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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.  Realization of the oxidized samples at different controlled oxidation levels in Reactor 1 and Reactor 2: Steps 2.8-2.10. Then, the collection and analysis of the oxidized samples: Steps 2.9-2.16. 
D.  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.) No difficult aspect to report, the user needs to respect the sample collection procedure (time and protocol) and be careful to clean appropriately the oxidation cell in Reactor 2 before introducing the fuel sample. In fact, the slightest contamination can have an impact on fuel induction period.
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________


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. Experimental Goal (read by voice talent at JoVE):

Fuel degradation and deposit formation are key challenges for future fuels and biofuels development. This protocol allows one to study fuels oxidation under controlled conditions and can be useful to develop new formulations and preventive strategies. (Intro) 
*Note to the Authors: Goal and interview statements have been removed and/or edited to conform to the specified number and length restrictions. The total introduction length cannot exceed 150 words.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kenza Bacha: This method can help answer key questions in the fuels quality field, such as how the fuel composition and operating conditions impact the oxidation mechanisms and products.  (take 3)
1.2. Kenza Bacha: The main advantage of this technique is the use of commercially available reactors coupled to powerful analytical methods to perform controlled oxidation and monitor the evolution of the oxidation products. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Arij Ben Amara: This method can provide insight into the degradation mechanism of diesel and biodiesel fuels and has been successfully applied to study the oxidation stability of jet fuels and lubricants. 
1.4. Maira Alves Fortunato: We first had the idea for this method, when we needed to study diesel deposits, which is one of the main concerns of the automotive and aeronautic industries. 
1.5. Benjamin Veyrat: Visual demonstration of this method is critical as the sampling steps are difficult to learn. The oxidation can lead to the formation of a multiphase sample. 
1.6. Perrine Wund: Individuals new to this method will struggle because interpretation of the GC-MS results may be challenging. The oxidation forms multiple products, and the chromatogram may contain several peaks. (the last ones)


Protocol (read by voice talent at JoVE):
2. Oxidation Procedure in Reactor 1
2.1. To begin this procedure, remove dust or contaminants from the reaction vessels using compressed air [1-WIDE/MED]. 
2.1.1. *Film as written
2.2. Fill the reaction vessels of Block A with 7 milliliters of a fresh fuel sample of methyl oleate using a pipette [2-MED-over the shoulder]. Then, fix the air tube onto the reaction vessel cover, and place it on the reaction vessel [2].
2.2.1. *Film as written 
2.2.2. [Added Shot]: Fix the air tube onto the reaction vessel cover and place the reaction vessel cover on the reaction vessel
2.3. To configure the test, set the heating setpoint temperature of Block A to 110 degrees Celsius [1-MED-over the shoulder-TXT]. Then, set the air flow rate to be bubbled through the sample to 10 liters per hour [2-SCREEN]. 
2.3.1. Talent at computer inputs the temperature in the software. TEXT: 110 ± 0.3 °C. 
2.3.2. SCREEN: *To be submitted by Author, 54361_Ben Amara_SCREEN_2.3.2 – talent inputs flow rate under appropriate tab and saves method. (Erin Note to Video Editor: Use Screen capture uploaded on 7/1/2016.)
2.4. Set the shutoff criterion to either a conductivity threshold of 400 microsiemens per centimeter, or an induction period determined by the software [1-SCREEN-TXT]. 
2.4.1. SCREEN: *To be submitted by Author, 54361_Ben Amara_SCREEN_2.4.1 – talent clicks on appropriate tab and selects the appropriate criteria. TEXT: Test stops when one of the criteria is reached. (Erin Note to Video Editor: Use Screen capture uploaded on 7/1/2016.)
2.5. Next, enter the name and reference of each of the Block A samples in the software [1-SCREEN]. Proceed to place the reaction vessels in heating block A [1B]. Launch the test by pressing the “START” button in the user interface of Reactor 1 [2-MED-over the shoulder], and check that the reactor is working by visualizing air bubbles [2B].
