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LOW-5AG POLYETHYLENE PIPES AND METHODS THEREGK

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This application is filed under the Patent Cooperation Treaty, which claims the benefit
of priority to U.S. Application No. 62/368,847, filed on July 29, 2016, and 1.5, Application No.
15/400,562, filed on Janoary 6, 2017, which 1s incorporated herein by reference in their entirety,
STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
{0062] Not applicable.
FIELD OF THE INVENTION

{0003 Embodiments of the present disclosure relate to polvolefin pipes, mcluding polvmeric
resin compositions that are useful i improving the processability and production of high density

polyvethviene pipes.

BACKGROUND OF THE INVENTION

{0064} This section introduces information that may be related to or provide context for some
aspects of the techmiques described hergin and/or ¢lammed below. This information s background
facilitating a better understanding of that which is disclosed herein. Such background may include a
discussion of "related” art. That such art 1s related 1n no way imphes that if is also "prior” art. The
related art may or may not be prior art. The discussion 1s to be read in this lght, and not as admissions
of prior art.

[0005] Pipes formed from polyethylene, and polvoictins such as polyethviene have been used
mn commercial plastics based on their outstanding performance and cost charactenistics. High density
polvethylene has been used in commercial applications such as pipe production due to its chemical
and physical resilience, e. g, its impact resistance and s ability to withstand thermal extremes. The
production and value of high density polyethviene pipe may be dependent on factors which include
the extradability of the polymeric resin and the resistance of the resulting pipe to sagging, which
may occur during melt extrusion of thuck-walled pipe, and which leads to unacceptable pipe wall

thickness variation around the pipe circumference.

SUMMARY OF THE INVENTION
[0006] The present disclosure provides for a polvolefin composition which can be used to
prepare improved plastic pipe such as pipe formed from high density polyethyvlene. In some

embodiments, the polyolefin compound has been extruded with one or more peroxide compounds,
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which are believed to mcrease the resistance of pipe formed from such polyolefin to sagging while
maintaining the extrudability associated with high density polyethylene resins.

10007 Provided herein are compositions for the production of thick high density polvethviene
pipe having an improved combination of processability and properties.

[0008] Embodiments of the present techuology include pipe(s) comprising bimodal high
molecular weight high density polyethylene which has been extruded in the presence of an organic
peroxide. The organic peroxide may have been present in an amount ranging from about 30 ppm
to about 260 ppm. The pipe may have had an improved long-term hvdrostatic strength (LTHS).
Alternatively, provided herein are pipes comprising bimodal high molecular weight high density
polvethylene and having a sag value of about 20 or less, a PENT result of about 500 hours or
more, and a Charpy impact energy of about 10 kJ/m” or more. Methods for preparing pipe with
these characteristics are alsc provided.

{3009 While multiple embodiments are disclosed, still other embodiments will become
apparent to those skilled in the art from the following detailed description. As will be apparent,
certain embodiments, as disclosed herein, are capable of modifications m varicus obvious aspects,
all without departing from the spirit and scope of the claims as presented herein. Accordingly, the

detailed description is itlustrative in nature and not restrictive.

DETAILED DESCRIPTION OF THE INVENTION

{0010} [Hustrative embodiments of the subject matter claimed below will now be disclosed. In
the mterest of clarity, not all features of an actual implementation are described in this
specification. K will be appreciated that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made to achieve the developers” specific
goals, such as compliance with system-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be appreciated that such a development
effort, even if complex and time-consuming, would be a routine undertaking for those of ordinary
skill m the art having the benefit of thus disclosure.

{0011} The embodiments dlustratively disclosed herein may be practiced in the absence of any
clement that is not specifically disclosed herein and/or any optional element disclosed herein.
While compositions and methods are described in terms of "comprising," "containing,” or
“mehiding” various components or steps, the compositions and methods can also "consist
essentially of" or "consist of” the various components and steps. Further, various ranges and/or
numerical hmitations may be expressly stated below. It should be recognized that unless stated
otherwise, it is mtended that endpoints are to be interchangeable. Further, any ranges mnclude

terative ranges of like magnitude falling within the expressly stated ranges or limitations disclosed

NI
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herein 1s 1o be understood to set forth every number and range encompassed within the broader
range of values. It is to be noted that the ferms "range” and "ranging” as used herecin generally
refer to a value within a specified range and encompasses all valucs within that entire specified
range.

{00121 As used throughout this document, the term "improved processability” mayv mean that
extrudability (as measured by extruder pressure and amps, or shear viscosity) is improved or stays
the same as compared to a similar non-improved resin, and/or a better sag resistance as compared
to a similar non-improved resin.

3013} Furthermore, various modifications mayv be made within the scope of the invention as
herein ntended, and embodiments of the mvention may include combinations of features other
than those expressly claimed.

001 4] Various terms as used herein are shown below. To the extent a term used in a claim is
not defined below, 1t should be given the broadest definition skilled persons in the pertinent art
have given that term as reflected in printed publications and issued patents at the time of filing.
Further, unless otherwise specified. all compounds described herein may be substituted or
unsubstituted and the listing of compounds mcludes derivatives thercof,

061 5] Further, various ranges and/or numerical limitations may be expressiv stated below. 1t
should be recognized that unless stated otherwise, it is mtended that endpoints are to be
interchangeable. Further, any ranges include iterative ranges of like magnitude falling within the
expressly stated ranges or limitations.

{001 6] This disclosure provides pipe(s) comprsing extruded bimodal high density
polvethvlene tn which the pipe has tmproved physical propertics compared to other high density
polvethviene pipe. The extruded bimodal high densitv polvethviene may be useful for forming
pipes having thicknesses in the range of about 3.0 inches (7.6 cm) to over 4 inches (10.2 om), and
external diameters ranging from about 1 inch to about 6 fect or greater.

