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Abstract 

Copper is already a well-used antibacterial agent serving in healthcare and medical 

sector. While using laser surface alloying as the fabrication method to alloy it onto AISI 

316L is still a topic to be further investigated.  Laser surface alloying of AISI 316L with 

copper under various processing conditions were studied in this project. The concentration 

and the depth of alloyed layer is in association with the scanning rate of laser.  The results 

provided evidence of a promising performance of the selected method and materials.
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CHAPTER 1: INTRODUCTION 

Copper-containing antibacterial stainless steels are mainly made by adding antibacterial 

elements as a whole during the melting process, and using a special process for heat 

treatment [1]. It has good antibacterial properties, long-lasting antibacterial properties, and 

no secondary harm to the human body [2]. It is noteworthy that the copper phase can only 

be precipitated after heat treatment. The morphology, quantity and distribution of the 

copper, determine the capability of the antibacterial effect [3]. Since the copper phase is 

evenly distributed in the stainless steel, even if the surface of the material is worn for a long 

time, the antibacterial properties will not be affected.
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                                  CHAPTER 2: LITERATURE REVIEW 

Medical metallic materials are an important class of biomedical materials because of 

their excellent comprehensive mechanical properties (tensile strength, hardness, impact 

toughness, fatigue strength, etc.), excellent corrosion resistance, good biocompatibility, and 

good performance in processing and forming [4]. They have been widely used for medical 

and biomedical applications. Medical metallic materials currently used clinically mainly 

include stainless steels, titanium and its alloys, cobalt-based alloys, etc [5]. Biodegradable 

magnesium alloys are a new type of medical metallic materials which have developed 

rapidly in recent years and have attractive clinical application potential [6]. In order to 

reduce medical treatment in the care of related infections, many hospitals have begun to 

use copper (Cu) and its alloys to make antibacterial medical equipment for reducing the 

chance of bacterial infection. If the medical metallic material itself has a strong antibacterial 

function, it will overcome the shortcomings of the antibacterial coating [7]. Therefore, 

adding an appropriate amount of copper (Cu), silver (Ag) and other types of substances 

with strong antibacterial effect to the surface modified layer of medical metallic materials 

(e.g. 316L stainless steel) will be a possible route [8]. Researchers used a variety of different 

processes including plasma spraying, magnetron sputtering, ion implantation and different 

chemical methods to add antibacterial metallic elements such as Cu and Ag, antibacterial 

non-metallic elements such as fluorine (F), and antibacterial compounds to medical metallic 

material is 316L stainless steel surface coating, so that it has certain antibacterial properties 

[9]. The metallic implant device has a stable and long-lasting antibacterial function, which 

is useful for eliminating or effectively reducing clinical bacterial infections. In recent years, 

the Medicinal Health of Asia Group research team carried out research on antibacterial 
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function of new copper-containing medical metallic materials for the first time in the world 

and has achieved exciting research progress attractive clinical application prospects. For 

example, Kalaivani prepared a CaSiO3 ceramic coating containing Cu ions on the surface 

of 316L stainless steel, which has a strong killing effect on both Escherichia coli and 

Staphylococcus aureus [10]. So far, there have been reports on the use of the antibacterial 

function of metallic materials to achieve clinical anti-infective functions. This is 

undoubtedly an innovative research with international leadership [4]. 

Due to its excellent corrosion resistance and good process ability, stainless steel 

manufactured by casting and mechanical processing techniques are widely used in watches, 

medical machinery, household appliances, food processing machinery, jewelry and other 

industries [11]. Cu powder metallurgy technology can achieve near-final forming of parts, 

reduce a large number of mechanical processing procedures, and reduce production costs. 

Therefore, it is increasingly hoped that powder metallurgy of Cu-containing stainless steels 

related to the above industries can be prepared by powder mixing, precision press forming 

and sintering processes to reduce the production cost of appliances and equipment [12]. 

Stainless steels usually refer to iron-based corrosion-resistant alloys with a chromium 

content of 12-30%. Stainless steels possess good corrosion resistance, oxidation resistance, 

good appearance, and good processing performance. In recent decades, the scope of use of 

stainless steels has rapidly developed to light industry and in daily life. The price of 

stainless steels is usually much higher than that of steels [11]. Due to the low cost of Cu 

powder metallurgy in the production of parts, compared with the casting method, the degree 

of precision and cost are very competitive [12]. Casting has possessed several drawbacks, 

including segregation and large machining volume. It can be avoided or reduced by Cu 
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powder metallurgy. With the development of laser surfacing technology, high-energy lasers 

are used to melt metal powder layer by layer and form the 3D metal parts gaining 

widespread attention [13]. 

