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[bookmark: _Hlk5954149]Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y
Can you record movies/images using your own microscope camera? Y (FEI Quanta 250 FEG and Talos F200XS/TEM)
2. Does your protocol include software usage? N
3. Which steps from the protocol section below will viewers benefit most from having filmed? 2.4, 2.7, 4.2, 4.4
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? No single most difficult aspect.
5. Will the filming need to take place in multiple locations? Y (3 miles apart within the same campus in Storrs.)


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look. (Please note that the dedicated author webpage has sound.)

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

1.1. Prabhakar Singh: Chromium-containing alloys are used in SOFCs as metallic interconnects to form chromia scale for corrosion protection. However, chromium vaporization at high temperatures produces gaseous chromium species, resulting in SOFC degradation. [1]
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.2. Ashish Aphale: This method provides a solution for chromium poisoning in SOFC power systems. The main advantages are the low-cost materials and the high capture efficiency at both low and high temperatures. [1]
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.3. Junsung Hong: Other high-temperature industrial systems using chromium-containing alloys, such as steam electrolysis systems, oxygen transport membrane systems, and petrochemical systems, could use this method for quality and emission control. [1]
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.4. Boxun Hu: This visual demonstration can help interested researchers quickly learn these techniques. Some steps are very simple for beginners. These techniques can help researchers develop skills for advanced electrochemical technology research. [1]
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Section - Protocol
2. Synthesis of Strontium Nickel Oxide (SNO) Chromium Getter
2.1. To begin, combine 9 milliliters of 2.4-molar aqueous (ache-wee-us /ˈeɪk wi əs/) strontium nitrate (stront-ee-um ny-trate /ˈstrɒnt iː əm ˈnaɪ treɪt/) with 7 milliliters of 2.4-molar aqueous nickel nitrate. [1] Stir the mixture for 30 minutes at 300 rpm (R-P-M) while heating it to 80 degrees Celsius to dissolve the solids. [2]
2.1.1. MED: Talent adds 7 mL of Ni(NO3)2 solution to 9 mL of Sr(NO3)2 solution.
2.1.2. MED: Talent turns up the heat and stirring with a magnetic bar
2.2. Then, add 30 milliliters of 5-molar aqueous ammonia to increase the solution pH to 8.5. [1] Continue stirring the mixture at 80 degrees Celsius for 24 hours [2] to precipitate the precursor (pree-kur-sur /ˈpriː kɜːr sər/) powder. [3]
2.2.1. MED: Talent pours 30 mL of NH4OH solution into the warm, stirring nickel-strontium solution.
2.2.2. CU: 4-5 seconds of footage of a close-up view of the solution stirring just after the NH4OH was added.
2.2.3. CU: 4-5 seconds of footage of a solution that has already stirred for 24 hours stirring on the hotplate in the same position.
2.3. Dry the solution in a dry oven at 120 degrees Celsius until the water evaporates completely, [1] which usually takes about 24 hours, to leave a blue, waxy compound. [2]
2.3.1. MED: Talent places a glass beaker of the solution in an oven and closes the oven.
2.3.2. CU: A close-up view of the blue, waxy compound.
2.4. Re-suspend the compound in 50 milliliters of deionized water using both manual and magnetic stirring. [1] Centrifuge the suspension at five thousand rpm for five minutes [2] and remove the liquid, which contains residual ammonium nitrate. [3]
2.4.1. MED: Talent adds deionized water to the compound and starts manually shaking/stirring the mixture.
2.4.2. [bookmark: _GoBack]MED: Talent places a centrifuge tube containing the suspension in an already-weighted centrifuge and closes the centrifuge. (Editor: The authors did not fill in the requested information, which the scriptwriter should have followed up on. We will need to prompt the authors for this additional VO) Figures updated by Ryan based on what was in the footage.
2.4.3. CU: Talent removes the liquid from the centrifuge tube to leave only the powder.
Authors: Please fill in the centrifuge rotational speed in rpm and the centrifuge duration in minutes (or seconds or hours, if appropriate) in the highlighted spaces above.
