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Abstract 

Due to its inherent high reflectivity, the processing of copper and its alloys is 

challenging using low power lasers. Literature reviews indicate that using a 450 nm blue laser 

for processing copper increases absorptivity dramatically from 5% to 65% (x13 higher) 

compared to traditional laser powder bed fusion (LPBF). Therefore, this study aims to 

demonstrate that diode lasers with a wavelength of 450 nm are suitable for producing Cu10Sn 

samples. In this work, diode point melting additive manufacturing technique was used and 

single layers were produced using diode lasers connected to the X-Y portal to scan on the copper 

substrate. Various hatch distances (i.e., 50, 75, 100, and 125 µm), scanning speeds (ranging 

from 150 to 2100 mm/min), and laser powers (20 and 40 W) were selected as process 

parameters. To determine the mechanical and physical properties of the sample, surface 

roughness, relative density and melt pool characterization were examined. The results showed 

that the surface roughness value of samples produced with low hatch distance and low scanning 

speeds (i.e., in high surface energy values) for 20 W laser power is approximately up to 3.5 

times lower than that of 40 W laser power. Additionally, optical analysis of the top surface 

images revealed that the surface energy density values of Cu10Sn samples with a relative 

density of 85% or higher ranged between 22 and 30 J/mm². Furthermore, the highest relative 

density value was found to be 87.84% with laser power of 40 W, hatch distance of 50 µm, and 

scanning speed of 2100 mm/min. 
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1. Introduction

Additive manufacturing emerges as an innovative alternative to traditional production 

methods, offering the ability to easily produce complex geometries and minimize material 

waste. Various additive manufacturing techniques include powder bed fusion [1], binder jetting 

[2], material extrusion [3], vat polymerization [4], material jetting [5], and energy deposition 

[6]. Among them, powder bed fusion technology is frequently used in many industrial fields 

due to its advantages such as high resolution, wide material compatibility, material efficiency, 

superior mechanical properties and ease of post-production processing compared to other 

additive manufacturing methods [7,8].  

LPBF metal additive manufacturing technologies such as direct metal laser sintering 

(DMLS) and selective laser melting (SLM) are increasingly being used in the automotive, 

aerospace, and energy sectors to produce high-value end-use components. High power fiber 

lasers (usually 200–1000 W) are used in LPBF processes to create a focused, high energy 

density laser spot (40–100 um diameter) that melts portions of a thin layer of metallic powder 

feedstock that has been pre-deposited layer by layer.  With this technology, a single high power 
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fiber laser module [9] or multiple lasers [10] are deflected across the powder bed using a 

mechanically guided galvanometer (galvo) mirror to selectively melt sections of the powder 

bed based on sliced 3D CAD data. This technology processes nearly full density parts from 

various engineering metals or metal alloys such as aluminum [11], titanium [12], steel [13] and 

nickel [14]. 

Copper and its alloys are extensively used in industries such as aerospace, electronics, 

and construction due to their remarkable electrical and thermal conductivity, high corrosion 

resistance, and cost-effectiveness [15]. Nevertheless, the high thermal conductivity and 

ductility of Cu pose challenges for conventional manufacturing techniques, including 

machining and welding. Consequently, existing manufacturing practices are limited to 

producing basic geometries such as wires, bars, and sheets, which are subsequently assembled 

into the final product. This extensive process leads to heightened complexity and costs. With 

the rising demand for additive manufacturing (AM) techniques to produce complex Cu parts, 

numerous studies have been conducted to address this challenge. Oropeza et al. [16] 

investigated the processing of copper, bronze, and brass samples to establish the necessary 

correlation between powder bed fusion parameters, resultant porosity, and material properties. 

Liu et al. [17] employed laser powder bed fusion (L-PBF) additive manufacturing to produce 

high-strength copper (Cu) alloys by introducing cobalt (Co) submicron particles into pure Cu 

powder through inoculation.  

