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Background Press Hardening Steels
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Typical Applications

B-pillar reinforcements

Roof reinforcements —I

Windscreen
reinforcements
Door
reinforcements

Bumper ﬁ

TFloor reinforcements
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Growth Press Hardening Steel

Evolution of Hot Stamping

Gestamp’s historical performance Gestamp ‘growing’ forward

1) Gestamp Hardtech > 30 years expierence
2) Quadrupled # Lines since 2007
3) Co-Development Partner BIW content 1% -38%

1) 1stto break 10 s cycle time

2) 1st to in-die soft zone
3) 1st to Multistep & eliminate laser

4) Driving the tailored material properties 4) 1stto Hot Stamping cost reduction

Source: Paul Belanger , New Zn Multistep
Hot Stamping Innovation , GDIS2017
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Growth Press Hardening Steel
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PHS Challenge 1: Prior Austenite Grain Size Control
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Quenched Martensitic Steel by Molybdenum and Niobium
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1976, 7, 891-894.
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PHS Challenge 2: Hydrogen Embrittlement

Hydrogen: extremely harmful to fracture properties
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Niobium on the Prior Austenite Grain Stability
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0.05%

A

Source: Crystals 2017, 7(10), 308

Source: Hardy Mohrbacher, Review - Property Optimization in As-Quenched Martensitic Steel by
Molybdenum and Niobium Alloying, Metals, N. 8, Vol. 234, 2018;
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Grain Size and Strength
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Grain Size and Toughness

Grain Refinement Effect: increase in toughness and decrease in transition temperature.
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Grain Size and Toughness

Niobium Effect: strong up to 0.04% Nb: increase in toughness and bending angle

1 I
18 Austenitizing temp.: 950°C
Heating time: 5 min. 8 S 100
@ ] o WU p----mmmmmmm e e
Y £ 80 z
\ 9 @ 80 - oo e
14 \ = 75 o
= = £ 60 f--------JER-----
2 12 N %n 70 2 R .
A
8 g o e T ol W
& o F T @ 90
8 e o ! ! ! ! ! 22MnB5 +0.025%Nb +0.050%Nb
e E O [T
".:...__ _____ _’ - i i i i i
6 50
0.00% 0.02% 0.04% 0.06% 0.08% 0.10%
4 . -
0 002 004 006 0.08 Niobium Amount

Nb alloy addition (wt.%)

Source: J. Bian, W. Li, H. Mohrbacher, L. Hongzhou; W. Wenjun, Advanced Materials Research, 2014, Vol. 1063, p. 7

15 #GDIS | #SteelMatters




Niobium on the Decrease of Hydrogen Embrittlement

When Nb is added: the sensitivity to H embrittlement decreases: difference between charged and not
charged is almost 3 times smaller when Nb is added
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Explanation for Lower H sensitivity: H Trapping by Nano NbCN
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Source: Hardy Mohrbacher, Review - Property Optimization in As-Quenched Martensitic Steel by Molybdenum and Niobium Alloying,
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Explanation for Lower H sensitivity: Effect of Grain Refining

Test set-up Steel grade 22MnB5
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Case Study in North America

GMBemi-IndustrialResults
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Conclusions

The press hardening process brings several advantages in body-in-white
applications, due a unigue combination of high tensile strength (important
for weight savings) and high formability (important for productivity and
design). However, challenges in reliability exist, due to the tendency to low
toughness and hydrogen embrittlement.

22

Niobium additions between 0.04 and 0.06% improve the grain size control
and as a consequence toughness and bending strength. Fine carbides also
reduce hydrogen embrittlement, due to microstructural trapping effects
(interface and atomic bounding effects).

As a final result, micro-additons of Niobium are becoming popular in
1500MPa in 22MnB5 or similar press hardening steels. In >1800MPa PHS,
most grades contain Nb for improvement of performance and reliability.
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Niobium in Dual Phase Steels

Nb: Better Formability in DP Concept tested by GM USA

The balance of global formability and local formability is microstructurally determined.

Boundary
delamination

Brittle
m  Cracking

Dhslocation
plle-up

| Grain Refinement: Improving formability in DP Steels by
Source: Reference: H. Mohrbacher. Intl. Symp. on New Developments in Advanced refin ing mal’tenSIte iSIandS'

High-Strength Sheet Steels, AIST, 2013, p. 319-329
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Thank You for Your Attention!

Dr. Rafael Mesquita
CBMM

412.418.1406
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