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Advantages relative to other materials
— Balance of stiffness, toughness
— Flexible — easy to install
— Corrosion resistance
Innovations in PE material technology
are allowing PE100 pipes to be used in
a wider range of applications
PE piping systems are increasingly
specified for large diameter projects.
— Water supply
— Mining slurries
— Coal seam gas
PE100 Pipe Industry Trends
— Higher strength
— Largel/thick pipes
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PRODIGY™ HD Advanced I\/Ie_tallocen(_e Bimodal Technology —
Inherently Superior Bimodal Technology

UNIPOL™ PE Process & PRODIGY™ Bimodal Catalysts
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Ziegler-Natta and Chromium Catalysts

= Different types of reaction sites on each
catalyst particle

= Broad range of molecular weights and
comonomer distributions

Metallocene Catalysts

= Single, consistent reaction sites

= Uniform molecular weights and
comonomer distribution

= Precision-tailored polymer properties for
advantaged performance

PRODIGY™ HD Advanced Metallocene Bimodal Technology —
Engineered Properties for Superior Performance
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Medium MW support  High Branching
Medium Branching
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Metallocene Technology — expanding the reach of PE applications



A PRODIGY™ HD Advanced Metallocene Bimodal Technology —
ULl Unique Bifunctional Polymerization Catalyst

Ligand 1 R = Two very different active sites on

Y& Active Center 1 the same support.

Q Livondz = Ligands are selected to produce
Fr— active sites with
— Different hydrogen responses
— Different comonomer
responses
= Polymer characteristics are
influenced by the environment of
the active catalyst centers.
= Active sites are surrounded by
organic molecules, called ligands.
= The nature of the polymer is
determined by the ligand.
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d PRODIGY™ HD Advanced Metallocene Bimodal Technology —
bl Enables Single-Reactor bimodal HDPE Production

UNIPOL™ PE

Polymer Property Control
Y PErLy Reactor

= Active sites and ligands for each of 2
catalyst components determines
relative: .

— Mw ‘ A

- MWD ..
~ Relative comonomer \ .

incorporation /& & &
" Density and Melt Index Control \ Polyethylene

— Reactor temperature R

— Gas composition, H,, hexene PRODIGY™

" The HMW and LMW components are . Bimodal
intimately mixed on particles leaving CatalyV

h
the reactor Ethylene

— Good homogeneity
— No special compounding needed




, PRODIGY™ HD Advanced Metallocene Bimodal Technology —
il Bimodal Polymer Structure

= HMW Polymer
— High comonomer
— Tie Molecules
— Toughness, SCGR
= LMW Polymer
— Low comonomer
— High crystallinity
— Stiffness,
pressure rating

= Broad MWD for
processability

DMWD
comonomer content




PRODIGY™ HD Advanced Metallocene Bimodal Technology —

bl Broad HDPE Resin Product Capability

250 O PE100 Requirements

O PRODIGY™
Bimodal Catalyst

SCGR

= Long-term pressure rating — MRS10
= Resistance to slow crack growth

= Resistance to rapid crack
propagation (RCP)




ISO PE100 Pipe Standards

The single-reactor bimodal product was designed with component Mw, MWD, split and
comonomer to optimize the mechanical properties and processing. The melt index fell
outside of the range specified in 2007 versions of gas and water pipe standards.
Revisions to 1ISO 4437 and ISO 4427 were made in 2014-2015 to accommodate PE100
materials with lower MFR;.
— Footnote to Table 1. For materials with 0.15 < MFR; < 0.20 .... “attention is drawn to the fusion
compatibility”
— Section 6.3 in ISO 4437 states that, when electrofusion is to be used, “appropriate testing should
be carried out to verify the fusion capability of such pipes”.
—  Fusion testing was conducted
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PRODIGY™ HD Advanced Metallocene Bimodal —
Meets PE100 Certification Requirements