001 7] In one of its embodiments, this disclosure provides a pipe comprising bimodal high
molecular weight high density polyethylene which has been extruded within the range of about 30
ppm to about 200 ppm of an organic peroxide, the pipe having a long-term hydrostatic strength
tr/tr ratio of about 1.5 or greater when determined at 23°C and 12 MPa and/or at 23°C and 11.5
MPa.

(3018} Qualitative features of pipes formed from the extruded bimodal high molecular weight
high density polyethvlene in this disclosure may inchide that the pipe exhibits some surface
roughness, but the surface is smooth enough for many pipe applications. The surface roughness

may be lowest when the bimodal high molecular weight high density polvethvlenc has been
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extraded with about 60 ppm of an organic peroxide, such as without hmitation 2 5-dimethyl-2 5-
di¢tert-butyiperoxy thexanc.

[0619] As used throughout this document, the phrase "hugh density polvethyviene” may refer to
bimodal high molecular weight high density polyethylene unless otherwise indicated. The
acronym HDPE also refers to bumodal high molecular weight high density polvethviene as used
throughout this document. Throughout this document, as applicable, the terms "extruded bimodal
high molecular weight high density polyethvlene” and "extruded HBPE" refer to bimodal high
molecular weight high density polyvethyienc that has been extruded with an organic peroxide.

i

[0020] The phrase "organic peroxide” as used throughout this document may refer to the
organic monoperoxides or organic diperoxides as described below. Throughout this document,
the organic monoperoxides or organic dipergxides are sometimes referred to as “organic
monoperoxides or diperoxides” or as "organic monoperoxides and diperoxides”.

[0021] The bimodal high molecular weight bigh density polyvethylene used in the practice of
this disclosare may have a pipe material designation code of PE 3608 or, PE 4710. The bimodal
high molecular weight high density polyethylene used i the practice of this disclosure may also
have a pipe material designation code PE 100, Alternatively, the HDPE may be propared as
described i U.S. 9,249,286, the disclosure of which is mcorporated herein by reference; an
alternative commercially available HDPE is Alathon® L4904, a product of LyondeliBasell
{Houston, Texas). Alathon® L4904 has a melt flow rate {190°C/2.16 kg) of about 0.04 ¢/10 min.,
an HLMI (190°C/2.16 kg) of about 7.0 g/min., a density of about 0.949 g/cm?® (23°C), a flexural
modulus of about 146,000 pst (1007 MPa; 2% secant), a tensile stress at break of about 5100 psi,
atensile stress at vield of about 3500 pst, and a tensile clongation at break of about 800%,.

0022} The organic peroxide used to form the extruded bimodal high molecular weight high
density polyethviene may be one or more organic monoperoxides and/or organic diperoxides.
These organic monoperoxides and diperoxides may have a half-life of 1 hour at a temperature in
the range of about 123°C to about 145°C, alternatively in the range of about 130°C o about 140°C,
alternatively 1n the range of about 132°C to about 136°C. Further altematives include organic
peroxides having a half-life of 0.1 hour at a temperature in the range of about 145°C to0 165°C, or
i the range of about 130°C to about 160°C, or i the range of about 1534°C to 158°C. The organic
peroxide may have a molecular weight in the range of about 175 g/mol to about 375 g/mol,
alternatively in the range of about 200 g/mol to about 350 g/mol. Mixtures of two or more
peroxides can be used if desired.  Suitable organic peroxides melude, but are not himited to,
dicumyl peroxide (CASY registry number 80-43-3), di(tert-butylperoxyisopropyl}benzene(s)

(CAS® registry number 25155-25-3), 2,5-dimethyl-2,5-di{tert-butviperoxy)hexane (CAS® registry
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number 78-63-7), tert-butyl camyl peroxide (CAS® registry number 3457-61-2), and 2 5-dimethyl-
2.5-di(tert-butylperoxyihexyne (CAS® registry number 1068-27-5}, and mixtures thereof,
0623} The organic peroxide may be used in an amount ranging from about 30 to about 200
ppm, alternatively in the range of about 40 to about 150 ppm, altematively in the range of about
45 ppm to about 125 ppm, and alternatively 1n the range of about 45 to about 80 ppm when
extruding the bimodal high density polvethyvlene. The one or more organic peroxide(s) can be
added either via a masterbateh or by “salt and pepper” addition.
10024] A porous polypropylene random copolvmer may be present in the extruded bimodal
high molecular weight high density polvethviene. The porous polypropyiene randont copolymer
may be present in an amount 10 the range of about 200 to about 1000 ppm, altematively m the
range of about 250 to about 750 ppm, aliernatively m the range of about 230 ppm to about 650
ppm, and alternatively in the range of about 230 to about 400 ppm in the extruded bimodal high
density polvethylene.
[0025] The extruded bimodal high molecular weight high density polyethylene may have a
density in the range of about 0.9460 g/cm’ to about 0.9520 g/om’, alternatively in the range of
about 0.9470 g/cm? to about 8.9510 g/em’, and alternatively in the range of about .9480 g/om” to
about 0.9500 g/om’.
10026} The amount of Cy species present in the HDPE may affect the density of the extruded
HDPE. In the practice of this disclosure, the Ca species may be in the range of about 1.0 wi% to
about 2.0 wt% of the HDPE, alternatively in the range of about 1.1 wit% 1o about 2.0 wi% of the
HDPE, and alternatively in the range of about 1.2 wt% to about 2.0 wt% of the HDPE.
6627} Another way of guantifying the Ca species may be via the amount in the Oz flow. The
{4 species may be in the range of about 1.2 wit% to about 2.6 wt% in the 2 flow, altematively in
the range of about 1.4 wit% to about 2.5 wt% in the (2 tlow, and alternatively in the range of about
1.5 wt% to about 2.4 wit% in the {2 flow.
[0028] Anocther property of the extruded bimodal high molecular weight high density
polyethvlene may be its melt index, measured as the high load melt ndex (HLM1I). The HLMI of
the extruded HDPE may be in the range of about 5 dg/min to about 10 dg/min, alternatively in the
range of about 6 dg/min to about 9 dg/min, alternatively in the range of about 6 dg/min to about
8.5 dg/min, and altematively in the range of about 6 dg/min to about 8 dg/min.
[0029] Long-term hvdrostatic strength may be determined by the test set forth in ASTM
2387. Pipes formed from the extruded bimodal high molecular weight high density polvethviene
in this disclosure may have an mmproved long-term hydrostatic strength (L'THS), also called “pipe
creep.” The experimentally deternuned L'THS values reported in this document were measured

according to ASTM D2837 on [-mch (2.54 cm) DRI pipes extruded from a given resm m

