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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? 
No.
2. Does your protocol include software usage? 
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.
Yes.

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.)
2.1, 2.2, 3.4, 3.6, 4.5
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.)
2.2
5. Will the filming need to take place in multiple locations?
No.


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

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

1.1. Hanpeng Wang: This method can help answer key question in fields of CO2 geological sequestration and coalbed methane recovery about the relationship between coal’s properties and gas adsorption [1].
1.1.1. INTERVIEW

1.2. Weitao Hou: The main advantage of this technique is that static and dynamic load can apply on briquette in constant volume state and whole experimental process is visualized by photograph monitoring [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. Hanpeng Wang: There is no particular requirement for the species of the sample, therefore, this method can apply to mechanical test for any porous rock [1].
1.3.1. INTERVIEW




Section - Protocol
2. Sample Preparation
2.1. To begin, weigh 1,000 grams and 300 grams of pulverized coal with a particle size distribution of 0 to 1 millimeter and 1 to 3 millimeters, respectively [1]. Put them together in a beaker in a mass proportion of 0.76:0.24, and use a 6-millimeter-diameter glass rode to mix them well [2].
2.1.1. MED: Talent weighs two samples with different sizes, and shows the two samples. Video editor: Put TEXT: 0-1 mm; 1-3 mm to the corresponding samples.
2.1.2. MED: Talent mixes the coal in a beaker.
2.2. To prepare the cement, put 4 grams of sodium humate powder into a beaker and add approximately 96 milliliters of distilled water [1]. Use a glass rod to stir them and make sure that all sodium humate is well dissolved [2]. Then mix 230 grams of mixed coal powder and 20 grams of sodium humate solution in a beaker [3].
2.2.1. MED: Talent puts powder and water into a beaker.
2.2.2. MED: Talent stirs in the beaker.
2.2.3. MED: Talent mixes powder and solution.
2.3. To produce a standard-sized briquette, coat the inner surface of the shaping tools with lubricating oil [1]. Assemble tool components: main body, bottom plate, and ring [2] [3-LM], and fill the hole with 250 grams of mixed material [4].
2.3.1. MED: Talent coats tools with oil.
2.3.2. MED: Talent assembles the shaping tool.
2.3.3. Figure 3 – Video editor: use Figure 3 as an inset, and emphasize the three parts.
2.3.4. CU: Talent fills the hole with mixture.
2.4. [bookmark: _Hlk527396261]Put press piston on top of the mixed material [1] [2-LM], and place all parts under the piston [3] of an electro-hydraulic servo universal testing machine [4-LM].
2.4.1. MED: Talent places piston on top.
2.4.2. Figure 3 – Video editor: use Figure 3 as an inset, and emphasize component 1.
2.4.3. MED: Talent puts the shaping tool under piston of the testing machine.
2.4.4. Figure 2– Video editor: Show only the machine schematic, and emphasize the top blue piston and the coal briquette.
2.5. [bookmark: _Hlk535821561]Launch the software WinWdw (pronounce as win-W-D-W) to control the electro-hydraulic servo universal testing machine [1]. In the software, click on Force Range to set the maximum force to 50 kilonewtons, and click on Reset to clear the displacement value [2]. 
2.5.1. MED: Talent launches software on the computer. Shoot from the back of the talent and show the computer screen.
2.5.2. SCREEN: Talent sets maximum force and then clicks on Reset.
2.6. Left-click on the option force loading control. Set the moving ratio at 0.1 kilonewton per second [1]. Set the target force value at 29.4 kilonewtons and holding time at 900 seconds. Then, click on Start [2].
2.6.1. SCREEN: Talent sets moving ratio.
2.6.2. SCREEN: Talent sets the target force value and holding time, and clicks on Start 
2.7. After that, take out the shaping tools and invert them onto a rubber plate [1]. Use a rubber hammer to disassemble tool components in the order from the bottom to the top [2]. Put the briquette in a 40 degrees Celsius incubator for 48 hours [3].
2.7.1. MED: Talent takes out the shaping tools and inverts onto a rubber plate.
