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ABSTRACT: Laser Additive Manufacturing (LAM), an avant-garde technology in manufacturing, harnesses the precision of laser 
energy to fabricate intricate parts through the meticulous process of melting and subsequently depositing layers of metal powders. 
Among the esteemed materials employed, 316L stainless steel (316L SS) stands out for its unparalleled corrosion resistance, 
exceptional high-temperature tolerance, and remarkable creep strength, making it a ubiquitous choice in the aerospace, medical, 
and nuclear power sectors. LAM has distinguished itself in the fabrication of intricate 316L SS components, yet enhancing the 
metallurgical bonding strength within these structures remains a pivotal area of ongoing research. This research endeavor delves 
into the intricate microstructure and mechanical properties that characterize the interface between the LAM-produced 316L SS 
cladding layer and its substrate, further investigating how varying laser energy densities (E) subtly influence these properties within 
the additive manufactured components. Remarkably, the interface region exhibits a tensile strength of 615.1 MPa, surpassing that 
of both the deposited layer and the substrate by 5.4% and 7.4% respectively, underscoring a robust bond between the two layers. 
This investigation not only sheds light on the unique process capabilities and performance merits of LAM in crafting 316L SS 
cladding layers but also pioneers novel approaches and conceptual frameworks for bolstering the metallurgical bonding strength of 
this esteemed material. As such, it constitutes a treasure trove of insights for subsequent research endeavors and practical 
applications across related disciplines. 
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1. Introduction 

Laser Additive Manufacturing (LAM), as a novel manufacturing process, employs high-energy-density laser 
beams to melt and deposit metal powders layer by layer, achieving the entire process from geometric design of parts to 
the production of complete components [1–3]. With the continuous development of technology, LAM is increasingly 
applied in aerospace, automotive manufacturing, medical devices, and other fields [4–6]. In these fields, there are 
extremely high requirements for metallurgical bonding strength of materials to ensure the mechanical properties and 
reliability of components [4,7,8]. Metallurgical bonding strength is one of the key indicators for evaluating the 
performance of materials in Laser Additive Manufacturing (LAM). It directly affects the overall mechanical properties, 
density, and reliability of the materials [9,10]. As one of the most commonly used stainless steel materials, 316L 
stainless steel (316L SS) exhibits outstanding performance in corrosion resistance, high-temperature resistance, and 
creep resistance, making it widely used in aerospace, medical, and nuclear power plant industries [11–13]. With the 
continuous expansion of application fields, the requirements for metallurgical bonding strength of 316L SS are also 
increasing. Compared with traditional processes such as casting and forging, LAM technology offers advantages such as 
flexible manufacturing processes, high material utilization rates, and the ability to produce complex structures [14–16]. 
Furthermore, LAM technology can effectively improve the metallurgical properties of materials by depositing different 
materials or compositions on the substrate surface. For 316L SS, LAM technology can deposit cladding layers with 
excellent corrosion resistance, high-temperature resistance, and creep resistance on its surface, thereby meeting the 
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usage requirements under different working conditions [17–19]. Günen et al. [20] studied the effect of different heat 
treatment conditions (boronizing and homogenization heat treatment) on the wear resistance of ER307 stainless steel. 
The results showed that compared with the original samples, the wear resistance of the boronized ER307 stainless steel 
samples increased by 31.84 times and 8.06 times at room temperature and 500 °C, respectively. It indicates that 
homogenization and boronization treatment of stainless steel produced by arc welding additive manufacturing can 
improve friction properties. Li et al. [21] used a composite technology combining laser shock peening (LSP) and arc 
welding additive manufacturing to produce thin-walled AZ31 components. The residual stress state of the formed 
components and the microstructural evolution such as nanocrystallization and grain refinement in the nanocrystalline 
layer were analyzed. The results showed that this method successfully improved the corrosion resistance of the thin-
walled AZ31 magnesium alloy components produced by arc welding additive manufacturing. However, in the additive 
manufacturing process, the microstructure and mechanical properties of the interface between the cladding layer and 
the substrate are crucial factors affecting the metallurgical bonding strength of the formed components. The 
microstructure, composition distribution, and interface bonding strength in the interface region can all influence the 
adhesion, corrosion resistance, and mechanical properties of the deposited layer [22–24]. An over-deposition method 
to suppress the formation of cracks was used by Oh et al. [25] during the additive manufacturing repair process. The 
mechanical properties of the repaired samples with different widths and heights of over-deposition volume were studied. 
The results showed that the tensile strength and elongation of the samples repaired using the over-deposition method 
were increased by 112% and 175%, respectively, compared to those of the samples repaired without over-deposition. 
An electrospark deposition (ESD) technique was utilized by Enrique et al. [26]. The results showed that a reduction in 
energy input during the ESD process led to the formation of more lamellar boundaries and higher yield strength during 
tensile testing. At low energy densities, there was no significant difference in yield strength between the repaired 
samples and the base material samples. 

