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come to Canada for five years to earn
a bachelor of engineering degree.
Besides adjusting to our bland
Canadian food and
obsession with hockey,
they dutifully faced
the challenge of
attending classes and
reading textbooks that
were available only in
English. Inevitably,
there were some com-
munication barriers in
the classroom, but
most of these students
managed to earn their
degrees.

Today I find myself
engaged in the task of
communicating tech-
nical information to
engineers and architects who practise
their professions in China. As manag-
er of communications for the Nickel
Institute, I oversee a new Chinese-
language web site, www.ni-china.org,
which presents all the Chinese-lan-
guage resources the Nickel Institute
has to offer, free of charge (see
announcement on page 2 ).

The Nickel Institute is committed
to providing as much information to
engineers and architects in non-
English-speaking countries in their
native language as is possible within
the constraints of our resources. That
is not to say I am fluent in Mandarin.
However, I do have access to metal-
lurgical professionals in our Beijing
office and at universities here in
Canada who can translate our techni-
cal information.

Why is this important? Quite sim-
ply, China is the most populous

country in the world and the Chinese
people deserve the same quality and
supply of fresh water, food, and envi-

ronmentally clean
energy as we enjoy in
the developed world.
In many cases, nickel
containing materials
play a necessary role
in providing the
essentials of life. By
communicating the
technical informa-
tion that is needed
for the appropriate
use and re-use of
nickel-containing
materials, we hope to
contribute to China's
ongoing develop-
ment and its living

standards.
Users of our web site have so far

demonstrated a keen interest in stain-
less steels used in the treatment and
distribution of potable water and in
the treatment of waste water. Other
areas of interest include architectural
applications, flue gas desulphuriza-
tion, and chemical processes. And as
two stories in this issue of Nickel
Magazine show, duplex stainless steel
is in demand at several large highway
bridge projects in Hong Kong.

Whereas only the wealthiest of
Chinese students could attend engi-
neering school in Canada in the
1980s, today significantly more stu-
dents can obtain a wealth of knowl-
edge on the Internet. We hope that,
with the launch of www.ni-china.org,
more students of engineering and
architecture will become aware of the
benefits of nickel-containing materials.

IN THE 1980S, ABOUT 10 PER CENT OF MY UNIVERSITY CLASSMATES WERE CHINESE.
For them, Wolfville, Nova Scotia, was a long way from home, yet they had bravely
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Editor

RESIDENTIAL WATER STORAGE tanks
in Asia are commonly stainless steel.
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Extending the Life of Old Incinerators
How nickel alloys are handling today’s corrosive waste streams

inuse
T H E L A T E S T N I C K E L A P P L I C A T I O N S W O R L D W I D E

O ngoing research at a Danish uni-
versity is showing that N06625,
a nickel-chromium-molybdenum

alloy, remains the best choice of alloy to
combat the increasingly corrosive environ-
ment of waste-to-energy (WTE) incinera-
tion plants.

Since landfilling is discouraged in
Denmark, almost all of the country’s
municipal waste ends up at WTE plants
originally built from primarily low-alloyed
carbon steel. But waste is becoming more
corrosive, possibly as a result of increasing
contents of polyvinyl-chloride which leads to
the formation of hydrochloric acid when
incinerated. Therefore demand for corrosion-
resistant alloys is rising.

Meanwhile, European plants are being
modernized not only to adhere to stricter EU
legislation, but also to increase efficiency and
reduce maintenance and operational costs to
be competitive in a common market.

Over the past decade, N06625
has become a popular solution to
corrosion in European WTE
plants, usually in the form of a
weld overlay on the existing
structure. The alloy is
known for its 

strength at high temperatures, excellent
corrosion resistance, and resistance to
intergranular attack and stress corrosion
cracking.

Denmark-based Babcock & Wilcox
Vølund, one of the main suppliers to
European plants, reports that it has sold
about 5,000 square metres of nickel-alloy
protected heat exchanger surfaces to about
30 separate WTE plants up to 2004.

But in a recent study presented at the
annual conference of NACE International,
researchers from the Technical University
of Denmark tested the per-
formance of other nickel-
based alloys similar
to N06625. They
wanted to see
if there was
a better

alternative that could handle the increas-
ingly corrosive waste at Haderslev,
a WTE plant commissioned in Denmark 
in 1993.

Their conclusion was that N06625
showed similar corrosion resistance to
N06686 and is not as susceptible to
dendritic attack as N06022. Therefore,
because N06625 is the least expensive of
the three alloys, it remains the most
practical choice for corrosion resistance
in WTE plants.
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MORE INFORMATION:
www.nickelmagazine.org/incinerators



High-nickel alloy N06025 may some day challenge N08330 as
the workhorse material for baskets and fixtures in the car-

burizing of steel automotive gears and other components.
To enhance wear resistance of automotive gears, they are typi-

cally exposed to a hydrocarbon gas, such as acetylene. This is done
at high temperatures, where carbon can diffuse into the metal,
forming an austenitic surface layer with about 0.8 to 1.0% carbon.
Upon quenching, the high carbon austenite transforms to
martensite, producing a hardened layer at the surface of the gears.