The use of copper and copper alloys in LPBF processes has some drawbacks because of 

the nature of copper such as high laser beam reflectivity, high thermal conductivity and high 

bonding tendency towards oxygen [18]. The primary challenge in the processability of copper 

arises from its poor laser absorption rate, which is potentially just 2-6% of the incident energy 

when exposed to Yb-fiber lasers with a wavelength of approximately 1064 nm [19]. 

Furthermore, the temperature distribution is critical to the stability of the SLM processing of 

pure Cu since copper's optical absorption depends on both the temperature of the material and 

the wavelength of the incoming radiation [20]. Copper has a mean absorptance rate in the near-

infrared region of less than 6% at room temperature, which is significantly less than that of 

other metallic alloys. The absorptivity increases slightly near the melting temperature [21]. Low 

laser absorption and strong thermal conductivity both lower the energy needed to melt the 

material and create a stable melt pool. Another fundamental problem caused by this high 

reflection is the damage that the reflection may cause to the optical mirror. To overcome the 

above-mentioned problems, lower wavelengths such as blue and green lasers have been 

proposed in the literature [22–26]. Limited approval of LPBF Cu prior art, it was essential to 

determine the process parameters. Therefore, in this study, various proses parameters were 

focused on single layer Cu10Sn samples, and briefly discussed. In this context, different hatch 

distances, scanning speed and laser power values were chosen as process parameters.  

2. Experimental methodology 

2.1. Powder material 

As can be seen from Figure 1, copper alloy, which is very difficult to produce with high 

wavelength lasers due to its high reflectivity, was chosen in this study. The study employed 

blue lasers with a wavelength of 450 nm and utilized Cu10Sn powder as the material. The 

Cu10Sn powder used in this study were supplied by Makin Metal Powders Ltd. The chemical 

composition of Cu10Sn is given in Table 1.  
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Figure 1. The optical absorption of Cu, AlSi12, and Ti6Al4V between 400 and 1100 nm in 

wavelength [27] 

Table 1. Chemical composition of the Cu10Sn [28] 

Material 
Chemical compositions (wt%) 

Cu Sn P 

Cu10Sn Balance 9.2-11.0 0.10 - 0.35x 

2.2. System operating procedures 

In this study, it was aimed to reveal that copper samples with very low absorbance can 

be produced by using low-wavelength diode lasers as an alternative to techniques such as high-

wavelength SLM. In this context, optimum scanning speed, hatch distance and laser power were 

obtained by performing a single layer study. Hatch distance with 25 µm different intervals from 

50 to 125 µm, scanning speed with 150 mm/min intervals from 150 to 2100 mm/min, and two 

different laser power production parameters, 20 and 40W, were taken into account. The 

experimental design used in this study is presented in Figure 2. The one-way zigzag scanning 

strategy was chosen as the scanning approach. A total of eighty-four different square samples 

(4x4 mm2) were produced for each case. 

 

 

Figure 2. Experimental design used in this study. 
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The diode point melting technique, which includes orientation and focusing lenses, was 

used to obtain localized melting within the desired area. This production technique is a 

technique in which 8 different 450 nm blue diode lasers can produce by focusing on a single 

point. The laser holder and a gantry system were housed in a closed chamber with powder bed 

pistons. The diode point melting machine used in this study is shown in Figure 3. Before the 

process started, the chamber was purged with argon gas until the oxygen level in the chamber 

was below 0.1%, and it was checked with an oxygen sensor to ensure that the oxygen level did 

not to increase throughout the process. A wiper blade spreads the Cu10Sn powder uniformly 

on the substrate in the production area. 

 

Figure 3. The diode point melting machine used in this study 

2.3. Measurement Methods 

In this study, the surface roughness, relative density and melt pool characterization of 

the samples produced with different hatch distance, scanning speed and laser power were 

examined. Surface roughness is a measure of the texture of a surface and quantifies its 

irregularities. Key parameters used to evaluate surface roughness include Ra, Rq, and Rz. These 

parameters provide critical information about the roughness and profile characteristics of the 

surface. Only the Ra value was used in this study, and the formula for the Ra value is as follows. 

