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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. Software: Does the part of your protocol being filmed demonstrate software usage?  N

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Script Length:
Number of shots: 43
 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Timo Kärki: Waste accumulation has grown significantly. For example, the construction sector is a significant producer of waste. We must find a practical way to exploit this valuable raw material stream [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED

1.2. Timo Kärki: Construction and demolition waste includes plastic, a valuable raw material for wood-polymer composites. This recycled plastic can be substituted for virgin polymers if it is able to be properly identified and processed [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 


1.3. 

Protocol
2. Polymer Identification 
2.1. To identify polymers in plastic, contact the polymer of interest with a portable near-infrared spectroscopy tool in the 1600-2400-nanometer spectral range [1] and determine the type of polymer by the measured reflectance [2].
2.1.1. WIDE: Talent contacting polymer with tool Videographer: Important step
2.1.2. Shot of measured reflectance readout Videographer: Important step

2.2. Use the spectroscopy identification curve to analyze the laboratory results [1] and sort the materials between the polymers based on the identification results [2].

2.2.1. Talent analyzing the results, with monitor visible in frame
2.2.2. Talent sorting materials

3. Size Reduction 

3.1. To perform size reduction for the selected plastic materials, place the identified and collected material into a single-shaft shredding system equipped with a crusher-shredder apparatus [1] and crush the plastic materials at a low speed crush and with a 5-millimeter sieve [2].

3.1.1. WIDE: Talent placing materials into apparatus Videographer: Important step
3.1.2. Materials being crushed Videographer: Important step

3.2. When the material is homogenous [1], measure the material amounts for the composites [2] and present the materials in their relative amounts of plastic, wood, coupling agent, and lubricant [3].

3.2.1. Shot of homogenous material
3.2.2. Talent measuring amounts
3.2.3. Talent presenting materials

4. Wood-Polymer Composite (WPC) Material Processing

4.1. For wood-polymer composite material processing with extrusion technology, after size reduction treatment, mix all of the components of the process in a turbomixer and cooler apparatus [1] and agglomerate the materials in the turbomixer until the temperature of the materials reaches 200 degrees Celsius [2].

4.1.1. WIDE: Talent mixing components in apparatus Videographer: Important step
4.1.2. Materials being agglomerated Videographer: Important step

4.2. Due to the combined effects of temperature and friction, granule materials will be formed at the end of the treatment [1].

4.2.1. Shot of granule materials

4.3. At the end of the treatment, cool the materials for 4-7 minutes in a cooler apparatus [1] before evacuating the material from the processor [2] and collecting the agglomerated material [3].

4.3.1. Talent adding materials to cooler apparatus Author NOTE: talent just adjusted parameters in the monitor of apparatus and a small voice was produced, no other actions.
4.3.2. Talent evacuating materials
4.3.3. Talent collecting agglomerated material

4.4. In the control panel of the extrusion machine, set the average barrel temperature to between 167 and 181 degrees Celsius and the average tool temperatures to between 183 and 207 degrees Celsius [1].

4.4.1. Shot of control panel Video Editor: please emphasize average barrel and average tool temperatures when mentioned Author NOTE: The control panel includes Finnish program, therefore average barrel temperature means “Alue1 - Alue6” and average tool temperature means “Alue7”

4.5. The melt temperature should be set between 164 and 177 degree Celsius and the die pressures should be between 3.7 and 5.9 megapascals [1].

4.5.1. Use 4.4.1. Shot of control panel Video Editor: please emphasize melt temperature and die pressures when mentioned Author NOTE: The control panel includes Finnish program, therefore melt temperature is “Massalämpö” and die pressures is “Massapaine/bar” (it is illustrated in bars-unit, 3.7 MPa = 37 bars. In video filming, the die pressure varied between about 34-37 bars.)

4.6. Adjust the parameters as necessary, as recycled materials are heterogeneous and the process requires professional control [1], and use a conical counter-rotating twin-screw extruder with a 15 kilogram/hour material output to compound the components [2].

4.6.1. Talent adjusting parameters Videographer: Important step
4.6.2. Components being compounded Videographer: Important step

4.7. After the extrusion process, the profile material of the composite can be generated [1].

4.7.1. Talent generating profile material

5. Produced material Sampling and Property Analysis

5.1. To prepare samples for a flexural property test, use a sliding table saw to cut 800- x 50- x 20-millimeter samples from the extruded profiles [1].

5.1.1. WIDE: Talent cutting sample(s)

5.2. [bookmark: _Hlk36716275]For a tensile property test, use the computer numerical controls to set the material preforms to a dumbbell shape [1] and cut 150- x 20- x 4-millimeter samples from the extruded materials [2].

5.2.1. Talent setting dumbbell shape, with monitor visible in frame Videographer: Difficult step
5.2.2. Sample(s) being cut Videographer: Difficult step

5.3. [bookmark: _Hlk38898447]To saw test samples from the extruded materials for an impact strength test, use the sliding table saw to cut the samples into 80-x 10-x 4-millimeter pieces [1].

5.3.1. Sample(s) being cut

5.4. Then place the test material into a 23-degree Celsius and 50% relative humidity condition chamber until a constant mass is reached [1].

5.4.1. Talent placing material into chamber Author NOTE: Shot split into two, 1. where: Talent placing material into chamber and 2. where: Values of chamber (23°C & 50%) is available. 

