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In 1902 the Gobbins Coastal Path in Northern 
Ireland was opened with the promotional tag ‘the 

best marine sea walk in Europe’. Now, over a century 
later, the path has been reopened thanks to a £7.5 
million (US$11.5 million) regeneration project. 

The name comes from the Irish ‘An Gobain’, meaning ‘points of rock’. In its heyday, the coastal 
path, with its sunken caves, gullies and sheer cliff faces, was more popular than the Giant’s 
Causeway, another striking marine geological feature in Northern Ireland. Over the years, 
under the constant battering of the Irish Sea, some of the structures collapsed and the path 
was closed in 1954. 

Now, the new coastal path on the Islandmagee peninsula is again on its way to becoming one 
of Northern Ireland’s premier attractions. The walk starts with a steep descent and at the end of 
the one kilometre trek there’s a fairly arduous climb back to the top. For anyone who may not 
feel capable of tackling the narrow paths and walkways, there’s an alternative cliff-top route.

One of the main attractions, apart from the dramatic views of the coastline and, on a clear 
day to see all the way to Scotland, is the chance to get up close and personal with seabirds 
such as puffins, kittiwakes and razorbills. When the contract to develop the new coastal 
path—complete with 22 nickel-containing stainless steel structures and footbridges 
including the iconic tubular bridge—was awarded, one of the conditions was that the 
construction works would not interfere with the birds’ breeding season. As the location is the 
site of Northern Ireland’s only puffin colony, a full-time ornithologist was employed during 
the works.

CASE STUDY 05
1902 COASTAL PATH
RECONSTRUCTED 

 rw The coastal path’s iconic tubular bridge 
w The path features 18 bridges and 4 staircases constructed from nickel-containing stainless steel.

sPostcard circa 1902 

A SPECTACULAR 
CONSTRUCTION
The challenges set by a project located on 
a peninsular with a tunnel below sea level 
were met so successfully by the main con-
tractor, McLaughlin & Harvey, that the 
Reconstruction of the Gobbins Coastal Path 
was shortlisted for the UK Prime Minister’s 
Better Public Building Award. 

The one kilometre walk has 18 bridges 
and four staircases, all constructed using 
Type  316L (UNS S31603) stainless steel 
with a bead-blast fi nish. 

Th is grade was selected because of its 
durability compared with carbon steel, the 
need for low maintenance, and the absence 
of a coating which could with time aff ect 
the pristine environment. All structures 
have a 50-year design life and, in several 
places, the rocks had to be stabilised with 
bolts to ensure visitor safety and secure 
bridge foundations. 

The duller finish was chosen as it blended 
in with the scenery and limited any dis-
turbance to the nesting seabirds within 
this Areas of Special Scientific Interest 
(ASSI) site.
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NICKEL IN THE SOLUTION 
A common theme in this magazine is how nickel, in its various forms and alloys, is the 
basis for sustainable solutions in different applications. In this issue we look at some 
nickel applications that literally start out as “solutions”. 

Nickel has been used for over a century as a material in coinage in both its pure and alloy form. 
Increasingly various plating processes are now used to bring the benefits of nickel to coins such 
as durability, aesthetics, electromagnetic properties and ability to take and maintain detailed 
and attractive images. 

Certainly governments and their mints are aware that converting to nickel-plated steel products 
saves materials, but they are probably more motivated by the ability to produce attractive coin-
age at a lower cost. That, in turn, means more profit for governments. As shown on our cover 
and pages 6 and 7, the appropriate use of nickel makes this double goal achievable.

Staying with the plating theme, note on page 9 where nickel in various forms—plated, battery 
chemistry or alloys—can be found in every mobile phone (and every other similar electronic 
tablet device). 

Given that the global production of mobile phones exceeded one billion in 2014, the impor-
tance of these tiny uses of nickel becomes apparent. And when the device comes to the end of 
its useful life the nickel can be recycled.

Nickel chemicals are ubiquitous in our society and their contributions are many. They are also 
usually invisible although, as we see in this issue, coinage provides a brilliant exception.

Clare Richardson
Editor, Nickel magazine
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90% of the world has a mobile and 100% of them use some nickel
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Slips, trips and falls of workers are a major cause of workplace accidents and of concern to business owners. In industries such 
as food production there are additional challenges where the floor surfaces need to be kept clean and even sanitised. In the USA 

the recent Food Safety Modernization Act requires plants to thoroughly document the sanitisation of all food contact surfaces 
which the Food and Drug Administration defines as one where food may “drain, drip or splash”. In many plants, this includes the 
floors where various types of harmful bacteria may collect. 

A high-traction surface
An innovative answer to these challenges is offered by SlipNOT® 
Metal Safety Flooring of Detroit, Michigan USA. By taking 
nickel-containing stainless steel sheets or plates and applying a 
layer of fine stainless particles through a thermal spray process, 
a high traction surface with a high coefficient of friction is 
obtained to produce a slip-resistant floor. Typically a medium 
roughness (peak to valley depth of 0.5-0.63mm) surface is 
specified. The particles, which provide the non-slip surface, 
have good bond strength to the substrate and are extremely 
hard (typically over 55 on the Rockwell C scale). They can also 
withstand repeated cleaning with harsh sanitising chemicals. 
Most commonly nickel-containing Type 304 (UNS S30400) is 
used, but the product can be produced in other stainless steels 
such as Type 316L (S31603) when higher corrosion resistance is 
needed. These grades of nickel-containing stainless steel are 
easy to keep in a hygienic condition which is of particular con-
cern in the food industry.

