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Abstract Additive manufacturing has been recently emerged as an adaptable production process that can 

fundamentally affect traditional manufacturing in the future. Due to its manufacturing strategy, selective laser 

melting (SLM) is suitable for complicated configurations. Investigating the potential effects of scanning speed 

and laser power on the porosity, corrosion resistance and hardness of AISI 316L stainless steel produced by 

SLM is the goal of this work. When compared to rolled stainless steel, the improvement is noticeable. To 

examine the microstructure of the samples, the optical microscopy (OM), scanning electron microscopy (SEM), 

and EDX have been utilized. Hardness and tensile strength were used to determine mechanical properties. The 

results indicated that the samples were completely dissolved, and the hardness was 285HV. Compared with the 

models produced by other parameters, the best 0.3% porosity was obtained using 100 W laser power, a hatching 

distance of 70 µm, a layer thickness of 30µm, and a scanning speed of 600 mm/sec. In addition, the volumetric 

energy density value for the best result was 79 J/mm
3
. 
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1. Introduction 

 

Lasers are nowadays used in various industries, 

such as welding, drilling, cleaning, and ablation 

[1-3]. Additive manufacturing (AM) is an 

impressive field for lasers in industrial 

applications, and it has a promising future. AM 

technology has lately attracted a lot of attention, 

mainly because of its high effectiveness in 

producing light-weight components and its 

recognized usefulness in fabricating parts with 

complicated interior characteristics [4-9]. Metal 

powder-based technologies are currently 

employed in the dentistry sector to manufacture 

tiny, durable, and corrosion-resistant prostheses 

[10]. The Selective Laser Melting (SLM) 

technology involves manufacturing a fully dense 

part in a layer-by-layer manner through the 

selective melting of a metallic powder bed [11]. 

Whereas this technology has the potential to 

open new directions for manufacturing machine 

parts; it has some flaws. The recognized faults 

include porosity, incomplete powder melting, 

insufficient dimensional and shape correctness, 

and significant surface roughness [12]. The 

rapid emergence of SLM as an emerging 

technology has aroused the industry sector's 

interest. One and the foremost reason behind 

this rapid popularity is the wide spectrum of 

applications that can AM technology aid in 

producing efficiently regardless of their 

complexity. aerospace, automotive, medicine, 

engineering and are typical examples of 

nowadays and promising applications.   The 

austenitic stainless steel AISI 316L is noted for 

its superior corrosion resistance and mechanical 

qualities. Austenitic stainless steel has higher 

percentages of Cr and Ni in its composition than 

those existing in the ordinary steel. The Ni 
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presence improves corrosion resistance and 

stabilizes the austenite phase at low 

temperatures; 316L is protected from corrosion 

by a Cr2O3 oxide layer [13]. Because of its 

superior flexibility and corrosion resistance, 

austenitic stainless steel is one of the most often 

utilized alloys in the maritime, biomedical, and 

aerospace industries [14]. The aim of the present 

work is to study the effect of several SLM-

related parameter including the power and 

scanning speed on key mechanical properties 

such as the porosity, corrosion resistance, wear 

resistance, and micro hardness of stainless steel 

316L specimens, and then to calculate the VED 

for each set of parameters. In addition to 

comparing corrosion resistance with 316L 

samples made using the traditional 

approach. 

 

2. Materials and methods 

The SLM method uses the gas-atomized 316L 

stainless steel powder as the principal material 

for specimen fabrication. The powder has a 

nominal composition of Fe-17Cr-13Ni-2.5Mo-

0.03C and a particle size of < 65µm. Cubic 

specimens (10×10×10 mm
3
), as shown in Fig 1, 

were fabricated by the SLM technique. To avoid 

an oxidation phenomenon occurring during laser 

melting, this process was performed in an argon 

atmosphere using a 3D printer (M100) equipped 

with a continuous wave and a fiber laser of 

300W. An approximate laser beam of 80 µm 

was used for the fabrication of specimens. The 

layer thickness for all the models was 30 µm. 

