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Visit www.nidi.org/learningtools

The Nickel Development Institute is launching a series of five 

online learning tools for the chemical process industry. 

These are short, streaming slide presentations that are accompanied 

by an audio soundtrack and scrolling text that will introduce you to 

corrosion in the chemical process industry (CPI).

Learn all about: 

Basics of Corrosion

Corrosion by Waters

Stainless Steels and Nickel Alloys for CPI Applications

Guidelines for Welding Stainless Steels and Nickel Alloys

Corrosion in Specific Chemicals

All you need is a connection to the Internet, the latest Macromedia 

Flash Player, a sound card and speakers.

For more information, please visit: 

www.nidi.org/learningtools
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and to balance those risks proportionately
with the benefits of the product.

In the 1980s and early '90s, the focus of the
Nickel Development Institute (NiDI) was
almost entirely on the benefits of nickel-con-
taining materials. In recent years,
we have become more sensitive
to the hazards and risks associated
with the full life cycle of nickel
and nickel-containing materials,
and the need to communicate
our growing knowledge in this
area. The publication of our
nickel life cycle inventory (LCI)
in 2000 signaled that change (see
www.nidi.org/index.cfm/ci_id/
114.htm).

Consider the water industry.
Austenitic stainless steels offer
numerous advantages in terms of strength,
corrosion resistance, life-cycle costs, and low
maintenance (see http://www.nidi.org/
index.cfm/ci_id/10795.htm). As a result of
ongoing efforts that emphasize these many
advantages, stainless steel producers are making
significant inroads into water treatment and
distribution markets in India, China and
Southeast Asia. More and more builders of
high-rise buildings in Singapore, Thailand and
China, for example, are specifying austenitic
stainless steels for water distribution piping.
Demand is so brisk in Asia that one manufac-
turer of pipe fittings in China is using 500
tonnes of stainless steel per year, and there are
plans to triple that amount in the next few years.

Demand in this sector in North America is
on the uptick as well, and in this issue we
report on two major applications of nickel
stainless steels in the water industry: an 
11-kilometre water pipeline in Mesa Verde
National Park in Colorado, U.S.A. (see page 10)
and ten 36-tonne Archimedes screws in a
wastewater treatment plant in Los Angeles,
California, U.S.A. (page 6).

However, regulators, particularly in
Europe, are considering changes to how the

hazards associated with nickel and nickel com-
pounds – particularly soluble nickel compounds –
should be classified. This could have important
implications for the water industry,among others.

The risk assessment of nickel and nickel
compounds currently underway
in the European Union (EU),
therefore is providing an oppor-
tunity for us to revisit our under-
standing of the hazards associated
with nickel and to make intelli-
gent, proportional responses to
any risks that might be identified
and found to be unacceptable.
Moreover, the European risk
assessment will eventually be
reported into a global hazard-
based identification process in
the Organization for Economic

Cooperation and Development (OECD).
In this context, NiDI and the Nickel

Producers Environmental Research
Association (NiPERA) have in recent years
dedicated more resources to health and 
environmental research. (For details on the
ongoing nickel risk assessment process in
Europe, see www.nickelforum-eura.org)

Specifically, we are gathering scientific data
related to human health (www.nickelforum-
eura.org/index.cfm/ci_id/11855.htm) and the
environment (www.nickelforum-eura.org/
index.cfm/ci_id/11854.htm), conducting socio-
economic impact studies (www.nickelforum-
eura.org/index.cfm/ci_id/11856.htm), and
expanding our means of communicating
information (www.nickelforum-eura.org/
index.cfm/ci_id/11847.htm).

The European nickel risk assessment is
providing a new and comprehensive review of
all the health and environmental aspects of
nickel and nickel-containing materials. For the
marketers of those materials this means they
can continue to market their products for all
the good reasons they have done so in the past.
But now they will be able to do so with more
confidence than ever before.

E N V I R O N M E N T, H E A LT H A N D S A F E T Y R I S K S A LWAY S P R E S E N T A D I L E M M A

to marketers, namely how to communicate the risks inherent in the use of a product,

Market ChallengesVolume 19, Number 1, October 2003

The Magazine Devoted to Nickel 
and its applications
Nickel is published three times per year by 
The Nickel Development Institute 
55 University Avenue, Suite 1801
Toronto, Canada M5J 2H7
Tel. 416 591 7999 
Fax 416 591 7987
Website: www.nidi.org
E-mail: nidi_toronto@nidi.org
Ivor Kirman, President
Patrick Whiteway, Editor

Circulation, 27,000 in 95 countries

Other NiDI offices:
Europe
42 Weymouth St.
London, England W1G 6NP
Tel. 44 20 7258 9830
Fax. 44 20 7487 4964
E-mail: nidi_london_uk@nidi.org

European Technical Information Centre
The Holloway, Alvechurch
Birmingham, England B48 7QB
Tel. 44 1527 584777
Fax. 44 1527 585562
E-mail: nidi_birmingham_uk@nidi.org
Japan
11-3, 5-chome, Shimbashi,
Minato-ku, Tokyo, Japan
Tel. 81 3 3436 7953
Fax. 81 3 3436 2132
E-mail: nidi_japan@nidi.org
Central & South America
Nucleo Inox
Av. Pedroso de Moraes, 240 – Conj. 22
São Paulo 05420-000 – SP, Brazil
Tel: 55 11 38130969
Fax: 55 11 38131064
E-mail: nucleoinox@nucleoinox.org.br
India
K-36, 1st Floor
Hauz Khas Enclave,
New Delhi 110 016, India
Tel. 91 11 2686 5631, 2686 3389
Fax. 91 11 2686 3376
E-mail: nidi_india@nidi.org
Australasia
150 Drummond St., Suite 3
Carlton, Victoria, Australia 3053
Tel. 61 3 9650 9547
Fax. 61 3 9650 9548
E-mail: nidi_australia@nidi.org
South Korea
Olympia Building - Room 811
196-7 Jamsilbon-Dong, Songpa-Ku,
Seoul 138 229, South Korea
Tel. 82 2 419 6465
Fax. 82 2 419 2088
E-mail: nidi_korea@nidi.org
Website: www.nidikorea.org
China
Room 677, Poly Plaza Office Building
14 Dongzhimen Nandajie
Beijing, China 100027
Tel. 86 10 6500 1188 (ext. 3677)
Fax. 86 10 6501 0261
E-mail: nidi_china@nidi.org

For a free print subscription, please go to:
www.nickelmagazine.org. To receive e-mail notices
for Nickel Magazine Online, please go to:
www.nickelonline.org/subscribe
Material has been prepared for the general infor-
mation of the reader and should not be used or
relied upon for specific applications without first
securing competent advice. While the material is
believed to be technically correct, NiDI, its mem-
bers, staff and consultants do not represent or
warrant its suitability for any general or specific use
and assume no liability or responsibility of any kind
in connection with the information herein.

