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Tech News & New Tech（技术前沿）
Plasmonic ceramic materials key to advances in nanophotonics  

Progress in developing nanophotonic devices capable of withstanding high temperatures and harsh conditions for applications including data storage, sensing, health care and energy will depend on the research community and industry adopting new "plasmonic ceramic" materials, according to a commentary in Science.

In one promising nanophotonic approach—plasmonics—clouds of electrons called surface plasmons are used to manipulate and control light on the nanometer scale. Plasmonic devices under development often rely on the use of metals such as gold and silver, which are not practical for most industrial applications because they are unable to withstand extreme heating and other harsh conditions. They also are not compatible with the complementary metal–oxide–semiconductor (CMOS) manufacturing process used to construct integrated circuits.

Now researchers are proposing the use of plasmonic ceramics such as titanium nitride and zirconium nitride instead of gold and silver.

"We have recently shown that plasmonic ceramics do offer properties similar to gold but have advantages that these noble metals don't have," said Alexandra Boltasseva, an associate professor of electrical and computer engineering at Purdue Univ.

She co-authored the article in Science with Vladimir M. Shalaev, scientific director of nanophotonics at Purdue's Birck Nanotechnology Center and a distinguished professor of electrical and computer engineering.

Plasmonic ceramic materials are promising for various potential advances, including far denser data recording and storage than now possible; sensors capable of withstanding high-temperatures for the oil and gas industries; new types of light-harvesting and waste energy recovering systems; electronic circuits that harness light to process information; and cancer treatment.

"It may be only a few years before we have some devices and new functionalities made possible by plasmonics," Boltasseva said.

Shalaev and Boltasseva formed Nano-Meta Technologies Inc. in the Purdue Research Park, and are working to develop new technology for data recording in computer hard drives based on heat-assisted magnetic recording, or HAMR; solar thermophotovoltaics, in which an ultrathin layer of plasmonic "metamaterials" could improve solar cell efficiency; and a new clinical therapeutic approach using nanoparticles for cancer treatment.

HAMR could make it possible to record data on an unprecedented small scale using "nanoantennas" and increase the amount of data that can be stored on a standard magnetic disk by 10 to 100 times, Shalaev said.

In cancer therapy, nanoparticles are injected into the bloodstream and aggregate around tumors. When exposed to a light source, they heat up, killing cancer cells. However, gold particles offer a challenge because they must be fashioned into specific geometric shapes such as "nanoshells," or they will not work.

"But with titanium nitride we can use simple and small particles like nanospheres, and they will function just as well as the complex geometries required for gold," Boltasseva said.

Other potential applications include tiny photodetectors and light interconnects and modulators small enough to fit on electronic chips. 

Source: Purdue Univ.
等离子陶瓷材料对纳米光子学进展至关重要

据《科学》（Science）杂志的一篇评论指出，纳米光子器件能够承受高温和恶劣的条件，并应用于数据存储、传感、医疗保健和能源等方面，而对这些器件的研发能否取得进展将取决于研究领域和该行业是否采用最新的“等离子陶瓷”材料。  

在一种有前景的纳米光子方法——等离子体光子学（plasmonics）中，被称为表面等离子激元的电子云可在纳米级别对光线进行操纵和控制。正在开发的等离子光子设备通常依靠金、银等金属的使用，但由于这些材料无法承受极端的加热及其他恶劣条件，所有它们在大多数工业应用中都不实用，也不能与用于生产集成电路的互补金属氧化物半导体（CMOS）的制造工艺相兼容。

目前，研究人员建议利用等离子陶瓷，如氮化钛和氮化锆来代替金和银。 

美国普渡大学电气和计算机工程副教授Alexandra Boltasseva表示，“我们最近的研究表明，等离子陶瓷具有与黄金类似的属性，但同时又拥有这些贵金属所没有的优势。” 

她将这项研究发表在了《科学》（Science）杂志上，与她共同撰写该文章的是Vladimir M. Shalaev，她是普渡大学Birck纳米技术中心的纳米光子学主管，同时也是一位出色的电气和计算机工程教授。

等离子陶瓷材料有望用于各种潜在的领域，包括记录和存储比现在更密集的数据、石油天然气行业中能承受高温的传感器、各种新型捕光和废弃物能源回收系统、利用光线处理信息的电子电路以及癌症的治疗等。

Boltasseva说：“将来，由等离子体制造出某些器件并实现新的功能可能只需要几年时间。”

Shalaev和Boltasseva在美国普渡研究园成立了纳米技术公司（Nano-Meta Technologies Inc.），并正在努力研发一项利用热辅助磁记录或HAMR在计算机硬盘驱动器上进行数据记录的新技术，以及太阳能热光伏电池，其中的等离子“超材料”超薄层可以提高太阳能电池的效率，并提供了一种利用纳米粒子来治疗癌症的方法。

Shalaev 表示，HAMR让人们有可能在前所未有的小范围内利用“纳米天线”来记录数据，并且存储于一个标准磁盘上的数据量会由此提高10至100倍。

在癌症治疗中，纳米粒子被注射到血流中并聚集到肿瘤周围。当暴露在光源下的时候，他们的温度会变高并杀死癌细胞。然而，金颗粒却对此提出了挑战，因为它们必须被塑造成特定的几何形状，比如“纳米壳”，否则就不起作用。

Boltasseva：“但是，有了氮化钛我们可以使用像纳米微球这样简单的小颗粒，而且它们能起到和金颗粒所需的复杂几何形状一样的功能。”

其他潜在的应用包括那些体积小到能够适应电子芯片的微型光电探测器、光互连和调制器等。

资料来源：美国普渡大学

Modeling how cells move together could inspire self-healing materials
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In a simulated collision, two cells deform as they bounce off each other. Many small such collisions can lead to a group of cells moving together in tandem, as modeled by researchers at Argonne National Laboratory. Image: Igor Aronson
A paper published in Scientific Reports by a team led by physicist Igor Aronson of the U.S. Dept. of Energy (DOE)'s Argonne National Laboratory modeled the motion of cells moving together. This may help scientists design new technologies inspired by nature, such as self-healing materials in batteries and other devices.

Scientists have been borrowing ideas from the natural world for hundreds of years. Velcro was born after a scientist came home covered in burrs after walking his dog; another scientist mimicked the bumps on humpback whale fins to build more efficient wind turbine blades; Japanese engineers modeled the noses of bullet trains after kingfisher beaks, which reduced drag and noise.

Aronson has long been interested in how very small bodies move—the principles that govern their motion, especially in crowds, can be very different than principles at the macro scale. And one natural example of such movement is happening in your body right now: How cells in your body travel from place to place.

Cells frequently migrate en masse—to the site of a wound, say, to do a quick patch job on the skin—but the dynamics of how they do so are not fully understood.

Aronson and his colleagues created a model of about 100 cells and investigated how the cells spontaneously began to migrate, based on collisions with one another. As they collided, the cells began to move at the same speed and formed into coherent, traveling flocks.

The team wanted to see how movement changed as they varied how much the cells stuck to one another (called adhesion), how fast they were moving and how stiff the cells and surrounding tissue were. Each combination changed how the cells behaved.

When adhesion was high, cells formed large moving mats resembling living tissues; with moderate adhesion, they formed smaller clusters that broke up and reformed constantly, limiting the collective motion. At low adhesion, it took many collisions before the cells began to travel loosely together, like a school of fish.

"This also suggests ways that cells can solve complex navigation problems, by sensing how stiff and how sticky the substrate they are moving on is," Aronson said.

"These approaches can inform how we go about designing self-healing materials," he said. Scientists are very interested in creating ways for complex devices, like batteries, to have built-in methods of repairing cracks in the electrodes. (In one approach, tiny capsules full of metal can burst open in response to mechanical stress and fill in cracks.) For example, particles could be designed with particular stiffness and adhesion to move quickly or form groups of different sizes; or particles could be guided to destinations by stamping surfaces with adhesive patterns.

Source: Argonne National Laboratory
建立细胞移动模型能激发自愈合材料的灵感  
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在一个模拟的碰撞过程中，两个细胞相互碰撞并反弹开，其间细胞的形状发生了变化。美国阿贡国家实验室的研究人员所建的模型显示，很多这样小的碰撞可以导致批量的细胞一前一后地移动到一起。图片来源：Igor Aronson。

由美国能源部（DOE）所属的阿贡国家实验室的物理学家Igor Aronson领导的研究小组最近在《科学报告》（Scientific Reports）上发表了一篇论文，文中模拟了细胞移动的过程。这可以帮助科学家设计出灵感来自于大自然的新技术，诸如电池和其他设备中的自愈合材料等。

数百年来，科学家们都从自然界中借鉴好的想法、灵感。比如，Velcro的设计来源于一位科学家，当他遛完狗回家后发现自己腿上粘满了毛刺，所以就发明了这种尼龙搭扣。另一位科学家模仿座头鲸鳍片的碰撞设计出了更高效的风力涡轮机叶片，而日本工程师则模仿翠鸟的喙设计了子弹头列车的“鼻子”，减少了阻力和噪音。

长期以来，Aronson一直感兴趣的是这些非常小的物体是如何运动的，尤其是成群结队的运动，而支配其运动的原理会与宏观规模上的运动截然不同。而这种运动的一个自然例子就发生在你的身体里，那就是细胞是如何在你的身体里到处游走的。

细胞通常大批地移动到伤口部位，对皮肤进行快速修补，但是它们这么做的动力学原理目前尚不完全清楚。

Aronson和他的同事们创建了一个包含大约100个细胞的模型，并研究细胞是如何在彼此碰撞的基础上自发地开始移动。当它们发生碰撞时，细胞以相同的速度开始移动并形成连贯的移动细胞群。

该小组想弄清楚的是，当细胞粘在一起（称为附着力）的程度变化时，细胞的移动会如何发生变化，它们的移动速速有多快，以及细胞和周围组织有多么僵硬。每种组合都会改变细胞的行为。

当附着力高的时候，细胞会形成类似活组织的较大的移动团；而中等附着力时，它们形成较小的集群，不断地分开再聚集，限制了集体的移动；当附着力较低时，细胞在开始松散地移动之前会发生多次碰撞，就像是一群游动的鱼。

Aronson说：“这也表明，通过感测基质的僵硬和粘性程度，细胞可以解决复杂的导航问题。”

他表示，“这些方法能让我们了解如何设计自愈合材料。”科学家们很感兴趣为电池这样的复杂设备设计方法，以得到修复电极裂纹的内置方法。在其中一种方法中，装满金属的微胶囊受到机械压力后会爆裂开并产生很多裂纹。例如，可以设计出具有特定硬度和附着力的粒子，以使它们能快速移动或是形成不同大小的基团，或者可以通过冲压有粘合图案的表面将粒子引导至目的地。

资料来源：美国阿贡国家实验室
Cool process to make better graphene
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Images of early-stage growth of graphene on copper. The lines of hexagons are graphene nuclei, with increasing magnification from left to right, where the scale bars from left to right correspond to 10 μm, 1 μm and 200 nm, respectively. The hexagons grow together into a seamless sheet of graphene. Image: Nature Communications
A new technique invented at Caltech to produce graphene at room temperature could help pave the way for commercially feasible graphene-based solar cells and LEDs, large-panel displays and flexible electronics.

"With this new technique, we can grow large sheets of electronic-grade graphene in much less time and at much lower temperatures," says Caltech staff scientist David Boyd, who developed the method.

Boyd is the first author of a new study, published in Nature Communications, detailing the new manufacturing process and the novel properties of the graphene it produces.

Graphene could revolutionize a variety of engineering and scientific fields due to its unique properties, which include a tensile strength 200 times stronger than steel and an electrical mobility that is two to three orders of magnitude better than silicon. The electrical mobility of a material is a measure of how easily electrons can travel across its surface.

However, achieving these properties on an industrially relevant scale has proven to be complicated. Existing techniques require temperatures that are much too hot—1,800 F, or 1,000 C—for incorporating graphene fabrication with current electronic manufacturing. Additionally, high-temperature growth of graphene tends to induce large, uncontrollably distributed strain—deformation—in the material, which severely compromises its intrinsic properties.   

"Previously, people were only able to grow a few square millimeters of high-mobility graphene at a time, and it required very high temperatures, long periods of time, and many steps," says Caltech physics professor Nai-Chang Yeh, the Fletcher Jones Foundation Co-Director of the Kavli Nanoscience Institute and the corresponding author of the new study. "Our new method can consistently produce high-mobility and nearly strain-free graphene in a single step in just a few minutes without high temperature. We have created sample sizes of a few square centimeters, and since we think that our method is scalable, we believe that we can grow sheets that are up to several square inches or larger, paving the way to realistic large-scale applications."

The new manufacturing process might not have been discovered at all if not for a fortunate turn of events. In 2012, Boyd, then working in the lab of the late David Goodwin, at that time a Caltech professor of mechanical engineering and applied physics, was trying to reproduce a graphene-manufacturing process he had read about in a scientific journal. In this process, heated copper is used to catalyze graphene growth. "I was playing around with it on my lunch hour," says Boyd, who now works with Yeh's research group. "But the recipe wasn't working. It seemed like a very simple process. I even had better equipment than what was used in the original experiment, so it should have been easier for me."

During one of his attempts to reproduce the experiment, the phone rang. While Boyd took the call, he unintentionally let a copper foil heat for longer than usual before exposing it to methane vapor, which provides the carbon atoms needed for graphene growth.

When later Boyd examined the copper plate using Raman spectroscopy, a technique used for detecting and identifying graphene, he saw evidence that a graphene layer had indeed formed. "It was an 'A-ha!' moment," Boyd says. "I realized then that the trick to growth is to have a very clean surface, one without the copper oxide."

