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cations where extreme cleanliness is important, for example in the
pharmaceutical, semiconductor and dairy industries.

T ER \ Ware

Heat tréatment is not withouf(’risk, asithe raterial properties can

- Easily deteriorate’ iFit is done in an incorrect and Uhcontrolied way:
"The wrong combination of:temperature/time/cosling raté can cause
. precipitatidn, of detrimental phases, such as carbides, nitrides and
sigma-phiase. These may impair the méchanical properties, impact
toughhess.and the.corosion resistance, in most cases, it is there-
tore usually safer to completely avoid-heat treatment, but there are
certain sitiations when its Justified.

The need of heat treatment is often driven by code or applica-
tion réquirements. The main reasons are restoration of microstruc-
ture to improve properties, relaxation of residual stresses to reduce
risks of fatigue and stress corrosion cracking and improvement of
dimensional stability.

cold working and dissolves secondary phases that can precipi-
tate during hot working or welding. The term “full anneal” often
means that the material is in its optimum metallurgical condition,
with secondary phases completely dissolved and hornogenized.
This condition produces the best corrosion resistance and ductility.
Because it is conducted at high temperatures, annealing in air
produces a surface oxide scale that must be removed by descaling
and pickling to restore the surface corrosion resistance.

The temperature is normally between 750 to 1200 °C depending
on steel grade and the purpose of the annealing. Further details
are given in the chapter 3, Physical metallurgy. The cooling should
normally be as fast as possible; air cooling is normally fast enough
but water quenching can be necessary for certain grades. Recom-

150 200

300 e e e
0.01 01
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TTT (Time Temperature Transition) curves showing the narrow
temperature range in which it is possible to carry out stress relieving of duplex
stainless steel grades.

mended solution annealing temperatures and cooling practice for
individual grades are given in Outokumpu data sheets.

Stress relief treatments reduce residual stresses that may develop
auring forming and welding, and lower the risk of distortion or stress
corrosion cracking. Stress reiief is performed at temperatures below
those used for solution annealing, and may not always require the
descaling and pickling needed after full annealing. There are several
procedures (temperature/time intervals) to perform stress relieving,
each with its pros and cons.

When selecting heat treatment, the steel grade's susceptibility
to precipitation of detrimental phases has to be considered, Figure
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11:9. Furthermore, the shape of the work piece has to be taken into
account, as large differences in thicknesses can give rise to new
residual stresses during rapid cooling from high temperatures.

N

ERFEN
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Outokumpu Welding Handbook, First edition, 2010.

Practical Guidelines for the Fabrication of High Performance Austenitic Stain-
less Steels, IMOA.

Erection and Installation of Stainless Steel Components, Euro Inox, 2006.

Fabrication and metallurgical experience in stainless steel process vessels
exposed to corrosive aqueous environments, NIDI Technical Series No.
10026.

ASTM A380, “Standard Practice for Cleaning, Descaling, and Passivation of
Stainless Steel Parts, Equipment, and Systems”.

ASTM AQ67, “Standard Specification for Chemical Passivation Treatments
for Stainless Steel Parts”.
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Stainless steel products should be handled and stored in such a
way that they are not damaged. The level of the demands depends
both on the product and the intended future use. If the material is
to undergo a fabrication sequence that includes both heat treat-
ment and pickling, slight surface damage may be tolerated. On the
other hand, if the stainless steel product will be directly installed,
the demands of storage and handling are much more stringent. :
A high standard of cleanliness, good order, and commen sense.:
regarding how various operations impact on the material. is-usually -
enough to achieve appropriate handling conditions.
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1-Staining caused by a pair of tongs left on a stainless steel plate.
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Asitisthe surface which gives the material its corrosion resist-
ance, one must always remember to protect the stainless steel
surface. This includes taking care to avoid any mechanical damage.
Scratches or other damage introduced in the fabrication shops are
a common cause of passive film deterioration.

All kind of contamination should be avoided. Different types of
contamination have different effects on the stainless steel. Carbon
steel particles give rise to rust stain, Figures 12:1 and 12:2, paint,
grease and oil can give rise to intergranular attack after welding or
a heat treatment operation. Low melting metals such as copper,
zine, lead, aluminium and brass can give rise to cracks in weld or
heat treated areas, so-called LME (Liquid Metal Embritilement). The
easiest way to avoid contamination is to keep stainless steel prod-
ucts separated from carbon steel and other metals.

Q3. Staining caused by iron contamination from truck forks.
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Storing indoors helps to protect the steel from external pollution. If
indoor storage is not possible, the stainless steel should be covered.
This is especially important if a wrapping which might absorb water : X I~ - . 0 m‘mmwmwmm
and stain the surface, such as cardboard, has been used.

/
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The packaging should not be broken unnecessarily, it usually
provides a good protection. It is often possible to save a lot of
trouble and expense by taking advantage of the packaging, espe-
cially if the stainless steel surface is susceptible to damage e.g. a
polished or ground surface.