ISSN 0829-8351

Printed on recycled paper in Canada. 

Cover photo by Tom Skudra/NiDI.

The next issue of Nickel Magazine 
will be published in February 2004. TO

M
S

K
U

D
R

A/
N

ID
I

Stainless steel water
pipeline prior to burial.

Editor
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Anew stainless steel barrier will prevent
further suicides at the Bloor Street

Viaduct in Toronto, Ontario where the 
number of people jumping to their deaths
once rivaled the suicide rate for the Golden
Gate Bridge in San Francisco, California.

The barrier consists of some 9,000 verti-
cal rods designed to create a “luminous veil”
around the 84-year-old viaduct, whose orig-
inal construction was described in Michael
Ondaatje’s award-winning novel In the Skin
of a Lion. A structural steel frame holds the
rods in place along the 500-metre-long 
historic landmark.

More than 17 tonnes of S31600 stainless 
steel, containing 12% nickel, were used to
make the 5-metre long, 8-millimetre-diame-
ter rods, says Mike Laidlaw, project manager
for Toronto’s city engineering department.
The veil design, which packs the slender 
rods close enough together to prevent people 
slipping between them while preserving 
the view from the bridge, won the 1999
Canadian Architect Award of Excellence.

The designer, Derek Revington, initially
considered other materials, including 
galvanized wire rope, but in the end decided
stainless steel would do the best job of

minimizing deflection under lateral loads,
while reducing the cost of connections. There
were also aesthetic considerations.

“Since this structure has historic signifi-
cance, and since the addition of the barrier
was viewed to be an artistic element that
would enhance the bridge, stainless steel was
selected over galvanized materials,” explains
Laidlaw. The durability and low maintenance
attributes of stainless steel were also taken
into account.

Since the Bloor Street Viaduct was built
in 1919, more than 400 people have jumped
from the bridge to their deaths. The
Schizophrenia Society that lobbied for the 
C$6-million barrier says similar efforts at
other “suicide magnets”, such as the Empire
State Building and the Eiffel Tower, have 
prevented impulsive jumps by the mentally ill.
MORE INFO: www.nickelmagazine.org/1003/4.htm

THOUSANDS OF STAINLESS steel bars, 8 millimetres in diameter, create a luminous veil along the Bloor
Viaduct in Toronto, Ontario, Canada. Inexpensive connections, the ability to withstand lateral loads

and aesthetic considerations were the key points in the decision to use S31600 stainless steel.

Veiled in Stainless
Stainless steel rods create a barrier to suicidal tendencies

Constructed in 1919, the Bloor Viaduct crosses the
Don River, one railway line and two major highways.
The deck of the structure carries a 4-lane highway
(top photo) and two subway tracks beneath it 
(visible in the bottom photo).
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NB Power’s Coleson Cove oil-fired
power generating station on the Bay of

Fundy, near Saint John, New Brunswick, is
the first FGD application in North America
to use duplex stainless steel S32205 for the
absorbers. A total of 360 tonnes of
this material, containing 5.5% nickel, is 
being used.
In addition
to imparting
an increased
yield strength
and elevated
corrosion
resistance,
the nitrogen
addition 
in S32205
overcomes
potential
ductility problems resulting from welding.

Another novel feature of the 1,050-
megawatt generating station is placement
of the wet electrostatic precipitator on top
of the absorber. Together with the outlet
ductwork, the entire FGD unit stands nearly
60 metres high and is 17 metres in diameter.

An interesting operational feature of the
Coleson Cove project is that it will convert
the 30-year-old generating station to
Orimulsion™ as a fuel from heavy fuel oil.
Orimulsion™ is a low-cost aqueous emul-
sion with 70% bitumen from the Orinoco
region of Venezuela.

The Coleson
Cove station
was built in
the 1970s and
is now being
refurbished
with the latest
air pollution
control tech-
nology to meet
strict Canadian 
pollution 
requirements

and to extend the life of the station to 2030.
The general contractor for the upgrade is
Babcock Wilcox of Barberton, Ohio. The
welding is being done locally by Maritime
Welding of Bathurst, N.B. The FGD plant is
scheduled to go into operation in October,2004.
MORE INFO: www.nickelmagazine.org/1003/5a.htm

A ‘First’ for Duplex Stainless Steel
Duplex stainless steel is used in an absorber of a flue gas desulphurization (FGD) plant in North America for the first time

Nickel-containing alloys used at Coleson Cove

Absorbers and Ductwork
tonnes

114     Alloy C-276 (N10276) inlet, duct and chimney liner
182     Type 317 LMN (S31726)    outlet ducts
360     Alloy 2205 (S32205) absorbers

32     Type 304L (S30403) structural
25    6% Mo Alloy (S31254) piping

Wet Electrostatic Precipitator
68     Alloy C-276 (N10276) plate

182     Type 317 LMN (S31726)    housing
136     6% Mo Alloy (N08367) plates
159     Type 304 (S30400) supports

The inlet and outlet ducts (top) of the new flue gas
desulphurization (FGD) plant at the Coleson Cover
generating station in New Brunswick, Canada were
constructed of N10276 and S31726 respectively. The
entire FGD unit stands 60 metres high and uses a
total of 1,260 tonnes of nickel-containing material.

Oil Sands Expansion
Flue gas desulphurization (FGD) plant to produce amonium sulphate fertilizer

The new FGD plant for Syncrude is even larger
than the one at Coleson Cove (see story

above). The absorber will be 21 metres in diame-
ter and the complete installation will soar nearly
95 metres in height. 

A distinguishing feature of this plant is the 
use of N06059. The material retains high 
corrosion resistance to aggressive media such
as hot sulphuric acid, even in the welded 
condition. The alloy, 700 tonnes in all, is 
supplied both as solid plate, in thicknesses from about 6 to 
13 millimeters (mm), and as 1.5 to 3 mm hot-rolled cladding 
on carbon steel backing, by Thyssen Krupp VDM, Germany.

