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STAINLESS STEEL: ©
Overview and Technical Discussion







3 &
= . &
Specialty Steel Indust #_
| pof thrth America i — snd

STAINLESS STEELS IN THE ALLOY FAMILY
HTS CHAPTER 72: IRON & STEEL

STAINLESS STEELS
1.2% max C / 10.5% min Cr

CARBON STEELS
97% lIron / 2% max C

CORROSION RESISTANCE

COST
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ON ATMOSPHERIC
CORROSION RESISTANCE

WHAT MAKES STEEL

(IRON & CARBON)

STAINLESS STEEL?

Stainless Steel:
Predominately Iron
10.5% Min. Chrome / 1.2% Max. Carbon

STAINLESS STEEL RANGE
(HTS 7218 — 7223)

CORROSION RATE MILS PER YEAR wmp-

CHROMIUM == [ncrease Chromium (Cr) = corrosion is REDUCED
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WHY STAINLESS? ~
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WHY STAINLESS?

z.

Mechanical Properties

\

Physical Properties

Ease of Fabrication

Appearance, Hygienic, Recyclable

Life cycle cost benefit...
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[Corosion Resistance... ]
PROTECTION

CHROMIUM OXIDE FILM

}

STAINLESS STEEL

t

BASE METAL WITH 10.5% MIN. CHROME

CHROMIUM OXIDE FILM PREVENTS FURTHER SPREADING OF OXYGEN
ON THE SURFACE >>> PROTECTING IRON FROM RUSTING.



-
WEAR M‘ Ay

‘ S ,
Specialty Steel Industry < O“G“NES RESISTANCE o

~ of North America

» Corrosion resistance
« Scaling resistance pENS

» Acid corrosion resistance
» Formability / Weldability

* Pitting corrosion resistance
 Strength

* Crevice corrosion resistance
» Strength

e <1.2%
 Hardness
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WHY STAINLESS?

[

Corrosion Resistance

]
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Physical Properties

Ease of Fabrication

Appearance, Hygienic, Recyclable

Life cycle cost benefit...
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STRENGTH DUCTILITY
YIELD STRENGTH % ELONGATION

I - ) e

ha -
ULTIMATE TENSILE STRENGTH REDUCTION OF AREA
- o - ———p—
*
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HARDNESS BEND

IMPACT

NOTE: AS STRENGTH INCREASES, DUCTILITY DECREASES
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STRENGTH

YIELD STRENGTH

« I

« Maximum stress that can be applied before
mat’l begins to change shape — permanently.

NOTE: AS STRENGTH INCREASES, DUCTILITY DECREASES
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ULTIMATE TENSILE STRENGTH

X

 Maximum stress before mat’l breaks apart
when stretched.

« Once a piece of steel is pulled past its tensile
stress point, it will split apart.

NOTE: AS STRENGTH INCREASES, DUCTILITY DECREASES
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~ BAR ~

TENSILE SPECIMENS

ULTIMATE TENSILE STRENGTH

« D <l -

- . “
'""""'l" __“...._... e gl v 3;__m TR




’ |
SSiNA
Specialty Steel Industry
~ of North America

TENSILE TESTING EQUIPMENT

BX

INSTRON'
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DUCTILITY

% ELONGATION

m—: <

* Elongation is the percentage of stretch from the
original length of the steel to the point of failure.

« Elongation: shows how ductile the steel is.

* More ductility = More formability

NOTE: AS STRENGTH INCREASES, DUCTILITY DECREASES
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REDUCTION OF AREA

*

3

1. Mat’l is pulled to failure...

2. ..the diameter of the point at which the sample breaks is
measured and compared to the original diameter.

3. The difference between the original sample and the broken
piece is calculated and reported as the RA%.

NOTE: AS STRENGTH INCREASES, DUCTILITY DECREASES
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Corrosion Resistance

Mechanical Properties

v

Ease of Fabrication

Appearance, Hygienic, Recyclable

Life cycle cost benefit...
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Ability to carry
magnetism

Less, more, or no
magnetism...