5



WO 2018/022885 PCT/US2017/044179

admixture with 7 wt% carbon black masterbatch {(Modern Dispersions, Ing., PE 535-42). The
addition of the carbon black masterbatch was carried out via tumble blendmg the components
(resin and carbon black masterbatch) and then adding the components into the feed hopper of the
pipe extrader.

[0030] In embodiments of this disclosure, an improved LTHS may be defined as a pipe having
a tr/tr ratio of about 1.5 or greater, when the LTHS is determined at 23°C and 12 MPa (1740 psi)
and/or a tr/tr ratio of about 1.5 or greater, when the ETHS 1is determined at 23°C and 11.5 MPa
{1668 psiy. Alternatively, the pipe may have a te/tr ratio of about 1.5 or greater at both conditions.
Alternatively, the L THS e/t ratio may be about 2.0 or greater when determined at 23°C and 12
MPa and/fr 11.5 MPa; aliematively, the LTHS t#/tr ratio mav be about 2.5 or greater when
determined at 23°C and 12 MPa and/or 11.5 MPa. Thesce te/ir ratios are sometimes referred to as
“long term hvdrostatic strength tr/tr ratios”, "L'THS te/tr ratios”, or "L'THS ratios”.

{00311 The tv/te ratios are determined by measuring the LTHS of the pipe and of a comparative
pipe formed from HDPE similar in all respects, except that the comparative pipe has not been
extruded with an organic peroxide, performing the measurements under the same conditions. The
LTHS t/ir ratio may be calculated by dividing the time-to-failure in hours of the peroxide-
contaimng pipe {tr) by the time-to-failure 1n hours of the comparative pipe {tr).

G032} Another way 1o obtain the LTHS tr/tr ratio is to measure the time-to-faihure in howrs of
the peroxide-containing pipe and to calculate the tr value and the tv/tr ratio according to Equation
(1} for determinations at 12 MPa and according to Equation (2) for determunations at 11.5 MPa as

follows.

LTHS Ratio (at 12 MPa) =tr /ir {(h
where:
tr = measured LTHS time-to-failure in bours at 23°C and 12 MPa hoop stress, and

tr = 100 hours x | | + {density — 0.947) x 1340]

LTHS Ratio at {11.5 MPa) = ts/tr 2}
where:
tr = measured LTHS time-to-fatlure in hours at 23°C and 11.5 MPa hoop stress, and
trR = 560 hours » [ 1 + (density — 0.947) x 1340]
In Equations (1) and (2), the 0.947 valug 1s the density of a comparative HDPE pipe that does not
contain the peroxide. The value of 100 in Equation (1} is the time-to-failure in hours of thig
comparattve HDPE pipe at 12 MPa; sumilarly, the value of 560 in Equation (2} 1s the time-to-

failure in hours of this comparative HDPE pipe at 11.5 MPa. In Hguations (1) and (2), the 1340
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value has units of inverse density, and is a density differcnce factor that accounts for the increase
i time-to-fatlure of the comparative HDPE pipe as density mcreases.

[0033] In pipes formed from the extruded bimodal high molecular weight high density
polvethylene in this disclosure, the sag value may be about 20 or less, and alternatively about 15
or less. Sag values may be defined as 1/10% of a percent of creep strain, and may be determined
in a rotational parallel plate rheometer with a shear stress of 300 Pa for 3200 seconds at 230°C.
Lower sag values may mdicate a more uniform pipe thickness.

13034} The resistance of polvethylene materials to slow crack growth may be measured by the
Pennsvivania Notch Test (PENT), as set forth m ASTM F1473. PENT results in this document
were obtained at 80°C and 2.4 MPa. A PENT result of 500 hours is the mmimurm value required
for certain pipe applications. Pipes formed from the extraded bimodal high molecular weight high
density polyethylene in this disclosure may have a PENT result of about 600 hours or more,
alternatively about 700 hours or more, altcrnatively about 800 hours or more. In various
embodiments of this disclosure, pipes formed from the extruded HDPE may have a PENT result
of about 1000 hours or more, twice the minimum value of 300 hours required for certain pipe
applications. Resulis of the PENT are referred to berein as "PENT results,” or sometimes simply
as "PENT".

[0635] The experimentally determined PENT values reported in this document were measured
according to ASTM F1473 on specimens prepared from a given resin in admixture with 7 wi%
carbon black masterbatch (Modem Dhspersions, Inc., PE 535-42). The addition of the carbon black
masterbatch was carried out via melt blending of the components (resin and carbon black
masterbatch) in a two-roll mill.

13036} In some embodiments, the PENT may be about 300 hours or more, and altematively
about 1000 hours or more.

[0637] An alternate method for determining the crack resistance of polvethylene pipe is the
Fall Notch Creep Test (FNCT). This test is conducted at a specified stress and temperatere, and
the time to failure is measured. Typical procedures to determine the crack resistance viathe FNCT
arg in accordance with IS0 16770 and ASTM D35397.

{3038} Pipes formed from the extruded bimodal high molecular weight high density
polyethvlene in this disclosure may have a rapid crack propagation (RCP}, measuared as the Champy
impact energy at 0°C, of about 10 kl/m? or more, alternatively about 11 ki/m* or more. The Charpy
fmpact energy 18 determined as set forth in ASTM F2231.

