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DIVERSIFIED PRODUCT PORTFOLIO

Salzgitter Group

People, Steel and Technology

Strip products Line pipes

Sections Precision tubes

Heavy plates Stainless tubes

N

Steel Service Center Stockholding trading
Engineering services ~ International trading
Injection molding machinery Beverage filling plants
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GROUP STRUCTURE AND KEY DATA FY 2021

Salzgitter Group

Salzgitter Group

External Sales cén®.8 billiohEBT]: 706 millicnEmployeex2,356

Steel Production Steel Processing

| Extern8lale$: 3. billion /External Safes: Hd 8 4] t t | 0 MExtern&ale$:3.illion
/ Employe&s158 / Employeés341
/EBT: dA8 NJ tLtt] on / EBT: -309 million

Trading

| Extern8lale$: Hdd &a] Lt
/ Employeds934 / Employeé&s298
/[EBT: N8N NJtLttL] on /EBT: 8A N] Lt on

All data about employees as per

12/31
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THE IDEA BEHIND SALCOS®

Salzgitter Low CQ Steelmaking

v

e ¢

4 <4 4 <« «

Ourapproach: Carbon Direct Avoidance (CDA)

SALCOS@naps out the route to virtually carbon neutral steel
production

Hydrogen as a reduction agent will replace carbon
Transformation process is plannedin three stages
Integration of the new facilities in the existing steelworks
Same production capacity

By 2033: reduction of more than 95 % targeted in carbon
emissions
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PART OF THE SALCOS® ROUTE ALREADY EXISTS

Comparison of the conventional and the future production technology

Blast furnace Carbon dioxide Existing
Scrap facilities
% Carbon (C): Coking coal, coal R ] l
Q) Iron ore (FeOy) . Pig iron . Crude steel
Oxygen converter (BOF) Secondary
metallurgy
Y innovative SALCOS® route (direct reduction) Direct production plant Water & Existing
facilities

Iron ore (FeOy) .
H,
Hydrogen (H)
— &= =
Electrolysis
Renewable electrical Natural gas (CH)

energy

ENERGIR@" (flexible variation of natural gas and k)

DRI TECHNOLOGY BY TENOVA AND DANIELI

SALZGITTER

Carbon dioxide
I
Direct reduced iron (DRI)

v

Scrap

Crude steel

>

Secondary

Electric arc furnace (EAF) metallurgy

I

Part of this future process route is already in
place at the Peine site.
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XRDThickness Measurement

A Motivation & Method

A Zn Coating on Steel

A Fe/Ni/ Cr Standard

A Fe Nitride and Oxidelayers on steel

SALZGITTER
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XRD - THICKNESS MEASUREMENT

Motivation

Nanoscale
A X-rayReflectivty (XRR)Grazingincidence X-ray Diffraction (GIXRD)
Grazingincidence Small Angle Xxray Scattering (GISAXS)
o Highlycollimated beams, highintensity
o layerthickness <1 um

Micro scale
A X-rayFluoresence (XRF 0.0475 um)

o Cannotdifferenciate polymorphs(e.g. FeG;or Fe;0,)
Macro scale

A X-ray Transmission
o Highenergyradiation, precision £500 nm

A Howto measure coatings of 3-15 pmwithout XRF nordestructively ?

SALZGITTER

Available Equipment

A Bruker D8 Discover

A Vantec2000 areadetector

A PolyCapwith Fe g radiation, no monochromator

N MANNESMANN .
XRD Anwendertreffen 2022/ SZMF, Witte / 09/20/2022

nnnnnnnnnnnnnnnnnnnnnnnnnn

© 2022 Salzgitter AG  / 8



XRD - THICKNESS MEASUREMENT

Method

A Intensity of Fe-reflex is reduced by absorption from Zn layer.

A Fromthe Feintensity with I, ,,andwithout I, o Znthe layerthickness

can be determined:
Oh Or¢A DD ®

Fésno _
less absorption

A Thelength of the x-ray path trough the Znlayeris: Fepo

P P
6EH) OEF —)

| {20
€"0r1>

o 0f

| COD 8008522 Zn Zinc
| COD 3008522 Zn Zine
| COD4113931Fe

0 Q .
A =P P
0K OEL 5
Fe-Kj radiation, p,,= 770 cmt
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XRDThickness Measurement

A Motivation & Method

A Zn Coating on Steel

A Fe/Ni/ Cr Standard

A Fe Nitride and OxideLayers on Steel
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XRD- THICKNESS MAP

Zn Layer Mapping

of anareacan be mapped.

