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Association of PE Pipe & Fittings Producers (IPPFA)

SUMMARY OF PRESENTATION:

NEW GENERATION OF PE-100 BLACK PIPE MATERIALS;

A LOOK INTO DEVELOPMENTS, APPLICATIONS & FUTURE VISIONS.
DIFFERNTITATION IS SUCCESS KEY FACTOR.

In this presentation, we will have review on history of HDPE pipe material history during las thirty years
and direction of progress of this industry.

Today, about 220 million tons of polyolefins are globally produced (about 1200 production plants), 60
million ton of HDPE. Share of HDPE pipe and conduit material is 16-17% of all HDPE produced. Global
HDPE pipe market is around 16 billion USD and will reach 20 billion USD by year 2025.

POLYOLEFIN WORLD IS CHANGING

PO industry is facing new challenges and is under a deformation process. Shale-gas based ethylene,
green ethylene, change of consumption philosophy and mindset of public consumers, increasing of
recycling, environmental challenges and reduction of short life cycle plastic products is putting more
pressure on global competition. This will highlight pressure on small, stand-alone and non-technology
owner producers and primarily in Middle-East. This will naturally result in Priced to Sell.

You are small producer if annual PO production capacity is below 1 million ton.

ARE YOU READY AND HOW TO SURVIVE?
Differentiation is the only way to survive.

PE-80 pipe material was introduced in 1980s which was followed by commercialization of PE-100 Black
pipe material in 1995 first by INEOS Olefins & Polymers (formerly BP Chemicals). This followed by
BOREALIS, LYONDELLBASELL and others in the beginning of 2000s.

Further development of standard PE-100 Black pipe material has resulted in new generation of PE-100
Black HDPE pipe materials including:

1) PE-100 LS Black for large diameters pipes (2001),

2) PE-100 RC Black with raised crack resistance (2005),

3) PE-100 RD Black with resistance to disinfectants (2014) and

4) PE-100 RT Black with raised temperature resistance (2016).

CLOSER LOOK TO NEW GENERATION OF PE-100 BLACK PIPE MATERIALS

PE-100 LS Black pipe material

It is not possible to produce larger diameter HDPE pipes (> 630 mm) with standard PE-100 Black material
due to sagging on the walls of the pipe during pipe extrusion. This results in flow of molten polymer down
inside of the pipe and causes non-uniformity in pipe wall thickness.

This problem is solved by introduction of a material with better melt strength property (higher viscosity at
lower share rate) during extrusion of large diameter pipes.

PE-100 LS Black pipe material is used for production of pipes with diameter 400 — 3500 mm.

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE
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PE-100 RC Black pipe material

Ideal conventional installation of PE-100 pipes with sand bed is not always possible, cost-effective and
timewise lucrative. Sand-less bedding or NO-DIG pipe installations allows for installation cost reduction
up to 50%.

Along development of non-conventional alternative installation techniques such as trenchless-horizontal
drilling, pipe bursting and pipe relining, also a new generation of PE-100 class pipe material has been
developed with improved resistance against slow crack growth and rapid crack propagation.
Requirements defined in PAS 1075 established in 2009 in Germany.

Standard PE-100 Black pipe material cannot be used by NO-DIG installation techniques due to formation
of rills, grooves, scratches, rock impingement and point load.

PE-100 RC Black pipe material requirement according to DIN PAS 1075 for Notched Pipe Test (ISO
13479: 80°C/ 9.2 bar), Point Loading Test (Hessel Ingenieurtecknik GmbH: 80°C/ 4 MPa, 2wt % Arkopal
N100) and FNCT (ISO 16770: 80°C/ 4 MPa, 2wt % Arkopal N100) is >8760 hours.

PE-100 RC Black is a new PE-100 Class pipe material for municipal utilities.

PE-100 RD Black pipe material

New disinfection techniques are now used for drinking water. Chlorine dioxide is used for disinfection
(called chlorination) of municipal drinking water. Chlorine species used as disinfectants in tap water have
a deteriorating effect on many materials including Standard PE-100 Black pipe material.

A new PE-100 Black Pipe with improved resistance to disinfectants (chlorine dioxide CIO2) replaces
standard PE-100 Black pipe material.

PE-100 RD Black is a new PE-100 Class pipe material for drinking water systems.

PE-100 RT Black Pipe material
Standard PE-100 Black material cannot be used in pipe applications above >40°C.

A new PE-100 class pipe material with improved pressure resistance at elevated temperatures with
excellent heat aging and extremely high extraction stability is commercialized for pressure and non-
pressure pipe requirements to elevated temperatures up to 70°C.

It is intended to use when ambient or fluid temperature are consistently above 50°C. This material is more
commonly used in hot water and industrial applications and relatively seldom in buried water or gas
networks. But in certain hot regions and applications it may be necessary.

PE-100 RT Black is a new PE-100 Class pipe material for industrial (such as cable protection), waste &
soil, geothermal, drinking water and gas pipes.

PE-RT TYPE Il
Last but not least is development of new PE class pipe materials for Hot and Cold water systems inside
buildings.

PE-RT are PE-HD natural pipe materials with improved pressure resistance at elevated temperatures (up
to 70°C). Type Il has an improved pressure resistance compared to Type |.

Type | is a suitable choice for underfloor heating applications.

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE
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Type Il is a material of choice for the more demanding applications like radiator heating and drinking
water, either monolithic or as a multilayer pipe combined with aluminum.

PE-RT is a new PE Class pipe material for Hot and Cold water systems inside buildings.

BUT WHAT ARE NEWEST TRENDS AFTER DIFFERENTIATIONS OF PE-100?

COMBINE THE PROPERTIES!

The newest and current trend by PO raw material producers is toward reduction of number of plastic raw
materials. Therefore, a newer generation of commercial PE-100 Class materials with combined properties
of LS, RC, RD and (RT) in one material are already introduced.

BOREALIS/BOROUGE, INEOS O&P, LYONDELLBASELL and SABIC pioneers of PE-100 Black pipe
materials commercialized PE-100 Black pipe materials with combined improved resistance to sagging,
improved resistance against slow crack growth and rapid crack propagation, and improved resistance to
disinfectants. Examples are:

- BOREALIS & BOROUGE, HE-3490 LS-H Black (LS-RC)

- INEOS O&P, TUB121 N9000 Black (LS-RC)

- SABIC, Vestolen A RELY 5922R-10000 Black (LS-RC)

- BASELL, Hostalen CRP 100 RCD Black (RD-RC)

- INEOS O&P, TUB121 NRG Black (RT-RC)

It seems that trend for tomorrow’s PE-100 Black pipe material will be commercialization of new PE-100
Black material with combined properties, All in One (LS, RC and RD and maybe RT)

HOW ONE CAN DIFFERENTIATE? DIFFERENTIATE AND SURVIVE!

Small, stand-alone and non-technology owner PO producers which are producing general purpose
commodities or standard products has to go for differentiation of its product portfolio by producing more
value-added, specialties and new generation products to gain a better competiveness position in
changing global PO market.

To be able to differentiate, one has to gain Technology Platform. The Technology Platform is a necessary
and needful tool for differentiation. In absence of the Technology Platform, one ends up to production of
general purpose commodities and or standard outdated products, licensed originally by production
technology licensor (LYONDELLBASELL, INEOS, MITSUI Chemicals, and UNIVATION Technologies
etc.).

Production window is comparable to a line when one has a Process and a Right Catalyst.
This single dimension production window becomes a pyramid of the Production Technology Platform with
three dimensions when one has excess to sum of different KNOW-HOWs.

Pyramid of the Production Technology Platform includes apex, faces and base.
Apex is the Business.

Faces are the

Deep Application Know-How,

Deep Product Know-How,

Deep Catalyst Know-How and

Deep Process Know-How.

Base is the Production Technology Platform.
END.
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New in extrusion technology

sOlEX NG

solEX NG 75-40

solEX NG — Concept processing unit

Barrel with grooves

*straight or helical grooves are possible,
straight grooves are standard

Feed bush substantially equal, only the grooves
of the bush get a steeper angle

New screw geometry




solEX NG concept
Result: Low pressure profile

The new grooved barrel concept expands ,grooved bush” conveying up to the end of the melting zone
= Axial pressure profile significantly reduced
* Less wear mechanisms (higher lifetime)

Grooved
bush Barrel

Smooth barrel

Pressure
N\

e Screw length

ST
==

solEX NG —Processing benefit: Low pressure profile

* Further developed intake concept based on low *Extremely high spec. output possible for virgin
pressure profile material- higher than solEX 10-25%

* No conveying instabilities even in cases of high back
pressure applications (e.g. corrugated pipes) up to

500bar
solEX NG 75mm / PE-HD
- - . Si d1
1400 Crew spee
= 1200 . — =Screw speed 2
—
£ 1000 = = == Screw speed 3
‘é. o —5Screw speed 4
5 600 e e s
O 400
200
0

SIS

Backpressure [bar]




solEX NG — Processing benefits: Extremely high melting capacity

Thin melt film

Vel

Solid channel

e\ | QRO \ |\ \

Smooth barrel-solEX

Melt channel

Grooved barrel-solEX NG

Solid particles

Compacted ﬂ!ﬂ_ﬂ
solid material

» additional disperse melting in the melt channel (like ice cubes in water)

* Low melt temperat

solEX NG - Processing benefits

* Extremely low melt temperatures
* Only small temperature increase
with rising screw Speed

10°C lower melt temperatures
compared to solEX machines

ure

: Effect on melt temperature

Output [kg/h]

1600

1400

1200

1000

800

400

200

solEX NG 75mm with pipe head 250*22,7mm / PE-HD

+Qutput
-=-Melt temperature

20% 40%

60%

250

240

220

210

ey 200

190

180

170
80% 100%

screw speed / nominal screw speed

Melt temperature [°C]



solEX NG — Processing benefits: Effect on energy consumption

1200kg/h PE-HD on solEX NG 75mm

330
Test result example: b R e ———
: . . — | ass%
* Minus 15,5% main drive power 3 230
£
* Minus 14,9% in total (incl. cabinet,...) = 180
* Less energy losses through g 130
grooved bush and barrel cooling 80
Energy efficiency increased 30
-20 I
) : Smooth Grooved
15% in energy savings compared barrel unit barrel unit
to the solEX machines = Grooved bush 7,32 6,8
® Fans -7,16 -0,2
® Barrel heating 0 2,84
= Die heating 0,43 0,66
= Main drive 253,1 214

solEX NG — Machine configuration

| b |
solEX NG strong, reliable
with highest output rates
for PO and energy saving l

t feed gr
g than solEX

w design
for PE and PP

Same solEX series:
all technical aspects from

Standard solEX are also valid at NG version




solEX NG — Machine types

solEX NG 60-40
solEX NG 75-40
solEX NG 90-40
solEX NG 120-40

* Qutput rates for smooth pipes

1000 kg/h 750 kg/h

1500 kg/h 1150 kg/h
1800 kg/h 1400 kg/h
2500 kg/h 1800 kg/h

Die head — adjustable (FDC)

Research & development focus
— FDC (fast dimension change)

World biggest adjustable melt gap 1,600:

1,200- 1,600 mm

Large diameter pipes

Helix Il 1600 VSI-TZ pipe head for pipe
dimension from 400 — 1600 mm with

adjustable melt gap

Integration of outer layer and color stripes

in the adjustable melt gap possible
for faster color change

Pipe centering in the adjustable melt gap
manually with centering screws and/or with

hydraulic centering unit




FDC pipe heads — Continuously adjustable melt gap - Principle

Mandrel with conical shape
Sleeve moveable in
longitudinal direction

Minimum melt gap
Sleeve moved in forward
position

helix 800-4: 4-layer pipe head

with minir elt gap

Maximum melt gap
Sleeve moved in backward
position

helix 800-4: 4-layer pipe head
with maximum melt gap

Research & development focus — Structure of Saw: DTA 160

Integrated frame incl. linear guiding

Belt for longitudinal motion

Synchron servodrive
for longitudinal motion

AC drive and frequency
converter for rotation

Base frame

accessible left/right

saw carriage




Research & development focus — Structure of Saw: DTA 160

Advantages of the DTA 160 — Cutting of PE and PVC Pipes:

*High line speed / cutting frequency is possible

*Independent infeed of different tools = high flexibility

*Less mechanical play due to direct tool infeed (no gear boxes, no energy conversion)
-> precise, reproducible cutting / fast reaction

* easy, intuitive operating with new control system
(less manual adjustment of machine parts) _
; Use of diffrent cutting tools: tools for swarfless cutting

*Error prevention by:

Quilek sxchange withaut

- Explicit positioning of tools ___ additional tools

fixed triangular knife

*Use of low maintenance / insesible machine parts

*Retrofitting of FDC possible
fixed circular knife

Explicit positioning of tools
= error prevention

revolving circular knife

Introduced 2016 Fit for Industry 4.0

»Meanwhile established for all applications * Flexible OPC UA Server

* Fast, intuitive machine handling * Preventive/predictive maintenance
without user manual (base functions) « Condition monitoring

*Reduction of training times for operating personnel * Integration web services

*Increase machine/equipment availability * Integration new media / social media services
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TOOLS FOR PIPES

a situation report about technology and solutions

By Josef Dobrowsky MSc, Director CONEXTRU GmbH

Over the last years we could see significant trends in pipe application as following:
- Higher demand on larger diameters
- From monolayer to multilayer
- Cross heads for pipe coating
- Increase of capacity and throuput
- Performance increase of polymers

This trends leads to a continuous adaptation, changes in design and new solutions for pipe heads. Today
the expectation of a pipe tool can be summarized as following:

High throuput at low pressure
This is important because has some influence to the mechanical design, to energy consumption and to
the melt temperature.

Optimised flow
Is needed to reduce overweight to save raw material. Today’s pipe tools are optimised so that automated
die centring systems disappeared from the market.

Pipe inner cooling

Higher output rates require longer cooling time. Up to date tools should offer the possibility to cool the
pipe also from Inside, which has not only impact to the cooling length, but also to roundness, eccentricity,
internal stress causing tubing in effect after cutting and also exhausting some evaporated waxes of PE
which would condensate at inner surface. Internal pipe cooling leads to less thermal load to the material
which can be seen on the OIT value.

Wide dimension range

Nowadays we have the solution that the basic head — having a certain melt outlet diameter — is used to
make pipe sizes also bigger than the melt outlet diameter. This is possible by changes in the mechanical
design. Furthermore more pipe sizes can be produced by draw down method for most of the polymers.
Three or sometime 4 pipe sizes can be produced with 1 tool set is possible and reduces significantly the
change over time.

Easy handling
This means low weight of die parts and horizontal die mounting makes changes easier and quicker.
Low number of screws and easy cleaning are also important design criteria’s.

Low volume and small surfaces
This means short residence time which leads to a short heat history for the material and short self-
cleaning time.

Internal head cooling
Is needed for large size tools to keep temperatures stable over long term production. Air cooling systems
are efficient and low in operation cost and preferred compared to oil or water cooling system.
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Due to this criteria’s and changes of requirements, we have a growing market for Polyolefin pipe tools.
My estimation for the amount of new tools per year is app. 1 000 to 1500 units. The biggest amount is in
between 250 and 630 mm. This number stands for pipe heads in new extrusion lines but also of changes
from monolayer to multilayer or even to invest into a tool offering internal pipe cooling or any other
feature as described above.

Technical aspects

If we look closer how to design a new tool than we need to decide which distribution system has to be
used. We know different solution but the most used system is the helical spiral system. We find this
system also in Blown film lines as well in blow moulding machines and | would say the spiral design is the
most used system in the plastic industry.

The spiral distribution system requires a calculation of the flow channel. No other distribution system is

such depending on calculation than the helical spiral. The calculation is quite complicated and is an

optimisation process by slightly changes of the geometry. The result is a curve — showing which amount

remains within the spiral channel and which amount is going out of the spiral channel into an axial flow.

The curve — volume over channel length — should

Leak flow curve look lick a gauss distribution which we know

Axial flow 25 £ oI % st

from statistical analysis. Precondition for the

calculation is the viscosity curve of the polymer

which means viscosity over shear rate. This

because a loop within the calculation is a

pressure calculation based on volume and shear
rate and viscosity.

n

Leak
flow

Channel length

Picture 1: helical spiral distributor flow schema

Due to the fact that the calculation is based on one channel along its length, a new pipehead is generated
at first by the number of channels. Therefore we know exactly how the distributor will behave in terms of
melt distribution when he has X numbers of spiral channels. At the same time based on the diameter we
know the output because the throuput is proportional to number of channels.

In pipe extrusion we have polymers with very high viscosity up to 250 000 Pas (PE 100 RC low sagging) or
very low viscosity materials up to 20 000 Pas (adhesive for Coextrusion).

The praxis has shown that it is sufficient to have a range of distributors — for high and low output and high
and low viscosities. Conextru has 5 different geometries which are used depending on the circumstances.
With this range nearly all cases can be covered.

A version of the helical spiral is the radial
spiral.

Conextru GmbH was the first company
who applied this technology — which is
know from blown film dies — to pipe
application.
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Of course the geometry was adopted to polymers for pipes. Within the radial spiral we have similar flow
condition like in the helical spiral and the flow goes from outside to inside of the distributor plate. The
difference in the mechanical design is that the distributor disc is much shorter in length but bigger in
diameter — compared to the helical version. The main
application for such distributors is for a thin layer and low
{ output but there is no limitation in the diameter. Conextru
GmbH uses 2 types of radial distributor geometries depending
on polymer and output.

Picture 2: radial spiral distributor — flow schema
Picture 3: radial spiral distributor for a 400 mm die

Regarding melt distribution there is one more distributor in
use which is called Pinole or heart curve distributor. It works
well for low viscosity materlals The only advantage is that this type doesn’t need melt pre distribution
and the volume is very low. Conextru uses this type in case of large diameter, temperature sensitive and
low viscosity polymers.

With this 3 systems and in total 6 different distribution system — which are standard and proven -it is
possible to design a new tailored tool best suitable to fulfil the requirements. In case of coextrusion the
final solution is a combination of one of these distributors depending on polymer, diameter and output
and application.

If the distributor or for coextrusion the distributors are selected it is necessary to define the pre
distribution of the melt stream, because each channel - not related to the spiral system - requires the
same amount of material. For symmetric dividing from main inlet to 2 or 4 or 8 melt inlets is quite simple.
More complicated is the pre distribution if we need to split into uneven numbers of channels like 3 or 5 or
7 etc. In this case the channel width / depth maybe different and calculate having same flow rate. This is
an important area because the quality of layer eccentricity is based on how equal each spiral is feed with
material.

After this evaluation follows the definition of the melt feed points which
is based on required extruder position. As a next step in the design is to
look to the melt merging point. It should be designed in a way that a wide
range of layer distribution (5/90/5 to 45/5/45) is possible.

In the past small channels were used —which are creating high flow speed,
high shear rate with temperature increase and high back pressure.

L oD uLUj.D_D
_no_uﬂﬂ[}r
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Picture 4: melt merging area of 3 layer head (PE/PE/PE)
Picture 5: melt merging area of a 3 layer head for PE/Adhesive/EVOH)

Detailed analysis leads to the opposite direction — big gaps in the melt merging area working with a kind
of draw down is the better solution. Big gaps leads to low flow speed and the melt coming together with
similar speeds. In the border of this to flows the shear stress is less and therefore no defects in the
distribution.

After melt merging point the tool should have the shortest possible melt path to the final die sets. Long
dies creating pressure, shear stress, and long residence time
and the trend is to shorten the dies as much as possible.
8 The new design of heads have after melt merging a centring
unit in which a master die is mounted. This die covers a
certain range. Further die- and mandrel- rings are mounted
on that master die. This die set rings can be bigger or
smaller in diameter than the melt merging area. We call this
system add on dies.

