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Sep 26 l4:46 2010
Stage Scan

Acc. V 20.0 kv
Prob ¢  3.965e-07A
Scan OFF Mag 150
Prob Diam. (um) 0
Dwell (ms) 75.00

Direction: Single

Points B800*8

Interval {(tm) X:0.50
¥:0.50

HFI weld

Mn WDS dch PETJ

Ka Order 1
Peak Pos. (mm) 66.9070
Accum,

Max 1.49%0

Ferrite line with Mn-rich oxides
Low charpy values !!
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Introduction FORSCHUNG

During HFI welding, slag is formed and internal oxidation occurs

Slag residuals and internal oxides lead to bad mechanical properties of
the weld

0,13%C - 1,39%Mn — 0.39Si — 0.033 Al
0,04%C - 0,90%Mn — 0.39Si — 0.033 Al
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How does it look like ?

melting area

metal melting,
slag formation
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Introduction

Short term oxidation
experiments:
Inductive heating: 90 sec.
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Oxidation: 750 °C
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Oxidation: 750 °C
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Oxidation: 1000 °C
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Oxidation: 1000 °C
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Oxidation: 1300 °C
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Innere Oxidation: Thermodynamik

1300 °C
Fe-Mn-Oxide
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Mn -Si-Al-0-Fe

Mn/Z (g/g)=0.0139, Si/Z (g/g)=0.0039, Al/Z

(9/g)=0.00033, Z=(Mn+Si+Al+Fe), 1 bar
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Slag formation and internal oxidation
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Slag formation and internal oxidation
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Slag formation and internal oxidation

Homogenious melt
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Slag formation and internal oxidation
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Fowr-Phase Intersection Points with ASiag-iq

BN R e

A L ) e

MO I Carindum) § 5602 _Cristotabielh)ad) [ 5202 _Trdymah)sd)

BSpined / MIONConndum) § Si07_ Tridymiehed )
ACHvine: | BMonoxide | B5pinal

ACHrng | B5pined | Rhodonibe

BSpined / Rhodonite F 5302 _Trigymiiaih)s4)

AnFe203 B=502 CaMnD
WAL WiB) Wi 'C
0. 7550 017350 006800 146526
DE4DS4 0.21406 0.13551 138242
006830 023735 060428 129508
D.OTE2E Q35662 058118 122128
018496 040087 041416 121497

Sigrdse)

Fe,O, - MnO - SiO,

SALZGITTER
MANNESMANN
FORSCHUNG

Ein Unternehmen der Salzgitter Gruppe

Projection (ASlag-lig), 1 bar &dsagem

Fe,0,

ASlag-lige2

mass fraction

T'c
100

1550

1500

1430

1400

1350

1300

1250

1200

150

SZMF, EDWW, Folie 32, 24/07/19



Internal oxidation during HFI welding..

Slag formation and internal oxidation

_ SALZGITTER
W MANNESMANN
FORSCHUNG

Slag composition
melting point
Slag Fe,O; [Gew. %] MnO/SiO, (FactSage) [°C]
FIMS1 10 1,25 1248
FIMS2 10 2,00 1296
FIMS3 10 3,00 1335
F2MS1 20 1,25 1299
F2MS2 20 2,00 1377
F2MS3 20 3,00 1413
F3MS1 30 1,25 1367
F3MS2 30 2,00 1436
F3MS3 30 3,00 1465
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During melting of the metal a phase separation takes place

Upon phase seperation ferrite and a Mn-Si enriched melt ist formed

This melt oxidises to a liquid slag, which penetrates the grain boundaries
7 The slag is rich in MnO and SiO2 at the beginning with high viscosity

2 With ;time’ the slag becomes more rich in FeOx and the vicosity
decreases

The ,FeOx’ rich slag deliveres oxygen for internal oxidation
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|s water vapour influencing the melt viscosity ?
How can oxygen diffusion in the slag be simulated ?

The role of Al203 is unclear. In may slags Al203 particles are found...
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