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[bookmark: BackToTop]A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.   Does your protocol include detailed, step-by-step descriptions of software usage? (Y/N) N
[bookmark: BackToQues]C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their scripted protocol numbers. Please do not list entire sections of the protocol. 
Steps 2.1, 2.6, 2.7, 3.6, 4.5, 4.6
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 by their scripted protocol numbers. Please do not list an entire section.
Steps 2.7 (MS step 2.1 is carried out to ensure success); 5.8 (use patience)
E.  Will the filming need to take place in multiple locations? (Y/N) N (the only offsite step will be recorded with screen capture)

1. Introduction (Experimental Goal and Author Interviews)

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

The overall goal of this method is to study the phase behavior of oil samples under refining process conditions by in situ visualization of liquid samples at high temperature and pressure using cross-polarized reflection microscopy. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Cedric Laborde-Boutet: This method provides a means of investigating the fouling behavior of oil samples under visbreaking or hydroconversion conditions and of studying how stability is related to conversion.
1.2. Cedric Laborde-Boutet: We can investigate severe process conditions since the reactor was designed to withstand 160 bars of pressure at 450 Celsius.

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Cedric Laborde-Boutet: In this technique, a stainless steel reactor with a sapphire window at the bottom is illuminated by cross-polarized light, which gives high-contrast images of both isotropic and anisotropic media.
2. Microreactor Assembly and Loading
2.1. [bookmark: _Ref466020256]First, clamp the microreactor vertically upside-down, with the bottom-face seal open. [1-MED] Ensure that the gas line fittings are closed to prevent the sample from spilling when it is loaded. [2-MED-Over shoulder]
2.1.1. Talent clamps the reactor upside-down, with the bottom face seal already open.
2.1.2. Talent checks that the gas fittings are closed.
2.2. Weigh a sub-sample of oil and a thin spatula. [1-MED] Then, use the spatula to load approximately 0.6 g of the oil sample into the reactor. [2-MED-Over shoulder] Weigh the sub-sample container and spatula again to determine the amount of sample loaded.  [3-MED]
2.2.1. MED: Talent places the spatula plus the sub-sample container on the balance, tares.
2.2.2. Added shot: MED: Talent uses the spatula to load the sample into the reactor
2.2.3. MED: Talent places the spatula plus the sub-sample container after loading the sample, and notes the weight difference.
2.3. Then, slide a custom-machined magnet onto the thermocouple. [1-CU] Slide a 1/16” front ferrule over the thermocouple into the fitting cavity, with the wider side facing up. [2-CU]
2.3.1. Talent slides the magnet onto the thermocouple.
2.3.2. Talent slides the ferrule over the thermocouple.
2.4. Dip a cotton swab in toluene, ensuring that the swab is not dripping wet. [1-MED] Wipe the fitting groove and other sealing surfaces to remove contamination from sample loading, being careful not to drip toluene into the reactor cavity. [2-CU]
2.4.1. Talent dips a cotton swab in a labeled secondary container of toluene.
2.4.2. Talent wipes oil from the fitting groove; the cotton swab comes out dirty. Talent then continues cleaning with a new swab.
2.5. Once wiping the sealing surfaces leaves no sample traces on the swab, allow the sealing surfaces to air-dry. [1-MED] Place a C-seal ring into the fitting groove. Place a clean, dry sapphire window on top of the sealing ring, followed by a brass pad. [2-CU]
2.5.1. Talent keeps wiping the sealing surfaces, and then inspects the clean cotton swab.
2.5.2. Talent fits the sealing ring into the sealing surface. Then, talent places the sapphire window on the sealing ring and places the brass pad on the window.