The SlipNOT surface has been approved by public health stand-
ards and certification organisation NSF International, and is 
used by several major food processers in the U.S. Stainless steel is 
used in non-slip applications including elevated platforms, cross-
overs, stair treads, catwalks, mezzanines and drain covers. 

When a major food producer needed a slip-resistant surface 
around their mixing tank platforms where the floor was subject 
to splashing and spilling, making working conditions potentially 
dangerous for workers, SlipNOT supplied floor plates and stair 
treads to A&B Process Systems (Stratford, Wisconsin, USA) as 
part of the complete mixing tank system. Fabricated from 
6.35mm thick Type 304 stainless steel, the slip-resistant floor-
ing throughout their facility helped this food producer reduce 
slips, trips and falls in 2012 by 30% over the previous year. 

Non-slip, nickel-containing stainless steel flooring is also suit-
able in pharmaceutical plants and other industries which have 
similar hygiene requirements.

Safer workers
stainless steel floor surface
reduces falls and provides hygiene
in the food processing industry

v  SlipNOT® slip-resistant stainless steel surface
Slip-resistant flooring helps reduce slips, trips and falls in areas where 
splashing and spilling can occur in food processing facilities.
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In the money
  the continuing role of nickel in coinage
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Nickel has a long—very long—history as a metal important to coinage and commerce. 
While pirates may have hoped for gold and silver, governments, being more practical, 

were looking for materials that suggested “worth” to their citizens in how the coins looked 
and felt but without costing more than their face value. For over a century and continuing 
today, nickel has delivered that value in very durable forms.

What users want
With a pocket full of change, citizens want 
coinage that is easily recognizable by shape 
and colour. And having substance but not 
too heavy. And a pleasing appearance.

There has to be a balance between the 
value stamped on any coin and the percep-
tion of its value. If the relationship between 
size/weight gets out of balance or if the 
coins wear quickly in use there will be 
complaints and, in a psychological sense, an 
erosion of respect for the coinage.

What governments and mints want
Governments, and the mints that supply 
them, pay close attention to how citizens 
perceive their coinage in terms of appear-
ance, usability and safety. At the same time, 
there needs to be a profit. The profit—
“seigniorage”—is the difference between 
the face value of the coin in question and 
the cost of producing that coin, of which 
the materials that go into making it are 

usually the principal cost. The seigniorage 
goes to governments and for that reason 
governments press mints to reduce costs 
while maintaining the positive image of the 
national coinage.

For their part, mints have worked hard to 
respond to or anticipate changes in the cost 
of the materials they use. As professional 
organizations in an intensely competitive 
market for export sales and for commemo-
rative and collector coin sets, they need to 
have materials that allow them to produce 
attractive and durable products at an 
acceptable cost.

What nickel gives
If cost were not a consideration, there 
would be much more nickel in coinage. 
Most commonly in alloy form with copper 
(cupronickel), nickel-containing alloys are 
extremely hard-wearing and do not tarnish, 
thus preserving their pleasing appearance. 
At the same time, the coins can achieve the 

desirable balance of just enough weight in 

relation to their face value.

The presence of nickel also allows great 

precision in design and variation in relief. It 

varies with the amount of nickel in the alloy 

but when a nickel-containing coin blank is 

struck (stamped), any design is transferred 

with great fidelity. The ductility of the alloy 

moderates the amount of energy needed 

to strike a coin as well as reducing the die 

wear. Yet the toughness of the alloys means 

that the coin can remain in service for dec-

ades with only moderate signs of wear. 

Nickel plating and nickel alloying also pro-

vide a distinctive electromagnetic signa-

ture, which allows counterfeit coins to be 

rejected by vending machines. 

As for many products, there is a constant 

struggle between costs and performance. 

So far and for the future, the aesthetic and 

performance of nickel and nickel-contain-

ing alloys will continue to give value for 

money.
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The last two decades have been eventful for the world of coinage, with new alloys, 
new combinations of alloys, and new security features for high value coins. The 

common thread in most of these high quality coins is, in varying forms and quantities, 
nickel. And that includes new applications of an old technology: nickel plating.

Why nickel-plated steel
Every material and design choice involves 
compromise. When the costs of base 
metals such as copper and nickel fluctuate 
and periodically achieve high prices, the 
economics of coining (and the amount of 
seigniorage received by governments) may 
be adversely impacted. That has encour-
aged much innovation in coinage design 
and materials.

A clear economic and aesthetic winner is 
the plating of steel coins with nickel. In 
the case of the Royal Canadian Mint, a 

typical coin—the 25 cent piece, for 
instance—is a multi-ply construction 
using copper and nickel plating on to 
steel. The resulting coin is composed of 
94% steel, 3.8% copper and 2.2% nickel.

This produces a coin blank that, when 
struck, is malleable enough to take a 
strong image, tough enough to serve for 
decades and is an attractive “silver” colour. 
It also has a well-defined electromagnetic 
signature that makes it difficult to coun-
terfeit for vending machine use. 

