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(57) ABSTRACT 

This invention relates to a polymer composition comprising a 
blend comprising: 

(a) greater than 30 Wt (based upon the Weight of the com 
position) of a cyclic ole?n polymer having a T8 greater 
than 60° C. and having a Tm heat of fusion (AHf) of 40 J/ g 
or less selected from the group consisting of: 

i) copolymers comprising at least one acyclic ole?n and at 
least 15 mole % of one or more cyclic ole?ns; ii) par 
tially or completely hydrogenated copolymers compris 
ing at least one acyclic ole?n and at least 15 mole % of 
one or more cyclic ole?ns; iii) metathesis copolymers 
comprising tWo or more cyclic ole?ns; iv) partially or 
completely hydrogenated metathesis copolymers com 
prising tWo or more cyclic ole?ns; v) metathesis 
homopolymers comprising cyclic ole?ns; vi) partially or 
completely hydrogenated metathesis homopolymers 
comprising cyclic ole?ns; and vii) mixtures thereof; 

(b) from 1 to 50 Wt % (based upon the Weight of the 
composition) of an acyclic ole?n polymer modi?er hav 
ing a glass transition temperature of less than 00 C.; 

(c) from 0.1 to 50 Wt % (based upon the Weight of the 
composition) of a non-functionaliZed plasticiZer having 
a kinematic viscosity at 100° C. of 3 to 3000 est, a 
viscosity index of 120 or more, a pour point of 0° C. or 
less and a ?ash point of 200° C. or more. 
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Effect of Non-Functionalized Plasticizer on -18 °C Forward Notch 
Izod Impact of an 80:20 Wt% Topas 80075-04 / Vistalon 7001 Blend 
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Effect of Non-Functionalized Plasticizer on Glass Transition Temperature 
of Cyclic Ole?n Copolymer Resins 
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Effect of Non-Functionalized Plasticizer on 25 °C Reverse Notch Izod Impact 
of Cyclic Ole?n Copolyrner Resins 
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POLYMER COMPOSITIONS COMPRISING 
CYCLIC OLEFIN POLYMERS, POLYOLEFIN 
MODIFIERS AND NON-FUNCTIONALIZED 

PLASTICIZERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation in part of US. Ser. 
No. 1 1/ 820,739, ?led Jun. 20, 2007 Which claims the bene?t 
ofand priority to US. Ser. No. 60/835,524, ?ledAug. 4, 2006 
and US. Ser. No. 60/836,007, ?led Aug. 7, 2006. This appli 
cation is also a continuation in part of PCT/US2007/014381, 
?led Jun. 20, 2007. 

FIELD 

[0002] The present invention relates to polymer composi 
tions comprising cyclic ole?n polymers, polyole?n modi?ers 
(also referred to as acyclic ole?n polymer modi?ers) and 
non-functionaliZed plasticiZers. 

BACKGROUND 

[0003] Cyclic ole?n polymers (particularly cyclic ole?n 
copolymers) have high glass transition temperatures (Tgs) 
and high stiffness, hoWever, they suffer from very poor impact 
properties and are too brittle for many applications. Numer 
ous attempts have been made to improve their impact prop 
er‘ties by blending With modi?ers of many types, and their 
stiffness by blending With reinforcements. None of these 
previous attempts has been very successful, and for the most 
part, cyclic ole?n polymers and copolymers have been rel 
egated to applications taking advantage of only their optical 
clarity, moisture resistance, and good birefringence proper 
ties. 
[0004] Polyole?ns, and in particular those of the polyeth 
ylene and polypropylene groups, are loW-cost, loWer-density 
thermoplastics Which melt readily and are resistant to chemi 
cals. These materials therefore have many uses in areas such 
as general household items and electrical and electronic parts. 
HoWever, polyole?ns usually have poor mechanical proper 
ties and relatively loW heat distortion temperatures (HDT). 
For example, a typical polypropylene homopolymer has a 
?exural modulus of 1.9 GPa, a heat distortion temperature at 
0.46 MPa of 126° C., and a notched IZod impact resistance of 
48 J/m. These plastics are therefore unsuitable for use in areas 
Which require high heat resistance, high mechanical strength, 
and/ or high impact resistance. 
[0005] To improve their impact resistance, polypropylene 
homopolymers are often blended With ethylene-propylene 
rubber (EPR) or ethylene-propylene-diene (EPDM) rubber. 
EPR and EPDM rubbers are used for impact modi?cation, 
because they remain ductile until their glass transition tem 
peratures at —45° C. and effectively toughen polypropylene 
even at —29° C., a common testing temperature. EPR, EPDM, 
and polypropylene have similar polarities, so small rubber 
domains can be Well dispersed in the polypropylene. Impact 
resistance can also be improved by copolymeriZing the pro 
pylene With a feW percent of ethylene to make impact copoly 
mers. HoWever, these improved impact properties come With 
decreased modulus and loWered heat distortion temperatures. 
Thus, a typical polypropylene impact copolymer containing 
EPR has ?exural modulus of 1.0 GPa, a heat distortion tem 
perature at 0.46 MPa of 92° C., a room temperature notched 
IZod impact strength so high that no test samples break (ap 
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prox. 500 J/m or more), and generally has only ductile failures 
in the instrumented impact test at —29° C. (approx. 43 J of 

energy adsorbed). 
[0006] To achieve more balanced properties, polypropy 
lenes can be blended With both ethylene-propylene or ethyl 
ene-propylene-diene elastomers and inorganic ?llers such as 
talc, mica, or glass ?bers. Talc and mica reinforcements are 
generally preferred to glass ?bers, because the compounded 
polymers have better surface and How properties. An example 
of these materials is ExxonMobil’s AS65 KW-lATM, Which 
has a ?exural modulus of 2.4 GPa, a heat distortion tempera 
ture at 0.46 MPa of 124° C. and a notched IZod Impact of 400 
J/m. These polymer blends have a good balance of properties 
and are used in automotive interior applications. HoWever, 
these blends can not be used for some automotive structural 
applications, Where useful materials need heat distortion tem 
peratures at 0.46 MPa of at least 140° C. and at 1.80 MPa of 
at least 120° C., together With a modulus of at least 2.5 GPa 
and a room temperature notched IZod impact of at least 100 
J/m. 

[0007] In an attempt to achieve balanced properties that 
exceed those of blended polypropylenes, blends of cyclic 
ole?n copolymers With polyole?ns have also been proposed. 
Copolymers of ethylene With norbomene and With 2,3-dihy 
drodicyclopentadiene are disclosed in US. Pat. Nos. 2,799, 
668 (Jul. 16, 1957) and 2,883,372 (Apr. 21, 1959). HoWever, 
these polymers use TiCl4 as the catalyst and are polymeriZed 
by ring opening metathesisithe cyclic ole?n rings are 
opened during copolymeriZations With ethylene, leaving a 
residual double bond in the backbone of the polymer. Because 
the rings open, the chains are less rigid than addition poly 
meriZation cyclic ole?n copolymers. The residual unsatura 
tion in their backbones also make these polymers oxidatively 
unstable at high temperatures. Consequently, although these 
copolymers have desirable rigidity and transparency, they are 
poor in heat resistance. 

[0008] US. Pat. No. 3,494,897 discloses a high pressure, 
peroxide initiated, radical copolymeriZation to make ethyl 
ene/cyclic ole?n copolymers but these polymeriZations can 
only incorporate small amounts of the cyclic ole?ns. As a 
result, the polymers do not have high glass transition tem 
peratures. Several blends of ethylene/norbornene copolymers 
With polyole?ns Were described by researchers at VEB 
Leuna-Werke in the early 1980s (DE 2731445 C3, DD 
150751, DD 203061, DD 203059, DD 203062, DD 205916, 
DD 206783, DD 209840, DD 214851, DD 214849, and DD 
214850). HoWever, these blends Were made before the dis 
covery of either the Ziegler-Natta vanadium/aluminum or 
metallocene addition polymerization catalysts. The ethylene/ 
norbornene copolymers used in these blends Were made With 
catalysts that open cyclic rings during polymerization and 
lead to residual unsaturation in the polymer backbones. The 
Vicat softening temperatures exempli?ed in these patents 
range from 114 to 133° C. indicating that these polymers do 
not have the heat stability required for automotive structural 
applications. In this respect, it is to be appreciated that Vicat 
softening temperatures are generally 10° C. higher than the 
glass transition temperature of a glassy polymer, Whereas the 
glass transition temperature of a glassy polymer is generally 
10° C. higher than its heat distortion temperature at 0.46 MPa. 
Thus Vicat softening temperatures from 114 to 133° C. are 
roughly equivalent to heat distortion temperatures of 94 to 
113° C. using the 0.46 MPa load. 
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[0009] Us. Pat. No. 4,614,778 discloses a random copoly 
mer of ethylene With a 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a 
octahydronaphthalene and optionally an alpha-ole?n having 
at least three carbon atoms or a cycloole?n, such as nor 

bornene. The mole ratio of polymerized units from the 1,4,5, 
8-dimethano- 1 ,2,3 ,4,4a, 5, 8, 8a-octahydronaphthalene to 
polymerized units from ethylene is from 3:97 to 95:5 and the 
1,4,5 ,8-dimethano- 1 ,2,3 ,4,4a, 5 ,8,8a-octahydronaphthalene 
is incorporated in the ethylene polymer chain using a Ziegler 
Natta vanadium/aluminum catalyst. The cyclic ole?n rings do 
not open during copolymerization, and the resultant copoly 
mers contain no residual unsaturation in their backbone. 
Thus, these copolymers have high heat distortion tempera 
tures and glass transition temperatures as high as 1710 C. 
HoWever, the copolymers are quite brittle, When pressed into 
?lms, and all are copolymers of ethylene and cyclic ole?n 
comonomers containing at least four fused rings. The disad 
vantage of these larger comonomers is that extra Diels-Alder 
addition reactions are required to build them up from ethylene 
and cyclopentadiene, making them more expensive to syn 
thesize than norbornene or dicyclopentadiene. No blends are 
exempli?ed in this patent. 
[0010] Us. Pat. No. 5,087,677 describes the copolymer 
ization of ethylene and cyclic ole?ns, particularly nor 
bornene, using zirconium and hafnium metallocene catalysts. 
Like the vanadium/aluminum polymerized copolymers 
described in Us. Pat. No. 4,614,778, the metallocene poly 
merized copolymers do not have residual unsaturation in their 
backbones and the cyclic ole?ns do not ring open. Conse 
quently, these metallocene ethylene/cyclic ole?n copolymers 
have high heat stabilities and glass transition temperatures, 
With values as high as 163° C. for the glass transition tem 
perature being exempli?ed. There is brief mention, but no 
exempli?cation, of alloying the copolymers With other poly 
mers, such as polyethylene, polypropylene, (ethylene/propy 
lene)copolymers, polybutylene, poly-(4-methyl-1-pentene), 
polyisoprene, polyisobutylene, and natural rubber. U.S. Pat. 
No. 4,918,133 discloses a cycloole?n type random copoly 
mer composition, Which is alleged to exhibit excellent heat 
resistance, chemical resistance, rigidity, and impact resis 
tance, and Which comprises (A) a random copolymer con 
taining an ethylene component and a cycloole?n component 
and having an intrinsic viscosity [1]] of 005-10 dl/ g as mea 
sured at 1350 C. in decalin and a softening temperature 
(TMA) of not loWer than 70° C., and (B) one or more non 
rigid copolymers selected from the group consisting of: (i) a 
random copolymer containing an ethylene component, at 
least one other ot-ole?n component and a cycloole?n compo 
nent and having an intrinsic viscosity [1]] of 001-10 dl/g as 
measured at 135° C. in decalin and a softening temperature 
(TMA) of beloW 70° C., (ii) a non-crystalline to loW crystal 
line ot-ole?n type elastomeric copolymer formed from at least 
tWo ot-ole?ns, (iii) an ot-ole?n-diene type elastomeric copoly 
mer formed from at least tWo ot-ole?ns and at least one non 
conjugated diene, and (iv) an aromatic vinyl type hydrocar 
bon-conjugated diene copolymer or a hydrogenated product 
thereof, and optionally (c) an inorganic ?ller or organic ?ller. 
The cycloole?n component of the copolymer (A) can be a 
large number of 1 to 4-ring bridged cyclic ole?ns and, 
although these include norbornene, the only material exem 
pli?ed is 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahy 
dronaphthalene (DMON) and a methyl-substituted version 
thereof. 
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[0011] Us. Pat. No. 6,255,396 discloses a polymer blend 
useful for fabrication into transparent articles for medical 
applications and comprising 1-99% by Weight of a ?rst com 
ponent obtained by copolymerizing a norbornene monomer 
and an ethylene monomer, and 99% to 1% by Weight of a 
second component comprising an ethylene copolymer With 
an ot-ole?n having 6 carbon atoms. The ?rst component has a 
glass transition temperature of from 50° C. to 180° C., but the 
second blend component has a softening points above 30° C. 
due to either its melting point (softening temperatures are 
slightly beloW the melting point) or its glass transition tem 
peratures (softening point is typically 10° C. above Tg). No 
measurements of ?exural modulus or impact strength are 
reported in the patent and no inorganic ?llers are exempli?ed. 
[0012] Us. Pat. No. 6,590,033 discloses a polymer blend 
similar to that described in Us. Pat. No. 6,255,396 but With 
the second component comprising a homopolymer or copoly 
mer of a diene having from 4 to 12 carbons. Such diene 
polymers typically have softening points above 30° C. or 
solubility parameters that are too different from those of the 
cyclic ole?n copolymers to be compatible. For example, the 
Bicerano solubility parameter for poly(1,4-butadiene) is 17.7 
lo's/cml'5 compared With 16.88 lo's/cml'5 for the cyclic ole?n 
copolymers. (Values are from Table 5.2 in Prediction of Poly 
mer Properties, 3rd edition by Jozef Bicerano published by 
Marcel Dekker in 2002.) In addition, poly(1,4-butadiene) is 
too polar to be effective at toughening cyclic ole?n copoly 
mers. 

[0013] US. Pat. No. 6,844,059 discloses long-?ber-rein 
forced polyole?n structure of length§3 mm, Which com 
prises a) from 0.1 to 90% by Weight of at least one polyole?n 
other than b), b) from 0.1 to 50% by Weight of at least one 
amorphous cycloole?n polymer, such as an ethylene/nor 
bornenes copolymer, c) from 5.0 to 75% by Weight of at least 
one reinforcing ?ber, and d) up to 10.0% by Weight of other 
additives. The polyole?n a) may be obtained by addition 
polymerization of ethylene or of an ot-ole?n, such as propy 
lene, using a suitable catalyst and generally is a semi-crystal 
line homopolymer of an ot-ole?n and/ or ethylene, or a copoly 
mer of these With one another. 

[0014] In Die Angewandle Makromolekulare Chemie 256 
(1998), pp. 101-104, Stricker and Mulhaupt describe blends 
of an ethylene/norbornene copolymer containing only 40 Wt. 
% norbornene The thermal stability of this copolymer is not 
reported, hoWever the glass transition temperature can be 
estimated at less than 60° C. The rubber used to toughen the 
cyclic ole?n copolymer is an polystyrene-b-poly(ethylene 
co-butylene)-b-polystyrene (SEBS) copolymer. Polystyrene 
blocks in this copolymer have glass transition temperatures in 
the range 83-100° C., giving this modi?er a softening tem 
perature of more than 80° C. 