2.7.2. MED: Talent disassembles shaping tools.
2.7.3. MED: Talent places the briquette in incubator.
3. Air Tightness Test and Blank Measurement
3.1. First, fix the back door of the visualized vessel with high-strength bolts. Connect the computer, data acquisition box, and the embedded gas pressure sensor [1] to the back door [2]. 
3.1.1. MED: Talent fixes back door with bolts, and connects other components.
3.1.2. Figure 2– Video editor: emphasize the computer, DAQ box, and two pressure sensors.
3.2. [bookmark: _Hlk535782304]To acquire the gas pressure data in the visualized vessel, launch the software data acquisition Sensor [1]. On the software, click on Start [2]. Open the valve V1 and close V2, V3, and V4 [3], to vacuum the visualized vessel chamber [4-LM].
3.2.1. MED: Talent launches the software DAQ on the computer. Shoot from the back of the talent and show the computer screen.
3.2.2. SCREEN: Talent clicks on Start.
3.2.3. MED: Talent opens and closes valves. Focus on the valves. Videographer: Take multiple shots, as this will be used later.
3.2.4. Figure 2– Video editor: emphasize V1-V4. Use one color (eg. green) for V1 to show it’s open, and another color (eg. grey) for V2-V4 to show they’re closed.
3.3. After 30 minutes, turn off V1 and vacuum-pump [1]. Open V2 and the gas tank with helium [2] [3-LM]. Use the manual pressure-reducing valve to adjust the outlet pressure of the gas tank [4].
3.3.1. MED: Talent turns off V1 and vacuum-pump.
3.3.2. MED: Talent opens V2 and the gas tank.
3.3.3. Figure 2– Video editor: same with 3.2.4, except to use grey for V1 to show it’s closed, and green for V2 to show they’re open.
3.3.4. MED: Talent adjusts valve, with view of the manometer.
3.4. [bookmark: _Hlk535787565]Carefully observe the gas pressure curve displayed on data acquisition Sensor 16. When it reaches about 2 Megapascals [1], turn off V2 and the gas tank [2]. Then, on the computer, launch the software WinWdw to measure the friction force of the loading piston moving downward in the testing machine [3].
3.4.1. SCREEN: View of the pressure curve reaching 2 Mpa.
3.4.2. MED: Talent turns off V2 and gas tank.
3.4.3. [bookmark: _Hlk535820197]MED: Talent launches software WinWdw on the computer. Shoot from the back of the talent and show the computer screen.
3.5. [bookmark: _Hlk535786831]In the software, click on Force Range to set the maximum force to 5 kilonewtons and click on Reset to clear the displacement value [1]. Left-click on the option Displacement Loading Rate, and set the moving ratio at 1 millimeter per minute, then, click on Start [2]. 
3.5.1. SCREEN: Talent sets maximum force and clicks on Reset.
3.5.2. SCREEN: Talent sets moving ratio and click Start.
3.6. Open V4 and discharge helium into air [1-TXT]. Disassemble the back door of the visualized vessel and close V4 [2].
3.6.1. MED: Talent opens V4. TEXT: CAUTION: Keep door and windows open for ventilation during gas release. Videographer: Take multiple shots, as this will be used later.
3.6.2. MED: Talent removes back door and closes V4. Videographer: Take multiple shots, as this will be used later.
4. Uniaxial Compression Experiment
4.1. Measure the height and diameter of the briquette using a Vernier caliper with a precision of 0.02 millimeters [1]. Weigh the mass of the briquette using an electronic scale with a precision of 0.01 grams [2]. 
4.1.1. MED: Talent measures the height and diameter.
4.1.2. MED: Talent weighs the mass of briquette.
4.2. Install the chain roller of the circumferential deformation test apparatus around the middle position of the briquette and fix the clamp holder [1]. Connect the sensor with the data acquisition box through the aviation connector in the visualized vessel [2] and place them under the loading piston [3]. 
4.2.1. CU: Talent installs the chain roller and clamp holder. Close up of the hand and the chain roller.
4.2.2. CU: Talent connects sensor with DAQ box. Close up of the hand and the sensor.
4.2.3. MED: Talent places the connected sensor and DAQ box under loading piston.
4.3. To ensure the accuracy of the data acquisition, adjust the chain roller and the top surface of the briquette so that they are parallel to the loading piston [1]. Then, launch WinWdw to control the universal testing machine [2].
