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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 3.3, 3.4, 3.6, 3.7, 3.8, 3.9
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37]D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Step 3.8: The most difficult aspect of this procedure is: in the process of loading the sample pool we should keep each edge within the flange, to avoid difficulty when installing the double walled thermostat.
How you ensure success: We must screw the screw with soft and uniform force, and skill comes from practice.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N


[bookmark: Introduction]1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)
The overall goal of this experiment is to test the adsorption (ad-zorp-shun /ædˈzɔːrp ʃən/) capacity of different particle sizes of shale with a gravimetric (grav-ih-meh-trick /ˌgræv ɪˈmɛ trɪk/) adsorption analyzer to investigate the relationship between adsorption capacity and particle size. (Intro)

[bookmark: IntroStatements]B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Mingliang Liang: This method can help answer key questions in the shale gas field about the relationship between particle size and the adsorption capacity of shale.
1.2. Li Gao: The main advantage of this technique is that the gravimetric method requires fewer parameters and produces better results in terms of accuracy and simulating actual underground strata.

[bookmark: Protocol][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57]Protocol (Spoken by voice talent at JoVE.)
2. System Setup and Blank Measurement
2.1. [bookmark: OLE_LINK27][bookmark: OLE_LINK28]First, turn on the magnetic suspension balance computer and start the magnetic suspension coupling controller. [1-WIDE-TXT] Open the “gas 2” helium cylinder, and roughly adjust it to the appropriate output pressure with the control valve. [1-MED-Over shoulder]
2.1.1. Talent turns on the computer and starts the magnetic suspension coupling controller. (TEXT: See text for instrument setup and safety information.)
2.1.2. Talent opens the gas 2 cylinder and turns the switch/control knob to set the rough gas 2 output pressure
2.2. [bookmark: OLE_LINK33]Next, confirm that the magnetic suspension coupling controller knob is in the ‘Off’ position. [1-MED] Then, turn on the instrument temperature controller, the oil bath heater, and the vacuum pump. [2-WIDE]
2.2.1. Talent points to the controller knob being in the ‘Off’ position.
2.2.2. Talent turns on the instrument temperature controller, the oil bath, and the vacuum pump power.
2.3. [bookmark: OLE_LINK49][bookmark: OLE_LINK50]Switch the coupling controller to the zero point position, wait 1 to 2 minutes, [1-MED] and confirm that the readings are normal and stable. Check the measuring point positions in the same way. [2-MED-Over shoulder] Then, set the controller to the zero point position. [3-CU]
2.3.1. Talent switches the controller knob to ZP and moves away as though waiting for the instrument to automatically adjust itself.
2.3.2. Talent looks at the normal, stable ZP reading, and then switches the balance to MP1.
2.3.3. Talent turns the control knob to MP2/MP1/ZP.
2.4. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Start the system control software. [1-MED-Over shoulder] Select the blank measurement program and open the configuration window. Name the measurement, select “gas 2” to use helium gas, select ‘Other fluid’, and select ‘Fluid bath’. [2-SCREEN]
2.4.1. Talent starts the system control software.
2.4.2. *To be provided by authors: Screen capture footage of selecting ‘Blank’, clicking ‘Configure Measurement’, filling in a title, selecting ‘Gas 2’ and ‘Other fluid’, and selecting ‘Fluid bath’.
2.5. [bookmark: OLE_LINK80][bookmark: OLE_LINK81]Set the maximum pressure to 70 bar (bars (unit)) with seven pressure steps, the pressure ramp to 2 bar/min (bars per minute), and the oil bath temperature to 50 °C. Run the program and calculate the mass and volume of the empty sample container. [1-SCREEN-TXT]
2.5.1. *To be provided by authors: Screen capture footage of setting up 7 pressure steps to 70 bar with a 2 bar/min ramp, setting the oil bath to 50 °C*, running the blank measurement program, and the measurement program starting. (TEXT: Usually takes 5-8 h.)
Video editor: Please wait to add the text overlay until the measurement program is being started.
3. Pre-Processing, Adsorption, and Buoyancy Measurements
3.1. [bookmark: OLE_LINK87]After the blank test has finished, set the “gas 2” helium pressure setpoint to 1 bar. Start gasdosing (gas-dosing) to fill the sample pool with helium [1-SCREEN] until it is close to atmospheric pressure. [2-CU] Then, stop gasdosing. [3-SCREEN]
3.1.1. *To be provided by authors: Screen capture footage of setting the gas 2 setpoint to 1 bar and clicking ‘Start gasdosing’.