More “silver” for less cost
nickel-plated steel coins 

The Royal Mint 
plating process
Minting coins for export is a highly competitive 
business and nickel plated coinage is no exception. 
While the UK’s Royal Mint has a long history—
founded in 886 AD—it remains innovative and was 
an early pioneer in the development of plating 
technologies for coinage in the 1980s. Unlike the 
Canadian multi-ply approach, the Royal Mint uses 
a single layer of nickel on steel—up to 25 microns 
versus six microns in the final multi-ply layer by 
the Royal Canadian Mint.

There are differences in costs and performance that 
the respective mints will explain to potential 
customers. They all, however, produce coinage that 
is attractive, durable and do so at competitive cost 
and they all use nickel.

w  The nickel-plated steel 10 pence coin of the UK 
Royal Mint. In its first year (2012) 320 million were 
produced.

Minting coins for export is a highly competitive 
business and nickel plated coinage is no exception. 
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 w A plating line at the Winnipeg, Manitoba, 
facility of the Royal Canadian Mint.

w Nickel plating baths in this 
nickel plating line in Winnipeg.

w Bags of nickel pellets (99.94% Ni) 
about to be added to plating tanks.

r  The nickel, the dime and the quarter: all “silver” 
and all nickel-plated steel.
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v  Dies for the Canadian 25 cent nickel-plated steel coin.
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s Virtually every national system of coinage uses nickel in some form and in every case nickel is adding value, durability and quality.

COIN COMPOSITION

Australia

1 Dollar

92% copper, 
6% aluminium, 
2% nickel

China
1 Jiao 

Nickel-plated steel

European 
Union

1 Euro

Outer ring: nickel brass

Inner: 
layers of cupronickel, 
nickel, 
cupronickel (surface)

European 
Union

2 Euro

Outer ring: cupronickel

Inner: 
layers of nickel brass, 
nickel, 
nickel brass (surface)

COIN COMPOSITION

Japan

500 Yen

Nickel brass 
comprised of:
72% copper, 
20% zinc, 
8% nickel

Russia

5 Rouble

Cupronickel

Switzerland

5 Franc

Cupronickel 
comprised of:
25% nickel, 
balance copper

USA 
25 Cents

Cupronickel
comprised of:
8.33% nickel
balance copper
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The benefits 
without the itch: 
preventing nickel release from consumer products

Nickel is the most technically attrac-
tive, economical and durable under-

coat for electroplated consumer products. 
There can be, however, the possibility of 
those coatings releasing  nickel ions and of 
potential cases of nickel allergy.

The EU has legislation in place to address 
this issue. Tests for nickel release are gov-
erned by standards (EN 12472 and EN 
1811) and allow compliant electroplated 
products to be placed on the market.  

For two decades, the Hong Kong Productivity Council has inspected and qualified 
articles for export to Europe. The Council examines over 500 different consumer 
products each year to test for conformity with EU regulations.

In a recently published paper, the Council’s researchers tested relevant coatings includ-
ing advanced electrodeposits, new organic coatings and conventional chromium to 
ensure bright nickel-chromium electroplated surfaces could be certified without fear 
of nickel release during, in the words of the EU regulation, “normal handling and use”. 

The standout performer was conventional chromium plating with its nickel sub-
strate.  It is the least expensive, simplest and most readily available protective coat-
ing of nickel, and provides a practical industrial method for the prevention of nickel 
release from the undercoat.  

Implications
While this test program focused on bright nickel-chromium deposits, the outcome 
provides pointers for further examination of other coatings, including the use of satin 
and black nickel-chromium finishes for automotive components, consumer products 
and electronic devices, as well as flash coatings of gold over electroplated nickel under-
lays for costume jewellery.   For small articles requiring barrel plating, alloys of tin 
could be similarly evaluated. But in all cases, the surface finish must provide sufficient 
abrasion and corrosion resistance to meet the EN nickel release tests.  

According to the Council’s researchers, conventional chromium applied according to 
ISO specifications for plating on plastics or metal substrates will prevent nickel 
release from the nickel undercoat of decorative electroplated articles and allow 
manufacturers to provide products that meet the strict EU regulations designed to 
protect consumers.

Condensed from “Prevention of nickel release from decorative nickel-chromium elec-
troplated articles in the context of allergic contact dermatitis”, C.M. Whittington et 
al, Transactions of the Institute of Materials Finishing, vol.93/4, 2015.

The Nickel Plating Handbook is available for download from www.nickelinstitute.org

Appropriate Uses
Not all uses of nickel are appropriate

Sensitivity to nickel was first observed 
about 90 years ago when workers in 

electroplating shops complained of skin 
rashes, presumably because of their con-
tact with nickel chemicals. This became 
known as “nickel itch”, a benign name for a 
condition that, depending on the individ-
ual, could be much more problematic than 
an itch implies.

When nickel-plated items became very 
widespread in every day life and, more 
importantly, ear piercing and body 
piercing became more popular, so did 
sensitivity to nickel.

By itself, body piercing is mainly a fashion 
and cultural choice. But when jewellery 
items intended for piercings and fashion 
accessories in direct and prolonged con-
tact with the skin were plated with nickel—
or nickel with a soft and porous overlay of 
gold—the problem of nickel allergy 
became more common.

