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 State of art in press hardening 

 Why to develop new press hardening steels?  

 Metallurgical concepts 

 Major results 

 Application examples 

2 With gram improves ton (Nb alloyed steel) 



INOVAR • RESPEITAR • COMPETIR 

With gram improves ton (Nb alloyed steel) 3 



INOVAR • RESPEITAR • COMPETIR 

With gram improves ton (Nb alloyed steel) 4 

Golf-VII-2012 

28% PHS 

FIAT Alfa Romeo 

MiTo 2008 

14% PHS 

VOLVO  

V60 2010 

18% PHS 

Porsche  

Panamera 2009 

16% PHS 

VOLVO 

XC90-2015 

40% PHS 
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Europe 2013  

Europe 2018 

10% PHS 

23% PHS 

NA 2013  

NA 2018  
6% PHS 

15% PHS 

We must get ready for the challenge!  
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PHS is mainly used to strengthen passenger compartment  

Source: Volvo 

Source: VW 

 Control the intrusion  

 Protect passengers 
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fracture resistance 

Source: Mubea 

 Control the intrusion  

 Protect passengers 
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22MnB5 

8 

Impact 

toughness 

HIC 

Bendability 

Collapse or not?  
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Toughness property is important for the crash 

performance of press hardening steel 

Ductile fracture 

Temperature 
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22MnB5 

Brittle fracture 

Lower operating 
temperature 

RT 

Lower temperature ? 

Optimized concept 
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[H] embrittlement 

High speed crash  
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VDA-238-100 
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Importance of bendability to crash behavior 

Safe area 

Sufficient bending angle to absorb crash energy without fracture  

Impact load 

3-point-bending test 
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RT 

HIC cracking 

No [H] 

Hydrogen induced cracking can cause severe   

damages to PHS  

With gram improves ton (Nb alloyed steel) 11 

Source: G. Lovicu, el. at 
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Metallurgical solutions to improve  

crash performance of PHS  

 Grain refinement to improve the toughness 
Nb metallurgy 
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H 

 [H] trapping to improve the cracking resistance 
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Metallurgical concepts for new press 

hardening steel 

Target of development 

 Improve the toughness by grain refinement 

 Improve the bendability 

 Improve [HIC] cracking by hydrogen trapping 
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(max. wt.%) C Si Mn P S Cr + Mo B Ti Nb

22MnB5 0.25 0.4 1.4 0.025 0.01 0.5 0.005 0.05 n.a.

Concept 1
Add 

>0.05

Concept 2 No B No Ti
Add 

>0.05

Concept 3
Add Mo 

~0.15
No B No Ti

Add 

>0.05

Adjust to 

target 

strength

As low as possible

Concept 1: to provide grain refinement   

Concept 2: to avoid large inclusions   

Concept 3: to strengthen grain boundaries of prior austenite    



INOVAR • RESPEITAR • COMPETIR 

Grain refinement by Nb microalloying for PH process 

Press hardening 

Transfer of plate 

Opening the die (150-2000C)  

Time 
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Closing the die 

5min 6s 12s 

Heating at 950°C 

22MnB5 

0.05%Nb 
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Evolution of  prior austenite grain size with reheating temperature  
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Impact of Nb alloying on PAGS and impact 

toughness of PHS 

Nb alloy addition (wt.%) 
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Alloying base: 22MnB5+Nb 

Alloying base: 22MnB5+Nb 

22MnB5+Nb 

22MnB5 

Improve the toughness 

Grain refinement 

Smaller grain size 
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Press hardened Heat treated 

(3-point-bening test) 

Specification range 

of some OEMs  

Min. bending angle 

Improvement of bendability of PHS  

by Nb microalloying 

22MnB5 

22MnB5+0.05%Nb 
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Hydrogen charging test under the constant load 

0.5mol/L H2S04+0.25g/L NH4SCN  

HIC  

Test target  

Investigation of critical fracture stress against HIC induced 

cracking over 100h [H] charging  
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i=0.5mA/cm2 

Initial strength 

HIC : Critical fracture stress after 100h [H] charging under constant load  

Nb microalloying increases resistance of PHS 

against [HIC] cracking under the test conditions 
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Nb addition makes PHS less susceptible to [H] embrittlement 
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Hydrogen permeation test 
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Influence of Nb microalloying on the diffusivity of  

hydrogen in PHS (22MnB5+Nb) 

(i=0.5mA/cm2) 
D

0
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m

2
/s

) 

Hydrogen is trapped by Nb precipitates 
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Mechanism of improvement to  

[HIC] cracking of PHS by Nb microalloying  

H 

H 

H 

H 

H 

H 

H 

H 

Nb microalloying reduces the diffusivity of [H] in the PHS and prevents the segregation 

 of [H] around inclusions and grain boundaries to cause damages  

Intergranular fracture caused  

by [H] embrittlement 

Local damage caused  

by [H] enrichment 
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Nb Microalloying 

in PHS 
Improve toughness 

Improve 

bendability 

Increase resistance to 

[HIC] cracking 

Improve crash performance 

Microstructural 

 homogenization 

[H] trapping 

Grain  

refinement 

Overall improvement of crash relevant material 

properties by Nb microalloying 
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Nb: 0.08% 

Nb alloyed press hardening steel has become reality 
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Baosteel made industrial trials to produce Nb  

alloyed press hardening steels 

24 

DP 

TRIP 

CP 

0.035Nb 0.05Nb 

PHS1500 PHS1800 

HSLA 

MS 

State of art 

Technology  

Newly  

developed 
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 PHS has high potential in BIW application  

 The conventional alloying concept (22MnB5) 

has high potential for further improvement    

 Nb metallurgy can optimize the crash 

performance of PHS due to improvement in: 

  impact toughness 

  bendability 

  resistance to [HIC] cracking  
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Consultant for CBMM in Brazil 
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