Rectangular samples of (60 × 12 × 2) mm, were 

manufactured for the uniaxial tensile test, which 

was machined according to ASTM E8 standard, 

as shown in Figure 2. Energy-dispersive X-ray 

spectrometry EDX was used for inspecting the 

proportions of the produced stainless steel 

sample’s elements, as shown in Figure 3. And 

table 1 shows the percentage of elements of 

SS316L .Figure 4 shows the diagram of how the 

SLM process is performed inside the SLM100 

machine. The 316L SS powders are delivered 

through a powder feeder, which uses a moving 

drum to create a powder bed; it is then totally 

melted by heat energy from a continuous or 

pulsed laser beam, and the steps are repeated 

layer by layer until the required shape is 

achieved. The temperature during the process 

was 80 C. The specimens were not heat-treated 

after being manufactured. The best volumetric 

energy density was calculated after stabilizing 

the power and changing the speed. The 

volumetric energy density is computed by 

equation 1. 

           VED = 
 

   
           - - - - -          (1) 

     

 

 

 

 

 

 

 

 

   

. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: SLM as-manufactured specimens. 

b 
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 Fig. 2: a; SLM manufactured specimens b; 

conventionally manufactured, for tensile tests. 
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Where VED is the volumetric energy density of 

the powder bed (J/mm
3
), P is the laser power 

(W), v is the laser scan speed (mm/s), h is the 

hatch distance (mm), and d is the powder bed 

layer thickness (mm) [15]. The corrosion test 

uses a Wenking MLab multichannel and SCI 

Mlab wear measurement system from Bank 

Electronics- Intelligent controls GmbH, 

Germany, as shown in Figure 5. A sliding wear 

resistance test was performed to investigate the 

coefficient of friction and the wear resistance of 

the AISI 316L, a steel ring was installed on the 

test machine, which was used for direct dry 

sliding contact with the testing surface of the 

sample, as shown in Figure 6.   

 

Table (1) Shows the proportions of the ingredients of 

SS316L checked by EDS. 

 

Three groups have been made, each with a 

constant power at different speeds. The VED for 

each group was calculated by Equation No.1. 

The relationship between VED and porosity for 

each group after examining samples was then 

plotted to select the best criteria from each 

group. The relationship between VED and exact 

hardness was then determined to determine the 

best model among the pieces tested for wear and 

corrosion resistance. Figure 7 shows the relation 

between VED and porosity of each group. 

Figure 8 chooses the best sample from this set. 

Element 
Atomic 

% 

Atomic 

% Error 

Weight 

% 

Weight % 

Error 

C 42.8 1.5 17.4 0.6 

N 5.1 1.0 2.4 0.5 

O 12.6 0.9 6.8 0.5 

Si 1.0 0.0 1.0 0.0 

K 0.3 0.0 0.4 0.0 

Cr 7.7 0.1 13.6 0.2 

Mn 1.0 0.1 1.8 0.2 

Fe 25.2 0.2 47.5 0.3 

Ni 3.8 0.1 7.6 .2 

Mo 0.5 0.3 1.6 0.9 

a 

a 

a 

Fig. 3: EDX of AISI 316L by SLM. (a) SEM of the 

sample fabricated with a laser power of 100 W and 

scanning speed of 600 mm/s (b) EDX analysis 

performed on area marked. (c) EDX of individual 

elements maps 
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Table 2 summarizes the working procedures for 

this experiment.   

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (2)    Experimental table of laser parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group No Power 

(W) 

Scanning 

speed (mm/s) 

VED 

(J/mm
3) 

 

 

G1 

S1 100 600 79 

S2 100 700 68 

S3       100 800 59 

S4 100 900 52 

 

 

G2 

S5 125 600 99.2 

S6 125 700 85 

S7 125 800 74.4 

S8 125 900 66 

 

G3 

S9 150 600 119 

S10 150 700 102 

S11 150 800 89 

S12 150 900 79 

Fig.5: Corrosion test 

Fig. 6: wear test 
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Fig. 4:   schematic diagram that illustrates 

how the SLM process was conducted 

inside the machine. 
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Fig.7: VED of samples produced with deferent 

porosity in G1, G2, G3. 

