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Durability

Confidence -

Experience

EXCEPTIONAL
PERFORMANCE
AND DURABILITY

Saint-Gobain PAM, backed by over 150 years' experience of producing pipe systems for transporting water, knows
how to design solid, reliable and durable products. Long-term research and technology, coupled with Saint-
Gobain PAM's experience, have enabled us to invent a revolutionary new coating, called ZINALIUM, which

significantly increases the durability of ductile iron pipelines.

Water, an essential resource for all forms of life, is becoming scarce to obtain and thus more and more precious.
It is therefore time to take an environmentally-friendly approach to develop products that protect and preserve

the earth’s resources.
A modern, highly effective material, made up of 85% zinc and 15% aluminium, ZINALIUM now gives you the opportunity

to take a responsible approach to shared facilities, without having to compromise on the longevity of pipelines or

quality of service.

.
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Sustainable development is central to the
corporate culture of Saint-Gobain PAM, the
world leader in the production of pipe systems
for water supply and wastewater sewerage.
Saint-Gobain PAM was quick to take on board
the principles of the Brundtland Commission
that prefigured what has become known as
sustainable development.

Saint-Gobain PAM is
committed to work in
the following key fields:
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Back in 1987, this International Commission
encouraged the current generation to “meet
theirneedswithoutcompromisingthe ability
of future generations to do the same”.

PIPELINES: A KEY ISSUE IN
SUSTAINABLE DEVELOPMENT

Saint-Gobain PAM is committed
to sustainable development

Modernity of the technologies and priority given to research and development have
enabled Saint-Gobain PAM to consistently offer its customers high quality, durable,

reliable and ergonomic solutions.

Like communication channels, water supply and distribution and wastewater sewerage
pipelines are infrastructure systems designed to last several generations. As demonstrated
at the environmental round table, the “Grenelle de I’Environnement”, sustainable
development means first and foremost equipment and facilities that are “sustainable” and

not “disposable”.

e Environmental

e Economic and
Industrial

e Social

Saint-Gobain PAM uses these principles to
provide effective environment solutions.Over
100 capital cities and more than 1,000 large
towns throughout the world have already
been equipped with Saint-Gobain PAM
products. Many hydraulic, water conveyance

©

and wastewater sewerage projects are
currently underway. Saint-Gobain PAM s
involved, in a variety of locations, especially
as part of development work in countries in
South America and Africa, as well as in China
and the Middle East.
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Grenelle 2
Article 58 of the “Grenelle 2” french law
specifies that to define the correct level
of investment required, asset inventories
should be carried out for all water
supply and distribution and wastewater
sewerage services.

This article goes on to state that services
are required to carry out this inventory
so as to minimize water losses in the
system. Should leaks exceed the level
set by decree for the department, work
must be carried out to correct this. This
new measure operates alongside a
bonus-penalty system, creating a sort of
“virtuous circle” that actively encourages
agencies to manage assets in a more
efficient manner. Water Agencies are the
lead representatives in terms of carrying
out these inventories and assessing the
investment requirements. Currently, only
a few large local authorities and some
departmental authorities have completed
these inventories.

A growing need for
longer-lasting pipelines

The average rate at which drinking
water pipeline are renewed is around
0.6 to 0.7% per year. This means that a
pipeline laid today, taking into account the
currently observed pace of investment, needs
to last for around 150 years!

The durability of ductile iron has been
acknowledged for several decades. In
many hydraulic systems, ductile iron pipes
that are over a hundred years old, even 150
years in some cases, are still in perfectly
good working order. And there may well
be no immediate plans to replace it.

Beyond the inherent qualities offered by
ductile iron, its durability often comes from
the quality of the external coating against
soils aggressivity,and internal lining against
reactivity of water and effluents.

Saint-Gobain PAM's research labs have been
working patiently and painstakingly for
several decades to develop new generations
of protective coatings. This work has been
both theoretical and experimental.Research
includes laboratory-based tests, but above
all it involves very long-term field testing.
This research makes a decisive contribution
to extending the life of pipes.

The new external coating
ZINALIUM is the result
of research.

ZINALIUM Edition 2009-1



DURABILITY OF DUCTILE IRON PIPES

A\
The fountains at the

“Chateau de Versailles”:
exceptional durability

The water systems at the “Chateau de
Versailles” are a prime example of the
technical qualities and durability
of ductile iron pipes. :

Finding the necessary water resources for
the fountains at Versailles was a constant
worry for the Sun King. Even when in
battle, it occupied his thoughts and at one
stage considered harnessing water from
the Loire river, some 200km away. All the
new techniques that appeared at this time
were used to meet the demands of the

In 1683, the first pipes to be laid, made of
lead, were quickly replaced by cast iron pipes.
The gardens of Versailles' current hydraulic
system dates from the Louis XIV period and
features 35 kilometres of pipes, of which close
to 90% are made of cast iron (the rest are
made of lead). This technical equipment s still
in good working order. You can see just how
robust it remains, particularly during thelarge
summer festivals, when it needs to operate
at full capacity. It is constantly maintained by
the Palace's hydraulicengineers in accordance
with methods dating from the 17th century,
as well as more modern techniques. Some of
the cast iron pipes, which have been in use for
around 350 years, must now be replaced as
they are worn out. However, some 80% of the
original cast iron pipes will remain in use.
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king. The Grand Canal was inaugurated on
17 April, 1666, after five years of work. Several
systems were tested and applied, and
then abandoned.