TYPE TESTING
; ; Type testing (TT) according to EN 1555-1:2010150 4437-1:2014 and
HDF145B produced by Qenos in Australia EN 1220112011150 4427-1:2007 of the black PE 100 pipe compound
— Black Compou nd HODF1458 from Qenos Pty Ltd produced with Univation PRODIGY™ Catalyst
o Technology
—  Certifying lab: Exova
. ABSTRACT
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: HOF1458 zcearding to EM 1555-1:2010/050 4437-1:2014 and EN 12201-1:2011/130 4427-
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_ ISO 4437 — gas plpe other tests have been carried out by Oanos Pry Ltd and Kiwa.
. EN 12201 — water plpe (EU ropean) Tasted charactariztics accovding fo EN 1555-1450 4437-1 and EN 122001750 44271
. CHARACTERISTIC METHDOD UNIT AEQCUIREMENT  RESULT  PASSFAIL
— EN1555 — gas pipe (European) Compound density ISO1IE-IZ004 (A ki 203 %1 Fass
Resi n P rOpertieS Carban hlack contant 150 69641586 it 5] 2025 i3 Fasz
o . j— ) = Grede 3 15 Fazz
_ M I/denSIty Carban black dispersion 150 185532002 AT e —
_ Carbon bIaCk COﬂtent/dISperSIon Mzt mass flow rate St B0C) IS:I1133-1‘_’.'-.tEI11 [o 10 miin] 0214 0ig Fazs
_ VOIatileS Oeidetion induction time 200 °C) Liﬂj‘g;;i;;!ﬂlﬁ Imin] vl o Fazz
. . Voletile c EW 120951957 Iol 50 733 Fazz
Pipe Properties e — el _ _ a
Tersile stength for butt-fesion 120 13353:2001 - Ductile Ductile Fass
— MRS10 - long-term pressure RCP-54 250 mm SOR 11) 150 13877:7008 [oai 0 =10 Fas:
_ Aesistance fo slow oeck growth 120 13475:2009 Thl Em 1152 Fass
SCGR 32z candensate resistance 150 11672006 Ihl vl =i Fazz
— RCP IMAS Classification (50 121522000 %P3 10 10 Fas:

* The regoirament & BN 1555- 12010k 10 b and &7 150 445710 A0 i5 2.4 bar fesiag @ desige cosTicEnt, G, of 22

— Resistance to gas constituents

. The PE pipe compaund HOF1458 with a MRS of 10 MPa shows confarmity with the type
—  Butt Fusion P s S0 ey

testing raquirements for a FE 100 pipe compound according to EM 1585:2010/80 4437:2014
and EN 1Z201:2011/150 4427-:2007.

11



PRODIGY™ HD Advanced Metallocene Bimodal —
Thermal Properties

| DSC Melting and Crystallization |
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PRODIGY™ HD Advanced Metallocene Bimodal —
i Rheology

= The MFR; is 0.15 — 0.18 compared = The broad MWD results in a high
to the typical MFR. of 0.25 — 0.30 for degree of shear thinning

other PE100s L :
- High viscosity at low shear

- Similar viscosity at high shear
= Rheotens melt strength is very high

| Viscosity at 190°C | | Melt Strength at 190°C |
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‘\\ | —Competitive PE-100 l; 0.20 A
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PRODIGY™ HD Advanced Metallocene Bimodal —
Extrusion Processability

At constant conditions, output rate 5.0
and line speed, the lower MFRq
resin has exhibited: 5.75 ®
— Lower melt temperature £ PRODIGY ™
. - = 550 —
— Higher specific output, ] HD Advanced .
kg/hr/rpm . s2s | Metallocene -
Benefits for pipe production g Bimodal ® ®
— Less cooling required - § 5.00 | PE100 ®
increased production capacity g Competitive
— High viscosity/low sag results ~ ~ .75 PE100 Grades
in consistent wall thickness | |
distribution 4.50 | |
190 195 200 205 210 215 220

Melt Temperature °C

Extrusion of 250 mm SDR11 pipes
90 mm grooved-barrel extruder

Consistent Walll
Thickness Distribution




PRODIGY™ HD Advanced Metallocene Bimodal —
Delivers Consistent Pipe Wall Thickness

Excellent pipe dimensional
stability

Raw material savings with lower
target wall thickness

More efficient pipe installation
due to pipe matching during
welding

Reduction in need for routing of . ut &

pipe walls before welding 1,200 mm diameter, 100 mm thick water
pipe with excellent thickness consistency




Case Study 1.
Water Pipe Installation

PRODIGY™ HD Advanced Metallocene Bimodal Resin for PE100 pipe gives exceptional
performance in large pipe projects requiring high melt strength.