2.5.1. SCREEN: *To be submitted by Author, 54361_Ben Amara_SCREEN_2.5.1. (Erin Note to Video Editor: Use Screen capture uploaded on 7/1/2016.)
2.5.1B [Added Shot] Place the four reaction vessels in the heating block A
2.5.2. Talent at computer presses button in the software.
2.5.2B [Added Shot] reactor working, Visualize the start of air bubbling into the fuel  
2.6. Once the test is finished, extract the reaction vessels from the heating block [1-MED].  
2.6.1. *Film as written
2.7. Using a pipette, carefully aspirate the contents of each reaction vessel…[1-CU] and transfer each extracted sample to a 10 milliliter glass flask [2-MED-over the shoulder]. Then, place the flasks vertically in the refrigerator [3-MED].  
2.7.1. [Shots 2.7.1 and 2.7.2 combined] Reaction vessel as talent removes sample. (take 1 CU, take 2 MED)
2.7.2. *Film as written 
2.7.3. *Film as written
2.8. Repeat the previous steps using Block B, modifying the shutoff criterion by indicating an ending time equal to 4 times the average induction period [1-MED-over the shoulder-TXT]. 
2.8.1. Talent at computer inputs appropriate parameters in the software. TEXT: See text IPavg determination. (CU at the end)
2.9. After the test is complete, manually extract the first reaction vessel from the heating block at 0.5 times the induction period, the second reaction vessel at the induction period, the third reaction vessel at 2 times the induction period, and the fourth reaction vessel at 4 times the induction [1-MED-TXT].
2.9.1. *Film as written. TEXT: 0.5IP, IP, 2IP, 4IP. (show all extractions with different zoom values)
2.10.  [1-MED-over the shoulder]. Then, transfer the contents of each reaction vessel to a 10 milliliter glass flask [2-MED]. After labeling each sample, place them vertically in the refrigerator [3-MED-over the shoulder]. 
2.10.1. *Film as written
2.10.2. *Film as written (take 1 MED, take 2 CU)
2.10.3. *Film as written (take 1 CU, take 2 MED)
2.10.4. [Added Shot] place samples in the refrigerator
2.11. To determine the TAN of methyl oleate sampled at increasing oxidation stages, first rinse all vessels and parts in contact with the sample with ultrapure water followed by isopropanol [1-MED-TXT].  
2.11.1. Show rinsing with one solvent. TEXT: See text for details on TAN analysis.
2.12. Next, place 2 grams of the sample in the measurement vessel [1-MED-over the shoulder]. Dilute the sample with 10 grams of isopropanol [2-MED].  
2.12.1. *Film as written
2.12.2. *Film as written (CU at the end)
2.13. Now, insert a glass electrode [2-CU], and gradually add a solution of 0.1 moles per liter of potassium hydroxide diluted in isopropanol until the equivalence point is reached [1-MED-TXT] [2-CU]. 
           2.13.2 Show glass electrode reading.  Talent insert the electrode
2.13.1. *Film as written. TEXT: 0.1 mol/L KOH in iPrOH.   (curve on the screen around 1/43/00/00)
2.13.2. Show glass electrode reading.  Talent insert the electrode (Move before 2.13.1)
2.14. Report the TAN of the sample in milligrams of potassium hydroxide per gram of fuel [1-CU-TXT]. 
2.14.1. Computer screen showing reported TAN value. TEXT: mg KOH/g.
2.15. To analyze methyl oleate sampled at increasing oxidation stages, inject 1 microliter of the sample into a GC-MS instrument equipped with an FFAP column using a split ratio of 1 to 75 [1-MED-TXT]. 