 

 

 

 

 

 

Fig. 8: The best graphic of the three groups to 

determine the best porosity and therefore the 

best parameters 

 

3. Results and Discussion 

The corrosion test results indicate that the SLM 

specimens are superior to the traditional 

samples. The mineral surface goes through three 

stages of behavior as shown in Fig 9. In 

addition, metal shows higher corrosion 

resistance and tends to be with uniform 

corrosion, where it is an inert layer with stable 

dynamic behavior. Pitting on the surface was 

apparent and very little, as in figure 10b, which 

means that the reaction with the solution occurs 

at a slow rate, and this means that the voltage 

continues as the inert layer continues. The 

potential increase to positive values (more noble 

alloy), meaning that the protection is higher[16] 

For the cast sample, the material began to 

interact due to interactions with the solution 

where it is clear from the beginning as in Figure 

9. , The microstructure images in Figure 10a   

show that the surface corrosion of the poured 

sample is with clear and strong pitting, meaning 

that the protection range is very little. As a 

result of the interactions, where the layer stops 

creating and does not resist the oxidation 

reaction, and when the voltage rises, it generates 

bubbles that prevent the ions and electrons from 

interacting and therefore appear vertically. 

When it returns, it intersects the anodic curve at 

the point (0.328mA, 278mV), where it appears 

to have a limited scope for protection. Figure 11 

depicts the SEM of the best sample at different 

magnifications as it reveals that some of the 

granules are bound to the body despite the 

completely dissolving powder. The remaining 

particle size of the adhesive powder and 

agglomerated particles appears at an additional 

magnification.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Electrochemical characteristics of   wrought 

stainless steel 316 L using, conventional method, 

SLM 
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In the wear resistance test, the plowing process 

was evident in the rolled casting samples 

compared to the SLM-produced models; where 

the sliding type metal is clear and both pieces 

were subjected to the same load and period. The 

highest wear rate on the surface, and the 

difference gradually becomes less with 

increasing time. Wear is mainly through 

slippage of the load for the first time, and the 

microstructure is responsible for these 

properties. The product wear performance of 

SLM is better than that of rolled cast alloys, 

where the SLM samples were “ultra-hard” and 

more resistant to wear, with the time-frequency 

of the same load increases, as shown in Figure 

12. A long period, the wear rate decreases due to 

the increase in deformation by removing parts of 

the sample surface after breaking the bumps. 

That is due to exposing the sample for a more 

extended period and thus more significant stress 

[17], as shown in Figure 13. The wear rate of 

Fig. 10: Optical microscope of SS316L 

manufacturing by a; conventional method. 

b; SLM . 

 

 P i t t i n g  c o r r o s i o n 

b 

 P i t t i n g  c o r r o s i o n 
a b 

c 

Fig. 11: SEM with magnification b; 400 X. 

c; 800X. 

 

a 

Fig. 11: SEM with magnification a; 100 X.   

 



15 
 

the SLM sample was 7.2E-9 (g/mm) while in 

rolled was 16E-9.  

It was found that the difference in 

microhardness can be attributed to the scanning 

speed. Changes in the hardness value 

correspond to a certain scanning speed. Because 

the laser process has a fast cooling rate/cooling 

process, decreasing the scanning speed can lead 

to an increase in the heat accumulated in the 

material, which raises the temperature to the 

melting point and produces the molten phase. 

The highest hardness achieved was 285 HV for 

sample S1 of the first group, as shown in Figure 

14, which has the highest density of 99.7% 

among the manufactured samples. These results 

of the high density that were obtained in the 

experimental are close to the literature by 

Bhowmik et al. [18], and Yusuf et al.[19].   
 

 

Fig. 12: Optical Microscope for Microstructure wear 

test for samples manufactured from SS316L a) 

Conventional method b) SLM. 

 

 

 

 

In Figure 15, the samples were prepared and 

tested to measure the tensile strength at a 

junction velocity of 1 mm/min according to the 

ASTM-E8. According to Figure 16 (a), the rise 

in the load appears to reach 565MPa to break 

the SLM samples whereas it was 615MPa to 

break the rolled one. Figure 16 (b) reveals that 

while the high yield strength in the SLM case 

equals 480MPa and with low deformation of 

9.8mm, the yield strength for rolled case was 

260MPa and with high deformation of 27.9 mm. 

The intragranular cellular segregation network 

structure is confirmed to be the reason for 

improving the yield strength of the SLM 

SS316L compared with the SS316L fabricated 

by traditional methods [20]. 

 

Fig.13: The difference in weight loss for 

rolled and SLM samples for the same load 

with a variable time. 

Fig.14: Micro hardness for samples with 

volumetric energy densitys. 
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     The specimen fracture consists of uniformly 

distributed dimples. Most boils were larger than 

one micrometer and the dimples were uniform. 

More minor dimples indicate a lower 

deformation capacity. The micro pores in the 

sample of SLM can be noticed in Figure 17b.  