Currently, an extensive body of literature exists on laser-assisted rapid prototyping and repair remanufacturing of 
alloys, yet a notable void persists in the realm of systematic discourse concerning the interface dynamics between the 
laser cladding layer and the 316L SS substrate. The metallurgical bonding characteristics at this interface junction, 
pivotal for the integrity of laser-remanufactured components, necessitate urgent attention. The congruity and seamless 
transition of chemical compositions, microstructures, and properties across this interface significantly influence the 
operational efficacy and safety margins of the remanufactured parts. To bridge this gap and address these challenges 
head-on, the present study endeavors to fabricate 316L SS components utilizing LAM (Laser Additive Manufacturing) 
technology. It delves deeply into the microstructural nuances of the interface between the cladding layer and the 
substrate, while concurrently investigating the evolution of mechanical properties through rigorous tensile strength and 
hardness testing. This holistic approach not only furnishes a robust theoretical framework but also lays down an 
experimental groundwork, vital for resolving the aforementioned issues and advancing the field of laser-based repair 
and remanufacturing. 

2. Experimental Methods 

The LAM experiment of 316L SS was conducted on the laser additive manufacturing system consisting of an IPG 
YLS-2000 fiber laser, a five-axis manipulator, a powder feeder, and a computer. The laser can provide a continuous 
and stable laser beam with a power range of 2000 W and a wavelength of 1064 nm. The synchronous coaxial powder 
feeding method was adopted, using nitrogen as the powder carrier gas and protective gas. The gas flow rate was in a 
direct ratio to the powder feed rate, with a ratio of 1 L/min:1 g/min. The 316L powder was placed in the powder feeder, 
with a feed rate of 1–6 g/min. The LAM process is shown in Figure 1. The laser generates a stable high-energy laser 
beam, which is connected to the processing head through an optical fiber. The powder is connected to the processing 
head through a gas circuit. The processing head is fixed on the manipulator, which moves along the designed path. The 
laser beam melts the powder beam and moves synchronously to realize sample preparation. The substrate material is 
forged and aged 316L SS, with a substrate size of 100 mm × 100 mm × 20 mm. The composition of the substrate is 
shown in Table 1. Before the experiment, the upper surface of the substrate needs to be polished to remove the metal 
oxide layer and cleaned with alcohol. Gas-atomized 316L SS alloy powder was selected as the laser cladding powder, 
and its chemical composition is shown in Table 1. 