Picture 6: die set system to cover 200 to 630

Colour stripe units are usually mounted after melt merging
and before the centring unit. In case the colour of the stripes has to be changed often than the so called
CSR Colour stripe ring — can be mounted at the end of the die set.

For new tools it is necessary to make a pressure calculation based on the required output and Polymer.
For that calculation Conextru uses 3 main geometries which are round channel, rectangular channel and
ring channel. With this three main geometries it’s possible to make a quite precise calculation of pressure.
This calculation is not flow simulation it is based on — geometry, length, throuput, shear rate, viscosity
Pressure built up — it is a simple numeric method.

Such simple calculation is used to get information about the pressure for the areas Adapter, pre melt
distribution, and area after melt merging or end of spiral.

The spiral itself is not calculated again — the pressure built up is known —and normally the most uncritical
part.

Finally the total pressure of the whole system — starting from extruder flans to end of die- is a summary
of sections. Target is to be below 250 bar. Adapters a playing an important part because in coextrusion
based on the space, adapters are sometimes long and can create high pressure if the cross section is too
small in diameter

Low pressure has influence to energy (pumping energy) and also to the mechanical design - means
number and size of screws and this again influence time for maintenance and mounting as well as to the
melt temperature.

That’s why pressure built up calculation is important. The formulas can be found in literature but viscosity
curve need to be supplied by the raw material supplier or if not accurate available it’s necessary to record
that from a testing institute.




Tools for pipes

CONEXTRU cmbH

Engineering for Extrusion

Looking to the application of this tools we have single and multilayer heads as well cross heads for pipe

coating.

kg/h, low in heating power consumption.
Picture 7: PO 400- 630

Mono- & Multilayer heads:

Attached an example for an updated head design for a
single layer head having all this features. The head was
fundamental designed by Conextru and final engineered
and manufactured by Rollepaal India under supervision of
Conextru. Also an example how Cooperation with Conextru
works. The head has low volume short pre melt
distribution, helical spiral for 1200 kg/h throuput, centring
unit with master die 400 mm, die set for 630 mm, has
Internal head cooling by air and internal pipe cooling. The
head is short in length — low in volume — suitable for 1200

The features for multilayer heads is same — attached
also a photo of a PO 3 450 up to 630 mm. The head is
designed to produce 3 layer PE or PP-R pipe from 75 to
630 mm. The heads was fundamental designed by
Conextru and final engineered and manufactured by
Mikrosan under supervision of Conextru GmbH. The
head is design for a 2 extruder version according
customer requirements and is in operation in Serbia.
More common is to work with 3 extruders.

Picture 8: PO 3 450 - 630

Another example is a simple 2 layer coextrusion version and if the output for the outer layer is max. 10%
than the best solution is to add a Coex unit — based on radial spiral design to the main head
Picture 9: Coex unit for a 400 mm single layer head

Picture 10: Coax unit with radial spiral
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Tools for pipes

Cross heads for pipe coating

Another increasing and more and more important tool segment are cross heads. Cross heads are used to
coat a plastic or steel pipe in line with a single or multilayer structure. A further application is a sort of
bundling small pipes which we know from optical fibre protection. Three five or more pipes are arranged
into round or flat or rectangular shape followed by a coating process to keep the shape.

The method coating — 2 step process - via a cross head is very simple and offer some advantages
compared to single step multilayer extrusion process.

A comparison of plus & minus is shown in the table below.

1 STEP PROCESS 2 STEP PROCESS

with single or multilayer die and single or

with multilayer. die mulitlayer cross head

advantage disadvantage advantage disadvantage
Good adhesion of inimser el add_ltlonal cter bhesion a_djustable Py Pre heating of the pipe is for
i layer new calibrators and temperature - important if the ;
additional outer layer - good adhesion needed
sealing's are needed layer must be peeled off

Monolayer production
possible if outer layer
extruder is not in use

Conventional down
stream

Quick change from monolayer to Downstream is more
multilayer complicated

Existing lines can be
converted to Coex lines by | to keep outer diameter of | Dies of cross heads have very Tools and auxiliaries are

modification of existing | inner layer round and stable wide outer diameter range more expensive
head

New coex heads less  |difficult peeling of outer layer
expensive than new cross in case of electrofusion
heads welding

Only one solution for pipe in

pipe extrusion Extrusion line is longer

Simple process Good;solution formove than 1 Not calibrated surface
coextruded layer

Easy possibility to insert wire for

Calibrated outer surface .
detection

Printing on outer surface of
basic pipe possible

The polymer structure of the coating can be monoclayer e.g. a protection layer to a PE pressure pipe or
multilayer and there are a lot of different versions existing.

The rules to design the cross head are same, just the size is different because we need to have an
internal passage which should be app. 10% larger than the pipe to be coated. This to have some space for
internal heaters as well. The coating process is called tubing coated — that means the additional layer is
pressed by under pressure inside the head. We use low capacity vacuum pumps or blowers for building
up the internal under pressure. High vacuum is not required.
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Engineering for Extrusion

Tools for pipes

Looking again into application here 4 examples:

Large diameter single layer cross head up to 630 mm
for high output. The head is design to cover a PE 100
water pressure pipe with 2 mm PP.

Picture 11: PO 630 CR during mounting

Large diameter cross head up to 180 mm with 4
layers. This head is designed to cover a water
pressure pipe with 3 or 4 layers to produce a barrier
pipe according EN 12 201. The head offers a quick
and simple change from 3 to 4 layers if needed.
Furthermore for quick cleaning the distributor for
EVOH can be pulled out from backside.

Picture 12: PO 4 180 CR with extruders

Small cross heads are used for bundling small pipes
for optical fibre protection.

Picture 14: coating of speed pipes
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Engineering for Extrusion

Tools for pipes

Pipe in pipe production is a further application of cross
heads — In this case the production of a 3 layer
(PE/Adhesive/EVOH) protection pipe over a 4 layer PE
pipe for fuel transportation on petrol stations

Picture 15: PO 3 125 CR as pipe in pipe

Picture 16: fuel-pipe in 3 layer protection pipe

Tools for PVC

For PVC we have single layer pipe heads for U-PVC, M-PVC and O-PVC — the tools are single spider or
double spider pipe heads. There were no significant improvement’s on that tools over the last 20 years.
The technology is still the same and no changes in the design criteria’s. PVC heads have and need
compared to NON PVC tools much larger volume to get residence time in between 3 and 10 minutes.

PVC need a kind of compression with minimum ration of compression (torpedo square to die set sgare)
for best welding after torpedo and also much longer die sets.

Multilayer tools are designed for PVC foam core pipes or for 3 layer compact pipes. Tools for this
application were developed from pipe producers — in the beginning and later also from machine
suppliers. A wide range of different types are on the market. The manifold of the several systems are
completely different and most of them are optimised by trial and error.

Summary
The trend of multilayer pipes will continue with new polymers and new applications. This trend requires

flexible engineering to requirement. The polyolefin tools will play an important part in the development
of non PVC pipes.

Traditional PVC tools have some disadvantages. It is time to review the spider technology for PVC pipes.

A solution could be to use a 2 channel manifold die which is used for PVC multilayer dies. Conextru has
already built such a tool for O-PVC heavy wall pipes but further optimisation is in progress. Such a tool will
be tested soon.

2019

J. Dobrowsky
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Rescription;
stant date:
Pipe size:
Material:
COMPANY:
Client:

Parameter
Connection;
Test-id!

Set pressure:
min, Pressure;
max. Pressure:
Duration:
Temperature:
Condlnonmg time:

Results;
Status:
Tirmacaunter (Star):
Timer reading;
Star date:
End date:
Burst type:
Burst ime:
Burst Presaure:

Pressune / Temperature

1396/08/04

110-5DR11
FE100-CRF100

SEMNAN POLYEHYLENE
SHAZAND PET

002
00000007 34
9.2 bar

1%

2%
2000.00 ih
80 °C

00 ih

Broken

0.0 ik

1568.28 ih

26/1017 07:18: 26 pm
01/01/18 03:18:56am
Ductile

0.00 sec

0.00 bar
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start date:
pipe size:
Material:
COMPANY:
Client

Kind of Test

Parameter;
Connection:
Test-id:

Set pressure:
min, Pressure:
max. Pressure:
Duration:
Temperature:
Conditioning time:

Results:
Status:
Timecounter (Start):
Timer reading:
Start date:
End date:
Burst type:
Burst time:
Burst Pressure:

Pressure / Temperature

96/12/24
110mm-SDR11-Sample 2
CRP100/B-Lot:96557
SEMNAN POLYEHYLENE
SHAZAND PET

003
0000000861
9.2 bar

1%

2%

1500.00 ik
80°C

001ih

Broken

0.0ih

73541ih

16/03/18 10:57:32 am
16/04/18 02:11:13 am

0.00 sec
0.00 bar
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Correlating Polyethylene Pipe Resins Strain Hardening
Modulus to Slow Crack Growth Resistance

R. Rashedi', S.K. Afzali', E. Isazadeh®, H. Nazokdast®

'Research & Development Dept., Jam Petrochemical Co., Assaluyeh, Iran.
*Gostarcsh Plastic Pipc Manufacturing Co., Tchran, Tran,
*Polymer Engineering Dept., Amirkabir University of Technology, Tehran, Iran

Abstract:

The development in recent years of fast evaluation techniques such as Strain Hardening (SH)
modulus has opened an important alternative for quick SCG evaluation since it correlates well
with other conventional tests such as FNCT and PENT. In this study, commercial polyethylene
pipe resins produced with different catalysts and technologies were evaluated in order to define
their SH values to rank the resing as PE100 or PES(. A relationship is proposed that utilizes SH
test results to estimate the SCG resistance of PE pipes. A linear correlation (R*=0.9871 ) was found
between the strain hardening modulus and slow crack growth resistance relationship for black
samples used in this study which covered bimodal pipe resins made using different catalysts and
techniologies.

Introduction

High-density polyethylene (HDPE) is currently used for the production of plastic pipes for water
and gas distribution systems. This material offers several advantages over its competitors, like
flexibility, low cost, environmental attack resistance and case of installation. HDPE pipes for water
distribution systems are, in principle, designed for long lifetimes in service: current life-times
specified by industrial standards are expected to be of the order of 50 years [1, 2]. In spite of this,
HDPE pipes are known to be subject to premature in-service failures due to time-dependent (creep)
fracture, which leads to leakage and, consequently, to environmental and economic costs (water
losses and increased maintenance costs). The search for improved materials leads the
petrochemical industry to continuous development ot new HDPE resins using advanced
technologies (see Fig.1). As illustrated in Fig. 2 strategies such as increase in the molecular mass,
precise copolymerization (chain branching) and engineered molecular mass distribution have been
suggested to improve resistance to failure [2, 3], which is known to occur via a slow crack growth
(SCG) mechanism [4].

Corrcsponding author;

E-mail address: r_rashedi@jpcomplex.com
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Fig 1. Advanced cascade process for the production of HDPE high performance pipes [5].

Reiative
concentration

Controlied
comonomer content
and distribution

Molecular weight

w1: Low molecular weight homopolymer
w2:- High molecular weight copolymer
w3: Ultra high molecular weight copolymer

Fig 2. Engineered molecular weight and comonomer distribution in high performance pipe resins [3].

The properties of polyolefins depend mainly on the polvmer structure. For example, the rather
simple cthylene monomer can be converted into a great varicty of polymer grades showing
completely different mechanical properties suitable for many applications. Structurc-property-
relationship have been studied widely for polvethylene and different polymerization technologies
have been developed in order to tailor the polymer architecture of polyethylene for specialities
applications (Fig 3).
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Fig 3. Catalyst, production technology and product application lor dillerent PE grades [5].

The molecular feature that allows bimodal resins to exhibit improved properties 1s not the shape
(bimodal) of the MWD. Rather it is a high degree of short chain branching (SCB) on the longest
chains in the MWD, In fact. this pattern is contrary to the behavior of the PE-80 resins, which
tended to concentrate branching in its short chains or the distribution. Pulling more branching on
the longer chaing forces them into the amorphous region of the polymer and thus increases the
probability that they will act as tie molecules, holding the semi crystalline polymer matrix together.
In this manner, the strength of the polymer is greatly improved in numerous ways [6].

The long time behaviour of polyethylene (PE) structures has been extensively investigated
because PE is a very important structural material being used in pipes, fittings, tanks, and jacketing
for clectrical cables. Under a constant load, PE exhibits two general modes of failure: (1) ductile
failure by homogeneous deformation, and (2) brittle failure which initiates at a point of stress
concentration and the crack is proceeded by a craze. This general behaviour has been observed in
thousands of tests on pipes during the past 30 years, where the ductile failure occurs at high stress
and below a critical stress, which depends on the temperature. Tt was found that under certain
conditions, some polyethylenes violated the usual time dependent fracture behaviour with respect
to the effect of temperature and the quantitative relationship between stress and the failure time.

It is well known that resistance against slow crack growth is important for the lifetime of
pressurized polyethylene (PE) pipes. Thus, several methods have been proposed in recent years to
evaluate the long-term performance of PE using fracture mechanics. It is generally believed that
this leads to results more quickly compared to internal pressure tests. Many researchers have
pointed out that SCB (from suitable comonomers} along the longest molecules of the MWD is an
especially effective manner to enhance resistance to SCG [7-9].

Internal pressure tests on pipe specimens are the traditional way to determine the long-term
properties of PE pipes. Unfortunately, this method is expensive and very time-consuming,
especially when information on the SCG behavior is needed. Due to this, strong efforts have been
put into the development of accelerated tests, which are able to simulate SCG behavior of pipes in
a laboratory test and to obtain information on the long-term behavior of PE pipes within a
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reasonable time frame. The main aim of this work, 1s to correlate strain hardening modulus to slow
crack growth resistance of commercial PE pipe natural and black resins.

Material and Experiment

Several commercial PE resin types were used in this study and were produced using Zeigler
Natta (ZN catalyst system with different technologies. The physical properties of these resins are
given in table 1. The strain hardening modulus (<Gp>) is determined from uniaxial tensile test at
80 °C, and was performed according to [SO 18488 using universal test machine with a 100 N load
cell and a video extensometer to measure the elongation [13]. The samples were compression
moulded to form a sheet with a hydraulic press at 180 °C, nominal pressure of 200 bar and cooling
rate of 15 *C/min, as per ISO 1872-2. After pressing the samples were anncaled for 1 h at 120 °C
and then slowly cooled to room temperature then dumbbell shaped specimens were punched from
the sheets. In accordance with ISO 18488, the strain rate was 20 mm/min, the nitial distance
between the gauge marks on the center of the test specimen was 12.5 +£ 0.1 mm, and the thickness
was 1 £ 0.1 mm. Resistance to slow crack growth (SCG) of pipes was performed according to 150
13479 [11]. 110x10 mm (SDR 11) sample pipes were produced using BATTENFELD 75 extruder
with barrier screw in 150 rpm, temperature profile between 210 °C to 225 °C and melt pressure of
231 bar. Four notches are introduced on a minimum of three pipes. The notched pipes are then
subjected to hydrostatic pressure in tap water, and the result is expressed in terms of time to failure.

Table 1

Physical properties of commercial PE pipe resins

Matenal Catalyst Comonomer  Density (g/cm3) FRR Crystallinity(%)
P8ON C4-1 ZN 1-Butene 0.9462 262 58.2
P8ON C4-2 ZN 1-Butene 0.9451 274 58.7
PSON C4-3 ZN 1-Butenc 0.9442 26.5 57.5
P8OB C4-1 ZN I-Butene 0.9535 25.1 53.6
P8OB C4-2 ZN |-Butene 0.9521 254 54.7
P8OB C4-3 ZN [-Butene 0.9534 26.2 549
P100ON C4-1 ZN 1-Butene 0.9479 273 64.2
P10ON C4-2 ZN 1-Butene 0.9482 27.1 65.2
PIOON C4-3 ZN |-Butene 0.9485 245 64.5
PI0ON C4-4 ZN 1-Butene 0.9483 278 65.8
P100ON C4-5 ZN 1-Butene 0.9486 200 65.1
P100B C4-1 ZN |-Butene 0.9576 27.6 61.3
P100OB C4-2 ZN 1-Butene 0.9581 27.7 60.5
P100B C4-3 ZN 1-Butene 0.9585 27.9 614

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(it g1 gl 51 g o) et g S (e

Results and Discussion

One of the most important feature of bimodal pipe resins is that short chain branching (SCB) is
concentrated at the high end of the MWD and is commonly referred to as a reversed SCB
distribution. This important property is achieved using proper catalyst with accurate
polymerization condition specially in series reactors. This feature has direct effect on pipe long
term properties including SCG, RCP ete.

SCG and Gp values were correlated for all resins and the results for PE®0 and PE100 natural and
black were shown in Fig. 4 and 5 respectively. It can be seen from Fig 4 that SCG resistance time
correlates well with the strain hardening modulus <Gp>. The minimum value of failure time for a
PE100 material is 500 hr which defined in 1SO 13479 [11] and implies a Gp approximately higher
than 32 Mpa.
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Fig 4. SCG resistance time vs strain hardening modulus for PE80 and PE100 natural resins
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Fig 5. SCG resistance time vs strain hardening modulus for PE80 and PE100 black resins
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Table 2

Strain hardening modulus value for different PE pipe resins {including standard deviations)

Grade Strain Hardening Modulus (Mpa)
PE100 Natural 38£3
PE100 Black 372
PES0 Natural 272
P80 Black 2243

Conclusions

The SH test can easily distinguish different PE types and even the differences between PEI100
and PE8SO of different resin manufacturers are very clear. SH test has been found to be a good short
term method for SCG performance of PE pipe resins. For PE100 resins, SH values of 41 Mpa are
achieved, while values of 29 Mpa are obtained in the case of PE80 resins. For both resin types
SCG values of produced pipes correlated with their SH modulus and their relationship have been
reported.

References

1. C. Dominguez, R.A. Garcia, M. Aroca, A. Carrero, Mech. Time-Dependent Mater. 16
(2012) 105.

2. F. M. Peres, C. G. Schon, ] Polym Res, 14 (2007) 181-189.

3. B.Fayolle, J. Verdu, Polym Eng Sci1435 (2005) 424,

4. 4. H.B. Hamouda, M. Simoes, F. Grillon, Polymer 42 (2001) 5425.

5. F.P Alt, L. Bohm, H.F. Enderle, J. Berthold, Macromol. Symp., 163 (2001} 135.

6. P.J. Deslauriers, M. P. McDaniel, D.C. Rohlfing, Polym Eng Sci., 190 {2005) 1203.

7. L Kurelec, M. Teecuwen, H. Schoffeleers, R. deblieck, Polymer 46(2005) 6369.

8. I. Cazenave, R. Seguela, B. Sixou, Y. Germain, Polymer 47(2006) 3904.

9. S. Deveei, S.K. Kaliappan, J. fawaz, U. Gadgoli, B. Das, Polym Test., 72(2018) 285.

10. ISO 18488 Polyethylene (PE) materials for piping systems - determination of Strain
Hardening Modulus in relation to  slow crack growth - test method  https:
fhwww iso.org/standard/62593 html2015.

11, ISO 13479 Polyolefin pipes for the conveyance of fluids — Determination of resistance to
crack propagation — Test method for slow crack growth on notched pipes.