[0015] In an article entitled “Rubber Toughened and Opti 
cally Transparent Blends of Cyclic Ole?n Copolymers” in 
Polymer Engineering andScience, Vol. 40(12), p. 2590-2601 , 
December, 2000, Khanarian describes un?lled blends of the 
ethylene/norbornene copolymer TopasTM 6013 With thermo 
plastic elastomers such as styrene-butadiene-styrene (SBS), 
styrene-ethylene-butadiene- styrene (SEB S), and styrene-eth 
ylene-propylene-styrene (SEPS). The TopasTM 6013 has a 
glass transition temperature of 140° C. and it is reported that 
blending With less than 5 Wt % of the elastomer alloWs the 
impact strength to be increased to greater than 50 J/m 
(Notched Izod) While keeping the optical haze beloW 5%. 
Using high loadings of the styrenic block copolymers, Kha 
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narian achieves a notched Izod impact strengths as high as 
520 J/m With 30 Wt. % polystyrene-b-polybutadiene-b-poly 
styrene. This modi?er has a softening point above 30° C. due 
to the glass transition temperature of the polystyrene blocks. 
Khanarian also exempli?es some blends With ethylene-pro 
pylene-diene terpolymers, but the impact strength reported is 
only 188 J/m With a 20 Wt. % loading. Measured heat distor 
tion temperatures are not presented in this paper but, given the 
loW glass transition temperature of the TopasTM 6013, are 
probably less than 125° C. at 0.46 MPa. 
[0016] Other references of interest include US. Pat. No. 
4,874,808; US. Pat. No. 4,992,511; US. Pat. No. 5,428,098; 
US. Pat. No. 5,359,001; US. Pat. No. 5,574,100; US. Pat. 
No. 5,753,755; US. Pat. No. 5,854,349; US. Pat. No. 5,863, 
986; US. Pat. No. 6,090,888; US. Pat. No. 6,225,407; US 
2003/0125464A1; US. Pat. No. 6,596,810 B1; US. Pat. No. 
6,696,524 B2; US. Pat. No. 6,767,966 B2; US 2004/0236024 
A1; and US 2005/0014898 A1. 
[0017] Certain polyalphaole?ns have been used as non 
functionalized plasticizers for simple polyole?ns, to provide, 
inter alia, advantages such as loWered Tg, improved impact 
resistance, and thelike. WO 2004/014988, WO 2004/014997, 
US 2004/0054040, US 2005/0148720, US 2004/0260001, 
and US 2004/0186214 disclose blends of various polyole?ns 
With non-functionalized plasticizers for multiple uses. U.S. 
Ser. No. 11/118,925 and US. Ser. No. 11/119,193 disclose 
blends of polypropylene and non-functionalized plasticizers 
for multiple uses. WO 2006/ 083540 discloses blends of poly 
ethylene and non-functionalized plasticizers. 
[0018] Plasticizers have been used to modify various prop 
erties of neat cyclic ole?n polymer resins. JP2000017087 A 
discloses the modi?cation of cyclic ole?n polymer resins 
With the functional plasticizers dioctyl adipate and dioctyl 
phthalate With improved haziness, Wetness, and ?exibility. 
DD 202887 discloses the modi?cation of cyclic ole?n poly 
mer resins With loW amounts (up to 8 Wt %) of naphthenic and 
paraf?nic oils to give transparent materials With reduced 
brittleness and processing properties. The cyclic ole?n poly 
mer resins of DD 202887 are similar to the other VEB Leuna 
Werke resins prepared in the early 1980s, described in para 
graph [0007] above. 
[0019] Plasticizers are also present in a variety of blends 
containing elastomeric (non-high glass transition tempera 
ture and/or highly crosslinked) cyclic ole?n polymers, such 
as NorsorexTM polynorbomene rubber and polyoctenamer 
(VestenamerTM) rubber, as for example inU.S. Pat. No. 4,504, 
604; US. Pat. No. 5,250,628; EP 0 617 077 B1; JP 
2002128997; and JP 61 181435A. These blends typically con 
tain additional components such as stabilizing resins, other 
elastomers, and/or inorganic ?llers. The rubbery cyclic ole?n 
polymer does not function to provide thermoplastic structural 
rigidity to the blend, as is the case for the high glass transition, 
high stiffness thermoplastic cyclic ole?n polymers in the 
blends discussed in previous paragraphs. 
[0020] US. Ser. No. 11/820,739, ?led Jun. 20, 2007 (and its 
equivalent PCT/U S2007/ 014381), disclose that combining 
high glass transition temperature cyclic ole?n copolymers 
With compatible, loW glass transition temperature polyole?n 
elastomers can produce polymer compositions having a desir 
able combination of high stiffness, impact toughness, and 
thermal stability making the blends suitable for use in auto 
motive structural applications. 
[0021] According to the present invention, it has been 
found that combining high glass transition temperature cyclic 
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ole?n polymers and copolymers With compatible, loW glass 
transition temperature polyole?n elastomers and non-func 
tionalized plasticizers can produce polymer compositions 
having even more desirable properties, such as superior loW 
temperature impact toughness and modi?ed glass transition 
temperatures that provide manufacturing advantages. The 
superior loW-temperature impact toughness of these compo 
sitions is an unexpected feature, as compared to the properties 
of compositionally analogous tWo-component blends that 
comprise only high glass transition temperature cyclic ole?n 
copolymers and non-functionalized plasticizers. The present 
invention also can produce polymer compositions having a 
desirable combination of high stiffness, impact toughness, 
and thermal stability making the blends suitable for use at 
high temperature in automotive structural applications. 

SUMMARY 

[0022] This invention relates to blends comprising: 
[0023] (a) greater than 30 Wt % (based upon the Weight of 
the composition) of a cyclic ole?n polymer having a T8 
greater than 60° C. and a Tm heat of fusion of 40 J/ g or less 
selected from the group consisting of: 

[0024] i) copolymers comprising at least one acyclic ole 
?n and at least 15 mole % of one or more cyclic ole?ns; 
ii) partially or completely hydrogenated copolymers 
comprising at least one acyclic ole?n and at least 15 
mole % of one or more cyclic ole?ns; iii) metathesis 
copolymers comprising tWo or more cyclic ole?ns; iv) 
partially or completely hydrogenated metathesis 
copolymers comprising tWo or more cyclic ole?ns; v) 
metathesis homopolymers comprising cyclic ole?ns; vi) 
partially or completely hydrogenated metathesis 
homopolymers comprising cyclic ole?ns; and vii) mix 
tures thereof; 

[0025] (b) 1 to 50 Wt % (based upon the Weight of the 
composition) of an acyclic ole?n polymer modi?er hav 
ing a glass transition temperature of less than 00 C.; 

[0026] (c) from 0.1 to 50 Wt (based upon the Weight of the 
composition) of a non-functionalized plasticizer having a 
kinematic viscosity at 100° C. of 3 to 3000 cSt, a viscosity 
index of 120 or more, a pour point of0° C. or less and a ?ash 
point of 200° C. or more. 
[0027] In another embodiment, the invention resides in a 
polymer composition comprising: 
[0028] (a) greater than 50 Wt % (based upon the Weight of 

the composition) of a cyclic ole?n copolymer, said cyclic 
ole?n copolymer comprising at least one acyclic ole?n and 
at least 20 Wt % of one or more cyclic ole?ns (based upon 
the Weight of the cyclic ole?n copolymer), Wherein at least 
a portion of said cyclic ole?n copolymer has a glass tran 
sition temperature of greater than 150° C.; 

[0029] (b) less than 50 Wt (based upon the Weight of the 
composition) of an acyclic ole?n polymer modi?er, at least 
a portion of the modi?er having a glass transition tempera 
ture of less than —30° C.; and no portion of the modi?er 
having a softening point greater than +30° C., the Bicerano 
solubility parameter of the modi?er being no more than 0.6 
JO'5/cml '5 less than the Bicerano solubility parameter of the 
cyclic ole?n copolymer; 

[0030] (c) a non-functionalized plasticizer, having a kine 
matic viscosity at 100° C. of 10 cSt or more, a viscosity 
index of 120 or more, and a pour point of 0° C. or less; 

Wherein the notched Izod impact resistance of the composi 
tion measured at 23° C. is greater than 500 J/m and the heat 



US 2012/0071605 A1 

distortion temperature of the composition measured using a 
0.46 MPa load is greater than 135° C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] To assist those of ordinary skill in the relevant art in 
making and using the subject matter hereof, reference is made 
to the appended draWings, Wherein: 
[0032] FIG. 1 is a graph shoWing the bene?cial effect of 
non-functionaliZed plasticiZer on the —18° C. IZod impact 
strength of a cyclic ole?n copolymer/polymer modi?er blend 
(Example 1). 
[0033] FIG. 2 is a graph shoWing the effect of non-func 
tionaliZed plasticiZer on the glass transition temperature of 
neat cyclic ole?n copolymers (Comparative Examples 
C1-C5). 
[0034] FIG. 3 is a graph shoWing the detrimental effect of 
non-functionaliZed plasticiZer on the room temperature IZod 
impact strength of a neat cyclic ole?n copolymer (Compara 
tive Examples C1-C5). 

DETAILED DESCRIPTION 

[0035] 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. The term polymer is meant to encompass homopoly 
mers and copolymers. The term copolymer includes any 
polymer having tWo or more different monomers in the same 
chain, including terpolymers and tetrapolymers, and encom 
passes random copolymers, statistical copolymers, altemat 
ing copolymers, interpolymers, (true) block copolymers, and 
copolymers possessing more than one of these microstruc 
tures in a single chain, such as block copolymers in Which one 
block segment is an alternating copolymer of tWo monomers 
and another block segment is a homopolymer segment. Thus 
the term cyclic ole?n polymers includes cyclic ole?n copoly 
mers and cyclic ole?n homopolymers. All numerical values 
Within the detailed description and the claims herein are 
understood as modi?ed by “about.” 
[0036] For the purposes of this invention a “liquid” is 
de?ned to be a ?uid that has no distinct melting point above 0° 
C. and has a kinematic viscosity at 100° C. of 3000 cSt or less 
and/ or a KV40 of 35,000 cSt or less. Preferably the liquid has 
no distinct melting point above —20° C. and a KVloo of 1000 
cSt or less and/or a KV4O of 10,000 cSt or less. 

[0037] HDT is heat distortion temperature. KVloo is kine 
matic viscosity at 100° C. KV4O is kinematic viscosity at 40° 
C. VI is viscosity index. NFP is non-functionaliZed plasti 
ciZer. PAO is polyalphaole?n. 
[0038] Unless noted otherWise, percents express a Weight 
percent (Wt %), based on the total amount of the material or 
component at issue; Weight average molecular Weight (MW), 
number average molecular Weight (MO, and Z average 
molecular Weight (MZ) are each determined utiliZing gel per 
meation chromatography (GPC) and have units of g/mol. 
Molecular Weight distribution (MWD) is de?ned as MW/Mn. 
For purposes of this invention an oligomer is de?ned to have 
an M”, of less than 21,000 g/mol. Preferred oligomers have an 
Mn of less than 20,000 g/mol, preferably less than 19,000 
g/mol, preferably less than 18,000 g/mol, preferably less than 
16,000 g/mol, preferably less than 15,000 g/mol, preferably 
less than 13,000 g/mol, preferably less than 10,000 g/mol, 
preferably less than 5000 g/mol, preferably less than 3000 
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g/mol. Hfis heat of fusion upon melting (Tm), also referred to 
as Hf, AH, and Tm heat of fusion. 
[0039] The present invention provides a polymer composi 
tion comprising: 
[0040] (a) greater than 30 Wt %, preferably from 32 to 99 Wt 
%, more preferably from 35 to 95 Wt % (based upon the 
Weight of the composition) of a cyclic ole?n polymer having 
a T8 greater than 60° C. and a Tm heat offusion of40 J/g or less 
selected from the group consisting of: 

[0041] i) copolymers comprising at least one acyclic ole 
?n and at least 15 mole % (preferably at least 17.5 mole 
%, more preferably at least 18 mole %) of one or more 
cyclic ole?ns; ii) partially or completely hydrogenated 
copolymers comprising at least one acyclic ole?n and at 
least 15 mole % (preferably at least 17.5 mole %, more 
preferably at least 18 mole %) of one or more cyclic 
ole?ns; iii) metathesis copolymers comprising tWo or 
more cyclic ole?ns; iv) partially or completely hydroge 
nated metathesis copolymers comprising tWo or more 
cyclic ole?ns; v) metathesis homopolymers comprising 
cyclic ole?ns; vi) partially or completely hydrogenated 
metathesis homopolymers comprising cyclic ole?ns; 
and vii) mixtures thereof; 

[0042] (b) from 1 to 50 Wt %, preferably from 1 to 45 Wt 
%, more preferably from 2 to 40 Wt % (based upon the 
Weight of the composition) of an acyclic ole?n polymer 
modi?er having a glass transition temperature of less 
than 0° C.; 

[0043] (c) from 0.1 to 50 Wt %, preferably from 0.25 to 
45 Wt %, more preferably from 0.5 to 40 Wt % (based 
upon the Weight of the composition) of a non-function 
aliZed plasticiZer having a KVloo of 3 to 3000 cSt (pref 
erably 5 cSt or more, more preferably 10 cSt or more, 
preferably from 3 to 1000 cSt, preferably from 5 to 500 
cSt, preferably from 4 to 200 cSt, more preferably from 
10 to 100 cSt), a VI of 120 or more (preferably 150 or 
more, preferably 200 or more), a pour point of 0° C. or 
less (preferably —10° C. or less, more preferably —20° C. 
or less, more preferably —25° C. or less) and a ?ash point 
of 200° C. or more (preferably 220° C. or more, prefer 
ably 230° C. or more). 

