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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy? No

2. Does your protocol demonstrate software usage? No

3. Which steps from the protocol section below are the most important for viewers to see? 
	3.7

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.2

5. Will the filming need to take place in multiple locations (greater than walking distance)? No


Section - Introduction
Videographer: Interviewee headshots are required. Take a headshot for each interviewee.

Authors: Thank you for your thorough answers to all the questions. Because there was some overlap across the answers, and to comply with JoVE journal style guidelines regarding the number of consecutive interview statements by a single author, we have condensed some statements and moved some to other parts of the video.

1. REQUIRED Interview Statements. Interview statements may be edited for length and clarity. 
1.1. Keitaro Horikawa: When charging aluminum alloys with hydrogen, the presence of oxide film on the surface is a challenge. To solve this problem, we have developed a method that can introduce high amounts of hydrogen into aluminum alloys using friction in water [1]. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Videographer Comment: The first three takes were shot without the a color LUT applied in camera that is used in the rest of the shots. If you like these takes, you can apply the color LUT in post that I have included in my upload (filename: Blackmagic Pocket 4K Film to Extended Video.cube). These takes and the color LUT are both found in the “1.1.1 No LUT Applied” directory)

OPTIONAL Interview Statements. Interview statements may be edited for length and clarity.
1.2. Keitaro Horikawa: The method is easiest to understand when the rotation of the stir bar and specimen on the polishing paper can be visualized. Success depends on stabilizing the rotation of the stir bar [1].
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator

1.3. Keitaro Horikawa: Demonstrating the procedure will be Ms. Michiko Arayama, an undergraduate student from my laboratory [1][2]. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. Student looks up from workbench or desk or microscope and acknowledges the camera.




Section - Protocol
2. [bookmark: _Hlk24534626]Preparing the Test Pieces 
Fabricate the aluminum alloy test pieces as described in the text [1-TXT].
Establishing shot of the talent approaching the work area, showing test pieces and air furnace. TEXT: Composition: 1 mass% Mg, 0.8 mass% Si, 0.1 mass% Fe; Size: 1mm x 10 mm x 5 mm
Perform a solution heat treatment by heating the test pieces in an air furnace at 520 degrees Celsius for one hour [1], and then quenching the test pieces in water [2].
Talent approaches air furnace and places test pieces into the air furnace.
Talent removes test pieces from air furnace and quenches them in water.
For the next step, the peak-aging heat treatment, anneal the test pieces at 175 degrees Celsius for 18 hours [1].
Talent places the test pieces in the air furnace.
The final step in preparing the test pieces is polishing the surface, using silicon carbide emery paper [1-TXT]. 
Talent polishes test piece with emery paper. TEXT: Note: Do not use water during polishing.
Before proceeding to the friction in water procedure, weigh and measure the test pieces [1]. Use an electric balance to weigh the test pieces to a precision of 0.0001 grams [2]. Use an optical comparator to measure the thickness and width of the test pieces to a precision of 0.001 millimeters [3].
Several prepared test pieces on a lab bench.
Talent places a test piece on an electric balance.
Talent uses optical comparator to measure a test piece.