Carburizing automotive gears has traditionally been carried
out, and to a large extent still is, at temperatures of about 900°C.
There is a growing trend to even higher temperatures, however, in
the range of 940 to 1,040°C, to decrease carburizing times and
losses by distortion, and thereby increase throughput, produc-
tion, and revenue.

Baskets of N08330 suffer from carburization even at 900° C,
and eventually crack and distort beyond further use, commonly
after eight months or so. N06025, on the other hand, has shown
no distortion in trial runs to date, even after 12 months of service.

More Efficient Carburization
Makers of auto parts can harden components more efficiently at higher temperatures

BASKETS THAT HOLD auto parts in vacuum carburizing furnaces must be
made of an alloy that can withstand many trips to the furnace.
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Assembling Nano-Scale Electronics

O ne of the main challenges of working
with nano-scale structures is moving

them into position so that they can fulfill
their purpose. But a team of researchers at
the University of Wisconsin-Madison in
the U.S. has come up with a novel way to
manipulate these structures, using nickel.

The researchers found they could manoeu-
ver nanowires using magnetic fields by elec-
troplating the wires with nickel. The original
objective was to study the mechanical prop-
erties of nanowires, but the research may
one day prove commercially useful in posi-
tioning wires in tiny electronic systems.

“We used nickel because it is magnetic;
that allows us to use magnetic fields to
move and position the nanowires,” says
Anne Bentley, a member of the team. “We
could have used another magnetic metal,
but nickel is very easy to electro-deposit.”

Bentley and her colleagues made the
nanowires by electro-depositing a 3-
micron-thick layer of nickel into the pores
of an alumina membrane, followed by a 7-
micron layer of bronze alloy (a mixture of
tin and copper) and a final 3-micron coat-
ing of nickel. After the alumina was dis-
solved, the researchers were left with 200-

nanometre-diameter bronze wires coated
with nickel.

The nickel-copper-tin nanowires were
then suspended in ethylene glycol and
spun around by applying a rotating mag-
netic field. Bentley says this technique
could be used to manipulate any kind of
nanowire material that can be electro-
deposited.

Pure nickel nanowires could eventually
be used in magnetic data storage devices.

Nickel nanowires prove easy to manipulate magnetically

PURE NICKEL NANOWIRES, 200 nanometres in diameter, are oriented randomly (left) before a magnetic field is applied (right).

MORE INFORMATION:
www.nickelmagazine.org/carburizing

MORE INFORMATION:
www.nickelmagazine.org/nano
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A desire by car manufacturers to reduce corrosion in critical
fuel system components has led to a sharp increase in the

replacement of carbon steel with stainless steel components.
“In 2004 we used 4,300 tonnes of S30400 and

S30403 for automotive applications, compared with
2,400 tonnes in 2002,” says Paul Evers, director of
technology for Associated Tube Industries in
Markham, Ontario, Canada.

“Manufacturers are trying to make cars last longer, and for
critical fuel parts, they do not want fuel leaks,” says Evers. “In antic-
ipation of using alternate fuels, which tend to be more corrosive,
and for longer life in general, they decided to manufacture certain
components using material that is more resistant to corrosion.”

The fuel filler tube, which extends
down into the gas tank, has tradition-
ally been fabricated from carbon steel,

then coated to give it some corrosion-
resistance. But in 2002, Associated Tube

began receiving orders to fabricate filler tubes
from S30403. Currently about 128,400 units are

being produced every month (45 tonnes of S30403), and
by the third quarter of 2005, this rate is expected to increase

to 192,500 units (68 tonnes of S30403).
The fuel filler tubes vary in length from 23 to 114 centimetres

(cm) and are made in outside diameters of 2.71 and 2.62 cm. They
are roll-formed and seam-welded from flat coil stock. Associated
Tube uses two thicknesses: 0.889 and 0.508 millimetres (mm).

For the engine end of fuel systems, Associated Tube fabricates
five different fuel rail tube designs (see photo, above) from S30403;
it then sells these to a fabricator of completed systems that deliver
fuel to engine combustion chambers. Flat coil stock 0.889 mm
thick is roll-formed into round tubes ranging in length from 30.48
to 45.72 cm, then seam-welded and further formed to give them
square, trapezoidal and other shapes in cross-section.

Monthly production of the S30403 trapezoidal fuel rails, to cite
one example, is currently 70,000. Production will double in
December 2005, then double again to almost 300,000 units a
month by 2007.“Stainless supplied to manufacturers of fuel-hand-
ing systems has taken off in the past five years,” says Evers.