Much time and care have been taken to develop and corrosion-
test 20 specific welding procedures for the different forms of
N06059. The tests were designed to optimize welding productivity
and quality assurance. “One of the challenges has been to limit
iron dilution in the weldment of the clad material to 3.5% iron, at

most,” says Brian Lade of Syncrude.
“N06059 contains only 1.5% iron maximum,
and dilution from the carbon steel backing
compromises the corrosion resistance of
the weld.” The welding procedures are
those of Horton CBI, a subsidiary of
Chicago Bridge and Iron Co., the on-site 
fabricators of the plant.

The FGD plant is designed by Marsulex
and will use the proprietary Marsulex

process to produce ammonium sulphate fertilizer. Marsulex will
operate the facility, under contract, for Syncrude. SNC Lavalin,
which has offices in Calgary and Edmonton, is the engineering
contractor. The FGD plant is scheduled to start up in mid-2005.
It is part of an upgrade and expansion that will increase oil 
production to 165 to 170 million barrels per year by 2008.
Syncrude is the world’s largest producer of oil from oil sands. 
MORE INFO:  www.nickelmagazine.org/1003/5b.htm
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at the end of each article.
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To pronounce the Archimedes screw
pump a success would be committing

an understatement, given that the device
was invented 2,200 years ago by the great
mathematician himself and is still used
throughout the world. Essentially, the screw
rotates in a closely fitting inclined cylinder
and this causes water to be raised several
metres with little loss by backflow. (An
Archimedes pump, together with a Dutch
windmill, dating from 1800, is shown in the
accompanying sketch.) 

Today, two massive screws of S31600
stainless steel have been installed and eight
more are under construction for the vast
Hyperion Wastewater Treatment Plant in
Los Angeles, one of the largest such facilities
in the world. Each of the 10 screws is 3.8

metres in diameter
and 15.2 metres
long, and weighs
36.4 tonnes. In total,
364 tonnes of stain-
less steel, containing
about 12% nickel,
will be used to
replace the existing
epoxy-coated steel
screws, which have
corroded.

The oceanside
Hyperion plant has
been operating since
1951, but in the early
‘90s, a design change
forced the installa-
tion of an intermedi-
ate pumping station
(IPS) to raise the
wastewater almost
five metres so that 
it flows by gravity
through the rest of
the plant. The 10
Archimedes screws
were the pumps of
choice in
the IPS.
The first
screws

were made of epoxy-coated
steel, and because hydrogen 
sulphide is generated by the
sewage, the screw pumps were
enclosed in a building to 
prevent odour and pollution in
the nearby neighbourhoods.
“But unfortunately, hydrogen
sulphide combines with moist
ocean air in the plant to pro-
duce a very corrosive environ-
ment,” says Michael Lewis,
mechanical process engineer
consultant to the City of Los
Angeles. “After four years, cor-
rosion caused one of the screws
to fail catastrophically. The
failed screw was repaired and

completely recoated with a proprietary,
quartz-filled Novalac epoxy, but in less than 
a year, we noticed that the epoxy coating
was blistering and flaking off. At that point,
we switched to S31600 stainless, because 
in a life-cycle, cost-benefit analysis, stainless
won hands-down against the alternatives.”
Technical information, provided by the
Nickel Development Institute was critical 
to the decision to switch to stainless.

The Archimedes screws are being 
constructed by contractor, Spaans Babcock,
in The Netherlands (see accompanying
photo). And there’s much more stainless in
the plant, including piping, digesters, and 
other components. Indeed, everything
about the Hyperion plant is huge: it covers
about 58 hectares and serves four million
residents through nearly 11 thousand 
kilometres of sewer pipes, spread over 
1,550 square kilometres of Los Angeles;
the plant can handle storm peaks of
1,700 million litres per day; and the sedi-
mentation tanks are the size of football
fields. Clearly, there is a high demand 
for stainless steels in water treatment tech-
nology, both old and new.
MORE INFO: www.nickelmagazine.org/1003/6.htm

A New Material for An Old Technology
Ten huge Archimedes screws are slated for a sewage treatment plant in Los Angeles

ONE OF TEN massive metal screws, 3.8 metres in diameter and 
15.2 metres long, that will lift wastewater five metres in the Hyperion

Wastewater Treatment Plant in Los Angeles, California, U.S.A. 

AN ARCHIMEDES PUMP employed in a Dutch windmill 
dating from 1800.
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which can now be independently authorized under the American Petroleum
Institute's Monogram Program for use in downstream chemical process applications.

Monogram Program 
Goes Downstream

Nickel alloys reduce downtime in coal-fired power plants faced with severe corrosion challenges
A test program, sponsored by the Electric Power Research
Institute (EPRI) of Palo Alto, California, U.S.A., has shown that
weld overlay technology is a more durable method of protecting
waterwall areas in coal-fired power plants than flame-sprayed
and diffusion-applied metallic coatings. The tests involved side-
by-side exposures of up to 2.5 years in a supercritical boiler fired
by a high sulphur/chlorine coal.

Weld overlays of nickel-containing corrosion-resistant alloys
were projected to give a service life of at least 8 to 15 years,
compared to at best 3 to 5 years for high-chromium coatings.

This finding is important for the operators of coal-fired power
plants, many of whom have recently equipped their plants with
boilers that are low emitters of nitrogen oxides (NOx).

Limiting the amount of air that is introduced into the primary
combustion zone of a coal-fired plant reduces the emission of
nitrogen oxides. This low-NOx burner technology has been so 
successful in reducing atmospheric pollution that nearly all coal-
fired power plants in the United States have been so equipped.

The technique creates an oxygen-poor reducing environment
and lowers the temperature inside the boiler, thus suppressing

the formation of NOx. Complete combustion is subsequently
achieved by the addition of secondary air higher up in the boiler.

However, the serious drawback to operating in a locally reducing
environment is significantly increased corrosion of the water-
walls. These are the boiler tubes and connecting membranes
that form a pressure-tight enclosure which contains the com-
bustion gases. The tubes and membranes are typically made of
carbon or low-alloy steels. Accelerated corrosion in the lower 
furnace area is caused by hydrogen sulphide gas and by tube
deposits consisting mainly of iron sulphide, both of which originate
from the coal fuel.