2.5. Junsung Hong: At 200 to 380 °C, ammonium nitrate will decompose and produce NH3, HNO3, and NOx gases. Proper washing with DI water will reduce or eliminate the emission of these gases. [1]
2.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
2.6. Dry the rinsed precursor powder at 120 degrees Celsius for 2 hours. [1] Next, add deionized water to the powder and mix it for at least 5 minutes to make a thick slurry. [2-TXT] Degas the slurry in a vacuum chamber to remove air bubbles. [3]
2.6.1. MED: Talent places a beaker/dish of the wet solid in an oven.
2.6.2. MED: Talent adds water to the precursor powder and mixes them to make the slurry. TEXT: 1 mL H2O per gram of powder
2.6.3. MED: Talent places the slurry in a vacuum chamber and closes the chamber.
2.7. Then, place a cordierite (kor-dee-uh-rite /ˈkɔːr diː əˌraɪt/) honeycomb substrate (sub-strate /ˈsʌb streɪt/) in the slurry [1] and perform vacuum infiltration for 5 minutes to fill the pores with slurry. [2] Afterwards, flow air through the dip-coated substrate to remove excess slurry from the channels. [3]
2.7.1. CU: Talent places a cordierite substrate in the slurry.
2.7.2. MED: Talent closes the vacuum chamber (with the slurry and substrate already inside), sets the vacuum parameters for vacuum infiltration, and starts/opens the vacuum.
2.7.3. MED: Talent flows air through the dip-coated honeycomb substrate. Videographer: Please get at least 7-8 seconds of footage for this shot.
2.8. Place the sample in an air-filled furnace and heat it to about 120 degrees Celsius at 5 degrees per minute. Dry the sample in air for at least 2 hours. [1]
2.8.1. MED: Talent places the substrate in a furnace, closes the furnace, and sets the furnace to ramp to 120 °C at 5 °C/min.
2.9. Then, ramp the furnace to 650 degrees Celsius at 5 degrees per minute and calcine (cal-sine /ˈkæl saɪn/) the sample in air for 12 hours [1] to finish producing the chromium (krome-ee-um /ˈkroʊm iː əm/) getter. [2-TXT]
2.9.1. MED: With the furnace now at 120 °C, talent sets the furnace to ramp to 650 °C at 5 °C/min.
2.9.2. CU: A close-up view of a calcined SNO chromium getter. TEXT: Cool to RT at 5 °C/min
3. Chromium Transpiration Test and Quantitative Analysis of Getter Performance
3.1. [bookmark: _Hlk491166745]To begin the validation test, place 2 grams of sintered (sin-terd /ˈsɪn tərd/) chromia (krome-ee-uh /ˈkroʊm iː ə/) pellets in a quartz tube furnace equipped with a diffuser (dih-fyoo-zer /dɪˈfjuː zər/). [1-TXT] Place a chromium getter on the other side of the diffuser. [2]
3.1.1. MED: Talent places a silver or platinum mesh with 2 g of chromia pellets in the quartz tube and moves the pellets close to the diffuser. TEXT: See text for details.
3.1.2. MED: Talent places the chromium getter in the other side of the quartz tube and moves it close to the diffuser.
3.2. Connect the chromium side of the furnace to a compressed air source via a room-temperature water bubbler. [1] Connect the getter side to a vent via a glass elbow and a chromium-vapor trapping assembly. [2]
3.2.1. MED: Talent connects the compressed air line from the bubbler to the quartz tube inlet (Author Comment: already connected) (Editor: Since the line is already connected, I’m not sure what’s shown here).
3.2.2. WIDE: Talent clamps the glass elbow in place. The other components of the vapor trapping assembly (condenser, wash bottles, etc.) should be visible in shot, if possible.
3.3. Purge the system with humidified air at 300 sccm (S-C-C-M) for 15 minutes to 1 hour. [1-TXT] Then, ramp the furnace to 850 degrees Celsius at 3 degrees per minute and maintain that temperature for 500 hours. [2]