2.15.1. Talent approaches GC instrument and places sample vials in autosampler. TEXT: See text for details on column and run conditions.  (take 2 CU)
3. Advanced Oxidation Procedure in Reactor 2 
3.1. To perform the first oxidation cycle in Reactor 2, set the heating temperature to 150 degrees Celsius in the software [1-MED-over the shoulder]. Set the pressure in the test cell to 7 bar and then set the shutoff criterion [2-CU-TXT]. 
3.1.1. Talent at computer inputs the temperature in the software. (CU at the end)
3.1.2. Control panel of Reactor 2 as talent sets pressure and shutoff criterion. TEXT: ∆P of 10% of maximum pressure reached.
3.2. Prepare the test cell by removing dust or contaminants using laboratory paper soaked with acetone [1-MED-over the shoulder].
3.2.1. Please get multiple useable takes, shot will be repeated later.
3.3. After replacing the sealing ring, fill the test cell with 5 milliliters of the fuel sample using a pipette [1-MED]. Close the test cell with a screw cap followed by a protective locked cover [2-MED-over the shoulder].
3.3.1. *Film as written (take 2)
3.3.2. *Film as written
3.4. Next, launch the test by pressing the “RUN” button in the user interface of Reactor 2 [1-MED-over the shoulder-TXT], and observe the curve of the induction period in the software [2].
3.4.1. Talent at computer presses button in the software. Please get multiple useable takes, shot will be repeated later. TEXT: Pressure variation is recorded at 1 s intervals until shutoff criterion reached.
3.4.2.  [Added Shot] screenshot of the curve of the induction period on the computer software, *To be submitted by Author, 54361_Ben Amara_SCREEN_3.4.2
3.5. After the cell automatically depressurizes, open the protective locked cover and the screw cap [1-MED-TXT]. 
3.5.1. *Film as written. TEXT: Cell depressurizes around 25-30 °C. 
3.6. To perform “x” successive oxidation cycles, repeat the previous steps the desired number of times [1].
3.6.1. Use shot 3.4.1. 
3.7. At the end of “x” tests, transfer all of the oxidized fuel remaining in the cell to a 5 milliliter glass flask [1-MED-over the shoulder]. Then, place the glass flask vertically in the refrigerator [2-MED].
3.7.1. *Film as written
3.7.2. *Film as written
3.8. Clean the cell using laboratory paper soaked with acetone [1]. 
3.8.1. Use shot 3.2.1.
3.9. To analyze the generated samples by FTIR-ATR, first clean the ATR diamond cell using laboratory paper soaked with ethanol [1-MED].
3.9.1. *Film as written (CU at the end)
3.10. Following this, set 100 scans to build the FTIR spectrum, fix the resolution at 4 inverse centimeters, and set the spectral range from 600 to 4000 inverse centimeters [1-MED-over the shoulder-TXT]. 
3.10.1. Talent at computer inputs parameters in the software. TEXT: 100 scans, 4 cm-1, 600-4000 cm-1.
3.11. After removing the fuel sample from the refrigerator, agitate it thoroughly in order to homogenize the fuel composition [1-MED].
3.11.1. *Film as written (CU of the 4 samples at the end)
3.12. Using a pipette, sample 10 microliters of fuel from the flask…[1-MED-over the shoulder] and place the droplet on a horizontal ATR diamond cell at ambient temperature [2-CU]. Finally, start the analysis [3-MED-over the shoulder]. 
3.12.1. *Film as written
3.12.2. *Film as written
3.12.3. Talent at computer clicks start button in the software.
4. Results: Analysis of Transport Fuels Oxidation Stability 
4.1. The TAN analysis results suggest that acid species formation is slow during the initial oxidation process and becomes significant at intermediate and advanced oxidation [1-LM]. 
4.1.1. figure3_hq.png: Highlight curve between 0 and 2 hr at mention of “is slow during the initial oxidation process” and between 2 and 6 hr at mention of “becomes significant at intermediate and advanced oxidation”.
4.2. There is an increase in intensity for several peaks in the methyl oleate chromatograms from 0 IP to 4 IP, and some species not present initially were formed at mid- to high oxidation levels with increasing intensities [1-LM]. 
