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Abstract: The paper presents the results of research aimed at determining surface wettability. The research was focused on microtexturing 

by low-energy laser irradiation of the surface of molded parts using innovative engraved surface treatment methods (LBT and EBT) to 

ensure a smooth distribution of the separation agent on the surface of high-pressure Al castings. The basic material was Uddeholm Dievar, 

which is used to make molds. PVD coatings were applied to the base material. The effect of laser texturing surfaces on the contact angle size 

was determined. Contact angle was evaluated on the base material, on PVD coatings without surface treatment and with the use of two types 

of separating agents. 
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1. Introduction 

Contact angle, a quantitative measure of macroscopic surface 

wettability, plays an important role in understanding liquid-vapor 

heterogeneous phase change phenomena. Equilibrium contact angle 

theory was established by Young [1] and refers to a system where a 

liquid droplet rests on an ideal solid (i.e., a perfectly smooth, non-

reactive, chemically homogenous, insoluble rigid surface). Contact 

angle measured on these ideal surfaces are termed intrinsic contact 

angles, whilst actual contact angles are the contact angle of ´non 

ideal´ surfaces and apparent contact angles are the angle measured. 

One of the most difficult aspects of contact angle analysis is the 

surface roughness, which can have a large impact on the apparent 

contact angle. This occurs because, as the surface roughness 

increases, the number of favorable or unfavorable intermolecular 

interactions increases thus deforming the liquid droplet. Figure 1 

shows the classification of the wettability of surface using the 

contact angle [2]. 

 

Fig. 1 Classification of the wettability of surface using contact angle 

Micro and nanoscale morphology plays a fundamental role in 

the behavior of both natural and engineered function surfaces. 

Production of fine surface features has been exploited to modify 

wettability, tribological performance [3], optical properties and 

bacterial retention [4]. From a manufacturing point of view, the 

capacity to produce micro and nanoscale surface features over large 

areas represents a significant challenge in terms of production 

technology, throughput, and cost. Amongst the various techniques 

employed to date, ultrashort pulsed laser irradiation has emerged as 

an important candidate for texturing metallic surfaces due to its 

capability of producing surface features smaller than 1 µm via 

Direct Laser Interference Patterning (DLIP) or Laser Induced 

Periodic Surface Structures (LIPSS). The ability to transfer micro 

and nanoscale morphology from metallic molds to polymeric 

components with standard production processes would not only 

increase the range of material that could exploit such surfaces, but 

also greatly improve productivity and economic feasibility [5,6]. 

Controlled modification of material´s surface wettability has been 

the subject of significant scientific research due to its importance 

for various applications. In terms of wettability, the water contact 

angle (WCA) and contact angle hysteresis are affected by both 

material surface chemistry and topology of surface [7]. 

The general purpose of surface texturing is to modify and 

control surface properties, and a key one of there properties is 

surface wettability. Achieving extreme surface wettability 

scenarios, including super hydrophobicity and super hydrophilicity 

has great significance for various industrial and biomedical 

applications. There are two main methods for fabrication of surfaces 

with extreme wettability: one method is by depositing hydrophilic 

or hydrophobic coatings onto the substrate, which includes crystal 

growth and electrochemical processing, and the other method 

directly creates microstructures on the substrate, which includes 

photolithography, micromachining laser surface texturing and so 

forth [8]. Surface texture, as an important branch of surface 

engineering, is the process of creating ordered patterns on the 

surface of materials, which can significantly improve the 

tribological properties of materials and improved the adhesion of 

materials. The surface structure is given as a 3-dimensional 

topography of a given body surface. It is impossible to obtain a 

perfectly flat surface topography. Therefore, there is texture on 

every surface. Surface texturing using ultrashort pulsed lasers is 

used to apply surface textures with very fine properties and high 

depth resolution. It allows the creation of small-scale textures that 

change the functional properties of surfaces, such as surface 

adhesion, reduction of the coefficient of friction, and the like [9,10]. 

Some of the textures can be seen as a regular repeating pattern and 

some of them may be accidental and very difficult to describe in 

general. In general, texturing involves creating a series of patterns 

on the surface of parts or on the surface of tools (molds). It can be 

used to texture complex curved surfaces [10,11]. Advantages of 

surface texturing are [10]: improvement of adhesion and coefficient 

of friction of the textured surface, creation of extremely small 

elements up to 10 µm or less, the possibility of texturing any 

material, including very hard materials, negligible thermal effects, 

no melting, burrs, or other damage, contact and forceless process. 

