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Some of those are revisited in this issue to show how strength, durability, enhanced corrosion
resistance, aesthetics and recyclability, are still being exploited to our collective advantage
albeit in ways that reflect our increasing sophistication in working with materials.
That’s the evolutionary part and the charts below show how our understanding of where
nickel goes looks quite similar to three decades ago.
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Yet politics do not alter the qualities of nickel and nickel-containing materials, which remain
constant. How those qualities are being deployed in support of improved products and environments are direct descendants of what industry and society was expecting of nickel in 1985.
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Similar, but not the same. Demand for nickel has almost trebled over the past three decades
and those broad end-use categories mask many internal shifts. Nickel in coinage is down,
nickel in chemicals for batteries is up. And that brings us to innovation.
The editor of Nickel 30 years ago would recognise some of the engineering and architectural
story lines but would be amazed at the news coming from pure and applied research where
nickel is either essential to the research or essential to the resulting products.
Economic and environmental imperatives are driving material science to new levels and,
along the way, new uses–even new properties–of nickel are being explored and applied to
the benefit of society and the environment.
Nickel will continue to report on both the evolutionary and innovative uses of nickel. There
will be lots of stories to tell.

Clare Richardson
Editor, Nickel magazine
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Decades of past and future service
nickel in batteries remains essential

B

atteries are becoming ever more important for the global goal of sustainability and nickel is playing its part.
While the first nickel battery (nickel-iron battery patented by the Edison Laboratory in 1901) has been around for over a
century, the last three decades have seen extraordinary changes in the nature and composition of cells that, when connected
in parallel or series or both, give us batteries. Also, the uses to which those batteries are being put are constantly expanding.
And while not as obvious as when the common chemistries were nickel cadmium (NiCd) and nickel metal hydride (NiMH),
nickel remains prominent in innovative lithium ion batteries for stationary, portable and motive energy.

They are also becoming more complex . Now cells and batteries are designed to maximise the desired parameters: specific voltages, voltage stability, specific energy and specific power (amount of available energy by volume or mass), speed of recharging,
heat generation or any trade-offs between these and other parameters. Manufacturers now design to the performance of today’s
diverse availability of batteries or discuss with battery manufacturers their needs. And manufacturers have more and more
options for meeting diverse specifications. It’s a dynamic scene.
This, in turn, means that it is impossible to predict what comes next. A safe bet, however, is that nickel in combination with
other metals and minerals will only increase in importance as the shift from carbon-based energy continues.

The Taiwanese company Gogoro has announced that as of
June 2015 it is taking pre-orders for its Smartscooter. It will
have swappable batteries, free dedicated charging stations,
top speed of 95km/h, acceleration to 50km/h in 4.2 seconds,
cutting edge design…and nickel in the NCA batteries.

Today’s nickel-dependent
battery chemistries
Nickel Zinc (NiZn): A rechargeable version of the nickel
oxyhydride battery. High self-discharge rate but higher
energy-to-mass and power-to-mass ratios because they are
75% lighter than equivalent lead acid batteries. They have a
fast rate of charging and are price competitive with NiCd
batteries.
Nickel Cadmium (NiCd): Once a dominant battery type
for portable tools, it has evolved technologically and still
has significant end-uses in stationary emergency power
situations such as railway signalling, emergency lighting
and grid levelling (voltage maintenance) as well as emergency short-term grid power supply.

COPYRIGHT © 2014-2015 GOGORO INC. ALL RIGHTS RESERVED.

r The electric scooter for an island where 15 million of its
23 million citizens ride a scooter. The battery swap system uses
Bluetooth® to recognise registered scooters and will release a fully
charged battery for each depleted battery placed in an open slot.
The exchange can take as little as six seconds per battery.
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s E ach scooter has two Panasonictechnology NCA batteries,
weighing a total of about 17kg.

ISTOCK PHOTO.COM © KIRSTYPARGETER

The ‘Tesla’ of scooters

Nickel Metal Hydride (NiMH):
It was an exciting emerging technology 30 years ago. It is now a
mature technology that still fills
many roles. It was and remains
the dominant battery chemistry for electric vehicles as it
powers all the Toyota Prius models.
Lithium Nickel Manganese Cobalt Oxide
(NMC): A chemistry that can be tuned to deliver
either high specific energy or high specific power, but not
both. It is typically one-third nickel, one-third manganese
and one-third cobalt but there are many variations to deliver
different performance characteristics. It is the current power
source of choice for electric tools, e-bikes and electric power
trains. But not the Tesla…
Lithium Nickel Cobalt Aluminum Oxide (NCA): This
variation was the choice for Tesla vehicles. It shares similarity with NMC by offering high specific energy, good specific
power and a long life span. The addition of aluminum brings
greater stability to the chemistry.

nickel, vol. 30, no. 2, august 2015
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TESLA MOTORS

v Available in white, blue or black, a Powerwall battery hangs next to a Tesla Model S.
In both cases nickel is a major component of the battery chemistry.