[0044] In a preferred embodiment the polymers of i) to vi) 
are highly amorphous. 
This invention also provides a polymer composition compris 
mg: 

[0045] (a) greater than 50 Wt (based upon the Weight of 
the composition) of a cyclic ole?n copolymer, said 
cyclic ole?n copolymer comprising at least one acyclic 
ole?n and at least 20 Wt % of one or more cyclic ole?ns 
(based upon the Weight of the cyclic ole?n copolymer), 
Wherein at least a portion of said cyclic ole?n copolymer 
has a glass transition temperature of greater than 150° 
C.; 

[0046] (b) less than 50 Wt (based upon the Weight of the 
composition) of an acyclic ole?n polymer modi?er, at 
least a portion of the modi?er having a glass transition 
temperature of less than —30° C.; and no portion of the 
modi?er having a softening point greater than +30° C., 
the Bicerano solubility parameter of the modi?er being 
no more than 0.6 lo's/cml'5 less than the Bicerano solu 
bility parameter of the cyclic ole?n copolymer; 

[0047] (c) an NFP having a KVloo of 10 cSt or more, a 
viscosity index of 120 or more, and a pour point of 0° C. 
or less (preferably the NFP has a KVloo of 10 to 3000 
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cSt, a VI of 120 or more, a pour point of —20° C. or less 
and a ?ash point of 200° C. or more); 

wherein the notched Izod impact resistance of the composi 
tion measured at 23° C. is greater than 500 J/m and the heat 
distortion temperature of the composition measured using a 
0.46 MPa load is greater than 135° C. Because this blend has 
a notched IZod greater than 500 J/m and a heat distortion 
temperature measured using a 0.46 MPa load of greater than 
135° C. it is highly suitable for use in automotive structural 
applications. 
[0048] In some embodiments, the cyclic ole?n copolymer 
comprises at least 30 Weight %, such as at least 40 Weight %, 
of one or more cyclic ole?ns. In another embodiment, at least 
a portion of said cyclic ole?n copolymer has a glass transition 
temperature of greater than 160° C., even greater than 170° C. 
In one embodiment all of said cyclic ole?n copolymer has a 
glass transition temperature of greater than 150° C. 
[0049] In another embodiment, at least a portion of the 
polymer modi?er has a glass transition temperature of less 
than —40° C., such as less than —50° C. In one embodiment, all 
of said polymer modi?er has a glass transition temperature of 
less than —30° C. In another embodiment, no portion of the 
modi?er has a softening point greater than +10° C. 
[0050] In some embodiments, the Bicerano solubility 
parameter of the modi?er is betWeen 0.1 and 0.5 Jo's/cm“, 
such as betWeen 0.2 and 0.4 Jo's/cm“, less than the Bicerano 
solubility parameter of the cyclic ole?n copolymer. 
[0051] In some embodiments, the polymer composition has 
a notched IZod impact resistance measured at 23° C. of 
greater than 550 J/m, for example greater than 600 J/m, even 
greater than 700 J/m; a notched IZod impact resistance mea 
sured at —18° C. greater than 50 J/m. such as greater than 150 
J/m, for example greater than 300 J/m, even greater than 500 
J/m; an instrumented impact energy measured at 23° C. of 
greater than 25 I, such as greater than 30 J; an instrumented 
impact energy measured at —29° C. of greater than 25 I, such 
as greater than 30 J; a heat distortion temperature measured 
using a 0.46 MPa load of greater than 150° C., such as greater 
than 165° C.; a heat distortion temperature measured using a 
1.80 MPa load of greater than 115° C., such as greater than 
130° C., for example greater than 145° C.; and a ?exural 
modulus (1% secant method) of greater than 1200 MPa, such 
as greater than 2000 MPa, for example greater than 2500 
MPa. 
[0052] In another embodiment the blends of this invention 
have a room temperature ?exural modulus (1% secant, as 
determined beloW in the examples section) of at least 1035 
MPa and a —18° C. IZod Impact (forward notch, as determined 
beloW in the examples section) of at least 40 J/m. Preferably 
the blends of this invention have a room temperature ?exural 
modulus of at least 1448 MPa, preferably at least 1655 MPa. 
Preferably the blends of this invention have a —18° C. IZod 
Impact (forWard notch) of at least 45 J/m, preferably at least 
50 J/m. 

[0053] In another embodiment, the compositions of this 
invention comprise less than 5 Wt % (preferably less than 3 Wt 
%, preferably 0 Wt %) of a homopolymer of ethylene or 
copolymer of at least 50 mole % ethylene and one or more C3 
to C20 linear or branched alpha-ole?ns. In another embodi 
ment, the compositions of this invention comprise less than 5 
Wt % (preferably less than 3 Wt %, preferably 0 Wt %) of a 
homopolymer of propylene or copolymer of at least 50 mole 
% propylene and one or more of ethylene and/or C3 to C20 
linear or branched alpha-ole?ns. In another embodiment, the 
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compositions of this invention comprise less than 5 Wt % 
(preferably less than 3 Wt %, preferably 0 Wt %) of a 
crosslinked polyethylene. In another embodiment, the com 
positions of this invention comprise less than 5 Wt % (prefer 
ably less than 3 Wt %, preferably 0 Wt %) of a styrenic block 
copolymer. Styrenic block copolymer (SBC) means a block 
copolymer of styrene and or alpha-methyl-styrene and an 
ole?n such as an alpha-ole?n (ethylene, propylene, butene) or 
an alkadiene (isobutylene, isoprene, butadiene) and hydroge 
nated or chemically modi?ed versions of the block copoly 
mer. The block copolymers may be in diblock, triblock, linear 
(including tapered) or radial (including tapered) block form. 
[0054] In a preferred embodiment, the blend is not 
crosslinked. In another embodiment, the cyclic ole?n poly 
mer is not crosslinked. Crosslinked is de?ned to be a polymer 
that has been treated With a cure/crosslinking agent (such as 
heat, pressure, UV radiation, a chemical (peroxide, etc.)) to 
cause bonds to form betWeen the polymer chains. In some 
embodiments, crosslinking can be evidenced by an increase 
in molecular Weight (MW and/or Mn measured as described 
beloW) and/or an increase in hardness (Shore A) and/or stiff 
ness (1% Secant ?exural modulus). Typically the increase is 
at least 10%, preferably at least 30%, preferably at least 50%, 
preferably at least 70%, compared to the polymer prior to 
crosslinking. 

Cyclic Ole?n Polymer/Cyclic Ole?n Copolymer 

[0055] In a preferred embodiment, the cyclic ole?n 
homopolymer or copolymer (also referred to as the ?rst 
copolymer, ?rst polymer or ?rst homopolymer) useful herein 
is a cyclic ole?n homopolymer or copolymer having a T8 
greater than 60° C. (preferably greater than 65° C., preferably 
greater than 70° C.) and a Tm heat of fusion of 40 J/g or less 
selected from the group consisting of: 
[0056] i) highly amorphous copolymers comprising at least 
one acyclic ole?n (preferably one or more alpha-ole?ns, pref 
erably ethylene and or propylene) and at least 15 mole % 
(preferably at least 17.5 mole %, preferably at least 18 mole 
%) of one or more cyclic ole?ns (such as norbornene (bicyclo 
[2,2,1]hept-2-ene), norbomadiene, dicyclopentadiene, 2,3, 
3a,4,7,7a-hexahydro-4,7-methano-1H-indene, tricyclo 
decene (also referred to as dihydrodicyclopentadiene, 3a,4,5, 
6,7,7a-hexahydro-4,7-methano-1H-indene, or tricyclo[5 .2.1. 
02'°]dec-3-ene), tetracyclododecene (also referred to as 
octahydrodimethanonaphthalene or 1,2,3,4,4a,5,8,8a-oc 
tahydro-1,4:5,8-dimethanonaphthalene), substituted deriva 
tives thereof, and higher Diels-Alder derivates thereof); ii) 
partially or completely hydrogenated highly amorphous 
copolymers comprising at least one acyclic ole?n (preferably 
one or more alpha-ole?ns, preferably ethylene and or propy 
lene) and at least 15 mole % (preferably at least 17.5 mole %, 
preferably at least 18 mole %) of one or more cyclic ole?ns 
(such as norbornadiene, dicyclopentadiene, substituted 
derivatives thereof, and higher Diels-Alder derivates thereof); 
iii) highly amorphous metathesis copolymers comprising tWo 
or more cyclic ole?ns (such as norbornene, norbomadiene, 
dicyclopentadiene, 2,3,3a,4,7,7a-hexahydro-4,7-methano 
lH-indene, tricyclodecene, tetracyclododecene, substituted 
derivatives thereof, and higher Diels-Alder derivates thereof); 
iv) partially or completely hydrogenated highly amorphous 
metathesis copolymers comprising tWo or more cyclic ole?ns 
(such as norbornene, norbornadiene, dicyclopentadiene, 2,3, 
3a,4,7,7a-hexahydro-4,7-methano-1H-indene, tricyclo 
decene, tetracyclododecene, substituted derivatives thereof, 
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and higher Diels-Alder derivates thereof); V) highly amor 
phous metathesis homopolymers comprising cyclic ole?ns 
(such as norbornene, norbornadiene, dicyclopentadiene, 2,3, 
3a,4,7,7a-hexahydro -4,7-methano- 1 H-indene, tricyclo 
decene, tetracyclododecene, substituted derivatives thereof, 
and higher Diels-Alder derivates thereof); vi) partially or 
completely hydrogenated highly amorphous metathesis 
homopolymers comprising cyclic ole?ns (such as nor 
bornene, norbornadiene, dicyclopentadiene, 2,3,3a,4,7,7a 
hexahydro-4,7-methano-1H-indene, tricyclodecene, tetracy 
clododecene, substituted derivatives thereof, and higher 
Diels-Alder derivates thereof); and vii) mixtures thereof. 
[0057] Highly amorphous cyclic ole?n polymer materials 
are materials in Which no crystallinity, or only very small 
levels of crystallinity, are present. Such polymers typically 
shoW excellent optical properties in neat form. As referred to 
herein, a highly amorphous cyclic ole?n polymer (or copoly 
mer) is de?ned to be a material having a Tm, heat of fusion of 
less than 40 J/g (DSC, second melt). A material that has no 
discernible melting temperature (Tm) in its second heat dif 
ferential scanning calorimetry (DSC) spectrum is de?ned to 
have a AHfof zero. Preferably the cyclic ole?n polymer has an 
AHfof less than 30 J/ g, preferably less than 20 J/ g, preferably 
less than 10 J/ g, preferably less than 5 J/ g, preferably less than 
0.5 J/g, preferably the AHfis 0 J/g. 
[0058] In another embodiment, the cyclic ole?n polymer 
has a light transmittance of at least 89 according to ASTM 
D1003, preferably at least 90. 
[0059] Partially hydrogenated is de?ned to mean that at 
least 1% of the polymer’s residual and/or main chain double 
bonds have been saturated, as compared to the polymer prior 
to hydrogenation. In preferred partially hydrogenated poly 
mers, at least 30% of the polymer’s double bonds have been 
saturated, as compared to the polymer prior to hydrogenation. 
(in preferred partially hydrogenated polymers preferably at 
least 50%, preferably at least 75%, preferably at least 90%, 
preferably at least 95%, of the polymer’s double bonds have 
been saturated, as compared to the polymer prior to hydroge 
nation.) Complete hydrogenation means at least 99%, pref 
erably 100% of the polymer’s double bonds have been satu 
rated, as compared to the polymer prior to hydrogenation. 
[0060] The cyclic ole?n polymer component of the present 
polymer composition is produced, in some embodiments, by 
copolymerizing at least one cyclic ole?n With at least one 
acyclic ole?n and, in some embodiments, possibly With one 
or more dienes. In this instance, the polymerizing ole?n units 
of both the cyclic ole?n comonomer(s) and the acyclic ole?n 
comonomer(s) are enchained by the formation of single 
bonds betWeen the comonomer units and the accompanying 
transformation of the polymerizing ole?n unit into a single 
bond. The total amount of all the cyclic ole?ns in the ?rst 
copolymer is preferably from 20 to 99 Weight % of the 
copolymer in some embodiments, Whereas in others the total 
amount of the cyclic ole?ns present is at least 15 mole %. The 
residual double bonds in cyclic ole?n copolymers may not 
have reacted or may have been partially or completely hydro 
genated, crosslinked, or functionalized. Cyclic ole?n copoly 
mers may have been grafted using free radical addition reac 
tions or in-reactor copolymerizations. They may be block 
copolymers made using chain shuttling agents. 
[0061] In other embodiments the copolymerization takes 
place via the metathesis polymerization mechanism of tWo or 
more cyclic ole?ns. In yet other embodiments a metathesis 
homopolymerization, rather than a copolymerization, takes 
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place With a single cyclic ole?n. In these instances, the cyclic 
structure containing the polymerizing ole?n unit of the cyclic 
ole?n(s) is broken betWeen the ole?nic carbon termini, With 
the concomitant formation of neW cis or trans double bonds 
betWeen cyclic ole?n comonomer units. In some metathesis 
polymerizations, small amounts of acyclic ole?ns may be 
added as molecular Weight regulators. These species do not 
function as comonomers since they are not enchained in an 
intact fashion but are cleaved into tWo separate portions 
across the ole?n unit, With one portion of the acyclic mono 
mer forming a chain end group and the other forming a 
non-enchained byproduct. The double bond units in the met 
athesis polymer main chain may also remain intact, or may be 
partially or completely hydrogenated, crosslinked, or func 
tionalized. 

[0062] Cyclic ole?ns are de?ned herein as ole?ns Where at 
least one double bond is contained in one or more alicyclic 
rings. Cyclic ole?ns may also have acyclic double bonds in 
side chains; hoWever, the double bond Which participates in 
the polymerization is the double bond contained Within the 
alicyclic ring structure. Suitable cyclic ole?ns for use in the 
cyclic ole?n polymer or copolymer component include, but 
are not limited to, norbornene (bicyclo[2,2,1]hept-2-ene), tri 
cyclodecene (also referred to as dihydrodicyclopentadiene, 
3a,4,5,6,7,7a-hexahydro-4,7-methano-1H-indene, or tricy 
clo[5.2.1.02'6]dec-3-ene), dicyclopentadiene (as mixtures of, 
or as individual endo or exo isomers), 2,3,3a,4,7,7a-hexahy 
dro-4,7-methano-lH-indene, tetracyclododecene (also 
referred to as octahydrodimethanonaphthalene or 1,2,3,4,4a, 
5 ,8,8a-octahydro- 1 ,4 : 5 ,8-dimethanonaphthalene), hexacy 
cloheptadecene, tricycloundecene, pentacyclohexadecene, 
ethylidene norbornene (ENB), vinyl norbornene (VN B), 
alkylnorbomenes, norbornadiene, cyclopentene, cyclopro 
pene, cyclobutene, cyclohexene, cycloheptene, cyclopentadi 
ene (CP), cyclohexadiene, cyclooctene, cyclooctadiene, 
cyclooctatriene, cyclooctatetraene, cyclododecene, indene, 
any Diels-Alder adduct of cyclopentadiene and an acyclic 
ole?n, cyclic ole?n, or diene; any Diels-Alder adduct of buta 
diene and an acyclic ole?n, cyclic ole?n, or diene; vinylcy 
clohexene (VCH) (enchained through its cyclic double bond); 
alkyl derivatives of cyclic ole?ns, such as those substituted 
With one or more methyl, ethyl, propyl, or butyl substituents; 
and aromatic derivatives of cyclic ole?ns. Cyclic ole?n 
derivatives bearing functionalized substituents (groups con 
taining at least one non-carbon or non-hydrogen atom, such 
as an oxygen, nitrogen, or silicon atoms), are also suitable 
When used in small amounts as co- or termonomers. 

[0063] Suitable acyclic ole?ns for use in cyclic ole?n 
copolymer component include, but are not limited to, alpha 
ole?ns (l-alkenes), isobutene, 2-butene, and vinylaromatics. 
Examples of such acyclic ole?ns are ethylene, propylene, 
1-butene, isobutene, 2-butene, 1-pentene, 1-hexene, 1-hep 
tene, 1-octene, 1-nonene, 1-decene, styrene, p-methylsty 
rene, p -t -butylstyrene, p -phenylstyrene, 3 -methyl -1 -p entene, 
vinylcyclohexane, 4-methyl-1-pentene, alkyl derivatives of 
acyclic ole?ns, and aromatic derivatives of acyclic ole?ns. 
[0064] Dienes are de?ned herein broadly as including any 
ole?n containing at least tWo acyclic double bonds. They may 
also contain aromatic substituents. If one or more of the 
double bonds of diene is contained in an alicyclic ring and 
participates in polymerization using the cyclic double bond, 
the monomer is classi?ed as a cyclic ole?n in this invention. 
Suitable dienes for use in the cyclic ole?n copolymer com 
ponent are 1,4-hexadiene; 1,5-hexadiene; 1,5-heptadiene; 
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1,6-heptadiene; 1,6-octadiene; 1,7-octadiene; 7-methyl-1,6 
octadiene; 1,9-decadiene; butadiene; 1,3-pentadiene; iso 
prene; 1,3-hexadiene; 1,4-pentadiene; 4-vinyl-1-cyclohex 
ene (When enchained solely through its vinylic double bond); 
p-divinylbenZene; alkyl derivatives of dienes; and aromatic 
derivatives of dienes. 

