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1. Introduction to steels and stainless steels:
* Iron and steel, major players in the history of mankind
 Stainless steels, a 100 years of know-how

2. Rules for the selection and specification of stainless steels

* Metallurgy of general purpose and advanced stainless steels
grades/processes for specific applications

3. Steelmaking routes to secure the final quality of the product

4. Stability of the properties: precipitations and
transformations

* Considerations for welding
* Case study: steel for the new CMS HG-CAL detector

5. Thermal treatments, sensitization, corrosion failures

6. Conclusions
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. La Metallurgia Italiana,
1. Steels and stainless steel Jone 2001, b, 20ft
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1. Steels and stainless steel

& Lemonnier, La Belgique, |
ﬁ 'Par|s Hachette (1888)

SR F. Tercote A hlstory of
- metallurgy. The Metals Soaety,
| London, 2" impr. 1979

Dessin de Constantin Méevinier.

TRAIN DE LAMINEURS DANS UN LAMINCIR DE MONTIGNY-SUR-SAMBRE.



1. Steels and stainless steel

1| smMSs@groupP | =

Courtesy of TISCO
ICN, hot rolling
stainless steel
_plate mills, 2018
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1. Steels and stainless steel

The Sandviken site in Sweden
SMT main site with steel mill and
manufacturing of bar, tube, strip
and wire (~3500 employees)
Service HQ located in the middle
R&D block with labs and experts
(~250 employees)

Additional manufacturing and
R&D units in US, Canada,
Norway, Germany, France, Czech
republic, India and China
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Courtesy of Sandvik Stainless""SerT/Tcés'
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1. Steels and stainless steel

Steel is an iron based alloy containing

Classification of ferrous alloys Carbon, Silicon, Manganese etc.,

/ ~ Cast irons http://steel.nic.in/Glossary-|.pdf

Steels (>2 wt% C) Steel is an alloy of iron and

(<2 wt% C) Grey iro r:/ \ carbon. The amount of

/ \ B White iron carbon dictates whether a

(<1wt% si)  steelis hard or it is tough. C

content in steel usually falls

Low alloy (<10 wt% arange between 0.3 ~1.5%

alloying elements) High alloy (>10 wt% \ by volume,

alloying elements) Stainless http: .ksky.ne.jp/~sumieqg/ironands

/ \ (11 wion o) teel.html

Low-C

(<0.25 wt% C) High-C ™ Tool

Medium-C (0.6-1.4 wt% c:)\

(025-06 wie C) KEY TO STEEL - STAHLSCHLUSSEL ‘;““mw;un“ t

THE WORLDWIDE MOST COMPETENT

CROSS REFERENCE ONLINE DATABASE
25. EDITION 2019

approx. 300 steelworks and suppliers

C————
TSI
= .
More than 75.000 standards and steel-brands of :{1 == E
D
S
OSSN

Trilingual: German / English / French



http://steel.nic.in/Glossary-I.pdf
http://www.ksky.ne.jp/~sumie99/ironandsteel.html
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1. Steels and
stainless steel

The Fe-C (Fe-Fe,C) diagram

Fe_.C (metastable cementite) >
3 l?e + C (graphite)

Fe - Fe3C
--------- Fe - graphite

S. Sgobba - Steels & Stainless Steels 8



Autostrada del Sole, first open sectgon 1958‘ 1. Steels and stainless steel

WORLD STEEL PRODUCTION, 1950-2014 (IN MILLION TONNES)
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SOURCE: WORLD STEEL

States Steel Corporation/(USS): by amount of Cu, P Si
and €r;, can develop under favourable climatic
¢ conditionsa patina ofthydrated Feloxide retarding
. Hot galvanizing + powder coating furtherattack: [fong dry/ssummerperiods required:



1. Steels and

stainless steel

Cast irons:

Class of ferrous alloys
withC>2.14%

Most contain3.0 % <C<
4.5 %

Lower T, (1150 °C -

1300 °C) than steel

Easily melted and
amenable to casting

Based on the reaction
Fe;C—>3Fe+C

Tendency to form
graphite regulated by
composition and rate of
cooling

More on steels, see =
CAS course on "Mechanical &

J—
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2. Stainless steels, metallurgy and families

1863°
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Fig. 2 The iron-chromium phase diagram. (From “Metals Handbook ” vol. 8, p. 291, 8th ed.,
American Society for Metals, Metals Park, Ohio.)