The use of strippable plastic film coatings on the stainless steels
can help to avoid surface contamination. If the stainless steel has
a protective film cover, it should be left on as long as practically
possible and removed just before handover. Special packaging
measures may be needed for protecting stainless steel compo-
nents in transit in order to protect the surface. For example, care
is needed when components are being secured 1o pallets or vehi-
cles for transport to avoid damage to surfaces from straps or strap-
ping. Suitable protective materials, such as wood, shouldbe piaced
between the stainless steel and the secuing straps. lf carbon steel
strapping is to be used to secure: fterms:to panets or in bundles,
some form of wrapping or paddmg is required 16 prevent the strap-
ping from. damagmg the edges or surfdce of the stamless steel
compcns*nts '

“Flat storage inwooden boxes.

To mairk\tain‘ flatngss and avoid permanent deformation, sheet
should be stored inwooden boxes and should be covered to
preveht airborne contamination, Figure 12:3 and 12:4. Plate should
be stored vertically on racks in a covered dry location, to mini-

mise contamination and avoid the possibility of footprints. Racks

of carbon steel should be protected by wooden, rubber or plastic
battens or sheaths to avoid carbon steel contamination of the stain-

less steel.
\w\w “°\§ R N ‘W\l\ \\§\§\
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The rules for storage of tubes and pipes are the same as for
storage of sheet and plate but one should remember that it is much
more difficult to clean the inside of a pipe than an open plate or
sheet surface. Extra precautions are therefore needed to avoid
inside contamination, especially for thin pipes with small diameter.
One effective way to protect the pipe inside is to use end-plugs.
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Stainless steel does not remain stainless in all circumstances.
Stainless steel products need to be cleaned to maintain a pris-
tine appearance and preserve Corrosion resistance. Stainiess steel

will not corrode under normal atmospheric conditions provided the .- #

correct grade has been selected and appropriate fabrication proce:
dures and post treatment are followed. However lagk of cle: ning

corrosion resistance of the:stainless steel grade selected, This may
lead to staining and; in more severe casés;nitiation of Gorrosion.
 Advice S often sought concerning the frequeniy of cleaning of
. products made of stainless steel, and the answer.is quite simple;
" clgan 1he stainless steel surfage when it Is dirty in crder,tq restore
its original:appearance. This may vary from oneto four times per
* year for external appiications or it may.be ohice aday for an item in
. hygienic or aggressive-applications. '

~— %&w@

Usually, discolorations is the first indication of incipient corrosion. In
this case, it is no longer sufficient to remove visible stains by means
of usual cleaners. In the tiny pits, which may hardly be perceptible
to the unaided eye, corrosive media or corrosion products may be
trapped, which will cause new stains to form. In such cases, it is
advisable to use a cleaning agent which has a pickling and/or passi-
vating effect. These kind of cleaning agents are often very aggres-
sive and consequently health, safety and environmental precautions
have to be taken. If the corrosion attack is more severe with deep
pits or cracks, grinding and weld repair might be needed.

Repair welding may be necessary for filling pits or other defects which
are too deep to just remove by grinding. Repair welding deserves as
much or even more attention than the original structural welds.

s\\\\\\\&( . A\;\ \ \\\\\
\ N

can lead to accumulation of corrosive substances that surpass the

.
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B Chrysler building in New York erected 1930. During the years, it
has only been cleaned twice, with considerable surface deposits accumulation
between the cleanings. During its second cleaning in 1995 a few panels near
heating exhausts showed some pitting and had to be replaced otherwise in
perfect condition.
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All types of contamination have to be removed from the surface
prior to weld repair. This can be done either by grinding to clean
metal appears, or chemically with an appropriate cleaning agent.
Cracks must be totally gouged out or removed and weld repairs can
be carried out from both sides, if access is possible. Deep pits or
localized corrosion can be welded with filler to restore the original
thickness. If there is a larger area, which cannot be welded by build-
up, it might be replaced with patch.

However, there is a clear risk that new stresses are introduced
during weld repair, with subsequent failure as a consequence. Extra
precautions are needed for stainless steel grades which are suscep-
tible to form precipitates due to the heating cycle. A high heat input
or too low cooling rate can result in degradation of both HAZ and
weld deposit, s0 only one re-weld operation is advisable, even that
with extreme care and control. The general recommendation for the
most vulnerable materials is that any form of re-welding should pref-
erably be avoided.

© Outokumpu



Sustainability is about much more than just the environment. It
takes into consideration the impact on environment, society, and
economy (planet - people - profit).
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Stainless steel is the most recycled material _in,theﬁworid and 82%
of the stainless steel in use is estimated iok be reoyicied into new '
steel. When recycled, the stainless steel is.not downgraded; the
remelted recycled Stegl has just as good qaaiity ant properties as
the original steel. Due 1othe attractiveness and highvalug of stain-
less steel scrap no subsidies are needed to uptiold & working scrap
maiket, - . 2
times. However, the 8§ %annual increasdin stainless steel produc-
tion tbgéiher with the durability of stamiéss steel products means
that there is a scarcity-of stainless steel scrap. This in turn means
that although tod‘éy}s production is based mainly on recycled stee,
virginmatérialin the form of alioying elements is still needed. Today
approximately 60 % of the raw material used to make new stain-
less steel is recycled steel and for Outokumpu the recycled steel
content is between 85 and 90%.

Steel making, especially for alloyed steel, is undisputedly very
energy consuming. However, the stainless steel industry has worked
systematically on energy efficiency for many years and Qutokumpu
has decreased its direct CO, emission per ton of produced steel by
20% the last 10 years. Also, since remelting scrap is more energy
efficient than making steel out of virgin raw materials, the scrap
input ratio of 60 % worldwide means a 33 % reduction of CO, emis-
sions compared to producing the same amount of steel from virgin
raw materials. This corresponds to more than 42 M tons of CO,
annually.

