Submission ID #: 53044
Editor Name: Melissa Ceo
Videographer name: Naotomo Umewaka
Film Date: 9/14/2015

Authors and Affiliations: 
Sherif A. El-Safty1,2, Mohamed A. Shenashen1, Masaru Sakai3, Emad Elshehy1, and Kohmei Halada1

1National Institute for Materials Science 
 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, Japan

2Graduate School for Advanced Science and Engineering
 Waseda University, 3-4-1 Okubo, Shinjuku-ku, Tokyo 169-8555, Japan

3Center for Research in Isotopes and Environmental Dynamics
 Tsukuba University, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8572, Japan

Title: Detection and Recovery of Palladium, Gold and Cobalt Metals from the Urban Mine Using Novel Sensors/Adsorbents Designated with Nanoscale Wagon-wheel-shaped Pores 

Corresponding Author: 

Sherif A. El-Safty: E-mail: sherif.elsafty@nims.go.jp

Co-authors:

Mohamed A. Shenashen: shenashen.mohameda@nims.go.jp

Masaru Sakai: sakai.masaru.fp@u.tsukuba.ac.jp

Emad Elshehy: ELSHEHY.Emad@nims.go.jp

Kohmei Halada: halada.kohmei@nims.go.jp



A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.1, 2.5, 2.6, 3.1, 3.2, 3.5, 4.1, 4.3, 5.2, 5.3
D.  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.) Steps 5.2 and 5.3 are the most difficult steps because the required time to perform these steps is more than 24 hours.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? It is a 1-2 minute walk between our labs in the same building. However, if a conference room is needed for the interview, it will be a 3-5 minute walk.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of  this method is to detect and recover metals from the urban mine using novel sensors/adsorbents designated with hierarchical cubic Ia3d wagon-wheel-shaped mesoporous and micrometric particle monoliths.  

Is this “eye a3d” or “one a3d” or something else?  I did two takes when I saw this, but am still not sure if either is right.

 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sherif El-Safty: This method can help answer key questions in the green environment field and at the same time create an alternative source for critical materials in the industrial sector. 
1.2. Sherif El-Safty: The main advantages of this technique is overcoming the difficulty in recycling and reusing materials from urban mining, saving energy used in the mining process, conserving resources, and reducing pollution.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
*Note to the Authors: Due to the 150-word length restriction, three of the optional statements must be removed. We have deleted Sherif’s statement because he presents the entirety of the required interview statements and the majority of the conclusion statements.  We have also deleted one of Kohmei’s statements and Mohamed’s statement.  Please memorize all statements in advance of filming.
1.3. Kohmei Halada: The implications of this technique extend toward the sustainable use of scarce elements in industry. This technique will not only apply to recycling but also to develop a new extraction technique.


Protocol (read by voice talent at JoVE):

