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flow rate (MFR) less than 1 g/10min as determined according to 

ASTM D1238, at 230°C and 2.16 Kg; (B) an ethylene content of 

from 3 to 5 percent by weight of the random copolymer; and (C) 

the xylene insoluble fraction of the random copolymer obtained 

by the wet method exhibits a [(Koenig B value)*(%mm)] ≥ 92. 

[0012] The term "propylene/ethylene copolymer", as used 

herein, is a copolymer containing, in polymerized form, (i) a 

majority weight percent propylene monomer and (ii) ethylene 

monomer.  A "propylene/ethylene random copolymer" (also 

sometimes referred to as a polypropylene random copolymer, 

PPR, PP-R, RCP or RACO) is a polymer having individual 

repeating units of the ethylene monomer present in a random or 

statistical distribution in the polymer chain. 

[0013] The "Koenig B-value" or "B-value" or chi statistic 

is one measure of randomness or blockiness in a propylene 

ethylene random copolymer.  A value of 1.0 indicates a random 

copolymer and a value of zero indicates complete blocks of 

monomers A and B; in the present case, propylene and ethylene.  

A B-value of 2 indicates an alternating copolymer. The B–value 

is calculated as: B=[EP]/(2[P][E]), where [EP] is the total 

mole fraction of EP dimers (EP+PE, or (EEP+PPE+PEP+EPE)), and 

[E] is the mole fraction ethylene, and [P] = 1-[E].  See 

Koenig, Jack L.; Spectroscopy of Polymers, 2nd ed. for details 

of determining and calculating the B-value. 

[0014] Melt flow rate (MFR) is measured in accordance with 

ASTM D 1238 test method at 230°C with a 2.16 kg weight for 

propylene-based polymers. 

[0015] Xylene Solubles (XS) is the weight percent of resin 

that remains in solution after a sample of polypropylene 

random copolymer resin is dissolved in hot xylene and the 

solution is allowed to cool to 25° C.  This is also referred 

to as the gravimetric XS method according to ASTM D5492-06 and 

is also referred to herein as the "wet method".  XS can also 
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cool to room temperature and weighed.  Xylene soluble portion 

is calculated as XS (wt %) = [(m3-m2)*2/m1]*100, where m1 is the 

original weight of the sample used, m2 is the weight of empty 

aluminum pan, and m3 is the weight of the pan and residue (the 

asterisk, *, here and elsewhere in the disclosure indicates 

that the identified terms or values are multiplied). 

[0017] The term "tacticity" generally refers to the 

relative stereochemistry of adjacent chiral centers within in 

a macromolecule or polymer.  For example, in a propylene-based 

polymer, the chirality of adjacent monomers, such as two 

propylene monomers, can be of either like or opposite 

configuration.  The term "diad" is used to designate two 

contiguous monomers; three adjacent monomers are called a 

triad.  If the chirality of adjacent monomers is of the same 

relative configuration, the diad is considered isotactic; if 

opposite in configuration, it is termed syndiotactic.  Another 

way to describe the configurational relationship is to term 

contiguous pairs of monomers having the same chirality as meso 

(m) and those of opposite configuration racemic (r). 

[0018] Tacticity or stereochemistry of macromolecules 

generally and polypropylene or polypropylene random copolymers 

in particular can be described or quantified by referring to 

triad concentration.  An isotactic triad, typically identified 

with the shorthand reference "mm", is made up of two adjacent 

meso diads, which have the same configuration, and so the 

stereoregularity of the triad is identified as "mm".  If two 

adjacent monomers in a three-monomer sequence have the same 

chirality and that is different from the relative 

configuration of the third unit, this triad has 'mr' 

tacticity.  An 'rr' triad has the middle monomer unit having 

an opposite configuration from either neighbor.  The fraction 

of each type of triad in the polymer can be determined and 

when multiplied by 100 indicates the percentage of that type 
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[0032] The MFR for the copolymers of the present invention 

is less than or equal to 1 g/10min, preferably in the range of 

from 0.1 to 1, more preferably in the range of from 0.15 to 

0.5 g/10 min., most preferably 0.15 to 0.30 g/10 min.  