Stainless steel: iron alloys containing a minimum of approx. 11 % Cr




2 Stainless steels, ferritic
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resistant to corrosion
* subject to grain growth during firing
* ferromagnetic at RT and below
* brittleatlowT
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2 Stainless steels, martensitic
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hardenable by HT

* high strength

* ferromagnetic at RT and below
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Fig. !Mhﬂlm&rﬂ-ﬂmﬂ-mhﬂih stulnless stesls . -

Vacuum & cryogenic applications
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2. Stainless steels, austenitic
Why low C (304L, 316L, 316LN)?

"Sensitization"” of base metal, HAZs and welds
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(c} 750°C (1382°F)

Fig. 55 Appearance of 'l'_\"
at various temperatures. Speci g ete

. (d) BSO°C(1562°F)

inless steel (0.065% carbon) sensitized for 6 days (144 h)
etched electrolytically in 10% oxalic acid.2?® (a) 550°C (1022°F).
750x. (b) 650°C (1202°F). 750x. (¢) 750°C {1382°F). 750x {d) 850°C (1562°F). 750x.

D. Peckner, I.M. Bernstein, 1977

A.K. Jha et al.

, Engineering Failure Analysis
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{1 CERN — European Organization for Nuclear Research

4 DEPARTMENT

TS/MME-MM

2. Sta IN I Section de Metallurgie et Metrologie/ Metallurgy and Metrology section
Rapport expérimental | Investigation veport

TECHMICAL Sl
o

Domaine / Field: Dare: 107032006 | N°EDMS /EDMS Nr.: 710706

CMS (Ton pump)
Requeérant / Customer:
P. Lepeule AT/'VAC

Lisre de distriburion / Distribution list:
G. Faber PH'UCM; A. Hervé PH/CMO; R. Veness AT/VAC

C. Saint-JAL FI'LS

Metallographic observations of 316LN leaking bellow

130 140 V &0
4 AW FABER- CRS[ELL 133

VoL
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2. Stainless steels,

Inclusions

* QOversized (1,2,3) and
thick (4) B type
inclusions up to class 2.

100 x

W T r——_ - AR . -

100 x 100 x







2. Stainless steels, inclusions

* For any wrought product (plate, tube, bar), an unfavourable inclusions
alignment will be anyway present in the rolling or drawing direction

@ 20/11/2020 S. Sgobba - Steels & Stainless Steels
* EERIML
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Designation: E45-13

Standard Test Methods for
Determining the Inclusion Content of Steel’

This stundand is ixswed under the Axed designation F45:
adoplian ar, i of revision, the year of last revi:
epsilon () indicates an editorial change since the last 7

mumber immediately foll owing the design
number in parentheses indicales the yo
o ar reapproval.

r indicates the year of original
{ last reapproval. A superseript

This siandard has been approved for use by agencies of the Depariment of Defense.

TABLE 1 Minimum Valuss for Severity Level Mumbears
(Methods A, D, and E}*F

{mm {in.} &t 100w, or cound)

Sevarly ) B C -
0.5 BTI0.1E) 1.7(0.07) 1.B[0.07) 1
1.0 12.7{0.60) 7.7(0.30) 7.6{0.20) 4
15 2E.1(1.03) 16.4{0.72) 17.6{0.69) 2
20 43.8{1.72) 34.3{1.35) 32 0[1.28) 18
25 B4.9{2.56) BE.5(2.19) 51.0[2.01) 25
.0 BB.8{2.54) B2 2{3.24) T4 6[2.84) 28
15 11B.1{4.65) M4T7{452)  102.8{4.08) 49
40 148.8{5.90) 163.0(602)  135.8(5.35) G
45 180.8(7.47) 197.3(7T77)  17A7[B.B4) 81
50 223.0{878) 2478876  216.3[B.E3) 100

Jum {In} &1 1x, OF Cour)

