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Tech News & New Tech（技术前沿）
Simulations predict flat liquid

Computer simulations have predicted a new phase of matter: atomically thin 2-D liquid.

This prediction pushes the boundaries of possible phases of materials further than ever before. Two-dimensional materials themselves were considered impossible until the discovery of graphene around 10 years ago. However, they have been observed only in the solid phase, because the thermal atomic motion required for molten materials easily breaks the thin and fragile membrane. Therefore, the possible existence of an atomically thin flat liquid was considered impossible.

Now researchers from the Nanoscience Center at the Univ. of Jyväskylä, led by Academy Research Fellow Pekka Koskinen, have conducted computer simulations that predict a liquid phase in atomically thin golden islands that patch small pores of graphene. According to the simulations, gold atoms flow and change places in the plane, while the surrounding graphene template retains the planarity of liquid membrane.

"Here the role of graphene is similar to circular rings through which children blow soap bubbles. The liquid state is possible when the edge of graphene pore stretches the metallic membrane and keeps it steady," Koskinen says.

The liquid phase was predicted by computer simulations using quantum-mechanical models and nanostructures with tens or hundreds of gold atoms. The prediction was published recently in Nanoscale. Currently the liquid state exists only in computers and is still waiting for experimental confirmation.

"Unfortunately, simulations suggest that the flat liquid is volatile. In experiments the liquid membrane might burst too early, like a soap bubble that bursts before one gets a proper look at it. But again, even graphene was previously considered too unstable to exist," Koskinen says.

Source: Academy of Finland
计算机模拟推测物质新相位

计算机模拟推测物质新相位：二维薄原子液。

这一预测将材料的可能性相位推到一个前所未有的新高度。直到大约10年前石墨烯的发现，人们才认识到二维材料本身是存在的。然而，人们只能对其固相进行观察研究，因为熔融物脆弱的薄膜在原子热运动下易破裂。因此，人们认为水平二维薄原子液是不可能存在的。

现在，社科院研究员佩卡•科斯基宁（Pekka Koskinen）带领的韦斯屈莱大学(Univ. of Jyväskylä)纳米科学中心的研究人员们进行了计算机模拟，以推测液相薄原子金岛填补石墨烯小孔。根据模拟研究，金原子在平面上流动并改变位置，周围的石墨烯样板保持液膜的平面性。

“这里，石墨烯的作用类似于孩子们吹肥皂泡使用的圆环。当石墨烯孔的边缘拉伸金属膜并保持它稳定时，有可能变为液态形式，”科斯基宁（Koskinen）说。

通过使用量子力学模型和纳米结构以及几十或几百个金原子，计算机模拟推测出液相的存在。该推测相关研究最近在Nanoscale期刊上发表。目前液相只存在于电脑中，仍待实验证实。

“不幸的是，模拟表明，水平液体具有挥发性，在实验中的液膜可能破裂过早，如同一个肥皂泡，在人们看清前就破了。但是话说回来，即便人们之前认为石墨烯太不稳定不可能存在，人们最终还是发现了石墨烯。”科斯基宁说。

资料来源：芬兰科学院（Academy of Finland）  
Approval for Nine New Projects in the Biobased Performance Materials Program
WAGENINGEN, the Netherlands - At the beginning of May, the Chemistry of Advanced Materials council of the Top Sector Chemistry gave the green light for nine new projects in the Biobased Performance Materials (BPM) program. Wageningen UR Food & Biobased Research, together with 25 partners, will be focusing on materials made from plant-based raw materials. The research will be concentrating on, for example, roof coverings and carpet tiles made from 100-percent biobased bitumen, biobased alternatives for digital printer inks (2D and 3D) and particle board made from natural waste materials.

The projects, all of which run for two to three years, include research leading to the development of specific end products, investigations into biobased replacements with improved and/or new properties, and the development of new processes and technologies for biobased materials. Christiaan Bolck, Program Manager, Biobased Materials, commented, “The new package consists of a wide variety of projects and applications. The program therefore guarantees an excellent range of in-depth, technological and innovative research.”