Alternatively, still expressing MFR in g/10min according to 

the above-identified ASTM test and conditions, suitable 

copolymer MFR values are greater than zero and less than 1, 

less than 0.9, less than 0.8, less than 0.7, less than 0.6, 

less than 0.5, less than 0.4, less than 0.3, less than 0.2, or 

less than 0.1.  Also suitable are copolymers exhibiting MFR in 

the range of 0.15 to less than 1; 0.2 to less than 1; 0.25 to 

less than 1; 0.11 to 0.75; 0.12 to 0.5, 0.1 to 0.5, etc.  In 

other words, each of the individual values between 0.1 to 1 

and each range formed by any two individual values between 0.1 

to 1 will be considered to have been recited without the need 

for recitation of all of the permutations and combinations of 

values. 

[0033] The xylene soluble (XS) fraction by the wet method 

for the copolymers of the present invention is less than or 

equal to (≤)8% by weight of the copolymer, or ≤7% by weight, 

more preferably ≤6% by weight, still more preferably ≤5% by 

weight, for example, ≤7.5% by weight, ≤6.5% by weight, ≤5.5% 

by weight, ≤4.5% by weight, 3.5% by weight or 3.0% by weight 

or 2.5% by weight; preferably in the range of from 2.5% to 

8.0% by weight, 3.0% to 7.0% by weight, 3.5% to 6.0% by 

weight, 4% to 7% by weight, more preferably from 5.5% to 6.5% 

by weight, alternatively from 5% to ≤ 7% by weight.  In other 

words, each of the individual values between 2.5% to 8% by 

weight and each range formed by any two individual values 

between 2.5 to 8% will be considered to have been recited 

without the need for recitation of all of the permutations and 

combinations of values. 
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multiple reactors to produce a multimodal product.  For some 

embodiments it is preferred to use electron donors which do 

not contain phthalates. 

[0040] Processes and catalyst compositions for preparing 

useful PP-R copolymers are disclosed, for example, in WO 

2011/084628, and others are generally disclosed in US Patent 

Nos. 7,381,779; 7,491,670; 7,678,868; 7,781,363; or 7,989,383.  

Propylene-ethylene random copolymers having high molecular 

weight and low MFR are produced using stereospecific catalysts 

and sometimes referred to as "6th generation" Ziegler-Natta 

catalysts containing non-phthalate internal donors, such as 

those disclosed in US Patent Nos. 8,288,585; 8,536,372; 

8,778,826; US 2013/0338321; and/or WO 2010/078494 and others.  

Also suitable are so-called "4th generation" Ziegler-Natta 

catalysts, typically containing phthalate internal donors 

(e.g., diisobutyl phthalate, DIBP).  Each of the forgoing 

cited patents are hereby incorporated by reference in their 

entirety to the extent permitted. 

[0041] Procatalyst compositions suitable for use in 

producing the polypropylene random (PP-R) copolymers include 

Ziegler-Natta procatalyst compositions.  Any conventional 

Ziegler-Natta procatalyst may be used in the present catalyst 

composition as is commonly known in the art provided it is 

capable of producing the claimed PP-R copolymers.  In an 

embodiment, the Ziegler-Natta procatalyst composition contains 

titanium moiety such as titanium chloride, magnesium moiety 

such as magnesium chloride, and an internal electron donor. 

[0042] In an embodiment, the internal electron donor 

comprises a substituted phenylene aromatic diester.  In an 

embodiment, a 1,2-phenylene aromatic diester is provided.  The 

substituted 1,2-phenylene aromatic diester has the structure 

(I) below: 
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contain one or more heteroatoms replacing carbon, hydrogen or 

both, the hetero-atom selected from nitrogen, oxygen, sulfur, 

silicon, phosphorus and a halogen. R7 and R8, may be the same 

or different, and may be bonded to any carbon atom of the 2-, 

3-, 4-, 5-, and 6-position of either phenyl ring. 

[0104] Individual external electron donor components can be 

added into the reactor separately or two or more can be mixed 

together in advance and then added into the reactor as a 

mixture.  In the mixture, more than one selectivity control 

agent or more than one activity limiting agent can be used.  

In an embodiment, the mixture is dicyclopentyldimethoxysilane 

and isopropyl myristate; diisopropyldimethoxysilane and 

isopropyl myristate; dicyclopentyldimethoxysilane and 

poly(ethylene glycol) laurate; dicyclopentyldimethoxysilane 

and isopropyl myristate and poly(ethylene glycol) dioleate; 

methylcyclohexyldimethoxysilane and isopropyl myristate; n-

propyltrimethoxysilane and isopropyl myristate; 

dimethyldimethoxysilane and methylcyclohexyldimethoxysilane 

and isopropyl myristate; dicyclopentyldimethoxysilane and n-

propyltriethoxysilane and isopropyl myristate; 

diisopropyldimethoxysilane and n-propyltriethoxysilane and 

isopropyl myristate; and dicyclopentyldimethoxysilane and 

tetraethoxysilane and isopropyl myristate; 

dicyclopentyldimethoxysilane and diisopropyldimethoxysilane 

and n-propyltriethoxysilane and isopropyl myristate; and 

combinations thereof. 

