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Tech News & New Tech（技术前沿）
New process isolates promising material

After graphene was first produced in the laboratory in 2004, thousands of laboratories began developing graphene products worldwide. Researchers were amazed by its lightweight and ultra-strong properties. Ten years later, scientists now search for other materials that have the same level of potential. 

“We continue to work with graphene, and there are some applications where it works very well,” said Mark Hersam, the Bette and Neison Harris Chair in Teaching Excellence at McCormick, who is a graphene expert. “But it’s not the answer to all the world’s problems.”

Part of a family of materials called transition metal dichalcogenides, molybdenum disulfide (MoS2) has emerged as a frontrunner material for exploration in Hersam’s laboratory. Like graphene, it can be exfoliated into atomically thin sheets. As it thins to the atomic limit, it becomes fluorescent, making it useful for optoelectronics, such as light-emitting diodes, or light-absorbing devices, such as solar cells. MoS2 is also a true semiconductor, making it an excellent candidate for electronics, and it historically has been used in catalysis to remove sulfur from crude oil, which prevents acid rain.

Hersam’s challenge was to find a way to isolate atomically thin sheets of this promising material at a larger scale. For the past six years, his laboratory has developed methods for exfoliating thin layers of graphene from graphite, using solution-based methods.

“You would think it would be easy to do the same thing for molybdenum disulfide,” he said. “But the problem is that while the exfoliation is similar to graphene, the separation is considerably more challenging.”

Hersam’s research is described in Nature Communications.

To sort graphene layers, Hersam used centrifugal force to separate materials by density. To do this, he and his group added the material to a centrifuge tube along with a gradient of water-based solution. Upon centrifugation, the denser species move toward the bottom, creating layers of densities within the centrifuge tube. Graphene sorts into single layer sheets toward the top, then bilayer sheets, trilayer and so on. Because graphene has a relatively low density, it easily sorts compared to higher density materials.

“If I use the exact same process with molybdenum disulfide, its higher density will cause it to crash out,” Hersam said. “It exceeds the maximum density of the gradient, which required an innovative solution.”

Hersam needed to take the inherently dense material and effectively reduce its density without changing the material itself. He realized that this goal could be achieved by tuning the density of the molecules used to disperse MoS2. In particular, the use of bulkier polymer dispersants allowed the effective density of MoS2 to be reduced into the range of the density gradient. In this manner, the sheets of MoS2 floated at layered positions instead of collecting as the bottom of the centrifuge tube. This technique works not just for MoS2, but for other materials in the transition metal dichalcogenides family.

“Now we can isolate single layer, bilayer, or trilayer transition metal dichalcogenides in a scalable manner,” Hersam said. “This process will allow us to explore their utility in large-scale applications, such as electronics, optoelectronics, catalysis, and solar cells.”

Source: Northwestern Univ.
分离有前景材料的新方法

人类于2004年在实验室首次制造出单层石墨，从那时起，世界各地数以千计的实验室开始致力于石墨烯产品的开发。该物质超轻及异常坚固的特性让研究者惊讶不已。十年以后的今天，科学家们现在正在寻找其他具有相同级别特性的物质。

“我们一直都在致力于石墨烯的研究，它能在一些应用领域很好地发挥作用，”McCormick公司Bette and Neison Harris教授卓越主席、石墨烯专家马克▪何萨姆这样说道。“但是它也并不是万能的。”
作为过渡金属硫化物材料的一种，二硫化钼最近兴起，并已成为何萨姆实验室的研究中最前沿的材料。像石墨烯一样，它可以被剥成原子级厚度的薄片。当它厚度达到原子级时，会呈现出荧光性，在光电学中的发光二极管领域以及太阳能电池板这样的吸光元件中能得到很好的应用。二硫化钼事实上也是一种半导体，极具进入电子产业的潜力，人们也曾用它来去除原油中的硫磺，以此来防治酸雨。
如何大批量地将原子级的薄片从这种极具前景的材料中分离出来，这是何萨姆所面临的挑战。在过去的六年里，他的实验室通过对溶液法的应用，开发出了将石墨烯的薄片从石墨上剥落的方法。
“你会认为这种方法也可以很容易地应用于二硫化钼，”他说道。“但问题是，纵然可以采用石墨烯的剥落方法，分离手段却更加艰难。”
何萨姆的研究结果刊载于《自然通讯》杂志（Nature Communications）。
为了实现石墨烯的分层，何萨姆依据密度的不同，用离心力对材料进行分离。为实现这一目标，他和他的团队将该物质放入装有水溶液并呈一定倾斜度的离心管中。在离心过程中，密度大的物质向底部沉淀，在离心管内形成密度层。石墨烯从上到下依次形成单层片状物、双层片状物、三层片状物等。由于石墨烯密度相对较低，因此很容易和高密度物质区分开来。
“如果我将同一种方法运用于二硫化钼，由于它的密度较高，故而会因此而破碎。”何萨姆说道。“它的密度超过了该倾斜度所允许的最大密度，因此必须实现方法的创新。”
何萨姆需要在不改变材料自身结构的情况下，有效降低这种固有密致材料的密度。他发现通过分散二硫化钼来调整分子的密度可以达到这一目的。尤其是高分子聚合物分散剂可以将二硫化钼的有效密度降至密度梯度的范围内。这样，二硫化钼片层将漂浮着在分层的上面，而不是沉淀在分离管的底部。这一技术不仅适用于二硫化钼，同样还适用于过度金属硫化物这一大类物质。
“现在，我们可以大批量地分离单层、双层或者三层过渡金属硫化物，”何萨姆说。“通过这一方法，我们可以探索它们如何在电子产品、光电元件、催化剂和太阳能电池板这样的大规模应用中发挥效用”
来源：西北大学

Novel polarizing filter transits more light

Univ. of Utah engineers have developed a polarizing filter that allows in more light, leading the way for mobile device displays that last much longer on a single battery charge and cameras that can shoot in dim light.

Polarizers are indispensable in digital photography and LCD displays, but they block enormous amounts of light, wasting energy and making it more difficult to photograph in low light.

The Utah electrical and computer engineering researchers created the filter by etching a silicon wafer with nanoscale pillars and holes using a focused gallium-ion beam. This new concept in light filtering can perform the same function as a standard polarizer but allows up to nearly 30% more light to pass through, says U electrical and computer engineering associate professor Rajesh Menon. The study is published in Optica.

Sunlight as well as most ambient light emits half of its energy as light polarized along a horizontal axis and the other half along a vertical axis. A polarizer typically allows only half of the light to pass because it's permitting either the horizontal or vertical energy to go through, but not both. Meanwhile, the other half is reflected back or absorbed, but the resulting image is much darker. Polarizers are widely used by photographers, for example, to reduce glare in the image. They also are used in LCD displays to regulate what light passes through to create images on the screen.

"When you take a picture and put the polarized filter on, you are trying to get rid of glare," Menon says. "But most polarizers will eliminate anywhere from to 60 to 70 percent of the light. You can see it with your eyes."

Yet with Menon's new polarizer, much of the light that normally is reflected back is instead converted to the desired polarized state, he says. The U researchers have been able to pass through about 74% of the light, though their goal is to eventually allow all of the light to pass through.

LCD displays on devices such as smartphones and tablets have two polarizers that ultimately throw away most of the light when working with the liquid crystal display. "If one can increase that energy efficiency, that is a huge increase on the battery life of your display. Or you can make your display brighter," Menon says.

Menon's team validated their concept using a polarizer that is only 20 by 20 micrometers and tested with only infrared light. But they plan to increase the size of the filter, use it with visible light, and figure out a way to make it more cost effective to manufacture. Menon says the first marketable applications of this technology could be available in five to 10 years. The technology also could be a boon for photographers who want to bring out more detail in their pictures while shooting in low-light situations and for scientists using microscopes and telescopes to visualize obscure phenomenon.

Source: Univ. of Utah
新型偏振滤波器能过滤更多光线

犹他州大学的工程师们开发出一种能过滤更多光线的偏光过滤器，这种处于领先地位的移动显示设备的电池只需要充电一次就可以使用更长时间，相机也可以在昏暗的光线下拍摄。

对数字摄影与液晶显示器来说，偏振器是不可缺少的。但是过多的光线、能源的浪费使在昏暗条件下的摄影更加困难。

犹他州的电气和计算机工程研究人员通过使用聚焦镓离子束按照纳米级的柱和孔蚀刻硅晶片创造出了过滤器。这个在滤光方面的新概念可以执行与标准偏振器相同的功能，但是能允许约30%的更多光线通过，犹他州电气和计算机工程系副教授拉杰什•门农说。这项研究发表在《光学》杂志（Optica）上。

阳光大部分环境光以偏振光的形式沿水平轴和垂直轴的另一半发出一半的能量。由于只允许水平或垂直的能量通过而不是同时通过，偏振光通常只允许一半的光通过，同时，另一半的光被反射或吸收掉，但结果是图像明显更加黑暗。偏振器被摄影师广泛适用，例如，用来减少图像中的眩光。他们也被用于液晶显示器，来调节穿过的光线以在屏幕上形成图像。

 “当你拍照的时候会将偏振滤光器打开，你的目的在于试着现出眩光，”门农说。“但是大部分的偏振器将消除掉光的60%到70%，你可以用肉看看出来。”

然而，适用门农的新型偏振器，大部分的光通常会反射回来并转化为所需要的极化状态，他说。犹他州的研究人员已经能使约74%的光线通过，而他们的目标是最终让全部的光线通过。

如智能手机、平板电脑一类的液晶显示器有两个偏振器，当液晶显示器开始工作的时候，大部分的光被阻挡了。“如果可以提高能源利用效率，显示器的电池寿命将大幅度增加。或者你的显示器的亮度可以增加，”门农说。

门农的团队用20微米红外线的偏振器验证了他们的概念。但是他们打算增大过滤器的大小，用可见光验证，并找出使其生产更符合成本效益的方法。门农说，这项技术的第一次市场销售将在5到10年内实现。这项技术还可以在使希望在他们的照片里显示出更多细节的摄影师受益，同时可以在昏暗光线下拍摄，而且对科学家们来说，可以使用望远镜和显微镜来使模糊的现象清晰可见。

来源：美国犹他州大学

Bending in search of new materials
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Making a paper airplane in school used to mean trouble. Today it signals a promising discovery in materials science research that could help next-generation technology get off the ground. Researchers at Drexel Univ. and Dalian Univ. of Technology in China have chemically engineered a new, electrically conductive nanomaterial that is flexible enough to fold, but strong enough to support many times its own weight. They believe it can be used to improve electrical energy storage, water filtration and radiofrequency shielding in technology from portable electronics to coaxial cables.

Finding or making a thin material that is useful for holding and disbursing an electric charge and can be contorted into a variety of shapes, is a rarity in the field of materials science. Tensile strength and compressive strength are valuable characteristics for these materials because, at just a few atoms thick, their utility figures almost entirely on their physical versatility.

“Take the electrode of the small lithium-ion battery that powers your watch, for example, ideally the conductive material in that electrode would be very small—so you don’t have a bulky watch strapped to your wrist—and hold enough energy to run your watch for a long period of time,” said Michel Barsoum, PhD, Distinguished Professor in the College of Engineering. “But what if we wanted to make the watch’s wristband into the battery? Then we’d still want to use a conductive material that is very thin and can store energy, but it would also need to be flexible enough to bend around your wrist. As you can see, just by changing one physical property of the material—flexibility or tensile strength—we open a new world of possibilities.”

This flexible new material, which the group has identified as a conductive polymer nanocomposite, is the latest expression of the ongoing research in Drexel’s Dept. of Materials Science and Engineering on a family of composite 2-D materials called MXenes.
This development was facilitated by collaboration between research groups of Yury Gogotsi, PhD, Distinguished University and Trustee Chair professor in the College of Engineering at Drexel, and Jieshan Qiu, vice dean for research of the School of Chemical Engineering at Dalian Univ. of Technology in China. Zheng Ling, a doctoral student from Dalian, spent a year at Drexel, spearheading the research that led to the first MXene-polymer composites. The researchat Drexel was funded by grants from the National Science Foundation and the U.S. Dept. of Energy.

The Drexel team has been diligently examining MXenes like a paleontologist carefully brushing away sediment to unearth a scientific treasure. Since inventing the layered carbide material in 2011 the engineers are finding ways to take advantage of its chemical and physical makeup to create conductive materials with a variety of other useful properties.  

One of the most successful ways they’ve developed to help MXenes express their array of abilities is a process, called intercalation, which involves adding various chemical compounds in a liquid form. This allows the molecules to settle between the layers of the MXene and, in doing so, alter its physical and chemical properties. Some of the first, and most impressive of their findings, showed that MXenes have a great potential for energy storage.

To produce the flexible conductive polymer nanocomposite, the researchers intercalated the titanium carbide MXene, with polyvinyl alcohol (PVA)—a polymer widely used as the paper adhesive known as school or Elmer’s glue, and often found in the recipes for colloids such as hair gel and silly putty. They also intercalated with a polymer called PDDA (polydiallyldimethylammonium chloride) commonly used as a coagulant in water purification systems.

“The uniqueness of MXenes comes from the fact that their surface is full of functional groups, such as hydroxyl, leading to a tight bonding between the MXene flakes and polymer molecules, while preserving the metallic conductivity of nanometer-thin carbide layers.  This leads to a nanocomposite with a unique combination of properties,” Gogotsi said.

