
Celebrating the  
100th Anniversary 
of Stainless Steel 
History of Development 

Milestones by Industry

Future of Stainless Steel Sp
ec

ia
l E

di
ti

on
, M

ay
 2

01
2

the magazine devoted to nickel and its applications



discovery
There is rarely a straight line to discovery...and at the end the names identified with the “discovery” of something are, in fact, 
the inheritors of the knowledge that others before them had laboured to produce. That is the story of stainless steel where 
the research, experimentation, insight and intuition combined with time and technical progress to give the world the iron-
chromium alloys we call stainless steel. 

Here are some of those who are remembered and honoured at the centenary: 

1821:   Pierre Berthier publishes the results of his studies  
into chromium alloys and ferro-chromium. 

1911:   Elwood Haynes began experimenting with chromium steels in the United 
States, determining the effect of chromium on corrosion resistance to 
chemicals and the atmosphere. A patent on his work, filed in 1915, was 
granted in 1919.

1904 - Leon Alexandre Guillet publishes research into iron, 
1911:   chromium and nickel alloys that today would be classed as 

stainless steel;  
Albert Marcel Portevin built on Guillet’s research and, 
together with W. Giesen, publishes information on stainless 
steels that are roughly equivalent to modern austenitic, 
martensitic, and ferritic stainless steels. 

1912:   While working for Krupp, Eduard Maurer,  
and Benno Strauss are granted patents on two 
chromium-nickel stainless steels. 

1913:   In Sheffield, U.K., Harry Brearley is responsible for the casting and 
forging of table knife blades, providing the first commercial application 
of stainless steel and precursor of thousands of others.

For other names and advances, follow the time line through this special issue of Nickel or,  
for the complete story and additional resources, go to: 

www.stainlesssteelcentenary.info/StainlessHistory 

The Nickel Institute would especially like to thank Mr. Harold M. Cobb whose publication “The History of Stainless Steel” 
(ASM International) was a valuable source on information and aided in the compilation of this special issue of Nickel. 
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THe FirsT oNe HuNdred Years
StainleSS Steel: 1912-2012
success has many fathers. the family of iron-chromium alloys known collectively 
as “stainless steel” can indeed claim many fathers, ranging from pierre Berthier of 
France (perhaps more properly thought of as a “grandfather”) to elwood haynes 
of the United states. You can read about some of these other contributors to the 
stainless steel on the opposite page.

One thing the early history of stainless steels taught us is that innovation in metallurgy 
is not necessarily a smooth continuum . Assorted insights and innovations, both small 
and large, have contributed to our understanding of why stainless steel resists corrosion 
and how corrosion resistance, strength, ductility and high-temperature strength can be 
expressed in different grades .

Experimentation and innovation did not end with the creation of the first stainless 
steel knife and fork . Today, at the end of our first hundred years, there are five families 
of stainless steels: ferritic, austenitic, martensitic, duplex and a group of precipitation 
hardening alloys . Collectively they offer qualities that make them indispensible to an 
extraordinary range of industrial, structural, architectural, medical and aesthetic end uses .

Over the same period, the world has come to understand the value and merit of returning 
end-of-life stainless steel (scrap in its many forms) to service through recycling . The use of 
stainless steel reduces the material intensity of society by making goods durable . Indeed, 
it has become one of the world’s most intensively and profitably recycled materials .

To celebrate both what has been accomplished and what the future holds, the 100 Years 
of stainless steel exhibition will be launched in Beijing on 15 May, 2012, and later travel 
to other venues .

To help mark the occasion, this special edition of Nickel magazine has been prepared . As 
you read it you will see how far stainless steel has evolved and how it affects literally every 
aspect of society . You will also learn what new types and applications are likely to emerge 
and grow in importance over the next hundred years . 

ISSF wishes to thank the Nickel Institute for its many contributions over the years to the 
community of stainless steel producers and users . This special edition is further evidence 
of the importance of that relationship .

Pascal Payet-Gaspard 
Secretary-General, International Stainless Steel Forum 
www .worldstainless .org
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StainleSS SteelS 
IN THE CHEMICAl PrOCESS INduSTrIES 
Gary Coates, Garcoa Metallurgical Services,  
Consultant to the Nickel Institute

When we think about the chemical process industry (CPI), it is 
impossible to imagine it without stainless steels . The safe 

and cost-efficient production of pharmaceutical compounds (1), 
fertilizers, paper, plastics, petrochemicals, and a host of other 
goods, is highly dependent on the use of these materials .

The first austenitic stainless steel was developed between 1909 
and 1912 by researchers Eduard Maurer and Benno Strauss, and 
then commercialized at the steelworks of Friedrich A . Krupp in Es-
sen, Germany . The alloy, called V2A, had a composition similar to 
today’s 304 (S30400) material, also known as “18-8”, consisting, as 
it does, of 18% chromium and 8% nickel . It was found to have ex-
ceptional corrosion resistance, especially to nitric acid . Today, 100 
years later, the low-carbon version of that alloy, 304l (S30403), is 
still the standard material for handling nitric acid . (2)

The German researchers also explored the material’s high-tem-
perature properties and found that the high chromium content 
(18-20%) made V2A resistant to hot gases of various types . Again, 
various versions of that alloy, including 304H (S30409), 321 
(S32100) and 347 (S34700), are still used extensively in the CPI for 
high-temperature applications .

The stainless steel industry did not stand still .