Varies: Alloys and
heat treat practice
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Temperatures rise: length,
width, area increases

Examples:
- Sag in electrical power lines

- Expansion Joints: railway lines
/ bridge decking

- Metal framed windows: need
rubber spacers to avoid thermal
expansion
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_ _ Metal rod (Good conductor)
How quickly material absorbs

heat from area of high
temperature and moves it

toward areas of lower
temperature

T Heat is applied to one end of rod

Examples:

- High Conductivity: x
promoting heat transfer Vibrating particles pumbing against each other

cookware / heat exchanger

- Low Conductivity:
preventing heat transfer
Hot end jet engine

Thermal energy flowing
(heat transfer) by conduction
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TITANIUM

A0

DENSTY  STRENGTH . DENSITY  STRENGTH . DENSTY  STRENGT

ALUMINIUM

The density of a material is the
mass contained in a unit
volume

Design considerations:

- Weight?
- Environment?
- Functionality?
- What do we need ‘it’ to do?



Specialty Steel Industry
~ of North America

WHY STAINLESS? ~

Corrosion Resistance

Mechanical Properties

Physical Properties
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Metallurgical

properties allow most
sizes and shapes
fabricated with ease.
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No pores, cracks for
bacteria to hide

T
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Steel’s
life cycle

Reuse and
remanufacturing

—

o
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SERVICE LIFE / REPLACEMENT COST
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STAINLESS SEMI-FINISHED )
HTS 7218

INDUSTRY TERMINOLOGY HTS TERMINOLOGY

Ingots >Tapered Cast Blocks)
INGOT (7218.10.00)

Generally Rectangles > 150mm thick
and width < 4 x Thickness

BLOOM Cross Section > 232 cm?) = (7218.91.00.30)
Generally Billets > 100mm - 600mm
BILLET Squares or Rounds (7218.99.00)
SLAB Generally Slab >150mm Thick x 900mm
/ / Wide and Width > 4 x Thickness
(7218.91.00.60)

Semi-finished Stainless Sold To Specs with Only Chemistry and Capability on Mill Test Reports — No Mech Props
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HTS 7219 & 7220 — FLAT ROLLED

v
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 Flat Mill Plate (discrete) and Continuous Mill Plate (coil)

* 4. 75mm nominal thickness // 2 than 254mm wide

* 600mm and wider = HTS 7219 // < 600mm in width = HTS 7220
« Annealed or Heat Treated and Pickled or Descaled

* Not further worked than Hot Rolled, Cold Rolled, or other
 Smooth Flat Surface — Straight Square Edges

» Mill Test Report (Chemistry & Mechanical Properties)
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STAINLESS SHEET/STRIP ~ -
HTS 7219 & 7220 - FLAT ROLLED

* Under 4.75mm thick

« SHEET: 600mm and wider = HTS 7219

 STRIP: Greater than 9.5mm to 600mm Wide = HTS 7220
 Annealed or heat treated and pickled or descaled

* Not Further Worked Than Hot Rolled, Cold Rolled, or Other
» Coil and Cut Length (Uncoiled)

* Mill Test Report (Chemistry & Mechanical Properties)
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i STAINLESS BAR/ANGLE =—=
HTS 7222 o

« SCOPE DEFINITION: Straight Lengths //HTS DEFINITION: Bars & Rods
* Not Further Worked Than Hot Rolled or Cold Finished = Same Product
[Rounds, Hexagons, Squares, Flats, Shapes = 7222.11, .19, .20, and .30
*l/Angles & Structural Shapes|=7222.40

*[Rebar|- Scope Definition not in HTS (Logical 7222.11.00.57/59)

» Specified Uniform Dimensional Tolerances

» Mill Test Report (Chemistry & Mechanical Properties)




SSINA e &
Specialty Steel Indust
Wit STAINLESS ROD ===

HTS 7221
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e/lrreqularly Wound Hot Rolled Colils
* Hot Rolled Annealed and/or Pickled/Descaled
'Rounds or Shapes Generally 5.0mm — 32mm
* Mill Test Report (Chemistry & Mechanical Properties)
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Stands Coils Spools

 Tightly Wound Colils

e Cold Drawn or Cold Rolled from Rod
* Rounds (7223.00.10)
 Flats (7223.00.50)
e Shapes (7223.00.90)
« Specified Uniform Dimensional Tolerances
* Mill Test Report (Chemistry & Mechanical Properties)
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WHAT’S IN A NAME?

