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Authors: Please fill out the Procedure Highlights and Critical Steps in the summary below.
[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps        4.3 drop test
 3.3 ; L/D scan
2.1 & 2.4  spinning riffler & MOR 
5.2, 5.5 & 5.8   bulk crush
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Step(s)      4.3 limit catalyst discharge rate in the drop tube by lowering vibratory frequency. Ensure by observing an empty collision plate and one by one catalyst extrudate file in the feeder chute.
Overall: minimize impact of ambient moisture by proceeding steadily without letting samples sit around. Jar the samples for breaks in the procedure of any considerable length.  
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

[bookmark: Introduction]1. Introduction (Experimental Goal and Author Interviews)
Authors: The introduction presents the goal and significance of your method to the viewer. 
The introduction is limited to 150 words in total. The goal statement is limited to 40 words. Each author may give one statement in the introduction. Each author statement is limited to 30 words.
- Please do not write in this space -
A. [Required] Experimental Goal (Spoken by voice talent at JoVE.)
Authors: Please describe the overall goal of your protocol in no more than 40 words.

The overall goal of this procedure, experiment, etc. is to (broadly stated goal). (JoVE Intro)
The overall goal of this methodology is to be able to measure the bending strength of catalysts and to predict how these catalysts hold up to breakage caused by either collision with a surface or stress in a fixed bed.
[bookmark: IntroStatements]B.  [Required] Interview Statements (Said by you on camera. Don’t forget to smile!)  
Authors: Please complete the following two statements about the significance of your protocol and fill in the names of the speakers. Each author may give only one statement in the introduction unless only one author will speak in the video.

Please limit each statement to 30 words. You may modify the prompts to suit your protocol.
1.1. Beeckman Author A: This method can help answer key questions in the field of catalyst _scale-up ________ field andabout/such as  _enables technology transfer from laboratory to commercial plants regarding the length to diameter ratio of catalyst.________________.
1.2. Datz Author B: The main advantage of this technique is that _it allows to measure how catalyst extrudates hold up to breakage and simulates quantitatively what happens in real life__________.

C.  [Optional] Statements for Additional Authors (Said by you on camera. Don’t forget to smile!)
Authors: These optional statements allow additional authors to help introduce your protocol. Please remember that the introduction (sections A-D) cannot exceed 150 words and that each author may give only one statement in the introduction.

Please limit each statement to 30 words. You may modify the prompts to suit your protocol.
1.3. Fassbender Author C: The implications of Tthis technique extend toward accurately measures the length to diameter ratio of catalysts and therefore quantitatively measures the extent of the breakage due to collision or stress. therapy, diagnosis, production, imaging, etc. of __________ because __________.
1.4. CunninghamAuthor D: Though this method can provide insight into the resilience of extruded catalysts to breakage in fixed beds____________, it can also be applied to other shapes like spherical catalysts.systems, techniques, models, reactions, etc., such as ____________.
1.5. MazzaroAuthor E: The  bending strength of the catalyst is difficult to learn without visuals because of the various stress regions in the extrudate during bending. Generally, individuals new to this method struggle because ____________.
1.6. Author F: (Specific step/technique) is/are difficult to learn without visual demonstration because _____________.
1.7. Author G: Visual demonstration of this method is critical as (steps/techniques) is/are difficult to learn without it, and (briefly describe why those steps are essential to success).

Authors: Goal and interview statements will be edited to conform to length restrictions. Please note that you will be asked to discuss your protocol further in the conclusion. To explain the background or essential technique for one or two steps of your protocol, please see the optional Author Protocol Interview section.