Energy goes to the wall

T

o call the Tesla Powerwall® a game-changer understates the impact it is going to have on how electricity is generated, distributed and stored. The Powerwall challenges current models and responds in a cost-efficient way to the
increasing complexity of electrical grids and the growing role of environmentally-driven (wind, solar, etc.) sources. And
nickel is essential to this revolution.
At this early stage technical details are scarce. It is known
that the Tesla stationary storage battery for residential use
weighs 100kg (see Specifications) and will use far fewer
cells per unit than in the Tesla Model S. The number of
Powerwall units, however, could number in the millions.
More important: industrial and grid applications
The attention and imagination of the public is centred
on the residential applications. These are literally “close
to home” and are designed with that in mind with
choices of colour for the mounted battery systems.
Potentially much more disruptive to the energy industry, however, are the scaled-up versions referred to as
“power packs” that will compete with other energy storage systems to provide the traditional capacities of

COPYRIGHT ALL RIGHTS RESERVED BY KJWINES

POWERWALL SPECIFICATIONS
Technology

Wall mounted, rechargeable nickel-containing
lithium ion battery with liquid thermal control

Models

10kWh US$3,500 for backup applications
7kWh US$3,000 for daily cycle applications

Warranty

10 years

Efficiency

92% round-trip DC efficiency

Power

2.0kW continuous, 3.3kW peak

Voltage

350–450 volts

Current

5.8 amp nominal, 8.6 amp peak output

Compatibility

Single phase and three phase utility grid
compatible

Operating
Temperature

-20 °C to 43 °C

Weight

100kg

Dimensions

1300mm x 860mm x 180mm

nickel, vol. 30, no. 2, august 2015
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peak shaving (storing off-peak energy), load shifting
and voltage firming (voltage leveling).
According to Tesla Energy, utility-scale systems will group
individual 100kWh batteries for capacities ranging from
500kWh to 10MWH and greater. They are to be capable of
two to four hours of continuous net discharge power to
compensate for grid power in case of outages. This will be
delivered by the same nickel-containing batteries of the
Tesla automobiles and at a price estimated at about
US$250/kW hour of capacity, a reduction of at least 50%
from alternative technologies.
It is still very early days. Performance and economics have
yet to be severely tested but it is clear that the whole
model of electrical power distribution, storage and use is
being disrupted to the benefit of end-users (everyone)
and the environment.
s A combination of solar arrays and Powerpack units is expected
to reduce energy costs by 40% for Jackson Family Wines of
California.
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Buildings and Structures
in Stainless Steel
Nickel charts the progress
N

ickel Institute consultants, workshops and literature have been a valued source of
information for making the building and construction specification decisions for
30 years and work funded by the organisation has made new innovations possible. The
pages of Nickel magazine have chronicled these contributions and journey—a look back
at just the first ten years provides insight into the Nickel Institute’s influence. Many of
these projects have become iconic symbols of nickel-containing stainless steels’ contribution to durable sustainable design.

Gateway Arch

The gleaming polished Type 316 curves of
the University of Minnesota’s Weisman
Art Museum in Minneapolis, USA, show

CATHERINE HOUSKA

MIKE RENLUND

PHOTOS: CATHERINE HOUSKA
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Many well-known stainless clad buildings
graced the pages of Nickel during the first
ten years. The selection of Type 316L by
César Pelli for the first building in
London’s Canary Wharf business complex, One Canada Square, was announced
in Nickel in June 1990. At 48 floors and
235 metres, it was the tallest habitable
building in the United Kingdom and tallest building in Europe upon completion.
Most of the other buildings in the complex and the spectacular subway entrance
canopy also use Type 316L. (Figure 5)

Greenhouses can be very corrosive environments. 17km of Type 316L stainless
steel glazing bars were used for the restoration of the historic Palm House at Kew
Gardens in London, U.K. (March 1990).
The traditional appearance had been
maintained with white paint. (Figure 2)
Type 316 (S31600) was also instrumental,
although hidden, in restoring the
architecturally-important 12th century

The design was so innovative in 1948
that stainless steel structural research
was needed prior to construction to
confirm that Type 304 (UNS S30400)
stainless steel plate 6.35mm thick
was a suitable load-bearing material
for the exterior. That research lead to
the world’s first structural design
standard for stainless steel and was
part of the reason why construction
was delayed for thirteen years.