The results of both sets of MXene testing were recently published in the Proceedings of the National Academy of Sciences. In the paper, the researchers report that the material exhibits increased ability to store charge over the original MXene; and 300 to 400% improvement in strength.  

“We have shown that the volumetric capacitance of an MXene-polymer nanocomposite can be much higher compared to conventional carbon-based electrodes or even graphene,” said Chang Ren, Gogotsi’s doctoral student at Drexel. “When mixing MXene with PVA containing some electrolyte salt, the polymer plays the role of electrolyte, but it also improves the capacitance because it slightly enlarges the interlayer space between MXene flakes, allowing ions to penetrate deep into the electrode; ions also stay trapped near the MXene flakes by the polymer. With these conductive electrodes and no liquid electrolyte, we can eventually eliminate metal current collectors and make lighter and thinner supercapacitors.”   

The testing also revealed hydrophilic properties of the nanocomposite, which means that it could have uses in water treatment systems, such as membrane for water purification or desalinization, because it remains stable in water without breaking up or dissolving. In addition, because the material is extremely flexible, it can be rolled into a tube, which early tests have indicated only serves to increase its mechanical strength. These characteristics mark the trail heads of a variety of paths for research on this nanocomposite material for applications from flexible armor to aerospace components. The next step for the group will be to examine how varying ratios of MXene and polymer will affect the properties of the resulting nanocomposite and also exploring other MXenes and stronger and tougher polymers for structural applications.

Source: Drexel Univ.
寻找高韧性的新材料
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在学校里折纸飞机通常会带来麻烦，然而如今这却标志着材料科学研究中一项重要的发明，这项发明将有助于新一代技术的腾飞。美国杰克所大学与中国大连理工大学的研究员们用化学方法研制出一种新导电纳米材料，可以灵活折叠许多次，而不会损坏。他们认为这种材料可以用于便携电子产品甚至同轴电缆，以提升电能存储，水过滤以及高效屏蔽能力。

研制出这种有助于提升充放电能力，并能弯曲成各种形状的纤薄材料在材料科学界非常少见。好的伸展力和缩放力是这种材料宝贵的特性，因为这种材料只有几个原子微粒厚薄，其实用性完全取决于其物理上的多变性。

工程学院特聘教授米歇尔•巴索姆说道“拿手表里的锂电池电极来说，理想中这种电极的导电物质应非常小巧，因而使我们不必在手腕上戴一支笨重的手表，但却能存储大量的电能，让手表工作很久。那么如果我们想让手表带也能供电，就得使用非常薄且能储能的导电材料，并且这种材料得足够有弹性，可以绕在手腕上。这样来看，只需改变材料的一种物理属性，柔韧性或抗张强度，我们就可以开启一个新世界。”

研究员们将这种高柔韧性的新材料定义为一种导电聚合纳米复合材料，属于Mxenes家族二维复合材料的一种，目前还在德雷克塞尔大学的材料科学与工程学院进行研究。

美国德雷克塞尔工程学院的首席特聘教授Yury Gogotsi博士带领的研究团队和中国大连理工大学化学工程学院的副院长邱介山的联合使得这项研究进展迅速。来自大连的读博学生凌征在德雷克塞尔大学待了一年，带头研制出第一种MXene聚合物复合材料。美国国家科学基金会和美国能源部为此研究资助津贴。

如同古生物学家精细地刷掉污尘以获得科学瑰宝一样，德雷克塞尔大学的研究团队一直在潜心研究MXenes。自2011年开始研究这种层状碳化物以来，工程学家们就一直想利用其物理和化学特性研制出具有各种性能的导电材料。

研究员们让MXenes发挥性能最成功的方法要数嵌入过程，即加入各种各样液态化学成分。这样就可以让这些微粒进入MXene的层状结构以改变其物理和化学属性。而所有研究成果中最引人瞩目的要数MXenes极高的储能功效。

为了研制出高柔韧性能的导电聚合物纳米复合材料，研究员们用聚乙烯醇嵌入碳化钛MXene夹层，而聚乙烯醇是一种广泛使用的纸张粘着剂，叫做埃尔默胶水，常被用来制作发胶、弹性橡皮泥等胶剂。他们也会使用一种叫做聚二烯丙基二甲基氯化铵的聚合物嵌入其中，而这种物质常被用作净水系统中的凝固剂。

“MXenes的独特之处在于，其表面拥有氢氧基等众多官能基，可以将MXene和聚合物分子紧密联系在一起，保护毫微米薄的碳化层不失金属导电性。这就使得纳米复合物可以具有众多独特的属性，”Gogotsi解释说。

有关MXene试验成果的报道近期在《美国国家科学院学报》上发表。报道中，研究员们指出这种材料的储电能力明显超过原始的MXene，大概提升了300%到400%。

“我们已经证明MXene聚合物纳米复合材料的电容量明显高于传统的碳基电极甚至石墨烯电极，”Gogotsi的博士学生任畅说道，“当用含有铵盐电解质的聚乙烯醇和Mxene混合后，这种聚合物就不仅可以充当电解质，还提升了其电容量，原因在于这样可以稍稍扩大Mxene层状结构间隙，使得离子能够渗透电极；但离子也会被聚合物困在Mxene处。拥有了这些导电电极和非液体电解质，我们就能够不再使用金属线集流体而制作出更轻更薄的超级电容。”

这项实验也表明纳米复合材料具有亲水性，而且在水中不会破裂或溶解，因而可以用在水处理系统，比如可以用作水净化或脱盐隔膜，此外，由于这种材料弹性极佳，可以卷成管状，而早期的试验也证明这样可以增加其机械强度。这些特性表明这种纳米复合材料用途非常广泛，从制造弹性盔甲到航空零部件等。而研究员们的下一步就是弄清Mxene和聚合物的不同比例会怎样影响所得纳米复合材料的属性，并开发新的Mxenes以及更坚韧的聚合物，以用于不同结构所需。

来源：德雷克塞尔大学
Metal Alloy（金属合金）
The materials innovation that make the XE saloon Jaguar's most important car yet
This, the aluminium intensive XE, is arguably the most important car that Jaguar has launched in its 92-year history. There have been more iconic, notably the E-Type, but it's fair to say Jaguar's future hinges on this new mid-size saloon poised to take on the might of German rivals like the BMW 3-series, Audi A4 and Mercedes-Benz C-class.

But there is more to the XE than that. It represents a turn round in British automotive engineering and manufacturing and a faith in its homeland ability to design, engineer and manufacture cars that bear scrutiny against the best in the world. It stands alongside transplants from Nissan, Toyota and Honda or the Mini's revival as an affirmation that the UK is, once again, a centre for automotive manufacturing and engineering excellence equal to any.

However, to make an impact against its Teutonic rivals, Jaguar's management has taken the bold move to offer a car brimming with technological innovation. It is rare these days to launch a completely new car, but Jaguar has had the confidence to do just that: aluminium intensive body structure, a new engine range, new suspension, even the transmissions have been given a thorough overhaul and update.

Parent company, TATA, has invested £1.5billion in the project creating 1700 new jobs and erecting a new 160,000m2 production facility at its Lode Lane site that will see a vehicle appear every 78 seconds at maximum production capacity. And at 85,000m2 the aluminium body shop is the largest in Europe with 613 robots and unique 'Trunnions' developed with the Expert Group to hold bodyshells in place while riveted.

Jaguar's lightweight challenger

The Jaguar XE, known internally as project X760, is based on a completely new platform (the D7a) that will underpin future generations of both Jaguar and Land Rover products.

At just 251kg, JLR believes the bodyshell is the lightest in its class and it features a number of material advances over other aluminium vehicles from Jaguar Land Rover.

Foremost is the first application of RC5754 aluminium alloy developed with Novelis as Dr Mark White, chief technical specialist lightweight vehicle structures explained:

"We will be generating a lot of processed scrap in higher volumes with this car and we will be getting end of life vehicles starting to come back in 5-10 years time so we decided to take the pioneering step towards full closed loop recycling including aftermarket scrap. RC5754 is the first of a highly recycled alloy used in automotive application and we will go on to develop more."

Novelis supply the sheet metal for the bodywork including 6000 series which has allowed Jaguar to reduce material thickness from 1.5mm to 1.1mm resulting in a 27% weight reduction with no loss in strength or durability. AC300T61 is used in the front crash structure with Sapa, Hydro and Constellium providing extrusions, Magna the shock tower castings whilst Meridian supplies the magnesium cross car beam and front end carrier.

The XE is not 100% aluminium, and features steel closing panels for the doors and deck lid and the rear boot underfloor.

Dr White said: "This was to achieve perfect 50:50 weight distribution with a low centre of gravity for refined ride and class-leading dynamics."

The 'A' posts are purely a sheet based design all using 6000 series and a combination of AC600 and AC300T61 in major crash structures.

Dr White is particularly pleased with the 'B' posts which comprise of a combination of aluminium, steel and structural foam to effectively form a sandwich structure to achieve side impact performance.

Dimensionally, the D7a underpinnings will form the basis of both future Jaguar and Land Rover products; the dimension from the front bumper to the back seat heel board remains the same, with hard points like the sills, front and rear suspension points remaining constant. However, it would be possible to reduce the rear floor's length as well as make the vehicle taller. Although the width is stable it would be feasible to 'cheat' by making the sill thicker.

XE is 20% stiffer than the XF body with what Dr White described as, "good modal separation between body and powertrain," and 70% of the materials are high strength alloys with the remaining 30% 5000 conventional grades.

The big challenge for Dr White and the manufacturing team was to develop systems that would make assembling an aluminium body-in-white almost in the same time as a conventional spot welded steel body-in-white, and at 78 second cycle time, Dr White believes Jaguar has achieved that.

Getting the riveting cycle down to sub 2 seconds was the key and that has been achieved by developing with Henrop more flexible rivet guns that can feed more than one rivet, switching from hydraulic to electric guns, which are quicker and more precise, and blow feeding the rivets rather than using a tape system. "We've gone from 6 seconds per rivet to 1.5 seconds," said Dr White. "To put that into perspective the original aluminium XJ's cycle time was four and half minutes, the XE is 78 seconds."

In total 2772 self piercing rivets and 455 guns are employed in production. Each car is bonded using 115m of structural adhesive which, although they haven't changed in composition, are now applied from heated barrels, lines and dispenser to achieve the correct viscosity time and temperature performance that was needed with the adhesive used between the steel and aluminium acting just as much as an isolator as an adhesive.

"We know that other cars in the future will have a lower cycle time, but we think that XE is pretty much state of the art," he said. "It's about the number of rivets you can put on in a cycle. Getting the riveting down to less than 2 seconds and, depending on the station, can put in anywhere from 6 up to 30-40 rivets."

The lightweight theme is continued elsewhere in the car from its all-new Ingenium alloy-block four-cylinder engine to the modular front double wishbone suspension and integral link rear axle, a first in the size sector.

Slippery customer

With a Cd of just 0.26, XE is the slipperiest production Jaguar to date with its aerodynamics wholly developed using Computational Fluid Dynamics that assisted development of a smooth underfloor running from the front spoiler to the rear diffuser that equalises airflow over the car.

CFD also helped reduce wheel rotation losses with airflow guided into the front wheel arches via the front spoiler intakes and 17-inch aerodynamic wheels. The more powerful models will also benefit from integrated brake cooling scoops mounted to the front suspension that direct cooling air to the front discs as well as active cooling shutters that open and close according to vehicle speed and engine temperatures.

Patents place

Merging the engineering departments of Jaguar and Land Rover has resulted in some interesting crossover of ideas and technology, not least of which on the XE is the, again, patented All Surface Progress Control (ASPC) which was born out of Land Rover's Terrain Response technology. Albeit much simplified for this two-wheel drive application but functions like a low speed cruise control under slippery conditions when traction is minimal.

The driver simply sets the speed and the car's engine management system will deliver precisely the right amount of power to deliver optimum traction for the conditions without the driver needing to operate the throttle, simply concentrating on steering.

Meanwhile the Ingenium petrol and diesel engines, it is claimed, have some 20 patents pending, many in software and control algorithms but also a mechanical one designed to reduce noise from the timing chain driving the high pressure fuel pump. To change the sinusoidal input, Jaguar engineers distorted the fuel injector drive sprocket into an oval by just 0.5mm to eliminate unwanted noise.

Ingenious Ingenium

JLR is gradually weaning itself away from its Ford and PSA engine partners, the first step of which is its £500million plus investment in a new 100,000m2 engine plant that will see a derivative of the Ingenium family launched every 3 to 6 months for the next two years before, eventually, the factory will produce an engine every 39 seconds.

The first engine to be revealed is a 99g/km of CO2, 2-litre, 4-cylinder diesel. Both petrol and diesel engines are based on a common 500cc cylinder capacity with key parameters such as bore centres, deck heights etc. shared allowing all derivatives to go down the same production line; in fact, JLR claim a 30% commonality between the petrol and diesel engines with items such as the balancer shaft and cam shaft needle roller bearing common, although the shafts themselves will be unique. Whilst the common bore size allows them to add or subtract cylinders as needed.

Ingenium has also been future proofed for cylinder deactivation, variable inlet camshaft timing and hybridisation.