Weld overlay technology for boilers is not restricted to water-
walls, but has been developed also for convection section tubing
in superheaters, reheaters and economizers. Metal wastage due
to erosion-corrosion can be particularly severe on tubes adjacent
to soot blowers. In these high-damage locations, weld overlay
cladding is far more effective than mechanically attached tube
shields. Full circumference weld overlayed tubing is readily fabri-
cated into small radius coils.
MORE INFO: www.nickelmagazine.org/1003/5b.htm

Operators of oil and gas refineries, power plants, paper mills
and food processing plants, among other facilities, can now

purchase gate valves certified by the American Petroleum Institute’s
(API) prestigious Monogram Program.

The API Standard 600 bolted bonnet steel gate valves, many of
which use nickel alloys, are the first of the “downstream” class of
valves to come under a new section of the API’s Monogram
Program. “We hope it will provide an extra layer of confidence and
safety,” says John Modine, API’s director of certification programs.

By mid-September 2003, the API which had already licensed two
companies (one in China and one in Italy) for the downstream
Monogram, received applications from eight other companies, and
acknowledged that two other companies had begun the application
process, according to Chip Evans, global services manager of API
Quality Programs. The licencees have the right to stamp the API
logo on their valves, and industry has a larger pool of qualified 
suppliers from which to choose.

“Recently we started getting a lot of requests from our down-
stream operators, saying they were getting equipment failures,” says
Modine. “They asked how the Monogram program could help. We 
asked what equipment they were concerned with, and the 600-Standard
valves were of primary interest to them. It is probably the most 
common valve.” Eventually, the API intends to expand the program
to include other standards that its members have identified as priorities.

This new part of the Monogram Program comes on the heels of
a study Control Valve Worldwide Outlook, completed by the ARC
Advisory Group in 2003. The study predicts that the worldwide
control valve market, which totaled almost US$3 billion in 2002,
will reach almost $3.5 billion by the end of 2007. Markets such as
food & beverage, drugs & pharmaceuticals, specialty chemicals,
power and oil and gas, and replacement and upgrade will 
contribute to this trend, according to the ARC Advisory Group.

Control valves often use nickel-containing alloys. “The principle
request for API 600 is Alloy 400 (N04400), which is a requirement
for valves for hydrofluoric alkylation units in petroleum refineries,”
says Daniel Velan, advertising and sales promotion manager at
Velan Inc.’s headquarters in Montreal, Canada. “However, we com-
monly supply API 600 valves in many different stainless steel alloys,
primarily CF8M (J92900), but also special grades such as S31254
(Alloy 254 SMO) as well as others.”
MORE INFO: www.nickelmagazine.org/1003/5b.htm

Gate valves for chemical process applications can now
be certified by independent auditors 
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could lead to an inexpensive way 
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Chemical engineers at the University of
Wisconsin have developed a nickel- 

based catalyst that could play a role in the
evolution of the hydrogen economy.

The Raney-nickel catalyst, named after
the scientist who patented the Raney 
alloy in 1927, can generate hydrogen from 
common plant sources by converting their
byproducts to carbon dioxide (CO2) and
hydrogen gas (H2).

Platinum can also perform this trick, but
the precious metal is costly and often in
short supply. Motivated by the demand 
for a lower-cost alternative, the Wisconsin
researchers tested more than 300 catalysts
before honing in on Raney-nickel, a nickel-
aluminum alloy that is 90% nickel by weight.

But Raney-nickel wasn’t perfect. Although
the alloy did just as good a job converting sugar
water (glucose-rich organic material derived
from ground-up plant matter) to hydrogen as

its platinum-aluminum cousin, the reaction
at the catalytic surface also produces
methane, a greenhouse gas. So the scientists
tried adding tin to the mix.

“In order to avoid methane formation,
we alloyed the nickel with tin and were able
to produce mainly CO2 and H2, the desired
reaction products,” explains James Dumesic,
the principal researcher on the project, who
presents his findings in the June 27, 2003
issue of Science. “The nickel-tin combination
is several orders of magnitude cheaper than
precious metals with similar properties.”

The discovery is significant because it may
provide, for the first time, a cost-
efficient means of producing hydrogen for
fuel cells using renewable resources. Fuel
cells (see accompanying story, page 9) are a
clean and highly efficient alternative to tradi-
tional power generators that rely on fossil
fuels, but their development and use has 

been inhibited by cost.
“The new nickel-tin catalyst is cheap

enough to compete in the electricity and fuel
markets, provided the sugar water feed stock
is available at low cost,” says Dumesic. “The
first applications of this process might be in
combination with portable fuel cells to 
provide power for laptop computers, mili-
tary equipment, and maybe cars someday.”

In these types of applications, batteries
would be replaced with cartridges filled with
an innocuous liquid such as glycerol.

The catalyst transforms sugar water into
hydrogen using a process called aqueous-
phase reforming (APR). APR cleaves the 
C-C, C-H and/or O-H bonds in compounds
with a C:O ratio of 1:1 (carbohydrates) to
form absorbed species on the catalytic 
surface. In order to be useful for H2 produc-
tion, the catalyst must facilitate the C-C 
bond cleavage while, at the same time,

A new nickel catalyst 
could lead to an inexpensive way 
to produce hydrogen 

TI
M

 P
EL

LI
N

G
/N

iD
I

Bio
Hydrogen From Renewable 



, . , . ,   

Afuel cell is a device that chemically
combines hydrogen and oxygen to 

activate the generation of electricity. The
only significant byproducts are heat and
water vapour, making this an environmen-
tally ideal means of generating electricity.

There are various types of fuel cells.
Some use hydrogen that has been 
generated externally as a fuel. Others use
a hydrocarbon fuel which is dissociated, or
reformed, into hydrogen inside the unit.
Following, is a description of one such
fixed-station fuel cell which is manufac-
tured by FuelCell Energy Inc.

These fuel cells consist of a sandwich
of an anode, made of porous nickel strip
and a cathode made of nickel oxide strip,
separated by a ceramic-based matrix
layer. A carbonate electrolyte, soaked into
the matrix layer, facilitates the electro-
chemical reaction between the anode 
and the cathode.

The nickel strip used for both the
anode and cathode is made using a 
powder metallurgy technique. A slurry of
micron-size nickel powder is
evenly distributed on a moving
belt that then passes through
a sintering furnace and through
rolls that compact and increase
the density of the powder strip.
This process is called tape
casting.