0039] In some embodiments of this disclosure, pipes comprising extruded HDPE may have a
density in the range of about 0.9460 g/cm” to about 0.9520 g/em’; a sag value of about 20 or less;

a PENT result of about 600 hours or more; and/or a Charpy impact energy of about 10 kJ/m?® or
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more. Alternatively, pipes of the present disclosure may have at least two of these properties;
alternatively, pipes of the present disclosure may have three of these properties; alternatively, pipes
of the present disclosure may have all of these properties. In various embodiments, pipes of the
present disclosure also may have long-term hydrostatic strength te/tr ratio of about 2.0 or greater
when determined at 23°C and 12 MPa and/or at 23°C and 11.5 MPa, the extruded HDPE may
contain a polypropylene random copolvmer, and the organic peroxide may have been used 1m an
amount in the range of about 40 ppm to about 150 ppm.

13040} In other embodiments of this disclosure, pipes comprising extruded HDPE may have a
density 1n the range of about 0.9470 g/em’ to about 0.9510 g/em’; a sag value of about 15 or less;
a PENT result of about 1000 hours or more; and/or a Charpy iropact energy of about 11 kJ/m’ or
more. Alternatively, pipes of the present disclosure may have at least two of these properties;
alternatively, pipes of the present disclosure may have three of these properties; altematively, pipes
of the present disclosure may have has all of these propertics. In various embodiments, pipes of
the present disclosure may have a long-term hydrostatic strength tv/ir ratio of about 2.0 or greater
when determined at 23°C and 12 MPa and/or at 23°C and 11.5 MPa, the extruded HDPE may
contain a polypropylene random copolymer, and the organic peroxide may have been used in an
amount in the range of about 45 ppm to about 125 ppm.

0041} In the present disclosure, Applicants believe that as the amount of the organic peroxide
used in the extrusion of the bimodal high molecular weight high density polyethylene increases,
the sag value of the pipe mav decrease. Applicants further believe that as the amount of organic
peroxide used 10 the extrusion increases, the PENT (siow growth crack resistance) may decrease,
which is not desired. Thus, the amount of the organic peroxide may be selected to balance these
effects.

[0042] The PENT may also be influcnced by other factors. These factors may include the
density and the melt index (HLMI) of the extruded bimodal high molecular weight high density
polvethylene. PENT may decrease with increasing density, and PENT may also decrease with
mereasing HEMIL

{004 3] The LTHS may increase as the density of the extruded HDPE increases.  Applicants
believe that this effect may be desirable, but, because PENT decreases as density mcreases, the
extruded HDPE density may be selected to balance these effects.

(044} The amounts of peroxide, and (when present) porous polyvpropviene random
copolvmer, may be sct at the ime of extrusion. Some of the properties of the extruded HDPE may
be influenced by the extrusion conditions.

{00451 Anocther embodiment of this disclosure 1s a method of forming at least a portion of a

pipe comprising bimodal high molecular weight high density polvethviene that has been extruded

&
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with an organic peroxide. The method may comprise extrading bimodal bigh molecolar weight
high density polyethviene within the range of about 30 ppm to about 200 ppm of an organic
peroxide, to form extruded bimodal high molecular weight high density polvethylene, and formng
at least a portion of a pipe from the extruded bimodal high molecular weight high density
polyethvlene, where the portion of the pipe has a long-term hydrostatic strength tr/tz ratio of about
1.5 or greater when determined at 23°C and 12 MPa and/or at 23°C and 11.5 MPa. The extrusion
to form pipe can be conducted using conventional polyethylene pipe extrusion equipment.
6046} In the extrusion method, the bimodal high molecolar weight high density polvethylene
may be mixed with the organic peroxide before, during, and/or after melting the HDPE. The
HDPE/peroxide mixture may be extruded, and the extruded material may be formed into pipe. The
extrusion can be performed as the last step in a preparation of HDPE, such as m the finishing
extrader, or as a separate extrusion of already-prepared HBPE.
[0047] A porous polvpropvlene random copolymer may be included in the extrusion nuxture
with the bimodal high molecular weight high density polyethylene and the organic peroxide. One
such commercially available porous random copolymer is sold under the name Hifax® CA 7153
S, and is a product of LyondeliBasell (Houston, Texas). Amounts may be as described above.
Hifax® CA 7153 S has a density of about 0.9 g/cm’ (23°C), a melt flow rate of about 20 g/min.
230°C/2.16 kg), and a temperature of melting (Tw) of about 143°C, tested in accordance with ISQG
11357-3.
[0048] The porous polypropviene random copolymer may be emploved as a carrier for the
organic peroxide, which may be a liquid at ambient conditions, when mixing the organic peroxide
with the bimodal high molecular weight high density polvethyilene prior to extrusion. The
combination of the organic peroxide and porous polypropylese random copolymer may be a
powder.
[0049] The organic peroxide may be present in an amount ranging from about 5 wt% to about
30 wt%o, alternatively in the range of about 5 wit% to about 25 wit%, relative to the total weight of
the combmation of the peroxide and the porous polypropylene random copolymer. These
combinations can be used as masterbatches which are mixed with the bimodal high molecular

weight high density polvethylene to be extruded.

EXAMPLES
[0634] To facilitate a better understanding of the disclosure, the following examples of
embodiments are given. In no way should the following examples be read to limit, or to define,
the scope of the appended claims.
{0051 The sag resistance of a given HDPE resin can be characterized i the laboratory via the
sag value in the melt creep test described above using a rotational parallel plate rheometer with a
9
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shear stress of 300 Pa for 5200 seconds at 230°C. Additionally, a rtheological polydispersity
parameter, ER, defined and measured as described in U.S. Patent No. 6,171,993, can be used for
characterization purposes. ER may be greater than 4.0, alternatively greater than 4.5, and lower
than 5.5

{00521 Oxidation Induction Time (OIT) 1s measured via differential scanning calorimetry
(DSC) at 200°C, per ASTM D3895.