-- Old Steel Pipeline

= |n 2011, a section of a water _- New PE100Pipeline

distribution pipeline in Australia
needed replacement

— 900 mm diameter steel
— Corroded, required maintenance
= PE100 chosen for the new pipeline
— 1,000 mm PN16 pipe

— Qenos Alkadyne HDF145B
(with PRODIGY™ BMC Catalyst)

— Corrosion resistance
— Flexibility — ease of installation
= Sensitive environment - wetlands

~Chich esIér;_-Tl‘:_
# {Newcastle,!

P. Micic, T. Campbell, Challenging installation of large diameter HDPE pipe by directional drilling proviucs w connpreinciion e wwaer maaagernien
solution and an improved environmental outcome, Plastic Pipes Symposium XVI Conference Proceedings, September 24-26, 2012
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Case Study 1.
Water Pipe Installation contd

PRODIGY™ HD Advanced Metallocene Bimodal Resin for PE100 pipe gives exceptional
performance in large pipe projects requiring high melt strength.

= Horizontal directional drilling (HDD)
— 300 meters of HDD PE100 replaced a section of steel pipe on a bridge
— Section of pipe was pulled under the riverbed
— Less environmental impact

Photos: Courtesy Qenos, Ltd 17




Case Study 2:
River Flow Diversion

PRODIGY™ HD Advanced Metallocene Bimodal Resin for PE100 pipe gives excellent
processability for fast delivery in emergency situation.

= |n 2012, an open pit mine in
Victoria, Australia was flooded

— Historical rainfall
— Levee was breached

— Power plant is directly
sourced from this mine

4 PowerPlant | o

Yalloum Open Pit Mine and Power Plant
Victoria, Australia

» P. Micic, G. Beckton, 1600mm PE Pipe Installation Saves Power Supply in Victoria, Australia, Plastic Pipes Symposium XVII Con ference
Proceedings, September 22-24, 2014




Case Study 2:
River Flow Diversion contd

PRODIGY™ HD Advanced Metallocene Bimodal Resin for PE100 pipe gives excellent
processability for fast delivery in emergency situation.

= Emergency response — 2 phases:
— Dewatering the mine
— Diversion of river

= PE100 pipes were chosen as the
preferred method to move the water

— Critical timeline

— Large PE100 pipes could be
extruded in Australia

— Project completed in about 2
months

= Qenos HDF145B was used
— Pressure rating, SCGR
— High melt strength
— Extrusion output

Photos: Courtesy Qenos, Ltd 19



Case Study 2:
River Flow Diversion contd

PRODIGY™ HD Advanced Metallocene Bimodal Resin for PE100 pipe gives excellent
processability for fast delivery in emergency situation.

= 1,600mm diameter, 80mm wall
thickness pipe butt welded in the field

= |nstallation time critical

= Tight wall thickness and ovality
tolerance of HDF145B pipe alleviated
need for routing and doubled weld
rate

Photos: Courtesy Qenos, Ltd




Case Study 2:
River Flow Diversion contd

PRODIGY™ HD Advanced Metallocene Bimodal Resin for PE100 pipe gives excellent
processability for fast delivery in emergency situation.

= For dewatering the mine, 500 mm and
630 mm diameter pipes were used

= River diversion, 1,600 mm diameter
pipes were used

Photos: Courtesy Qenos, Ltd




Electrofusion Test Program
Large Diameter Pipes

Electrofusion was successfully demonstrated for joining large pipes produced with PRODIGY™
HD Advanced Metallocene Bimodal Resin for PE100 pipe and off-the-shelf fittings.

= Electrofusion study conducted to demonstrate compatibility of
PRODIGY™ HD Advanced Metallocene Bimodal Resin derived
pipes with other commercial materials.