3.1.2. A close-up view of the pressure regulating system readout showing that the pressure is close to atmospheric pressure.
3.1.3. *To be provided by authors: Screen capture footage of clicking ‘Stop gasdosing’ when the system pressure is close to atmospheric pressure.
3.2. Next, pull down the temperature sensor. Disassemble the insulating cotton jacket and the double-walled thermostat. [1-MED]
3.2.1. Talent pulls down the temperature sensor, and then begins disassembling the insulating cotton jacket and the double walled thermostat.
3.3. Support the double-walled thermostat when the last screw is removed. Unload the double-walled thermostat, being careful not to knock the sensor traverse (tra-verse /træˈvərs/) tube with the wrench. [1-CU]
3.3.1. Talent finishes disassembling the double walled thermostat, supporting the double walled thermostat when the last screw is removed, and then unloads the double walled thermostat while being careful not to knock the sensor traverse tube with the wrench.
3.4. Then, disassemble the sample pool by removing the six screws symmetrically. [1-MED] Carefully open the sample pool. [2-CU]
3.4.1. Talent removes two screws symmetrically.
3.4.2. Talent removes the last screw and disassembles the pool.
3.5. Next, check whether the instrument balance frame is level. To adjust the balance frame, [1-MED-Over shoulder] turn the magnetic coupling controller knob to ‘Off’ [2-CU] and carefully raise or lower the feet and support screws. [3-MED]
3.5.1. Talent looks at the line formed by the weights, hooks, and sample container.
3.5.2. Talent points to the ‘Off’ position on the coupling controller. (The knob does not need to be turned to that position; this is just to show what someone would do.)
3.5.3. Talent points to the feet and support screws. (TEXT: Be careful not to move the balance frame unnecessarily or shake the balance support.)
Authors: The above shots are written on the assumption that the instrument will not need to be balanced. If it does need to be balanced, please instead show turning the instrument to the ‘Off’ position and adjusting the feet/support screws as needed for 3.5.2 and 3.5.3, respectively.
3.6. Once the system is balanced, take out the sample container [1-MED] and load a clean crushed shale rock sample into the sample container. [2-MED]
3.6.1. Talent takes out the sample container
3.6.2. Talent places a shale sample in the sample container.
3.7. Install the sample container, [1-CU] and then set the coupling to the appropriate position. [2-MED-Over shoulder]
3.7.1. Talent installs the sample container.
3.7.2. Talent checks the coupling and the sensor and adjusts the coupling as needed.
3.8. [bookmark: OLE_LINK88][bookmark: OLE_LINK89]Then, re-install the sample pool, being careful to keep the edges within the flange (flanj /flænʤ/). [1-CU] Install the screws symmetrically and turn the screws with gentle, uniform force. [2-CU]
3.8.1. Talent begins installing the sample pool, keeping the edges within the flange.
3.8.2. Talent screws in a screw symmetric to the first screw with soft, uniform force.
3.9. After installing the sample pool, try installing the double-walled thermostat to ensure that it can be installed smoothly in the later buoyancy measurement. [1-MED] Once this has been confirmed, remove the double-walled thermostat. [2-MED]
3.9.1. Talent tries installing the double-walled thermostat to make sure that it is installed smoothly; if not, talent adjusts the six screws. [3.9.1 and 3.9.2 combined]
3.9.2. Talent smoothly removes the double-walled thermostat.
3.10. Next, turn the coupling controller knob to each position to check the balance. [1-MED-Over shoulder] insert the temperature sensor and Install the electrical heating sheath and insulation cover. [2-MED] Connect the electrical heating power supply and turn on the power. [3-MED]
3.10.1. With the sample pool now installed, talent turns the coupling controller knob to a different position to check the balance of the MSB.
3.10.2. Talents inserts the temperature sensor and begins installing the electrical heating insulation cover.
3.10.3. Talent connects the electrical heating power supply and turns on the power.
3.11. Then, select the pretreatment program in the instrument software and open the configuration menu. [1-MED-Over shoulder]
3.11.1. Talent selects ‘Pretreatment’ in the software and clicks ‘Configure Measurement’ to open the configuration screen.