& B C O~

o
5

miom ;:IILII oM

37.0(.002) 17.2{.0007) _ 17.6[.0007]
127.0{.006} 7E.81.003) FE.EL00T)
—ZEracoty | 1843(007)  _17E0L007) 3
£3EAL0TT) 45 T(.014)  220.6[013) 18
B40.0(.028) EE4T(.022)  510.3[020) 25
BOE.0{.005) 8222{032)  T46.1[029) 28
1181.0{.047) 1147.0{.045)  1029.0 439
(D41}
1350.0 64
(D54)
1737.0 B
[ DEE)
2182.0 100
{ D8E]

!.nJI.nJI‘H.'II‘H.'II.—l-—I-I.'J

I~
o}

1495.0{.058) 1530.0{.080)

o=
o

1896.0{.075) 1973.0{.078)

50 2230.0{.088) 247E.0{.098)

Spec. N°1001 1.4429 316LN blanks
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https://edms.cern.ch/ui/#!master/navigator/document?D:1767576086:1767576086:subDocs

Multidirectional forging
alone, even if including
upsetting is not enough
to avoid the risk of
leaks due to
macroinclusions



10 torr |/s
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courtesy of A. Poncet



2. Stainless steels, macroinclusions

CERN - CH1211 Geneva 23 - EDMS No.: 790775
Switzerland

2. REQUIREMENTS

2.1. MANUFACTURING PROCESS

The stringent requirements of this material specification for products intended for UHV purposes,

impose to apply an adapted metallurgy and manufacturing process, aimed at meeting the

structure and inclusion limits specified in this document. The process shall include a mandatory
ElectroSlag Remelting (ESR) step.

The blanks shall be multi-directionally forged.

Spec. N°1001 1.4429 316LN blanks

This document specifies the CERN technical requirements for 1.4429
(X2CrNiMoN17-13-3, AISI 316LN) stainless steel blanks for ultra-high
vacuum applications (UHV) at CERN requiring vacuum firing at 950°C.

@ | ®
"LL;\/II'.-' 20/11/2020
B N
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https://edms.cern.ch/ui/#!master/navigator/document?D:1767576086:1767576086:subDocs

BREITENFELD EDELSTAHL AG !: 3 StEEImaklng

50 lear| £ -

tap slag wagon

(to a limited extent)
IdPpPCU ddS I1EC dS PUSSIDIC

of slag into the ladle

secondary-

Pure gaseous oxigen
blown onto the metal;

C down to 0.015 %
before Cr losses begin;

removal of Non-
Metallic Inclusions

S. Sgobba - Steels & Stainless Steels 25




A. Choudhury: Vacuum
Metallurgy, ASM Int., 3. Steelmaking

USA, (1990)

e

Fig. 23 Layout of a compact ladle furnace
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3. Steelmaking, stainless steel

Stromguelle / Power sourca

Stickstoffriiger []
Tugobe

Ivlditiano

Courtesy of Bohler Edelstahl
Flektrodenklemme / Eecirode termined

Druckdichtung / Pressure sealing

Heldrodenstange / Elecirode rod

Ofenkopf / Furnoce gort

Einsponnstiick / Supyorling pince

Hekirode / Hectrode
Stondkokille / Yertical ingot mold

Wossermantel / Water cosing

Sthlockenbod / Sleg bath
fissiger Metallsumpf / tiguid mote! poal
Blodc / ingat

rrial

melting

deslagging

secondary-
metallurgy

casting

ESR

& VAR

‘ﬁhu\j‘

[Te—]
W 20/11/2020
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Courtesy of Forgiatura
Vienna /IT

Max. ingot weight/capacity:
250t

Two furnace heads, electrode
exchange, protective gas
hood, fully coaxial design;
biggest ESR plant worldwide
in operation

The additional cost of ESR ingots is in the order of 1 EUR/kg (Mmutes of the visit
to Company A on 27 January 2015, ITER CS Lower Keyblock Material Progress

Meeting)

Courtesy of Breitenfeld
Edelstahl /AT.

Electrodes of diam. 500 mm,
750 mm, 1000 mm, 1200 mm,
respectively, up to a length of
4 m and a weight of 35 t.
@ Annual capacity is 250 000 t.