The king commissioned the best sculptors
and put the most inventive engineers to
work. Like the building of the Palace itself, the
gardens were like a huge open-air laboratory.
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Durability stems from the
use of ductile iron pipes

The durability of ductile iron pipe systems stems from a combination of the exceptional mechanical
properties of ductile iron, the leaktightness of the joints used, the resistance to soil damages provided by
the external coating, as well as the quality of the lining that comes into contact with water.

# incredible strength

+ High burst pressure

+ Water hammer resistance

« High rigidity

« Impact resistance

« Each pipe is subjected to a works hydraulic
pressure test

« Systematic quality control of ductile iron for
mechanical resistance and elongation (ductility)

RESISTANCE TO
SOIL DAMAGE
In all types of soil

+ Naturally low susceptibility to corrosion
of the ductile iron
- Active external protection provided by:
- Pure zinc + pore-sealer
- Zinc Aluminium alloy + epoxy (ZINALIUM)
- Special external coating (TT PE or PUX) for
the most aggressive soils

« MECHANICAL RESISTANCE

.

} LEAKTIGHTNESS OF JOINTS

Unrivalled reliability

« Tested in all conditions
- High positive internal pressure
- Negative internal pressure
- Positive external pressure
- Cyclical pressure
+ Long-term ageing research

+ Angular deflection and axial movement
are possible, enabling in-the-field movement

to be tracked
+High-technology anchoring system

,w RESISTANCE TO WATER DAMAGE
j for all types of water

- Surfaces in contact with water are protected
- Inner protection of pipes provided by:
- Blast furnace cement

- Special inner coating (Polyurethane) for soft
and hard, abrasive water

- DUCTAN inner coating for the BLUTOP range

« Epoxy coating of fittings

« All coatings have ACS accreditation (health & safety attestation
of conformity awarded in France), and in most European countries
(Germany, United Kingdom, Belgium, the Netherlands, etc.)

=
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ACTIVE PROTECTION
OF DUCTILE IRON PIPES

% Active protection of ductile
& iron pipes

m....-- F O O IO I c pore-secler (semi-permeable filer)

Pure zinc

Ductile iron

Structure of the external zinc coating:

* Pure zinc, 200g9/m?

o Application by spraying of pure

zinc droplets

* Layer of black pore-sealer, 120um

thick on average

Zinc-based protective coating of ductile iron works thanks to two active
processes: galvanic protection and healing.

Zinc, a metal that possesses more
electronegativity than iron in terms of its
electrochemical potential, can be used to
offer galvanic protection to the ductile iron
(refer to the page with technical data, p. 22).

For example, when a zinc-coated ductile
iron pipe is buried in the ground, the
galvanized zinc, when in comes into
contact with aggressive soil, is slowly
transformed into a layer of zinc-conversion
products, such as zinc oxides, zinc carbonates,
zinc oxychlorides, etc. It thus forms a stable,
dense, impermeable and binding layer,
which takes up exactly the same space as
the initial porous layer of galvanized zinc. It
evenly covers the entire surface of the pipe.
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The zinc layer is highly porous, as it
enables zinc-conversion products to form
without increasing the space occupied,

which prevents the protective layer
from cracking. The newly-formed layer
fills up the pores and binds the zinc
salts very effectively, ensuring the long-
term protection of the ductile iron pipes.

©

Galvanic protection

The pore-sealer is used to limit the
exchanges with the soil and enables the
zinc to be transformed into insoluble zinc
crystals slowly. This process generally

involves a phase during which soluble zinc
hydroxides are formed. If no pore-sealer is
used, these crystals could be dissolved by
the water.




Healing

One of the key advantages offered by zinc
external coating is its capacity to restore
protection in places where there are
isolated scratches or tears. This capability is
known as healing. Damage can be caused
during handling, transport and installation
of pipes, or even after installation during
maintenance work carried out close to the
buried pipes.

Zinc conversion
products

Zn++ ions
>

(L V(. > N NNN

When part of the pipe's external coating is
damaged, the ductile iron becomes exposed
and is gradually covered with a zinc salts
based layer,due to the zincions recombining
with the anions found in the soil.

i current
<

Black

pore-sealer
Pure zinc

Ductile iron

This layer is comparable with the layer that
forms on the rest of the surface of the pipe.
In the vast majority of soils, the layer is
stable and provides long-term protection.

How can we improve
the performance
of zinc coating?

In certain soil conditions, where the zinc is transformed too quickly into its conversion
products, the quality of the layer formed is reduced. This results in a shorter lifespan and
therefore restricts the fields in which zinc coating can be used.

Limiting the speed at which the zinc is transformed and increasing the stability of the layers
formed quickly appeared to be ways of extending the fields in which zinc-based active

coating can be used.

That's exactly what the new active coating
ZINALIUM, is aiming to achieve!

©
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BOOST YOUR PIPES’ EXTERNAL
PROTECTION WITH ZINALIUM

AN
The inventions behind research

undertaken on ZINALIUM

Saint-Gobain PAM started manufacturing
ductile iron pipes with zinc-based external 40 years o ResearCh
coating in the 1960's. Always looking for and Deve Opment

innovative ways to improve the durability
of its pipes, Saint-Gobain PAM focussed its

Launch of
the BLUTOP range

research efforts on increasing the weight Complete characterization Launch
of zinc, gradually taking this to 200g/m= of the zinc-aluminium  of the NATURAL range
However, the positive effects of increasing Discovery alloys inthe DN 60 to 300
the amount of zinc used fades beyond 200g/  of the alloy DuNOY Initial results from in-the- Decision to launch NA%ts:f‘O“ Offfheth

. . . i ini i range to the
m2, both in terms of extending durability ~ (zinc-aluminium) field tests a new product using DN 350 togsoo
and in terms of extending the field of use. Lab testing the Z‘”C‘at'}im‘m“m

coating
Initial in-the-field tests
|

1969 - 1970/72 — 1971/72 — 1978 — 1982/1998 - 1998 - 2000 - 2005 — 2009

Research into ZINALIUM started at the end of the 1960's.

