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Transparent metalloids have been the talk of science fiction for decades.  Breakthrough scientific research in material science has shown that a new form of macroporous solid can be developed, effectively creating transparent metal films.  Using a method of growing identical silica spheres, a controlled system of porosity is created.  The silica spheres are formed at a diameter matching the top of the visible spectrum, being 700 ± 10 nm.  Once formed the silica spheres are tightly packed and heated to 800C in a sintering process.  Metallic crystals, ~5nm, are added and then melted to fill in the microscopic gaps between the spheres.  The material is heat treated to coarsen the grain structure.  Silica is dissolved away using a 2% hydrofluoric acid solution, leaving behind the transparent macroporous metal.  The metal will be made to a thickness of 1 - 3μm to maintain desired qualities and also to remain within the limits of current manufacturing control capabilities.  The film is effectively 75% empty space and the metal appears as a “smoky or cloudy” transparent film.  Two groups are currently working on transparent metals, one at Rice University in Houston and the second at Pennsylvania State University.  Furthermore, this transparent metal could potentially be applied in space to protect viewing ports from micro meteors.  
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Motivation 
[image: ]Many applications make use of polymers and glasses for the transparent qualities they possess.  Specialized applications would benefit from using a material that is transparent with the additional properties of metals.  Viewing ports or windows aboard the International Space Station (ISS) are not entirely protected from micro meteor impacts.  Typically, micro meteors that impact the ISS are charged.  The prime objective of the window structure is to withstand the impact of these meteors while maintaining the viewing area.  The impacts typically release high amounts of energy, which can pose a danger to the spacecraft.  However, a transparent metallic film could be laid over the window to absorb impact meteors and act as a deflecting shield.  Forcing a current through the metal film would generate a magnetic field strong enough to deflect some of these particles.  A transparent metal film can be developed, being in itself simply a thin macroporous metal sheet, similar to the grating used on buses to paint the exterior.  The astronauts, similar to the bus passengers, would be able to see out, yet the film would protect the viewing port from impacts.  Currently the technology exists to create porous matrices with 10 – 1000nm diameter pores.  This technology can be expanded to create the transparent metal films, both templates and the film metal, used for this application.

Goal 
Transparent metal films, with the properties of temperature resistance, impact resistance, radiation protection, and magnetic particle deflection, will be used in the protection of spacecraft viewing ports.  Once developed, the application of the film will help decrease the risk of particle impacts and the damage done by particles that manage to impact the viewing port.  The gaps in the matrix of the metal film will necessarily be 700 ± 10nm in diameter, matching the visible electromagnetic spectrum.  As seen in Figure 1, the size of the pores directly affects the wavelengths of light that transmit.  Additionally, micro meteors, which typically attack the hull of a spacecraft, will not be able to easily penetrate through the film.  Forcing a current through the film will create a magnetic field to deflect the micro meteors.  Charged meteor particles in space will then be deflected away from the viewing port.  The choice of metal or alloy is critical for this film as several processes must occur to make the transparent metal and also to bestow upon it the properties mentioned here.  

Background 
Transparent metal films are developed by creating ordered porous matrix structures.  Specifically, a chosen metal or alloy with predetermined properties will be shaped around a colloidal silica template.  The templates will be created from monodisperse silica particles, 700 ± 10nm in diameter, which have been pressed into pellets at 1 x 104 kPa.  The particles are then sintered slightly at their points of contact by heating to 800ºC.  This method ensures pore connectivity in the metal matrix at the points of contact.  Metal or alloy crystals are added across the template and melted to fill in the free space in the matrix.  Heat-treating the film to coarsen the grain structure is the next step, thus strengthening the film.  Once the alloy has been added and treated, the silica particles are dissolved using a 2% hydrofluoric acid solution.  The resulting matrix will be washed with water and dried.  The completed pore size would then be fixed at the diameter of the silica particles (700 ± 10nm).  Current technologies will leave <3% silica in the matrix.  A similar process is shown in Figure 2.
[image: ]
The silica, SiO2, pellets are synthesized by the base-catalyzed, controlled hydrolysis of tetraethoxysilane (TEOS) in a nonionic reverse micellar system.  The synthesis is preformed at [image: ]23ºC, and the size of the silica spheres are controlled by varying the water-to-surfactant molar ratio (R).  Particle growth is also dependent upon time to decrease the percent in size distribution of the particles.  Time is important in determining the desired diameter of the silica particles.  Once formed, the colloid silica is tightly packed to create a silica based colloidal crystal template, as seen in Figure 3A.  Once sintered, the template will act as the basis for the metallic macroporous film.
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Metals that have been researched for this application have included gold, silver, cobalt, copper, nickel, and platinum.  If the film is untreated it is typically mechanically or thermally unstable.  The films must be sufficiently thick to be handled; yet under vigorous sonication (50W, 5min), the films fracture, and in the case of copper, the porosity is completely destroyed.  Heat-treating the films after the silica is removed simply decreases the pore size at temperatures of only 500ºC.  To counter act this, the metals are heat-treated in a vacuum before the etching process to remove the silica, significantly coarsening grain structure.  After this process macroporous nickel is able to withstand prolonged sonication and heating in a vacuum to 500ºC.  Similarly, platinum is able to withstand heating in air up to 1000ºC.  As shown in Table 1, the grain size of both nickel and platinum increase from 2 ± 0.5nm to 47 ± 4nm and 21 ± 2nm to 32 ± 3nm respectively with the heat treatment process.
Currently this process has been completed successfully, creating polymer and metal films on a small scale.  Large-scale formations of metal films (in length and width) have not been discussed in technical papers, thus the application of this material on a large scale must be researched.  The chosen metal must be resistant to the corrosive effects of hydrofluoric acid during manufacture and be able to withstand micro meteor impacts.  Though the pore size is too small to be penetrated, the matrix is effectively 75% empty, thus high yield strength is desirable to maintain the structure.  Heat resistance and magnetic properties are key factors that will influence the use of any material for this application.