D. [Conditional] Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
Authors: Please fill out this section ONLY if one or more demonstrators have not given a statement in sections B or C. Please limit this section to 30 words.
1.8. Author Name: Demonstrating the procedure will be (Demonstrator Name), a technician, postdoc, grad student, etc. from my laboratory. (Introduce additional demonstrators in the same way.)
1.8.1. (Author Name) speaks towards the camera, interview style.
1.8.2. (Demonstrator Name) looks up from workbench, desk, hood, or microscope and acknowledges the camera.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
[bookmark: _Ref471483340]Authors: This is the script of the instructions for your protocol. To ensure that filming lasts only one day, the instructions are restricted to 30 steps. Each step is limited to 3 lines of voice-over text. The video article focuses on the aspects of the procedure benefitting from visual demonstration, but all essential steps must be mentioned.
2. Bending Strength Measurements
2.1. Prior to the bending strength measurements, obtain a sample of at least 25 riffled catalyst extrudates and perform the appropriate thermal pretreatment. Prior to the bending strength measurements, obtain at least 30 catalyst extrudates by riffling of the catalyst sample of interest that has been appropriately thermally pretreated When ready to perform the measurements, turn on and calibrate the bending test frame. (TEXT: See text for details.)
2.2. Attach a 10 N load cell to the bending test frame. Select an anvil speed of 0.0035 mm/s with a 5-mm support span. Choose ‘Modulus of Rupture’ and ‘Maximum force’ in the Results tab.
2.3. Then, transfer the catalyst extrudate sample from a desiccator to an inverted 5- to 6-cm-diameter filter with a stream of N2 gas directed upwards through the filter to provide a dry gas blanket.
Authors: Is the inverted Buchner filter a stemless Buchner funnel or a standalone Buchner filter plate? Do you have a preferred grit/pore size? How will the filter be supported over the stream of gas during the demonstration? The ceramic Buchner filter is standard with stem & 1 mm openings and without filter paper and N2 is blown in the direction of the arrow. The funnel is clamped to a standard laboratory stand. [image: ]

2.4. Using tweezers, place one specimen across the support beams of the instrument. Center the specimen as best as possible while still working quickly. Start the test once the sample is in place. (TEXT: Minimize the time that the specimen is exposed to moisture in air.) Ensure the extrudate does not get lodged between the anvil and the support points because that may throw of the rupture force reading
2.5. Ensure that the crosshead returns to the starting position after experiencing a 40% drop in load force. Click ‘Next’ in the software to start the test for the next specimen.
Authors: Do you need to configure the 40% load force drop setpoint in the software, or is this part of a pre-set method? The 40% setting is per manufacturer (Instron) recommendation but is not factory set. The 40% (or other by choice) is entered by the customer. For consistency, once this setting is adopted it is no longer changed.
Authors: Do you place the next specimen on the support beams once the crosshead has returned to the starting position? Yes after a after a quick soft brush clean of the extrudate area and supporting points.
2.6. Once all specimens have been measured in this way, end the test to obtain the automatically-generated report of the extrudate strength properties.
3. Aspect Ratio Measurements
3.1. To begin the aspect ratio measurement procedure, riffle a catalyst sample of interest to a representative size of 50 to 250 particles. Gently sSieve the sample to remove particles with a length to diameter ratio of less than or equal to 1. (TEXT: Remove particles with L/D ≤ 1)
3.2. Then, wipe the glass of a scanner with a microfiber cloth to remove any dust or debris. Place a clean transparency sheet on the scanner glass.
3.3. Randomly distribute the extrudates across the transparency within a rectangular area of no more than 10 cm by 20 cm. Use plastic tweezers to separate particles in contact with each other or to move particles to more open areas.
3.4. Close the scanner lid and prepare the scan in particle imaging software. Scan the particles and review the results to confirm that all particles with the appropriate dimensions and placement are included in the scan.
3.5. Once the scan is satisfactory, save the results and record the average diameter, average length, and number of particles.
4. Catalyst Collision (Drop) Test
4.1. Prior to the drop test, measure the aspect ratio of a sample of about 50 riffled catalyst extrudate specimens as previously described.
4.2. To begin the test, assemble a drop tube with a collisionrecovery plate and recovery pan made of type 316 stainless steel. Leave about a 1cm gap between the tube and the collision plate. Set the vibratory feeder discharge height accordingly for the drop tube length. Center the feeder chute outlet over the drop tube. Measure and record the drop height as the vertical distance from the catalyst feeder release point to the collision plate.  (TEXT: Ensure that the feed hopper area is appropriately ventilated.)
4.3. Then, load the sample into the feed hopper. Select Run the feeder at 250 Hz or less and limit the rate of discharge to ensure extrudates do not drop on top of each other. Proceed until all specimens have fallen freely into the drop tube.
4.4. Then, transfer the particles from the recovery panlate to a sieve. (TEXT: US #16) Gently sieve the sample to remove the catalyst fines. Measure the post-collision aspect ratio of the sample.
4.5. Repeat the drop test and aspect ratio measurements up to 10 times in this way. Compare the results to the initial measurements.
5. Bulk Crush Testing
5.1. To begin the bulk crush testing procedure, obtain a representative sample by rifflinge of a properly and heat-treated  a sufficient quantity of catalyst extrudate to fill the sample container to overflowing. Tare and fill the sample container.
5.2. Use a metal straight edge to carefully level the sample without over-packing the resulting particle bed. Record the weight of the sample.
5.3. Then, place the sample cup in a load block and piston assembly. Gently rRest the load block on top of the sample, ensuring that the extrudates are not crushed.
5.4. Place the assembly ball bearing in the center of the load block. Guided by a carpenter’s level, adjust the lock arm to be level over the ball bearing at the appropriate height. Lock the arm in place.
5.5. Confirm that the pressure regulator is set appropriately for the catalyst sample. Verify that the load control valve and the pressure valve are both open. Then, close the bleed valve and monitor the assembly as the load block rises to the set pressure.
Authors: Are these valves controlled manually or with software? manually
5.6. Allow the sample to equilibrate at the set pressure for 60 seconds. Then, open the bleed valve and close the pressure valve to release the pressure.
5.7. Once the load block has returned to its original position, unlock the lock arm and carefully remove the ball bearing and the load block.
5.8. Measure and record the indentation of the sample. Gently sSieve the sample over a wide container to collect the catalyst fines. Record the quantity of catalyst fines collected and measure the post-crush test aspect ratio of the catalyst sample.
Authors: When you return the revised script, please also attach screenshots (still images) of the relevant windows of the bending test frame software and the scanning software (and, if applicable, the load block and piston assembly software) to your reply email.
[bookmark: AuthorProtInterviews]OPTIONAL: AUTHOR PROTOCOL INTERVIEWS
Authors: You may provide a brief statement about the single most critical step of the procedure. If there are two critical steps, you may provide two statements, but this is the maximum. Please limit each statement to 40 words.