Using zinc aluminium alloys
instead of zinc means:

* A Galvanic protection offered by zinc

« An Improved chemical and mechanical
stability of the coating thanks to
the use of aluminium

Tests conducted by Saint-Gobain PAM
showed that when composed of 85% zinc
and 15% aluminium (mass percentages), the
alloy provides optimum protection levels.

=~
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ZINALIUM coating is applied to the outer
surface of the ductile iron pipes during two
successive manufacturing operations:

« Galvanization by electric arc spraying
of the alloy ZnAl 8s5-15 at goog/m?
(approximately 7opm)

« Deposit by spraying an external epoxy
layer on the galvanized layer (120pm on
average)

As with pure zinc coatings, ZINALIUM offers
so-called “active” protection to ductile iron

pipes.

This protection is “active” thanks to the
powers of galvanic protection offered by the
alloy ZnAl 8s5-15. Although it has slightly less
electronegativity than pure zinc (by around
fifty millivolts), due to the presence of the
aluminium, it enables the ductile iron's
electrochemical potential to be moved into
iron's field of immunity, thus providing a
form of cathodic protection. This protection is
combined with the migration process of the
metallicions Zn** and Al3* towards the cathodic
sites, resulting from the ZINALIUM scratches
uncovering the ductile iron. By recombining
the anions present on the surface of the
scratch, insoluble products are formed and a
layer of products is deposited and reseals the
scratch. This is the healing process.

Long-term  protection stems from the
controlled formation of a layer of conversion
products from the alloy ZnAl 8s-15, stable in
the soil conditions in which ZINALIUM is used.
The layer formed, thanks to its physical and
chemical properties (type of products formed,
compactness, adhesion, etc.), once initiated,

The new external
coating, ZINALIUM

The protective layers stick to the ductile
iron pipe perfectly, covering the entire
barrel and socket.

AV

Blue epoxy
(pore-sealer)

ZnAl alloy
Ductile iron

The scientific explanation

reduces the exchanges between the outside
environment and the metallic ZnAl 8s5-15
alloy layer by lowering the diffusion speed
of chemical species. These properties result
in part from the composition of the alloy -
zinc combined with 15% aluminium - but
are above all due to the specific metallurgic
microstructure of the metallic layer, obtained
by electric arc spraying using alloy wires. The
conditions used for cooling the molten alloy
droplets sprayed onto the surface of the pipes
gives a specific fineness to the dual-phase
structure expected with this composition of
the 15% aluminium zinc alloy. The two phases
are closely entangled. One phase high in
aluminium, close to the composition of the
eutectoid, is the first to solidify, developing a
skeleton within the droplets. This is followed by
a phase high in zinc, close to the composition
of the eutectic, featuring a finely separated
lamellar structure.

This finely separated structure of the metallic
layer, specific to the technology used with
ZINALIUM, enables the kinetics of the alloy
transformation to be controlled. The zinc-rich
phase, which has the most electronegativity,
contributes  to  galvanic  protection.
Thealuminium-rich phase controlsthe mobility

@

of the ions formed during this process, as well
as the transformation of the alloy by the soil's
aggressive chemical species. The products
formed by this conversion are confined by the
skeleton formed by the aluminium-rich phase,
benefitting from protection offered by its
alumina passivation layer. The transformation
kinetics of the ZnAl 8s5-15 alloy layer are thus
reduced in comparison to pure zinc, have a
smaller surface exposed to reactive phase,
restrict the access of aggressive species to the
heart of the layer and allow less migration of
conversion products towards the soil.

Thekinetics are even more greatly reduced with
ZINALIUM thanks to the optimized properties
of the pore-sealer layer. The thickness adopted
using the selected blue epoxy restricts the
access of the soil's aggressive species to the
alloy, whilst enabling galvanic protection and,
above all, without preventing the physical
and chemical transfers that occur in the layer
which are liable to cause the appearance of
blistering and an overly quick transformation
of the alloy.

ZINALIUM Edition 2009-1



BOOST YOUR PIPES’ EXTERNAL
PROTECTION WITH ZINALIUM

ZINALIUM's unique microstructure

The microstructure of the zinc-aluminium alloy layeris a finely constructed entanglement
of zinc- and aluminium-rich phases. The 3D view of the zinc-rich phase enables us to see
how the zinc is trapped in the microstructure, enabling its consumption to be slowed
down and therefore the duration of protection to be extended.

EPFL (Ecole Polytechnique Fédérale de Lausanne), photograph provided free
of charge by Professor M. Rappaz.

Switch to 4009/m?

Saint-Gobain PAM has increased the quantity of metallic coating from 200g/m? to 400g/m? in order
to optimize the zinc-aluminium coating. This represents a thickness of around 7opm.

The very significant increase
in weight means:

« Improved formation of long-term
protective layers

 Improved performance of the galvanic
protection provided by the zinc-
aluminium alloy

 Greater mechanical resistance of the
protective layer

=~
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This epoxy coating makes a significant contribution to improving the performance
of ZINALIUM compared with pure zinc coating.

