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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  
Can you record movies/images using your own microscope camera? (Y/N)
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N)
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

Rotate the triangular, prism-shaped stirrer with two specimens on a magnetic stirrer with a constant rotating speed at room temperature. 

Measure the hydrogen generation during the stirrer rotation using the GC, taking one measurement every 2 min.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)

Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

Attach two Al-Mg-Si alloy specimens using glue to a triangular, prism-shaped stirrer made by a fluorocarbon polymer. 

5. Will the filming need to take place in multiple locations? (Y/N)
If yes, how far apart are the locations? 


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

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. If only one author is giving the REQUIRED statements, the same author may speak both statements.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Author NameKeitaro Horikawa: To evaluate the hydrogen embrittlement sensitivity of aluminum alloys, hydrogen charging is usually performed before the mechanical testing. However, it is said that hydrogen charging to aluminum alloys is not easy because of the presence of oxide film on the surface. To solve this problem, we have developed a new type of hydrogen charging of aluminum alloys by friction in water_.__________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).
1.2. 

What is the main advantage of this technique?

1.3. Keitaro HorikawaAuthor Name: This method can introduce high amounts of hydrogen into aluminum alloys in simple and easy ways just using friction in water.___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· These OPTIONAL statements must be spoken by different authors than those who gave the Required Interview Statements.
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.4. Author NameKeitaro Horikawa: ___________ No, it’s not. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.5. Keitaro HorikawaAuthor Name: ___________ This method may apply to the development of hydrogen storage materials. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
1.6. 

How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.7. Keitaro HorikawaAuthor Name: ___________ To stabilize the movement of stirrer in water, the control of the rotation speed of the stirrer is important. The rotation speed ranging from 60 rpm to 240 rpm is the better condition. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
1.8. 

Why is visual demonstration of this method critical?

1.9. Keitaro HorikawaAuthor Name: It is easy to understand the method by watching visually in the process of rotation of specimen attached to the stirrer in water on the emery paper.  ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
1.10. 

Introduction of Demonstrator: (Said by you on camera)

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.11. Keitaro HorikawaAuthor Name: Demonstrating the procedure will be Ms. Michiko Arayama, _________ (name of the person or persons), an undergraduate student _________ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  

1.11.1. Interview style: Author saying the above 
1.11.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.







Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
2. [bookmark: _Hlk24534626]Preparing the Test Pieces 
Begin by preparing the aluminum alloy test pieces [1].
Establishing shot of the talent approaching the work area.
Obtain 1-milimeter-thick plates of an aluminum-magnesium-silicon alloy [1-TXT]. (Authors: Do the plates also contain iron? If so, is that a variable that needs to be mentioned here when describing what alloy to use?) Yes. It contains 0.1 mass % Fe. 
Pan over uncut aluminum alloy plate. TEXT: Alloy is 1 mass% Mg and 0.8 mass% Si and 0.1 mass% Fe.
Make test pieces from the alloy plates having a gauge length of 10 millimeters and width of 5 millimeters [1]. (Authors: Will this be demonstrated? Or should we begin this section of the protocol with plates that have already been made in the correct size?) 
We begin this section of the protocol with plates that have already been made in the correct size
Talent cuts test pieces from alloy plate.
Next, perform a solution heat treatment [1], by heating the test pieces in an air furnace at 520 degrees Celsius for one hour [2], and then quenching the test pieces in water [3].
Talent approaches air furnace.
Talent places test pieces in air furnace.
Talent removes test pieces from air furnace and quenches them in water.
To perform the next step, the peak-aging heat treatment, anneal the test pieces at 175 degrees Celsius for 18 hours [1]. (Authors: Is this also in the air furnace?) Yes.	
Talent places the test pieces in the air furnace.
The final step in preparing the test pieces is polishing the surface [1], using silicon carbide emery paper [2]. 
WIDE: Talent polishes test piece with emery paper. TEXT: Note: Do not use water during polishing.
CU: Talent polishes test piece with emery paper. 
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]. (Authors: Please add stir bar to materials list.) Ok. I added.
Talent glues test pieces to stir bar. TEXT: Important: Do not attach the test pieces to the center of the stir bar.
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.
Talent adds distilled water.
Place the rubber cover on the reaction vessel [1]. Connect the gas inlet to high purity argon [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. TEXT: 99.999% argon at 20 mL/min
Talent connects reaction vessel to gas chromatograph.
Talent inserts pH probe into reaction vessel through rubber cover.
Turn on the flow of argon [1-TXT]. Authors: Does the argon flow get turned on before or after insertion of the pH meter and connection to the GC? 
Before the insertion of the pH meter.
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 argon flowing into reaction vessel. 
Turn on the magnetic stirrer [1-TXT]. Every two minutes, measure the hydrogen concentration using the gas chromatograph [2], and measure the pH [3].
Talent turns on magnetic stirrer and stir bar begins rotating. TEXT: Use a constant rotation speed. Keep reaction vessel at room temperature.
Talent looks at gas chromatograph and records value.
Talent looks at pH meter and records value.
After one hour, turn off the magnetic stirrer [1] and remove the test pieces and stir bar from the reaction vessel [2].
Talent turns of the magnetic stirrer.
Talent 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.