/\|

hy/;




4. Stainless steels, precipitation and

transfnrma-l-:nne Anffaryr Ann nranarvkiac

LERIN 51001\
=0 //// // ‘A
. 0, Ferrite nurnb/V_/// j////
a—) @8 Austenite \/‘kq’//// /7 // %
N S BO3AIST 316L)) - oA
= 9 _ o
e : == /_ L%é/A/A
Element Chemical composition (product analysis) /!/ / \Q'@ /
0 A\
/o by mass -y /// \-\‘b
Cr 16.00 - 18.50* e D Ak
< | 12.00 - 14.00* t ///
| a /7//
WO |C 0.030 max. ' 5 _
(‘:') S| 1.00 max. J/,/// | Austenite+5 Ferrite
94
Z Mn 2.00 max. Z/
Y |Mo 2.00 - 3.00* >
L N 0.14 - 0.20* “ .
U . - .
P 0.030 max.* °/1 5x °/@+0 5x °/‘
s [ooiomaxs o-Stabilizers
Fe Remainder

* CERN requirement



4. Stainless steels,
p re c I p Itat I O n Kr'lnko.S&MaIene S.H. Practical Failure Analysis (2001) 1: 61.

- 0,24 | A2 i EETIOR
[ y—primary AR
20| Solidificatic s At L
i = "t A it Bl .
i 3 Y :
< | 316LN . ° e RO
& R F S L " Y
2 .12/ end-covers - - A m 3
1 ““ 2 -
E . : Bl o P S
7y cracking L e
y 0.8 ’ : .
. * P . - ’:
¢ - t. B r
. ?'%'-‘l-:w:ié :
R . i 5"

00—t §_primary. |
o m.p solidification

Schaeffler equivalent formulae for Cr,, and Ni
— Cre, = Cr +1.55i + 1.37Mo
@) | & Ni,, = Ni + 0.31Mn + 22C + 14.2N
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4. Stainless steels, o-ferrite

Susceptibilité relative (magnétometre)

7.0E-01

S. Sgobba, C. Boudot, Matériaux et Techniques 95, n°11-12, p. 23 (1997)

6.0E-01

5.0E-01

4.0E-01 -

3.0E-01

2%
-
-
A
o
A

+ Points C.E.R.N.

=  Points GIOVANOLA

2OE:01 5 . s+ Points DESHORS
N . S
oE 4 1< 1.005; structure afte Littérature : y= 0.068.x
* solution annealing shall be |...... Ligne de tendance :
completely austenitic =0,0807.x
0.0E+00 $FE====c=occoc=oc R : r
0 1 2 3 4 5 6 7 8
% de ferrite (ferritoscope)
20/11/2020 S. Sgobba - Steels & Stainless Steels
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4. Case study, CMS HG-CAL detector

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS _—
Overall diameter : 15.0m Pixel (100x150 ym) ~1m? ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field  :3.8T
SUPERCONDUCTING SOLENOID
=i Niobium titanium coil carrying ~18,000A

MUON CHAMBERS [
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers b
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER

Silicon strips ~16m* ~137,000 channels

| . NV |
SO FORWARD CALORIMETER N 3 3
“ G Steel + Quartz fibres ~2,000 Channels H 2N 2
\ . E { TR 3 ‘
L $ 3 1
\ g => ' { : N B NG G
\ ~ ~ ‘ PR lﬁi:} NGNS O S 2
- n=30
] :
]

\ \
\ \

CRYSTAL Schematic view of the High Granularity Calorimeter
ELECTROMAGNETIC

CALORIMETER (ECAL) 249mm DRAWING No.CE-H/3

~76,000 scintillating PbWO crystals

HADRON CALORIMETER (HCAK
Brass + Plastic scintillator ~7,000 channels
h | 8 &

o 564 t of stainless steel required for the
CE-H cassettes, thickness 45 ~110 mm

o The relative magnetic permeability in
the bulk plate material shall not exceed
1.05 —» S—