[0065] Suitable cyclic ole?n polymers and copolymers for 
use as the ?rst polymer or copolymer component of the 
present composition include, but are not limited to; ethylene 
norbornene copolymers; ethylene-dicyclopentadiene copoly 
mers; ethylene-norbomene-dicyclopentadiene terpolymers; 
ethylene-2,3,3a,4,7,7a-hexahydro-4,7-methano-1H-indene 
copolymers; ethylene-tricyclodecene copolymers; ethylene 
norbornene-2,3 ,3a,4,7,7a-hexahydro -4,7-methano- 1 H-in 
dene terpolymers; ethylene-dicyclopentadiene-2,3,3a,4,7, 
7a-hexahydro -4, 7-methano - 1 H-indene terpolymers; 
ethylene-norbornene-tricyclodecene terpolymers; ethylene 
norbornene-tetracyclododecene terpolymers; ethylene-nor 
bomene-ethylidene norbomene terpolymers; ethylene-nor 
bomene-vinylnorbomene terpolymers; ethylene 
norb ornene- 1 ,7 -octadiene terpolymers; ethylene 
cyclopentene copolymers; ethylene-indene copolymers; 
ethylene-tetracyclododecene copolymers; ethylene-nor 
bomene-vinylcyclohexene terpolymers; ethylene-nor 
bomene-7-methyl-1,6-octadiene terpolymers; propylene 
norbornene copolymers; ethylene-propylene-norbornene 
terpolymers; propylene-dicyclopentadiene copolymers; eth 
ylene-propylene-dicyclopentadiene terpolymers; propylene 
2,3,3a,4,7,7a-hexahydro-4,7-methano-1H-indene copoly 
mers; ethylene-propylene-2,3,3a,4,7,7a-heXahydro-4,7 
methano-lH-indene terpolymers; propylene-norbomene-2, 
3,3a,4,7,7a-hexahydro-4,7-methano-1H-indene 
terpolymers; propylene-tricyclodecene copolymers; ethyl 
ene-propylene-tricyclodecene terpolymers; propylene-tetra 
cyclododecene copolymers; ethylene-propylene-tetracy 
clododecene terpolymers; ethylene-norbomene 
tetracyclododecene terpolymers; ethylene-norbomene 
styrene terpolymers; ethylene-norbomene-p-methylstyrene 
terpolymers; functionaliZed ethylene-dicyclopentadiene 
copolymers; functionaliZed ethylene-dicyclopentadiene-2,3, 
3a,4,7,7a-hexahydro -4,7-methano- 1 H-indene terpolymers; 
functionaliZed propylene-dicyclopentadiene copolymers; 
functionaliZed ethylene-norbornene-dicyclopentadiene ter 
polymers; functionaliZed ethylene-propylene-dicyclopenta 
diene terpolymers; functionaliZed ethylene-norbornene-di 
ene copolymers; maleic anhydride grafted cyclic ole?n 
polymers and copolymers; silane grafted polymers and cyclic 
ole?n copolymers; hydrogenated ethylene-dicyclopentadi 
ene copolymers; hydrogenated ethylene-dicyclopentadiene 
2,3,3a,4,7,7a-heXahydro-4,7-methano-1H-indene terpoly 
mers; hydrogenated propylene-dicyclopentadiene 
copolymers; hydrogenated ethylene-propylene-dicyclopen 
tadiene terpolymers; hydrogenated ethylene-norbornene-di 
cyclopentadiene terpolymers; epoXidiZed ethylene-dicyclo 
pentadiene copolymers; epoXidiZed ethylene-propylene 
dicyclopentadiene terpolymers; epoXidiZed ethylene 
norbornene-dicyclopentadiene terpolymers; grafted cyclic 
ole?n polymers and copolymers; short chain branched cyclic 
ole?n polymers and copolymers; long chain branched cyclic 
ole?n polymers and copolymers; crosslinked cyclic ole?n 
polymers and copolymers; non-crosslinked cyclic ole?n 
polymers and copolymers; linear cyclic ole?n polymers and 
copolymers; norbomene-dicyclopentadiene metathesis 
copolymers; hydrogenated norbornene-dicyclopentadiene 
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metathesis copolymers; metathesis copolymers of dicyclo 
pentadiene With alkyl-substituted cyclic ole?ns and hydroge 
nated derivatives thereof; metathesis copolymers of nor 
bornene With alkyl-substituted norbornenes or other alkyl 
substituted cyclic ole?ns and hydrogenated derivatives 
thereof; metathesis copolymers of tricyclodecene With alkyl 
substituted cyclic ole?ns and hydrogenated derivatives 
thereof; and metathesis copolymers of tetracyclododecene 
With alkyl-substituted cyclic ole?ns and hydrogenated 
derivatives thereof. Suitable cyclic ole?n metathesis 
homopolymers include, but are not limited to, homopolymers 
of dicyclopentadiene, 2,3,3a,4,7,7a-heXahydro-4,7 
methano-lH-indene, tricyclodecene, tetracyclododecene, 
substituted derivatives of these monomers, higher Diels-Al 
der derivatives of norbomene and/or these monomers; and 
partially or completely hydrogenated derivatives of these 
homopolymers. 
[0066] Cyclic ole?n polymers or copolymers containing 
norbornene, dicyclopentadiene, 2,3,3a,4,7,7a-hexahydro-4, 
7-methano-1H-indene, tricyclodecene, octahydrodimetha 
nonaphthalene, tetracyclododecene, alkyl-substituted deriva 
tives of these monomers, higher Diels-Alder derivatives of 
these monomers, or hydrogenated dicyclopentadiene are par 
ticularly preferred. Norbornene is made from the Diels-Alder 
addition of cyclopentadiene and ethylene. (Cyclopentadiene 
is made commercially by a reverse Diels-Alder reaction start 
ing With dicyclopentadiene). Dicyclopentadiene is a byprod 
uct of cracking heavy feedstocks to make ethylene and pro 
pylene. Other preferred cyclic ole?ns are Diels-Alder adducts 
of cyclopentadiene With other ole?ns, leading to alkyl- or 
aryl-norbomenes, or With butadiene leading to vinylnor 
bornene and ethylidene norbomene. The Diels-Alder adduct 
of butadiene With itself leads to vinylcyclohexene, Which is 
another preferred monomer. A preferred acyclic ole?n for 
cyclic ole?n copolymers is ethylene since ethylene-cyclic 
ole?n copolymers have slightly better impact properties than 
other copolymers. Propylene, and mixtures of ethylene and 
propylene, are also preferred as acyclic ole?ns. Terpolymers 
of ethylene With norbomene and dienes containing a double 
bond in alicyclic rings are also preferred, because they can 
easily be crosslinked, grafted, or functionaliZed. 
[0067] In some embodiments, such as for high temperature 
uses, at least a portion of the cyclic ole?n copolymer 
employed in the ?rst copolymer component of the present 
composition has a glass transition temperatures greater than 
150° C. These high glass transition temperature domains Will 
start softening 10-30° C. beloW the glass transition tempera 
ture and lead to heat distortion temperatures using a 0.45 MPa 
load of 10-15° C. beloW their glass transition temperature and 
to heat distortion temperatures using a 1.80 MPa load of 
30-35° C. beloW the glass transition temperature. It is pre 
ferred that the glass transition temperature of at least a portion 
of these cyclic ole?n copolymers is greater than 160° C. and 
more preferably is greater than 170° C. If only a portion of the 
cyclic ole?n copolymers has a glass transition temperature 
greater than 1 50° C., it is preferable that the remaining portion 
has a softening point beloW 30° C. Such a cyclic ole?n 
copolymer might be a block or graft copolymer With an elas 
tomer. If a portion of the cyclic ole?n copolymer has a soft 
ening point above 30° C. and beloW the softening point asso 
ciated With the glass transition temperature above 150° C., it 
Will tend to loWer the heat distortion temperature and high 
temperature modulus of the composition. Cyclic ole?n 
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copolymers Where all the domains have glass transition tem 
peratures greater than 100° C. are preferred. 
[0068] For automotive applications, Where the present 
composition is to be injection molded, it is also preferred for 
the cyclic ole?n copolymers to have high melt ?oW rates 
When measured at the processing temperatures of the inj ec 
tion molding machine. Melt ?oW rates greater than 5 ml/ 10 
min in the ISO 1133 test at 115° C. above the heat distortion 
temperature using the 1.80 MPa load are preferred. 
[0069] Preferred cyclic ole?n polymers useful herein may 
be selected from the group consisting of: copolymers com 
prising ethylene and norbornene, copolymers comprising 
ethylene and octahydrodimethanonaphthalene, copolymers 
comprising ethylene and a substituted derivative of octahy 
drodimethanonaphthalene, terpolymers comprising ethylene, 
octahydrodimethanonaphthalene, and a substituted deriva 
tive of octahydrodimethanonaphthalene, copolymers com 
prising ethylene and 2,3,3a,4,7,7a-hexahydro-4,7-methano 
lH-indene, copolymers comprising ethylene, norbornene, 
and 2,3,3a,4,7,7a-hexahydro-4,7-methano-1H-indene; 
copolymers comprising ethylene and dicyclopentadiene or a 
hydrogenated derivative of such a copolymer; copolymers 
comprising ethylene, norbornene, and dicyclopentadiene or a 
hydrogenated derivative of such a copolymer; or hydroge 
nated metathesis homopolymers or copolymers of dicyclo 
pentadiene or tetracyclododecene. 
[0070] Useful ethylene-norbomene and ethylene-octahy 
drodimethanonaphthalene copolymers can be purchased 
from Topas Advanced Polymers (TopasTM) and Mitsui 
Chemicals (ApelTM) Ethylene/norbornene copolymers made 
With metallocene catalysts are available commercially from 
TopasTM Advanced Polymers GmbH, as TopasTM copoly 
mers, for example as grades 5010L-01, 8007, 8007S-04, 
8007F-04, 8007><l0, TKX-0001, 5013, 5013S-04, 6013, 
6013S-04, 6015, 6015S-04, 6017, and 6017S-04. TopasTM 
grades 6015 and 6017 are reported to have glass transition 
temperatures of 160 and 180° C., respectively. Their reported 
heat distortion temperatures at 0.46 MPa (150 and 170° C., 
respectively) and at 1.80 MPa (135 and 151° C., respectively) 
can provide polymer compositions meeting the preferred heat 
distortion temperature of at least 130° C. at 0.46 MPa. Eth 
ylene-octahydrodimethanonaphthalene copolymers are 
available as, for example, ApelTM grades 8008T, 6509T, 
6011T, 6013T, 5014DP, and 6015T. 
[0071] Other useful cyclic-ole?n copolymers can be made 
using vanadium, Ziegler-Natta, and metallocene catalysts. 
Examples of suitable catalysts are disclosed in US. Pat. Nos. 
4,614,778 and 5,087,677. 
[0072] Useful metathesis cyclic ole?n polymers, such as 
hydrogenated tetracyclododecene- and dicyclopentadiene 
based polymers, can be purchased from Nippon Zeon Corpo 
ration. Such materials include ZeonexTM, for example grades 
480, 480R, E48R, 330R, and RS820, and ZeonorTM, for 
example grades 750R, 1020R, and 1060R. General methods 
of making such materials are disclosed in representative form 
in, for example, US. Pat. No. 5,106,920 A. 