The shape and particle size distribution of 316L SS powder were shown in Figure 2. As shown in Figure 2a, the 
shape of the 316L SS powder is spherical or near-spherical. According to the Figure 2b, the particle size distribution of 
the 316L SS powder tends to be normal, with a powder particle size ranging from 14 to 108 μm and an average particle 
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size of 56 μm. In the experiment, the inert gas used for both the powder feeder and the laser shielding gas was argon 
with a purity of 99.99%. Additionally, the 316L SS cladding powder was dried for 2 h before laser processing to remove 
surface moisture and avoid the presence of unevaporated water droplets in the cladding layer. The process parameters for 
LAM forming are as follows: laser power (P) ranging from 1000 to 2000 W, scanning speed (v) of 3–6 mm/s, laser spot 
diameter (D) of 3 mm, overlap rate of 40%, and Z-axis increment of 1 mm. The specific experimental parameters are 
shown in Table 2. 

 

Figure 1. The equipment and forming process of laser additive manufacturing. 

  

Figure 2. 316L SSl: (a) Powder shape under SEM and (b) Particle size distribution. 

Table 1. Chemical Composition of 316L SS Alloy (wt%). 

Element C Mn Si Cr Ni Mo P/S Fe 
316L SS substrate 0.026 0.92 0.36 16.05 10.01 2.05 0.02 Bal. 
316L SS powder 0.003 0.8 0.60 16.97 12.18 2.89 0.01 Bal. 

Table 2. The process parameters of LAM. 

Parameters Unit Value 
Laser power W 900, 1200, 1500 

Scanning speed mm/s 5 
Powder feeding g/min 1 
Scanning space mm 1 
Spot diameter mm 3 

Layer thickness mm 1 
volume energy density J/mm3 180, 240, 300 

Laser processing involves numerous process parameters, which increases the complexity of the forming process. 
To comprehensively analyze the impact of the processing technology, the volume energy density (E, J/mm³) was used 
as an analytical parameter. E can be expressed as follows [27,28]: 



Intelligent and Sustainable Manufacturing 2024, 1, 10012 4 of 12 

 

E = P/dhv (1)

According to Equation (1), increasing the laser power or decreasing the scanning speed, scanning spacing, and 
layer thickness can increase the volume energy density. For the convenience of the experiment, the required laser energy 
density was obtained by varying the laser power alone. 

A wire cutting machine was used to cut appropriate sized samples along the cross-section or longitudinal section 
of the formed part for metallographic sampling. Rinse the surface of the samples with anhydrous ethanol and wipe them 
clean. Then 320, 800, 1200, 2000, and 3000 grit sandpapers were used to polish the samples in sequence. When there 
are no obvious scratches on the surface of the sample, a polishing machine was utilized to polish the sample. Diamond 
polishing paste with a particle size of 2.5 μm was utilized to polish. Samples need to be confirmed without scratches 
and other defects under VHX-1000E ultra depth of field optical microscope. Corrosion was carried out using a solution 
consisting of 16 g FeCl3 + 16 mL HCL + 32 mL H2O [29,30]. After the sample is corroded, it needs to be washed with 
clean water immediately, and then washed with anhydrous ethanol and dried. The VHX-1000E ultra depth of field 
optical microscope was used to take metallographic photos of the samples. X-ray diffraction analyzer (XRD) was used 
to perform phase analysis on the surface of polished but uncorroded samples. The model is PANalytical X’Pert Pro, 
which is equipped with CuKa target material for phase analysis. The acceleration voltage, working current, scanning 
range, and scanning step were set to 40 kV, 40 mA, 20–80°, and 0.03 °/s, respectively [31,32]. The microhardness of 
316L SS was measured using the HVS-1000 microhardness tester. According to the national standard GB/T4340.1-
1999, a load of 200 g was selected and the holding time was 15 s [33,34]. 5 points at equal intervals were measured in 
the horizontal direction at each measurement position. The average value was the average microhardness of that 
measurement position. A room temperature tensile performance test was conducted on samples manufactured by laser 
additive manufacturing, using the HT5000 universal tensile testing machine with a tensile testing speed of 0.5 mm/s 
[35,36]. According to the national standard GB/T 228.1-2010 [37,38], the sampling location and specific dimensions 
of the tensile sample are shown in Figure 3. The tensile test samples along the laser scanning direction were cut by the 
wire cutting. 3 tensile test samples for each type of sample were prepared. The average value was used as the final result. 
The XRD data were analyzed by the spectrum, and the composition was determined by comparing the standard card. 
Calculate the mean value and standard deviation of hardness and tensile test data to ensure scientific and effective data. 

