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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

2. Does your protocol include software usage? N

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.2.2. Talent shows the curvature of preconditioned samples.
3.3.1. Talent shows the curvature of water-saturated samples.
4.3.1. Talent prepares the mold in a vacuum bag.
5.1.1. Talent constructs multi-layer composite.
5.3.1. Talent takes away the mold and refines the product.

4. 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.)
Handling of wet delingified veneers
2.5.3. show the removal of 1 delignified wood veneer from water bath by using metal grid as support.  mesh/grid used for handling of wet veneers.

5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Marion Frey: In this video, we show the fabrication of densified delignified wood, which represents a new promising lightweight, high-performance and bio-based material [1].
1.1.1. INTERVIEW


1.2. Tobias Keplinger: The presented closed-mold densification and in particular vacuum processing combine shaping, densification and drying in a simple and scalable approach [1].
1.2.1. INTERVIEW


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Ingo Burgert: Densified Cellulose Materials could be attractive alternatives to other natural fiber- or glass fiber composites and potentially find application in the automotive industry or in aviation.
1.3.1. INTERVIEW



Section - Protocol
2. [bookmark: _Hlk14089634]Delignification of Wood Veneers
2.1. To begin, mount a stainless-steel sample holder in a crystallizing dish and place a magnetic stir bar below the sample holder [1]. Stack 1.5-millimeter thick, radial cut spruce veneers on top of the holder and separate them by metal meshes or metal mesh stripes [2].
2.1.1. Talent mounts a holder in a dish, and places a stir bar below.
2.1.2. Talent places wood veneers on the top.
2.2. Prepare a 1:1 volume mixture of 30 weight percent hydrogen peroxide and glacial acetic acid [1], and pour the mixture into the crystallizing dish until the veneers are fully covered [2]. Soak the samples in the solution at room temperature overnight while stirring at 150 rpm [3].
2.2.1. Talent prepares the solution mixture.
2.2.2. Talent pours the mixture into a dish to cover the wood veneers.
2.2.3. Talent places the dish on a stir plate.
2.3. In the morning, heat the solution to 80 degrees Celsius on the stir plate and run the reaction for 6 hours for full delignification [1]. Adjust the delignification time depending on the sample thickness [2-TXT].
2.3.1. CU: Talent adjusts the temperature on the stir plate. Focus on the settings.
2.3.2. Shot of the sample heated. TEXT: 4-6 hours for 1.5 mm veneers.
2.4. After delignification, pour the delignification solution into an empty beaker and let it cool down before disposal [1]. Gently rinse the delignified veneers multiple times with deionized water [2].
2.4.1. Talent pours the solution into a beaker.
2.4.2. Talent rinses the wood veneers.
2.5. Then, fill the crystallizing dish with deionized water to continue washing the veneers without stirring [1]. Replace the water twice a day until a pH value of the washing water of above 5 is reached [2]. Use a metal mesh as support for transportation and draping [3].
2.5.1. Talent fills the dish with water.
2.5.2. Talent pours out the water, measures pH, and shows pH > 5.
2.5.3. Talent removes one layer from the water bath.
2.6. Process the wet delignified veneers within 2–3 weeks. [1] or alternatively, dry the sheets between metal meshes for storage [2].
2.6.1. Shot of the wet delignified veneer on the metal mesh.
2.6.2. Talent transfers the sample into an oven.
3. Densification and Forming of Delignified Wood in Closed Molds
3.1. Use closed molds made out of an open-porous material, for example, ceramic molds, or porous 3D printed polymer molds, to enable water removal and sufficient drying [1].
3.1.1. Talent shows the porous molds.
3.2. For curvature radii in the centimeter range or plane structures [1], use samples that are conditioned at 95% relative humidity at 20 degrees Celsius [2]. 
3.2.1. 
3.2.2. Talent shows the curvature of preconditioned samples. Important Step  Author comment: We’ve combined 3.2.1. and 3.3.1. in one shot to show the curvatures next to each other.
3.3. For smaller curvature radii, drape the veneer in water-saturated state [1], pre-dry the draped material in an open mold at 95% relative humidity [2], or pre-dry the material in an oven at 65 degrees Celsius for 5–30 minutes to remove the free water [3].
3.3.1. Talent removes the wood sheets from the water bath, and shows the curvature of water-saturated samples. Important Step
3.3.2. Talent drapes the wet veneer on top of the porous mold.
3.3.3. Talent places the wood sheets into the oven.
3.4. Densify the veneer in the closed mold using screw clamps [1]. Speed up the drying process by placing the mold into an oven at 65 degrees Celsius [2]. After full drying, demold the composite part and reuse the mold for a new run [3].
3.4.1. Talent uses clamps to press the wood sheet.
3.4.2. Talent places the mold into an oven.
3.4.3. Talent removes the mold.
4. Vacuum Shaping and Densification of Delignified Wood in Open Molds
4.1. Use a porous open mold [1], or a non-porous mold with a porous layer on top of the mold or on top of the delignified wood to enable drying [2]. 
4.1.1. Talent shows the used materials. Author comment: We’ve combined step 4.1.1. and 4.1.2.
4.1.2. Talent shows the porous molds and a porous layer 
4.2. Apply a textile layer to protect the mold from contamination. Then, drape a water-saturated delignified veneer on top of the textile and cover it with a second textile layer and a flow mesh [1].
4.2.1. Talent applies a textile layer, and then places the wood, followed by a second textile layer and the porous layer.
4.3. Place the mold on top of a stainless-steel plate, apply sealing tape and vacuum tubing, and wrap the mold with a vacuum bag [1]. The porous layer enables the water flow to the vacuum tubing [2].
4.3.1. Talent prepares the whole setup. Important Step Author comment: 4.3.1&4.3.2 :These 2 steps are combined in 1 shot
4.3.2. Talent shows the flow mesh.
4.4. Apply a vacuum for drying and simultaneous densification of the composite [1]. For accelerated drying, place the setup into an oven at elevated temperature at 65 degrees Celsius [2].
4.4.1. Talent opens a vacuum. Focus on the vacuum bag.
4.4.2. Talent places the bag into an oven.
4.5. Use cold traps to avoid water entering the vacuum pump [1]. Turn on the vacuum, and keep the oil pump in a pressure range of 10-2 bar [2]. After drying, demold the dry composite and reuse the mold and vacuum setup for a new composite part [3].
4.5.1. Talent shows the cold traps.
4.5.2. CU: Shot of the oil pump pressure.
4.5.3. Talent removes the dry composite.
5. Manufacturing, Re-use and Recycling of Laminated Composite Parts
5.1. Choose the fiber orientation angle of the layers as in traditional composite manufacturing [1], and manufacture thick multi-layer composite parts by lay-up techniques [2].
5.1.1. Talent shows the fiber orientation. Important Step
5.1.2. Talent constructs multi-layer composite.
5.2. Increase bonding between delignified wood layers by applying a water based adhesive, for example, 16.5 weight percent starch solution, between the layers during the draping process [1].
5.2.1. Talent applies adhesive.
5.3. [bookmark: _GoBack]After densification and drying, demold the composite part and machine finish by hand or with standard wood tooling [1].
5.3.1. Talent takes away the mold, and refines the product. Important Step
5.4. To recycle, place the delignified non-glued wood composites in water until the part regains formability [1]. Then, either reshape the material to obtain a new product [2] or let the material disintegrate in water [3].
5.4.1. Talent places the wood composites in water.
5.4.2. Talent places the wood composite on a new mold.
5.4.3. Shot of the disintegrated material.