3.3.1. MED: Talent sets the MFC for the compressed air to 300 sccm. TEXT: 3% H2O
3.3.2. MED: Talent sets the furnace to heat to 850 °C at 3 °C/min.
3.4. Check the outlet elbow for discoloration indicating the deposition of chromium compounds every hundred hours. [1] Once the test has finished, cool the furnace to room temperature before turning off the air flow and retrieving the getter sample. [2]
3.4.1. LAB MEDIA: To be provided by the authors – Side-by-side pictures of the glass elbow with and without discoloration. Authors, please upload these pictures to your project folder. Please list the file names of the images here: ___________
3.4.2. WIDE: Talent turns off the air flow and opens the furnace (at RT) as though about to retrieve the getter sample.
3.5. Collect the water from the chromium trapping assembly. [1] Then, soak the quartz tube, glass elbow, condenser, and wash bottles with 20-percent-by-weight nitric (ny-trik /ˈnaɪ trɪk/) acid to extract deposited chromium and collect the rinses. [2]
3.5.1. MED: Talent pours the water from the wash bottles into a labeled container.
3.5.2. MED: Talent rinses the glass elbow with 20% HNO3 over a labeled container. (Editor: The authors deleted this shot from the script, but I’m not sure if the actions are shown in 3.5.1. If the actions aren’t shown at all, this action could probably be referred to in a text overlay and the VO could be removed)
3.6. Soak the glassware in 20 percent nitric acid for 12 hours to extract additional deposited chromium and collect the rinse. [1] If any glassware is still discolored, soak it in alkaline (al-ka-line /ˈæl kə laɪn/) potassium permanganate (per-mang-uh-nate /pərˈmæŋg əˌneɪt/) for 12 hours at 80 degrees Celsius. [2]
3.6.1. MED: Talent places the glass elbow and the condenser in a labeled container of 20% HNO3. TEXT: Use 1 L 20% HNO3 total for rinsing and soaking.
3.6.2. MED: Talent places a discolored piece of glassware (such as a glass elbow from a no-getter test) in warm KMnO4 solution.
3.7. Then, collect and mix chromium extract from all the components to analyze the chromium content with ICP-MS (I-C-P M-S). [1] Coat the chromium getter sample with gold and assess the elemental distribution with energy-dispersive (dih-spers-iv /dɪˈspɜːrs ɪv/) X-ray spectroscopy (spek-trosk-uh-pee /ˌspɛkˈtrɒsk ə piː/). [2]
3.7.1. MED: Talent collects a chromium extract sample into pre-labeled container.
3.7.2. MED: Talent opens the sputter-coater and removes a gold-coated getter sample from the sputter-coater. Videographer: Please get at least 9-10 seconds of footage for this shot. (Editor: The authors deleted this shot from the script, but I’m not sure if the actions are shown in 3.7.1. If the actions aren’t shown at all, this action could probably be referred to in a text overlay and the VO could be removed)
3.8. Then, slice the getter sample in half with a knife and coat the exposed surfaces with gold. [1] Perform another EDS (E-D-S) analysis and plot the quantity of chromium with respect to the distance from the chromium source. [2]
3.8.1. CU: Talent cuts the getter in half. Videographer: Please get at least 8-9 seconds of footage for this shot.
3.8.2. MED-Over shoulder: An over-shoulder view of the EDS-SEM software as talent looks at a SEM image of a dissected getter sample. Videographer: Please get at least 8-9 seconds of footage for this shot.
4. Electrochemical Validation of Chromium Getter Protection of Solid Oxide Fuel Cells (SOFCs)
4.1. To begin SOFC (S-O-F-C) fabrication, screen-print lanthanum (lanth-uh-num /ˈlænθ ə nəm/) strontium manganate (mang-uh-nate /ˈmæŋg əˌneɪt/) paste on the surface of three yttria-stabilized (it-tree-uh /ˈɪ triː ə/) zirconia (zer-kone-ee-uh /ˌzɜːrˈkoʊn iː ə/) electrodes [1], and sinter the assemblies. [2-TXT]
4.1.1. WIDE: Talent screen-prints LSM paste on a YSZ disc.Videographer: Please get at least 12-13 seconds of footage for this shot.
4.1.2.  [Added Shot]: Talent loads the screen-printed cell into a furnace. TEXT: 1200 °C, 3 °C/min, 2h.
