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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  
Can you record movies/images using your own microscope camera? (N) 
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (N)
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.

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.)
Step 2.3;step 2.4;step 3.4;step 5.3
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.)
Step 2.5 The relationship between the graphene nanosheets and centrifugation speed should be predetermined before the centrifugation step. To obtain the relationship, several dynamic light scattering tests to determine the upper limits of the graphene nanosheets size distributions.
3.2.5 The mean extinction coefficient values is vital to determine the concentration of the resulting suspension. To obtain accurate concentration results, more than 3 data points were tested to get the slope of the curve.
5. Will the filming need to take place in multiple locations? (Y) 
If yes, how far apart are the locations? 
In the same campus. The distance is about 2 km.

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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Du Baolei: The proposed method employs exfoliation process and centrifugation process to control the lower limits and upper limits of size distributions of resulting graphene suspension separately [1].
1.1.1. INTERVIEW

1.2. Du Baolei: _ The main advantage of the proposed method is that the final size distribution is controllable by adjusting the process parameters of the exfoliation step and the centrifugation step [1].
1.2.1. INTERVIEW




Section - Protocol
2. Exfoliation of Graphite in A Liquid Phase
2.1. In a dry clean flat-bottom flask, add 20 grams of PVA, and then add 1,000 milliliters of distilled water [1-TXT]. Gently swirl the flask until the PVA fully dissolves [2]. Then, add 50 grams of graphite powder to the flat-bottom flask, and gently swirl the flask until the graphite powder fully disperses in the suspension [3].
2.1.1. Talent adds powder and then adds water in a flask. TEXT: CAUTION: PVA (polyvinyl alcohol) is harmful!
2.1.2. Talent swirls the flask, and shows the powder dissolves.
2.1.3. Talent adds black powder into the flask, and swirls.
2.2. Transfer 500 milliliters of the resulting suspension to a 500-milliliter beaker [1]. Place the beaker under a shear mixer, positioning the beaker near the center of the mixing vessel to prevent the formation of a vortex [2]. Lower the mixing head to its lowest position, 30 millimeters from the base plane [3].
2.2.1. Talent transfers suspension into a beaker.
2.2.2. Talent places the beaker under mixer near the center.
2.2.3. Talent lowers the mixing head.
2.3. Next, prepare a water bath by filling a 5,000-milliliter beaker with room temperature water, and position the 500-milliliter beaker in the bath [1]. Start the mixer and increase the speed gradually to 4,500 rpm [2]. Mix at this speed for 120 minutes [3]. Change the water every 30 minutes [4].
2.3.1. Talent prepares water bath.
2.3.2. CU: Talent starts the mixer, and increases the speed. Close up of the control button on the mixer.
2.3.3. Shot of the mixing.
2.3.4. Talent changes the water.
2.4. Perform this exfoliation step five more times with different duration. The mixing time determines the lower lateral size limit of the graphene nanoflakes [1-TXT]. Collect the 500-milliliter generated suspensions after each exfoliation step [2].
2.4.1. Shot of the mixing. TEXT: 40 min, 60 min, 80 min, 100 min, and 120 min
2.4.2. Talent pours the suspension into centrifuge tubes.
3. Centrifugation
3.1. Label each suspension with the exfoliation time [1], and centrifuge the collected suspension at 140 times g for 45 minutes [2-TXT] to remove the unexfoliated graphite [3]. Use a pipet to collect the top 80% of the supernatant from each centrifuge tube for further centrifugation [4].
3.1.1. Talent labels the suspension.
3.1.2. Talent places the tubes into centrifuge. TEXT: 140 x g; 45 min
3.1.3. Talent shows the centrifuged tubes.
3.1.4. CU: Talent transfers supernatant into another tube.
3.2. Centrifuge the supernatant suspension from the last centrifugation step at 8,951 times g for 45 minutes [1-TXT]. Collect the upper 50% of the supernatant in the centrifuge tube [2], and label the sample with a number [3].
3.2.1. Talent places the tubes into centrifuge. TEXT: 8,951 x g; 45 min
3.2.2. Talent transfers 50% of suspension into a tube.
3.2.3. CU: Talent labels the tube with centrifugation speed.
3.3. Then, to recycle the sediment on the bottom of the centrifuge tube, add 50 milliliters of the previously prepared PVA water reagent to the sediments [1], and shake the tube vigorously by hand until the sediment is well dispersed in the suspension [2].
3.3.1. Talent adds solution into tubes.
3.3.2. Talent shakes and then shows the sediment is dispersed.
3.4. Centrifuge the suspension at 8,951 times g for 45 minutes [1]. Collect the upper 80% for further measurements [2]. Repeat this centrifugation step for the pellet four more times with four different centrifugation speeds. The centrifugation speed determines the upper lateral size limit of the graphene nanoflakes [3-TXT]. 
3.4.1. Talent places the tubes into centrifuge.
3.4.2. Talent takes out the tubes, and transfers 80% into new tubes.
3.4.3. [bookmark: _GoBack]Talent adds PVA/water into the tube and gently swirl to make new suspension and places the tubes into centrifuge. TEXT: 5,035 x g, 2,238 x g, 560 x g, and 140 x g Videographer: Take multiple shots, as this will be used later.
4. Concentration Measurements of The Resulting Nanofluids
4.1. Now, prepare the UV-Vis (pronounce as ultraviolet–visible) spectroscopy [1]. With the previously prepared PVA water solution in a dry clean sample cell, calibrate the UV-Vis spectrometer [2], setting the PVA water concentrations to 0% [3].
4.1.1. CU: Talent turns on the UV-Vis spectrometer, Put the sample cell in the device.
4.1.2. Talent calibrates the spectrometer.
4.1.3. CU: Focus on changing the reading to 0%.
4.2. Then, add the PVA water resuspension after centrifugation to a dry clean sample cell with a path length of 10 millimeters [1], and obtain a readout using the manufacturer’s software [2]. Click the obtain button to get the measurement results graph and save the results [3].
4.2.1. Talent loads the sample into spectrometer, and shows the path length.
4.2.2. Talent shows the readout.
4.2.3. Talent clicks the obtain button and saves.
4.3. Next, to determine the graphene weight, vacuum filter the sample suspension using a nylon membrane with a pore size of 0.2 microns [1]. Obtain the membrane film, and wash with approximately 200 milliliters of water into a beaker [2]. Repeat the wash three times until all the solids are washed away from the membrane [3].
4.3.1. Talent shows the membrane filter, and then pours the sample suspension over.
4.3.2. Talent washes the film with water.
4.3.3. Talent obtains the film from the wash and shows it.
4.4. Determine the washed water mass with a high-precision microbalance to obtain the weight of the solids [1].
4.4.1. Talent weighs the washed water.
5. Concentration Adjustment of The Resulting Nanofluids
5.1. Again, vacuum-filter the water suspensions using a nylon membrane with a pore size of 0.2 microns [1]. Obtain the membrane and dry it at room temperature for over 12 hours [2].
5.1.1. Talent shows the membrane filter, and then pours the water suspension over.
5.1.2. CU: Talent places the membrane on a surface.
5.2. Subsequently, rinse the film with 100 200 milliliters of hot deionized water into a beaker [1]. If the desired concentration is less than the production rate at 1 milligram per milliliter, add the prepared PVA water solution to obtain the desired concentration [2-TXT].
5.2.1. CU: Talent rinses the film. Close up of the film.
5.2.2. Talent adds solution into the sample vials. TEXT: production rate of graphene: 1 mg/mL
5.3. If the desired concentration is higher than 1%, dry the deionized water under vacuum in the drier for 24 hours [1] to obtain the graphene nanosheets [2].
5.3.1. Talent places the water in a beaker
5.3.2. CU: Shot of the graphene nanosheets.