2. Fabrication of MSA Materials
2.1. First, add triblock copolymer Pluronic P123, pentadecane, and tetramethyl orthosilicate at a mass ratio of 1.6 to 2 to 1.2 to a 200-milliliter round-bottom flask containing 1 molar hydrochloric acid and water [2.1.1-MED-TXT]. Using a shaker thermostat, shake the mixture at 45 degrees Celsius until a homogeneous sol–gel is formed [2.1.2-MED-over the shoulder]. 
2.1.1. *Film as written, TEXT: 1.6:2:1.2 Pluronic P123:pentadecane:tetramethyl orthosilicate.
2.1.2. Show talent placing flask on shaker thermostat and turning it on.
2.2. After concentrating the mixture using a rotary evaporator, dry the as-made monolith at 45 degrees Celsius for 24 hours to complete the drying process [2.2.1-MED]. 
2.2.1. Show talent placing sample in oven.
2.3. Once the wagon-wheel-shaped monolith has been dried, calcine it at 450 degrees Celsius for 8 hours under normal atmospheric conditions [2.3.1-MED-over the shoulder]. 
2.3.1. *Film as written
2.4. Next, completely grind the calcined solid monolith by using a mortar and pestle [2.4.1-CU]. Store the ground material in a glass bottle for later use as a carrier platform in the fabrication of mesosensors/adsorbents, or MSAs [2.4.2-MED].  
2.4.1. *Film as written
2.4.2. *Film as written
2.5. To fabricate solid mesoporous sensor/adsorbents, add ethanolic 1,5-diphenylthiocarbazone dicarboxylate or 2-nitroso-1-naphthol solutions to a round bottom flask containing the solid wagon-wheel monoliths [2.5.1-MED-over the shoulder-TXT]. Mix for 1 minute to disperse the organic solution into the solid surfaces [2.5.2-CU]. 
2.5.1. Show talent adding one of the reagents to the flask, TEXT: Mesoporous sensor/adsorbents are designated as MSA-1 or MSA-3. See text protocol for details.
2.5.2. Show close-up of one of the solutions in the flask as it is being mixed.
2.6. After dispersing the 1,5-diphenylthiocarbazone dicarboxylate or 2-nitroso-1-naphthol solutions into the solid monolith, connect the flask containing this mixture to a rotary evaporator [2.6.1-MED]. Evaporate the mixture at 50 degrees Celsius and at a starting pressure of 1023 hectopascal [2.6.2-CU-TXT]. Then, remove the ethanol solution from the heterogeneous mixture under vacuum at ambient temperature to form solid MSA-1 or MSA-3 monoliths [2.6.3-MED-over the shoulder]. 
2.6.1. *Film as written
2.6.2. Show close-up of flask in rotary evaporator as solvent is being removed, TEXT: 50 °C, 1023 hectopascal.
2.6.3. *Film as written
3. Characterization of Materials
3.1. Disperse 1 milligram of the MSA-type sample in 5 milliliters of ethanol using an ultrasonic cleaner [3.1.1-MED]. When finished, add two droplets of the sample on a copper grid [3.1.2-CU]. 
3.1.1. *Film as written
3.1.2. *Film as written
3.2. Perform High Resolution Transmission Electron Microscopy, or HRTEM, using a transmission electron microscope connected to a CCD camera [3.2.1-MED]. Record the micrographs at an acceleration voltage of 200 kilovolts to obtain a lattice resolution of 0.1 nanometers [3.2.2-SCREEN-TXT]. 
3.2.1. Show talent placing sample on microscope.
3.2.2. *To be submitted by Author, TEXT: Acceleration voltage: 200 kV, lattice resolution: 0.1 nm.
3.3. Following this, pre-treat the wagon-wheel-shaped samples at 100 degrees Celsius for 8 hours under vacuum to equilibrate the pressure to ten to the minus three Torr [3.3.1-MED-TXT]. Then, measure the nitrogen adsorption–desorption isotherms at 77 Kelvin using a surface area and pore size analyzer as per the manufacturer’s instructions [3.3.2-SCREEN]. 
3.3.1. *Film as written, TEXT: 100 °C, 8 hr, 10-3 Torr.
3.3.2. *To be submitted by Author
3.4. Next, measure the X-ray Diffraction patterns by using an 18-kilowatt diffractometer and monochromated CuKα (pronounced copper kay-alpha) radiation, as per the manufacturer’s instructions [3.4.1-SCREEN].  Record diffractions by using both a graphite monochromator and Göbel mirror detectors with 2 theta angles between 0.1 and 6.5 degrees, corresponding to d-spacings between 88.2 and 1.35 nanometers [3.4.2-SCREEN-TXT]. 
3.4.1. *To be submitted by Author
3.4.2. *To be submitted by Author, TEXT: 2θ angles between 0.1 and 6.5 °, d-spacings between 88.2 and 1.35 nm.
4. Ion Detection and Removal and Formation of Metal-to-Ligand Binding Constants 	  
4.1. [bookmark: Bookmark2]At this point, immerse 20 milligrams of the wagon-wheel-shaped MSAs in a mixture of Pd (II), Au(III), and Co(II) (pronounced palladium two, gold three, cobalt two) ions [4.1.1-MED]. Adjust the volume to 20 milliliters and the pH to 2, 7, and 5.2, respectively, using a proper acid/base solution [4.1.2-MED-over the shoulder]. 
4.1.1. *Film as written
4.1.2. *Film as written
4.2. Mechanically shake the mixtures in a temperature-controlled water bath at 25 degrees Celsius for 45 minutes at a constant agitation speed of 300 rpm [4.2.1-MED-TXT].
4.2.1. *Film as written, TEXT: 25 °C, 45 min, 300 rpm.
4.3. Following this, filter the MSAs through 25-millimeter filter paper [4.3.1-CU]. After equilibration, use visual color assessment and reflectance spectra measurements to determine ion concentrations that adsorbed into the solid MSAs [4.3.2-SCREEN]. 
4.3.1. *Film as written
4.3.2. *To be submitted by Author
4.4. Determine the ion concentrations by comparing the reflectance intensities of the MSAs at the appropriate lambda max, during the addition of an unknown concentration of the target samples with those of standard concentration [4.4.1-SCREEN-TXT].
4.4.1. *To be submitted by Author, TEXT: MSA-1: 384 nm, MSA-2: 486 nm, MSA-3: 537 nm.  
4.5. Then, conduct other experiments using target Pd(II), Au(III), and Co(II) ion concentrations at the  optimum pH  values of 2, 7, and 5.2, respectively, using UV-vis spectroscopy [4.5.1-MED-over the shoulder].
4.5.1. Show talent placing samples in UV-vis instrument.
4.6. After filtering the solid MSAs to remove the ions, analyze each filtrate by inductively coupled plasma mass spectroscopy, or ICP-MS [4.6.1-MED].
4.6.1. Show talent walking up to ICP-MS instrument with samples in hand.
4.7. Next, determine the limits of detection of the MSAs using the following equation [4.7.1-LM-TXT].
4.7.1. LOD = 3σ/Ψ, TEXT: σ and Ψ are standard deviation and slope of calibration graph.
5. Selective-Ion-Extraction Experimental System and Metal Extraction from Urban Mine
5.1. Adjust the pH of extracted solution to 2, 7, and 5.2 for the Pd(II), Au(III), and Co(II) ions, respectively [5.1.1-MED-over the shoulder-TXT]. Alter the concentrations of the interfering metal ions to less than or equal to 5 times greater than the concentrations of the target ions [5.1.2-CU]. Then, add 2 milliliters of a complex-forming agent to the extracted solution prior to the addition of target ions to restrain actively reacting Cu(II) ions [5.1.3-MED]. 
5.1.1. *Film as written, TEXT: pH 2 for Pd(II), pH 7 for Au(III), pH 5.2 for Co(II).
5.1.2. Show close-up of samples as talent adds metals to them.
5.1.3. *Film as written
5.2. For metal extraction from the urban mine, dissolve a PCI board in strong acids at 90 degrees Celsius for 6 hours to get the metal ions in solution [5.2.1-MED-over the shoulder-TXT].  
5.2.1. *Film as written, TEXT: 90 °C, 6 hr. 
5.3. Add 40 milligrams of the MSAs to a 150 milliliter solution containing the Pd(II), Au(III), and Co(II) ions to extract these ions into the solid MSAs [5.3.1-MED].   After filtering the solid MSAs, analyze the filtrate by ICP-MS [5.3.2-MED-over the shoulder]. 
5.3.1. *Film as written
5.3.2. Show talent placing samples in ICP-MS instrument.