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i o (gl (St ad gt (ol | gt e il L of

" (Heat fusion) b 5 sla (b9 NDT) G 50 pd (39051 o 9y (o "
ol by ©YLail g gl cpazxil (o j90T asneS e — (5 b ol

doddo

ol VL g gl el Sl 5 alg) sl sl b, IS 4 (sl ool oy sloaly) (slopiomses Siiiliz sla it I o
D3t S g 5 ot o i sl ot ) g i 39 bt e b o 4 Kl YLl e 5 g o o
..\.wl)(sa ).'aa Qo OYLlas! ln‘jé O R 9 Slelad JL@‘ 6‘)-‘ solazwl Sy90 LS.».& G:I)LY 9 65; To ‘5>‘)b t&) )0 ML:GA

25 e Jeolis o B 1d aeil sl g,y 018 3925 NDT) 50 18 5 8DT) 5w o503l £55 99 Jlas! oo oS ooy 2 512

(Visual inspection criteria ) ooz o ,jb sasls ()
Microwave testing) s;5,5Ls 55051 (¥
(Ultrasonic testing) gl 2l ;531 (¥

(X-ray radiographic testing) ,SG! axsl 81,5500, o031 (F

b o0 9 0 DT 4 NDT @ yg0)l 09y bl
il e plosl B ol Jora 4 ()

0,0 3929 g e ()5 g (L3 a1l (Y

el 48,0 4y 49,80 yloj g Al R O o9> ddyo i I (Y

O5eadg yisdl g Cd a4 L o WYLAST o Cansl GLa‘ Jo¥o

DBl 25 T A 5909l g s L sl e j0 ceSs Lol Y (TWID) s> dinsge Jawgs ool Jors Sl b

a0 caSls LYo (@l

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(it g1 gl 51 g o) et g S (e

35%
o Butt Fusion
“w 25%
T% 0%
= 15%
it 1%
a
Cold Fine Pipe Coarse Joint Bad Big
welds particulates under- particulates under facing gaps
l penetration tension
e e g Lisspmapal
e alals
k4 A 4
Sl g2, 8 N _‘_.L..:
- 3 sk,
QQ@&?)oQTbéjw)oSW&al&Yo—\ s
Diseds S oz 3 St Y (o
5%
] Electro Fusion

*u of failures

1%
5% "
Cold Fine Coarse Joant Bad Bg Pipe
pamiculates under SCraping gaps quality

welds particulates

l T LT }

e oS e e dosls g Lo el gl Y
(s e ola)) Jail faye adyl
W v v v
W e g pae s uskiali opud 5o hai 2 0l alusli
w8 it sl apS 3 eslad Ayl o)l b g Jla

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




el g1 (gl (51 4 9t bl (s i S (o

fo s b B0l
(Visual inspection criteria ) ooz 3L (2l (1

Sl o &l K Coale e 4 adl &S Canl o g, on 5 oole 5 ane oS (ol ) (Visual testing) _oi> )il
s oe plail ) oz (o)l 45 ez )il Lol il Qlol S5 4y ootz (o3l i aBle (6, K592 CoiS )0 305 5 s

Sl by JeSe otz gy 4 B9z (o3l @l 5o S el | e CodeS Wlgny B all aadtie 5 (i S 28 b sl b

VN |

»
4
00000000 00000000

3ot Sy o & o g 5o swalie B aylis ¥ S
(Microwave testing) g19 50l (yg0 }T (Y
60 ol b 5500 eole s oole S 3l 9399,50 ke el Sy ol g 0090 G ESUN (60 Slge db dgaze (03] (o]
05999, g A as L hgz jo 1y ol g S 5 g 0 0> aile aa i 4563 ol plo il co Dglase S Sl
Dgu o0 03l islei Scan C g Scan B glo JSi 4y 9 olulid Sglaie G mSU 60 <ol b oz oole G (lgie o

Yineh
S 9) (2ly Sl peal )09 9l o) d a G Shex SO (VL el 45 199,50k o3k @mbs - SO
a2 oo lad |, (low of fusion) L3l L lde 048 ¥ =L o (Cold fusion) o e g

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(it g1 gl 51 g o) et g S (e

(Ultrasonic testing) <Xus gl yd1 (yg0 31 (Y

glsel Sigual 2l (59051 50 ol e 08 (a3l 330 slonms Sl g, 51 (Ko UT Sedgusl 2l b g0l (5051
boled (J3Is Cgee B s d (o0 3]s (o3l 9590 5 aiged J10 4 (5,850 YO B0 o3gazee j0) YL (S 3 L (Sso
J515 35 Sgo Giend (5 oy Jeb 395 65,0 51 )Mk (£l b 5o glsl 53,5 oy Slga ol 5 o
03,5 Z8l,ys (Fgo Wge bawgi la OUSL Gl aigd (oo Saie lagye g o S de Juad (0 5 A (o0 25 > Sl
2 0393) nl ol (g 00,8 o0 ol JiSews S Sj50 4y Glaled azio o g 00 oo (xSl sle Gl 4
a3l 0 EN13100-3 §ISO 16943 slas jlastewl olul

Wi olias 1y el g o) p gl ) S pgal 5 o a G Ui Siselidl aeil Gl o S gl -0 ISS

(X-ray radiographic testing) s | axll 81,5990, g0 5T (P

D¢ oo oolitul (K98 (L3 lo zgo Jobo) Vb 3985 CoblB b ubolineg pSUl slags 51 (SIS g0l) gejl jo

Cealies Lial3E Lo yls S oole ol sae g I wiulsed s g Sglie cilises slolame 1o gy ol i e
(e ol 50 555 Sl al) 6519055 (00,95 » phd 4 o0id Cda andl ol valys s o > JB
> QB“’}] Q—l‘ EL?L'" o9,k P 9y § Oy bls & g0 4 a5 (gowm g0 0SS ‘wb sk Lo las <* okd 59,
Mbdo EN13100-2 o)lqjt;,»l u»LMJ

0392898 Jlasl (55, 2 Sl anl (315 520 (a5l Az F JS

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i o (gl (St ad gt (ol | gt e il L of

_
:

1 mlie & g0 0 1) Lals ojlail g e ekt ISl X-ray s Microwave UT (4051 ()
D5,l05 Calies 13 hgame A5 b g 00y (o> Oy & MiCrowave 3 UT g, (Y
13,5 oo 1,8 eolitul 0590 pj bYs 4 Jg 8,s NDT slo g, ,0 1, 0,Skee o yigo X-RAY 5051 (F
Syl gl lame 0lge Cole ) 4 5L ST jlas 00iiS o5ds slagiy (A
WS L g3 g, (&
oskie B0 i3S las U Colbes Codgame (&
il oo 5l Ll YL 4 5 O )lee 4 @S i sln (F
Al = cewlin )l-\.«.».} 6)&35? M‘J.S LS)‘K dono 6‘).3NDT sl vy, O
oy 5l Sl Jove 5o 39:89 i8Sl g Cd ar I sle gz CodeS sy sl o S8 50 Sl (6l 4SSl iz (b (P
LS s 00lizd NDT gla

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i o (gl (St ad gt (ol | gt e il L of

29 6555k pa g (il s sLadled (Job iy jlade A8 Sl (gusal 18 dayl s (wy 5"

w7 . .
ol pipy sl

Qbﬁji)lﬁ*%ls gs‘”)}lf S ‘J“‘*L SR .).;Z:)| u*’l';*f’)ls ‘C)l'.f';")')':"" 4‘”)35

WS>

G 5 e wile ey (i3 1098 00 Sl sl 50 wile ey (55 £ 99 Gl sledls) o anl e 0 IS sk
23l 50 150 2505 ol LR T Jsbo ety 5ejl (sl (ogeme (25 (i)l slasis) 5 (S T sk (egee
L asesl cnl iy Jboe INSO 14427 o EN 12201 SO 4427 o5 5 Matlops 5 o slos Justinl oles Ly,
Jsb 522l5) eolul (g)lasly 25 g5l Collasls Sl Sl ey azgi b ailes,S S5 Ll b ladlg) sl Y7 jlade iSToo
Jlke eadss ple yo ganld lulpd (S cale, LU el ai¥ ls) ol Pl 5 (b pose b s (3L plej 5o 4y
Cos alize olal Slaseine b (PEL00 4 PE8D) (Lol L (sloaly) diges Guiios ol 10wy Jilas a0 Jsb caiS s
o (ol Sy lade eSS Lylpd SIS e 3l g eud wds (0laibisl é 5 0 luilisl) an T Ll pd ans g0
a4 ol o olgiig g 039 (5,5 oo Ls LR el sl Y7 (ipdy s cooel Cews 4y mulis ulolyy ol ous

b a7 lade 4y 358 (el wlg) jiin golal gilul s e Pl A pliies ke

doddo

O b g b 3l as asle (6,500 slapl a5 aS wile s (25 010 Sez g (Sl Slakad oled yo Lo s Failo L2
Gloo s 5l cidu (6 )5S anls 10 05 e bl (6 euds Sl (6,5 SIS a8 alauly 4y Gl By pre F ugase
Sl e Grimres Wgd oo Sl ugiine (S plgre b aS oaile (Bb 2l Jpaze ;0 0uld 00plS D0 4 5ol
Sl alizs 3blin 6,5 SCE # 5 WS 1 )0 Wlo ey (i3 £65 () 1000 g0 7 Wl s (25 31 (6,500 g5 (5,5 S

e se JoSi5 ((Fgye sl g (F9m Tob Jol)

oedy (o)) slo JoSge Jlauly cdlo il sty 13 > ) il 8 (b0 10 6l slaclis a5 LK
B 5 Jlesl b oS L 1) dolas olad ol ol 65l boled o lgen o oy il oo ¥ OIS ol JSi
SIS Sl Ol parly 0,0y (a0 00 25 (B JSE laanld nle bs B3 (e reST slasnl$ (> o &)
oSS lasm ol d w8150 S job 4y 0gh o a8l gul)l Jlesl s gliwly jo gools olad (iol)l poss o SBolas
3,30 iz 50 9 ST sl 5l am O plas SOl solitul b Jle lgie 0 090 o 9,5 (55 SES alolddl Ul
5l stdu cdls cpl jo sy waalge 1) (IS il adgl ol cdl> 4 JolS cuiS il lp S5 ol b JeSUge

" circumferential residual stress

2 longitudinal residual stress
3 Longitudinal reversion

4 Residual stress

5Internal stress

8 Frozen-in stress

7 Coil conformation

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(il g1 (el Slb & g (el ) oo S’ g o

S35 o5 1y Jame Sl ol ol o 53 slys (G %) e iS5y 0 ol Sy e e
2 Ygano (usime o i g5 al 0gdige ailid M Gugione (5 JsSUge (LT Glsie b oagay (ol s e
Dgb oo Su85 SN Cl s 093 olad iol)T s Lo g oo olyT aakad asle L g Sl sloyiis Jlee!
S35l o g oo ST VY oA C o slos yo b i opl 5l slodes i Ololsl sloalg) 05 o 5L i g o
b dalgs pals dg) Job o yads

G g e wiloy (A 055 e ST Wlegmy G E55 50 sllh sl g anld e o IS sk
T Isb eseee

Ayl (o dilo gy i

2 el Og ST anld e 0 Wy (2B g (JBb pshe CBES e GBS A e wloy 5
Syglre 50 45 (s o o5 > 0 05 o0 Si3 Ol bansgi dlg) g gl Jgens sl 4 gl (55 28T slaanl b
Sgis oo el o A3 o 4 S5 sl o pin (Kiu,ek obul elul cplyp 08 0 SES (6 Satmal 5 L canlya
NS I8 e )La8 5 Cod Gy e 4 S glaaY g 4S8 e 288 S cod 3bls ()l
g se 195 e (S Gl el sl (B 5 Fg e pobaw )5 SGS 2 BB bl cel a5 Lale 0. (V )
el Lol 05 o g (S jix talidl a4y i il ladlg) jo ()5 SCs e o (il 31 aS) o8 e Jle lgie @
2 0908 Gy pl 4 58 e onalie Wy, Gren Ay Culs L rizren 09,5 oo Wlowy i3 e il
Sk 5l aBlge (S e (V JS8) 058 00 oz S5 Cans 4 Silo g 25 3925 1 50 ) glaad (il Ly slaalg) 5
9 oo 03liiul Wlo gy A5 (3 Sl ol lsre 4 gl 4 Jlad alS

gl ol Gz (5,5 S dlavly 4 algd o)lgn jo s a e - ) JSS

alg) el o SIS Cons a Ay o)lpyd (S mox Y S

8 Frozen-in stress molecular orientation
9 circumferential residual stress
0 longitudinal residual stress

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i o (gl (St ad gt (ol | gt e il L of

Aol Job wgrxo i

S (Sige p SaVlsuny Slie slagh 2 jo aes 0 &) Wy Job slivly )3 (Jsb ugeome A5 W) ag plSan
Wyrge Jloy sl 51,0 (@bl (nl (639)5 4l )0 padly aXBls slo (9,0 Gl e o ghaie maw als
o (GIY 89 858 o055 ey 3 551 6 0k 5 8o (S ] 5 (S5 s S slasyes
@09 oo 7l 610 5l Olie a5 iloj cwl s (S (5 09 YL o a4 sl slae,lgs Soop ye Kidh il

bl 4y oayay 1l aS W ,8 cop (IS Sl @ oo 0a,itS sloo pody doylgn 1l asiilo J1 o s Bds o

(Y JS8) sl oo mllaas " VY glo 0,55 @

|NW'
S5 oy~ ¥ S
e oS Lol 0gd o (2l Jpaze golal (LU & e g 039 Collasl o o558 onay (IS jsb 4 aSl o8 e
bog sl pyg omsy 989 5l S sla (il ladlgd g anlp o o)l JLs w0 l) ple Jpamme )3 egeone (25
Hlas le 3)lge cnl 5l (B 0 0sb o0 Ay )3 (g A5 Al Sl 61 5l (29,3 Slie p (28T A A5 e Jlesl
19 5 Dle 9,5 sy S 00LES 0lSsd (RS L o (092 YL -)
(SF J52) 581l 5 slo (g Shad o 03 (o9 OLSG -Y

sl @ 8l a5l s oges S0 Y

81l g sls Hdg e Bl 03 (09 HlaSy —F S

S92y o) Jlis 4 ]y (SMae g Shblre (6,505 (sreek Jpame o wile (Ll sledly )3 ugme (25 S92
3 5 o 1y 5 ESCR ) Jsb (o 51 (SlSo 5 (58 wcsolad slbtcaiin dnaly) )3 upeono 25 SV olis
S8 S nal) 55 525m 093 IS & s a5 ol 55 o5 b L3 Sl 1,0 Jle plyie & oo
g 0l o3 wguome sla i 3l cadu b (il cpl 51,0 0l 999 T 5l 5l Sl b g Ar TC ogas 4 alg) sles
adload asye e Vel 285 Jsb b WS &jso 4 bedlgl a5 Sloj ohug 4 Jsb (2l (nl sl oo (2lS Ay sk

1 Die swell

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(ol g1 omlt 51 o gl () ) iy (el

G5 ol ol3T pae O ge o Byb ) ad dalss sl IS s eanSutss ele (s Slidlie cacly g o3g Sgpive SlS
Jsb ol Slilse 4 g oads o1 j550e (A5 o) s, 4 sylo 0 50e Do b ) 4T S5 s0 rge a3l L ugazme
SlSe YL s it ol b g eVl 25 Jlasl 5ol g bglas )3 siis 4 Sygo ol 5o il tals )
Oles 3 (B Jyal Suley b Lol sl oo (dll hy slaals) (59501 a3 (S15 52 (mgamme (5 2SI walss 92y
S5 ol sk Gusemme 25 )l ln @y lasis) S e ol (el (Jsid BB s B, o slie Gls oo o
L obodly) 5o aS ools (ylis oym sbvosls conl 53 5Ll el 1ISO 2505 feesl bs, @las Job ootf y sall
S3b sbaalg) 4 G llamdle BB il ojlas S 65 ooy S 4l s 4 VEMM | iy culks
el 50 092 ge gumme i g Wil 1) WS Gl 4 cliS L e (BB s ,d o e 5l Slodas isu clils walg>

g bl JB 553 503 s 5l eolicid s Laalg)

Ol lojT ploxil g aiges and
Lo V) 5 050 clals) diged dags gl (PE100 5 PEBO) gl w555 oyl Ly adsl dlse g5 ¥ 51 o ol plonil 1o
5 PEBO sy (sl LRzl oy soogmame 5l o0 alsi (glatigas o s oolizsl (Sslie soSDR L VY - 5 5T gl
bl Ll ol 515 s g glite canyld Il b oLl Ly alg) atus 90 gaios ) 4o i saalie PE100
il bl g 5 Julinl aml Ll b st o s g ol 9 oy 1SO 2505 Lulul, laaly) Job oS
INERWE-TPL CSR Cow v
PO lailowl guald bulph -
107+ °C s 5is ol los =)
(F US5) (A=B) )55l JlS SkB b (sl (pigy jlaB Lo (o9 coliie =Y
(F USi5) g caslies L () gls ozgy3 caslinds o9 colize Y
PO, liliwl et ol bl -
1-°C ¥+ °C g l5sas ol los -
(F US) (AZB) )51,nlS Jab L slo pgn b b o9 colita Y
(F USi5) ) anlies L (8) (o g5 aolids (y9505 camlio -V

] s
| |
q!;i_.__ _ I||L _,‘,.,__}j \\\\\\%
11 X W T I 7
g //\\/

S5lS 5 s Slasie — F S

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




LR (%)

(it g1 gl 51 g o) et g S (e

ool @
5 PY clagsls gl o hbind Lyl ps o s oLl L slaaly) aigas Job oot s sl i ¥ 5 ) glologas

A o ladly VY-

Ll o ool adgs Ll L alyf Job cunS g5 MLl b 50 o algs Hlsl (b g (Jsb w5
S lastiwl
° ) ® ° [ L o
2.5
. —0—20C
—20C 9}"1, 5 —@— Standard Criteria
=
-
® —0 0.5 —e
11) 17) 26)
S SDR LY+ Lo alyd Jsb Sy a0l mmlii = ¥ loged Slite sl SDR L FY jilu algd Jsb 8 y cyaejl gulis =V loges
61)4 I.>)‘t.LJL~AAJ‘ .‘a.:‘)...u )..) ol J..J}: gl.u‘ QSL 6‘.@4]5] 4:54).) (éJ}b MMS}J 05")1 CJL«.J r g_j GLOQ )"‘ f 9 Ay 6‘..{&)105.4)
Lg)ls‘_f.;.&gj oo Sl 6)15&2591 slos S
0.8 0.8
0.7 —@—10C 0.7
0.6 —0—20C 0.6 —e—10
0.5 20C 05 c
X
0.4 ///‘ —0.4
"4
0.2 0.2 .
0.1 0.1
0 0
110*10mm (SDR 110*6.6mm (SDR  110*4.2mm (SDR 63*5.8mm (SDR  63*3.8mm (SDR  63*2.5mm (SDR
11) 17) 26) 11) 17) 26)
CiS Oyo)‘" =l ol sles S=F Jloges Y plo dg) Job el p L')}c)"l =l ol sles S1=Y gl
Nl dy Jsb

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(it g1 gl 51 g o) et g S (e

b Sy Sses b S 9m3] gl 5 ellS S L sl s S b 95 enlite 515 5 0 sl fogel

Ve g VO plu oo, slagyig 51 #Y nle dgf oy ol s oo plad |y o laibnl e gail 8 Loyl o jo oals 0 oLl
el 00 oél.ba.u‘)wlaﬂ 7. 9 \YO ).:L.u 03, LSLQW}’ )‘ VY ).JLM) 4.'9] A.Jj.: st.)j)..‘.o.‘l.‘.c