Measuring Hydrogen Absorption
In this next section, hydrogen released by the test pieces is measured. This makes it possible to calculate the amount of hydrogen absorbed during the friction in water procedure [1].
Establishing shot of tubular furnace. Videographer: If possible, take this shot while the quartz tube is heating, after shot 4.5.1, 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.
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 [1-TXT].
Talent connects quartz tube to gas chromatograph.
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 [1]. Authors: Is the hydrogen measured periodically or continuously? If periodically, how often?
Hydrogen measurement is done every 2 minutes.
Talent looking at output from gas chromatograph.

3. Evaluating the Test Pieces
Finally, the material properties of the test pieces are measured [1]. Authors: Are these tests conducted on test pieces immediately after the friction in water procedure, or on test pieces that have been heated in the tubular furnace to release the hydrogen?
The test will perform immediately after the friction in water procedure.
Establishing shot of tensile test machine.
Set the crosshead speed of the tensile testing machine to 2 millimeters per minute [1]. Then use the machine to measure the stress-strain relationship for the test pieces [2-TEXT]. 
Talent sets testing machine to 2 millimeters per minute.
Talent uses tensile test machine to measure stress-strain relationship of a test piece. TEXT: Note: Perform each test at least 3 times.
After the tensile test, use a secondary electron microscope to observe the fracture behavior of the test pieces [1]. Authors: Will we have access to the SEM for filming?
Yes, SEM is in our lab.
Talent using secondary electron microscope.




OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author name, Step            :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Section – Results

Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to present or focus on different results, please revise this section.
· When revising, keep in mind the word limit for this section of the video, 200 words of narrative. Current word count:194 words.
· Please note that the video cannot include narrative without an accompanying visual. 


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.
LAB MEDIA: Figure 8. Video Editor: Show complete figure.

Authors: If possible, please provide higher resolution images of Figure 2, Figure 3, and Figure 7.



Section - Conclusion
4. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
4.1. [bookmark: _GoBack]Keitaro HorikawaAuthor Name: ____ To stabilize the rotation of stirrer is the most important thing to charge high amounts of hydrogen into aluminum alloy plates. (Step:2.10 __) (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
4.2. 

Following this procedure, what other methods can be performed? What questions would these additional methods answer?   
4.3. Keitaro Horikawa: Exposure under humid air with pre-deformation with a slow strain rate is possible to charge hydrogen to aluminum alloys as other methods. However, the amount of hydrogen charging using that way is not so high.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
4.4. Author Name: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
4.5. Keitaro HorikawaAuthor Name: It becomes easy for researchers to evaluate the hydrogen embrittlement sensitivity of aluminum alloys where the chemical composition is different.____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
4.6. Keitaro HorikawaAuthor Name: ___ Nothing, special. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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