Nickel is the ideal material
for this as it is a good 
conductor of heat and is 
resistant to corrosion. It is not
consumed in the process.

A hydrocarbon, such as 
natural gas, enters the fuel cell
and is chemically dissociated,

or reformed, by the catalyst so that 
hydrogen feeds the anode and air (oxygen)
enters the cathode. The reaction splits the
fuel into ions and electrons. The electrons
move from the anode by means of a con-
ventional copper bus bar external circuit
while the ions move through the elec-
trolyte to produce carbon dioxide and
water by-products. The heat generated 
(in the 370°C range) can be captured 
and used.

A single fuel cell generates only a small
amount of electricity and measures 
1.2 meters by 0.7 meters by 0.63 
centimetres thick. However, by stacking 
350 to 400 fuel cells in a module, that
module will produce 250 kW of electricity.
Multiple modules can be packaged 
into larger units for one to 2 megawatts 
of power.

Efficiency of electricity generated by
this type of fuel cell is about 50%, and can
be as high as 80% with co-generation use
of the byproduct heat. As development of
fuel cells continue to reduce costs and
improve efficiency, they offer a competi-
tive alternative to conventionally generated
electric power, with the advantage of being
non-polluting and quiet for on-site use.

FuelCell Energy and its partners 
operate field trial fuel cell power units 
in Japan, Germany and the U.S.A., such 
as the 250-kW unit pictured here at 
Yale University’s Environmental Sciences
Building.
MORE INFO: www.nickelmagazine.org/1003/9.htm
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How Fuel Cells Work

mass

promoting the water-gas shift reaction that
removes the absorbed CO species. The 
modified Raney-nickel catalyst fits the bill.

Other methods of H2 production use
steam reforming of fossil fuels, a complicated,
three-reactor process that requires tempera-
tures of more than 625ºC. The APR process
is superior, and perhaps better-suited to
transportation applications in that it uses a
renewable resource and requires only a single
reactor at temperatures of 225ºC.

The research will continue to be devel-
oped and commercialized by Virent Energy
Systems, which is building a larger reactor to
test the process. Wisconsin’s Division of
Energy, intrigued by the potential for the
APR process to convert waste steams from
food generators and other businesses into
energy, is providing grants to Virent for both
business development and R&D.
MORE INFO: www.nickelmagazine.org/1003/8.htm

A 250-KW fuel cell at Yale University’s Environmental 
Science Building in New Haven, Connecticut, U.S.A.
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The United States’ National Park
Service was recently faced with a

challenge at Mesa Verde National 
Park – how to transport snowmelt
water safely from the magnificent
headwaters in the foothills of south-
western Colorado to a water treatment
plant inside the park boundaries
without disturbing the natural beauty
of the area?

Mesa Verde is the United States’
first World Heritage site, and home to
hundreds of 700-year-old stone villages
of the Ancestral Puebloans, which are
nestled in overhanging cliff ledges. 
As such it is considered a premier
archaeological wonder, so digging a
trench 11 kilometres long for a water
pipeline through the National Park was
out of the question. A method of drilling
a hole horizontally was therefore called
into play.

Nickel-containing stainless steel has been 
used for the first time to construct 
a buried water pipeline in North America.

 , . , . ,  

Stainless steel pipe, 
168 mm in diameter and 
7 mm in wall thickness 
(6-inch Schedule 40) 
was supplied by 
Marcigaglia U.S.A. in 
lengths of 16 metres.
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, . , . ,   

Directional drilling involves operating 
a drill head in a horizontal manner. The drill
rods do not turn; instead, they simply push 
a rotating drill head through the soil terrain.
In this case, the initial pass made an 
8-centimetre-diameter hole 1.8 metres below
the surface. A larger, reaming head was then
attached to the drill string and was pulled
back through the drilled hole, expanding it
to 15 centimetres in diameter. The water
pipe, welded in lengths up to 500 metres,
could then be attached to the drill rods and
dragged backwards through the hole. The
drilling mud, laden with bentonite clay,
forms a hard coating  around the pipe when
it dries. Depending on the terrain and soil
conditions, a 500-metre section of pipe can
be installed using this technique within 96
hours to one week. Longer times are needed
for drilling through “cobble,” which has a
large content of stone and rocks. This can
result in collapsed or unstable holes.

Directionally drilling proved to be an
effective and efficient means of installing 
a water line in Mesa Verde, as it caused 
minimal land disturbance and allowed the
contractor, Triad Western Constructors, Inc.
to achieve accurate depth and direction 
control.

In addition to this drilling technique,
project engineers, RTW Engineers, specified
a material that is new to this application in
North America – stainless steel S31600,
containing 12% nickel. Stainless steel was
supplied in 16-metre lengths compared 
with 6-metre lengths for the other materials,
and welded to final length, resulting in fewer
joints. Also, the fully welded line offered 
less opportunity for water leakage. High 
density polyethylene (HDPE) could not
handle the high water pressures involved.
With an elevation difference of 760 metres,
pressures were in the order of 1.3 megapas-
cals. And ductile cast iron was too bulky 
and heavy for use in combination with direc-
tional drilling. Other advantages of stainless
steel in this project include the following:
● Stainless steel pipe could be welded on-site  

in lengths of up to 500 metres.
● It can be joined to itself, pumps and valves  

using a wide variety of joining techniques,
including mechanical, welded and 
flanged.

● Tapping sleeves, couplings and restrained  
clamps are also available in stainless steel  

(AWWA standards C223 and C606).

● Its ductility and flexibility allow it to 
withstand soil movement.

● It does not embrittle in cold weather.
● Water quality is maintained (to American  

National Standards Institute/National  
Sanitation Foundation 61 drinking water  
standards), so no water treatment is used   
other than biocides (chlorination).

● It is expected to have a long service life
with minimal maintenance. It was not 
necessary to coat the external surfaces of
the stainless, although sacrificial anodes
were installed to ensure long life in variable
soil types.