Laser surface alloying (LSA) refers to the process of rapid melting and solidification of 

the material surface and forming new alloy substances to change its physical and chemical 

properties through the thermal effect of the interaction between the laser and the solid phase 

substance [14]. Laser surface alloying is widely used for improving the corrosion and wear 

resistances of metallic materials. Besides mixing the alloying elements, LSA can also 

incorporate hard particles on the alloy surface, introducing these particles in the molten 

substrate, and change its metallurgical structure and properties [15]. The laser-alloyed 

coating has a smooth surface, without cracks, high hardness, and a significant increase in 

corrosion resistance [16]. At present, there are a variety of surfacing methods 

(electroplating, electroless plating, ceramic strengthening, composite strengthening, etc.), 

but they have their advantages and disadvantages, for instance, the thick coating is easy to 

peel off. Laser surface technology provides new energy sources and solutions for 

overcoming the difficulties of the conventional surfacing methods [10]. 
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CHAPTER 3: EXPERIMENTAL DETAILS 

3.1 MATERIALS AND SPECIMEN PREPARATION 

   AISI 316L austenitic stainless steel in the form of rectangular bar with dimensions 

of 116 x 30 x 5.04 mm3 was served as the substrate. Each rectangular bar was cut into four 

equal pieces by a low-speed diamond cutter with cooling water. Subsequently, the samples 

were ground with the SiC papers for removing abrasive particles and oxides using the 

grinding machines. Pure copper powder with average particle size of <75 µm and purity of 

99% was used for preplacing on the AISI 316L substrate. The chemical compositions of 

316L was analyzed using the scanning electron microscopy (SEM) equipped with the 

energy dispersion spectroscopy (EDS) as shown in Table 1, where P and S are not listed 

due to the accuracy limitation of the SEM.   

 

Table 1. Chemical composition of steel AISI 316L 

Elements Mn Mo Ni Cr Fe Si C P S 

Composition (wt.%) 1.18 2.6 9.7 17.7 Bal. 0.49 <0.03 - - 

 

3.2 PREPLACEMENT OF COATINGS 
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Pure copper powder was mixed with the 4% polyvinyl alcohol (PVA) binder as the 

slurry. Before preplacing, the weight of copper powder needed for the desired thickness 

was calculated from (density x volume). The copper powder was then preplaced on the 

surface of the 316L using a paintbrush. During the process, the weight of the sample was 

also measured to ensure that the painted layer did not exceed the desired thickness.  

 

3.3 LASER SURFACE ALLOYING 

Laser surface alloying (LSA) was carried out using a fiber-couple high power diode 

laser (l=990 nm, Laserline LDM 1000-1000), and the laser beam was transmitted through 

an optical fiber. The laser module was controlled by the CNC machine for processing. 

Argon was used as the shielding gas with a flow rate of 15 L/min. Throughout the process, 

various parameters regarding laser scanning speed and power, and thickness of preplaced 

copper layers were examined. The final parameters were optimized to give the best quality 

of the laser-alloyed layer, a power of 2 kW with beam size of 2 mm was used for all 

parameters as listed in Table 2.  

 

Table 2. Various parameters for LSA. 

Scanning speed (mm/s) Thickness of preplaced copper layer (mm) 

15 0.025 

20 0.025 

20 0.1 

60 0.1 
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3.4 MEASUREMENT OF BACTERIA BY AGAR PLATE CULTURE METHOD 

Staphylococcus aureus was the test bacteria for the antibacterial activity and efficacy 

testing. The test bacteria were first pre-incubated which was used to prepare inoculum. Test 

piece was then incubated at 35 °C at a relative humidity of 90% for 24 hours. After 

incubation, test bacteria on the workpiece should be washed out and immediately proceed 

to the measurement of the quantity of viable bacteria. Measurement of viable 

Staphylococcus aureus is done by agar plate culture method which washing of inoculated 

bacteria earlier were added to phosphate-buffered physiological saline and was repeated to 

prepare 10-fold serial dilutions.  Subsequently, each washing and dilution were dispensed 

into 2 individual sterilized petri dishes, agar was added into them and incubated again. The 

number of colonies was measured, and the result of antibacterial activity would be 

reported.  