)33‘)?‘“""5 9 sls g2 )145 ple 09 cewlials )5'| ; 9 &le R ).bs ).oLw 098w Lol J;l
3
- —o—125/110 . )9l
—8—110/110 - standard —8—90/63
2 160/110 2
&\,15 SE 1.5 /
o o
- —
1 1
0.5 . °
0 0
110*10mm (SDR  110*6.6mm (SDR  110*4.2mm (SDR 63*5.8mm (SDR  63*3.8mm (SDR  63*2.5mm (SDR
11) 17) 26) 11) 17) 26)

@l el s Gds og el 1= F g P g Jsb oot seil @l 45l 5 s 99 camliiel 1= 0 jlogas
Vo d Jsb ciS i gses]

sbdy) wges Job oS Q}A)'T s g culxs | S) slo 9 s 0gs cawslie SIA 5V (gl loges
ols V0 (29,5 b slo 5l #Y ple gl adei ol aes oo lid 1) o laslinl i ganyl 8 bayl s o el g LT L
el 00 oolainl yiendis VYO 29> Lols 31 VYV Ll e gy gl g

3 $ld sz 9,5 (399 cslizel S 3 Sl (=95 (o9 bl
2.5 =@—S-12.5mm 2.5
) —@— standard 2
S5 s
o o
- -
1 1
. 0.5
0.5 - —0 P —0
0 0
110*10mm (SDR  110*6.6mm (SDR  110*4.2mm (SDR 63*5.8mm (SDR 63*3.8mm (SDR 63*2.5mm (SDR
11) 17) 26) 11) 17) 26)

Ve g Job oSy g0

Ol slady Gges Job S 905l @l (Gl (waie Slasiie g oo ) (L3 SIS 5 Ve 53 lajloges

Ao oo lad 1y o lasbinl e ganl 8 byl o oal oy

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(ol g1 omlt 51 o gl () ) iy (el

6‘& (gL Slasein 9 Lo )3|

3
2.5
2
X
— 1.5
X
10C & $-12.5mm & 160/110 1 10 C & S-7.5mm & 90/63
® —— ® 0.5 S
0
110*10mm (SDR  110*6.6mm (SDR  110*4.2mm (SDR 63*5.8mm (SDR  63*3.8mm (SDR  63*2.5mm (SDR
11) 17) 26) 11) 17) 26)

&l (ewaid Slaxin g Lo il

W dg) Job 2ty 03]

S ;S Azl g (e

alold (Y1) o luslin] jle a5l laalgd Job caS py Jlade o o laibinl byl s cos sl b ddgd adey & js0 0
(] oS L g auo )0 <[ D90 o0 (6,5 o3l polie) o4l ol

.»))‘») |) LR )‘\.\.5.9 x ).».:L’ LJ))"“S "57:" ‘_ng)” ).:.A‘)L’

ol 4y LR jpolie wily (alg) Sl L) il Slad o) 5l 2555 pale ¥ Sl s (p0gy Jld a5 (5,50 50
Al oo (0,lwliwl ddof LR jlade ol $) Y7 00 2550 sboalg) (gl polie iol38l cpl sl o iol 3]

el 3 &dly 0 yls 1 LR Jlade 5 36 o ig ") Cwlbs b glo (mg,5 cwles o canlial” el
(S 5 0ailS olSiws ¢j0g ST (slo 5l Ol g 5 S s 4y Ceid 0ulS S o (090 YL Lo 4 >
AJGA Q)‘j k—)‘u\A 6[.%0).00) » |) 6‘4.'4})1.& ‘_J-’L‘B

Y/ sga 4y S3U slaalg diged g1y ezl (pl Jlade (LR 5 JI38 50 o kil e glo ol )b coled oS 5 L
plo ol o, b i, lsl fley 40) lealg) Jobo als o (Y7) lade ol oo &l30 @ azgs b ol S0y
Jdas V0T jJade 4y 398 Lol 090 oo Slpiing (5 pondy Dlalad 60 Sloe sz 1 wgme sloyiis &l 30
s ol dge 3 eyl ol pll A yo sl b sledy HBaSads § olKaole;l (Ld oyl b
...))L).S (_SJ.Q.C oﬁ)LY \“/ > a5 dw.:l)‘Sc

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE

-\



P2 £91090

@990 5Ld 63905 ylu g o3 hul il jd> Ol jolo druwgs sl Cuo 49

FIRST INTERNATIONAL
POLYOLEFIN PIPE
CONFERANCE



il g gt (S At g el sy | Sy o

‘5;1,5.19\ ksl g ool oy Oljole g Dl ly Corsg

3 Gk s o) 55 0y sle ad,x5 08,5 o o 5l 0 yemy 4 bogs e Dl jolo g Dls g (_gL:o)l.J Gl el jo

ol odel g Jgo

E908 &>
Yy Slslg a e Jlad 1 HDPE sl o 5 AEERR AR YyYF
YY Sls g 4 e Jlad 7.8 PP sl o f AEEA A TR Y\t#
YY S,y & jlave- Jlad 7.0 PP ol o5 Ya.Yr-)- oy
Yy Slolg 4y jlre- Jlad (AT okl (b ailals AL ERARES Yivy
Y¥ Sty as jlome- Jlad X s Jgil,5 YY-FAVY. Yea.
g sy & jlome- Jlad AR sl b sla Ay ARAMAR TR YYY¥
Yy i3 ly 4 jlome Jlad AR cilanze il b slo Ay YaIvry .- YYVA
Yy Sl jlg dp jlowe- Jlad AR Aman b osls dy) AN YYvo
\As Slaly 4 sl Jlad AR & yoals oYLl YaNYFe.. YYAY
Yo Sla)lg 4 e Jlad AT PPNy )] S AFYYY ... £54)
) sy 4y jlme Jlad 790 sy o o sle INAAARE F54-
Yy Sloylg 4 jlome- Jlad 1.0 Slakad g <132 Afyyq.-. - FFAY

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il g1 (et SB At g (ol gt g il (o g

@l yolo was ol Cus yd « Luwlygl golamdl ay ool b gyl aoliidlgo

L».M:‘)B‘s U‘)" Lg)l?u ML.&QB‘}A INeely o)fb.,o 9 s_J)lz.: 4:.».:5; ULQ)LM: Lg)l;u Lgl.‘b dﬁ‘y 9 J..Lo.” O )9A‘ )BLAAAA R Lg;)LCb R

2 VS Sl wlyolo oy 8+ 5l i (World Trade Organization) ol Sl slejle ool b gillas pol> Lyl s jo
4 a5 Bl e 4 45 i 0131 &l 38195 Lo 38155 ) el 018 o jg0 1o yghS s 0dls dinine (5,0 sla 3315 gl
30 olpl s g Olyolo wo o T ogas ks as cul > jo pl cals 38l cpl B gle,enS ulend O 5l (S 8 sl
9 o yole o1 6)l28 G5 5 ol nl (Dol (ypaz (e 00 dinte (5,28 sl BBl dgume gzl

o 23 1y sl ¢ (5 EALTA5 s At o a8y 20lS L 4 &5 5,5 sl sl Cablye ol Ll 0
3 0gd S el ciblge Byl (sl j08ST o (35 Sl 0 50 Sl oS sl (o0 929 5 |y ISl ol Sl wiiS
o1 &l el ablgn sluad (6lo)gidS ofng 4o ol b (sliw 5 golaidl 5 (g, Dlogl e a5 Gl el Lo jls 5L ol Has
Cad,b gl as cnl oals alilAS ol 0550 4y g ddaie Lwlygl g ! e (6, ael Cadlae Ll e 10 iduled Mmoo 5 L
Iy 093 &l,S 13 g pMlel ayoloul () b o o g solaidl slo (o ) SKan oynS lp |y 095 bhles canolosl ol JuKiad 5T 5l e ygiS 5
oLl 5 5,5 el S (SisSr o i |y 40l ol b 151 iy iz 3505l 55 oleysS a5 ST T
Lz o ol3] &yloss olas 5 ol (6l Cdge dalizidlge” (slasl 5 aulais 4 ,oeie L..,Lga abog o Ol STde a5 5,5 5lel wolss! opl b o9
el lz G558 azlie 10 055 Cagal Jolpe (b il e asliBlge ol 000 5 VYAV Cutgns )l o "lewl gl solaidl ol g ol ]
WY ‘5:|):>‘ ..\...:l)s a)|9 \YaA ulfl IN » L,.M:‘)s‘ Lg.)La.._‘)‘ aolss! gac 6Lm)9M5 9 (G‘o)l.w‘ 6‘)9"“" p e U.J:m)

2l (oo Glpl ool asliblge (5 Jate 5 G ilelS g ol (golaiBl aolosl S b 38155 )0 leyghST ay e (gl )9S e aaliiidlye
Cllage 5 sblage Sleladl coylow ol ) 12 8 &ilge og)low s, S o)l YIS &l ¢ coges aclgliaily oo bd Jad A Jull)
S Lwlygl a0l b ol3T &)l deliz@dlge 4 Lo VE ) Jlo L1051 L8

Wyl Sq JB 5 o> 5 (S ol 15,15 cs3laill slo (6l cunlis o ey 5 48,5 O 90 DLl 4 4z L L
Dy oy $9S golamdl byl b o ohg a4 s Lo 5 50 VIS u,ml., Oeze 5 Slpl Y ol yols

oty e J ol b el Ll e (sl 555 e gama 3 5l L oot sl (6,5 msiliy 3525 0io L lalllas 5 b o
bl Dlsly (o Sle oo g3l Abold ule (8 Sl J58 BB mhaw U joie (cwlow 9 Sidgy 35 cgolatdl o o8l (S0
aegazma 3y Shal 5l (hoys pao To) Vo coalie FATL Luis a5 o0y Yo ke YYV ply 5] sl b oz 5 550
apalosl ol 5 ¥ 3,Lho Y55 b ol 5 ol 4 ool 5] gla oo Sl olos uilin ol sd sl ay0lol e (sl 55
Lewlygl (gl Yol 5l ylo,0iS (g low DYolee J50 p—gew o Lis 45 00gs (duo o oo OY) Yo o )Ll ¥, ply olplay
nl lp p3Y 38 505 Sl p by piie 8508 352 mlend Sl (ialBl (6l (s0b5 Jemiliy o5 ams o Lt el e el e b

Bed pels T & by e Slelly 525 & j90 ik

aolsl Il lpl bz slo o) San (b 5 g ol gl adlate DlS g Coal (pols Wilg oo ailain ;o (558 (golaidl ayolo] S 092

555l sl g ead (BB (058 5 ) Gl gan 0g,F hlie jo 0308 el slml g ddlate o Ol 5l Ken Cugli g 5o

Lol Con| Bl

RYONIENONE IV E Q%‘ Gk 3l 1y a8 Lo o,ge (_,’ML.J P)@l =g Slolg ool Q|9J = aoliiddlge Qﬁl sl b 5l eslazl b

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il g1 (et SB At g (ol gt g il (o g

5 039 Cowgd 5 dlaad (5198 b (5 Kan Cugi w3y (lajsiS Slelia 05T 550 0lgan 45 Gl (oMol (55002 (Sl
OloygiS b Siidgr 555 5 (ol (S0 3 S e BB sl o5 sl Gl (Solanes )3 b (g 095 0 yoten 51 (S Lol gl a0l
el 1093 0 Lo (sl sl oy Comnl 5l 5 00

elitilye cnl ol )3 Ll ams (oo )18 gy v 1) (g3guzme MBI Ll gl r0losil 5 Gll (oDl (6 pgp0z G (b ) Bl
iy o 45 Bl sy 5ho a4y Byb 90 51 VI el a8 o (b 5 09 ol3T olo s cidlse 4y Jaos Jlo a5l g
slo 33155 oS (5 i 00liiul S5k (nl Jonly 51 a8 ols amlgs 1) Sl cpl Loy 9 0,5 walys JUad i 1 i |y Olecd ()15
iyl s old Byl 50 golamdl gl Jolei o (gl (gl 1) Ao 5 WS oo (3l S (6,185 yilaes Lails (6 2Bly o (o)l
sty ek 0 Byl 93 bulyy i e 4 Lol S (0 5 45 el (BT 0 e BB SldSb Galesd o5 8l wiz e
S fie adg 50 )l b 0y 655 IS8 Bib 58 Ol (S5 o 5 )Sen il JobS s golatdl sle odlas ]
055 0 8 BI85 cnl 5l con e 5 O]l g (Sae b g sele SOl (s R50,5 0 5 Cen 58 Jols

OB jo g el ad § a5 0 (gl 48,05 jlitel Lol jgl aolowil 4 (o3, ctdHS oS cns ) VIS (8 YA o ol pol> J> 0
2,85 &0 (5/;;054;,5}.@1434;93;\551)5‘_}%xljswaljoba@wﬁmf el yocail ool jo sl Luwl gl 51 QL8 0 F o

Al 1z 4 Gawlygl oo Uael &l ol Conw yd 03061 o

Y81 ! Hs Sus ofuei Y0y
) HF G s T U35 oo v &luo oY guazma (55 y9lS’ Y guaze
o9003] E1g3l 9 (S el 9 L gSmny (Lo yS ediany 03U (5L 0900 B (alo g (g5 5o 00,9l 8 2108
(Saxe Olge 51 Jol> sleids) 9 b (bl glgil S S 4 ki hatatlan Qy’f‘m
@m
ouiggl Olgo 5 ledgilo sl (Gl ol 31 ) «Signr (T Il slogyls
9 L axio lugn g ol Gberery jf ead adle Gleghan (b o)) ¢glsdl A 29I 9 orleord Y puazo
sl sldig
Jgooil el sy €2 29y Sy v 929U 5l olge
7 g 3wl ¢l by SLI (S 9 il Ay LI 3l az ¥ Slivgy 9 Sl ganio
95 PO Jolis) b0 e plos
ile g Bl (hg2iS 9 58 gl SRR oy Ve Jgalio (57 3150 5l LpligndS 3l g (159
(48,59
Sl o 5 55T Lol Sonol yuo 9! 9 (LS Al Sl 385 Sl SNy
Jlws S 5 (gl adend Bg,1 Y ! e Ologluan g o
YT 925 coudsyI5 b 5 plo S a9 il )5 ol3l8 9 Mo g 0,5 S A Lesl 5 3l g Lo
90 31 g0 9 (3350 5D SUAlSusl 0¥ g8 g pal 1 g Juz slo Judgy g U
S Glxl 0¥ gd g ol FA Vg g ool g guz 5l Glegiuae
o sldgiio glgil v oo Ole ghuao g o
S s lgil 5l Wgo LK s Al Sl Jilwg 9 VT rile
S 5 ails) g (oams 5 3 o 1B 1 510 (50 S w 2 U 3 T lo
w9 Sk cbgrpe Glabd g b )eilol) (s rgige Al Jalwg divy ﬂl*'aﬁ:)‘:?' W Al JyLg el 5 1351
2

Gl Ceod ol 5l S & 5w Iy sy Ll sl 5 ol (6o anl (38185 dy o yloy5tS Lo g (golazil (e o5, oo Wil
ik ol 5 350 a5 SLoVIS aan S polo (sl (3O 5 Lowlysl 15k andllan dy camd Sl anyles solicial [k ol 4 sd D81 lyslo

@Y o b g o salys Las 33T &)l asls cdblge 4 ael cilge cpl vy Jlw 90 Sgam aS anil alils axg g asles pladl ol

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




it g (gt S At gt (! gt (| gl g f

Gedo bl g b ldass ploxl g (L8 (65, aeliy aiejls 358 Lal i 5l oolazul 0,5 vales o oo 4 YIS (el (S oS a8 )05

53 058 T 55 gl o8 55 5 salasdl b Lo o eyl Slalllas L 950l a5l s oS 2Bl (o 3k cnl @ 39,5 Ll

DS o (6 peRedir (38l Jeedly B ol 4 GloyglST Bl jolo aS 04 jlgael (g (e D j50 (0l

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




it g (gt S At gt (! gt (| gl g f

(8 yinn 9 38 (G510 0y 5) (i pul Ol yolo g3 Jgo Julge (o) y

5 555 BT~ pgalyl 55

sob 4 dlie ol o 0g walys e Ol jolo solaidl anwg gwlul (Sl woladl Se8 Lyls (o oS conl molg
sl Bl 4 995 092 LSy pralys (S8 e SV Slpslo p mpS Sl @8, Wi Gl By, (owyp 4 paiie
2 SYS (ogas 10 s> (atwly slo dilo) Sleks Jol>) Glyide 5 ik asle ool cid b 29k, 5 )5
orly o ST Gedle 5 5o gads wly 5l goge addlle Sy iy b0 See HE (2l 9550 Olnl (o8
Coled )0 00,80l Gy S50 Gl Sy5e 5o (o) @S 5 00l el Sldes O jgo 4 oud (e Jelse o)

2050 il o pl35 5 lie (G298 el 5l )6 (Sliole sla)lil g az (Slles lo oleriny

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il g1 (et SB At g (ol gt g il (o g

gl &ilge &8y 9 (505 o a8y

ol b SYLasl g dlgd ol — (guisyd e — ol LS ol e

55 e o B &y ALEES 400 95 o g (65 55 Sy oy ellol] e i | BT ol
STy 3l (N Sl arg b sl ails 6508 3l ¢ 485 25 i 5l blie )5 5 039 (IS slatdl Jalge ]
Lo 45,5 33 ial3l ¢ ol e el 5 (oo 35, sl s gt ) lalls (o oler sl s 5
s 003 olaidl  cowl g lidy Koo (g Ol ol 5 golamdl Gasaids 5 YU slo 4 jp Jeoss el Bilgie
O 9 1 (6105 wle p 5 adgi (LSl wilgie o a8 i et g 0l Ol s e dily jo aes e lid aslllas oyl
alS o s VLY @ v y0 FF g 5l s sle ady awgie Yo V0 JINVAAD Slojosl o aws s | LalSs LI
el 00,5 Al 0o, FY 4 0o 0 YV 5l Slea 3l om0 sl &8 10 S i lavwgie Jilie jo 5 asdl

Sl ol ol Ll a5 00,5 8y 1o 5 @ 555 L g oteglie oLl pgome b il 5 o ol
Ol Sale D oligS oS 3 190 5l g ke 50 55 Crl 31 ABL (o0 0592 (nl 2 35 505 SIS 53 (6 IF sl 059> 50
23,5 (oo Sz i)l 05z 5 58S g Glansly S line 5 (IS lese Dz )0 Do il sle el

o5 055 (slasel | Clidlos 5 Coflye sl Sy o 03> ko (slo ranl 5 opan i ol ¢ S0 Bk
10 a1 5 il ST il 535,948,551 4 5 A slello aslie 5 450 b A o S slo 45 il
w38 sledlo jo (sl (ly slo Wyl (35 0y jo 5 Al GRalEl oo V0 4 Ve SIPVC (sle dlg) a8 a3 0o
Ol b ezl ceilgm j0 g lal 51 Glas a5 all s do 0 VE o g e 48,05 5 do 0 VO (5 ey (sloaillS 48,5
e Cel o yeaS (o oad ploul L3 le a4 yon aiile Dok aily jo Lehad oS wll oo 09 Sladgr ol ol 030050
0397 )3 Gy el (58, Cews 3l 5 (Jmio o vy o o eSS 69, p b IS ale e g (Sio Ay (Sl
20,5 (oo Moll e 5 (5T adlaie

