[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 61468
Scriptwriter Name: Bridget Colvin 
Project Page Link: https://www.jove.com/account/file-uploader?src=18747788

Title: Evaluation of the Curing of Adhesive Systems by Rheological and Thermal Testing

Authors and Affiliations: Ana Díaz-Díaz*, Barbara Bárbara Sánchez-Silva*, Javier Tarrío-Saavedra*, Jorge López-Beceiro*, Silvia Gómez-Barreiro*, and Ramon Ramón Artiaga*
*These authors contributed equally

1Escola Politécnica Superior, Universidade da Coruña

☒   All author names are spelled correctly, and the affiliations are correct (city/state/country information not included in video title page).

Corresponding Author:
Jorge López-Beceiro		
jorge.lopez.beceiro@udc.es

Co-authors: 
ana.ddiaz@udc.es
barbara.silva@udc.es
javier.tarrio@udc.es
jorge.lopez.beceiro@udc.es
silviag.gomez@gmail.com
ramon.artiaga@udc.es
[bookmark: _Hlk25233958]





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?  Y
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as reasonably possible.

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   Y
If Yes, how far apart are the locations? 48 km
 

· To ensure that your script can be filmed in one day, the Introduction, Protocol, and Conclusion sections are restricted to 55 shots (i.e., designated as 1.1.1., 1.2.1., etc). 

Protocol Length
Number of Shots: 53


Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Ana Díaz:  Our methodology combines thermal analysis and rheology to characterize the curing process of an adhesive. This allows us to obtain useful information for industrial adhesive selection [1].

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

REQUIRED: What is the main advantage of this technique?

1.2. Javier Tarrío: The main advantage provided is the creation of a standard guide to the curing process study of an adhesive system, making easier a comparison between different adhesives [1].

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

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.4. Bárbara Sánchez: This methodology could also be used as an acceptance criterion in the quality control of adhesive systems. [1].

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

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Enter author name:  [1].

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

OPTIONAL: Why is visual demonstration of this method critical?

1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

Is each interview statement 30 words or fewer? ☒ Yes
Has any author been assigned more than two statements? ☒ No

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Silvia Gómez: Demonstrating the procedure will be Bárbara Sánchez, a laboratory technician and Ana Díaz, members of the Proterm Group at University of A Coruña. [1][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera




Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.
2. Manufacturer Curing Condition SetupChecking. Thermogravimetric Test Of a Cured Sample
2.1. To check the manufacturer curing conditionsdetermine the inorganic filler content and the temperature at which the material starts to degrade, a Thermogravimetric test is performed, open the Procedure tab [1] and click Editor. Drag the Ramp segment to the Editor screen and establish the ramp as 10 or 20 degrees/min to 900 degrees Celsius [2].
2.1.1. WIDE: Talent opening Procedure tab, with monitor visible in frame
2.1.2. SCREEN: To be provided by Authors: Editor being clicked, then segment being dragged and ramp temperature being established
2.2. Click OK and open the Notes tab. Select Air as the purge gas and set the flow rate to 100 milliliters per minute. Then click Apply [1].
2.2.1. SCREEN: To be provided by Authors: OK being clicked, then Notes being opened, Air being selected, flow rate being set, and Apply being clicked
2.3. Close the Furnace and Start the experiment.
2.3.1. WIDE: Talent closing the Furnance, with monitor visible in frame
2.3.2. SCREEN: To be provided by Authors: Play button being clicked. 

3. Manufacturer Curing Condition Checking. Differential Scanning Calorimetry (DSC) of a Cured Sample Analysis 
3.1. [bookmark: _GoBack]To perform a differential scanning calorimetry test of a cured sample, open the Procedure tab [1], click Test, and select Custom [2].
3.1.1. WIDE: Talent opening Procedure tab, with monitor visible in frame
3.1.2. SCREEN: To be provided by Authors: Test being clicked and Custom being selected
3.2. Click Editor and drag an Equilibrate segment indicating the temperature at which to start the experiment [1].
3.2.1. SCREEN: To be provided by Authors: Editor being clicked and segment being dragged
3.3. Drag a Ramp segment to the Editor screen and introduce a heating rate of 10 or 20 degrees/minute and the final temperature into the command editor window [1-TXT].
3.3.1. SCREEN: To be provided by Authors: Segment being dragged, then heating rate and final temperature being introduced TEXT: Final temperature lower than degradation temperature
3.4. Drag a Ramp segment to the Editor screen and introduce a 10 or 20 degrees/minute heating cooling rate to a temperature tentatively below the glass transition [1].
3.4.1. SCREEN: To be provided by Authors: Apply being clicked, then sSegment being dragged and heating rate being introduced
3.5. Drag another Ramp segment to the Editor screen and introduce a 10 or 20 degrees Celsius/minute heating rate to a temperature slightly below the degradation temperature [1].
3.5.1. SCREEN: To be provided by Authors: Segment being dragged, then heating rate being introduced
3.6. Open the Notes tab and select Nitrogen as the flow gas. Then set the flow rate to 50 milliliters/minute and click Apply [1].
3.6.1. SCREEN: To be provided by Authors: Notes tab being opened and Nitrogen being selected, then flow rate being set and Apply being clicked
3.7. Place a reference pan and a pan with a sample inside the DSC cell. 
3.7.1. WIDE: Talent introducing the sample.
3.8. Launch the experiment by clicking Start.
3.8.1. SCREEN: To be provided by Authors: Play button being clicked.