4.3.1. CU: Talent adjusts chain roller and the sample.
4.3.2. MED: Talent launces WinWdw on the computer. Shoot from the back of the talent and show the computer screen.
4.4. [bookmark: _Hlk535791353]In the software, left-click on the option Displacement Loading Rate. Set the moving ratio at 10 millimeters per minute [1]. On the remote controller, press the Down button for the universal testing machine [2] until the distance left between the piston and the briquette is around 1 to 2 millimeters [3].
4.4.1. [bookmark: _GoBack]SCREEN: Talent sets moving ratio.
4.4.2. CU: Talent presses Down button.
4.4.3. CU: Shot of the distance between piston and the sample.
4.5. Then, assemble the back door of the visualized vessel [1]. Vacuum the visualized vessel chamber as previously did [2]. Next, open V3 and the gas tank of carbon dioxide at purity of 99.99% [3]. Use the manual pressure-reducing valve to adjust the outlet pressure of the gas tank [4].
4.5.1. MED: Talent assembles back door.
4.5.2. Use 3.2.3
4.5.3. MED: Talent opens V3 and gas tank.
4.5.4. MED: Talent adjusts valve, with the view of the manometer.
4.6. Carefully observe the gas pressure curve displayed in data acquisition Sensor 16. When it gets close enough to the target value [1], close V3 and the gas tank [2].
4.6.1. SCREEN: Talent shows the gas pressure curve getting to the target value.
4.6.2. MED: Talent closes V3 and gas tank.
4.7. After 24 hours of adsorption time, the gas pressure curve remains stable, and the briquette has reached its adsorption and desorption dynamic equilibrium state [1]. 
4.7.1. SCREEN: view of the gas pressure curve which remains stable.
4.8. Place a camera with a tripod beside the window of the visualized vessel and adjust the height and angle to ensure that the image of the sample is shown in the center of the camera screen [1]. 
4.8.1. MED: Talent places a camera and adjusts the position.
4.9. Start the software SDU deformation acquisition V2.0 to monitor the circumferential deformation of the briquette. Click on Start [1]. On WinWdw, click on New Sample and type in the height and diameter of the briquette, click on Sectional Area, and then click on Confirm [2].
4.9.1. SCREEN: Talent monitors the deformation.
4.9.2. SCREEN: Talent sets the height and diameter.
4.10. [bookmark: _Hlk535820568]Click on Force Range to set the maximum force to 5 kilonewtons, and click on Reset to clear the displacement value. Left-click on the option Displacement Loading Rate and set the moving ratio at 1 millimeter per minute [1].
4.10.1. SCREEN: Talent sets maximum force.
4.11. [bookmark: _Hlk535788974]Click on Start to compress the sample [1]. At the same time, press the Start button on the camera to begin video recording [2]. When the sample totally fails [3], click on Stop and Data Save, in both WinWdw and SDU deformation acquisition V2.0 [4].
4.11.1. SCREEN: Talent clicks on Start.
4.11.2. MED: Talent presses on Start button.
4.11.3. CU: Shot of the sample failing.
4.11.4. SCREEN: Talent clicks on Stop and Data Save in both software.
4.12. Then, press the Start button again on the camera to stop video recording [1]. Open V4 to release carbon dioxide in the vessel chamber and disassemble the back door of the vessel [2]. Disconnect the aviation connectors for the gas pressure sensor and circumferential deformation test apparatus [3]. 
4.12.1. MED: Talent presses Start button.
4.12.2. Use 3.6.1 & 3.6.2
4.12.3. CU: Talent disconnects aviation connectors.
4.13. Left-click on the option Displacement Loading Rate on WinWdw. Set the moving ratio at 10 millimeters per minute [1]. Press the Up button on the remote controller of the universal testing machine [2].
4.13.1. SCREEN: Talent sets moving ratio.
4.13.2. CU: Talent presses Up button.
4.14. When the loading piston of the vessel is around 2 to 3 millimeters above the briquette [1], take the briquette out and remove it from the chain roller [2]. Dismantle the connecting tool between the pistons [3], and use a vacuum cleaner to clean the visualized vessel [4].
4.14.1. CU: Shot of the piston around 2-3 mm above the brisquette.
4.14.2. MED: Talent takes out the briquette and removes chain roller.
4.14.3. MED: Talent takes apart the connecting tool.
4.14.4. MED: Talent cleans the vessel