4.2. Then, attach a platinum electrode to each YSZ (Y-S-Z) disc as the anode (an-ode /ˈæn oʊd/) using platinum ink. [1] Attach platinum gauze to both the anode and cathode (cath-ode /ˈkæθ oʊd/), [2] and attach short platinum wires to the cathode, anode, and the YSZ disc. [3]
4.2.1. MED: Talent applies platinum ink to the YSZ face of an LSM-YSZ assembly and attaches a Pt electrode.
4.2.2. MED: Talent applies platinum ink to the LSM pad and attaches platinum gauze to the pad.
4.2.3. CU: Talent uses platinum ink to attach the platinum wires to the SOFC.
4.3. Place the SOFCs in a furnace, ramp them to 850 degrees Celsius at 3 degrees per minute, and cure them in air for 2 hours. [1-TXT] Then, connect silver conductive wires to a cured SOFC [2] and mount it in the constant heating zone of a cell-in-tube furnace. [3-TXT]
4.3.1. MED: Talent places one or more SOFCs in a furnace, closes the furnace, and sets the furnace to to 850 °C. Text: 850ºC, Ramp rate: 3 °C/min. Video Editor: Please get at least 11-12 seconds of footage for this shot.
4.3.2. Shoot a: MED: Talent seals the last cell using paste. Shoot b: Med: Talent connect 3 wires after the paste is dried at room temperature for 15 minutes at least. (Editor: Seems like either of these shots could be used. Use whichever looks best)
4.3.3. MED: Talent places the SOFC in the cell-in-tube furnace. TEXT: See text for references.
4.4. [bookmark: _Hlk491166821]Seal the SOFC in the furnace with ceramic paste [1] and connect the electrodes to a potentiostat (puh-tensh-ee-oh-stat /pəˈtɛnʃ i oʊˌstæt/). [2]
4.4.1. MED: Talent applies ceramic paste to seal the SOFC in the furnace.
4.4.2. MED: Talent connects the wires from the SOFC to a potentiostat with conductive cables.
4.5. Boxun Hu: Follow standard procedures to set up the experiment. Make sure that there is a good sealing of the cell and that all three electrodes are properly connected to the potentiostat. [1]
4.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
4.6. Then, ramp the furnace to 850 degrees Celsius at 5 degrees per minute. [1] While the furnace heats, configure the potentiostat to record the cell current every minute with a 0.5-volt bias between the cathode and the reference electrode. [2]
4.6.1. MED: Talent sets the furnace to ramp to 850 °C at 5 °C/min.
4.6.2. MED-Over shoulder: An over-shoulder view of the potentiostat software as talent sets up a current measurement with a one-minute time interval and a 0.5 V bias between the cathode and the RE.
4.7. Set the potentiostat to perform electrochemical impedance (im-peed-ense /ɪmˈpiːd əns/) spectroscopy between the cathode and the reference electrode every hour. [1-TXT]
4.7.1. MED-Over shoulder: An over-shoulder view of the potentiostat software as talent sets up the EIS measurement with a one-hour interval, a range of 0.5 Hz to 200 kHz, and a 10 mV sinus amplitude. TEXT: 0.5 Hz – 200 kHz; 10 mV amplitude 
4.8. When the furnace reaches the test temperature, flow humidified air towards the cathode at 300 sccm [1] and dry air towards the anode at 150 sccm. [2]
4.8.1. WIDE: Talent moves to the MFC for the humidified air and sets it to 300 sccm.
4.8.2. MED: Talent sets the MFC for the dry air to 150 sccm.
4.9. Start the measurements and let the test run for 100 hours. [1] After the test, cool the furnace to room temperature and retrieve the cell for characterization. [2] 
4.9.1. MED-Over shoulder: An over-shoulder view of the software as talent starts the measurements.
4.9.2. MED: Talent removes a post-test SOFC (Cell-a) from the tube furnace.
4.10. For the next test, place 2 grams of chromia pellets in a perforated alumina (uh-loom-in-uh /əˈluːm ɪn ə/) tube in the constant heating zone. Fix a new SOFC above the chromium source [1] and repeat the test and measurements in the exact same way. [2-TXT]
4.10.1. MED: Talent places chromium oxide pellets in the alumina tube, and then places a new SOFC on top of the reactor.
4.10.2. MED: Talent removes a post-test SOFC (Cell-b) from the furnace. TEXT: Use the same parameters for each test
4.11. For the third test, load 2 grams of chromia pellets into the tube and mount a chromium getter above the chromium source. [1] Fix a new SOFC over the getter and perform the test and measurements under the same conditions. [2]
4.11.1. MED: Talent places chromia pellets in the tube and mounts the chromium getter above the pellets.
4.11.2. MED: Talent places a new SOFC above the chromium getter and starts sealing it in place.
4.11.3. 