 

3.5 CHARACTERIZATION OF LASER-ALLOYED LAYER 

Samples were carefully cut by a low-speed diamond cutter for cross-sectional 

analysis. Sectioned samples were ground subsequently with SiC papers of 400, 800, 1000, 

and 5000 grit. Lastly, samples were polished to a mirror finishing using velvet cloth with 

0.5-µm diamond paste. The SEM (Hitachi S-3400N, Type I) equipped with EDS (Horiba 

EX-250) was used to investigate the microstructure and chemical compositions of the 

sectioned samples.  
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3.6 HARDNESS, WEAR AND ELECTROMECHANICAL TESTING 

Micro-hardness was measured on the top surface and cross-section of the laser-

alloyed layers using a micro-hardness tester (MHV2000) at a load of 200 g upon a dwell 

period of 10 s. For the cross-section, each sample was measured along with the depth from 

the top surface to the interface and substrate. For the top surface of the sample, five 

positions are selected for the micro-hardness testing, and an average value was taken.  

Values of friction coefficient were obtained from a UMT TriboLab tester (Bruker, 

Germany), using a reciprocating drive, a rate of 30Hz, a load of 15 N, sliding length of 3 

mm, and a testing time of 20 minutes.  

Furthermore, the morphology and 3D profile worn surfaces were investigated by a 3D 

optical profiler (Bruker, Germany), which respective volume losses were computed by the 

corresponding software of the 3D optical profiler.  

Potentiodynamic polarization curves were studied using a PAR VersaStat II corrosion 

system concerning ASTM G5-92 Standard [17]. Before the start of electrochemical tests, 

800-grit SiC paper were used for grounding the laser surface alloyed sample. With the 

possibility of crevice corrosion, prevention was done by applying epoxy at the gap between 

the sample and the mount. The reference electrode used is a saturated calomel electrode 

and the counter electrode served are two parallel graphite rods. The OCP measurement was 

carried out for 120 min. After that, the potential was raised at a rate of 0.0167 mV/min 

starting from 0.2 VSCE below the OCP. Afterwards, the current density (Icorr) was computed 

from the polarization curve with Tafel extrapolation using a software (PowerCorr, V.2.42).  
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1 METALLOGRAPHIC AND MICROSTRUCTRAL ANALYSIS 

   The cross-sectional SEM micrographs of the laser-alloyed samples fabricated at four 

processing conditions are shown in Figs. 1-4.  Each sample was analyzed at the top, 

middle, bottom of the alloyed layers and the interface between the alloyed and the 

substrate. For alloyed samples with preplaced copper powder of 0.1 mm, clear dendrites 

were observed, especially the sample with scanning speed of 60 mm/s (Fig. 4). 

However, inclusions were relatively obvious in both the samples with preplaced Cu 

powder of 0.1 mm (Figs. 3 & 4), and cracks were observed but they did not reach to the 

substrate. The reason that caused this feature may due to the high laser scanning speed 

(60 mm/s) compared to the other samples which were of 15 or 20 mm/s, leading to high 

Cu content and solidification cracks. The Cu content in the laser-alloyed samples was 

analyzed by EDS as shown in Fig.5 and Table 3. The alloyed layer with 60 mm/s, got 

the highest Cu content among all samples, containing 38.22 wt.% Cu. However, the 

thickness of the alloyed layer was the shallowest among the samples, which was only 

0.6 mm. This high content of Cu could also be the reason of the formation of cracks, as 

too much Cu was forced to the substrate within the short interaction time, and time was 

insufficient for heating and mixing them adequately. For the same thickness of 

preplaced Cu powder, the copper content of the sample with a lower scanning speed of 

20 mm/s was much lower, the maximum was 11.9 wt.% Cu as shown in Table 3. From 

the comparisons shown above, it is confirmed that the higher scanning speed leads to 
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Cu enrichment in the laser-alloyed layer. However, it is observable that the higher 

scanning rate, the shallower of the laser-alloyed layer (Fig. 5). Considering that the 

ultimate target is to achieve even copper distribution and with no cracks are favorable, 

lower scanning rate and thinner preplaced copper powder are preferred. 