Direct and prolonged contact
Societal responses to this vary but the 
European Union took the lead more than 
a decade ago with the Nickel Directive. 
Products placed on the market in the EU 
and intended for direct and prolonged 
contact with the skin now have to conform 
to strict maximum levels of nickel release.  

Dr Kate Heim, the nickel allergy expert of 
the Nickel Institute’s health and environ-
ment science research arm (NiPERA) said, 
”Nickel Institute supports the use of appro-
priate materials in appropriate applications 
for many reasons, including avoidance of 
adverse health effects.  If the use involves 
direct and prolonged contact with the 
skin, including body piercings, then only 
appropriate materials should be used to 
avoid nickel allergic contact dermatitis.”

The Nickel Institute produces publications 
on NACD and an active program of 
collaboration with researchers and 
regulators to increase scientific knowledge 
and raise awareness of nickel allergy. 

For more on nickel allergy, visit the Nickel 
Allergic Contact Dermatitis (NACD) section of 
the Nickel Institute website:
www.nickelinstitute.org
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This work identifies 
surface finishing 
processes that allow 
electroplated nickel to 
be incorporated safely 
into consumer products.
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NICKEL DEPENDENCE:
ELECTRONICS

     

Adapted from a factsheet published by 
The National Association for Surface Finishing www.nasf.org

 1   Lithium-ion battery anode LiCo1/3Ni1/3Mn1/3O2

 2  Antenna NiTi shape memory alloy (older models)

 3  Electromagnetic interference shielding Ni paint or Cu 
plate with Ni overlay, or composite case made of Ni plated 
carbon fibres in plastic

 4  Wire bond, every chip Ni/Pd/Au coating

 5  Diffusion barrier, every chip and board lead-free solder cannot 
be done without electroless Ni immersion Au coating (ENIG)

 6  Microphone electroless/electroplated Ni on MYLAR®

 7   Circuit board, SIM card Ni plate on Cu for oxidation 
protection

 8  Ceramic capacitors Ni on electrodes, interconnects

 9  Electronics are made almost entirely of complex stacks 
of coatings doped Si, SiO2, Cu, Au, Ni, Cr, Ni/Pd/Au

 10  Decorative coatings paint, anodise, electroless Ni for plating 
on plastic, Cr trim

 11  Conformal polymer coatings to protect from water and 
inhibit tin whiskers from non-lead solder

The image of a world without electronics may very occasionally seem attractive. But reality and practicality dictate otherwise. Electronics 
in all forms are essential to modern life just as nickel in its various forms is essential to electronics.

Nickel in chemical or alloy form is an essential element in batteries 
(Li-ion, Ni metal hydride, Ni-Cd). It makes lead-free solder possible while 
also providing shielding from emissions or, conversely, preventing 

external electromagnetic interference. Coatings—many containing 
nickel—make every swipe or pressure-sensitive touch possible. This 
kind of nickel dependence is both essential and positive.

10
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Early motive power from nickel
Edison introduced Ni-Fe batteries as an alternative to 
lead-acid batteries around the turn of the 20th century. 
He spent years perfecting the technology for use in 
automobiles. In 1907 the first “Detroit Electric” car with a 
lead-acid battery was built. From 1911-1916 a Ni-Fe 
battery model—lighter and less corrosive than lead-
acid—could be had at an extra cost.

The Detroit Electric was marketed to women under the 
assumption that they would prefer a car that would start 
immediately over a gasoline-powered model that had to 
be hand cranked. Several prominent women owned one, 
including Mamie Eisenhower, Eleanor Roosevelt and 
Henry Ford’s wife. 

The car achieved sales of more than 1000 per year at its 
height. Sales began to slide in the 1920s as Ford’s internal 
combustion engines became cheaper and more efficient. 
The last of 13,000 Detroit Electrics was shipped in 1939, 
but Edison’s version of the Ni-Fe battery continued to be 
made by the Edison Battery Storage Company and its 
successor until 1975.

v  Thomas Edison with a Detroit Electric vehicle 

10 NICKEL IN USE nickel, vol. 30, no. 3, december 2015

The growth of renewable energy systems has spurred a comeback 
for nickel-iron batteries. First developed by Thomas Edison in the 

early 1900s to power electric cars (see below), Ni-Fe batteries fell out 
of favour as gasoline engines took hold. Thereafter their use was 
limited to specific applications in mining, telecommunications and 
railroad switching and signals.

Now, Ni-Fe batteries are re-gaining popularity with owners of 
independent solar energy systems because their expected life—
about 25 years—is at least triple that of a lead-acid battery. Ni-Fe 
batteries cost twice as much, but are more durable than their lead-
acid counterparts. They are extremely robust, are not sensitive to 
temperature variation and may be stored at any degree of charge 
without affecting performance, all issues that can affect other battery 
chemistries. 

“After replacing one or two sets of lead-acid batteries in a very short 
time span, system owners have started looking for a new solution,” 
says Brandon Williams, CEO of Denver-based Iron Edison Battery 
Company, which produces batteries for off-grid applications. “For 
mission-critical applications, battery failure could have severe 
consequences, so many owners choose Ni-Fe batteries because of 
their extreme durability.”