 

Figure 3. Schematic illustration: (a) The experimental procedure and their locations including tensile sample, microstructure 

characterization, and hardness measurement (b) Dimensions of tensile specimens, (c) The TS-AM fractured before the tests. 
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3. Experimental Results and Analysis 

3.1. Phase Analysis 

The X-ray diffraction pattern of laser cladding 316L SS alloy coating was shown in Figure 4. It indicates that the 
strong diffraction peaks of all samples (additive AM, interface IR, and substrate) correspond to the crystal planes (111), 
(200), and (220) of the face centered cubic (fcc) lattice, known as γ-Fe austenite [38–40]. Compared with the XRD 
pattern of 316L substrate (forged) parts, there is basically no shift in the peak positions. But it is not difficult to find 
that the peak intensity of the additive formed samples and the samples at the junction of the additive and the substrate 
are significantly weaker than those of the substrate components. The peak strength of additive formed parts is equivalent 
to the peak strength at the junction. There is a significant difference in the proportion of the three main peaks in the area 
of the sample, and the pattern that almost all show is: (111) > (200) > (220). Compared with the standard 2θ position of 
the γ-Fe phase (PDF # 31-0619). the 20 of the γ-Fe phase in this experiment showed a slightly higher Bragg angle, 
resulting in residual stress and corresponding lattice distortion. This may be caused by laser-induced thermal stress. 
Yang et al. [41] and Wang et al. [42] have both conducted similar reports. 

 

Figure 4. X-ray diffraction patterns of the deposition layer and substrate at different positions. 

3.2. Characterization of Microstructure in the Interface Area 

Laser additive manufacturing technology is an efficient and high-precision coating preparation method, particularly 
suitable for the preparation of 316L SS parts. This technology uses a high-energy-density laser beam to melt 316L SS 
alloy powder and deposit it on the substrate surface, forming a metallurgically bonded deposited layer. In the interface 
region between the deposited layer and the substrate, the microstructural characteristics have a significant impact on 
the performance of the deposited layer. The microstructural morphology of the region near the interface is shown in 
Figure 5b. The overall section included the heat affected zone of the substrate, the interface zone between the cladding 
layer and the substrate and the cladding zone. The cladding area was the area formed by the cladding material after laser 
melting and solidification, which is generally referred to as the cladding layer. It can be observed that the cladding 
region exhibits a typical dendritic crystal structure, which is attributed to the high energy density and rapid cooling 
process of energy sources such as lasers. The microstructures at different locations vary due to differences in material 
composition and heat dissipation conditions within the molten pool. The heat-affected zone appears brighter because 
the precipitated phase in this zone dissolves, significantly enhancing the corrosion resistance of the material and making 
it difficult for corrosive agents to corrode. The interface zone was a transition zone within the cladding region, 
containing both the composition of the cladding layer and a small amount of melted substrate composition. Therefore, 
the presence of this zone ensured the metallurgical bonding between the cladding layer and the substrate during the 
laser cladding process. There was a clear boundary between the cladding layer and the substrate, with alloy elements 
interchangeably dispersed and bonded. The bottom of the cladding layer microstructure exhibited characteristics of low-
speed growth but lacks planar crystals, which is different from typical laser cladding microstructures. The organizational 
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continuity between the substrate and the cladding layer is stronger, which is beneficial for ensuring continuous 
mechanical properties and bonding strength. A good metallurgical bond was formed between the 316L SS alloy cladding 
zone and the substrate, with a clear interface and no obvious defects or cracks. The heat-affected zone of the substrate 
was the region where the substrate undergoes solid-state phase transformation due to the influence of thermal cycling. 
The microstructure near this zone was dense and grows in the direction opposite to the heat flow. This phenomenon 
occurred because the substrate material has good thermal conductivity, allowing heat to dissipate easily and resulting 
in a relatively high cooling rate. These analysis results indicated that the interface region between the 316L SS alloy 
cladding zone and the substrate exhibit excellent metallurgical bonding and microstructural characteristics, providing 
good mechanical properties, wear resistance, and corrosion resistance for the deposition layer. 