Stainless Fuel Handling Components in Demand
Car makers are upgrading materials in anticipation of alternative fuels becoming more popular

THE CHRYSLER PT CRUISER is one of six 2005 models using S30403 
stainless steel fuel rail tubes (top) which distribute fuel to the cylinders. 

inuse

MORE INFORMATION:
www.nickelmagazine.org/fuel
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Stainless Fuel Handling Components in Demand

The future for nickel batteries lies with elec-

tric vehicles as well as other potential appli-

cations such as hobby batteries, telecommuni-

cations and electric bikes, says a new report on

the global nickel battery market from Frost &

Sullivan, a New York-based research service.

Traditionally, the industrial sector has been

the main end-user of nickel batteries, including

nickel-cadmium (NiCad) and nickel metal

hydrides (NiMH). That’s because the batteries

have high discharge rates and are relatively inexpensive and

resistant to harsh environments and fluctuations in temperature.

Recent growth in portable devices, such as laptops and mobile

phones, has diversified the market.

However, the repor t warns that unless nickel batter y

manufacturers make a significant investment in research and

development, they risk losing more market share to newer battery

chemistries that have enhanced features,

such as longer run times, decreased

weight, and compact size. These newer

battery chemistries include lithium-ion (Li-

ion), lithium ion polymer (Li-ion Poly) and

lithium sulphur.

“With the threat of substitution by newer

battery chemistries, there is an urgent need

to incorporate additional features such as

miniaturization, por tability and greater

energy density,” say the authors of World Nickel Battery Markets.

“Further, rigorously finding new applications or geographical regions

in order to ensure market expansion remains the prime challenge for

future growth.”

ELECTRIC BIKES are a small part of a 
US$1.8-billion-per-year market for batteries. 

MORE INFORMATION:
www.nickelmagazine.org/batteries

Rechargeable nickel batteries need to pack more energy
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Some 1,250 tonnes of stainless steel
S31600 (containing 12% nickel) and

duplex stainless steel S32205 (containing 5.5%
nickel) will be used to reinforce select portions
of the concrete piers and deck of a major
three-lane highway bridge in Hong Kong.

Stretching 3.2 kilometres over a body of
salt water known as Deep Bay, the bridge
will connect Ngau Hom Shek and the Hong
Kong Shenzhen Western Corridor.

Marine environments are hard on con-
crete structures that have been reinforced
with carbon steel reinforcing bar: moist,
salty air makes its way into the concrete, and
chlorides attack the reinforcing bar. In such
cases, rust can build to a volume three to
seven times that of the original steel. The
rust weakens the bond between the concrete
and the metal and causes the concrete to
crack, in which case extensive maintenance
may be required in as little as 15 to 20 years.

In such cases, designers usually recom-
mend S31600 stainless steel, but the Hong
Kong Highways Authority has gone one step
further in some areas of the bridge by
choosing S32205 duplex stainless steel. The
use of S32205 should prevent the need for
extensive maintenance for at least 120 years.

Although concrete structures built in
marine environments using S30400 stain-
less steel rebar have been known to last
more than 60 years, almost everyone rec-
ommends S31600 where there are signifi-
cant amounts of chloride. The resulting
maintenance-free period, therefore fully
justifies the higher initial cost of the judi-
cious use of stainless steel in this project.

The Shenzhen Western Corridor bridge is
expected to cost US $2.7 billion, according to
its owner, the Hong Kong Highways Authority.

The S31600 and S32205 reinforcing bar is
being supplied by Arminox Australia in
diameters ranging from 16 to 40 millimetres.
The contractor is Gammon Constructions
Ltd. Arminox is also supplying processing
equipment and training to ensure the stain-
less steel is not contaminated.

Stainless steel rebar means Shenzhen Western Corridor Bridge will be maintenance-free for 120 years

Bridging The Gap
inuse

MORE INFORMATION:
www.nickelmagazine.org/shenzhen
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MORE THAN A THOUSAND TONNES of duplex stainless steel S32205 reinforcing bar will be used 
in diametres ranging from 16 to 44 millimetres in this 3-lane bridge over Deep Bay in Hong Kong.



ts deck will soar 75 metres above the
entrance to Hong Kong’s Kwai Chung
container port, and its two pole towers
will rise 290 metres into the sky. When
it is completed, in 2008, the 1,600-
metre-long Stonecutters Bridge will be

a key component in China’s global trade activity.
The difficulty of providing access to, and per-

forming maintenance on, the upper part of the
towers, prompted the designers at Arup Hong
Kong to insist on a 120-year maintenance-free
service life. To satisfy the rigorous structural and
surface finish requirements, Arup Materials
Consulting in London, England, chose S32205
duplex hot-rolled plate (containing 4.5-6.5%
nickel) to form the top 120 metres of the towers.
About 2,000 tonnes of S32205 will be used.