𝑅𝑎 =
1

𝐿
∫ |𝑍(𝑥)|𝑑𝑥

𝐿

0
      (1) 

where L is the sampling length and Z(x) is the height of the profile at position x. The top 

surface roughness of the produced samples was examined optically using Alicona Infinite 

Focus SL. Additionally, an optical microscope under 5x magnification was used to determine 

relative density and melt pool examination. For the microscopic examination, the specimens 

were mounted in bakelite using a Buehler Simplimet Mounting Press. Following mounting, 

grinding and polishing were carried out with a Buehler Automet machine, utilizing 60, 320, 

600, 1200, 2400, and 4000 grit papers sequentially for the grinding process. A 1 µm colloidal 

suspension solution was used for polishing. Before optical microscopy, the samples were rinsed 

with water in the Automet machine and cleaned with isopropanol. A Nikon optical microscope 

was employed to capture the density maps, and ImageJ software was used to determine the 

density results. This image correlation software significantly reduced calculation time 

compared to the Archimedes method, especially when handling multiple samples, by 

consistently using the same threshold values to ensure more accurate results. Relative density 

determination was carried out from the top surface of the samples and melt pool characterization 

was examined from the cross-sectional area. The relative density values were found using the 
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images obtained on the optical microscope with the image analysis technique. Although the 

results obtained from samples produced with a single layer do not represent an actual sample, 

since it is the first study in which copper samples were examined with blue diode lasers, surface 

energy density was used instead of volumetric energy density in this study. The surface energy 

density (Es) formula used in the literature was also used to evaluate the effect of hatch distance 

scanning speed and laser power on surface roughness and relative density. The Es formula is 

defined as  

𝐸𝑠 =
P

s x h
      (2) 

where P, s and h are the laser power, scanning speed and hatch distance.  

3. Results and Discussion 

3.1. Relative density and defects of the single layer of Cu10Sn samples 

Upon reviewing literature studies on samples produced using LBPF methods, it is 

commonly observed that there are three types of defects. These are the keyhole mechanism 

caused by low scanning speed and excessive energy density, the balling mechanism that can 

occur at high speed and high laser power, and the lack of fusion mechanism caused by 

insufficient low power and high speed. Figure 4 shows the images of Cu10Sn samples produced 

at 40W and having a hatch of 100 µm. As can be seen from the figure, examining the top 

surfaces of the Cu10Sn samples, it was observed that certain regions contained pores, while 

other regions contained sintered powders that were not completely melted (partial melting). The 

pores were formed due to excessive energy density, especially at very low scanning speeds 

(e.g., 150 mm/min). This is because the copper alloy that was chosen has a very high 

conductivity. In addition, it has been observed that in some cases of high speed and low laser 

power, there is no complete melting in some regions and the powder is only sintered. The top 

surface images of Cu10Sn alloy samples produced with a 40W laser for different scanning 

speeds are presented in Figure 5.  

 

Figure 4. The defects of Cu10Sn alloy samples produced with laser of 40W. 

Upon examining Figure 5, it is evident that there are numerous sintered particles that 

have not undergone melting. However, for the same hatch distance values, as the speed 

increases, an improvement in the top surfaces of the structures is noticeable. For example, in 

samples with a hatch value of 50 µm, there are many unmelted but sintered powders at a 

scanning speed of 300 mm/min, while a much smoother surface is seen at a scanning speed of 

2100 mm/min. Similar situations were observed in samples with different hatch values. Relative 

density values were determined by the image analysis method using the top surface images in 

Figure 5 and are presented in Figure 6.  
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Scanning 

Speed 

(mm/min) 

Hatch distance (µm) 

50 75 100 125 

300 

    

750 

    

1200 

    

1650 

    

2100 

  
 

  

 
   

Figure 5. Top surface images of Cu10Sn alloy samples produced with laser of 40W for 

different scanning speeds. 

While Figure 4a contains relative density values according to different speed values, 

Figure 4b contains relative density values according to different surface energy density values. 