The varying degrees of thermal history during laser additive manufacturing mainly include high cooling rates and 
large temperature gradients, which will directly affect the surface morphology and grain size of the formed parts [43,44]. 
Further analysis was conducted on the influence of different laser energy densities on the laser additive manufacturing 
of formed specimens, as shown in Figure 5a,d,e. The results indicate that when E was small, the molten pool had a high 
solidification rate, which results in insufficient gas escape time inside the molten pool, leading to the formation of pores 
inside the molten pool, as shown in Figure 5d. When E reached 240 J/mm3, the melting state of the powder was good, 
and the weld channels tended to be fully overlapped. After solidification, the surface undulation was small, the forming 
quality was high, and the specimen had no obvious defects. With E increased to 300 J/mm3, the temperature gradient 
of the melt pool was smaller, and the spreading time of the droplets was shorter than the solidification time, resulting 
in coarsening of the grains. 

 

Figure 5. Microstructures with E = 240 J/mm3 in different region: (a) LAM, (b) Interface, (c) Substrate, (d) E = 180 J/mm3 in LAM, 

and (e) E = 300 J/mm3 in LAM. 

3.3. Characterization of Mechanical Properties in the Interface Region 

To evaluate the influence of the interface region on hardness, the hardness was measured on the cross-section of 
the LAM-prepared sample. The hardness distribution in the interface region is shown in Figure 6. It indicated that the 
hardness of the substrate was approximately 260 HV. As the distance from the fusion line decreased, the hardness 
decreases, and the hardness of the heat-affected zone was slightly higher than that of the substrate. At a distance from 
the substrate, the hardness value of the heat-affected zone was relatively higher. This was because near the surface of 
the substrate, the cooling rate was higher due to the lower substrate temperature, resulting in finer grains in the 
microstructure. The hardness value at the cladding layer was lower than that of the substrate and the heat-affected zone, 
fluctuating within the range of 205–242 HV. Additionally, the influence of three different laser energy densities on the 
hardness of different regions was compared. The results indicated that when the laser energy density was 180 J/mm³, 
the heat-affected zone was the widest, and the hardness value was relatively larger, with the most significant increase 
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in hardness of the cladding layer. This is mainly due to the faster cooling rate of the grains in the cladding layer and 
finer grains at lower laser energy densities, where fine-grain strengthening plays a dominant role. When the energy 
density was 240 J/mm³ and 300 J/mm³, the heat-affected zone was narrower. At these three laser energy densities, the 
minimum hardness of the heat-affected zone was similar, and the hardness near the fusion line was also similar. For the 
deposited layer, the hardness value was higher in regions farther from the fusion line. Under different laser energy 
densities, the hardness value in the middle of the cladding layer did not vary significantly. This was mainly because the 
middle position of the molten pool was less affected by external factors and can solid-solve more elements such as Cr 
and Si during the solidification process, providing good solid-solution strengthening effects [45,46]. Due to convective 
and radiative heat dissipation mechanisms, the surface of the cladding layer cooled the fastest, resulting in the highest 
hardness value, closed to 242 HV. However, overall, the hardness values of the cladding layer did not differ significantly. 

 

Figure 6. The hardness distribution of interface area. 

