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Abstract 

Linde + Wiemann GmbH KG is an international company which primary focus on 
manufacturing of car components. In 2007 L+W bought the Swedish company Accra 
Teknik AB in Öjebyn to be able to offer manufacturing of boron steel components. The 
purchase was carried out because the demand of security features made of boron has been 
growing strongly and in the deal L + W get access to Accra's processes and knowledge. 
Competition has increased in this area and to get your products sold they have to be cheap 
and provide good corrosion protection. This master thesis work is to investigate different 
boron steel grades and see how they fit into the processes at L+W and if they can provide 
the required corrosion properties.  
 

The three different boron steel grades that have been investigated are Usibor 1500 P, 
PHS-Ultra Form and x-tec, which are first of all designed for normal press hardening. The 
steel grades at first view aren’t so different in comparison to plain boron steel. They have 
the same content in the base material the only difference is that these materials have a 
surface coating. Usibor 1500 P is produced by Arcelor and has an aluminium-silicon 
coating.  It’s designed for hot forming and therefore not recommended to be cold formed. 
But tests made at Accra have shown that it is possible to bend if "good radius" and 
lubricants are used. Usibor 1500 P can't be used with induction heating as it requires a 
slow heating so the surface layer will have time to diffuse then the coating is able to 
increase the melting point of the coating. PHS-Ultraform in contrast to Usibor 1500 P is 
designed only for cold forming. The steel grade has a Zinc coating which effects that the 
material only should be heated up to 850 C otherwise the surface will be affected. Both 
Usibor 1500 P and PHS-Ultraform demand a slow controlled heating for maintaining 
good corrosion properties. X-tec is a solid lubricant with a nano-technology and it’s rolled 
or sprayed on the steel which then is baked to attach the coating. X-tec can be used both 
in cold and hot forming. The coating is intended to protect against oxidation which 
normally will occur when hardening boron steel. X-tec is developed by several actors on 
the market and more generations are under development. The new generations that are 
under developing are supposed to solve the problem of electric conductivity and ensure 
corrosion protection. 
 

These materials should be applied to the three processes Accra uses when producing 
hardened boron steels components; inline hardening, form fixture hardening and form 
blowing. And also at the two processes Linde + Wiemann GmbH KG has developed; 
partial hardening and sequential hardening. The unique features of all processes are, first 
cold formed by roll forming, then heating and if demanded hot formed and finally 
hardened by direct water cooling. 
 

Tests have been made to study the corrosion properties of the materials, both with and 
without after treatment. The tests carried out were salt spray and water condensation test 
according to ISO standard. The tests show that both Usibor 1500 P and PHS-Ultraform 
has some degree of corrosion protection. Profiles with a post-treated corrosion protective 
coating or with the standard of Zinc coated HS-steels has a considerably better protection 
then Usibor 1500 P and PHS-Ultraform. 

 

The conclusion was made after a cost calculation in the end and reviewing the facts that 
was collected. The recommendation in choice of materials is that first the degree of 
corrosion protection that is mandatory has to be decided. Then look at the design of the 
component and choose a process and in the choice of process the material has to be the 
guide.  
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Sammanfattning 

L+W är ett internationellt företag med sin främsta inriktning att tillverka bilkomponenter. 
L+W köpte 2007 det svenska företaget Accra Teknik AB i Öjebyn detta för att få in sin 
fot i tillverkning av borståls komponenter. Köpet genomfördes eftersom efterfrågan av 
säkerhetsdetaljer tillverkade i borstål har vuxit starkt och i affären fick L+W tillgång till 
Accras processer och kunskap. Konkurrensen har även ökat i detta område och det gäller 
att kunna sälja produkter billigt och med goda korrosionsegenskaper. Examensarbetet går 
ut på att titta på olika borstålssorter och se hur de passar in i L+W processer och om de 
kan ge de efterfrågade korrosionsegenskaperna.  
 
Det tre olika borstålssorterna som har undersökts är Usibor 1500 P, PHS-Ultraform och x-
tec vilka är framtagna för presshärdning. Materialen i sig skiljer sig inte mycket, åt det är 
vanliga borstål i grunden som har olika ytbeläggningar. Usibor 1500 P har en aluminium-
kisel beläggning som är utveckland för varmformning av tillverkarna Arcelor. Materialet 
rekommenderas inte att kallformas men tester från Accra har visat att det går om man 
använder ”snälla radier och smörjmedel”. Andra tester har även visat att profilerna 
försvagas om det lasersvetsas ohärdat. Usibor 1500 P kan inte heller användas i 
induktions värmning då det kräver en långsam uppvärmning för att ytbeläggningen ska 
hinna diffundera med stålet för att höja ytbeläggningens smältpunkt. PHS-Ultraform är i 
motsats till Usibor 1500 P endast framtagen för kallformning. Stålet har en zink 
beläggning vilket gör att materialet endast bör värmas till 850 grader annars påverkas 
ytbeläggningen. Både Usibor 1500 P och PHS-Ultraform kväver en snäll uppvärmning 
för att beläggningarna ska behålla goda korrosionsegenskaper. X-tec består av ett solitt 
smörjmedel vilket rullas eller sprutas på stålet som sedan värms upp. X-tec kan användas 
både inom kall- och varmformning. Ytbeläggningen är avsedd för att skydda mot 
oxidation vilket annars sker när man härdar vanligt borstål. X-tec är framtaget av flera 
aktörer och fler generationer är på utveckling dels för att lösa problemet med elektrisk 
ledningsförmåga och korrosionskydd.  
 
Materialen ska kunna användas i de tre processer Accra använder; inline härdning, 
formfixtur-härdning och formblåsning. Dessutom har L+W tagit fram två processer vilka 
även är intressanta; partiell härdning och sekventiell härdning. Det som är speciellt med 
alla är att de först kallformas genom rullformning, värms och eventuellt varmformas och 
sedan härdas genom direkt vattenkylning.  
 
Tester har gjorts för att studera korrosions egenskaperna på materialen, både med och 
utan efterbehandling. Testerna som har genomförts är saltspraytest och 
vattenkondensationstest enligt ISO standard. Testerna visar att både Usibor 1500 P och 
PHS-Ultraform har en viss grad av korrosionsskydd men kan inte mäta sig med profiler 
som har efterbehandlas med en korrosions skyddande ytbeläggning eller de zinkbelagda 
HS-stålen. 
 
Efter att ha gjort en kostnadskalkyl och granskat det samlade materialet drogs slutsatsen 
att den först frågan är vilken grad av korrosionsskydd som är nödvändig. Därefter bör 
man i val av design och process vägledas av materialvalet. 
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List of abbreviations  

L+W  Linde + Wiemann GmbH KG  
GmbH  Gesellschaft mit beschränkter Haftung - Private limited company 
KG  Kommanditgesellschaft - Limited partnership 
HSS High strength steel 
PHS   Press hardening steels 
UHSS   Ultra high strength steel 
EPD   Electrophoretic deposition 
KTL   Kathodische Tauchlackierung – Cathodic electrode position coating 
TTT Time-temperature transformation 
CCT Continuous cooling transformation 
FCC Face-centered cubic 
BCC Body-centered cubic 
DBL Daimler Benz liefervorschrift – DB delivery specification 
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1 Introduction 

This chapter includes the background and describes why this master thesis is written. It 
also gives a short presentation of the companies Linde + Wiemann GmbH KG and Accra 
Teknik AB.  

1.1 Background 

For the last 30 years cars have grown heavier this due to higher comfort and safety that 
the customer requests. This trend with heavier cars has forced the car designer’s to 
change materials in the car and that means using HSS for safety components. The HSS 
are expensive and limited in forming due to high spring back and tooling cost. Car makers 
have therefore started to make a transition to using hardened born steel. This because with 
boron steel they can make complex shapes with a strength up to 1500 MPa. The transition 
is not without problems, partly it depends on the scaling that occurs in the hardening 
process and also the corrosion protection. The scaling is formed when hot boron steel 
reacts with the oxygen in the air. Boron steel also lack the Zinc coating that the HSS 
steels have for the corrosion protection. To solve these two problems the steel makers 
developed pre-coated boron steel grades. L+W that has been in the business for a long 
time but are like most of the companies new to the hardened boron steel but is prepared to 
investigate all its possibilities. 