材料创新使捷豹XE轿车成为最重要的汽车

这款高密度铝制材料XE车型，可以说是捷豹在92年历史中最重要的汽车。这款车型有更多的标志性，尤其是E-Type，但公平地说，捷豹的未来取决于此款新型中型轿车，捷豹将有把握与德系轿车例如宝马3系，奥迪A4和梅赛德斯奔驰C-Class进行抗衡。

但XE还有比这更大的意义。它代表了英国汽车工程和制造的转身，还有其祖国在汽车的设计、工程和制造能力经受了世界上最严苛的审查。它与移植自日产、丰田和本田或迷你车的复兴一起，再一次肯定了英国和其他汽车大国一样优秀，是汽车制造和工程的中心。

然而，为了给日耳曼人竞争对手们一个冲击，捷豹汽车的管理层采取了大胆的行动，使汽车充满了技术创新。近来市场上很少做到推出全新的汽车，但捷豹有信心做到这一点：高密度铝制材料车身结构，一系列新引擎，新的悬挂，甚至连传动装置都被彻底的改造换新。

其母公司塔塔投入了15亿英镑的项目，创造了1700个新的就业机会，在Lode Lane基地新建了一座16万平方米的生产厂房，达到了78秒生产一辆汽车的最大产能。他的8.5万平方米的铝制车身厂房是欧洲最大厂房。其中包括613个机器人和由专家组开发的独特的“耳轴”技术，用于将车架铆接到位时起到支撑作用。

捷豹是轻量级选手

捷豹XE，内部称为X760项目，是基于一个全新的平台(D7a)，用来支撑未来的捷豹和路虎的产品。

只有251公斤，捷豹路虎认为它的车架是同级别车最轻的，这一特性显示它其他捷豹路虎汽车的铝制车型有了一系列材料上的进步。

诺贝丽斯（Novelis）公司的轻型车辆结构首席技术专家马克•怀特博士解释道：最重要的是RC5754铝合金技术开发的首次应用。

“我们会用大量的这款汽车生产许多处理的废料，还将结束汽车使用5-10年就返厂的日子，所以我们决定开拓完整的闭环回收系统，也包括零件废料的回收。RC5754是第一个用于汽车的高度回收的合金材料，今后我们将继续开发更多这样的系统。”

诺贝丽斯（Novelis）公司供应包括6000系列的车架金属板材，使捷豹汽车材料的厚度从1.5毫米较少到1.1毫米，重量减少27%，并且保证车架强度和持久性不变。诺贝丽斯（Novelis）公司的AC300T61材料用于正面碰撞结构，萨帕（Sapa）、海德鲁（Hydro）和肯联铝业(Constellium)公司提供铝型材，麦格纳（Magna）公司提供休克塔铸件，同时默里迪恩（Meridian）公司供应镁合金汽车横梁和前端托架。

XE并不是100%的铝制结构，车门、层板和车底后方保护罩都是全钢材质。

怀特博士说：“这是为了达到完美的50:50低重心的重量分布，以达到精确的驾驶和领先的动力。”

其中一点说的是设计完全基于板材的使用，在主要碰撞结构方面使用了6000系，还有AC600和AC300T61相结合的材料。

怀特博士特别满意的另一点是：使用包括铝、钢和结构性泡沫有效结合形成的三明治结构，以实现影响性能的作用。

在尺寸上，基础材料D7a将成为未来的捷豹和路虎汽车产品的基础，前保险杠的维度后座跟后座椅板保持一致，挂载点例如窗沿，前后悬挂点都保持不变。然而，它可能减少后面地板的长度以及让车身更高。尽管如此，因为宽度是固定的，所以加厚窗沿就可以“欺骗”视觉。

XE比XF的硬度高 20%，怀特博士称之为“车身与传动装置良好的模块分离，” 70%的材料是高强度合金，剩下30%的5000个部件由传统等级材料制成。

怀特医生和制造团队面临的一项大的挑战是开发一套装配系统，使装配一个铝车身与传统焊接钢车身花费相同时间，即78秒的时间，怀特博士认为捷豹已经实现了这个目标。

把铆接时间降低至2秒以下是关键，通过开发更灵活的Henrop铆接枪，满足不止一种铆接方法，在液压枪和电动枪来回转换，更快也更加精确，而且实现一次性铆接，而不再使用流水线系统。“我们已经将时间从6秒降低至1.5秒每铆钉，”怀特博士说。“相比原铝制结构XJ车型四分半钟的装配时间，XE 则是78秒。”

生产中总共应用了2772个自穿刺铆钉和455支铆枪。每辆车都使用115米的结构粘着剂粘合，虽然粘着剂的组成成分没有变化，但是现在是用加热桶、线条和点胶机来达到正确的粘度所需的时间和温度性能，也就是是钢和铝之间所需的粘度，它充当的既是粘着剂也是绝缘体的作用。

“我们知道其他车辆将来会有更少的装配时间，但我们认为XE是非常先进的，”他说。“这是关于装配中铆钉数量的问题。让铆接时间降到不到2秒，根据不同情况，可以将在任何地方铆接的铆钉数量从6个提升到30 – 40个。”

轻量级的主题是继续在汽车的全新Ingenium 系列合金体四缸发动机前悬架采用铝制前双叉臂式独立悬架，后悬架采用的是增强型多连杆式独立悬架，这是在尺寸方面的首次尝试。

狡猾的客户

凭借只有0.26的 Cd，XE是迄今为止捷豹运用全面发展的空气动力生产的最狡猾的产品，完全使用计算流体动力学（CFD）协助开发光滑的车底结构，使气流经过前扰流板均衡的流向后扩散器。

第一个发行的引擎是99 g / km的二氧化碳，2升的四缸柴油引擎。汽油和柴油发动机都共同基于500 cc汽缸容积，孔径中心、地板高度等关键参数，允许所有衍生品共享同样的生产线；事实上，捷豹路虎声称尽管轴本身是独一无二的，但是汽油和柴油发动机之间的共性高达30%，如平衡器轴和凸轮轴滚针轴承之间的共性。然而，常见的口径大小可使他们根据需要添加或减少气缸。

Ingenium是未来气缸钝化、可变进气凸轮轴正时和混合淡化技术等的选择。

Indutherm offers powder atomiser for low volume metal powder production 
Indutherm, based in in Walzbachtal, Germany, has developed a new metal powder atomiser suitable for small batch gas atomisation of alloys based on Cu, Sn, Au or Ag. The AU 1000 is a closed unit that offers the possibility of oxidation-free processing by means of a protective gas supply, with planned options for crucible volumes between 0.3 to 12 l.

Inductive heating takes place in graphite crucibles up to a maximum temperature of around 1500°C - 1600°C. The aim of the modular system, with various easily exchangeable atomisation components and optimum use of hot atomisation gas, is to cover a very wide range of powder sizes with this facility. Development has already started on the design of an atomiser for higher temperatures and alloys based on Fe, Co, Ni and Pd.

In 2012 Indutherm began development of a powder atomisation facility in collaboration with the University of Bremen, Germany, sponsored by the Federal Ministry for Economics and Technology. In 2013, the prototype was built at the University of Bremen and testing began.

The Indutherm Atomiser System was presented at the Hagen Symposium 2013 and the SDMA 2013 in Bremen. Since the beginning of 2014 the company has developed a near production model at its facility in Walzbachtal. The company states that models from the AU series (Atomising Unit) will shortly be available for sale.
Indutherm公司研制出小容量金属粉末雾化器

位于德国瓦尔茨巴塔尔的Indutherm公司近期研制出一种新型的金属粉末雾化器，AU1000，可以将铜、锡、金、银等的合金进行小批量的雾化。AU1000这一封闭装置可以在容积为0.3到121的坩埚内受气体保护的情况下进行无氧化处理。

在石墨坩埚中进行的感应加热可承受的最高温度为1500-1600℃。使用这种模块化的系统，极易反应的雾化成分以及优先选择热雾化气体的目的就是使得这一装置可以承受不同的金属粉末大小。对于雾化器设计，新一轮的研发已经在进行中，以使其能够承受更高的温度，并能进行铁、铜、镍、钯合金的雾化。

由联邦经济与技术发展部资助，Indutherm与德国不莱梅大学合作在2012年开始研发粉末雾化装置。2013年，这个装置的初始模型在不莱梅大学诞生，开始接受测试。

2013年哈根论坛以及不莱梅举办的空分多址技术论坛，Indutherm展示了此雾化系统。自2014年年初，这家公司就开始在瓦尔茨巴塔尔研制类似产品模型，并声称金系列模型将很快上市。
Composite Materials（复合材料）
Is carbon fibre unravelling?

The use of carbon fibre is proliferating throughout industry. But is the supply chain ready to respond to the expected increase in demand? Or is the wonder material about to unravel?

As carbon fibre continues to proliferate through industry, there is an underlying worry on the minds of many, both those using the material and those considering it for future applications. It's the security of supply and the ability for global production to ramp up to meet the expected seven fold increase in demand.

It is an energy intensive process to produce the carbon fibres themselves, with only a few regions producing in bulk, notably Japan and the United States. While some production exists in Europe, the region as a whole is reliant on imports, using 35% of global supply while only producing 12%.

For some time carbon fibre was restricted to low volume industries with big budgets such as Formula One cars and military fighter jets. However, mainstream aircraft manufactures have invested in carbon fibre in a major way and this medium volume venture has been met with such success it is now difficult to envisage a major aircraft manufacturer using anything else in the primary structure.

Converting to carbon

And it is now the turn of the high volume automotive industry to convert to carbon fibre. But will the supply chain be able to keep up? And will it force out smaller players if the OEMs start to order in quantity?

"The supply chain is being hit by this tsunami of demand," said Dr Andrew Walker, chief executive of the National Composites Certification and Evaluation Facility, established by University of Manchester. The facility aims to provide a National focus for the UK Composites Industry.

"So you have demand for aeroplanes which are tripling, the car industry, wind turbine manufacturers, civil engineering is using it on buildings, the rail industry wants to incorporate more of it; it can't cope with all this demand," he added.

Current market estimates place the global increase in demand at around 20% year on year. Indeed in the last 10 years production has doubled to 70,000 tonnes due to demand from Airbus and Boeing for their new generations of lightweight aircraft. However, in reality, it's a moderate amount for a raw material, even a lightweight one. For comparison, global production of aluminium is around 20 million tonnes. However, while it will still be dwafted by the metals markets, production of carbon fibre in the next eight years is expected to rise to at least 350,000 to 400,000 tonnes, and to as much as 1.8 million tonnes by 2025.

"It has taken 100 years to develop the aluminium industry, but we need to deliver the carbon fibre industry in a decade," Dr Walker said. "We are seeing a shift in carbon fibre manufacture with about eight to 10 players out there, but there needs to be some consolidation and it needs huge investment."

While the UK has a healthy prepreg industry, we do not produce fibres, so are entirely reliant on imports. Government is keen to continue the push toward advanced manufacturing in many world class areas from motorsport to aerospace and the rejuvenated car industry. All are increasingly looking to carbon fibre and as a nation our appetite for it will only increase.

"Each generation is challenged to do something," said Dr Walker. "We are challenged to save the world and reduce pollution, and we are going to do that through low mass materials that are very strong. Carbon fibre is fundamental to the future.

"It is like building a new shopping complex, 'it ain't no good unless you've got John Lewis'. And without carbon fibre we are in trouble!"

Made in Great Britain

Many, including Dr Walker, see the UK in a prime position to exploit future demand for fibres by building and commissioning a carbon fibre production facility. This would both secure and enhance the current advanced engineering and manufacturing capability of the UK, which could be threatened by any shortfall, as well as offering tremendous export potential to the larger automotive OEMs of Europe.

"If you were going to define an advanced technology nation, you would pick carbon fibre as a key technology," said Dr Walker. "It's like Silicon Valley all over again. If you're going to invest your pension fund in something, you'd say carbon fibre was a good and safe bet. It is something we can actively do to secure manufacturing in this country.

"If we were to manufacture 20,000 tonnes of carbon fibre, instead of importing it at a cost of £1 billion in raw material, you can export it. And not only export it, but you protect the UK supply chain which has a fundamental need for it."

There is a global race at the moment with many countries rapidly seeking to develop their own advanced engineering and manufacturing base. The UK is competing, not just with Europe, but the rest of world, especially emerging economies.

China, India, and Russia are all keen to snap up market share that is becoming available with growing demand and dwindling supply. And they are able to make quick and decisive moves, given many of their industries are headed by oligarchs as opposed to the more bureaucratic boardroom approach of the West.

"When you have an economy that is stagnating, or growing at 1%, then you should be looking at key and specific investments," added Dr Walker. "Carbon fibre is about high end technology and building a factory would require all the engineering support that Great Britain has to offer.

"There are two major costs associated with carbon fibre production; Acrylonitrile and electricity. The lowest cost Acrylonitrile in the world is in the lower North Sea basin.

Then the next cost is electricity. And electricity prices in Britain are not bad, though they are certainly not the cheapest. However, Grimsby is not a bad area for such a development as it has a gas fired power station."

Flash point

Perhaps one of the most significant moves in recent months has come from BMW with the launch of its i3 and i8 models, both using significant proportions of carbon fibre.

Though volumes of both are initially small, the cars have been well received and are likely to quickly grow in numbers and become part of its more mainstream offerings.

BMW clearly has its eyes on developing high volume, carbon fibre cars for the mass market. Many, not least BMW, hope this marks the same flashpoint as the Boeing Dreamliner did for the civil aircraft industry, where there is now no going back to metal.

However, the high volume and relatively fast production need for the automotive industry differs greatly from aerospace. BMW and VW, obviously concerned about the security of the supply chain, have brought, and recently increased, significant share holdings in one of the world's largest carbon fibre producers, SGL fibres.

"The investment is now entering the billions," said Dr Walker. "VW manufacture 300 models of cars across 80 different factories and they're all made of steel. Yet, they don't own any steel factories. But here they are, buying in to a supply chain for a car they don't yet make. It puts it in perspective."