The role of the epoxy layer

With ZINALIUM, the conventional black pore-sealer is replaced by a blue epoxy coating -
light blue for the NATURAL range and ultramarine for the BLUTOP range.

The main improvements provided by the epoxy include:
+ Greater chemical stability

« Better long-term performance in soil as it ages

« Better control of the zinc-aluminium alloy conversion process

- Better mechanical resistance of the coating (during transport and use)
- Improved resistance to solvents present in the soil (contaminated soil)
« Possibility of colouring the pipe to enable easier identification

- Better organoleptic performance
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The ZINALIUM patent

Theintellectual property rights of the ZINALIUM coating are protected via the European patent
EP 0686246B1, issued on 21 April, 1999. This patent provides an extensive worldwide coverage.

ZINALIUM, zinc-aluminium coating, manufactured in accordance with Saint-Gobain
PAM's patent, is able to offer an extremely effective protective structure thanks to:

« A very finely structured zinc-aluminium alloy, with an entanglement of zinc-rich and

aluminium-rich phases
« A manufacturing procedure featuring direct spraying of a zinc and aluminium alloy

=~
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ZINALIUM IN SAINT-GOBAIN
PAM SOLUTIONS

N
NATURAL, the first range
to use ZINALIUM

NATURAL was Saint-Gobain PAM's first
range to use ZINALIUM coating. Designed
for the conveyance of drinking water,
NATURAL is a comprehensive range that
offers great flexibility and versatility, and
thusis adapted to all types of network, soil
and pressure level.

The NATURAL range of fittings is the most
comprehensive on the market. The various
joints and accessories (EXPRESS, STANDARD,
flange and UNIVERSAL) provide an unlimited
number of combination of configurations to
meet the needs of the most complicated
building sites.

Characteristics of the NATURAL RANGE

* DN 60 to 600 « Fittings
N Manual NATURAL EXPRESS fittings
* Pipes N Automatic NATURAL STANDARD
N NATURAL with STANDARD joints fittings
N NATURAL with EXPRESS joints N Flange fittings
N NATURAL UNIVERSAL N NATURAL UNIVERSAL fittings
« Varieties of external coatings « Varieties of coatings
NZINALIUM with light blue epoxy N Epoxy applied by cataphoresis
NTT N Epoxy applied by powder spraying
N ISOPAM
« Anchoring systems
« Varieties of internal coatings N STANDARD Vi
N Blast furnace cement N EXPRESS Vi
N Polyurethane N UNIVERSAL Vi and UNIVERSAL Ve

=~
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BLUTOP and ZINALIUM,
a new approach to
ductile iron

Blutop is Saint-Gobain PAM's new range,
dedicated to small diameter distribution
systems.The new range also benefits from
the performance offered by ZINALIUM
external coating.

BLUTOP is a range of pipe systems
designed for small diameter distribution,
which put emphasis on its workability,
portability and simple use, as well as the
professional expertise provided during
installation. The internal lining of BLUTOP
pipes is made of a thermoplastic polymer,
DUCTAN, which is another Saint-Gobain
PAM’s major innovation.

The pipes and fittings in the BLUTOP Characteristics of the BLUTOP range

range have all been designed to be
compatible with plastic pipes. They can o
be interconnected with old PVC or PE A BLUTOP joint fittings

* DN 90, 110 and 125 « Fittings

. * Pipes e
networks which need to be replaced.
p S BLUTOP N Flange fittings

« External coating « Coating of fittings

NZINALIUM with A Epoxy applied by powder spraying
ultramarine epoxy

« Internal coating  Anchoring systems

N DUCTAN, ultramarine NBLUTOP Vi

N NATURAL and BLUTOP

Materials in contact
with drinking water

When developing the NATURAL and BLUTOP ranges, Saint-Gobain PAM took great care
to ensure that the materials selected were suitable for contact with drinking water.
All the materials (coatings, lining, joints, lubricants, etc.) have been granted ACS (health
& safety attestation of conformity awarded in France) and, where appropriate, the
equivalent certificates in those European countries which have an accreditation system.
This ensures that the water distributed in the pipelines is of impeccable quality.

=~
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THE ADVANTAGES OF ZINALIUM

~ Reference to the

European standard EN 545

European standard NFEN o5 Ductile iron pipes coated with an alloy of zinc and aluminium with or without other
French standard Cnmiabonin: A4t o metals having a minimum mass of 400 g/m? with finishing layer, together with ductile
- oS- a0 0201040 iron fittings coated with an electro-deposited coating having a minimum thickness of 5o
an el o o wate ppanes pm and applied on a blast-cleaned and phosphated treated surface, or coated with an

qui and test

epoxy coating in compliance with EN 14901, may be buried in contact with the majority
of soils, except:

French standard approved + acidic peaty soils;
+ soils containing refuse, cinders, slag, or polluted by wastes or industrial effluents;
+ soils below the marine water table with a resistivity lower than 500 Q-cm.

Analysis

(851 ©srmon o — g e

In such soils,and also in the occurrence of stray currents, it is recommended to use other
types of external coatings adapted to the most corrosive soils (see D.1, D.2.4 and 4.5.1).

Evidence of the long term performance of the above mentioned solution (e.g. tests and
references) should be provided by the manufacturer.

Corrections

©AFNOR207  AFNOR2007 19 issue 200702

In the relatively rare situations where use of
ZINALIUM coating is not suitable, Saint-Gobain PAM
also offers the TT range:
o TT PE: for pipe diameters between 8o and 700

N External coating made with high density
polyethylene that complies with the European
standard EN 14628

« TT PUX: for pipe diameters between 800 and 2,000

N External coating made with polyurethane
that complies with the European standard EN 15189

=~
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Boost your external
protection! Increase durability
three to fourfold!