Main text/Research
The choice of alloy for this application is based on its ability to retain its structure under mechanical and thermal stress and intrinsic magnetic properties.  A nickel-platinum alloy (Ni-20 wt% Pt) is used for its magnetic properties below 300ºC and its melting temperature of 1456ºC.  Once heat-treated it has high temperature resistance and is strong under extended exposure to sonication.  An important feature of this alloy is its magnetic properties.  Charged particles and micro meteors above the Earth may be deflected as long as the metal film is surrounded by a magnetic field, which may be enhanced by a current flowing through the matrix.  The alloy will retain its magnetic properties under 300ºC, thus the magnetic properties will not be affected significantly when the film is facing the sun or away from it, heating or freezing the film respectively.  While the platinum is useful to increasing the temperature range of the film, it hinders the magnetic range of pure nickel by 61ºC.  This is an acceptable loss, as nickel alone would not be able to stand physical deformation at temperature changes above ~500ºC without the presence of platinum.  The melting temperatures and magnetic properties of the materials used to create the film can be seen below in Table 2.
Table 2 - Material Melting Points and Magnetic Properties
	
	Material
	Melting Temperature (ºC)
	Magnetic Properties

	Template
	Silicon
	1687
	N/A

	Material #1
	Nickel
	1728
	below 361ºC

	Material #2
	Platinum
	2041.4
	N/A

	Material #3
	Ni-20wt% Pt
	1456
	below 300ºC



[image: ni_pt]
Figure 4 - Nickel - Platinum Phase Diagram

The alloy will be formed into a metallic film approximately 1 - 3μm thick.  The thin film will retain its transparent qualities; yet will be thick enough to resist impacts and to generate the required magnetic field.  The Ni-Pt alloy is resistant to corrosion, a property that will give long life to the film.  There is currently no industrial application for this metal; therefore the manufacturing process of this alloy would need to be worked out.  In addition, the metal alloy must be manufactured and then broken into a powder or crystals on the order of ~5nm to properly form around the silica template.  The largest challenge is to manufacture the alloy and to evenly disperse it into the colloid silica template.  Retaining homogeneity of the material will be difficult, though it is needed to maintain the strength, temperature, and magnetic properties of the film.
One method that may be employed to create homogeneous alloy distribution would be to form colloidal pellets of the alloys ~5nm in diameter.  Using similar technology as that used to create the silica colloidal template; the spheres would be synthesized by the base-catalyzed controlled hydrolysis of a specific chemical solution created for this application.  The technology exists to synthesize particles down to the level of ~10nm, a technology that could be extended to 5nm with accurate time control and synthesis processes.  Once synthesized, these would be added into the silica template, after the sintering process.  With the addition of the Ni-Pt particles, the matrix would be heated to melt the alloy around the silica, thus retaining homogeneity.
[image: ]Heat treatment will be used to coarsen the grain structure of the film.  A larger grain structure is needed for mechanical and thermal stability.  The heat process used will also determine the magnetic properties of the material.  Though the relations between Ni-Pt grain size and magnetic properties remain to be researched, it is likely that the larger grain structure will impart a larger magnetic field to the film.  Analogous to this are single magnets vs. multiple magnets.  The multiple magnets will act as a larger magnetic object than the single magnet, giving a distinct advantage for this application.  However, as with grain size, there still exists no research as to the amount of current that must be forced through the film to amplify the magnetic field.
[image: figure6]Following assembly the film must be tested to ensure its mechanical and thermal stability and the uniformity of its pores and plane structure.  To do this, films will be randomly analyzed using a transmission electron microscope, atomic force microscope (AFM), scanning electron microscope (SEM), x-ray machine, or spectrofluorometer.  This will give an indication to the accuracy of the manufacturing method.  AFM and SEM images of different macroporous metal films can be seen in Figures 5 and 6 respectively.  Mechanical testing will take test plates every few cycles and place them through rigorous sonication testing.  This will determine the strength of the pore structure to vibrations and impacts.  Thermally the sample plates will be heated and cooled in several cycles and checked using the same equipment as above to ensure stability and uniformity.  Long term thermal testing would be useful in determining the life of the film under constant exposure to the changing temperatures in space.
For transportation and application in space, the film will be fixed in a frame against a UV protected polymer.  The polymer will help stabilize the large film structure during transportation to space and protect it from breaking under accidental impact by an astronaut installing the frame.  The frame will be attached to the hull of the ISS with the UV polymer applied to the viewing port.  A current forcing circuit with electrical connections will be attached to the frame and fed by the solar arrays on the ISS.  Care will have to be taken to not damage the structure by rough handling.  Once activated, the film will then protect the viewing port from micro meteor impacts.