Friction in Water Procedure
The friction in water procedure is carried out in a magnetically stirred, custom-made reaction vessel [1].
Establishing shot of friction in water apparatus, including magnetic stirrer, reaction vessel, gas chromatograph, and gas supplies. Videographer: This shot might be more easily captured after talent completes the rest of step 3.
To begin, use glue to attach two test pieces to a fluorocarbon polymer triangular stir bar [1-TXT].
Talent glues test pieces to stir bar. TEXT: Important: Do not attach the test pieces to the center of the stir bar. Videographer: Author has indicated this is single most difficult aspect of the procedure.
Next, prepare the reaction vessel, a custom-made glass container [1]. Use double-sided tape to attach polishing paper to the inside bottom of the reaction vessel [2-TXT]. Place the reaction vessel on the magnetic stirrer [3].
Talent placing reaction vessel on lab bench.
Talent tapes polishing paper to inside bottom of reaction vessel: TEXT: Use silicon carbide polishing paper, #2000, 10 mm diameter.
Talent places reaction vessel on magnetic stirrer.
Then, place the test pieces and stir bar on top of the polishing paper in the reaction vessel [1], and add 100 milliliters of distilled water [2].
Talent places test pieces and stir bar in reaction vessel. [Shots 3.4.1 – 3.4.2 combined]
Talent adds distilled water.
Place the rubber cover on the reaction vessel [1]. Connect the gas inlet to high purity argon and turn on the gas. [2-TXT]. Connect the gas outlet to a gas chromatograph (pronounce cro-MAH-toe-graph) [3]. Insert the pH probe into the vessel through the rubber cover [4].
Talent places rubber cover on reaction vessel.
Talent inserts argon hose into rubber cover and turns on argon flow. TEXT: 99.999% argon at 20 mL/min [Shots 3.5.2 – 3.5.3 combined]
Talent connects reaction vessel to gas chromatograph.
Talent inserts pH probe into reaction vessel through rubber cover.
Turn on the argon [1]. Once the gas in the reaction vessel has been completely replaced by the argon, the apparatus is ready for charging the aluminum alloy test pieces [2].
Talent turns on argon. TEXT: 99.999% argon at 20 mL/min Video Editor: Keep this text overlay up for all of 3.6.
WIDE: Complete apparatus set-up, showing gas inlet and outlet. 
Turn on the magnetic stirrer [1-TXT]. 
Talent turns on magnetic stirrer and stir bar begins rotating. TEXT: Use a constant rotation speed. Keep reaction vessel at room temperature. Videographer: Author has indicated this is one of the most important steps for the viewer to see.
Keitaro Horikawa: To stabilize the movement of the stir bar in the water, controlling the rotation speed is important [1]. A speed ranging from 60 rpm to 240 rpm is best [2]. 
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
CU: Magnetic stirrer and reaction vessel, showing speed setting on magnetic stirrer. Videographer: If possible, please capture this to use as B-roll during interview.
Every two minutes, measure the hydrogen concentration using the gas chromatograph [1], and measure the pH [2].
Talent looks at gas chromatograph and records value. Videographer: Author has indicated this is one of the most important steps for the viewer to see.
Talent looks at pH meter and records value.
After one hour, turn off the magnetic stirrer and remove the test pieces and stir bar from the reaction vessel [1].
Talent turns of the magnetic stirrer and removes test pieces and stir bar from vessel.
To detach the test pieces from the stir bar, immerse them in acetone and apply ultrasonic vibration for five minutes.
Talent immerses test pieces and stir bar in acetone and applies ultrasonic vibration.
Before proceeding to the next step, measure the weight [1] and thickness of the test pieces [2].
Talent places a test piece on an electric balance.
Talent uses optical comparator to measure a test piece.

3. Evaluating the Test Pieces
3.1. Use a tensile test machine to measure the material properties of the test pieces [1]. Set the crosshead speed of the machine to 2 millimeters per minute [2]. Then measure the stress-strain relationship for the test pieces [3-TEXT]. 
3.1.1. Establishing shot of talent approaching tensile test machine.
3.1.2. Talent sets testing machine to 2 millimeters per minute.
3.1.3. Talent uses tensile test machine to measure stress-strain relationship of a test piece. TEXT: Note: Perform each test at least 3 times.
3.2.  [1]. 
3.2.1. Talent using secondary electron microscope.