1.2 The company 

Linde & Wiemann GmbH (L+W) is a private owned company with its head quarter 
located in Dillenburg, a little town in the state of Hessen, Germany. L+W was founded 
1933 and has from that date grown to an international company with over 2000 
employees with operation in four countries. The company is a supplier for the automotive 
industry where they manufacture everything form roll formed and stamped parts, to 
whole assemblies for example the door structure in the smart car. 
 
In the year 2007 L+W purchased the Swedish company Accra Teknik AB, which they 
had collaborated with earlier. Accra is a small company located in Öjebyn in the north of 
Sweden and was founded in 1994. Accra works with hardened boron steel in different 
ways compare too many of the competitors. They are working with profiles which first 
are roll formed then hardened. The big advantage with these processes is that they don’t 
have so expensive tool costs. Another specialty at Accra is the cooling system where they 
flush the profiles with water and this to avoid isolated vapor on the surface. With the take 
over L+W got access to Accra’s this processes and knowledge with hardened boron steel. 
Accra has three different main processes that they have patents on, both process methods 
and designs.  
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1.3 Problem statement 

Accra is the only member in L+W Group that serial produces hardened boron steel 
components. They are only using un-coated boron steels and many of these products have 
to undergo after treatments due to the scaling on the surface. Earlier the products 
manufactured by Accra would sell without any after treatment due to the unique product 
that they produced but the competition has grown and thereby the car manufactures 
demands on the products. They want a low price which means L+W have to look at 
alternative material and process cycles. On the market today a few different pre-coated 
boron steels are available that maybe can solve this. The steel grades demands different 
process steps and that influence the prices on the finished product. The problem is which 
of these boron steel grades are best suited for the processes that are used today or can be 
implemented with small adjustments in the process. All this to produce cost efficient well 
corrosion protected products for the future market.  

1.4 Goals 

The main goal in this master thesis is to do an assessment on the boron steel grades in 
both economical and corrosion aspect. To manage this, three part goals has also been 
establish: 

 Study the specific material and see what their properties are. 
 Information search involving Accra’s and L+W’s processes and the product steps 
 Take part of investigations and tests that have been made by Accra and L+W. 

1.5 Limits 

To carry out this work during a reasonable time limits are needed. Limits are used to 
concentrate the work on the right issues to get useful results for the company. Processes 
that are studied are limited to cold roll forming and hardening of the products. The four 
most interesting and trendy materials to be studied are: 

 Uncoated Boron Steel  
 PHS - Ultraform  
 Usibor 1500 P 
 x-tec CO 4017-4019 
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2 Line of action 

This chapter is a roadmap where every step in the master thesis is described and given a 
short explanations way it was  made.   
 
Planning 
To distribute the time consumption a plan was made in the start of the work. The plan is 
describe in figure 1 in form of a GANTT- schedule. 
 
 October November December January February March  
Introduction       
Planning       
Research       
Material study        
Process study        
Test results        
Comparison       
Cost calc.       
Assessment       
The ending       
Documentation       
Presentation       
Write report       
Figure 1 GANTT schedule over the time period October 2008 – March 2009. 
 
Material 
Information about the material was collected on internet and oral source. This was made 
to learn about the boron steel grades and a short description of each is written in chapter 
3. 
 
Process 
Information about Accra’s and L+W’s processes was given by visiting the plant there the 
processes were explained and demonstrated. Accra’s patents were also studied. For some 
production steps a more detailed study was made to get a deeper understanding. All this 
was made to see what the steel grades will have to go through.  
 
Investigation of test results 
Investigations and tests have been done by Accra and L+W and some of them were 
interesting to this thesis. They are reviewed and summarized in the chapter 5 to use them 
in the evaluation. 
 
Cost calculations 
A cost calculation is performed to see how the different boron steel grades affect both 
process steps and price. The calculation is performed after a template that is used by L+W 
to get cost estimation in the early stadium of the product development.  
 
Conclusion /Discussion 
After all the facts are collected a conclusion of the results will be written and discussed 
about.  
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3 The materials 

In this chapter follows a short presentation of the four steel grades that are investigated.   

3.1 Boron Steel 

Boron steel has a little amount of boron and this is added to keep the hardness when 
reducing the carbon to 0.19-0.255 Wt%. This also makes it possible to cold form 
unhardened boron steel under normal condition. When heating the steel the surface reacts 
with the oxygen in the furnace. This creates a layer of scaling on the surface and this 
makes it more or less necessary to treat the steel surface after hardening. This can be 
prevented if it’s heated in a protected environment. Before painting the scale is 
recommended to be shoot-blasted to prepare the surface. When welding boron steel it 
imported to use a method with low hydrogen or else it creates embrittlement in the seam. 
 
Today on the steel market there are exists different suppliers that have their own boron 
steel that are suited for cold rolling. They have all their brand names on the material 
1.5528 22MnB05. Arcelors is named Usibor 1500, SSAB is named Docol Boron 02, 
Ruukki is named Racold B24. The different Chemical composition is displayed in 
Appendix A.  

3.2 Usibor 1500 P 

Usibor 1500 is pre-coated with Al-Si coating that is 25µm thick and 90% of the coating is 
continuous hot dip Alumina. The coating is to prevent scaling when it’s hot formed [1]. 
To prevent the coating from melting at its melting point at approximately 600°C it’s 
important to have attainable heating rate as in an electrical furnace. This so during the 
heating a Fe-Al alloy has time to form and this alloy has a higher melting point. It 
requires a heating time at 2 min for a 1.6 mm thick aluminized steel sheet to reach the 
holding temperature. Figure 2 shows the change in the surface layer after 30 s and 5 min. 
First the surface consists of 5 layers but as time goes it transforms to only 2 [2]. 
Quenching rate should be higher than 27°C/s to ensure a solid Martensit structure in the 
material. Cold roll forming is not recommended because it leads to micro cracks and 
damages in the coating. Cause of the anti scaling Usibor 1500 P doesn’t need any after 
treatment but a chemical treatment prior to the painting is usually performed [3]. 
 

  
Figure 2 Sectional optical micrograph showing plating layer structure after retention at 950°C for 30 

s and 5 min 
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The company that produces Usibor 1500 P is Arcelor Auto and they were also the first 
steelmakers to offer pre-coated steel for press hardening.  

3.3 PHS-Ultraform  

PHS-Ultraform is a pre-coated boron steel grade that just recently is released on the 
market for mass production. The coating is zinc based and resembles the coatings that are 
used in cold forming today. This kind of zinc coatings hasn’t been used in the hardening 
processes before, because the low melting temperature of zinc. But it’s solved by 
introducing ZnFe in the coating to raise the evaporation temperature. The scaling is 
prevented through adding oxygen affine elements as aluminium in the coating. The 
coating is applied with a specialized hot-dip galvanization technology. PHS-Ultraform is 
specially developed for the cold forming and then hardening in >850°C. Before painting 
with KTL a gentle ice blasting is suggested. This to eliminate the aluminum-oxide and the 
zinc-oxide deposits that are formatted on the surface under the Austenitization phase [4].  
 
The pre-coated Boron steel grade PHS-Ultraform is produced by Voestalpine and they 
started to develop the coating in 2002. Voestalpine is an international steel making 
company from Austria. 

