Conductive Plastic Fights Corrosion
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ScienceDaily (Nov. 6, 2007) — Corrosion is the process by which a material breaks down due to reactions with its surroundings, usually by means of oxidation. 

It poses great problems to our society, making it the subject of investigation for many research groups, which dedicate great efforts to find means to prevent or control this process. The Universidad Autónoma de Madrid has tested a new protection technique that consists of the electrodeposition of a conductive polymer (polypyrrole) over the surface of a material like copper that is easily oxidised. 

 Copper is widely used for many applications and being a metal that oxidises relatively easily, its conservation represents a great economical benefit. 
Conventional methods to avoid or minimise corrosion of the material are in many  cases short lived, very expensive and involve the use of toxic chemicals. 

A recent article by Pilar Herrasti published in the Electrochimica Acta journal describes how copper has been successfully covered with a conductive polymer that creates a barrier with the corrosive environment while leaving the conductive property of the material untouched. Conductive polymers are remarkable materials - plastics with a slightly altered composition that make them capable of conducting electricity. Synthesising these polymers is not complicated and the process can be varied to increase or decrease their conductivity. 

When an oxidising potential is applied to a pyrrole solution, it oxidises the compound over the electrode, and a thin film of the material is laid over the metal. In the case of copper, the methodology involves generating a layer of copper oxide over which the polymer is deposited. This layer is conductive like the metal and since it is deposited in an oxidised state it can then be reduced, maintaining the copper in the passivity zone (non corrosion zone), while simultaneously acting as a physical barrier between the copper and the environment. For its effect to be adequate on the material there are two fundamental conditions, the oxide-reductive potential must be high and there should be minimal porosity.

To achieve this goal, a detailed study of electrodeposition has been carried out, using different techniques, and adjusting the different parameters such as environmental composition and potentials or currents applied. The polymer deposited copper was then tested by submerging it in a solution of NaCl, simulating sea water, which is one of the most corrosive environments there are, since it contains large numbers of chloride ions. These ions are responsible for an extremely localised form of corrosion that leads to the creation of small holes in the metal, known as pitting. The study of the behaviour of these materials had led to the conclusion that by tuning the different parameters, a thin film can be created that withstands the attack of this harsh environment for at least a month.

Breakthrough Polymer Is Lightweight, Conductive, Corrosion-Proof, Flexible

ScienceDaily (Jul. 9, 2007) — University of Virginia engineering professor Mool C. Gupta and his team have used carbon nanotubes to unite the virtues of plastics and metals in a new ultra-lightweight, conductive material that may revolutionize electromagnetic shielding and more.  

Sensitive electronic devices like cell phones and computers require shielding from electromagnetic interference (EMI). Such shielding — which must be electrically conductive — has traditionally been made of metal, which poses a weight problem in the push to miniaturize and lighten electronics. In response, Gupta led a team that has developed an ultra-lightweight nanocomposite that outperforms conventional shielding. 

This new nanocomposite material is a mixture of plastic, carbon nanotubes and a foaming agent, making it extremely lightweight, corrosion-proof and cheaper to produce than metal. The carbon nanotubes play a key role in creating these unique properties, explained Gupta. Most notably, experiments revealed that only 1 percent to 2 percent of the material’s composition needed to be comprised of nanotubes to increase the electrical conductivity by 10 orders of magnitude. The addition of carbon nanotubes also increased the material’s thermal conductivity, improving its capacity to dissipate heat. 

“Metal is not only heavy; it corrodes easily,” Gupta said. “And plastic insulators are lightweight, stable and cheaper to produce, but cannot conduct electricity. So the goal, originally, was to take plastic and make it electrically conductive.”

After experimenting with adding metal powder to plastics without impacting the weight of the material significantly, Gupta turned to carbon nanotubes. With their ultra-small diameter, high aspect ratio, high mechanical strength, good electrical and thermal conductivity and light weight, Gupta and his team found that carbon nanotubes had all of the properties necessary to accomplish the objective. 