& Weight {zinc or zinc-aluminium)
gim?
qo0 = On average, ZINALIUM has been shown to improve the lifespan of

Zine pipelines by three to four times compared with a 200g/m? zinc +
bitumen pore-sealer, resulting from the contribution of 3 effects:

Zinalium

[ - Specific effect of zinc-aluminium
B = « Doubling of the weight of zinc

- Replacing the bitumen pore-sealer with epoxy, which offers
e greater long-term stability.
Stamjard—-—l‘- Zinc 200 Length of active prot(;itai:sl; o
B EEEEE—
ZINALIUM

The more aggressive the soil, the greater aliy
the benefit of using ZINALIUM compared & %

with pure zinc! N qone

The extensive lab-based and in-the-field tests conducted to offer Saint-Gobain PAM a
considerable degree of objectivity when assessing the performances of ZINALIUM. The
diagram shown below highlights the improvement factor (with identical levels of zinc)
in relation to the aggressivity of the soil (relatively, compared with a soil with a standard
level of aggressivity, for a soil with an electrical resistance of 1,000 Q.cm). This diagram
was created using results from various comparative tests involving pure zinc and zinc-
aluminium alloy coatings.

100 3 ‘ ‘ Several key points
¢ | are wortn noting:
E } ® o } « ZINALIUM is always better than pure
< 10 - ® | e o F-4 | o @ zinc coating, where the weight of the
N i .ﬁ‘ —e=. ® metallic layer is identical
8 1 .—ﬁi‘i‘ - 1 ° - In mean test conditions reviewed, the
fg’ | ® ...o ® o | average improvement factor is greater
"a:'; } : ® % } than 2
E 11 ‘ ° B ° ‘ - In two thirds of cases studied, the
3 ; ‘ improvement factor lies between 2 and 60
S ; ; + In one third of the cases studied, the
E | | improvement factor lies between
0.1 ‘ ‘ 1and 2, but this is mainly the case for
0 H H-+H — — soils that do not have extreme levels
0 1 10 100 1000 of aggressivity.

Severity of test conditions

=
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LABORATORY RESEARCH

AV

Salt spray testing

The salt spray test is a preliminary corrosion resistance test to assess the level of external
protection. It is straightforward to perform and enables different coating solutions to be
quickly compared and contrasted.

Pure zinc and zinc-aluminium coatings, both with 200g/m2 of zinc, were compared in
3 configurations:

- Without an external protective layer (zinc or zinc-aluminium only) (1)

- With an external layer of bitumen pore-sealer (2)

- With an external layer of black epoxy (3)

The photos provided opposite show changes in the transformation process after 1,
26 and 180 days.

N Zn 200g9/m?

ZINALIUM

After 11 days After 26 days After 6 months
These tests lead us to conclude that:

+ Zinc-aluminium alloy performs better than pure zinc, irrespective of the external
protective layer used (none, bitumen pore-sealer, epoxy)

+ White conversion products appear later,and are less intense, with the zinc-aluminium alloy

+ The external protective layer slows considerably the appearance of red-coloured rust

« The protection provided by the external layer of epoxy is greater than the one provided
by the bitumen pore-sealer

However, salt spray tests are not able to reproduce the real soil damage to which buried pipes
will be exposed to. Further tests are therefore necessary in order to evaluate a new coating.

@
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ACTIVE AND LONG-TERM

Resistance in accelerated
corrosion testing

Sand and sea water
Immersion test

Sandthat has beensaturatedinsalty water
is a particularly aggressive environment. It
reproduces soil conditions found alongside
the coast. By varying the level of water it
is possible to increase the aggressivity of
the environment, and thus to simulate
variation in the level of groundwater
(experimental system shown opposite).

]
g
3
g
g
=

Varying water table level
Sea water (din 50905)

Duration

Pure zinc and zinc-aluminium coatings were
compared in 3 configurations, each with a black
bitumen pore-sealer over a two-year period:

« Pure zinc, 200g/m?

« Pure zinc, 600g/m?

« Zinc-aluminium alloy, 600g/m?

Visual inspection of the specimens
demonstrates the excellent performance
of the ZnAl coating (60og/m?):

- No damage observed to the ductile iron,
protected by the zinc-aluminium alloy

- Extensive rusting observed for both levels
of zinc-based coatings, 200 and 60og/m?



N Zn 2009/m*+ Bitumen filler

Detailed analysis of the corrosion electric
currents demonstrates that galvanic
protection is still effective after two
years with the zinc-aluminium solution,
whereas it only lasts between 400 and
500 days for both types of pure zinc-based
protective layers.

Clay and sand testing

Clayandsand are often found in soils in which pipes are laid. Corrosion cells are commonly
created by such a mixture in the soil.

This situation was reproduced in lab tests with clay samples taken from the Lesmenils site
(North East France) and with silica sand. A sodium chloride saline solution of 1,000 Q.cm
was used to humidify the sand.

Al Sand

Zn-Al 85-15

L e

Inspection of the specimens after 400 days of operation of the corrosion cells revealed
a clear difference in the performances of the pure zinc and the alloy.

« With pure zinc, clear rusting of the coupons was observed, when placed in clay or sand.

+ With the zinc-aluminium alloy, no sign of brown rust was visible. A slight whitish
colouring suggested a limited degree of transformation of the alloy, but the metallic
aspect of the alloy could still be seen on the coupons.