4. DSC Fresh Sample Analysis. Ramp Curing Test
4.1. For the analysis of a fresh sample through a heating-cooling-heating test, open the Procedure tab [1] and click Test and Custom [2].
4.1.1. WIDE: Talent opening Procedure tab, with monitor visible in frame
4.1.2. SCREEN: To be provided by Authors: Test and Custom being clicked
4.2. Click Editor and drag an Equilibrate at minus 80 degrees Celsius segment to the Editor screen [1].
4.2.1. SCREEN: To be provided by Authors: Editor being clicked and Equilibrate segment being dragged to Editor screen
4.3. Drag a Ramp segment and set the heating rate to 10 or 20 degrees Celsius/minute to a temperature slightly below the degradation temperature and insert another Equilibrate at minus 80 degrees Celsius segment [1].
4.3.1. SCREEN: To be provided by Authors: Ramp segment being dragged, rate being set, then Equilibrate segment being inserted 
4.4. Then drag a Ramp segment and set the heating rate to 10 or 20 degrees Celsius/minute to the same temperature as before and click Apply Ok [1].
4.4.1. SCREEN: To be provided by Authors: Ramp being dragged, heating rate being set, then Apply Ok being clicked 
4.5. Place a reference pan and a pan with a sample inside the DSC cell. 
4.5.1. WIDE: Talent introducing the sample.
4.6. Launch the experiment by clicking Start.
4.6.1. SCREEN: To be provided by Authors: Play button being clicked.