Acyclic Ole?n Second Polymer 

[0073] The second polymer component of the present com 
position (also referred to as the acyclic ole?n polymer modi 
?er or the polymer modi?er) comprises one or more random, 
blocky, or block polymers. Many of the polymers are poly 
meriZed from at least one ole?n and, possibly, at least one 
diene. In one embodiment (such as high temperature uses), 
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the ole?ns in the second polymer component can be either 
acyclic or cyclic ole?ns, as long as the total amount of cyclic 
ole?n in the copolymer is less than 20 Weight %. In another 
embodiment, involving an elastomeric second polymer com 
ponent, cyclic ole?ns are present at 1 to 40 mole % in a 
material having a cycloole?n component, an ethylene com 
ponent, and an alpha-ole?n component. The residual double 
bonds in the polyole?n modi?ers may not have been reacted 
or may have been hydrogenated, functionaliZed, or 
crosslinked. The polyole?n modi?ers may have been grafted 
using free radical addition reactions or in-reactor copolymer 
iZations. They may be block copolymers made using chain 
shuttling agents. 
[0074] Acyclic ole?ns suitable for use in the second poly 
mer component include alpha-ole?ns (1 -alkenes), isobutene, 
2-butene, and vinylaromatics. Examples of such acyclic ole 
?ns are ethylene, propylene, 1-butene, isobutene, 2-butene, 
1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 
1-decene, styrene, p-ethylstyrene, p-t-butylstyrene, p-phe 
nylstryene, 3-methyl-1-pentene, vinylcyclohexane, 4-me 
thyl-1-pentene, alkyl derivatives of acyclic ole?ns, and aro 
matic derivatives of acyclic ole?ns. 
[0075] Cyclic ole?ns suitable for use in the second polymer 
component, in particular for embodiments designed for high 
temperature uses, include, but are not limited to, norbornene, 
tricyclodecene, dicyclopentadiene, tetracyclododecene, 
hexacycloheptadecene, tricycloundecene, pentacyclohexa 
decene, ethylidene norbornene (ENB), vinyl norbornene 
(VNB), norbomadiene, alkylnorbomenes, cyclopentene, 
cyclopropene, cyclobutene, cyclohexene, cyclopentadiene 
(CP), cyclohexadiene, cyclooctatriene, indene, any Diels-Al 
der adduct of cyclopentadiene and an acyclic ole?n, cyclic 
ole?n, or diene; and Diels-Alder adduct of butadiene and an 
acyclic ole?n, cyclic ole?n, or diene; vinylcyclohexene 
(V CH); alkyl derivatives of cyclic ole?ns; and aromatic 
derivatives of cyclic ole?ns. 
[0076] Dienes suitable for use in the second polymer com 
ponent include 1,4-hexadiene; 1,5-hexadiene; 1,5-heptadi 
ene; 1,6-heptadiene; 1,6-octadiene; 1,7-octadiene; 1,9-deca 
diene; butadiene; 1,3-pentadiene; isoprene; 1,3-hexadiene; 
1,4-pentadiene; p-divinylbenZene; alkyl derivatives of 
dienes; and aromatic derivatives of dienes. Suitable acyclic 
ole?n copolymers for use as the second polymer component 
of the present composition include high density polyethylene 
(HDPE); loW density polyethylene (LDPE); linear loW den 
sity polyethylene (LLDPE); isotactic polypropylene (iPP); 
atactic polypropylene (aPP); syndiotactic polypropylene 
(sPP); poly(1-butene); poly(isobutylene); butyl rubber; poly 
(butadiene); poly(3-methyl-1-pentene); poly(4-methyl-1 
pentene); poly(1-hexene); semi-crystalline ethylene-propy 
lene copolymers; amorphous ethylene-propylene 
copolymers; semi-crystalline propylene-ethylene copoly 
mers; semi-crystalline copolymers of ethylene With alpha 
ole?ns; semi-crystalline copolymers of ethylene With isobu 
tylene or 2-butene; semi-crystalline copolymers of ethylene 
With vinylaromatics; semi-crystalline copolymers of ethylene 
With dienes such as hexadiene, vinylcyclohexene, and 7-me 
thyl-1,6-octadiene; semi-crystalline copolymers of propy 
lene With alpha-ole?ns; semi-crystalline copolymers of pro 
pylene With vinyl aromatics; semi-crystalline copolymers of 
propylene With vinyl aromatics; semi-crystalline copolymers 
of propylene With isobutene or 2-butene; semi-crystalline 
copolymers of propylene With dienes; in reactor blends of 
isotactic polypropylene With ethylene-propylene rubber or 
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ethylene-propylene-diene terpolymers (lCPs); amorphous 
ethylene copolymers With alpha-ole?ns, vinyl aromatics, 
cyclic ole?ns, isobutene, 2-butene, or dienes; terpolymers of 
ethylene, alpha-ole?ns including propylene, and dienes; ter 
polymers of ethylene, alpha-ole?ns, and vinyl aromatics; ter 
polymers of ethylene, alpha-ole?ns, and cyclic ole?ns; poly 
ole?ns grafted to polystyrene; polyole?ns grafted to cyclic 
ole?n copolymers; polyole?ns grafted to other polyole?ns; 
terpolymers of propylene, another ole?n, and dienes; amor 
phous copolymers of isobutene With isoprene; amorphous 
copolymers of isobutene and p-methylstyrene; polyole?ns 
With double bonds that have been hydrogenated; polyole?ns 
With double bonds that have been epoxidiZed or hydroxy 
lated; polyole?ns With double bonds that have been function 
aliZed by electrophilic additions; any functionaliZed polyole 
?n; polyole?ns With short and long chain branches, 
polyole?ns Which have been crosslinked through their double 
bonds; polyole?ns Which have been crosslinked through 
functional groups; and polyole?ns that have been grafted 
using free radical addition reactions. Preferred second 
copolymers include ethylene propylene rubbers (EP rubbers). 
The term “EP rubber” means a copolymer of ethylene and 
propylene, and optionally one or more diene monomer(s) (as 
described above), Where the ethylene content is from 25 to 80 
Wt %, the total diene content is up to 15 Wt %, and the balance 
is propylene. 
[0077] For certain embodiments (such as high temperature 
uses) at least a portion of the second polymer component 
should have a glass transition temperature beloW —30° C. 
These loW glass transition temperature domains of the modi 
?er remain ductile doWn to their glass transition temperatures 
and improve the loW temperature notched lZod impact resis 
tance and loW temperature instrumented impact energy to the 
present composition. Preferably, the glass transition tempera 
ture of at least a portion of the polyole?n modi?er is less than 
—40° C., more preferably less than —50° C. Preferably, all 
portions of the polyole?n modi?er have these loW glass tran 
sition temperatures and are available to toughen the brittle 
cyclic ole?n copolymer phases. 
[0078] In addition, for certain embodiments (such as high 
temperature uses) the second polymer component should 
contain no portion With a softening point above 30° C., and 
preferably, above 10° C. A softening point above 30° C. is due 
to a glass transition temperature above 30° C. or a melting 
temperature of a signi?cant portion of the modi?er above 30° 
C. They are detectable as transitions or peaks in a differential 
scanning calorimeter (DSC), a Vicat softening point, a soft 
ening point in a thermal mechanical analyZer (TMA), or a 
sudden loss of modulus of the polyole?n modi?er in a differ 
ential mechanical thermal analysis (DMTA) experiment. 
They are undesirable because the softening modi?er also 
leads to a detectable softening and a loWered high tempera 
ture modulus for the composition. 

[0079] The cyclic ole?n ?rst copolymer used in certain 
embodiments of the present composition (such as high tem 
perature uses) has a very high glass transition temperature and 
preferably should be processed at even higher temperatures. 
The second polymer modi?er used in the composition should 
be stable at these high processing temperatures. It is therefore 
preferred that the modi?er contains one or more anti-oxidants 
effective at stabiliZing the modi?er at these high processing 
temperatures. It is also preferred that the modi?er contains a 
UV stabiliZer to prevent damage during end use applications. 
Most preferred are polyole?n modi?ers that contain no 
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groups that are reactive at the processing temperatures used to 
blend and form the present compositions. 
[0080] For certain embodiments (such as high temperature 
uses), in order for the second polymer modi?er to effectively 
toughen the brittle cyclic ole?n ?rst copolymer, it is desirable 
that the domain siZe of the second copolymer is less than 1-2 
pm, more preferably less than 1.0 pm, in average diameter. 
These small domains can be achieved, When the interfacial 
energy betWeen the second polymer and the brittle cyclic 
ole?n copolymer is very small, or is even Zero. Minimal 
interfacial energy betWeen tWo phases means that breaking a 
large domain up into smaller domains With more interfacial 
area is thermodynamically alloWed. Compositions With very 
small or Zero interfacial energies can be effectively mixed, 
and the polyole?n modi?ers dispersed, by applying shear to 
the melted mixture. In order to achieve toughening for a 
cyclic ole?n copolymer, the polyole?n modi?er preferably 
has a Zero or loW interfacial energy With the ?rst copolymer. 
According to Souheng Wu in Polymer Interface and Adhe 
sion, Marcel Dekker, 1982, Zero or loW interfacial energies 
are achieved When the polarity of the polyole?n modi?er and 
cyclic ole?n copolymer are matched. 
[0081] To match the polarities experimentally, surface 
energies or solubility parameters need to be measured for 
each polyole?n modi?er and each cyclic ole?n copolymer. 
Surprisingly, it has been found that determining Bicerano 
solubility parameters can quickly narroW the candidate poly 
ole?n modi?ers for a given target cyclic ole?n copolymer. D. 
W. Van Krevelen in Properties ofPolymers, Their Correlation 
With Chemical Structure; Their Numerical Estimation and 
Prediction From Additive Group Contributions, Elsevier, 
1990 developed correlations betWeen the functional groups 
present in a polymer chain and its experimental solubility 
parameter. These correlations Worked fairly Well but Were 
limited to the set of polymers containing only the functional 
groups used in the original correlations. JoZef Bicerano 
extended these correlations in Prediction of Polymer Proper 
ties, 3rd Edition, Marcel Dekker, 2002, by replacing correla 
tions With functional groups With correlations With graph 
theory indices. Graph theory indices depend only on hoW the 
polymer repeat units are bonded together and on the elements 
present in the repeat units. They can be calculated for any 
repeat unit and correlated Well With solubility parameters. 
Bicerano has tabulated Bicerano solubility parameters for 
121 common polymers in Table 5.2 of his book. These equa 
tions have also been programmed into the Synthia module of 
the Cerius2 molecular modeling softWare package available 
from Accelerys. Using these Bicerano solubility parameters 
forboth the cyclic ole?n copolymers andpolyole?n modi?ers 
used in the ensuing Examples, the compositions With the 
highest room temperature (23° C.) notched lZod impact resis 
tance alWays occur When the Bicerano solubility parameter of 
the polyole?n modi?ers are betWeen 0.0 and 0.6 .lo's/cml'5 
less than the Bicerano solubility parameters of the cyclic 
ole?n copolymers. See FIGS. 2 and 4 of PCT/US07/014,381 
(US. Ser. No. 11/820,739) forplots ofroom temperature (23° 
C.) notched lZod impact resistance versus differences in 
Bicerano solubility parameters (indicated as Est. Sol. 
Param.). Preferably, the Bicerano solubility parameter of the 
polyole?n modi?er is betWeen 0.1-0.5 Jo's/cm“, more pref 
erably betWeen 0.2-0.4 JO'S/cmI '5, less than the Bicerano solu 
bility parameter of the cyclic ole?n copolymer. 
[0082] Preferred polyole?ns can be purchased from Exx 
onMobil Chemical Company under the trade names Vista 
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lonTM, ExxelorTM, ExactTM, or VistamaxxTM, or they may be 
polymerized using vanadium, Ziegler-Natta, or metallocene 
catalysts by methods well known in the art. 
[0083] Preferred EP rubbers useful as the second polymer 
in compositions described herein include, but are not limited 
to, those having one or more of the following properties: 
[0084] 1) ethylene content of 25 to 80 wt % (preferably 30 

to 75 wt %, preferably 35 to 70 wt %, preferably 40 to 65 wt 
%); and/or 

[0085] 2) diene content (ASTM D 6047) of 15 wt % or less 
(preferably 12 wt % or less, preferably 9 wt % or less, 
preferably 6 wt % or less, preferably 3 wt % or less, pref 
erably 0 wt %); and/or 

[0086] 3) density (ASTM D 1505) of 0.87 g/cm3 or less 
(preferably 0.865 g/cm3 or less, preferably 0.86 g/cm3 or 
less, preferably 0.855 g/cm3 or less); and/or 

[0087] 4) heat of fusion (DSC as described in PCT/US07/ 
15486), if detected, of less than 20 J/g (preferably less than 
15 J/g, preferably less than 10 J/g, preferably less than 5 
J/g, preferably a heat of fusion is indiscernible); and/or 

[0088] 5) ethylene or propylene crystallinity (DSC as 
described in PCT/US07/15486), if measurable, of less than 
10 wt % (preferably less than 7.5 wt %, preferably less than 
5 wt %, preferably less than 2.5 wt %, preferably crystal 
linity is undetected); and/or 

[0089] 6) melting point (Tm, peak ?rst melt) (DSC as 
described in PCT/US07/15486), if detected, of 60° C. or less 
(preferably 500 C. or less, preferably 400 C. or less, preferably 
35° C. or less); and/or 
[0090] 7) glass transition temperature (Tg) (Dynamical 

Mechanical Analysis (DMA) as described in PCT/US07/ 
15486) of —30° C. or less (preferably —40° C. or less, 
preferably —50° C. or less, preferably —60° C. or less); 
and/or 

[0091] 8) MW of50,000 to 3,000,000 g/mol (SiZe Exclusion 
Chromatography (SEC) as described in PCT/US07/15486) 
(preferably 100,000 to 2,000,000 g/mol, preferably 200, 
000 to 1,000,000 g/mol); and/or 

[0092] 9) Mm/Mn of 1.5 to 40 (SEC as described in PCT/ 
US07/15486) (preferably 1.6 to 30, preferably 1.7 to 20, 
preferably 1.8 to 10, preferably 1.8 to 5, preferably 1.8 to 3, 
preferably 1.8 to 2.5); and/or 

[0093] 10) Mooney viscosity (ASTM D 1646), ML(1+4) @ 
125° C., of10 to 100 (preferably 15 to 10090, preferably 20 
to 85). 

[0094] Particularly preferred EP rubbers for use herein (in 
cluding in high temperature uses) contain no diene (i.e., an 
ethylene-propylene copolymers). If diene is present (i.e., an 
ethylene-propylene-diene terpolymer), preferably the diene 
is a norbomene-derived diene such as ethylidene norbornene 
(ENB), vinylidene norbornene (VNB), or dicyclopentadiene 
(DCPD). Diene content is measured by ASTM D 6047. 
[0095] The method of making the EP rubber is not critical, 
as it can be made by slurry, solution, gas-phase, high-pres 
sure, or other suitable processes, through the use of catalyst 
systems appropriate for the polymeriZation of polyole?ns, 
such as Ziegler-Natta catalysts, metallocene catalysts, other 
appropriate catalyst systems or combinations thereof. 
[0096] In a particularly preferred embodiment, the EP rub 
bers useful herein are produced using a vanadium-based cata 
lyst system in a solution or slurry process. In another embodi 
ment, the EP rubbers useful herein are produced using a 
metallocene-based catalyst system in a solution or slurry 
process. In yet another embodiment, the EP rubbers useful 
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herein are produced using any single-sited catalyst system in 
a solution or slurry process. Preferably, the EP rubbers made 
by a vanadium, metallocene, or other single-sited catalyst 
system has a molecular weight distribution (MW/Mn) of 1 .8 to 
2.5. 
[0097] EP rubbers that are useful in this invention include 
those available from ExxonMobil Chemical (sold under the 
VistalonTM tradename), including: 

ExxonMobil Chemical VistalonTM EP Rubbers 

[0098] 

Mooney Viscosity Molecular 
(MLl + 4, Ethylene Diene Weight 

Grade 125° C.) (Wt %) (Wt %) Distribution 

404 28 45 i very broad 

504 25 60 i broad 

606 65 54 i broad 

703 21 73 i narrow 

706 42 65 i bimodal 

707 23 72 i very broad 

722 16 72 i narrow 

785 30 49 i narrow 

805 33 78 i narrow 

878 51 60 i narrow 

MDV 91-9 18 59 i narrow 

1703P 25 77 0.9 VNB very broad 
2727 44 57 2.0 ENB broad 
3708 52 70 3.4 ENB broad 
2504 25 58 4.7 ENB broad 
2727 44 56 2.0 ENB broad 
4600 90 60 4.5 ENB bimodal 
4709 78 75 4.4 ENB narrow 

5504 25 45 4.7 ENB medium 
5601 72 68 5.0 ENB tailored 
6505 53 57 9.2 ENB broad 
7000 59 73 5.0 ENB narrow 

7001 60 73 5.0 ENB tailored 
7500 82 56 5.7 ENB bimodal 
7800(P) 20 79 6.0 ENB bimodal 
8600 81 58 8.9 ENB bimodal 
8609 83 68 8.0 ENB bimodal 
8800 15 73 10 0 bimodal 
9500 72 60 11.0 bimodal 

VNB is vinyl norbornene, ENB is ethylidene norbornene. 
[0099] In a particularly preferred embodiment, the second 
component used herein comprises an elastomeric polymer 
material or materials. Such materials are frequently amor 
phous polyole?ns or polydienes made up of monomeric units 
which can be derived from a wide variety of sources. These 
elastomeric materials serve to impart favorable impact resis 
tance properties to the polymeric compositions in which they 
are included. 

[0100] Preferred elastomeric polymers used herein desir 
ably have a glass transition temperature, Tg, of from —80° C. 
to 0° C., alternatively from —75° C. to —2.5° C., or even from 
—70° C. to —5.0° C. The elastomeric polymer materials used 
herein are de?ned as “elastomeric” for purposes of the 
present disclosure if they exhibit glass transition temperature 
(Tg) values of 0° C. or less. 
[0101] The elastomeric polymer materials used as compo 
nents in the polymer compositions herein can be fashioned 
form a wide variety of ole?nic monomers. They can, for 
example, be comprised of monomeric units derived from 
ot-ole?ns; other linear or non-linear, acyclic, aliphatic or aro 
matic mono-ole?ns; cyclic or polycyclic mono-ole?ns; con 
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jugated or non-conjugated, linear or non-linear, acyclic, 
cyclic or polycyclic dienes; or combinations of these mono 
mer types. These elastomeric materials can be homopolymers 
or random or block copolymers and may also be grafted onto 
other types of organic moieties. A number of elastomeric 
polymer materials of the type Which are useful herein are 
described in greater detail in US. Pat. No. 4,918,133 Which is 
incorporated herein by reference. 
[0102] One class of useful elastomeric polymers Which can 
be utiliZed herein is represented by ?exible random copoly 
mers comprising an ethylene component, a cycloole?n com 
ponent and an ot-ole?n component having 3 to 20 carbon 
atoms. The ethylene-derived units in such random copoly 
mers can comprise from 40 mole % to 99 mole % of the 
copolymer. Typically, these copolymers have a T8 of from 
—80 to 0° C., preferably from —75 to —2.50 C., preferably from 
—70 to —50 C. 