L ololnd sla 6 S 4 59, 4 59, &5 (el 5 (sl dilaie g3l lo a0los] o () S5 L (e
335 (oo 13 VBl (gl 4805 (hlem o (ot Sl (o Sl al (oo SRl Lwlygl a0losT aiile joi8 gLl
Y ol s B sl oo Judts Ml cpn 0 30 g 0l Jlos olael g Ygano o ad x5 b agolost ol LB o a5 |,
VIO o Ohgn b s el S adsl olge (6l Luslygl wsolowil o (VI Jobs gla abyai Jlio gl 005 Jow 5 2,
0)5> 10 (5,105 a8 ,a3 pllai LTS pac saims jlas 4 ail o 2o, YIV B+ o syl slo dlg) gl g oo 0 YV LS
Bk oo Jholl o Crio g Ol

5> 4 S B19ad g (o (0] e 0 i) Co sl (Saio D polo dnngs (sl p ;a8 slatdl )5 0 ST sl aross (S
it 5 (55T s e S5y ¢ JUn ] ey ol 5 45 Sl el o 5 slo e o
F S a5 0gill slo b )bl oo

S5 Sl G5l g a8y 4y by ls Yo 1L bgayo (35 05085 5 (edlyl b VLl g dlg) conio 5 5 olnl o
aiS o NS conlow (idu b ol g leaind (s 688 L g9.050 du cpl Gl al aS 5 s Sl 59,5 4 9 2l 4 5L

YL s e QA Jlo dile b aS a0 YIS Slyolo sloeds sl unss £9090 dgl - 00,5 o oy Costi 4 o

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il g1 (et SB At g (ol gt g il (o g

Mos 3l oo Dyl s 10 (55, i 4 pile HBaS olo sz 5 09 ALl yoss (B aS olo Bly o Cald
Sl polo iglee b VL] g alg) el GoKIS L a5 Wails,S ooy 458 4 095 Shiolos 51 1, s i 5l Camly (g
03w ye EAS sy Sl @) Sz 50 (s 4 9090 nl ¢ Ll Dselane § S8 L5 cpl (1 sl 9 S 8
Fadl (oo e (paast Glao )5 L VB la 48 Slgen pac g YIS 48,05 (095 (paast 090 0 pgd Edge
yolo Jb o as Jb 0 000 0929 (S eS8 SO Glagn by ol b sl asle sle dgd aldS (ol L sl
Casis glo alg) ¢ o)azgs DO ¢ ooz T M« Lid o gl ¢ gyl slo 0p)l5 il L csla 5] gl
5 90, ol b )5 Glogn b sl Ay ln s bl slajlys 5 318 b oot Cusis sl gl g ased SLIIL oot
2 eaasS 48ya5 929 5 310 S92 (550 DML ALl 5 pleitle BB ¢ ciuloy 5 (Liale S (Gl i ¢ (B0
oo Lol 85,5 oo it 2 b Vg el ol 5l s 51 5 e (608 kol Sal Vil cicly S a5 o 55
S g ooy 8 Slb 605 USG5l S el g ety Sladei b oy slassly adgl olge LS Gaedai el Wil
o wlie sla )5 (59, p L8 n Sy pac 9025 2 ln (certis iy Sy (0ged (paads el LB 5 00,5 O3S
b sle Ayl Gl ey sl (SpeS 8 Sle e s Wil oo )3 BB ojem (nl 5 45 (e E9Sge 00T
Sroch SLalalS 5 00,0 YF g s (S3938l ¢ (S paS 4805 00,0 B (Il adl lge 0 zms cnl jo L wSl (oo (sl
Pz a8 bl Jlgw 5 all (oo ao)d Ve oad adg (sl sle dlgd adye 35) 0 peay Sl o 5 ey VO
9 oS @8lio 00iiS (5ols Az gz cllas (pl g el Al ol (B wlalS g g e lge 4d 525 0 iy (ol Jausg

Sgr daless S 50 4 HBaS adg golasdl

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




<o o' é B 90

Caruo D S byl 02355 9 US SLaisl Jul=s

FIRST INTERNATIONAL
POLYOLEFIN PIPE
CONFERANCE



il g ) S 4 gt (Mo ) S e

olasdl by ol (6l 4] Jlw jo sl o5 winnl

S g0 plowy J50

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(il 91 () (S At gt (oS Lt g | S Ly o

55,5 ol oy o] 53 6553k ps3) 5 s g 42 A% gy ol

TR BUVUWESRVE SRR

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il g ) S 4 gt (Mo ) S e

oy SYLlail g ddg) Criuo 50 (559LS a9 (5591 g8 sy
2|3 30 AlS Ao (G900 ) LS yuomo iSO

RN

oolatul cuwlin 926 a4y Ll s (slo Cuje 1 aS il 6B Co e 5l o o yps g Il BSE willg oo Sloj Laolazdl
ool iy i 5 ) 5s 305 o o5 demg Jlo 3 sla g Bhge oy sl G iz iage b 03,5
Sl o st sl gy il yslsi g ailjlid sl Gaiaily S 5 L] (o Cajo 5 05 jone 50 il LUl o jtS
il (oo (2l 5 (Sle eV A A (g dnns 555 )3 (e A sl JoSte il 5 (cerdy rh Cuato ity
@l Sl 051 ool 50 5« Sialan jsbo a4y (1o dus o sl (2 dngs glo el 5 b Cuslow (b o lid
Gl 2 09d (0 Groek i dlex S e plie (5))f 002y 40 Cglae o Slas 4 gl I gle do sl )]
3 el Glysew pl s eSS YTAA 51 ologs 0 a5 (gl dnlitiw p uioren § aLbdS Jlo g0 b oo plodil ld g
6950 b e S (50 o 1y ey sl ) Camio gl 518 (0 () (s s (izeed 9 (6 5]58 /6558 el
S (b g SV sla Elad (ile 4z LS D900 p Dl g e s68 (Seule aiile oo ES 18 Sl o)l »
Sroeky lo gl GBaLSag g cardg i o &S0l Jolsd 5 (Sl saz e 5 Sen 4z ST 055 (o0 0SS
G & [ plo s 2 5 Cato ol 0 Sloas 5 a5 (Sl & Gl sle (T s el (g sloanal Lics
gy 3l abaly cnl )0 ST oo (g Caro (al eai] 050 po |y go0mie slaslas €l 58S )0 (wdVL pekie sl s
S 3l 9 095 (oo A renly lio @ axg g dnng Coz )3 (Hgo ebele 5 LISl Gl Gliw Slo 4oy

5wy lgie 32518 Gadgs Glaasly 5 Jld lo el SIS j5tws jo Wl (oo &5 patine DLl Ko

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il g ) S 4 gt (Mo ) S e

98 Jlo gl o oliiios 9 AA Jlu 53 Slgo aid ye gl adus

Ll 51 plaS,0 a5 00,5 o (pig 2 DU oS 4z A=Y Glodls 0 (5 yaely lio )0 adsl dlse Glolis g asye 4, ST
09,5,5 10 p3 Jlo wiz j0 alawlin a5 Wled (5590 SaS YIS w50 50 Slgs ad je 0950 4y ol lobug s jo Ailys oo
o el @l 5Ll iz o8 (Y 5550 50 2 St (lizmen 5 oald (T L (S Azl cerds iy VI @ by
Sl (o 1) 9290 (nl g sl 0ad oo iy aSly outs Jo LS & JSie 59,13 0929 oy iy (VL oo 0y )

POgel 6Ny Herre Wiz )

aLS 0 3 VI o jee 5l adgl olge aiilsn by ()b az g olaw az 4 GluS 4z -)

Fadl )5 az Wb )by oy gy @ axgi b adgi aoly 2 (Sras dlse g58 -Y

G Olo 9 dralms Sl (oo y5hz (cardsyn glaasly o ol Bras Sy @ 4z b il ol ad e S Y
e 5 QB 4z awgi 9 90,5 S5 (Sl (o0 sobar 40,0 S ot Cule) A ety iy slaasly plill g 09
¢ ol

3ol had SLliS s jadz g jehaz b e sl ) 995 sl (B9 8 wled S % 2 VB ey slaS Sl > -F
3,8 3g2g  Sldle lylol 4y ool aMel 5,3 g dlge sy > o (gl 3lae LT 5 § il ools SLIL il jlol ey 05433
S ol oo ax ol ade o jlas 31

D55 )58 pyiore ldblies oolasul 890 sl sl L 0Bl oo (398 Sledlgm 4 olo Al jo rw Alis (pl jo

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




| rEessae

GJIgLLS Ul 9 (0 5 ke slgotimw o o3latwl

FIRST INTERNATIONAL
POLYOLEFIN PIPE
CONFERANCE



il g1 ) (St et g (ol | )yt | S g 91

okl (g 6l ailol 380 (5L Aol 3y g Locuwlows

Gl (295 b Wbl by 9 (55,9LaS Sl 5259 yalieo — £ 515 wlee (witeo

it S i o sVl slsl 3 )9S oAb Cael ool g 3 03 g ilis sl ol &g
5 pan 580 Pl IS Gla ol ol 25 o ol S (glacalin ( 2aslis bl IS glacaula
SN SIS @ anws oid aalpy 5o e cnl el skd e (65,5L8 e s el IS el
3 g 2 e sl ol ol Db b g 1SS Ol 4 45l 4B S )5 a5 e

AR L bl o Dbl S e ST Bl iones 5wl g1y S 5 Wl (gliE Gl Sy
5 p5Y Slhges (O GLolB Sl s Usgd g5 wbp 5 615 Conbn (g1 655 4 gl 5 5 et
M5l sty 53 OF (s 0 SRIB! romen 5 S5 O b 5 AS 5 oS CBls (gl SIS
258 24 8555 DY gz Sk

5 bl ol o ) b e faslie sleatdl JS gla Sl Gzl 5 50 sl DLl5s
$3o0UES Sy drw g S e O (1 4 0 509 o s, L g Al 5o A s Rl es gel
Wlp b ol (5550 4 am s 300U sl O,l5s (ool sl paly 5 (K skt s & ol 0SS
Osebes W08 51 e 0556 48 (5500 4 il (0 )bl (g b Gbol dr i g 3 e pll ()

el 0 e (g5lnl 9 sl Sl pll 4 5508 ST ) 51,8

3‘55,‘91..‘:5“;.59.); giﬂ ‘_g)}o}g._»f-u}'ﬂj‘_gjlxi ;)Ln.\sb u]’:f-').'él usu_’;._.v_‘ CL’»A‘J@SJ‘_‘ASCJ’LA?

Al o bl s e Gl dan g b Bl o fage 1L s dpel ol 0 oS

g Bl Coll (£ o) g s il DU s gobezs W b 45 (gles fuf Slidou 5 olalllan
el 0313 DL (65,5188 53 O mbio 5 a5 it ealited 3 Jde p IS B, SO Ulse 4 1) ok
3 S 5l eslizul 5,0 g3l 5 e 5 Ligd Ll g olb poee 4 b able ul S )0
SNl pe s 5 SIS 03 B BB I 1 5 Bl e e iamen 5 HEL s B p5Y (A Sl peas
Loty 03Wsl 5 (515 0 4 e geaa (oS 5 AS S5 5 (52l kg LS e (Bl diso g O
A el S 5 ol w5

13905 0 L3 J13 aom g e 3 000 4 Ol giee g olal cpgi gla wilolus 31 aslizel Llse o fage )

(5,8 Obaily) 4550 Jo1s o bl OLoily (s o 88 ol 51 OISl -

‘5})}‘.:.5 QY}«G’H .L_st BL ‘54-.0):“' ﬁ])‘ C)Ka]*

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i) g1 () St A g (ol ) (i | i g 9

s sla a_,sjr_,,«..o b s 53 5o s YO EalS Gl -

(wins e 53) 8531 B pan 53 5e ;3 YO LalS SISl -
ol opg g Sble b g ol 5 J ol lgele 2 ege Sl B b5 4 b 3,0ge
Bl e (55,918 sler sl

A3 9 e yas fu s Jedly g b b b plad 5l eslil -
ol 5 RS gl dail S gl b B (gl e 5 s gla S5 b B 68 o
5355 S\t g ale 5510 o AR slgnd B iy 03l

$ b P55 5 el (gl g5y b p -
COOLg) (5 S5 2 Y0 g Sl b e ekt bl (sl 53l S By DL ol Jl s

A= ST ST E P JIFS S I W ENCNCH S QR W E PR IR PSR o ERPIPY EPROC SR T

el 03305 @l 1y 828 53 bl op 5 sl Glola
3 el Sl 5l o Bz ey 8 ST VPR Jlo 31558 55 (obT cp s lgatunm 4am s Ky
BB 51 V988 Ul 51y wlibet s T n el 50387 1 b 1L Cod (55LT 5 3500 Sl g
skl 5l oslinad 5 Sl SlgphB 1 4SS 4 LT (o Sl 4un) 53 420 Ollo Sl e 5
A 559 @YU Lo w a5 bl 03 ges (g LT Calites (slgatiunm le@qﬁjrjlg,gjgrl.éhd}é&lﬁ
e Sl p2s oy b e Dy T LT n g b oJsp edd plad b o sl s
5 4 08 S 15 5 55 sm adah 3l g0 a4 oSS 5 o ) S pakil o o3 B0 4 S5 S ASles
gt 53 GUls S8 e Dhges (gllast uiman 5 dbgje (S g 5 ol 2 L odsT (L YL
ok (6la 035 (6l ol 4 a5 U Ko (g g il azils DL 5 4 ) G S WS 5 Carto o 2208
o SSS nl 45,5 Sy a3 (oot SKaST L 5 a8y Ha Y e spue 5o ol T s sle
2555 Slelal alS 3 aipl 8 (S 4 e dals 1) SV 5 oy OB WSS sy s ednea
;;tj.”;@qwém;uuwj:@bsﬁuuaj&,aJ;.up@g,:JEJ;gnswgg;u)\S
iyl slly 5o 1y oS g ol b oy a8y 5 Waa bkl i)l g el g p3Y (Ken b S

ol ojqusg-__ﬂlr;\mg;ﬁt;s el 4ty VLIl 5 &) 0TS W 5 el (6, L kS

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i) g1 () St A g (ol ) (i | i g 9

SIS rals 5 CuaS il walis 1 e Sy gee gmme ph Sl Ly el 55 Jaw 5 oS (g 4l
ST Sl Smtn O Sl Sy oS Sl Sl gyt Slgre p s g e Sl a Sale L
lf;J1y6.>’ﬁjzSL;)L::T‘:,{}JL;LAAJL«L»Q‘)L:ﬂCjSQ@jL'C.mljf';du'cf)‘ EM‘);ﬁlJ:.VUJ_,TJ.u;.
e s 53 Jy bl ails s oSy gl o) 53 Sble oSS g pdy Dlanil L OIS leens S o St Ll
oJ}gQb@ﬁlﬁb&'j‘wju.?bejA.L.oléLg;Lﬁ@élﬁ));d;&u&j}J.AU:J;&;‘_;J\,_‘{TCJU&‘_?ij)"}j
'f'”n‘

chider gl ()l 5 BBae Ll A 5 e paed paatt gl LS e )1 F el Al
edl o A8 gl O S 15E L el AW T OLY o 3 8 o gar 5w DA Lallg o ge
.ﬁwmf'}je.ﬁj‘#'}‘bC)‘ﬁlL;ﬂ}&uld_;%é)’u’&‘je:_,as‘_élbjﬁ‘_ﬁﬂjldlaﬁgudjj

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i) g1 () St A g (ol ) (i | i g 9

S309LS ez gy aiy yo (gl oyl (55lul Gl yle o LSS
sl L YL g 4yl yaz] pael Gl Lo e ¢ (6l il ¢ 5,151 e & po5eS

dodio

& a5 PYYO e ojlaslinl) s,lol slaylgs s bgype o o lailie] 1o a5 95250 ables atids LIl b
o8l b alally 5o 1040)5 (65,0iS ide po gl ISt 9 el (oo Jpare CupdeS w2 S0l e ]
D995 A adsl olge (&S sl (yge3] Sgzg pus el slge g5 g Lt &) Glg o0 o bl ;0 35200
5 Sl 50 0y pb g S o8 sla gl izen 5 B pan baiz (BranlSs )l g glgl culss
ol 5 (65,3 (gl 53l drangi 35 50 S5 5 O Ciglan Bt led jpa b gl adz 50 VWAP Lo (lis;
b 2385 o jlailinl (6,555k 4 e S Gy YLl g ) (SaS wdg e

Hadl ez gl 4S5 (6 525 050 L el s DY guamme ST 052 W g (Bl 08, 0,505, LAYV JLo o
solizul ASABE S557 5 IS13488 IS0 9261 solie j1 o) ilica] ol cogs yo b 6, K5b SYVD Lo ol

Gkl g o sl (SS9
bbce 1) Slse Jolds dlate e |y (5 kol o (Sdgyane o Slas a5 soge o (S5

ol (o9 5l Wiged (29 (uSle Blyzil g Sl pss o p2 ()
OB oyks plgs (¥

99,9 ,Lad jlanl flaie 4 oo (F

abel o5 (F

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




it g1 (o) (St A g (ol ) i | oS gt 9

S0 e 5 o & e o (7 08 ol (B8 ol (0 ) (20 Sk Bl 5 Dlpis 0
00S Lo a8 el (s0udS sl ielyl 51 (o 5 S 0,k e o lis | oodlel jlade 4 o] e (o g
3S oo o S @ 00 pl ax e g il ()] by 9 438 Al w@iasl) 8 o ks g0 o b > &9
O & &gl aujsSns 5l Jais 55 ool (S5 (alS 5 (ud eniysdogs n ogdle 5 oog aadl ol
> 0,8 lei 109l O g0 10 (g ooliiwl xbawg ) Oygo 4 b lgs a1 Lo 4 09 walgs Laore (Lo
w3l 5 ol Oz ok (g Az e rizmen g smly> S, Jsb o bame gles b cow anl (Ol o0
Al ciS b maw (oli8l g b an e malS cael ol ol a5 olo 1ol58lly les bglas Jeb led o

O el g Ol okl ole
il 345 m<0.2
o230 5l e euldld 0 0.2<m<0.5
Pyl by ealild (y30 0.5<m<0.75
Sl 9o b 2 (ealil (9 m > 0.75

Ll Ol e Sz 0ykaB gty 00, =) Jgur
Skl slgs GBS wlgi glgil (s 4y sl oyl s
5 mY) kol g elgl oS o Banls jgax L oS Siae Sluds ole dw sga 5l o VWAA Jlo o
ez S g O hglas auliar Coled 10 5 uend (0 43, slo (a3 ls 4lS o S 1S 5 (CB 90 o gl
Qg5 (ot ad; 5 Wi WWAA Jlo liee) ;3 5 wingad pl o (g0t 4 50 (addsh S50 VY Lo (65l
6‘)-.‘ ‘) o L;Lao)gl.’;.wa ‘Qb’x.:S ..&.Js_s G)L.:-.‘i )|9_§ C_»Yyam dged (g, 2 00D ‘nl:;.?‘ LgL(bdj.o)’T @L..s J...br.-

12

10 70200 538 )5 g ol B Job )l by
8

6

4

2 1

, - B

0.2 -0.25 0.25 - 0.30 0.30 - 0.35 0.35-0.40 0.40 - 0.45 0.45 -0.50 0.50 - 0.55 0.55 -0.60 0.6 - 0,65

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i) g1 () St A g (ol ) (i | i g 9

OB s kel sl el (S 058 (g (gm0 =) loged

Ololpdion 9 (guds o

Oz w3 ool akSl 5 Gl 0ykd Ll 05 Gl ikl Llg (B 0ykE (b e ol Bas ()
Aoled gu ax g gedge 90 (nl g9y el (o0 0j9m (nl )0 g ($590eSS Ol B cnlpln el
S e Sy Mab e ! 51 bl

0159' °)Ja§ u—‘-’L’ 0‘9" (Y
okl g bz Jobo alsél (Ll
axasl ol o 4 Sz 0ykad (K585 pae (o
Sl sles 4 8 0)kad (g5 (Stly pae (@
gocle p il SO) b gl awl Cas o S 0,8 aas] e Lis jo aindS Jls wis b (Y

Erae S i asls Gl eel 508 o celo p 2V VL ol b syl slo s 5l esliad (F
D9 oo Jgaze o5 5LS slil 4 (0T (So5d (65 00 LaSLE)

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




i) g1 () St A g (ol ) (i | i g 9

Effect of Carbon Black Content on the UV Stability of Polyethylene Drip

Irrigation Tape
Ghodratollah Hashemi Motlagh *°, Kiomars Aliakbarkhani ¢, Hamed Jabbari %°
* Advanced Polymer Materials and Processing Lab, Polymer Eng. Group, University of Tehran
> Azmoon Dana Plastic Co., ISO 17025/INSO accredited lab
¢ Vahid Industrial Group, ¢ Semnan Polyethylene Company,
¢Training Committee Chief, Iranian Association of PE Pipe & Fitting Producers

Introduction:

Generally, polymers are degraded when exposed to sunlight due to the bond breakage of the
backbone mostly by the high energy beams of the UV spectrum of the sunlight. Therefore it is crucial
to protect polymers against sunlight through the addition of UV stabilizers or absorbers. Carbon black
is the most common UV stabilizer for polymers in the applications where transparency or color is not
an issue.