Section – Results
5. Results: Adsorption Capacity, Stress-strain, Compression, and Fractures
5.1. In this experiment, the isothermal adsorption test proved similar capacity for methane gas adsorption between raw coal and briquette [1]. The strength of the briquette samples used in the test had some fluctuation, but it was rather slight and had little influence on the analysis of the experimental results [2].
5.1.1. Figure 6
5.1.2. Figure 7
5.2. When under different carbon dioxide pressures ranging from 0 to 2 Megapascals, the stress-axial strain curves showed obvious compaction, elastic, and plastic deformation phases [1]. As the carbon dioxide pressure increased, the peak strength of the coal sample decreased [2], where it showed a nonlinear relationship [3].
5.2.1. Figure 8 – Video editor: emphasize Figure 8A, and emphasize the text in the figure: 0-2.0 MPa
5.2.2. Figure 8 – Video editor: emphasize Figure 8A, and show a downward arrow to show decreasing trend.
5.2.3. Figure 8 – Video editor: emphasize Figure 8B
5.3. The elastic modulus decreased under the carbon dioxide saturated condition and that the relationship between the elastic modulus decrease and the gas pressure was nonlinear as well [1]. 
5.3.1. Figure 8 – Video editor: emphasize Figure 8C
5.4. The images obtained through the camera evince the fractures’ evolution on the sample’s surface under different carbon dioxide pressures [1]. The box-counting dimension method was adopted to describe the feature of fractures in failure state under different carbon dioxide pressures [2]. 
5.4.1. Figure 9 – Video editor: emphasize Figure 9A (Use Figure 9.svg, the other versions have wrong x axis)
5.4.2. Figure 9 – Video editor: emphasize Figure 9B
5.5. [bookmark: _Hlk534618908]The correlation coefficients between the box number [1] and the side length [2] were all more than 0.95. The values of the fractal dimension were proportional to those of carbon dioxide pressure, and their trend indicated similarity to that of the degree of damage to the coal body [3].
5.5.1. Figure 9 – Video editor: emphasize Figure 9B, emphasize y axis
5.5.2. Figure 9 – Video editor: emphasize Figure 9B, emphasize x axis
5.5.3. Figure 9 – Video editor: emphasize Figure 9B
2.1.1. 


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Weitao Hou: The most important thing is to have a good understanding of test procedure and some experience in experiment of rock mechanics and operation of high-pressure gas [1] [2]. 
6.1.1. Use 2.2.3 & 3.3.4
6.1.2. INTERVIEW
6.2. Hanpeng Wang: After its improvement, this technique can provide a way for the study of porous media and gas coupling effect under uniaxial or triaxial loading state [1].
6.2.1. INTERVIEW
6.3. Hanpeng Wang: Because high pressure gas tanks are used in this technique, people need to operate carefully during gas filling and releasing [1].
6.3.1. INTERVIEW
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