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Synopsis

• The predominant mechanisms 

in the degradation of 

materials in mines are wear, 

corrosion, and fatigue.

• Material usages in various 

parts of the mining operation  

- old issues and new 

challenges ?

13 May 2013

Source: The Journal of The South African Institute 

of Mining and Metallurgy,  July/August 1996
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Material selection in the mining industry

Source: The Journal of The South African Institute 

of Mining and Metallurgy,  July/August 1996

Selection of materials for mining equipment

13 May 2013
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Stainless steels

May 13, 2013
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The ‘family tree’ of stainless steels

• Martensitic stainless steels:

• 12-14% Cr and > 0.1% C (also low-carbon qualities available)

• Corrosion resistance like 12-% chromium ferritic steels

• E.g. for knifes and chirurgic tools

• Ferritic stainless steels:

• At least 10.5% Cr

• 12% Cr, e.g. for exhaust pipes and building & construction

• 17% Cr, e.g. for kitchen machines

• ’Superferritic’ stainless steels (> 20% Cr and Mo), e.g. for high 

temperature applications

13 May 2013
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The ‘family tree’ of stainless steels

• Austenitic stainless steels:

• 17% Cr / 7% Ni - meta-stable stainless steel

• 18% Cr / 8% Ni - 'ordinary' stainless steel

• 18% Cr / 10% Ni / 2% Mo - 'acid proof' stainless steel

• High-alloyed stainless steels

• For general applications

• Duplex stainless steels:

• > 20% Cr, < 7% Ni, 3-6%, Mo and ~0.2% N

• Austenite and ferrite in the steel: about 50:50

• E.g. for pulp & paper, process industry and off-shore 
applications

13 May 2013
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Schaeffler Diagram and Microstructures

May 13, 2013
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• The Schaefllerdiagram, here

a version modified by

Outokumpu, is traditionally

used to predict delta ferrite

content in weld metal from

chemicalcomposition.

• It may also be used to 

characterisestainlesssteel

microstructures (ferritic, 

martensitic, austenitic) and 

to compare the structural

balance in similargrades or

casts with the same

processinghistory.

Important stainless steel grades

13 May 20131
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Family EN UNS ASTM C Mn Cr Ni Mo

Ferritic

grades

1.4003 S40977 - 0.01 1.4 11.2 0.4

1.4512 S40900 409 0.01 11.5

1.4016 S43000 430 0.05 16.2

1.4510 S43035 439 0.02 17.3

1.4509 S43940 441 0.02 18.0

1.4521 S44400 444 0.02 18.0 2.0

Austenitic 

grades 

without Mo

1.4372 S20100 201 0.07 6.8 17.2 4.1 0.2

1.4310 S30100 301 ~ 0.10 ~ 16.7 ~ 6.7 ~ 0.5

1.4318 S30153 301LN 0.02 17.5 6.5

1.4301 S30400 304 0.05 18.2 8.1

1.4307 S30403 304L 0.02 18.2 8.1

1.4541 S32100 321 0.04 17.2 9.1

Austenitic 

grades

with Mo

1.4401 S31600 316 0.04 17.1 10.6 2.0

1.4404 S31603 316L 0.02 17.0 10.1 2.0

1.4432 S31603 316L 0.02 16.8 10.6 2.5

1.4571 S31635 316Ti 0.04 16.7 10.6 2.0

1.4539 N08904 904L 0.01 20.0 25.0 4.3

1.4547 S31254 254SMO 0.01 20.0 18.0 6.1

Duplex 

grades

1.4162 S32101 LDX2101 0.03 5.0 21.5 1.6 0.3

1.4362 S32304 2304 0.02 23.3 4.8 0.5

1.4462 S32205 2205 0.02 22.4 5.7 3.2
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Product properties of 
stainless steels

May 13, 2013
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Material selection
There are many different grades of stainless steel. As with any
other material choice, selecting the correct grades is a balance
between many factors and requirements:

• Corrosion resistance

• Operating  temperature

• Mechanical strength – influences thicknessand weight

• Other mechanicalproperties (impact toughness, creep resistance, ...)

• Fabricationand welding

• Surface aspects (cleanability, appearance,…)

• Physicalproperties

• Availability, confidence in suppliers

• Cost, Life Cycle Cost (LCC), Tooling cost

• Recyclability, environmental impacts and benefits

• Legislation, Standards and Approvals

• Degree of comfort, (risks, insurance)
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The Passive Layer

May 13, 2013
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• Properties:

• Tight and corrosion resistant

• Contains much chromium (and molybdenum *).