Arup also specified S30400 stainless steel rein-
forcing bar (containing 8-10.5% nickel) in the
concrete piers and main tower splash zones.
Italian-based Cogne will supply 2,882 tonnes of
rebar in diameters of up to 50 millimetres (mm).

Arup Hong Kong is supervising the four-year
construction, while assuming responsibility for
all engineering (civil, structural, mechanical, elec-
trical and geotechnical), as well as traffic-, wind-
and marine-related work. COWI Consulting
Engineers and BMT Asia Pacific Ltd. are providing
support to Arup. The international consortium
Maeda-Hitachi-Yokogawa-Hsin Chong Joint

It might not last as long 
as the Great Wall, 
but Hong Kong’s 
Stonecutters Bridge 
has been designed 
to last 120 years.

I
CURVED PLATES of S32205 duplex stainless steel will form the bridge’s 290-metre towers. 

Concrete will be poured into the structural ‘cans’ formed by the bolted plates.
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MORE INFORMATION:
www.nickelmagazine.org/bridge

There was another reason for discounting
standard austenitic stainless steel: long-term per-
formance in this polluted marine environment
would have required a carefully controlled surface
preparation. The durability assessment of the
environment in which these materials are
expected to perform is C5M, the worst atmos-
pheric exposure possible under the ISO envi-
ronmental classification.

S32205 is ideal for the finish the designers
specified. “S32205 is less susceptible to pitting and
staining than other candidate alloys, and allows us
more flexibility in the choice of final surface fin-
ishes,” Gedge explains. “The control of final sur-
face roughness becomes less critical, even if it will
trap some dirt and salt.”

A matte, non-directional finish was chosen,
partly for aesthetic reasons but mainly to simpli-
fy fabrication. To ensure success at the design
stage, Arup contracted Ancon Building Products
in Sheffield, England, to fabricate a full-size pro-
totype of a skin section. The prototype also
enabled us to produce the required finish and
ensure that the welds are not obtrusively visible.
The combination of duplex towers and stainless
steel reinforcing bar should result in a bridge that
will endure.

Venture won the US$350-million construction
contract. Outokumpu of Sweden is supplying the
S32205 and the welding consumables.

Curved S32205 plates, most of which are 20
mm thick, will be welded and bolted together to
form the skin. Plates will be welded together to
form a section size appropriate for lifting. The top
and bottom of each section will have a 25-mm-
thick, 130-mm-wide structural flange so that
adjacent sections can be bolted together.

Assemblies of bolted-up sections will then be
lifted into place to form a structural “can” into
which concrete will be poured. About forty-thou-
sand 300-mm-long S32205 studs, 16 mm in diam-
eter, will be welded to the back of the plates on
300-mm centres, providing the necessary bond to
the concrete. Loads will be transferred from the
concrete to the skin and the flanges.

In seeking material for the skin, designers
decided that although carbon steel had the neces-
sary structural strength of 450 Newtons per mm2,
it did not offer the required zero maintenance.

“The strength that was required could not be
met by an austenitic stainless steel, which has a
design strength of about 300 N/mm2, explains
Graham Gedge, Arup’s specialist in project
materials. “It had to be thicker and thus heavier
and more expensive: with S32205, we knew we
could achieve a strength of 450 N/mm2 with hot
rolled plate.”

An ar t ist’s  conception of
Hong Kong’s  Stonecutters  Br idge
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Fast Assembly, Low Maintenance
Stainless steel swimming pools are making a big splash in North America

When the world’s top swimmers
reach for the finish line, more
and more of them are touch-

ing a surface of coated stainless steel.
Pools made of modular stainless panels,

have featured in a string of major interna-
tional competitions. In July 2005, seven
Olympic-sized stainless steel pools were
erected in Montreal for the Fédération
Internationale de Natation championships,
the world’s première amateur swimming
competition. The Canadian distributor
for Italy’s Myrtha Pools, Keith Richardson,
calls the event “a major challenge for the
swimming pool business.”

His company, Nationwide Commercial
Aquatics, has erected 45 stainless steel pools
across Canada since 1998. Metal-sided
pools have long been used in Europe. There
are 10,000 commercial-sized Myrtha Pools
worldwide, and ten times that number of
private ones. Increasingly, customers are
choosing them over traditional concrete-
and-ceramic-tile pools, thanks to competi-
tive pricing and significantly lower mainte-
nance costs.

Building a stainless steel pool is no less
expensive than using other materials, says
Richardson, however the buyer of a munic-
ipal-sized version will save about $15,000 a
year in operating and maintenance costs.
“That’s what sells these pools.”