“The long length and small diameter of carbon nanotubes forms an interconnectivity within the plastic that makes it electrically conductive,” said Gupta, the Langley Professor of Electrical and Computer Engineering at U.Va. “The structures work well for electromagnetic interference shielding. Once we reached this milestone, we began investigating ways to reduce the weight even further.”

Gupta’s team then added a foaming agent — a chemical that creates air pockets — to the material. The results astounded even the researchers; this extra step reduced the weight of the material by 50 percent and increased its flexibility. 

Gupta's team included U.Va. postdoctoral fellow Dr. Y. Yang, and colleagues at the National Institute of Aerospace and the National Aeronautics and Space Administration. They will receive the Nano50 award in November 2007 at the NASA Tech Briefs National Nano Engineering Conference in Boston.

“We are very excited to see Professor Gupta’s work receive this recognition as a key breakthrough technology,” said Dr. Robert E. Lindberg, NIA president and executive director. “It’s an excellent example of technology enabled through innovative research collaboration between the university community and NASA.”

Adapted from materials provided by University of Virginia.

Not-So-Heavy Metal: 

Electrical Conductivity In Textiles
ScienceDaily (May 28, 2007) — Movies and television have educated us more than we know. Thanks to detective thrillers, we understand about the drama of "wearing a wire." But a NASA-sponsored technology is paving the way for all of us to be "wearing a wireless." 

Metal wiring weaves a less-than-perfect web. Copper is the most common electrical conductor, but as with most metals, it can be heavy, expensive, and breakable. In contrast, conductive fibres provide a lightweight, flexible alternative to copper wiring.

Think of conductive fibres as electric yarn where a polymer fibre is given a metallized coating. Multiple fibres are then wrapped together to form light, supple strands that conduct electricity. 

While less conductive than copper, these fibers can carry virtually any necessary current. Coupled with lightness and flexibility, this is very useful in space applications where electronics battle small spaces and severe stress. These properties are also ideal for electromagnetic interference (EMI) shielding, aerospace wiring, and other applications that need strong, lightweight conductivity. Conductive fibers can also reduce the cost of metal wiring. 

Despite its obvious benefits, this technology hasn't always been readily available because of production challenges. NASA partnerships within the high-tech textile industry have advanced development and manufacturing processes, increasing output while reducing cost. 

While they have many uses in the space industry, conductive fibers can also reduce the maintenance cost of commercial planes, military aircraft, and missile guidance wires. On the ground, you might see them in power lines, lightweight deployable antennas, and airbag wiring in cars. Giant-areas of flexible circuits might be used for mass energy harvesting. You could also reach out and touch this technology in the form of a flexible keyboard. 

If all of this gives you a chill of anticipation, you can warm up with heated clothing or thermal blankets interwoven with conductive fibers. The electronic textiles (electrotextiles) industry is still in its infancy, but future fabrics will offer protection from the environment while still being soft and comfortable. Intelligent, built-in features -- such as multifunctional sensors and computing devices -- will result in the ultimate smart accessories. 

Conductive fibers are already being woven into experimental medical patient apparel such as jackets and vests that transmit vital signs to health care personnel. Military and law enforcement personnel can benefit from uniforms and body armour equipped with built-in sensors and computing devices. This would enhance battlefield monitoring by reporting vital signs and wound locations on soldiers. 

Electrotextiles may one day provide a variety of functions ranging from listening to MP3s to controlling temperature. Sometime in the near future, you may see people wearing clothes wired for cell phones, PDAs, gaming devices, and music players. One of those people may be you.
Adapted from materials provided by NASA.

Plastic With Changeable Conductivity Developed By Chemical Engineer
ScienceDaily (Apr. 10, 2007) — Dr. Yueh-Lin (Lynn) Loo at The University of Texas at Austin has modified a plastic so its ability to carry an electrical current can be altered during manufacturing to meet the needs of future electronic devices.

Loo, an assistant professor of chemical engineering, studies the plastic called polyaniline because it could serve as flexible, inexpensive wiring in future products such as military camouflage that changes colours, foldable electronic displays and medical sensors. 

By combining polyaniline with a chemical that gives it conductivity, Loo discovered she could increase the plastic’s conductivity one- to six-fold based on the version of the chemical added. The results involving the chemical polymer acid were published in the April 7 issue of the Journal of Materials Chemistry.  