My Name Is

TBP6304/L




WHAT’S IN A NAME?
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MANUFACTURING




~.5  Steel Production: &&=

Basic Process Path \ |

INITIAL MELT: SECONDARY VAR:
EAF REFINING: AOD BOoTTOM p '
. 70 AW VACUUM
SCRAP + VIRGIN (ELECTRIC ARC (ARGON OXYGEN POURED INGOTS 1 ;
RAwW MATERIAL FURNACE) DECARBURIZATION)

REMELT

JF], ARC

REINLE ES

Options...

ESR:
ELECTRO
SLAG
REMELT
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s MAKING STAINLESS PLATE ——

4.75 mm thick and up: - HTS 7219 > 600mm wide —
- HTS 7220 < 600mm wide

STAINLESS SCRAP AQOD CASTING

RAW MATERIALS

ADDED TO EAF . . ANNEAL
PICKLE

DISCRETE PLATES

s (7219.21, .22 & 7220.11)

HOT ROLLING

(Not Further Worked Than Hot Rolled)

COILED PLATES

ANNEAL | PICKLE
HTS 7219.11 and .12 // 7220.11
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STAINLESS HOT ROLLED SHEE

<4.75mm thick (HTS 7219.13, .14, .23, and .24)
Not Further Worked Than Hot Rolled

i, 6.5 —

STAINLESS SCRAP  AOD CASTING

RAW MATERIALS
ADDED TO EAF

= CAST SLAB /

-$- - O

ANNEAL

PICKLE

(@

HOT ROLLING

(Not Further Worked Than Hot Rolled)
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STAINLESS/COLD ROLLED SHEET/STRIP)

<4.75mm thick = HTS 7219 & 7220
Not Further Worked Than Cold Rolled or Other

COLD ROLLED 2D SHEET
+ <= |ANNEAL |PICKLE | ==
HOT ROLLED
SHEET COLD ROLLING

'CUT
e s [ e
I.

| .POLISH Q
SENDZIMIR 28 SHEET E S'—'T STRIP

:i

MILL >600mm WIDE == <600 MM WIDE
HTS 7219.32, .33, .34, .35, 90 HTS 7220.20, .90
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S MAKING A STAINLESS|BILLET ~™%
HTS 7218.99.00

ELECTRIC ARC FURNACE

e LS. CASTBILLET
i .8 .%— -
AOD  CASTING ROLLED BILLET

.S i0i08--

oD INGOT
VAR oR ESR BILLET

.o .58 P

AOD  ReMELT
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Generally 152.4mm and Larger, Not Further Worked
Then Hot Worked — HTS 7222.11.00.82 & .84

h+5+0 .+ @

STAINLESS SCRAP
RAW MATERIALS INGOT FORGE

ADDED TO EAF

= Q
STRAIGHTEN

HOT FORGED
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""" 'ROLLED ROUND BAR —~—

Generally 18mm to 152.4mm Diameter — HTS 7222.11.00.57 & .59
Not Further Worked Than Hot Rolled

+ 90 + [l

CAST / WROUGHT HOT ROLL Removes impurities in
BILLET / BLOOM the grain, increasing the

metal's ductility and
+ a a Q reducing its hardness.