Though some advocate that there will be organic and gradual growth between supply and demand, the 2020 emission targets for automotive is putting the sector under pressure and forcing demand up quickly.

Formax, a UK based weaving manufacturer has recently expanded its manufacturing facilities, specifically to keep up with the expected increase in demand from the automotive industry. While it does not have ties to any one fibre manufacturer, it seems less concerned about the long term security of UK supply, perhaps as it leaves it to customers to specify the fibres.

Managing director of Formax, Oliver Wessely said: "Everyone is looking at the i3 program, and I'm thinking these guys have done it. They are building a car and delivering it. The product looks great, it is getting a good reception and it is much lighter than the equivalent. So, maybe, everyone else is now going to have to do the same. But, I don't think they will power ahead and go straight into making a Volkswagen Golf just yet."

碳纤维问题能够得到解决么？

碳纤维产业在不断地扩大，但是其供应链已经准备好应对预期的需求大增么？或者这种奇妙的材料即将大批生产？

随着碳纤维产业不断扩大，包括碳纤维使用者及考虑未来应用在内的许多人都心存担忧。只有原料供应的稳定安全，全球生产的能力得以提升，才能满足预期需求7倍的增加量。

一般碳纤维采用集中性生产，只有少数地区如日本和美国采用分散生产。虽然欧洲也自己生产，但主要依靠进口。他们的用量占了全球的35%，生产量却只占12%。

曾经一段时间，碳纤维仅用于资金雄厚且产量小的行业，如一号方程式赛车和军用战斗机。但是，自从主流飞机制造商开始在这种中等产量行业将碳纤维作为主要投资对象，并且收获颇丰，现在我们很难想象他们会在基体上使用其他材料。

向碳转变

现在轮到高产量的汽车制造业转向碳纤维使用，这个供应链还能跟得上进度么？而且当原始设备制造商开始大批订购碳纤维时，小的行业会被挤出在外么？

曼彻斯特大学建立的“国家复合材料认证及评估设施”的主要负责人安德鲁•沃克博士说道，“海啸般的需求量对供应链是个不小的挑战”。这项设施主要是为英国复合材料行业提供国家支持。

他补充道“飞机行业对此的需求量增加了3倍，汽车行业、风力发动机制造都有需求，土木工程也开始在建筑上使用碳纤维，而铁路行业也想增加使用量……现在的供应链是无法满足所有需求的。”

目前市场预估全球需求量将年同比增长20%。的确，过去10年，由于空中巴士和波音为新一代轻型飞机大量使用碳纤维，致使其产量加倍至7万公吨。但是，就实际来讲，这对于原料使用，即使是用于轻型的，也不过是适度的量。相比而言，铝的全球产量就达2千万公吨。尽管碳纤维仍无法和金属材料相比，其在未来8年的产量预估将至少上涨至35万至40万公吨，到2025年最多可达到180万公吨。

 “制铝行业发展用了100年时间，而我们需要在10年内普及碳纤维的使用。”沃克博士说道“我们发现碳纤维制造行业发生了些许转变，有10家企业退出了，但是我们却需要进一步的巩固和大量投资。”

英国的预浸材料行业发展良好，但却不生产纤维，因而全靠进口。而政府部门坚持继续推进许多处于世界一流水平的先进制造业发展，比如赛车运动、航空航天以及车辆维修业。这些都需要使用碳纤维，因而我们国家对其的需求只会增加。

沃克博士说“每一代人都会遇到挑战，我们需要不断挑战自我以拯救世界，减少污染，这些就需要我们使用重量小强度大的材料，这也就意味着满足条件的碳纤维对未来发展非常重要。”

 “这就好比是在建一座购物中心，只有有了约翰•刘易斯，它才完美。同样只有拥有碳纤维，我们才不会有麻烦。”

大不列颠制造

包括沃克博士在内的许多人都认为，英国现在正处于开拓纤维需求的绝佳时期，只需建造并运行一座碳纤维生产设施。而这不仅可以保证甚至加强英国容易受影响的先进工程和制造能力，还可以增加其对欧洲更大的汽车原始设备制造商的出口潜力。

 “如果要对先进技术国家下定义，那碳纤维一定会被当做核心技术”沃克博士说，“这又好比是美国的硅谷，如果一个人想要将养老金进行投资，那碳纤维一定是准能赢的赌注。对于我们国家来说，只要我们能够积极响应就可以保证制造业发展。”

 “如果我们想要生产2万公吨碳纤维，而不是以10亿英镑的价格进口原材料，那我们就可以把我们的产品出口。而且不仅能出口，我们还能维护英国大量依赖碳纤维的供应链”

目前全球都在竞争，许可国家正热切寻求发展自己的先进工程和制造基地。英国不仅在和欧洲竞争，而是和世界尤其是新兴经济竞争。

在供不应求的情况下，中国、印度以及俄罗斯都在积极抢占市场份额。由于这些国家的许多行业都是寡头垄断，因而他们能够做出快速坚决的行动，这与西方国家官僚机构的董事会恰恰相反。

沃克博士说“当一个国家的经济处于停滞状态或是以1%的速度增长，那么就得进行明确的关键性投资。碳纤维被用于高端技术行业，建一座工厂也需要大不列颠提供全面的工程保证。”

 “在碳纤维生产过程中有两大主要花费：丙烯腈和电力。世界上最便宜的丙烯腈来源于北海低盆地。”

第二大花费是电能。尽管英国电价不是最便宜的，但也不贵。然而格里姆斯比由于采用燃气供能，也不能算作是不合适的地方。

导火线

近几个月以来，最有看头的莫过于宝马新车型i3和i8的发售，都采用了大量的碳纤维。

尽管最初的生产量不大，这两种车型都很受欢迎，并且有快速增长，成为主流车型的趋势。

很显然，宝马聚焦于为大众市场研发高产量的碳纤维车型。不仅仅宝马，许多人都希望这能像波音梦想客机成为民航机从金属材质转型的导火线一样，宝马新车也能成为汽车行业转型的起点。

但是，汽车行业所追求的大批量快速生产与航空业有很大不同。由于担心货源供应的稳定性，宝马和大众汽车的生产导致世界上最大的碳纤维生产商德国西格里纤维的股份持有大量增加。

沃克博士说“现在投资已达到几十亿。大众汽车通过80个工厂生产了300种车型，原料都是钢。但是他们却没有一家自己的钢铁厂。他们在生产汽车前，就先投资买进供应链。这是在展望中作出决定。”

有人提议供求增长应该有计划且缓慢稳定，但是2020年汽车的排放目标却对此施加了压力，使需求不得不快速增长。

总部在英国的Formax公司，一家织造工厂近期扩大了生产设施，为的就是满足汽车行业预期的增长需求。虽然其与其他纤维生产商没有联系，但其并不怎么关心英国供应链的长期稳定性，或许是想把这个问题留给消费者，让他们去指定纤维。

Formax的总经理奥利弗说：“所有人都在盯着i3项目，我认为他们已经做到了。他们生产出了汽车，并成功售卖出去。这款车看起来好极了，很受欢迎，还比同类车要轻。因而，或许每个人接下来都要这么做，但是我认为他们现在并不会直接生产出大众Golf车型。”
Practical Application（实际应用）
Streamlining thin-film processing saves time, energy

Energy storage devices and computer screens may seem worlds apart, but they're not.

When Assoc. Prof. Qi Hua Fan of the Electrical Engineering and Computer Science Dept. set out to make a less expensive supercapacitor for storing renewable energy, he developed a new plasma technology that will streamline the production of display screens.

For his work on thin-film and plasma technologies, Fan was named researcher of the year for the Jerome J. Lohr College of Engineering. His research focuses on nanostructured materials used for photovoltaics, energy storage and displays.

Making electrodes for supercapacitors

Last spring Fan received a proof-of-concept grant from the Dept. of Energy through the North Central Regional Sun Grant Center to determine if biochar, a byproduct of the a process that converts plants materials into biofuel, could be used in place of expensive activated carbon to make electrodes for supercapacitors.

Sun Grant promotes collaboration among researchers from land-grant institution, government agencies and the private sector to develop and commercialize renewable, bio-based energy technologies. The proof-of-concept grants allow researchers to advance promising research to the next level toward product development and commercialization.

“The amount of charge stored in a capacitor depends on the surface area,” Fan explained, “and the biochar nanoparticles can create an extremely large surface area which can then hold more charge.”

He deposits the biochar on a substrate using a patent-pending electrochemical process he developed and licensed to Applied Nanofilms LLC, in Brookings. Applied Nanofilms and Wintek, a company that makes flat panel displays for notebooks and touch screens in Ann Arbor, Mich., provided matching funds.

Through this project, Fan developed a faster way of treating the biochar particles using a new technology called plasma activation. "Treating means you use plasma to change the material surface, such as creating pores," Fan said.

The plasma treatment activates the biochar in five minutes and at room temperature, Fan explained. Conventional chemical activation takes several hours to complete and must be done at high temperatures—approximately 1,760 F.

"This saves energy and is much more efficient," Fan said. In this project, he has been collaborating with assistant professor Zhengrong Gu in the agricultural and biosystems engineering department, whose research focuses on energy storage materials and devices. They plan to use these promising results to apply for federal funding.

Applying plasma process to displays

The technique that treats biochar electrodes for supercapacitors can also be used in making displays, explained Fan, who was a research scientist at Wintek more than 10 years ago. Since last fall, Fan has been collaborating with Wintek on ways of producing more efficient, better performing materials, such as silicon and carbon thin films, for the company's displays.

"Plasma processing is a very critical technology in modern optoelectronic materials and devices," Fan explained. The high-energy plasma can deposit highly transparent and conductive thin films, create high quality semiconductors, and pattern micro- or nano-scale devices, thus making the display images brighter and clearer.

Fan will work with Wintek to develop a prototype plasma system. The activation method has the potential to improve production efficiency, saving time and energy, he noted.  

Source: South Dakota State Univ.
精简薄膜工艺省时节能

储能装置和电脑屏幕看起来似乎有天壤之别，但其实并没有。

当电机工程与计算机科学的副教授范启华（音）着手生产一种不那么昂贵的超级电容器来储存可再生能源时，他发明了一种可以流线生产显示器的新型等离子技术。

由于在薄膜和等离子技术方面的杰出研究工作，他被杰罗姆•J•罗瑟工程学院选为年度科研人员。

为超级电容器制造电极

去年春天，范教授通过北中不地区太阳格兰特中心（North Central Regional Sun Grant Center）从能源部接收到一份概念验证授权，来确定将植物材料转换为生物燃料这一过程的副产品生物碳，是否可以替代昂贵的活性炭，来制造超级电容器的电极。

太阳格兰特中心促进了授地机构、政府机构和私营部门的研究人员之间的合作，开发可再生能源和生物能源技术，并使之商业化。这份概念证明授权允许研究者将有发展前景的研究推进到下一阶段的产品开发和商业化方向。

“储存在电容器中的电荷量取决于其表面积，”范教授解释说，“而生物碳纳米颗粒可以提供非常大的表面积，可以储存更多的电荷。”

他在基板上使用正在申请专利的电化学步骤存放生物碳。他研发的这项技术授权给了布鲁金斯的应用薄膜有限公司（Applied Nanofilms LLC）。，位于密歇根州安阿伯一家为笔记本电脑和触摸屏生产平板显示器的公司应用纳米薄膜和盛华科技公司（Applied Nanofilms and Wintek），提供了配套资金。

通过这个项目，范教授用一种新技术开发出一种名为等离子体活化的更快处理生物碳颗粒的方法。“处理意味着你用等离子体改变材料的表面，例如凿孔，”他说。

范教授解释说，在室温下，等离子体处理方法可以在五分钟内激活生物碳。传统的化学激活需要花费几个小时来完成，而且必须在高温下进行——约1760华氏度。

“这种方法可以节约能源，而且更有效，”范教授说。在这个项目中，他一直与主要研究方向是能量存储材料和器械的农业与生物系统工程部的助理教授古峥嵘（音）合作。他们计划为这些有价值成果申请联邦资金。

用等离子体过程来显示

为超级电容器处理生物碳电极的技术也可以用于制造显示器，范教授解释说，10多年前，他是盛华科技的一位科研人员。从去年秋天起，他与盛华科技公司在提高生产效率与提高材料性能方面合作，例如公司用于显示器产品的硅和碳薄膜。

“等离子处理是现代光电子材料和器械的一种非常关键的技术，”范教授解释说。高能等离子可以沉淀成高度透明的导电薄膜，制造出高质量的半导体，以及纳米或微米级的设备，使显示图像更明亮、清晰。

范教授将与盛华科技合作开发一种等离子原型系统。这种激活方法有提高生产效率、节约时间和能源的潜力，他指出。

来源：南达科他州立大学

Running the color gamut
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Manufacturers implement the Color IQ component (shown here as a thin, yellow bar) into their televisions during the normal construction process, but use blue LEDs (blue dots) in place of the standard white LED back lights. Image: QD Vision 
If LCD TVs start getting much more colorful—and energy-efficient—in the next few years, it will probably be thanks to Massachusetts Institute of Technology (MIT) spinout QD Vision, a pioneer of quantum-dot television displays.

Quantum dots are light-emitting semiconductor nanocrystals that can be tuned—by changing their size, nanometer by nanometer—to emit all colors across the visible spectrum.