[3053] In the Examples, samples were prepared for density testing in accordance with ASTM
D4703, Procedure C {(compression molding plague}. Testing of the samples was according to

ASTM D1505 (density determunation by gradient column),

EXAMPLE 1
[0054] A bimodal high molecular weight high density polvethviene (14904, LyondeliBaseli,
Houston, Texas) was mixed with a powder containing 20 wit% 2,5-dimethyi-2,5-di{tert-
butyiperoxyihexane n a porous polypropviene random copolymer (United Imibiators, Inc., Elvna,
(Ohio) and extruded to form a sample of the disclosure. This sample was formed into a 36-inch
(91.44 cm) DR11 pipe and compared to a commercially avaiable HDPE resin pipe that was not
extruded with organic peroxide. The commercially available HDPE resin had a tensile strength of
>3500 psi, an elongation at break of > 700%, a flexural modulus of 120,000 psi (2% secant, 16:1
sparcdepth, 0.5 in/min), and a PENT slow crack growth of > 500 hours. A comparison of the
propertics 1s shown in Table 1 below. The inventive resin shows better extrudability, as evidenced

by lower specific energy, while maintaining nunimal pipe wall thickness variation.

TABLE

Pronorty Resin without L4904 LS + peroxide

epetty ) pemmd; (inventive)

{comparative)

Output 2600 ib/hre 2600 b/hr
Specific output 29.7 W/hr/rpm 31.1 Ib/hr/rpm
Head pressure 4273 psi 4343 pai
Melt temp. 222°C 218°C
Specific encrgy 0.156 hp.hr/ib 0.145 hp i/l
Gels/melt fracture No No
1D surface Smooth Smooth
Pipe wall thickness, | 3 45 in. (8.79 cm) 344 in. (874 cm)
Pipe wall thickness 3 6% 319
varigtion
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EXAMPLE 2
[3035] Three extrusion runs were performed at the laboratory scale. In the three runs, the

bimodal high molecelar weight high density polvethvlene (L4904; LyondellBasell, Houston,
Texas) was mixed with a powder containing 20 wi% 2.53-dimethyl-2 5-di¢tert-butyiperoxyihexanc
n a porous polypropviene random copolvmer (Umited Initiators, Inc., Elyria, Ohio) to form an
extrusion mixture. The mixture of the HDPE and the powder contamning the peroxide was then
extruded. In ecach nun, a different amount of 2,5-dimethyl-2, S-di{tert-butylperoxyhexane was
used. Results of testing on pipes formed from the extruded HDPE from these runs, along with two

control runs, are summarized in Table 2 below.

TABLE 2

Run | Peroxide Density HLMI Sag PENT Chmpy

’ 1mpact
Ccr 0 0.9503 g/cnn® | 7.9dg/min | 50 | 1777 hrs | 9.5 ki/m?
2 0 0.9520 g/em’® | 76dg/min | 36 | 1089 hrs | 10.0kl/m?
I 100 ppm | 0.9506 g/em® | 7.1 dg/min | 12 630 hrs | 11.4k¥Fm?
2 100 ppm | 0.9503 g/em® | 7.2 dg/min | 11 956 hrs | 11.2k¥/m?
3 80 ppm | 0.9508 g/om® | 7.2 dg/min | 13 758 hrs | 11.2k¥/m?

* Comparative run.
EXAMPLE 3

[0056]

Runs G-, the powder contaiming 2 5-dimethyl-2 5-diltert-butylperoxyihexane i a porous

The extrusion runs in this Example were performed as in Example 2, except that in

polypropvlenc random copolymer bad 5 wi% 2. 5-dimethvl-2,5-di(tert-butviperoxyihexane. Inthis
Example, the Full Notch Creep Test (FNCT) was determined by 150 16770,
(6057}

summarized in Tables 3A and 3B below.

Results of testing on pipes formed from the extruded HDPE from these nums are

TABLE 3A
Run | Peroxide |  Density HLMI | Sag | PPN | Champy | pnepe
{avg.) impact
37 0 0.9490 g/cm® | 7.7 dg/min | 44.0 105 k¥/m? | 131 hrs
c4 { 0.9489 g/em® | 94 dg/min | 47.0 | S160hrs | 10.6kI/m? | 121 hrs
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A 60ppm | 09489 g/em® | 95 dg/min | 154 | 2600hrs | 11.3k¥/m* | 27 hrs
B 60ppm | 0.948%¢g/em’ {83 dg/min | 143 | 3900hrs | 113kI/m? | 29hrs
C | 45ppm | 09485 g/om’ | 74 dg/min | 18.8 | 2360hrs | 11.2kI/m* | 31hrs
D 30ppm | 09485 g/em® | 79dg/min | 23.1 | 4550 brs | 10.9k¥/m? | 35 hus
C3” 0 0.9468 g/om® | 9.1 dg/min | 49.0 | >6200hrs | 105 kI/m? | 117 hrs
E G0ppm | 09469 g/em’ | 8. 1dg/min | 157 | >6200 hrs | 11.5k¥/m”? | 64 hus
F 30ppm | 09466 g/om® | B4 dg/min | 258 | >6200 s [ 111 kI/m® | 80 hrs
G 52ppm | 09471 g/em’ | 79de/min | 138 | 5490 hbrs | 11 7kd/m? | 47 hus
H | 45ppm | 09470 g/on® | B 1 dg/min | 162 | 6020hrs | 11.2kI/m? | 62 hrs
i 30ppm | 09470 g/em’ | 84 dg/min | 234 | >6200 hes | 111 kd/m? | 83 hus
§ 15ppm | 0.9469 g/om® | 9.0 dg/min | 30.0 | >6200hes | 10.7kI/m* | 76 hrs
* Comparative run.
T FNCT = Full Notch Creep Test: measured at 5 MPa and 90°C using NM-5 as
surfactant.