New stainless alloys with improved corrosion resistance and high-
temperature properties were developed . The addition of 2% mo-
lybdenum to the 18-8 composition (with 2% more nickel to keep 
the microstructure completely austenitic), resulted in what was 
commonly referred to as the “acid-resistant” stainless steel, or 316 
(S31600), as it is known today . This grade was more resistant to 
slightly reducing acids such as the sulphuric and phosphoric 

types . Other austenitic alloys with higher corrosion resistance 
were developed over the years by adding more nickel and molyb-
denum, or small amounts of copper, nitrogen, tungsten, as well as 
several other elements . (3)

While duplex (austenitic-ferritic) stainless steels were discovered 
and used as early as 1930, it was only in the 1970s and 1980s that 
they were improved to ensure good weldability (4) . Their chloride 
stress corrosion cracking resistance is essential in the chemical 
process industry . Over the years there has been development in 
the ferritic family from the very low-alloyed 11% chromium alloy 
(S40900 and modifications) used in automotive exhaust systems 
to the very high-alloyed super-ferritic alloys found in seawater 
cooling systems . 

The precipitation hardenable grades were developed for applica-
tions where high strength together with some corrosion resist-
ance is required . Many new alloys have since been developed to 
address specific needs of the CPI . 

Steel producers have had to document the properties of their alloys 
so that the CPI knows which ones to select for particular applica-
tions . This procedure started in 1924 at the Twenty-Seventh Annual 
Meeting of the American Society for Testing and Materials (ASTM) 
and is still ongoing . The development of specifications and codes 
has been essential for the proper selection and use of stainless 
steels in the CPI . Today the industry is looking for standardized 
specifications that plants in any country of the world can use . 

For high-temperature applications, a material needs to have high 
strength as well as be very resistant to the environment . To meet 
these needs, a large number of higher-chromium and higher-
nickel alloys have been developed . Nickel keeps the strength high 
at elevated temperatures and prevents brittleness over time .

All of which demonstrates that the performance of stainless steel 
in the chemical process industry over the past century has been 
nothing if not reliable, safe and cost-effective .

1924: First stainless steel 
tanks in chemical industry

1912: Austenitic 
alloys patented by 
Krupp, designed for 
chemical industry

1932: First duplex stainless steel vessel 
built for P&P industry

1960s: Wrought N08904 and 
N08020 for sulphuric acid introduced
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The safe and cost-efficient production of 
pharmaceutical compounds, fertilizers, 
paper, plastics, petrochemicals, and a 

host of other goods, is highly dependent 
on the use of these materials .

1970s: Nitrogen alloying used in 
duplex and 6%Mo stainless steels
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2000s: First production of 
hyper-duplex stainless steel 

1990s: 7%Mo stainless steels developed
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R.E. Avery, Avery Consulting Associates, 
Consultant to the Nickel Institute

Nickel-containing stainless steel is the preferred material 
for applications ranging from household tableware and 

cooking utensils, to dairy/food processing equipment, to large 
storage vessels for beer and wine . Simply, stainless steel is an 
ideal material . It doesn’t affect the taste and appearance of food 
products, doesn’t easily rust, and the surfaces are easy to clean 
and sanitize .

The very first use of Harry Brearley’s hardenable stainless steel 
was for kitchen knives, followed quickly by other types of kitchen 
utensils (1), although most often in the softer and more corrosion 
resistant nickel-containing 18/8 alloy then known as Staybrite .

The first known public display of stainless steel kitchenware was 
sponsored by u .S . Steel at the Chicago World’s Fair of 1933-1934 .
This occurred only after the company did extensive cooking tests 
on such foods as sauerkraut, tomatoes, rhubarb and meats . Food 
samples were found to have only minuscule amounts of iron, 
chromium and nickel pickup, without changes in appearance, 
taste or colour to the food .

The dairy industry has long been aware of the adverse effects of 
bacteria on milk . Also, contact surfaces of processing components 
must be regularly disinfected to reduce microbial population on 
the surface to a safe level . Stainless steel surfaces are famous for 
their cleanability as well as for their excellent resistance to the 
corrosive effects of chemical sanitizing agents .(2) 

Another concern in the dairy industry was contamination from 
alloys containing lead, leachable copper, or other toxic materials . 
Stainless steels have replace the copper-base alloys that had been 
the “dairy metals” in the past .

As the dairy and food supply chain transitioned from local farmers 
to centralized processing plants, a need was created for larger 
equipment and components (3) . An early example from 1927 is an 
11,000 litre (2,700-uS gallon) milk truck (see timeline below) .

The late 1920s saw the establishment of the 3-A Sanitary 
Standards organization in North America . It was a significant step 
in the advancement of food sanitization and hygiene . Today there 
are 68 equipment standards in which Types 304 (S30400) or 316 
(S31600) are the primary materials used . One of the first standards, 
in March 1946, was for stainless steel storage tanks for milk and 
milk products . Since then there have been eight updates, all of 
which specify stainless .

One large dairy and food company furnished examples of 
equipment that remains in service after many years: a Type 316 
lay-down cooker installed in 1954 and a Type-304 stainless steel 
cream-cheese former purchased in 1949 .

Meanwhile the beverage industry (4) (wine, beer, as well as non-
alcoholic drinks) has made extensive use of stainless steels for 
many years . A striking illustration and a testament to stainless 
steels’ durability, is lion Breweries, the most prominent brewery in 
New Zealand, which moved to a new facility but took with them 
some of stainless steel components from their old plant .

One of the largest stainless steel components in the brewery was 
the cold stabilization vessel, used after fermentation to let the 
beer settle and mature . Twenty-four 240-m3 and 120-m3 tanks 
were supplied for the new complex . One of these vessels is shown 
being transported to the new plant (5) . 