6 NICKEL FEATURE

The magazine has also highlighted cuttingedge applications in famous buildings,
including the Louvre Pyramid in Paris,
France (June 1991, Figure 3) which used
nickel-containing Type 316L and 17-4PH
(S17400) for the first large glass curtain
wall supported entirely by stainless steel.
The structural supports for the stainless
and glass roof of the International Terminal
of Waterloo Station in London, U.K. are
Type 316 as is the roof and the diamond
floor plate. (September 1993, Figure 4)

The Nickel Institute has helped fund structural research, specification and design
guide development and as well as specifier
education. Nickel has documented important structural restorations and new applications. The restoration of the Statue of
Liberty was completed using nickel containing Type 316L (UNS S31603) and
Alloy 255 (S32550) duplex stainless steel
to support the famous copper skin. It
replaced badly-corroded structural iron.
(June 1986, Figure 1 below)

In June 1987, Nickel celebrated the
Arch as “still shimmering like new, yet
now 21 years old”. Eero Saarinen’s
iconic Gateway Arch will be 50 years
old in October 2015. The elegant
gleaming silver arch is the world’s
tallest memorial at an impressive
192 metres.

Catherine Houska, the stainless steel
expert on the team that inspected it
at the end of 2014, said ”the stainless
steel is dirty because of its exposure
to industrial pollutants but the discoloration is superficial. The Arch is
in very good condition and should
have no problems providing another
50 years of service.”

Santa Maria degli Amalfitani church in
Monopoli, Italy. (March 1995)

Many construction materials require
extensive maintenance, including
repainting or replacement within as little
as 20 years. Properly specified, stainless
steel can provide hundreds of years of life.
The formability, weldability and range of
finishes available in nickel-containing
stainless steels make them the material
of choice for architects around the world.

Figure 1 Statue of Liberty, New York, USA

Figure 2 Palm House, Kew Gardens, London, U.K.
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how Frank Gehry skillfully combined
sculpture and architectural design in his
first high profile stainless steel clad building. It constantly changes as it reflects its
environment. (June 1994, Figure 6)
Wa sh i ng ton DC ’s Rona ld Reaga n
Washington National Airport is the showplace gateway to the U.S. capital and features numerous exterior and interior
applications. Its distinctive stainless steel
roof used a specially developed very dull
finish and started a global airport roof
trend. (March 1995, Figure 7)
Since longevity is such an important
aspect of sustainable materials, the Nickel
Institute also provides advice on cleaning
and restoration. After cleaning, Chrysler
Building’s famous stainless steel roof
(March 1995) still gleams on the New York
skyline.

OUTOKUMPU

DAILYMATADOR

Whether the nickel-containing stainless
steel is visible or hidden, it provides
unparalleled performance relative to
other architectural metals. While projects
featured in Nickel represent a very small
percentage of the projects influenced over
the years by the Nickel Institute, their
breadth is indicative of the important
work done.

NICKEL INSTITUTE

Figure 4 Waterloo Station, London, U.K.
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Figure 6 W
 eisman Art Museum,
Minneapolis, USA

Figure 7 R onald Reagan National Airport,
Washington, D.C., USA

OUTOKUMPU

CREDIT?
OVERLY MANUFACTURING

Figure 5 One Canada Square, London, U.K.

WIKIMEDIA COMMONS

Figure 3 Louvre Pyramid, Paris, France
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Stainless steel in Japan

PRODUCTION, USE, INNOVATION
T

he first issue of Nickel magazine 30 years ago looked at new products and applications of nickel-containing stainless steel in Japan, which in
1985 was the world’s leading producer. Since then what has changed and what are the trends?

In the civil engineering field, there has been increasing emphasis on
the corrosion resistance of stainless steel. Stainless steel reinforcing bar
with the advantage of a very long life (100 years plus) became standard
in Japan in 2008 (JIS G4322). Another example was the use of a 6%
molybdenum super-stainless steel SUS312L (UNS S31254) which has
superior seawater corrosion resistance, and was used to clad the piers
of the Haneda Airport D runway in Tokyo, which opened in 2010. In
addition, stainless steel has come into use for many peripheral but
essential materials in the construction and civil engineering fields:
stainless steel pipes for housing complexes, water tanks, storage tanks,
interior boards and mounting hardware for