Considering the 50 µm hatch value, it is seen that the density values vary between 

approximately 65% and 88%. At scanning speed values of 150 and 300 mm/min, together with 

the high surface energy density value, excessive energy is applied to the material and as a result, 

visible separations are observed in the material. As a result, obvious complete opening or partial 

pores are formed on the sample, and therefore the relative density of the sample is low. It is also 

seen that as the scanning speed value increases, the relative density value also increases. 

Considering Equation (2), as seen in Figure 3 and Figure 4a, for constant laser power, the 

surface energy density value decreases as the hatch distance or scanning speed increases. 

Therefore, it has been observed that relative density values are better at high scanning speeds, 

that is, in scenarios where surface energy density values are lower. It is seen that the surface 

energy density values of samples with high relative density (higher than 86%) are between 22-

25 J/mm2. On the other hand, it can be seen that the structures with the lowest density 

(approximately 65%) are the samples with the highest surface energy density values (160 and 

320 J/mm2).  
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a) b) 

Figure 6. Relative density values of Cu10Sn alloy samples produced with laser of 40W for a) 

different scanning speeds and b) surface energy density values. 

Similar situations also apply to samples with a hatch value of 75 µm. It was observed 

that the structures with the highest relative density among the samples with 75 µm hatch value 

were the samples with scanning speeds of 1050 and 1200 mm/min and surface energy density 

values of 26.67 and 30.48 J/mm2, respectively. However, similar to the samples with a hatch 

value of 50 μm, the lowest density samples were observed in the samples with the lowest 

scanning speed. The surface energy density values of these samples, which have relative density 

values of 58.21% and 59.38%, were calculated as 213.33 and 106.67 J/mm2, respectively. In 

the samples with 100 μm hatch value, it was observed that the samples with the highest relative 

density values (83.70% and 83.13%) were the samples with 26.67 and 40 J/mm2 surface energy 

density values. On the other hand, the samples with the lowest relative density values (72.12% 

and 74.35%) were found in samples with surprisingly high speeds and therefore very low 

surface energy density values (14.55 and 11.43 J/mm2, respectively). When the samples with 

125 μm hatch distance value were examined, it was seen that the samples with the highest 

density were those with 84.48% (11.64 J/mm2) and 85.45% (32.0 J/mm2) relative density. 

However, the lowest density samples, with relative densities of 72.73% and 73.27%, had 

surface energy densities of 64.0 J/mm² and 9.85 J/mm², respectively, similar to those with a 

hatch value of 100 μm. 

Considering the relative density results of Cu10Sn samples with different hatch and 

scanning speed values, it was determined that the surface energy density values of the samples 
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with a relative density of 85% and above were between 22 and 32 J/mm2. On the other hand, 

the results also clearly revealed that although the surface energy density value is an important 

indicator, it is not the only one that is adequate.  

Scanning 

speed 

(mm/min) 

 Hatch distance (µm) 

50 75 

Laser (W) Laser (W) 

40 20 40 20 

150 

    

300 

    

900 

    

1500 

    

2100 

 

 

 

 

 

  

Figure 7. Top surface images comparison of Cu10Sn alloy samples produced with laser of 

40W and 20 W for different scanning speeds. 

In the previous lines, the relativity densities and defects of the samples produced with 

40 W laser power were discussed. In the examinations, it was observed that the samples taken 

at 40 W laser power and very low scanning speeds had a significant number of pores due to 

high surface energy density values. Therefore, experimental designs with 50 and 75 um hatch 

distance values, which generally have high relative densities, were produced using half laser 

power (i.e., 20 W) and compared with 40 W ones. Top surface images and relative density 

comparison of Cu10Sn samples produced with laser of 40W and 20 W for different scanning 

speeds are presented in Figure 7 and Figure 8, respectively. When the laser power was reduced 

from 40 W to 20 W, the size and number of defects on the top surface decreased significantly, 

as can be clearly seen in Figure 7. This situation is more clearly understood in the graphs in 

Figure 8. In Figure 8, reducing the laser power, especially at low speeds such as 150, 300 and 
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450 mm/min, had a positive effect in terms of relative density. In particular, for 50 um hatch 

value, the relative density values of the samples produced with 40W laser power and 150, 300 

and 450 mm/min scanning speeds were 66.10%, 64.84% and 75.48%, while those produced 

with 20 W laser power were calculated as 80.98%, 82.67% and 81.73%, respectively. After 

1500 mm/min scanning speed, it is seen that the relative density values of the samples produced 

with 20 and 40W laser powers are similar.   

