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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y
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.
C. Which steps of from the protocol section below will viewers benefit most from having filmed?
2.1.2., 5.2., 6.1.1. 
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most difficult step is the sample preparation by grinding and polishing, this is valid for all listed methods and it is stated in sections 2.1.2; 6.1.1; 5.2
E. Will the filming need to take place in multiple locations? Yes, different buildings 50 m apart

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Martin Staš: These methods can help answer key questions about the corrosion resistance of metallic materials, the corrosion aggressiveness of different environments, and the efficiency of corrosion inhibitors in different environments. 
1.2. Martin Staš: The main advantage of these methods is that they can be applied in both aqueous and non-aqueous environments.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Olga Pleyer: These methods can be useful in the automotive and fuel industries for study of the corrosion effects of ethanol-gasoline blends on different construction materials within fuel systems.  
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Martin Staš: Demonstrating the procedure will be Lukáš Matějovský, a member of my team. 
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

D. Ethics title card: (for human subjects or animal work, does not count toward word length total)


Protocol: (read by voice talent at JoVE)
2. Static Immersion Corrosion Test
2.1. To test the static immersion corrosion of metal-liquid systems, begin by adding 100-150 mL of the tested liquid corrosion environment to a 250-mL bottle equipped with a hook for hanging an analyzed sample [1-WIDE] and use 1200 mesh sandpaper to grind and polish the surface of the metallic sample under running water to achieve an even adjustment of the surfaces [2-MED-TXT].
2.1.1. Talent adding environment to bottle, with hook visible in frame
2.1.2. Talent polishing sample under running water (TEXT: Adjust surface evenly w/o defects/scratches/pits/etc)
2.2. Next, thoroughly degrease the sample surface [1-CU] with about 25 mL of acetone and about 25 mL of ethanol [2-CU].
2.2.1. Surface being treated with acetone, with acetone container label visible in frame
2.2.2. Surface being treated with ethanol, with ethanol container label visible in frame
2.3. After drying, weigh the sample on an analytical balance to an accuracy of four decimal places [1-MED] and hang the metallic sample within the bottle so that the sample is submerged within the liquid but does not lie on the bottom of the bottle [2-CU-TXT].
2.3.1. Talent placing sample onto balance
2.3.2. Sample being hung in liquid (TEXT: Liquid/metal surface ratio = 10 cm3/1 cm2)
2.4. Then close the bottle tightly enough to prevent liquid evaporation and air entry [1-CU]. 
2.4.1. Bottle being closed
2.5. Remove the metallic sample from the bottle at regular intervals [1-MED] for rinsing with about 25 mL of acetone [2-CU], using pulp tissue to remove any excess corrosion products from the surface [3-ECU].
2.5.1. Talent removing sample from bottle
2.5.2. Sample being rinsed
2.5.3. Sample being dried/polished
2.6. Then weigh the sample to four decimal places [1-MED-TXT] and return the sample to the bottle [2-CU].
2.6.1. Talent placing sample onto balance (TEXT: Use weight to calculate loss from beginning of experiment related to sample surface for given exposure time)
2.6.2. Sample being placed into bottle
2.7. When equilibrium is achieved within the metal-liquid system, terminate the experiment [1-MED-TXT].
2.7.1. Talent removing sample from bottle (TEXT: Steady state: no increase in weight loss over time)
3. Dynamic Corrosion Test with Liquid Circulation
3.1. For a dynamic corrosion test, add 500 mL of the tested liquid corrosion environment into the four-necked flask of the storage part of the apparatus [1-WIDE] and lubricate the ground glass joints of the flask with a silicone grease [2-MED].
3.1.1. Talent adding environment to flask
3.1.2. Talent lubricating joints
3.2. Fix a reflux cooler, thermometer, suction capillary connected to a pump, and the overflow connected to the tempered part on the necks of the flask [1-CU] and set the cryostat connected to the cooler to -40 °C [2-MED].
3.2.1. Shot of flask with all attachments (Video Editor: please indicate reflux cooler, thermometer, suction capillary/pump, and overflow when mentioned)
3.2.2. Talent setting cryostat
3.3. Fill the closed cooling circuit with ethanol [1-CU]. 
3.3.1. Circuit being filled with ethanol
3.4. Using the capillary for the fuel pumping, connect the pump to the preheating spiral of the tempered part of the flask that brings preheated fuel via the bottom of the measuring cell [1-MED].
3.4.1. Talent connecting pump to preheating spiral 
3.5. Set the desired pump fuel flow rate to 500 mL/h [1-CU] and the thermostat for the tempered part of the flask to 40 °C [2-MED].
3.5.1. Pump rate being set
3.5.2. Talent setting thermostat
3.6. Once the tempered part of the flask is filled with fuel [1-CU] and the fuel starts to flow via the overflow part back into the storage flask [2-CU], open the measuring cell that consists of two parts connected via a ground glass joint [3-MED] and hang the ground, polished, degreased and weighed sample on the hanger [4-CU].
3.6.1. Shot of part filled with fuel
3.6.2. Fuel overflowing back into storage flask
3.6.3. Talent opening measuring cell
3.6.4. Sample being hung on hanger
3.7. Use a pressure vessel to connect the frit to the tube for the air supply via a pressure regulator and a flowmeter [1-MED] and set the desired gas flow rate on the flowmeter to 20-30 mL/min [2-CU].
3.7.1. Talent connecting frit to tube
3.7.2. Gas flow rate being set
3.8. Then remove the metallic sample from the tempered part of the flask [1-MED] and rinse, polish, and weigh the sample to determine the sample surface loss over time as just demonstrated [2-MED].
3.8.1. Talent removing sample from flask
3.8.2. Talent wiping sample with pulp tissue, with balance and acetone container visible in frame as possible
4. Static Corrosion Test with a Reflux Cooler 
4.1. For a static immersion corrosion test, add 200-300 mL of the liquid test sample into the tempered flask [1-WIDE] and hang a ground, polished, degreased and weighed metallic sample on the hook of the reflux cooler [2-MED].
4.1.1. Talent adding liquid sample to flask
4.1.2. Talent hanging metallic sample to hook
4.2. Lubricate the ground glass joint of the cooler with a silicone grease [1-CU] and fix the cooler into the flask [2-MED].
4.2.1. Joint being lubricated
4.2.2. Cooler being fixed
4.3. Connect the frit to the tube for the air supply with a pressure vessel via a pressure regulator and a flowmeter [1-CU] and set the desired gas flow rate to 80 mL/min on the flowmeter [2-MED].
4.3.1. Frit being connected to tube
4.3.2. Talent setting flow rate
4.4. Then set the temperature to 80 °C on the thermostat for flask tempering [1-MED] and to -40 °C on the cryostat connected to the cooler [2-CU].
4.4.1. Talent setting thermostat temperature
4.4.2. Talent setting cryostat temperature 
4.5. After the appropriate experimental exposure period, remove the metallic sample from the apparatus [1-MED] and rinse, polish, and weigh the sample to determine the sample surface loss over the time as just demonstrated [2-CU].
4.5.1. Talent removing sample from apparatus
4.5.2. Sample being polished, with acetone container and balance visible in frame possible
5. Electrochemical Impedance Spectroscopy (EIS) Measurements in the Two-Electrode Arrangement