The pools are built on concrete slabs
with the vertical walls fashioned from 90-
centimetre-wide panels of S30400 stainless,
typically two millimetres thick. The panels
are bolted together and held in place with
horizontal and vertical braces, also made of
S30400, though S31600 stainless steel is
used if the pool is likely to be exposed to a
marine environment or acidic soil.

S30400 is commonly used for pool fit-
tings and “has a proven track record,”
Richardson says. Customers tend to be
wary of departing from concrete construc-
tion, but “by using a grade proven in this
environment, we can allay this concern.”

Municipal pools are usually about 25 by
15 metres and require roughly 200 square
metres of stainless and another 200 kilo-

grams of bolts and other hardware.
Olympic-size pools are double that size and
so require twice as much metal to construct.

The inner surface of each panel is coat-
ed with a layer of polyvinyl chloride, which
is solvent-welded once the panels are con-
nected to produce a smooth, impermeable
finish that is easily painted with pool mark-
ings. The coating allows the panels to be
assembled without welding, ensuring qual-
ity and reducing installation costs.

Despite constant exposure to humidity,
moisture, and vapour from chlorinated
water, stainless steel pools are durable: the
oldest, installed in Europe, is more than forty
years old.While Myrtha has used carbon steel
to build some pools, Richardson says the
metal cannot match stainless steel’s ability to
resist corrosion in a hostile environment.

SHEETS OF S30400 and S31600 stainless steel, two millimetres thick, bolted together and held in
place with braces, form the walls of swimming pools in many parts fo the world. 

MORE INFORMATION:
www.nickelmagazine.org/pools
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A U.S. company has developed a process to dispose of the
effluent waste from the U.S. Army’s destruction of chem-
icals used in the production of nerve agents. The process

relies on a commercially pure grade of nickel sheet and tubing.
Pennsylvania-based U.S. Filter tested seven alloys to see how

they would perform in its wet air oxidation process, a proven
wastewater treatment system that is being adapted to break down
and destroy the compounds as an alternative to incineration.

Only N02200 and N02201 were able to withstand the highly
corrosive process when exposed to the neutralized chemicals. Both
grades are 99 % nickel, with traces of copper, manganese, silicon,
carbon and iron.

“We tested a spectrum of materials; pretty much everything
failed in one case or another except for the pure nickel,” says Clay
Maugans, a hydrothermal research specialist with a U.S. Filter sub-
sidiary, Zimpro Products, in Rothschild, Wisconsin, U.S.A.

As a first step, DF and QL (precursors used to make chemical
weapons) are neutralized in water, rendering them useless for
weapons production and, as a result, safe to transport. The neu-
tralization will be completed as part of a U.S. Army program to
fulfil commitments under an international tready, the Chemical
Weapons Convention, to dispose of chemical warfare material. The
Zimpro process uses dissolved oxygen to break down the remaining
organic contaminants, leaving water pure enough to be discharged.

Oxidation occurs at temperatures ranging from 150 to 320 °C
and at pressures from 10 to 220 bar. For Zimpro, the challenge was
finding a metal that would hold up under these conditions for at
least a year – the time needed to dispose of the wastes.

“Hydrothermal processing is incredibly corrosive,” says
Maugans, “The hotter you get it, the more corrosive it becomes.”
“The same processes that makes the water tear apart the [chemi-
cals’] molecules also makes the water want to tear apart the metal.”

For the pilot project, samples of seven metals were inserted in a
test reactor and immersed in the
neutralized materials for 300 hours,
at a maximum temperature of
300° C and at a pressure of 160 bar.
Zimpro’s test results indicate that
three grades of nickel alloy cracked,
and a sample of titanium showed
evidence of hydrogen embrittle-
ment. While some mild pitting was
discovered on the nickel samples,
the problem turned out to be the pH
of the start-up water used in the

tests. “Once it was adjusted, they came through with flying
colours,” says Maugans.

The company chose N02200, which contains slightly more car-
bon than N02201 (a maximum of 0.15 %, compared to the 0.02 %
maximum found in N02201).

A full-scale processing plant is being designed and engineered
for installation at Texas Molecular LLC, a commercial treatment,
storage and disposal facility in Deer Park, Texas. The nickel is being
used in all areas that will be exposed to the pressurized, heated
water. Tubing and heat exchangers are fashioned of solid nickel
and the twin cylindrical reactors – each one roughly 1.2 metres in
diameter and 15 metres tall – are lined with sheet 3.2 millimetres
thick that has been explosively bonded to carbon steel. In all,
Maugans estimates the plant will use 18 tonnes of N02200.

THIS WET AIR OXIDATION testing facility was used to test seven alloys 
for the U.S. Army’s nerve agent destruction program. N02200 was chosen.

WET AIR OXIDATION takes place at temperatures ranging 
from 150° to 320° C and at pressures from 10 to 220 bar. 