The inert nature of stainless steel products offers many advan-
tages during use. From an environmental point of view the passive
layer that prevents metals release from the surface is of special
interest. It means that stainless steel can be used in applications
like roofing and water piping without risking metal leaching and
contaminating the environment, e.g. the ground water.

[f:prinsiple, staintess steel can be recycled aftinfinite. nuinber of

.
.

Stainless steel has a long history of 'uée‘in ay:ibﬁcatibné whieret
cleanliness and high hygienic requiternents are important, ke
medical equipment and food processing. Stainless steel does not

- “affectthe 1aste of fobd and drink and the suffate is easy tociean
<and to disinfect. Stainless steel sufaces donot release metals'or

organic substances that could affect the indoorair quality in build-
ings negatively, " a :
" The reason behind the inert behaviour of stainless steel is the

passive tayer that.also prevents the’'material from corroding. This

meansalso vtha‘c'stsihlesg steel does not behave like its alloying

* ‘components. Forexample, nickel on its own can cause skin sensi-

tization (allergy), while numerous tests have shown that nickel-
containing stainless steel does not cause such allergic reactions.

The benefits to society by using stainless steel are numerous.
Stainless steels have, for example, helped to make the process of
desalination (i.e. producing potable water from seawater) econom-
ically viable. Thus many arid areas of the world can now enjoy the
benefits that come from the availability of fresh water. Stainless
steel is important for the development of new energy sources like
solar power and the production of bioenergy, also for conventional
energy sources e.g. in desulphurisation ptants to reduce noxious
emissions from fossil fuels.

Choosing the right stainless steel grade for an application ensures
that it will have low maintenance costs, a long life and be easily
recycled at the end of that life. This makes stainless an econom-
ical choice in many applications from washing machines to process
applications. The fire and corrosion resistance of stainless steel
makes it a good choice in transportation, building or public works
such as raitways, subways, tunnels and bridges. These proper-

ties, together with stainless steels’ mechanical behaviour, are of
prime importance in these applications to ensure human beings are
protected and maintenance costs are kept low.

© Qutokumpu



High strength stainless steels provide extra benefits both in
terms of economy and resource use, since less material can be
used in constructions. High strength steels may absorb more
energy in the case of collisions, which improves safety in vehicles
and many other structural components and systems.

Stainless steel is durable which has a positive effect on the life
cycle cost over the full lifetime.
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www.sustainablestainless.org

Stainiess steel and CO,. Facts and scientific observations (International
Stainless Steel Forum)

www.outokumpu.com
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Below are explanations to some words used in this handbook and reference to in what chapter you can read more.. -

(C4) = chapter 4.

iy
IHSN

Surface finish designation according to EN 10088-2 of material that
is hot rolled, heat treated, pickled, and free of scale. (C4, Cb)

The duplex grades 2507 and. 4501 are sémetimes'fé’ferred foas
25Cr superduplex grades as the chromium content is close to 25%
in these grades. (€2). : N

-, Sl wurts ‘o Ty y ST B W
Susface finish designation according to EN'10088-2 and ASTM.

" A4S0 of materlal that is.o0ld rolled, heat treated, pickled and skin

. passed, where skin péssmg may be dane by tension levelling (C4,
{85)] ; .

The Qutokumpu designation of material that is cold rolled, heat
treated, bright pickled and skin passed. (C5)

signation according to ASTM A480 of material that
is cold rolled, heat treated pickled or descaled. (C4, C5)

Surface finish designation according to EN 10088-2 of material
that is cold rolled, heat treated and mechanically descaled. (C4, C5)

Wi
R

{5 §
Surface finish designation according to EN 10088-2 of cold rolled
material that is work hardened to certain tensile levels. (C5)

S #
Surface finish designation according to EN 10088-2 of cold rolled
material that is bright annealed, i.e. heat treated under inert gas
atmosphere. (C4, C5)

s 254 SMO® and 4529 are sometimes referred
to as 6Mo superaustenitic grades as the Mo content is around 6 %
in these grades. (C2)

The austenitic grade 654 SMO® is sometimes referred to as 7Mo
superaustenitic grade as the Mo content is around 7 %. (C2)

Activation , . .
The changing of a passive surface of o metal to @ chemically active

state. (C6) .+

Y

Ative - r . "
(1):A state of & metal that is corroding without significant nfluence

. of reaction prodiict. (C6) ; \
{2 A lower of more negative electrode potential e = i

Anlos , ; ~,
A riegatively charged ion. An. ariion will migrate through the electro-
lyte toward the anode under the influence of a potential gradient.