5. DSC Fresh Sample Analysis. Isothermal Curing Test
5.1. To perform an isothermal curing test, open the “Procedure” tab, click “Test” and choose Custom. Click EDITOR. Drag the segment type “Ramp” to the Editor screen. Introduce a 20 °C/min to the chosen isothermal temperature.
5.1.1. WIDE: Talent introducing command, with monitor visible in frame
5.1.2. SCREEN: To be provided by Authors: Ramp segment being added, then heating rate and isothermal temperature being set.
5.2. Introduce an Isothermal segment for time enough to complete the cure (for example, 300 min)
5.2.1. WIDE: Talent introducing command, with monitor visible in frame
5.2.2. SCREEN: To be provided by Authors: Isothermal segment being added, then isothermal time being set.
5.3. To perform an isothermal curing testcheck the degree of curing reached, introduce a command Equilibrate at 0 degrees Celsius segment [1], add a Ramp segment, and set the heating rate between 2 and 20 degrees Celsius/minute to the maximum temperature [2].
5.3.1. WIDE: Talent introducing command, with monitor visible in frame
5.3.2. SCREEN: To be provided by Authors: Equilibrate and Ramp segments being added, then heating rate being set
5.4. Drag the Mark end of cycle segment to the editor window and insert another Equilibrate segment with a temperature of minus 80 degrees Celsius [1].
5.4.1. SCREEN: To be provided by Authors: Mark end of cycle segment being dragged and Equilibrate segment being inserted
5.5. To obtain the final glass transition, Aadd another Ramp segment with a heating rate between 2 and 20 degrees Celsius/minute to the same temperature as indicated before and click Apply Ok [1].
5.5.1. SCREEN: To be provided by Authors: Segment being added, then Apply Ok being clicked 
5.6. In the Tool tab, select Instrument Preferences and DSC and set a temperature lower than the isotherm temperature of the experiment [1].
5.6.1. SCREEN: To be provided by Authors: Tool tab being opened, Instrument preferences and DSC being selected, and temperature being set
5.7.  Then click Apply and open the Control tab to select Go to Standby Temperature [1].
5.7.1. SCREEN: To be provided by Authors: Apply being clicked, then Control tab being opened and Go to standby temperature being selected 
5.8. Place a reference pan and a pan with a sample inside the DSC cell. 
5.8.1. WIDE: Talent introducing the sample.
5.9. Launch the experiment by clicking Start.
5.9.1. SCREEN: To be provided by Authors: Play button being clicked.
6. Logarithmic Strain Sweep Test
6.1. To perform a logarithmic strain sweep test, open the Procedure tab [1] and select Oscillation Amplitude [2].
6.1.1. WIDE: Talent opening Procedure tab, with monitor visible in frame
6.1.2. SCREEN: To be provided by Authors: Oscillation amplitude being selected
6.2. Set the experimental temperature to room temperature, the frequency to 1 hertz, and set the logarithmic sweep from 1 x 10-3 to 100% of strain [1].
6.2.1. SCREEN: To be provided by Authors: Temperature being set to RT, frequency being set to 1 Hz, and logarithmic sweep being set 
6.3. Place the sample on the bottom plate with the upper plate separated about 40 millimeters from the lower plate [1] and lower the upper plate until a gap of about 2 millimeters is observed between both plates [2]. 
6.3.1. Talent placing sample onto bottom plate
6.3.2. Upper plate being lowered
6.4. Then trim the excess adhesive [1]. 
6.4.1. Adhesive being trimmed
6.5. Start the experiment
6.5.1. SCREEN: To be provided by Authors: Play button being clicked
7. Isothermal Multifrequency Curing Test
7.1. To monitor the curing of the adhesive, click the Procedure tab [1] and select Conditioning Options [2].
7.1.1. WIDE: Talent clicking Procedure tab, with monitor visible in frame
7.1.2. SCREEN: To be provided by Authors: Conditioning Options being selected
7.2. Set the Mode to Compression, the Axial Force to 0 Newtons, and the Sensitivity to 0.1 Newtons [1].
7.2.1. SCREEN: To be provided by Authors: Mode, Axial Force, and Sensitivity being set
7.3. Click Advance and set the Gap change limit to 2000 microns in both the up and down directions [1].
7.3.1. SCREEN: To be provided by Authors: Advance being clicked, and gap change limit being set 
7.4. Insert a new oscillatory time sweep step and set the experimental temperature to room temperature, the test duration as a function of the estimated curing time based on the Data Sheet of the adhesive, and the strain percentage acquired from the previous logarithmic strain sweep test [1].
7.4.1. SCREEN: To be provided by Authors: Time sweep step being inserted, then temperature, test duration, and strain percentage being selected
7.5. Then sSelect Discrete and set the frequencies 1, 3 and 10 hertz for all of the samples [1].
7.5.1. SCREEN: To be provided by Authors: Discrete being selected, then frequencies being set 
7.6. Then, place a new sample and start the experiment
7.6.1. SCREEN: To be provided by Authors: Play button being clicked.
8. Torque sweep and Temperature Scan Testing 
8.1. To perform a torque sweep test, open the Procedure tab [1] and select Oscillation Amplitude [2].
8.1.1. WIDE: Talent opening Procedure tab, with monitor visible in frame
8.1.2. SCREEN: To be provided by Authors: Oscillation Amplitude being selected
8.2. Then sSet the temperature to room temperature, the frequency to 1 hertz, and the logarithmic sweep from 10 to 10000 micronewton-meters of torque [1].
8.2.1. SCREEN: To be provided by Authors: Temperature, frequency, and logarithmic sweet being set 
8.3. Then, start the experiment.
8.3.1. SCREEN: To be provided by Authors: Play button being clicked.
8.4. To perform a temperature scan test to verify that the cure is complete and if so, obtain the final glass transition temperature, in the Procedure tab, select Temperature Ramp and initiate the experiment at room temperature with a ramp rate of 1 degree Celsius/minute to ensure a uniform distribution of the temperature into the sample, a frequency of 1 hertz, and the torque amplitude determined from the torque sweep test [1].
8.4.1.  SCREEN: To be provided by Authors: Temperature Ramp being selected, then temperature, ramp rate, frequency, and torque amplitude being set
8.5. Close the Furnace of the rheometer and open the air stopcock of the furnace
8.5.1. WIDE: Talent closing the furnace and opening the air stopcock
8.6. Then, start the experiment
8.6.1. SCREEN: To be provided by Authors: Play button being clicked.



Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.


Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 276. (Voiceover is the text that follows the two-digit numbers.)	Comment by Bridget Colvin: Authors: Your Results is overlength by 76 words. Please reduce the text to fit within the word limit. If you would prefer to highlight different data, please revise the text accordingly, keeping in mind the length restrictions.
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.

9. Results: Representative Cured Adhesive System Rheological and Thermal Testing

9.1. These thermogravimetric results show different degradation temperatures [1] and different inorganic filler[2] for each studied adhesive. The mass loss observed between 600-800 degrees Celsius suggests the presence of calcium carbonate as filler [3]In this representative thermogravimetric analysis of a commercial two-component adhesive, a slight mass loss is observed from about 50 degrees Celsius that is probably related to moisture volatilization [1-TXT]. The onset of the main degradation process appears at 196 degrees Celsius [2].