Stainless steel pipe, 168 millimetres (mm)
in diameter and 7 mm in wall thickness 
(6-inch Schedule 40) was supplied by

Marcigaglia USA with capped ends. These
lengths were fully welded (four weld passes)
into 150-to-500-metre lengths, ready for
directionally drilled insertion. Two field
weld stations were used for completing pipe
spools; the first station made the root pass
and cover pass, while the second station
completed the weld with two additional
passes (no shielding gas on the ID). The
radiographic inspection was undertaken 

several lengths away from the field welds
(only two welds were rejected in the 11 
kilometres of piping). The buried sections 
of piping strings were joined together using
S30403 stainless steel couplings. These were
fillet welded to the outside diameter (OD) 
of the pipe. All welding was manual GTAW.
Oversight of these activities was provided 
by PBS&J.

Socket weld fittings were welded both in
the field and under shop conditions using
argon gas coverage. Argon cover gases were
used to protect the inside diameter (ID)
and OD of the pipe during welding. ID 
root passweld regions were checked using 
ID cameras.

Stainless steel box work and screens,

supplied by Johnson Screens, were placed 
at the headwaters of the western fork of
the Mancos River to redirect the melted ice
field waters into the pipeline.

Together with directional drilling tech-
nology, stainless steel piping has proven to 
be an ideal solution to the environmental
challenges facing the National Park Services
in Colorado.
MORE INFO: www.nickelmagazine.org/1003/10.htm

■ Small trenches were required only occasionally over the 11-kilometre length of the pipeline to
join successive section of pipe. ■ A rotating drill head was pushed through the soil terrain; the hole
was then reamed to its final diameter; and the stainless steel pipe was pulled back through the hole.
■ Sections of pipe were joined by the use of a S30403 stainless steel couplings and fillet welded
to the outside diameter of the pipe. 
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A New Solution to an Old 
Challenge

 , . , . ,  

The designers of Auckland’s futuristic
underground railway terminal faced a 

surprisingly old-fashioned challenge: how 
to deal with soot.

The station, which opened in July 2003 as
the commuter hub of this New Zealand city
of 1.2 million, had to stand up to grime from
the exhaust of countless diesel locomotives.
On top of the potential cleaning nightmare,
high levels of sulphur could lead to an elevated
risk of corrosion.

The gritty reality of coping with the
exhaust dovetailed neatly with the architects’
vision of a bright, consistent look and the
city’s desire for a low-maintenance facility.

The result was a decision to use S31603
stainless steel throughout the Britomart 
terminal, creating a bold mix of surfaces,
textures and colours in what is hailed as the
world’s first underground rail station
designed to handle diesel engines.

The soot was the "main driver" behind
the decision to use the highly durable grade,
says Todd Lindsay of Auckland-based NZF
Stainless Ltd., a major supplier of metal to
the NZ$100-million terminal. The diesel
fuel used in New Zealand is relatively high 
in sulphur, so the concern was that diesel
soot, if moist, could be slightly corrosive. But
also, if sulphur-containing exhaust gases

were to condense to sul-
phurous acid, this would be
even more corrosive.

JASMAX Ltd., the Auckland
firm that designed the 
terminal in a joint venture
with California-based archi-
tect Mario Madayag, worked
with Spanish metal weaver
Codina to develop a S31603
mesh for the 6,500-square-
metre canopy above the 

station platforms. The weave was custom-
designed to provide a surface that’s 70 
per cent open, enabling the ventilation 
system to draw off the fumes. Any soot 
that accumulates can be easily washed or
wiped away.

Although stainless mesh has been used
in other buildings, the Britomart terminal
may be the first to employ it as a ceiling 
surface. “Normally it’s used vertically and
hangs like a veil, whereas this time we 
actually made it go against its own gravity
by holding it up in the air,” says Gordon
Brown, architectural project manager for
JASMAX. The mesh panels curl down to
meet the wall on either side of the platform,
adding a graceful contour that belies their
vital role in the ventilation system.

“Because the station was basically a hard
concrete box,” he notes, “what we tried to
do with all our [architectural] elements was
to put curves on them to take some of the
hardness away from the edges. In effect, we
humanized the station by adding curves.”

For the remainder of the terminal, the
designers opted for a robust environment.
They observed that various forms of local

A New Solution to an Old 
Challenge

Auckland’s new 
underground railway terminal 

showcases S31603 stainless steel

THE BRITOMART terminal uses S31603 stainless steel throughout
to create a bold mixture of surfaces, textures and colours. 
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volcanic rock had been used to give a 
consistent look to other parts of the 
NZ$210 million transportation centre – a
waterfront redevelopment that includes a
bus depot, ferry dock, shops and renova-
tions to a post office built in 1912 – and this
consistent appearance gave the architects
their cue. “We got the idea: Why can’t we do
that with stainless steel as well?” says Brown.

Wall cladding, handrails, grates, ventila-
tion tubes, even toilet partitions were crafted
from S31600 stainless, much of it low 
carbon (S31603) for enhanced corrosion
resistance of weldments. Most components,
including the mesh, came from the factory
in bright annealed finish, with the remain-
der polished to a No. 8 mirror finish.

The architects took full advantage of this 
sea of reflective surfaces. Coloured lights
play on the metallic surfaces, while some
walls feature panels of coloured stainless
flooded with white light. Along the ceiling,
eleven stainless globes, each a metre in 
diameter, are suspended inside recessed 
concrete cones and reflect light into the 
station below. Lined up along the platform
are scores of three-metre-tall perforated
tubes that pump in fresh air, each one bathed
in coloured light. “As you walk up and down
the station, there are different colours,” says
Brown. One tube appears pink, another blue,
followed by a green or red one. “You get

them all in different colours, but they’re all
just bright annealed stainless steel.”

NZF Stainless contracted United Kingdom-
based Rimex Metals, which also worked 
on the refurbishment of the London
Underground’s Jubilee line, to supply five
tonnes of coloured panels, gratings, pipe 
and other structural elements.

Perhaps the most innovative use of
stainless is found in the two-storey atrium
that covers the main entrance to the terminal.
New Zealand artist Michael Parekowhai was
commissioned to design a covering for struc-
tural pillars that range in height from five to
23 metres. Using computer-scanned photos
of the trunks of trees native to the island,
Parekowhai created three-dimensional tem-
plates of the bark that Rimex turned into
textured sheets of S31603 stainless.

The cladding, five tonnes in all, was then
wrapped around the poles to create stylized
tree trunks that catch the eye of commuters
as they come and go. “Some people think
they’re looking at tinfoil,” Brown notes with
a laugh.“The artist is very pleased with that –
he wanted an intrigue, he wanted people to
go up to them and touch them, and that’s
exactly what’s happening.”