5.1. For electrochemical measurements in a two-electrode arrangement, first remove the electrode [1-WIDE] system from the measuring cell and unscrew the system [2-MED].

5.1.1. Talent removing electrode
5.1.2. Talent unscrewing system

5.2. Adjust the surface of the electrodes as just demonstrated [2-CU] and re-assemble the electrode system [2-MED].

5.2.1. Electrode being polished under running water
5.2.2. Talent returning electrode to system

5.3. Fill the measuring cell with 80 mL of the tested liquid corrosion environment [1-CU] and close the measuring cell through the electrode system [2-MED].

5.3.1. Measuring cell being filled
5.3.2. Talent closing it

5.4. Place the whole cell into a grounded Faraday cage [1-MED] and connect the galvanostat and potentiostat to the electrode system so that one electrode of the system acts as a reference electrode [2-CU] and the other electrode acts as a working and an auxiliary electrode at the same time [3-CU].

5.4.1. Talent placing cell into grounded Faraday cage
5.4.2. Talent connecting galvanostat and/or potentiostat to system
5.4.3. Shot of reference electrode
5.4.4. Shot of working/auxiliary electrode

5.5. In the instrument software, set the sequence containing the open circuit potential measurements [1-MED-over the shoulder] and the electrochemical impedance spectroscopy measurement and perform the stabilization for at least 30 minutes to minimize the potential change [2-SCREEN].

5.5.1. Talent setting sequence containing open circuit potential measurements
5.5.2. *To be provided by Authors: Electrochemical impedance spectroscopy measurement being set and stabilization being performed (Author Comment: All of the “to be provided by authors” sections – 5.5.2, 5.6.1, 6.5.2 – were recorded online)

5.6. Then acquire the electrochemical impedance spectroscopy measurement at a sufficiently high amplitude according to the conductivity of the corrosion environment and at a sufficient range of frequencies to allow evaluation of the low- and high-frequency parts of the spectra [1-SCREEN].

5.6.1. *To be provided by Authors: Amplitude and range of frequencies being set

6. EIS Measurements in the Three-Electrode Arrangement

6.1. For electrochemical measurements in a three-electrode arrangement, adjust the measuring part of the working electrode from the tested metallic material as demonstrated [1-WIDE] and screw the part onto the electrode extension [2-MED].

6.1.1. Talent polishing part under running water
6.1.2. Talent screwing part onto extension

6.2. Fill the measuring cell with 100 mL of the tested liquid corrosion environment [1-CU] and close the cell with a cap through which the working electrode from the tested material and the auxiliary electrode from the platinum wire are led. Make sure that the auxiliary electrode is twisted around the working electrode [2-CU]. 