V(1:10) M. Z. Shah - PAEC

« Stringent control of ferrite content [ ] DT a— -

= B 1 EarPlate _Dia. 5.2 m AISI 304 /316 (L) 1

- Stability against martensitic transformations e e ¥ W R




4. Case study, CMS HG-CAL detector

S. Sgobba and C. Boudot, Matériaux et Techniques 95, vol. 11-12, p. 23 (1997)

7.0E-01
® 6.0E-01 7 RIh, ) LT _'.74___-'
© = :
£ = A
£ 5.0E-01 { O w N a s
= o O A
o) n C
1Y) LN g
E 40e01 {23 ) .
@ =} =
= vi ©
-g k q) i . . . -
S 30E01{ 32— ® _ES + Points C.E.R.N
N ot B
= Jo . . = Points GIOVANOLA
0 X3
= See 1O . U) : .
g 0ROl Segpes s+ Points DESHORS
=
Z = —— Littérature : y= 0.068.x
B qoE0r L — e :
[ O structure after solutlon annealmg ...... Ligne de tendance :
g o | shaII be completely austenltlc y=0,0807.x
0.0E+00 e e : .
0 1 2 3 4 5 6 7 8

% de ferrite (ferritoscope)
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Ingot or slab casting

From Arcelor Mittal — Industeel
/FR-BE, ref. [1] & [2]
Nuance - Grade - Werkstoff X5CrNi18-10 (1.4301)

X5CrNi18-10 (1.4301)
UNS S30400 (304)

Etat thermique de livraison - Heat treatment state of delivery - Warmebehandlung Lieferzustand UNS S30403 (304L)
Hypertrempe eay ( 1050 °C - 0.5 min/mm ) - Solution annealed and water quenched UNS 530400 (304)

Procédeé d'élaboration - Melting pracess - Erschmelzungsart
Electric-arc furnace - VODJ- Finishn°1 - 1D - HRAP X2CrNi19-11 (1.4306)

UNS S30403 (304L)

X2CrNi19-11 (1.4306)

Rolled slab
Rolling of quarto plates

Solution annealing and
finishing (descaling,
grinding, skin pass
rolling where
applicable)

Courtesy of S. Moccia & M. Pentella

1.00363
X

[ 1.00409
/ 7S 1 .0<0>4 12 <

1.00443
<

>1.01
X

1.00381 1.00364 1.00364 1.00374 1.00372 >1.01
X X X X X X

/ 1.00327
/ % 1_08392

/
o~ 1.00291 1.003234.00355
002560 1621 1 B Y

>1.01
X

1.00309
1.00262
= O

1.00254 1.00302 1.00324 1.00300 1.00312 1.00315
X X X X X X


https://industeel.arcelormittal.com/wp-content/uploads/2016/01/INDUSTEEL_Brochure.pdf
https://industeel.arcelormittal.com/news/inauguration-of-industeels-new-335-mm-continuous-slab-caster/

NUMERICAL DESIGNATION NUMERICAL DESIGNATION
1.4307 1.4306
Basic Information
MAlaterial desiznation: Material designation:
X2Chnlso XK2Cai19-11
Comntry/Standard: Conntry/Standard:
Groop of Materials: Group of Materials:
Memnls Meatals
5 : 5
EN 10028-7 Flat products made of steels for pressure purposes - Part 7: || ER 10028~ ?Flstprah}ctsmdeofsbedlsﬁxprmepurpnses-llm?:
Stainless steels Stainless steels
Comment: Comment:
Anstenitic stzinless steel Anstenitic stainless sieel
: 6
1.4307: 1.430
C LR L]
"I%WE'JHW“ LL "Hiah allov" 204L
~ e S 9 ~17 ™ s )
Cruteria Alim. Mar Approx Criteria AMin. Aar Apprex
C 003 c 0.03
Mn 10 Mn 200
P 0043 P 0.045
-4 0013 5 0015
51 Lod 5 100
Ni B0 |103 i 100|120
Cr 175195 Cr 180|200
N (P Rils] N 010

Very clean heat,

143 ppm S+P

"High alloy" 1.4306

#020 - ANALYSE CHIMIQUE DE COULEE - HEAT CHEMICAL COMPOSITION - SCHMELZE CHEMISCHE ZUSAMM

ETZUNG
C Mn P S Si Cu Ni Cr Mo
% % % % / % % % % %
Min. 10000~ ]18.000
92826 0.014 1.678 014¢ [0.0003 [0.510 0.134 10.417 18.277 0.326
Max. 0.030 2.000 0.0350 0.0150 0.750 0.750 110,500 19.500 0.750
Nb Ti N Fe
% % | % % |
Min. I IF e |
92826 0.010 0.004 '[0.0693 69
Max. 0.100 0.100 10.1000

o Low magnetic permeability, ceteris paribus:
» Stringent control of ferrite content
(composition / steelmaking route)

