Dear Dr. Steindel

We would like to thank the reviewers for their feedback on our manuscript JoVE60327 “Fabrication and design of wood based high-performance composites”. Please find below our replies to the reviewers’ comments. Changes in the text of the manuscript are highlighted.

Best regards,

Tobias Keplinger & Marion Frey
On behalf of all authors


Response to Reviewer:

Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
2. Please define all abbreviations before use, e.g., RH.
3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: VWR Chemicals

Protocol:
1. For each protocol step, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.

Specific Protocol steps:
1. 1.4: Figure 2c does not exist.
changed accordingly
Figures:
1. Please cite Figure 1 within the manuscript text.
changed accordingly
2. Please include a title and a description of each figure and/or table. All figures and/or tables showing data must include measurement definitions, scale bars, and error bars (if applicable). Please include all the Figure Legends together at the end of the Representative Results in the manuscript text.

References:
1. Please ensure references have a consistent format.

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.


Reviewers' comments:
Reviewer #1:
Major Concerns:
What species of wood was used? Hardwood, softwood? Tropical? Important as some woods have a high content of inorganics and extractives.
The used wood species is mentioned in line 100-101: “Here we use radial cut spruce veneers with a thickness of 1.5 mm”

The authors state, "Processing methods for pulp and slurry based products cannot be used for fabrication of delignified densified wood composites, as they do not preserve the beneficial wood fiber alignment that is crucial to obtain materials with excellent mechanical properties." What does this mean? If whole wood fibers are densified, fiber alignment is lost. If delignified wood fibers are densified, fiber alignment is lost. This statement makes no scientific sense.

The retained fiber alignment in the densified cellulose composites is key for the excellent mechanical properties. This alignment is in contrast to conventional pulp and slurry based products. In our process we do not utilize separated wood fibers – we densify structurally intact cellulose scaffolds. Therefore the fiber alignment can be kept. 

We adapted this paragraph to provide more clarity. 

"Direct densification of wet delignified wood samples leads to limited densification degree, cracks and fibre alignment distortions due to the wet sample inherent free water that creates a counter pressure during densification." What does this mean? This statement makes no scientific sense.

Delignification of wood results in the removal of lignin between wood fibers and in the cell wall. After delignification and in wet state, delignified wood fibers are therefore not in contact with neighboring fibers anymore, as “free water” fills the empty space between fibers. This free water is beneficial because it enables deformation of the cellulose scaffold in water-saturated state, but when it comes to densification, the free water creates a counter pressure and  fibers start sliding past along each other which results in fiber flow deviations. 

The authors need to read research done in Japan on wood densification as well as many other references not listed. In this regard, the literature is poorly reviewed and missing a lot of research done in wood densification over the years. The earliest reference in the manuscript is 1998 and densification of wood has been done for over 80 years.

We are aware of the numerous works dealing with wood densification. However, this publication focuses on the densification and processing of cellulose scaffolds.
To account for the reviewers suggestions, however, we have added further relevant literature to the manuscript.

Delignification of wood veneers: The authors claim that they have remove "all" of the lignin but they did not present any analytical evidence that is was accomplished. They go on to state, "Complete delignification leads to a mass reduction of around 40 % and a volume reduction of around 20 % after drying at 65% RH.6. Besides lignin, part of hemicelluloses get removed too." What was the lignin, hemicellulose and cellulose content before and after the delignification process?

In the protocol section, we cite Frey et al 2018 and Segmehl et al 2018 – in this publications, the respective data can be found.

Storage and "cellulose prepreg" production: What about the hemicellulose content. Mold and other microorganism attack would be a big issue or the fragile veneers would have to be used immediately.

Based on our experience it is possible to store delignified wood samples in wet state for up to three weeks. For long-term storage, immersion in ethanol is recommended. These points are mentioned in the manuscript in lines 128-129. 