Porosity is a common flaw in the SLM additive 

manufacturing and may adversely influence the 

mechanical characteristic. Gas-induced pores 

with nearly spherical shape occur during the gas 

deterioration of the 316L SS feedstock before 

the SLM process and may still present in the 

final product. [19]. The porosity lacks energy as 

it is insufficient to dissolve the powder 

completely. This leads to a lack of fusion or 

welding between each adjacent sweep and 

between successive layers. The excessive 

energy absorption leads to vaporization due to 

intense fusion, resulting in a keyhole. Fully 

molten areas are demonstrated in Figure 17(c) 

whereas Figure 17 (d) shows the boils. 

4. Conclusions  

The SLM316L proved a superior corrosion 

resistance over the as-cast counterpart due to a 

wider passive region, higher polarization 

resistance, and higher pitting potential. This was 

attributed to the lower density of micro-pores 

and the homogeneous distribution at the 

investigated scale. The SLM samples experience 

less plastic deformation than wrought samples. 

The wear resistance of the SLM parts is related 

to their high hardness and fine microstructure. 

The wear test reveals a highest and lowest wear 

due to the varying slip resistance under load. 

With increasing time, this distinction becomes 

less noticeable as the behavior in the SLM 

samples change. The results also show that the 

exact hardness of the samples ranges between 

250 and 285 HV, and this was due to the 

different manufacturing parameters. This 

hardness was the highest compared to what was 

reported in the literature. The speed can play an 

important role in this criterion in the same 

manufacturing method. The analysis of the 

Fig. 15: The tensile testing machine for tensile 

testing,   samples after testing 

 

Fig. 16: Tensile strength for breaking sample a) 

565MPa SLM b) 615MPa Conv. 

 

a 

d 

b 

c 

Fig. 17: Fractography for the SLM-316L sample after 

tensile strength. SEM images show (a) the fracture 

sample, (b) micro porosity, (c- d) completely    melted 

regions. 
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image of the fractured sample after stretching 

under high magnification reveals that there is 

almost no porosity, indicating that the best 

sample of the selected groups is of the best 

parameter to achieve a high density of 99.7 

percent. 
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 بالليسر الانتقائي الصهر بىاسطة  المُنتجَ AISI 316L للصذأ المقاوم للفىلار الميكانيكية الخىاص  

 هادي محمذ رائذ
1
 طه اياد زياد 

2
 

1، 2
 بغذاد خايعت/ انعهُا نهذساساث انهُزس يعهذ 

 فٍ أساسٍ بشكم انخقهُذٌ انخصُُع حغُُش ًَكُها نهخكُف قابهت إَخاج عًهُت أَه الإضافٍ انخصُُع أثبج نقذ : الخلاصة

 هزا يٍ انهذف. انًعقذة نهخكىَُاث يُاسب( SLM) بانهُزس الاَخقائٍ انصهش فإٌ ، انخصُُعُت لاسخشاحُدُخها َظشًا. انًسخقبم

 AISI نهصذأ انًقاوو نهفىلار وانصلابت انخآكم ويقاويت انًسايُت عهً انهُزس وقىة انًسح سشعت حؤثُش فٍ انخحقُق هى انعًم

316L ٌحُخده انز SLM .انًدهشَت انبُُت نفحض. يهحىظ انخحسٍ فإٌ ، انًذنفٍ نهصذأ انًقاوو بانفىلار انًقاسَت عُذ 

 قىةوكزنك ، EDX و ،( SEM) الإنكخشوٍَ ٌانًدهش وانًسح ،( OM) انبصشٌ انًدهشٌ انفحض اسخخذو ، نهعُُاث

 يقاسَت. HV 285 صلابتان وكاَج حًايا رابج انعُُاث أٌ انُخائح أوضحج. وانصلابت بانُسبت نهخىاص انًُكاَُكُت  انشذ

وفخحت  ، واط 100 نُزس طاقت باسخخذاو٪ 0.3 يسايُت أفضم عهً انحصىل حى ، الأخشي بشايُخشاثان حُخدها انخٍ بانًُارج

 كثافت قًُت كاَج ، رنك إنً بالإضافت. ثاَُت/  يى 000 يسح وسشعت ، يُكشويخش 30 طبقت وسًك ، يُكشويخش 20يسافت 

خىل/يهى 27 انُخائح لأفضم انحدًُت انطاقت
3
. 

 

 

 