2.6. [bookmark: _Ref466020259]Apply pinhead-sized drops of lubricant to the brass pad. [1-CU] Then, thread the bottom nut onto the bottom-face seal fitting. Finger-tighten the nut so that it covers the brass pad and securely holds the window in place. [2-MED]
2.6.1. Talent applies small drops of lubricant.
2.6.2. Talent threads the nut onto the fitting and tightens it to just finger-tight.
2.7. [bookmark: _Ref466020260]Transfer the reactor, still upside-down, to a vise. Use a wrench to tighten the bottom nut by 90°. [1-MED] Visually inspect the reactor for defects in the seal or sapphire window and replace any defective parts. [2-CU]
2.7.1. Talent brings the upside-down reactor to the vise and begins tightening the vise, turns the nut 90° with a wrench, and then removes the reactor from the vise.
2.7.2. Talent inspects the window and seal for defects. 
3. Microreactor Installation
3.1. Connect the loaded, sealed microreactor to the gas lines [1-MED]. Then, pressurize the system with N2 gas at 5 MPa, and close the appropriate valves to isolate the microreactor from the gas cylinder. [2-MED]
3.1.1. Talent connects the gas lines to the reactor gas fittings 
3.1.2. Talent opens the gas flow to the microreactor, then closes the valves.
3.2. If the microreactor pressure remains stable for more than 30 minutes, perform additional leak tests as needed at higher pressures. [1-MED]
3.2.1. Talent approaches the pressure indicator for the isolated section of the gas lines and checks the reading. 
3.3. Then, if using a non-inert gas in the experiment, repeat all previous leak checks with the target gas with the help of a leak detector. [1-WIDE]
3.3.1. Talent switches to hydrogen gas flow as though preparing for further leak checks, using a hydrogen leak detector.
3.4. Once the integrity of the seal has been verified, depressurize the microreactor setup. [1-MED] Place the microreactor in a stainless steel heating block within a coil heater. [2-MED-Over shoulder]
3.4.1. Talent opens the valves to vent the system.
3.4.2. Talent places the microreactor in the heating block within the coil heater.
3.5. Place the heating assembly on a platform over the inverted microscope objective. [1-MED] Enclose the heating assembly in a casing filled with ceramic wool and secured with a hose clip. [2-MED]
3.5.1. Talent arranges the heating assembly on the platform.
3.5.2. Talent clamps the ceramic wool-filled casing around the heating assembly.
3.6. Turn on the microscope, using cross-polarized light. Set the objective to the lowest magnification. Adjust the vertical position of the objective lens [1-MED] to focus on the inside surface of the sapphire window. [2-SCREEN]
3.6.1. Talent turns on the cross-polarized light and sets the objective lens to the lowest magnification setting. Talent then begins adjusting the objective lens position.
3.6.2. *To be provided by authors: Screen capture footage of the lens being focused.
3.7. [bookmark: _Ref466020270]Guided by binoculars, position the microreactor so the ferrule edge is the inner radial boundary of the field of view of the binoculars. [1-LM] Check that the ferrule is not visible in the camera field of view. [2-SCREEN]
3.7.1. Figure 2.pdf: Video editor: During ‘ferrule edge…binoculars’, label the red boxes ‘Good FOV in binoculars’.
3.7.2. *To be provided by authors: Screen capture footage of the view from the optical microscope showing that the ferrule is not visible.
3.8. Rotate the microscope nosepiece to move the objective lens out from under the reactor. [1-CU] Connect the thermocouple to a temperature controller. Set the external magnet motor to 120 rpm to begin stirring the sample. [2-MED]
3.8.1. Talent rotates the nosepiece so the objective lens is moved out from under the reactor and heating assembly.
3.8.2. Talent connects the thermocouple to the temperature controller. Then, talent turns on the external magnet driving motor.