Today, the rapidly growing food industry in countries such as 
China and India are similarly ensuring the safety of their products 
by using stainless steel . Over the 100 years of its existence, 
stainless steels have been associated with food processing for the 
best of reasons: durable and safe .

 . . .stainless steel is an ideal hygienic 
material, it doesn’t affect the taste and 
appearance of food products, and the 
surfaces are easy to clean and sanitize . 

StainleSS SteelS  
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1914: First stainless 
table knives made

1919: Mass production 
of cutlery steel

1927: First welded stainless 
bulk milk truck

1935: Start of mass installation of 
stainless kitchen sinks

1939: “Revere Ware”: 
copper-bottomed  
stainless cook ware

1950: Three ply cook ware (6)
(stainless–carbon–stainless) 
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1970-1979: Mass adoption 
of stainless for kitchens

1978: First stainless 
vacuum bottles

1997: Stainless 
grades approved 
for drinking 
water systems 
by ANSI/NSF1963: Stainless beer kegs
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Catherine Houska, TMR Stainless,  
Consultant to the Nickel Institute

Stainless steel has been the pre-eminent material for projecting 
a progressive, modern image for more than eighty years . It is 

also popular in high traffic public transit, security and other ar-
chitectural applications where long-term durability is the primary 
consideration . The nickel-containing 300 series stainless steels are 
the most common alloys in use . 

The first known architectural applications date from the mid-
1920s and were relatively small, low-profile projects such as en-
trances and industrial roofs . Many of these early installations are 
still in service, including the entrance canopy of london’s Savoy 
Hotel (1929) . (1)

Mankind has always built large structures as a means of express-
ing power and wealth or competition between owners, or simply 
to push the limits of technology . Sky-
scrapers are the pyramids of the twen-
tieth century, so it’s fitting that the first 
large architectural applications of stain-
less steel were in the tallest buildings in 
the world: the Chrysler (2) (1930) and 

the Empire State (1931) . Although the Chrysler building was the 
world’s tallest for only a few months, its elegant, glittering, stain-
less steel Art deco styling has made it an enduring, internationally 
recognized example of elegant skyscraper design . 

The Empire State Building was the world’s tallest building for more 
than 40 years . like the Chrysler building, its top floors and spire 
are covered with stainless steel, but it was also the first building to 
have a stainless steel exterior wall application . Columnar stainless 
steel spandrels adjoin each window and rise to form sunbursts at 
the top of each tier . The only panel replacement occurred as the 
result of a u .S . Air Force medium-sized bomber hitting the side of 
the building in 1945 . 

These early buildings used Type 302 (S30200) stainless steel, al-
though today Type 304 (S30400) would be the readily available 
equivalent . For construction today, Type 316l (S31603) with its 
higher corrosion resistance would be the preferred type, especial-

ly in buildings near seawater or where 
exposed to road salt spray . Yet it is amaz-
ing how well the stainless steel on these 
older buildings have performed using 
the lower alloyed type . On the cente-
nary of the development of stainless 

8 StainleSS Steel: tHe FirSt Century  nickel special edition, may 2012

1929: Savoy 
Hotel Canopy

1930: Chrysler Building

1931: Empire State Building 

1950s: First curtain wall

StainleSS Steel  
FOr ENdurING ArCHITECTurE 
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1976: Stainless replaces 
corroded supports in the 
Statue of Liberty

1991: Canary 
Wharf Tower

steels, these early buildings are 
a shining highly visible testa-
ment to their durability and 
long life . 

The introduction of metal and 
glass curtain wall design in the 
early 1950s revolutionized tall 
building design . Stainless steel 
was used for many of the early prominent building designs, in-
cluding the Socony-Mobil Building in New York City (1954) and 
Chicago’s Inland Steel Building (1958) (3), both of which have 
remained fashionable addresses for more than 50 years . By the 
1960s, stainless steel was being used for high-profile architec-
tural applications around the world, including the roofs of St . 
Mary’s Cathedral in Tokyo (1961) (4) and the Mellon Arena in 
Pittsburgh (1961) . 

The ability to wrap buildings in relatively lightweight skins and 
the simultaneous introduction of new finishes introduced a broad 
range of design possibilities . The first colouring methods for stain-
less steel were introduced in the 1970s and have proved highly 
durable . The electrochemically coloured shingles on the reiyukai 
Shakaden Temple in Tokyo have remained 
the same colour after almost 40 years of 
service (5) .

The world’s leading architects regularly 
use stainless steel for relatively tradition-
al curtain walls such as those of Trump 

Tower Chicago (6), sculptural ex-
teriors like the EMP (Experience 
Music Project) Museum in Seat-
tle, Washington (7), as well as 
bio-climatic sunscreens, elegant 
store interiors, and transit build-
ings around the world . 

To preseve its structural integrity 
over a long service life and to minimize maintenance costs while, 
at the same time, respecting the environment within which it was 
placed, the Myllyn Teräs bridge (8) in Turku, Finland was built as 
a continuous-beam bridge of composite structure whose total 
length is 99 metres and effective width is 20 metres . The lower 
and side surfaces of the bridge are clad with duplex Type 2205 
(S32205) stainless steel . The Atomium, (9) built for the Expo 58 
World’s Fair in Brussels, was originally skinned with aluminium but 
was reskinned with austenitic Type 316l stainless steel in 2005 to 
provide the desired durable and strongly corrosion resistant sur-
face that would not fade or dull over time .

These buildings represent a range of applications and service 
environments . Some have had regular maintenance while others 

have had none . All illustrate the excep-
tional performance and cost-effectiveness 
of stainless steel as an architectural design 
material as well as its appeal for sustain-
able designs where long-term perfor-
mance is expected .