Referencethickness = 3 umeight)
Scatter dueto curvature
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Layer Thickness [pm]

Y-Position [mm] -20

Thicknessdistribution

SALZGITTER

Steelis coated with 2.5-20 umZnfor corrosion protection.
With a suitable sample stage and beamsize the thickness distribution

Measurementof 231 points on 40 mm x 60 mnwith 3 mmsteps
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Deviation of Fe,;jpeak position
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XRD-THICKNESS MAP

Sample height correction

Automated height correction
with Video-Alignment

Laser cutting edge

SALZGITTER

2.03
2.028 -|
2.026 |

< 2.024 |
2,022

202 4

2.018 .
40
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10
-20

Y-Position [mm] -40 10 X-Position [mm]

Fe,; peakposition stable

Layer Thickness [pm]

Y-Position [mm] -40 10

X-Position [mm]

3.6
34
E
E 32
c
Ke]
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o
&
No2g
26 .l
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0 ” 20
-20 0
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Corrected sample height

A Reducedscatter
A Consistent results
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XRD - THICKNESS MEASUREMENT “

Comparison with Glow DischargeOptical Emission Spectroscopy (GBOES) S
[ |
.0\3- B_728698 20 um
e k holo;:::::iplier E e
Holographic c
Grating g
©
E 15 .
Pre-etched | 8 -XRD
Exit Slit é - GD-OES
_12’ELOM . 1l&
% _ -
e g L
o
Rowland Entrance = E {
Circle sil S - -
g6
Glow Discharge Source 5{" %
Sample } ‘ é I é ‘1I0 I 1|1
Depth [um] 3r - ﬁ_'
0
GD OESmethod ExampleGD OESresult ° ! 10 M
Reference [um]
A XRDthickness results fit well to GBOES and
reference values.
A Measurementsfor 10 & 11 pmvith Fe,, reflex
SALZGITTER
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XRD - THICKNESS MEASUREMENT

Application | Failure on Zn coating

XRD Atomic Force Microscope

95 — 0.0 ym
T 77
ﬁ 8.5 —|
)
&
— 7.5 —
3
7 2
6 4 2 0 2 5 X-Position [mm]
Y-Position [mm] _
) A Scratch depth of 0.5-1.5 pmis similar for
3 ° . ° o Of_‘- A AFM and XRD
= o o |, A Scratchis on Znsurface and not onsteel
¢ s R e substrate.
§ R A Scratch was notdetected with micro-XRF
e unc s : SR el thickness measurement!
Y-Position [mm] E ’1///(2 X-Pasition [mm]

SALZGITTER

Y MANNESMANN , .
FORSCHUNG XRD Anwendertreffen 2022/ SZMF, Witte / 09/20/2022 © 2022 Salzgitter AG | 14

A Member of the Salzgitter Group




XRDThickness Measurement

A Motivation & Method

A Zn Coating on Steel

A Fe/Ni/ Cr Standard

A Fe Nitride and OxideLayers on Steel
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XRD - THICKNESS MEASUREMENT

Multilayer - Standard

A Reference Standardwith 0.88 pmCr/ 7.3 um Ni orFe-Substrate
A Crlayerthickness from comparison with bulk Crsample:

O Op¢lp AAD ®)

6 3 *'
09 Oh e n
D 0 St Ni (0.91) F
Cr (0.61
A O E"‘) O E‘l_ _) Fe((4.21)) €11
al
A Removalof absorption from Fe,,,by Crlayer: o
c 3t
3 Ni
O ©OgRoD o ° 220 cr
ol 211
A Nilayerthickness:
: é.,o - ) .l ]
O - 2 24 g
00 h 0 gﬁj‘¥~. | L
A p p 98 100 102 104 106 108 110 112 114 116
OK+) OHE+ —) 26 %]
SALZGITTER Fe-Kj radiation, py; = 808 cm?, ., = 3157 cmt
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XRD - THICKNESS MEASUREMENT

Multilayer - Standard

8
************* A Crcausesstrong X-ray fluorescence with Fe-KJ radiation.

i Al 1 A Low Peakto-Backgroundratio
EG 7 A Overlapof Fe,,;and Cr, peaks
B5T A Peakdeconvolution
[
c
% 4 A Nomeasurementof Fe substrate without Cr/Ni layer possible
F 4l A Useof suitable reference sample (ow alloyedhot strip)
5} A Intensity differences dueto texture
Sz

.| A Sameproblem occurs with bulk Crreference sample.