As Boyd recalls, he then remembered that Robert Millikan, a Nobel Prize–winning physicist and the head of Caltech from 1921 to 1945, also had to contend with removing copper oxide when he performed his famous 1916 experiment to measure Planck's constant, which is important for calculating the amount of energy a single particle of light, or photon, Boyd wondered if he, like Millikan, could devise a method for cleaning his copper while it was under vacuum conditions.

The solution Boyd hit upon was to use a system first developed in the 1960s to generate a hydrogen plasma—that is, hydrogen gas that has been electrified to separate the electrons from the protons—to remove the copper oxide at much lower temperatures. His initial experiments revealed not only that the technique worked to remove the copper oxide, but that it simultaneously produced graphene as well.

At first, Boyd could not figure out why the technique was so successful. He later discovered that two leaky valves were letting in trace amounts of methane into the experiment chamber. "The valves were letting in just the right amount of methane for graphene to grow," he says.

The ability to produce graphene without the need for active heating not only reduces manufacturing costs, but also results in a better product because fewer defects—introduced as a result of thermal expansion and contraction processes—are generated. This in turn eliminates the need for multiple postproduction steps. "Typically, it takes about ten hours and nine to ten different steps to make a batch of high-mobility graphene using high-temperature growth methods," Yeh says. "Our process involves one step, and it takes five minutes."

Work by Yeh's group and international collaborators later revealed that graphene made using the new technique is of higher quality than graphene made using conventional methods: It is stronger because it contains fewer defects that could weaken its mechanical strength, and it has the highest electrical mobility yet measured for synthetic graphene.

The team thinks one reason their technique is so efficient is that a chemical reaction between the hydrogen plasma and air molecules in the chamber's atmosphere generates cyano radicals—carbon-nitrogen molecules that have been stripped of their electrons. Like tiny superscrubbers, these charged molecules effectively scour the copper of surface imperfections providing a pristine surface on which to grow graphene.

The scientists also discovered that their graphene grows in a special way. Graphene produced using conventional thermal processes grows from a random patchwork of depositions. But graphene growth with the plasma technique is more orderly. The graphene deposits form lines that then grow into a seamless sheet, which contributes to its mechanical and electrical integrity.

A scaled-up version of their plasma technique could open the door for new kinds of electronics manufacturing, Yeh says. For example, graphene sheets with low concentrations of defects could be used to protect materials against degradation from exposure to the environment. Another possibility would be to grow large sheets of graphene that can be used as a transparent conducting electrode for solar cells and display panels. "In the future, you could have graphene-based cell phone displays that generate their own power," Yeh says.

Another possibility, she says, is to introduce intentionally imperfections into graphene's lattice structure to create specific mechanical and electronic attributes. "If you can strain graphene by design at the nanoscale, you can artificially engineer its properties. But for this to work, you need to start with a perfectly smooth, strain-free sheet of graphene," Yeh says. "You can't do this if you have a sheet of graphene that has uncontrollable defects in different places."

Source: Caltech
冷却过程做出更好的石墨烯
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石墨烯对铜的增长的早期的图像。石墨烯核的六边形的边长, 从左到右随着放大倍数,比例尺从左到右分别对应10μm， 1μm，200 nm。六边形共同成长成一个无缝的石墨烯。图片:自然通讯

用加州理工学院发明的新技术在室温下生产出的石墨烯，可以帮助其商业可行性铺平道路，包括石墨烯太阳能电池和发光二极管,大屏幕显示和灵活的电子产品等。

“使用这种新技术,我们可以在更少的时间内和更低的温度下，种植大张电子级石墨烯,”加州理工学院的科学家，开发者David Boyd说。

David Boyd是一项新研究的第一作者,发表于自然通讯的文章，详细介绍了新生产工艺和石墨烯的新颖产生。

由于其独特的性能，石墨烯可以在各种工程和科学领域产生变革,其独特性能包括抗拉强度比钢强200倍,电子迁移率比硅高两到三个数量级。材料的电迁移是衡量电子可以穿越它的表面的难易程度。

然而,在工业化规模生产中实现这些属性已经被证明是复杂的。现有技术需要的温度太热——1800F,或1000C ——对于将石墨烯制造与当前电子制造业合并而言。此外,高温石墨烯的增长往往诱发大的,不可控制的材料的拉紧、变形的分布,这将严重影响其内在属性。  

”之前,人们一次只能种植几平方毫米的高机动石墨烯,它需要非常高的温度和很长一段时间,涉及很多步骤,”加州理工学院的物理学教授，弗莱彻琼斯基金会主任和相应的科维理纳米科学研究所的这项新研究的作者，Nai-Chang Yeh说。“我们的新方法能够持续产生高机动, 石墨烯在单个步骤在几分钟内几乎没有拉紧变形，且无需高温。我们已经创建了几平方厘米大小的样本,因为我们认为我们的方法是可伸缩的,我们相信我们能长成几平方英寸或更大,为现实中大规模应用铺平道路。”

如果不是因为一个幸运的事件,新制造过程可能没有被发现。2012年Boyd当时在已故的David Goodwin的实验室中工作, David Goodwin是当时加州理工学院机械工程和应用物理学教授。Boyd试图重现他在科学杂志上读过的关于石墨烯的生产过程。在这个过程中,加热的铜用于催化石墨烯增长。“我是在我的午餐时间玩着它,” Boyd说,他现在在Yeh的研究小组。“但配方不工作。这似乎是一个非常简单的过程。我甚至有比在最初的实验中使用的更好的设备,这本对我来说应该更容易些。”

在他试图重做实验时候,电话响了。Boyd接过电话时,他无意中让一个铜箔加热比往常更长时间了，在暴露在甲烷蒸汽中之前,这个过程提供了石墨烯生长所需的碳原子。

当Boyd之后用检查铜板时,一种用于检测和识别石墨烯的技术，他看到的证据表明,石墨烯层确实形成了。“这是一个‘啊哈!’的时刻,” Boyd说。“我意识到增长的诀窍是有一个非常干净的表面,没有氧化铜。”

当Boyd回忆时,他当时想起罗伯特•米利根，获得诺贝尔奖的物理学家，加州理工学院1921年到1945年的负责人,也不得不面对去除铜氧化物，当他1916年执行他的著名的实验测量普朗克常数时候。该实验对于计算单个粒子的光,或光子的能量非常重要。Boyd想知道，是否自己像Millikan一样,可以设计一种方法在真空条件下清洗他实验中的铜。

Boyd想出的解决方案是使用系统，该系统是在1960年代首次开发，用于生成氢等离子体——即氢气，已经被电气化来分离电子与质子——分离铜氧化物，以低得多的温度。他最初的实验发现,这种技术不仅能够消除铜氧化物,而且同时产生了石墨烯。

起初, Boyd无法找出技术如此成功的原因。后来他发现有两个阀门，让微量的甲烷泄漏到实验室内。“阀门让适量的甲烷促进了石墨烯的增长,”他说。

生产石墨烯且无需主动加热的能力不仅降低了生产成本,而且产生了更好的产品。因为原本由于热膨胀和收缩过程带来的缺点减少了。这反过来可以消除多个后期制作步骤。“通常情况下,需要十个小时和9到10个不同的步骤做一批高机动石墨烯，且使用高温的方法,” Yeh说。“我们的过程只包括一个步骤,仅需要五分钟。”

Yeh的团队和国际合作者后来透露,用这种更高质量的新技术生产的石墨烯是比用传统的方法的石墨烯质量更高:它更强大,因为它包含更少的缺陷,这些缺陷本可能会削弱它的机械强度,而且它还最高的电子流动性，用于测量合成石墨烯。

研究小组认为他们的技术是如此有效的一个原因是在化学反应室中氢等离子体和空气分子之间的化学反应产生了含氰基的自由基碳氮分子，且是已经剥夺了电子的自由基碳氮分子。像小的超级洗涤器,这些带电分子有效地冲刷了表面缺陷的铜，从而提供了一个生长石墨烯的原始表面。

科学家们还发现,石墨烯以一种特殊的方式生长。使用常规热过程生产石墨烯来自随机采证拼接。但是与等离子体技术相关的石墨烯，增长得更有序。石墨烯沉积形成线,然后成长为一个无缝的薄片,这有助于其机械和电气的完整性。

升级版的等离子体技术可以为新型电子制造业打开新天地, Yeh说。例如, 缺陷浓度低的石墨烯薄片，可以用来防止材料暴露在环境中而降解。另一个可能性是生长大的石墨烯可以作为太阳能电池的透明导电电极和显示面板。“在未来,你可以有基于石墨烯的手机，能行发电的手机。” Yeh说。

她说,另一个可能性是将故意不完美引入到石墨烯的晶格结构中，创建特定机电属性。“如果你能在纳米尺度上设计应变石墨烯,就可以人为地规定其属性。但是对于这个工作,你需要首先有一个完全光滑,无应变性的石墨烯薄片,” Yeh说。“如果有一张在不同的地方会产生不可控缺陷的石墨烯薄片，你就做不到这些。”

来源：Caltech
Metal Alloy（金属合金）
NanoSteel powder alloys advance 3-D printing of high-hardness parts

NanoSteel has expanded its additive manufacturing (AM) material capabilities to support metal 3-D printing of complex high-hardness parts and the ability to customize properties layer-by-layer through “gradient material design.”

The Providence, RI-based company has developed progressive generations of iron-based alloys during its 13-year history, and “within the last year has applied some of these designs in powder form specifically to additive manufacturing,” according to Harald Lemke, Vice President and General Manager of Powder Metallurgy.

The tendency of high-hardness metallic parts created through additive manufacturing to develop cracks has been a major obstacle in their development path. NanoSteel leveraged its 2014 breakthrough in AM wear materials and worked with global process development partners to print a bearing and impeller using the powder bed fusion process.

The resultant wear parts were measured to be fully dense and crack-free, with hardness levels >1000 HV. The parts’ wear resistance is comparable to conventionally manufactured M2 tool steels, according to NanoSteel, and they feature a uniform microstructure. These properties were achieved without the need for post-processing such as hot isostatic pressing (HIP) or further heat treatment, reducing production cost and lead times.

The company’s powders are unique due to their chemistries and microstructure, according to Lemke. “For example, in the additive manufacturing process, some of these chemistries create a uniform metal matrix composite structure which enables isotropic properties achieved during solidification without heat treatment.”

Building on the success of this wear-part demonstration, NanoSteel pursued the development of parts with a gradient design using a combination of high hardness and ductile alloys. The company worked with Connecticut Center for Advanced Technology within the past six months to generate part samples using freeform direct laser deposition. This single AM process achieved a seamless transition between the hard and ductile properties without subsequent heat treatment.

These gradient material designs offer the equivalent of “digital case hardening,” according to NanoSteel, delivering impact resistance and overall robustness in addition to high hardness and wear resistance in a single part. This capability offers OEMs considerable design flexibility in meeting part-performance requirements, according to Lemke.

“Proprietary metal alloys that support the cost-effective 3-D printing of high-quality parts will help accelerate the transition from subtractive to additive manufacturing across applications such as wear parts, bearings, and cutting tools,” said Lemke. “The company’s AM powder offerings make it possible to design exclusively for the function of a high-hardness part, releasing designers from the limitations of conventional production processes and opening new opportunities to improve performance.”

NanoSteel is currently seeking development partnerships with OEMs on specific application development, he added. “An overall product commercialization timeline will be developed as a result of these partnerships.”

Targeted markets for its AM powder portfolio include automotive and agriculture, as well as energy and tool and die.

“[Our] AM powder offering can be used for aesthetic and functional prototyping of automotive parts as well as next-generation lightweight solutions due to the higher performance compared to other carbon steels,” Lemke shared. For agriculture, “parts that traditionally have required hardfacing can benefit from the process flexibility of 3-D printing through the use of gradient material design.”

When released, the ferrous powders will be “very competitive” with other AM materials in terms of cost, he claims.

(Go to http://articles.sae.org/12968/ to read more on NanoSteel’s AHSS alloys.)