"Densification of wet delignified wood (Figure 5A-C) is demanding, as free water in the scaffold creates a counter pressure upon densification and allows the material to flow during processing. This causes fiber deviations and cracks in the final material (Figure 5B,C)." But, this seems to be the main reason to do this process and now the authors are saying, it has problems?
"One possibility to bypass these limitations is to use pre-conditioned (95 % RH and 20 ˚C), delignified wood. In this condition, delignified wood is still reasonably shapeable and its densification does not lead to fiber alignment distortions and defects. Pre-conditioned material, however, is more rigid compared to the wet state, which makes it difficult to obtain small curvature radii without material damage. For small curvature radii, wet draping followed by conditioning in an already shaped state prior densification can be used. But, conditioning is rather time consuming and therefore not recommended for large scale applications." Now I am not sure which process is recommended for what applications? Very confusing!

We realize that the used terminology may have led to this confusion. We have two wet states of the samples (water-saturated and pre-conditioned at 95% RH at 20 ˚C), which we make more clear in the revised manuscript. The two different main processes relate to these wet states.

1) densification in closed molds by simple pressing: when using a closed mold process the delignified samples must be pe-conditioned at 95 % RH and 20 ˚C to retain the sample integrity. A pre-conditioning of the delignified wood however results in a more rigid material compared to the water-saturated, which makes it difficult to obtain small curvature radii without material damage.

2) vacuum shaping: in this setup water-saturated samples can be used, which makes it possible to obtain very small radii of curvature. Wet processing is possible by the vacuum approach because drying and densification is conducted simultaneously.

The big issue with this process is the moisture sensitivity of the product. The authors did not look at moisture sorption at any relative humidity, liquid water sorption or swelling of the product. This composite could only be used where there was no moisture present in the application.

Yes, this is true. Therefore we address this issue in lines 296-303: “On the one hand, the hydrophilicity of the material is a disadvantage, as it leads to reduced mechanical performance when in contact with water. A simple method to protect the composite from liquid water comprises hydrophobic coatings as we have shown in Frey et al. 20197. On the other hand, a hydrophilic behavior of the material can also be beneficial when it comes to end-of life use and recycling aspects.”

We’ve added a sentence in the conclusion, which emphasizes, that proper coatings/modifications need to be applied before using the composite under moist conditions.

"Densification down to 1/4th of the initial thickness resulted in a final thickness of 2.5 mm of the 8-layer thick composite part." No properties of this composite are given….MOE, MOR, indentation, tensile, stiffness, elongation, etc.

We have now included Table 1 for an overview on density, tensile elastic modulus and tensile strength for varying FVCs. The results are based on our previous work on densification of delignified wood veneers by densification in a press. A FVC of approximately 66% is obtained in the vacuum processing and therefore marked in the table in blue.

"For both processing methods, we recommend the use of an adhesive system in between delignified wood layers in order to decrease the risk of delamination." What type of adhesive? This is critical for recycling and environmental issues. Adhesives are expensive.
"For the given example, we choose starch, as it is a well-known bio-based glue for pulp and paper products such as paper bags and is water based." The addition of starch makes this composite even more moisture and mold sensitive.

We agree, that starch as hydrophilic adhesive does not protect the composite from moisture ingression. Coatings or hydrophilization are therefore needed as mentioned above. However, starch is very appealing as it is a bio-based glue well-known in pulp and paper products.

"In general, vacuum processing of delignified wood has the potential for an eased and fast production of large-scale densified cellulose fiber composites. Possible industrial applications include automotive components such as door panels, floor, and dashboards." Moisture sorption would result in a loss of properties i.e. strength, stiffness, hardness, mold, etc.

We have now included the importance to apply a proper coating/modification in the conclusion.

"Our material could replace metals or fiber reinforced composites in order to reduce weight for better fuel efficiency and to improve recyclability." It is easy to make this type of statement without any data to support it. This process works on a small laboratory scale but it is difficult to see how this would be used in an industrial process.

Table 1 reveals the low density (1 g/cm3) of our densified delignified wood and corresponding mechanical properties. A specific elastic modulus of 25 106m2s-2 is comparable to steel (25 106m2s-2) or glass fiber reinforced polymers (18 106m2s-2) and therefore clearly justifies our statement. In addition, our vacuum processing is inspired by open-mold technologies already widely used in the fiber reinforced composites production on an industrial scale.