Mankind has always built large structures 
as a means of expressing power and 

wealth, competition between owners, or 
simply to push the limits of technology .

5
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1986: Lloyd’s Building 2000: Padre 
Arrupe Bridge

2011: New York  
by Gehry
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1999: Petronas Twin 
Towers, Kuala Lumpur 
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Catherine Houska, TMR Stainless,  
Consultant to the Nickel Institute

Over the ages, sculptors have sought materials 
that can withstand the elements and last for 

generations . More recently, in the 1930s-era build-
ings of New York City, for example, they have drawn 
inspiration from stainless steel, and especially the 
nickel-containing 300 series alloys . Isamu Noguchi 
convinced the Associated Press to approve stain-
less steel instead of bronze for his famous sculpture 
News, (1) an Art deco plaque depicting five jour-
nalists “getting a scoop,” which has loomed above 
the entrance of 50 rockefeller Plaza since 1940 . This 
famous 6 .7-metre-high by 5 .2-metre-wide re-
lief, which weighs 8 .2 tonnes, was the world’s first 
large, cast stainless steel sculpture . 

In 1947, architect Eero Saarinen and structural engineer Hannskarl 
Bandel revolutionized the world’s concept of large sculpture with 
their design for the192-metre Gateway Arch (2) in St . louis, Missouri, 
u .S .A . Structural design research was needed before details could be 
finalized, but by the time The Arch, with its Type 304 (S30400) exte-
rior, was finally completed in 1965, stainless steel had become the 
pre-eminent material for large sculptural applications around the 
world . The Gateway Arch remains the world’s tallest monument .

For the 1964 World’s Fair in Flushing Meadows Park, New York, Gil-
more Clarke used Type 304l (S30403) to create the unisphere, (3) a 
43-metre-tall, 370-tonne globe . It is one of the most iconic and iden-
tifiable sculptures in the world, having appeared in numerous films, 
TV shows and music videos .

One of the most important landmarks in Helsinki, Finland, is the 
Sibelius Monument, (4) which honours composer jean Sibelius 

(1865-1957) . designed by Eila Hiltunen and un-
veiled in 1967, the monument consists of 600 
hand-textured silvery pipes welded together in a 
wave-like shape to suggest the changing seasons . 
The pipes echo bird songs and resonate during 
storms . Consisting of stainless steel tubes of various 
diameters, the monument measures 10 .5 metres 
long by 6 .5 metres deep by 8 .5 metres high and 
weighs 27 tonnes . 

Most subsequent sculptures have used tra-
ditional bare-metal finishes . Australia’s Parlia-
ment House, in Canberra, is topped with a four-
pronged 81-metre-high flagpole made of Type 
304 stainless steel using standard mill finish . The 
building was opened in 1988 . 

In 1992 the municipality of Houston, Texas, installed 
six pairs of seamless, mirror-polished Type 304 

arches over Post Oak Boulevard as part of a redevelopment project .

When colouring methods for stainless steel became available, they 
were initially used for elaborate murals in japan, but in 1992 architect 
Frank Gehry realized their potential for use in large sculptures . In Bar-
celona he created an electrochemically coloured Type 316 (S31600) 
stainless steel Fish (5) measuring 56 metres long by 35 metres high . 
Known locally (in Catalan) as Gehry’s Peix and situated in front of the 
Port Olimpic, the golden-hued structure seems to want to jump into 
the inviting blue waters of the Mediterranean .

Stainless steel’s history of exceptional long-term performance and 
low maintenance has made it a preferred material for sculptures . 
More recent examples include: dublin’s Monument of light, (6) also 
known as the Spire of light (2003), a 120-metre tower made of Type 
316 stainless steel tubes; the united States Air Force Memorial (2006) 
in Arlington, West Virginia, which consists of three curving spires of 
Type 316 stainless ranging in height from 61 
to 83 metres; Chicago’s bean-shaped Cloud 
Gate (7) (2004), made of Type 316 stainless; 
and Mongolia’s 40-metre-tall statue of Geng-
his Khan (8) on horseback (2009), which is 
wrapped in 227 tonnes of stainless . From 
these world-renown pieces to the more 
modest ones found on the streets on most 
every urban centre, stainless steel will ensure 
that they capture the public’s imagination for 
generations to come .

StainleSS Steel  
FOr ETErNAl SCulPTurE

1932: Niagara 
Hudson Facade 1940: 

Rockefeller 
Plaza
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2012:  
Sprouts Delhi

2009: Tall 
Tree and 
the Eye

2000: Escaping Flatland 
by Edward Tufte
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1988: Australia’s  
Parliament House Flagpole
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StainleSS Steel IN TrANSPOrTATION 
Harold M. Cobb, Metallurgical Consultant

Stainless steel plays a role in virtually all types of transportation, 
from automobiles and trucks to railcars, ships, even airplanes . 

It is not uncommon, for example, to see stainless steel passenger 
railcars rolling by, whether locally or in cross-country service .

And yet the first stainless steel machine for transportation was 
an amphibian airplane (1) built in 1931 by the Budd Company, 
a steel auto body manufacturer in Philadelphia, Pennsylvania, 
u .S .A ., named after inventor and businessman Edward G . Budd 
(1870-1946) . It was found that the high-strength form of nickel-
containing 18-8 stainless steel could not be welded by any meth-
od, including electric resistance spot welding without annealing 
(softening) the metal next to the weld and reducing its corrosion 
resistance . Fortunately it was not long before modifications were 
made to the spot welding equipment to shorten the welding 
time to one-thirtieth of a second, thereby eliminating the prob-
lems . The plane was subsequently flown in both Europe and the 
united States to demonstrate and publicize the engineering and 
fabrication skills of the manufacturer .