Author: Ryan Gehm

NanoSteel公司的粉末合金推进3-D打印高硬度零件

NanoSteel公司已经扩大了其增材制造（AM）材料的能力，用以通过“梯度材料设计”来支撑复杂的高硬度金属零件的3-D打印，以及自定义层层属性的能力。

NanoSteel公司总部位于罗德岛州首府普罗维登斯，其粉末冶金总经理兼副主席哈拉尔尔•莱姆克表示，该公司已经在其13年的历史上开发出了新近一代的铁基合金，并且“在去年将这些设计应用于粉末状的产品，特别是增材制造。”

通过增材制造产生裂纹的过程产生高硬度金属部件的趋势，一直都是他们发展道路上的一个主要的障碍。NanoSteel公司利用其在2014年在AM耐磨材料方面所获得的突破，与全球过程发展合作伙伴一同合作，利用粉末床融合过程打印出轴承和叶轮。

所制成的耐磨零件被测定为完全致密并且是无裂纹的，而且其所具有的硬度水平大于1000HV。据NanoSteel公司表示，该部件的耐磨性可以与常规制造的M2工具钢相媲美，并且它们的特点是有一个均匀的微观结构。实现这些性能无需后处理，例如热等静压（HIP）或进一步的热处理，从而降低了生产成本，缩短了交付周期。 

据莱姆克称，该公司的粉末由于其化学性质及微观结构而成为独一无二的。“例如，在增材过程中，这些化学物质中的一些能够产生均匀的金属基质复合体结构，而该结构能够在不进行热处理的情况下在凝固过程中实现各向同性性能。”

在耐磨部件示范成功的基础上，NanoSteel公司试图使用高硬度和韧性的合金开发梯度设计的零件。在过去的六个月时间内，该公司曾与康涅狄格高级技术中心进行合作，利用自由化直接激光沉积来生产部件样本。这种单一的AM过程在没有后续热处理的情况下实现了硬度和韧性性能之间的一个无缝过渡。 

据NanoSteel公司称，这些梯度材料设计相当于“数字表面硬化”，不仅为单个零件提供了高硬度和耐磨损性，还使其具备耐冲击性和总体稳固性。据莱姆克表示，这种能力可使OEM厂商在满足零件性能需求方面有相当大的灵活性。

“支持具有成本效益的高品质零件3-D打印的专有金属合金，将有助于在耐磨零件、轴承和刃具等各个应用中，加速从减材制造到增材制造的过渡，”莱姆克表示。“该公司的AM粉末产品使得为一个高硬度的零件的功能进行专有设计成为可能，将设计者从传统生产工艺的局限性中释放出来，并且打开了提高性能的新机会。”

目前，NanoSteel公司正在寻求进行特定应用程序开发的OEM厂商来开展发展合作伙伴关系，他补充道。“通过合作，促进产品的整体商业化时间表。”

其AM粉末产品组合的目标市场包括汽车和农业、能源和工具以及硬模。

“由于相对于其他碳钢，（我们的）AM粉末产品具有较高的性能，因此可用于汽车部件的美学和功能性原型以及下一代的轻便方案，”莱姆克分享称。至于农业，“传统上需要堆焊的零件，可以通过使用梯度材料设计而受益于3-D打印的灵活性。”

在释放时，黑色粉末相对于其他AM材料在成本方面将成为“非常有力的竞争者”，他声称。

Sewage could be a source of valuable metals and critical elements
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Microscopic gold-rich and lead-rich particles in a municipal biosolids sample. Credit: Heather Lowers, USGS Denver Microbeam Laboratory

Poop could be a goldmine—literally. Surprisingly, treated solid waste contains gold, silver and other metals, as well as rare elements such as palladium and vanadium that are used in electronics and alloys. Now researchers are looking at identifying the metals that are getting flushed and how they can be recovered. This could decrease the need for mining and reduce the unwanted release of metals into the environment.

A talk about their recent work will be one of nearly 11,000 presentations here at the 249th National Meeting & Exposition of the American Chemical Society (ACS).

"If you can get rid of some of the nuisance metals that currently limit how much of these biosolids we can use on fields and forests, and at the same time recover valuable metals and other elements, that's a win-win," says Kathleen Smith, Ph.D.

"There are metals everywhere," Smith says, noting they are "in your hair care products, detergents, even nanoparticles that are put in socks to prevent bad odors." Whatever their origin, the wastes containing these metals all end up being funneled through wastewater treatment plants, where she says many metals end up in the leftover solid waste.

At treatment plants, wastewater goes through a series of physical, biological and chemical processes. The end products are treated water and biosolids. Smith, who is at the U.S. Geological Survey (USGS), says more than 7 million tons of biosolids come out of U.S. wastewater facilities each year. About half of that is used as fertilizer on fields and in forests, while the other half is incinerated or sent to landfills.

Smith and her team are on a mission to find out exactly what is in our waste. "We have a two-pronged approach," she says. "In one part of the study, we are looking at removing some regulated metals from the biosolids that limit their use for land application.

"In the other part of the project, we're interested in collecting valuable metals that could be sold, including some of the more technologically important metals, such as vanadium and copper that are in cell phones, computers and alloys," Smith said. To do this, they are taking a page from the industrial mining operations' method book and are experimenting with some of the same chemicals, called leachates, which this industry uses to pull metals out of rock. While some of these leachates have a bad reputation for damaging ecosystems when they leak or spill into the environment, Smith says that in a controlled setting, they could safely be used to recover metals in treated solid waste.

So far, her group has collected samples from small towns in the Rocky Mountains, rural communities and big cities. For a more comprehensive picture, they plan to combine their information with many years' worth of existing data collected by the Environmental Protection Agency and other groups at the USGS.

In the treated waste, Smith's group has already started to discover metals like platinum, silver and gold. She states that they have observed microscopic-sized metal particles in biosolids using a scanning electron microscope. "The gold we found was at the level of a minimal mineral deposit," she says, meaning that if that amount were in rock, it might be commercially viable to mine it. Smith adds that "the economic and technical feasibility of metal recovery from biosolids needs to be evaluated on a case-by-case basis."
In a recent Environmental Science & Technology paper (2015, DOI: 10.1021/es505329q), another research group also studying this issue calculated that the waste from 1 million Americans could contain as much as $13 million worth of metals. That's money that could help fuel local economies.

More information: Metal occurrence in and potential recovery from municipal biosolids, 249th National Meeting & Exposition of the American Chemical Society (ACS).

Abstract

Recovery and reuse of potentially valuable metals and newly emerging technologically important (critical) elements from waste streams can decrease U.S. reliance on primary resources and lessen unwanted dispersion of metals in the environment, while reducing disposal costs and regulatory liabilities for generators. Municipal biosolids, which are nutrient-rich organic materials produced from the treatment of domestic sewage in a facility, can contain significant concentrations of metals and may provide an opportunity for metal recovery from a waste stream. In excess of 7 million dry tons of biosolids are generated in the U.S. each year by approximately 16,500 municipal wastewater treatment facilities. The U.S. EPA analyzed 28 metals for their 2009 Targeted National Sewage Sludge Survey (TNSSS; samples randomly selected from 3,337 facilities that treat more than 1 million gallons per day), including these potentially valuable and critical elements (mg/kg): (1) Ag (range 2-856; mean 30), (2) Cu (range 115-2,580; mean 563), and (3) V (range 2-617; mean 36). An eight-year study by the USGS involved monthly sampling and analysis of biosolids from a municipal wastewater treatment plant. Some potentially valuable and critical element data (ppm) from that study include: (1) Ag (range 12-61; mean 28), (2) Cu (range 474-845; mean 638), (3) V (range 11-128; mean 49), and (4) Au for a limited number of samples (range 0.1-0.6). Leaching studies with extractants used by the mining industry will help demonstrate the recovery potential of metals from biosolids. An added benefit is that some metals, such as Pb, represent "nuisance" metals that are regulated for use of biosolids as soil amendments. Removal and recovery of these metals from the biosolids prior to land application could extend the application period for the applied fields. However, the economic and technical feasibility of metal recovery needs to be evaluated on a case-by-case basis.

污水或可成为有价金属及关键元素的来源 
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（图为）市政污泥样本中的微观富金及富铅颗粒。图片来源：USGS丹佛微束实验室，希瑟•卢尔斯

粪便或可成为一座金矿。原因是，处理过的固体废物中含有金、银等金属，并且还含有电子和合金中使用的稀有元素，例如钯和钒；这很令人惊奇。目前，研究人员正在研究如何识别得到的金属，以及如何将它们收回。这可能会减少采矿需求，并减少环境中不必要的金属释放量。

美国化学学会（ACS）第249届全国会议暨博览会将展示近11,000个报告，而有关以上最新研究的报告也将是其中之一。

 “目前，有害金属限制着我们在农田和森林中对其的使用量，如果我们能够去除其中一些有害金属，同时回收有价金属和其他元素，那么这就是一个双赢，”凯瑟琳•史密斯博士表示。

“金属无处不在，”史密斯表示，并指出它们存在于“头发护理产品、清洗剂，甚至是放在袜子里去除臭味的纳米粒子中。”不论其来源是什么，这些含有这些金属的废物最终都会排入污水处理厂，在那里，她表示，许多的金属最终会残留在固体废物中。

在污水处理厂，污水会经过一系列的物理、生物和化学处理。最终的产品是经过处理的水和污泥。在美国地质调查局（USGS）的史密斯表示，每年美国污水处理厂将产生700多万吨污泥。约有一半的污泥被用作田野和森林的肥料，而另一半的污泥则被焚烧或送到垃圾填埋场。  

史密斯和她的团队的任务，就是要找出我们的废物中到底有些什么东西。“我们有一个双管齐下的办法，”她表示。“在一部分研究中，我们正在研究如何从这些污染中去除一些在土地应用中受到限制的受监管的金属。”

“在该项目的另一部分中，我们对收集有可能进行出售的有价值的金属感兴趣，包括一些比较技术性的重要金属，例如手术、电脑和合金中所使用的钒、铜和合金，”史密斯表示。为了做到这一点，他们正在从工业开采作业的工具书中吸取经验，并且尝试用一些称为渗滤液的类似化学物质，在工业中使用这种物质来从岩石中提取金属。虽然这些渗滤液由于在它们泄漏或溢出到环境中时会破坏生态系统而享有不好的名声，但是史密斯表示在受控制的环境中，它们可以安全地被用于恢复在经处理的固体废物中的金属。

到目前为止，她的团队已经从落基山脉附近的小城镇、农村社区及大城市中收集了样本。为了获得更全面的了解，他们计划将他们的信息与环保局和其他USGS的团体多年来所收集的有价值的现存数据进行结合。

在处理过的废水中史密斯的研究小组已经开发发现一些金属了，例如铂金、银和金。她表示，他们使用扫描型电子显微镜在污泥中观察到了微观尺寸的金属颗粒。“我们所发现的黄金牌最小矿床的水平上，”她表示，这意味着如何在岩石中有相同量的金属，那么其将具有开采的商业价值。史密斯补充道“污泥金属回收在经济和技术上的可行性需要以逐案基础进行评估。”

在最近的环保科技论文（2015，DOI：10.1021/es505329q）中，另一个同样正在研究这个问题的研究小组计算得出，一百万美国人所产生的废物中可能含有价值1300万美元的金属。这个金额可以帮助推动当地经济。

更多信息：市政污泥中的金属事件及潜在回收，美国化学学会（ACS）第249届全国会议暨博览会。

Abstract

摘要

潜在有价金属的回收及再利用以及从废物流中获得的新兴技术重要（关键）元素，可以减少美国对主要资源的依赖，并减少环境中金属的不必要排放，同时降低处置成本和电力公司的监管责任。市政污泥，在工厂中从生活污水的处理过程中产生的营养丰富的有机材料，可能含有显著浓度的金属，并且可能会为从废物流中回收金属提供一个机遇。16,500家市政污水处理厂每年大约在美国产生超过700万吨的污泥。美国环保署为他们的2009目标国家污水污泥调查（TNSSS；样品随机抽取于3,337家处理超过100万加仑每天的工厂）分析了28种金属，包括这些潜在的有价值的关键元素（毫克/千克）：（1）银（范围2-856；平均30），（2）铜（范围115-2580，平均563），以及（3）钒（范围2-617；平均36）。由美国地质调查局进行的历时八年的研究涉及了城市污水处理厂污染的每月采样及分析。该研究所提出的一些潜在有价值的关键元素数据（ppm）包括：（1）银（范围12-61；平均28），（2）铜（范围474-845；平均638），（3）钒（范围11-128；平均49），以及样品数量有限的金（范围0.1-0.6）。运用采矿业的所使用的萃取剂来渗透研究将有助于证明从污泥中回收金属的潜力。另一个好处是，一些金属，例如铅，代表着在作为土壤改良剂的污泥的使用中进行规范的“有害”金属。在土地应用前从污泥中去除及回收这些金属可以延长应用领域的应用期限。然而，金属回收在经济和技术可行性方面需要以逐案的基础上进行评估。
Metals used in high-tech products face future supply risks

In a new paper, a team of Yale Univ. researchers assesses the “criticality” of all 62 metals on the Periodic Table of Elements, providing key insights into which materials might become more difficult to find in the coming decades, which ones will exact the highest environmental costs and which ones simply cannot be replaced as components of vital technologies.

During the past decade, sporadic shortages of metals needed to create a wide range of high-tech products have inspired attempts to quantify the criticality of these materials, defined by the relative importance of the elements’ uses and their global availability.

Many of the metals traditionally used in manufacturing, such as zinc, copper and aluminum, show no signs of vulnerability. But other metals critical in the production of newer technologies—like smartphones, infrared optics and medical imaging—may be harder to obtain in coming decades, said Thomas Graedel, the Clifton R. Musser Professor of Industrial Ecology at the Yale School of Forestry & Environmental Studies and lead author of the paper.

The study—which was based on previous research, industry information and expert interviews—represents the first peer-reviewed assessment of the criticality of all of the planet’s metals and metalloids.

“The metals we’ve been using for a long time probably won’t present much of a challenge. We’ve been using them for a long time because they’re pretty abundant and they are generally widespread geographically,” Graedel said. “But some metals that have become deployed for technology only in the last 10 or 20 years are available almost entirely as byproducts. You can’t mine specifically for them; they often exist in small quantities and are used for specialty purposes. And they don’t have any decent substitutes.”

These findings illustrate the urgency for new product designs that make it easier to reclaim materials for re-use, Graedel said.

The paper, published in the Proceedings of the National Academy of Sciences, encapsulates the Yale group’s five-year assessment of the criticality of the planet’s metal resources in the face of rising global demand and the increasing complexity of modern products.

According to the researchers, criticality depends not only on geological abundance. Other important factors include the potential for finding effective alternatives in production processes, the degree to which ore deposits are geopolitically concentrated, the state of mining technology, regulatory oversight, geopolitical initiatives, regional instabilities and economic policies.

In order to assess the state of all metals, researchers developed a methodology that characterizes criticality in three areas: supply risk, environmental implications and vulnerability to human-imposed supply restrictions.

They found that supply limits for many metals critical in the emerging electronics sector (including gallium and selenium) are the result of supply risks. The environmental implications of mining and processing present the greatest challenges with platinum-group metals, gold and mercury. For steel alloying elements (including chromium and niobium) and elements used in high-temperature alloys (tungsten and molybdenum), the greatest vulnerabilities are associated with supply restrictions.

Among the factors contributing to extreme criticality challenges are high geopolitical concentration of primary production (for example, 90 to 95% of the global supply of rare Earth metals comes from China); lack of available substitutes (there is no adequate substitute for indium, which is used in computer and cell phone displays); and political instability (a significant fraction of tantalum, used widely in electronics, comes from the war-ravaged Democratic Republic of the Congo).