0

Cr
SALZGITTER
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XRD - THICKNESS MEASUREMENT

Multilayer | Standard | Texture corrections

L (211)

WR.

o

Intensity for thickness measurementis from the pole figure
center.

A Intensity can be scaled with pole figure valuesto the intensity
of sampleswith randomtexture.

Fe,,,pole figure of reference sample _ _ _ _ _
211P J A Sinceanareadector is used aline section of the pole figures
(220)

wn hasto be averaged

jus}
-2‘

Fe,,,pole figure of standard substrate
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XRD - THICKNESS MEASUREMENT

Multilayer | Standard | Texture corrections

After texture correction

S 8r—
I B 77 -
€6 €6
= =
% 5 25
c
54 — 54
L L
3 3t
g g
E 2r S 2t
1r 1L
0 0
Cr Ni
A Excellentagreementfor Nilayerthickness
A Pooragreementfor Crlayerthickess
o X-rayfluorescence
0 Texture correction not possible dueto low intensity and peakoverlap
SALZGITTER
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XRDThickness Measurement

A Motivation & Method

A Zn Coating on Steel

A Fe/Ni/ Cr Standard

A Fe Nitride and Oxide Layers on Steel
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XRD - THICKNESS MEASUREMENT
Nitride/Oxide layer

N Ketl,2

O Kerl

BC + IPF + GB

EBSD 114 Arbeitsbereich 1 Bereinigte Elementverteilungsdaten 2

Ph + BC

EBSD 114 Arbeitsbereich 1 Bereinigte Elementverteilungsdaten 2
e

f— Band Contrast Phases
B ; b s i - o Wi
i 121
3004235 FeaN o oass i
H_zawn 101010i377F53N
Graian;Zundaries
o o 20pm Raster: 472x1041 Schrittweite: 0.1pm Xm 'T‘ Raster: 4721041 Schrittweite: 0.1pm xm |
EDX
o : EBSD
A Nitriding is usedfor surface hardening of steel.
A Oxidelayer for corrosion resistance
A ~1.2 um Oxidéayer/ ~ 11.5 prire-nitride layer/ steel substrate
A Onlydiffraction methods (XRD, EBSDjan discriminate r-Fe4N andr-Fe3N
SALZGITTER
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XRD - THICKNESS MEASUREMENT

Nitride/Oxide layer

14
|
12 |
A Fe3N and Fe4Nayersare not well separated E 10 -
A Treatthem asone layer: 5
S 8-
Meexn = 0.-5*(Hrasnt Heean) = 0.5%(537 + 494) cix 516 cni g ]
< 6
A With the same approach as before the layerthickness can be determined. % 4l
—1
14 i ‘ i i i ] . Data 2 =
Fit
Fe304-400 (1.17)
127 FeaN-111 (7.58) 0
3 Fe-110 (1.91) Fe O FeN
10k | FedN-200 (6.04) 34
o 8f
S . A With well separated layers and suitable reference materials
Fe3N and Fe4Nayerthicknesses could be measuredwith XRD.
4+ | J
o Thiswould not be possible with XRF.
2r A | 1
\ { |
. /) A A N
52 54 56 58 60 62 64
20 [°]
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XRD - THICKNESS MEASUREMENT

Summary

A XRDis asuitable method to measurelayer thicknesses by X-ray absorption!

A N-1reference materials are necessaryfor N layers.
o If possible use substrate after layerremoval.

A Corrections
o Texture differences between layerandreference material
o Sampleheight differences for thickness maps of non flat surfaces

A Advantages
o Differentiation of polymorphlayers(e.g. Fe3N/Fe4Nor Fe,Q,) possible

o Extensionof XRDmeasurementcapabilities
o Non-destructive

Fe, 0,

SALZGITTER

Fe;O,

FeOA Fe+Fe;O,
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A Messung von ZinkTexturen
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‘ r:doA RNS':: IE-ISUF:IAGN N XRD Anwendertreffen 2022/ SZMF, Witte /  09/20/2022

A Member of the Salzgitter Group

© 2022 Salzgitter AG | 24



ELEKTROLYTISCHE VE

Layout

Bandbreitenbereich 900 - 1.850 mm

Banddickenbereich 05-25mm

Geschwindighkeit max. 180 m/min

Bundgewicht max, 32 t

Stromstarke 50 kA/Zelle

Gleichrichterkapazitét 850 kA

Anzahl Zellen 17

Zinkschichtdickenbereich 25-15 pm

(ein- und beidseitig)

S A L Z G | TT E R Kapazitat 38,000 t/Mon.