In addition to research into biobased bitumen, printer inks and particleboard, there will be projects looking at biobased alternatives for industrial glues and also at the application potential of biobased plastics made using succinic acid. At the same time, several projects will involve more in-depth research into the application of some of the biobased building blocks already developed, for example: analyzing further opportunities for scaling up the production of isoidide polymers for high-performance polyesters, and investigating itaconic and citric acids in more detail in relation to developing biobased methyl acrylic acid for use in resins and latex.

Biobased polymers provide not only an alternative for oil-based products; they can also lead to materials with enhanced and entirely new properties, examples being printer inks with better performance, polyurethane elastomers with improved water resistance, and polymer compounds with even more useful properties. The whole package of research projects is complemented by research into processes and technologies aimed at improving the deployment of biobased polymers. To that end, there will be research into the production of PLA foams by means of extrusion as well as into the potential compatibility between starch and polyethylene for forming extruded film-barrier materials.

Two to four industrial partners are collaborating in each of the nine new BPM projects. These companies, ranging in size from large to small, are located in the Netherlands and abroad. The partners, together with Wageningen UR Food & Biobased Research, form a diverse group, all involved in different parts of the manufacturing chain, including raw materials, polymers, compounds, processing, end products, and machine production.
The first wave of projects in the successful BPM program has recently been completed. The results of these nine projects are online at the BPM Magazine website and are downloadable at
www.biobasedperformancematerials.nl/uk.
九个生物性能材料工程新项目获批
荷兰瓦赫宁根 - 五月初，顶尖化学的先进材料理事会的化学部门通过了生物基高性能材料（BPM）的九个新项目。荷兰瓦格宁根大学食品与生物基研究中心，与25个合作伙伴一起，致力于植物原料制成的材料。研究将集中在，例如，用百分之100生物沥青制造屋顶和地毯，而生物沥青是数字打印机墨水（2D和3D）和由天然废料制成的刨花板的替代物。

所有这些项目都运行两到三年内，包括对特定的终端产品发展的研究，调查发展成为具有改善和/或新的属性的生物基替代品，以及生物基材料的新进程和新技术的发展。克里斯蒂安•波尔克是生物基材料的项目经理，他评论道，“新研究由各种各样的项目和应用组成。因此，项目研究便具有了广泛性和深入性，技术性和创新性。”

除了对天然沥青、打印机墨水和刨花板的研究，也会有一些项目致力于对工业胶水生物基替代品和由琥珀酸制成的生物塑料的应用潜力的研究。与此同时，一些项目将涉及更深入的研究——已经开发的生物基构建模块的应用，例如，提高高性能聚酯聚合物艾杜醇产量的机会的深入分析，对衣康酸和柠檬酸与发展用于树脂和乳液中的生物基甲基丙烯酸之间详细关系的调查。

生物基聚合物不仅提供了石油产品的替代品，也能带来升级或全新特性的材料，例如，性能更好的打印机墨水，耐水性得到改进的聚氨酯弹性体，具有更强特性的高分子化合物。整个项目研究的进程和技术的补充性研究旨在提高生物基聚合物的部署。为此，会有对挤压产生PLA泡沫的研究和对用于形成挤压后的薄膜阻隔材料的淀粉和聚乙烯之间潜在兼容性的研究。

九个新BPM项目里，每个都有2-4个企业合作伙伴。这些公司大小不等，位于荷兰或者其它国家。这些合作伙伴，与瓦赫宁根大学食品和生物的研究小组一起，形成了一个多元化集团，都成为了制造链的一部分，包括原料，聚合物，化合物，加工，终端产品和机器生产。

BPM项目的第一波工程在最近已经成功完成。这九个项目的结果已经在BPM杂志网站上刊登出来，下载请到www.biobasedperformancematerials.nl/uk.。

Gauging materials’ physical properties from video

Last summer (2014), Massachusetts Institute of Technology (MIT) researchers published a paper describing an algorithm that can recover intelligible speech from the analysis of the minute vibrations of objects in video captured through soundproof glass.

