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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? Yes 	Comment by Deepthi Das: Authors: Changed this to yes and added the SCOPE shots. Please verify.
5.1.1, 5.1.2, 5.1.3, 5.1.4

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes 

If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Author’s Note: Screen recordings will be provided for SEM, XRD, hardness analysis, and tribometer interface.

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 04/20/2026

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare.


Current Protocol Length

Number of Steps:  14
Number of Shots:  54

Introduction 
Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context. The answers have been revised for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full author name.: This study standardizes laser metal deposition to correlate laser power with microstructure, hardness, and wear performance in reinforced Ti6Al4V
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research contexts or systems in which this protocol can be applied.
1.2. Ochonogor Oneyeka Franklin: This protocol applies to aerospace, biomedical, automotive, and additive manufacturing systems which requires enhanced titanium surface durability.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Ochonogor Oneyeka Franklin: This study enables the quantitative evaluation of phase formation, hardness variation, and dry sliding wear response.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Describe the most important consideration or challenge when performing this protocol.
1.4. Ochonogor Oneyeka Franklin: In this protocol, laser power must balance adequate melting with reinforcement retention to avoid dilution and hardness reduction.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Ochonogor Oneyeka Franklin: Future studies can optimize energy density, model reinforcement kinetics, and evaluate long-term wear performance.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Protocol  
2. Preparation of Ti6Al4V Substrates and Hybrid Composite Powder
Demonstrator: Ochonogor Oneyeka Franklin

2.1. To begin, obtain Ti6Al4V (titanium six aluminum four vanadium) plates of dimensions 102 mm by 102 mm by 7 mm [1]. Under running water, grind the Ti6Al4V substrate surfaces sequentially using 240, 400, 600, and 800 grit silicon carbide papers [2].

2.1.1. WIDE: Shot of the Ti6Al4V cut to the specific dimensions. 	Comment by Deepthi Das: Authors: Since LMD is described in detail in Section 3.1, I have replaced the original shot with a simpler one. Please confirm if this is alright.
2.1.2. Shot of the talent grinding the substrate surface under running water with silicon carbide papers in the specified sequence. Show the grinding process using 1 or 2 papers.

2.2. Sandblast the surfaces using 120 micrometer alumina particles at 0.4 megapascal for 60 seconds to increase surface roughness [1]. Clean the substrates in acetone for 10 minutes using ultrasonic agitation [2]. Dry the substrates with compressed air [3]. Store the cleaned substrates in a desiccator until deposition [4].

2.2.1. Shot of the talent sandblasting the substrate surface using 120 µm alumina particles.
2.2.2. Talent placing the substrates into an ultrasonic bath containing acetone.
2.2.3. Talent drying the substrates using compressed air.
2.2.4. Talent storing the cleaned substrates in a desiccator.  

2.3. To prepare hybrid composite powder, start by weighing the reagents [1] as presented [2]. Attach a third hopper feeder system [3]. Load the blended composite powder into the three-hopper feeder system [4]. Set the total powder feed rate to 10 grams per minute for deposition [5].

2.3.1. Shot of the talent weighing one of the reagents.
2.3.2. TEXT ON A PLAIN BACKGROUND:
According to the desired weight fraction, weigh:
-   Gas atomized Ti6Al4Vpowder (15–53 µm)
-   Boron carbide (B₄C) powder (5–20 µm) 
-   Hexagonal boron nitride (BN) powder (1–10 µm)
2.3.3. Talent attaching a third hopper feeder system.
2.3.4. Talent loading the blended composite powder into the feeder system.
2.3.5. Talent adjusting the powder feed rate to 10 g/min.