6. Results: Detection and Recovery of Target Metal Ions from Urban Mines 
6.1. Wagon wheel shape pores featured the cubic Ia3d structures of the MSAs, as evidenced by TEM [6.1.1-LM]. Six-fold symmetric channels with different nano-sized interconnections in wagon wheel pores are shown here [6.1.2-LM]. 
6.1.1. 6.1.1_Figure 1.tif
6.1.2. 6.1.1_Figure 1Center.tif
6.2. Organic moieties with potential functional active sites are strongly anchored onto the wagon wheel pores via hydrogen-bonding with retention of the cubic Ia3d geometry [6.2.1-LM], as evidenced by the Bragg reflection planes [6.2.2-LM]. 
6.2.1. 6.2.1_Figure 3.tif
6.2.2. 6.2.2_Figure2A.tif
6.3. The changes in reflectance intensity of the MSAs indicate metal-to-ligand binding events during the formation of the complexes [6.3.1-LM]. 
6.3.1. 6.3.2_Figure 6B New.tif, 6.3.2_Figure 6C.tif, 6.3.3_Figure 6D.tif
6.4. MSAs are effective in removing and monitoring Pd(II), Au(III), and Co(II) ions from the urban mine and lithium ion battery solutions over a wide-range of  concentrations and at very low metal quantities [6.4.1-LM]. 
6.4.1. 6.4.1_Figure 6F.tif
6.5. The selectivity of the MSAs was evaluated [6.5.1-LM]. Significant changes in the reflectance spectra and visible color patterns were evident upon addition of 1 to 18 competing ions [6.5.2-LM]. 
6.5.1. 6.5.1_Figure 7A.tif
6.5.2. 6.5.2_Figure 7D.tif
6.6. The reusability of the MSAs was assessed by examining the reflectance spectra of the target ion sensing/capture assays and determining the uptake efficiency as a function of regeneration cycle [6.6.1-LM]. Results indicated that the MSA functionalities were maintained over eight regeneration cycles [6.6.2-LM]. 
6.6.1. 6.6.1_Figure 8A.tif
6.6.2. 6.6.2_Figure 8B.tif