COURTESY OF REIYUKAI

v The inaugural issue of Nickel in
September 1985 featured black coloured stainless steel tiles on Tokyo’s
Shakaden Temple. They are still spectacular today, virtually unchanged in
appearance since their installation in
1975. s
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tunnels, telephone exchange equipment containers, escape ladders,
windbreak fences, tunnel louvres, foundation packing for wooden
houses, exterior heat-insulating construction material, and stainless
steel nuts and bolts. And in recent years, the use of shaped Type 304
(S30400) stainless steel for anti-seismic reinforcement of existing
buildings has increased.
Type 316L (S31603) stainless steel has also been used effectively in
Tokyo’s water distribution system to withstand significant and frequent
seismic activity. The installation of stainless steel distribution pipes,
which started in the 1980s, has reduced the leakage rate from 20% to
just 2%—claimed to be one of the lowest leakage rates of any
metropolitan area. This technology has huge potential in a world
where water availability is constrained. In many cities, 10-20% of the
water is lost between the water treatment plant and the consumer,
because of leaks in the pipes. One of the Nickel Institute’s objectives is
to bring the Tokyo technology to other countries.
Japan has had a special love for coloured stainless steel, both for interior
and exterior applications since the 1970s. This too is now catching on in
other parts of the world, for example on the roof of the Chinese
Swimming Club in Singapore, featured in the March 2013 issue of
Nickel. A stunning example is Tokyo’s Shakaden temple where black
stainless steel tiles cover the 10,000m2 roof. It was featured in the first
issue of Nickel and still looks spectacular today.
s The Piers of the Haneda Airport D runway sit on the sea floor and are
clad with corrosion resistant 6% Mo nickel-containing stainless steel.
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2015-07-10 10:37 AM

ISTOCK PHOTO.COM © AGLPHOTOPRODUCTIONS

Over the years, application of nickel-containing stainless steel in Japan
has shifted. In the 1960s and 1970s, kitchen utensils, appliances and
fittings (the most common being sinks) drove the demand. Since the
1980s, construction applications, such as building materials,
transportation vehicles and electric appliances have grown.
Automotive applications saw increasing demand in the 1990s,
represented by products that control automobile exhaust emissions,
against a background of needs for environmental countermeasures.
The trend has continued and many recent innovative applications also
involve more sophisticated grades of stainless steel.

…in recent years, the use of
shaped Type 304 stainless steel
for anti-seismic reinforcement of
existing buildings has increased.

CREATIVE COMMONS © YAMAGUCHI YOSHIAKI

While world production of nickel-containing stainless steel has
continued to increase over the past three decades, growth in Japan has
slowed. In contrast, stainless steel production in China has seen rapid
expansion and today accounts for over half of world supply. Despite
China’s rise, Japan is still placed as the number two producer, with over
8% of the world’s supply in 2014.

SAFE KEEPING
food chain dependence
on nickel materials

T

he Ethiopian famine was in the minds of many when the first
issue of Nickel magazine appeared in 1985. It featured a story
on how nickel-containing stainless steels were playing a significant
role in food safety as well as reducing the wastage of food that
occurs between the farmer and the consumer.
Today, the food supply chain is even more internationalised and
many countries have adopted food safety standards similar to
those successfully employed in both Europe and North America.
Those standards have gone through significant advances in the
last 30 years and will continue to improve. But those same nickelcontaining stainless steel alloys have remained and will remain as
the first choice for food contact surfaces for all food and beverage
processing operations.
Multiple challenges
Keeping food safe is a challenge. It requires not only selecting
the appropriate materials and proper equipment design but a
rigorously enforced system to keep out dangerous contaminants.
One of the more recent standard improvements is the definition
of a product contact surface. It is not restricted to the obvious
surfaces of the containers, conveyors and vessels on or in which
food is processed or stored, but includes any surface from which
contamination, whether deposited on the surface or a constituent
of the material, could drip, splash or be blown onto the food.
Moreover, these surfaces must all be hygienic. This does not just
mean “always clean and shiny”, reassuring as that may be, but
resistant to contamination and easily cleanable between uses.
Enter the nickel-containing stainless steels, the most common
alloys being Type 304 (UNS S30400), 304L (S30403) and 316L
(S31603). Their corrosion resistance based on chromium and
enhanced by nickel, is universally recognised: there is a stainless
steel suitable for every food product from milk to mustard to the
most demanding liquids such as soy sauce, where 6% Mo alloys
are required. And sometimes the disinfecting chemicals are more
corrosive than the food products themselves.