[0103] The cycloole?ns used to form such copolymers can, 
for example, be selected from bicyclo[2,2,1]hept-2-ene; 
5,10-dimethyltetracyclo[4,4,0,12'5,17'O]-3 -dodecene; 
hexacyclo[6,6,1,13'6,110'13,09'l4]-4-heptadecene; pentacyclo 
[6,5,1,13'6,02'7,09'l3]-4-pentadecene; pentacyclo[6,5,1,13'6, 
027,098]-4-hexadecene; tricyclo[4,3,0,12'5]-3-decene; and 
substituted derivatives of these cycloole?ns. Random repeat 
ing units derived from these cycloole?n materials can com 
prise from 1 mole % to 40 mole % of this type of elastomeric 
polymer component. 
[0104] The C3 to C20 ot-ole?ns used to form such copoly 
mers can, for example, be selected from propylene, 1-butene, 
1 -pentene, 1 -hexene, 4-methyl-1 -pentene, 1 -octene, 
1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 
1-eicosene and mixtures thereof. Random repeating units 
derived from these C3 to C20 ot-ole?n materials can comprise 
from 1 mole % to 45 mole % of this type of elastomeric 
polymer component. 
[0105] Another class of useful elastomeric polymers Which 
can be utiliZed in the polymer compositions herein is repre 
sented by amorphous or loW-crystalline ?exible ole?nic 
copolymers (eg those having an Hf (DSC as described in 
PCT/US07/15486), if detected, of less than 50 J/ g, alternately 
less than 40 J/g, alternately less than 30 J/g, alternately less 
than 20 J/ g, alternately less than 10 J/ g, alternately less than 5 
J/g, alternately indiscernible (e.g. Zero)) comprising at least 
tWo components selected from the group consisting of an 
ethylene component, a propylene component, and an ot-ole?n 
component having 4 to 20 carbon atoms. Such copolymers 
are in general ethylene-propylene copolymer rubbers, ethyl 
ene-ot-ole?n copolymer rubbers and propylene-ot-ole?n 
copolymer rubbers. The ot-ole?n in such copolymer rubbers 
can be selected, for example, from 1-butene, 1-pentene, 
1-hexene, 4-methyl-1-pentene, 1-octene and 1-decene. 
[0106] In another embodiment the amorphous or loW-crys 
talline ?exible ole?nic copolymers exhibit crystallinity (DSC 
as described in PCT/US07/15486), if measurable, of less than 
10 Wt % (alternately less than 7.5 Wt %, alternately less than 
5 Wt %, alternately undetected (e. g. no discernable Tm on the 
DSC trace)). The percent crystallinity is calculated using the 
formula, [area under the curve (J oules/ gram)/B(J oules/ 
gram)] * 100, Where B is the Tm heat of fusion for the 
homopolymer of the major monomer component. The values 
for B are obtained from the Polymer Handbook, Fourth Edi 
tion, published by John Wiley and Sons, NeW York 1999, 
except that a value of 189 J/g is used as the heat of fusion for 
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100% crystalline polypropylene and a value of 290 J/ g is used 
for the heat of fusion for 100% crystalline polyethylene. 
[0107] The molar ratio of ethylene to ot-ole?n in the ethyl 
ene-ot-ole?n copolymer rubbers can vary depending on the 
types of the ot-ole?ns, but is generally in the range of from 
30/70 to 95/5, or even from 50/50 to 95/5. When the ot-ole?n 
is propylene, this molar ratio is generally in the range of from 
50/ 50 to 90/10, While When the ot-ole?ns are those of four or 
more carbon atoms, this molar ratio is generally in the range 
of from 80/20 to 95/5. 
[0108] The molar ratio of propylene to ot-ole?n in the pro 
pylene-ot-ole?n copolymer rubbers can also vary depending 
on the types of the ot-ole?ns, but is generally in the range of 
from 50/ 50 to 95/ 5. When the ot-ole?n is1-butene, this molar 
ratio is generally in the range of from 50/50 to 90/ 10, While 
When the ot-ole?ns are those of ?ve or more carbon atoms, 
this molar ratio is generally in the range of from 80/ 20 to 95/ 5. 
[0109] The ethylene, propylene, and ot-ole?n copolymer 
rubbers hereinbefore described may also be graft-modi?ed in 
conventional fashion With, for example, from 0.01 Wt % to 5 
Wt %, or even from 0.1 Wt % to 4 Wt %, of graft monomers 
selected from unsaturated carboxylic acids or derivatives 
thereof. Examples of the unsaturated carboxylic acids and 
derivatives thereof Which can used for modi?cation of the 
ethylene-propylene-ot-ole?n copolymer rubbers herein can 
include such unsaturated carboxylic acids as acrylic acid, 
maleic acid, fumaric acid, tetrahydrophthalic acid, itaconic 
acid, citraconic acid, crotonic acid, isocrotonic acid, and 
Nadic AcidTM (endo-cis-bicyclo[2,2,1]hept-5-ene-2,3-dicar 
boxylic acid), and derivatives thereof such as acid halides, 
amides, imides, anhydrides, and esters. Speci?c examples of 
these acid derivatives include malenyl chloride, maleimide, 
maleic anhydride, citraconic anhydride, monomethyl male 
ate, dimethyl maleate, and glycidyl maleate. Among these 
materials, unsaturated dicarboxylic acids and derivatives 
thereof such as acid anhydrides thereof are especially useful. 
Maleic acid, Nadic AcidTM and anhydrides thererof are spe 
ci?c examples of this type of acid materials. 
[0110] Another class of useful elastomeric polymers Which 
can be utiliZed in the polymer compositions herein is repre 
sented by ?exible ole?n/nonconjugated diene copolymers 
comprising a nonconjugated diene component and at least 
tWo components selected from the group consisting of an 
ethylene component, a propylene component, and ot-ole?n 
components having 4 to 20 carbon atoms. Such copolymers 
are in general ethylene-propylene-diene monomer (EPDM) 
copolymer rubbers, ethylene-ot-ole?n-diene copolymer rub 
bers and propylene-ot-ole?n-diene copolymer rubbers. 
Examples of ot-ole?ns Which can be used in these ole?n-diene 
copolymers include the same materials listed hereinbefore for 
the ethylene and propylene copolymer rubbers. 
[0111] Examples of the diene components for the ethylene 
propylene-diene copolymer rubbers, ethylene-ot-ole?n-diene 
copolymer rubbers, or the propylene-ot-ole?n-diene copoly 
mer rubbers include acyclic linear or branched non-conju 
gated dienes, such as 1,4-hexadiene, 1,6-octadiene, 2-me 
thyl-1,5-hexadiene, 6-methyl-1,5-heptadiene, and 7-methyl 
1,6-octadiene; and cyclic non-conjugated dienes such as 1,4 
cyclohexadiene, dicyclopentadiene, 4-vinyl-1-cyclohexene, 
methyltetrahydroindenes, 5-vinyl-2-norbomene, 5-eth 
ylidene-2-norbomene, 5-methylene-2-norbomene, 5-isopro 
pylidene-2-norbornene, 6-chloromethyl-5-isopropenyl-2 
norbornene, 2,3-diisopropylidene-5-norbomene, 
2-ethylidene-3-isopropylidiene-5-norbomene, and 2-prope 
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nyl-2,2-norbornadiene. Among these materials, 7-methyl-1, 
6-octadiene, 1,4-hexadiene, 1,6-octadiene, and cyclic non 
conjugated dienes such as 5-ethylidene-2-norbomene, 
5-vinyl-2-norbomene, 5-methylene-2-norbomene, and 4-vi 
nyl-1-cyclohexene are especially useful. 
[0112] The molar ratio of ethylene to ot-ole?n in the ethyl 
ene-ot-ole?n-diene copolymer rubbers can vary depending on 
the types of the ot-ole?ns, but is generally in the range of from 
50/50 to 95/5. When the ot-ole?n is propylene, this molar ratio 
is generally in the range of from 50/50 to 90/10. When the 
ot-ole?ns are those of four or more carbon atoms, this molar 
ratio is generally in the range of from 80/20 to 95/ 5. The 
content of the diene component in the ethylene-propylene 
diene or ethylene-ot-ole?n-diene copolymer rubbers is gen 
erally in the range of from 0.5 to 10 mole %, or even from 0.5 
to 5 mole %. 

[0113] The molar ratio of propylene to ot-ole?n in the pro 
pylene-ot-ole?n-diene copolymer rubbers can vary depend 
ing on the types of the ot-ole?ns, but is generally in the range 
of from 50/50 to 95/5. When the ot-ole?n is 1-butene, this 
molar ratio is generally in the range of from 50/ 50 to 90/ 10. 
When the ot-ole?ns are those of ?ve or more carbon atoms, 
this molar ratio is generally in the range of from 80/20 to 95/ 5. 
The content of the diene component in the propylene-0t 
ole?n-diene copolymer rubbers is generally in the range of 
from 0.5 to 10 mole %, or even from 0.5 to 5 mole %. 

[0114] Another class of useful elastomeric polymers Which 
can be utilized in the polymer compositions herein is repre 
sented by ?exible diene/aromatic vinyl copolymers selected 
from the group consisting of random copolymers and block 
copolymers, each said copolymer comprising a conjugated 
diene component and an aromatic vinyl hydrocarbon compo 
nent, as Well as the hydrogenation products of these copoly 
mers. Such copolymers are most commonly represented by 
styrene-butadiene block copolymer rubbers, (d) styrene 
butadiene-styrene block copolymer rubbers, (e) styrene-iso 
prene block copolymer rubbers, (f) styrene-isoprene-styrene 
block copolymer rubbers, (g) hydrogenated styrene-butadi 
ene-styrene block copolymer rubbers, (h) hydrogenated sty 
rene-isoprene-styrene block copolymer rubbers, and (i) male 
ated or otherWise functionalized and/or grafted derivatives of 
such copolymer rubbers (SBCs). 
[0115] The molar ratio of styrene to butadiene in the sty 
rene-butadiene block copolymer rubbers can generally be in 
the range of from 1/99 to 60/40. The molar ratio of styrene to 
butadiene in the styrene-butadiene-styrene block copolymer 
rubbers can generally be in the range of from 1/ 99 to 60/40. 
The degree of polymerization of styrene in each block can 
generally be in the range of from 10 to 5,000, and the degree 
of polymerization of butadiene in each block can generally be 
in the range of from 10 to 20,000. 
[0116] The molar ratio of styrene to isoprene in the styrene 
isoprene block copolymer rubbers can generally be in the 
range of from 1/99 to 60/40. The molar ratio of styrene to 
isoprene in the styrene-isoprene-styrene block copolymer 
rubbers can generally be in the range of from 1/ 99 to 60/40. 
The degree of polymerization of styrene in each block can 
generally be in the range of from 1 to 5,000, and the degree of 
polymerization of isoprene in each block can generally be in 
the range of from 10 to 20,000. 
[0117] The hydrogenated styrene-butadiene-styrene block 
copolymer rubbers are copolymer rubbers Wherein double 
bonds left in the styrene-butadiene-styrene block copolymer 
rubbers are partially hydrogenated and the Weight ratio of 
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styrene to butadiene-derived component can generally be in 
the range of from 1/99 to 50/ 50. The hydrogenated styrene 
isoprene-styrene block copolymer rubbers are copolymer 
rubbers Wherein double bonds left in the styrene-isoprene 
styrene block copolymers are partially hydrogenated and the 
Weight ratio of styrene to isoprene-derived component can 
generally be in the range of from 1/99 to 50/50. 
[0118] The aromatic vinyl hydrocarbon-conjugated diene 
block copolymers useful herein can have a Weight-average 
molecular Weight, MW, as measured by GPC Which ranges 
from 500 g/mole to 2,000,000 g/mole, or even from 10,000 
g/mole to 1,000,000 g/mole. The density of these block 
copolymers can range from 0.80 to 1.10 g/cm3, or even from 
0.88 to 0.96 g/cm3. 
[0119] Another class of useful elastomeric polymers Which 
can be utilized in the polymer compositions herein is repre 
sented by amorphous or loW-crystalline homopolymers, as 
Well as the hydrogenation products of these homopolymers. 
Such homopolymers and hydrogenated homopolymers can 
include, for example, substantially atactic polypropylene, 
polybutadiene, polyisoprene, hydrogenated polybutadiene 
and hydrogenated polyisoprene. These homopolymers and 
hydrogenated homopolymers useful herein can have a 
Weight-average molecular Weight, MW, as measured by GPC 
Which ranges from 500 g/mole to 2,000,000 g/mole, or even 
from 10,000 g/mole to 1,000,000 g/mole. 
[0120] The aromatic vinyl/non-conjugated diene copoly 
mers and the elastomeric homopolymers hereinbefore 
described, like the ethylene, propylene, and ot-ole?n copoly 
mer rubbers, can also be graft-modi?ed in conventional fash 
ion With, for example, from 0.01 Wt % to 5 Wt %, or even from 
0.1 Wt % to 4 Wt %, of graft monomers selected from unsat 
urated carboxylic acids or derivatives thereof. Suitable acids 
and acid derivatives for such graft modi?cation are the same 
as those hereinbefore described With respect to modi?cation 
of the ethylene, propylene, and ot-ole?n copolymer rubbers. 
[0121] The hereinbefore-described various types of elasto 
meric polymers Which are useful for this particularly pre 
ferred embodiment herein are all knoWn materials. They can 
be prepared in conventional manner by polymerizing the 
appropriate types and amounts of their constituent comono 
mers using standard polymerization techniques. Many of 
these elastomeric materials are commerically available and 
can thus be readily obtained for use in the polymer composi 
tions herein. Elastomers particularly useful for this particu 
larly preferred embodiment herein, for example, are mar 
keted under the tradenames VistalonTM (ethylene/propylene/ 
5-ethylidene-2-norbomene terpolymer), VectorTM (styrene 
butadiene triblock copolymer), KratonTM (styrene 
hydrogenated butadiene diblock copolymer), and ExxelorTM 
(maleated ethylene-propylene copolymer). 