For the same weight of zinc, in this case 400g/m?, on the galvanized layer of the ductile
iron, the clay-sand concentration cell clearly demonstrated the beneficial role played by
the zinc-aluminium alloy in comparison to pure zinc. Corrosion current measurements
and the visual inspection enables us to calculate an improvement factor of at least four
in this specific situation:

« cell corrosion speed divided by four and

+ at least four times as long before the appearance of brown rust.

=~
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The resistance of the soil in the salt marshes
surrounding the Mont-Saint-Michel is close
to100Q.cm.This makesitanideal setting for
evaluating the performances of ZINALIUM.

As part of a series of on-site tests started
in 1986, pipe sections were burried in the
Mont-Saint-Michel test site and left in
place for 14 years. The pipes were installed
at a depth of around 1.2m. Some of the
pipes were placed vertically in the trenches,

in contrast with standard practice, so as to
simulate the phenomena of differential
aeration cells.

Pure zinc and zinc-aluminium coatings, on

which artificial scratches were made, were

compared in 2 configurations:

« Pure zinc, 200g/m*> and
pore-sealer

+ Zinc-aluminium alloy, 400g/m? and epoxy

bitumen

The photographs feature views of the pipes after 14 years in the ground. The following points

can be observed:

+The pipes have a white colouring due to the formation of zinc salts.

N Horizontally-laid pipes

-After 14 years spent in the ground, the pipes do not have any trace of brown rust in this
particularly corrosive soil, both for the pure zinc coating and the zinc-aluminium coating.
«Scratches caused by scraping were protected by a healing layer.

N Vertically-laid pipes

+With the pure zinc coating, we can see there is extensive localized rusting of the
ductile iron. This area corresponds to the part of the pipe that is furthest from the
surface of the soil. A differential aeration cell is the reason for this reaction.

The zinc-aluminium alloy-based coating has not been affected by the concentration cell.
There are no visible signs of attack on the ductile iron.

ZINALIUM Edition 2009-1
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TRIED AND TESTED IN THE FIELD
OVER A LONG-TERM PERIOD

On-site testing at
Mont-Saint-Michel

Zn 200g/m?
+ bitumen paint VBI 8opym

N Vertically-laid pipe

ZnAl 85-15 400g/m* + epoxy 100um
N Vertically-laid pipe

This field test confirms:

N The good performance of ZnAl 85-15
alloy-based coatings in highly corrosive
conditions, after 14 years of exposure.

N The protection and healing of
scratches were apparent with both the
zinc-aluminium alloy and the pure zinc.

N The zinc-aluminium 85-15 alloy
performed significantly better in
concentration cell conditions.



N

The performance of the zinc-aluminium
85-15 alloy has also been studied in soils
containing low electrical resistance
gypseous marl, soo Q.cm, in Rhodes
(North East France). The pipes were laid in
1985 and removed in 1998.

Pure zinc and zinc-aluminium coatings were
compared:

« Pure zinc, 350g/m? and epoxy

« Zinc-aluminium alloy, 350g/m? and epoxy

The photographs feature views of the pipes

after 13 years in the ground. With the same

weight of zinc and the same pore-sealer, the
following points can be observed:

+ Pipes coated with pure zinc have
significant white colouring due to the
formation of zinc salts

- Pipes coated with the zinc-aluminium
alloy have no white colouring, which is
explained by the very low consumption
of the zinc reserve

« Scratches that appeared on the zinc-
aluminium alloy coated pipes (white
marks on the left) are covered with a
protective layer by the zinc salts

On-site testing in Rhodes
(North East France)

A Pure zinc

N Zinc-aluminium
alloy

Analysis using a microprobe (electronic microscope used to map chemical element
content) highlights a limited progression of oxidation only on the external coating.

<k s

Al Element O

Element

Element X
High in Low in
element X element X

On-site testing confirmed:

* The clear superiority of the zinc-aluminium
alloy 85-15, compared with pure zinc

« The reality of the phenomenon of healing " 2" the tests the pure zinc coating

(200g/m?) returns good performance

ofscratches) both with the zinc-aluminium levels. The ZINALIUM coating goes further

still, providing excellent protection.

alloy and the pure zinc

=
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TECHNICAL DATA FOR
THE ZINALIUM COATING
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AN
Electrochemical

data

Ductile iron

Iron is the main component of ductile iron,

which also contains around 3% carbon and Zinc aluminium alloy

3% silicon.
Alloy wires produced in plant, then atomized in fine droplets using an electric arc
Electrochemical potential of iron (Fe): spray torch.
. Weight
Fe** + 2e~ 2Fei -0.44v _ o
4oog/m2 Zinc aluminium diagram
(at least) 700 - . . .
Thickness 600

Zinc-aluminium .
Approximately 500
aIon 70UmM

Electrochemical potential of zinc (Zn):

400

Temperature in °C

Pure zinc (99.99%) 300 1 282°C (2n)
Electrochemical potential of zinc: 2001 ~
100 T =
Zn* +2_e- 2Zn() -0.76V %8I
0 2Io 4Io alo slo 100
Electrochemical potential of aluminium (Al): % of Zn in weight

Pure aluminium (99.5%)

Electrochemical potential of aluminium: Epoxy

3+ - = _ Chemical properties
AT +3_e <_AI(S) 1.66v Epoxy coating: two-pack epoxy with high-

covering capacities

Thickness

CO”CIUSion Nominal thickness of 120pm, with
j00gm average minimum and 8opm

Iron, which has a higher electrochemical occasional minimum
potential than zinc, is protected by the
fact that zinc will always corrode the first. Colour
Aluminium should also corrode before iron,
but after the formation of a fine layer of
alumina (aluminium oxide, Al203) corrosion
ceases and no longer spreads.