@By :

Hsatrany, rvaly
Determined as the
tensile test. (C7)

ratio between thickness and width strain in the

seaii

Heat treatment that alters the microstructure of a material causing
changes in properties such as strength, hardness, and ductility. (C5)

The electrode of an electrochemical cell at which oxidation occurs.
(CB)

Argon Oxygen Decarburisation. A method to reduce the carbon
content in the stainless steel melt. (C1, C4)

i Vg ¥
Corrosion of a metal-by contact with substances present in the
atmosphere, such as water, carbon dioxide, water vapor, and
sulphur and chloride compounds. (C 6)

One of the two major metallic phases in stainless steel, with a face-
centred cubic structure. Austenite is promoted by higher levels of
elements favoring austenite such as nickel and nitrogen. See also
FCC. (C3)

The austenitic grades are the largest group of stainless steels.
They have good to exceilent corrosion resistance, good formability
and weldability. Their good impact strength at low temperatures is

© Outokumpu



often exploited in cryogenic applications. Cold working increases
their strength. The austenitic microstructure makes the steel non-
magnetic in the solution annealed condition. (C2)

Surface finish destgnatron according to ASTM A480 of material that
is bright annealed, i.e. heat treated under inert gas atmosphere.
(C4,CH)

Bhght Anneahng line. Annealing line using hydrogen or hydrogen/
nitrogen atmosphere to avoid oxidation during heat treatment. (C4)

Products supplied in straight lengths, never in coils, thus differen-
tiating them from rod. Bars can be supplied in hot-rolled, and cold
worked condition and have different geometries such as rounds,
squares, hexagons and octagonal shape. (CH)

RO
A Body-Centred Cubic structure, in which there is a central atom
between the corner positions in the unit cell, Figure 3:6. (C3)

BOY
A Body-Centred Tetragonal structure with the same type of atomic

positions as BCC but a unit cell in which only two of the lattice
parameters are equal, Figure 3:6. (C3)

A semi-finished steel product with a square cross section up to
200 mm x 200 mm. (C5)

The startrng sheet intended for forming. (Cl())

A cast semi-finished steel product wtth 4 smaiter Cross seétion than
slabs, often rectangular typrcany targer than 200 min %200 mm,.
(Ch)x ' e

ﬁgi 1 B
Heat treatment of cold roﬂed stamtess stesl m an mert gas atmos—
phere Often hydroger or hydrogen/nitrogen whroh protects the steel
from gelting oxrdteed G4y

e

HBWR .
Nuclear Bonimg Water Reactor, (C6)

To write CTOO is a way to describe that the material is work hard-
ened (temper rolled) to a tensile strength of 700 MPa. (C5)
GARL

Continuous Annealing and Pickling Line. (C4)

A type of hlgh temperature corrosion, in which the stainless steel
reacts with e.g. CO or CO/CO, gas present in the environment. (C6)

Catastrophrc oxrdatton generally occurs in the temperature range
640-950°C in the presence of elements whose oxides either melt
or form eutectics with the chromium oxide (Cr,0,) scale. For this
reason molybdenum, which forms low-melting-point oxides and
oxide-oxide eutectics, should be avoided in materials for service at
temperatures above 750°C. (C6)

ot eyete
Cathode

The electrode of an electrochemical cell at which reduction occurs.

A techntque used to prevent the corrosion of metal by making it
the cathode of an electrochemical cell. This can be achieved by

connecting the metal to be protected to a less noble metal, i.e.

a galvanic anode, which corrodes instead of the protected metal.
Alternatively, imposed electrochemical polarization can be achieved
by using an external DC power source. (C6)

A posmvely charged ion. A cation will migrate through the electro-
lyte toward the cathode under the influence of a potential gradient.
(C6)

A bnttle rntermetalhc phase with a cubic structure. Chi phase
occurs in the ternary Fe-Cr-Mo phase diagram. (C3)

The distance between the punch and the die during e.g. punching.
(C10)

Coil is a continuously hot or coid rolled sheet that is rolled to a ring
shape (coil). (C5)

Rolling of the stainless steel is done at room temperaturg: (C4)

Cold working, also known as strain hardening or work herdening, is
the strengthening ofa rneta\ by p{astic defar'mation. (.C%)

AN : : ;
Corrosion is the gradue deetmction of mtttenai by ohemtca! reac-
tion with :ts surrtmndmg t—;nwmnment (Cé} =

Leertiioy

Fatigle under the ct;mblned aotron of mechanical toadmg end

corrosive environment, (CG )

el

Co I .
The potential-of @ corroding surface in an electrolyte relative to a
referenceefectrode'under open-circuit conditions (also known as
open-circuit potential). (C6)

N

Cottrell atmosphere occur in body-centered cubic (BCC) materials
and explains how dislocations are pinned in some metals by carbon
or nitrogen interstitials. (C4)

Continuously Produced Plate. (C4, C5)

Critical Pitting corrosion Temperature. (C6)

The time dependent slow plastic deformation of metals under a
constant stress. (C7)

The stress level that leads to rupture after a specific time in the
creep region. (C7)

Localized corrosion of a metal surface at, or immediately adjacent
1o, an area that is shielded from full exposure to the environment
because of close proximity of the metal to the surface of another
material. (CB)

Lowest temperature at which stable propagating crevice corrosion
occurs under specified test conditions. (C6)

dure {GHN)

Lowest temperature at Whrch stable propagating pitting corrosion
occurs under specified test conditions. (C6)
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Ferritic stainless steels are sometimes referred to as Cr-steels due
to the main alloying element chromium. (C2)

Continual Varying Crown. (C4)
PR
A non-magnetic form of ferrite, stable between 1403 °C and
1535 °C which is the melting temperature. (C10)

& ¥
The density of a stainless steel grade is its mass per unit volume,
eg g/cm?® or kg/dm®. (C8)

Desu\phunsanon is @ way to remove sulphur compounds from
exhaust gasses that otherwise could form acidic compounds when
released from the stack.