And some, no doubt, will look up and be
intrigued by the shiny mesh that inspired
this showcase of stainless in so many forms.
MORE INFO: www.nickelmagazine.org/1003/12.htm

, . , . ,   

Coloured 
light is used 
to create 
interesting 
patterns on 
metallic 
surfaces.

■ Auckland's waterfront redevelopment project included renovations to a post office, built
in 1912 (upper left) and the Britomart underground rail terminal (left). A two-story atrium
covers the main entrance to the terminal (above). It features 23-metre-high pillars covered in
textured sheets of S31603 stainless steel to mimic the bark of trees native to New Zealand.
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Arthur Tuthill Receives LaQue Award 
The Sea Horse Institute’s Francis L. LaQue Award was presented to
Arthur “Art” Tuthill at the 53rd Sea Horse Marine Corrosion
Conference, held in Wrightsville Beach, North Carolina, U.S.A., Aug.
11-14, 2003. Art’s accomplishments include exceptional work in the
field of marine corrosion, especially on corrosion and protection of
stainless steels and copper-base alloys. He has authored or co-
authored a large number of publications, including many guidelines
for selection of materials for marine service. Art has shared his 
expertise in corrosion through his active participation in technical
committees, technical pre-
sentations at conferences,
and, of course, at the Sea
Horse Institute meetings for
40+ years. Over the years, he
has also received many tech-
nical achievement awards.

The award is intended to
honor and perpetuate the
memory of Francis L. LaQue,
founder of the LaQue Center
for Corrosion Technology,
Inc. and vice-president of
the International Nickel
Company, Inc., and recog-
nize significant contributions to the field of marine corrosion and
corrosion prevention. Those who receive the award share Mr.
LaQue’s quality of enthusiasm and his ability to motivate others.

Previous recipients are Prof. Herb Uhlig (MIT, 1991), Dr. Robert
Baboian (Texas Instruments, 1996), and Dr. Harvey Hack (Northrup
Grumman, 2001).

Tuthill received a bachelor of Science degree in chemical engi-
neering from the University of Virginia in 1940 and a master of sci-
ence degree in metallurgy from Carnegie Institute of Technology
(1946). After service in the U. S. Navy, Pacific from 1941 to 1946, he
worked as a corrosion specialist at several companies including the
International Nickel Company (1959-82), where he was a contempo-

rary of Frank LaQue. When he retired from the Inco in 1982, he
established a corrosion consulting company, Tuthill Associates, Inc.
In addition to being a professional engineer, he is a technical consul-
tant with the Nickel Development Institute and a certified corrosion
specialist for NACE-International.

Solar-Powered Boat 

Visitors to the Norfolk and Suffolk Broads, Europe’s leading lake 
restoration project, northeast of London, can now tour this 
fragile wetland aboard a  9-metre, solar-powered catamaran made of
nickel-containing stainless steel S31600.

Home to some of the rarest plant and animal species in the
United Kingdom, the Broads is a maze of rivers, dykes and shallow 
lakes, called broads, bordering on the North Sea. This delicately 
balanced aquatic habitat attracts some 1.5 million visitors every year.

The Broads Authority, which manages this protected wetland,
recently took delivery of the passenger-carrying catamaran, built in
Germany by Kopf Solardesign. A bank of rechargeable lead-acid bat-
teries is capable of driving the boat at 12 knots, while at a modest 
4 knots, on a reasonably sunny day, the solar panels on the roof
deliver enough power to keep the batteries fully charged. Stainless
steel was used for the construction because of its corrosion resistance
in the brackish, tidal waters.

The 12-seater, was named “Ra”after the Egyptian sun god and is used
to run guided tours around Barton, the second largest of the Broads.
MORE INFO: www.nickelmagazine.org/1003/14.htm

ARTHUR "ART" TUTHILL receives the Francis
L. LaQue Award from Dr. B. S."Bop" Phull of
the LaQue Center for Corrosion Technology. 

SIGHTSEERS TOURING the Broads in eastern England aboard a catamaran
constructed of S31600 stainless steel. The solar panels provide power.

Details of the chemical compositions (in percent by weight) of the 11 nickel-containing alloys and stainless steels mentioned in this issue of Nickel.UNS details
Alloy Al B C Co Cr Cu Fe Mn Mo N Ni P S Si V W Zr
J92900 - - 0.08 - 18.0- - - 1.50 2.0- - 9.0 0.04 0.04 2.00 - - -
P.7 max 21.0 max 3.0 12.0 max max max
S30400 - - 0.08 - 18.00- - - 2.00 - - 8.00- 0.045 0.30 1.00 - - -
P.5 max 20.00 max 10.50        max         max         max
S30403 - - 0.03 - 18.00- - - 2.00 - - 8.00- 0.045 0.030 1.00 - - -
P.5 max 20.00 max 12.00 max max max
S31254 - - 0.020 - 19.50- 0.50- - 1.00 6.00- 0.180- 17.50- 0.030 0.010 0.80 - - -
P.5,7 max 20.50 1.00 max 6.50 0.220 18.50 max max max -
S31600 - - 0.08 - 16.00- - - 2.00 2.00- - 10.00- 0.045 0.030 1.00 - - -
P.4,6,10,13,14,16 max 18.00 max 3.00 14.00 max max max
S31603 - - 0.030 - 16.00- - - 2.00 2.00- - 10.00- 0.045 0.030 1.00
P.12 max 18.00 max 3.00 14.00 max max max
S31726 - - 0.03 - 17.0- 0.75 - 2.00 4.00- 0.10- 13.5- 0.045 0.030 1.00 - - -
P.5 max 20.0 max max 5.00 0.20 17.5 max max max
S32205 - - 0.030 - 22.0- - - 2.00 3.00- 0.14- 4.50- 0.030 0.020 1.00 - - -
P.5 max 23.0 max 3.50 0.20 6.50 max max max
N04400 - - 0.3 - - rem 2.50 2.00 - - 63.00- - 0.024 0.50 - - -
P.7 max max max 70.00 max max
N06059 0.1- - 0.010 0.3 22.0- 0.50 1.5 0.5 15.0- - rem 0.015 0.010 0.10 - - -
P.5 0.4 max max 24.0 max max max 16.5 max max max
N10276 - - 0.02 2.5 14.5- - 4.0- 1.0 15.0- - rem 0.030 0.030 0.08 0.35 3.0- -
P.5 max max 16.5 7.0 max 17.0 max max max       max       4.5
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NiDI Japan Appointment
Keiji Toyabe has been appointed 
manager of the Nickel
Development Institute’s (NiDI’s)
liaison office in Tokyo, effective
July 15, 2003.