3.4 x-tec  

The x-tec is a chemical coating that is about 6 -7 µm thick and is a solid lubricate that 
consist of aluminum, silicon, graphite and a solvent. The coating was developed to 
prevent scaling when the 22MnB5 is heat treated without protection from the atmospheric 
oxygen. It also has good influence on the formability in the hot and cold state because of 
the smooth surface the coating acts like a lubricant [5]. The coating is sprayed or rolled 
on the boron steel sheets and it’s important that the coating doesn’t get to thick. This 
because when it’s heated the coating gets a little brittle and can crack during forming. 
After the coating has been applied it has to dry in a convection oven to be attached on the 
sheets and to remove the solvent. A problem with this material is that the coating has to 
be removed before spot-welding cause the coating is reducing the electrical conductivity. 
Today that can be done in two different ways. Shoot blasting where the whole part is 
treated and laser where only the welding zone is treated [6],[7].  
 
The x-tec coating was developed by Nano-x together with Kassel University, Chair, 
Volkswagen Kassel and ThyssenKrupp (DOC)1. X-tec is today used in some Volkswagen 
Passat and the parts have a very high degree of deformation.  . 
 
The first generation of x-tec is now on the market but future generations are under 
development. The second generation’s goal is to increase the electrical conductivity on 
the hardened steel so it will be possible to spot weld. The third is to get a corrosion 
protection with help of introducing substance in the coating.  

  

                                                   
 
1 The Dortmunder Oberflächenzentrum of ThyssenKrupp 
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4 Processes 

This chapter is about the processes in the L+W group where boron steel grades are of 
interest to use.  

4.1 Inline hardening 

At Accra the inline hardening process consists of four big process steps in one line. The 
first step is the roll forming where the profile is shaped. Important that the profile is 
calibrated all the time or else all lot of parts will be out of the tolerances. The line can 
have a speed at 6 meter/minute. The tolerances are also important when the edges are 
welded together with a butt weld in the next step. To be able to weld faster a pre heater is 
used to pre heat the edges. After welding the profile enters the inductor heater, the two 
inductor coils that are used create a field inside the profile and will heat the material from 
the inside out. The first coil is on 25 kHz and the second one is on 200 kHz, together they 
consume around 700 kW and heat the profiles up to 950 degrees Celsius. The last step is 
the quenching, this is a cooling box where the profile is flushed with water. In the end the 
profiles are cut in the right length and for an over look of the processes see figure 3. The 
product speed is direct dependent on the thickness of the sheet. In Accra’s case pre-stamp 
holes can’t be used when heating with induction due to the concentration of energy that 
cause the edges to melt.  
 

 
Figure 3 Accra’s inline hardening Line 

4.2 Form-fixture hardening 

Accra’s form fixture hardening process is done with the same roll forming and the 
welding step as the inline hardening process. (Here can also purchase tubes be used.) 
After the welding the profile is cut in the right length and transported to the form fixture 
furnace. There it’s heated up to 950 degrees Celsius then transported with a robot to the 
form fixture press. The specialty of this press is that the profile will only be in contact at 
few points. This way the expensive moulds are not needed. When the press is closed and 
when the profile is formed water is flushed throw the profile and on the outside to 
maximize the cooling. See figure 4 for an overview off the process steps. 
 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Roll Forming Line: 
 
1: De-coiler  6: Loop 11: Quenching 
2: Band joining  7: Roll forming 12: Calibration 
3: Edge trimming  8: Laser welding 13: Cutting 
4: Loop  9: Calibration 14: Discharging 
5: Pre-punching 10: Inductive heating 
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Figure 4 Accra’s form fixture line 

4.3 Form blowing 

This is a new technology which is about to move from the research stadium to a serial 
production. The process forms tubes or closed profiles welded together with less than a 3 
mm thickness. The part is heat over the Austenitic temperature and then placed in a tool 
that consists of two half that are formed with cavities. Then the tool is closed and with 
help of a pre-heated medium pressure is applied. When the part is formed against the tool 
the heated medium is turned off and instead water is flushed through the part to cool it 
down to fine grain Martensitic structure. To secure a good cooling rate cooling channels 
in the tool can be used. 

4.4 Partially hardened 

This is an inline hardening were only sections of the profile are hardened with induction. 
The profile is first roll formed then faces inductors are places towards the surface and 
heat stripes along the profile. After the heating the profile is cooled with water which is 
flushed on it after a set of rolls. The trial that is performed at METAKUS2 800 kW is 
needed to generate the needed power to four steel induction coils to 900C. Figure 5 
shows a picture under the trails. 
 

 
Figure 5 Picture of the partially hardening 

                                                   
 
2 Unikassel/Transfer GmbH, METAKUS – Anweheldungszentrum Metallformgebung 
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Form Fixture 
Furnace 

Roll Forming Line: 
 
  1: De-coiler 
  2: Band joining 
  3: Edge trimming 
  4: Loop 
  5: Pre-punching 
  6: Loop 
  7: Roll forming 
  8: Laser welding 
  9: Cutting 
10: Discharging 

 

2 3 
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4.5 Sequential hardening 

Sequential hardening is like press-hardening were one open profile is cold formed 
through rolling before hardening. After the roll forming parts of the profile is heated up 
with induction heating. The hot part is places in a special mould and pressed. Special with 
the trials at L+W is that they are using a lamella tool so that the profile can be cooled 
direct with water. 
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5 Production steps 

Production is a flow where the different steps have to work together. To create this flow 
an understanding of each step is of importance thereby this chapter includes a summary 
of the steps used for producing the hardened boron steel products. 

5.1 Forming methods 

When forming boron steel it has to be done under the right conditions. It can’t be done to 
cold then it will crack and it can’t be done to hot then it will melt. Today both cold and 
hot forming is used this depends on which steel grades is used and the form of the 
finished product. L+W has decided to concentrate on manufacturing profiles and this 
means cold forming first and if necessary additional forming can be done in hot 
conditions. 

5.1.1 Cold Forming 
The cold forming process means that the forming is done before the material is heated. 
The forming is done under the materials crystallization temperature. Boron steel can be 
formed with good results in room temperature due to its plastic behaviors. Depending on 
the steel grade the elongation minimum can be up to 20% and due to its high e- module 
the spring back is relatively low. Figure 6 shows a stress-strain curve for 22MnB5. The 
yield strength is about 400 MPa which is low when comparing it to HSS. There are some 
different methods to cold form the steel roll forming is most interesting as mentioned 
before. 
 

 
               Figure 6 Technical stress strain diagram (delivery state, untreated)3 
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Roll forming is an ongoing process where the boron steel is formed in several steps. The 
steel passes rolls that shape the boron steel see figure 7. The forming method is suited for 
long parts or parts that are made in a large quantity due to the high investment cost in a 
roll forming line. Roll forming can only produce continuous profiles and possible pre 
stamp holes. On pre-coated steels it’s important to make sure that the coating doesn’t 
crack or stick to the rolls. When forming boron steels with roll forming it’s important to 
take into consideration that when a metal is plastically deformed the boron steel becomes 
harder and stronger. This phenomena occurs when the dislocations increases due to 
plastically deformation and leads to that the dislocation will be hindered of each other. 
 

 
Figure 7 Roll forming line 

5.1.2 Hot forming 
The most common process of boron steel is hot stamping or form hardening. In some 
cases the sheet is pre-pressed or roll formed before heating which depends on the material 
and the desired end form. In hot forming it’s important to heat the steel equal or higher 
than the austenitic temperature and for steels that consist about 0.2% Carbon the 
austenitic temperature is 850°C. At this high temperature the stress is lower and the strain 
is higher than for cold forming which results in a good formability for hot steel grades. 
Figure 8 shows the stress-strain curve for hot boron steel at different temperatures.  
 

  
Figure 8 Stress-Strain curve for boron steel [8] 
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When the part is formed the contact between the mould has to cool the part. The mould is 
in the mean time cooled with a fluid that is flushed through canals within it. To get the 
high strength Martensit structure a cooling rate of more than 25°C/s is needed. Due to this 
structure change from closed packed FCC to BCC the material will enlarge and change 
density 

5.2 Heating methods 

A material can be heated through radiation, convection and conduction. This three 
methods is indirect heating were the heats comes from an external source that has to be 
transferred to the heating object. This for example is what happens in a furnace. A direct 
heating method is inductive and conductive here is the material heated due to the atomic 
motion within the material. This can be done by leading current through the material. 
Heating the boron steel over 850°C demands energy and if the right method is used 
money can be saved. For L+W today the electrical furnace and induction heating is the 
most interesting.   