TABLE 3B
Run | Ca, by NMR | ¥ i‘f;/{“ﬁ‘fg;“ OIT | MI5 | ER
€31 139 wi% 155800 | 115min. | 047 | 29
carl 126 wt% 157800 | U1lmin | 047 | 238
A | 143 w% 153700 | 115 min. | 015 | 49
B | 147 wt% 153100 | 113 min. | 014 | 49
C | 128 wt% 156300 | 116G min. | 014 | 45
D | 144 wt% 157900 | 152 min. | 0.6 | 4.1
€51 178 wi% 148700 | 127min. | 0.9 | 23
E | 1.93wt% 149500 | 109min. | 014 | 43
F | 182 wi% 145800 | 120 min. | 048 | 43
G | 1.73wt% 143000 | SLmin | 016 | 52
H | 168 wi% 145900 | 94min | 014 | 49
1 173wt 145600 | 101 min. | 017 | 44

the
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I 1.94 wt% 146100 102 min. | 018 3.7

* t »
Comparative run.

EXAMPLE 4
{B058] Some of the matenals of Example 2 were subjecied to hoop siress tests, in which a
sample of each material was subjected to a (hoop stress) pressure, and the time to falure was

measared. Conditions and results are summarized in Table 4.

TABLE 4

Run T Hoop stress | Hoop stress | Time to failure

3" | 23°C 1850 psi 1.276x107 Pa 36 hours

A/B | 23°C 1850 psi 1.276x107 Pa 109 hours

C5" | 23°C 1850 psi 1.276x107 Pa 40 hours

E 23°C 1850 pst 1.276x107 Pa 33 hours

C3" | 23°C 18235 psi 1.258x107 Pa 52 hours

A/B | 23°C 1825 ps 1258107 Pa 186 hours

C5" 1 23°C 18235 psi 1.258x107 Pa 35 hours

E 23°C 1825 psi | 1.258x107 Pa 41 hours

C3° | 23°C 1800 psi 1.241x107 Pa 93 hours

A/B | 23°C 1806 psi 1.241x107 Pa 268 hours

C5" | 23°C 1800 psi 1.241x107 Pa 52 hours

E 23°C 1806 psi 1.241x107 Pa 87 hours

C5* | 23°C | 1775 psi 1.224x107 Pa 56 hours

E 23°C 1775 pst 1.224x107 Pa 146 hours

C3" | 23°C 1730 psi 1.206x107 Pa 179 hours

A/B | 23°C 1750 psi 1.206x10" Pa 779 hours

C3" 1 23°C 1750 pst | 1.206x107 Pa 84 hours

E 23°C 1750 psi 1.206x107 Pa 170 hours

C3" | 23°C 1725 psi 1.189x107 Pa 131 hours

E 23°C 1725 psi 1.189x1¢7 Pa 484 hours

C3" | 23°C 1700 psa 1.172x107 Pa 225 hours
i
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E 23°C 1700 psi 1.172x107 Pa 745 hours

C3" 1 23°C 1675 psi 1.155x107 Pa 333 hours

E 23°C 1675 psi 1.155x107 Pa 1349 hours

C3" | 23°C 1650 psi 1.138x107 Pa 685 hours

E 23°C 1650 psi 1138107 Pa | > 2769 hours

* Comparative run.

[0039] Further embodiments of the disclosure include, without limitation:

(0060} A} A pipe comprising bimodal high molecular weight high density polyethylene which
has been extruded within the range of about 30 ppm to about 200 ppm of one or more organic
peroxides having a half-life of 1 hour at a temperature in the range of about 125°C to about 145°C,
the bimodal high molecular weight high density polvethylene having a density in the range of
about 0.9460 g/cm’ to about 0.9520 g/om’, and the pipe having a long-term hydrostatic strength
tr/tr ratio of about 1.5 or greater when determined at 23°C and 12 MPa and/or at 23°C and 11.5
MPa, where tr is the time-to-failure of the pipe and tr 18 the time-to-failure of a comparative
bimodal high molecular weight high density polvethylene resim which has not been extraded with
an organic peroxide, wherein the long-term hvdrostatic strength te/ir ratio is determined by
measuring the time-to-failure of the pipe at 12 MPa or at 11.5 MPa, and calculating the te/tx rafio,
using

tr = 100 hours x |1 + {density — 0.947) x 1340} for determinations at 12 MPa, and

tr = 360 hours » {1 + (density — 0.947) x 1340} for determinations at 11.5 MPa.

0061] B} The pipe as in A} wherein the organic peroxide 13 in an amount in the range of about
40 ppm to about 150 ppm in the bimodal high density polvethylenc.
00621 ) The pipe as in A} wherein the bimodal high density polyethyiene also contains a
porous polypropylene random copolymer.
{0063] D). The pipe as in A) wherein the long-term hydrostatic strength tv/ir ratio is about 2.0
or greater when determined at 23°C and 12 MPa and/or at 23°C and 11.5 MPa.
[0064] E} The pipe as in A} which has one or more of the following properties:

a sag value of about 20 or less;

a PENT result of about 500 hours or more; and

a Charpy impact energy of about 10 k¥/m? or more.
{B065] F) The pipe as in A) which has one or more of the following properties:

a density in the range of about 0.9470 g/cm’ to about 0.9510 g/em’,

a sag value of about 15 or less;

