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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 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]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: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

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

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  37
Number of Shots:  67 

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Laser Metal Deposition of Ceramic Reinforced Surface Composites
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, cut the TI6Al4V substrate plates to dimensions of 50 millimeters by 50 millimeters by 5 millimeters [1].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for TI6Al4V
2.1.1. WIDE: Talent cutting the TI6Al4V substrate plate to the specified dimensions.
2.2. Grind the substrate surface sequentially using silicon carbide papers from P320 (P-Three-Twenty) to P800 (P-Eight-Hundred) grit to remove surface oxides and irregularities [1]. Ultrasonically clean the substrates in acetone for 10 minutes, followed by ethanol for 10 minutes [2].
2.2.1. Talent grinding the substrate surface sequentially with silicon carbide papers.
2.2.2. Talent placing the substrates into acetone for ultrasonic cleaning.
2.3. Then, dry the substrates using compressed nitrogen [1] and mount the dried substrates securely on the laser metal deposition build platform [2].
2.3.1. Talent drying the substrates with compressed nitrogen.
2.3.2. Talent mounting the dried substrates on the laser metal deposition build platform.
2.4. Next, use a laser metal deposition system equipped with a multi-hopper powder feeding unit [1]. Employ a continuous wave fiber laser with a wavelength of approximately 1070 nanometers and set the laser spot diameter to 1.0 to 1.5 millimeters using a coaxial nozzle [2].
2.4.1. Shot of the laser metal deposition system with a multi-hopper powder feeding unit.
2.4.2. Talent adjusting the coaxial nozzle to set the laser spot diameter.
2.5. Load TI6Al4V, zirconium, and titanium carbide powders into separate hoppers under an argon-filled glove box [1]. Purge all powder lines and hoppers with high-purity argon for at least 20 minutes to reduce oxygen levels below 10 parts per million [2].
2.5.1. Talent loading powders into separate hoppers inside an argon-filled glove box.
2.5.2. Talent placing the powder lines and hoppers under argon purging.
2.6. Calibrate each powder feeder gravimetrically [1]. Adjust the feed rates to achieve the desired composition while maintaining a total powder feed rate of 5 to 10 grams per minute with a deviation within 2 percent [2].
2.6.1. Talent performing gravimetric calibration of the powder feeder.
2.6.2. Talent adjusting the powder feeder settings to achieve the desired feed rate.
2.7. Set the laser power to 800 to 1200 watts and the scanning speed to 6 to 12 millimeters per second [1]. Maintain an argon shielding gas flow rate of 10 to 15 liters per minute to protect the molten pool from oxidation [1].
2.7.1. Talent setting the laser power and the scanning speed on the system interface.
2.7.2. Talent adjusting the argon shielding gas flow rate on the system.
2.8. Deposit material using a raster scan strategy with 30 to 50 percent overlap between adjacent tracks [1]. Build coatings layer by layer while allowing controlled cooling intervals between layers to minimize residual stress [2].
2.8.1. Talent performing material deposition with a raster scan pattern showing overlapping tracks.
2.8.2. Shot of the deposited layers during a cooling interval.
2.9. Allow the samples to cool to room temperature under an argon atmosphere after deposition [1].
2.9.1. Talent placing the samples under argon atmosphere for cooling.


3. Microstructural and Phase Characterization of Surface Composites
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Using a precision diamond saw, cut the deposited samples perpendicular to the build direction [1].
3.1.1. WIDE: Talent cutting the deposited sample using a precision diamond saw.
3.2. Embed the specimens in conductive epoxy [1] and cure the embedded specimens as per the manufacturer’s instructions [2].
3.2.1. Talent embedding the specimens in conductive epoxy.
3.2.2. Talent placing the embedded specimens aside for curing.
3.3. Grind the specimens with silicon carbide papers [1] and polish with diamond suspensions down to 1 micrometer [2].
3.3.1. Talent grinding the specimen surface with silicon carbide papers.
3.3.2. Talent polishing the specimen with diamond suspension.
3.4. Now, coat the polished samples with a thin conductive layer before scanning electron microscopy or SEM (S-E-M) imaging to reduce surface charging [1]. Then, mount each polished sample on an aluminum SEM stub using conductive carbon tape to ensure proper electrical contact [2].