ISTOCK PHOTO.COM © AGLPHOTOPRODUCTIONS

Smooth surfaces
To allow for proper cleaning and disinfection, food product contact surfaces, must be smooth. Both EHEDG (European Hygienic
Engineering and Design Group) and 3-A Sanitary Standards (U.S.)
recommend smoother surfaces than 30 years ago, and now call for
a surface roughness of 0.8µm or less. This standard can be
exceeded by a 2B finish on stainless steel sheet. A high quality
no.4 polished finish will also meet that requirement. In addition,
the hardness of stainless steel resists the abrasion (for instance
from dry particulate foods) which can roughen a food contact surface to the point where biofilms can adhere so firmly to the surface that normal cleaning procedures cannot remove them.
Outside Europe and North America, Australia, New Zealand and
Japan have had rigorous standards for many years now and China
is also upgrading its standards to world-class. The common
element for all these countries is nickel-containing stainless steels
as the materials of choice.
nickel, vol. 30, no. 2, august 2015
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India
Stainless steel was first used for the shells of railcars in the U.S. in 1934,
and has been widely adopted in North America, Australia and Japan.
Many countries, including India, had not used stainless steel due to its
perceived high cost despite well-known attributes such as very low
maintenance and long life. Initial success came in 2002 with the
Delhi Metro, and the use of Type 301LN (UNS S30153) for all coaches
plus Type 304 (S30400) for the station furnishings and hardware.
There are now 143 fully functional stations in the system, with more
in different phases of completion. Other metro systems followed suit
using Type 301LN coaches, including Jaipur, Chennai, Bangalore and
Kochi. In addition, high speed passenger trains are now extensively
being made using a combination of 300 and 400 series stainless
steels at two new production facilities, with a projected volume of
4000 coaches per year.

10 NICKEL SPECIAL FEATURE
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Another small, but innovative application that can help hundreds of
millions of Indian families is a forced air stove, components of which are
made in 300 and 200 series austenitic stainless steels. Burning biomass
such as wood, crop residue and cattle dung is very common in rural
areas for cooking applications. Traditional stoves have incomplete
combustion. This results in emissions of toxic gases which, in poorly
ventilated kitchens, is estimated to result in half a million premature
deaths annually in India, primarily women and children. By using forced
air from a fan powered by batteries, there can be a 70% reduction in
smoke, a 50% reduction in fuel consumption while cutting the cooking
time in half. Designed by TERI (The Energy and Resources Institute), the
technology has been approved by the Ministry of New and Renewable
Energy and is available to stove manufacturers to use.

nickel, vol. 30, no. 2, august 2015
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wo countries not mentioned in the first issue of Nickel magazine
were China and India. Neither country was a major player in the
international stainless steel market. What a difference 30 years makes!
In 1985, India produced just over 1% of the world’s stainless steel, while
China’s was much less. Today China stands as the largest stainless steel
producer by far, with just over 50% of the world’s production, while
India stands in a very respectable third spot, just behind Japan, but
ahead of South Korea and the U.S. And while we may think of China
and India as producers of standard commodity grades and lower end
products, both countries are working hard to produce both higher
alloyed nickel-containing stainless steels as well as nickel alloys. Two
examples of applications in each country illustrate the large scale and
innovative uses suited to their needs.

ISTOCKPHOTO.COM © 4FR
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nickel use supporting
development
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GREAT LEAPS
FORWARD:

ACHINA
ISTOCKPHOTO.COM © FCKNIMAGES

China
The rapid industrialisation of China has resulted in unacceptably high
levels of pollution, especially air pollution. This is one of the major issues
with which China is grappling, leading Premier Li Keqiang to declare
‘War on Pollution’ in March 2014.

A switch from gasoline powered vehicles to electric ones is a way to
reduce air pollution in the major urban areas. Those batteries often
contain nickel, either NMH (nickel metal hydride) or certain types of
lithium ion batteries. (See story page 4) China was an early adopter of
electric bikes, with over 120 million having been sold. While sales of all
electric battery vehicles (BEVs) are still relatively low at just less than
60,000 vehicles in 2014, there are over 40 models currently to choose
from in China. In addition, plug-in hybrid vehicles are also available,
using batteries most often containing nickel.
In China, coal is still king—80% of its electricity is generated from this
fuel (2014) and coal-fired power plants are still being built at a rate of
one per week. One way to reduce the pollution burden is to build
higher efficiency plants. Advanced Ultra Super Critical (AUSC) steam
generation offers a solution. This technology is currently being worked
on in China as well as in Europe, USA and Japan. (See Nickel Vol. 30
No. 1). These plants produce steam at 700 °C and higher, and mean
that the standard steels are unsuitable. Both special nickel alloys and
special stainless steels can handle the higher steam temperatures,
allowing an efficiency of 50% or more. For the steam generator tubes,
a modified 304 (9% nickel) with copper, niobium, nitrogen and boron
additions shows promise for long term reliable performance.