5.2.1 Electrical furnace  
In an electrical furnace the current heats up elements by resistance, the elements heats up 
the air which heats up the steel. This has some disadvantage because the heat transfer for 
air is low and this creates longer heating times. In modern furnaces the isolation or upstart 
is not a problem. 

5.2.2 Induction heating 
With induction heating an electromagnetic field is introduced to the material and this will 
generate an eddy current in it. The friction between the electrons that are transporting the 
energy will generate heat and how much heat depends on the resistance in the material. In 
boron steel the electromagnetic field makes the material hysteresis this means that 
domains in the material are ordered, like for example boron steel is ferromagnetic see 
figure 9. When a field is flowing throw the material these domains that originally are 
random oriented will align with the current and when it turned off they will not 
completely go back to the original state. This phenomenon is called hysteresis and to be 
able to get the domains back in originally state the field has to be directed in the opposite 
way and this will release energy in form of heat. The heat that is generated by this way is 
only a small percentage of what the eddy current generates. When the material is heated 
to a specific temperature the Curie point the atoms in the domains will have lost their 
order and the material has become paramagnetic see figure 9. This leads to when the 
Curie point is reached the material will not be magnetic and it will demand more energy 
to heat the material. For boron steels the Curie point lies between 720 to 740 degrees 
Celsius[9], [10]. 
 

 
Figure 9 Magnetic directions 
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Induction heating is a very complex process with many variables that can be changed. In 
fact the frequency, type of coil, distance between coil, the material, and the effect has 
great influence on the heating. How deep the field is penetrating is directly depending on 
the frequency. With a low frequency the depth increases, normal induction heating 
equipment is used between 50 and 1000 kHz [11]. When the material reaches the Curie 
point the effect of the low frequency that are generated to penetrate the material are losing 
its efficiency. One way to solve this problem is by use two different induction coils at 
different frequencies.  
 
The induction process takes up little space and the only thing needed is a generator, the 
induction coil and a cooling system for the coils. It’s a clean and fast way to heat treat 
components without any direct contact. A benefit’s that almost all the energy goes to heat 
up the material and the closer the coil is to the material the more effective it’s. It can be a 
bit tricky to find the right distance between the material and the coil, steel has a tendency 
to change shape when it’s heated up [12]. To get an effective heating of the steel it should 
be placed in the middle of the electromagnetic field and use a coil (electrical conductors) 
with one or more turns. Important is also to choose the right kind of coil see figure 10 
longitudinal, cross field and face.  
 

 
Figure 10 Different kinds of induction coils from the left: longitudinal, cross field and face 

5.3 Cooling methods 

In hot forming there are a couple of ways to cool the Boron steel grades. What methods 
are used depends partly which forming method and furnace is used. For hot stamping 
indirect cooling is used to cool the part. This means that the contact between the mould 
and the part transport away the heat and fluids are used to cool the mould for example 
water or nitrogen. Direct cooling means flushing or dipping the part in directly with 
water. This method is called water quenched hardening and this is the most efficient 
method for fast cooling. The flushing is more efficient than dipping which depends on 
evaporing on the surface creating an isolating layer is flushed away. 

5.4 Joining methods 

To join boron steel grades welding and mechanical joining is most common. For welding 
in boron steel grades it’s important that the welding seam has a low heat effect on the 
material both when welding before and after hardening. For the coated materials is it 
important that the coating doesn’t contaminate the weld and soften the seam. For the 
boron steel it’s important to keep the hydrogen level low to avoid cracking in the weld 
seam and embrittlement.  
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5.4.1 Spot welding 
Spot welding is frequently used in the car industry to join steel sheets with a thickness 
between 0.5 till 3.0 mm. If the sheets is thicker to much heat is transported to the 
surrounding material. Spot welding is quick and works by pressing two electrodes 
together from outside of the sheets. Then direct a current through them and due to higher 
resistance between the sheets it heats and melt together. Important for the spot welding is 
that the material can lead the current and has a god electrical conductivity. For the boron 
steel grades spot welding is performed after the profile is hardened. Spot welding is an 
automated process and is mostly performed quickly and simply with a robot. A 
disadvantage is that the electrodes have to overlap each other and this can be hard for 
inaccessible places. 

5.4.2 MIG/MAG 
MIG and MAG works on a similar way, with an electrical arc load that melts both a 
consumable electrode and the work parts. The melted zone is protected with a gas. The 
difference is that MIG uses an inert gas and MAG an active gas. Advantage using these 
methods is that no perfect contact between the parts is needed. Disadvantage is the big 
heat effect on the material surrounding the weld. 

5.4.3 Laser welding 
The most common lasers for welding that are used today are the Co2 and Nd-Yag laser. 
The biggest difference between both is the wave length and that the CO2 use mirrors to 
lead be beam while Nd-Yag is using fiber optics. Both work identically when it comes the 
end where optics focusing the beam. Both need a protective gas to remove the plasma that 
occurs and to protect the lens. Laser welding is fast and has a low heat influence on the 
material. 

5.5 Cutting methods 

For boron steel grades it’s a big different if they are cut before or after hardening. Before 
hardening the steel can be mechanical and thermal cut in the same way as construction 
steels with the same strength, only the wear on the bled can be higher. For the steel grades 
with coating that protects from the scaling can the cut edges have some protection left due 
to coating follows in mechanical cutting. Cutting hardened boron steel is a challenges and 
a blade with hardness over 53 HRC should be used. Cutting of small products should be 
avoided with mechanical cutting. When flame cutting is used the temperature should be 
less than 200°C and be cooled slowly. To drill holes a tungsten carbide drill can be used 
with a low speed, another method is flow drilling. 

5.6 Cleaning methods 

It exists a couple different ways to clean the boron steel grade and prepare them for 
painting. Oil, Soil and particles are three groups of pollutions to clean from the surface to 
ensure a god painting result. To oil petrol based products counts. Particles are solids that 
appear on the surface. Soil can be described as things that are added in the production like 
corrosion protection. There exists allot of different cleaning methods and they all work in 
different ways.  
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5.6.1 Ultra sonic cleaning 
Within the industry ultra sonic cleaning take place in a fluid that surrounds the steel and 
expose for sound waves between 20 – 50 kHz. This is in the ultra sonic range and is in a 
pitch that is above what the human ear can hear.   This sound make the fluid that creates a 
saturated layer around the contamination to dissolve leading to new fluid can reach in and 
clean[13].  
 

5.6.2 Alkaline Cleaning 
Alkaline cleaning means that alkaline salt is mixed together with caustic, silicates, 
phosphates and then dissolved in hot water. This solution can then be sprayed over the 
surface removing oil and soil. This is a cheap method that is easily to use. 
 

5.6.3 Abrasive blasting 
Abrasive or shot blasting is for boron steel a cleaning method that removes a surface layer 
to prevent corrosion and reduces tensions in the surface to prevent corrosion. The 
substances that can be used are for example silica, water and steel.  

5.7 Corrosion and corrosion protections 

The most common corrosion in a car is contact corrosion that occur where to parts are 
joined together. Which type of corrosion protection is needed depends on where the part 
is placed in the car and what surrounding it’s exposed to.  To be able to protect the boron 
steel grades from corrosion it’s important to know what it’s. According to definition a 
“destructive and unintentional attack of a metal”. This attack mostly starts on the surface 
in form of an electro chemical process where the metal loses its valence electrons. It can 
be for example hydrogen or oxygen that takes up these electrons to create hydrogen gas 
or water. The electro potential is one way to describing which degree the metal will 
oxidize. Table 1 shows the potential for some metals. Another ranking that is of higher 
practical relevance is the galvanic series [9]. Table 2 shows the relative reaction in 
seawater for a few metals and alloys.  
  