Edward Budd’s second experiment with 
stainless steel was a rubber-tired pas-
senger train . (2) The French industrialist 
André Michelin (1853-1931) told him 
that rubber-tired trains were the way 

of the future . Michelin had invented a flanged steel wheel that 
would keep tires on a railroad track . What was needed was an ex-
tremely light railcar that could be supported on pneumatic tires . 

Budd took on the challenge by building a light, 35-passenger 
stainless steel car powered by an on-board gasoline engine . The 
first car, dubbed the Budd-Michelin lafayette, was tested suc-
cessfully in France, whereupon three American railroads bought 
rubber-tired trains to make sure they were not missing out on an 
opportunity .

Meanwhile, ralph Budd (no relation to Edward) had envisioned 
a gleaming, streamlined stainless steel train for his ailing railroad . 
In 1933, the American railroad executive (1879-1962) ordered a 
three-car stainless steel train which was to be driven by a diesel-
electric motor and equipped with steel wheels . The Burlington 
Zephyr, as it was known, broke all records on its first run: a dawn-
to-dusk, thousand-mile (1610 km) dash from denver to Chicago 
in the united States . The train averaged 77 .5 miles per hour (125 
km/h) and reached a top speed of 112 mph (180 km/h) .

The Budd Company went on to build more than 10,000 railcars 
during the ensuing 50 years, some of 
them still in use . (3) Today stainless steel 
is used extensively in passenger rail cars 
for subways, commuter trains and long-
distance trains, ensuring long life and 

1931: First stainless 
aircraft

1914: First aeroplane 
engine exhaust valves

1953: Roll-formed stainless 
jet compressor blades

1934: “Zephyr” 
train inaugurated

1949: Stainless self-
propelled rail cars

1961: First 
stainless  
subway cars
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1927: First welded 
stainless bulk milk truck

31
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low maintenance costs . The shell is commonly built of either a 
higher-strength version of 304 called 301lN (uNS S30153) or an 
equivalent alloy of the 200 series alloy (S20153) .

during the Second World War there was a demand for cargo 
planes in the united States . unfortunately aluminium was in short 
supply . However, the Budd Company obtained contracts from the 
u .S . Army and Navy to build planes constructed of stainless steel, 
namely the twin-engine Budd rB-1 Conestoga . (4)

In 1981 john delorean, who had been a vice-president of Gen-
eral Motors, started production of his dream car, a stainless steel 
sports coupe known as the delorean dMC-12 . (5) The delorean 
Motor Company went bankrupt and closed in 1982 but not be-
fore it had built and delivered more than 9,000 of the vehicles . 
Today stainless steel is used for numerous internal parts in stand-
ard automobiles, from exhaust systems to fuel systems . Cognizant 
of the energy-absorbing properties of austenitic stainless steels, 
some car companies today are looking to design stainless steel 
car frames . 

Stainless steel tanks have been used with road transport for many 
years, the first one known being from 
1927 for the transport of milk in the u .S . 
Today they are a common sight on our 
roads . (6) The first ocean-going chemi-
cal tanker (7) built using stainless steel 

tanks was the M/T lind, delivered in 1960 . These tankers were 
modified oil tankers built with more but smaller tanks to handle a 
wide variety of cargos, ranging from food products (wine, vegeta-
ble oils) to specialty petroleum-based oils to corrosive chemicals 
such as sulphuric and phosphoric acids . Originally the tanks were 
built using nitrogen-alloyed Types 316lN (S31653) and 317lN 
(S31753) which have increased strength over 316l . Today it is far 
more common to use duplex stainless steel Type 2205 (S32205) 
with even higher strength, and which allows the use of thinner 
tank walls, and thus allows even more product to be carried . 
Modular tank containers, commonly known as ISO containers, are 
tanks surrounded by a protective metal frame which can be easily 
transported by sea, road or rail . Tens of thousands of stainless steel 
tank containers are in use around the world . 

Stainless steels, through the past cen-
tury, have been used to keep goods and 
people moving to their destination, and 
without doubt, this will continue to be 
the case .

1981: DeLorean’s 
stainless automobile 

1996: Conversion to all 
stainless auto exhaust

2008: Next 
generation vehicle 
development using 
stainless steel 
frames

ni

1967: Lincoln 
Continental convertible
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Stainless steels, through the past century, 
have been used to keep goods and 
people moving to their destination . 
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Stephen Lamb, Consultancy Resources Corporation, 
Consultant to the Nickel Institute

Stainless steel plays a major role in the handling, storage and 
processing of water, whether potable, ultra-pure, waste water or 

run-off waters . Its value lies chiefly in its resistance to the corrosive 
effects of a wide range of water chemistries, while maintaining wa-
ter integrity of potable and high purity waters .

Potable water is generally less corrosive than food products, and 
while stainless steels were used in the 
early years for some specific applica-
tions in water service, they were often 
considered too expensive for general 
use . It has taken many years to show 
how cost-effective they really are . 

The corrosion resistance of stainless 
steel in various process streams was 
first systematically evaluated in the 
1970s when Types 304 (S30400) and 
316 (S31600), containing about 9% 
and 12% nickel respectively, along with other alloys, were tested in 
wastewater environments . Based on the favourable results, austen-
itic stainless steels have been increasingly used in processing pip-
ing, aeration piping, and various other plant applications such as 
clarifier construction, scraper arms for sludge removal, and bolting .