Section – Results
6. Results: The Effect of Different Centrifugation Speeds
6.1. In this protocol, the UV-Vis measurement for the various flake size distributions [1] shows the spectra absorbance peak obtained at a wavelength of 270 nanometers, indicating the evidence of the graphene flakes [2]. Suspension with different concentration has different 660-nanometer absorption [3].
6.1.1. Figure 1
6.1.2. Figure 1 – Video editor: emphasize the dashed line at 270 nm.
6.1.3. Figure 1 – Video editor: emphasize the dashed line at 660 nm.
6.2. The D band and 2D band of the Raman spectroscopy determines the flake thickness of the graphene nanoflakes [1].
6.2.1. Figure 2
6.3. The D-band of the Raman spectrum, which is related to graphene sp3 (pronounce as s-p-3) carbon atoms, distinguishes between the initial graphite and the graphene nanoflakes [1]. Low D-band intensity indicates the defect-free graphene nanosheets [2].
6.3.1. Figure 2 – Video editor: emphasize the left part of the image with “D” label.
6.3.2. Figure 2 – Video editor: emphasize the left part of the purple trace with “D” label.
6.4. Distinctive size distribution was observed for the resulting suspension prepared using different centrifugation speeds [1]. 
6.4.1. Figure 3 – Video editor: emphasize the left part of the image with “D” label.
6.5. Both the transmission electron microscopy and the scanning electron microscopy show that graphene was produced, and the exfoliation was successful [1].
6.5.1. Figure 4&5 – Video editor: show the two images at the same time.
6.6. However, the centrifugation step only worked on nanoparticles with mean diameters larger than 1,000 nanometers [1].
6.6.1. Figure 6 – Video editor: emphasize the red trace.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Du Baolei: The relationship between the upper limits of size distributions with centrifugation speed should be predetermined [1][2].
7.1.1. Use 3.4.3
7.1.2. INTERVIEW
7.2. Du Baolei: Synthesized nanofluids with the proposed method, the heat transfer efficiency is possible to be manipulated under conditions like thermal conductivity, convection heat transfer applications, etc [1].
7.2.1. INTERVIEW
7.3. Du Baolei: The PVA polymer is harmful to human, face mask and gloves should be used to protect the operator [1].
7.3.1. INTERVIEW
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