Non-Functionalized Plasticizers (NFPs) 

[0122] For the non-functionalized plasticizer components 
described herein, kinematic viscosity (KV), also referred to 
merely as viscosity, is expressed as centistokes (cSt) and is 
determined at the temperature speci?ed according to ASTM 
D445 (e.g., KVloo at 1000 C., KV4O at 400 C.). Glass transi 
tion temperature (T8) is determined according to ASTM E 
1356. Distillation range is determined according to ASTM D 
86. Initial boiling point and ?nal boiling point are each deter 
mined according to ASTM D 86. Pour point is determined 
according to ASTM D 97. Speci?c gravity is determined 
according to ASTM D 4052, 15.60 C. Flash point is deter 
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mined according to ASTM D 56. Dielectric constant is deter 
mined at 1 kHZ, 20° C. Density is determined according to 
ASTM 4052, 15.6° C. Viscosity index is determined accord 
ing to ASTM D-2270. Number average molecular Weight 
(Mn) of the NFP is determined by GC or GPC as described in 
PCT/US07/15486. 
[0123] NFPs useful herein are compounds comprising car 
bon and hydrogen, and do not include to an appreciable extent 
functional groups selected from hydroxide, aryls and substi 
tuted aryls, halogens, alkoxys, carboxylates, esters, carbon 
unsaturation, acrylates, oxygen, nitrogen, and carboxyl. By 
“appreciable extent”, it is meant that these groups and com 
pounds 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 preferably 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. 
[0124] In a preferred embodiment, the NFP is a hydrocar 
bon that contains ole?nic unsaturation to an unappreciable 
extent. By “unappreciable extent of ole?nic unsaturation” it is 
meant that the carbons involved in ole?nic bonds account for 
less than 10% (preferably less than 8%, preferably less than 
6%, preferably less than 4%, preferably less than 2%, prefer 
ably less than 1%, preferably less than 0.7%, preferably less 
than 0.5%, preferably less than 0.3%, preferably less than 
0.1%, preferably less than 0.05%, preferably less than 0.01%, 
preferably less than 0.001%) of the total number of carbons. 
In some embodiments, 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 5%, preferably betWeen 0.1 and 2%, preferably less 
than 1%). 
[0125] Preferred NFP’s that may be used herein (typically 
present in the composition at from 0.1 to 50 Wt %, preferably 
from 0.25 to 45 Wt %, preferably from 0.5 to 40 Wt %, 
preferably 1 Wt % to 35 Wt %, preferably 3 to 30 Wt %, based 
upon the Weight of the blend), have: 1) a pour point of 0° C. or 
less, preferably —10° C. or less, more preferably —20° C. or 
less, more preferably —25° C. or less, 2) a KVloo of3 cSt or 
more, preferably 5 cSt or more, more preferably 10 cSt or 
more (preferably from 3 to 1000 cSt, preferably from 5 to 500 
cSt, preferably from 4 to 200 cSt, more preferably from 10 to 
100 cSt), and, 3) optionally, a ?ash point of 200° C. or more, 
preferably 210° C. or more, preferably 220° C. or more, and, 
4) optionally, a viscosity index of 100 or more, preferably 120 
or more, preferably 140 or more, and 5) optionally a speci?c 
gravity (15.6/15.6° C.) of 0.86 or less (preferably 0.855 or 
less, preferably 0.85 or less, preferably 0.84 or less. 
[0126] Particularly preferred NFPs include: a) liquid poly 
alpha-ole?ns (PAOs), b) Group III Mineral Oils, and c) high 
purity hydrocarbon ?uids derived from a so-called Gas-To 
Liquids process; said NFP’s having a viscosity index greater 
than 100 (preferably greater than 120), a pour point less than 
—15° C. (preferably less than —20° C.), a speci?c gravity less 
than 0.86 (preferably less than 0.855), and a ?ash point 
greater than 200° C. (preferably greater than 230° C.). 

a) Polyalphaole?ns: 
[0127] In another embodiment of the present invention, the 
NFP comprises a polyalphaole?n (PAO) liquid With a pour 
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point of —10° C. or less and a kinematic viscosity at 100° C. 
of 3 cSt or more. In general, a PAO liquid comprises hydro 
carbon oligomers manufactured by catalytic oligomeriZation 
of alpha-ole?ns, preferably linear alpha-ole?ns. A PAO may 
be characterized by any type of tacticity, including isotactic or 
syndiotactic and/or atactic, and by any degree of tacticity, 
including isotactic-rich or syndiotactic-rich or fully atactic. 
PAO liquids are described in, for example, U.S. Pat. No. 
3,149,178; U.S. Pat. No. 4,827,064; U.S. Pat. No. 4,827,073; 
U.S. Pat. No. 5,171,908; and Us. Pat. No. 5,783,531 and in 
SYNTHETIC LUBRICANTS AND HIGH-PERFORMANCE FUNC 
TIONAL FLUIDS, Leslie R. Rudnick & Ronald L. Shubkin, eds. 
(Marcel Dekker, 1999), p. 3-52. 
[0128] PAO liquids are typically prepared by the oligomer 
iZation of an ot-ole?n in the presence of a polymerization 
catalyst, such as a Friedel-Crafts catalyst (including, for 
example, AlCl3, B133, and complexes of BF3 With Water, alco 
hols, carboxylic acids, or esters), a coordination complex 
catalyst (including, for example, the ethylaluminum ses 
quichloride+TiCl4 system), or a homogeneous or heteroge 
neous (supported) catalyst more commonly used to make 
polyethylene and/or polypropylene (including, for example, 
Ziegler-Natta catalysts, metallocene or other single-site cata 
lysts, and chromium catalysts). 
[0129] In one embodiment, the PAO comprises C 1 5 to C1500 
(preferably C2O to C1000, preferably C3O to C800, preferably 
C35 to C400, most preferably C4O to C250) oligomers of alpha 
ole?ns. These oligomers are dimers, trimers, tetramers, pen 
tamers, etc. In another embodiment, the FAQ comprises C3 to 
C24 (preferably C5 to C18, preferably C6 to C14, even prefer 
ably C8 to C12, most preferably C10) branched or linear alpha 
ole?ns, provided that C3 and C4 alpha-ole?ns are present at 10 
Wt % or less. In another embodiment, the PAO comprises C3 
to C24 (preferably C5 to C18, preferably C6 to C14, most pref 
erably C8 to C12) linear alpha-ole?ns (LAOs), provided that 
C3 and C4 LAOs are present at 10 Wt % or less. Suitable 
ole?ns include propylene, 1-butene, 1-pentene, 1-hexene, 
1 -heptene, 1 -octene, 1 -nonene, 1 -decene, 1 -undecene, 
1 -dodecene, 1 -tridecene, 1-tetradecene, 1-pentadecene, 
1-hexadecene, and blends thereof. Oligomers of LAOs With 
only even carbon numbers betWeen 6 and 18 (inclusive) are 
particularly preferred. 
[0130] In one embodiment, a single LAO is used to prepare 
the oligomers. In this case, a preferred embodiment involves 
the oligomeriZation of 1 -decene, and the PAO is a mixture of 
oligomers (including, for example, dimers, trimers, tetram 
ers, pentamers, and higher) of 1-decene. In another embodi 
ment, the PAO comprises oligomers of tWo or more C3 to C 18 
LAOs (preferably C5 to C18 LAOs), to make ‘bipolymer’ or 
‘terpolymer’ or higher-order copolymer combinations, pro 
vided that ethylene and C3 and C4 LAOs are present at 10 Wt 
% or less. In this case, a preferred embodiment involves the 
oligomeriZation of a mixture of 1-octene, 1-decene, and 
1-dodecene, and the PAO is a mixture of oligomers (for 
example, dimers, trimers, tetramers, pentamers, and higher) 
of 1-octene/1-decene/1-dodecene ‘terpolymer’. 
[0131] In another embodiment, the PAO comprises oligo 
mers of a single alpha-ole?n species having a carbon number 
of 5 to 24 (preferably 6 to 18, preferably 8 to 12, most 
preferably 10). In another embodiment, the NFP comprises 
oligomers of mixed alpha-ole?ns (i.e., involving tWo or more 
alpha-ole?n species), each alpha-ole?n having a carbon num 
ber of 3 to 24 (preferably 5 to 24, preferably 6 to 18, most 
preferably 8 to 12), provided that alpha-ole?ns having a car 
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bon number of 3 or 4 are present at 10 Wt % or less. In a 
particularly preferred embodiment, the PAO comprises oli 
gomers of mixed alpha-ole?ns (i.e., involving tWo or more 
alpha-ole?n species) Where the Weighted average carbon 
number for the alpha-ole?n mixture is 6 to 14 (preferably 8 to 
12, preferably 9 to 11). 
[0132] In another embodiment, the PAO comprises oligo 
mers of one or more ot-ole?n With repeat unit formulas of: 

i[CHR4CH2]i Where R is a C3 to C18 saturated hydro 
carbon branch. Preferably, R is constant for all oligomers. In 
another embodiment, there is a range of R substituents cov 
ering carbon numbers from 3 to 18. Preferably, R is linear, i.e., 
R is (CH2)ZCH3, Where Z is 2 to 17 (preferably 3 to 11, 
preferably 4 to 9). Optionally, R may contain one methyl or 
ethyl branch, i.e., R is (CH2)m[CH(CH3)](CH2)nCH3 or 
(CH2)X[CH(CH2CH3)](CH2)yCH3, Where (m+n) is 1 to 15 
(preferably 1 to 9, preferably 3 to 7) and (x+y) is 1 to 14 
(preferably 1 to 8, preferably 2 to 6). Preferably m>n. Pref 
erably m is 0 to 15 (preferably 2 to 15, preferably 3 to 12, 
preferably 4 to 9) andn is 0 to 10 (preferably 1 to 8, preferably 
1 to 6, preferably 1 to 4). Preferably x>y. Preferably x is 0 to 
14 (preferably 1 to 14, preferably 2 to 11, preferably 3 to 8) 
and y is 0 to 10 (preferably 1 to 8, preferably 1 to 6, preferably 
1 to 4.) Preferably, the repeat units are arranged in a head-to 
tail fashion With minimal heat-to-head connections. 
[0133] The PAO may be atactic, isotactic, or syndiotactic. 
In one embodiment, the PAO has essentially the same popu 
lation of meso [m] and racemic [r] dyads (preferably neither 
[m] nor [r] greater than 60%, preferably neither greater than 
55%) as measured by 13 C-NMR, making it atactic. In another 
embodiment, the PAO has more than 60% (preferably more 
than 70%, preferably more than 80%, preferably more than 
90%) meso dyads [m]. In another embodiment, the PAO has 
more than 60% (preferably more than 70%, preferably more 
than 80%, preferably more than 90%) racemic dyads [r]. In 
one embodiment, [m]/ [r] determined by 13 C-NMR is 
betWeen 0.9 and 1.1 in one embodiment, [m]/ [r] is greater 
than 1 in another embodiment, and [m]/ [r] is less than 1 in yet 
another embodiment. 
[0134] In some embodiments, preferred PAOs have a 
“branching ratio” as de?ned in Us. Pat. No. 4,827,064 and 
measured according to the method described therein, of 0.20 
or less (preferably 0.19 or less, preferably 0.18 or less, pref 
erably 0.17 or less, preferably 0.15 or less, preferably 0.12 or 
less, preferably 0.10 or less). 
[0135] In one embodiment of the present invention, the 
PAO has a number average molecular Weight of from 100 to 
20,000 g/mol (preferably 300 to 15,000 g/mol, preferably 400 
to 10,000 g/mol, preferably 500 to 5,000 g/mol, preferably 
600 to 3,000 g/mol, preferably 600 to 1,500 g/mol). Mn for the 
NFP’s is determined by GC or GPC as described in PCT/ 
US07/ 15486. 

[0136] In a preferred embodiment, the PAO has a kinematic 
viscosity at 100° C. of 3 cSt or more (preferably 5 cSt or more, 
preferably 6 cSt or more, preferably 8 cSt or more, preferably 
10 cSt or more, preferably 20 cSt or more, preferably 30 cSt 
or more, preferably 40 cSt or more, preferably 100 or more, 
preferably 150 cSt more). In another embodiment, the PAO 
has a kinematic viscosity at 100° C. of 300 cSt or less (pref 
erably 100 cSt or less). In another embodiment, the PAO has 
a kinematic viscosity at 100° C. of 3 to 3,000 cSt (preferably 
4 to 1,000 cSt, preferably 6 to 300 cSt, preferably 8 to 150 cSt, 
preferably 8 to 100 cSt, preferably 8 to 40 cSt). In another 
embodiment, the PAO has a kinematic viscosity at 100° C. of 
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10 to 1000 cSt (preferably 10 to 300 cSt, preferably 10 to 100 
cSt). In yet another embodiment, the PAO has a kinematic 
viscosity at 100° C. of4 to 8 cSt. 
[0137] In another preferred embodiment, the PAO has a 
Viscosity Index of 120 or more (preferably 130 or more, 
preferably 140 or more, preferably 150 or more, preferably 
170 or more, preferably 190 or more, preferably 200 or more, 
preferably 250 or more, preferably 300 or more). In another 
embodiment, the PAO or blend of PAOs has a viscosity Index 
of 120 to 350 (preferably 130 to 250). 
[0138] In yet another preferred embodiment, the PAO has a 
pour point of —10° C. or less (preferably —20° C. or less, 
preferably —25° C. or less, preferably —30° C. or less, prefer 
ably —35° C. or less, preferably —40° C. or less, preferably 
—50° C. or less). In another embodiment, the PAO or blend of 
PAOs has a pour point of —15 to —70° C. (preferably —25 to 
—60° C.). 
[0139] In yet another preferred embodiment, the PAO has a 
glass transition temperature (T8) of —40° C. or less (prefer 
ably —50° C. or less, preferably —60° C. or less, preferably 
—70° C. or less, preferably —80° C. or less). In another 
embodiment, the PAO or blend of PAOs has a T8 of —50 to 
—120° C. (preferably —60 to —100° C., preferably —70 to —90° 
C.). 
[0140] In yet another preferred embodiment, the PAO has a 
?ash point of 200° C. or more (preferably 2100 C. or more, 
preferably 220° C. or more, preferably 230° C. or more), 
preferably betWeen 240° C. and 290° C. 
[0141] In yet another preferred embodiment, the PAO has a 
speci?c gravity (15.6/15.6° C.) of 0.86 or less (preferably 
0.855 or less, preferably 0.85 or less, preferably 0.84 or less). 
[0142] Particularly preferred PAOs 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 pourpoint less than —20° C. (preferably less than —25° C., 
preferably less than —30° C., preferably less than —35°, pref 
erably less than —40° C.) and/ or a kinematic viscosity at 100° 
C. of 10 cSt or more (preferably 35 cSt or more, preferably 40 
cSt or more, preferably 50 cSt or more). 
[0143] Further preferred PAOs have a kinematic viscosity 
at 100° C. of at least 3 cSt (preferably at least 6 cSt, preferably 
at least 8 cSt, most preferably at least 10 cSt); a viscosity 
index of at least 120 (preferably at least 130, preferably at 
least 140, most preferably at least 150); a pour point of —10° 
C. or less (preferably —20° C. or less, preferably —30° C. or 
less, most preferably —40° C. or less); and a speci?c gravity 
(15.6/15.6° C.) of0.86 or less (preferably 0.855 or less, pref 
erably 0.85 or less, most preferably 0.84 or less). 
[0144] The PAO may be comprised of one or more distinct 
PAO components. In one embodiment, the NFP is a blend of 
one or more PAOs With different compositions (e. g., different 
ot-ole?n(s) Were used to make the oligomers) and/or different 
physical properties (e. g., kinematic viscosity, pour point, vis 
cosity index, and/or glass transition temperature). 
[0145] Desirable PAOs are available as SpectraSynTM and 
SpectraSyn UltraTM from ExxonMobil Chemical in Houston, 
Tex. (previously sold under the SHF and SuperSynTM trade 
names by ExxonMobil Chemical Company), some of Which 
are summarized in the table beloW. Other useful PAOs include 
Syn?uidTM available from ChevronPhillips Chemical Com 
pany (Pasedena, Tex.), DurasynTM available from Innovene 
(Chicago, Ill.), NexbaseTM available from Neste Oil (Keilani 
emi, Finland), and SyntonTM available from Chemtura Cor 
poration (Middlebury, Conn.). The percentage of carbons in 
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chain-type paraf?nic structures (CP) is close to 100% (typi 
cally greater than 98% or even 99%) for PAOs. 

