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Abstract. As a result of stricter environmental and safety standards, vehicle manufacturers have to reduce the 

weight of the vehicles, because 10% weight loss cause 8-10% reduction of fuel consumption. To reduce car’s weight 

and increase safety, vehicle manufacturers use high-strength steels. Further weight reduction can be achieved by 

using corresponding bonding technology (soldering, sticking) and optimizing these technologies can increase the 

strength of the joints. According to literature research, the improvement of interface properties has a large effect on 

bonding technologies. In order to improve interface properties, we can use multiple surface treatments. In our 

research we investigate the effects of CO2 laser surface treatment on high strength steels, because CO2 lasers are 

often used in the vehicle industry. In order to detect the effect of surface treatment, we investigate the wettability of 

the treated and untreated steels. In our research we measure the surface tension of treated and untreated steels. 

Our main goal is to improve wettability properties thus the bonding technology. 

In our research we used DP 600 high strength steel sheet with the thickness of 1 mm. We cut the steel sheet to 25mm 

wide and 55mm long workpieces. Before the surface treatment, the workpieces had to be cleaned and degreased 

using methanol. We searched for parameters that do not cause any visible changes on the surfaces. Among the 

parameters of the treatment we were able to change the output power of the laser. We used contact angle 

measurement to examine the wettability. 

Introduction  

The increasing number of vehicles occurs various social and environmental problems therefore 

vehicle manufacturers have to comply with increasingly stringent environmental and safety standards. 

From 2020 vehicles CO2 emissions should not exceed 95 g / km. Nowadays, the automotive industry 

has a major role in reducing vehicle’s weight to minimize harmful emissions. According to recent 

research, 57 kg weight reduction causes fuel consumption reduction of 0.09-0.21 liter per kilometer. 

To achieve this goal car manufacturers should use materials which have lighter weight but higher 

strength. This is achieved by using modern materials and joining hybrid materials, depending on what 
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function they need to fill in the car body [1.2]. On (Figure 1.) you can see what kind of materials used 

in a modern car’s body [3]. 

 

Figure 1. A modern car’s body [3]. 

It can be seen that high-strength steels used in security-relevant areas, while aluminium alloys and 

conventional steels are used in energy-absorbing zones. The aim of our future research is to optimize 

the soft soldered bonding of high strength steel sheets by laser beam surface treatment, thus 

increasing the bond strength. 

1. High strength DP steels 

Dual Phase Steel consists of hard-martensite embedded in soft, well-formed ferrite. The amount of 

martensite in general is between 10-60%, depending on the desired mechanical properties. The gray 

parts shown in (Figure 2) illustrate ferrite grains that provide good formability, while the black parts 

indicate the martensitic granules responsible for high strength. 

 
Figure 2. Microstructure of DP steels [4]. 
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 Dual phase steels can significantly reduce the weight of vehicles because high strength can be 

achieved with martensite thus the required strength can be achieved with thinner sheet thickness. 

They produce components that should withstand heavy loads in the event of a collision like door and 

roof elements, A and B pillars [4]. 

2. Soldering 

By soldering, an insoluble bond can be made similarly to welding. Soldering is always made with a 

material which has lower melting point than the base material. The melted solder involves the base 

material, forming a surface alloy, then the diffusion process takes place on the interface, and it creates 

adhesion bond after cooling (3. Figure) [5].  

 

Figure 3. Solder bond zones a) base material; b) a diffusion layer in the base material; c) a diffusion layer in the 

solder; (d) the material of the solder [7] 

Low melting alloys are generally used for soft soldering. The used tin alloys have relatively low 

melting point (up to 300°C), which allows the use of electric-heated soldering-iron. Surfaces must be 

cleaned and degreased before the soldering process. Gas welding equipments are generally used for 

brazing. A relatively high strength bond can be made by using a higher melting point solder. The solder 

is mostly copper or silver with a melting point between 700 and 1000°C. The removal of the oxide 

layer on the surface at high temperatures should be carried out with fluxing agent and cleaning agents 

(eg. borax) which, in molten condition, remove the oxide layer [6]. Although, the base material does 

not melt, but the diffusion takes place, which contributes to the formation of a strong bond. The molten 

solder have to wet the surface of the substrate. The contact angle must be less than 90°. Lower contact 

angle refers better wetting thus the solder can flow, spread easier on the surface [8]. 

3. Wetting and interfacial energy 

Wetting means the spread of a liquid on a solid surface. The spreading can be characterized by the 

contact angle along the contact of two faces. Wetting is determined by the interactions between the 

two phases [9]. Measuring the contact angle can be done using the sessile drop method. A droplet of a 
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liquid was dropped onto the surface. The droplet is illuminated against the camera then we take a 

photo of the droplet (Figure 4.). This can be done with melted solder too.  

 

Figure 4. The outline of the sessile drop method [10]. 

Measurement based on sessile drop method is a relatively simple tool for determining hydrophobic or 

hydrophilic phenomena, solid surface energy, and liquid surface tension. From the shape of the 

droplet, we can conclude the extent of the wettability (Figure 5.).  

 

Figure 5. Droplet shapes on solid surface [10]. 

Wetting is depend on interfacial energy, roughness of the surface and cleanness. The interfacial energy 

can be calculated using the Fawkes method, this should be measured with two liquids contact angle, 

and then we will replace the measured contact angle values in the Fowkes equation to obtain the 

surface energy of the solid material. 
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By increasing interfacial energy, wettability can be greatly increased. There are several ways to do this. 

According to literature research, I found that on metals, laser surface treatment has a great effect on 

surface energy [11]. 
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4. Laser surface treatment 

Over the last few years, the laser beam machining is widespread. Laser means Light Amplification by 

Stimulated Emission of Radiation. There are many types of lasers which differ in their physical size, 

performance, laser beam wavelength, and production cost. The great advantage of lasers is that almost 

all material processing methods can be achieved with them. The most important uses of lasers are 

cutting, welding and surface treatment, which require high energy density. 

Over the last decades, the surface treatment technology is becoming increasingly important. The 

essence of surface treatment is to create the required properties for a part only where it is needed, 

thus significantly reduce the cost of machining. The quality of surface treatment is greatly influenced 

by the technological parameters, such as laser power, wavelength, beam shape, beam diameter and the 

scanning speed. With laser beam surface treatment, we can increase surface hardness which improves 

abrasion resistance. Laser surface treatment allows us to change the surface oxide layer and create a 

microstructure on the surface that affects the wettability [12]. 

L. Hao and partners was performed laser surface treatment on corrosion-resistant steel and it was 

found that the O2 concentration in the steel’s interfacial layer was nearly doubled and the surface 

energy increased by 10% [13]. 

5. Summary 

Nowadays, the industry is increasingly using lasers for machining. With laser surface treatment, we 

can economically change the surface properties and surface energy of metals. By increasing the surface 

energy, we can increase the wettability of adhesive binders, which can improve the strength of the 

joints. Soldering is also becoming more and more important in the automotive industry, so it is also a 

great opportunity for this development. 

The aim of our future research is to perform surface treatment on high-strength steel sheets with CO2 

laser. We will use sessile drop method to examine the effect of the surface treatment.  
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