Every battery chemistry is a compromise and for Ni-Fe batteries it is low 
energy density. That is being ameliorated with design improvement: a 
“sintered plate” that allows higher energy density and faster charging, 
as well as robust perforated steel “pocket plate” electrodes. The innate 
strength of Ni-Fe batteries, with technical improvement, makes it a 
valuable addition to the growing need for static energy storage.

Off-grid systems offer new life for

NI-FE BATTERIES s An efficient pairing: solar panels with Ni-Fe 
batteries to store energy during periods of peak 
production and low demand
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RESOURCES2

Potentially available nickel 
resources worldwide

199,000,000 metric tons

MINED  NICKEL1

Annual nickel 
mine production

1,900,000 metric tons

APPLICATIONS
25,000,000 metric tons
 Nickel in use today (estimate)

290,000,000 metric tons3

Potentially available nickel 
offshore worldwide

RESERVES2

100,000,000 metric tons
Proven nickel reserves 
worldwide

Ni Un-recycled 
nickel

18%

MAKERETURN

USE

28

Ni
Nickel

CIRCULAR 
ECONOMY

Nickel is a natural resource, which 
cannot be consumed. It is fully recyclable 
again and again without loss of quality, 
contributing to the Circular Economy 
(CE) model.

FULLY  RECYCLABLE 4

     

For its 1972 publication The Limits to Growth, the globally 
recognised think tank Club of Rome commissioned an 

assessment of raw materials depletion. The report concluded 
that society will shortly run out of uranium and carbon-based 
energy sources, as well as metallic raw materials. Although 
resource depletion in the 1972-2100 time frame of the report 
was proved inaccurate, the concept found wide recognition. 

Various stakeholders put resource depletion in the focus 
of policy action, including the United Nations at the 
2012 World Summit on Sustainable Development (WSSD) 
in Rio de Janeiro. Non-governmental stakeholders, such as 
standardisation bodies, also stepped up their activity to take 
into account resource depletion. Looked at from a supply risk 
or from a sustainability perspective, nickel products in this 
scenario could be regarded as ‘scarce’. 

In response to these challenges, the Nickel Institute has 
compiled concrete, recent figures concerning the nickel 
reserve and resource situation. The resulting infographic 
clearly demonstrates that—just taking into account known 
reserves and resources and assuming an increase in nickel 
production—there is enough nickel available for 100 years.

Yet this is not the full picture. There are still potential 
resources such as nickel deposits at the bottom of oceans yet 
to be explored, which will significantly increase the future 
availability of nickel. Because nickel is highly recyclable, 
nickel-containing products contribute to sustainable develop-
ment and resource efficiency once they reach the end of their 
life. The numbers also show that more than half of the nickel 
historically mined is still in use and will be available for 
recycling, ensuring that existing nickel remains available for 
use by future generations.

Sources and Terminology The terminology used accords with internationally 
recognised economic geological definitions.

1.  Heinz H. Pariser, Alloy Metals & Steel, Market Research (2014)—Nickel, a surface 
technology material, INGS

2.  Mudd and Jowitt (2014)—A detailed assessment of global nickel resource 
trends and endowments. In: Economic Geology v. 109 pp 1813-1841 

3.   British Geological Survey (2008)—Nickel Commodity Profile 
(https://www.bgs.ac.uk/downloads/start.cfm?id=1411)

4.  Reck B. and Graedel T. (2012)—Challenges in metals recycling. Science 337, 
690 (2012); DOI: 10.1126/science.1217501
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HELPING HANDS
Flexible lightweight artificial hands from nickel-titanium alloy

The hand is the perfect tool. Evolving over millions of years, its ‘design’ can certainly 
be said to be mature. It is extraordinarily mobile and adaptable, and the remarkable 

interaction between the muscles, ligaments, tendons, bones and nerves has long driven 
a desire to create a flexible device based upon it. Now the properties of nickel are advanc-
ing this tool for human and industrial applications.

A research team, led by Professor Stefan 
Seelecke from Saarland University and the 
Center for Mechatronics and Automation 
Technology (ZeMA), both in Saarbrücken 
Germany, is using a new technology 
based on the shape-memory properties 
of a nickel-titanium alloy (UNS N01555). 
Th e engineers have equipped an artifi cial 
hand with ‘muscles’ that are composed of 
ultrafi ne nickel-titanium shape-memory 
alloy (SMA) wires with a diameter similar 
to that of a human hair. Like a muscle, the 
wires can contract and relax.

A tool fabricated with artificial muscles 
from SMA wire would be light, flexible 
and highly adaptable. And these wires 
“have the highest energy density of all 
known drive mechanisms, which enables 
them to perform powerful movements in 
restricted spaces,” explains Seelecke. The 
term ‘shape memory’ refers to the fact 
that the wire is able to ‘remember’ and 

return to its original predetermined 
shape after it has been deformed. “This 
property of nickel-titanium alloy is a 
result of phase changes that occur within 
the material. If the wire becomes warm, 
which happens, for instance, when it con-
ducts electricity, the material transforms 
its lattice structure causing it to contract 
like a muscle,” says Seelecke. 

The engineers copied the structure of nat-
ural human muscles by grouping the very 
fine yet strong wires into bundles to 
mimic muscle fibres. The bundle can con-
tract and relax quickly while exerting a 
high tensile force, because rapid cooling is 
possible as lots of individual wires present 
a greater surface area through which heat 
can be dissipated. Unlike a single thick 
wire, a bundle of very fine wires can 
undergo rapid contractions and exten-
sions equivalent to those observed in 
human muscles. As a result, the research-
ers were able to achieve fast and smooth 
finger movements. 