i4
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a PENT result of about 1000 hours or more; and
a Charpy impact energy of about 11 kl/m® or more.
[(066] ) The pipe as in E) which has two or more of the properties.
[0667] H) The pipe as in F} which has two or more of the properties.
{03068 I} The pipe as in E) wherein the organic peroxide 1s in an amount in the range of about
40 ppm to about 150 ppm n the bimodal high density polyvethylene, wherein the bimodal high
density polvethyvlene also contains a polypropylens random copolymer, and wherein the long-term
hydrostatic strength te/tr ratio is about 2.0 or greater when determined at 23°C and 12 MPa and/or
at 23°C and 11.5 MPa.
[0069] 5y The pipe as in F) wherein the organic peroxide 1s in an amount in the range of about
45 ppm to about 125 ppm in the bimodal high density polvethylene, wherein the bimodal ligh
density polyethylene also contains a polypropviene random copolymer, and wherein the long-term
hydrostatic strength tv/tr ratio is about 2.0 or greater when determined at 23°C and 12 MPa and/or
at 23°C and 11.5 MPa.
16676] K) The pipe as in any of A}-J} wherein the organic peroxide has
a half-life of 1 hour at a temperature in the range of about 130°C to about 140°C;
a half-life of 0.1 hour at a temperature m the range of about 143°C to 165°C; and/or
a molecular weight in the range of about 175 g/mol to about 375 g/mol.
0071] L} The pipe as in any of A)-J) wherein the organic peroxide is dicumvl peroxide,
diftert-butviperoxyisopropvlbenzene(s), 2,5-dimethyi-2,5-diltert-butviperoxy thexane, tert-butyl
cumyl peroxide, and/or 2, 3-dimethyl-2,5-ditert-butylperoxyihexyne.
{0072} M} The pipe as mn any of A)-J) wherein the organic peroxide is 2,5-dimethyl-2,5-
diftert-butylperoxy jhexane.
0673 N} A method comprising
extruding bimodal high molecular weight high density polvethyvlene within the range of about
30 ppm to about 200 ppm of one or more organic peroxides having a half-life of 1 hour at
a temperature in the range of about 125°C to about 145°C, to form extruded bimodal high
molecular weight ligh density polvethylene, and
forming at least a portion of a pipe from at least a portion of the extruded bimodal high
molecular weight high density polyethylene,
wherein the portion of the pipe formed has a long-term hydrostatic strength tr/tr ratio of about
1.5 or greaier when determined at 23°C and 12 MPa and/or at 23°C and 11.5 MPa, and a
density in the range of about $.9460 g/cm® to about 0.9520 g/om’, and wherein the long-term
hydrostatic strength te/tr ratio is determined by measuring the time-to-failure of the pipe at 12
MPaorat 11.5 MPa, and caleulating the t¥/tr ratio, using
is
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{r = 100 hours x {1 -+ {density — 0.947) x 1340} for determinations at 12 MPa, and

tr = 560 hours x {1 + {density — 0.947) = 1340} for determinations at 11.5 MPa.

10074] ) The method as m NY wherein the organic peroxide 1s in an amount in the range of
about 40 ppm to about 150 ppm 1n the bimodal high density polyethyvlene.
0675] P) The method as in N} wherein a polvpropylene random copolymer is emploved as a
carrier for the organic peroxide.
0076] (3 The method as in N} wherein the long-term hydrostatic strength tv/tr ratio is about
2.0 or greater when determined at 23°C and 12 MPa and/or at 23°C and 11.5 MPa.
{8677} R} The method as in N} wherein the portion of the pipe formed has a density n the
range of about 0.9470 g/em’ to about 0.9510 g/om’.
[0078] S) The method as in N} wherein the bimodal high density polvethylene has a high load
melt index in the range of about 3 to about 10,
3079} T} The method as in N} wherein the organic peroxide is in an amount in the range of
about 45 ppm to about 125 ppm in the bimodal high density polyethviene, wherein a polypropviene
random copolymer is craployed as a carrier for the organic peroxide, wherein the long-term
hvdrostatic strength tv/tr ratio is about 2.0 or greater when determined at 23°C and 12 MPa and/or
at 23°C and 11.5 MPa, and wherein the portion of the pipe formed has a density in the range of
about 0.9470 g/cm’ to about 0.9510 g/em’.
BRG] Uy The method as in anv of N}-T) wherein the organic peroxade has

a half-life of 1 hour at a temperature in the range of about 130°C to about 140°C;

a half-life of 0.1 hour at a temperature in the range of about 145°C 10 165°C; and/or

a molecular weight in the range of about 175 g/mol to about 375 g/mol.
[0081] ¥} The method as in any of N}-T) wherein the organic peroxide 1s dicumyl peroxide,
di{tert-butylperoxyisopropylbenzene(s), 2,5-dimethyl-2 5-diltert-batvlperoxyihexane, tert-butyl
cumyl peroxide, and/or 2, 5-dimethyi-2 5-di{tert-buatylperoxy jhexyne.
[6082] W) The method as in any of N)-T) wherein the organic peroxide is 2,5-dimethyl-2,5-
di(tert-butylperoxy )hexane.
0083] While the foregoing is directed to embodiments of the present disclosure, fusrther
embodiments may be devised without departing from the scope of the present disclosure and the

appended claims.
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CLAIMS
What 1s claimed is:
I. An extruded pipe comprising bimodal high molecular weight high density polyethylene

having a density ranging from about 0.9460 g/cm’ to about 0.9320 g/om’,

wherein the pipe was extraded in the presence of about 30 ppm to about 200 ppm

of one or more organic peroxides,

wherein the one or more organic peroxides has a half-life of 1 hour at a temperature

in the range of about 125°C to about 145°C, and

the extruded pipe has a long-term hydrostatic strength tr/tr ratic of about 1.5 or greater when
determined at 23°C and 12 MPa and/or at 23°C and 11.5 MPa, where tr 15 the time-to-failure of
the pipe and tr 1s the time~to-fadure of a comparative pipe which has not been extruded with

organic peroxide.

2. The extruded pipe of claim 1, wherein the organic peroxide 1s present in an amount

ranging from about 40 ppm to about 150 ppm.

3. The extruded pipe of claim 1, wherein the bimodal high density polyethylene has a

porous polypropviene random copolymer.