STRAIGHTEN HOT ROLLED
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- STAINLESS

COLD FINISHED ROUND

Industry Standards 218mm — HTS 7222.20.00.62, .64, .67, & .69
Not Further Worked Than Cold Formed/Finished

() As Turned = ?&‘ilgez 125RMS | Hot
Forged + Finished
Annealed S : Tolerances
Rough Grlnd — Forging
() Roug = ouslity 100 RMS |
—_ SMmooth y
+ ——( ) Burnish — 50 RMS
Turned
T—7 Root Mean Square
u u U 50 < 38mm
Rolled + \() Polish = CGE 252 38mm
Annealed Cold
50 < 38mm o
) CGv = gfg‘tigess 20 > 38mm Finished
u Tolerances
)/\ — CG & 32 RMS
CG Polish
— Cold RMS N/A

Drawn




SSINA

Specialty Steel Industry
of North America |

. &

COIL TO COLD FINISHED BAR

3

Industry Standards <18mm
HTS 7222.20.00.41 & .43

Not Further Worked Than Cold Formed/Finished

., ®O.mm -
Billet Rod Coil Rolling

'/) /Iiwnishn cold — Rms N/A
Eagw— + '_%' <>Bﬂr"i%P°|iSh 8?{!{9\/” RMS N/A
Tadn O\ OEIEEEE Eepiies sorws
) CG & Polish 8?35%%‘933 32 RMS

" ' n n u Polish
2 roumii o %E () Belt Finish CGE 50 RMS

Peel

Straighten
& Cut
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STAINLESS STEEL CLASSES

[ Microstructure: | Each is unique >

[ Microstructure: |* Combination of Class 1, 2, & 3>
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What is ‘microstructure’?

...Its basic crystal
pattern repeating
throughout the
metal...
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CLASS 1 I\/IARTENSITIC

RIFLE BARREL
QUALITY

@ TOUGHNESS
410S
08 Max C
TH

HARDNESS / STRENG 410

12Cr .15 Max C
440C
17Cr 1.0C
WEAR RESISTANCE w

CORROSION
RESISTANCE

MACHINABILITY

HIGH TEMPERATURE
STRENGTH & TOUGHNESS
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SIUMP CAP SCREW

T-410

GGUN BARREL

T-416R

STEAM TURBINE
BLADI

T-410CH ESR
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MOST POPULAR ALLOYS
CLASS 1 MARTENSITIC

CONTAINING < 15% CHROMIUM CONTAINING > 15% CHROMIUM
AISI Grade UNS Number AISI Grade UNS Number
410 S41000 440C S44004

416 S41600 \&
420 S42000 9 {

420F 542020 t \

~_|
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ECONOMICS v T439 MACHINABILITY

$ T 444
2 Mo
BETTER CORROSION
RESISTANCE CORROSION
RESISTANCE

OXIDATION
RESISTANCE
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EXMAUSY
SECTION

e 9
STOVE CATOCH il
PAN

T-430

SCOURING PAD

SOLENOID T-430
VAILVE

T-430 FR
EXHAUSNYT

HANGER

T-409ChH




e MUFFLER e

FERRITIC STAINLESS GRADE 409

ASTM A 240
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MOST POPULAR ALLOYS
CLASS 2 FERRITIC

CONTAINING < 15% CHROMIUM CONTAINING > 15% CHROMIUM

AlISI Grade UNS Number AlISI Grade UNS Number
409 S40900 430 S43000
409Ch S40940 430F S43020

430FR -
434 S43400
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CLASS 3 AUSTENITIC
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CLASS 3 AUENITIC

CHLORIDE CORROSION
| RESISTANCE @
WELDABILITY ‘ $ H
a ___— MACHINABILITY

HI TEMP
SERVICE

@ WORK HARDENING
SCALING
RESISTANCE

HIGH —> | OW

304

18CRSNI
08 Max C \*

STRENGTH
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1-316

HOSE CLAMP
1-301

WORM SCREW
— 1-305

AIRBAG (O —
HOUSING Q ‘/—‘—'

T-3041.
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Laser Cut from
Stainless Plate

AUSTENITIC
STAINLESS

GRADE 304 / ASTM A 240
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VENTILATION
EXHAUST

AUSTENITIC
STAINLESS

GRADE 304 /
ASTM A 240




b—

Specialty Steel Industry
~ of North America

Museum of Pop
Culture

3,000 panels

AUSTENITIC
STAINLESS

GRADE 304 / ASTM A 240
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SKYSCRAPER ROOF v
AUSTENITIC STAINLESS GRADE 304
ASTM A 240
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Industrial Kitchen
AUSTENITIC STAINLESS

GRADE 304 // ASTM A240
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o forh ez WINEMAKING VESSELS —==
AUSTENITIC STAINLESS GRADE 304

ASTM A 240




e CONSTRUCTION ——
X ’
| Maine, USA

Private house clad in
304 ASTM A240 - 18 gauge

sheet with a br_‘shed f&ivish

ki

Chesap

316 ASTM A240 stainless

steel is used for the roof
and walls.