3.9. Pressurize the microreactor setup with the target gas. Use a back-pressure regulator to control the pressure as needed. [1-WIDE]
3.9.1. Talent opens the gas flow and checks the pressure indicators throughout the system.
4. Visualization of Cracking Reactions
4.1. To begin the experiment, ensure that the microscope objective is clear of the heating block whenever it is not in use. [1-CU-TXT]. Then, turn on the temperature controller and set the reactor temperature to 200 °C. [2-MED-Over shoulder]. 
4.1.1. Talent turns the nosepiece to move the objective lens away from underneath the reactor. (TEXT: Keep the objective clear of the heating block when not in use.)
4.1.2. Talent turns on the temperature controller and sets the setpoint to 200 °C.
4.2. Once the sample comes up to heat, check the setup pressure and temperature. [1-MED]
4.2.1. Talent checks the setup pressure indicator and the temperature readout.
4.3. Move the objective lens into position under the microreactor and adjust the reactor position and lens focus as needed. [1-MED] Check for movement of the ferrule or the flickering of small mineral solids in the sample indicating that stirring is ongoing. [2-SCREEN]
4.3.1. Talent rotates the lens under the reactor and checks the view through the objective microscope.
4.3.2. *To be provided by authors: Screen capture footage of the ferrule movement and/or movement of small mineral solids in the sample.
4.4. Rotate the objective lens away from the heating block. Heat the sample to 300 °C and perform the same checks and adjustments. [1-MED] Then, heat the sample to 350 °C and check the setup again. [2-WIDE]
4.4.1. Talent rotates the lens out from under the block, and then changes the temperature setpoint to 300 °C.
4.4.2. The reactor temperature reaches 350 °C; talent checks the pressure, and then rotates the lens under the reactor.
4.5. [bookmark: _Ref466020273]Set the reactor to the desired reaction temperature, which is typically between 400 and 450 °C for heavy oil cracking reactions. [1-MED] Move the objective lens under the reactor, focus the lens, and take a snapshot of the sample. [2-SCREEN]
4.5.1. Talent rotates the lens out from under the reactor as though the last round of verifications has just finished and changes the temperature setpoint to 435 °C.
4.5.2. *To be provided by authors: Screen capture footage of the lens being focused and a snapshot being taken.
4.6. [bookmark: _Ref466020275]Rotate the lens away from under the reactor and note the sample temperature. [1-MED-Over shoulder] Repeat this measurement at one-minute intervals until reaction completion, using the same magnification, lighting, and camera settings throughout. [2-SCREEN]
4.6.1. Talent moves the lens, checks the reactor temperature, and notes it down.
4.6.2. *To be provided by authors: Screen capture footage of another snapshot of the sample being taken.
4.7. Cedric Laborde-Boutet: Leaving the microscope objective underneath the reactor after taking a snapshot would make it overheat. Not only may this deteriorate the objective, but taking pictures with an overheated objective also artificially enhances image brightness, which can lead to inconsistent results. [1-MED]
4.7.1. Author speaks towards the camera, interview style.
4.8. Once the reaction has finished, as determined by estimated reaction time or changes in the sample appearance, turn off the temperature controller and magnetic stirrer, and depressurize the microreactor. [1-MED]
4.8.1. Talent moves away from the computer connected to the camera and turns off the temperature controller and magnet driving motor and vents the microreactor system.
4.9. Remove the microreactor from the heating assembly [1-MED] and cool it to room temperature under a stream of cool air. [2-MED]
4.9.1. Talent extracts the reactor from the heating assembly.
4.9.2. Talent sets up the microreactor under a stream of cool air to cool.
4.10. Use custom computer code to extract the mean values of the red, green, and blue channels from the micrographs [1-SCREEN] along with the corresponding information from the hue, saturation, and intensity color space, in order to obtain quantitative image analysis. [2-SCREEN]