 

  

(a) 
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(c) 
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Fig. 1. LSA sample of 0.025 mm preplaced copper scanning speed of 15 mm/s, power 
of 2kW, where (a), (b), (c), (d), refers to the top, middle, bottom of the coating and the 
interface respectively. 
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Fig. 2. LSA sample of 0.025 mm preplaced copper scanning speed of 20 mm/s, power 
of 2kW, where (a), (b), (c), (d), refers to the top, middle, bottom of the coating and the 
interface respectively. 
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Fig. 3. LSA sample of 0.1 mm preplaced copper scanning speed of 20 mm/s, power of 
2kW, where (a), (b), (c), (d), refers to the top, middle, bottom of the coating and the 
interface respectively. 
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Fig. 4. LSA sample of 0.1 mm preplaced copper scanning speed of 60 mm/s, 
power of 2kW, where (a), (b), (c), (d), refers to the top, middle, bottom of the 
coating and the interface respectively. 
 

 

Fig. 5. Cu content analysis of LSA of 316L stainless steel with Cu by EDS, at the 
middle of the cross-section 

 

Table 3. Cu content analysis of LSA of 316L stainless steel with Cu by EDS, at the 
middle of the cross-section 

Distance from surface (mm) 
Cu (wt.%) 

P2V15 
(0.025mm) 

P2V20 
(0.025mm) 

P2V20 
(0.1mm) 

P2V60 
(0.1mm) 

0.2 3.96 2.27 9.88 38.22 
0.4 3.25 2.51 10.26 31.41 
0.6 3.37 2.22 10.98 13.28 
0.8 3.66 2.16 10.32 0 
1 3.84 2.26 10.17 0 

1.2 2.88 2.39 10.23 0 
1.4 3.4 3.16 10.88 0 
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1.6 3.15 2.17 9.34 0 
1.8 3.69 2.62 6.83 0 
2 3.15 2.41 0 0 

2.2 0 0 0 0 
In Fig. 6, some white and black phases in the grey matrix were observed in the 

LA-Cu-316L P2V15 (0.025mm). The three different phases (labeled as A, B and C) 

were analyzed using EDS and results were depicted in Table 4. For the white phase, Cr 

and Mo enrichment was significant, as the normal composition of Cr and Mo of 316L 

is ~17 wt.% and ~1 wt.% respectively (Table 1). However, the Cr content raised to >20 

wt.% and there was also a notable enrichment in Mo (5.47 wt.%), and a significant 

reduction in Ni (4.11 wt.%). For the black phase, there was a significant rise in Mn 

(19.07 wt.%) and O (28.87 wt.%), and a notable drop in Cr and Ni contents. Besides, 

there was no copper present in the black phase. This may due to the inevitable oxidation 

during the LSA process. For the grey phase, its composition was similar to that of AISI 

316L with presence of Cu.  

The XRD patterns of four laser-alloyed samples are shown in Fig. 7. From the 

XRD patterns, the phase present in the samples was found to be similar to that of AISI 

316L, i.e. the austenitic phase (γ-FeNiCr in 316L). For the four LA-Cu-316L, the phase 

was γ-FeNiCrCu, in which Cu was melted and mixed into the 316L as the solid solution. 
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Table 4. EDS Analysis in wt. % referring various phases, where (A), (B), (C) refers to 
the white, black, grey phases respectively, of LA-Cu-316L P2V15 (0.025mm). 

Elements Cr 

wt. % 

O 

wt. % 

Mn 

wt. % 

Mo 

wt. % 

Ni 

wt. % 

Si 

wt. % 

Fe 

wt. % 

Cu 

wt. % 

(A) 23.14 0 0.98 5.47 4.11 0.55 63.35 2.40 

(B) 11.20 28.87 19.07 1.24 2.93 13.14 23.55 0 

(C) 15.46 0 0.94 2.38 10.64 0.40 65.78 4.40 

 
 
  

Fig. 6 Three phases of LA-Cu-316L P2V20 (0.025mm) 

(B) (A) 

(C) 
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(a) 

 

(b)  
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(d) 

 

 

(e) 

 
Fig. 7.  XRD pattern of AISI 316L and LSA samples, where P refers to scanning power 
in kW and V refers to scanning rate in mm/s 
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4.2 ELECTROMECHANICAL BEHAVIOR 
 

OCP against time and potentiodynamic polarization curves were depicted in Fig. 

8 and the OCP and Icorr were extracted as listed in Table 5. The corrosion morphologies 

of the samples were shown in Fig. 9. Pitting corrosion attack can be seen on the samples. 