5.5. To perform a flexural strength and modulus test for each of 20 samples, place a flexural test sample in the testing apparatus at the support of two points [1] and click Test start to apply a pre-load of 15 Newtons and a test speed of 10 millimeters/minute to the center of the sample [2].

5.5.1. Talent placing sample in testing apparatus
5.5.2. Talent clicking Test start, with monitor visible in frame

5.6. The test will stop automatically after recording the result [1]. Remove the sample from the support tools [2] and place a new sample onto the tools [3]. 

5.6.1. Testing stopping Videographer: Important step
5.6.2. Sample being removed Videographer: Important step
5.6.3. Talent placing new sample onto tools Videographer: Important step

5.7. To perform a tensile strength and modulus test for 20 machined, dumbbell-shaped samples, set the tensile test sample between the test tools [1] and attach pneumatic clamps to keep the sample in the tools during the test [2].

5.7.1. Talent placing sample being test tools
5.7.2. Talent attaching clamp(s)

5.8. Start the test from the computer control panel with a pre-load of 10 Newtons and a test speed of 2 millimeters/minute [1] and attach an extension meter tool immediately after the test start [2].

5.8.1. Talent starting test
5.8.2. Talent  connect tool (extension meter) when modulus recording was  started

5.9. At the end of the rest, remove the test sample [1] and set a new sample on the tools [2-TXT].

5.9.1. Talent removing sample
5.9.2. Talent placing new sample onto tools

5.10. To perform an impact strength test, place a 10- x 4-millimeter sample between the supports of an impact tester [1] and reset the force [2].

5.10.1. Talent placing sample between supports
5.10.2. Talent resetting force

5.11. Then release the impact hammer at an impact force of 5 kilopond centimeters [1-TXT].

5.11.1. Hammer being released TEXT: Repeat tests for all 20 samples

5.12. When all of the tests have been completed, calculate the average value for each set of tested samples [1].

5.12.1. Talent at computer, calculating average(s), with monitor visible in frame 

Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.1., 3.1., 4.1., 4.6., 5.6.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success?
5.2. (user for CNC apparatus, we will ask consulting).



Results
6. Results: Representative Effects of Construction and Demolition Waste Plastic Fractions of WPC Properties

6.1. To investigate the effects of construction and demolition waste plastic polymer on the mechanical properties of wood-polymer composites [1], three different polymer types were studied as a matrix [2] using three different processing parameters [3].

6.1.1. LAB MEDIA: Table 1
6.1.2. LAB MEDIA: Table 1 Video Editor: please emphasize Material data column
6.1.3. LAB MEDIA: Table 2 Video Editor: please sequentially add/emphasize data rows

6.2. The highest flexural strength values were achieved with the material containing a recycled ABS (A-B-S) polymer in a matrix [1-TXT] and an almost congruent high-strength quality was achieved in the material in which recycled polyethylene polymer was used in a matrix [2].

6.2.1. LAB MEDIA: Figure 1 Video Editor: please emphasize solid red data bar TEXT: ABS: acrylonitrile butadiene styrene
6.2.2. LAB MEDIA: Figure 1 Video Editor: please emphasize solid blue data bar

6.3. The lowest flexural strengths were achieved with the material containing a recycled polypropylene polymer in a matrix [1].

6.3.1. LAB MEDIA: Figure 1 Video Editor: please emphasize solid green data bar

6.4. Similar results are also observed for the flexural modulus of materials, which was measured simultaneously with the strength property [1], with the recycled polyethylene materials exhibiting a significantly lower modulus value [2] compared to the value of the recycled ABS polymer [3].

6.4.1. LAB MEDIA: Figure 1 Video Editor: please emphasize patterned data bars
6.4.2. LAB MEDIA: Figure 1 Video Editor: please emphasize patterned blue data bar
6.4.3. LAB MEDIA: Figure 1 Video Editor: please emphasize patterned red data bar

6.5. The materials which used recycled ABS and polyethylene have an almost congruent tensile strength [1], while the weakest tensile strength was achieved with the material containing a recycled polypropylene polymer in a matrix [2]. Similar results were observed for the tensile modulus analysis [3]. 

6.5.1. LAB MEDIA: Figure 2 Video Editor: please emphasize solid red and solid blue data bars
6.5.2. LAB MEDIA: Figure 2 Video Editor: please emphasize solid green data bar
6.5.3. LAB MEDIA: Figure 2 Video Editor: please emphasize patterned data bars

6.6. Further, the impact strengths of the recycled ABS and polypropylene polymers were almost the same [1], but a greater impact strength was achieved with the recycled polyethylene polymer, which had the best impact strength property in this study [2].

6.6.1. LAB MEDIA: Figure 3 Video Editor: please emphasize red and green data bars
6.6.2. LAB MEDIA: Figure 3 Video Editor: please emphasize blue data bar 





Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Ville Lahtela: It is important to ensure that the materials are identified and sorted before processing and to model the correct mutual ratio of raw materials before performing the manufacturing steps [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.1., 4.1.) 

7.2. Marko Hyvärinen: Using this protocol as demonstrated, several other functional properties, such as moisture resistance and strength after cyclic treatment, can also be investigated [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Can cut for time

7.3. Timo Kärki: As demonstrated, waste materials can be re-utilized as raw material. In future studies, new raw material streams should be evaluated and their properties should be tested in novel products [1].

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Can cut for time 
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