3.4.1. Talent coating the polished sample with a thin conductive layer.
3.4.2. Talent mounting the sample on an aluminum scanning electron microscopy stub using conductive carbon tape.
3.5. Place the mounted samples in a sputter coater and deposit a 5 to 10 nanometer thick layer of gold or carbon in an argon atmosphere [1]. Apply a sputtering current of around 20 milliampere for 45 to 60 seconds to ensure a uniform conductive coating [2]. Store the coated samples in a clean, dust-free container until SEM analysis [3].
3.5.1. Talent placing the mounted samples into the sputter coater chamber and initiating deposition of a gold or carbon coating in the sputter coater.
3.5.2. Show the sputter coater interface with sputtering current set to 20 milliampere and time set to 45 to 60 seconds.
3.5.3. Talent placing coated samples into a clean, dust-free container.
3.6. Then, ensure the sample surface is smooth and scratch-free before grinding and polishing [1]. Clean the sample in ethanol or acetone for 5 to 10 minutes [2], dry the sample completely using warm air or nitrogen [3].
3.6.1. Talent inspecting the sample surface for smoothness and absence of scratches.
3.6.2. Talent cleaning the sample with ethanol/acetone.
3.6.3. Talent drying the sample using warm air or nitrogen.
3.7. After choosing the coating material, place the sample in the sputter coater vacuum chamber and pump down to high vacuum [1]. Set the sputtering current and voltage according to the manufacturer’s specifications. Sputter-coat for a calibrated time to achieve a 5 to 10 nanometer thickness [2].
3.7.1. Talent placing the sample into the sputter coater vacuum chamber and initiating the vacuum pump down process.
3.7.2. Show the sputter coater settings panel with adjustable current and voltage parameters. Start the coating process.
3.8. Rotate the sample during deposition to ensure uniform coverage while avoiding overcoating [1]. Verify coating thickness using calibration or a profilometer and ensure the sample is clean after coating to prevent contamination [2].
3.8.1. Talent rotating the sample during coating.
3.8.2. Talent measuring coating thickness using a profilometer and inspecting the sample for cleanliness after coating.
3.9. Store the coated samples in a dust-free container. Avoid touching the coated surface to maintain conductivity and image quality [1].
3.9.1. Talent placing coated samples into a dust-free container.
3.10. Next, apply a thin carbon layer, followed by a gold layer for balanced elemental analysis accuracy and enhanced image quality, especially for heterogeneous or low-conductivity samples [1].
3.10.1. WIDE: Talent performing sequential coating of carbon followed by gold on the sample.
3.11. Conduct SEM imaging with an accelerating voltage between 10 and 20 kilovolts and a working distance of 8 to 12 millimeters [1].
3.11.1. SCREEN: Talent sets the voltage between 10 and 20 kV and a working distance of 8 to 12 mm.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21372618

3.12. Place the coated samples in the SEM chamber and follow the instrument procedure to achieve the required vacuum level [1]. Capture secondary electron images using a field-emission SEM at 10 to 15 kilovolts and a working distance of 8 to 10 millimeters [2]. Use the secondary electron detector for high-resolution surface imaging, capturing micrographs at multiple magnifications to assess clad geometry, porosity, and reinforcement distribution in the laser-cladded layers [3]. Include a scale bar in the bottom right corner of each exported image [4].
3.12.1. Talent placing the sample into the scanning electron microscope chamber.
3.12.2. SCREEN: Show imaging parameters set to 10 to 15 kilovolts and working distance set to 8 to 10 millimeters.
3.12.3. SCREEN: Show selection of the secondary electron detector in the control software. Show capturing images at varying magnifications.
3.12.4. SCREEN: Show exported image with a scale bar in the bottom right corner.
3.13. After grinding, polishing, cleaning, and coating the sample with a conductive layer [1], attach the sample to a conductive stub using carbon tape or conductive adhesive, ensuring it is flat and stable [2]. Insert the stub into the SEM chamber and evacuate to high vacuum [3].