The researchers also analyzed how recycling rates have evolved over the years and the degree to which different industries are able to utilize “non-virgin” sources of materials. Some materials, such as lead, are highly recycled because they are typically used in bulk, Graedel said. But the relatively rare materials that have become critical in some modern electronics are far more difficult to recycle because they are used in such miniscule amounts—and can be difficult to extricate from the increasingly complex and compact new technologies.

“I think these results should send a message to product designers to spend more time thinking about what happens after their products are no longer being used,” he said. “So much of what makes the recycling of these materials difficult is their design. It seems as if it’s time to think a little bit more about the end of these beautiful products.”

Source: Yale Univ.
高科技产品使用的金属材料未来供货紧张

在一篇新论文中，耶鲁大学的一个研究小组评估了元素周期表中所有62种金属的“危急程度”，就哪些材料可能在未来几十年越来越难以找到，哪些会造成极高的环境代价，哪些作为核心技术零部件不能被取代等问题提供了很好的见解。 

在过去的十年中，制造一系列高科技产品所需的金属不时出现短缺现象，这使的人们有了根据这些元素使用的相对重要性和全球可用性试图量化这些材料危急程度的打算。 

制造中常用的一些金属，如锌、铜、铝，还没有显示出货源短缺现象。但创新技术生产（像智能手机、红外光学和医疗成像技术）中所需的其他重要金属可能在未来几十年里很难获得，耶鲁大学森林与环境研究院工业生态学克利夫顿•R•穆瑟教授，也是该研究论文的主要作者托马斯•格雷德尔说道。

基于以前的研究、行业信息和专家采访做出的此份研究论文，是对地球上所有金属和准金属危急程度的首篇同行评审评估。

“我们已经使用很长时间的金属可能不会出现供货困难。我们之所以已经使用了很长一段时间是因为它们储量非常丰富，通常拥有广泛的地理分布，”格雷德尔说。“但一些只能成为在过去10年或20年技术生产所有的金属几乎完全是可用的副产品。你不能专门为寻找他们而大肆开采，通常他们的数量很少，并且只用于专业用途。再者它们根本没有什么像样的替代品。” 

这些发现说明，新产品设计急需找到便于回收再利用的材料，格雷德尔说。

这篇发表在《国家科学院学报》（National Academy of Sciences）上的研究论文，概述了面对全球需求上升和日益复杂的现代产品，耶鲁研究团队五年来对地球上金属资源危急程度的评估 。

据研究人员介绍，危急程度不仅取决于地质丰富。其他重要的因素包括：寻找在生产过程中有效的潜在替代品，矿床地缘集中的程度，挖掘技术状态，监管，地缘政治方案，地区不稳定性和相关经济政策。

为了评估所有金属的状态，研究人员开发出一种方法，可以在三个方面描绘危急程度：供应风险、环境影响和人类施加的供应限制。

他们发现，许多关键新兴电子行业(包括镓、硒)金属的供应限制，都是供应风险导致的。开采和加工对环境的影响构成了现有铂类金属催化剂、金和汞目前最大的挑战。钢铁合金元素(包括铬和铌)及用于高温合金元素(钨和钼)，其最大的挑战在于供应相关的限制。

造成极高危急程度的风险因素，包含初级生产具有很高的地缘集中性 (例如，90%到 95%的全球稀土供应来自中国)；缺乏可用的替代品 (没有足够的铟的替代品，用于电脑和手机显示屏)；以及政治不稳定性 (广泛应用于电子产品的钽的一个重要部分来自饱受战争蹂躏的刚果民主共和国)。

研究人员还分析了回收率多年以来的发展情况和不同行业能够利用“剩余”材料来源的程度。一些材料，如铅，具有很高的可回收性，因为他们通常整批使用，格雷德尔解释说。但一些已经成为现代电子产品核心组成部分的相对罕见的材料回收起来更困难，因为它们的用量微乎其微，并且很难从日益复杂而紧凑的新技术中提取出来。

“我认为，这些研究结果给产品设计师们传递的信息是，他们应花更多的时间思考他们的产品不再被使用后会怎么样，”他说。“让这么多的材料难以回收，正是他们的设计造成的。应该是时候开始多一点思考关于结束使用这些精妙产品等问题了。”

来源：耶鲁大学
Composite Materials（复合材料）
New technique could bring quality-control tool for nanocomposites
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This image depicts a new system capable of detecting defects and networks of nanostructures below the surface of layered nanocomposites gaining commercial use. From left to right, an atomic force microscope image of the surface of a nanocomposite, worm-like carbon nanotubes below the surface and a graphic of the working instrument. Image: Purdue Univ. 

Layered nanocomposites containing tiny structures mixed into a polymer matrix are gaining commercial use, but their complex nature can hide defects that affect performance.

Now researchers have developed a system capable of detecting such defects using a "Kelvin probe" scanning method with an atomic force microscope. The ability to look below the surface of nanocomposites represents a potential new quality-control tool for industry. 

"This is important for anything having polymers that contain small structures, including photovoltaics for solar cells, organic conducting devices for flexible electronics, battery materials and so on," said Arvind Raman, the Robert V. Adams Professor of Mechanical Engineering and associate dean for the Global Engineering Program at Purdue Univ.

Nanocomposites are layered materials containing various structures such as carbon nanotubes, ultrathin sheets of carbon called graphene, gold nanoparticles and graphite nanofibers, mixed into a polymer matrix.

"We need a tool that permits us to see how these nano-objects are distributed within a polymer matrix," Raman said. "You may look at the whole film and say, 'Well, it isn't performing as advertised,' but you don't know why. This allows you to see under the surface in a non-destructive manner."

Findings appeared in ACS Nano. The paper was authored by doctoral student Octavio Alejandro Castañeda-Uribe, from Universidad de los Andes (Uniandes) in Colombia; Ronald Reifenberger, a Purdue professor of physics; Raman; and Alba Avila, an associate professor in the Electrical and Electronic Department at Uniandes who is affiliated with the microelectronics center (CMUA) there.

The Kelvin probe method has been used to map electrical charge on the surfaces of materials. However, now researchers have discovered that the method can be used to look below the surface, detecting three-dimensional networks of nanostructures embedded deep inside the polymer matrix.

"This allows us to correlate these networks with the multifunctional properties of nanocomposites," Avila said.

An atomic force microscope uses a tiny vibrating probe called a cantilever to yield information about materials and surfaces on the scale of nanometers, or billionths of a meter. The instrument enables scientists to "see" objects far smaller than possible using light microscopes. In Kelvin probe scanning an alternating current is applied to the sample being studied, causing the probe to vibrate at a certain frequency, and then a direct current is applied to the probe, partially nullifying the effect of the alternating current.

"You nullify the main frequency, but it turns out there is a second frequency that is not nulled," Raman said. "You kind of mute the main signal, but there is a higher tone that remains in the cantilever, and that higher tone is very sensitive to what's underneath the surface."

The new findings identify precisely how deeply and through how many layers the method can probe into a material. Researchers developed computational methods and an experimental technique making the tool possible.

"If the nanocomposite doesn't work well, you have to be able to look inside," Raman said. "You have to do quality control at the nanoscale."

Nanotubes and other nanostructures should ideally be well distributed throughout the nanocomposite, forming a continuous network. However, the structures tend to clump together instead, hindering performance.

"So, now we can see where they are clumping together and where they are not because you can see below the surface without destroying the sample," he said.

The method also allows researchers to determine the orientation, connectivity and size distribution, or the particle-to-particle variation of size, which is important for quality control.

Images created with the method show wormlike carbon nanotubes below the surface of a composite. The researchers systematically added layers and showed that the method is capable of detecting structures down to a depth of about 400 nm.

Purdue worked with researchers at Uniandes in Bogotá through the Colombia-Purdue Institute, which fosters partnerships among Purdue and institutions in Colombia, including universities, companies, government ministries and nongovernmental organizations.

"It's a good example of how you bring international teams together to get something really good accomplished," Raman said.

Uniandes researchers were involved in processing the nanocomposite films and also developing the experimental technique. Nanocomposite film processing and development of the atomic force microscope experimental technique were carried out by a team at Purdue's Birck Nanotechnology Center. The computations were carried out at Uniandes.

"This collaboration made it possible to provide research training and access to facilities at both universities for advanced research focused on exploring depth-detection limits of characterization techniques based on atomic force microscopy," Avila said. "These limits are needed to confidently detect, characterize, and quantify the location of the nanomaterial networks within a polymer matrix, allowing 3-D image reconstruction of nanocomposites and a more reliable prediction, estimation and correlation of the properties of nanocomposites."

Source: Purdue Univ.
新技术成为纳米复合材料质量控制工具
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该图像描绘了一个新的系统，它能够检测到商业使用的分层纳米复合材料的表面以下的纳米结构的缺陷和网络。从左到右，分别是：原子力显微镜下纳米复合材料表面的的图片；表面下的蠕虫状碳纳米管的图片和工作仪器的图像。图片提供：美国普渡大学土木工程系

包含掺入一种聚合物基质的微结构的分层纳米复合材料，获得了商业应用，但其复杂性质会隐藏影响其性能的缺陷。

现在研究人员已经通过“开尔文探针”原子力显微镜扫描方法，开发出一种检测该缺陷的系统。观察纳米复合材料表面以下的能力，代表着产业的一个潜在的新型质量控制工具。

“这对任何含有小型结构的聚合物，包括光伏太阳能电池、柔性电子的有机导电设备、电池材料等都很重要，”机械工程的罗伯特•V•亚当斯教授兼普渡大学全球工程方案的副院长阿尔温德•拉曼说。

纳米复合材料是分层的材料，包含了混入到一个聚合物基质中的各种结构，比如碳纳米管、被称为石墨烯的超薄碳片、纳米金和石墨纳米纤维。

“我们需要一个工具，能够使我们去观察这些纳米对象是如何分布在聚合物基质中的。”拉曼说，“你可能看了整部电影然后说，‘好吧，它与广告中宣传的不一样，’但你不知道原因。不过，（新工具）可以让你通过非破坏性的方式看到表面之下的情况。”

研究结果刊载于《ACS纳米》期刊上。研究论文的作者有来自哥伦比亚安第斯大学（Uniandes）的博士生Octavio Alejandro Castañeda-Uribe、普渡大学的物理教授Ronald Reifenberger、拉曼，以及安第斯大学电气和电子科学系隶属于微电子中心（CMUA）的副教授阿尔巴•阿维拉。

开尔文探针法已用于对材料表面的电荷定位。然而，现在研究人员发现，该方法可以用来观察表面以下，检测深深嵌入聚合物基纳米结构的三维网络。

“这让我们能将这些网络与纳米复合材料的多功能性关联起来，”阿维拉说。

原子力显微镜使用一个称为悬臂的微小的振动探针来提供有关材料和表面纳米级，或十亿分之一米范围内的信息。仪器使科学家能够“看见”远远小于可能使用光学显微镜才可以看见的对象。用开尔文探针扫描交流电现在被用于研究中的样品，导致探针以一定的频率振动，然后一个直流电应用于探针，使交变电流的影响部分失效。

“你们抵消了主要频率，但事实上还存在第二频率。”拉曼说，“这可能会弱化主要信号，但还存在一个更高的音调，并且这种更高的音调对表面之下是什么非常敏感的。”

这项新的发现准确查明了该方法能探查材料的深度及层数。研究人员开发出了计算方法和一种可以实现该工具的实验技术。

“如果这种纳米复合材料不奏效，我们就必须能够观察里面。”拉曼说，“我们必须要在纳米级进行质量控制。”

纳米管和其他纳米结构应该要很好地分布在整个纳米复合材料上，形成一个连续的网络。然而，结构倾向于簇集在一起，从而影响了其性能。

“所以，鉴于现在我们可以在不破坏样品的情况下看到表面之下，所以我们可以看到它们聚集的区域以及没有聚集的区域。”他说。

该方法还使得研究人员能够确定方向、连通性和粒度分布、或粒度的点对点变化，这对质量控制很重要。

通过该方法创建的图片显示了复合材料表面下的蠕虫状碳纳米管。研究人员系统地添加层次并表明该方法能够检测结构约为400纳米的深度。

普渡大学通过哥伦比亚-普渡大学的研究所与Bogotá的安第斯大学的研究人员合作，这促进了普渡大学和哥伦比亚机构的伙伴关系，包括大学、公司、政府部门和非政府组织。
“这是一个关于你如何把国际团队结合在一起，以得到一些真正好的成就的很好的例子。”拉曼说。

安第斯大学研究人员参与处理纳米复合材料薄膜，并研发了实验技术。纳米复合材料薄膜加工和原子力显微镜实验技术的研发是由普渡大学Birck纳米科技中心的一个团队执行的。在安第斯大学进行了该计算。

“该合作使提供合作研究培训和在两所大学为基于原子力显微镜关注探索表征技术的深度检测限制的高级研究获得设施成为可能。”阿维拉说，“这些限制需要自信地检测、鉴定和量化聚合物基质内的纳米材料网络的位置，可使我们实现对复合材料的三维图像的重建，以及对纳米复合材料属性相关性的更可靠的预测、估计和关联。”

资料来源：美国普渡大学土木工程系
New materials theory for predicting strength of composites

To most of us, the mother-of-pearl found in the shells of mollusks is just a decorative leftover. But material scientists see something else when they look at it. Mother-of-pearl (more formally known as nacre) is an organic-inorganic composite material with excellent mechanical properties that are hard to replicate in artificially produced composites. This inspired researchers from Rice University to develop a better way to judge the usefulness of composite materials before they’re ever produced.