3. Fabrication of a Composite Using Laser Metal Deposition

3.1. Use a laser metal deposition system equipped with a high-power fiber laser and a coaxial powder delivery nozzle [1]. Mount the Ti6Al4V substrate securely on the build platform [2]. Establish argon shielding at 15 liters per minute to prevent oxidation during processing [3]. Set the laser spot diameter to 2.5 millimeters [4]. Set the scanning speed to 1.0 meter per minute [5].
	Comment by Deepthi Das: Authors: I have modified the shot (3.1.1) according to your input. Please confirm whether this is accurate and sufficient.
3.1.1. WIDE: Shot of the complete LMD system with a close-up of the high-power fiber laser head, close-up of the coaxial powder delivery nozzle. 
3.1.2. Talent fixing the substrate onto the build platform.
3.1.3. Talent setting argon gas flow on the system.
3.1.4. Talent adjusting the laser spot diameter setting.
3.1.5. Talent configuring the scanning speed.

3.2. To deposit the composite layer, set the laser power to 1400 watts [1]. Deliver the composite powder at a rate of 10 grams per minute through three-hopper coaxial feeders [2]. Apply a cladding layer with a 50 percent overlap between tracks [3].

3.2.1. Talent setting laser power on the control panel.
3.2.2. Talent initiating powder delivery through the feeders.
3.2.3. Talent performing cladding with overlapping tracks.

3.3. Maintain constant standoff distance and consistent powder flow throughout deposition [1]. Allow the deposited samples to cool naturally to room temperature under continuous argon shielding [2].

3.3.1. Talent monitoring and maintaining deposition parameters.
3.3.2. Shot of the deposited samples cooling naturally under continuous argon shielding.

4. Metallographic Sample Preparation and Chemical Etching	Comment by Deepthi Das: Authors: I have re-ordered the steps in this section based on your input. Please check if this section captures the sequence of actions accurately now. 

4.1. Use a precision cutter to section the fabricated samples perpendicular to the cladding direction [1]. Mount the sections in conductive mounting resin [2].

4.1.1. Talent cutting the sample using a precision cutter.
4.1.2. Talent embedding the sample in mounting resin.

4.2. Grind the mounted samples sequentially using 240, 400, 600, 800, and 1200 grit silicon carbide papers [1]. Polish the samples using 6 micrometer, 3 micrometer, and 1 micrometer diamond suspensions [2]. Rinse the polished samples with ethanol [3]. Dry the samples using warm air [4].

4.2.1. Shot of the talent grinding mounted samples using a silicon carbide paper.
4.2.2. Shot of the talent polishing the samples using diamond suspension.
4.2.3. Talent rinsing the polished samples with ethanol.
4.2.4. Shot of the polished samples being dried.

4.3. After putting on personal protection equipment, switch on the certified chemical fume hood [1]. In the fumehood, add 2 milliliters of hydrofluoric acid, 6 milliliters of nitric acid to 92 milliliters of distilled water to prepare Kroll’s reagent [2]. Immerse the polished sample in Kroll’s reagent for 10 to 15 seconds [3]. Rinse immediately with distilled water [4]. Dry using warm air [5].

4.3.1. WIDE: Talent wearing personal protection equipment switching on the certified chemical fume hood.
4.3.2. Talent adding 2 mL of hydrofluoric acid and 6 mL of nitric acid to 92 mL of distilled water.
4.3.3. Talent placing the sample into the Kroll’s reagent.
4.3.4. Talent rinsing the sample with distilled water.
4.3.5. Talent drying the sample with warm air.

5. Microstructural and Phase Characterization 

5.1. Examine the etched samples using an optical microscope [1]. Identify the cladding zone [2], fusion zone [3], and heat affected zone [4].

5.1.1. SCOPE: View of microstructure under optical microscope.
5.1.2. SCOPE: Show regions of cladding.
5.1.3. SCOPE: Show regions of fusion.
5.1.4. SCOPE: Show regions of heat affected zones.

5.2. Operate the scanning electron microscope at an accelerating voltage of 15 to 20 kilovolts [1]. Analyze reinforcement distribution, interfacial bonding, and microstructural features [2]. Perform X-ray diffraction using copper K alpha radiation with wavelength 1.5406 angstrom [3]. Scan over a 2-theta range of 20 degrees to 90 degrees with a step size of 0.02 degrees [4]. Identify phases using standard diffraction databases [5].