Karlsson.A   2009-06-16 
 
 

15 

 
Table 1 The electron potential Table 2 The galvanic series   

Metal 
Electrode 
potential 

 

  Metal/alloy   

Au 1.420    Gold   
Cu 0.340  cathodic  Stainless steel (passive)   
H2 0.000    Cupper  cathodic 
Fe -0.440 

 

anodic  Stainless steel (active)  anodic 
Zn -0.763    Cast iron   
Al -1.662    Steel   
Mg -2.363    Aluminum alloys   
     Zinc   
     Magnesium   

 
Metals are subjected to corrosion one way or another because they are more stabile in the 
ionic state, with a few exceptions like gold. Corrosion rate is depending on the 
surrounding environment and for boron steel this can vary depending on where in the car 
it’s positioned. 
 
KTL 
KTL is a German shortening  for cathodic electrode position coating which today is 
frequently used in the automobile industry as protection against corrosion. Before 
applying the KTL the parts need to be cleaned. The coating is applied through an 
electrical bath where the material works as the cathodic electrode. As electricity  is 
applied gas liberates and the solution will coagulate to cover the object creating its own 
resistance. By this way the coating gets even and with a higher current creates a thicker 
film. After the coating is applied the deposition of the coating is flushed of. Then the part 
gets in the oven for baking. Due to the way the coating is applied, complex parts can be 
painted and it also covers edges really well [14]. The coating is free from heavy-metals 
and approved by the Environmental Protection Agency [15]. 
 
Levicor 
Levicor is a surface treatment that is provided after a part or assembly is completely done 
so the treatment will cover edges and the inside. This surface treatment can be used on all 
different steel grades or metals. To get this on the product an investment in a Levicor line 
is needed. This line includes furnaces, cooling chambers and much more, this is shown on 
the investment price. The whole process includes shot blasting of the surface to clean and 
passivate the surface and most of the steps are done in a cage, were the products are 
distributed even. The anti corrosion treatment is a powder that consists of a special 
composed Zinc mix. To get the powder to diffuse on the products temperatures between 
380ºC and 430 ºC are inside for 90 minutes. 
 
This Levicor technique is produced by the company Victocor Technology that is stated in 
Belgium. 
 
  



Luleå University of Technology  

 
 

16 

Aluminal 
Aluminal is a post coating that exist of a alumina coating that are laid on the work piece 
by means of electroplanting there the work piece is the cathode. The electrolyte gives a 
pore free layer that has a average layer with a thickness of 10-12 µm. The coating is soft 
and ductile have a hardness on 20 -25 HV. The Alumina coating works as a sacrifice 
anode. Figure 11 shows the crystalline structure of the coating. 
 

 
Figure 11 Picture of the Aluminal coating 
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6  Investigations of test results 

In this chapter test results from the boron steel grades is reviewed. The tests vary from 
steel grade to steel grade depending on their properties. 

6.1 Hardness 

The hardening of the test has been done at METAKUS, heated in an electrical furnace 
and quenched in water for the equipment and setup see Appendix E.  This test is to show 
the influenced the heating and holding time on the hardness of the material. The 
hardening conditions and the results for each sample are shown in table 3.   
 
The boron 02 samples show no bigger different between the samples. The sample L9 has 
the lowest hardness and L1 the highest; temperature differs with 90°C and the holding 
time with 2 min. On the other hand L12 and L15 differ also on this but have the same 
hardness. 
 
Table 3 Setup and results for the hardness test 

Sample Oven tem. [°C] Hold. time [s] Tmax. [°C] Vickers HV24 

B3 920 300 896 521 

B4 920 390 912 533 

U3 920 390 912 522 

L1 920 360 899 522 
L6 920 360 924 506 
L9 920 240 809 408 

L12 910 360 902 487 
L15 910 240 842 487 

6.2 Forming  

To see if it’s possible to cold form Usibor 1500 P a delamination test was ordered by 
Accra in 2005. To see if it’s possible to form Usibor in cold condition a brake press was 
used to bend samples in 90° using different radius.  The test was first performed on 
125x50x1.5 mm samples were the angle was constant (90°) and the radius changes 
parameter. After bending the samples had to be hardened to see if the coating was 
damaged. The smallest radius that was guarantee without any delamination was 2.5 mm 
and a plastic lubrication was used. To see if the length had any influence on this a 
125x1000x1.5 mm tests were done and the smallest radius was 3.5 mm and also this test 
shad lubrication. This test is stated in Appendix C. 

6.3 Welding 

Laser welding of Usibor 1500 P was tested in 2005 to see how the coating affects the 
performance. The test showed that there are problems with laser welding Usibor 1500 P 
because the welding seam gets contaminated and this makes the seam weaker tests have 
been done with and without heat treatment. The results are summarized in Appendix D 

                                                   
 
4 mean value of six test on the same sample 
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and shows that the laser welding seam is the strongest but doesn’t have same the 
elongation as plain boron steel. 

6.4 Corrosion 

To see the degree of corrosion the steel grades can withstand and if the coatings have any 
protective feature three test sets have been performed for L+W account under the end of 
2008 and the start of 2009. The tests has been performed by RIO GmbH in Siegen in form 
of salt spray and condensation water test according to well-known standards see 
Appendix E for numbers and equipment. The samples has then been evaluated according 
to DBL 7399 7.4.1-7.4.4, 7.5.1 and been compared with their recommendations to get a 
guideline value. (See Appendix F for more information)The hardening of the tests have 
been performed the same way as the hardness test see chapter 6.1. 
 
Test set 1 
In this set samples of Boron 02(B), Usibor(U) and Ultraform(L)was tested, samples of x-
tec were not obtainable at the moment the test were performed. Two samples for Boron 
02 and Usibor. Meanwhile 10 samples of Ultraform were used. The amount of Ultraform 
samples depend on the sensitive Zinc coating. Therefore were different temperature and 
holding times tested to see if this has any effect on the corrosion rate. Table 4 shows the 
temperatures and holding time for each sample. 
 
The samples had no after treatment or additional coating and were subjected in a salt 
spray test for 92 hours. After 72 hours the boron 02 samples have been totally covered in 
red and black rust and to get a fair judgment the other samples were also evaluated after 
72 hours. The samples of Ultraform were almost all covered in 85-90% of red and white 
rust only sample L4 was covered in 90-95 %. It’s depending on the heat temperature for 
this sample made the coating boil. Usibor managed the test better than the rest of the steel 
grades only having a covering of 20-30 % red and black rust. Figure 12 shows pictures of 
the steel grades after 72 hour in the salt spray test. 
 
Table 4 Setup and results for the hardness test 

Sample Oven tem. [°C] Hold. time [s] Tmax. [°C] 
B01 900 300 902 
B02 900 300 897 
U01 920 390 918 
U02 920 390 914 
L02 920 360 904 
L03 920 360 918 
L04 920 360 929 
L05 920 360 918 
L07 920 240 893 
L08 920 240 872 
L09 920 240 809 
L11 910 360 898 
L13 910 240 824 
L14 910 240 810 
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Figure 12 Uncoated samples after 72 hours in salt spry test 

 
 This test shows that the coating on the sheets has protective properties when both the 
coated steel grades had less rust on the surface.  For Usibor the coating after hardening 
becomes more noble then the boron steel underneath and creates a protective barrier. In 
the case of Ultraform the Zinc coating is less noble and will acts like a sacrifice cathode 
which explains the high degree of corrosion on the surface. 
 
Test set 2 
In this set the same steel grades are used as in the first set. This time four boron 02, three 
Ultraform and Usibor samples are hardened and afterwards all of them were coated with 
KTL. Boron 02 samples were shot blasted before the coating.  Two samples of each steel 
grades were tested in the salt spray test for 240 hours and afterwards evaluated according 
to DBL and table 5 shows the results. 
 