  

  

a) b) 

Figure 8. Relative density comparison of Cu10Sn alloy samples produced with laser of 40W 

and 20 W and hatch distance of a) 50 µm and b) 75 µm for different scanning speeds and 

surface energy density values. 

In addition, for the 50 μm hatch distance, the highest relative density value was found 

with 87.84% at 40 W laser power and 2100 mm/min scanning speed, while for 20 W laser 

power, the highest relative density value was found with 84.96% at 1050 mm/min scanning 

speed. Similarly, in samples with 75 μm hatch distance values, it is seen that the relative density 

values of samples with high laser power at low speeds such as 150, 300 and 450 mm/min are 

lower than those with low laser power. Relatively similar relative density values were found 

after 4500 mm/min scanning speed values for 20 and 40W laser power values. Additionally, 

for the 75 μm hatch distance, the highest relative density value was found with 85.27% at 20 

W laser power and 2100 mm/min scanning speed, while for 40 W laser power, the highest 

relative density value was found with 84.30% at 1200 mm/min scanning speed. When the 

correlation between surface energy density values and relative density values is examined, it is 

seen that the highest relative density values (above 84%) vary between 7.62 and 32 J/mm2 for 

both 50 and 75 μm hatch distance values. It is also seen that as the surface energy density values 
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increase, the surface energy density values of Cu10sn samples decrease for both 20 and 40 W 

laser power values. 

3.2. Surface roughness of the single layer of Cu10Sn samples 

The surface roughness of a part may directly affect its functionality. For example, the 

smoother the surfaces of moving parts, the less friction and wear, which extends the life of the 

parts and improves their performance. Therefore, in this study, it was aimed to have the surface 

roughness as low as possible. Figure 9 shows the top surface roughness of some selected 

Cu10Sn samples with different scanning speed and hatch values for 40W laser power.  

Scanning 

Speed 

(mm/min) 

Hatch distance (µm) 

50 75 100 125 

300 

Ra= 83.357 µm 

Es= 160.00 J/mm2 

Ra= 64. 342 µm 

Es= 106.67 J/mm2 

Ra= 54.151 µm 

Es= 80.00 J/mm2 

Ra= 47.346 µm 

Es= 64.00 J/mm2 

750 

Ra= 64.244 µm 

Es= 64.00 J/mm2 

Ra= 54.697 µm 

Es= 42.67 J/mm2 

Ra= 53.186 µm 

Es= 32.00 J/mm2 

Ra= 35.984 µm 

Es= 25.60 J/mm2 

1200 

Ra= 28.961 µm 

Es= 40.00 J/mm2 

Ra= 51.619 µm 

Es= 26.67 J/mm2 

Ra= 48.523 µm 

Es= 20.00 J/mm2 

Ra= 44.443 µm 

Es= 16.00 J/mm2 

1650 

Ra= 16.298 µm 

Es= 29.09 J/mm2 

Ra= 37.807 µm 

Es= 19.39 J/mm2 

Ra= 40.921 µm 

Es= 14.55 J/mm2 

Ra= 38.721 µm 

Es= 11.64 J/mm2 

2100 

Ra= 17.761 µm 

Es= 22.86 J/mm2 

Ra= 24.094 µm 

Es= 15.24 J/mm2 

Ra= 31.017 µm 

Es= 11.43 J/mm2 

Ra= 39.611 µm 

Es= 9.14 J/mm2 

Figure 9. Surface roughness of Cu10Sn alloy samples produced with laser of 40W for 

different scanning speeds. 