Measuring Hydrogen Absorption
To calculate the amount of hydrogen absorbed during the friction in water procedure, first measure the hydrogen released by the test pieces when heated [1].
Establishing shot of tubular furnace. Videographer: If possible, take this shot while the quartz tube is heating, after shot 5.5.1, so it will show the complete equipment set up.
Cut the test piece to a rectangular shape of 1 by 5 by 10 millimeters [1].
Talent cuts test piece.
Place the test piece inside a quartz tube with a diameter of 10 millimeters [1] and place the quartz tube in a tubular furnace [2]. 
Talent places test piece in quartz tube. [Shots 5.3.1 – 5.3.2 combined]
Talent places quartz tube in tubular furnace.
Connect the tube to the gas chromatograph [1], and to the argon gas supply [2]. Turn on the flow of argon gas [3-TXT].
Talent connects quartz tube to gas chromatograph. [Shots 5.4.1 – 5.4.2 combined]
Talent connects quartz tube to argon gas supply.
Talent turns on the flow of argon gas. TEXT: 99.999% argon at 20 mL/min
Heat the quartz tube containing the test piece, increasing the temperature at a constant rate of 200 degrees Celsius per hour, until it reaches a temperature of 625 degrees Celsius [1]. 
Talent turns on the tubular furnace.
While the quartz tube and test piece are being heated, use the gas chromatograph to measure the hydrogen released every 2 minutes [1].
Talent looking at output from gas chromatograph.



Section – Results

Results: Hydrogen Concentration and Embrittlement 
Aluminum-magnesium-silicon alloys with three different iron concentrations were subjected to the friction in water procedure [1]: 0.1 percent iron [2], 0.2 percent iron [3], and 0.7 percent iron [4]. Regardless of the iron concentration, the test pieces emitted large amounts of hydrogen during the procedure [5].
LAB MEDIA: Figure 2.
LAB MEDIA: Figure 2. Video Editor: Emphasize Figure 2(a).
LAB MEDIA: Figure 2. Video Editor: Emphasize Figure 2(b).
LAB MEDIA: Figure 2. Video Editor: Emphasize Figure 2(c).
LAB MEDIA: Figure 2. Video Editor: Show complete figure.
Thermal desorption analysis was performed on both uncharged and hydrogen-charged samples [1]. Regardless of the iron concentration of the alloy, the total hydrogen concentration increased as a result of the friction in water procedure [2].
LAB MEDIA: Figure 4.
LAB MEDIA: Figure 5.
Compared to the method of pre-strain in humid air, friction in water is an effective method of hydrogen-charging an aluminum alloy [1]. Thermal desorption analysis showed a higher hydrogen release rate for alloy charged using the friction in water procedure [2], and the calculated hydrogen concentration was substantially higher [3].
LAB MEDIA: Figure 6.
LAB MEDIA: Figure 6. Video Editor: Emphasize graph on left. 
LAB MEDIA: Figure 6. Video Editor: Emphasize graph on right. 
Compared to uncharged alloy samples, hydrogen-charged alloy samples showed lower ductility. This indicates that the friction in water procedure resulted in hydrogen embrittlement [1].
LAB MEDIA: Figure 7. Video Editor: Emphasize black curve on graph.
LAB MEDIA: Figure 7. Video Editor: Emphasize blue curve on graph.
LAB MEDIA: Figure 7. Video Editor: Show whole graph, no emphasis.
Secondary electron microscopy was used to examine the fracture morphology of aluminum-magnesium-silicon alloy containing 0.1 percent iron [1]. After the friction in water procedure, the morphology changed to a grain boundary fracture [2]. This indicates that hydrogen atoms introduced by the friction in water procedure enhance the decohesion of grain boundaries, leading to hydrogen embrittlement [3].
LAB MEDIA: Figure 8.
LAB MEDIA: Figure 8. Video Editor: Emphasize photograph on right.
[bookmark: _GoBack]LAB MEDIA: Figure 8. Video Editor: Show complete figure.


Section - Conclusion
4. Conclusion Interview Statements. Interview statements may be edited for length and clarity.
4.1. Keitaro Horikawa: It is possible to hydrogen-charge aluminum alloys through exposure under humid air with pre-deformation with a slow strain rate. However, the current method results in a greater amount of hydrogen charging [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
4.2. Keitaro Horikawa: This method makes it easy for researchers to evaluate the hydrogen embrittlement sensitivity of aluminum alloys that have a variety of different chemical compositions. It may be applied to the development of hydrogen storage materials [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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