- MFR; of “off-the-shelf” fittings is about 0.30
- MFR; of BMC-200 pipe is about 0.15 - 0.18
= Large pipes are most challenging case, up to 800 mm diameter
—  Thick
— Potential for larger gaps between fitting and pipe
= Saddle and coupler joints formed
= A range of weld conditions used
—  Weld temperature (ambient): -10°C, +45°C
—  Controller weld energy — low, high
— Maximum gap machined
= EF Joint Test conditions
— Hydrostatic pressure testing according to EN 12201-3
— Decohesion and strip bend testing according to I1SO 21751
= Alljoint testing passed

[ An EF Saddle Fitting ]

Photos: Courtesy Qenos, Ltd




Electrofusion Test Program
Large Diameter Pipes

110 mm SDR17 water pipe and 630 mm SDR17 gas pipe and Ductile decohesion
tapping saddle EF assembly EF coupler being lowered into i
ready for product testing hydrostatic bath specimen

Photos: Courtesy Qenos, Ltd 23




Conclusions

HDPE PE100 materials are an excellent choice for large diameter pipe
applications.

The PRODIGY™ HD Advanced Metallocene Bimodal Technology and
the UNIPOL™ PE Process were used to produce a bimodal HDPE
PE100 pipe with an excellent balance of mechanical properties.

The PRODIGY™ HD Advanced Metallocene Bimodal Resin for PE100
pipe applications exhibited some unique rheology resulting in
exceptional melt strength, which was advantageous for producing large
diameter / thick-wall pipe.

Electrofusion was successfully demonstrated for joining large pipes
produced with PRODIGY™ HD Advanced Metallocene Bimodal Resin
for PE10O0 pipe and off-the-shelf fittings.

Qenos HDF145B bimodal HDPE pipe resin, produced with the
PRODIGY™ HD Advanced Metallocene Bimodal Technology, was used
successfully in very demanding large pipe applications.
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frowe® Trademarks

TTTTT OLOGIE

Univation Technologies, LLC is the world leader in licensing gas-phase
polyethylene technology and selling related catalysts, services, and
products. UNIVATION, XCAT, PRODIGY, PREMIER, ACCLAIM,
stylized “Univation Technologies,” and the stylized "U" are registered
trademarks (Reg. U.S. Pat. and Tm. Off. and other countries) of
Univation Technologies. UNIPOL and UCAT are trademarks of The
Dow Chemical Company (“Dow”) or an affiliated company of Dow,
licensed for use to Univation Technologies.

© 2017 Univation Technologies, LLC. All rights reserved.




Univation Technologies assumes no obligation or liability for the information in this
document. The information in this document is not to be taken as a warranty or
representation for which Univation Technologies assumes any legal liability. No freedom
from infringement of any patent owned by Univation Technologies or others is to be inferred.
The determination of the applicability or suitability of the information (including any
conclusions or interpretations provided herein) in regard to actual operations is the
responsibility of each user. Further, each user remains solely and exclusively responsible
for their obligations with regard to the environmental, health, and safety standards and
procedures applicable to their operations, as well as for interpreting, conforming to, and
complying with all applicable governmental enactments, rules and regulations, including
those relating to the environment, health, and safety such as workplace and disposal
practices. Receipt and/or use of this information constitutes an acknowledgment of the
foregoing and acceptance of the user's responsibility for understanding and evaluating the
information conveyed herewith, including any information related to health, safety, and
environmental protection prior to applying it where desired and where appropriate. The
technology and products shown in this document may not be available for licensing, sale
and/or use in all geographies, and the claims made may not have been approved for use in
all countries. UNIVATION TECHNOLOGIES MAKES NO REPRESENTATION OR
WARRANTY, EXPRESS OR IMPLIED, REGARDING THE INFORMATION, OR ITS
COMPLETENESS, MERCHANTABILITY, OR FITNESS FOR A PARTICULAR USE OR
PURPOSE. UNIVATION TECHNOLOGIES EXPRESSLY DISCLAIMS AND EXCLUDES
ALL IMPLIED REPRESENTATIONS AND WARRANTIES PROVIDED BY STATUTE OR
COMMON LAW.
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