1311



According to the figure, it can be seen that the surface roughness values vary between 

16 and 83 µm. For 50, 75 and 100 µm hatch distance values, surface roughness values generally 

decrease as scanning speed increases. For example, for a hatch depth of 50 µm, the surface 

roughness value is 83.357 µm at a scanning speed of 300 mm/min, while it is 28.91 µm at a 

scanning speed of 1200 mm/min and 17.761 µm at a scanning speed of 2100 mm/min. 

Similarly, for a hatch value of 75 µm, the surface roughness value is 64.342 µm at a scanning 

speed of 300 mm/min, while it is 51.619 µm at a scanning speed of 1200 mm/min and 24.094 

µm at a scanning speed of 2100 mm/min.  

Scanning 

Speed 

(mm/min) 

Hatch distance (µm) 

50 75 

Laser (W) Laser (W) 

40 20 40 20 

150 

Ra= 127.062 µm 

Es= 320.00 J/mm2 

Ra= 36.300 µm 

Es= 160.00 J/mm2 

Ra= 105.289 µm 

Es= 213.33 J/mm2 

Ra= 32.724 µm 

Es= 106.67 J/mm2 

300 

Ra= 83.357 µm 

Es= 160.00 J/mm2 

Ra= 24.526 µm 

Es= 80.00 J/mm2 

Ra= 64.342 µm 

Es= 106.67 J/mm2 

Ra= 30.104 µm 

Es= 53.33 J/mm2 

900 

Ra= 76.476 µm 

Es= 53.33 J/mm2 

Ra= 18.288 µm 

Es= 26.67 J/mm2 

Ra= 48.453 µm 

Es= 35.56 J/mm2 

Ra= 17.428 µm 

Es= 17.78 J/mm2 

1500 

Ra= 22.310 µm 

Es= 32.00 J/mm2 

Ra= 14.971 µm 

Es= 16.00 J/mm2 

Ra= 37.394 µm 

Es= 21.33 J/mm2 

Ra= 18.869 µm 

Es= 10.67 J/mm2 

2100 

Ra= 17.761 µm 

Es= 22.86 J/mm2 

Ra= 12.640 µm 

Es= 11.43 J/mm2 

Ra= 24.094 µm 

Es= 15.24 J/mm2 

Ra= 15.066 µm 

Es= 7.62 J/mm2 

Figure 10. Surface roughness comparison of Cu10Sn alloy samples produced with laser of 

40W and 20 W for different scanning speeds. 
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On the other hand, at the 125 µm hatch distance value, there is no significant correlation 

between sample speed and surface roughness. In addition, in parallel with the relative density 

values, it was observed that the structures with the highest surface roughness values were the 

low-speed samples with the highest surface energy density, while the samples with the lowest 

surface roughness values were in the samples with generally low surface energy density. Figure 

10 shows some selected surface roughness images of Cu10sn samples with different laser 

powers for different scanning speed values. As can be seen in the figure, decreasing the laser 

power from 40 W to 20W, in other words, reducing the surface energy density values by half, 

resulted in an improvement in the surface roughness values of all samples. Particularly for very 

low scanning speed values, halving the laser power resulted in significant improvements in 

surface roughness values. In particular, for 50 um hatch distance and 150 mm/min scanning 

speed, the surface roughness value of the sample with 20 W laser power is approximately 3.5 

times less than that of the 40 W one. This value is approximately 3.2 times for the 75 µm hatch 

distance value. 

3.3. Melt pool characteristics of the Cu10Sn samples 

Figure 11 shows some selected optical microscopy images from cross-sections of single 

layer Cu10Sn samples produced with a laser power of 40 W for different scanning speeds and 

hatch distances.  

Scanning 

Speeds 

(mm/min) 

Hatch distance, µm 

50 75 100 125 

150 
 

Es = 320.00 J/mm2 
 

Es = 213.33 J/mm2 
 

Es = 160.00 J/mm2 
 

Es = 128.00 J/mm2 

300 
 

Es = 160.00 J/mm2 
 

Es = 106.67 J/mm2 
 

Es = 80.00 J/mm2 
 

Es = 64.00 J/mm2 

1800 
 

Es = 26.67 J/mm2 
 

Es = 17.78 J/mm2 
 

Es = 13.33 J/mm2 
 

Es = 10.67 J/mm2 

2100 
 

Es = 22.86 J/mm2 
 

Es = 15.24 J/mm2 
 

Es = 11.43 J/mm2 
 

Es = 9.14 J/mm2 

Figure 11. Optical microscopy images from cross-section of single layer Cu10Sn samples 

produced with a laser power of 40W for different scanning speeds and hatch distances. 