7. Conclusion (said by authors on camera)
7.1. [bookmark: _GoBack]Masaru Sakai: Once mastered, the extraction technique can be done effectively in one hour if it is performed according to our methodology.
7.2. Sherif El-Safty: While attempting this procedure, it’s important to remember its value in treating e-wastes containing both hazardous materials and valuable elements. In essence, this technique helps reduce the high risk of environmental damage.
7.3. Mohamed Shenashen: Following this simple procedure, a mass-scale, efficient, cost-effective and easy-to-use recovery system of metals from natural ore and e-waste can be built for environmental protection in the industrial sector.
7.4. Kohmei Halada: After its development, this technique paved the way for researchers in the materials, chemical analyses and engineering fields to explore it as a power technology not only in secondary metal sources but also in environmental pollution.    
7.5. Sherif El-Safty: After watching this video, one should have a good understanding of how the hierarchal wagon-wheel-shaped nanomaterials can offer new approaches to chemical analysis and recovery of metals from natural ore and industrial waste.
7.6. Sherif El-Safty: Don't forget that recovering hazardous and valuable resources from e-wastes is a new avenue in environmental and industrial applications.
   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

6.1. –  53044_PIname_6.1.1._Figure1.tif -  TEM of Wagon wheel shape pores
6.1.- 53044_PIname_6.1.2._Figure1.tif -  Wagon wheel shape (Zoom into center image of Figure 1)

6.2 –  53044_PIname_6.2.1_Figure3.tif -  Systematic engineering of the MSA-1
6.2 –  53044_PIname_6.2.2_Figure2A.tif -  Bragg reflection planes

6.3 –  53044_PIname_6.3.1_Figure6B.tif -  Reflectance intensity of the MSA-1 with addition of Pd(II) ions
6.3 –  53044_PIname_6.3.2_Figure6C.tif -  Reflectance intensity of the MSA-3 with addition of Au(III) ions
6.3 – 53044_ PIname_6.3.3_Figure 6D.tif -  Reflectance intensity of the MSA-2 with addition of Co(II) ions

6.4 –  53044_PIname_6.4.1_Figure 6F.tif -  Calibration plots of (R − R0) vs. [M n+] for MSA-1, MSA-2, and MSA-3

6.5 –  53044_PIname_6.5.1_Figure 7A.tif -  Changes in the reflectance spectra of MSAs with addition of target ions and 18 elements
6.5 –  53044_PIname_6.5.2_Figure 7D.tif -  Changes in the visible color patterns of MSAs with addition of target ions and 18 elements

6.6 –  53044_PIname_6.6.1_Figure 8A.tif -  Reflectance spectra of the target ion sensing/capture assays with cycles
6.6 –  53044_PIname_6.6.2_Figure 8B.tif -  Uptake efficiency as a function of regeneration cycle


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.

 2013, Journal of Visualized Experiments