Similarly, in the handling of potable waters for human consump-
tion, stainless steel usage also grew and today is considered essen-
tial . Today at water treatment plants (1), membrane cells are often 
used in conjunction with purifying procedures to remove bacte-
ria, colloids and drinking water pathogens such as cryptosporidia . 
Plants without membrane cells use other forms of water purifica-
tion such as ozonation . The finished waters are then chlorinated 
and stored in tanks and reservoirs prior to distribution . Such tanks 
are constructed using pipe, sheet and plate in stainless steel .

A water technology of growing importance is desalination (2), 
the conversion of seawater and brackish waters into fresh water . 
Higher alloyed stainless steels, such as duplex, superduplex and 
super-austenitic types are required to handle the more aggres-
sive waters . They are used at various stages of the process – in the 
handling of chloride-bearing water streams, in the membrane 
containment cells, in the concentrated brine streams, whereas the 
standard types can be used for the storage of the fresh water . The 

desalination industry has grown 240% worldwide over the past ten 
years and shows no sign of slowing down .

In Asia, Australia and Europe, stainless steel distribution and service 
piping is used to carry treated waters directly to homes and busi-
nesses . In japan, some of the water distribution pipes are buried 
while others are supported on the sides of road bridges over riv-
ers . Within Europe, Germany has led the way in stainless steel ap-
plications in plumbing, one famous example being Munich’s Allianz 

Arena (3) built for the 2006 World Cup . 
More recently, China turned to stain-
less steel for its plumbing needs at the 
Beijing 2008 Olympic Games, including 
applications in the National Stadium 
and the National Aquatics Centre .

Stainless steel plumbing is often used 
in tall structures when the riser and 
branch piping can withstand high 
pumping pressures . Examples include 
the Taipei Financial Center in Taiwan, 
the Petronas Twin Towers in Kuala 

lumpur, Malaysia, the China Central Television Headquarters in 
Beijing, and the Aurora Tower in Brisbane, Queensland, Australia . 
In Scotland, Type 316l (S31603) stainless piping is being specified 
for the distribution of hot and cold water in that country’s health 
facilities . This is also the case at the new Palomar Pomerado Medi-
cal Center in San diego County, California, which will be the largest 
medical facility in North America .

Piping materials are often used in conjunction with stainless steel 
fittings, couplings, tapping sleeves (4) and repair clamps . These ap-
plications usually involve buried structures, (5) and although the 
fittings, etc ., are exposed to a wide variety of soils, virtually no prob-
lems have been reported .

Although the stainless steels used in plumbing have been pre-
dominantly austenitic (types 304 and 316), duplex stainless steels 
are starting to find use especially in large diameter piping systems . 

In order to select materials that would reliably yield a service life 
of at least 100 years for the construction of 244 cm (96 inch) diam-
eter risers at their roundout reservoir (a source of potable water for 
Manhattan Island), immersion tests were carried out by New York 
City’s department of Environmental Protection . Based on the test 
results, the department chose 304 and 316 stainless steels, so that 
on the second centenary of stainless steel in 2112, we expect that 
they will still be in use . 

StainleSS Steel FOr WATEr

1935: Start of mass installation of stainless kitchen sinks

1922: First boiler tubes

ni

1960s: First modern desalination plants
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“ Today, with the continuing need for water purity and integrity, stainless steel also 
meets the requirements for the handling of potable waters for human consumption . ” 

2004: Stainless pipe for fire protection 
and potable water in 101 story building

1997: Stainless grades 
approved for drinking water 
systems by ANSI/NSF

2

5

34

1

1980s: Sea water reverse osmosis 
plants commercialized
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1950s: 
Surgical staples

1962:  
Disposable  
stainless  
needles1926: First use of austenitic 

stainless for surgical implants
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1940s: Stainless steel  
orthodontic archwires developed
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Tony Newson, EUROFER - The European Steel Association

Over its 100-year history, stainless steel has established itself in 
healthcare applications where corrosion resistance, ease of 

manufacture, and ease of sterilization are keys to ensuring that the 
devices produced are reasonably priced, durable and hygienic .

As early as 1925, surgical instrument catalogues offered stainless 
steel as an expensive alternative to nickel-plated carbon steel 
instruments, but by 1938 many manufacturers had abandoned 
nickel-plating entirely . Tools and instruments (1) are most often 
produced using the nickel-containing austenitic alloys such as 
304 (S30400) where high hardness is not required, or the marten-
sitic alloys where it is necessary . However some scalpel blades, 
chisels, gouges and other sharp-edged instruments continued to 
be made of carbon steel which, though sharp, could rust if clean-
ing and sterilization procedures were not carefully controlled . The 
cutting edges of instruments made from hardened martensitic 
stainless steels (2) are often less durable than their carbon steel 
equivalents and require more frequent sharpening . Medical tools 
and instruments today represent a uS$30 billion industry world-
wide, and stainless steel is a big part of it . 

dental instruments use the same alloys as medical instruments 
and for the same reasons . Stainless steels are also used inside the 
mouth, in dental appliances (3) and sometimes in crowns . Stain-
less steels do not normally result in a metallic taste in the mouth .

To prevent the spread of infectious disease, there must be fre-
quent cleaning and sterilization of all components and surfaces 
in hospitals and clinics, and today stainless steels are used for all 
kinds of hospital furniture such as tables, carts, trolleys, cabinets, 
IV-stands, beds, etc . and components as mundane as sinks, show-
ers and bedpans . (4) 

It is important to note that there are significant differences be-
tween stainless steel grades used for implant applications and 
standard commercial grades used for other medical devices . In 
the Eu for example, implants are defined as medical devices that 
are exposed to human tissue for more than 30 days . Implants fall 
under separate specifications with special requirements .