LEY

Density Functional Theory. DFT is a quantum mechanical method
used to investigate the electronic structure of condensed phases by
solving the Schrodinger equation. (C1)

DuaiDuplax™

A concept used in multi stage flash (MFS) chambers in desalination
industry, where a higher alloyed duplex grade are used in the lower
section and a lower alloyed duplex grade is used for the upper part
where the environment is less aggressive. {C9)

Deplon stainiess st
A stainless steel with a ferritic-austenitic microstrusture. The phase
balance is approximately 50 % ferrite and.50 %.austenite. The
grades are magnetic due to the ferrite content. Due 1o their high
strength, duplex grades:can give cost effective soiut}ons when
thinner gauges.cen besed. Less matenai also gwes mere :ﬁh‘e
weight constructlons C?)

(T

. Eiectnc Arc Fumace 04)

astic modiug: '
. The elastic modulus of Young S modulus is:a measure of the stiff-
" hessof a stamiess stesl: (C7 08)

& W@;m Spis mmﬁmxm

In the elastic reguon an imposed strain is fully recovered upon
un{eadmg, while in the plastic region, only the elastic part of the
strain is recovered. (C7)

The electrical re515t|V|ty quantifies how strong a stainless steel
grade opposes the flow of electric current. (C8)

A chemical substance containing free ions that makes it electrically
conductive. (C6)

N

The engineering stress strain curve is based on the original cross
section area of the specimen, while the true stress strain curve
compensates for the continuous decrease of the specimen cross
section area during deformation. (C7)

- “\M}’ N 3
Bntt\e fracture of a normally ductite material in which the corrosive
effect of the environment is a contributing factor. (C6)

- N

N X
A structure in which the grains have approximately the same dimen-
sion in all directions. (C4)

Mlxture of two or more compounds with a lower melting point than
any of the compounds themselves. (C6)

The progressnve and localized structural damage that occurs when a
material is subjected to cyclic loading. (C7)

§ .
A Face-Centred Cubic structure in which there is an atom in the
centre of face of the unit cell, Figure 3:6. (C3)

L
One of the two major metallic phases in stainless steel, with a
body centred cubic structure. Ferrite is promoted by higher levels of
elements favoring ferrite such as chromium and motybdenum. See
also BCC. (C3)

A stalnless steel with a ferritic microstructure that makes the steel
magnetic. These steels contain no or very small amounts of Ni
which makes these steels more price stable compared to grades
with high Ni content as Ni often demonstrates h|gh pr:cevolatlhty
(€2)

Ferromagnetzsm s the b%sc mechamsm by whch cer’iam mate-

“rials (such as.5tainless steels) mrm pumanem magnets of are
yattraotwd 1o magnets‘ {08)

Grades with increased amount of Su phw oFr se!emum to facmtate
chip breakmg (C,JO)

Alst denoted blmeta!hc corrosion or dissimilar metal corrosion.
Refers toicorrosion when two dissimilar materials with a conductive
gontact are connected in a corrosive electrolyte. (C6)

A measure of how resistant a material is to a permanent shape
change when a force is applied normal to the surface. (C7)

Heat Affected Zone. The area around the weld bead that is unavoid-
ably heated during welding. {C10, C13)

The heat capacity specifies the amount of heat required to change
the temperature of specific mass of stainless steel by a given
amount. (C8)

The amount of heat added when welding, expressed as KJ/mm.
(C10)

The mechanical praperties at temperatures above which creep is
dominating. (C7)

Rolllng of the stainless steel is done at a temperature above the
recrystallization temperature of the material. (C4)
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: 1
A loss of ductility of a metal resulting from absorption of hydrogen.
Hydrogen penetrates into e.g. the grain boundaries and cause
cracking. (C6, C10)

Hydrogen penetrates rnto eg. the graln boundaries and cause
cracking. (C10)

Crackmg that results from the presence of hydrogen eg. from
cathodic protection, in a metal in combination with tensile stress.
(C6)

A semi-finished steel product obtained by casting the melt into fixed
size moulds. (C5)

Preferentral corrosion attack along the grain boundaries, or imme-
diately adjacent to grain boundaries, while the bulk of the grains
remain largely unaffected.(C6)

\\;t\(ﬂ\}

W\? 3
The recommended temperature of the material between the weld
passes. Can be specified as a minimum or maximum temperature,
(C10)

KTH

The Royal Institute of Technology, Stockholm, Sweden. (C1)

A brittle intermetallic phase with a hexagonal structure. It exists in
the Fe-Mo phase diagram with a nominal composition Fe,Mo, and
also occurs in higher systems. (C3)

Lo
Life Cycle Cost. (C9)

Loa duplex

The duplex grades Lbx 2101® arrd 9304 are sometrmes referred

loas lean duptex grades due to their"lean’ chemical comoosrtmn.
s(car

Li¥e riﬁyr‘*t* Cout .
The life cycle cost rs the total cost of an appircatron during lts entire
life, rneludrng material cost, fabrrcatron cost, operating and mainte-

nance cost rncludmg the value of the material when scrapped. (C9)

Uiniilus
The temperature below Which a solid phase starts to form from the
melt. {€8):«