• Only 5-15 nm thick

• Electrically conductive and usually invisible

• Growth of the passive layer:

• It grows by itself in air (1 to 3 days) and in oxygen containing water.

• It grows anew by itself after the stainless surface had been damaged.

• It becomes stronger with the help of a passivation agent.

Source: Acesita

* If the steel grade is
molybdenum-alloyed.

Corrosion resistance

May 13, 2013
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• The resistance to pitting and crevice 

corrosion increases with the content of 

chromium, molybdenum and nitrogen 

in the steel. This is often illustrated by 

the pitting resistance equivalent (PRE) 

for the material, which can be 

calculated by using 

the formula: 

PRE = %Cr + 3,3x%Mo + 16x%N. 

• The PRE value can be used 

for a rough comparison between 

different materials. 

• A much more reliable way of 

ranking steels is according to the critical 

pitting temperature (CPT).
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Corrosion in the mining industry

May 13, 2013

15

• Corrosion in the mining industry can be characterized as chemical attack

enhanced by wear

synergy effect: corrosionaccelerateswear and wear acceleratescorrosion

• Mine atmospheres and mine waters vary widely from mine to mine

• Temperature

• Humidity

• pH

• Chlorinecontent

• Sulfate ion content

• Dissolved colloidal

consituentsand  

suspended solids

• Microbiologicalorganisms

Strength Classes acc. to EN 1993-1-4: 2006

13 May 2013
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Strength
level

Steel grade Rp0,2 Proof
strength1)

[N/mm2] min.

Rm Tensile 
strength1)

[N/mm2] min.

Elongation

A min. [%]

2B

(S235)

1.4003

1.4301

1.4401, 1.4571

280

230

240

450

490

530

20

45

40

2B

2H+CP350

(S355)

1.4318

1.4301, 1.4401

1.4571

350

350

650

700

40

25

2B

2H+CP500

(S460)

1.4462

1.4318, 1.4301

1.4401

480

530

660

850

20

20

1 Cold rolled strip, t <6 mm
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Abrasion wear and stainless steel
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• Tallinn University of Technology has, on behalf of AvestaResearch Center, performed some 

abrasion testing, according to ASTM G-65, on different stainless steels and with two carbon 

steels, Hardox450 and EN 1.0025, as references. 

• The results are seen in Figure. 

• The testing has been performed 

in a dry environment due to 

the difficulties in maintaining

similar testing conditions 

associated with wet testing.

• The scattering is low, thus 

giving statistically significant 

results.

• A more relevant measure 

would perhaps be volumetric 

material loss, however, the 

general trend is the same. 

Stainless steel for cryogenic service

May 13, 2013
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• Standard austeniticstainlesssteelsare wellsuited for equipment

handling liquid gasesand for other liquidsoperating at sub-zero

temperatureswherecorrosionresistanceis also required.

• As the temperature is loweredthe strengthof thesesteels

increaserapidly, whilstductilityand impact toughnessare

maintainedat a high level as temperatureapproachesabsolut

zero.
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Ferritic and Duplex grades

at low temperatures

May 13, 2013
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• Ferritics have minor impact toughness values  at low temperatures

because of their high notch sensitivity. 

• Structural ferritic stainless steel  1.4003 have superior impact toughness  

compared to medium and high chromium ferritics.

• Duplex grades can be used down to temperature ca.  – 40 °C.

Austenitic and Duplex grades

at elevated temperature

May 13, 2013

20

• Due to the risk of embrittlement, 
the duplex steels should not be 
used at temperatures above 250-
325°C.
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High Temperature Stainless Steels

May 13, 2013
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More
information

May 13, 2013
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Outokumpu aids for material selection
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• Data sheets and

brochures

• Corrosion Handbook

• Welding handbook

• Segment and application

brochures

Public information for Material Selection

May 13, 2013
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• Euroinox www.euro-inox.org

• brochures and other publications in local languages

• links to member associations  

• Nickel Institute (NiDi) http://www.nickelinstitute.org

• ISSF www.worldstainless.org

• Finnish Constructional Steelwork Association 

http://www.terasrakenneyhdistys.fi

Webpages contain useful information, often as downloads
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Concluding remarks

May 13, 2013

25

• For most applications, there are several suitable stainless 

steel grades 

• Different groups of stainless steel have different properties

• To work out together with the customer the most appropriate 

solution, we need to understand the application

• Outokumpu provides good aids for material selection

• R&D can support with more detailed information

13 May 201326 Applications of stainless steels