It is clearly seen that as the speed value increases, the melt pool depth value generally 

decreases and flattens for different hatch distance values. In other words, as the surface energy 

density values decrease, top surfaces of the sample improve. Thus, as the material surfaces 

flatter, a favorable environment is provided so that it can melt smoothly with the next layer 

without creating any pores. As can be seen from the Figure 11, the best surface images were 

seen in samples with a speed of 2100 mm/min. On the other hand, due to the lack of mobility 

of the gantry system used in this study, on which the blue lasers are located, the value of 2100 
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mm/min could not be exceeded. It is foreseen that balling defects may occur at scanning speeds 

above 2100 mm/min, as it cannot melt enough material. It is predicted that balling defects may 

occur, similar to the literature [29], since it cannot melt sufficient material at scanning speeds 

at scanning speeds above 2100 mm/min. On the other hand, the laser power was reduced from 

40 W to 20 W to examine the effects of laser power on the melt pool depth of the materials. In 

other words, the surface energy density value has been reduced by half. Figure 12 shows some 

selected optical microscopy images from cross-sections of single layer Cu10Sn samples 

produced with a laser power of 40W and 20W for different scanning speeds and hatch distances. 

Similar to Figure 11, Figure 12 clearly shows that lower surface energy density generally results 

in flatter material surfaces. 

Scanning 

Speeds 

(mm/min) 

Hatch distance, µm 

50 75 

Laser (W) Laser (W) 

40 20 40 20 

150 
 

Es = 320.00 J/mm2 
 

Es = 160.00 J/mm2 
 

Es = 213.33 J/mm2 
 

Es = 106.67 J/mm2 

300 
 

Es = 160.00 J/mm2 
 

Es = 80.00 J/mm2 
 

Es = 106.67 J/mm2 
 

Es = 53.33 J/mm2 

1800 
 

Es = 26.67 J/mm2 
 

Es = 13.33 J/mm2 
 

Es = 17.78 J/mm2 
 

Es = 8.89 J/mm2 

2100 
 

Es = 22.86 J/mm2 
 

Es = 11.43 J/mm2 
 

Es = 15.24 J/mm2 
 

Es = 7.62 J/mm2 

Figure 12. Optical microscopy image comparison from cross-section of single layer Cu10Sn 

samples produced with a laser power of 40W and 20 W for different scanning speeds and 

hatch distances. 

4. Conclusion 

This study explores the potential of using 450 nm wavelength diode lasers to produce 

single-layer Cu10Sn samples. By systematically varying hatch distances (50, 75, 100, and 125 

µm), scanning speeds (150 to 2100 mm/min), and laser powers (20 and 40 W), it was 

determined that the optimal parameters for enhancing sample quality. The investigation focused 

on surface roughness, relative density, and melt pool characterization, providing a 

comprehensive understanding of the samples' mechanical and physical properties. The findings 

revealed that samples produced with a 20 W laser power at low hatch distances and low 

scanning speeds (i.e., in high surface energy values) had surface roughness values up to 3.5 

times lower than those produced with a 40 W laser power. Additionally, the highest relative 

density value of 87.84% was achieved with a 40 W laser power, a 50 µm hatch distance, and a 

scanning speed of 2100 mm/min. Furthermore, as a result of optical analysis taken from top 
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surface images, it was found that the surface energy density values of Cu10Sn samples with a 

relative density value of 85% and above were in the range of 22-30 J/mm2. 

These findings validate the suitability of 450 nm diode lasers for Cu10Sn sample 

production and offer a detailed framework for optimizing laser-based manufacturing processes, 

contributing significantly to the field of materials engineering. 
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