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Author Questionnaire
1. 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 Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
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.

2. 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.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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:  22
Number of Shots:  53

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

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 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 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 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?
1.4. Enter 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 most important consideration or challenge when performing this protocol.
1.5. Enter 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 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 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.


Videographer: Obtain headshots for all authors available at the filming location.


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.) with purple font 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 the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Pre-Treatment of Aluminum Sheets
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, collect the aluminum beverage cans [1] and thoroughly rinse it with water and dishwashing detergent to remove residual liquids and sugars [2]. Subsequently, wash the cans with deionized water [3] and air dry at room temperature [4].
2.1.1. WIDE: Talent bringing aluminum beverage cans in the room.
2.1.2. Talent washing the aluminum beverage cans with dishwashing detergent.
2.1.3. Talent washing the aluminum beverage cans with deionized water. 
2.1.4. Talent keeping aside the aluminum beverage cans for air drying.

2.2. Using metal scissors, remove the top and bottom ends of the can [1]. Cut open the cylindrical body and flatten it into sheets [2]. Then, divide the sheets into pieces of the desired size [3-TXT].
2.2.1. CU: Shot of cutting the top and bottom ends of the can using scissors.
2.2.2. CU: Shot of cutting the cylindrical aluminum body and flattening it into sheets.
2.2.3. CU: Shot of cutting the sheets into small pieces. TXT: Size: 4 mm² or 1 cm²
2.3. After acetone treatment, place the aluminum pieces in ceramic crucibles, ensuring that the samples are not stacked [1]. Transfer the crucibles to a muffle furnace [2] and heat them to either 200 degrees Celsius or 500 degrees Celsius for 2 hours [3]. Switch off the furnace and allow it to cool naturally with the door closed [4].
2.3.1. Talent placing the aluminum pieces into ceramic crucibles, spreading them out without stacking.
2.3.2. Talent transferring the crucibles to a muffle furnace.
2.3.3. Shot of furnace control panel showing the temperature display reading either 200°C or 500°C.
2.3.4. Talent switching off the furnace with the door kept closed.
2.4. Once the furnace reaches below 100 degrees Celsius, remove the crucibles [1]. Immediately transfer them to a desiccator to cool to room temperature [2].
2.4.1. Talent removing the crucibles from the furnace.
2.4.2. Talent transferring the crucibles to a desiccator.
2.5. Under ambient lighting, confirm proper pre-treatment by the absence of visible paint residues and the presence of a uniformly metallic or slightly oxidized surface [1]. Discard samples showing thick rust flakes or incomplete coating removal [2].
2.5.1. Talent examining the aluminum pieces under ambient lighting.  Authors: This step is added to bring continuity to the video.
2.5.2. Talent discarding the rejected samples. 

3. Generation of Hydrogen by Aluminum Hydrolysis
Demonstrator: Click here to enter name of demonstrator(s) 

3.1 To assemble the closed hydrogen generation system, use a three necked round bottom flask as the reactor [1].
3.1.1 Talent stands at the set up with three necked round bottom flask.

3.2 Connect the gas outlet to a water-filled check valve to prevent backflow [1]. 
3.2.1 Talent connecting the gas outlet to a water-filled check valve.

3.3 Attach two condensers in series [1]. Connect the outlet of the second condenser to an inverted burette containing deionized water and separate shut-off valves for water and gas. [2]. 
3.3.1 Talent connecting the condensers.
3.3.2 Talent connecting the outlet of the second condenser to an inverted burette.

3.4 Operate the first condenser at room temperature [1] and supply cold water at approximately 0 degrees Celsius to the second. [2].
3.4.1 Talent operating the first condenser at room temperature.
3.4.2 Talent turning on the water supply.

3.5 Inspect all joints and connections for leaks by applying slight pressure with an inert gas or by confirming the absence of bubble formation when submerged [1].
3.5.1 Talent applying pressure or submerging the connections in water. Authors: Confirm which method you are planning to demonstrate during shoot.

3.6 Introduce approximately 0.40 grams of pretreated aluminum pieces into the reactor flask [1]. 
3.6.1 Talent adding pretreated aluminum pieces into the reactor flask.

3.7 Insert a temperature probe through one neck, ensuring the tip remains submerged in the liquid phase [1]. 
3.7.1 Talent inserting a temperature probe through one neck of the flask.

3.8 Seal all other necks except the reagent inlet and gas outlet [1]. Add 15 milliliters of 5 molar sodium hydroxide solution through the reagent inlet [2], then immediately seal the reactor to initiate the hydrolysis reaction [3].
3.8.1 Talent sealing the necks of the flask.
3.8.2 Talent adding 15mL of NaOH through the reagent inlet.
3.8.3 Talent sealing the reactor.

3.9 Using a data acquisition system, record reactor temperature and pressure at an interval of 1 second for 60 minutes [1]. Observe hydrogen gas flowing through the condensers into the inverted burette [2] and measure the gas volume by water displacement [3].
3.9.1 SCREEN: Shot of the data acquisition system displaying temperature and pressure readings. 
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/files_upload.php?src=21432398
3.9.2 Talent checks the gas flow through the system. Authors: Is it possible to film?
3.9.3 Shot of water displacement inside the burette. 

3.10 Once the system is equilibrated, adjust the water levels inside and outside the burette to the same height [1]. Record the final gas volume along with room temperature and atmospheric pressure [2]. Then, calculate the amount of hydrogen produced using the ideal gas law [3].
3.10.1 Talent adjusting the water levels inside and outside the burette.
3.10.2 Talent noting down the readings.
3.10.3 SCREEN: Shot of calculation being performed. 