For the LA-Cu-316L P2V20 (0.1 mm) and LA-Ci-316L P2V60 (0.1 mm) corrosion of 

Cu could be observed by the greenish colour (Fig. 8). From Table 7, it could be 

observed that only LA-Cu-316L P2V20 (0.1mm) was nobler than that of AR-316L, 

where all the other samples were more active than AR-316L. However, the LA-Cu-

316L P2V20 (0.025) got the smallest Icorr, followed by AR-316L, LA-Cu-316L P2V15 

(0.025mm), LA-Cu-316L P2V20 (0.1 mm), and at last LA-Cu-316L P2V60 (0.1 mm). 

It was obvious that samples with 0.1-mm preplaced Cu lost passivation. This could be 

explained as the laser-alloyed layer in these two processing conditions had high Cu 

content (>10 wt.%), where the laser-alloyed layer of LA-Ci-316L P2V15 (0.025mm) 

and LA-Ci-316L P2V20 (0.025mm) had only 3-4wt.%. This also explained the higher 

value of Icorr for samples with 0.1-mm preplaced copper. As evidence with the Icorr values, 

higher the Cu content, higher the rate of corrosion. 

 

Table 5.  Essential values of corrosion test regarding four processing conditions and 
AISI 316L as receive. 
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Samples OCP (mV) Icorr (µA/cm2) Epit (mV) 

LA-Cu-316L P2V15 (0.025 mm) -0.195 0.07 0.339 

LA-Cu-316L P2V20 (0.025 mm) -0.188 0.04 0.325 

LA-Cu-316L P2 V20 (0.1 mm) -0.167 1.15 -0.052 

LA-Cu-316L P2V60 (0.1 mm) -0.187 1.78 -0.135 

AR-316L -0.181 0.05 0.410 

 

 

(a) 
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Fig. 8. (a) Plotting OCP against time and (b) potentiodynamic polarization curves of 
various processing conditions 

 

(b) 
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(a) A power of 2 kW, scanning rate of 15 mm/s, 0.025 mm preplaced copper 

 
(b) A power of 2 kW, scanning rate of 20 mm/s, 0.025 mm preplaced copper 
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(c) A power of 2 kW, scanning rate of 20 mm/s, 0.1 mm preplaced copper 

 
(d) a power of 2 kW, scanning rate of 60 mm/s, 1 mm preplaced copper 
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(e) AISI 316L 

Fig 9. Corrosion morphologies of LSA samples and AISI 316L. 

 

4.3 HARDNESS AND WEAR BEHAVIOR  

 The microhardness results related to wear resistance were indicated in Table 6. It 

was observed that the overall hardness of all laser-alloyed samples with different 

processing conditions had a smaller value than the AR-316L. Yet, the higher the Cu 

content, the higher value of surface hardness was obtained, especially for the LA-Cu-

316L P2V60 (0.1mm), it showed a significant rise compared to the other samples. In 

Fig. 10, among the laser-alloyed layer, there was a precipitate at the top of the coating, 

after EDS analysis, it was shown that it was a Cu precipitate, with 93.99 wt. % Cu. The 

presence of Cu precipitation in iron matrix is well investigated [18]. The study 
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suggested that a coherent Cu precipitation may strengthen the iron BBC cells. With the 

fast scanning rate of 60 mm/s, the rapid solidification should enhance the solubility, 

hence resulting in a more prominent hardness of the sample. This could explain the rise 

in hardness of this sample (216.02 HV0.2). 

 

Table 6. Hardness and wear test related values of LSA samples, where thin and thick 

refer to 0.025 mm and 0.1 mm preplaced copper 

Samples Cu (wt. %) COF Volume loss 
(mm3) 

Surface hardness 
(HV0.2) 

LA-Cu-316L 
P2V20 (0.025mm) 2.5 1.0118 0.532 176.7 ± 7.0 

LA-Cu-316L 
P2V15 (0.025mm) 4.0 0.8742 0.507 178.5 ± 5.6 

LA-Cu-316L 
P2V20 (0.1mm) 10 0.8591 0.442 181.4 ± 3.7 

LA-Cu-316L 
P2V60 (0.1mm) 30 0.8309 0.486 216.2 ± 8.5 

AR-316L - 0.9155 0.58 262.7 ± 8.3 

 

 Plot of COF versus time was depicted in Fig. 11, and the volume losses were 

demonstrated in Table 7. From Table 6, it could be seen that the lower the Cu content, 

the higher value of COF. Also, the lower the Cu content, the higher volume loss of the 

sample. However, there was a contradiction for the LA-Cu-316L P2V20 (0.1mm) as it 

had a smaller volume loss than that of the sample with a higher Cu content. This may 

be due to the difference in the thickness of the laser-alloyed layer in the two samples. 
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For the LA-Cu-316L P2V20 (0.1mm), the laser-alloyed layer was in depth of 1.8 mm 

from the surface, whereas the other one was with 0.6 mm only (Table 3). This might 

have led to the bigger drop of the volume with respect to the LA-Cu-316L P2V20 

(0.1mm). In short, with the alloyed layer, the wear resistance has overall enhanced, 

despite the decrease in hardness on the surface. 