Making the World a Safer Place
Nickel is a key component of U.S. nerve gas destruction project

SEVEN ALLOYS WERE examined
during the testing program.
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MORE INFORMATION:
www.nickelmagazine.org/wetoxidation 



THUNDER H

THE GENTLE GIANT OF TEXAS
T he world’s largest delivery of copper/nickel alloy

C70600 (90/10 copper/nickel) to date for an off-
shore oil and gas production platform is doing duty at
Thunder Horse, the huge platform off the coast of Texas.

KM Europa Metal supplied 11,000 metres, or 700
tonnes, of seamless and seam-welded pipe and fittings
in diameters ranging from 2.54 to 91.54 centimetres
(cm), with wall thicknesses of 1.5 to 19 millimetres
(mm). The applications consist of fire-fighting, cool-
ing water for equipment such as compressors, turbines
and pumps, and bilge and ballast systems.

Towed to its drill site in the Gulf of Mexico, 200
kilometres southeast of New Orleans, in 1,800 metres
of water over the Thunder Horse oil field, the same-
named semi-submersible rig will tap into reserves of 1
to 3 billion barrels. The rig is 156 metres (m) long, 114
m wide and 132 m high, and displaces 130,000 tonnes.
It will process 250,000 barrels of oil and 200 million
cubic feet of natural gas per day.

The water temperatures in the Gulf of Mexico exceed
the combination of service temperature and chlorine
concentration recommended for super duplex  and 6%

Copper/nickel is an essential component of 
BP’s latest oil and gas production platform.
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molybdenum stainless steels (that is, from 10° C and 200
parts per million maximum free chlorine to 40° C and
0.7 ppm maximum free chlorine).

C70600 is easier to fabricate than other alloys, says
Wilhelm Schleich, a technical advisor for KM Europa
Metal. “With a higher-alloy material, you have to con-
trol the heat precisely. If you have a defect in the weld,
it is more difficult to repair it. You may have to remove
that section and re-weld it.”

The awareness of problems associated with glass-
reinforced plastic (GRP) tubes (for example, mechani-

cal damage, leakage and burst tubes) were encountered
during construction of the platform at Daewoo
Shipbuilding & Marine Engineering (DSME) in Korea.
This led to the recommendation that BP use C70600
for seawater applications. BP is the rig owner and oper-
ator, with 75% equity ownership; Exxon is BP’s partner,
with 25% equity ownership. “There were large sections
of Thunder Horse that were equipped with GRP which
had to be pulled and replaced with copper/nickel,” says
John Shay, president of KME America Inc.

R HORSE

GENTLE GIANT OF TEXAS

...continued on page 14
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“We’ve introduced specs on pipes, fit-
tings and flanges in one book,” he adds,
“which companies are using as their guide.”

There is another reason for choosing
C70600: it is highly resistant to corrosion,
which in turn allows for a low corrosion
allowance. The Engineering Equipment &
Materials Users Association suggests a cor-
rosion allowance of 0.5 mm for piping sys-
tems designed for a service life of 20 years.

Copper/nickel, or “cupronickel” as it is
sometimes called, is also highly resistant
to uniform corrosion at ambient tempera-
tures, and the average depth of pit pene-
tration does not increase continuously
over time. Cupronickel is less resistant to
erosion and corrosion than other materi-
als at higher seawater velocities, but those
same corrosion- and erosion-resistant
materials are often susceptible to localized
corrosion in standing seawater. Cupro-
nickel is resistant to stress-corrosion
cracking as well.

In addition, cupronickel is more resis-
tant to “bio-fouling” than nearly any other
industrial material. Marine organisms are
intolerant of the cuprous ions cupronickel
releases, and because bio-fouling adheres
only weakly to the passive film that devel-
ops on the metal’s surface, it sloughs off.

In unchlorinated service, such as bilge
and ballast systems, bio-fouling can both
increase corrosion and produce a pressure
drop as the inside surface of pipe becomes
rough (in one rig in the Gulf of Mexico,
bio-fouling in 20.32-cm-diametre pipe
reduced the inside diameter to just 13.97
from 19.37 cm), as well as reduce the heat
transfer of heat exchangers.

Anti-bio-fouling treatments such as
chlorination can enhance the susceptibili-

ty of stainless steel to localized corrosion.
Maintenance costs of cupronickel are

lower than those associated with steel. Many
of these savings are due to lower downtime.
On the far end of the production platform’s
operating life, copper/nickel is a desirable
scrap metal because of its valuable copper
and nickel content.

COPPER/NICKEL ALLOY C70600 was chosen for firefighting, cooling water, 
bilge and ballast systems on BP’s Thunder Horse rig.

Chemical compositions (in percent by weight) of the nickel-containing alloys and stainless steels mentioned in this issue of Nickel.