ISTOCKPHOTO.COM © 4FR
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A switch from gasoline powered
vehicles to electric ones is a way to
reduce air pollution in the major
urban areas.

Both India and China have developed rapidly since the first issue of
Nickel magazine 30 years ago, showing increasing levels of innovation.
And we can be sure that nickel will still be an important part of the
economy of these nations for the future.

v Top right: Battery powered bicycles and scooters are ubiquitous today
in China.

PHOTO © SIEMENS AG

PHOTO COURTESY OF TERI

v Top left: Nickel-containing stainless steel rail passenger cars
produced in India

v Bottom left: Forced air stove fabricated from austenitic stainless steel
with electrically powered fans and rechargeable batteries for use
with photovoltaic cells. It is corrosion resistant with smooth surfaces
which are easy to clean and provides a safe and affordable solution
for domestic cooking. 
v Bottom right: Steam turbine of type SST5-6000 at Yuhuan power plant
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Bright
future

Nickel surface finishing
continues to be relevant
in a changing world

S

uperficially, not a great deal has changed in the plating and electroforming industry.
But beneath the surface—where the nickel is found—there have been enormous
shifts not in the processes but in the products that depend on the processes. Products
that were unheard of 30 years ago but which are now part of daily industrial and household life are made possible or better with nickel plating.
The largest use of nickel is in metallurgical
alloys such as high nickel alloys for heat
and corrosion resistance, stainless and low
alloys steels, non-ferrous alloys including
coinage, and ferrous castings. But to the
average consumer, the most obvious use
of pure nickel is for plated coatings. From
the humble paper clip, to attractive automotive trim, this widespread use reflects
the useful properties of nickel as a coating,
and its versatility. By modifying operating
conditions, the properties and appearance
of nickel can be customised to suit designers’ and consumers’ specific needs.
Electroplated nickel is used extensively to
enhance the utility, value and sales appeal
of manufactured products. Other nickel
coatings improve the physical properties
such as wear, heat or corrosion resistance.
In many important applications, nickel
coatings serve the dual role of providing
an attractive decorative coating plus
imparting improved corrosion resistance
or other functional properties.
Over the 30 years since Nickel magazine
was first published, the most notable
developments in nickel plating have been
the greater use of durable nickelchromium coatings on plastics and
aluminium components. Bright, satin,
pearl and black coatings are widely
selected for automotive, motor cycle and
commercial vehicle components, along
with tapware and bathroom fittings, door
and cupboard fittings, metal furniture,
appliances and consumer electronics.

v Not just the “bright and shiny” aesthetic look
but enhanced corrosion resistance too for
automobile wheels.
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An important application is electroforming, where nickel is built up by
electrodeposition onto a suitable mandrel,
and subsequently removed to produce a

Nickel coatings
improve the physical
properties such as
wear, heat or
corrosion resistance.
nickel product which corresponds precisely
to the shape and texture of the original
substrate. Examples are rotary textile
printing screens, nickel foam battery
electrodes, stampers for CD/DVDs/holograms and security printing plates for bank
notes and postage stamps.
Electroless nickel plating is another
method for depositing nickel onto a
substrate. This is a chemical process which
reduces nickel ions in a solution to nickel
metal by chemical reduction, rather than
with electric current. The unique properties
of the resultant nickel deposit include
uniform thickness, hardness, corrosion
resistance and magnetic response. The
largest application is for hard disc drives,
while other examples are the metallising
of plastics for electroplating, automotive
brake cylinders, pumps, valves and other
engineering products.
The Nickel Plating Handbook provides
practical information on the operation and
control of nickel electroplating processes,
plus important information on safety and
environmental matters.
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necessary feature so that hikers
and aircraft pilots would not be
blinded as well as to ensure the refuge’s
integration into the snowy environment.

A nickel-containing
stainless steel refuge

ON THE
ROOF OF
EUROPE

for the refuge. Heat collectors on the roof,
solar panels on the façade, the use of biomass produced internally, and the recycling
of waste water mean the new refuge is nearly
100% energy and water self-sufficient.

H

osting 25,000 to 30,000 mountaineers
each year, the new Refuge du Goûter, is
at an elevation of 3,835 metres and located
on the main route to Mont Blanc in the
French Alps. Perched on a rocky cliff edge, it
was designed to withstand temperatures
ranging from -50°C to +30°C and winds that
can reach 300 kph.