Chemically altered polyaniline has several advantages over the more commonly used metals, like gold and copper, in devices other than computers. For example, Loo’s previous research has demonstrated that “doped” polyaniline can be manufactured in solution at room temperatures and without vacuum chambers. Producing metal-based wires requires special manufacturing conditions in addition to the high cost of the metals.

Since Loo’s laboratory submitted their research to the Journal of Materials Chemistry, they have developed a version of polyaniline whose conductivity is 10 times higher than before. However, that level of electrical conductivity still doesn’t rival that of copper, which is used to produce high-speed interconnections. 

That effort will be based on the greater understanding Loo has gained of the polyaniline/polymer acid described in the Journal of Materials Chemistry article. In the article, graduate student Joung Eun Yoo and other members of Loo’s laboratory began determining how higher-mass versions of polymer acid improve the plastic’s conductivity when the two materials are combined. So far, they have learned that the higher mass acids attach to the plastic in longer chains, and induce a less-ordered internal structure (crystallinity) within the plastic. 

“Understanding how the structure of this polyaniline material changes when its conductivity changes will be crucial for selecting the right material for different consumer applications,” Loo said. 

She noted that the ability of the plastic to change colours depending on whether it was conductive or not could be especially useful. 

“Its general versatility could lead to a variety of new consumer products in upcoming years,” she said.

New Molecule Heralds Breakthrough In Electronic Plastics

An organic solution of Oligotron mixed with chemicals that help the material set under ultraviolet light (top, in vial); a "mask," made by a laser printer on an overhead transparency, which was used to control the exposure of light (middle); and a photoprinted “NSF” image after exposure to ultraviolet light and rinsing (bottom). (Credit: Photo by Brian J. Elliott, TDA Research, Inc.)
ScienceDaily (Apr. 13, 2004) — ARLINGTON, Va. -- Researchers have developed a new plastic that conducts electricity, may be simpler to manufacture than industry counterparts and easily accommodates chemical attachments to create new materials Developed by TDA Research in Wheat Ridge, Colo., Oligotron polymers are made of tiny bits of material that possess a conducting centre and two, non-conducting end pieces. The end pieces allow the plastic bits to dissolve in solvents and accommodate specialized molecules. 

For decades, researchers have been trying to craft electronics that use plastics instead of metal to transmit currents. In addition to the potential savings in weight and cost, conducting polymers could be manufactured in a variety of convenient shapes, yielding such innovations as fabrics that transmit data and incredibly thin video displays.

However, because conducting polymers initially were not soluble in liquids, they could not be manufactured as easily as could their common counterparts used in soda bottles and synthetic fibers. Recent discoveries resulted in a water-soluble conducting polymer called PEDOT (polyethylenedioxythiophene), yet water can corrode device parts during manufacturing and shorten the lifespan of the end product. 

Oligotron, developed with National Science Foundation (NSF) Small Business Innovation Research (SBIR) support, contains a PEDOT centre, but it is soluble in non-corrosive chemicals and can attach new compounds to its end pieces, adding a variety of functions. For example, researchers have proposed end pieces that convert solar energy into electricity, ultimately creating a novel solar cell material. Oligotron also has special properties that allow the material to be "printed" into various device shapes. When technicians shine a pattern of ultraviolet light, such as a complex circuit image, onto a film of dissolved Oligotron, the exposed areas of plastic become "fixed" like a photograph. Flexible and lightweight, the circuit is also fully functional.TDA researchers predict applications for the product that range from flexible television displays and smart cards to antistatic treatments and conducting fabrics.

Oligotron is a trademark of TDA Research, Inc.

Comments from the researchers: "Through our research we discovered that by attaching molecules to the ends of the PEDOT, the chemical could easily disperse in organic solvents, something we have not seen with typical conducting polymers."– Brian Elliott, Senior Chemical Engineer, TDA Research, Inc.