In June, at the Conference on Computer Vision and Pattern Recognition, researchers from the same groups will describe how the technique can be adapted to infer material properties of physical objects, such as stiffness and weight, from video.

The technique could have application in the field of “nondestructive testing,” or determining materials’ physical properties without extracting samples from them or subjecting them to damaging physical tests. It might be possible, for instance, to identify structural defects in an airplane’s wing by analyzing video of its vibration during flight.

“One of the big contributions of this work is connecting techniques in computer vision to established theory on physical vibrations and to a whole body of work in nondestructive testing in civil engineering,” says Abe Davis, an MIT graduate student in electrical engineering and computer science who, together with fellow graduate student Katie Bouman, is first author on the paper. “We make this connection pretty explicitly in the paper, which is I think where a lot of the future potential lies, because it bridges these fields.”

Davis, Bouman, and their co-authors—their advisors, respectively, professors of computer science and engineering Fredo Durand and Bill Freeman; Justin Chen, a graduate student in civil and environmental engineering; and Michael Rubinstein, who completed his PhD with Freeman but is now at Google Research in Cambridge, Massachusetts—applied their technique to two different types of object. One was rods of fiberglass, wood and metal; the other, fabrics draped over a line.

Vibrational fingerprint

In the case of the rods, they used a range of frequencies from a nearby loudspeaker to produce vibrations. And since the vibrational frequencies of stiff materials are high, they also used a high-speed camera—as they did in some of the visual-microphone work—to capture the video.

The fabrics, however, were flexible enough that the ordinary circulation of air in a closed room was enough to produce detectible vibrations. And the vibration rates were low enough that they could be measured using an ordinary digital camera.

Although its movement may be undetectable to the human eye, a vibrating object usually vibrates at several frequencies at the same time. A given object’s preferred frequencies, and the varying strength of its vibrations at those frequencies, produce a unique pattern, which a variation on the visual-microphone algorithm was able to extract.

The researchers then used machine learning to find correlations between those vibrational patterns and measurements of the objects’ material properties. The correlations they found provided good estimates of the elasticity of the bars and of the stiffness and weight per unit area of the fabrics. (Stiffness is a measure that factors in both elasticity, a property of a material, and the geometry of the object made from that material. The researchers knew the precise geometry of the rods but not that of fabrics, which varied somewhat in size.)

Moreover, aberrations or discontinuities in an object’s typical vibrational patterns could indicate a defect in its structure. Identifying those types of correlations is the subject of the researchers’ ongoing work.

Source: Massachusetts Institute of Technology
通过视频测量材料的物理性质  

去年夏天（2014年），麻省理工学院(MIT)的研究人员发表的一篇论文描述了一种算法，该算法通过分析透过隔音玻璃获取的视频中物体的微小振动，重新获得明白易懂的讲话。

6月份，在计算机视觉与模式识别会议上，来自同一个团队的研究人员将描述这项技术如何适用于通过视频推断实物的材料性质的，例如刚度和重量。

该技术可应用于“无损检测”领域，或测定材料物理性质而无需从材料中提取样品或使材料接受破坏性物理试验。这是可能的，例如，通过分析飞机飞行中振动的视频鉴定机翼的结构性缺陷。

“该项研究的重要贡献之一是，将计算机视觉技术与已建立的物理振动理论和土木工程中的无损检测整体工作相关联，”MIT电机工程与计算机科学研究生Abe Davis说，他与其研究生同学Katie Bouman是该论文第一作者。“我们在论文中明确了这种关联关系，这就是我认为未来巨大的潜力所在，因为它将这些领域联系到一起。”

Davis、Bouman和他们的合作作者们，即他们的指导教授，分别是计算机科学与工程的教授Fredo Durand和Bill Freeman；土木与环境工程研究生Justin Chen；获得Freeman商学院博士学位的Michael Rubinstein，目前就职于麻萨诸塞州剑桥市的谷歌研究院，他将该技术应用于两种不同类型的物体。一种是玻璃纤维棒、木材和金属；另一种是搭在一条线上的织物。