9.1.1. LAB MEDIA: Figure 1A Video Editor: please emphasize data dotted data line at 50 °Clines beween 185 and 240 ºC (x-axis) and 110-80% (y-axis) TEXT: tetrahydrofurfuryl methacrylate + benzoyl peroxide
9.1.2. LAB MEDIA: Figure 1A Video Editor: please emphasize dotted data lines at 196 900 °C
9.1.3. LAB MEDIA: Figure 1A Video Editor: please emphasize blue and dotted green lines between 600-800ºC.

9.2. For these one- and two-component silane polymer adhesives, the degradation onsets occur at slightly higher temperatures [1].

9.2.1. LAB MEDIA: Figure 1A Video Editor: please emphasize red data line at 236 °C and blue data line at 210 °C

9.3. InFor this two-component adhesive, in the heat flow curve, there is no evidence of residual cure [1-TXT]  is observed [1] and a the small deviation [2] from the baseline is observed at about 60 degrees Celsius during the first heating rampcannot be assigned with certainty to the glass transition reported by the manufacturer [2]. Rheological test will help in thsis case.

9.3.1. LAB MEDIA: Figure 2A 
TEXT: tetrahydrofurfuryl methacrylate + benzoyl peroxide
9.3.2. LAB MEDIA: Figure 2A Video Editor: please emphasize green data line at 60 °C

9.4. For the one-component silane polymer adhesive, a clear glass transition is observed at minus 66 degrees Celsius [1], an endothermic peak is observed between 65 and 85 degrees Celsius on heating [2], and the corresponding exotherm on cooling is observed at 53 degrees Celsius [3].

9.4.1. LAB MEDIA: Figure 2B Video Editor: please emphasize peak in red dotted data line at 66 °C
9.4.2. LAB MEDIA: Figure 2B Video Editor: please emphasize peak green data line between 65 and 85 °C
9.4.3. LAB MEDIA: Figure 2B Video Editor: please emphasize peak in black data line at 53 °C

9.5. The only important event in the two-component silane polymer adhesive analysis is a glass transition at minus 64 degrees Celsius [1].

9.5.1. LAB MEDIA: Figure 2B Video Editor: please emphasize dotted red and green data lines at 64 °C

9.6. In this Table, the degree of curing [1] of a two component system at three different temperatures [2] [1] was calculated by comparing the curing enthalpy [23] obtained at each temperature to that obtained in a heating ramp [3].

9.6.1. LAB MEDIA: Table 1 Video Editor: please emphasize Degree of curing column
9.6.2. LAB MEDIA: Table 1 Video Editor: please emphasize Curing enthalpyTemperature column
9.6.3. LAB MEDIA: Table 1 Video Editor: please emphasize Temperature Curing enthalpy column

9.7. The residual cure is much smaller when a sample is cured at higher temperatures [1].

9.7.1. LAB MEDIA: Figure 4 Video Editor: please emphasize red dotted and solid data lines

9.8. When Through a rheological multifrequency test of a fresh two-component adhesive sample  is placed between the parallel plates of the rheometer [1], the gelation time of the material can be observed as the point at which the phase angle becomes frequency independent [2].

9.8.1. LAB MEDIA: Figure 5 
9.8.2. LAB MEDIA: Figure 5 Video Editor: please emphasize green data lines

9.9. In this these isothermal multifrequency tests using the one- and two-component silane polymer adhesive systems [1], no sign of gelation of the adhesives is observed [2] and a comparison of the slopes of the moduli of both adhesives reveals that the two-component silane polymer adhesive cures faster  than the one-component adhesive [3].

9.9.1. LAB MEDIA: Figures 6 and 7
9.9.2. LAB MEDIA: Figures 6 and 7 Video Editor: please emphasize green data lines in both graphs
9.9.3. LAB MEDIA: Figures 6 and 7 Video Editor: please emphasize blue data lines in Figure 7

9.10. In the rheological temperature scan test of a two component adhesive sample, previously cured for one hour, the glass transition can be now clearly observed [1].

9.10.1. LAB MEDIA: Figure 8 Video Editor: please emphasize gray data line at 60.2 ºC.
 



Conclusion
10. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 

What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
10.1. Jorge López: Don't spend a lot of time before start the test if you are using a fresh sample and make a correct mixing in case of two components systems. [1].

10.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
10.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

10.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
10.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

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

Is each interview statement 30 words or fewer? ☒ Yes
Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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