4.2.1. figure4_hq.png: Highlight peaks in curves that increase from 0 IP to 4 IP at mention of “there is an increase in intensity for several peaks” and highlight peaks appearing in purple, red and blue curves for second part of sentence.
4.3. Methyl-6-heptenoate is produced during the oxidation process [1-LM]. Additionally, several short chain molecules are formed through molecular cleavage [2-LM]. Aldehydes and methyl esters are formed through reaction of molecular oxygen with alkyl radicals or hydroperoxides [3-LM]. 
4.3.1. figure5_hq.png: Make red square appear followed by red arrow and bottom chromatogram.
4.3.2. figure5_hq.png:  Highlight left hand side of top chromatogram from 0.00 to 10.00 min and zoom in with rest of chromatogram grayed out in background.
4.3.3. figure5_hq.png: Highlight right hand side of top chromatogram from 22.00 min to end and zoom in with rest of chromatogram grayed out in background.
4.4. The fuel color changes during the oxidation from transparent to yellowish then brownish, which is due to the formation of polar compounds [1-LM]. The molecular weight of these products increases along with the oxidation level [2-LM]. Oxidized B0 samples show the formation of a dark viscous phase composed of high molecular weight polar products [3-LM]. 
4.4.1. figure6_hq.png: Briefly highlight each image from left to right at mention of “transparent to yellowish to brownish”. revised figure *To be submitted by Author, Revised_figure6_hq.png (Please use this same figure in the article)
[bookmark: _GoBack](Erin Note: Since no revised Figure 6 was uploaded, I checked with Authors on 7/1 as to whether a “revised” Figure 6 should still be used. They indicated “For the Figure 6, please keep the initial one.”)
4.4.2. figure6_hq.png
4.4.3. figure6_hq.png: Indicate the 6 cycles image with an arrow at mention of “a dark viscous phase compound composed of high molecular weight polar products”.
4.5. The carbonyl peak in the FTIR spectra of the B0 samples increases with the oxidation level and is attributed to aldehydes, ketones, and acids [1-LM]. The peak in region R3 shows the formation of hydroxyl groups, indicating the presence of alcohols and acids [2-LM]. 	
4.5.1. figure8_hq.png: Make black square appear in R2 region followed by inset and arrow. 
4.5.2. figure8_hq.png: Make black square appear in R3 region followed by inset and arrow. 

5. Conclusion (said by authors on camera)
5.1. Kenza Bacha: Once mastered, this technique can be done in a few hours, according to fuel nature, reactivity and test conditions, which is lower than standard storage tests performed in several months and allows one to gain information on the oxidation mechanism. 
5.2. Pascal Hayrault: While attempting this procedure, it’s important to remember to store the oxidized samples under the appropriate conditions and to make sure the volume analyzed with FTIR, GC or TAN is homogeneous and representative of the oxidized sample.
5.3. Maira Alves Fortunato: Other methods can be applied to understand deposit properties. Thermo-gravimetric analysis shows several molecular weight products. Scanning electron microscopy provides information about morphology and chemical composition. Such information allows one to validate the major trends obtained with FTIR and GC-MS.
5.4. Arij Ben Amara: After its development, this technique paved the way for researchers in the field of liquid phase oxidation to easily explore the oxidation process of various hydrocarbons, which represents a key step to develop predictive models and preventive strategies. 
5.5. Perrine Wund: After watching this video, you should have a good understanding of how to perform accelerated fuel oxidation and how to analyze the samples with FTIR-ATR, GC-MS and TAN to identify the oxidation products.
5.6. Benjamin Veyrat: Don't forget that working with fuels and solvents can be extremely hazardous and precautions such as protective equipment including gloves, lab coats and goggles should always be taken while performing this procedure.   


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_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 your media filenames 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 are included in the email accompanying the finalized script.
 2013, Journal of Visualized Experiments