3.13.1. Shot of the ground, polished, cleaned and coated sample.
3.13.2. Talent mounting the sample onto a conductive stub using carbon tape.
3.13.3. Talent placing the stub into the scanning electron microscope chamber.
3.14. In the control software, select secondary electron mode and choose a detector that captures secondary electron signals. Adjust the accelerating voltage based on the material and features of interest [1].
3.14.1. SCREEN: Show selection of secondary electron mode and detector in the software. Show adjustment of accelerating voltage settings.
3.15. Now, set the working distance to 5 to 15 millimeters for higher resolution and use a small spot size for improved resolution [1]. Select a medium-to-slow scan speed for improved detail, adjust magnification as needed for clad analysis, and optimize beam current to balance brightness and noise [2].
3.15.1. SCREEN: Show adjustment of working distance to 5 to 15 millimeters in the SEM interface. Show spot size set to approximately 1 to 5 nanometers.
3.15.2. SCREEN: Show scan speed selection set to medium or slow. Show magnification adjustment controls. Show beam current adjustment for brightness and noise control.
3.16. Begin imaging at low magnification and progressively increase it to capture finer details. Collect multiple images to document clad geometry, porosity, and reinforcement distribution [1].
3.16.1. SCREEN: Show initial low magnification image on the SEM display with gradual increase in magnification on the SEM interface. Show capture of multiple images at different magnifications.
3.17. Next, tilt the sample for enhanced topographical contrast and observe reinforcement particle protrusion or embedding in the matrix [1].
3.17.1. SCREEN: Show tilted sample image highlighting particle protrusion or embedding.
3.18. Save high-resolution images and annotate them with scale bars, regions of interest, and particle sizes [1]. Use image analysis software for quantification and analysis [2].
3.18.1. SCREEN: Show saving images in a high-resolution format. Show annotation of images with scale bars and regions of interest.
3.18.2. SCREEN: Show image analysis software performing quantification.
3.19. Prepare a titanium carbide-reinforced titanium-clad sample, then polish, coat, and mount it as demonstrated earlier [1]. Use secondary electron mode at 15 kilovolts and 10-millimeter working distance to acquire images for clad geometry and reinforcement distribution. Then save and analyze the acquired images as demonstrated earlier [2].
3.19.1. Shot of the titanium carbide reinforced titanium clad sample.
3.19.2. SCREEN: Show secondary electron mode set to 15 kilovolts and 10 millimeters working distance. Show saving and analyzing acquired images.
3.20. Perform elemental analysis using an energy dispersive X-ray spectroscopy detector integrated with the SEM system [1]. Operate the SEM at an accelerating voltage of 15 to 20 kilovolts to ensure sufficient excitation of characteristic X-ray signals [2]. Conduct point analysis on selected regions of interest within the clad layer to identify elemental composition [3]. Acquire spectra with a live acquisition time of approximately 60 seconds to obtain reliable elemental peaks [4].
3.20.1. SCREEN: Show activation of the energy dispersive X-ray spectroscopy detector in the SEM system.
3.20.2. SCREEN: Show accelerating voltage set to 15 to 20 kilovolts.
3.20.3. SCREEN: Show selection of regions of interest for point analysis.
3.20.4. SCREEN: Show spectral acquisition with live time set to approximately 60 seconds.
3.21. Once the sample is polished and cleaned, apply a conductive coating if necessary to prevent charging [1].
3.21.1. Talent applying a conductive coating to the sample.
3.22. After mounting and inserting the sample into the SEM chamber, select an appropriate accelerating voltage for energy dispersive X-ray spectroscopy detection [1].
3.22.1. SCREEN: Show selection of the accelerating voltage for energy dispersive X-ray spectroscopy detection.
3.23. Ensure proper cooling of the energy dispersive X-ray spectroscopy detector [1]. Calibrate the spectrometer using a standard material and set the live time or counts to achieve an optimal signal-to-noise ratio [2].