3.12. Name the measurement, choose the vacuum source, and select electrical heating. Set the sample temperature to 105 °C, the coupling temperature to 20 °C, and the duration to 600 minutes. Then, run the pretreatment program. [1-SCREEN-TXT]
3.12.1. [bookmark: OLE_LINK90][bookmark: OLE_LINK91]*To be provided by authors: Screen capture footage of giving the measurement a file name, selecting the vacuum, choosing electrical heating, setting the sample temperature to 105 °C, setting the coupling temperature to 20 °C, setting the duration to 600 minutes*, and running the program. (TEXT: Usually takes 10 h.)
Video editor: Please wait to add the text overlay until the program is being started.
3.13. [bookmark: OLE_LINK97][bookmark: OLE_LINK98]Afterwards, turn off the electrical heating and disconnect the power supply. [1-MED] Remove the electric heating sheath and install the double-walled thermostat. [2-MED] Wrap the thermostat with an adhesive insulation cover. [3-MED-Over shoulder]
3.13.1. Talent turns off the electrical heating power supply and disconnects the power supply.
3.13.2. Talent loosens the electric heating sheath and removes it from the pool.
3.13.3. Talent wraps the adhesive insulation cover around the now-installed double-walled thermostat.
3.14. Insert the temperature sensor. [1-MED] Next, in the software, select the buoyancy measurement program and open the configuration window. [2-MED-Over shoulder]
3.14.1. Talent inserts the temperature sensor.
3.14.2. Talent selects ‘Buoyancy’ in the software and clicks ‘Configure Measurement’.
3.15. Set the oil bath temperature to 50 °C. Set the maximum pressure to 70 bar, the pressure ramp to 2 bar/min, and the number of pressure steps to 7. Then, run the process, which usually takes 5 to 8 hours. [1-SCREEN]
3.15.1. *To be provided by authors: Screen capture footage of setting the oil bath temperature to 50 °C, setting the maximum pressure to 70 bar in 7 steps with a pressure ramp of 2 bar/min, and running the process.
3.16. [bookmark: OLE_LINK99][bookmark: OLE_LINK100]After that, select the sorption (sorp-shun /ˈsɔːrp ʃən/) measurement program. If desorption (dee-zorp-shun /diːˈzɔːrp ʃən/) will be evaluated, maintain the oil bath at 50 °C and set 19 pressure points stepping up from 0 bar to 250 bar and back to 0 bar. [1-SCREEN-TXT]
3.16.1. *To be provided by authors: Screen capture footage of selecting ‘Sorption’, clicking ‘Configure Measurement’*, setting the oil bath to 50 °C, and then setting the system to step from 0 bar to the maximum pressure and back to 0 bar in 19 steps overall (TEXT: Desorption only)**; then, turning off gas 2, opening gas 1, and starting the program.
[bookmark: _Hlk497475476]Authors: When you finalize this script after filming, please fill in the time in the 3.16.1 screen capture file when you finished setting the pressure steps (marked with ** above):
Timestamp of finishing setting the pressure steps: _____
Video editor: Please wait to add the text overlay until the ‘Configure Measurement’ window is opened (marked with *). Please remove the text overlay when the ‘Configure Measurement’ window is closed (i.e., the end of step 3.16).
Video editor: Please transition from step 3.16 to 3.17 at the above timestamp (marked in the shot description as **).
3.17. [bookmark: OLE_LINK101][bookmark: OLE_LINK102]Then, choose “gas 1”, instead of “gas 2 ” for the experimental gas, and run the program. [1-SCREEN]
3.17.1. The 3.16.1 screen capture footage starting from ‘…then, turning off gas 2’ (see timestamp above).
3.17.2. [Added Shot]: Turn off the “gas 2” helium cylinder and open the “gas 1” methane cylinder, and roughly adjust it to the appropriate output pressure with the control valve. (Editor: I’m not sure what’s best to use without seeing the footage. I’d suggest using both 3.17.1 and 3.17.2 side-by-side if the actions correspond. If not, use whatever seems to match the VO best)
3.18. [bookmark: OLE_LINK103][bookmark: OLE_LINK104]Use a pressurized pump if needed to manually increase the experimental gas pressure to the target value. Let the process finish before removing any components from the instrument. [1-MED]
3.18.1. Talent uses a pressurized pump to manually increase the gas pressure in the instrument.
4. Results: Isothermal Adsorption of Methane onto Shale
4.1. [bookmark: OLE_LINK109][bookmark: OLE_LINK110]Two shale specimens were crushed and divided by particle size. [1-LM] For all samples, the absolute methane adsorption capacity linearly increased with pressure between 0 and 60 bar. [2-LM] After that, the absolute adsorption capacity gradually plateaued. [3-LM]
4.1.1. Table 1 (1.xlsx): Emphasize ‘G1’ and ‘G2’ in the left column; the specimens are identified as G1 and G2 throughout the results.