LA
Liguid Metal Embrittiement. {C12)

RY

LG
Liquid Natural Gas. (C9)

Corrosron such prttrng and crevice corrosion, which results in attack
at specific sites while other parts of the metal may remain totally
unaffected. (CO)

L franed

Liders bands, also known as “slip bands” or “stretcher-strain
marks,” are localized bands of plastic deformation in metals expe-
riencing tensile stresses, common to low-carbon steels and ferritic

stainless steels. (C4, C5)

A body-centred tetragonal metallic structure which can be formed
from unstable austenite on gquenching. See also BCT. (C3)

A stainless steel with a martensitic microstructure that makes the
steel magnetic and contributes to high strength. (C2)

N

Hlaxbnam 10 S 4
The fracture strain measured wrth initial measuring tength x. (C7)

f\r

The temperature at which 30 % deformation (strictly speaking a
true strain of 0.3) causes the formation of 50 % martensite from an
austenitic structure. (C3, C7)

A specral form of carburization, also called catastrophic carburiza-
tion. (C ©)

In thrs handbook metal leaching is defined as metal ions from the
construction material leaching and contaminating the environment.
(C14)

The microstructure of stainless steel is either ferritic, martensitic,
ferritic-austenitic or austenitic. Ferritic grades have a body-centred
cubic structure while martensitic grades have a body-centred tetrag-
onal structure and austenitic grades have a face centred cubic
structure. See also BCC, BCT and FCC. (C2)

i

A e
AL

Pickling bath often containing a mixture of nitric acid (HNO )-and
hydroftuoric acid (HF). (C4) ;

i X EA 3 S .

The original plate from which severarj smauer ’pla‘tes ate cut (C4)
“ , g &

The temperature betow which the transfermetron frorrx auatenrte 0

- martensrte starts. (C3)

Nt

: Atype ol hwh lemperature cortosion, in whichthe stamtess steel
reacts with nitrogeh - compounds in the envirenment (C6)

Surface finish desrgnanon aocordmg 10 ASTM A480 of material that

+ig hot rolled, heat freated, pickled, and free of scale. (C4, C5)

CAMotde

A higher or more positive electrode potential. Noble metals include
gold and platinum. (C6)

(1) Loss of electrons in a chemical reaction.

(2) Corrosion of a metal that is exposed to an oxidizing gas at
elevated temperatures. The stainless steel reacts with 0, H.0, CO,
and forms an oxide on the stainless steel surface. (C6)

{1) A reduction of the anodic reaction rate of an electrode involved
in corrosion e.g. due to the presence of a passive film. (C6)

(2) Chemical treatment to improve the passive layer on stainless
steel. Normally not needed if the steel has been properly pickled.
(C11)

A state of a metal in which a surface reaction product causes

a marked decrease in the corrosion rate relative to that in the
absence of the product. A passive metal usually exhibits a higher
electrode potential than one which is undergoing active dissolution.
{C6)

The chromium oxide layer on the stainless steel surface that
protects the steel from being attacked by corrosion. {(C14)

pH is a measure of the acidity of a solution. Pure water has a pH

close to 7. Solutions with a lower pH than 7 are said to be acidic,
and solutions with a higher pH are said to be alkaline. (C6)
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Removal of surface oxides by chemical treatment in a pickling bath
often consisting of a mixed-acid bath containing nitric (HNQ,) and
hydrofluoric acid (HF). (C4, C5, C11)

Localized corrosuon of a metal surface that is confined to a small
area and takes the form of cavities called pits. (CB)

LA Tontied

The potential above which pits are initiated and start to grow. A high
value of the pitting potential usually means a higher local corrosion
resistance. (C11)

Number developed to reflect and predlct the pitting corrosion resist-
ance of stainless steels based on chemical composition. Several
formulas exist, but we use:

PRE =% Cr+ 3.3x %Mo + 16 x% N

(C6)

sl datay N
In the elastic region an smposed strain is fully recovered upon
unjoading, while in the plastic region, only the elastic part of the
strain is recovered. (C7)

Flat product thicker than 3 mm (EN 10079) or 476 mm (ASTM
A480). (C5)

pem {parts pa H
For water solutions 1 ppm = 1 mg/l =

0.0001% (C6)

Pitting Resistance Equivalent. (C6)

Hardenmg by a speo[al mechamsm mvotvmg me formaUG g of precip:

itates within the mlcrosytructure (C2}

PRINLGS
PRODEC@ (PRODuot;on EConomy) is Qutokumpir’s trada,mark for
20 Some prades with xmproved machinability: (CQ., ool feale)

, Pl '
- The engmeermg stress level-that gives 0, 2% permanent engmeerlng
strain after loading.up 1o R o This is defined asthe start of plastic
) deformation for stainless steet The:preof-strength at 1% (R ) is

also Qommonly used-forthe gustenitic grades. (C7)

Narteplate
Plate produced in a reversing hot rolling mill is generally known as
“quarto plate”. (C4, Cb)

RAY
Rolling, Anneallng and Pickling line. (C4)

Heat treatment to soften the steel, previously hardened by cold
work, and to control the grain structure in the final product. (C 5)

Rare Earth Metal. Important alloying addition in Outokumpu's heat
resisting MA-grades. (C6)

The phenomenon known as ridging and roping is observed as raised
ridge-like or rope-like features running parallel to the rolling direc-
tion on the surface of low alloyed ferritic stainless steel sheet after
e.g. deep drawing. Ridging and roping will primarily lead to aesthetic
rather than functional effects.