There are a multitude of considerations that go into the design of a new composite material. Different use cases require a different mixture of toughness, strength, and stiffness. While these terms are often used interchangeably in casual conversation, to material scientists they have very different and specific meanings.

For example, the strength of a material indicates how well it holds up to being stretched or compressed. Stiffness describes a material’s ability to resist deformation. As for toughness, that is a measure of how much energy a material can absorb before failing. It’s tricky to judge the performance of a new man-made composite in each of these categories before you make it, but the Rice University team used nacre as a starting point to do just that.

Rice researchers Rouzbeh Shahsavari and Navid Sakhavand studied the structure of nacre under the microscope. Nacre is known as a platelet-matrix composite, which means it’s composed of overlapping disk-like structures held together with natural polymers. It’s like a brick wall on the microscopic scale with high strength and toughness.
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Designing similar platelet-matrix materials in the lab has proven difficult, because there hasn’t been any good way to evaluate the relationship between structure and materials. The design map created by Shahsavari and Sakhavand provides the necessary guide.

If you need something with high stiffness and strength, for example, you can plug the design variables into equations and see where it falls on the map. It took three years of intensive calculations to create this map, which accurately predicts the mechanical properties of a variety of composites. How do they know the theory is accurate? Shahsavari and Sakhavand evaluated a number of synthetic and natural materials to see if the real-world performance matched the theoretical predictions made by the map. They found a very close match between theory and practice.

The Rice University design map could become a useful tool in many manufacturing industries. Any time engineers need a material that has specific properties, they could test a variety of designs virtually without actually going to the trouble of making them. The design map basically guides material scientists to the right composite without all the trial and error.
预测复合材料强度的新材料理论  

对大多数人来说，软体动物外壳中存在的珍珠母仅仅是一个装饰剩余物。但是材料科学家在看它时看到了别的东西。珍珠母——（更正式的称法为珍珠层）是有机—无机复合材料，具有优异的机械性能，很难被人工生产的复合材料复制。这激发了莱斯大学的研究者开发出更好的方法来在它们被生产之前判断复合材料的实用性。  

对一个新的复合材料的设计有多种考虑。不同使用情况需要的混合物有不同的韧性、强度和刚度组合。虽然这些术语通常可在闲谈时互换地使用，但对材料科学家来说，它们有非常不同的特定含义。

例如，材料的强度表明它可以被拉伸或压缩到何种程度。刚度描述材料的抗变形能力。至于韧性，衡量的是物质在被破坏之前可以吸收多少能量。在做成之前，你很难判断一种新的人造复合材料的每一项性能，但莱斯大学的研究小组用珍珠层作为出发点来做到这一点。

莱斯大学的研究者Rouzbeh Shahsavari和Navid Sakhavand研究了显微镜下的珍珠层结构。珍珠层是一种血小板基质复合物，这意味着它是重叠的圆盘装结构组成的，由天然聚合物组合在一起。这就像一个微观尺度上的砖墙，具有很高的强度和韧性。

设计类似血小板的基体材料已经在实验室中被证明是困难的，因为还没有评估结构和材料之间关系的好办法。由Shahsavari和Sakhavand创建的设计图提供了必要的指导。

如果你需要的东西具有较高的刚度和强度，例如，你可以在方程中输入设计变量，看看它落在图的哪里。创建这个图花了三年时间的密集计算，它可以准确地预测各种复合材料的力学性能。他们怎么知道这一理论是正确的呢？Shahsavari和Sakhavand评估了许多合成的和天然的材料以查看真实的性能是否与图取得的理论预测相匹配。他们发现理论和实践非常接近。

莱斯大学的设计图可能成为许多制造业的有用工具。在任何时候如果工程师需要具有特定性能的材料，它们几乎可以实际测试各种设计，并且不需要经历制造它们的麻烦。该设计图基本上将材料科学家引向正确的复合材料，无需进行反复试验。
Practical Application（实际应用）
Rare-earth innovation to improve nylon manufacturing 

The Critical Materials Institute, a U.S. Dept. of Energy (DOE) Innovation Hub, has created a new chemical process that makes use of the widely available rare-earth metal cerium to improve the manufacture of nylon.

The process uses a cerium-based material made into nanometer-sized particles with a palladium catalyst to produce cyclohexanone, a key ingredient in the production of nylon.

Traditional methods of producing cyclohexanone involve high temperatures and high pressure, and necessitate the use of hydrogen.

“After a lot of trials, we managed to find a reaction that works very well at room temperature and ambient pressure,” said CMI scientist Igor Slowing. “That’s a huge advantage cost-wise. It’s more energy efficient, and requires much less hydrogen.”

The discovery is a rather unique way that CMI is addressing global concerns about the supply and demand of rare-earth metals.

“The research group focused on three or four different catalytic reactions used in high production volume chemicals, including this one for producing a precursor to nylon, which as an industry has enormous applications,” said Slowing.

“We are the only CMI scientists looking at catalysis, and so we are looking at this problem from a different angle. While other scientists are trying to find ways to use less of the least abundant rare-earths, we are trying to find ways to use more of the most abundant ones.”

At first that seems counter-intuitive to the research mission of CMI, which includes reducing reliance on rare-earth materials.

But rare-earth metals like cerium, which is as abundant as copper, are primary products of mining for other, more valuable rare-earth elements. With minimal demand for these abundant rare earths, they are stockpiled. Finding widely marketable uses for these stock-piled materials makes the best use of all mining resources, and improves the economic feasibility of mining overall.

Slowing said the technology also has other possible applications, like the treatment of biomass.

The technology is discussed in the paper in ACS Catalysis.

Source: Ames Laboratory
稀土创新促进尼龙生产  
作为美国能源部一个创新中心，关键材料研究所已经创造出一种新的化学过程，能使稀土金属铈广泛用于尼龙的生产。
该过程把一种基于元素铈的材料制成纳米规格的粒子，用钯催化剂来生产环己酮，而环己酮是生产尼龙的一个重要因素。
传统方法生产环己酮需要高温和高压,并使用氢气
 “大量的试验后,我们设法找到了一个反应，能在室温和正常大气压下很好地起作用，”CMI科学家Igor Slowing说。“从成本花费角度考虑，这是一个巨大的优势；同时所需的氢少得多，所以也更能节能。”

对于解决全球对稀土金属的供应和需求担忧，CMI的发现提供了一个相当独特的视角。
 “研究小组专注于三、四个不同的催化反应，这些反应能产生高产量的化学物质,包括生产尼龙的前体,可在一个行业中得到巨大的应用，”Slowing说。
 “我们是CMI唯一的寻找催化剂的科学家,所以我们从另一个角度看这个问题。而其他科学家们正试图找到少用最丰富的稀土的方法,我们正在想办法利用到最丰富的绝大部分。”

起初，CMI的研究任务似乎是反直觉的，,其中包括减少对稀土材料的依赖。
但铈等稀土金属和铜一样丰富，是开采其他更有价值的稀土元素的初级产品。对这些丰富的稀土的需求微乎其微，它们得以储存。寻找这些库存材料的广泛的市场使用价值，使得这些矿产资源得到充分利用,，总体上提高了采矿的经济可行性。
Slowing说，这项技术也还有其他可能的应用途径,比如生物质能的治疗。

本文讨论的技术是讨论于ACS催化剂的论文。

来源：Ames 实验室
Graphene applications in mobile communication

GSM, UMTS, LTE, WiFi, Bluetooth – to name just a few of the wireless standards that have become a natural part of mobile communication today. For all these wireless standards, signal processing could not be done without the filtering of frequencies. Micro-acoustic piezoelectric resonators are the dominant technology in the market for this purpose. Theory predicts excellent oscillation characteristics for these resonators, if  the electrode used for the excitation of the oscillation becomes very light. And the lightest conceivable electrode is electrically conductive graphene.

"The metal electrodes, commonly used today, dampen the oscillation of the resonators through their mass – similar to the felt cover on a piano string – and therefore reduce the precision of signal separation in bandpass filters. While the metal electrodes cannot be arbitrarily thinned to reduce their mass and thus their damping, graphene still remains conductive even as an atomically thin electrode.", explains Dr. René Hoffmann, head of graphene research at Fraunhofer IAF. With such thin graphene electrodes, the mechanical quality factors come close to the theoretical ideal. If the oscillation characteristics of the piezoelectric resonators can be successfully improved and if higher coupling factors are achieved, both the signal separation precision and the energy efficiency of the filters will increase. Here, the challenge at hand is to connect the nearly massless graphene electrodes with the currently used mobile communication components based on piezoelectric aluminum nitride.

Industry compatible graphene deposition technologies

As one of the partners in the Graphene Flagship, the largest funding initiative in the history of the European Union, Fraunhofer IAF is working on the development of an efficient technology for graphene deposition and graphene transfer onto aluminum nitride. As surprising as it may be to be able to manufacture and process graphene as atomically thin material at all – it is just as difficult to do so on an industrial scale. Many of the possible applications of graphene have not yet been successful since the production of the material is still too complex. Hence, the development of economical manufacturing and processing technologies is essential for the use of the outstanding theoretical properties of graphene in practice.

A promising approach for the realization of graphene deposition on substrate sizes typical for the semiconductor industry can be found in chemical vapor deposition. Here, a catalyst surface such as copper is heated to nearly 1000 °C until gas containing carbon is broken down on the hot surface and reorganized into graphene. In future, this method is supposed to be further developed into a technology compatible for industry applications, to directly integrate graphene into existing aluminum-niride-based bandpass filters.

 About the Graphene Flagship

Besides Fraunhofer IAF, two other Fraunhofer Institutes are aboard the Graphene Flagship, which includes 142 organizations from 23 countries: the Fraunhofer Institute for Systems and Innovation Research ISI, as well as the Fraunhofer Institute for Chemical Technology ICT. Researchers at Fraunhofer ICT are working on a further large-scale and cost-efficient production method for graphene – in form of graphene flakes. The graphene-experts of the Fraunhofer ISI, on the other hand, develop strategic technology- and application-roadmaps for all partners of the consortium and the entire graphene-community. The roadmaps serve the improved assessment of important graphene-driver-units for the continuing graphene developments as well as application fields in the future. Additionally, Dr. Thomas Reiß, head of the Competence Center New Technologies at Fraunhofer ISI, was elected member of the Executive Board of the Graphene Flagship.

In order to make graphene accessible for the European market, the European Union is promoting universities, research institutions and businesses with an overall funding budget of one billion Euros. (http://graphene-flagship.eu/)

石墨烯在移动通讯中的应用  

全球移动通信系统（GSM）、通用移动通信系统（UMTS）、第四代移动通信系统（LTE）、无线局域网（WiFi）以及蓝牙——只列举一部分已成为自然而然的移动通信无线标准。对于所有这些无线标准，不过滤频率的话，就无法处理信号。微声学压电谐振器是在市场上占主导地位的技术。理论预测出这些谐振器的优质振动特征，如果用于激发振动的电极变得很轻的话。而我们可想到的最轻的电极便是导电石墨烯。  

“我们如今常用的金属电极，通过积聚起来抑制了谐振器的振动——类似于在钢琴弦上罩一个盖子的感觉——因此减少带通滤波器信号分离的精度。而金属电极不能任意变薄来减少他们的质量因而无法减震，而石墨烯电极甚至薄如原子微粒时仍然导电。”弗劳恩霍夫IAF石墨烯研究主管雷内•霍夫曼博士解释道。这样薄的石墨烯电极，其机械品质因素接近理想的理论值。如果压电谐振器的振动特性可以成功地取得改善，如果能达到更高的耦合因素，信号分离精度和过滤器的能源效率都将会增加。在这里，我们目前面对的挑战是连接几乎无质量的石墨烯电极与当前使用的基于压电氮化铝的移动通信组件。

石墨烯沉积技术各行业通用

Graphene Flagship这个欧盟历史上规模最大的资金提供组织，其合作伙伴之一的弗劳恩霍夫IAF正致力于开发一个高效的技术用于石墨烯沉积和石墨烯转移到氮化铝。令人惊讶的是，它可能能够生产和处理石墨烯像原子微粒薄度材料一样——但在工业规模上这又很困难。许多可能的石墨烯应用至今都尚未成功，原因在于该材料的生产过程仍然过于复杂。因此，节俭型的制造和加工技术的发展对于石墨烯优质的理论特性用于实践生产是至关重要的。

一个潜在的可能方法用于实现石墨烯在典型的半导体工业用基质大小尺寸上沉积可以在化学汽相淀积中找到。在这里，催化剂表面，如铜等，加热到1000°C，直到含碳气体在此受热表面上分解并重组成石墨烯。在未来，这种方法应该是进一步发展成为一个各行业技术兼容的应用程序，直接将石墨烯集成到现有的沉积氮化铝带通滤波器。

关于Graphene Flagship

除了弗劳恩霍夫IAF之外，另外两个弗劳恩霍夫研究所在Graphene Flagship内部，其中包括来自23个国家的142个组织:弗劳恩霍夫系统研究所和创新研究ISI，以及化学工艺学ICT弗劳恩霍夫研究所。弗劳恩霍夫ICT的研究人员正致力于进一步开发大规模、节约成本的石墨烯生产方法——以石墨烯碎片的方式。另一方面，弗劳恩霍夫ISI的石墨烯专家正在为该财团和整个石墨烯应用团体的所有合作伙伴研发战略技术及应用路线图。该路线图用于持续改进便于石墨烯未来发展以及应用领域的石墨烯驱动单元的评估。

除此之外，位于弗劳恩霍夫ISI的新技术能力中心负责人托马斯•雷伊博士被选为Graphene Flagship执行委员会的委员。

为了使石墨烯进入欧洲市场，欧盟拿出整体预算为十亿欧元的资金推动大学、研究机构和企业研究。(相关网址，http://graphene-flagship.eu/)
Artificial hand responds to sensitively thanks to muscles made from smart metal wires

Engineers at Saarland University have taken a leaf out of nature's book by equipping an artificial hand with muscles made from shape-memory wire. The new technology enables the fabrication of flexible and lightweight robot hands for industrial applications and novel prosthetic devices. The muscle fibres are composed of bundles of ultrafine nickel-titanium alloy wires that are able to tense and flex. The material itself has sensory properties allowing the artificial hand to perform extremely precise movements. The research group led by Professor Stefan Seelecke will be showcasing their prototype artificial hand and how it makes use of shape-memory 'metal muscles' at HANNOVER MESSE - the world's largest industrial fair - from April 13th to April 17th. The team, who will be exhibiting at the Saarland Research and Innovation Stand in Hall 2, Stand B 46, are looking for development partners.