To comprehensively understand the influence of the interface between the laser additive manufacturing (LAM) 
316L SS cladding zone and the substrate on mechanical properties, tensile tests were conducted and analyzed. The 
tensile properties of LAM components under different laser energy densities and compares them with the mechanical 
properties obtained from different regions (substrate, interface region) are shown in Figure 7. The results indicated that 
with E increased from 180 to 300 J/mm³, the ultimate tensile strength (UTS) varied from 507.3 to 583.6 MPa, the yield 
strength (YS) varied from 338.5 to 350.4 MPa, and the elongation to failure (ETF) varied from 45.1% to 53.3%. With 
the increase in laser energy density, the UTS of the specimens showed a trend of first increasing and then decreasing. 
The main reason for this phenomenon is that when the laser energy density is low, after the stainless steel powder 
absorbs the energy of the laser beam, the amount of liquid phase in the molten pool is small, and the molten pool is 
discontinuous, causing a large amount of unmelted powder particles and gas to remain on the formed part [47,48]. 
Under loading, fractures are more likely to occur, resulting in relatively low UTS and YS but relatively high ETF, 
indicating higher plasticity under these conditions. When E was 240 J/mm³, the UTS and YS of the specimens were the 
highest, reaching 583.6 MPa and 350.4 MPa, respectively. Compared to when E was 180 J/mm³, the UTS and YS of 
the specimens increased by 8.4% and 2.5%, respectively. However, the ETF decreased slightly to the lowest value 
(45.1%). The reason for this is that when the laser energy density reaches a certain threshold, the powder in the molten 
pool melts to form a stable molten pool, allowing gas to escape promptly. This reduces the porosity of the formed 
specimens, significantly reduces crack defects, and gradually increases the overall tensile strength. As the laser energy 
density continued to increase, when E was 300 J/mm³, the UTS and YS of the specimens were the lowest, at 507.3 MPa 
and 338.5 MPa, respectively, and the ETF increased to 53.3%. This is because as E continues to increase, the formation 
process involves rapid cooling and heating, leading to increased local temperature gradients, forming a wider molten 
pool. After solidification, the volume contraction increases, and during the cooling and contraction process, it is 
subjected to resistance from the inner layers, resulting in increased residual stress. Considering the overall forming 
quality, when E was 240 J/mm³, the tensile strength of the LAM-formed specimens reached the optimal state, with UTS 
and YS of the specimens being 583.6 MPa and 350.4 MPa, respectively. The UTS and YS of LAM-formed 316L 
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samples are significantly higher than the industrial requirements for 316L [24], but the ETF decreases slightly. This is 
a very common characteristic of LAM-processed materials. The reason is that the higher cooling rate leads to a fine 
microstructure with high dislocation density, enhancing YS and UTS. However, metallurgical defects such as porosity, 
cracks, and unmelted powder particles inevitably occur, leading to reduced ductility. Further comparisons of the tensile 
properties across different regions were conducted. The results indicated that the average yield strength (YS) was 
highest in the substrate region (356.7 MPa), followed by the interface region (353.2 MPa) and the LAM specimens 
(350.4 MPa). However, the difference in YS between these regions was not significant (less than 5%). On the other 
hand, UTS was highest in the interface region (615.1 MPa), followed by the LAM components at 583.6 MPa. The 
substrate had the lowest UTS, at 572.6 MPa. This is because the samples from the interface region have a portion at the 
bottom of the deposited layer that includes the smallest grain size between the substrate and the fusion line, as well as 
part of the heat-affected zone. The tensile strength in the interface region is higher than that in the substrate region, 
indicating that the LAM process can significantly enhance the tensile strength of the substrate. This also confirms that 
the bonding between the substrate and the deposited layer is strong, and the deposition process is reliable and stable. 

 

Figure 7. Comparison of tensile test results for conventional and LAM specimens with different regions. 