Conclusion 
The preliminary manufacturing techniques and application of metallic macroporous solids is clearly examined in this study.  The transparent metallic film is developed using a 700 ± 10nm colloid silica template and is approximately 1 - 3μm thick.  Using the Ni – 20 wt% Pt alloy for this film will impart mechanical and thermal stability.  The magnetic properties of the material may be enhanced by forced current flow and used in conjunction with a UV protected polymer backing to deflect micro meteors or absorb impacts.   Future research should be conducted to determine how to stabilize the film for use, what grain size would be most effective in producing the desired magnetic deflection field, and what thickness optimizes the transparency of the film while maintaining the magnetic properties.  Research should also look into producing errors in the colloid silica to disperse radiation smaller than 400 nm from passing through the film.	
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Figure 3 - 4) SEM image of a silica colloidal crystal
template. B) TEM image of a colloidal silica sphere with
gold nanocrystals attached after heat treatment.
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Table 1. Energy-Dispersive X-ray (EDX) Analysis and Film Properties of the Macroporous Metals®

energy-dispersive X-ray (EDX) anal of the metal films (atom %) ppp gy nanocrystalline particle size
sample 0 Si A metal before heat alier heating
Ni 16+ 00 0704 08 +05 NETE) 26(118) 205 CET
Cu S8+ 11 2407 18+08 013 +£07 12(9.8) 5403
Ae 2812 23410 25506 05+ 14 12(10) 0%2
Au L7+ 10 1.2+03 05113 3243
[ 16504 06+02 08403 049 £ 08 22 2+

“EDX analysis was carried out on a Philips XL30 ESEM at 30 kV. Typical concentrations of carbon and byproducts of clectroless plating of
the macroporous films were below 2% (atom %4). XRD was performed on a Siemens D000 diffractometer using Cu Ka radiation and a Rigaku
Geigerflex using Mo Kot for the copper film. For the heating studics, metal=silica films were heated at 500 °C under a vacuum for 5 h. The silica
was then removed by HE wash. BET experiments were performed on a Coulter SA3100 using nitrogen absorption. Thicker samples were prepared
for BET using a filration method® to make the silica colloidal crystal, which was then exposed to gold nanoparticles and anncaled at 800 “C for
2 h before templating by methods described above. Values shown in parentheses are surface areas caleulated assuming smooth spherical voids
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Figure § - AFM of the surface topology
of macroporous platinum. Void
diameters measured from the image

(@= 410+ 62nm) agree with the SEM
(d=353nm).
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Figure 6 - SEM intages of three macroporaus
£ims. A) Top view of platixum film with 318
LSt diameter voids. B) Cress section views of
acopper Sl with 325 & L5nm diame er veids.
€3 Nickel Bl with 353 £ 17am diameter voids
and 15 colloidal layore.
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Fig. 3. Typical SEM images of macroporous metal films. A) Top view of a
macroporous copper film with 325 + 15 nm diameter voids. The bottom left
inset shows the FFT of a low magnification image of a 40 x 40 um” region.
B) Top view and FFT of a silver film with 353 + 17 nm diameter voids. C) A
high magnification image of a macroporous nickel film showing the smaller
pores (60 10 nm) that interconnect the air cavities. D) Top and cross-sec-
tional view of the macroporous copper film from (A) at lower magnifica-
tion. The sample is scraped using a sharp razor blade to expose the cross sec-
tion and tilted 30-40°, which reveals the porous morphology throughout the
film.
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Figure 2 - Process for the formation of macroporous metals by gold
‘nanocrystal catalyzed electroless deposition
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