Table 5 Evaluation according to DBL-7399 
Sample Evaluation according to Results Requirements 

B2 

Degree of rusting DBL 7399 – 7.4.2 
Blistering DBL 7399 – 7.4.3 
Edge corrosion DBL 7399 7.4.4 
Adhesion test DBL 7399 – 5.1 

Ri0 
0 

KR 1 
K1 

Ri0 
<2 (S2) 
KR 2 
K2 

U2 

Surface rust by DBL 7399 – 7.4.2 
Blistering by DBL 7399 – 7.4.3 
Edge corrosion by DBL 7399 – 7.4.4 
Adhesion test by DBL 7399 – 5.1 

Ri0 
0 

KR 1 
K0 

Ri0 
<2 (S2) 
KR 2 
K2 

L2 

Surface rust DBL 7399 – 7.4.2 
Blistering by DBL 7399 – 7.4.3 
Edge corrosion by DBL 7399 – 7.4.4 
Adhesion test by DBL 7399 – 5.1 

Ri0 
2(S2) to 3(S2) 

KR 1 
K1 

Ri0 
<2(S2) 
KR2 
K2 

B3 Infiltration from the scratch DBL 7399 - 7.4.1 0.3 mm 1 mm 

L3 Infiltration from the scratch DBL 7399 - 7.4.1 0.6 mm 1 mm 

U3 Infiltration from the scratch DBL 7399 - 7.4.1 <0.1 mm 1 mm 

 
In figure 13 the samples are shown in pictures and it’s seen in table 5 that only Ultraform 
has problems in this test all other are under the requirements. The blistering on Ultraform 
can depend on the oxidization that is created when heated. It could be a reason to gently 
shot blast Ultraform. 

Boron 02 PHS-Ultraform Usibor 1500 P 



Luleå University of Technology  

 
 

20 

 
Figure 13 The samples after 240 h in the salt spray test 

 
The rest of the samples were tested in the condensation water test in 240 hours to see how 
this affects the material in form of blistering and adhesion. All steel grades manages the 
requirement of the DBL, boron 02 and Ultraform had K1 on the adhesion test all other 
were zero it can be seen on figure 14. 
 

 
Figure 14 Three samples after 240 hours in condensation water test 

 

Test set 3 
In the third test set samples of x-tec and boron 02 were tested. The materials were tested 
on different things so the third test sets was divides in to two, one with x-tec and one with 
boron 02. 
 

x-tec 
Corrosion test for x-tec is in general to investigate how it behaves and what happens to 
the coating when it’s formed in different conditions.  
The x-tec samples were hardened but also formed in different ways: 

 X1 was bended in cold before hardening 
 X2 was bended cold and re-bended warm 
 X3 was only bended in warm conditions 
 X4 was not bended at all 

 

PHS-Ultraform 

Usibor 1500 P 

Boron 02 

 

Usibor 1500 P Boron 02 

PHS-Ultraform 
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After the hardening some damages of the coating were detected on figure 15 it can be 
seen but these damages were from the bending tools.  
 

 
Figure 15 Damage on sample X01 occurred under bending 

 
After the hardening the samples were coated with KTL without any cleaning. Before the 
salt spray test the samples X1 and X3 were scratched to see the infiltration. Then they 
were subjected in 240 hour to the test. Table 6 shows that both samples had the same 
result according to the DBL evaluation.   
 
Table 6 X-tec sample X1 and X2 evaluation according to DBL-7399 

Sample Evaluation according to Result Requirements

X1,X4 

Infiltration from the scratch DBL 7399 - 7.4.1 
Degree of rusting DBL 7399 – 7.4.2 
Blistering DBL 7399 – 7.4.3 
Edge corrosion DBL 7399 – 7.4.4 
Adhesion test (Scratch test) DBL 7399 – 5.1 

<0.1 
Ri 0 

0 
KR 2 
K2 

Wb 1 mm 
Ri0 

<2 (S2) 
KR 2 
K2 

 
From table 6 and figure 16 it’s seen that the samples have problem with the edge 
corrosion and this is due to the absent of scale protection during the heating at the cut 
edges. No extra corrosion was noted in the forming zones. 
 

 
Figure 16 Sample X1 and X2 after 240 hours in salt pray test 

 
The samples X2 and X4 were exposed to the condensation water test and both of them 
had the same result and meet the requirements with no sign of blistering and a small 
degree of adhesion K2. This can depend on that no cleaning was done before the KTL 
coating was applied. 
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Boron 02 
The meaning of this test is to see the effect of the protection gas in the laser cutting on the 
corrosion. The gases that are used are oxygen and nitrogen. Table 7 shows the test setup 
and the holes are cut after the hardening.  
 
Table 7 Test Setup for test 3 boron steel with different cutting techniques  
Sample Oven tem. [°C] Hold. time [s] Cutting Holes Test 

B07 900 300 Shear - Salt spray 

B08 900 300 Shear - Salt spray 

B09 900 300 Shear - c.w.t* 

B10 900 300 Shear - c.w.t* 

B11 900 300 Laser: 100% oxygen 100% oxygen Salt spray 

B12 900 300 Laser: 100% oxygen 100% oxygen c.w.t* 

B13 900 300 Laser: 100% oxygen - Salt spray 

B14 900 300 Laser: 100% oxygen - c.w.t* 

B15 900 300 Laser: 100% nitrogen 100% nitrogen Salt spray 

B16 900 300 Laser 100% nitrogen 100% nitrogen c.w.t* 

B17 900 300 Laser: 100% nitrogen - c.w.t* 

B18 900 300 Laser: 100% nitrogen - Salt spray 

 
After the hardening and cutting a KTL-coating was added with no shot blasting or 
cleaning before. Figure 17 shows the scaling under the KTL coating. Half of the samples 
were tested in the salt spray test in 240 hours. 
 

 
Figure 17 Boron Steel Sample B07 without any after-treatment and a KTL coating 

 
According to the DBL 7399 evaluation all the boron steel samples were within the 
requirements in everything but the surface rust there the result was between Ri1 to Ri2 for 
all the samples and the requirements is zero (R0). Sample B15 had a little more edge 
corrosion then others and sample B13 had little problem with the adhesion test but only a 
factor K1. On the infiltration test every result is under 0.1 mm with is way under the 
requirements at 1 mm. For more specific report and pictures for the samples see 
Appendix G.   
 
The sample B15 (shown in figure 18) result can depend on the nitrogen gas that was used 
when cutting both the hole and the edges. This can give a little hint that edges which are 
cut with nitrogen have little more tendencies to rust. 
 

                                                   
 
* Condensation water test 
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Figure 18 Sample B13 and B15 after 240 h in salt spray test 

 
The condensation water test lasted also for 240 hours and here all samples lay within the 
requirements of blistering and the adhesion test that were valid. Table 8 shows the 
evaluation and specific result for each sample. 
 
Table 8 Evaluation according to DBL-7399 for Condensation water test 

Sample  Evaluation according to Result Requirements 

B9,B10,B18 
Blistering by DBL 7399 – 7.4.3 
Adhesion test by DBL 7399 – 5.1 

0 
K0 

0 
K2 

B12,B16 
Blistering by DBL 7399 – 7.4.3 
Adhesion test by DBL 7399 – 5.1 

0 
K1 

0 
K2 

B14 
Blistering by DBL 7399 – 7.4.3 
Adhesion test by DBL 7399 – 5.1 

0 
K2 

0 
K2 

 

  

B13

B15
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7 Result 

In this chapter the result form the calculation of processed is presented. 

7.1 Cost  calculation 

To do a good comparison between the steel grades calculations of the price on three 
different processes have been carried out. The decision to make three processes was made 
depending on the fact that the steel grades can’t all be manufactured in the same process. 
To compare them a common profile with a U-shaped form similar to a rocker beam was 
used, which is in serial production and designed in HSS. Figure 19 showed the profile and 
the dimensions for the process is 200x1.5x1700 mm.  
 

 
 Figure 19 Profile used in the cost calculations 

 
The two first processes are about profile manufacturing where roll forming the profile to 
the final shape and the third process illustrates the most common method of press 
hardening. The three processes are described in figure 20. 
 