[0105] The catalyst composition includes a cocatalyst.  The 

cocatalyst for use with the Ziegler-Natta procatalyst 

composition may be an aluminum containing composition.  

Nonlimiting examples of suitable aluminum containing 

compositions include organoaluminum compounds, such as 

trialkylaluminum; dialkylaluminum hydride; alkylaluminum 

dihydride; dialkylaluminum halide; alkylaluminumdihalide; 
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CLAIMS 

 

1. A composition suitable for pipe applications com prising a 

propylene ethylene random copolymer, the copolymer having the 

following properties: 

(A) a melt flow rate (MFR) less than 1 g/10min as 

determined according to ASTM D1238, at 230°C and 2. 16 Kg;  

(B) an ethylene content of from 3 to 5 percent by w eight 

of the random copolymer; and  

(C) a xylene insoluble fraction of the random copol ymer 

which is obtained by the wet method, wherein said f raction 

exhibits a [(Koenig B value)*(%mm)] ≥ 92. 

 

2. The composition of claim 1 wherein the xylene in soluble 

fraction of the copolymer obtained by the wet metho d is 

further characterized by having a Koenig B value eq ual to or 

greater than 0.95. 

 

3. The composition of claim 1 wherein the (percenta ge mm of the 

xylene insoluble fraction of the copolymer obtained  by the wet 

method) x (Koenig B value of the xylene insoluble f raction of 

the copolymer obtained by the wet method) is greate r than 92.0 

to less than 100. 

 

4. The composition of claim 1 wherein the copolymer  has an 

ethylene content of from 3.2 to 4.2 percent by weig ht of the 

copolymer. 
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5. The composition of claim 1 wherein the copolymer  is further 

characterized by having a Polymer Dispersity Index (PDI) 

greater than 4.0 and a xylene solubles content meas ured by the 

wet method of ≤7.0% by weight. 

 

6. The composition of claim 1 wherein the copolymer  

is characterized as having a PDI ≥4.0, xylene solubles content 

as measured by the wet method ≤7% by weight, Koenig B value of 

the xylene insoluble fraction of the copolymer obta ined by the 

wet method ≥ 0.95 and a percentage mm of the xylene insoluble 

fraction of the copolymer obtained by the wet metho d ≥97. 

 

7. The composition of claim 1 wherein the copolymer  is beta 

nucleated. 

 

8. The composition of claim 1 in the form of a pipe  and wherein 

the pipe has a pressure endurance of at least 700 h ours when 

tested at 90°C and 5 MPa. 

 

9. The composition of claim 1 which is further char acterized as 

containing substantially no phthalate compositions.  

 

10. The composition of claim 1 wherein MFR is from 0.1 to 0.5 

g/10 min. 

 

11. A composition suitable for pipe applications co mprising a gas-

phase polymerized propylene ethylene random copolym er, the 

copolymer having: a melt flow rate less than 1 g/10 min as 
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determined according to ASTM D1238, at 230°C and 2. 16 Kg; a 

xylene solubles content by the wet method of ≤ 7% by weight; 

an ethylene content of from 3 to 5 percent by weigh t of the 

copolymer; and a Koenig B value ≥ 0.93 on the xylene insoluble 

fraction of the copolymer. 

 

12. A pipe comprising propylene ethylene random cop olymer (PP-R), 

the PP-R having: a melt flow rate less than 1 g/10m in as 

determined according to ASTM D1238, at 230°C and 2. 16 Kg; a 

xylene solubles content by the wet method of ≤ 7% by weight; 

an ethylene content of from 3 to 5 percent by weigh t of the 

copolymer; and a Koenig B value ≥ 0.93 on the xylene insoluble 

fraction of the copolymer. 

 

13. The pipe of claim 12 comprising a beta nucleati ng agent. 

 

14. The pipe of claim 12 which exhibits a pressure endurance of at 

least 700 hours when tested at 90°C and 5 MPa. 

 

15. The pipe of claim 14 which exhibits a pressure endurance of 

800 to 3500 hours. 