High-altitude assembly
All the components were prepared by subcontractors in the valley then transported by
helicopter to the platform for assembly on
Mont Blanc. The stainless steel bands were
assembled using flat Z-joints. To ensure the
full aerodynamic effect around the shell, the
stainless steel cladding, windows and solar
panels had to be perfectly aligned in the
same plane on each of the facets.
Opened in 2013, the new Refuge du
Goûter can accommodate 120 people and
replaces a 1960s shelter which was no
longer fit for purpose. At a cost of €6 million, it is an incredible feat of engineering
and a sanctuary for climbers on their way
to conquer the roof of Europe.
Designers of the Refuge du Goûter:
DécaLaage architectural agency, Chamonix,
and Groupe H, Geneva.

PHOTOS: GUDRUN BERGDAHL – PASCAL TOURNAIRE

The refuge’s ovoid form is built perpendicular to the cliff for the least possible wind
resistance. The wind currents meet at the
rear of the building, depositing the snow
they carry. A huge drift provides a permanent and renewable reserve of fresh water

Strong mechanical resistance, low
reflectivity
Wood was the preferred construction
material because of its light weight and
ease of construction at high elevations.
However, because it was too fragile to withstand the extreme climatic conditions, the
project architects and engineers came up
with the solution of cladding the wooden
structure. Nickel-containing stainless steel
offered the necessary set of properties
including long life and low maintenance in
a cold environment—the surface would be
cleaned naturally by the wind and snow.
Low reflectivity from the sun was another

A complex set of facets
Type 304 (EN 1.4301, UNS S30400) stainless steel containing 8.0% minimum
nickel, with a Uginox “Top” finish was
selected in two thicknesses: 0.5mm for the
roof and 0.8 mm for the facade. This is a
double-sided matte finish with a surface
roughness of about 1.5µm. The structure
comprises a complex puzzle of 128 facets
evenly distributed over four levels (32 facets
per level), in four basic dimensions:
2m x 4m (16 facets); 2m x 3m (48 facets);
1.3m x 3m (48 facets). Each facet was itself
divided into four or seven bands of stainless steel measuring 2.50 and 2.80m in
length. In all, nearly 800 stainless steel
sheets were cut.
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NICKEL INSTITUTE APPOINTS
DAVID BUTLER AS PRESIDENT
T

& General Counsel. David is an experienced

he Nickel Institute is pleased to
announce that David Butler was
appointed President, on 1 June 2015.
David succeeds Tim Aiken who retired
af ter being associated with the Nickel
Institute for 25 years.

lawyer specialising in advising Fortune

500 clients, private companies and trade
associations.
Nickel Institute Chairman, Robert Morris
said, “We look forward to the continuing

David Butler has been involved with the
Nickel Institute for over 25 years, firstly
in his role as external legal counsel and
Corporate Secretary, and then joining the
Nickel Institute in 2013 as Executive Director

contribution of David in his new role as
President and are confident that the NI’s
very positive momentum will continue
under his leadership.”

Nickel compounds explained

T

he Nickel Institute has published Nickel Compounds, the inside story..., a free 16-page
guide to nickel compounds written for non-specialists by industry experts.

Nickel Compounds, the inside story... shows
how nickel compounds are essential to a
wide range of industrial sectors including transport, aerospace, marine and
architectural applications and for the
manufacture of many consumer goods.
“Most people do not realise the importance of nickel compounds in the functioning of everyday products like cars
and electronics,” said Clare Richardson,
Communications Manager, Nickel
Institute. “This publication explains in
simple terms what nickel compounds

UNS details
UNS

are and why they are so widely used.
It explains where nickel is an essential
material and central to or supportive of
virtually all technologies.”
She added, “Nickel Compounds, the inside
story...reveals the crucial contribution of
nickel compounds in the value chain and
why nickel has a key role to play in society
now and for a long time to come.”
Nickel Compounds, the inside story... can be
downloaded from the Nickel Institute website or requested from:
communications@nickelinstitute.org

Chemical compositions (in percent by weight) of the alloys and stainless steels mentioned in this issue of Nickel.
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N01555
p. 15

0.07
max.

0.05
max.
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0.01
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max.

0.005
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-

-

-

0.025
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-
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p. 6

0.07
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-
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0.030
max.

1.0
max.

-

S30400
p. 6,8,9,10,13
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-

-
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-

-
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S31803
p. 16
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-
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-

0.030
max.

0.020
max.

1.00
max.