 
Figure 20 Processes for cost calculations 

 
The calculations are made with the assumption of 200’000 parts will be manufactured 
yearly. The material prices have a big spread were Usibor 1500 P lies on 38% more than 
the lowest price on plain boron steel and x-tec on 81% more. On PHS-Ultraform couldn’t 
a price be given and it was calculated on 60% more than the boron steel.  
 

Process 1 

 
Process 2 
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heating 

water 
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For all processes investments like furnaces, presses and roll forming lines are included. 
There are calculated to be used during 5400 hours each year. The depreciation for the 
investments is set to 10 years with an interest of 3%. In the calculations with plain boron 
steel shoot blasting equipment was included to get a more comparable result.  
 
Summarizing theses calculations gives the results according to table 9. Boron steel is the 
most economical solution in every process. Usibor is the cheapest coated material in all 
processes and the most expensive are PHS-Ultraform in process 2 and x-tec in process 3. 
The blank field in the table is because the material is not possible to use in given 
processes.  
 
Table 9 Cost comparison; Lowest prices used as reference is Boron 02 in process 1.  
 

Boron 02 
PHS-

Ultraform 
x-tec Usibor 1500 P 

Process 1 100% - - - 
Process 2 139% 175% 168% 153%
Process 3 143% - 180% 154% 
 

7.2 Additional coating 

If it’s necessary after the processes an additional coating can be added to improve the 
corrosion protection. By using the three coatings that have been described in the chapter 
5.7, KTL, Levicor and Aluminal. In the case of Levicor the company wants to deliver a 
manufacturing facility and the investment costs are a few million Euros and cost for 
process 1 with boron 02 is about 16% higher. For Aluminal the price is about 182% 
higher because it’s an additional coast per piece that’s carried out by a supplier. If the 
Levicor coating is produced in a similar way the price is about 145% higher.   
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8 Conclusions/Discussion 

Already in the beginning of the study it stood clear that Usibor 1500 P isn’t fit for L+Ws 
processes manufacturing profiles. Even when the bending test shows good results it’s 
risky to use Usibor 1500 P in a cold roll forming process. The results from the corrosion 
test show good results even for the un-coated steel compared to the other steel grades. 
Usibor can’t be used in induction heating because the heating is too quick and the coating 
is not able to diffuse with the steel that increases its melting point. All these factors make 
its hard to recommend Usibor 1500 P in the production for L+W today but it’s an 
interesting coating can resist some corrosion. Problem with Usibor is also the long 
holding time that requires big ovens to be able to have a good production speed. 
Investment in a hot forming line is hard to see as a solution due to high investments costs 
and the competitors have worked in this way for many years. 
 
PHS-Ultraform has a light corrosion protection but the heating has to be precise to ensure 
it.  In the corrosion test performed the changes in the temperatures and holding time 
wasn’t made precise. Because of this the degree of corrosion was high and heating 
conditions had no effect on the degree of corrosion on the samples of uncoated steel. 
When the steel is coated with KTL the test shows that an unprepared surface gets 
blistered under the coating and therefore the recommendations from Voestalpine about a 
gentle blasting should be followed. This leads to the question about the advantages using 
this pre-coated material when it has to de blasted before applying on additional coatings.  
 
X-tec is an interesting coating but it has yet no corrosion protection and has to be coated. 
Un-like boron steel it only has to be cleaned in a chemical process which is less expensive 
and faster. The price of the x-tec sheets is high and it doesn’t help that it has the 
protecting against scaling the most processes in L+W the scaling doesn’t have any big 
affect in the production. If the price on x-tec keeps being 81% higher it’s cheaper to 
invest in a shoot blasting equipment for plain boron steel. To find interest in x-tec the 
price has to be lower or if the next generations can keep what they promise its start to be 
more interesting solution with x-tec.  
 
The plain boron steel is the materials that is used today and is clearly the least expensive 
steel grade but if used in any environment where it can corrode it has to be protected. To 
get a good protection the scaling has to be removed and today it’s a big expense that will 
be eliminated if the steel grade has a protected coating against this. In the case of tubes 
the scaling inside is hard to remove. 
 
Even then all the boron steel grades which have been developed to be used in press 
hardening they can be used in the different processes of L+W. The choice of the material 
that shall be used in a specific detail or part depends on which anti corrosion properties. 
The car companies have to figure out which requirements that is necessary for their parts.  
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9 Future work 

To be able to decide which steel grades coatings and post-treatment should be applied, 
more corrosion testing for the different alternatives is necessary.  For future I suggest to 
investigate how the PHS-Ultraform and x-tec works with induction heating. Also look if 
it’s possible to laser weld these materials in the process.   
 
For the company is it important to keep in mind from the first discussion with the 
customers the conclusions given in chapter 8. 
 



Luleå University of Technology  

 
 

28 

10  References 

[1] Arcelor Auto, (2004) Arcelor – Usibor1500  
 

[2] P Suehiro, M et al. (2003) Properties of Aluminum- coated steel for hot-forming. 
Nippon steel Technical report No. 88 July 2003 

 
[3] Arcelor Mittle, (2008) Steels for hot stamping, Extract from the product catalogue - 

European edition 2008 
 
[4] Fader, J. et al. (2008) Press hardening of hot dip galvanized 22MnB5: A stable and 

reproducible process, CHS2 Hot metal forming of high-performance steel , Grips 
 
[5] Goedicke, S. et al. (2008) Wet chemical coating materials for hot sheet metal 

forming – anti scaling and corrosion protection, CHS2 Hot metal forming of high-
performance steel , Grips 

 
[6] Mueller, S. (2008) Laser Technology, 

http://www.blechnet.com/themenkanaele/trennundverbindungstechnik/schneiden/ar
ticles/107002/ (Accessed October 2008) 

 
[7] Schreier, J. (2007) Q-switched laser open up new markets, 

http://www.blechnet.com/themenkanaele/trennundverbindungstechnik/schneiden/ar
ticles/66166/ (Accessed October 2008)  

 
[8] Shapiro, A. (2008) Using LS-DYNA to model hot sheet metal stamping, CHS2 Hot 

metal forming of high-performance steel , Grips 
 

[9] William, D Callister, Jr. (2003) Materials science and engineering an introduction, 
John Wiley & Sons, Inc., 

 
[10] Fisk, M. (2008) Simulation of Induction Heating in Manufacturing. Lulea:  Luleå 

Teknikiska Universitet, Division of Material Mechanics 2008:42 
 

[11] http://www.hwg-inductoheat.de/fileadmin/pdf/hwg/What_is_induction_heating.pdf 
(Accessed October 2008) 

 
[12] Kolleck, R. Veit, R. (2008) Alternative Heating Technologies for Tempered 

Forming Processes, New Developments in Sheet Metal Forming p. 213-221 
 
[13] http://www.blackstone-ney.com/04.TP_fundamentals.php (Accessed March 2009)  

 
[14] http://en.wikipedia.org/wiki/Electrophoretic.deposition (Accessed February 2009) 

 
[15] http://www.wibrow.com.au/0/2/12/Electrophoretic-Coatings.html  (Accessed March 

2009) 
 



Karlsson.A   2009-06-16 
 
 

29 

Appendix A - Boron steel composition 

 
Example Chemical Composition 

 C % Si % Mn % 
Max P 

% 
Max S 

% 
Cr % B % 

22MnB5 0,19-0,25 < 0,40 1,10-1,40 0,025 0,015 0,15-0,35 0,0008-0,0050 

Boron 02 0,20-0,25 0,20-0,35 1,00-1,30 0,03 0,01 0,14-0,26 0,0015-0,0050 

Racold B24 
0,20-
0,255 

< 0,40 < 1,43 0,025 0,015 0,18-0,44 0,0008-0,005 

Usibor 
1500 

< 0,25 < 0,35 < 1,40   < 0,30 < 0,005 
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Appendix B Heating setup for hardening 