This will be an interview shot following the listed step of the protocol. Please specify who will speak these parts and the step that each statement should accompany.
Optional interview statement 1: Author Name, Step X.X: (Statement about step X.X)
Optional interview statement 2: Author Name, Step Y.Y: (Statement about step Y.Y)

RESULTS (Spoken by voice talent at JoVE; animated by video editor at JoVE.)
Authors: The representative results section presents the outcome and validation of your procedure. For example, cell culture preparation results would show the cells at various time points following culturing. Imaging preparation results would include examples of your imaging experiments.

The results section is limited to 200 words. Please review the narration and proposed animations to ensure that they correctly summarize your results and appropriately highlight the relevance of your procedure.
6. Results: Analysis of Catalyst Extrudate Breakage Data
6.1. High-speed photography of catalyst extrudates impacting a polycarbonate surface indicated that the times of impact and hence the forces experienced by the extrudate during impact as a function of time arewere spiked and irregular.
6.1.1. Figure 2
6.2. The aspect ratio of catalyst samples subjected to repeated drop tests quickly approached the asymptotic aspect ratio for multiple impacts for that catalyst. The difference in aspect ratio became smaller at greater drop heights, indicating that the extrudates were impacting at or close to their terminal velocity.
6.2.1. Figure 3
6.3. A single drop test of extrudates with large aspect ratios clearly showed the asymptotic aspect ratio for a single drop of long extrudates for that catalyst.
6.3.1. Figure 4
6.4. Bulk crush tests indicated that the catalyst extrudates only began to break once a ‘critical pressure’ had been reached, at which point the aspect ratio decreased with increasing pressure.
6.4.1. Figure 5
6.5. The relationship between the starting aspect ratio and the critical pressure was then described in terms of the modulus of rupture, the extrudate shape factor, and the bed properties.
6.5.1. Table 1: Video editor: Add the caption ‘Pc = (σ / s) (ψ / Φ0)3’ under the table.
[bookmark: FigureRevRequest]Authors: Please upload a version of Figure 4 with the open and shaded symbols (i.e., single extrudates and averages) included in the legend. See the Provided Media section for more information about uploading files for video inclusion.
Authors: Does the above description accurately reflect your results? See the instructions below to make changes. Yes

Authors: The results section is limited to 200 words. All results described in detail must be illustrated. Please limit the narration to 3 lines per figure panel, table, or movie. Please remove ‘Figure 1’ and ‘a)’ labels from images, and include scale bars and legends.