 

 

Fig. 10. Copper precipitate in the laser surface alloyed layer of sample fabricated at a 
speed of 60 mm/s, a power of 2 kW 

 

Cu precipitate 
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Table 7. Volume losses and the wear track profiles of LSA samples and AISI 316L, 
obtained by 3D OM 

 

 

 

 

 

 

 

 

 

 

 

LA-Cu-316L P2V15 (0.025 mm) 

LA-Cu-316L P2V20 (0.025 mm) 

LA-Cu-316L P2V20 (0.1 mm) 

LA-Cu-316L P2V60 (0.1 mm) 

AISI 316L 
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Fig. 11. COF versus time diagram of LSA samples with four processing conditions and 
AISI 316L. 
 

4.4 ANTI-BACTERIAL BEHAVIOR 

 The Japanese Industrial Standard (JIS) was used to study the antibacterial activity, 

where the results are shown in Table 8. If the antibacterial index of a treated piece with 

antibacterial agent is >2.0, it is considered to be a successful antibacterial article. There 

were two batches of samples, which the first batch was sent right after LSA, and the 

second batch was ground with SiC papers to remove oxides on the surface. From the 

results, it can be observed that both batches succeed in antimicrobial effect, as the 

smallest antibacterial index obtained is 3.6, which was the value of the both samples 

from the first batch. With the oxide removed, the antimicrobial performance of the 

thicker (0.1 mm preplaced copper) sample was stronger than the thinner (0.025 mm 

preplaced copper) sample, with a difference of 0.3 in antibacterial activity. It is 
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predictable as the Cu content in the thicker sample was higher than that of the thinner 

sample (Table 3).  

 

Table 8. Test Results of the antibacterial activity of LSA samples of two different 
processing conditions 

 P2V15 thin 

(oxide removed) 

P2V60 thick 

(oxide removed) 

P2V15 thin 

(with oxide) 

P2V60 thick 

(with oxide) 

U0 (CFU/cm2) 9.74 x 103 9.74 x 103 6.48 x 103 6.48 x 103 

Ut (CFU/cm2) 2.06 x 104 2.06 x 104 2.78 x 103 2.78 x 103 

At (CFU/cm2) 2 1 < 0.63 < 0.63 

Antibacterial 

activity  
4 4.3 3.6 3.6 

 

U0 is the average of logarithm numbers of viable bacteria immediately after inoculation 

on untreated test pieces.  

Ut is the average of logarithm numbers of viable bacteria after inoculation on untreated 

test pieces after 24h.  

At is the average of logarithm numbers of viable bacteria after inoculation on 

antibacterial test piece after 24h. 

The number of viable bacteria shall be expressed as “<0.63” when the count of colonies 

is “<1”. 

  



` 

 
 
 

CHAPTER 5: CONCLUSIONS 

 
 Laser surface alloying of AISI 316L with copper showed a sufficient antibacterial 

performance. The copper content that could give the effective antibacterial activity was 

as minimal as 3 wt.% in the AISI 316L. Yet, the amount of copper content should be 

carefully controlled as no microcracks are favorable in the products. Still, it was found 

that high copper content could be added into 316L stainless steel by laser surface 

alloying. Moreover, the laser-alloyed 316L with copper has strengthen its wear and 

corrosion resistance, of certain parameters. Using laser surface alloying, AISI 316L 

stainless steel is seen to be a potential alternative manufacturing process, considering 

priority to offer control with regards to intermixing between the substrate and the laser-

alloyed copper. In conclusion, LSA of stainless steel with copper has a promising 

potential to combat medical and healthcare applications.  
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CHAPTER 6: FUTURE STUDY 

 Although copper and silver alone are already well-documented antibacterial 

agents in the healthcare and medical application, properties of copper-silver alloyed 

316L are yet to be completely studied. With use of laser surface alloying as the 

fabrication method to have copper-silver alloyed into the 316L substrate could be 

further investigated in the future.  
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APPENDIX A: WORK BREAKDOWN 
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