Alloy Al C Cb Co Cr Cu Fe Mn Mo N Ni P Pb S Si Sn Ti V W Y Zn
C70600 - - - - - rem 1.0- 1.0 - 9.0- - 0.05 - - - - - - - 1.0
P.12-13 1.8 max 11.0 max

N02200 - .15 - - - 0.25 0.40 0.35 - - 99.0 - - 0.010 0.35 - - - - - -
P.5 max max max max min max max

N02201 - 0.02 - - - 0.25 0.40 0.35 - - 99.0 - - 0.010 0.35 - - - - - -
P.5 max max max max min max max

N06022 - 0.015 - 2.5 20.0- - 2.0 0.50 12.5- - rem 0.02 - 0.02 0.08 - - 0.35 2.5- - -
P.4 max max 22.5 6.0 max 14.5 max max max max 3.5

N06025 1.8- 0.15- - - 24.0- 0.1 8.0- 0.15 - - rem 0.020 - 0.010 0.5 - 0.1- - - 0.05- 0.01-
P.7 2.4 0.25 26.0 max 11.0 max max max max 0.2 0.12 0.10

N06625 0.40 0.10 3.15- - 20.0- - 5.0 0.50 8.0- - rem 0.015 - 0.015 0.50 - 0.40 - - - -
P.4 max max 4.15 23.0 max max 10.0 max max max max

N06686 - 0.010 - - 19.0- - 5.0 0.75 15.0- - rem 0.04 - 0.02 0.08 - 0.02- - 3.0- - -
P.4 max 23.0 max max 17.0 max max max 0.25 4.4

N08330 - 0.08 - - 17.0- 1.00 rem 2.00 - - 34.0- 0.03 0.005 0.03 0.75- 0.025 - - - - -
P.7 max 20.0 max max 37.0 max max max 1.50 max

S30400 - 0.08 - - 18.0- - - 2.00 - - 8.00- 0.045 - 0.030 1.00 - - - - - -
P.6, 8, 9 max 20.0 max 10.5 max max max

S30403 - 0.03 - - 18.0- - - 2.00 - - 8.00- 0.045 - 0.030 1.00 - - - - - -
P.8 max 20.0 max 12.00 max max max

S31600 - 0.08 - - 16.0- - - 2.00 2.00- - 10.00- 0.045 - 0.030 1.00 - - - - - -
P.6 max 18.0 max 3.00 14.00 max max max

S32205 - 0.030 - - 22.0- - - 2.00 3.00- 0.14- 4.50- 0.030 - 0.020 1.00 - - - - - -
P.10-11 max 23.0 max 3.50 0.20 6.50 max max max

MORE INFORMATION:
www.nickelmagazine.org/thunder

UNS details

Thunder Horse
...continued from page 13



The Sea Horse Institute will
host the Marine Corrosion
forum in Wrightsville Beach,
North Carolina, U.S.A.,
between August 21 and 25,
2005. This popular event pro-
vides practical information and
solutions related to marine cor-
rosion and bio-fouling in a
relaxed, informal setting.
Although there is an agenda,
attendees are encouraged to
bring examples of marine cor-
rosion and demonstrate pre-
ventive methods during the
technical sessions. The Nickel
Institute will sponsor the mod-
erators’ dinner, the exhibitors’
reception, and two students.
Contact Sherree Darden, Administrative Co-ordinator. 
Tel: 1-910-256-2271. Fax: 1-910-256-9816.
E-mail: seahorse@laque.com

OFFSHORE EUROPE  The Nickel Institute will have a stand (No. 688)
at this premiere petroleum industry event, to be held in Aberdeen,
Scotland, U.K., between September 6 and 9, 2005. About 26,000
industry personnel from 20 countries attended the last such event in
2003. For more information, see www.offshore-europe.co.uk

SCIENCE AND MARKETS The 5th European Stainless Steel Science
and Markets Congress will be held in Seville, Andulucia, Spain from
September 27 to 30, 2005. The event is organized by the University
of Sevilla and CEDINOX on behalf of the European Steel Institutes
Confederation (ESIC). Scientists, technologists, manufacturers and
end-users are invited to present their work. Contact Instituto de
Ciencia de Materiales de Sevilla, Universidad de Sevilla-Consejo supe-
rior de Investigaciones Cientificas, Avda américo vespuccio s/n,
41092-Sevilla, Spain. Tel.: 34 954 489 543. Fax: +34 954 460 665.
E-mail: stainless@icmse.csic.es