4.1.2. Figures 3a and 3c (3a.tif and 3c.tif): Add the caption ‘G1 (abs)’ under 3a and the caption ‘G2 (abs)’ under 3c. On “linearly…”, highlight the parts of the lines that are between 0 and 60 on the x-axis, showing the data collected between 0 and 60 bar.
4.1.3. Figures 3a and 3c (3a.tif and 3c.tif), retaining the caption from above: Highlight the parts of the lines that are between 60 and 200 to show the absorption capacity plateauing at higher pressures.
4.2. The excess adsorption capacity followed a similar trend at lower pressures, [1-LM] reached a maximum at about 80 to 100 bar, [2-LM] and then decreased with increasing pressure. [3-LM]
4.2.1. Figures 3b and 3d (3b.tif and 3d.tif): Add the caption ‘G1 (exc)’ under 3b and the caption ‘G2 (exc)’ under 3d. On “followed a…”, highlight the parts of the lines that are between 0 and 60 on the x-axis to show the similar trend at lower pressures.
4.2.2. Figures 3b and 3d (3b.tif and 3d.tif), retaining the caption from above: Highlight the parts of the lines spanning about 60 to 100 on the x-axis to show the maxima.
4.2.3. Figures 3b and 3d (3b.tif and 3d.tif), retaining the caption from above: Highlight the parts of the lines from 100 to 200 on the x-axis, showing the decrease with increasing pressures.
4.3. Overall, shale samples with particle sizes of about 250 µm generally had [1-LM] the highest maximum absolute [2-LM] and excess adsorption capacity. [3-LM] 
4.3.1. Table 2 (2.xlsx): Highlight the ‘180-250’ and ‘250-425’ rows in each of the four sections.
4.3.2. Table 2 (2.xlsx), retaining the above highlighting: Further emphasize the cells in the Mabs column in the 180-250 and 250-425 rows (i.e., 3.16 and 3.03 for G1 and 3.1 and 3.11 for G2), which show the maximum absolute adsorption capacity for those ranges of particle sizes.
4.3.3. Table 2 (2.xlsx), retaining the above highlighting and emphasis: Further emphasize the cells in the Mexc column of the 180-250 and 250-425 rows (i.e., 2.46 and 2.49 for G1 and 2.4 and 2.53 for G2), which show the maximum excess adsorption capacity for those ranges of particle sizes.
4.4. This was attributed to the rock being crushed into smaller particles and to micropores and mesopores connecting to form mesopores (mes-oh-pores/ˈmɛs oʊˌpoʊrs/) and macropores (mack-ro-pores /ˈmæk roʊˌpoʊrs/), decreasing the total specific surface area of the shale. [1-LM]
4.4.1. Figure 3 (3a.tif, 3b.tif, 3c.tif, and 3d.tif): Emphasize the 40-60-1 and 60-80-1 lines in 3a and 3b and the 40-60-2 and 60-80-2 lines in 3c and 3d, which show the data for the particle sizes discussed in the previous paragraph. (40-60 is the equivalent of 180-250 in mesh sizes and 60-80 is the equivalent of 250-425 in mesh sizes.)
5. [bookmark: OLE_LINK115][bookmark: OLE_LINK116]Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. Li Gao: We first had the idea for this method when we considered how large particles should be used for isothermal adsorption experiments of shale in different regions.
5.2. Dr. Mingliang Liang: Once mastered, this technique can be done in 24 hours if it is performed properly.
[bookmark: ProvidedMedia][bookmark: OLE_LINK117][bookmark: OLE_LINK118]
PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
[bookmark: OLE_LINK119][bookmark: OLE_LINK120]Preferred movie formats: .mov, .mp4, .avi

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs. If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17600073

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

[bookmark: GeneralPrep]GENERAL PREPARATION
It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if you reach a step that takes more than 5-10 minutes, you will continue the demonstration using a previously-prepared sample that is the product of that step.
Alternatively, shots may be filmed out of order to allow time for a slightly longer process to finish. Please be sure to clearly mark any shots you may wish to film out of order in the script.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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