Hot rolled long product having a nominal size generally 5 mm or
above and wound into irregular coils. (C5)

The phenomenon known as roping or ridging is observed as raised
rope-like or ridge-like features running parallel to the rolling direc-
tion on the surface of low alloyed ferritic stainless steel sheet after
e.g. deep drawing. Roping and ridging will primarily lead to aesthetic
rather than functionat effects.

A rolling mill where the slab is rolled to reduce its thickness to
prepare the slab for further rolling in the Steckel mill. (C4)

Rolled Steel Joists used in building construction projects. (C5)

Submerged Arc Furnace. (C4)

Sand blasting is a process to remove surface deposits by applying
fine sand particles to the surface at a high pressure. (C11)

When thick oxide layer formed in e.g. furnace atmasphétes, breaks
down and spalls off due to growth stresses; the matenal ‘scales”.
(C1)

o

Wl : : -
Stress Cowosion Cracking (G6) ...

oo

,Submerged .Entry Nozzle, (C4)

B M‘
Flat prochict wuh a thxckm?ss of maxxmum 3mm (EN 10679) or
4 76 mm (ASTM 245801, (65)

Shot peenmg IS a coldworking process used to produce a compres-
sive residual stress layer and modify mechanical properties of
metals. It entails impacting a surface with shot (round metallic,
glass or ceramic particles) with force sufficient to create plastic
deformation.

Steckel Hot Rolled Plate. (C5)

A hard, brittle, nonmagnetic intermetallic phase with a tetragonal
structure. Sigma phase exists in the Fe-Cr and Fe-Mo binary phase
diagrams and in higher systems. (C1, C3)

Rolling operation to smoothen the surface, improve the flatness and
to increase the yield strength. Skin-passing gives a 2B surface. (C5)

A semi-finished steel product obtained by rolling or forging ingots
or by casting a melt in a continuous caster and cut the strand into
suitable lengths. (C5)

A way to cut a coll into several narrow coils suitable for the end-
users following production steps. (C4)

The left aver scrap after cutting. (C10)

The temperature below which there is no molten phase present.
{C3)

Environment with natural gas and crude oil containing considerable
amounts of hydrogen sulphide (H_S). (C6)
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Spallation is a state where the oxide formed on the stainless steel
surface breaks and spalls off. (C6)

Alloying with strong carbide-formers such as titanium and niobium
to bind carbon and suppress the risk of forming chromium carbides,
which can seriously degrade stainless steel properties. (C3)

1}

An iron-base alloy with at least 10.5 % chromium that forms a corro-
sion resistant passive layer on the steel surface. See e.g. ASTM
A941 "Standard Terminology Relating to Steel, Stainless Steel,
Related Alloys, and Ferroalloys”. (C2)

il

L
Steckel rolling is a hot rolling operation where the strip is rolled back
and forth between two coiler furnaces and the strip is reduced in
thickness in each pass between the coilers. (C4)

Stram hardemng also known as work hardening or cold working, is
the strengthening of @ metal by plastic deformation. (C5)

Crackmg of a material produced by the combined action of corro-
sion and tensile stress (residual or applied). (C6)

A type of hlgh temperature corrosion, in whxch the stainless steel
reacts with sulphur compoundsi n the envirgnment, (Cé}

Crackmg of metaf mvo!vmg carrosion-and tensrie stress (ree dual or
appliedyin the. presence of water and hydrogen sulphide {H,5). (C6
C9)

Tade rotim
The strfacetoughness is often expressed by the Ra value (bm). A
low.Ra value md;cates a smooth surface. (09)

A rolling operation to straighten the sheet and smoothen the
surface. (C5)

The thermal conductivity is the property of a material to conduct
heat. (C8)

Thermal expansion is the tendency of the stainless steel to change
in length in response to a change in temperature. (C8)

Thermodynamlc database system used in development of stainless
steel for calculatmg phase equilibria. (C1, C3)

The ablhty to absorb energy in the plastic range. (C7)

& B

TR
Surface finish des;gnanon according to ASTM A480 of cold rolled
(Temper Rolled) material that is work hardened to certain tensile
levels. (C5)

& e !
- Strengthening of the steel by plastic deformation. (C2, C5)

The engineering stress strain curve is based on the original cross
section area of the specimen, while the true stress strain curve
compensates for the continuous decrease of the specimen cross
section area during deformation. (C7)

Time Temperature Transformation curve shows the kinetics of
precipitation or other phase transformations as a function of
temperature. (C3, C11)

The largest stress on the tenstle testing curve characterizing the
maximum obtainable engineering stress and is associated with the
uniform elongation Ag. C7)

Also termed general corrosion. Uniform corrosion is characterized
by corrosive attack proceeding evenly over the entire surface area,
or a large fraction of the total area, with general thinning of the
material as a result. (C6)

The limit of uniform eloﬁgation where necking starts. (C7)

Also deS|gnated aqueous corrosion. Corrosion in liguids. usua!iy
water based, or moist environments. (C6).