3.11 Replace the inverted burette with a gas sampling bag [1]. After establishing stable hydrogen evolution, collect the gas in the sampling bag and seal it [2]. Using gas chromatography, analyze the gas composition [3].
3.11.1 Talent replaces the inverted burette with a gas sampling bag.
3.11.2 Talent collecting the gas in the sampling bag and sealing it.
3.11.3 Talent injecting the gas into the sample injector port. 

4 Recovery of Aluminum Hydroxide
Demonstrator: Click here to enter name of demonstrator(s) 

4.1 Assemble the electrochemical cell with an ion-exchange membrane separating two compartments [1]. Install a graphite anode and a stainless-steel cathode [2] and connect them to a power supply [3]. Add the sodium aluminate solution to the anode compartment and sodium hydroxide solution to the cathode compartment [4]. 
4.1.1 Shot of ion-exchange membrane positioned between compartments.
4.1.2 Talent installing the anode and cathode.
4.1.3 Talent connecting the electrodes to the power supply.
4.1.4 Shot of liquid being poured into the compartment.
Authors: Note: This section is added to bridge the gap between hydrolysis and recovery.

4.2 Apply a constant voltage of 4.5 volts to the cell [1] and continuously monitor the current around 5.5 milliamperes [2]. Record the voltage, current, and elapsed time every 10 minutes [3]. Continue electrolysis until the pH (P-H) in the cathode compartment remains stable for at least 30 minutes [4].
4.2.1 Shot of power supply display showing 4.5 V.
4.2.2 Shot of display showing current ~5.5 mA.
4.2.3 Talent recording the voltage, current, and time.
4.2.4 Talent measuring the pH of the cathode solution using a pH probe. Authors: Confirm how the pH is checked.

4.3 Periodically observe the anode compartment for the formation of a white precipitate, indicating aluminum hydroxide [1]. Once precipitate formation ceases and the cathode pH stabilizes, terminate the electrolysis [2].
4.3.1 Shot of white, gelatinous precipitate forming in the anode solution.
4.3.2 Talent switches off the power supply to terminate electrolysis.

4.4 Using vacuum filtration with fine pore filter paper, collect the precipitated aluminum hydroxide. [1]. Wash the solid repeatedly with deionized water [2] until the filtrate reaches neutral pH [3].
4.4.1 Talent collecting the precipitate with vacuum filtration.
4.4.2 Talent adding deionized water to precipitate.
4.4.3 Shot of the pH meter display showing a neutral pH reading of 7.

4.5 Dry the recovered solid in an oven at 60 degrees Celsius for 12 hours [1]. Then, let it cool to room temperature in a desiccator [2] and record its mass [3].
4.5.1 Talent placing the recovered solid in an oven.
4.5.2 Talent transferring the solid to a desiccator.
4.5.3 Talent weighing the mass of the solid.

4.6 Identify the crystalline phase of the recovered material using X-ray diffraction analysis [1].
4.6.1 Talent placing the solid into the X-ray diffractometer.

4.6.2 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. 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: 97.
· Please note that the video cannot include voiceover without an accompanying visual.

5 Results 

5.1 Successful pre-treatment was confirmed by visual inspection and X-ray diffraction [1], showing dominant aluminum peaks [2] with minor residual surface oxides [3].
5.1.1 LAB MEDIA: Figure 3A, B. 
5.1.2 LAB MEDIA: Figure 3A, B. Video editor: Emphasize the tallest peaks between 30°-40° and 40°-50° in both 3A and 3B.
Note: Emphasize only the yellow and green in peaks. Do not highlight the red line or peak.
5.1.3 LAB MEDIA: Figure 3A, B. Video editor: Emphasize the small bumps around 25°-35°, 40°-43°, and 50°-60°.
5.2 The diffraction pattern showed characteristic peaks [1] corresponding to the gibbsite [2] and bayerite phases, confirming successful electrochemical recovery of aluminum hydroxide [3].
5.2.1 LAB MEDIA: Figure 4. 
5.2.2 LAB MEDIA: Figure 4. Video editor: Emphasize the black peaks at 18° (d=4.8281), 21° (d=4.3541), 28° (d=3.1885), 38° (d=2.3805), 44°(d=1.9886), 64° (d=1.4568) and the yellow lines at 20°, 28°, 38°, 44°, and 64°.
5.2.3 LAB MEDIA: Figure 4. Video editor: Emphasize the black peaks at 19° (d=4.7063), 21° (d= 4.3541), 40° (d=2.2161), 53°(d=1.7185) and the red lines at 19°, 21°, 40°, and 53°.
5.3 Following acetone treatment, hydrogen production efficiencies exceeding 93% were achieved for both 4 square millimeters and 1 square centimeter sheets [1]. Combined acetone and calcination treatments showed slight variations between the sheet sizes [2]. Overall, the consistently high efficiencies indicated an effective pre-treatment strategy [3].
5.3.1 LAB MEDIA: Figure 5. Video editor: Emphasize the bars for “Acetone pretreatment”.
5.3.2 LAB MEDIA: Figure 5. Video editor: Emphasize the bars for “Acetone and calcination at 200°C” and “Acetone and calcination at 500°C”.
5.3.3 LAB MEDIA: Figure 5.
5.4 The relatively low error bars across all conditions indicate consistency and reliability of the process [1].
5.4.1 LAB MEDIA: Figure 6: Video editor: Highlight the small “T-shaped lines” sitting on top of each bar.
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