The researchers want to continue develop-
ing the prototype and improve the way in 
which it simulates the human hand. This 
will involve modelling hand movement 
patterns and exploiting the sensor proper-
ties of nickel-titanium SMA wire. This 
nickel-containing technology could even-
tually be used to build prosthetic limbs 
with a more natural function and feel.
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‘muscles’ that are 
composed of ultra-
fine nickel-titanium 
shape-memory alloy 
(SMA) wires

r A bundle of very fine wires can undergo 
rapid contractions and extensions. 

r  The very fine yet strong nickel-titanium 
wires are grouped into bundles to mimic 
muscle fibres.

w  The prototype of the artificial hand.
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Mont St-Michel returns to the sea 
A twenty year project to save the UNESCO world heritage site Mont St-Michel from 

becoming landlocked was inaugurated by France’s President Hollande in October 2015. 
Nickel-containing stainless steel plays an important role in this feat of engineering.

The Mont St-Michel is a granite rock situated 
about 600 meters off the northwest coast of 
France, at the mouth of the Couesnon River 
near Avranches. For centuries pilgrims to its 
abbey, founded in the 8th century AD, crossed 
the sands at low tide. 

Over the years the tides and coastal rivers the 
Couesnon, the Sée and the Sélune have car-
ried silt into the Bay of Mont St-Michel. By the 
1990s the sediment accumulating at the foot 
of the rock was colonised by vegetation and 
there were fears that it would not be long 
before the Mont became attached to the 
mainland. The French State and local authori-
ties joined forces with a massive reclamation 
project to construct a dam on the Couesnon 
River, as well as a new pedestrian bridge, new 
parking facilities and a transport shuttle to 
service the three million visitors to the historic 
site each year. 

The new hydraulic dam controls the release 
of water to limit the build-up of silt in the bay 
and help flush the sediment out to sea. The 
eight sets of sluice gates clad with 36 tonnes 
of nickel-containing duplex Type 2205 
(UNS S32205) stainless steel, selected for its 
corrosion and abrasion resistance, face out to 
sea towards Mont St-Michel leaving a clear 
view of the landscape. To the south on the 

land side can be seen the channelled river 
with the mechanical efficiency of the equip-
ment producing a steady water flow. 

The barrage also offers new public spaces 
over the water with viewing points on the 
promenade deck and marine balcony. And 

the new footbridge which replaced the old 
causeway allows waters from the sea and the 
Couesnon River to flow freely around Mont 
St-Michel as they originally did.

In the spirit of the pilgrims of old, an almost 
invisible bridge which combines technical 
water management functions with its role as 
a public space for exploring and sightseeing, 
makes the crossing to the Mont St-Michel 
from the mainland a pleasurable experience.

As dam architect Luc Weizmann put it, “In this 
environment of churning water and energies, 
but also where people from all horizons can 
meet and explore a place steeped in history 
and culture, in the silence of the bay these 
spaces will encourage people to discover or 
rediscover how Mont St-Michel relates to 
nature, the water, the land and the sky”.

s 36 tonnes of duplex 2205  stainless steel 
plate for the water management works 
were supplied by Industeel, a subsidiary of 
ArcelorMittal.
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Eight sets of nickel-
containing duplex 
stainless steel sluice 
gates face out to sea 
towards Mont St-Michel 
and leave a clear view  
of the landscape.

s Duplex was selected for its resistance to 
corrosion in the highly saline coastal 
conditions.
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UNS details Chemical compositions (in percent by weight) of the alloys and stainless steels mentioned in this issue of Nickel.

UNS C Co Cr Cu Fe H Mn Mo N Nb Ni O P S Si Ti

N01555
p. 12

0.07
max.

0.05
max.

0.01
max.

0.01
max.

0.05
max.

0.005
max.

- - - 0.025
max.

54.0-
57.0

0.05 - - - bal.

S30400
p. 4, 14

0.08
max.

- 18.00-
20.00

- bal. - 2.00
max.

- - - 8.00-
10.50

- 0.045
max.

0.030
max. 

1.00
max.

-

S31603
p. 2, 4, 14, 15, 16

0.030
max.

- 16.00-
18.00

- bal. - 2.00
max.

2.00-
3.00

- - 10.00-
14.00

- 0.045
max.

0.030
max.

1.00
max.

-

S32205
p. 13

0.030
max.

- 22.0-
23.0

- bal. - 2.00
max.

3.00-
3.50

0.14-
0.20

- 4.50-
6.50

- 0.030
max.

0.020
max.

1.00
max.

-

14 NICKEL IN BRIEF nickel, vol. 30, no. 3, december 2015

What do you need to 
know about nickel allergy?
Nickel Institute has published an info-
graphic which explains in simple terms 
Nickel Allergic Contact Dermatitis. This is 
a companion to the more detailed NiPERA 
Human Health factsheet on the topic.

The infographic and the NiPERA fact 
sheet can be downloaded from the Nickel 
Institute website. Printed versions of the
infographic are available on request from
communications@nickelinstitute.org

New report confirms 
stainless steel safe 
for food preparation
A new independent report, commissioned 
by Team Stainless, confirms the continuing 
safety of using stainless steel in food prepa-
ration, following the introduction of new test 
criteria in Europe.