The hand is the perfect tool. Developed over millions of years, its 'design' can certainly be said to be mature. The hand is extraordinarily mobile and adaptable, and the consummate interaction between the muscles, ligaments, tendons, bones and nerves has long driven a desire to create a flexible tool based upon it. The research team led by Professor Stefan Seelecke from Saarland University and the Center for Mechatronics and Automation Technology (ZeMA) is using a new technology based on the shape memory properties of nickel-titanium alloy. The engineers have provided the artificial hand with muscles that are made up from very fine wires whose diameter is similar to that of a human hair and that can contract and relax.

'Shape-memory alloy (SMA) wires offer significant advantages over other techniques,' says Stefan Seelecke. Up until now, artificial hands, such as those used in industrial production lines, have relied on a lot of complex background technology. As a result they are dependent on other devices and equipment, such as electric motors or pneumatics, they tend to be heavy, relatively inflexible, at times loud, and also expensive. 'In contrast, tools fabricated with artificial muscles from SMA wire can do without additional equipment, making them light, flexible and highly adaptable. They operate silently and are relatively cheap to produce. And these wires have the highest energy density of all known drive mechanisms, which enables them to perform powerful movements in restricted spaces,' explains Seelecke. The term 'shape memory' refers to the fact that the wire is able to 'remember' its shape and to return to that original predetermined shape after it has been deformed. 'This property of nickel-titanium alloy is a result of phase changes that occur within the material. If the wire becomes warm, which happens, for instance, when it conducts electricity, the material transforms its lattice structure causing it to contract like a muscle,' says Seelecke.

The engineers use 'smart' wires to play the role of muscles in the artificial hand. Multiple strands of shape-memory wire connect the finger joints and act as flexor muscles on the front-side of the finger and as extensor muscles on the rear. In order to facilitate rapid movements, the engineers copied the structure of natural human muscles by grouping the very fine wires into bundles to mimic muscle fibres. These bundles of wires are as fine as a thread of cotton, but have the tensile strength of a thick wire. 'The bundle can rapidly contract and relax while exerting a high tensile force,' explains Filomena Simone, an engineer who is working on the prototype of the artificial hand as part of her doctoral research. 'The reason for this behaviour is the rapid cooling that is possible because lots of individual wires present a greater surface area through which heat can be dissipated. Unlike a single thick wire, a bundle of very fine wires can undergo rapid contractions and extensions equivalent to those observed in human muscles. As a result, we are able to achieve fast and smooth finger movements,' she explains.
Another effect of using the shape-memory metal wires is that the hand can respond in a natural manner when someone intervenes while a particular movement is being carried out. This means that humans can literally work hand-in-hand with the prototype device. A semiconductor chip controls the relative motions of the SMA wires allowing precise movements to be carried out. And the system does not need sensors. 'The material from which wires are made has sensor properties. The controller unit is able to interpret electric resistance measurement data so that it knows the exact position of the wires at any one time,' says Seelecke. This enables the hand and the fingers to be moved with high precision. The research team will be exhibiting their system prototypes at HANNOVER MESSE 2015 and showcasing the potential of the technology by performing hand grasps and the controlled movement of individual fingers. The researchers want to continue developing the prototype and improve the way in which it simulates the human hand. This will involve modelling hand movement patterns and exploiting the sensor properties of SMA wire.
智能金属丝造肌肉让人造手反应灵敏

德国萨尔州大学的工程师从大自然得到启发，应用形状记忆金属丝制造肌肉装备在人造手上。新技术使制造应用于工业的灵活、轻便的机械手和创新型假肢器官成为可能。肌纤维是由一束束能够伸张的超细镍钛合金线组成的。材料本身具有感官属性，可使人造手执行精确的动作。由史蒂芬•斯莱克特教授领导的研究小组将于4月13日至4月17日在汉诺威展——世界上最大的工业博览会上展示他们的人造手样品及其如何利用形状记忆‘金属肌肉’。该研究团队将在萨尔州研究和创新站2号大厅 B 看台46位上进行展示，目前他们正在寻找发展伙伴。

这种人造手堪称一项完美的工具。经过数百万年的开发研制，其“设计”堪称成熟。由于手格外灵活、适应性很强，可以和肌肉、韧带、肌腱、骨骼和神经之间进行完美的交互，这一直推动想要创造一个基于此的灵活工具的欲望。来自萨尔州大学史蒂芬•斯莱克特教授和机电一体化和自动化技术中心 (ZeMA)领导的研究小组正在利用镍钛合金的形状记忆性能开发一种新技术。工程师为人工手配备了由直径类似于人类头发、可伸缩的极细金属丝制造的肌肉。

“形状记忆合金(SMA)丝显示出超过其他技术的显著优势，”史蒂芬•斯莱克特说道。直到现在，那些用在工业生产线的人造手等，都依赖于大量复杂的背景技术；因而它们依赖于其他设备和装置，如电动马达或气动，而这些装置往往沉重、相对呆板、噪声很大，而且还很贵。‘相比之下，配备SMA丝制造的人造肌肉的工具，可以在无需额外设备的情况下适用，这就使其轻便、灵活，且具有很强的适应性。它们工作起来，几乎没有噪声，而且价格低廉。这些丝线具有所有已知的传动装置最高的能量密度，这使得它们可以在受限空间中执行强有力的运动，’斯蒂莱特解释道。“形状记忆”这个术语，指的是这样一个丝线能够‘记住’其形状，在变形后还能还原成原始性状。‘镍钛合金的这个属性是材料内部发生相变的结果。如果丝线温度升高，例如，当它导电后，这种材料就会改变其晶格结构，使其像肌肉一样收缩，’斯蒂莱特说。

工程师们使用了一种‘智能’金属丝线作为人造手中的肌肉。许多束形状记忆线将手指关节连接起来，充当手指前端的屈肌以及后端的伸肌。为了方便快速地移动，工程师通过将细丝线分组成束以模仿肌肉纤维仿制了人类肌肉结构。这些成束的细丝线如棉线一样精美，又如粗钢丝一样抗张度强。‘施加高强度力后，这些线束可以迅速地收缩和伸张，’致力于人造手样品研制，并以此作为博士学位研究一部分的工程师菲洛梅娜•西蒙解释说。‘这种现象的原因是可以实现快速冷却，因为很多单一丝线形成了一个更大的表面，通过这个表面可以消散热量。不像单一的粗线缆，一束极细线可以进行快速的收缩和伸张，相当于人类的肌肉一样。因此，我们能够实现快速而平滑的手指运动，’她解释说。

使用这种形状记忆金属线的另一个效果是：当有人进行干预时，这种手可以以自然的方式做出反应，并进行特定的动作。字面上，这意味着人类可以与样品设备进行亲密的工作合作。半导体芯片控制SMA丝线的相对运动以便进行精确的动作。而且此系统不需要传感器。‘这种金属丝线的制造材料本身就具有传感器属性。控制器单元能够理解电阻测量数据，以便在任何时候都能知道丝线的确切位置，’斯莱克特说。这使手和手指能够以高精确度进行移动。研究小组将在2015汉诺威展上展示他们的系统样品，进行手抓握和单一手指动作表演以展示该技术的潜能。研究人员想要继续开发样品，模拟人类的手逐渐使其完善。这将包括模拟手运动模式，挖掘SMA丝线传感器性能。
Organic & Polymer（有机高分子材料）
Five synthetic materials with the power to change the world

The New York World's Fair of 1939-40 was one of the greatest expos the world had ever seen. Visitors to Flushing Meadow Park in Queens were invited to see the "world of tomorrow" giving them a first glimpse of wonders such as the television, the videophone and the Ford Mustang. 

It was also the first chance to see nylon, the world's first fully synthetic man-made fibre. It was being sewn into pantyhose by a display of knitting machines as two models played tug of war to demonstrate the strength of the fabric. Nylon had been discovered by the Wallace Carothers' group in DuPont's research division four years earlier. It was introduced at the fair as the new hosiery "wholly fabricated from such common raw materials as coal, water and air" which could be made into filaments "as strong as steel".

Nylon stockings went on to become a huge success, of course, selling 64m pairs for DuPont in their first year alone. Nylon had qualities that were superior to those of the natural product, silk, and it soon found many useful, if sometimes less fashionable, applications. Today it is still used very widely in fabrics, upholstery, sport articles, instrument strings and automotive parts.

Since the dawning of this new era of fully synthetic materials, the advances have been unparallelled in the history of materials. Chemists have discovered new catalysts and developed new synthetic routes to join small molecules into long polymer chains with the right properties for a particular use – the polypropylene fibres that we use in carpets for example, or hard varieties of polyethylene for making plastic bottles.

Physicists, materials scientists and engineers have also designed new processing methods and new technologies to enhance performance to create substances like super-tough substances like kevlar.

Quite rightly, we are becoming more demanding at the same time. We expect products that will further enhance the quality of our lives, but we want materials and technologies that are increasingly energy efficient, sustainable and capable of reducing global pollution. It's a challenge.

Here are five types of polymers that will shape the future.

1. Bioplastics

As we are often reminded, plastics do not degrade and are a very visible source of environmental pollution. To complicate things further, the building blocks of these materials, which we call monomers, are historically derived from crude oil, which is not renewable.

But this is changing. Thanks to innovations with the processes for using enzymes and catalysts, it is becoming increasingly possible to convert renewable resources such as biogas into the major building blocks for manufacturing plastics and synthetic rubbers.

These substances are sustainable because they save fossil resources. But of course this only partly solves the problem. Unless they are also biodegradable, they are still a problem for the environment.

2. Plastic composites/nanocomposites

Plastic composites are the name for plastics which have been reinforced by different fibres to make them stronger or more elastic. For example you can make a polymer stronger by embedding carbon fibres, which creates a lightweight material which is ideal for modern fuel-efficient transport.

These kinds of fibre-reinforced plastics are being increasingly used, particularly in the aerospace industry (the Boeing 787 and the Airbus A360 are 50% composite). Were it not for the high costs, these materials would be used in all vehicles.

More recent additions to the field are nanocomposites, where plastics are instead reinforced with tiny particles of other substances – including graphene. These have any number of potential uses, ranging from lightweight sensors on wind turbine blades to more powerful batteries to internal body scaffolds that speed up the healing process for broken bones.

Nanocomposites will become particularly exciting if we succeed in producing them through processing methods that make it possible to design them in a very controlled manner. If we look at the structures of materials in nature, such as wood, you find they are incredibly complicated and intricate. Our current composites and nanocomposites are very unsophisticated by comparison.

3. Self-healing polymers

No matter how carefully we select materials for engineering applications based on their ability to withstand mechanical stresses and environmental conditions, they will inevitably fail. Ageing, degradation and loss of mechanical integrity due to impact or fatigue are all contributing factors. Not only is this very costly, it can be disastrous, as was the case with the Deepwater Horizon explosion in the Gulf of Mexico in 2010 for instance.

Inspired by biological systems, new materials are being developed which are able to heal in response to what would be traditionally considered irreversible damage. Polymers are not the only materials with the potential for self-healing, but they seem to be very good at it. Within a few years since their first discovery around the turn of the century, many innovative healing systems have been proposed.

What is still incredibly challenging is the idea of extending these concepts to large-volume applications, since self-healing polymers demand much more complicated design than previous generations of polymers. But this seems the ultimate route towards long-lasting, fault-tolerant materials that can be used for products including coatings, electronics and transport.

4. Plastic electronics

Most polymers are insulators and therefore don't conduct electricity. However an upsurge in this field of polymer research emerged in 2000 after the award of a Nobel Prize to Alan MacDiarmid, Alan Heeger and Hideki Shirakawa for work on discovering that a polymer named polyacetylene became conductive when impurities were introduced through a process known as doping.

Not only does the same process make other similar polymers conductive, some can even be converted into light-emitting diodes (LEDs), raising the prospect of flexible computer screens like the one below.

This is an area where polymers still face considerable challenge and strong competition from incumbents like silicon and organic LEDs. Still, when looking for cheap flexible replacements to existing electronic devices, polymers have much to offer as they can be easily processed in solutions and can be 3D-printed.

There seems to be enormous research going on in this area, with polymers sometimes playing the role of the active component, such as in semiconductors, and sometimes acting as a vehicle for other substances, such as in conductive inks.

5. Smart and reactive polymers

Gels and synthetic rubbers can easily adjust their shape in response to external stimuli, which means they are able to respond to changes in their surroundings. The external stimulus would usually be a change in temperature or acidity/alkalinity but it could equally be light, ultrasound or chemical agents. This turns out to be incredibly useful in designing smart materials for sensors, drug delivery devices and many other applications.

You can greatly extend a polymer's natural ability to respond to such stimuli by designing them with this purpose in mind. Mechanophores, for example, are molecular units that can alter the properties of a polymer when they are subjected to mechanical forces. These could have any number of industrial applications, especially if self-healing technology was incorporated too.