Wrought austenitic stainless steels and high-nitrogen stainless 
steels are used for surgical implants such as hip, (5) knee, finger 
and shoulder joints, plates, screws, wire, and other fixation devices . 
These materials were originally developed from stainless steel Type 
316 (S31600) . However, implants must be bio-compatible as well 
as compatible with post-treatment diagnostic techniques such as 
X-ray and magnetic resonance imaging (MrI)(6) . The use of MrI 
requires that implants contain only non-ferromagnetic materials, 
and thus the chemical composition of stainless steel implants is 
enhanced with increased amounts of austenite-forming elements 
such as nickel, nitrogen and manganese . 

In addition, implant-grade stainless steels have specific require-
ments for resistance to pitting corrosion and for internal cleanli-
ness that do not apply to commercial stainless steels . Hence spe-
cial production routes such as vacuum melting and electro-slag 
refining are used to produce “clean” implant steels, that is, steels 
with low concentrations of non-metallic impurities such as sul-
phides, silicates and oxides . Also, implants have specific surface 
finish requirements and stringent cleaning regimes designed to 
prevent microbiological contamination .

long-term clinical experience with 316lVM (uNS S31673) stain-
less steel implants (7) made to ASTM F138 standards confirms that 
these have acceptable bio-compatibility with the human body . 
However, there is no guarantee that the surgical implant material 
will not result in adverse reactions such as inflammation . A very 
low nickel implant grade of stainless steel (S29108) is available for 
patients especially sensitive to nickel, though titanium alloy im-
plants may also be used for such patients .

In summary, stainless steel offers a family of cost-effective engi-
neering materials with good corrosion resistance and a range of 
mechanical and physical properties that are well-suited to various 
medical device applications . Since their development a century 
ago, stainless steels have made invaluable contributions to the 
health and well-being of mankind . 

Medical tools and instruments today 
represent a uS$30 billion industry world-
wide, and stainless steel is a big part of it . 

ni

StainleSS Steel IN HEAlTHCArE

1970s: Hip replacements 1994: Stainless steel stents introduced. 
By 1999, stents were used in 84% of 
percutaneous coronary interventions
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1960s: Stainless 
miniature brackets 
become standard
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1954: First nuclear reactor 
to generate electricity for the 
power grid in Russia

Alan Harrison, British Stainless Steel Association (BSSA)

The ready availability of energy and power is es-
sential for modern society . Over the past century, 

stainless steels have played a key role in the extract-
ing and generation of both fuels and electricity, and 
are increasingly needed to produce “greener” energy .

Today we are extracting oil and gas from more diffi-
cult sources (1), which often means the fluids are “hot 
and sour” (containing hydrogen sulphide) and may 
contain chlorides . Often stainless steels are required 
to handle these corrosive environments, with alloys 
ranging from 316l (S31603) to duplex and super-
duplex grades, and sometimes nickel alloys . Offshore 
platforms (2) use stainless steels because they are 
able to withstand the corrosive seawater . For liquid 
natural gas, typically stored at -162°C, 304l (uNS S30403) stainless 
steel is commonly used, whether for piping or for tanks . Even at 
lower temperatures, 304l remains highly ductile . (3)

In hydroelectric power generation (4), turbine blades are often made 
of hardenable stainless steels such 410NiMo (S41500) or a 16Cr-5 Ni-
1 .5Mo alloy (EN 1 .4418, no uNS number) . dam gates are often made 
of either 304l or 316l stainless steel while roller guides are made 
from a precipitation-hardenable alloy such as 17-4PH (S17400) .

Coal-fired power plants use stainless steel for many different ap-
plications, both in the high-temperature combustion section and 
also for corrosion resistance at lower temperatures . In the past 
35 years, stainless steel has been used in gas cleaning systems, 
together with nickel alloys, to reduce sulphur dioxide emissions . 
More recently it has been used to reduce mercury levels . The 
10 .5% Cr ferritic stainless steel (e .g ., uNS S40977 or EN 1 .4003) is 
used to transport millions of tonnes of coal, especially for railway 
cars . Both this grade and 304 (S30400) are used for coal chutes 
where abrasion is a problem . 

Natural gas-fired power plants use turbines much in the way jet 
engines use them . While nickel alloys are used in the turbines 
themselves, many other parts, such as the recuperator housing, 
are made of alloy types 301 (S30100) and 321 (S32100) . 

The technology for capturing and storing carbon from the gas 
emissions of fossil-fired power plants is still being developed, 
though it is already clear that some designs call for the significant 

use of stainless steel . For example, in the amine 
scrubber, which removes CO2

, a wide range of 
grades may be needed: 316l, 410NiMo, 347 
(S34700), 2205 duplex (S32205), 904l (N08904) 
and the 6%Mo family (e .g ., S31254 or N08367) .

Although the nuclear power sector has much in 
common with fossil fuel plants, there are some 
special applications related to the spent fuel . To 
moderate the neutron emissions from the spent 
fuel during transportation, a version of 304 with 
at least 0 .5% boron is used (S30462) . A special 
version of type 304l, known as NAG (nitric acid 
grade), is used in the reprocessing of fuel .

Many devices are currently being developed to 
harness the power of waves and tides (5) . Some of these pro-
totype devices contain stainless steels which have a long track 
record in seawater applications within the oil and gas sector . 
Transferring knowledge to this new energy sector will become 
increasingly important . duplex and super-duplex alloys, with their 
combination of strength and corrosion resistance, will likely play a 
key role in this demanding environment .

