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Takehome from yesterday lecture

Classification of ferrous alloys
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1. Stainless steels, metallurgy and families
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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.)
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1. Stainless steels, ferritic
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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.)
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1. Stainless steels, martensitic
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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.)
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1. Stainless steels, martensitic
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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.)
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18/8 vs 18/10 Stainless Steel

18/10 stainless steel is made with 2% more nickel than 18/8 stainless steel. makina it more durable and more resistant
to bending as well as more resistant to corrosior). 18/10 stainless steel flatware also has more of a luster and shine

than 18/8, making it the premium choice of flatwiare for fine dining establishments.18/8 stainless steel flatware is a
more affordable option while still delivering on durability and corrosion resistance.

18/10 vs 18/0 Stainless Steel

18/0 stainless steel has 0% nickel, making it less durable, shiny, and resistant to corrosion than 18/10 stainless steel.
18/0 stainless steel flatware is an affordable option that’s suitable for dining halls or fast casual restaurants where
there is a higher risk of flatware being lost or stolen.

WebstaurantStore:

Restaurant Equipment Refrigeration Smallwares

What Is the Best Quality
Stainless Flatware?
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Vacuum & cryogenic applications: 304L,
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2. Rules for the selection and specification

Why low C (304, 316, 316_N)?
"Sensitization" of basemetal, HAZsand welds
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Fig. 55 Appearance of 'l'_vinless steel (0.065% carbon) sensitized for 6 days (144 h)

at various temperatures. Spec stched electrolytically in 10% oxalic acid.2?® (a) 550°C (1022°F).
750x. (b) 650°C (1202°F). 750x. (¢) 700°L (1382°F). 750x (d) 850°C (1562°F). 750x.
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(0] CERN — European Organization for Nuclear Research

TS/MME-MM
2 . R u I es for th e Section de Metallurgie et Métrologie/ Metallurgy and Metrology section
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Rapport expérimental | Investigation veport
Date: 10/03/2006 | N° EDMS /EDMS Ny.: 710706

Domaine / Field:

selection and
CMS (Ion pump)

S p e C I fl C a.tl O n . Requeérant / Customer: Liste de distribution / Distribution list:
P. Lepeule ATVAC G. Faber PH'UCM; A. Hervé PH/CMO; R. Veness AT/VAC
C. Saint-JAL FI'LS

Inclusion content
Metallographic observations of 316LN leaking bellow
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A Oversized (12 2 B)ranthtbiak (4)tBokype
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A Forany wrought product (plate, tube, iba) aarunfavourableinclusions
alignment will be anyway presemntin the rolling or drawing direction
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GUANTIMETRIE
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Designation: E45-13 Mime Muruine]
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Standard Test Methods for
Determining the Inclusion Content of Steel’
the number immediately follawing the desig

mber in parenthescs indicales the year of |
o ar reapproval.

This standard is isssed wnder th
adupl i i

epsilon (£} indicase

This standard has been approved jor use by agencies of the Depariment of Defense.

®

TABLE 1 Minimum Valuss for Severity Level Mumbers
(Methods A, D, and Ep*#

{mm {in.) at 100, ar cound
Sevartty A B C oF
0E ATI01E) 1.7(0.07) 1.6{0.07) 1
10 12 70,60} 7.7(0.30) 7.6{0.20) 4
15 26.1{1.03) 16.4{0.72) 17.6(0.63) g
20 43.6{1.72) 34.3{1.35) 32.0(1.28) 18
25 B4.9{2.58) BE.E(2.10) £1.002.01) 25
a0 BB.8{2.54) B2.2{3.24) T4 B(2.84) 28
15 116.1(4.85) 114.7(4.52)  102.0{4.05) 49
40 148.8{5.90} 162.0{602)  1358(5.35) B4
4K 189.8{7.47) 197.3(7T77)  1747[B.B4) B
50  223.0{B.78) 24THBTE)  216.3B.62) 100
[pm {In} & 1, or cournt)
Sevartly A B T o-
37.0(.002) 17.2(.0007) __ 17.6.0007)
127,01, 005} TE.8{.003) JE.EL003)
- SELOLOND) | 1BAZLOOT) _ 176.00007)
£3E.T(.077) JAZTI4) | S20E[013)
848.0{.026) 554.7(.022)  E10.3{020) 25
B0E.0{.035) 8222(.032)  748.1{.029) 28
1181.0{.047) 114T.0(04E)  1029.0 49
(041}
1496.0(.058) 1530.0(.080)  1358.0 B4
[D54)
18968.0{.075) 1973.04078) 17370 B
[ DBE)
50 2230.0{.088) DATEO(09E) 21830 100
[ DBE)

|

!‘4!‘-'.’“‘-".'“-'".“."'!-"
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Spec N°1001 1.4429 316LN_blanks
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2. Rules for the

selection:
Al =—— F— avoiding
\aimi ———————— macroinclusions
‘“nnmnn. P .