Product of constant full cross sectton aiong it Jength, obtained by :
cold drawing rod through a reducing die or passmg uader pressure
between roiie{s and:rewinding the drawn product. ((35)

Wiitinansy

- Elongated lamellas of austomte formed w;t 1in ferdte grains, seen

particularly in'duplex stalnless steel welds, L3

Vacuuri Oxygen Decarburization. A method to reduce the carbon
contert inzthe Stainless steelmelt. (C4)

The increase of stress with strain in the plastic region of the stress
strain curve. (C7)

The Young's modulus, or elastic modulus, is a measure of the stiff-
ness of a stainless steel. It is the slope of the stress strain curve in
the elastic region. (C7, C8)
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This handbook and its contents are based on experience and
laboratory testing and are not a warranty of the performance
of any product of any company within the Outokumpu Group or
any other steel producer. Warranties applicable to Outokumpu
Oyj and all of its subsidiaries and affiliated companies are
exclusively found in their respectively order acknowledgments
or other agreements and in standard terms conditions of sale
they may refer to and related to the sale of products. Nothing
in this handbook shall create any representation, warranty,
specification or undertaking, expressed or implied, for Outo-
kumpu Oyj or any of its subsidiaries or affiliated companies.
Representation, warranties, specifications and other under-
takings are solely made in order acknowledgments and other
agreements and nothing in this handbook may be used for
interpretation or will form part of such acknowledgements or
agreements unless explicitly stated in such document.

Furthermore, the fabrication of a stainless steel, including mechan-
ical deformation and the variety of joining methods available, and
the skill with which these practices are applied may also alter the
performance of a stainless steel. Conditions of operation and the
conscientious application of correct and appropriate maintenance
practice can also affect the performance of a stainless steel. Alf of
these factors, including; (1) accurate anticipation and descnpt:on of
the true operating environments; (2) correct fabncatlon practices
(3) control of operating conditions; and (4) proper mamfc@nance
practices, are the sole responsibility of the designer, fabricator,
and user of stamless steel eqiiipment: Acaerdmgiy, neither of Quto-
kumpu Oy; nor its. subs:dnary compames ‘either mdnvvduauy or coltec-
¢ tlvelv makes any representatxon or warranty regardmg nor docs
“sither.of. Dutokumpu Oy} or its'subsidiary companies, either indi-
vidually or ccnectiveiy, accenpt any fiability for, the performance of
any stamiess Steel product\s either-of thelf on orhat o any other
. prcducer inany individual apphcanon that may be made based on
“the mformatmn provzded in this book: The obligations of Outokumpu
Qyj and xts subsvdtary companies to users of their respective prod-
ucts are onily those expressly set forth in their respective Purchase
Order terms and conditions.

Suggestions for or descriptions of the end use or application of
products, or methods of working, contained in this book, are for
information only and neither Outokumpu Oyj nor its subsidiary
companies, either individually or collectively, accept any liability in
respect thereof. Before using products supplied or manufactured
by Outokumpu Oyj or its subsidiary companies, or before using

the information in this publication as a basis for materials selec-
tion, end users should satisfy themselves as to the suitability of the
product for the proposed end use, or as to the applicability of the
data provided to that end use. Any of Outokumpu Oyj or its subsid-
iary companies may also provide additional laboratory data or infor-
mation based on its knowledge of practical applications. Neither

of Qutokumpu Qyj nor its subsidiary companies, either individually
or collectively, represents or warrants that such laboratory data or
information, or the information contained in the tables, graphs and
text of this publication will meet or conform to any particular appli-

cation or that any attempt on an end user's part to follow the text or

use the tables and graphs contained in this publication will achieve

any particular result in any specific application. Neither Outo-
kumpu Oyj nor its subsidiary companies, either individually or
collectively, makes any representation or warranty regarding,
or assumes any liability arising out of, the application or use
of any product, process or information described herein, nor
does Outokumpu Oyj or its subsidiary companies convey any
license under their respective patent rights or copyrights. By
providing the information and data contained herein, neither
Outokumpu Oyj nor its subsidiary companies, either expressly
or by implication, grants or conveys any license of any kind

in any rights of others, including patent rights, or warrants

or represents that use of this information and data will not
infringe any third-party rights. Neither of Qutokumpu Oyj or its
subsidiary companies, either individually or collectively, will
be responsible for and each of them expressly disclaims any
liability for any loss or damage caused by use of any informa-
tion in this publication, or any laboratory data or other infor-
mation provided, including any special, incidental or conse-
quential damages, even if Outokumpu Oyj or its subsidiary
companies has knowledge of the possibility of the potential
loss or damage. Care has been taken to ensure.that the contents
of this publication are accurate, but nesthev Of Outokumpu Qyjnor
its subsidiary companies,or any atfiliated companves e:ther indl-
vidually or collectively, accepts any lability: for errors.or for infors
mation:found to-be iRcorrect of mis! teading. Qutokumpy Oy} and ™,

; s subsmlary comg anies reserve the right 1o make changes inthis

material and i i theierespective produdts at any time in order to

5 improve feliatiiity, funcuon or desigh antito supply the best prod:

uits and ;)roces,ses pos% ible. Neither Oumkumpu Oyj of it subsid-
iary oomgames either mdr\nduaiiy ot collectively, assume any obli-

o gation to wrrec‘c any ermrs comameﬁ herein or to advise any user
of thistext of any correctton “if such be made.
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