By tuning these dots to red and green, and using a blue backlight to energize them, QD Vision has developed an optical component that can boost the color gamut for LCD televisions by roughly 50%, and increase energy-efficiency by around 20%.

Last June, Sony used QD Vision’s product, called Color IQ, in millions of its Bravia “Triluminos” televisions, marking the first-ever commercial quantum-dot display. In September, Chinese electronics manufacturer TCL began implementing Color IQ into certain models.

These are currently only available in China, “because a lot of growth for the TV market is there,” says Seth Coe-Sullivan, co-founder and CTO of QD Vision, who co-invented the technology at MIT. But within a couple of months, he says, these displays will be “rolling out to the rest of the world.”

Replacing the bulb

In conventional LCD TVs, pixels are illuminated by a white LED backlight that passes through blue, red and green filters to produce the colors on the screen.

But this actually requires phosphors to convert a blue light to white; because of this process, much light is lost, and displays only reach about 70 to 80% of the National Television Standard Committee’s color gamut. Manufacturers can potentially boost color by incorporating more LEDs, but this costs more and requires more energy to run.

Color IQ is a thin glass tube, filled with quantum dots tuned to red and green, that’s implemented during the synthesis process. Manufacturers use a blue LED in the backlight, but without the need for conversion phosphors. As blue light passes through the Color IQ tube, some light shines through as pure blue light, while some is absorbed and re-emitted by the dots as pure red and pure green.

With more light shining through the pixels, LCD TVs equipped with Color IQ produce 100% of the color gamut, with greater power efficiency than any other technology.  

“The value proposition is that you are not changing the display, all you’re doing is replacing the light bulb, and yet the entire display looks much better. The colors are much more vivid—known as much more saturated—allowing you to generate a much more believable image,” says QD Vision co-founder and scientific advisor Vladimir Bulovic, the Fariborz Maseeh Chair in Emerging Technology at MIT, who also co-leads the MIT Innovation Initiative.

Green from “cradle to grave”

While QD Vision aims to bring consumers more color-saturated displays, Color IQ also has a positive environmental impact, which earned the company the Presidential Green Chemistry Challenge Award from the U.S. Environmental Protection Agency in October.

While developing its Color IQ—which replaces phosphor in displays—the company developed a much greener synthesis, according to the EPA. This synthesis involves replacing alkyl phosphine solvents with long-chain hydrocarbons, which are less hazardous, and replacing cadmium and zinc building blocks with less hazardous materials.

This eliminates 40,000 gallons of toxic solvents and 100 kg of toxic cadmium waste in U.S. production each year. Using the components in 20 million TVs is projected to save 600 million kilowatt-hours of electricity per year worldwide—enough electricity to power 50,000 average U.S. homes.

“We’ve been able to show, cradle to grave, from the materials we use to how we make it to how it’s put to rest, that there’s an environmental benefit,” Coe-Sullivan says.

Other technologies, called organic light-emitting diode (OLED) displays, use an organic compound to reach upward of 100% of the color gamut—but they are very expensive to produce. LCD TVs made with Color IQ are just as colorful, but are made for a few hundred dollars less and operate with greater efficiency, Coe-Sullivan says.

Lighting to displays, and back

QD Vision’s technology began at MIT more than a decade ago. Coe-Sullivan, then a graduate student in electrical engineering and computer science, was working with Bulovic and students of Moungi Bawendi, the Lester Wolfe Professor in Chemistry, on implementing quantum dots into electronic devices.

In a study funded by MIT’s Deshpande Center for Technological Innovation, Coe-Sullivan, QD Vision co-founder Jonathan Steckel and others developed a pioneering technique for producing quantum-dot LEDs (QLEDs). To do so, they sandwiched a layer of quantum dots, a few nanometers thick, between two organic thin films. When electrically charged, the dots illuminated a light bulb 25 times more efficiently than traditional devices.

The resulting paper, published in Nature in 2002, became a landmark in the quantum-dot-devices field. “Soon venture capitalists were calling Vladimir, asking if we’d spin a company out,” Coe-Sullivan says.  

Coe-Sullivan started toying around with the idea of starting a company. Then, a chance encounter at a cocktail party at the Martin Trust Center for MIT Entrepreneurship—with a former classmate, QD Vision co-founder Greg Moeller—sped things along. Early in the evening, the two started discussing Coe-Sullivan’s QLED advancements; they soon found themselves up all night in a lab in Building 13, fleshing out a business strategy.

Following that conversation, Coe-Sullivan enrolled in 15.390 (New Ventures) to further develop a business model. “That’s led to the more rigorous formation of a sales and marketing plans, and product creation,” he says. In 2004 Coe-Sullivan, Bulovic, Moeller, Steckel, and mentor Joe Caruso launched QD Vision.

In 2010, the company launched its first product, a QD light bulb, with partner Nexxus Lighting. However, realizing this $100 light bulb would soon need to sell for $10 to remain competitive, QD Vision saw that it needed a new market: quantum-dot displays.
“Making a transition like that [from lighting to displays] tests the nerves of folks involved, from top to bottom,” Coe-Sullivan says. “QD Vision’s story is one of many … tense moments, and that was one of them.”

Pooling all resources into displays, the company eventually caught the eye of Sony, and last year became the first to market with a quantum-dot display. Today, QD Vision remains one of only two quantum-dot display companies that have seen their products go to market.  

Now, with a sharp rise in commercial use, quantum-dot technologies are positioned to penetrate the display industry, Coe-Sullivan says. Along with Color IQ-powered LCD TVs, Amazon released a quantum-dot Kindle last year, and Asus has a quantum-dot notebook. “And there’s nothing in between that quantum dots can’t address,” he says.

In the future, Coe-Sullivan adds, QD Vision may even go back and tackle its first challenge: QD light bulbs. “The market has stabilized quite a bit,” he says. “Somewhere down the line, we think there’s an application and value proposition for quantum-dot lighting.”

Source: Massachusetts Institute of Technology
运行色域
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在正常制造过程中，制造商将颜色IQ组件（此处显示为薄，黄色条）安装到电视机里，但使用蓝色LED（蓝点）代替标准的白色的LED背光灯。图片提供：量子点视觉公司

如果在未来的几年中，液晶电视开始变得更加丰富多彩，而且节能，那么我们应该感谢美国麻省理工学院（MIT）衍生出的量子点视觉公司，它是量子点的电视显示器的先驱。

量子点是发光半导体纳米晶体，通过一纳米一纳米改变它们的大小，来调谐量子点的大小，由量子点发射出可见光谱的所有颜色。

通过将这些点调整为红色和绿色，并使用蓝色背光以激励他们，量子点视觉公司已开发出增加液晶电视约50％色域，同时能提高能效20％的光学组件。

去年六月，索尼在数百万台BRAVIA“TRILUMINOS”电视中采用量子点视觉公司的产品，被称为色彩智商，标志着量子点显示屏首次商业化。在九月份，中国的电子产品制造商TCL开始在某些型号使用颜色IQ。

这些产品目前仅在中国上市，“因为这里的彩电市场仍在扩张，”Seth Coe-Sullivan说，他是量子点视觉公司的联合创始人和CTO，在麻省理工学院共同发明了这项技术。但在几个月内，这些显示器将 “席卷到世界其他地区。”

更换灯泡

在常规的液晶电视，像素由白色LED背光穿过蓝色，红色和绿色过滤器，在屏幕上产生的颜色。

但是实际上需要荧光体将蓝色光转换为白色；由于这个过程，损失了很多光，其显示只能达到国家电视标准委员会的色域的70％至80％左右。制造商可能会加入更多的LED以增加色彩，但这会导致成本变高，耗能更高。

颜色IQ是一种薄玻璃管，填充有调谐到红色和绿色的量子点，这是在合成过程中实现的。制造商使用蓝色的LED背光，但无需转换的磷光体。当蓝色光通过颜色IQ管时，一些光透过管道成为纯蓝色光，而一些被这些点吸收和再发射，成为纯红色和纯绿色。

随着越来越多的光线穿过像素，配备了颜色IQ的液晶电视能生成100％的色域，比其它技术的电源效率更高。

 “的价值主张是，你不改变显示，你正在做的只是更换灯泡，但整个显示器看起来好得多。颜色是更生动，也就是更加饱和，能够生成一个更逼真的形象，”量子点视觉公司的共同创始人和科学顾问Vladimir Bulovic说，在麻省理工学院新兴技术的Fariborz Maseeh主席，也合作领导了MIT的创新举措。

 “摇篮到坟墓”的绿色

而量子点视觉公司旨在为消费者带来更高色彩饱和的显示器，色彩智商也产生了积极的环境影响，这为公司赢得了总统绿色化学挑战奖，由美国环境保护署在十月颁发。

EPA说，同时发展其颜色IQ——取代荧光粉，该公司开发出了更环保的合成物。该合成物包括用长链烃替换镉和锌积木，长链烃危险性较小，能够取代烷基膦溶剂，有害物质较少。

这消除美国了每年40000加仑有毒溶剂和100千克有毒的镉废料。在20万台电视中采用该组件预计能为全球每年节省6亿千瓦小时的电力，足够50000户普通美国家庭使用。

 “我们已经能够证明，从摇篮到坟墓，从我们使用的材料，到如何制造，到如何处理，其中都有环境效益，”Coe-Sullivan说。

另一项技术，被称为有机发光二极管（OLED）显示器，使用有机化合物最多能显示100％的色域，但是它们非常昂贵。应用色彩IQ的液晶电视也同样丰富多彩，但制造成本降低了几百美元，并能更高效地运作，Coe-Sullivan说。

照明到显示器，然后返回照明

量子点视觉公司的技术开始于十多年前的麻省理工学院。当时还是电气工程和计算机科学的研究生的Coe-Sullivan，正与Bulovic和Moungi Bawendi的学生，化学教授Lester Wolfe一起工作，在电子设备上应用量子点。

由麻省理工学院的德什潘德技术创新中心资助的研究中，Coe-Sullivan ，量子点视觉公司的联合创始人Jonathan Steckel以及其他人开发出了一种开创性的技术，用于生产量子点发光二极管（QLEDs）。为了实现这一点，他们在两个有机薄膜之间夹了一层几纳米厚的量子点。接电后，通过这些点照亮的灯泡效率比传统设备高25倍。

由此写出的论文在2002年发表在《Nature》杂志上，成为了量子点设备领域的一个里程碑。 “不久，风险资本家打电话给Vladimir，问我们是否会从学校衍生出公司来，”Coe-Sullivan说。

Coe-Sullivan开始带着创办公司的念头周游各地。这时，在马丁信托中心MIT创业的一个鸡尾酒会上，有一个偶然的相遇，他与以前的同学，量子点视觉公司联合创始人Greg Moeller 相遇，顺水推舟促成此事。傍晚，两人开始讨论Coe-Sullivan的QLED的进步性；他们很快发现自己整夜都在13号楼实验室，充实着经营策略。

随着这次谈话，Coe-Sullivan就读于15.390（新建企业），以进一步发展的业务模式。 “这导致了更严格的形成销售和营销计划，以及产品的创作，”他说。 2004年Coe-Sullivan，Bulovic，Moeller，Steckel，和导师Joe Caruso启动了量子点视觉公司。

2010年，该公司与合作伙伴盈置照明推出了其第一款产品，一个QD灯泡。但是，他们意识到这个100美元的灯泡很快将需要以10美元的价格出售，以保持竞争力。量子点视觉看到的，他们需要一个新的市场：量子点显示器。

 “进行这样的转变[从照明到显示器]对上下所有人的神经都是一个检验，”Coe-Sullivan说。 “量子点视觉公司的故事中有很多紧张时刻，这就是其中之一。”

汇集所有资源投入到显示器，该公司最终进入了索尼的视野，去年成为第一个向市场推出了量子点显示屏的公司。如今，QD视觉，仍然是有产品进入市场的两个量子点显示器公司之一。

现在，其商业用途急剧上升，量子点技术定位将渗透到显示器行业，Coe-Sullivan说。彩色IQ-供电液晶电视之外，亚马逊去年还发布了量子点的Kindle，华硕出产了量子点的笔记本电脑。 “量子点都能满足，”他说。

今后，Coe-Sullivan补充说，量子点视觉公司甚至可能回去解决其第一个挑战：QD灯泡。 “市场已经稳定了不少，”他说。“我们认为，在这条线上，总有一点是量子点照明的应用和价值定位。”