Other possibilities for smart polymers include things like window coatings that can wash the windows when they are dirty, and medical stitches that disappear when an injury has healed.
具有改变世界力量的五种合成材料  

1939-1940年的纽约世界博览会是至今可见的世界最大的博览会之一。到皇后区的法拉盛草原公园的游客可以看到“未来的世界”，这让他们第一眼看到了很多奇迹，比如电视、可视电话和福特野马。 

这也是第一次有机会看到尼龙——世界上第一个完全合成人造纤维。它由展览品针织机被缝进连裤袜，通过两个模型玩拔河来表明织物的强度。尼龙四年前由华莱士•卡罗瑟斯在杜邦公司研究部门的团队发现。据介绍，在交易会上新的袜子“完全由共同的原材料，如煤、水和空气”制成，可以制作成“像钢铁一样坚强”的细丝。 

尼龙丝袜成为一个巨大的成功，当然，在第一年就为杜邦销售6400万双。尼龙的品质优于天然产品、丝绸，并且很快就发现了许多有用的，即使有时侯不太时尚的应用。今天它仍然非常广泛地应用在织物、室内装饰品、体育用品、乐器的弦和汽车零部件上。

因为完全人工合成材料这个新时代的曙光，材料在历史上得到空前的进展。化学家发现了新的催化剂，研发新的合成路线为满足特殊使用的正确性能在高分子长链中加入小分子物质——例如我们用在地毯的聚丙烯纤维，或为生产塑料瓶的多种硬聚乙烯。

物理学家、材料科学家和工程师还设计了新的加工方法和新技术以提高性能，生产出如芳纶一样的超韧性物质。

不错，在同一时间我们的要求正变得越来越高。我们期望将进一步提高我们的生活质量的产品，但我们想要越来越节能的、可持续的和能够减少全球污染的材料和技术。这是一个挑战。

这里有可以塑造未来的五种聚合物。

1. 生质塑胶

正如我们经常被提醒的，塑料不会降解，是一个很明显的环境污染的来源。使事情进一步复杂化的是，这些材料的我们称之为单体的组成部分，历来都是来自原油，这是不能再生的。

但这种情况正在改变。 由于使用酶和催化剂过程的创新，越来越有可能转换成像沼气等的可再生资源，成为制造塑料和合成橡胶的主要组成部分。

因为他们保存化石资源，这些物质是可持续的。但当然，这只是部分地解决了问题。除非他们也可被生物降解，否则仍会产生环境问题。

2.塑料复合材料/纳米复合材料

塑料复合材料是由不同的纤维加强，使它们更强或更弹性的塑料的名称。例如，我们可以通过嵌入炭纤维加强聚合物，创造出理想的现代节能运输的轻型材料。

这些纤维增强塑料越来越多地被使用，特别是在航空航天工业（波音787和空客A360 有50%的复合材料）。如果不是因为成本高，这些材料将被用于所有车辆。

最近被添加到该领域的是纳米复合材料，它由其他物质的微小粒子来强固——包括石墨烯。它有许多潜在用途，包括风力机叶片上的轻量级传感器，加速骨折的愈合过程的身体内部的支架的更强大的电池。

如果我们通过处理方法成功生产它们使通过一个非常受控制的方式设计它们，纳米复合材料将变得特别令人兴奋。如果我们看看材料的结构性质，例如木头，你会发现它们非常交错复杂。我们目前的复合材料和纳米复合材料相较之下是非常简单的。

3.自我恢复型聚合物

不管我们怎样基于承受机械应力和环境条件的能力为工程应用精心选择材料，将不可避免会失败。由于冲击或破坏造成的老化、退化和机械完整性的损失是所有的影响因素。这不仅非常昂贵，还可以是灾难性的，就像2010年在墨西哥湾的深水地平线爆炸。

受生物系统的启发，新的材料被开发出来，它能够治愈传统上被认为是不可逆转的损害。并非只有聚合物材料有自修复的潜力，但它们似乎很擅长这个。在它们第一个被发现的几年内，大约在世纪之交，提出了许多创新的愈合系统。

因为自修复聚合物比以前几代人的聚合物需要更加复杂的设计，将这些概念扩展到大容量的应用程序中还是极具挑战性的。但这似乎是持久、容错材料可用于包括涂料、电子和运输的产品的根本途径。

4.塑料电子学

大多数聚合物是绝缘体，因此不导电。然而在2000年艾伦•麦克德尔米德、阿兰•黑格和白川英树因发现一种名为聚乙炔的聚合物在杂质通过一个称为掺杂的过程而可导电的现象而获得诺贝尔奖之后，这一领域出现了聚合物研究的热潮。

相同的过程不但使其他类似的聚合物可以导电，有些甚至可以被转换成发光二极管（LED），提高了就像下面那个一样的灵活电脑屏幕的前景。

在这个领域，聚合物仍面临极大的挑战和激烈的来自像硅和有机发光二极管等的竞争。然而，在为现有的电子设备寻找廉价灵活替换物时，聚合物有很大的帮助，因为它们在方案中能够很容易进行进行，也可以是3 D打印的。

在这方面似乎有巨大的研究，聚合物有时侯担任着活性组分的作用，如在半导体中，有时作为对其他物质的载体，如在导电油墨中。

5.智能反应性聚合物

凝胶和合成橡胶可以轻松调整它们的形状以应对外界刺激，这意味着它们能够应对环境的变化。外部刺激物通常是温度变化或酸性/碱性，但同样可能是光、超声或化学剂。这是非常有用的设计传感器、药物递送装置和许多其他应用的智能材料。

通过在设计时考虑到这一目的，你可以大大延长聚合物的天然能力以应对这种刺激。例如，机械响应性聚合物是可以改变聚合物在受到机械力时的性能的分子单位。这些可以有任意的工业应用，特别是在结合自修复能力的时候。

智能聚合物的其他可能性包括窗口涂层，它可以在窗户脏的时候清洗窗户，还有医疗缝线，科在伤病痊愈时消失。
Researchers use shearing method to create nanofiber “gusher”
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NC State researchers use shearing method to create polymer nanofibers in liquid. Image: Orlin Velev, NC State Univ.

Creating large amounts of polymer nanofibers dispersed in liquid is a challenge that has vexed researchers for years. But engineers and researchers at North Carolina State Univ. and one of its startup companies have now reported a method that can produce unprecedented amounts of polymer nanofibers, which have potential applications in filtration, batteries and cell scaffolding.

In a paper published online in Advanced Materials, the NC State researchers and colleagues from industry, including NC State startup company Xanofi, describe the method that allows them to fabricate polymer nanofibers on a massive scale.

The method—fine-tuned after nearly a decade of increasing success in producing micro- and nanoparticles of different shapes—works as simply as dropping liquid solution of a polymer in a beaker containing a spinning cylinder. Glycerin—a common and safe liquid that has many uses—is used to shear the polymer solution inside the beaker along with an antisolvent like water. When you take out the rotating cylinder, says Dr. Orlin Velev, Invista Professor of Chemical and Biomolecular Engineering at NC State and the corresponding author of the paper describing the research, you find a mat of nanofibers wrapped around it.

When they first started investigating the liquid shearing process, the researchers created polymer microrods, which could have various useful applications in foams and consumer products. “However, while investigating the shear process we came up with something strange. We discovered that these rods were really just pieces of ‘broken’ fibers,” Velev said. “We didn’t quite have the conditions set perfectly at that time. If you get the conditions right, the fibers don’t break.”

NC State patented the liquid shear process in 2006 and in a series of subsequent patents while Velev and his colleagues continued to work to perfect the process and its outcome. First, they created microfibers and nanoribbons as they investigated the process. “Microfibers, nanorods and nanoribbons are interesting and potentially useful, but you really want nanofibers,” Velev said. “We achieved this during the scaling up and commercialization of the technology.”

Velev engaged with NC State’s Office of Technology Transfer and the university’s TEC (The Entrepreneurship Collaborative) program to commercialize the discoveries. They worked with the experienced entrepreneur Miles Wright to start a company called Xanofi to advance the quest for nanofibers and the most efficient way to make mass quantities of them.

“We can now create kilograms of nanofibers per hour using this simple continuous flow process, which when scaled up becomes a ‘nanofiber gusher,’” Velev said. “Depending on the concentrations of liquids, polymers and antisolvents, you can create multiple types of nanomaterials of different shapes and sizes.”

“Large quantities are paramount in nanomanufacturing, so anything scalable is important,” said Wright, the CEO of Xanofi and a co-author on the paper. “When we produce the nanofibers via continuous flow, we get exactly the same nanofibers you would get if you were producing small quantities of them. The fabrication of these materials in liquid is advantageous because you can create truly three-dimensional nanofiber substrates with very, very high overall surface area. This leads to many enhanced products ranging from filters to cell scaffolds, printable bioinks, battery separators, plus many more.”

Source: North Carolina State Univ.
研究人员使用剪切方法制造纳米纤维“喷出物”
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北卡罗莱纳州立大学的研究人员使用剪切法在液体中制造出聚合物纳米纤维。图片来自：北卡罗莱纳州立大学的Orlin Velev 

制造能大量分散在液体中的聚合物纳米纤维，是困扰了研究人员多年的一个难题。但是，北卡罗莱纳州立大学以及其初创公司之一的工程师和研究人员提出了一种可以获得空前大量聚合物纳米纤维的方法，这种方法在过滤、电池和细胞支架方面具有很好的应用前景。

在这篇发表在网页版《先进材料》（Advanced Materials）期刊的论文中，北卡罗莱纳州立大学的研究人员和来自其初创公司Xanofi的同事详细介绍了这种可以大规模合成聚合物纳米纤维的方法。  

十年来，利用该方法成功地生产了不同形状的微米和纳米粒子，后来对这种方法进行了微调。这种方法非常简单，就像把聚合物放入包含纺缸的烧杯溶液中一样。甘油，一种常见的、具有多种用途的安全液体，可用于与像水一样的抗溶剂一起剪切烧杯内的聚合物溶液。当取出转筒时，你会发现其外面包裹着纳米纤维，北卡罗莱纳州立大学化学和生物分子工程学院教授Orlin Velev博士说。Orlin Velev博士同时也是该论文的通讯作者。

当他们第一次开始研究液体剪切过程的时候，研究人员制备出了聚合物微米棒，这种微米棒在泡沫材料和消费产品方面有多种不同的应用。“然而，在研究这个剪切过程时，我们发现了一些奇怪的现象。我们发现这些棒状材料真的只是一些‘破碎的’纤维。”Velev说。“当时，我们并没有很好的解决方案。如果有合适的条件，纤维就不会破。”

2006年，北卡罗莱纳州立大学获得了该液体剪切过程的专利和一系列的后续专利，与此同时Velev和他的同事们继续努力，以期能得到更完善的过程和结果。首先，他们在研究的过程中制备了微纤维和纳米带。“微纤维、纳米棒和纳米带非常有趣，也有很好的潜在应用前景，但是你真正需要的是纳米纤维。”Velev说。“我们在扩大技术规模和商业化过程中实现了这一点。”

Velev和北卡罗莱纳州立大学技术转让办公室和创业合作项目一同努力以期实现该成果的商业化。他们与经验丰富的企业家Miles Wright成立了一家名为Xanofi的公司，以便能采用最有效的方法来大批量生产纳米纤维，满足对纳米纤维的需求。

“利用这种可连续操作的简单工艺，我们现如今能每小时生产数千公斤的纳米纤维，扩大规模以后就变成了纳米纤维喷射源，”Velev说。“根据液体、聚合物和抗溶剂的浓度，你可以制备不同形状和尺寸的纳米材料。”

“在纳米制造过程中，大批量生产是至关重要的，所以任何的可扩展性都是很重要的。”论文的共同作者、 Xanofi公司CEO Wright说。“当我们通过连续操作的方法生产纳米纤维，如果生产量很小的话，我们会得到完全相同的纳米纤维。在液体中制备这些材料是非常有利的，因为这样你可以真正得到超高表面积的三维纳米纤维基材。这可以得到很多功能增强的产品，包括过滤器、电池支架、可打印生物油墨和电池隔板等。”

资料来源：北卡罗莱纳州立大学
E-Material（电子材料）
Building shape inspires new material discovery

Physicists inspired by the radical shape of a Canberra building have created a new type of material which enables scientists to put a perfect bend in light.

The creation of a so-called topological insulator could transform the telecommunications industry's drive to build an improved computer chip using light.

Leader of the team, Professor Yuri Kivshar from The Australian National University (ANU) said the revolutionary material might also be useful in microscopes, antenna design, and even quantum computers.

"There has been a hunt for similar materials in photonics based on large complicated structures," said Professor Kivshar, who is the head of the Nonlinear Physics Centre in ANU Research School of Physics and Engineering.

"Instead we used a simple, small-scale zigzag structure to create a prototype of these novel materials with amazing properties."

The structure was inspired by the Nishi building near ANU, which consists of rows of offset zigzag walls.

Topological insulators have been initially developed for electronics, and the possibility of building an optical counterpart is attracting a lot of attention.

The original zigzag structure of the material was suggested in the team's earlier collaboration with Dr Alexander Poddubny, from Ioffe Institute in Russia, said PhD student Alexey Slobozhanyuk.

"The zigzag structure creates a coupling throughout the material that prevents light from travelling through its centre," Mr Slobozhanyuk said.

"Instead light is channelled to the edges of the material, where it becomes completely localised by means of a kind of quantum entanglement known as topological order."

Fellow researcher Dr Andrew Miroshnichenko said the building inspired the researchers to think of multiple zigzags.

"We had been searching for a new topology and one day I looked at the building and a bell went off in my brain," said fellow researcher Dr Andrey Miroshnichenko.

"On the edges of such a material the light should travel completely unhindered, surfing around irregularities that would normally scatter the light.

"These materials will allow light to be bent around corners with no loss of signal," he said.

The team showed that the exceptional attributes of the material are related to its structure, or topology, and not to the molecules it is made from.