» Stability against martensitic
transformations (grade selection)
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4. Martensitic
transformations

Martensitic transformation (y = o),
a cause of loss of non-magnetism

in austenitic stainless steels

C
2.98 e

Bl
"tOVZ%f:: o=

2.90 ,’,

2.82 I
0 0.4 0.8 1.2 16

C(%)

intervallo delle posizioni
degli atomi di ferro

probabile posizione ‘
degli atomi di carbonio

Fig. 4.33 Schematizzazione del reticolo tetragonale della martensite: la forma allungata della posizione
degli atomi di ferro sta ad indicare che la distanza reticolare degli stessi, relativamente all’asse ¢, puo

variare (da H. Lipson).

2.0
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4. Martensitic transformations

Martensitic transformation have two forms:
* y=a, b.c.c., relevant for magnetic purposes
* Y=g h.c.p, nottreated here

occur spontaneously on cooling and/or are strain induced under a given
temperature

J—
—

@ 20/11/2020 S. Sgobba - Steels & Stainless Steels
* RIMC
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1able a2 Temperature equivalents for caicuiation of stability parameters of austenitic steeis. R.P. Reed/ A.F. Clark (1983)

—

Temperature Equivaient

nyestigator {Year) Base Cr

Commenrs, Composition Range
(wt. %)

C."b‘C.C. - i
f'céicheima T tem!a_erature of spontaneousy = o
martensitic transformation

Monkman, Cuff, Grant 1455 -36.7

(1957)

gammond (1963) 1105 -29
Andrews (1965) 273 ~iZ]
Hull (1973) 1755 —47

c.c—b.c.c. ..
fjjffmfi(fn‘—> T .4 temperature of strain induced y = o'
Angel (1954) martensitic transformation

Huil (1973) oo

Williams, Williams, 686 -6
Capeilaro (1976)

21 ailoys: 10~18Cr, 6-12 Ni,
0.6-5Mn, 0.3-26Si, 0.004—
0.12C, 0.01-0.06N

49 alloys: 11-19Cr, 5—-13Ni,
0.035-0.0176(C+N)

16 alloys: 0~12Cr, 4-8Ni,
0.03C, 2-6Mo, 0-15Co,
=21

184 alloys from previous
studies not in this table.
Notice different composi-
tion ranges. 0—4.6Cr,
0-5.0Ni, 0.04-4.9Mn,
0.1-1.9Si, 0.11-0.6C,
0-5.4Mo

59Ni = average of Eichel-
mann, Hull (1953) and
Monkman et al. (1957),
29 alloys: 12-24Cr, 0-22Ni,
0—-20Mn, 0-4Si, 0-0.1C,
0-0.15N, 0-6Mo, Co, 0-2Ti

309 tension, 50% o’

509 compression, 60 alloys:
12-24Cr, 0~22Ni, 0-20Mn,
0-4Si, 0-0.1C, 0-0.15N,
0-6Mo, Co

450 compression, 2.5% a’, 25
alloys: 12-25Cr, 9-20Ni,
1-2Mn, 0.1-0.6Si, 0.04-
0.25C, 0.01-0.IN,
0.6-2.8Mo 39



4. Martensitic transformations

All coefficient are negative:

* good rule: "the more alloying elements one uses (and can afford!), the more
stable the austenite will be"

* 304l isthe least stable among the alloys used at CERN.