5.2.1. Talent adjusting SEM settings.
5.2.2. SCREEN: SEM image showing microstructural features.
5.2.3. Talent placing sample in X-ray diffraction instrument.
5.2.4. SCREEN: Show scan parameters being set on XRD interface.
5.2.5. SCREEN: Display phase identification results.

5.3. To calibrate the Vickers microhardness tester, apply a 500-gram load for 15 seconds at five equidistant points across the clad cross section [1]. Perform at least five indentations along the cladding centerline [2]. Maintain a minimum spacing of three times the indentation diagonal between adjacent indents [3]. Calculate and report the average hardness value [4].

5.3.1. Talent applying a 500 g load for 15 s at 5 equidistant points across the clad cross section.
5.3.2. Shot of the talent performing hardness indentation.
5.3.3. Shot of spaced indentations on sample surface.
5.3.4. SCREEN: Display hardness calculation results.

6. Dry Sliding Wear Testing

6.1. Keep a reciprocating ball on disc tribometer ready for testing [1]. Select a 6-millimeter diameter tungsten carbide counter body [2]. Apply a normal load of 15 newtons [3]. Set the sliding speed to 0.1 meter per second [4]. Maintain a wear track radius of 5 millimeters [5].

6.1.1. Talent switching on the tribometer and its accessories.
6.1.2. SCREEN: Talent selecting a 6 mm diameter tungsten carbide counter body.
6.1.3. Talent applying a normal load of 15 N.
6.1.4. SCREEN: Show the sliding speed being set to 0.1 m/s.
6.1.5. SCREEN: Setting and checking a wear track radius of 5mm.

6.2. Conduct the test for a total sliding distance of 1000 meters under dry conditions at room temperature [1]. Record the coefficient of friction continuously during testing [2]. Measure wear track dimensions using scanning electron microscopy [3] and surface profilometry [4]. Calculate wear volume and wear rate using geometric relations [5].

6.2.1. Talent conducting the test for a total sliding distance of 1000 meters under dry conditions at RT.
6.2.2. SCREEN: Display the coefficient of friction being recorded continuously during the test.
6.2.3. SCREEN: Display the wear track dimensions being measured using scanning electron microscopy.
6.2.4. SCREEN:  Display the wear track dimensions being measured using surface profilometry.
6.2.5. SCREEN: Display wear calculation results.



Results
7. Results 

7.1. At 1400 watt, the detected phases included titanium, titanium nitride, carbon-containing phases, and additional titanium compounds [1]. 

7.1.1. LAB MEDIA: Figure 5. Video editor: Show the full X-ray diffraction pattern and highlight all the labeled peaks across the graph

7.2. At 2000 watt, the detected phases included titanium [1], titanium nitride [2], boron nitride [3], and nitrogen-containing phases [4].

7.2.1. LAB MEDIA: Figure 6. Video editor: Highlight the “Titanium-beta” label in the phase list on the left side of the graph, and emphasize the corresponding colored section in the pie chart at the top right.
7.2.2. LAB MEDIA: Figure 6. Video editor: Highlight the label “Titanium nitride (2/1)” in the phase list on the left side of the graph and emphasize the corresponding-colored section in the pie chart at the top right.
7.2.3. LAB MEDIA: Figure 6. Video editor: Highlight the label “boron nitride” in the phase list on the left side of the graph and emphasize the corresponding-colored section in the pie chart at the top right.
7.2.4. LAB MEDIA: Figure 6. Video editor: Highlight the label “Nitrogen” in the phase list on the left side of the graph and emphasize the corresponding-colored section in the pie chart at the top right.

7.3. Scanning electron microscopy images showed wear scar morphology with material removal features along the sliding direction [1].
7.3.1. LAB MEDIA: Figure 7. Video editor: Zoom in on the central worn region and highlight the long groove-like marks running in one direction across the surface
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