SpectraSynTM Series Polyalphaole?ns 

[0146] 

KV @ KV @ Pour Flash 
100° C , 40° C., Point, Speci?c Point, 

Grade ID cSt cSt VI ° C. gravity ° C. 

4 4 19 126 —66 0.820 220 
Plus 4 4 17 122 —60 0.820 228 

6 6 31 138 —57 0.827 246 
Plus 6 6 30 140 —54 0.827 246 

8 8 48 139 —48 0.833 260 
10 10 66 137 —48 0.835 266 
40 39 396 147 —36 0.850 281 
100 100 1240 170 —30 0.853 283 

Ultra 150 150 1,500 218 —33 0.850 >265 
Ultra 300 300 3,100 241 —27 0.852 >265 
Ultra 1000 1,000 10,000 307 —18 0.855 >265 

b) High Purity Hydrocarbon Fluids: 

[0147] In another embodiment, the NFP is a high purity 
hydrocarbon ?uid of lubricating viscosity comprising a mix 
ture of C20 to C120 para?ins, 50 Wt % or more being isopar 
a?inic hydrocarbons and less than 50 Wt % being hydrocar 
bons that contain naphthenic and/ or aromatic structures. 
Preferably, the mixture of para?ins comprises a Wax isomer 
ate lubricant basestock or oil, Which includes: hydroisomer 
iZed natural and re?ned Waxes, such as slack Waxes, deoiled 
Waxes, normal alpha-ole?n Waxes, microcrystalline Waxes, 
and Waxy stocks derived from gas oils, fuels hydrocracker 
bottoms, hydrocarbon raf?nates, hydrocracked hydrocar 
bons, lubricating oils, mineral oils, polyalphaole?ns, or other 
linear or branched hydrocarbon compounds With carbon 
number of 20 or more; and hydroisomer‘iZed synthetic Waxes, 
such as Fischer-Tropsch Waxes (i.e., the high boiling point 
residues of Fischer-Tropsch synthesis, including Waxy 
hydrocarbons); or mixtures thereof. Most preferred are lubri 
cant basestocks or oils derived from hydrocarbons synthe 
siZed in a Fischer-Tropsch process as part of an overall Gas 
to-Liquids (GTL) process. 
[0148] In a preferred embodiment, the mixture of para?ins 
has tWo or more of the folloWing properties: 
1. a naphthenic content (ASTM D 2140) of less than 40 Wt % 
(preferably less than 30 Wt %, preferably less than 20 Wt %, 
preferably less than 15 Wt %, preferably less than 10 Wt %, 
preferably less than 5 Wt %, preferably less than 2 Wt %, 
preferably less than 1 Wt %) based on the total Weight of the 
hydrocarbon mixture; and/or 
2. a normal paraf?ns (ASTM D 2140) content of less than 5 Wt 
% (preferably less than 4 Wt %, preferably less than 3 Wt %, 
preferably less than 1 Wt %) based on the total Weight of the 
hydrocarbon mixture; and/or 
3. an aromatic content (ASTM D 2140) of 1 Wt % or less 
(preferably 0.5 Wt % or less); and/or 
4. a saturates (ASTM D 2007) level of 90 Wt % or higher 
(preferably 95 Wt % or higher, preferably 98 Wt % or higher, 
preferably 99 Wt % or higher); and/or 
5. the percentage of carbons in chain-type para?inic struc 
tures (Cp) of 80% or more (preferably 90% or more, prefer 
ably 95% or more, preferably 98% or more); and/or 
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6. a branched para?in:normal para?in ratio greater than 10:1 
(preferably greater than 20:1, preferably greater than 50:1, 
preferably greater than 100:1, preferably greater than 500:1, 
preferably greater than 1000:1); and/ or 
7. sidechains With 4 or more carbons making up less than 10% 
of all sidechains (preferably less than 5%, preferably less than 
1%); and/or 
8. sidechains With 1 or 2 carbons making up at least 50% of all 
sidechains (preferably at least 60%, preferably at least 70%, 
preferably at least 80%, preferably at least 90%, preferably at 
least 95%, preferably at least 98%); and/or 
9. a sulfur content (ASTM D2622) of 300 ppm or less (pref 
erably 100 ppm or less, preferably 50 ppm or less, preferably 
10 ppm or less) Where ppm is on a Weight basis; and/or 
10. a nitrogen content (ASTM 4629) of 300 ppm or less 
(preferably 100 ppm or less, preferably 50 ppm or less, pref 
erably 10 ppm or less) Where ppm is on a Weight basis; and/or 
1 1. a number-average molecular Weight of 300 to 1800 g/mol 
(preferably 400 to 1500 g/mol, preferably 500 to 1200 g/mol, 
preferably 600 to 900 g/mol); and/or 
12. a kinematic viscosity at 40° C. of 10 cSt or more (prefer 
ably 25 cSt or more, preferably betWeen 50 and 400 cSt); 
and/or 
13. a kinematic viscosity at 100° C. ranging from 3 to 50 cSt 
(preferably 3 to 30 cSt, preferably 5 to 25 cSt, preferably 6 to 
20 cSt, preferably 8 to 16 cSt); and/or 
14. a viscosity index (VI) of 100 or greater, preferably 120 or 
greater, preferably 130 or greater, preferably 140 or greater, 
preferably 150 or greater, preferably 160 or greater, prefer 
ably 180 or greater); and/or 
15. a pour point of —5° C. or loWer (preferably —10° C. or 
loWer, preferably —15° C. or loWer, preferably —20° C. or 
loWer, preferably —25° C. or loWer, preferably —30° C. or 
loWer); and/ or 
16. a ?ash point of 200° C. or more (preferably 220° C. or 
more, preferably 240° C. or more, preferably 260° C. or 
more); and/or 
17. a speci?c gravity (15.6° C./15.6° C.) of 0.86 or less 
(preferably 0.85 or less, preferably 0.84 or less); and/or 
18. an aniline point (ASTM D 61 1) of 120° C. or more; and/or 
19. a bromine number of1 or less, (ASTM D 1159 (orASTM 
D 2710 if so directed by ASTM D 1159)). 
[0149] In a preferred embodiment, the mixture of para?ins 
comprises a GTL basestock or oil. GTL basestocks and oils 
are ?uids of lubricating viscosity that are generally derived 
from Waxy synthesiZed hydrocarbons, that are themselves 
derived via one or more synthesis, combination, transforma 
tion, and/or rearrangement processes from gaseous carbon 
containing compounds and hydrogen-containing compounds 
as feedstocks, such as: hydrogen, carbon dioxide, carbon 
monoxide, Water, methane, ethane, ethylene, acetylene, pro 
pane, propylene, propyne, butane, butylenes, and butynes. 
Preferably, the feedstock is “syngas” (synthesis gas, essen 
tially CO and H2) derived from a suitable source, such as 
natural gas and/or coal. GTL basestocks and oils include Wax 
isomerates, comprising, for example, hydroisomer‘iZed syn 
thesiZed Waxes, hydroisomeriZed Fischer-Tropsch (F-T) 
Waxes (including Waxy hydrocarbons and possible analogous 
oxygenates), or mixtures thereof. GTL basestocks and oils 
may further comprise other hydroisomer‘iZed basestocks and 
base oils. Particularly preferred GTL basestocks or oils are 
those comprising mostly hydroisomeriZed F-T Waxes and/or 
other liquid hydrocarbons obtained by a F-T synthesis pro 
cess. 
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[0150] The synthesis of hydrocarbons, including Waxy 
hydrocarbons, by F-T may involve any suitable process 
knoWn in the art, including those involving a slurry, a ?xed 
bed, or a ?uidized-bed of catalyst particles in a hydrocarbon 
liquid. The catalyst may be an amorphous catalyst, for 
example based on a Group VIII metal such as Fe, Ni, Co, Ru, 
and Re on a suitable inorganic support material, or a crystal 
line catalyst, for example a Zeolitic catalyst. The process of 
making a lubricant basestock or oil from a Waxy stock is 
characterized as a hydrodeWaxing process. A hydrotreating 
step, While typically not required for F-T Waxes, can be per 
formed prior to hydrodeWaxing if desired. Some F-T Waxes 
may bene?t from removal of oxygenates While others may 
bene?t from oxygenates treatment prior to hydrodeWaxing. 
The hydrodeWaxing process is typically conducted over a 
catalyst or combination of catalysts at high temperatures and 
pressures in the presence of hydrogen. The catalyst may be an 
amorphous catalyst, for example based on Co, Mo, W, etc. on 
a suitable oxide support material, or a crystalline catalyst, for 
example a Zeolitic catalyst such as ZSM-23 and ZSM-48 and 
others disclosed in US. Pat. No. 4,906,350, often used in 
conjunction With a Group VIII metal such as Pd or Pt. This 
process may be folloWed by a solvent and/or catalytic deW 
axing step to loWer the pour point of the hydroisomerate. 
Solvent deWaxing involves the physical fractionation of Waxy 
components from the hydroisomerate. Catalytic deWaxing 
converts a portion of the hydroisomerate to loWer boiling 
hydrocarbons; it often involves a shape-selective molecular 
sieve, such as a Zeolite or silicoaluminophosphate material, in 
combination With a catalytic metal component, such as Pt, in 
a ?xed-bed, ?uidized-bed, or slurry type process at high tem 
peratures and pressures in the presence of hydrogen. 

[0151] Useful catalysts, processes, and compositions for 
GTL basestocks and oils, Fischer-Tropsch hydrocarbon 
derived basestocks and oils, and Wax isomerate hydroisomer 
iZed basestocks and oils are described in, for example, US. 
Pat. Nos. 2,817,693; 4,542,122; 5,5456,74; 4,568,663; 4,621, 
072; 4,663,305; 4,897,178; 4,900,407; 4,921,594; 4,923,588; 
4,937,399; 4,975,177; 5,059,299; 5,158,671; 5,182,248; 
5,200,382; 5,290,426; 5,516,740; 5,580,442; 5,885,438; 
5,935,416; 5,935,417; 5,965,475; 5,976,351; 5,977,425; 
6,025,305; 6,080,301; 6,090,989; 6,096,940; 6,103,099; 
6,165,949; 6,190,532; 6,332,974; 6,375,830; 6,383,366; 
6,475,960; 6,620,312; and 6,676,827; European Patents 
324528, 532116, 532118, 537815, 583836, 666894, 668342, 
776959; WO patent applications 97/31693, 99/20720, 
99/45085, 02/64710, 02/64711, 02/70627, 02/70629, 
03/33320; and British Patents 1350257; 1390359; 1429494; 
and 1440230. Particularly favorable processes are described 
in European Patent Applications 464546 and 464547. Pro 
cesses using Fischer-Tropsch Wax feeds are described in US. 

Pat. Nos. 4,594,172; 4,943,672; 6,046,940; 6,103,099; 6,332, 
974; 6,375,830; and 6,475,960. 
[0152] As used herein, the folloWing terms have the indi 
cated meanings: “hydroisomeriZed” describes a catalytic pro 
cess in Which normal para?ins and/or slightly branched iso 
paraf?ns are converted by rearrangement into more branched 
isoparaf?ns (also knoWn as “isodeWaxing”); “Wax” is a 
hydrocarbonaceous material existing as a solid at or near 
room temperature, With a melting point of 0° C. or above, and 
consisting predominantly of para?inic molecules, most of 
Which are normal para?ins; “slack Wax” is the Wax recovered 
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from petroleum oils such as by solvent deWaxing, and may be 
further hydrotreated to remove heteroatoms. 

c) Group III Mineral Oils: 

[0153] In another embodiment, the NFP comprises a Group 
III Mineral Oil. Preferably the NFP has a saturates levels of 
90% or more (preferably 92% or more, preferably 94% or 
more, preferably 95% or more, preferably 98% or more); a 
sulfur content of less than 0.03% (preferably betWeen 0.001 
and 0.01%); and aVI of 120 or more (preferably 130 or more, 
preferably 140 or more). Preferably the Group III Mineral Oil 
has a kinematic viscosity at 100° C. of 3 to 50, preferably 4 to 
40 cSt, preferably 6 to 30 cSt, preferably 8 to 20; and/or a 
number average molecular Weight of 300 to 5,000 g/mol, 
preferably 400 to 2,000 g/mol, preferably 500 to 1,000 g/mol. 
Preferably the Group III Mineral Oil has a pour point of —10° 
C. or less, a ?ash point of 200° C. or more, and a speci?c 
gravity (15.6° C./15.6° C.) of 0.86 or less. 
[0154] Preferably, the Group III Mineral Oil is a Group III 
basestock. Desirable Group III basestocks are commercially 
available from a number of sources and include those 
described in the table beloW. The percentage of carbons in 
chain-type paraf?nic structures (C P) in such liquids is greater 
than 80%. 
Commercially available Group III Basestocks 

Pour Flash 
KV @ 1000 Point, Speci?c Point, 

C., cSt VI ° C. gravity ° C. 

UCBO 4R 1 4.1 127 —18 0.826 216 
UCBO 7R 1 7.0 135 —18 0.839 250 
Nexbase 3043 2 4.3 124 —18 0.831 224 
Nexbase 3050 2 5.1 126 —15 0.835 240 
Nexbase 3060 2 6.0 128 —15 0.838 240 
Nexbase 3080 2 8.0 128 —15 0.843 260 
Yubase YU-4 3 4.2 122 —15 0.843 230 
Yubase YU-6 3 6.5 131 —15 0.842 240 
Yubase YU-8 3 7.6 128 —12 0.850 260 
Ultra-S 4 4 4.3 123 —20 0.836 220 
Ultra-S 6 4 5.6 128 —20 0.839 234 
Ultra-S 8 4 7.2 127 —15 0.847 256 
VHVI 4 5 4.6 128 —21 0.826 
VHVI 8 5 8.0 127 —12 0.850 248 
Visom 4 6 4.0 210 

Visorn 6 6 6.6 148 —18 0.836 250 

1 Available from ChevronTexaco (USA). 

2 Available from Neste Oil (Finland). 

3 Available from SK Corp (South Korea). 
4 Available from ConocoPhillips (USA)/S-Oil (South Korea). 
5 Available from PetroCanada (Canada). 

6 Available from ExxonMobil (USA). 

[0155] In another embodiment, plasticiZers such as those 
described as non-functionaliZed plasticiZers (NFP’s) in WO 
04/014998 at pages 9 to 28, particularly pages 16 line, 14 to 
page 20, line 17) are added to the compositions of this inven 
tion. Page 16, line 14 to Page 20, line 15 describes the fol 
loWing NFP’s: 
[0156] The NFP comprises polyalphaole?ns comprising 
oligomers of linear ole?ns having 6 to 14 carbon atoms, more 
preferably 8 to 12 carbon atoms, more preferably 10 carbon 
atoms having a Kinematic viscosity of 10 or more (as mea 
sured by ASTM D 445); and preferably having a viscosity 
index (“VI”), as determined by ASTM D-2270 of 100 or 
more, preferably 110 or more, more preferably 120 or more, 
more preferably 130 or more, more preferably 140 or more; 
