4.10.1. *To be provided by authors: Screen capture footage of loading the series of images into the custom computer code.
4.10.2. [bookmark: _GoBack]*To be provided by authors: Screen capture footage of retrieving the RGB and the HSI values and pasting them into a Table document which plots RGB and HIS data automatically.
5. Microreactor Cleaning
5.1. After the microreactor has cooled, disconnect the gas lines. [1-MED] Secure the reactor upside-down in a vise and unseal the reactor by loosening the bottom nut with a wrench. [2-MED]
5.1.1. Talent disconnects the gas lines from the reactor.
5.1.2. Talent finishes clamping the reactor upside-down in the vise and loosens the bottom nut with a wrench.
5.2. Transfer the reactor to a fume hood and unscrew the bottom nut. Remove the brass pad and sapphire window. [1-MED-Over shoulder]
5.2.1. Talent, working in a fume hood, unscrews the bottom nut of the reactor, and then removes the brass pad and sapphire window.
5.3. Use tweezers to remove the ferrule and magnet, being careful not to scratch the sealing surfaces. [1-CU] Lever the sealing ring from its groove with a small spatula, likewise taking care not to scratch the groove. [2-CU]
5.3.1. Talent extracts the ferrule and magnet with tweezers.
5.3.2. Talent extracts the sealing ring from the groove with a small spatula.
5.4. Soak pieces of paper towels in toluene or dichloromethane and scrub the inside cavity of the microreactor to remove the bulk of the material adhering to the cavity walls. [1-MED-Over shoulder]
5.4.1. Talent dips a paper towel in a labeled secondary container of toluene or DCM, scrubs the inside of the microreactor, and sets aside the paper towel when it is too dirty to continue using.
5.5. Then, clean the interior walls with coarse-grit emery cloth, without allowing the emery cloth to contact the sealing surfaces. [1-MED-Over shoulder]
5.5.1. Talent scrubs the interior of the microreactor, which is now visibly cleaner, with emery cloth.
5.6. Clean the magnet surface with coarse-grit emery cloth. [1-MED] Clean the center hole of the magnet with a 1/16” wire dipped in solvent. [2-MED]
5.6.1. Talent scrubs the magnet with emery cloth.
5.6.2. Talent dips a 1/16” wire in solvent in a labeled secondary container and then cleans the center hole of the magnet.
5.7. Clean the sapphire window with cotton swabs soaked in toluene, DCM, or acetone. [1-MED]
5.7.1. Talent dips a cotton swab in one of the mentioned solvents (in a labeled secondary container) and cleans some sample material off of the sapphire window. 
5.8. Scrub the microreactor walls and sealing surfaces with cotton swabs soaked in toluene or DCM [1-MED] until, after completely scrubbing the reactor surfaces, the cotton swab shows only negligible traces of the oil sample. Allow the microreactor to air-dry. [2-MED-Over shoulder]
5.8.1. Talent dips a cotton swab in the chosen solvent and begins scrubbing the microreactor walls.
5.8.2. Talent scrubs the interior walls and sealing surfaces of the reactor, inspects the swab, and then sets the reactor aside to air-dry. If possible, the soiled swabs used for this last step should be visible in the hood to show that significant cleaning has occurred between the last shot and this one.
5.9. Cedric Laborde-Boutet: This cleaning process can be very tedious and often takes around one hour. However, it is important to avoid cross-contamination between samples, so cleaning should be done thoroughly. [1-MED]
5.9.1. Author speaks towards the camera, interview style.
[bookmark: ScreenCaptureFootageInstructions]SCREEN CAPTURE FOOTAGE INSTRUCTIONS
Authors: If a shot is listed as [#-SCREEN], you will need to make a movie file of the described actions using screen capture software installed on the computer or run from a USB drive. Software options include Rylstim Screen Recorder, CamStudio, Snagit, or Quicktime X.