# mm —

Multidirectional forging
alone, even if including
upsetting is not enough
to avoid the risk of
leaks due to
macroinclusions T o7
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2. Rules for the
selection:
avoiding
macroinclusions

10° torr I/5

g
courtesy of A. Poncet ‘ ﬁggm:gi 18
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2. Rules for the selection: avoiding 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.

202406-05

Steels and Stainless Steels 5. Sgobba
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BREITENFELD EDELSTAHL AG 3 Stee|making

P®

(to a limited extent)
I‘d[J[JEU_ asS IHEec ds pLUSSIVIC
of slag into the ladle

secondary-

Pure gaseousoxigen
blown onto the metal;
C down to 0.015 %
before Cr losses begin;
removal of Non-

Metallic Inclusions
(NMI)
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3. Steelmaking

Fig. 23 Layout of a compact ladle furnace A Choudhury: Vacuum Metallurgy, ASM
Int., USA, (1990)
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ot Courtesy of Bohler Edelstahl b ri a I 3 . Ste e I m akl n g

Flektrodenklemme / Serirode terming!

{{_—-———— Druckdihtung / Pressure szafing
- Mal : : melting
Sickstoffiriiger B |

Tugobe 7

dditiane , Hektrodenstange / Elecirode rod

Ofenkapf / Furnoce gort

Einsponnstiick /* Supyorling piece deSIagg I ng

- Hekirode / Hectrode sSecon d a rY-
Stondkokille / Yerlical ingot mold m eta I | u rg y

Wassermaontel / Water (osing

Stromguelle / Pover

Sthlockenbod /Sl bath
fiissiger Metallsumpf / tiguid metel pool
Blad / Ingat

casting

ESR|& VAR
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Courtesy ofForgiatura

Vienna /IT

Max. ingot weight/capacity:
250t

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

B S
> R A
| .

The additional cost of ESR ingots is in the order of 1 EUR/kg (Minutes of the visit t
2015, ITER CS LoweeyblockMaterial Progress Meeting)

1
h

.
-»J. - ‘

'3 Py ;' - , h‘lﬂ
', BN AL
e »

Courtesy ofBreitenfeld EdelstahlAT.

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.




4.a Precipitations and transformations - welding
® CERN 316LNEN :
Chemical composition (product analysis) * 20 : //// / /
Element 0. Ferrite numbe / /
% by mass N o \JF /// A e /
C 16.00 - 18.50* i iy . Q" 2 a4
Z N'r 12.00 - 14.00* L 518 ﬁ:i:LLT L q,////// /} Z
@I ' ' ' N o S 31603(AIS] 316L)] - L~ \;o//f////
C 0.030 max. — . 2 _ A
S si 1.00 max. -% °®15 S 30403(AISI 304 “S?\,L/WV
x 1 - ' 4
— Mn 2.00 max. "(7') = QM(QISI 304 N\ — . \ ////':\a.&(
v Mo 2.00 - 3.00* @(D BRP e 7 PN
TIRL 0.14 - 0.20* = 14 .4\\ 1A 2 ‘ //,7//
tl *
QO |r 0.030 max.* g M’(,;,e P 3 A //
— L7 7 -
S 0.010 max.* g P aw ///A/ { Austenite+6 Ferrite
Fe Remainder % 12 /7‘/ L, /" ) / Ve
* CERN requirement E 7;/! //’///_,4"',.//// /
Maxi Il d fi S AL A7 AT TN | "
aximunaliowedamagnetic Z 18 ™ 50 35 20 T
permeabilityty g, =1.0055 at RT - Chromium equivalent =° °1,5x°/@+0,5x°/ -
allowed:Content of of d-ferriteds d-stabilizers

nil

<{£_ ENGINEERING
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4.a Precipitations and transformations - welding

S. Sgobba and @Goudot, Matériaux et Techniques 95, vol. 112, p. 23 (1997)

7.0E-01

6.0E-01 — - e

5.0E-01 i Vil “ ‘/

d 2

4.0E-01 - -

¢+ Points C.E.R.N.