1887
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Walt Disney Concert Hall

AUSTENITIC STAINLESS
GRADE 304 / ASTM A240

o W -
*
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STAINLESS STEEL

1967 Lincoln Continental
1936 Ford Tudor Sedan
1960 Ford Thunderbird
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MOST POPULAR ALLOY
CLASS 3 AUSTENITIC

CONTAINING > 8% - < 24% Nickel &

CONTAINING > 8% - < 24% Nickel > 1 1/2% - < 5% Molybdenum
AISI Grade UNS Number AlISI Grade UNS Number

301 S30100 316 S31600
302 S30200 316L S31603
302HQ S30430 XM19 S20910
303 S30300
304 530400 ff N
304L S30403 {
305 S30500
308L S30803
321 S32100

347 S34700
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CLASS 4 PH GRADES =
MARTENSITE AUSTENITE AUSTENITE
to to to
MARTENSITE MARTENSITE AUSTENITE

17-4PH (630) 17-PH (631)
17Cr 4Ni 3Cu 17Cr 7Ni 1A|

b FORMABILITY

TRANSVERSE PROPERTIES

A-28
15Cr 25Ni 2Ti

HIGH TEMP
PROPERTIES

Via HEAT TREATMENT...

PH138- Mo
13Cr 8Ni 2Mo 1Al

Most grades are registered trade names

HIGHER STRENGTH & TOUGHNESS NOTE: Elements in BLUE form the precipitate

when combined with Ni
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CLASS 4 PH GRADES

JET ENGINE SEAL

T-63017-4)

HARLEY-DAVIDSON
WHEEL AXLE

1 - 630 (17-4)
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PH STAINLESS

GRADE 17-4 (630) // ASTM A564
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MOST POPULAR ALLOYS
CLASS 4 // PH GRADES

CONTAINING > 1/2% - < 24% Nickel CONTAINING > 24% Nickel &
> 1/2% - < 5% Molybdenum

AISI Grade UNS Number AISI Grade UNS Number

630 (17-4 PH)  S17400 (A-286) S66286
(15-5PH)  S15500

631 (17-7 PH)  S17700 \x

i
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CLASS 5 DUPLEX ALLOYS

CONTAINING > 0.5% NICKEL & > 1/2% - < 5% MOLYBDENUM

2205
(UNS S31803)
22Cr 5Ni 3Mo

OTHER SIGNIFICANT GRADES
2304 Ferralium 255 2507
(S32304) (S32550) (S32750)




i Be <

Pt —_
DEEP WELL DRILLING 2

DUPLEX STAINLESS
GRADE 2205 // ASTM A276
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REBAR FOR BRIDGE DECK il

DUPLEX STAINLESS
GRADE 2205 // ASTM A955
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STAINLESS SUMMARY ~ °

- Predominately Iron with 10.5% Min. Chrome / 1.2% Max. Carbon
* Why SS?
e corrosion resistance / physical and mechanical properties
» ease of fabrication / hygienic / recyclable
* Production Process ‘Similar’ to Carbon Steel
* Five stainless classes — all unique based on microstructure
« 8 and 10 Digit HTS Category Based Upon Chemistry
* Chrome, Nickel, Moly Content
* Whether Hot Rolled or Cold Rolled/Finished
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Additional Information:

SSINA
* Www.SSina.com
« Education, training, and this presentation available

Nickel Institute
« www.nickelinstitute.org

International Stainless Steel Forum
« www.worldstainless.org