"When we added photo-sensitive end groups to the Oligotron we created a material that could be printed using an ultraviolet light source. Using a patterned light source resulted in a patterned image that could conduct electricity." – Brian Elliott, Senior Chemical Engineer, TDA Research, Inc.

"We began this research with the goal of developing easier methods to manufacture electronic devices with conducting polymers. We wanted to solve the problems related to the difficulties of dispersing conducting polymers in non-corrosive, organic solvents and create an easy method to print detailed features." – Brian Elliott, Senior Chemical Engineer, TDA Research, Inc.

"We were surprised to discover that the Oligotron could conduct electricity almost as well as the completely non-dispersible, pure form of the PEDOT polymer." – Brian Elliott, Senior Chemical Engineer, TDA Research, Inc.

"The reactive chemical groups on the ends of the Oligotron molecules will allow other scientists to synthesize new molecules, building additional functionality onto the molecule. These molecules will allow chemists to use their creativity to invent new materials with conducting polymers." – Brian Elliott, Senior Chemical Engineer, TDA Research, Inc.

NSF comments regarding the discovery: "Flat-panel displays are probably the largest market for organic electronic materials. The development of soluble polymers could have a large impact on the cost and ease of processing these displays." – Winslow Sargeant, the NSF program officer who oversees TDA's award.

"This is a significant breakthrough: a soluble and highly conductive multi-block copolymer, with its ability to be photo-crosslinked, could lead to a printable conducting polymer with a high conductivity." – Winslow Sargeant.
Biobased Plastic Flexes Its Muscle
Chemist Victoria Finkenstadt displays different samples of electroactive bioplastics developed in her laboratory at the National Centre for Agricultural Utilization Research. (Photo by Peggy Greb / courtesy of USDA/Agricultural Research Service)
[image: image2.jpg]



ScienceDaily (Dec. 19, 2005) — Electroactive polymers—plastics that expand or contract when stimulated by electricity—can now be made from plants rather than petrochemicals, according to Agricultural Research Service (ARS) scientists in Peoria, Ill.

There is now significant interest in the possible use of electroactive polymers in many industrial and biomedical applications, from light-emitting diodes and controlled-release devices to artificial muscles and environmental sensors. The material is typically petroleum-based, but ARS researchers Victoria Finkenstadt and J.L. Willett showed that plant polysaccharides like starch can work just as well.

Use of the polysaccharides in certain types of conductive polymers could leapfrog some of the pitfalls associated with using petroleum feedstocks, such as U.S. reliance on foreign suppliers, according to Finkenstadt, a chemist, and Willett, a supervisory chemical engineer with ARS' National Centre for Agricultural Utilization Research in Peoria.

There, in the Plant Polymer Research Unit, the scientists created biobased polymers that bend and contract slightly when pulsed with electricity. In nature, many polysaccharides are natural insulators, meaning they obstruct the flow of electricity. However, the Peoria team devised a process for overcoming this so that the biopolymers conduct electricity at levels similar to synthetic products. Cornstarch is an ideal starter material because it is inexpensive—about 20 cents a pound—and plentiful. In 2004, U.S. farmers planted nearly 81 million acres of corn and harvested approximately 12 billion bushels. (One bushel yields an average of 32 pounds of cornstarch.) By comparison, one of the synthetic polymers the scientists used, polyaniline emeraldine, costs $58 a gram. One potential use for the biopolymers is in recharging of lithium batteries. Petroleum-based gels are now used, but Finkenstadt wants to find out whether the biobased polymers could shorten the recharging time, or hold the charge longer.

ARS is the U.S. Department of Agriculture's chief scientific research agency.

Siemens develops printable, low-cost, disposable video display
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November 7, 2005 Siemens has announced a new colour display screen that can be printed onto paper or cardboard and is thin, flexible, and affordable enough to be included in books, magazines, labels, tickets, instructions, multimedia games embedded in the breakfast cereal box and a host of other traditionally “dumb” media where clarity of the message is vital – such as the dosage instructions on drugs, installation instructions for people who normally don’t RTFM ad infinitum .