In polyolefins a certain amount of carbon black usually in a range of 2-3 wt% with a good dispersion
and distribution is recommended for long term applications such as HDPE pipes, LDPE laterals,
mechanical fittings, PE geomembranes and so on.

The specifications of irrigation tapes, made of polyethylene and designated for one season lifetime,
are addressed in ISO 9261 or INSO 6775-1395. The material properties most importantly of
polyethylene MFI, carbon black content and OIT are not specified in these standards for irrigation
tapes. A sever discrepancy is happening in Iran on the optimum value of carbon black content in one-
season irrigation tape with a lifetime of less than one year. Standard and governmental bodies refer
to 2-3 wt% carbon black based on the values determined in ISO 4827-1, GM 13, ISO 6964 and ISO
8779. On the other hand tape manufacturers object that 2-3 wt% carbon black is too much for one
season irrigation tapes. They rely on their field experiences with tapes produced with low carbon black
amounts of 1 or 1.2 wt% without observing any premature failure in the farms they have been
employed. Moreover they recall that the usage of 2-3 wt% carbon black will trigger processing
problems as well as some additional problems in the farms.

The explained issue has not been addressed in previous publications. Therefore the aim of this
research is to study the degree of UV degradation in irrigation tapes containing varying amounts of
carbon black through artificial weathering test comparable to life time of one-season irrigation tapes.

Summary

As shown in Fig. 1 irrigation tapes made of polyethylene containing 1.2, 1.5 and 2 wt% carbon black
were manufactured in Vahid Industrial Group, Iran. The samples were cut into 30 cm length and placed
in UV chambers of UVA lamps similar to I1ISO 4892-3 for 250 h, 1000 h and more at APMP lab at
university of Tehran. After UV exposure the samples were characterized for change in tensile
properties, OIT and chemical structure, all measured in Azmoon Dana Plastic Lab, Iran.

Table 1 gives the properties of the samples before UV exposure. The samples hold good dispersion
and distribution of carbon black along with high OIT values. Fig. 2 shows the dispersion/distribution
state of carbon black in the samples.
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Figure 1. Irrigation tapes containing 1.2, 1.5 and 2 wt% carbon black

Table 1. Properties of the irrigation tape samples before UV ageing

Properties Carbon black content Test method Requirements”
P 12wt% | 15wt% | 2wt% q
Degree of dispersion 2.5 1.5 11 ISO 18553 <3
Rate of dispersion A2 A2 A2 INSO 20059 better than A3
INSO 7186-6
OIT (200°C) 29 24 48 1SO 11357-6 >20
H 0,
Filler (wt%) <0.1 <0.1 <0.1 SO 6964 <0.1
Carbon black (wt%) 1.18 1.45 2.01 1.2-2.5

* stated in INSO 6775-2018

Figure 2. Carbon black dispersion of the samples: 1.2 wt% (left), 1.5 wt% (middle) and 2 wt% (right)
carbon black

The properties of the samples after 1000 hr UV exposure are compared to their original counterparts
in Tabe 2. No sever drop in tensile properties are observed which states that such tape formulations
with properties of Table 1 are resistance enough toward UV for up to 1 year (equivalent to 1000 h UV
exposure as stated in INSO 6775). As seen the tensile properties have even improved after UV
exposure except for the sample with 2 wt% carbon black. However OIT values are severely decreased
specially for the tape containing the lowest carbon black of 1 wt%.
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Table 2: Retention of tensile properties and OIT after 1000 h UV exposure

Properties Carbon black content Test method Requirements
P 12wt% | 15wt% | 2 wt% 9
Retention of tensile x
> o,
strength (%) 105 102 88 ISO 527-1,3 75%

i i INSO 17140-3 **
Retention of elongation at 99 101 84 S75%
break (%)

Retention of OIT, 210°C (%) 12 51 49 INSO 7186-6 -
Retention of OIT, 200°C (%) 28 49 - ISO 11357-6 -

*INSO 6775 **BS EN 13361

Further studies are on the way to report changes after 250h and 2000 h and the changes in chemical
structure.

Besides the samples are under natural weathering condition in Tehran.
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MATERIAL AWWA Joint type Ruggedness Bending Joint flexibility Restraint TOTAL
TYPE/Diameter standard
Ductile iron C1xx series B&S,RG,R 5 5 4 4 18
Polyethylene C906 Fused 4 5 5 5 19
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Causes of Failure: 5in.-8 in.
(Based on 13 Respandents)

Compression
Fitting Leaks
0%

u Fusion Failure

u Electrofusion

s Inadequate Wall
Thickness

= Poor Installation

mPull Qut

Electrofusion

10% ‘S S

Inadequate Wall
Thickness
10%
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Type 3

MFR; . g/10min | 0.3 | I1SO 1133 Figh St PP-H matrix
Density, g/lem’ | 0.90 | 1s0 1183 |
E-Moduius, MPa | 1700 | 1505272
g::s at yield, 31 1SO 527-2 | Finety dispersed rubber phase
Notched impact, | |
kJ/m* g
go-oan so | 1SO179/1eA
20°C | s
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[ Pipe materials | HDPE | PP-HM
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| Elastic modulus, MPa | 1100 | 1700
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Density, kg/m’ 0.95 0.90
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Material Type/Diameter AWWA Standard Jjoint Type Ruggedness Bending FIJE:J}!ty Restraint | Total

Low yulnerability

Dpctile iron C1xx Series B3, RG, R 5 5 54 4 I8

Folyethylene Ci Fused 4 5 5 5 19

Steel C2xx Series Arc.welded 5 5 k! 5 19

Sl None Riveted 5 5 4 4 18

Stee] C2xx Series B&S, RG, R 5 5 4 4 18
Low!moderate vulnerability

Concrete cylinder C300, 30l B&S, R 3 4 4 i 14

Ductile iron Clxx Series B&S, RG, UR 5 5 4 | 15

mC OO0 CO05 B&S, R i 1 4 1 13

Stevl Caxx BES, RG, LR 5 5 4 | 15
Moderate vulnerability Cxx Series Coupled 2 4 5 1 15

AC > 8-in. diameter

Cast iron = B-n. diameter Nong B&S, RG 2 4 4 1 i1

o L9000, 905 B&S, UR ] § k] I 11

Concrete cylinder C300, C303 B&S, UR 3 4 4 i 12
Moderate/high vulnerabiliy

AC = Bin, diameter Caxx Serles Coupled 2 1 5 | g

Cast iron = B-in. diameter None B&S, RG 2 | 4 i B

Steel None Gas-weldad 3 ] 1 2 9
High vulnerability

Cast iron None B&S, rigid 2 2 1 i
Source: Rallantyme, 1995
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Carbon black Effect on the UV Stability of Polyethylene and

Polypropylene: a comparative Study
Ghodratollah Hashemi Motlagh *>*, Alireza Sahaf Amin ¢, Kiamars Aliakbarkhani ¢
* Advanced Polymer Materials and Processing Lab, Polymer Eng. Group, University of Tehran
> Azmoon Dana Plastic Co., ISO 17025/INSO accredited lab
¢ Standard Committee Cheif, Iranian Association of PE Pipe & Fitting Producers
4Vahid Industrial Group

Introduction:

Polyolefins share more than half of the global polymer market. Among them PE and PP are the most
widely used plastics with excellent processability, chemical resistance, ductility, inertness and at low
cost and weight. Their main uses in outdoor applications include pipe & fittings, films, coatings and
general outdoor goods where protection against sunlight degradation is a key factor for their designed
lifetime. Carbon black is the most common UV stabilizer for polymers in the applications where
transparency or color is not an issue.

In polyolefins a certain amount of carbon black usually in a range of 2-3 wt% with a good dispersion
and distribution is recommended for long term applications such as HDPE pipes, LDPE laterals,
mechanical fittings, PE geomembranes and so on.

Horrocks et al investigated the effect of various carbon blacks on the thermal and UV stability of
oriented PP. They found significant effect of carbon black on the UV stability but not on the thermal
stability [1]. Butylina et al found efficient UV stability provided by carbon black in PP/wood composites
[2]. Povacs et al studied the effect of carbon black on the properties of polyethylene for solar cell
panels. They observed lower thermal stability in hot air of 135 °C for the materials containing carbon
black [3]. However there is a question whether carbon black is as effective, in stabilizing PP, as PE
against sunlight or UV. The speculation is that PP needs more effective UV stabilizers and absorbers
rather than carbon black due to its tertiary loose hydrogen.

The aim of this study is to compare the role of carbon black as UV stabilizer in PP and PE mechanical
fittings prepared by injection molding.

Summary

Mechanical fittings as shown in Fig. 1 were injection molded by using natural color PP or PE granules
with and without carbon black masterbatch in Vaid Industrial Group. Table 1 gives the compositions
of the injection molded samples. The injection molded fittings were cut and compression molded
into thin sheets of 0.5 mm. The sheets were exposed to UVA lamps similar to ISO 4892-3 for 1000 h,
2000 h and more at APMP lab at university of Tehran. After UV exposure the samples were
characterized for change in tensile properties, OIT and chemical structure, all measured in Azmoon
Dana Plastic Lab, Iran.
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The OIT values of the HDPE samples before and after UV exposure for varying amount of carbon
black are given in Table 2. It is interesting that while HDPE without carbon black almost show no
retention in OIT, HDPE with carbon black benefits from high retention values even up to 2000 h of
UV exposure. More interestingly carbon black at the lower amount of 1 wt% has been more
successful to preserve OIT than 2 wt% carbon black. However this conclusion is not very solid and
needs replicates of OIT.

) e A oon2s; B

S - Sy x PP o,

Figure 1. Injection molded HDPE and PP fittings with and without carbon black

Table 1. Compositions of the injection molded PP and HDPE fittings

No. sample name HDPE PP Masterbatch | Carbon black
(wt%) | (wt%) (wt%) (wt%)

1 PE 100 0 0 0

2 |PP 0 100 0 0

3 PECB1 99 0 2.5 1

4 |PECB2 98 0 5 2

5 PPCB1 0 99 2.5 1

6 |PPCB2.5 0 97.5 6.25 2.5

Table 2: Retention of OIT for injection molded HDPE samples

OIT @ 210 °C Retention of OIT | Retention of OIT

Properties initial 1000h UV | 2000 h UV after 1000 h UV | after 2000 h UV
(%) (%)
PE 68 1.6 0.9 ~0 ~0
PECB1 39 38 35 97 90
PECB2 57 49 44 86 77

Unfortunately the OIT values of PP before UV exposure were smaller than 5 minutes. We repeated
the OIT values at 190 °C but still they were less than 10 minutes. Therefore OIT retention was not an
adequate tool to monitor degradation of PP.

Table 3: Retention of Tensile properties for injection molded HDPE samples

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




Retention of combined tensile . .
) Retention of elongation at break
Properties strength (%)
1000h UV 2000 h UV 1000h UV 2000 h UV
PE 98 78 93 78
PECB1 82 82 87 86
PECB2 85 95 82 99

Figure 3. PP samples after 2000h of UV exposure: white pieces are PP sheets without carbon black
and black sheets are PP containing carbon black.

Table 3 states that HDPE with or without carbon black did not go sever degradation up to 1000 h of
UV exposure. However after 2000 h of UV exposure HDPE without carbon black shows a significant
drop in tensile properties. While those containing carbon black show smaller drop on even no drop
in tensile properties up to 2000 h of UV exposure.
For PP the obtained results for tensile properties particularly elongation at break were not replicable
so that it was inadequate to make conclusions based on tensile properties. However it was obvious
that PP without carbon black became totally brittle after 2000 h of UV exposure while those
containing carbon black still held their flexibility as seen if Fig. 2.
New PP samples were compression molded from the injection molded samples in such a way that
their tensile behavior showed large elongation at breaks. These new generated PP samples were
exposed to UV and the results will be used to further discuss the degradation of PP samples with and
without carbon black.
The stability of HDPE samples up to 2000h UV exposure could be due to its high OIT values. We have
seen totally brittle PEs, without carbon black, after UV exposure in other projects after a long
exposure time.
Change in chemical structure and tensile impact test are other alternatives to evaluate the
degradation.
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686 45.68 3.1 1147 76.35 53 26
769 51.19 3.5 1279 85.13 5.9 21
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Pipe: 12" DIPS DR17 HDPE PE4710, 12" DIPS (CIOD) DR18 PVC and 12" DIPS PC350 DI

Operating pressure: 70 psi

Design velocity for recurring surge: 5 ft/s
Design velocity for occasional surge: 8 ft/s
Temperature: 57°F

Design life: 100-year

Anticipated recurring surges: 55 cycles/day or about 2 million cycles for a 100-year design
life

Step 1: Input

INSTITUTE"

Fipe Selection Input Parameters
HDFE {PE4T10) Fipe Pipetine Lengih [it]
g SvieT NomInaiFEe SDeTetERn faig
eegn Visosty for Oocgtional Sugs [ o
Ductile lron Pipe
SR SYRE® NGRS TR KA Jierkomy Prettuse [oa0 b i ]
I G L
A et Surges [par day o

FYC (FYL12454-8) Pipe Tarnantios | F e o
Smng Sysem  NommaiSze  Dwmanenn Rape e -

‘e -~
BiPS = DI0D = 100 il
'y DIFE = =

LirFas = UL e L

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(it 91 (ot SB At g (ol gt g gl (] 9

Slpass)lal, 1.2-24 m/s) ail 5 o AB T la e (0905 3,1y bl 1580 6 5 10 009, 1,S5 7 e JLid (gl
A3 bl (1.5m/s) oft/s Jle ol

ol @l S oyls 1y (1.5-4.5M/5) asl 1 g3 1O B D sl s s 505 S5 Conlls 1531 o 5,0 351 o [LaS o),
A5 Ll 2.4m/s ) Aft/s i

4.8)70 psi Jlo cpl 1045 5,8 9954 (2.75 bar) 40 psi jaie Jlas 0905 o,lg o8 181 0 5 50 (6,15 Lad sl

Oeekee ¥ 390 5 auie pee Jlo B0 (sl S (ygnlin V Jobio Lo ) 39, 40 s 00 slass ailjy, g jLid S olass
- w‘oMo)‘5(m)A$JLu\”6‘)JJ1~w

Ll 00 3,15 (VF °C) OV °F sloo as aislo |, (YA 0°C) colgs,Bas 0 Ve B Fr o405 8,5 a8 1330 0 5 Las (sl

Step 2: Design

il T L Sl e 2. D Py 1 Serta M= Ao sorl Cakm & M

INSTITUTE

Inpat Siasrrary Fse wege e 8300 T | Seaee m PR ETID | Weehieg Pt (W7 o Fas | S Pl e ny
Wy TEnDenRenE ® J5°F | DD Liw n (00 v | A DERENE] SE0umaD Tupes P iy w00

B Ef g | Casladil Fisy ey @R

Wadara PE 4750 =] PV
Giaegied AP R AMNACE | AW ‘e
Fis MEAg R 3F e Ps) = | 300 =3
PVDrLIAg RN LN 0 BAIDE) Check L | (oK | i
higerarad C:0 [ PE 12 DFE 1 LoD 1
Dlevgrmme Bans [DSh o Toeskresen | TR0 OB w 77 Tl S O
Lvrieyl Lol Dhavater (52 ] 11,68 tn 1188

= EEm =0y | M = | Em
Fisa EEN D) fa n Zmi T 1.5 1 00 1000
Band s [nas] g, i ag
Tarps Pragdars (¥, ) [red b wa = & i L]
Tousl Pezegorn Fa = WE - B hipe b L1 2 ™1 ' I

|
i lossatim Toesl Pragiura Dusieg Soga P, fpa] i;; e gt P ?-:- e
1l an L ] b ]
Svpe Brmzirn Choek (B, 20 &3 =3 [ = ] [ i | [ |
Hhutrists & Copioma T Fdburg: = W : L | |
Canign Falipue L [years. allh 3% & 23 (g Pt
CEngn Fagus L Cnecs (G, | . . ; . (& ]|
®ohel  Swedw

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(it 91 (ot SB At g (ol gt g gl (] 9

Step 3 Charts

ARTICS w0 By | e LI =T i 0 i e Y R i i

PIPE .
INSTITUTE

Prassure Pipa Dasign 0

LA VD AN rupeale oy WA 0 1 54 P AVANVA RO
oL T oney QPR 13 Thigh fwes = 3,00 CHID AT Do
I Al o Ty o0 gegEn T Ll N | Napn T 1 d | YTy LIR TR 'y Lo o n e T 2 e R MR Bt M R e e b ]
T g i - —Ir e 100 g | ey o s 1 "‘hl rgmn e Dy - W
B A7 ARSI DS 1 F NP 4 AR G50 D I Th - B3 ; = -}
PR T 3 R FALE
- A
(2] Rl
)
-
{ Pl
- .
¥ i
i i
I %%
.'l 1Y Pavh T
; Padka —
E aiy |
a waAE | | waEk | AR I il
Wariiry Frosasin WF Tl Frmi s .I'\.‘. Tiad Fronw'a WP =
ien sy o g wi maevnal 1o e Dwiign Crigrae L
Primted ropor:
Calculated Reaulis
Frile il AvWAAA O AR AL IR AWWA CB0
Hany EATID L] 150 P
Wi Maling al 3T°F 138 350 Fi]
Weoahing Pressure (no swroe) Check. IR
il 40 fim] e i3 aiFR 13 CE 1%
i Fat f TRKRAEE ¥ ) 1}
A iraie [iamele i LR LF ] 11,
T a0 Ber.  Doods Beuw.  Ocoam
Wiy Wate jmpmm] i A3a FLA] Ly LOAT 1 R0 2R
i Loan fnad) 4 a0 24 ar ] aa
tuap irantarn |palj flk L0 2D Al w7 %
Toad Pyed vl jjpai] 134 160 b =i aF iar b ]
Allgrad, Tl Prasi, (vl sadga) | prad] i A El i
B Piynimaw Gl “
HasFlni of Cpdiea To Falie 2wl [l LR
C s Il L% fydars ) I = 0 bl ] 7Y Eo ]
Design F sl Lie Gheck ] HA )