Please use non-technical language to describe areas of figures or tables to be highlighted during the voice-over.	
Please provide the pronunciation of technical terms (phonemic or IPA) for the JoVE voice talent.

Upload new and modified files to your project folder. Please upload each figure panel separately. File naming conventions and preferred file formats are described in the Provided Media section.

Each image, table, or movie will be referenced with its file name in the final script. Your script editor will ensure that the narration and animation descriptions are correctly formatted. For example:

 5.  Results: Evaluation of Morpholino Injection and Knockdown
       5.1.    Representative results of both morpholino injection and mRNA injection are shown here. The    
    un-injected control at 48 h post-fertilization looks normal, as expected.
5.1.1. Figure 1 (01234_PIname_Figure1.tif): Non-technical description of areas of the figure to highlight.
       5.2.    However, embryos injected with the morpholino heg_e3i3_egfr1 (hegg E-3-I-3 E-G-F-R-1), which 
    knocks down Heg isoforms containing the first of two EGF-like repeats, exhibit brain edema.
5.2.1. Figure 2 (01234_PIname_Figure2.tif)
       5.3.    Injection of heart of glass mRNA also produced an obvious phenotype. At 24 h post-fertilization, 
    the heads of the un-injected controls look normal.
5.3.1. Figure 3 (01234_PIname_Figure3.tif)
       5.4.  Conversely, some of the embryos injected with the mRNA exhibit cyclopia.
5.4.1. Figure 4 (01234_PIname_Figure4.tif)

To see how the narration is paired with figures, please visit http://www.jove.com/video/1597/results-example-mably?status=a3603k. File names are not shown in the final video article.

7. Conclusion (Said by you on camera. Don’t forget to smile!)
Authors: The video will conclude with a brief overview of your discussion section. Please complete at least one of the statements below and indicate the names of the authors who will give the chosen statements. Please limit each statement to 40 words. You may modify the prompts to suit your protocol.
7.1. BeeckmanAuthor Name: I/We originally had the thought that perhaps the bending force at the breaking point was the appropriate link for expressing catalyst strength in order to predict breakage due to collision and stress.first had the idea for this method when I/we ___________.
7.2. MazzaroAuthor Name: Once mastered, theis technique to measure the modulus of rupture can be done in  _10-15 ___________ hours/minutes if it is performed properly.
7.3. [bookmark: Conclusion]CunninghamAuthor Name: While attempting this procedure, remember to riffle the catalyst to _select a representative sample.__________.
7.4. Author Name: Following this procedure, other methods like _____________ can be performed to answer additional questions like/about _____________.
7.5. Author Name: After its development, this technique paved the way for researchers in the field of __________ to explore (subdivision of field, disease, natural phenomenon) in (application, model organism, patient demographic, organ system).
7.6. [bookmark: _Hlk479076977]FassbenderAuthor Name: After watching this video, you should have a good understanding of how to measure the catalyst aspect ratio, modulus of rupture and breakage by stress and collision._____________.
7.7. DatzAuthor Name: Don't forget that working with materials and equipment (reagent, pathogen, instrumentation) can be e extremely hazardous. Appropriate PPE should always be used during these procedures.Precautions such as (specific PPE, training, safety review) should always be taken, performed, worn, etc. during/before this procedure.
[bookmark: ProvidedMedia]Authors: Interview statements will be edited to conform to these length restrictions. I am happy to help if you have questions.

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. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17434763

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


Authors: If you have trouble uploading your files or if you have questions about preparing files for the video, please contact me at tara.cass@jove.com, and I will be happy to help.

Back to Results

General Preparation    Jo, Nat, Ted, Dana: please prep the lab as indicated below…thank you

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. You will receive detailed preparation instructions in the email accompanying the finalized script.
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