Light blue — RAL 5012 for Natural pipes
Ultramarine blue — RAL soo2 for Blutop

pipes

=
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QUAI.ITY, ORGANIZATION

AND SUSTAINABLE DEVELOPMENT
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BAINT-GOBAIN PAM
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Al /SO go01

Developmentundertaken by Saint-Gobain PAMis performed
in accordance with an SO goo1-compliant quality
management system.Compliance with ISO goo1 s certified
by an independent body, Bureau Veritas. This certification
covers design, manufacturing and distribution.

ATTESTATION
N°CB188/08/1961786/1.C.TG N°1

The undersgned, Thiery GARCIA, Suveyor acing wiin the scope f the general condilons of
Division France of BUREAU VERITAS and at the request

SAINT-GOBAIN PAM
91, Avenue de la Libération
54076 Nancy Cedex

Certifis having examined the SAINT-GOBAIN PAM technical documentation related to the following
product ranges for drinking water networks

BLUTOP

And the Reports by bodies authorized by the General Direction of Health in the frame of the *Arrété du
29 mai 1997" (French regulation) related to materials and items used in fixed facilties of production
treatment and distribution of potable water for human consumption and concening the following
materials.

- the internal surfa

T Pl vaod m ccming gushee,

- Lubricant paste for sealing gaskets

From the examination of these documents, it is concluded that the materials listed here above and
used by SAINT-GOBAIN PAM for manufacturing s products all have an “Attestation de Conformite
Sanitaire’ (‘ACS", French Regulation). They conform to the appiicable requirements of the articles 2
and 5 of the "Arrélé du 29 mai 1997 and of “Décret N2007-49 du 11 janvier 2007, article R. 1321-
48", and can be fully used for the distribution of drinking waer.

Wiaterials [Application [Attestations

BLUTOP Range Pipos and fifings DN 90, 110, 125

Bius epoxy vamish oaling of e ppe joint | BWATLY133 exp 0T/04/Z
ea OTMATLY0S4 exp 12/04/12

Fusion bounded epoxy Coating of fittings (03MATNY083 exp 27/05/08 "

OSMATLY076 exp 07/09/10
Polymetc coaling Ducian Dipes i
PN Seal ings for pipes and | O7WATLY131 exp 25103712
fitings

Lubricant pasie o sl ppes and | Aceepancs DGS did 09052007

tings
" Ranowat uncer

 Franch rgulaton o irican paste sl ot aviale.

S—
e r‘"l_,.

m« Garcia
‘Surveyor Industry Departmen, Motz

ANACS

ZINALIUM coating complies with French legislation
regarding materials that are suitable for contact with
drinking water. The external epoxy pore-sealer, which
may come into contact with drinking water (especially
pipe spigots) has been granted a health & safety
attestation of conformity (ACS). Similar certificate have
been obtained in European countries with equivalent
health and safety systems (Germany, the United
Kingdom, Italy, Belgium, the Netherlands, etc.).

/] /] /]
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A\l /SO 14001

All of Saint-Gobain's sites in France have been ISO 14001-certified since
2009 by independent, accredited bodies (Bureau Veritas and AFAQ).

An environmental policy has been implemented, with measurable
targets that are regularly monitored. This has helped to create
a “virtuous circle”, in which continuous improvement of our
environmental performance is actively encouraged and supported.
This certification also acts as the basis of the environmental stream
of Saint-Gobain PAM's commitment to sustainable development.
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N EN 545

ZINALIUM coating complies with the
European standard EN 545. Appendix D.2.3.
details the fields in which ZINALIUM-
coated pipelines may be used.
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SAINT-GOBAIN

PAM

Head office
91, avenue de la Libération
54000 NANCY CEDEX

Marketing Department

21 avenue Camille Cavallier
54705 PONT-A-MOUSSON
CEDEX

tel : +33 (0)3 83 80 73 50

www.pamline.com

—_ =
=~

PAM ALGERIA

SAINT-GOBAIN PAM ALGERIE

Zone Industrielle Sidi Abdelkader -
Ben Boulaid

BP 538 - 09000 BLIDA

Tel:+ 213253929 14/15

PAM THE ANTILLES

SAINT-GOBAIN PAM

Direction Régionale Antilles

Rue Alfred Lumiére — BP 2104 - Jarry
97122 Baie Mahault - Guadeloupe
Tel: +3359026 7146

PAM ARGENTINA
SAINT-GOBAIN
CANALIZACION ARGENTINA
Bouchard y Enz

1836 LLAVALLOL

BUENOS AIRES

Tel : + 54 11 4298 9600

PAM AUSTRALIA
SAINT-GOBAIN PAM
4-6 Colbert Road
Campbellfield,

Vic 3061 - Australia
Tel : + 61393586100

PAM AUSTRIA

SAINT-GOBAIN GUSSROHR-
VERTRIEB OSTERREICH GmbH
Gussrohr Vertriebs Osterreich
Archenweg, 52

A6020 INSBRUCK

Tel: + 435123417170

PAM BELGIUM
SAINT-GOBAIN PIPE SYSTEMS
Raatshovenstraat, N°2

3400 - LANDEN

Tel: +3211880120

PAM BRAZIL

SAINT-GOBAIN CANALIZACAO
Praia de Botafogo n° 190

7° andar

27250-040 RIO DE JANEIRO -RJ
Tel: + 55212128 1677

PAM CHILE

SAINT-GOBAIN CANALIZACION
CHILE

Antillanca Norte 600

Parque Industrial Vespucio

Lo Echevers

Comuna de PUDAHUEL - SANTIAGO
Tel : + 562 444 13 00

PAM CHINA
SAINT-GOBAIN PAM CHINA
1812, Ocean Tower

550 East Yan’ An Road
SHANGHAI 200001
Tel: + 862163612152

PAM COLOMBIA

PAM COLOMBIA S.A.