WELDING IN THE FOOD INDUSTRY A conference on welding and fab-
rication of food industry equipment will be held November 16, 2005,
in Chicago, Illinois, U.S.A. Scheduled to coincide with the annual show
of the American Welding Society, the conference will be chaired by
Nickel Institute consultant Richard E. Avery, among others. Topics
include food safety and welding, stainless steels and higher alloys, an
overview of AWS D18.1 and D18.2 standards, hygienic design, finish-
ing methods, and inspections. Contact: Giselle Hufsey, Director of
Conferences & Seminars, American Welding Society, 550 NW LeJeune
Rd., Miami, Florida, 33139. U.S.A. Tel: 1-305-443-9353. 
E-mail: giselle@aws.org

UK STAINLESS CONFERENCE The British Stainless Steel Association
(BSSA) is organizing a conference titled “Stainless Steel -- Converting
Opportunities Into Reality.” It will be held Nov. 17, 2005, at the Stratford
Manor Hotel, near Stratford-upon-Avon, U.K. Market issues and develop-
ment opportunities in construction, water, energy and food processing
will be addressed, along with the supply chain, “lean manufacturing,” and
sustainability. The BSSA annual dinner will follow. Contact Nigel Ward,
Director, BSSA. Tel: 0114 267 1263. E-mail: nigel.ward@bssa.org.uk

METAL IONS IN MEDICINE The Ninth International Symposium on
Metal Ions in Biology and Medicine will be held May 21-24, 2006, in
Lisbon, Portugal. Supported by the University of Coimbra, the Instituto
Superior Tecnico, and the Portuguese Society for Biochemistry, the
symposium will focus on interdisciplinary research and productive col-
laborations, while facilitating contacts among scientists. Among the sci-
entists slated to participate is Dr. Adriana Oiler, Manager, Mutagenicity
and Carcinogenicity Program for NiPERA, a division of the Nickel
Institute. E-mail: 9ismibm@ci.uc.pt. Web site: www.uc.pt/9ismibm

inbrief

Water Demonstration Project
SPLASH Inc., an organization which promotes the use of austenitic

stainless steel for use in potable water distribution systems, intends to

bury stainless steel pipe at a municipal water project in Green Bay,

Wisconsin, U.S.A.

SPLASH is an acronym for Stop Pipe Leaks, Ask for Stainless Help.

“Green Bay was one of the early adapters of ozone water treatment

technology in the U.S. and is therefore interested in being one of the

first municipalities to evaluate buried stainless steel pipe and mechan-

ical fittings,” says Steve Lamb, chairman of SPLASH.

About 330 metres of S31600 pipe, 20 millimetres in diameter, and

150 metres of Duplex stainless steel pipe (grade yet to be determined)

are being considered for the demonstration project.

Among the questions facing SPLASH is how to monitor the

extremely low rate of corrosion of the buried stainless steel pipes. One

expensive method is to dig the pipe out of the ground every few years

for a visual inspection. Another method entails monitoring the pipe

remotely by means of a multi-electrode array sensor (MAS). This elec-

trochemical technique is sensitive enough to measure the smallest

amount of corrosion, according to Dr. Narasi Sridhar, program direc-

tor for the Southwest Research Institute.

MAS has been used to monitor corrosion of nickel alloys in cool-

ing water treatment applications where corrosion rates are as low as

0.01 micron per year.

In the case of buried pipe, MAS would employ sensors to measure

corrosion in coupons of similar material buried next to the pipe and

which would be exposed to the same soil and groundwater conditions.

“You can probably set a steady-state condition on the coupon

after only two years,” Sridhar says.

SPLASH is considering other demonstration projects in

co-operation with the city of Denver and the University of North

Carolina. The objective is to demonstrate the corrosion-resistant

properties of stainless steels so that users can specify these

materials with confidence.

SPLASH is a non-profit alliance of 14 suppliers, fabricators, equip-

ment manufacturers and metals associations, including the Nickel

Institute. It was formed in 2004 to promote the advantages of stainless

steel in the water distribution industry. New members are welcome.

, . , . ,   

MORE INFORMATION:
www.nickelmagazine.org/splash
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I n the forested mountains near the
Myanmar-Thailand border sits a small but

striking Buddhist temple.
According to Weerachai Iamchareonchai,

former general manager of the Thai
Stainless Steel Development Association
(TSSDA), it is the first of its kind to be built
in the Southeast Asian country.

The builder was Uthai Siangjaem, who
erected the temple in 1999 both as an act
of faith and to mark the seventy-second
birthday of the King of Thailand. “I thought
a small temple would be an appropriate
way to mark the auspicious event, and

stainless steel was an ideal construction
material because it could last a thousand
years,” says Uthai, an industrialist in
Thailand’s Rajburi province, whose factory
produces stainless steel accessories for
off-highway vehicles.

Uthai donated seven tonnes of S30400
stainless steel himself, and the temple
was completed in late 1999. An inaugura-
tion ceremony was per formed shor tly
afterwards.
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FAITH IN STAINLESS STEEL

M O R E  I N F O R M AT I O N :
www.nickelmagazine.org/ temple