Section – Results
5. Results: Chromium Getter Performance in SOFC Operating Conditions
5.1. In the transpiration (trans-puh-reysh-un /ˌtræns pəˈreɪʃ ən/) test, the chromium profile indicated that most of the chromium was trapped within the first 4 millimeters of the getter. [1]
5.1.1. LAB MEDIA: Figure 2b – Video Editor: On “most of…”, highlight the area of the graph from x = 0 to x = 4000.
5.2. Analysis of the chromium getter material deposited on an alumina-fiber substrate showed large chromium- and strontium-rich particles near the vapor inlet. [1] Elemental maps of fiber cross-sections confirmed that chromium and [2] strontium occurred on the surface of the fiber. [3]
5.2.1. LAB MEDIA: Figure 5a – Video Editor: On “showed large…”, emphasize the left graph and table in 5a (where the left arrow is pointing).
5.2.2. LAB MEDIA: Figures 5b-5e – Video Editor: On “chromium”, emphasize 5d (the chromium map – brighter green means more chromium).
5.2.3. LAB MEDIA: Figures 5b-5e – Video Editor: Maintain the emphasis of 5d and, on “strontium”, also emphasize 5e (the strontium map).
5.3. [bookmark: _Hlk479690597]Electrochemical tests of LSM-YSZ (L-S-M Y-S-Z) SOFCs in the presence and absence of chromium showed that chromium vapor rapidly poisoned the cell. [1] This was attributed to chromium oxide (ox-ide /ˈɒks aɪd/) deposits at the LSM-YSZ interface hindering the oxygen reduction reaction at that interface. [2]
5.3.1. LAB MEDIA: Figure 3b, showing tests a and b only – Video Editor: On “showed that…”, emphasize the red line in the graph (showing the performance of the SOFC in the presence of chromium).
5.3.2. LAB MEDIA: Figure 4b and Figure 4c2 – Video Editor: During “chromium…LSM-YSZ interface”, emphasize 4c2 (showing the deposits at that interface).
5.4. Placing an SNO (S-N-O) chromium getter between the chromium source and the SOFC [1] resulted in SOFC performance comparable to [2] the performance in the absence of chromium. [3] This performance was maintained over a wide range of chromium vapor flow rates. [4]
5.4.1. LAB MEDIA: Figure 3b – Video Editor: Starting with showing only tests a and b, add the blue line and caption for test c.
5.4.2. LAB MEDIA: Figure 3b – Video Editor: Emphasize the blue line for test c.
5.4.3. LAB MEDIA: Figure 3b – Video Editor: Emphasize the black line for test a.
5.4.4. LAB MEDIA: Figure 3c – Video Editor: On “a wide range…”, emphasize the legend in the graph (showing the various flow rates tested).

[bookmark: FigureRevRequest]Authors: Please upload Figure 2b, Figure 3b, Figure 3c, Figure 4b, Figure 4c2, Figure 5a, and Figures 5b-5e as individual image files to your project page. Please also upload a version of Figure 3b that shows only the results from tests a and b. Please remove the a-e labels from each of these images. Please let me know if you have any questions.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Junsung Hong: The fabrication protocol produces a stable, efficient getter for airborne chromium impurities. Using different chemicals, we can develop getters to capture other gaseous contaminants, such as boron and silicon vapors. [1]
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Ashish Aphale: The transpiration protocol measures the evaporation rate of chromium-containing alloy materials and validates the performance of getters capturing hexavalent chromium vapor in air under typical SOFC operating conditions. [1]
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Boxun Hu: The electrochemical validation protocol demonstrates getter efficiency at nominal SOFC operating conditions. This information is essential for scaling up getter and SOFC technologies for industrial and commercial uses. [1]
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.4. Prabhakar Singh: This method uses small amounts of hazardous reagents that can be managed and handled according to your existing laboratory health and safety policies. [1]
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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