资料来源：美国麻省理工学院

Fool’s gold as a solar material?
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This lump of iron pyrite shows the characteristic cubic crystals of fool’s gold. Defects in pyrite’s crystal structure are an obstacle to building solar cells from the material. Image: UW-Madison Geology Museum
As the installation of photovoltaic solar cells continues to accelerate, scientists are looking for inexpensive materials beyond the traditional silicon that can efficiently convert sunlight into electricity.
Theoretically, iron pyrite—a cheap compound that makes a common mineral known as fool's gold—could do the job, but when it works at all, the conversion efficiency remains frustratingly low. Now, a Univ. of Wisconsin-Madison research team explains why that is, in a discovery that suggests how improvements in this promising material could lead to inexpensive yet efficient solar cells.
"We think we now understand why pyrite hasn't worked," says chemistry Prof. Song Jin, "and that provides the hope, based on our understanding, for figuring out how to make it work. This could be even more difficult, but exciting and rewarding."
Although most commercial photovoltaic cells nowadays are based on silicon, the light-collecting film must be relatively thick and pure, which makes the production process costly and energy-intensive, says Jin.
A film of iron pyrite—a compound built of iron and sulfur atoms—could be 1,000 times thinner than silicon and still efficiently absorb sunlight.
Like silicon, iron and sulfur are common elements in the Earth's crust, so solar cells made of iron pyrite could have a significant material cost advantage in large scale deployment. In fact, previous research that balanced factors like theoretical efficiency, materials availability and extraction cost put iron pyrite at the top of the list of candidates for low-cost and large-scale photovoltaic materials.
In the Journal of the American Chemical Society, Jin and first author Miguel Cabán-Acevedo, a chemistry graduate student, together with other scientists at UW-Madison, explain how they identified defects in the body of the iron pyrite material as the source of inefficiency. The research was supported by the U.S. Dept. of Energy.
In a photovoltaic material, absorption of sunlight creates oppositely charged carriers, called electrons and holes, that must be separated in order for sunlight to be converted to electricity. The efficiency of a photovoltaic solar cell can be judged by three parameters, Jin says, and the solar cells made of pyrite were almost totally deficient in one: voltage. Without a voltage, a cell cannot produce any power, he points out. Yet based on its essential parameters, iron pyrite should be a reasonably good solar material. "We wanted to know, why is the photovoltage so low," Jin says.
"We did a lot of different measurements and studies to look comprehensively at the problem," says Cabán-Acevedo, "and we think we have fully and definitively shown why pyrite, as a solar material, has not been efficient."
In exploring why pyrite was practically unable to make photovoltaic electricity, many researchers have looked at the surface of the crystals, but Cabán-Acevedo and Jin also looked inside. "If you think of this as a body, many have focused on the skin, but we also looked at the heart," says Cabán-Acevedo, "and we think the major problems lie inside, although there are also problems on the skin."
The internal problems, called "bulk defects," occur when a sulfur atom is missing from its expected place in the crystal structure. These defects are intrinsic to the material properties of iron pyrite and are present even in ultra-pure crystals. Their presence in large numbers eventually leads to the lack of photovoltage for solar cells based on iron pyrite crystals.
Science advances by comprehending causes, Jin says. "Our message is that now we understand why pyrite does not work. If you don't understand something, you must try to solve it by trial and error. Once you understand it, you can use rational design to overcome the obstacle. You don't have to stumble around in the dark."
Source: Univ. of Wisconsin-Madison
愚人金可以作为太阳能材料吗？
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这个黄铁矿块显示出愚人金的独特的立方体晶体。黄铁矿晶体结构的缺点使其无法用于制造太阳能电池。图片提供：威斯康辛大学麦迪逊分校地质博物馆（UW-Madison Geology Museum）

随着光伏太阳能电池的安装持续加速，科学家正在寻求除了传统硅之外可以有效地将光能转化成电能的便宜材料。

理论上来说，黄铁矿也可以将光能转化成电能，黄铁矿也叫愚人金，是一种价格低廉的混合物，可以组成常见的矿物质。但是黄铁矿在完全工作时，转化率却出奇得低。现在威斯康辛大学麦迪逊分校的研究小组在一项研究发现中解释了黄铁矿转化率低的原因，并且说明怎样改进黄铁矿，使之产生便宜但有效的太阳能电池。

化学教授Song Jin说，我们认为我们现在已经找到黄铁矿转化率低的原因了，基于我们现在掌握的知识，这为我们以后找到方法提高黄铁矿的转化率奠定了基础。这可能甚至会更加困难，但这很振奋人心，也让人期待。

Jin教授说，尽管目前大多数商业的光伏电池用的是硅原料，这种集光膜必须相对较厚且较纯净，这使得产电过程既费钱又耗能。

由铁和硫原子组成的化合物黄铁矿的膜，要比硅薄1000倍，同时还能有效地吸收阳光。

和硅一样，铁和硫是地壳上的普通元素，因此大规模使用黄铁矿做的太阳能电池在价格上占有很大的优势。事实上，考虑到平衡理论有效性、材料可行性及提取费用等因素，在以前的研究中，都将黄铁矿排在低价大规模光伏材料候选名单的前面。

在美国化学学会杂志上，Jin教授和第一作者、化学系研究生Cabán-Acevedo，以及威斯康辛大学麦迪逊分校的其他科学家一起说明他们如何确定黄铁矿材质的缺陷是转化率低的原因。此研究由美国能源部资助。

Jin教授说，在光伏材料中，吸收太阳光会产生带相反电极的载体，即电子和空穴。为了使光能转化成电能，必须让电子和空穴分开。一块光伏太阳能电池的有效性可以通过三个参数来判断，但用黄铁矿制成的太阳能电池几乎完全缺少一个参数——电压。Jin教授指出，没有电压，一块电池就不能产生电能。但是根据黄铁矿的其他基本参数，它应该是很好的太阳能材料。我们想要知道的是，光伏电压会这么低的原因。

Cabán-Acevedo说，我们利用了不同的方法和研究，综合地观察这个问题，我们认为我们已经充分地、确定地说明黄铁矿作为太阳能材料无效性的原因。

在探索黄铁矿不能产生光伏电的原因的研究上，很多研究人员观察晶体表面，而Cabán-Acevedo和 Jin还观察晶体内部。Cabán-Acevedo说，如果你把黄铁矿当成人体，很多人只看它的皮肤，但是还有看心脏。我们认为尽管很多问题出现在皮肤上，但主要原因在于晶体内部。

这里的内部问题称为体缺陷，指在晶体结构中硫原子在预计的位置缺失了。这些缺陷对于黄铁矿的材料属性是本身固有的，甚至在超纯晶体中也存在这样的缺陷。大量的体缺陷会最终导致黄铁矿材质的太阳能电池缺少光伏电压。

Jin教授说，了解原因使科学不断进步，我们目前的信息是我们掌握了黄铁矿转化率低的原因。如果你不知道一些东西，你就必须要通过试验或错误解决它。一旦你理解了，掌握了，你就可以使用理论设计去克服障碍。你也不会在黑暗中摔倒了。

来源：威斯康星州麦迪逊大学
Organic & Polymer（有机高分子材料）
Heat-conducting plastic developed
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High thermal conductivity in amorphous polymer blends by engineered interchain interactions. Credit: Nature Materials (2014) doi:10.1038/nmat4141 

The spaghetti-like internal structure of most plastics makes it hard for them to cast away heat, but a University of Michigan research team has made a plastic blend that does so 10 times better than its conventional counterparts. 

Plastics are inexpensive, lightweight and flexible, but because they restrict the flow of heat, their use is limited in technologies like computers, smartphones, cars or airplanes—places that could benefit from their properties but where heat dissipation is important. The new U-M work could lead to light, versatile, metal-replacement materials that make possible more powerful electronics or more efficient vehicles, among other applications.

The new material, which is actually a blend, results from one of the first attempts to engineer the flow of heat in an amorphous polymer. A polymer is a large molecule made of smaller repeating molecules. Plastics are common synthetic polymers.

Previous efforts to boost heat transfer in polymers have relied on metal or ceramic filler materials or stretching molecule chains into straight lines. Those approaches can be difficult to scale up and can increase a material's weight and cost, make it more opaque, and affect how it conducts electricity and reflects light. The U-M material has none of those drawbacks, and it's easy to manufacture with conventional methods, the researchers say.

"Researchers have paid a lot of attention to designing polymers that conduct electricity well for organic LEDs and solar cells, but engineering of thermal properties by molecular design has been largely neglected, even though there are many current and future polymer applications for which heat transfer is important," said Kevin Pipe, U-M associate professor of mechanical engineering and corresponding author of a paper on the work published in the current issue of Nature Materials.

Pipe led the project with Jinsang Kim, another corresponding author and associate professor of materials science and engineering.

Heat energy travels through substances as molecular vibrations. For heat to efficiently move through a material, it needs continuous pathways of strongly bound atoms and molecules. Otherwise, it gets trapped, meaning the substance stays hot. 

"The polymer chains in most plastics are like spaghetti," Pipe said. "They're long and don't bind well to each other. When heat is applied to one end of the material, it causes the molecules there to vibrate, but these vibrations, which carry the heat, can't move between the chains well because the chains are so loosely bound together."

The Pipe and Kim research groups devised a way to strongly link long polymer chains of a plastic called polyacrylic acid (PAA) with short strands of another called polyacryloyl piperidine (PAP). The new blend relies on hydrogen bonds that are 10-to-100 times stronger than the forces that loosely hold together the long strands in most other plastics.

"We improved those connections so the heat energy can find continuous pathways through the material," Kim said. "There's still a long way to go, but this is a very important step we made to understand how to engineer plastics in this way. Ten times better is still a lot lower heat conductivity than metals, but we've opened the door to continue improving."

To arrive at these results, the researchers blended PAP plastic strands separately with three other polymers that they knew would form hydrogen bonds in different ways. Then they tested how each conducted heat.

"We found that some samples conducted heat exceptionally well," said Gun-Ho Kim, first author of the paper and a postdoctoral fellow in mechanical engineering and materials science and engineering. "By performing numerous measurements of the polymer blend structures and their physical properties, we learned many important material design principles that govern heat transfer in amorphous polymers."

Two other first authors are Dongwook Lee and Apoorv Shanker, graduate students in macromolecular science and engineering. The paper is titled "High thermal conductivity in amorphous polymer blends by engineered interchain interactions."

Journal reference: Nature Materials  
Provided by University of Michigan   

导热塑料的发展
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利用工程链的相互作用为非晶态共混聚合物提供高导热率。

图片来源：《自然材料》（Nature Materials）（2014）doi:10.1038/nmat4141

大部分塑料像意大利面条那样的内部结构使他们摆脱热的影响有一定的困难，但密歇根大学的一个研究团队已经做出了一种塑料共混物，比传统塑料的情况好10倍。

塑料廉价、轻巧、灵活，但是由于受热量流动的限制，对性能效率而言，它们在科技产品，如电脑、智能手机、汽车或者飞机等非常适合，但对散热性要求较高的应用受到了限制。新的研究工作使轻、多样、金属替代材料更强大的电子产品或更高效的其他应用成为可能。

这种新材料本质上是一种混合物，是首次试图设计非晶体聚合物的热流量的一个结果。聚合物是一种由较小的重复分子形成的大分子。塑料是常见的合成聚合物。

之前，在提高聚合物热传递的努力上，依赖于金属或陶瓷填料或将分子链拉伸成直线。这些方法难以大规模运用，而且增加了材料的重量和成本，且使其变得更加不透明，并对其导电性和反光性造成影响。密歇根大学研究出的材料没有这些缺点，而且它很容易就可以用传统的方法制造出来，研究人员说。

“研究人员已经在为有机发光二极管和太阳能电池设计导电性良好的聚合物上花费了大量的精力，尽管不论在现在还是未来，热传递在聚合物的应用上都非常重要，但是通过分子的热性能设计还是被忽略了，”凯文•佩普说，他是密歇根大学机械工程系的一位副教授，也是发表在《自然材料》一篇有关此问题的论文的相关作者。

佩普与金桑•吉姆——另一位材料科学与工程学的副教授，一起领导了这个项目。

热能通过物质以分子振动的形式传递。为了热量能通过材料进行有效传递，它需要原子和分子强力结合成连续路径。否子，它会被困住，这意味着物质将一直是热的。

“大多数塑料的聚合物链就像意大利面条，”佩普说。“它们很长，而且彼此不相交。当热量出现在材料的一端，会导致分子的振动，但这些携带热量的振动不能在链与链之间形成良好的传递，这是因为这些链式松散地缠绕在一起的。”

佩普和吉姆的研究小组发明了一种方法，能将名为聚丙烯酸（PAA）的长链聚合物与另一种名为聚丙烯酰胺的哌啶（PAP）的短链聚合物强力连结在一起。这种依赖于氢键的新共混物比其他大多数塑料中松散结合在一起的长链的强度强10—100倍。
“我们改进这些连接处，使热量可以找到通过材料的连续通路，”吉姆说。“我们还有很长的路要走，但这是我们开始了解工程塑料的重要步骤。好十倍还仍然是一个比金属低很多的传热率，但是我们已经打开了继续提高的大门。”

为了得到这些结果，研究人员将巴氏塑料分别于其他三种他们已知能以不同方式形成氢键的聚合物混合。然后他们测试了每种的导热性。
“我们发现，一些样品的传热率异常的好，”坤何•吉姆说，他是这篇论文的第一作者，也是机械工程和材料科学与工程的博士后。“通过对许多聚合共混物的结构和物理性质的测量，我们学到了在非晶态聚合物中支配热传递的重要材料设计原则。”

另外两位第一作者是高分子科学与工程系的研究生冬沃克•李和奥克威•闪克。论文标题是“非晶态高分子共混物的高导热率与工程分子间的相互作用”（High thermal conductivity in amorphous polymer blends by engineered interchain interactions）。

参考杂志：《自然材料》（Nature Materials）

由密歇根大学提供

Pilot study reveals new findings about microplastics in wastewater 
Treatment plants cannot completely keep microplastics out of wastewater by conventional means. This is one of the results of a pilot study commissioned by the regional water association of Oldenburg and Ostfriesland, Germany, and the Lower Saxony Water Management, Coastal Defence and Nature Conservation Agency. The findings will be used to better protect flora and fauna in rivers and seas.

All plastic particles smaller than five millimeters are designated as microparticles. Microplastics have been included in the European Marine Strategy Framework Directive (MSFD) as an indicator of the status of marine waters.

Experts at the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) examined wastewater and sewage sludge from twelve treatment plants in the region covered by the OOWV water board.