* 1.4306 generally specified by CERN and preferred to 1.4307 (general
purpose)

 total stability requires a specific alloy selection or design, see the (HL-) LHC
beam screen example

Transformation (T, T

m

4 calculated):

* General purpose 304L (1.4307, X2CrNi18-9) = T..=280K, T, ,=346K
* Highalloy 304L (2.4306, X2CrNi1g-11) = T..=140K, T ,=320K
* Prototype HG-CAL 304L (as above) = T,.=76K, T, ,=305K

* CERNstore 316LN (1.4429, X2CrNiMoN17-13-3) = T,.=n.a., T, ,=240K

* Beamscreen P506 grade = T,.=na.,T  ,=36K

40



4. Martensitic transformations

Partially transformed austenite of an AISI 316L austenitic stainless steel sample strained 6.5% at
4.2 K. Martensite is concentrated in bands (under the white boundary in Fig. a), developing during
tensile deformation. A detail of the austenite-martensite microstructure is shown in Fig. b (see also
C. GARION, S. SGOBBA, B. SKOCZEN, Constitutive modelling and identification of parameters of
the plastic strain-induced martensitic transformation in 316L stainless steel at cryogenic
temperatures, International Journal of Plasticity, 22 (2006) 1234-1264)

@ 20/11/2020 S. Sgobba - Steels & Stainless Steels
EHGIME]

RS IMEERIHC
DEE At IEN T
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4. Martensitic transformations

Reference RT 77 K

304 L

23 % deformation

44 % deformation 25 % deformation 4 L
— e I - 15 141 565 & G5 $%9=0. /5 Grseoat

316 LN

32 % deformation

45 % deformation 36 %deformation

Figure 2 - EBSD phase map and band contrast map on 304 L and 316 LN samples at different temperatures. Colour code: martensite (Fe BCC)
appears in blue, while the austenite (Fe FCC) is shown in red

Quantitative assessment through EBSD
techniques associated to SEM

Courtesy of E. Garcia-Tabarés Valdivieso,
P. Fernandez Pison, A. T. Pérez Fontenla,

to be published
(o o .
CERN )Y igure 3 - Correlation between EBSD map
N ENTINEERING and optical microscope image for SS 316 LN
L R @ 4K, 32% deformation




4. Martensitic transformations
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5. Thermal treatments, sensitization,
corrosion failures

Austenitic stainless steels to

be furnished and preferentially
used in their solution annealed
condition

A A 312/A 312M

5.2 Heat Treatment:
5.2.1 All pipe shall be furnished in the heat—treated con-

dition in accordance with the requirements of Table 2. The

All standards (except for

specific applications) impose

furnishing in the solution

annealed condition

Max. hardness also limited by

TABLE 2 Annealing Requirements

Grade or UNS Designation® Heat Treating Cooling/Testing

Toxeocrotowell — Docizorecnt

All grades not individually listed 1900 °F [1040 °C] ©
below:
IF3Z2TH, [F34/H, TF34cH
Cold finished 2000 °F [1100 °C] b
Hot finished 1925 °F [1050 °C] b
TP304H, TP316H
Cold finished 1900 °F [1040 °C] b
Hot finished 1900 °F [1040 °C] b
ID30oH TP3nodch Tb240u 1900 °F 140409 oC] D

© Quenched in water or rapidly cooled by other meang, at a rate sufficient to

SlAcaciaimaci oo s ic e oy - the capability of pipes,
heat treated by either separate solution annealing or by direct quenching, of
passing Practices A262, Practice E. The manufacturer is not required to run the
test unless it is specified on the purchase order (see Supplementary Requirement
S7). Note that Practices A262 requires the test to be performed on sensitized
specimens in the low-carbon and stabilized types and on specimens representa-
tive of the as-shipped condition for other types. In the case of low-carbon types
containing 3 % or more molybdenum, the applicability of the sensitizing treatment
prior to testing shall be a matter for negotiation between the seller and the

urchocor

D Quenched in water or rapidly cooled by other means.

r nd
2.3. STRUCTURE o CFRN
_ specification,
The structure after |solution annealing 316LN
2.5. MECHANICAL PROPERTIES
At room temperature, after solution annealing:
Tensile strength R min. | 600 N/mm?
Yield stress Rpo.20s Min. [ 300 N/mm?
Elongation at break As min. | 35%
Brinell hardness HB 150-190

S. Sgobba - Steels & Stainless Steels A




5. Thermal treatments, sensitization,
corrosion failures

This document specifies the CERN technical requirements for 1.4429
(X2CrNiMoN17-13-3, AISI 316LN) stainless steel blanks for ultra-high
vacuum applications (UHV) at CERN requiring vacuum firing at 950°C.