3.23.1. SCREEN: Show the energy dispersive X-ray spectroscopy detector status indicating proper cooling.
3.23.2. SCREEN: Show calibration of the spectrometer using a standard material. Show adjustment of live time or counts in the software.
3.24. Navigate to points of interest on the SEM image and acquire an energy dispersive X-ray spectroscopy spectrum at each point [1]. Identify the characteristic peaks for zirconium, titanium, and carbon. Record the weight percent or atomic percent using the software [2].
3.24.1. SCREEN: Show navigation to selected points of interest on the SEM image. Show acquisition of an energy dispersive X-ray spectroscopy spectrum at a selected point.
3.24.2. SCREEN: Show the characteristic peaks for zirconium, titanium, and carbon in the spectrum. Show recording of weight percent or atomic percent in the software.
3.25. After selecting the area of interest on the SEM image, activate mapping mode in the energy dispersive X-ray spectroscopy software and start scanning to generate elemental distribution maps [1].
3.25.1. SCREEN: Show activation of mapping mode in the energy dispersive X-ray spectroscopy software. Show generation of elemental distribution maps during scanning.
3.26. Use backscattered electron imaging to obtain compositional contrast [1]. Compare secondary electron images and energy dispersive X-ray spectroscopy maps for correlation [2].
3.26.1. SCREEN: Show backscattered electron imaging mode selection.
3.26.2. SCREEN: Show comparison between secondary electron images and elemental maps.
3.27. After saving spectra, maps, and annotated SEM images, use the software to quantify elemental fractions, measure particle size, and calculate distribution uniformity [1].
3.27.1. SCREEN: Show software performing elemental quantification and particle size analysis.
3.28. Using similar parameters, perform X-ray diffraction for phase characterization. Afterwards, perform mechanical, electrochemical corrosion, and integrated tribocorrosion testing.
3.28.1. SCREEN: Show acquired X-ray diffraction images.
3.28.2. Shot of the talent in front of the tribometer.	Comment by Pallavi  Sharma: Authors: Please film this shot to help viewers understand the origin of results.







Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 154.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 
4.1. Titanium and zirconium particles predominantly exhibited spherical to near spherical shapes [1], whereas titanium carbide particles displayed angular and faceted morphologies [2].
4.1.1. LAB MEDIA: Figure 1A and B. 
4.1.2. LAB MEDIA: Figure 1C. 
4.2. The microstructure of the as-received TI6Al4V substrate appeared homogeneous with no large-scale porosity or visible surface defects [1].
4.2.1. LAB MEDIA: Figure 2A. 
4.3. Energy dispersive X-ray spectroscopy detected titanium [1], aluminium [2], and vanadium as the principal elements [3]. 
4.3.1. LAB MEDIA: Figure 2B. Video editor: Highlight the peak labeled Ti
4.3.2. LAB MEDIA: Figure 2B. Video editor: Highlight the peak labeled Al
4.3.3. LAB MEDIA: Figure 2B. Video editor: Highlight the peak labeled V
4.4. A distinct clad layer, heat-affected zone, and underlying substrate were visible in the cross-section of the laser-cladded samples [1].
4.4.1. LAB MEDIA: Figure 3 
4.5. The average microhardness of the unmodified substrate was 375.3 Vickers hardness [1].
4.5.1. LAB MEDIA: Figure 4. 
4.6. Samples with higher microhardness values exhibited lower measured wear mass loss [1]. However, the sample with the highest hardness did not display the lowest wear loss [2].
4.6.1. LAB MEDIA: Figure 5. 
4.6.2. LAB MEDIA: Figure 5B. Video editor: Highlight the tallest red bar among the samples
4.7. The wear surface of the unmodified substrate exhibited grooves, plastic deformation features, and embedded debris [1].
4.7.1. LAB MEDIA: Figure 6
4.8. Linear grooves and abrasion marks were visible along the sliding direction in the composite samples [1]. Hard ceramic phases remained embedded within the titanium matrix in many regions [2].
4.8.1. LAB MEDIA: Figure 7 
4.8.2. LAB MEDIA: Figure 8
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