“The study provides valuable findings about plastic residues that no one has obtained thus far. By applying state-of-the-art methods, it is now possible to specifically classify plastics, such as those used in toothpaste, cosmetics, fleece jackets and packaging, even in wastewater. For this reason the study is also relevant for legislators, manufacturers and industry,” explains OOWV Managing Director Karsten Specht.

To be able to detect and classify particles in wastewater as well as in sewage sludge, the researchers from the Alfred Wegener Institute employed micro-FTIR and ATR-FTIR spectroscopy. This involves using infrared radiation to set molecular bonds into oscillation. Depending on the method, the scientists press questionable particles onto a crystal for more detailed classification or place them on an aluminium oxide filter in order then to analyse them under a microscope. Through these methods it is possible to identify the plastics without a doubt and reliably differentiate them from natural materials.

“However, whether the majority of the microplastic particles found can actually be traced back to cosmetic products, for example, or whether they stem from abrasion of items of daily use, cannot be determined at the present time,” says microbiologist Dr. Gunnar Gerdts, who analysed the samples at the Alfred Wegener Institute on Helgoland. “The results are surprising for us. The occurrence of microplastic particles varies considerably. There is an urgent need for further studies to enable comparability. And this not only applies to the wastewater of treatment facilities, but also in rivers that receive the wastewater. Currently there are neither valid findings on the pollution of German rivers with microplastics nor data on whether diffuse or rather point sources like treatment plants contribute to such pollution,” states Gerdts.

Almut Kottwitz, Permanent Secretary in the Lower Saxony Ministry of the Environment, Energy and Climate Protection, welcomes the pilot study: “Plastics have been in use in diverse form for over 60 years. However, no one has ever questioned what risks that entails. We now need a nationwide study on the input of microplastics into the food chain. The federal government has to provide the necessary research funds for that.”

Ute Schlautmann, the responsible department head at NLWKN explains: “The project enables us to take a big step forward in an issue that is important for the marine environment. From the water investigations in recent years we know about the pollution of rivers and coastal waters with plastic particles. Through this project we obtain for the first time concrete data on treatment plants as a possible input pathway. The results show that microplastics can be retained in treatment plants, but evidently not completely.” More far-reaching measurements are necessary, she adds, to be able to make more precise statements than was previously the case and obtain more exact quantitative estimates.

OOWV Department Manager Andreas Körner emphasises that additional studies are also necessary to determine further measures suitable for minimising the input of plastic particles into rivers and seas. “According to the study, we collect the majority of the microplastic particles by means of tertiary filtration, as we apply it in Oldenburg. Though this is a promising approach, the input of microparticles has to be avoided much earlier, i.e. during the production process,” explains Körner.

The drinking water system of five water works belonging to OOWV was also subjected to special scrutiny. AWI examined water samples from the production wells, the drinking water at the water works outlet and the drinking water in the water main as well as at the end consumer. The result showed no microplastic particles in the groundwater. And the number of particles per cubic metre in the drinking water was extremely low, i.e. a maximum of seven. In all likelihood, according to the scientists, the microplastics stem from abrasion of a seal or pipe. “This is substantiated by the outstanding quality of our drinking water,” says Managing Director Karsten Specht.

Source: Alfred Wegener Institute
试点研究揭示废水中微型塑料新发现

在废水处理厂，用传统方式不能完全保证废水中不包含微型塑料。这是德国奥尔登堡和Ostfriesland区域水协会（以下简称OOWA）、下萨克森州水资源管理、沿海防御及自然保护机构（Lower Saxony Water Management, Coastal Defence and Nature Conservation Agency）委托进行的一项试点研究的结果。调查结果将用于更好地保护河流和海洋中的动植物。

塑料颗粒小于5毫米都指定为微粒子。欧洲海洋战略框架指令(MSFD)将微型塑料作为海洋水域状态的一个指示器。

亥姆霍兹极地和海洋研究中心阿尔弗雷德韦格纳研究所(AWI)的专家，研究了OOWV覆盖区的十二个处理厂的废水和污水污泥。

“关于塑料残留物，研究提供了迄今为止没有人取得的有价值的发现。通过应用先进的方法,现在可以明确对塑料进行分类,比如用于牙膏、化妆品、羊毛夹克和包装的塑料，甚至是废水中的塑料。鉴于此，该研究还涉及相关立法者、制造商和行业,” OOWV常务董事卡斯滕•施佩希特解释说。

为了能够检测污水及污泥中的颗粒并对其进行分类，阿尔弗雷德韦格纳研究所的研究人员使用了微傅里叶变换红外光谱（micro-FTIR）和ATR-FTIR光谱技术。这涉及到使用红外辐射将分子键设置成振动。使用这些方法,科学家们可将相关粒子压入晶体上，对其进行更详细的分类，或将它们按序放在一个氧化铝过滤器上，然后在显微镜下进行分析。通过这些方法就可以毫无疑问地确定塑料，并把它们与从天然材料区别开来。 

“然而，大多数可发现的微型塑料粒子是否可以追溯到化妆品等，或者它们是否源于磨损的日常使用的物品，目前还不能确定,”微生物学家Gunnar Gerdts博士说。他在Helgoland阿尔弗雷德韦格纳研究所分析了样本。“我们的结果是令人惊讶的。微型塑料粒子的发生情况不尽相同。迫切需要进一步的研究,使其具有可比性。这不仅适用于废水处理工厂,而且适用于废水流入的河流。目前，还没有关于德国河流受到微型塑料污染的有效发现，也没有数据表明是处理厂等的污水扩散导致了这种污染，”Gerdts表示。

德国下萨克森州环境、能源和气候保护机构常任秘书Almut Kottwitz对该试点研究表示欢迎:“塑料已经以不同形式为我们使用60多年了。然而,从来没有人质疑其所带来的风险。现在我们需要就微型塑料进入食物链的影响进行一项全国性研究。联邦政府提供必要的研究基金。”

NLWKN 责任部门主管Ute Schlautmann解释说:“这个项目使我们在有关海洋环境的问题上迈进了一大步。近年来，从水调查我们了解了河流和沿海水域中的塑料粒子污染。通过这个项目，我们首次获得了处理工厂作为一个可能性污染输入途径的具体数据。结果表明,微型塑料可以保留在处理厂,但显然不完全会留在工厂。“为了进行更精确的描述并获得更准确的定量估计，有必要进行更深远的测量”，她说。

OOWV部门经理Andreas Korner强调, 还需要进行更多的研究来进一步确定适当的措施，以最小化流入河流和海洋中塑料粒子。“在奥尔登堡应用时，研究表明,我们通过三级过滤收集大多数微型塑料粒子。尽管这是一个有前途的方法,但必须尽早避免微粒子的输入，比如在生产过程中，”Korner解释道。

属于OOWV的五个自来水厂的饮用水系统也受到特别审查。AWI检查了来自生产井、饮用水出水口和总水管饮用水以及最终消费者的水样本。结果表明，地下水中不含微型塑料微粒。饮用水中塑料粒子的每立方米数量非常低，最多七个。科学家表示，在所有可能的情况下，微型塑料源于密封或管道的磨损。“这经我们突出的饮用水质量得以证实,”常务董事卡斯滕•施佩希说。

来源：阿尔弗雷德韦格纳研究所
New materials yield record efficiency polymer solar cells
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Temperature-controlled aggregation in a family of new semiconducting polymers appears to be the key to creating highly efficient organic solar cells that can be mass produced more cheaply.

Researchers from North Carolina State Univ. and Hong Kong Univ. of Science and Technology have found that temperature-controlled aggregation in a family of new semiconducting polymers is the key to creating highly efficient organic solar cells that can be mass produced more cheaply. Their findings also open the door to experimentation with different chemical mixtures that comprise the active layers of the cells.

Polymer solar cells are a delicately controlled mixture of a polymer donor and a fullerene acceptor. The cell is created by adding a solvent to the polymer and fullerene until the mixture becomes a liquid, then spreading the liquid thinly onto a surface. As the solvent evaporates, the thin layer solidifies, with the donor material hardening into tiny, highly ordered “clumps” that are connected by other, disordered donor molecules, and the acceptor weaving around them. Currently the most efficient organic solar cells are manufactured using one of only two different fullerenes.

NC State physicist Harald Ade and postdoctoral researcher Wei Ma had previously studied the morphology of solar cells and found that the size scale of the clumps within the donor layer and the aggregation – or interaction between neighboring molecules within the layers—were the main drivers of solar cell efficiency.

In a paper published in Nature Communications, Ade, Ma and a team of chemists from the Hong Kong Univ. of Science and Technology led by He Yan show that size scale and aggregation within these devices are strongly temperature dependent. They also show that record efficiencies of up to 10.8%—as opposed to the currently published 9.8%—are achievable with the substitution of numerous fullerenes. Additionally, this performance can be achieved in thick film devices.

“Once we saw how temperature affected the aggregation and morphology of these solar cells, it allowed the chemists more freedom to play with different chemical compositions in the active layer,” Ade says. “Yan’s team demonstrated 10% efficiency with 10 different mixtures, and in thicker films. So these solar cells could be compatible with existing methods of mass production, like slot die casting and roll-to-roll processing similar to newspaper printing, rather than the more expensive production methods currently in use that are required for thickness control.

“We hope that these findings will allow others to experiment with different polymer-fullerene blends, further increasing the efficiency of solar cells, decreasing their production costs and leading to a commercially viable alternative source of energy.”

Source: North Carolina State Univ.
新材料使聚合物太阳能电池效率创纪录

[image: image10.jpg]



一新型半导体聚合物家族中的温控聚集性是制造高效可量产的便宜有机太阳能电池的关键。

北卡罗莱纳州立大学和香港科技大学的研究人员发现, 一新型半导体聚合物家族中的温控聚集性是制造高效可量产的便宜有机太阳能电池的关键。他们的发现还打开了与组成电池活动层的不同化学混合物进行实验的大门。

聚合物太阳能电池是一种微妙控制的聚合物供体和和富勒烯受体混合物。在聚合物与富勒烯中加入一种溶剂直到混合物变成液体，之后将该液体薄薄地散播于一个表面，就形成了电池。随着溶剂的蒸发,薄层会凝固，供体材料会硬化成高度有序、由其它无序供体分子连接的微型“团”，而受体编织在其 。目前，最有效的有机太阳能电池是用仅有的两个不同的富勒烯中的一个制造而成。

北卡罗莱纳州物理学家哈拉尔德•艾德和博士后研究员马魏（音）曾研究了太阳能电池的形态，结果发现，供体内的团的尺度及聚合性（层与层之间相邻分子间的相互作用），是太阳能电池效率的主要驱动因素。

艾德、马魏以及以严和（音）为首的一个来自香港科技大学的化学家小组进行的研究结果刊载于《自然通讯》杂志上，其表明，在这些设备中，尺度和聚合性强烈依赖于温度。他们还表明, 高达10.8%的创记录效率可使用众多富勒烯替代实现，而目前公布的效率是9.8%。此外,这种性能可以在厚膜设备中实现。

 “当我们看到温度对这些太阳能电池的聚合性和形态的影响方式后，化学家们就有了更多的自由，来使用活性层中的化学成分,”德说，“严和的团队用10种不同的混合物展示了10%的效率，且针对的是更厚的膜。所以，这些太阳能电池可以与现有的大规模生产方法兼容，如槽压铸和类似于报纸印刷的卷式处理，,而当前使用的生产方法需要厚度控制，且更昂贵。”

“我们希望这些发现将允许其他人尝试不同聚合物-富勒烯新配方,进一步提高太阳能电池的效率,降低生产成本,生产出商业上可行的替代能源。”

来源：北卡州立大学。
E-Material（电子材料）
Imaging electrons moving at 80,000 m/sec in a semiconductor

Postdoctoral fellow Keiki Fukumoto, together with researcher Ken Onda and Professor Shinya Koshihara, all of the Graduate School of Science and Engineering at the Tokyo Institute of Technology, succeeded in direct observation and video imaging of electron flow at 80,000 m/sec in a semiconductor. They did so by combining a new laser pulse light source and a photoemission electron microscope (PEEM) to develop an ultra high-speed microscope that enabled visualization of electrons on a 20 nm and 200 femtosec scale.

Semiconductors are widely used in PCs, mobile phones and solar batteries, and have become indispensable, but there had been no method to view the movement of the carriers (electrons) that controlled their behavioral functions.

With the advance of the nano-sizing of semiconductor elements, attention is on the development of elements (transistors, solar batteries, LEDs, quantum computers) that use the resulting quantum size effect. Devices able to visually assess that electrical conductivity are expected to have a major impact on future semiconductor element development.

The results of this research were published in the online bulletin version of the American scientific journal "Applied Physics Letters" on March 7.

