers may particularly include any other ?llers 
and porous ?llers and supports knoWn in the art, and may have 
the NFP of the invention pre-contacted, or pre-absorbed into 
the ?ller prior to addition to the polymer(s). 

[0232] More particularly, in one embodiment of the present 
invention, the NFP, or some portion of the NFP, may be 
blended With a ?ller, desirably a porous ?ller. The NFP and 
?ller may be blended by, for example, a tumbler or other Wet 
blending apparatus. The NFP and ?ller in this embodiment 
are blended for a time suitable to form a homogenous com 
position of NFP and ?ller, desirably from 1 minute to 5 hours 
in one embodiment. This NFP/ ?ller blend may then be 
blended With the polymer(s) useful in the invention in order to 
effectuate plastication. In another embodiment, a porous ?ller 
may be contacted With the NFP, or some portion thereof, prior 
to contacting the ?ller With the polymer(s). In another 
embodiment, the porous ?ller, polymer(s) and NFP are con 
tacted simultaneously (or in the same blending apparatus). In 
any case, the ?ller may be present from 0.1 to 60 Wt % of the 
composition, and from 0.2 to 40 Wt % in another embodiment, 
and from 0.3 to 20 Wt % in yet another embodiment. 

[0233] Metal salts of fatty acids may also be present in the 
compositions of the present invention. Such salts may be 
present from 0.001 to 1 Wt % of the composition in one 
embodiment, and from 0.01 to 0.8 Wt % in another embodi 
ment. Examples of fatty acids include lauric acid, stearic acid, 
succinic acid, stearyl lactic acid, lactic acid, phthalic acid, 
benZoic acid, hydroxystearic acid, ricinoleic acid, naphthenic 
acid, oleic acid, palmitic acid, erucic acid, or any monocar 
boxylic aliphatic saturated or unsaturated acid having a chain 
length of 7 to 22 carbon atoms. Suitable metals including L1, 
Na, Mg, Ca, Sr, Ba, Zn, Cd, Al, Sn, Pb and so forth. Preferable 
metal salts of fatty acids are magnesium stearate, calcium 
stearate, sodium stearate, Zinc stearate, calcium oleate, Zinc 
oleate, and magnesium oleate. 

[0234] In a preferred embodiment, slip additives may be 
present in the compositions of this invention. Preferably the 
slip additives are present at 0.001 to 1 Wt % (10 to 10,000 
























