Make one file per [#-SCREEN] containing only the requested actions. Do not bundle several action sequences into one large file. Name each file according to the shot number (see Provided Media for more information) and upload the files to your project folder: http://www.jove.com/account/file-uploader?src=16850078
6. Results: Visual Evolution of Athabasca Vacuum Residue under thermal cracking reactions
6.1. Using this method, a thermal cracking experiment on a sample of Athabasca vacuum residue was monitored and visualized. The experiment was performed under N2 gas at atmospheric pressure, with a final temperature setpoint of 435 °C. [1-LM]
6.1.1. 55246_Laborde-Boutet_Video1.mp4 @ 0:04-00:21
6.2. Image analysis provides information about the progress of thermal cracking reactions. The recommended method is to describe image information in the Hue/Saturation/Intensity color-space. [1-LM] The evolution of the sample brightness can be related to the evolution of the refractive index, [2-LM] while changes in color correspond to the evolution of spectral properties. [3-LM]
6.2.1. 55246_Laborde-Boutet_Figure1.pdf: Start without the bullet-point text above and below the images (Image analyses… and Brightness…). During “The recommended…color-space”, highlight the grey box on the right (HSI color map) and add the “Image analyses…color-space” caption above the images.
6.2.2. 55246_Laborde-Boutet_Figure1.pdf: Highlight the “brightness” arrow in the HSI color map.
6.2.3. 55246_Laborde-Boutet_Figure1.pdf: Add the “Brightness…separately” bullet-point caption below the images and highlight the “hue” and “saturation” arrows in the HSI color map.
Authors: Please upload the individual image files used for the RGB and HSI color maps.
6.3. The upcoming video will describe the evolution of the Athabasca vacuum residue sample during this experiment as the temperature is increased from 350 to 435 °C, using brightness and color analysis as shown in the present image. [1-LM]
6.3.1. 55246_Laborde-Boutet_Figure2.pdf: During “brightness”, box the plot labeled ‘Brightness intensity plot’. During “color analysis”, box the plot labeled ‘Colorwheel plot’.
6.4. Initially, many small mineral solids are observed. [1-LM] Before a significant reaction occurs, little color change is observed, and brightness increases with temperature. [2-LM] The chemical transformation of cracking reactions is first shown as a decrease in brightness. [3-LM] As the cracking reactions progress, a blue color shift is also observed. [4-LM] Eventually, the anisotropic mesophase forms as bright, stationary heterogeneities, as indicated by an increase in brightness intensity. [5-LM]
6.4.1. 55246_Laborde-Boutet_Video2.mp4 @ 00:05-00:09 (still)
6.4.2. 55246_Laborde-Boutet_Video2.mp4 @ 00:09-00:13 (hold on still image as needed)
6.4.3. 55246_Laborde-Boutet_Video2.mp4 @ 00:13-00:21 (hold on still image from 00:15-00:18 as needed)
6.4.4. 55246_Laborde-Boutet_Video2.mp4 @ 00:21-00:29 (hold on still image from 00:21-00:25 as needed)
6.4.5. 55246_Laborde-Boutet_Video2.mp4 @ 00:29-00:40 (hold on still image from 00:29-00:33 as needed)
7. Conclusion (Said by you on camera. Don’t forget to smile!)
7.1. Cedric Laborde-Boutet: While attempting this procedure, it’s important to produce a consistent set of images, with the same illumination and the same image acquisition settings.
7.2. Cedric Laborde-Boutet: Following this procedure, other types of oil samples can be tested in various ranges of temperature and pressure conditions in order to answer additional questions relevant to other refining processes.
7.3. Cedric Laborde-Boutet: After its development, this technique paved the way for researchers in refineries to investigate fouling problems in visbreaking and hydroconversion.
7.4. Cedric Laborde-Boutet: After watching this video, you should have a good understanding of how to perform in situ visualization of oil samples under refining process conditions, including reactor loading, leak testing, observing the sample under reaction, and post-reaction clean-up.
7.5. Cedric Laborde-Boutet: Don't forget that emulating hydroconversion conditions requires around 150 bars of H2 pressure, which can be dangerous. Having the setup equipped with failsafe features and conducting very thorough leak testing are strong requirements in this case.
[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif - dual color imaging of tumor angiogenesis at 40X
6.2 –  01234_PIname_Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16850078

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

· 6.1.1 – 55246_Laborde-Boutet_Video1.mp4 – Stop-motion video of the images taken during a representative experiment
· 6.2.1 – 55246_Laborde-Boutet_Figure1.pdf – Recommended method for image analysis
· 6.3.1 – 55246_Laborde-Boutet_Figure2.pdf – Presentation of the video analysis
· 6.4.1 – 55246_Laborde-Boutet_Video1.mp4 – Analysis of a representative experiment 

Back to Screen Capture 

General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are prepared and labeled in advance and on hand at the start of filming.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive. (ex. Luciferase assay done in 96-well plates has negative/positive control wells and experimental samples labeled accordingly)

You will receive more detailed preparation instructions in the email accompanying the finalized script. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
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