Direct imaging of electron recombination and transport on a semiconductor surface by femtosecond time-resolved photoemission electron microscopy
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Time-resolved PEEM video imagery of electron movement. (a): Outline of measurement method. (b)&(c): Photoelectron microscope images after laser irradiation at 20ps and 40ps. (d)&(e): Magnifications of the center areas of (b)&(c). (f): Electron movement can be confirmed from the vertical-direction profiles in (d)&(e). Fig. 2: (a),(b),(c) are the movement ranges for electrons plotted against time using the electric field gradient between different electrodes (voltage value ÷ electrode interval). The movement speed of the electrons is calculated from the linear fit inclination. (d) is electron movement speed plotted against the electric field gradient.
Source: Tokyo Institute of Technology
电子在半导体中以80000米/秒移动的成像
博士后Keiki Fukumoto与研究员肯恩•昂达及Shinya Koshihara教授，成功地直接观察和视频成像了半导体中80000米/秒移动的电子流。三人皆在东京理工学院科学与工程研究生院。他们将新的激光脉冲光源和光电发射电子显微镜(PEEM)结合起来，开发出一种超高速显微镜，使20 纳米和200 femtosec大小的电子可视化。

半导体被广泛应用于个人电脑、手机和太阳能电池，已经成为不可或缺的材料，但目前还没有方法来查看控制它们行为功能的载体(即电子)的运动。

随着半导体元件纳米化的进展，人们越来越关注于使用产生的量子尺寸效应发展各种元件 (晶体管、太阳能电池、发光二极管、量子计算机)。能够直观地评估导电性的设备预计会对未来的半导体元件发展产生重大影响。

这项研究的结果刊载于3月7日在线公告版的美国科学期刊《应用物理快报》（Applied Physics Letters）。

使用飞秒时间分辨的光电发射电子显微镜（PEEM）直接成像的半导体表面的电子复合及运输
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（上图为）时间分辨的PEEM电子运动的视频图像。(a):测量方法概述。(b)和(c): 20 ps和40 ps激光辐照后的光电子显微镜图片。(d)和(e): (b)和(c)中心地区的放大图。(f):电子运动可以通过(d)&(e)中垂直方向的泼面图来确认。图2：(a)、(b)、(c) 是使用了不同电极之间的电场梯度(电压值÷电极间隔)的时间对应下的电子动作振幅。电子的移动速度由线性倾向计算得出。(d)图竖坐标轴为电子移动速度，横向坐标轴为电场梯度。

来源:东京理工学院

New way to move atomically thin semiconductors for use in flexible devices

Researchers from North Carolina State Univ. have developed a new way to transfer thin semiconductor films, which are only one atom thick, onto arbitrary substrates, paving the way for flexible computing or photonic devices. The technique is much faster than existing methods and can perfectly transfer the atomic scale thin films from one substrate to others, without causing any cracks.

At issue are molybdenum sulfide (MoS2) thin films that are only one atom thick, first developed by Dr. Linyou Cao, an assistant professor of materials science and engineering at NC State. MoS2 is an inexpensive semiconductor material with electronic and optical properties similar to materials already used in the semiconductor industry.

“The ultimate goal is to use these atomic-layer semiconducting thin films to create devices that are extremely flexible, but to do that we need to transfer the thin films from the substrate we used to make it to a flexible substrate,” says Cao, who is senior author of a paper on the new transfer technique. “You can’t make the thin film on a flexible substrate because flexible substrates can’t withstand the high temperatures you need to make the thin film.”

Cao’s team makes MoS2 films that are an atom thick and up to 5 cm in dia. The researchers needed to find a way to move that thin film without wrinkling or cracking it, which is challenging due to the film’s extreme delicacy.

“To put that challenge in perspective, an atom-thick thin film that is 5 cm wide is equivalent to a piece of paper that is as wide as a large city,” Cao said. “Our goal is to transfer that big, thin paper from one city to another without causing any damage or wrinkles.”

Existing techniques for transferring such thin films from a substrate rely on a process called chemical etching, but the chemicals involved in that process can damage or contaminate the film. Cao’s team has developed a technique that takes advantage of the MoS2’s physical properties to transfer the thin film using only room-temperature water, a tissue and a pair of tweezers.

MoS2 is hydrophobic—it repels water. But the sapphire substrate the thin film is grown on is hydrophilic—it attracts water. Cao’s new transfer technique works by applying a drop of water to the thin film and then poking the edge of the film with tweezers or a scalpel so that the water can begin to penetrate between the MoS2 and the sapphire. Once it has begun to penetrate, the water pushes into the gap, floating the thin film on top. The researchers use a tissue to soak up the water and then lift the thin film with tweezers and place it on a flexible substrate. The whole process takes a couple of minutes. Chemical etching takes hours.

“The water breaks the adhesion between the substrate and the thin film—but it’s important to remove the water before moving the film,” Cao says. “Otherwise, capillary action would case the film to buckle or fold when you pick it up.

“This new transfer technique gets us one step closer to using MoS2 to create flexible computers,” Cao adds. “We are currently in the process of developing devices that use this technology.”

The paper on the research was published online in ACS Nano.

Source: North Carolina State Univ.
转移原子厚度半导体薄膜新方法，更好地用于弹性装置

北卡罗来纳州立大学的研究员们近期找到一种新的方法，可以将原子微粒大小的半导体薄膜转移到任意基质上，为生产弹性计算处理和光子器件打下了基础。这一技术方法比现有的更快，可以将原子大小的薄膜完美地从一个基质转移到另一个，不会产生任何裂纹。

我们现在讨论的只有一个原子微粒大小的薄膜叫硫化钼薄膜，是由北卡罗来纳州立大学材料科学与工程学教授助教曹林有（音）博士最先研制出的。硫化钼是一种有着光电学性质的半导体材料，物美价廉，与现在半导体行业中使用的材料性质很相似。

作为这项转移新技术论文的资深作者曹博士说道，“我们的最终目的是想利用这些原子大小的半导体薄膜开发弹性装置，为此，我们需要将这些薄膜从母体基质转移到弹性基质上。而由于弹性基质无法承受研制薄膜所需的高温，我们也就不能在其上研制薄膜。”

曹博士的团队将硫化钼薄膜制成直径为5cm的原子微粒，他们需要在不撕裂或起皱的情况下将此薄膜移走。而对这种极脆弱的薄膜而言，这是非常有难度的。、

曹博士说“为了应对这一难题，我们将直径为5cm的原子微粒看成是一张城市大小的纸，而我们的目标就是将这一张薄的大纸在无损坏的情况下从一个城市转移到另一个城市。”

用现有的技术将这种薄膜从基质上转移只能依靠化学腐蚀，但是里面的化学物质会污染或损坏薄膜。而曹博士的团队就研发了一项新的技术，利用硫化钼的物理特性，只需要室温下的水、一块薄纱和一副镊子就可以将此薄膜移走。

硫化钼有斥水性，即不易被水沾湿；但是研制此薄膜的蓝宝石基质却是亲水性的，容易吸收水分。曹博士的新技术就是：滴一滴水在薄膜上，用镊子或小刀碰一下薄膜边缘，让水渗透薄膜和蓝宝石基质。当水渗透薄膜和基质间的空隙，薄膜就会浮在上面。然后研究员就用薄纱吸水，用镊子夹起薄膜放到弹性基质上。整个过程只需几分钟，而化学腐蚀却需要几个小时。

 “水可以让薄膜不贴付在基质上，但是要点是要先吸干水，再移走薄膜。”曹教授解释说“否则，当夹起薄膜时，由于毛细管作用，会使得薄膜皱缩。”

曹博士补充说“这一新的转移技术让我们向利用硫化钼研制弹性计算机又迈进了一步。目前，我们正在利用这一技术研制这种设备。”

关于这项研究的论文发表于在线ACS Nano杂志上。

来源：北卡罗来纳州立大学

Lighting the way for future electronic devices

Researchers from the Optoelectronics Research Centre (ORC) at the Univ. of Southampton have demonstrated how glass can be manipulated to create electronic devices that will be smaller, faster and consume less power.

The research, published in Nature Communications, has the potential to allow faster, more efficient electronic devices; further shrinking the size of our phones, tablets and computers and reducing their energy consumption by turning waste heat into power.
Working in collaboration with the Advanced Technology Institute at the Univ. of Surrey and the Univ. of Cambridge, ORC scientists Dr. Jin Yao and Dr. Behrad Gholipour have made prototype devices that use light to bring together different computing functions into one component.

This work builds on contributions from Dr. TaeHoon Lee at Cambridge, who performed molecular dynamics simulations on the materials to better understand their structure, and Dr. Mark Hughes at Surrey, who has been studying the effect of dopants on glasses for a number of years and measured the electrical current generated by light in these devices.

Silicon is reaching its fundamental limits, soon we will be unable to reduce the silicon chip any smaller, or decrease the power consumption of these devices. Using a family of materials called chalcogenides, a glass material integral to data technologies such as CDs and DVDs, Dr. Yao and Dr. Gholipour are looking beyond the silicon chip for the next generation of materials, which could replace traditional semiconductors and the conventional electronics that power today’s electronic devices.

By doping a chalcogenide glass, in this case a material based on germanium and selenium, and forming a multilayer structure with electrical contacts, Dr. Gholipour was able to show the same switching behavior seen in silicon transistor, but in a device made entirely from glass.

Dr. Gholipour explains: “Non-equilibrium doping within chalcogenide glasses enables a unique information processing platform within one material system. This allows traditional electronic computing, along with memory functionality, which opens up the optical spectrum, from the visible far into the infrared, for next generation optoelectronic and fully optical computing applications.”

This work builds on Dr. Behrad’s graduate work for which he won the UK Engineering and Physical Sciences Research Councils (EPSRC) prestigious ICT Pioneer prize in the area of information in 2011.

Using similar materials, Dr. Yao formed long strips of different types of chalcogenides, connecting each end together to form a chain of materials.

Dr. Yao says: “When one end of the structure is hotter than the other, as might occur near the battery of your phone or computer, a voltage is produced, through a process known as the thermoelectric effect. This work, for which a patent has been now been applied, has the potential to make our electronic devices more efficient.”

The key behind these advances is the doping of the chalcogenides. Chalcogenide glass, though semiconducting, is normally a material which is deficient in electrons leaving holes or vacancies where an electron should be. To compete with silicon, doping through ion implantation provided by Surrey’s Ion Beam Centre, has allowed the transformation of the material to one with an excess of electrons. These two variations of the same material form the basis of all transistors. Equally as important, the ion implant process remains compatible with traditional semiconducting processes, where the process is an established technology.

While such material changes have been demonstrated before in chalcogenides, this work has significantly opened up the range of compositions that this effect can be achieved and reduced the amount of doping needed by over 100 times.

Research group leader Prof. Dan Hewaksays: “The key result though is that we are now demonstrating a range of highly functional, but very different devices in a single material platform. The future of these materials is bright and we are now in the process of consolidating our chalcogenide glass research into a single interdisciplinary center dedicated to the advancement of these fascinating materials.”

Source: Univ. of Southampton
点亮未来电子设备前进之路

南安普顿大学光电子研究中心（ORC）的研究员们进行了一项演示，如何操纵玻璃来创建更小、更快、消耗更少能量的电子设备。

这项发表在《自然通讯》（Nature Communications）上的研究可能使电子设备变得更快更高效。通过将余热转化为电能，进一步减小我们的手机、平板电脑和计算机的体积和能源消耗。

ORC的科学家姚金博士和Behrad Gholipour博士与萨里大学和剑桥大学的先进技术研究院合作设计的原型器件，使用光学将不同的数据处理功能汇集到一个组件上。

这项研究以剑桥大学的TaeHoon Lee博士的成就为基础，他曾对不同材料进行了分子动力学模拟，以便更好地认识它们的结构，萨里大学的Mark Hughes博士，多年研究掺杂物对玻璃的影响，并且对光在这些设备上产生的电流进行了测量。

硅物质即将到达它本质的极限，很快我们将无法缩小硅片的体积或者减少这些设备的功耗。科学家们逐渐开始研究使用一类叫做硫属化合物的材料，一种整合用于数据技术的玻璃材料，例如应用于CD和DVD技术上。姚博士和Gholipour博士正透过硅片看到下一代可以替代传统半导体材料和传统电子器件的物质，通过这种物质来为现代的电子设备提供能量。

通过在以锗和硒为基础的材料中掺杂入硫属化合物玻璃，并利用电器触点形成一个多层结构，Gholipour博士能够让完全由玻璃制成的设备显示出与硅晶体管相同的开关作用。

Gholipour博士解释说：“硫化物玻璃的不均衡性使得材料系统中形成独特的信息处理平台。这使得传统电子运算连同记忆功能，为下一代光电子和完全光学运算应用程序开创了光谱，无论从可见光还是到红外光。”

这项研究作为Behrad博士的毕业作品，2011年在信息领域赢得了英国工程和物理科学研究委员会(EPSRC) 著名的ICT先锋奖。

姚博士使用相似的材料将不同类型的硫化物做成长条状，将长条两端连接在一起形成链状材料。

姚博士表示：“当结构的一端温度比另一端更高时，就可能发生类似你的手机或电脑电池的状态，通过一个叫做“热电效应”的过程产生电压。这项研究现在已经申请了专利，此研究有可能使我们的电子设备更加高效。”

这些进步背后的关键是硫属化合物的使用。硫属化物玻璃，尽管有半导体物质的特性，但一般来说只是一种缺乏正常从空洞或空缺中释放电子的材料。为了与硅物质竞争，萨里的离子束中心通过离子注入法的使用，使材料转换成为一种带有过多电子的材料。这种相同材料的两种变化成为所有晶体管的基础。同样重要的是，离子植入工艺仍然与传统的半导体工艺兼容，从而使这个工艺成为一项成熟的技术。

虽然这种材料的变化在应用硫属化合物之前已经被证实，但是这项研究大大开放了物质组成的范围，通过100多次的物质组合，减少所需的掺加硫属化合物剂量即可以达到这个效果。

研究组长Dan Hewak教授表示：“关键结果，是我们正在一个单一的材料平台上证明一系列高功能但非常不同的设备。这些材料的未来是光明的，我们现在正在使我们的硫化物玻璃研究成为一个致力于推进这些迷人的材料发展的跨学科中心。”

消息来源：南安普顿大学
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