Laser surface texturing (LST) is a clean and fast surface 

approach, especially suitable for functional surfaces with high 

demands on geometric complexity and accuracy on a micrometer 

scale [12]. The LST application is now emerging in tradition metal 

forming or functionalization processes. It is stated that special 

motifs such as grooves and effectively improved tribological 

performance, such as the distribution of the separating agent in the 

process of die casting of Al and its alloys. Laser texturing can be 

used to apply very fine functional textures to the mold surface in 

high pressure die casting of Al an its alloys, which improve the 

adhesion of the mold surface and serve as a reservoir for the 

separating agent applied to the mold. We recognize these basic 

types of textures [11]: 

1. Dimple textures (Figure 2) consist of individual small 

craters arranged in a specific envelope. The wells can be 

machined either by leaving the focused laser in one place 

and firing a defined number of pulses (also called hammer 

drilling) or by moving the dot along a certain path which 

can be used to created larger round holes. 

  
Fig. 2 Example of dimple texture 
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2. Free-form textures (Figure 3) can be machined by laser 

micromilling, where the material is removed layer by layer 

according to a given input model. This method allows to 

process any texture limited only by the size of the point of 

focus and the depth of one layer. For typical applications, 

this means a depth resolution below one micrometer and 

side elements smaller than the size of the point of focus. 

With this type of texture, the machining time is directly 

proportional to the depth of the texture. Typical texture 

depths range from a few micrometers to about 0.1 mm, 

resulting in machining speeds from a few minutes to one 

hour to about a centimeter. By using texture mapping wit 

ha laser micromilling process, shaped textures can be 

applied to confined surfaces. 

 
  

Fig. 3 Free-form texture (height 10 µm) 

  

3. Crosshatch textures (Figure 4) they are formed by the 

application of laser-machined grooves in a square grid. By 

placing the grooves at a pitch that is close to the diameter 

of the point of focus, a dense columnar texture resembling 

the shape of an egg box is created. 

 

Fig. 4 Example of crosshatch texture 

 

4. Laser Induced Periodic Surface Structures (LIPSS) – 

these LIPSS textures usually form wavy patterns with a 

pitch in the order of the laser wavelength, resulting in a 

texture with a properties that are much smaller than the 

laser spot (Figure 5). 

 

Fig. 5 A sub-micron scale LIPSS texture 

 

 

Laser microtexturing can be used to apply very fine (functional) 

textures to the surface and functional parts of a mold for high 

pressure die casting of Al and its alloys. Figure 6 shows the dimple 

texture (dark area) applied to the funnel-shaped mold insert (left) 

and the loose free-form texture applied to the mold insert (right). 

 

  

Fig. 6 A dimple texture – dark area (left); Free-form texture (right) 

 

2. Material and methods 

Uddeholm Dievar was used as the basic material for the 

experiment, which is mainly used ford molds in high-pressure 

casting of light non-ferrous metals and their alloys. It is a tool steel 

alloyed with Cr, Mo, and V. It offers very good resistance to heat 

control, rough cracking, hot wear, and plastic deformation. The 

material excels in good toughness and ductility, has good weather 

resistance, good strength at high temperatures and good 

dimensional stability during the heat treatment and coating process. 

The chemical composition of the material is given in Tab. 1. 

Table 1: The chemical composition of Uddeholm Dievar 

     Element       C       Si      Mn      Cr      Mo       V 

   Weight %    0.38     0.2      0.5       5      2.3      0.6 

Main areas of application of the material Uddeholm Dievar in 

practice are forging, hot sheet metal stamping, metal extrusion, 

high-pressure aluminum casting.  

The surface texturing of the samples was performed by the LBT 

(laser beam texturing) method. The Yb fiber laser type Piranha II 

Multi FL205 with a power of 20 W was used. The creation of 

dimple textures was used, which serves as a reservoir for the 

separating agent in the process of high-pressure casting of Al and its 

alloys. Before the coating and texturing process, the surface of the 

base material was pretreated with wet sandblasting and polishing 

technologies. Three types of PVD duplex coatings AlTiN G, AlXN3 

and nACRo4 were deposited on the surfaces prepared in this way 

using PLATIT LARC technology. AlXN3 is a duplex coating 

composed of: X=Cr; CrN layer + Al/CrN nanomultilayer + AlN 

layer. The nACRo4 nanocomposite coating consists of layers of 

layers: the first adhesive layer is formed by chromium nitride, on 

which a gradient AlCrN layer is subsequently deposited. Very thin 

AlCrN nanolayers are applied to the thus prepared gradient layer. 

The final top layer of nACRo4 is formed by a nanocomposite 

coating of nc-AlCrN/a-Si3N4. AlTiN is a hard coating that solves 

many tribological problems with components that can be coated at 

temperatures of 450°C - 475°C. The contact angle on the Advex 

Instruments was measured by the attached bubble method according 

to ISO 19403. The following liquids were used: distilled water and 

2 types of separating agents Safety Lube 7815 and 8801, which are 

used in the process of high-pressure casting of Al and its alloys. The 

samples were cleaned in acetone and ethyl alcohol in the ultrasonic 

cleaner before the measurements. 
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3. Results and discussion  

3.1 Surface without laser texturing 

     When measuring the contact angle of the base material and 

applied PVD nanostructured coatings without texturing, the best 

results were achieved by separating agent Safety Lube 8801, where 

the average value of contact angles ranged from 28.4° in the case of 

duplex naCRo4 coating to 32° in the case of base material 

(polished). Another of the used safety agents Safety lube 7815 

reached a slightly higher value of contact angles. The highest 

average values of contact angles when measuring coated surfaces 

without texturing were achieved by distilled water in the range from 

65.8° to 78.2°. Figure 7 shows examples of the appearance of 

bubbles when measuring the contact angle without laser texturing of 

surface. 