The Council of Europe (CoE) published a 
guideline regarding metals and alloys in food 
contact materials in 2013, defining specific 
release limits (SRLs) for iron, chromium, nickel, 
manganese and molybdenum and including 
a new, more aggressive test to simulate use in 
food preparation.

Team Stainless commissioned the interna-
tionally renowned KTH Royal Institute of 
Technology in Sweden to independently test 
seven grades of stainless steel in accordance 
with the new protocol.

The tested grades included the two most commonly used alloys—Type 304 (UNS S30400) 
and Type 316L (S31603). 

The authors demonstrated that all of the grades tested are safe to use for food preparation 
as the amounts of metals released were below the Specific Release Limits (SRLs) prescribed 
in the CoE guidelines. The study also demonstrated that the rate of release decreases signifi-
cantly following initial exposure and with repeated use over time.

A summary of the report can be downloaded from www.nickelinstitute.org

NACD a�ects more women than men. On average 12% to 15% 
of women and 1% to 2% of men are allergic to nickel. A very small 
proportion of the nickel-allergic population are hyper-sensitive. 
Hyper-sensitive people react to lower amounts of nickel released 
than is typical for the nickel-allergic population as a whole. 
These individuals need to take additional precautions 
beyond those described here.

DO  YOU  WANT  TO  KNOW  MORE ?

Get in touch with the Nickel Institute. 
The Nickel Institute fosters open 
communication towards prevention 
and understanding of NACD.

Check our website for practical 
and useful information on 
NACD and the appropriate uses 
of nickel.

Ask an Expert, through 
our free online Technical 
Inquiry Service via our 
website.

1 Ni
28

Nickel

Items can contain nickel and be used without making people 
allergic to nickel or triggering NACD in those already nickel-allergic. 
For example, nickel-containing stainless steels are used by high 
quality watch manufacturers. Such high quality stainless steels 
contain 9% to 28% nickel but do not release su�cient amounts of 
nickel to cause a nickel allergy. 

For more information check our website
www.nickelinstitute.org

@NickelInstitute

Three simultaneous conditions must 
occur to trigger NACD: 

A su�cient amount of nickel is 
released and absorbed into the 
skin to cause a NACD reaction

Direct skin contact with 
nickel-releasing item

3.1.
Prolonged skin contact with 
nickel-releasing item 

2.+ +

Nickel-allergic people can e�ectively manage NACD by avoiding 
direct and prolonged skin contact with items that could release 
enough nickel to cause a reaction. Once the contact stops, NACD 
symptoms will start to disappear. Consult a dermatologist for 
more information on managing NACD symptoms and avoiding 
NACD reactions.

NO
REACTION

Items that potentially release high amounts 
of nickel such as some types of jewellery, 
items worn in piercings or clothing fasteners, 
may cause NACD in nickel-allergic people 
when the three simultaneous conditions 
occur.

NACD can cause discomfort such as itching and rash. But it is NOT 
life-threatening and CANNOT cause anaphylactic shock, unlike 
some other common allergens.

12-15% 1-2%

9-28%
Nickel

Nickel allergic contact dermatitis (NACD) is a rash or eczema on the skin of people 
who are nickel-allergic. NACD is not a life threatening allergy and symptoms can be 
managed by limiting contact with items that release a lot of nickel. 

Nickel allergy is not inherited but acquired by some people who are in direct and 
prolonged skin contact with items releasing high levels of nickel. Once a person 
is allergic to nickel, it takes less nickel release to the skin to cause NACD than the 
amount initially needed to make the person nickel-allergic.

WHAT  IS  NACD ?

WHAT DO YOU NEED TO KNOW 
ABOUT NICKEL ALLERGY ?

NOT
life-threatening

Our Metals Future
Eurometaux, the European non-ferrous metals association, has released 
a new web initiative, Our Metals Future. The new website provides the 
European metals industry’s sustainability vision for 2050, as well as 

explaining how different metals already contribute to sustainable devel-
opment. The website includes a dynamic blog where sustainability top-
ics will be explored on an ongoing basis. See www.ourmetalsfuture.eu

New Publications

mailto:communications@nickelinstitute.org
http://www.nickelinstitute.org
http://www.nickelinstitute.org
http://www.ourmetalsfuture.eu
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Soft soldering of copper, gold and silver without the use of strong acids has been possible for many years. Now a new family 
of f luxes allows nickel and steel to join the list. The new, non-acidic f luxes have been developed by the Ionic Liquids team 

at the University of Leicester, working closely with solder 
manufacturer Qualitek Europe.

Ionic liquids are, in effect, room temperature salt melts and 
are highly polar. Due to their polarity and ability to complex 
ions, they also solubilise compounds and salts which normally 
would only dissolve in highly corrosive or caustic aqueous 
solutions. 

They have found uses in electroplating, electropolishing, 
electrochemistry, immersion coatings and now as fluxes in 
both electronics and engineering applications.