6.2.1. Cell being filled
6.2.2. Cell being closed, with working and auxiliary electrode wires visible in frame

6.3. [1-MED] Insert the reference electrode with a bridge through the side entry of the cell so that the reference electrode is as close to the working electrode as possible without the electrodes touching each other [2-CU].

6.3.1. Talent twisting auxiliary electrode around working electrode 
6.3.2. Reference electrode being inserted w/ bridge through side entry of cell as close to working electrode as possible

6.4. Insert the cell into a grounded Faraday cell [1-MED] and connect the electrodes via a cable system to the galvanostat and potentiostat equipped with the appropriate software [2-CU].

6.4.1. Talent inserting cell into grounded Faraday cell
6.4.2. Electrodes being connected to galvanostat and potentiostat

6.5. Then, in the software of the used measuring devices, set the measuring sequence containing the measurement of the open circuit potential for at least 20 minutes [1-MED-over the shoulder], the electrochemical impedance spectroscopy in the range of about 1 megahertz to 1 millihertz at an amplitude value of 5-20 mV, and the polarization characteristics between 200-500 mV to the corrosion potential [2-SCREEN].
6.5.1. Talent at computer setting measuring sequence
6.5.2. *To be provided by Authors: EIS being set, then polarization characteristics being set
7. Results: Metal Corrosion and Corrosion Inhibitor Efficiency Analyses

7.1. In a static corrosion test, 1200 hours are sufficient to achieve stabilization of the mild steel-E10 and E85 fuel systems [1-LM], while 340 hours are required for stabilization within the dynamic corrosion system [2-LM].

7.1.1. Figure 78: Video Editor: please emphasize blue triangle and red square data points at 1200 h in Figure 7 graph
7.1.2. Figure 78: Video Editor: please emphasize blue triangle and red square data points at 340 h in Figure 8 graph

7.2. The efficiency of the corrosion inhibitor is also evident in both of the fuels, as substantially lower material losses are observed when the inhibitor is applied [1-LM].

7.2.1. Figure 78: Video Editor: please emphasize green and yellow data lines in both graphs

7.3. The removal of the surface corrosion products by pickling enables the acquisition of real material losses [1-LM] that are important for calculation of the efficiency of the corrosion inhibitors [2-LM].

7.3.1. Authors: please upload the images from Figure 9 through the submission link together in a new unflattened .ai or .psd file without the A, B, C, or D labels but with the appropriate “No Inhibitor”, “Inhibitor”, “Static” and “Dynamic” labels (or similar appropriate labels) indicated in their own layers if possible: no animation
7.3.2. Table 2.xlsx: please emphasize “Corrosion rate” data column

7.4. When the conductivity of an environment is low, the spectrum consists of only one high-frequency half-circle, making it possible to evaluate the properties that characterize the used environment only [1-LM].

7.4.1. Authors: please upload the graphs from Figure 10 and Figure 11 together in a new .ai or .psd file through the submission link: please trace/emphasize data line in Figure 10 graph

7.5. When the conductivity of an environment is high enough, the spectrum consists of both high- [1-LM] and low-frequency regions that form two relatively well separated half circles [2-LM].

7.5.1. Figure 1011: please trace/emphasize little half circle in data line from about 0-50 in Figure 11 graph
7.5.2. Figure 1011: please trace/emphasize large curve in data line from about 50-250 in Figure 11 graph

7.6. Here the Tafel curves of mild steel in the environment of the aggressive E85 fuel without the inhibitor before [1-LM] and after the potential loss drop compensation [2-LM], as well as in the presence of an amine-based inhibitor, are shown [3-LM].

7.6.1. Figure 12.pdf: Video Editor: please emphasize blue data lines
7.6.2. Figure 12.pdf: Video Editor: please emphasize red data lines
7.6.3. Figure 12.pdf: Video Editor: please emphasize green data lines

8. Conclusion (said by authors on camera):

8.1. Martin Staš: While attempting these methods, it’s important to remember to minimize the weighing error and to carefully perform the adjustment of the sample surface.

8.2. [bookmark: _GoBack]Martin Staš: For the static and dynamic tests, the corrosion resistance of the metallic materials or the corrosion aggressiveness of the different environments can be evaluated based on the corrosion rate of the tested materials during the testing. 

8.3. Martin Staš: For the electrochemical methods, the corrosion resistance of the metallic materials or the corrosion aggressiveness of the different environments can be evaluated based on the polarization characteristics.

8.4. Martin Staš: All of the presented methods enable us to test the efficiency of corrosion inhibitors.


Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 
3.1.2. Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, PowerPoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi. The higher resolution, the better. Likewise, any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files. 

Insert the filenames of all the media to be included into the video here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.  

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples. 

All tubes/flasks should be pre-labeled neatly before we arrive. 

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions in the email accompanying the finalized script.
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