RZINKU

1L

Strip width range
Strip thickness range
Speed

Coil weight

Current intensity
Rectifier capacity
Number of cells
Coating range

Capacity

900 - 1.850 mm

05-25mm

max. 180 m/min

max. 32 t

50 kA Zelle

850 kA

17

2,5-15 ym

(one-side and both-side coating)
38.000 tmo

In der Eloverzinkung wird Kalt-

feinblech in bis zu 17 galvani-
schen Zellen elektrolytisch ver-
zinkt.

The electro-zinc coating line
processes cold-rofled sheet
steel in up to 17 electroplating
cells.

() (@) (<) (o) (o) (&) (0] (R (=

2E

Abhaspel

Schopfschere
SchweiBmaschine
Einlaufspeicher
Bandvorreinigung
Streckrichter
Elektrolytische Reinigung
Spile

Beize

Elektrolytische Verzinkung
mit 17 Zellen

) Trockner

Zinkschichtdickenmessung

@ (=& & (= (S

1
20
21
2
23

)

Aktivierung
Phosphatierung
Passivierung (chromfrei)
Auslaufspeicher

! Inspektionsstand

Oberflacheninspektions-
system

Rauheitsmessung
Besiumschere
Elektrostatische Olmaschine
Olauflagenmessung
Aufhaspel

2 (@) (o) (~a) (o) {en) (&) () (ha

(1) Pay-off reel

Cropping shear
Welding machine
Entry loop accumulator
Strip pretreatment
Tension leveller
Electrolytic cleaning
Rinsing tank
Pickling tank
Elactro-zine coating
with 17 cells

11) Dryer

12 Zing coating thickness

control

Eloverzinkung - Anlagenplan

Electro-zinc coating line - Layout

Activation

Phosphor treatment
Passivation {chrom-free)
Exit loop accumulator

7 Inspection station

Surface inspection system
Roughness measurement
Edge trimmer
Electrostatic oiler

Oiling gauge

Tension reel

N’ MANNESMANN
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ZINK - TEXTUR

Messschema

Welche Reflexe eignen sich fur Texturmessung?

{100} Reflex ungeeignet (Uberlappung mit -{101})

{103} und {210ungeeignet, da zu dicht zusammen
(Peakverbreiterungbei héheren Kippwinkeln)

{212} Reflexungeeignet (Uberlappung mit {214Fe-Reflexe)
Bleiben: {002}, {101}, {102} und {0Q4vobei {002} und {004}
aquivalente Information liefern.

To o To Do

Rontgendiffraktometer
A Bruker D8 Discover mit Vantec2000 Flachendetektor

A Fe-Kj Strahlung mit Mn-K -Filter

Messschema

A EqualArea, 2.5 Auflésung

A 2 Detektorpositionen fiir 4 Polfiguren
A 6 sMesszeitpro Frame

A ~100 min pro Probe

SALZGITTER

I N1_141
| COD 9012435
|
|

COD 1100108 Fe
COD 9012435 (Kb1) Zn Zinc

Impulse (Quadratwurzel)

1000

N MANNESMANN .
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ZINK - TEXTUR

Summary

Proben
A Laborproben ELViS
A 5 unterschiedliche Elektrolytzusammensetzungen.
A Ziel: Reduktion Energieverbrauch durch héherdlektrolyt-
Leitfahigkeit
A Optischer UnterschiedProbenN1 & N19u restlichen Proben

Texturberechnung
A Mit Matlab Toolbox MTEX
MTEX Toolbox | MTEX (mterolbox.qgithub.io)
A Berechnung der Orientierungsverteilungsfunktion (ODF) und von
Texturfaseranteilen

B_498325

SALZGITTER

W43
o83

34

/4

1(2m] 2

M43 1428

10 mm
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https://mtex-toolbox.github.io/

ZINK - TEXTUR

Experimentelle ODFs

A Deutlicher Texturunterschied
A N1: Scharfe Basaltextur
A N13: Schwache Texturfasern

Typische Kristallorientierungen von Zink

SALZGITTER
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