4 The extruded pipe of claim 1, wherein the long-term hydrostatic strength tr/tr ratio is

about 2.0 or greater when deternuned at 23°C and 12 MPa and/or at 23°C and 11.5 MPa,

5 The extruded pipe of claim 1, which has one or more of the following properties:
a sag value of about 20 or less;
a PENT result of about 500 hours or more; and

a Charpy impact energy of about 10 kl/m?® or more.

6. The extruded pipe of claim 3, which has one or more of the following propertics:
a density in the range of about 0.9470 g/cm’ to about 0.9510 g/em?;
a sag value of about 15 or less;
a PENT result of about 1000 hours or more; and

a Charpy impact energy of about 11 k¥/m® or more.

7. The extruded pipe of claim 3, further comprising two or more of the propertics, wherein

the organic peroxide is present in an amount ranging from about 40 ppm to about 150 ppm in the

bimodal high density polyethviene, wherein the bimodal high density polyethviene further
17
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comprises a porous polypropyiene random copolymer, and wherein the long-term hydrostatic
strength tr/ir ratio is about 2.0 or greater when deternuned at 23°C and 12 MPa and/or at 23°C and

115 MPa.

g The extruded pipe of claim 6, further comprising two or more of the propertics, wherein
the organic peroxide is present in an amount ranging from about 45 ppm to about 125 ppm in the
bimodal high demsity polyethylene, wherein the bimodal high density polyethviene further
comprises a porous polvpropylene random copolymer, and wherein the long-term hvdrostatic
strength tr/tr ratio 1s about 2.0 or greater when determined at 23°C and 12 MPa and/or at 23°C and

11.5 MPa.

9. The extruded pipe of claim 1, wherein the organic peroxide comprises:
a half-life of 1 hour at a temperatore in the range of about 130°C to about 140°C;
a half-life of 0.1 hour at a temperature in the range of about 145°C to 165°C; and

a molecular weight in the range of about 175 g/mol to about 375 g/mol.

10, 'The extruded pipe of claim 1, wherein the organic peroxide is sclected from the group
consisting of dicumyl peroxide, di(tert-butviperoxyisopropyviibenzene(s), 2,3-dimethyi-2,5-di{tert-

butylperoxyihexane, tert-butyl cumyl peroxide, and 2, 5-dimethyi-2 3-di{tert-butyliperoxythexyne.

11, The extruded pipe of claim 1, wherein the long-term hydrostatic strength tr/tr ratic 18
determined by measuring the time-to-fatlure of the pipe at 12 MPaor at 11.5 MPa, and calculating
the te/tr ratio, using

tr = 100 hours x {1 + {density — 0,947} x 1340} for determmations at 12 MPa, and

tr = 560 howrs x |1 -+ {density — 0.947} = 1340} for deternunations at 11.5 MPa.

12, A method comprising:

extruding a bimodal high molecular weight high density polvethyviene having a density
ranging from about 0.9460 g/em?® to about 0.9520 g/om’ in the presence of from about 30
ppm to about 200 ppm of one or more organic peroxides, wherein the one or more organic
peroxides has a half-life of | hour at a temperature 1o the range of about 125°C 1o about
145°C, to form an extruded bimodal high molecular weight high density polvethylene, and

forming at least a portion of a pipe from at least a portion of the extruded bimodal high
molecular weight high density polvethylene,

wherein the portion of the pipe formed has a long-term hydrostatic strength tr/ir

ratio of about 1.5 or greater when determined at 23°C and 12 MPa and/or at 23°C

I8



WO 2018/022885 PCT/US2017/044179

and 11.5 MPa where tr is the time-to-failure of the pipe and tr is the time-to-failare

of a comparative pipe which bas not been extruded with an organic peroxide.

13, 'The method of claim 12, wheremn the organic peroxide is present in an ampount ranging

from about 40 ppm to about 130 ppm.

14, The method of claim 12, wherem a polypropyiene random copolymer is a carrier for the

organic peroxide.

i5. The method of claim 12, wheren
the long-term hydrostatic strength tv/tr ratio is about 2.0 or greater when determined at 23°C
and 12 MPa and/or at 23°C and 11.5 MPa;
the portion of the pipe formed has a density ranging from about 0.9470 g/om’ to about 0.9510
glem’; and
the bimodal high density polvethylene has a high load melt index in the range of about 5 to

about 10.

16.  Fhe method of claim 12, whergin the organic peroxide has:
a half-life of 1 hour at a temperature in the range of about 130°C to about 140°C;
a half-life of 0.1 hour at a temperature m the range of about 143°C to 165°C; and

a molecular weight in the range of about 175 g/mol to about 375 g/mol.

17, The method of claim 12, wherein the organic peroxide 1s selected from the group consisting
of  dicumyl peroxide, dittert-butylperoxvisopropyvlibenzene(s),  2,5-dimethyl-2 S-di{tert-

butylperoxyihexane, tert-butyl cumyl peroxide, and 2,5-dimethy!-2 3-di(tert-butviperoxy jhexyne.

18 The method of claim 12, wherein the long-term hydrostatic strength tv/tr ratio is determined
by measuring the time-to-failure of the pipe at 12 MPa or at 11.5 MPa, and caleulating the tr/ir
ratio, using

tr = 100 hours x |1 + {density — 0.947) x 1340} for determinations at 12 MPa, and

tr = 560 hours « [1 + (density — 0.947) = 1340] for determinations at 11.5 MPa.

19, The method of claum 12, whercin the organic peroxide is in an amount in the range of about
43 ppm fo about 125 ppm n the bimodal high density polyethylene, wherein a polvpropylene
random copolymer is employed as a camer for the organie peroxide, wherein the long-term
hydrostatic strength tr/tr ratio is about 2.0 or greater when determined at 23°C and 12 MPa and/or
at 23°C and 11.5 MPa, and wherein the portion of the pipe formed has a density in the range of

about 0.9470 g/cm’ to about 0.9510 g/om’.
19
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20. The method of claim 12 fordher comprising forming a pipe from the bimodal high

molecular weight high density polyethylene.
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