 

 
 

 
  

Continuous chain 

Steel sample 

Thermoelement Typ K 
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Appendix C Delamination Test Usibor 1500 P 
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Appendix D  Laser-Welding Usibor 1500 P butt seam 

  
Top side of the welding seam (not 
heat treated)  

  Bottom side of the welding seam (not 
heat treated) 

 
Welding parameter  
Material:  AlSi pre-coated Usibor 1500; thickness 1.5 mm 
laser-power:  4.5 KW (CO2 - Slap-Laser) 
welding gas: argon 4.6: 28 l/min 
welding velocity: 4.5 m/min 
process limits: max. gap of 0.2 mm between the sheets 
 max. offset of the edges: 0.2 mm  

  
Heat treated and cauterized micro 
section of the welding seam 

 Heat treated micro section of the 
welding seam 

 
The visual evaluation of the welding seam according DIN EN ISO 13919 part 1 is okay. 
The evaluation includes the following criteria: 
- cracks, pores, notches 
- weld penetration, incomplete fusion, blow holes 
- offset of the edges, weld reinforcement, root reinforcement, spatter   
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The heat treated butt seam has got only a tensile strength of circa 900 N/mm2 and a elongation at 
break of 0,5 % !!!! 

  
The melted aluminium contaminates the welding seam (white areas in the pictures). There is no more 
AlSi-coating at the surface of the welding seam.  
 

 
Measurement of the hardness in the heat treated welding seam 

The hardness of the welding seam is reduced (circa 20%). 

laser welded and heat 
treated butt seam  

laser welded 
and non heat 
treated butt 

heat treated base 
material 
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In a trial to decrease the influence of the AlSi-coating on the performance of the welding seam by 
removing the layer in the area of the seam. With the preparation of the edges a notch were produced 
which decreased the elongation at break > this solution isn’t successful  
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Appendix E Corrosion tests 

 

Test conditions of salt spray test  
Test according to: DBL 7391.04 – 4.8 / DIN EN ISO 9227 NSS  

Test chamber: Erichsen test model 608  

Test samples in accordance to: Pos. 1 to 3  

Test chamber volume: 1000 l  

Mounting position tilted: 60 ° below  

Test cycle: 24 h  

Test temperature: 35.8 ° C (target: 33-37 ° C)  

Hived Spray: 1.8 ml/24h (target: 1-2 ml/24h)  

pH-value on solution: 6.98 (target: 6,5-7,2) 

 
 

Test conditions of Condensation water test 
Test according to: DBL 7391.04 – 4.9 / DIN EN ISO 6270-2CH 

Test chamber: Weiss WK 11-340 / 40 

Test samples in accordance to: Pos. 1 to 3  

Test chamber volume: 300 l  

Mounting position tilted: 60 ° below  
Test cycle: 
 

24-hour condensation Constant climate according to DIN EN ISO  
6270-2 CH (40 ° C and 98% rH) 

Test duration: 240 h (= 10 cycles)  
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Appendix F Corrosion DBL- evaluation 

 
Evaluation for Salt spray test of KTL coating after 240 h  
Evaluation Information Requirements from DBL 

Infiltration from the scratch DBL 7399 - 
7.4.1 (DIN 53167)   

Wb U/2 U for steel is 2 Wb 1 mm 

Degree of rusting DBL 7399 – 7.4.2 
(DIN 53210) (ISO 4628-1)   

0 no change 
1 track of change 
2 small change 
3medium change 
4 strong change 
5 very strong change 

Ri0 

Blistering DBL 7399 – 7.4.3 
(DIN 53209) (ISO 4628-2)   

Scale 0-5 <2 (S2) 

Edge corrosion DBL 7399 – 7.4.4 
(DIN 53230) 

KR 0 No edge corrosion 
KR 1 time agreed edge corrosion 
KR 2 less than 1/3 edge corrosion 
KR 3 1/3 to ½ edge corrosion 
KR 4 more than ½ edge corrosion 
KR 5 total edge corrosion 

KR 2 

Adhesion test (Scratch test) by DBL 
7399 – 5.1 

Scale K0 –K5 K2 

 
 
Evaluation for Condensation water test of KTL coating after 240 h  

Evaluation Information 
Requirements from 
DBL 

Blistering DBL 7399 – 7.4.3 
(DIN 53209) (ISO 4628-2)   

Scale 0-5 0 

Adhesion test (Scratch test) by DBL 
7399 – 5.1 

Scale K0 –K5 K2 
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Appendix G Results from Boron steel corrosion test 3  

Sample  Cutting Description Requirements 

B7 
with shear 
 

Infiltration from the scratch DBL 7399 - 7.4.1: <0.1 
Degree of rusting DBL 7399 – 7.4.2: Ri 1-2 
Blistering DBL 7399 – 7.4.3: 0 
Edge corrosion DBL 7399 – 7.4.4: KR 1 
Adhesion test (Scratch test) by DBL 7399 – 5.1: K0 

1 
Ri0 

<2 (S2) 
KR 2 
K2 

B8 
 

with shear 
 

Infiltration from the scratch DBL 7399 - 7.4.1: <0.1 
Degree of rusting DBL 7399 – 7.4.2: Ri 1 
Blistering DBL 7399 – 7.4.3: 0 
Edge corrosion DBL 7399 – 7.4.4: KR 1 
Adhesion test (Scratch test) by DBL 7399 – 5.1: K0 

1 
Ri0 

<2 (S2) 
KR 2 
K2 

B11 
 

Laser and 100% 
oxygen, hole 
with 100% 
oxygen 
 

Infiltration from the scratch DBL 7399 - 7.4.1: <0.1 
Degree of rusting DBL 7399 – 7.4.2: Ri 1 
Blistering DBL 7399 – 7.4.3: 0 
Edge corrosion DBL 7399 – 7.4.4: KR 1 
Adhesion test (Scratch test) by DBL 7399 – 5.1: K1 

1 
Ri0 

<2 (S2) 
KR 2 
K2 

B13 
 

Laser and 100% 
oxygen 
 

Infiltration from the scratch DBL 7399 - 7.4.1: <0.1 
Degree of rusting DBL 7399 – 7.4.2: Ri 1-2 
Blistering DBL 7399 – 7.4.3: 0 
Edge corrosion DBL 7399 – 7.4.4: KR 1 
Adhesion test (Scratch test) by DBL 7399 – 5.1: K0 

1 
Ri0 

<2 (S2) 
KR 2 
K2 

B15 
 

Laser and 100% 
nitrogen, hole 
with 100% 
nitrogen 
 

Infiltration from the scratch DBL 7399 - 7.4.1: <0.1 
Degree of rusting DBL 7399 – 7.4.2: Ri 1 
Blistering DBL 7399 – 7.4.3: 0 
Edge corrosion DBL 7399 – 7.4.4: KR 2 
Adhesion test (Scratch test) by DBL 7399 – 5.1: K0 

1 
Ri0 

<2 (S2) 
KR 2 
K2 

B17 
 

Laser and 100% 
nitrogen 
 

Infiltration from the scratch DBL 7399 - 7.4.1: <0.1 
Degree of rusting DBL 7399 – 7.4.2: Ri 2 
Blistering DBL 7399 – 7.4.3: 0 
Edge corrosion DBL 7399 – 7.4.4: KR 1 
Adhesion test (Scratch test) by DBL 7399 – 5.1: K0 

1 
Ri0 

<2 (S2) 
KR 2 
K2 

 
  



Luleå University of Technology  

 
 

40 

 

 
Sample B07 with KTL- coating after 240 h in salt spray test 
 

   
Sample B08 with KTL- coating after 240 h in salt spray test 
 

   
Sample B11 with KTL- coating after 240 h in salt spray test 
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Sample B13 with KTL- coating after 240 h in salt spray test 
 

 
 Sample B15 with KTL- coating after 240 h in salt spray test 
 

  
Sample B17 with KTL- coating after 240 h in salt spray test 