When the new technology reaches market in 2007, the convergence of media types will further accelerate with the possibility of video instructions incorporated into packaging, video-enabled print adverts, and printed magazines and books with multimedia capabilities.
Siemens reports the flexible mini screens work using “electrochromic substances” that change their colour when an electrical charge is administered, absorbing other light wavelengths than in their original state. The company expects to achieve its goal of printing the display with appropriate select electronics included, in a printing process using semi conducting plastics.

Scientists at Siemens Corporate Technology and Siemens Automation and Drives are working to optimise the process and its composite materials, so that they react quickly enough to display realistic moving images. Select partners of Siemens are already working to integrate the displays into packaging and the manufacturing process.

The displays are expected to be used in conjunction with printable batteries which are already available and because they are only expected to be required to function for a few months in FMCG packaging, labels, tickets and other time-limited applications, the entire multimedia screen can be incorporated into cardboard, foil, plastic or paper. 

Philips roll-up large screens and electronic books on the way
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Philips Electronics has announced key gains in its polymer technology research putting the company on the verge of producing high resolution portable displays. The availability of such displays would yield a range of new capabilities which have long been forecast but have not yet been achievable: 

· electronic books 

· the possibility of reading a magazine from a screen housed inside a pen 

· wall-sized TV screens which can be rolled up and stored when not in use 

· retractable screens to enhance the use of mobile devices.

Philips Electronics technology research combines the world's most advanced flexible display technology with the highest resolution and the smallest pixel pitch reported to date. With these latest developments, Philips researchers are now closer than ever to making high resolution portable displays a reality for consumers. 
The newest Philips research displays combine active-matrix polymer driving electronics with a reflective "electronic ink" front plane on an extremely thin sheet of plastic. The nature of these reflective screen displays makes them extraordinarily flexible and lightweight, so that even the largest of screens can be stored compactly and discretely when not in use.

The availability of such displays is extremely attractive for mobile applications, and will also greatly stimulate the advancement of electronic books, newspapers and magazines, as well as supplement new services offered by 3G (third generation) mobile network operators. This could lead to some very interesting innovations as a result, such as the possibility of reading the newspaper from a screen housed inside a pen. Other examples could be enhanced home TV viewing from an otherwise hidden large flexible screen, and showing photographs or playing video games more clearly from a mobile phone via a retractable screen.
Philips not only wants to prove the feasibility of such displays, but will now rapidly move towards the development of an industrially feasible process for consumer production with the goal of being the first to commercialise these displays. Within the Philips Technology Incubator, an internal venture has been formed to directly target this aim. The venture is called Polymer Vision.
Flexible see-through battery power
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March 22, 2007 All is no longer as it seems – the clear flexible plastic in the image is a battery – it is a polymer based rechargeable battery made by Japanese scientists. Drs Hiroyuki Nishide, Hiroaki Konishi and Takeo Suga at Waseda University have designed the battery – which consists of a redox-active organic polymer film around 200 nanometres thick. Nitroxide radical groups are attached, which act as charge carriers. Because of its high radical density, the battery has a high charge/discharge capacity. This is just one of many advantages the ‘organic radical’ battery has over other organic based materials according to the researchers. The power rate performance is strikingly high – it only takes one minute to fully charge the battery and it has a long cycle life, often exceeding 1,000 cycles.

The team made the thin polymer film by a solution-processable method – a soluble polymer with the radical groups attached is “spin-coated” onto a surface. After UV irradiation, the polymer then becomes crosslinked with the help of a bisazide crosslinking agent.

A drawback of some organic radical polymers is the fact they are soluble in the electrolyte solution which results in self-discharging of the battery – but the polymer must be soluble so it can be spin-coated.

However, the photocrosslinking method used by the Japanese team overcomes the problem and makes the polymer mechanically tough.

Dr Nishide said: “This has been a challenging step, since most crosslinking reactions are sensitive to the nitroxide radical.”

Professor Peter Skabara, an expert in electroactive materials at the University of Strathclyde , praised the high stability and fabrication strategy of the polymer-based battery. “The plastic battery plays a part in ensuring that organic device technologies can function in thin film and flexible form as a complete package.” The news is reported in the latest edition of The Royal Society of Chemistry journal Chemical Communications.
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