"In our experiment we used an array of ceramic spheres, although the initial theoretical model used metallic subwavelength particles," said Dr Miroshnichenko.

"Even though they are very different materials they gave the same result."

In contrast with other international groups attempting to create topological insulators with large scale structures, the team used spheres that were smaller than the wavelength of the microwaves in their successful experiments.

Dr Poddubny devised the theory when he realised there was a direct analogy between quantum Kitaev's model of Majorana fermions and optically coupled subwavelength scatterers.

Mr Slobozhanyuk said the team could control which parts of the material surface the light is channelled to by changing the polarisation of the light.

"This opens possibilities ranging from nanoscale light sources for enhancing microscopes, highly efficient antennas or even quantum computing," he said.

"The structure couples the two sides of the material, so they could be used as entangled qubits for quantum computing."

Source: Australian National University
建筑体形启发新材料  

从堪培拉大厦突破常规的外形得到灵感，物理学家创造了一种新型的材料，使得科学家能够使光形成一个完美的弯度。 

所谓拓扑绝缘体的创造可以让电信行业的动力转变为使用光来构建一种改进的计算机芯片。

研究团队带头人、澳大利亚国立大学（ANU）的Yuri Kivshar教授说，该革命性材料也可用于显微镜、天线设计，甚至量子计算机。

ANU物理与工程研究学院的非线性物理学中心的领头人Kivshar教授说：“人们一直试图搜寻基于大型复杂结构的类似的光子材料。” 

“现在，我们使用了一个简单、小型锯齿形结构，来创建这些有惊人性能的新型材料的原型。”

结构的灵感来自ANU附近的Nishi建筑，它由鳞次栉比的错距之字形墙壁组成。

电子学拓扑绝缘体已初步研发出来，建立光学对应体的可能性正吸引着很多注意力。

博士研究生Alexey Slobozhanyuk说，在早些时候与俄罗斯约飞研究所的Alexander Poddubny博士合作时，就曾提出了材料的原始之字形结构。

Slobozhanyuk先生说：“之字形结构使整个材料形成了一种耦合，阻止了光线穿过其中心。”

“因此，光被输送到材料的边缘，通过一种被称为拓扑顺序的量子纠缠手段完全局部化。”

同事研究员安德鲁•米罗什尼琴科博士说，建筑启发着研究者去思考多重之字形。

“我们一直在寻找一个新的拓扑结构，有一天我看着大楼，一个钟的样子就走了我的大脑。”同事研究院安德鲁•米罗什尼琴科博士说。

“在这种材料的边缘，光应该可以完全不受阻碍地传播，在通常会散射光的不规则体表面游荡。”

“这些材料将使光在角落弯曲而没有信号的损失。”他说。

团队表明，材料的特殊属性在于其结构或拓扑，而不是制造出该材料的分子。

“在我们的实验中，我们使用了大量陶瓷球，虽然最初理论模型使用的是金属亚波长粒子。”米罗什尼琴科博士说。

“虽然它们是非常不同的材料，但产生的结果却是相同的。”

在与其他试图用大型结构创建拓扑绝缘体的国际组织相比，该研究队伍使用了比他们的成功实验中的微波波长小的球体。

Poddubny博士意识到这是一个在马约拉纳费米子量子Kitaev模型和亚波长光学耦合散射之间的直接模拟时，设计了这个理论。

Slobozhanyuk先生表示，该团队可以通过改变光的偏振化控制光线投向了材料表面的哪些部分。

“这创造了一些可能性，包括为提高显微镜的纳米光源、高效的天线，甚至量子计算。”他说。

“这个结构将材料的两边相互连接，所以它们可以作为量子计算的纠缠量子位。”

来源：澳大利亚国立大学

Self-powered sensors that communicate could warn of bridge, building defects

Imagine a bridge or a dam that could sense a structural defect before it happens, diagnose what the problem will be and alert the authorities before something bad happens.

Three Michigan State Univ. College of Engineering researchers are developing a new technology known as substrate computing. This will allow sensing, communication and diagnostic computing, all within the substrate—the building material—of a structure, using energy harvested from the structure itself.

The research is funded by the National Science Foundation, including a recent $1 million grant.

Subir Biswas, professor of electrical and computer engineering, said the goal is to install sensors that continuously monitor and report on the structure's integrity, using new sensor-network technology.

“Adoption of such monitoring has previously been limited because of the frequency of battery replacement for battery-powered sensors,” he said, “as well as the need for a separate communication subsystem usually involving radio frequency sensor networks.”
A research team of Biswas; Rigoberto Burgueno, professor of civil and environmental engineering; and Shantanu Chakrabartty, professor of computer science and engineering from Washington Univ. at St. Louis, are developing this new technology.

“Our research is in the area of smart modular substrates with embedded sensing, communication and computing, that use advancements in mechanical energy harvesting and ultrasound communications to make it a reality,” Biswas said.

In the future, this technology will be routinely used in building materials, so that structures such as bridges and buildings will be able to detect and diagnose potential problems without the need for an external energy source and a separate wireless sensor network. The goal is to integrate all these functions within a tiny 3-mm-by-3-mm electronic chip, which can be embedded within the material of a structure.

“These electronic chips, with MSU-patented technology, will be capable of detecting the nature of a fault, send the fault information through the structure material itself and compute the fault pattern across the entire structure,” Biswas said.

The technology is expected to be commercially available in five years.

Source: Michigan State Univ.
自供电通信传感器可探测桥梁等建筑的缺陷

想象一下，一座桥梁或大坝能够在发生事故之前就能意识到其结构性缺陷，诊断出发生了什么问题并在不幸发生之前提醒有关部门。

来自密歇根州立大学工程学院的三位研究人员正在研发一项被称为基底计算的新技术，这使得所有的传感、通信和诊断计算都在构造的基底（建筑材料）内进行，而所使用的能量全都来自该结构本身。

这项研究由美国国家科学基金会资助完成，还包括最近获得的100万美元资助。

电子和计算机工程教授Subir Biswas表示，研究的目标在于通过新的传感器网络技术安装传感器，进行持续监测并报告（建筑）结构的完整性。

他说：“之前采用这种监测手段受到了限制，原因是需要频繁地为这些靠电池供电的传感器更换电池，而且还需要有一种包括射频传感器网络在内的独立通信子系统。”

这项新技术的研发人员包括：以Biswas为首的研究小组、土木与环境工程教授Rigoberto Burgueno以及圣路易斯华盛顿大学计算机科学与工程教授Shantanu Chakrabartty。

Biswas表示，“我们的研究领域是配备嵌入式传感、通信和计算的智能模块化基底，机械能量收集和超声波通讯的进步能够使之成为现实。”

将来，这项技术通常会用于建筑材料上，以便像桥梁和建筑物等结构能够检测并诊断出潜在的问题，且无需外部能量源和独立无线传感器网络，其目标是将所有这些功能集成在一个可以嵌入到一种结构的材料中的3毫米×3毫米的微型电子芯片内。

Biswas说：“这些属于密歇根州立大学专利技术的电子芯片将能够检测出故障的性质，通过结构材料本身发送故障信息并计算整个结构的故障模式。”

这项技术有望在五年内上市销售。

来源：密歇根州立大学
Building a nanolaser using a single atomic sheet
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The ultra-thin semiconductor, which is about 100,000 times thinner than a human hair, stretches across the top of the photonic cavity. Image: Univ. of Washington

Univ. of Washington scientists have built a new nanometer-sized laser—using the thinnest semiconductor available today—that is energy efficient, easy to build and compatible with existing electronics.

Lasers play essential roles in countless technologies, from medical therapies to metal cutters to electronic gadgets. But to meet modern needs in computation, communications, imaging and sensing, scientists are striving to create ever-smaller laser systems that also consume less energy.

The UW nanolaser, developed in collaboration with Stanford Univ., uses a tungsten-based semiconductor only three atoms thick as the “gain material” that emits light. The technology is described in a paper published online in Nature.

“This is a recently discovered, new type of semiconductor which is very thin and emits light efficiently,” said Sanfeng Wu, lead author and a UW doctoral candidate in physics. “Researchers are making transistors, light-emitting diodes, and solar cells based on this material because of its properties. And now, nanolasers.”

Nanolasers—which are so small they can’t be seen with the eye—have the potential to be used in a wide range of applications from next-generation computing to implantable microchips that monitor health problems. But nanolasers so far haven’t strayed far from the research lab.

Other nanolaser designs use gain materials that are either much thicker or that are embedded in the structure of the cavity that captures light. That makes them difficult to build and to integrate with modern electrical circuits and computing technologies.

The UW version, instead, uses a flat sheet that can be placed directly on top of a commonly used optical cavity, a tiny cave that confines and intensifies light. The ultrathin nature of the semiconductor—made from a single layer of a tungsten-based molecule—yields efficient coordination between the two key components of the laser.

The UW nanolaser requires only 27 nW to kickstart its beam, which means it is very energy efficient.

Other advantages of the UW team’s nanolaser are that it can be easily fabricated, and it can potentially work with silicon components common in modern electronics. Using a separate atomic sheet as the gain material offers versatility and the opportunity to more easily manipulate its properties.

“You can think of it as the difference between a cell phone where the SIM card is embedded into the phone versus one that’s removable,” said co-author Arka Majumdar, UW assistant professor of electrical engineering and of physics.

“When you’re working with other materials, your gain medium is embedded and you can’t change it. In our nanolasers, you can take the monolayer out or put it back, and it’s much easier to change around,” he said.

The researchers hope this and other recent innovations will enable them to produce an electrically-driven nanolaser that could open the door to using light, rather than electrons, to transfer information between computer chips and boards.

The current process can cause systems to overheat and wastes power, so companies such as Facebook, Oracle, HP, Google and Intel with massive data centers are keenly interested in more energy-efficient solutions.

Using photons rather than electrons to transfer that information would consume less energy and could enable next-generation computing that breaks current bandwidth and power limitations. The recently proven UW nanolaser technology is one step toward making optical computing and short distance optical communication a reality.

“We all want to make devices run faster with less energy consumption, so we need new technologies,” said co-author Xiaodong Xu, UW associate professor of materials science and engineering and of physics. “The real innovation in this new approach of ours, compared to the old nanolasers, is that we’re able to have scalability and more controls.”

Still, there’s more work to be done in the near future, Xu said. Next steps include investigating photon statistics to establish the coherent properties of the laser’s light.

Source: Univ. of Washington

原子薄片造纳米激光器   
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比人类头发还要细10万倍的超薄半导体横跨光子腔的顶部。图片提供：华盛顿大学

华盛顿大学的科学家们已经利用迄今为止最薄的半导体建立了一个新的纳米级激光器，该激光器节能、易于构建，可和现有的电子产品兼容。

激光在无数的技术上都发挥着重要作用，从医学疗法到电子产品金属切割器。但要满足现代计算、通信、成像和感应的需求，科学家们正努力创建消耗能量更少、体积更小的激光系统。

华盛顿大学与斯坦福大学合作开发的纳米激光器，使用只有这种可发光材料三个原子薄度的钨半导体制成。该技术论文发表于《自然》杂志网站。

“这个最新发现的新型半导体非常薄，而且发光效率很高，”该论文首席作者、华盛顿大学物理学博士研究生吴三峰（音译，Sanfeng Wu）说。“研究人员正在根据这种材料的属性制造晶体管、发光二极管和太阳能电池。现在是纳米激光器。”

纳米激光器由于太小而无法用肉眼看见，因而可被广泛用于各种应用，比如下一代计算机信息处理技术以及植入式芯片用于监控健康问题。但纳米激光器到目前为止还处于试验阶段。

其他纳米激光器设计使用的材料要么厚很多要么就是嵌入在捕捉光的光子腔内部。这使得它们难以构建、难以与现代集成电路和计算机技术整合。

华盛顿大学的设计版本使用了一个可以直接放置在常用的光学共振器上的平板，这个光学共振器是个可以限制并强化光的小腔。该由单层钨分子构成的半导体超薄的特性可以让激光两个核心部件之间有效协调。

华盛顿大学研制的纳米激光器只需要27 nW即可调整光束，这意味着它非常节能。

华盛顿大学团队研制的纳米激光器还具有其他优点，比如它可以很容易地组装，而且可与现代电子产品中常用的含硅组件协调工作。使用一个单一的原子薄片，该增益材料用途广泛并且其属性和容易控制。

“你可以把它想象成SIM卡嵌入式手机和SIM可移除式手机之间的区别，”此论文合著者、盛顿大学电气工程和物理学助理教授阿尔卡•马宗达说道。

“当你处理其他材料时，增益介质是嵌入的，你无法改变它。而纳米激光器，你可以把这个单层移除也可以放回去，而且更容易改变，”他说。

研究人员希望这些近期的创新发明会让他们研制出一种电力驱动的纳米激光器，用光而非电子就可以开门，可以在计算机芯片和木板之间传输信息。 

当前的处理过程可能导致系统过热或浪费电力，所以像脸书、甲骨文、惠普、谷歌和英特尔这样有着大规模数据中心的公司对更节能的解决方案非常感兴趣。 

使用光子代替电子传输信息将消耗更少的能量，而且可以使打破当前电流带宽和功率限制的下一代计算机信息处理技术成为可能。最近华盛顿大学开发的纳米激光器技术是朝着未来光学计算和短距离光通信迈进了一步。

“我们都想让设备运行得更快而能耗更少，所以我们需要新的技术，”此论文合著者、华盛顿大学材料科学和工程学以及物理学副教授徐小东说。“与之前的纳米激光器相比，我们新方法中真正的创新，是我们能够有可扩展性和更强的控制力。” 

当然，未来还有很多工作要做，徐教授说。下一步我们要做的就是调查光子统计以建立激光的相干特性。

来源：华盛顿大学  
MCanxixun Information and News Service
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