The new solder flux eliminates the need for inert or reducing 
atmospheres, specialised equipment, and special pre-
treatment. And the residues can be removed rapidly in warm 
water. Tests, supported by Scanning Electron Microscopy 
(SEM) micro-section evaluation of the intermetallic layer, 
have shown them to work on copper, brass, silver, gold, 
nickel, cast iron and stainless steel at 160°-400°C, much lower 
temperatures than possible in the past.

        

Easy soldering of nickel 

v Top left: Cross section of soldered  electroless nickel coating on copper 
Top right: Soldered stainless steel   Bottom: Soldered nickel and copper

Nickel plays a small but important role in fault circuit limiters that act as surge protectors 
for the power grid. The consequences are enormous if power grid fault circuit limiters fail 

and here nickel-containing stainless steel can make the difference. Laminated wire, consisting 
of two HTS (High Temperature Superconductor) layers,(each with 75µm (0.003”) Ni5W sub-
strates), sandwiched between two layers of 100 μm (0.004”) thick nickel-containing Type 316L 
(UNS S31603) stainless steel laminations, is able to conduct more than 100 times the electrical 
current of copper wire with similar dimensions. Energy solutions company AMSC manufac-
tures Type 8612 Amperium® stainless steel laminated electrical wire which is designed for use 
in current-limiting superconductor coils or rods where robustness and current-limiting capac-
ity are vital to the stability of the grid. The use of stainless steel lamination provides a high 
‘normal state’ resistance for current-limiter applications as well as a low thermal conductivity 
package for low heat leak current leads. The heat leak from 77K (the current upper boundary 
for superconduction) to 4K is typically half or less than that of other HTS wire.
For more information, please see http://www.amsc.com/library/SSAMP8612_DS_A4_0614_WEB.pdf

N I C K E L
M A G A Z I N E  O N L I N E

SUBSCRIBE to Nickel magazine free of charge 
and receive a printed copy or an e-mail notice 
when a new issue is posted online. www.nickel 
institute.org/NickelMagazine/Subscription

READ Nickel magazine online in several 
languages. www.nickelinstitute.org/
NickelMagazine/MagazineHome

SEARCH BACK ISSUES of Nickel magazine from 
our online archive, going back to July 2002. 
www.nickelinstitute.org/en/NickelMagazine/
MagazineHome/AllArchives

MOBILE Download the Nickel magazine app 
for your Apple® or Android™ device.

FOLLOW US on Twitter @NickelInstitute

JOIN US on LinkedIn—visit the Nickel 
Institute’s page

WATCH nickel related videos on 
the Nickel Institute YouTube channel
www.youtube.com/user/NickelInstitute

www.nickelinstitute.org 

Laminated stainless steel electrical wire 
protects the grid 

s  AMSC’s Amperium ® stainless steel laminated wire conducts more than 100 times the electrical 
current of copper wire with similar dimensions

http://www.amsc.com/library/SSAMP8612_DS_A4_0614_WEB.pdf
http://www.nickel institute.org/NickelMagazine/Subscription
http://www.nickelinstitute.org/NickelMagazine/MagazineHome
http://www.nickelinstitute.org/en/NickelMagazine/MagazineHome/AllArchives
http://www.youtube.com/user/NickelInstitute
http://www.nickelinstitute.org
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r  In New Plymouth’s marine environment the new museum façade 
can expect a service life of over a century with little or no 
maintenance. The mirror finish will provide little support for dirt or 
salt deposits, and can be easily cleaned.

STAINLESS STEEL 
GALLERY
SHINES A LIGHT
The Len Lye Centre is New Zealand’s only single artist 

museum and project architects Patterson Associates say its 
design is deeply influenced by the life, ideas, writings and work 
of Len Lye (1901–1980). The new art gallery which opened in 
July 2015 in New Plymouth, is spectacularly clad in mirror 
stainless steel and dedicated to the works of the New Zealand 
born sculptor, kinetic artist and filmmaker. 

Stainless steel was chosen for several reasons. It is highly 
dramatic in its own right, and Len Lye often used it as a material 
for his giant sculptures. The undulating surface of the building 
bounces light through a new urban square, lightening up darker 
spaces. And it’s a material which will withstand the test of time 
in a maritime location. 

The stainless steel façade hangs over sculpted concrete columns. 
A channel in the stainless steel sheeting is secured onto the con-
crete using a pin arrangement that fits through to slots on both 
sides of the channels—so the panel is dropped onto the pin. The 
intricate fixing design allows for movement of heating or cool-
ing during the day.

Patterson Associates  worked closely with New Plymouth stain-
less steel fabricators, Rivet, to work out the best way to fabricate 
and connect the panels to create a seamless façade. Local sup-
plier Steel & Tube Stainless had the challenge of sourcing the 
32 tonnes of Type 316L (UNS S31603) stainless steel with a 
no. 8 finish (highly reflective). The oversize mirror stainless with 
a bright annealed finish was fabricated into more than 540 
sheets that fit together over the concrete structure. It was laser 
cut to size with slots to enable the hanging system. The sheets 
were then folded 90 degrees to create the edge onto the channels 
and finally put into formers to make the curves that the archi-
tects were looking for.

The Len Lye Centre creates powerful and memorable experiences 
for local and international visitors alike—generated by the art 
and ideas of Len Lye and of course by its spectacular exterior.

Abridged from an article which originally appeared in Stainless NZ, 
issue No. 30 Winter 2015

LEN LYE CENTRE
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