Stainless steel is a natural material for solar power (6) . Applications 
include solar hot water panels, substrate for thin film photovoltaic 
(PV) panels, support panels and connectors for crystalline PV pan-
els, and large-area mirrors for solar collecting systems . 

The bio-fuels sector (7) is already benefiting from the corrosion- 
and heat-resisting properties of stainless steel . In anaerobic diges-
tion, type 304 is used for the large digester tanks and associated 
pipework . The same alloy is used extensively in ethanol produc-
tion from either corn or sugarcane . Type 316l is used in more cor-
rosive conditions . Stainless steels are used in thermal processes in 
this sector because of their high strength and corrosion resistance 
at high temperatures .

Other developing technologies where stainless steels are used 
include fuel cells, waste-to-energy plants, geothermal plants, (8) 
fusion processes, and energy storage . It is clear that society’s fu-
ture depends on innovative and renewable energy sources, and it 
is equally clear that stainless steels will be an integral part of their 
production .

StainleSS Steel IN ENErGY ANd 
POWEr GENErATION
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1922: First boiler tubes

1930s: 1500T of plate for the 
Aswan dam in Egypt
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1966: First tidal power station 
uses stainless turbine blades

1975: NACE MR0175 
standard for materials 
for sour oil and gas first 
issued

2003: NACE MR0175/ISO 15156 
standard for materials for sour oil 
and gas first issued
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Gary Coates, Garcoa Metallurgical Services,  
Consultant to the Nickel Institute

In this special issue of Nickel, we have 
looked back and reviewed the rapid 

growth in stainless steel usage over the past 
100 years . In 1914, the worldwide produc-
tion of stainless steel was likely in the order 
of 100 tonnes . In 1934, the u .S . production 
alone was estimated at about 42,000 tonnes . 
In 2011 over 32,000,000 tonnes were pro-
duced worldwide .

despite all the alloy developments and the 
economic turmoil of this past decade, the 
nickel-containing alloys in the 300 series still 
account for approaching two thirds of all 
stainless production worldwide . In addition, 
there is nickel in the 200 series, duplex and 
precipitation hardening families as well as 
some of the martensitic and super-ferritic alloys .

Why do the nickel-containing alloys continue to be in great demand? 
The simple answer is that there is great value placed on the prop-
erties that nickel provides . This Centenary issue illustrates many, but 
not all of those diverse properties; for example, good weldability and 
formability of the 300 series stainless steels . For more information on 
the attributes nickel brings to stainless steel, please see our publica-
tion The Nickel Advantage.

The high growth rate of stainless steel has been supported by the 
Nickel Institute’s publications, including Nickel magazine, over the 
nearly 28 years of its existence . The quality information contained 
therein is highly prized all over the world . Today, the literature and 
informative webpages are available instantaneously with just a few 
clicks of a mouse .

The continued growth in stainless steels has also been encouraged 
by the activities of the numerous Stainless Steel development Asso-
ciations around the world which offer helpful literature and services 
in their local language .

But what does the future hold? Nothing is certain of course, though 
we can make some reasonable guesses . Here is what we see: 

demand for all stainless steels, both nickel-containing and nickel-
free, will continue to grow . As the population of the world increases 
and income levels rise, people will buy high-quality goods that are 
long-lasting and easy to maintain . In the food and beverage indus-
try, both the public and government desire high standards to ensure 

bacteria do not contaminate the food supply . 
This in turn increases the demand for stainless 
steels . Already, we see milking equipment and 
stalls in barns are made of stainless steels to 
allow easy disinfection after each use . 

Hygienic standards are also high in the po-
table water and waste water industry . Apart 
from desalination plants, which treat brackish 
or seawater and therefore need high alloyed 
stainless steels, the equipment used will con-
tinue to consist largely of 304l and 316l .

Prestigious buildings with long-lasting stain-
less steel facades will continue to be popular, 
while the use of stainless steel for “hidden” ap-
plications such as water pipes, fasteners and 
fire safety will increase .

An increasing amount of stainless steel will be 
used in the manufacture of mass transit vehicles, reflecting the need 
for long life and low maintenance, reduced vehicle weight and in-
creasing passenger safety . 

New grades will be developed as applications expand . For example, 
in the power industry, where high steam temperatures mean greater 
conversion efficiency of the fuel, new cost-effective stainless steel 
grades are needed . 

In the chemical processing industry, concerns about safety and en-
vironmental protection will lead to increased use of austenitic and 
duplex stainless steels .

In the next hundred years, the worldwide standardization and ration-
alization of stainless steel alloys, already under way, will be complet-
ed . This will provide cost benefits to the stainless steel mills, which will 
be passed on to the end-users . However, 304- type stainless steel will 
continue to be the most common alloy produced . 

The rate of end-of-life recycling of stainless steels, already quite 
high at about 90%, will increase even further as more and more 
people understand the importance of recovering the valuable el-
ements contained .

The last 100 years has seen stainless steel go from the laboratory to 
use throughout our society . We can only speculate as to what might 
happen in the next hundred years, though there is one thing of 
which we are certain: nickel and stainless steels will continue in wide-
spread use, providing valuable service to mankind .

FuTurE OF StainleSS SteelS
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2025: High speed stainless steel 
trains link all major Chinese cities

2006: China becomes world’s 
biggest stainless steel producer

2035: Carbon sequestration used in 
all fossil fuel power plants 

2055: First commercial 
fusion reactor 
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2070: Stainless steel  
electric vehicles are standard

2045: First commercial supercritical 
water nuclear reactor
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