-
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Flexible Nitinol robots could transform surgery
S

cientists from Leibniz University, Hannover, Germany, are collaborating with research teams at the Vanderbilt University
in Nashville, USA, to develop tiny flexible snake-like robots which will allow surgeons to access difficult-to-reach spaces
with minimal invasion. Nitinol (UNS N01555), the bio-compatible nickel titanium alloy frequently used in stents, catheters or
braces, has been chosen for its shape memory properties and super elasticity.
Dr. Jessica Burgner-Kahrs from the Hannover Center for
Mechatronics at Leibniz University is leading research into how
robots fitted with tentacle-like arms made of several tiny superelastic Nitinol tubes could transform delicate brain surgery. A
team from the Vanderbilt University is researching the removal
of hematomas in the brains of stroke patients using the robots,
in a project funded by the National Institutes of Health.
Unlike conventional robots which have joints and rigid
connections, ‘continuum robots’ feature a continuous structure

which is inspired by bionics—think elephant’s trunk or snake.
Because of the shape memory properties, the small tube can be
bent and once the deforming pressure decreases it will return
to its original shape. Ultimately this elasticity could allow the
robot to move along curves in tiny spaces within the human body
to reach areas previously too dangerous to access. The Nitinol
robot has potential applications in sinuses, for access to the
pituitary gland as well as removing hemorrhagic fluid or clots
from the brain.

UNIVERSITY OF KIEL IN COOPERATION WITH AQUANDAS GMBH

LEIBNIZ UNIVERSITAET HANNOVER

s An American ten cent piece (approximately 18mm in diameter)
shows the scale of the Nitinol robot.

Toughest ever

NICKEL

shape
memory
alloy
P

rofessors Manfred Wuttig and Eckhard
Quandt at the Universities of Maryland,
USA and Kiel, Germany, have produced a new
shape memory alloy so tough it returns to
its original shape even after being bent and
heated over ten million times. This makes the
new alloy, a mixture of titanium, nickel and
copper, a candidate for “high cycle” applications such as artificial heart valves and solid
state air conditioners. In contrast the previous highest-performing shape memory alloy
could be deformed approximately 16,000
times before it succumbed to fatigue.
All shape memory alloys are phase-changing
materials, meaning they can shift into
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r 50µm thick NiTiCu thin film linear tensile
actuator
different molecular configuration—such as
water into ice. The new alloy’s transition can
be “activated” by heat in one of its forms, and
by a release of tension in another. Wuttig
and Quandt discovered that the key to the
alloy’s durability was the presence of a small
impurity, a precipitate of titanium and copper
(Ti2Cu). These particles were compatible
with both of the alloy’s phases, allowing it to
mediate millions of complete and reproducible
transformations thereby reducing fatigue.
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T

A second freestanding structure includes
the twelve curved glass sails wrapped
around and above the iceberg, supported
by a duplex stainless steel grid. The engineers selected 2205 duplex stainless steel
(EN 1.4462, UNS S31803), with 4.5 to
6.5% nickel, for all inserts and nodes, the
grid as well as for the gutters, braces, tension rods, thousands of bolts and hundreds of securing fasteners. It offers a
yield strength twice that of a standard
Type 316L (S31603), yet with 30% less
weight. 1,500 tons of high strength
duplex stainless steel support the majestic glass sails. In total the building structure contains 15,000 tons of steel—twice
as much as in the Eiffel Tower.

© 2014 TODD EBERLE

reinforcing the sensation of sails and
movement.

r C
 onverting an artistic/architectural vision
into reality is a challenge—a challenge
answered by engineers and nickelcontaining materials.
L.M. DAUZAT

An outer structure comprises an intricate network of long-span laminated
larch wood beams connected to carbon
steel trusses. They constitute the solid
suspension frame of the glass sails.
From 3 to 35m long and in various
curvatures, all these elements give the
impression of gently swirling underneath the sails . A total of 540 duplex
stainless steel inserts ensure firm connection between the wooden beams. In
addition, 430 unique, geometrically
complex nodes link all wooden and
metal elements. Made from carbon
steel/duplex stainless steel 100mm
thick hybrid plates, they give the
structure stability, allowing
it to flex and maintain
its integrity, while

© GEHRY PARTNERS, LLP AND FRANK O. GEHRY

he new Fondation Louis Vuitton museum inaugurated in Paris in October 2014,
was born from a spontaneous sketch by Pritzker Prize-winning architect
Frank Gehry, and a digital model created by the most advanced 3D software. The
building clearly reflects Gehry’s disdain for the straight line. The result is a spectacular space with twelve monumental billowing glass sails supported by an entanglement
of steel columns, wooden beams, transoms, braces and tension rods. All these elements are connected and draw upon the “iceberg”, a hard-shell structure containing
the museum’s enclosed spaces.

FRANK GEHRY FONDATION LVMH
2014 TODD EBERLE

GLASS SAILS OVER PARIS
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