Reviewer #2:
Manuscript Summary:
It is an interesting work by using the vacuum processing for the delignified wood to make artwork. The writing skills and logic is very good.

Minor Concerns:
1、The title of "Fabrication and design of wood based recyclable high-performance composites" is too big，please simplified it by specifical technology used in the paper

We removed “recyclable” from the title to shorten it. 

2、Please add some mechanical properties of wood composite by Table or curves，such as density，MOE,MOR,shearing strength，et al.
[bookmark: _GoBack]
We have now included Table 1 for an overview on density, tensile elastic modulus and tensile strength for varying FVCs. The results are based on our previous work on densification of delignified wood veneers simple densification in a press. A FVC of approximately 66% is obtained in the vacuum processing and therefore marked in the table in blue.

Reviewer #3:
Manuscript Summary:
The manuscript presented two fabrication processes, closed mold densification and vacuum densification, to produce high-performance cellulose composites based on delignified wood. Meanwhile, the authors suggested strategies how the composites can be re-used or decomposed at the end-of-life cycle. It is an interesting research for scientific community. However, the manuscript should make minor revision before acceptance.

Minor Concerns:
1. Line 148-151. "Densify the material in the closed mold either by using screw clamps …" I recommended authors provide the parameter of pressure.

A rather low pressure in the range of a few MPa is already sufficient to densify the wet material. Therefore we control the final thickness of the composite part by placing spacers between the mold surfaces. We’ve included this in a note in 3.3.

2. Line 176-177. "Apply vacuum for drying and simultaneous densification of the composite…" The authors should provide the time of vacuum.

The time strongly depends on the thickness and size of the sample. We added a note in 5.1. to discuss the influence of thickness on drying/densification time.

3. In section Protocol 5. Manufacturing of laminated composite parts. I recommended authors provide the number of layers and the amount of adhesive.

We’ve now included the amount of adhesive in a note 5.2. We are on purpose not defining a specific number of layers because this can be adjusted depending on the targeted thickness of the composite part.

4. Regarding delignification process of cellulose composites based on delignified wood please refer to 10.1021/acsnano.8b06409.

The mentioned reference of the reviewer reports the fabrication of a composite based on the densification of lignocellulosic pulp and brushite. As this report is conceptionally very different to our approach, we think it does not fit here.

Reviewer #4: 
Manuscript Summary:
This manuscript describes a method for using partially delignified wood veneers as oriented, bio-based, semi-finished materials (e.g., reinforcement/preforms) using techniques common to fiber reinforced thermoset fabrication but little used in this context. The authors appropriately state that, while such techniques run counter to the currently popular bottom-up fabrication techniques, they efficiently use the inherent favorable structural attributes of natural materials (e.g., high degree of orientation). Given the movement towards bio-based materials, the protocol is a noteworthy contribution. The manuscript is generally well written. However, there is still some editing remaining, which I have refrained from doing as it lies outside of this portion of the review process.

Major Concerns:
None

Minor Concerns:
Several issues that should be remedied are listed below.
*Line 117 refers to Figure 2C, which does not exist.

Changed accordingly.

*Line 128: The first time that the abbreviation for ethanol (EtOH) is used, it needs to be defined. Similarly "UD" in line 243.

Done

*Do the authors wish to discuss Figures 6e,f - presumably about demolding and trimming? Nothing is mentioned in the text on them.

This is true, thank you for this comment. We now added a description of Figures 6e,f in the text.

*Lines 309-313: The possible applications listed (e.g., door panels, floors, dashboards, metal/fiber reinforced composite replacements) cannot be justified without additional information - presumably further processing with other materials (e.g., thermosets), which is not mentioned. As fabricated, these materials are not strong enough or durable enough, for example, to be used in these applications. I don't believe that the authors intend that they are but, as written, it appears to suggest that this is the case. The authors should at least suggest generally what further steps might be necessary to use materials made from their protocols in the applications mentioned.

We now added the need for addressing durability with proper coatings, gluing systems or chemical modification before use in the mentioned applications.

*Reference 6 should be updated.

Thank you for spotting this error. We have changed it accordingly. 