Terminal Terrestre de carga de Bogota,
etapa 1, Bodega 9, modulo 3

Km 3,5 costado sur autopista

Medellin

Cota - Cundinamarca Colombia

Tel:+ 57 (1) 841 58 33

PAM CZECH REPUBLIC
SAINT-GOBAIN PAM CZ s.r.0.
Polygon House

Doudlebska 5/1699

140 00 PRAHA 4

Tel : + 420 246 088 620
SAINT-GOBAIN PAM CZ s.r.0.
Tovarni 388

267 01 Kraluv Dvur

Tel : + 420311712680

PAM FINLAND
SAINT-GOBAIN PIPE SYSTEMS
Nuijamiestentie 3A

00400 - HELSINKI

Tel : +3589 25125510

PAM FRANCE
SAINT-GOBAIN PAM

91, avenue de la libération
54076 NANCY CEDEX
Tél:+ 33383952000

PAM GERMANY
SAINT-GOBAIN PAM
DEUTSCHLAND
Saarbrucker Strasse 51
66130- SAARBRUCKEN
Tel : + 4968187 010

PAM GREECE

SAINT-GOBAIN SOLINOURGEIA
5 Klissouras Street

GR - 14410

METAMORFOSI, ATHENS

Tel : + 30210 28 31 804

PAM HONG KONG
SAINT-GOBAIN PIPELINES
H15 F - Hermes Commercial Centre

4-4A Hillwood Road - Tsim Sha Tsui, Kowloon

HONG KONG
Tel : + 85227357827

PAM INDIA

SAINT GOBAIN PAM
Grindwell Norton Ltd

5th Level, Leela Business Park
Andheri-Kurla Road

MUMBAI 400 059

Tel: + 912240212121

PAM ITALY

SAINT-GOBAIN PAM ITALIA
Via Romagnoli n® 6

20146 MILAN

Tel : +390242 431

PAM MEXICO

SAINT-GOBAIN CANALIZACION
MEXICO

Horacio 1855-502

Los Morales - Polanco
MEXICO D.F

Tel: + 52 55 5279 1600

PAM NETHERLANDS
SAINT-GOBAIN PIPE SYSTEMS
Markerkant 10-17

1316 ALMERE

Tel: + 31365333344

PAM NORWAY

SAINT-GOBAIN VAN OG AVL@P
c/o Maxit

Brobekkveien 84

0582 OSLO

Tel : + 47 23 17 58 60

PAM PERU

SAINT-GOBAIN CANALIZACION
PERU

Avenida Los Faisanes 157
Chorillos LIMA 09

Tel: 4+ 5112524035

PAM POLAND
SAINT-GOBAIN WIK

Ul. Cybernetyki 21

PL - 02-677 WARSZAWA
Tel : +48227514172

worldwide - always close at hand

PAM PORTUGAL

SAINT-GOBAIN PAM PORTUGAL
Torre Zen - Parque das Nagoes
Av.D. Jodo I, Lt. 1.17.01 - 12° piso
1990084 LISBOA

Tel : + 351218925 000

PAM LA REUNION

SAINT-GOBAIN PAM

Agence Régionale Océan Indien
16, rue Claude Chappe

ZAC 2000

97420 LE PORT - lle de la Réunion
Tel:+33262551534

PAM ROMANIA

SAINT-GOBAIN CONDUCTE

S Park Str. Tipografilor nr. 11-15
Sector 1-Cod 013714
BUCHAREST

Tel: + 4021207 57 25

PAM SLOVAKIA
SAINT-GOBAIN
CONSTRUCTION PRODUCTS
Cementarska 15

900 31 STUPAVA

Tel: + 4212603010 64

PAM SOUTH AFRICA
SAINT-GOBAIN PIPELINES SOUTH
AFRICA

275, Stephenson Road
PRETORIA Industrial

GAUTENG

Tel: + 27 12 380 4600

Fax: + 27 12 386 2664

PAM SPAIN

SAINT-GOBAIN PAM ESPANA
Paseo de la Castellana n° 77
Edificio Ederra - Planta 10
28046 MADRID

Tel:+34 91397 2000

PAM UNITED ARAB EMIRATES
SAINT-GOBAIN PAM

PO BOX 47102

Building n° 1092 - Villan° 7
(next to Ministry of Justice)
Muroor Road, Abu Dhabi - U.A.E
Tel: +97124482010

PAM UNITED KINGDOM
SAINT-GOBAIN PAM UK
Lows Lane -Stanton-by-Dale
ILKESTON

Derbyshire DE7 4QU

Tel : +44 115 930 5000

PAM VIETNAM
SAINT-GOBAIN PAM

17 Ngo Gia Thieu

District 3, Ho Chi Minh City
Tel : + 84 839307273

The information given in this catalogue, including the illustrations, is to the best of our knowledge, correct at the time of going to print. Product development and improvement imply that we reserve the right to modify designs shown in this brochure without prior notice.
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