3.0E-01 - . - . -
m Points GIOVANOLA

Susceptibilité relative (magnétometre)

EEO P s+ Points DESHORS
a . —— Littérature : y= 0.068.x
1.0E-01 - S OPRN STBENT IO 1700, 57777 S/ijir u ¢ thuirie
# 2"  after solution annealing shallbe | ----- Ligne de tendance :
Py . b el completely austeniic ey oer

0 6 7
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4.a Precipitations and transformations - welding

E

TG primary

0,20 —

., 0a

0.00

solidification

I T 1 1 1 ! 1 1 1
& susceplible
@  slightly susceptiole
0  not susceplible

i)
. . .

— Y g @ o o B
316LN « ¥ | ®° © @
end -colers o )

. . o @
cracking 5. .® %o a no cracking
_ L E - . .
L |
O
o e o
- ":‘ﬁf-‘*g}j&g;gﬁ o ]
8% G 6 o
0.8 1|n 1I,1 1|2 d- prlmary 1

Er .-rhll

Schaefflerequwalent formulae forCr,, and Ni

solidification

€q

Cry=Cr+ 1.5Si + 1.37Mo
Nig, = Ni + 0.31Mn + 22C + 14.2N

Korlnko P.S. 8Malene S.H. Practical Failure Analysis (2001) 1: 61.
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4.a Precipitations and transformations - welding

202404-16

AN

"mumetal”, Ni8OMoO.5I\.‘."_-:a
S<0.0005; P=0.003 (1) =

Materials for high vacuum applicationsS. Sgobba
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4.a Precipitations

10Mn-12Cr and
® N
15 } ©18Mn-5Cr-V 31ELN ’. transformations -
_ 18Cr welding

10 |® 18Mn-5Cr “ .
)smﬁ-ﬂm
-~
5 / steel Cr Mo Si Ni Mn N C
/ UNS 21904 20 7 9 0.38 0.03
/
0 ® 32Mn-7Cr

[NiJeq:zNi+0.11Mn-0.0086Mn?
+0.41C0+0.44Cu+18.4N+24.5C

S 10 15 20 25

[Crleq:=Cr+1.21M0+0.488Si+2.27V+0.72W
+2.20Ti+0.14Nb+0.21Ta+2.48Al




4.b Precipitations and transformations - welding

Steels C Mn Ni Cr Mo Si N P S B
————
< P506 > 0.012 | 12.05 | 1090 | 19.18 0.86 0.23 0.33 0.005 | 0.001 <0.001

S.Sgbbba;. Boudlot
foRddeRie 1@sdr B'akiérsS |
inoxydlables:austenitigeies,
Materiaux etTEeshnigeess95,
n°11-12, p. 23((299)7).

JIP Bacherand S SSgahba,
TiIGWeldahilityof Special
StainlesSteelsfor the
BeamsSereenfahtheakarge

LHC, then HaglronCalligter Bulletinglu _
HL-LHC LeSINIEtuSe deR IDBalixdzR S
beam screen XWI,p123.11995)

+ cooling

pipes

L} ENGINEERING
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4.b Precipitations and transformations - welding

© DIAGRAMME MODIFIE DE SUUTALA
- LASER CO5 CONTINU -
0.08 : - _ P506, very
oml - EX | low impurity
"M L O AFIMALE N content
900" steel: composition,close toP506 but high impurity %
content » o
| 5 A
Steel 900 % P506 ﬁssui*a’tign @ lf‘ non-fissuration
3 04 -/31. ’ 202 A 025
g a Bos o 321 2
P B g 3 ° oo
22 S.Sgohba proc. Qycle/MétauxtetrBrocedés,
0011 20 : CIP- Tramelan/(CH) 4996,. p/ 8/110
10 11 12 13 4 15 6 17 L8 19

CriNi éq.

Créq._ Cr+ 1,37Mo + 1,5Si + 2Nb+3Ti
Niég. Ni+ 0,31Mn + 220_ + 14,2N + Cu

X
—_ ENGINEERING
30

202404-16 Materials for high vacuum applicationsS. Sgobba

" DEPARTMENT



L] L
4.b A low permeability steel for CMS HG-CAL
n
CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 um) ~1m? ~66M channels
Opverall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field  :3.8T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A
——
[ ——— / MUON CHAMBERS
./ N Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
— Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers
.
" — = 5 PRESHOWER
y / > " Silicon strips ~16m® ~137,000 channels
! / A
/ S — / /£ | FORWARD CALORIMETER
NS b Steel + Quartz fibres ~2,000 Channels
\ \ \ f :: | -
\ | il 1V | 4 - 7/ ’
d | i Bt o A / AA
| | 00 - r 7 4
|