He will manage NiDI’s 
programs and activities in Japan,
reporting to Jim Lilly, vice-presi-
dent, at NiDI headquarters in
Toronto, Canada.

Mr. Toyabe holds bachelor
and master of engineering
degrees in metallurgy and
nuclear engineering, respectively,

from Tokyo Institute of Technology. He joined Sumitomo Metal
Mining Co. Ltd. in 1968 and has held positions of increasing respon-
sibility in Sumitomo’s copper, zinc and nickel-producing operations.
Most recently, he was President of the Japan Coating Center Co. Ltd.

Akira Ono, who has managed NiDI’s activities in Japan since July
1, 2002, has retired.

, . , . ,   

C O M I N G  E V E N T S

Welding & Fabrication of Nickel Alloys,
a two-day, hands-on workshop will be held
in Cleveland, Ohio, U.S.A., Nov. 4-6, 2003
at Lincoln Electric’s Welding Technology
Centre. Two Nickel Development Institute
consultants: W. L. (Bill) Mathay and
Richard (Dick) Avery, will provide informa-
tion on the most recent welding technolo-
gy, material science, and fabrication
methodology of nickel-based alloys. The
workshop will provide information on
welding, metallurgical and construction
practices  to design engineers, welding
engineers, technicians, technologists and
welders. The technical program specifically deals with the thin-sheet
metallic lining methods of FGD installations and nickel-clad base 
material used for chimney construction. Additionally, the program 
features hands-on welding presentations, and all are encouraged to 
participate. Attendance is restricted to 25 participants, and attendees
are encouraged to bring along their own welding gear for the hands-
on portion of the program. Contact: Dorothy Steinbach, The Welding
Technology Center, 22801 St. Clair Avenue, Cleveland, Ohio, 
U.S.A. 4417-1199. Tel: +1 216 383 2240. Fax: +1 216 383 8025 
E-mail: dorothy_steinbach@lincolnelectric.com Web site: 
www.lincolnelectric.com 

WORLD STAINLESS 2003   Stainless Steel World will hold its third world
conference and exposition Nov. 11-13, 2003, in Maastricht, the
Netherlands. Materials professionals who attend will have a chance to
update their knowledge of corrosion-resistant alloys. Emphasis is placed
on applications and end-use experience. Some 3,000 suppliers, engi-
neering companies, fabricators, manufacturers, steels works, welding
companies and research institutes are expected to attend. Concurrent
with the conference will be an exhibition dedicated to corrosion-resistant
alloys. An exposition programme includes seminars by industry fore-
casters and experts. About 150 exhibitors are expected to attend.
Contact: Mrs Marion Barth, KCI Publishing BV, P.O. Box 396, 7200 AJ
Zutphen, the Netherlands. Fax: +31 575 511 099. E-mail: 
ssw2003@kci-world.com Web site: www.stainless-steel-world.net   

DRINKING WATER APPLICATIONS Euro Inox is holding a one-day workshop in
Brussels, Belgium on Nov. 19, 2003 entitled "Stainless Steel in Drinking
Water Applications." Design and maintenance engineers will be able to
exhange experiences on best practices and to review materials proper-
ties with respect to European regulations at this workshop. NiDI
Technical Director (Europe), Dr. Peter Cutler will make a presentation
entitled"Global Experience of Stainless Steel in Drinking Water
Applications" at this workshop. Contact: Euro Inox, Diamant Building, 
Bd. A. Reyers 80, 1030 Brussels, Belgium. Tel: +32 2 706 82 67.
Fax: +32 706 82 69.E-mail: info@euro-inox.org

Making a SPLASH! 
An organization designed to promote the use of stainless steel piping
and components in the potable water distribution industry has been
formed in the U.S.A. Called “Splash!”, it brings together several 
manufacturers/suppliers of water-main pipelines, tapping sleeves,
couplings, mechanical fittings and tanks. Together, they will promote
the various benefits of using stainless steel in these applications. Life-
cycle cost benefits, GASB 34 compliance, and reduced leakage rates
are the three main advantages that the new organization will be
emphasizing in their marketing campaigns. For more information,
please contact: Stephen Lamb at 1-304-733-1516 or e-mail:
procrc@bigfoot.com
MORE INFO: www.nickelmagazine.org/1003/15.htm

Food & Beverage Web Portal Launched

■ FOOD & BEVERAGE: Visit our web portal devoted to stainless steels 
in the food & beverage industry: 

www.hygienicstainless.org

■ NICKEL RISK ASSESSMENT: Search the FAQs of the European nickel
risk assessment at:

www.nickelforum-eura.org/index.cfm/ci_id/12254.htm

@www.nidi.org

KEIJI TOYABE: Manager, NiDI Japan

NiDI HAS LAUNCHED a new web portal devoted to the use of stainless steels in
the food and beverage industry. Please visit: www.hygienicstainless.org
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Hands-on Workshop



When the municipality of Loulé in Portugal
decided to invest in an ultra-modern 

sculpture, they engaged the services of
Ferro Design, which conceived a work with

spinning wind vane arms -- a sort 
of modern-day windmill.

And so Zephirus was born -- gigantic and
illuminated at night for all to see.

Based in Portugal and headed 
by Beau McClellan and Adam Varley,

Ferro Design not only designs sculptures
but also constructs them.

The main lower static structure of  

Zephirus was produced using COR-TEN®

material, whereas the rotating vane arms
were forged in sections from S31600
stainless steel. Black hot forged sections
were shipped from Portugal to specialty
metal finishers Anopol Ltd. in Birmingham, 
U.K., for pickling and electropolishing.
Assembled, the sections of the longest
vane arm on top of Zephirus extend 
to 12 metres.
Increasingly, pickling and electropolishing 
of stainless steel are being used 
in the finishing of new art forms. 

Stainless steel vanes of this sculpture in Portugal 

were pickled and electropolished by Anopol Ltd.

Windmills 
of the mind

MORE INFO: www.nickelmagazine.org/1003/16.htm
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