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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_ ____Y_____  

Can you record movies/images using your own microscope camera? (Y/N)____ Y _____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ___________We can potentially provide time lapse videos of the molds being 3D printed if that is of interest to the scriptwriters. See attached. Alternatively, the videographer can just show a few layers being printed in real time.________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

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.) _______________2.5, 2.8, 2.9, 2.13, 3.3____________________________
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.) __________2.8, 2.9_________________
E.  Will the filming need to take place in multiple locations? (Y/N) ____Yes___ If yes, how far apart are the locations? _______________5 minute walk____________________________________ 
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. Ryan Lu: Negative Additive-Manufacturing, or AM, is a cost-effective method that can be used to produce ultrahard, dense ceramic parts into complex shapes that would not have been possible by traditional casting methods [1-MED].
1.1.1. Ryan speaks towards camera (looking slightly off-camera), interview style.

1.2. Joshua Kuntz: The use of an aerogel in this technique serves as a unique gelling agent that has little to no shrinkage during casting, and doubles as a well-distributed carbon sintering aid after pyrolysis [1-MED].
1.2.1. Joshua speaks towards camera (looking slightly off-camera), interview style.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Dorothy Miller: Gelcasting into 3D printed molds is a versatile technique that can be extended into a variety of other materials. The resorcinol-formaldehyde gelling agent is best suited for carbon bearing systems [1-MED].
1.3.1. Dorothy speaks towards camera (looking slightly off-camera), interview style.
Protocol: (read by voice talent at JoVE)
2. Negative Additive Manufacturing
2.1. To begin, prepare a two-part suspension to help prolong the shelf life of the suspensions before casting [1-MED WIDE].  To do so, create the R-mix by dissolving 0.88 grams of polyethylene imine in 25.00 grams of water using a planetary mixer [2-CU].
2.1.1. Talent pulls the PEI and/or graduated cylinder off the shelf.
2.1.1A. [Added shot]: Measuring out PEI and water into a container [MED shot] (Editor: Not sure what this is slated, but it looks like this could be used alongside or in place of 2.1.1 and 2.2.2 since it is the implied action between the two)
2.1.2. Planetary mixer as talent turns it on to mix the suspension.
2.2. To create a separate F-mix, dissolve 0.88 grams of polyethylene imine in 16.83 grams of water using a planetary mixer [1-MED-over the shoulder].
2.2.1. Talent adds PEI to the water to make the F-mix.  Use labeled containers.
2.3. Now, dissolve 12.60 grams of resorcinol powder into the R-mix [1-MED].  The solution should turn from a cloudy-white to a clear transparent solution after complete dissolution of the powder from mixing [2-CU].
2.3.1. Talent adds 12.60 grams of resorcinol powder into the R-mix.  Use labeled containers.  Continue/match action in next step.
2.3.2. Solution as talent finishes up adding the resorcinol powder and it turns from a cloudy-white to a clear transparent solution.
2.4. Also, add 17.03 grams of formaldehyde solution to the F-mix and ensure complete mixing [1-MED-over the shoulder].
2.4.1. Talent adds 17.03 grams of formaldehyde solution to the F-mix and mixes.  Use labeled containers.
2.5. At this point, incrementally add 5.25 grams of boron carbide powder into both the R-mix and F-mix separately [1-CU].  Then, add 6.50 grams of acetic acid to the R-mix and F-mix [2-MED], and ensure complete mixing in each [2-MED] [2.5.3].
2.5.1. Labeled containers of R-mix and F-mix as talent incrementally add 5.25 grams of boron carbide powder there.
2.5.2. Talent adds 6.50 grams of acetic acid to the R-mix and F-mix and mixes them both.
2.5.3. [Added shot]: Places the two mixes in the mixer
2.6. To prepare molds for casting, print the molds using a Fused Deposition Modeling 3D printer with acrylonitrile butadiene styrene, or ABS, filaments [1-LM-TXT].
2.6.1. 01_Time_Lapse_3D_print_mold.mov.  Video editors, this video can be cropped or slowed down if needed.  TEXT Overlay: Prepare the mold design in CAD software 
2.7. After thoroughly agitating the suspensions, combine the R-mix and F-mix to obtain the final suspension [1-MED].
2.7.1. Talent combines the labeled R-mix and F-mix.
2.8. Before casting, mix and apply vacuum to the final suspension mixture for about 10 minutes to remove air bubbles without boiling the water [1-MED-over the shoulder-TXT].  This can be accomplished by using a stirring plate at 200 to 300 rpm with a vacuum jar [2-CU]. 
2.8.1. Talent sets the final suspension onto the stir-plate and attaches the vacuum.  TEXT Overlay: 20-200 torr or 2.7-27 kPa