Schematic view of the High Granularity Calorimeter
CRYSTAL & Sl DRAWING No.CE-H/3
ELECTROMAGNETIC \

CALORIMETER (ECAL) > -

~76,000 scintillating PbWO, crystals Y / / % /// ‘ q 4 4 A C>\/, ~ ><Q :\\
X | N 4 Ao A :
HADRON CALORIMETER (CAT) / 7 )"\ ‘ 1T
' ( / / /N 2 R ™ Q
0 564 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 7 L \\
A Stringent control of ferrite content o
A Stability against martensitic transformations =

Hm_.]n Absorber Dia. 5.2 m. Total Weight : 10500 kg

r_"mt — ITEM NO. |PART NUMBER MATERIAL ary

RALLIII e = ] 1 |EarPlate_Dia.52m AISI3047316 (L) | 1
N-N 2033mm_ EarPlate _Dia. 52m AISI 304 / 318 (L) 1

2
3
a

Central Plate _ Dia. 5.2 m AISI3047316(L) | 1
M24 x 55 _ Socket Cap Screws | BUMAX 609

20240605 Steels and Stainless Steels 5. Sgobba R, Encinezriv
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4.b A low permeability steel for CMS HG-CAL

S. Sgobba and @Goudot, Matériaux et Techniques 95, vol. 112, p. 23 (1997)

>
7.0E-01 —
(@)]
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= — S
2 50E-01 4 W, D o
) 0 5 0
: 8
< 4.0E-01 {——=¢ F o LI =
e - 8 o
5 f= y il Points C.E.R.N
— O & 4 i o
® 3.0E-01 - C-:): 0. . oints
2 = = Points GIOVANOLA
B e
g anOE 0l o . s+ Points DESHORS
Q
@ T
& 20, ; . —— Littérature : y= 0.068.x
1.0e-01 +-8 R o NS TS N T L 0 10 DT A0S TR UG HiRinNG
| 0% 2“7 after solution annealing shall be | ----- Ligne de tendance :
£ completely austenitic y=0,0807.x
0.0E+00 $F=tazzbazs Feezszzzias P :

0 6 7
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4.b A low permeability steel for CMS HG-CAL

I Two metallurgical routes:

Ingot casting

ingot casting “==$$= continuous casting cosrorlo e etanl Brec Lo ign)
—_— 1 | Y notapplicable to fully
austenitic grades (risk of hot
Mok :
Ladle cracking)
- Tundish
en 7 ~ Submerged Enti
Sigeats - Meniscus
= E '?,m'd Torch ]
- - Support roll Cutort
C o1, .
o -4 i g g:,::l Twin
~ strand 7 ONNRL0 0@ 87¢ i"" Rolls '\ solid Thin
/€ Strip
/ / o L € s - .
Vertigal Curved Strip Casting

20240605 Steels and Stainless Steels 5. Sgobba R Enamesne
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CourtesyrDrNNe Rauze ArcelorMittal
Arcelortaittal Industee! Industeel | A<l .

Our process

Casting ingot
Ingots
preparation

Customer
order

Electrical Secondary
furnace metallurgy

treatment

Shipment Cutting

Certification Inspection and

202406-C



Courtesy of S. Moccia & M. Pentella

Mlaterial desiznation: Material designation:

2088 H2CNILe-11

Comnfrv/Standard: ' Conntry/Standard:

Enropesn Union / EM European Union / EMN

Groop of Materials: Group of Materials:

Memls Metals

Sobgrowp: Subzroup:

EM 1(28-7 Flat products made of steels for pressure purposes - Part 70 || EIM 10028-7 Flat products made of steels for pressure purposes - Part 7:
Stainless steels Stainless steels

Comment:

Comment:

Anstemitic stainless steel Austenitic stainless steel

1.4307: 1.4306: Very cleanheat,
"o alley ™ 304L "High alloy" 304L 143 ppm S+P

Croieria Min, Max Approx Crera AMin. Max Apprex

C 003 c 0.03

Mo 1m Mn 209

P HL ] B 0045
E] ools g 0.00s
|g" 1 ||"):I 1 |||S'j |]":':I |
N B0 |l M 100|120

[= 17.5 | 18.5 I Cr 18.0 [20.0

N (R 1] N

"High alloy" 1.4306 o0 Low magnetic permeability, ceteris paribus:
A Stringent control of ferrite content

(composition / steelmaking route)
A Stability against martensitic
transformations (grade selection)

202406-05
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