The fracture morphologies of tensile samples from different regions were shown in Figure 8. It indicated that all 
fracture surfaces exhibited no obvious defects such as cracks or pores, indicating a dense microstructure of the samples. 
The nearly uniformly distributed dimple made observed on the fracture surfaces suggest that the fracture mechanism of 
all samples is ductile fracture. The relatively large grain size in the additive material resulted in larger and deeper 
dimples on the fracture surface of the additive sample, as shown in Figure 8a. Many unmelted spherical metal powder 
particles can also be observed, which are usually hidden in pits, indicating the presence of internal defects. These defects 
often lead to stress concentration, thereby accelerating the formation and propagation of microcracks into macroscopic 
cracks [49,50]. The reason for this is that during the process of LAM, the interaction between the laser beam and the 
metal powder and the melt, the movement of the metal powder, and the thermal capillary convection of the melt may 
all lead to the formation of pore defects, which can reduce the tensile properties of the formed parts [51,52]. On the 
other hand, due to the smaller grain size at the interface, shallow dimples were observed on the fracture surfaces, as 
shown in Figure 8b,c. All results indicate a strong bond between the additive material and the substrate, allowing them 
to work together as a single unit. 
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Figure 8. SEM images of the broken surfaces of the tensile samples: (a) AM-sample, (b) IR-sample, and (c) SS-sample. 

4. Conclusions 

This study employed LAM to fabricate 316L SS components. Specifically, a systematic analysis was conducted to 
investigate the impact of different regions on the microstructure and mechanical properties. Furthermore, the influence 
of varying laser energy densities on the LAM-fabricated components was analyzed, and the underlying mechanisms 
were elaborated and discussed in detail. The main conclusions were summarized as follows: 

1. By ensuring the maintenance of optimal formation quality, a judicious elevation in laser energy density proves 
advantageous in narrowing the width of the heat-affected zone. The 316L SS alloy specimen crafted via LAM 
boasts a fusion line area characterized by a distinct, defect-free interface, devoid of cracks or imperfections. This 
underscores the exceptional metallurgical bonding and microstructural integrity at the interface between the 
deposition layer and the substrate, crucial for safeguarding both the fusion line’s bonding strength and the 
uniformity of mechanical properties. 

2. At a laser energy density of 240 J/mm³, the specimen attained peak values for ultimate tensile strength (UTS) at 
583.6 MPa and yield strength (YS) at 350.4 MPa, respectively. Compared to a density of 180 J/mm³, these strengths 
witnessed an augmentation of 8.4% and 2.5%, respectively. Conversely, the elongation to failure (ETF) marginally 
declined to its nadir of 45.1%. This phenomenon can be attributed to the fact that as the laser energy density 
surpasses a threshold, the powder within the molten pool melds into a stable configuration, facilitating timely gas 
escape. This, in turn, mitigates porosity, significantly reduces crack defects, and progressively enhances the overall 
tensile strength of the specimen. 

3. The IR-sample surpassed both the AM-sample and SS-sample in terms of both hardness and tensile strength. 
Notably, its peak hardness of 270 HV surpasses that of the AM-sample by 6.8% and the SS-sample by 17.1%. 
Similarly, its maximum tensile strength of 615.1 MPa exceeds the AM-sample by 5.4% and the SS-sample by 
7.4%. These findings underscore the robust bonding performance between the additive material and the substrate. 
This study not only illuminates the process intricacies and performance advantages of LAM in crafting 316L SS 
deposited layers but also presents innovative strategies and concepts for bolstering the metallurgical bonding strength 
of 316L SS materials. Through the refinement of process parameters, precise modulation of the deposited layer’s 
properties becomes feasible, catering to the diverse performance demands of 316L SS across various industries. 

This study not only revealed the process characteristics and performance advantages of LAM in the preparation of 
316L SS deposited layers, but also provided new methods and ideas for improving the metallurgical bonding strength 
of 316L SS materials. By optimizing process parameters, precise control over the properties of the deposited layers can 
be achieved, thereby meeting the demands of various industries for the performance of 316L SS. 
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