Section – Results
6. Results: Manufacturing, Re-using, and Biodegradation 
6.1. Complete delignification resulted in a fragile shapeable cellulose material when in wet state [1].
6.1.1. Figure 4
6.2. Densification of water-saturated delignified wood caused fiber deviations and cracks in the final material due to free water in the scaffold [1]. With moist pre-conditioned, delignified wood, reasonable shape was maintained, and its densification did not lead to fiber alignment distortions and defects [2]. 
6.2.1. Figure 5 – Emphasize figure 5A&B&C.
6.2.2. Figure 5 – Emphasize figure 5D&E&F.
6.3. A helmet was manufactured in a gypsum mold using an open-mold process [1]. Draping of two outer layers with hexagon flakes was followed by draping the inner 4-layers in a 0/90 (pronounce as zero over ninety) layup [2]. After densification and drying of the part by vacuum [3], the dry part was demolded and finished with a cutter [4].
6.3.1. Figure 6 – Emphasize figure 6A&B.
6.3.2. Figure 6 – Emphasize figure 6C.
6.3.3. Figure 6 – Emphasize figure 6D.
6.3.4. Figure 6 – Emphasize figure 6E&F.
6.4. Possible problems during vacuum processing include the occurrence of small cracks, which are caused by incomplete drying [1].
6.4.1. Figure 7 
6.5. The cellulose-starch composite is all bio-based, which allows for disintegration in water [1]. After disintegration, the fibrous slurry was used for the production of new fiber-based products [2].
6.5.1. Figure 8 – Emphasize figure 8A-C.
6.5.2. Figure 8 – Emphasize figure 8D-F.
6.6. Degradation of the delignified wood fibers was achieved by placing them in a Petri dish filled with soil and water [1]. Different bio-degradation degrees were shown after one day [2], eight days [3], and 26 days [4].
6.6.1. Figure 9 – Emphasize figure 9A-C.
6.6.2. Figure 9 – Emphasize figure 9D.
6.6.3. Figure 9 – Emphasize figure 9E.
6.6.4. Figure 9 – Emphasize figure 9F.





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Marion Frey: The most important factor for a successful delignified wood densification is to ensure appropriate humidity condition of the cellulose material that is tailored for the applied densification technique [1]. 
7.1.1. INTERVIEW
7.2. Tobias Keplinger: For complex shapes and large scale production we recommend to use our newly developed vacuum shaping technique allowing for simultaneous densification and drying [1].
7.2.1. INTERVIEW
7.3. Meri Zirkelbach: Delignified wood is a versatile material. In addition to its potential application as high-performance material it further provides attractive design options [1]. 
7.3.1. INTERVIEW
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