This document specifies the CERN technical requirements for 1.4435
(X2CrNiM0o18-14-3, AISI 316L) stainless steel round bars for vacuum
applications not requiring vacuum firing at 950°C.

316L

This document specifies the CERN technical requirements for 1.4306
(X2CrNi19-11, AISI 304L) stainless steel round bars for vacuum
applications not requiring vacuum firing at 950°C.

304L

Vacuum firing of components and subassemblies to effectively
remove the dissolved gas load in cleaned and degreased parts

See also =
CAS course on "Mechanical &

& | ® . Materials Engineering", P. Chiggiato,
A | e Vacuum



5. Thermal treatments, sensitization,
corrosion failures

1000

S £ YA ] A e
© 145 % N ’ "
- 0247 % N 1652 2°.

=1 of o =i
=% goo 0039 % N | s
=< \ =
oo 9 IS a.a
Cw 700 - ve ectmentiati65p1°C | 1292 ol
x= _'i_"FT 2 e 1 o il =
“E 600 I L 2 aw
—
500 | = 932
00t of 1 10 100 1000
TIME, b

Fig. 62 Effect of nitrogen on precipitation of M,,Cg in 0.05C-17Cr-13Ni-5Mo stainless steel.172
Handbook of stainless steels, D. Peckner, |.M. Bernstein. McGraw-Hill, 1977

Stress relieving:

* Select temperature-time combinations outside the sensitization
range

* It can be made coincident with 950 °C vacuum firing treatment
whenever possible

* Avoid ranges of o-phase precipitation specially for welded
structures
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5. Thermal treatments, sensitization,
corrosion failures

4 ‘ ﬂu AL ;l y . =3 NN ~ (¥ 4
100 um EHT = 10.00 kv Eprouvette de traction Mag= 100X 10 ym EHT =10.00 kv Eprouvette de traction Mag= 1.00 KX
|—| WD =10.6 mm 316LN Maud Scheubel ‘ WD =10.6 mm 316LN Maud Scheubel
7 Signal A = SE2 SMST-EN48CA-4 Date :10 Aug 2010 - Signal A = InLens SMST-EN48CA-4 Date :10 Aug 2010

Sample

Young’s

Yield

Ultimate Tensile

Uniform

Total

modulus

Strength

Strength

Elongation

Elongation

EN48CA-4

316LN ITER erade. TF iackets. extra low C
(<0.01! See also =
tensile CAS course on "Mechanical & Materials
Engineering", Klaus Peter Weiss,
Mechanical testing




5. Thermal treatments, sensitization,
corrosion failures

Sensitization: gﬁk Designation: A262 — 02a (Reapproved 2008)
o Loss of corrosion mm—
1 Standard Practices for
rESISta,nce (Cr Detecitjing susceP(ibiiiw to Intergranular Attack in Austenitic
depletion at GB) Stainless Steels

o Loss of ductility
(specially at cryogenic
temperatures), ductile-
to-brittle transition
onset

o Check the effects of

your treatment against
ASTM A262

. .IF _'_' ="I‘.._
Bl }

- i s N g S . . ;
FHS, 1 &tep Structure (5003} {Steps befwean graing, na ditches FIG. 2 Dual Structure {2605 (Some ditches al grain baurdanss
ol grain boundaries) in additian 1o steps, Bul pd coe grein completaly surrounded)

Sensitization:

oxalic acid etching,

ASTM A262,
—— practice A (=E)

o~

| - T I

) )',.'

1 EMGIMEERING
DEFRTREN




7. Conclusions

A stainless steel for an accelerator part is not a mere "chemical
composition” or a designation
e specification
* steelmaking
* definition and extent of the controls
e certification
* price
Stainless steels

304L, general purpose = 3-3.5 EUR/kg
304L, vacuum/cryogenic application = 6 EUR/kg

316LN, as above = 11 EUR/kg (bars) to 32 EUR/kg (plates)
316LN, blanks = 50 (and up to above 100) EUR/kg

P506, 316L convolutions for bellows = 50-80 EUR/kg

Additive manufactured 316L = 65 EUR/kg (powder)

Corrosion environment during the whole life cycle of the parts
Advanced grades imply extensive prior R&D

(cirngy EMNJ
o) v
ERCINE