2.8.2. Solution with the vacuum applied as talent starts it stirring.
2.9. Ryan Lu: This following step is most critical because the gelling agent will start to react and cause the suspension’s viscosity to rapidly increase.  Being aware of this time-sensitive step is crucial for achieving best results [1-MED].
2.9.1. Ryan speaks towards the camera (looking slightly off-camera), interview style.
2.10. Immediately pour the de-aired suspension into the 3D-printed molds and seal the glass container [1-ECU].  Place the molds inside the sealable glass container to prevent moisture loss during the curing process [2-MED-over the shoulder].
2.10.1. 3D-printed molds as talent pours the de-aired suspension there. Talent places the molds inside a sealed glass container.
2.10.2. Talent places the molds inside a sealed glass container. 3D-printed molds as talent pours the de-aired suspension there.
2.11. Place the sealed container with the molds into a 60 to 80 degree Celsius oven to initiate the curing process [1-MED].  Allow the casts to cure for at least 8 hours for parts that are several centimeters in length scale [2-CU].
2.11.1. Talent opens the oven door and motions to place the sealed container into the oven.  Continue action in next shot.
2.11.2. Mold as talent places into the oven and shuts oven door.
2.12. After 8 hours, remove the sealed container with the molds from the oven and allow it to cool to room temperature. [1-MED-over the shoulder].  Transfer to new container, and then add enough acetone until the mold is fully submersed [2-CU].
2.12.1. Talent removes the sealed container with the molds from the oven.
2.12.2. Container as talent adds acetone until the mold is fully submersed. (Editor: The authors added the “Transfer a new container” to the end of the VO for 2.12.1, but did not mention if this shot contained this action. I assumed the shot did not contain this action, and shifted the VO to begin 2.12.2 as it will read better there)
2.13. Ryan Lu:  This process may take up to 2 to 4 days depending on the volume of plastic that needs to be dissolved away.  Minimal agitation of the acetone bath or heating it slightly to 40 degrees Celsius may help speed up the process [1-MED].
2.13.1. Ryan speaks towards the computer, interview style. 
2.14. Extract the free green body from the acetone bath after the ABS plastic is dissolved away [1-CU or ECU].  Place the green bodies in an oven at 80 degrees Celsius to ensure complete drying and removal of all moisture [2-MED-over the shoulder].
2.14.1. Acetone bath as talent removes the free green body.
2.14.2. Talent places the green bodies into the oven.
3. Carbonization and Sintering
3.1. After drying, place each green body in a 2-inch quartz tube lined with graphite foil [1-CU].  
3.1.1. 2-inch quartz tube line with graphite foil as talent places each green body there.
3.2. Place the quartz tubes into a furnace with flowing gas at 250 SCCM, consisting of 4 weight percent Hydrogen gas and 96 weight percent Argon gas, to create a reducing atmosphere during the pyrolysis treatment [1-MED-TXT].
3.2.1. Talent places the quartz tubes into a furnace, shuts the door and starts the flowing gas.  TEXT Overlay (as narrated): SCCM = standard cubic centimeter per minute 
3.3. Heat the green bodies inside the furnace at 5 degrees Celsius per minute until 1050 degrees Celsius and hold for 3 hours [1-MED-over the shoulder].  Ensure that the green bodies come out uniformly darker in color, indicating the presence of carbon from the pyrolysis treatment [2-CU].
3.3.1. Talent sets the temperature on the furnace to 5 degrees Celsius per minute until 1050 degrees Celsius and hold for 3 hours.
3.3.2. Green bodies as talent remove from the oven.  If possible, compare a darker green body to a lighter one prior to oven treatment.
3.4. Now, place the carbonized parts in a graphite furnace with vacuum backfilled flowing helium gas for sintering [1-MED-TXT].
3.4.1. Talent places the carbonized parts in a graphite furnace and turns on the vacuum.  TEXT Overlay: 420 SCCM
3.4.2. [Added shot]: Loading the parts onto the furnace [Close Up] (Editor: This can be used instead of or alongside 3.4.1, whichever looks better. From just the shot descriptions, it might look good to use this for the beginning of the shot, when show the end of 3.4.1 where the talent interacts with the vacuum)
3.5. Heat up the furnace to 2290 degrees Celsius and hold for 1 hour to achieve optimal densification of the parts [1-MED-over the shoulder-TXT]. Remove after one hour [3.5.2-CU].
3.5.1. Talent sets up the heating program on the furnace.  TEXT Overlay: 20 K/min to 2000 °C, 3 K/min to 2290 °C
3.5.2. [Added shot]: Close up of removing parts to show change
4. Results: Outcome and Characterization of Boron Carbides from Negative AM 
4.1. Viscosity of the suspension is optimized for gelcasting at pH 2.8 to provide the longest working time before significant gelation occurs [1-LM].  There is approximately 25 minutes until a viscosity of 1.0 Pascal⋅second [2-LM].