 
Fig. 7 Appearance of bubbles when measuring the contact angle (without 
laser texturing) 

 

The measured average values of the contact angles are given in 

Table 2. 

Table 2: Average values of contact angles without laser texture 

 

Figure 8 is a comparison of average values of contact angles in 

the form of a graph of the base material and PVD nanostructured 

coatings for the type of liquid used (distilled water, Safety Lube 

7815, and Safety Lube 8801). 

 

 

Fig. 8 A comparison graph of average values of contact angles without 
textured surface 

3.2 Surface with laser texturing 

   The laser used in the texturing process was described in the 

previous chapter. Dimple textures have been created to serve as a 

reservoir for the separating agent in a process of repetitive cycles in 

high-pressure casting of Al and its alloys. AFM images of the 

textured surface of the base material without and with PVD 

nanostructured coatings are shown in Figure 9. 

 

Base material with texture               AlTiN G with texture 

 

 

 

nACRo4 with texture                     AlXN3 with texture 

Fig. 9 AFM images of the created textures of the base material and the 
material with PVD nanostructured coatings  

 

 Even when measuring the contact angle of the base material 

and duplex PVD coatings with texturing, the best values were 

achieved by the separating agent Safety Lube 8801, where the 

average values of contact angles was ranged from 27° in the case of 

nACRo4 coating to 31.9° in the case of Uddeholm Dievar base 

material with laser random texture. The second separating agent 

Safety Lube 7815 achieved higher values of contact angles 

compared to Safety Lube 8801. When evaluating, the contact angles 

using distilled water, the highest contact angles were measured, 

which means that the wettability of the surface is insufficient in the 

case of the base material with the texture. Figure 10 shows 

examples of the appearance of bubbles when measuring the contact 

angle with laser texturing of surface. 

 
Fig. 10 Appearance of bubbles when measuring the contact angle (with 

laser texturing) 

 

The measured average values of the contact angles are given in 

Table 3.  

 

Used 

fluid 

Average value of contact angles without texture 

Base material 

(ground) 

Base material 

(polished)  

AlTiN 

G 
nACro4 AlXN3 

Distilled 
water 

67.6 65.8 78.2 77 78.6 

Safety 

Lube 

7815 

45.5 46.8 42.5 38.5 37.2 

Safety 

Lube 

8801 

29 32 30.4 28.4 28.9 
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Table 3: Average values of contact angles with laser texture  

 

 

Figure 11 is a comparison of average values of contact angles in the 

form of a graph of the base material and PVD nanostructured 

coatings with laser texturing for the type of liquid used (distilled 

water, Safety Lube 7815, and Safety Lube 8801). 

 

 

 
Fig. 11 A comparison graph of average values of contact angles with a 

textured surface 

5. Conclusions 

  The paper was focused on the evaluation of the effect of the 

textured surface on the wettability of the surface. The contact angle 

of the base material Uddeholm Dievar, which is used on the shaped 

part of molds used in high-pressure casting of Al and its alloys with 

and without texturing was measured. PVD nanostructured coatings 

were applied to the base material: AlTiN G, nACRo4 and AlXN3. 

Before the coating process, the base material was pre-treated by wet 

sandblasting and polishing technologies. Dimple textures were 

created and served as reservoirs for the separating agent used in the 

high-pressure casting process of Al and its alloys. Three types of 

liquids were used during the measurement of contact angle: distilled 

water and 2 types of separation agent Safety Lube 7815 and Safety 

Lube 8801. The best surface wettability in both cases was achieved 

by the separating agent Safety Lube 8801, where small contact 

angles were measured. When evaluating contact angles using 

distilled water, the highest values of contact angles were measured, 

which means that the surface has insufficient wettability. No 

significant effect of surface texturing was demonstrated, which 

affected the resulting wettability values of the surface with texturing 

in comparison to the wettability of the surface of the material 

without texturing. The importance of texturing should become 

apparent in the next stages of the experiment, where the tribological 

properties will be evaluated. 
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     Used fluid 
Average value of contact angles with texture 

Base material  AlTiN G nACro4 AlXN3 

Distilled 

water 
73.7 72.3 62.6 64.8 

Safety Lube 
7815 

46.2 46.1 44.8 44.4 

Safety Lube 

8801 
31.9 28.2 27 28.5 
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