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




(il g () S 4t g (llod! ) e | g ] g

Ll §l cwssis Ayl 5y sbid Lled 51 ST oz gl oo, Lyl ol sls a5 ans o Lt walols gl
iz 5l L | laalg) (gL 05, Byo wls ol 130 gy wialyss Jsed BB oud Chy a3 joe 050 (sl Ko

IRVEX

S5 A g (G Ee

(5 53508 S 5eeis 2al) Al IS 1 ol o] Jpta 1o bs 5 NS sl 5 <)
2 Ll PE & s PVC sVl Jata 3 5V o ele Mo laie 09 42,5 5 5o Lo & b
PE dgf 25,5 Joos ColilB pimman g 00g (1) +) PVC 5l YL (2VY) PE alg (6l ndge IS s jlne
Sy dlg> S3e Ayl iz Gl o 4553k )10 ple b ol e cuas Sllos

79 o 5 b eods sl HLed Jlade ol YL dg) atcwcinVl Jgae ax o ylid cog Jlw pl slogiasw o =Y
0y o8 Syge Hlid g ol Jeow coblB (23,5 i o bl asll g Jlil bshs ok 5wl oo il
YU g onigd S5 g jlid s o1y coml jLid ol VO b ailg oo Slo pl Sl L slaalg Jlie olgie
) ool HLzd p adlol g Lid e ailys cos odigd S5 7y JLid >y Sle T PVC slaaly a5 ail o
CaS oz |y goml HLid a0 £ iSTas wilel oo Bl e jlid Cdl o baly e g wuled Jes

Jebo 4 dodl (35955501 5 4y ) sz VL] (izean 5 (PELO0 ol g0z o) Ll ly slodlg) -Y
IRCJOL JUNN [T CUNCSP R VIV GO SCOR g IS i I G PR (=

(§0gee JSi yuti gl el b 13U Wb aSL w18 iz bl Lo | bl (o)L oa)i.é),a sl -F
S Bl | ledly) jae Job o Sz 5 7y jlad (i oo < LB

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE



il g1 gl S 4 98 ! () il i el

Al e gy 4 Sy ge i syl syl Sldes

ISIRUTC 138 ,5Lcto (b diueS (assy ¢ joucly (oo (65553  c0guano (yamio

Dgm Az g 005 Lo e ol sl Jla o cenl jlady) b slaaileln o5lusl sl o Sl yo
3,10 oolaiwl 6,90 5 g5 el wlge (g3, b 4 (K aluslgs (ol S 00,41

= ogdhe 0 a8 T S b dlele cavlio o o cusy oo (510 po 54 4 gl b Gl a5 L
ooals I3l aS 09l o plxil o (g5luil ail p3Y sl (e dg) o o5lul 6,5 jaed g smy3b
28l 3Rl b (sl cpmend Jols i e (53l a5l 5L 4l s ailaler s Shae (ol

Loglas atil 0y 520550 U (slagi 5o o0l 5,50 Stdlygat (55 aly) sloailela o1, 5o
(Slojlw o Sae (o dlg bz (@lby d,>l oo lasl i g 09590 dlg) Ja a5 (60150 Jolds 09> 50 do)
Sl SESS Sl f5e Jelse plo g 2l oo 1506 5 ol 4y Lgrje otz ((Sdgyaee o See
g oo il (e Rl b

Sledbl 5 o0l (ga0d, 990 dlg) bglas 3Kl 5 (gilwg j0 oolaiwl 550 LSS Alie ol o
e oo Al g3l g9l Ho oolatwl 090 (Sl (5,135 ) sladilels 5 IS 9 b peas o
it ol g b b s Shae ol ol ol 23Sl b (sl Sl >l o1
Lngéa_goa) LSL;'?"’):’ LQM )‘ WL;.A Lgl.md..u)f ot ‘g‘:jﬂu b)S.Lo& a L;»L.w.:a 6‘)—.’ aloluw ul.o‘).”
Sl 5 9550 (B dg 4l Slye jlade g £o iy ST Slaside g il p Jalse g0 Shos
Sl 0a g5l dgd oz Cgllas o Sloe 5l oyl

D0 ()

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




ol g (gt 51 4 gt ! e 3 el

S 33 g SSwiadly alg) b 3 5 i oLl slcdn 3 o ot
Oy g (a8 — (ol e
col JEsl Slagwls 5 6,00 5 cbla> coue conddl Olss b ol ot e ) o) b 2als o 0 o3 sla Jl jo
5 Base ot lcwl ool Lo yulyw SIS ¢ Ol otid g &8, jom Bis> g gawsls] O 5l oo 5 e oolaul
o cuoy 1 5L 30% J120% (r bawsio jsloy Ol Jlimil s alg) bshas jo05h o Jiiie (taejp) glo dg) b3 5,0
55 50% 51 i ¢ a5 (6)laeSS piew b 5 (LS 0 5 (cead JUaml bghas (gl sae opl (> 9.0y, (so jun
il o o 2y s o yagee Y Egame 31 70% Lo i mgs e JE! (gl 4K o T ot il o
b (g il il sl joail e g bolas LU, SIS o iege 5 oedglh JEl (6 4K o T it ol g
o g Ol gl glallas aile aliee LYo 4 b 4 adlge 51 (g ks ;o Lol g dalys sde jlay @S
N0y93p BB ) iz g 385 Gee Sl e SleMbl (i isesiaz Sl ojlu cualis ped dnwgiaSd
bl gz il Lz laylS alox 51 4l s Lo, o ol o Canlsd pac Vb 4z s 5 Gy
Ol 98 3)lse 5 S 0 (ydan ol Jlaml algf Loz lolids sloby elgil (omym  hatl addllae ol poraily oo o s
25 o )lE an dise 5 (e 2l S alelid leds) G s el o0

Investigating methods for pipe line tracing: dJof ks Lo, ldigy owyy

Ground Penetration Radar(GPR) :  wwj ;5 398 ,lol, Ay
O ol ()18 atdic (e O Lol Solite sla Gae b S 51 6,00 g olgiee (65999255 ol 5l oolizul b
sls plosil 1) ygdoe o bglas 5 LU b,
Acoustic pipe locator : Jgo ol Y
Lol oml s dod g5 5l 560 Jlow JUsl 31, o) Las 55 ot sl by il 5l oolitall b, cnly
g igd oo OB leend cap L ol 50 4 a5 Sso slaalge L Transmitter sl Slgss 05,15
Sgiue Sbo, dg) L correlator
Tracer wire : Ol puww ¥
Caids plEe (Sl sla gl S, ol ool S35 (bl 31 VU e b e sl s 31 o5liz
bl 3 S S ololes Slpgas ) oolitul b alyd ks lules
Locatable pipe
g oo oolitl gl adgi (o> 50 a5 0ads 35,2815 HDPE (255, b Gbs) e |

Electronic markers : SCig uSIl (cawz ) (5,108 ailis D

oS wiSen 3y (lIliSe g oud Jled w5 See S8 s, Elasl (2 yxe p0 (B (Sg S ez sl At
23l oo 3l 88T LB e mlaw (3, )

Multilayer pipes whit integrated : 4z LG SO uSIl sbolle, L Y Ko b Ay $

electrical conductors

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il g1 gl S 4 98 ! () il i el

by oyl prwdgds oo i3l PE10O olge 5l ooliiwl b aisl o dlg) cpl s Y 5 ol as J3s &Y
Mineral-reinforced ;oo aislo pglio [l Lbbre 5 Y S g 5 0 pSw )18 1 65, 2 (S S
Sl 5l eolitnl b (Solu s gl b3 a5 sgiue cge bl 5 Y 05550555 0 canbs POlypropylene

.Os))f @LwL.w ‘ L5~’l'«‘~'>)

Investigating methods for leak detection: i o lolils slabgy owyy

Defining Leak Detection ouis olwls

bl o0 gy ol G sz Jols Leak Detection ol ,»
ool sl o 51 i 0l el g (Sid S99 e < Identify -
i Jolis (s adhate b 45U oo : Localize  -Y
30 cm glass b i 86 s - Locate  -Y

s 38 Joe olwlis - Pinpoint -f
Categories of Leak Detection Models : ouis ol sldowe o aiwd

: Static (Stationary) Leak Detection Systems -\
95..\.’9..» 0 s l.Q).‘.MJ G929 ‘_;»l.m)j 41»..» 99 osls 6)51 foagl) lﬁ)w )‘ ool ‘5l-hhd°)-‘ u;tl.ﬁ,o.».mm
il oo camlin glo pl A Co pae Glosle L5 8,90 O JESI 6l 6,90 sl sols ol cy

: Dynamic (Mobile) ) Leak Detection Systems -Y
(S S92y S gSiie (6 A4l )0 S e (rend S Shid (ololid Jlw bl slas pr oo lpstinnns

Leak Detection Technologies : o o lwlal sl 5,9L8

Listening devices(Acoustic signals) : g lowcsds Ol ey -)
g o |y ol cuts bwgs sads obml slawe lg5 o Hydrophone 3 Geophones aile sla )l 5l eolazl L
Sgas aseine |y o] 580 e

Leak noise loggers : i sy o cod Olpmpxs =Y
Ol dslie geaSiil 1o 092 g0 DYLlall g b 1l (g9, oad cuad Gl g 31 Jl )l oo cud sl eolanul b

Al e 00, o A )0 CulS Dezg A — i g a8l LS 2 e S L LUK

Infrared thermography : . 8 g0l b ,5 -Y
WS oo ololis 1 O g ime) o slod S (5 aligy ouns bl sles ol 50,3 gole giwle 5 slecus )90
Tracer gas : Lo, ;5 -f
ST S8 0 4 el 5 LislanSLisal (g5l ol 5 Jolowal 5 (g 5o )Lt o Slafl5 3,5 51 ool L
398 rlaws (53, 4 S sladiie I (s ool g5 5l dmaiias e 5l S a8 ol &5 ol 5l Sl
g o glolidiolo 5T sleallins Lawg (e 5 38

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il g1 gl S 4 98 ! () il i el

Ground Penetration Radar (GPR) : :pwj ;0 3945 Hlol,

Ly oo 325 20 (S0l 0929 Wlg (oo wey 09,0 4 (3] HLal g colineg 1SN gl 5l ooliinl b (659055 ]
dod slp oSy iz 3 E,6 s plulidlol 6 )18 Jod 5l (sblie Jbbu s59dsSS ulass” plules

i ol Slodig,y (08 ez 3l 5 (650 B Bee U (adeis o el @il V5l YL slaple o

sl

Leak detection robots : s olols slsb,

wrgs OG5 Aol )3 (o3l g (St (plelid Sgre S Sl e SIS Ly e (2 SSL, Sl £l

Y IPRWRRIE)

Data analysis based methods : osls JJUT 5 S glecibs,
AT j0 B o AT b s oLl jo j5ebe sles Sug, alex> ;I Regression analysis
Eyas cuac sla aS @ Artificial Neural Network (ANN)

Remote sensing-based method : ;g5 ;I Jiwaw p oo 9,

Lg‘ cjljjbl.c )JSL\GJ )l oolazwl Ls =) ¥ u] \_JLij_n.?!A @LWL-M’ LS‘)" ‘5..:3)

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE

-0



P—> jlg> ég_mg.o

(lgio s g lgillz) iudlgl L sl oJg) 8L L g iy j huzo

FIRST INTERNATIONAL
POLYOLEFIN PIPE
CONFERANCE



il 91 (et (St At g (o) Lyt g il L] 9

S ) douzmo 3l Cblas ylo jlw dilowy Ciglao — oy dbuny iS50

.

St (B 5 (a8 eloizl allsg 005 30 (reb glie 5 adsl Slge leidgaoms 5 Cunns Lo Lai> 4 a5 05 ol
9 Sy 4557 ez ge o wlore (30 (Sl pedle (b wlie g (3lae g, (0 eoliial 09l (o0 Cgmine (ppej 0 S
50 o Lo T leladl 51 (Gl alys Bl 5ol ) yoie lgp g Ol (S alises sl Sogll olul b g 005 oo 4 |, oad
s 5 ol il 5 Sy o T sl 5 ol 3 S5 (sl 5 bl HS o 231 Sl S5 i o
o sl 5 Sl £90 50 S 4wl 45 03 e azlL (Bras dlse CoeSy CokS I o L 4 5 sle s
PRRCH {1 R AT SCOW PR L gy WOl RESRR U S % S RV PR DUV [P S T vl RTINS BEX O N F SO BN
Slowy OLLS 5 51 gandae 15w Slge ()bl oo olge Bl L 51 ol dgad ¢ duax Sl Sl j0 Slge (pl ) Susee Solail

XS o 0o,
3l wlyd

Sl g 0lge 3l dasxe colainl -

ol 55 cenlie 6o (e 38) G Sl pas g Wilowy 30 a5 -

<l Jussl -

solaiil gilie ol 5 o aja palS -

297 4 p0 &g gy g el 1) dlge 180 5 0 b LSl j0 (ceges Ghjgel g i o <l -
&b oo U allyy odsi 51 s 5 Joor 5 (56 apme (Sooll (2al5 ¢ silage Luly sgge -

b gl Spae ;0 p9x a0 -

WVl Cw s (i 0oz oSy Py ooz jldnbe XU ped (5 50 0de Gln g oo Y 2B (5 e s Gl
JKiz S VOV a¥lw fag) b s Sy e Ve Jolas a5 05t oy 5525 )0 S8l (5 150 O+ S0
sy 3 55 JLot slelSir e 5 550 oo TV a1 550 seben 1+ 53 1925 slelSim B35 ans iy 5 o
S plpl s ) (o0 chad a4 25 8Ll L ALl adgl glp s Bpan (e canl Al alS LSe edee <V 4 +/A
398 o0 astd b Sz 51l adgl g pls olge 4 cesl (golge Lk g suzme oolitwl e iz 55 5l 5 5Sslr sl ol ]
S5l 0SB pan S5 Caaio ety SIS 09y walss 5 golazdl gle aix Jold (Jaoe Sy slo iz opdle &S
gl 50 (o Bras b ol (Jyaze 5 S ads Gl a Koo plie @ Cus Cato (al iz o el Lo 40
uo'-)aj_a:Ja;élaéI)Mpd,o'-)oAl,ollb'—\/‘q.ilg&U&ﬂgﬁsdlﬁ.o)sidoyj@l)lsmsg—l‘;oﬁﬂ)‘lc_{&[g
Sy kS 5V B 5 s sy sl 5 S 5T Ty s S (55 5k F ¥ el 508 Lyt o o
o 2 PV Ol Bran 500,00 Lg> 8o 4 i 3ElS CBLL (S jsb 4 g 05d oo Bpan ol S 2 VY 5 Gy
sl goz 8 S0 Gl 4 P sl 3ol Jlo S Do ay ST 05l el (Sogll gao 0 VY el g (6560 Bpa e
a0 alo| ygde VYV a ] S ggemme 0o plil 1) ISl ded a5 S0 j0 g 09 daled 50 alo | /0 Jolao 0440

cdwy oo Jle o

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il 91 (et (St At g (o) Lyt g il L] 9

51 B3k b o3 alex 5l e allj @b slo gy ol b dslie 1o Seiwdly o5 y2 S8l 51 (LB6 n)S aenST 0 e
409D (0 03) e 99,5 And (S by Y v 5l e (P (o0 S (5 Se 5l ab L (e S (ST L -/0
gy (oo oolaiw] g iy o )QQTYY'/.LQQTJYW}IJbesnaggya)a%)gydw VY e aYle
S b3l (rizmed Sgdos (297 Bro ¢ Slesl Ll Gl (Brae 55z BB ke (Sl ek L3 L
a5 Seiadly 0,55k S 0 sl 3 (651 S el | Sls P e Sy sl B 5 Wl (o0 o (Semdly 55k

Pl (8L 3L Seiadly oS lST o adsi sl LS 990 5551 4l

o e eized g OleiS o ( KB ilog 50 60b5 00)15 &8 Sl (6 08 lanilons ouind JoSa5 il 5l (S ased
o e glpial g 5yl Joo a5 398 gl Finl (e Sl awle 5 (28 (g3b5 Hlade Wb ased Cle (sl 018 (g a0
L) ke Bycan pogdle oS ol plomil Vb jLas sled ;5 b 1) 0le S 5 0T cpl o ams o ame Jome 4 (S
Jebs 093 a5 gl ol olgs 050aS pyogdle 05 (oo g 5 (55l Sl S S35 5 108 ST 60 ol g C g
bl ) Sl adpo @ (g yhe Jloms 55 solaBl a5l pes Cuws gla and jloslinal el asd C3LL 6ln (029
wipd Oy sl pl lge jloslainl 83,5 (oo CS g B pan a5 sl g osg 5 b adgl g5 Slse sl 00,3 0
JB 5 ool oles jo aid aded Sllas 0gd colaiwload o5 an.l 5l STa5 Jb j0 0l o0l 65,5 Bro ainjls
L S (o pehy ams o 2lS 6ol am B 1 S50 el 5 b B 50,58 Szl 55 oyl slod El pedly ol ploxl
adgl Slge 5l adad ohS S ans ln - wlee Rl ao )0 VY U 0)5S yoe dyu alnd oy (6l (HLL ased 5l oolinsl
G o)l pi¥ At B (5 S S 6l B 9 Y sga wal )5 055 S g el p5Y (6551 (IS LS VYN S0
5o o Voo YV ) e cpladipds S8l S spiire adgi o (Sogll Wiy YV adsl ol oolo 5l g5 et o3 o oy (Sl
9op>d S FI Ve 30> by JE A (L3 Al (5 o Sl 4 A )3 e el wo 0 YOS Y ) (6550 B pan
Slga 51 ol 4nd & Comnd conds L3k Adrd Gl Akl agd uizeed Sgdine (97 Ayo adslolse Bras jo (5 /Y Sga
25600 U wilgie gl add gl o000 o (2ol ao oYY B 1) lge Sogll g oo 10 0) olie o ) Lol Sogll cadyl
Vool dlge jlased ot ay S (S8L5L Slge At d g sl 05 8 same coliiul 5550 B pae g WS (45 2
99 SBl3L 5l g 9l &S5 gy el Vsl 1) (Sl VY e G G Wilsie (655 e cnl aS Cn T 03 (67568 (6551 w50
Congy bagzme 4y (o9, Vo il S8l 0sd oo wdg sl olmid 8 gl ST el ez sl piY 5l Gl aked ok
558y 30 3l 655 sk 5 (o) RIS slajls sl IS 5 by 1015 o5l 1 IS Jolb a5 WS eSS

2o ;3 A0 55 ol g aloye (Sogll 500,5 asx abpo |y ol calo gl 3 (655 o ;3 AV B Wl oo porteesll L5
Ao Sde ) e el SO Wlgi co e 050 oo Silw 0,3 5 miS ool SO L L 1A (65, ke isren ] S
SV Gran ;0w 5 e Bpas a0l (g5lwloz al; 508 5l paaiwgdl 5 S a5 Syg0 50 0l a5 0l g, Celu

CAD Mle> ez Ao 1B 9 ST S LS VY g aee S

Sl il o5 055 (o0 g s ed 5 srie ilowny 5 9)lkes ¥ o e 50 Al oad Wlel sla bl o oil s

oy oo Yo o Ll B - @‘c,‘élg.)'blsd)ﬂéaqw,o 3l Q—I

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il 91 (et (St At g (o) Lyt g il L] 9

Sl bl plojlo pdlel (bl 955 (o adgi (e 5 il o Osebes OF 51 e il 0nds piiie slalel b
51 i 2 Il sl 03 ol o Sl oy ool ool 0 5 ¥+ L il 53, 0 9 il Sle 055 i YA o o
Lol Gl bgio plp Vo0 (m 5 VA Lol sl g p S VY