4.1.1. 58438_Lu_Figure1A.tiff – Video editors, please highlight the red plot.  Also, omit the “A” label if possible.
4.1.2. 58438_Lu_Figure1A.tiff – Video editors, keeping the red plot highlighted, please also highlight the black dotted line going across the plot.  Also, omit the “A” label if possible.
4.2. Scanning electron microscope images show evidence of the spatially uniform carbon network that forms on the boron carbide particles… [1-LM] after the pyrolysis of resorcinol-formaldehyde [2-LM]. 
4.2.1. 58438_Lu_Figure2.tiff – Video editors, if possible omit the “(a)” and “(b)” labels.
4.2.2. 58438_Lu_Figure2.tiff – Video editors, please zoom into, highlight, or otherwise emphasize the panel to the right.  If possible omit the “(a)” and “(b)” labels.
4.3. X-ray diffraction of the samples at various processing stages also confirms the growth of a graphite peak after pyrolysis [1-LM]. 
4.3.1. 58438_Lu_Figure3.tiff – Video editors, please zoom into and highlight the peak labeled with a blue triangle on the top plot as this point is narrated.
4.4. Additional microscopy of a cross-sectioned sample reveals the low porosity of the final product after being sintered at 2280 degrees Celsius [1-LM]. 
4.4.1. 58438_Lu_Figure4.tiff
5. Conclusion (said by authors on camera)
5.1. Dorothy Miller:  Don't forget that formaldehyde is carcinogenic and working with it can be extremely hazardous. Therefore, wearing proper personal protective equipment and working in a well ventilated area is essential when handling the suspensions [1-MED].
5.1.1. Dorothy speaks towards camera (looking slightly off-camera), interview style.
5.2. Ryan Lu:  After watching this video, hopefully you are now familiar with the negative additive manufacturing process and can successfully gelcast boron carbide suspensions to produce complex shaped green bodies that can later be sintered to near-full densities [1-MED].
5.2.1. Ryan speaks towards camera (looking slightly off-camera), interview style.

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.  

01_Time_Lapse_3D_print_mold.mov

58438_Lu_Figure1A.tiff  
58438_Lu_Figure2.tiff  
58438_Lu_Figure3.tiff  
58438_Lu_Figure4.tiff

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.
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