Iy srio sl yeiS >0 b allel adg as 10 10 a5 cwl lojlail 4y il <8l b 00g38l o3, a5 cewl Jb> o oyl
Sype 4 o8y onl 355 m Sl oad 0y e ey o 3 T B La e o o ez 3 o8 oo 39 on Jal
sy oo o VO @ aslip e

G L83 0,0 O Ll o0y ol 10 5 80 S 55 50 1alS [0 wilew of aukioV e Bgus AVl aS Cewline (las sae
o 4 legi o Lles 15 O AVl b el 0als el Wlany 5l oo ol (sidilage e 30 Ll L0l o plonl ilags oo
WYL & Gl Wlony 3 o 5385 ol (sl o S50 v ilowny (5 0 (gut 5 53] 095 9l 5l e
sy oo Ologh )k Frv g 10 7

OF LIS ,0 «cdlsh &Oygo as a0 ¥r 5 580 dilomn s duo ;o Ve ey bl s azg b L | 0 o Gles slo bl Gubo
5k o ;0 YT g olge Cdlsl as ;0 VY (80 dio 5o ds Ll (plf 10 (e g duo 10 VY 5 8L 3L o ;0 VY (480 o o
o ;0 OF 155 0l )0 i 5008 0o ;01 g (65,5 Gl 5L s jo B0 wlge Sl L a0 YT (80 do 10 S uadgn 50 (555

o),,fso IOV RUNNTYON. JYLR-| Pl FRR VSR RLA- S P-S g¥] JG: P FRRWESRY | P POSSLIR- IR PR WSS  gRse-XY

Oz b Wilowny (5] Y o)LL Fe

Gl lowy 2L 3L @ L o oz a8lg o e | Yoo Ll T e 50 wiloy <8L50 03] conls i ] &b
Sl Wloy dalain .0l 00,5 S U loodguw Jore cpl 51 g 003 dilows lo)lg 4y Cews aSly aisS ood pladl 095 (gadgs
RSSO PRI WIS IO PN Y [EESW ORI JENEL B K YIRS DR Jeety
ol 5 el yolee 51U

FEY 590> Y18 Jlo o Sy il sladilonn adgs 51 (ITU) @l pliee Slaz a0l (ggm 5l ooy piitia (3155 Lolaol s
Jlo ol 5las 0 Ve L (il cpl jo caw | il z o gl ol FY o Jolao a5 o0 adgs Lo 50 wilomn s 5 (ygubes
i 59555 9el55 (S SN iy )5S £ 835 Sl 4o e 05 (53 Sl 0 o il s B Y017
AY,Y 4 V-V Jlw b baaslo—ay () po> g0mme,0 g a1 10 lil s p Sl S FA G Y-V JLw b o8, 1l 093 oo
Py 50 (P gk

Sl o i 85 o S g5 g 250 iy 55 Jlm PTGl VNP 3 Uil ams s LS 155
S oy (Sois pSN ilony e 8 31 i 58 V. o lal S5 00 o, TS V.F S0 s )

Loy JS olas & 51 05 seboo TOA 335 5 355 o bl ot wlss (S5l sl oy i 3 T+ o5 game 3
Pyl gaglasl Cdigipn 5 gebes YELN ol5ae cnl 5l g W9d e

b5k JolS o pae ¢ g

e Silony o5 ygaben O 31 i 535S ol 0 45 sl iyl 45l S b3l ) iilese sads slaally a s B

L y9iS (ol 5l dloms (ogasie slaoysS 1o 1, o 508 pus g C8L5L 1) b sl o 5 oous Sg0 10 a5 0l g

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il 91 (et (St At g (o) Lyt g il L] 9

PR IS VT (S0le joboay (cnsSsm 12 3505 o0 Sl diej (nlps a0y Sloy9lS G )3 wo )3 B0 5l A SBLSL (e
WS oo gl ilewy Jlu o

S 355 o b 03l 0325 o 52 4 e bl 055 685 b anlS 01,558, sgm ] 4Kl (sl ey s 5o g 0
o oA a5 Bis s o b Sud g abaass oy izl (Sl la gk sl ool by (LI Jgeuiin a3
Py 50 0,8 YA 5l S 1l ) gus S0 3w Lo o F0 BV L gl (5ol 51 it ol s o5 wisd o0 L0 LS

LY .109.7),47 QTQ.‘)‘).Q \°\V aS odds o.b‘)}w YeoA JL...J )b JJLo.m.JuJ L)?"l""’ 148 )LQT u.ol.u‘).) 450)‘.) 09.?5 JJLo.m.J u‘”‘)ﬁ*"

w‘ 009.3 )5L?<A GLQ)}“S
i 8L 3b (5 (B G ol

05 oo ol (BPA) (5 jol Gy Lo 5l cliblon GuilsT S5 525 ()5 5 (S gloailoney (1alS (gl s Lo 3005 1S5 5l 50
iyl el ond il Y Lo 42538 Jlo V0 5 e ) 4 a8 o bl |, 565 (sl wilaney 0o 45 YA L L1, o]
o oF e (IS (gla wileay Aoy FY 456 pobody ol &5l 5Ty il 31 Sl o lodilay 51 (ol g5
S | glagaty a0 )3 OV 5 b Sad 95 (caseiradl] labogd ao 15 00 (ISt slaals 5 (Seows S slags

CDigd o 2l 5L
Ok o) bnzxo oy (bl

Gl laz o | pge Jlo s LT (gl €90 90 (pl &5 s (S 500 .0l o Lo S sy Lo oS 1) 555 o S]]
5 3l slp ol e (o008 slo 95,15 asile) agans aius gl 8,5 iloas Lt i Alflasx oSS, L aS 5 ls 594
5 PS5 2l olse sl Sl Sug e 5 Slosed (g, et nd e BY 0 Al b g sla v (SL slshe

35,15 T Laailony (g loliz alog a5 Con oi 503 (sl coslio a5 baailans ol (glys ol Jaws 5 plonil oo

oS Sy i S5 35w 4 oleend dlge g 5 bl vile Lol sladileny Gaile ;) 4 pile ldl po e S8 Ll 4
aS el jo cpl om0 7y (F9B 0 K 05500 (pl 0 Dya A e o aidlaS oal gyl peyr ST e ST, LIS

a3l oo dileny (gilulaz 4y pasd addlely L:osstoﬂ RV R T P S VN e W

S Olgie 4 Glplys ailens; mome Cupde & (Jyol az g poe 5l (B0 (oo g (Fums) Lo odye lod iz 0594l
P uS)Lm.A .)5.:;)5 J}L..M.A ‘_gl.ﬁ JLQ} & g )‘ o}.}.j PLA.&‘ rm.\.c 9 d.>5.' la..\.c C_'))ﬁ_.o ) aS Sl 00 J..L.A GLQ J_.AM

Dgad Adlg> Al (G2 O gy i | dsel> Cldwg 94lg ey daore 0,80 (6 pdul ol e Ol

2O Sl e g Jeol e Gladyg, 4 bl 5l pam o dlawlio g odgh ;5iS 0 (KB g gole wilowny (5 o) &3y,
590 Y 5le cewlial 180 b il 5l e goS e b3l (S8 5 Jo ng)jT oz 3l Sl 091 00gm )3 dase 3l aaslonn,

! ;.\M.:" ) Ja.,.m LSLQ'-S‘)"‘.’

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il 91 (et (St At g (o) Lyt g il L] 9

4700 gl az g5 5| (S 0og: ol yen (oMl glygd uloms 5o ()] cgad 5 g g0l am¥ b oS waz (5l g
el 5 655l g olge & adilonny howd 055> (oh 50 $9) g a5 Sow | ol 550 ladilonny o i Sl 4 e
9950 anlss S92 laailony diay Co e 039> ) i |y aaz glad goad j5aS 5o 8Lk mlio izl ) ol
Sl Jlnal sbml el g5 e sl il Sl BT 51 65l 5 oy aomme okeS 5 Lulpd 0s g odle
D9 oo o cpl jo gl Al b solazdl s > olidl S > a4y

s Sl 51 651000 5 bl 53 (g0 25u 6 JITALe s Az 5 3293 e atnd jskaiacs 5 3l nl g
ladilonsy (pabls 5 08 Sledow 5l Jo l> 56 5 ilsae mo Lo (3le 3 «59m Al oz sl (6551 a4 sole wilowny
35 NS aylops b a8 S 18 azgi 3 50 (65,30 4 wlomny hiod Slaan B 5l Jo b 50 il 5 50 )9S 0 gole
WSy goladl ey 5

Sl s 31 ()10 00,00 5 3bml 30 (5185 elopms 53 008 craetd Sllle (slo Cudlan (335 ol (g 5 (Slon L alor
9479 o> lp (% Hy) 5 0Kl obnl el a5 0Bl (o0 B2 e d W) sbadld)lE 5 (54 Sy oS
Al dls ailewy o o o 059, 50,5 (golaidl

i s Sllle wiloy Co e Jpol 0l 5285 szl 4 S8 pslateas 5 aid) s (o9 Ll g dd sl o el
E5 b ads 9655 0 b3k Bl e pslae o 5 S Jold sl 12 e b Lo e slacled oS
S e 452 (S Bg) el g Sl able oo jen S 50 g aied )l jles Slogeal (nl a5 08 salsS avw b jio
b dely ol @20 U adgi g 5l wilews

Slanls S sl oS o Clow) oo alaii 4y labass SIYE dols Ce ps g DY gams g YIS alidl g glgil 00 23 g
OB S addsi Sodgine slaiel & 55 (98B (nl )0 azsliz 355 sl Y Grase 5 wdsi 5l B U o lus e vz

Sl Ay ohg 4o

Cdgie oS odg ] cogeds a5 Cils mlie o e wel IS Il S b | saisSad g 4l b w8 Cdgt e
‘u‘b)'b).é “_g)'l_...:oﬁéé ‘(5)5—\&@.? J.AL») ..\.:‘5.’6,@ u.».ljﬁ_we Q,;" ..\J);GA odgs p C)] ol d.>).> ubb ] |) ¢5>’ QYW

3 el S —ame adgs 0y Job 5o ol Bl a5 cul cul 10 9l Gl Lol Sy aib byl bk g 8Lk

wos oo bl HliiYease s jlaore u‘).ui}' Codgfune a1, Ldg 800 > g T auiSs g (BauSady

b b BB LT 5 ce B b ples a5 SlaVIS 5 wlakad cadgl olge FaisSs)ly g (B oS adss el ol £ ool o go 4
3g5 YIS 53l Jhe 0 G wiabige g (pl pml (0 it 095 Y g olge 5l o b ailowns 8lb @ cabbge e
3l 09a S S )loailiE 05 j9a S S ljs 0929 S pete Sl >y @llo g g0l Bl jgel )lig Bk le ey slal o 1,
L0 gl jaiS azogs g aeliy lojle b anlizidlge alobos 5l o U 0,05 o0 ,1)8 5008 & ylig LB 0 Jae g mlie 0isS
ogar udu &S line Coglsl L (65,0 5 olge a4 Sley bios gladlais UL%Mb olul) e YS 5l Jol> slbailons
D9l B pan G ) ame cblas el o Ui L g

5 00 Ty Jauzmo 4y 00 )lg &l u|).a_>5b_’_..».beb.o Byan (idlS Cge ju le HolS [0 0l oduio Xl Hulas el ol
Jesloloy! dasilony zoore o pae jl 50 alasde LB golaidl o 5 0 cdllh cann 3y, el Bgid glotw low
D9 Gy Jame ok Sguge g Lad> gl

FIRST INTERNATIONAL POLYOLEFIN PIPE CONFERANCE




il 91 (et (St At g (o) Lyt g il L] 9

Syl s dgd 5l eolaiw! S § buxo Coz e

ol b oYlail g dlgd romil o ylaslowl oSy o0 — ol Blowo Lo e

e

ol sle acacs I S B Jle wim o Gl AlbdS slajlS ol 4y g, JLasl g e 0,5 Giabe T ¢ Cens ) aiore ‘_;ojﬂ e
A cpl 5o gdaz lao faibul ¢ el gl lies g b il jaiS o Sl 2 g 00gs Srio SYgams glail Glalb g luaigs
D35 (o0 gk

EPl o) Lame (o3ls jo ol plad ailawlio ¢ ol oo gl AldS o35 2als 4y cabbge s )b SS9 00usS Laal lains o]
ey daze gl asld 0l sed ol ol Mol a5 il o Lio V0 Al bgdw aly YV Lo Ve VE L o Lis o
Ol e 6l S el ol ks Coonl 1A Jmlg‘anOZ 3B el a4 leyeiS bled @ by (VOF) olpl as, i
o gy 5o Lo g iz QL] (gl (s Lo (a3l S aged a8l pgi) el Bl oo Gl g et S 3l G 20

Bl Ao cnl S (ooke oS Wl (s

@ pad g 50w ol ol G a5 Csl onys F  >1 EUROPE 2020 (lse b alls oo (gl anbp Yo Ve Jlo jo g gl ayolssl o
ail 0194 Jlo 50 o Jlade 4 s (gl Al slaj 8 Ll (oo ,o Yo ralS 4 p3le gyl asolos] gae [9i5 YV oled ¢ pud
5 el 050,85 (6 )Lzl ooliinl 550 (Srio Y game coliiwl glp EPD Jsame Joe Cns ) anli, bl a3l)) anids Jlo 51 1A«

23,5 allas oolaiwl 890 O gasts g ) daore 15l Cosly oo Sriio OV gasms I B oS colaiul 4 IS

P VITO  Sliis duwsge ol page TEPPFA L)l Sodly c¥lasl g dlg) Bas adgs ezl « Ban opl 05 Slles sy
slo gl 5550 0 (LCA) joe a5 > objyl Lo, 5l eolaal b 1) Ssdeg el jlaws @aios Yoo d Jlo sloisl B Y- oA slols
Aioged ploul Sawdly

el o Job a2 o (el la dlgd (ct; lae SIS Al oS aidpdy )50 (Sl Ao lsil 690 &5 B (0l 5o
ol o0ty 428 5 58 Jlazml Slpand 5 6 )uS 5 e ¢ YLl 5 gl agi cads) olge wlgs

S 5] 5 S o oy
PVC-U solid wall sewer pipe system ¢
PVC-U multilayer (foamed core) sewer pipe system ¢
PVC-U multilayer (core of foam and recyclates) sewer pipe system ¢
PP structured (twin) wall sewer pipe system
PP solid wall sewer pipe system
PP structured wall multilayer sewer pipe system ¢
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PE water pipe system
PVC — U water pipe system «
PVC -0, MRS 31,5 MPa, water pipe system
PVC -0, MRS 45 MPa, water pipe system
PE gas pipe system
PE water pipe system installed by directional drilling technology  *
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1SO/CD 29561-1, Plastics piping systems — Glass fibre reinforced polyethylene (PE-GF) piping systems for water supply — Part 1: General, 2008.
1SG/CD 29561-2, Plastics piping systems — Glass fibre reinforced pelyethylene (PE-GF) piping systems for water supply — Part 2: Pipes, 2008.
1SC/CD 29561-3, Plastics piping systems — Glass fibre reinforced polyethylene (PE-GF) piping systems for water supply — Part 3: Fittings, 2008
ASTM F 2720-09, Stanadard specification for glass fiber reinforced polyethylene (PE-GF) spiral wound large diameter pipes, 2009.
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50 5 NS 5
60 NS L KS W5 5 5 5
100 kS 5

S: Satisfactory Resistance
L: Limited Resistance

NS: Resistance not Satisfactory
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Introduction

Bimodal high density polyethylene with has attracted a tremendous attention in pipe industry, especially
distributing water and gas pipes, in recent decades. In fact, what makes this generation of PE pipes
superior to the previous grades, is its special polymerization process in two reactors, leading to a higher
concentration of commoners on the long chains of the polymer [1]. The bimodal molecular weight
distribution (MWD) in this polymer brings about a simultaneous combination of fine processability by the
lower section and enhanced mechanical properties by the higher section of the molecular weight [2].

Moreover, bimodal High density polyethylene contributes a great resistance to slow crack growth, which
is a crucial feature in the production of pipes used in the harsh environment. Slow crack growth is defined
as a phenomenon which causes brittle failure in the product after a long period of time. Therefore,
determination of SCGR in PE pipe grades has is a significant key in the selection of materials [3] [4].

Blending plays an important role in the plastics industry, and many studies have been conducted with the
aim of examining different properties of polyethylene combinations and masterbatches. Decreasing the
price of the final product without a considerable reduction in the properties is one main reasons of
blending. Hence, the effect of blending needs to be investigated on the components.

In this study, the impact of small amounts of unimodal polyethylene, here linear low density polyethylene
(LLDPE), on the mechanical properties and resistance to slow crack growth of bimodal high density
polyethylene is studied.

Experimental

Materials

Black bimodal high density polyethylene and linear low density polyethylene, respectively with the density
of 959kg/m3 and 921 kg/m3, were used in this investigation. First, components were physically mixed in
four compositions of 0 wt.%, 2.5 wt.%, 5 wt.% and 10 wt.% LLDPE. Then, the mixtures were melted and
blended by internal mixer, provided by the Advanced Polymer Processing Laboratory at the university of
Tehran, with the speed of 60 rpm and temperature of 200 for ten minutes. Finally, the specimens were
prepared by compression molding press under the temperature of 180 2C.
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Characterization

In order to examine the mechanical behavior of the blends, tensile testing method was implemented at
Azmoon Dana plastic company. Sheets were punched into dumbbell-shaped samples and then tested at
room temperature according to ASTM D638. Strain hardening test is quite a novel method to measure
the slow crack growth resistance of polyethylene through the determination of modulus in strain
hardening region. Samples, cut from compression molded sheets, were tested in a chamber connected to
the tensile testing machine at Azmoon Dana Plastic Company, based on ISO 18488 standard.

Results and Discussion

Tensile Testing

Stress-strain diagram in figure 1(a) shows that the yield stress of bimodal HDPE doe not
significantly change by adding up to 10 wt.% of LLDPE. This trend is also the same in the stress at
break diagram, illustrated in figure 2(a). However, as it is presented in figure 3(a), elongation at
break indicates a slight increasing trend by the enhancement of LLDPE contents, which could be
attributed to the increase of the amorphous region in the blends and the its impact on the
elongation of cold drawing section.

Strain Hardening Test

Strain hardening modulus is defined by the slope true stress versus Neo-Hooken constant curve
in the range of 8 to 12 of true strain. In an investigation, Kurelec et al indicated that the
measurement of strain hardening modulus, shown by <Gp>, is well in accordance with the results
of other stress crack resistance testing methods [5]. Figure 2 shows that there is no considerable
change in the strain hardening modulus of blends containing 2.5 and 5 wt.% of LLDPE.
Nevertheless, a slight drop in the slop is observed in the blend of 10 wt.% LLDPE. According to
the results, it can be concluded that the addition of 10 wt.% of LLDPE to the bimodal HDPE leads
to the reduction of its slow crack growth resistance.

Conclusion

The addition of 2.5 and 5 wt.% of the unimodal LLDPE had no significant influence on the strain
hardening modulus of the bimodal HDPE, while adding 10 wt.% of LLDPE caused a reduction of
about 4 to 12% in its value of strain hardening modulus.

The contents of linear low density of polyethylene on the mechanical properties and slow crack growth
resistance of bimodal high density polyethylene was investigated. Samples were blended containing 0,
2.5, 5 and 10 wt.% of the unimodal component through internal mixer. The properties of all blends were
investigated by tensile and strain hardening test.
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Fig 1. Stress-strain diagrams of the blends; (a) Yield Stress, (b) Stress at break, (c) Elongation at break.
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Fig 2. True stress-NHSM curves of the blends
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