振动指纹

应用于棒的情况中，他们利用附近一个扬声器的一系列频率来产生振动。因为刚性材料振动频率高，他们使用高速摄影机像在一些可视化麦克风工作中那样获得视频。

而织物足够柔软，在一个密闭空间里普通空气传播足以产生可以检测到的振动。它的振动频率足够低，可以用普通数码相机进行测量。

尽管人类的眼睛可能无法察觉它的运动，但一个振动物体通常同时以几个频率振动。一个给定物体的偏好频率以及这些频率下不同的振动强度产生一种独特的模式，可视化麦克风算法的变化可以提取该模式。

于是，研究人员利用机器学习算法找到那些振动模式与物体材料属性测量之间的相互关系。他们找到的这种关系为棒的弹性以及织物单位面积的刚度与重量提供了很好的估算。（刚度，是以弹性这种材料性质和该材料构成物体的几何结构为重要因素的测量指标。研究人员们了解棒精确的几何结构，但是不了解因大小不同几何结构有所变化的织物的结构。）

此外，某物体典型振动模式中的像差或不连续，可能预示着其结构的缺陷。识别那些类型的相互关系是研究人员正在进行的工作主题。

来源：麻省理工学院 
Metal Alloy（金属合金）
Memory shape alloy can be bent 10 million times and still snaps back 
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Transforming Puzzles. Mixtures of the phases possible under the cofactor conditions that have been achieved in a real material by Chluba et al. These structures have zero energy and no stress. The domains in these microstructures are easily rearranged and likely contribute to the exceptional repeatability of the alloy discovered by Chluba et al. Credit: Xian Chen and Richard James 

A combined team of researchers from the University of Kiel in Germany and the University of Maryland in the U.S. has created a shape memory alloy that is able to be bent and snap back to its original form up to ten million times. In their paper published in the journal Science, the team describes how they came up with the alloy and why they believe it could have a wide variety of uses. Richard James of the University of Minnesota offers a Perspective piece on the work done by the team in the same journal issue.

Memory shape alloys got their name by the unique property of being able to be bent and returning to their original shape automatically. Such metals can have their shape altered by subjecting them to physical bending, or by heating them. Up till now, no such alloy was able to snap back after being subjected to bending more than a few thousand times—scientists would like to bump that number up significantly because it would allow for creating devices that are more durable—artificial aortic valves, for example, or as a replacement for liquids in refrigerating devices. But despite a lot of effort, no one had been able to find a way to make that happen.

The researchers with the team readily acknowledge that their find was largely luck, they were tinkering with different mixtures, in this case, adding a little bit of cobalt to an already existing alloy made of nickel, copper and titanium. The resulting alloy surprised them during initial testing. Because such an alloy had never been created, neither had a means for testing its durability—they had to come up with two types of testing devices, one to repeatedly bend and allow for release, very quickly and another for heating and cooling. Both types of tests wound up having to run for weeks to reach the ten million mark.
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Transforming Puzzles. Mixtures of the phases possible under the cofactor conditions that have been achieved in a real material by Chluba et al. These structures have zero energy and no stress. The domains in these microstructures are easily rearranged and likely contribute to the exceptional repeatability of the alloy discovered by Chluba et al. Credit: Xian Chen and Richard James
It is not yet clear why the new alloy has such super bending properties, but the researchers suspect that it has to do with its ability to switch from one crystalline form to another, and then of course, back again without suffering from molecular knots, which for most alloys introduce imperfections, which lead to failure.
More information: Ultralow-fatigue shape memory alloy films Science 29 May 2015: Vol. 348 no. 6238 pp. 1004-1007 DOI: 10.1126/science.1261164
ABSTRACT

Functional shape memory alloys need to operate reversibly and repeatedly. Quantitative measures of reversibility include the relative volume change of the participating phases and compatibility matrices for twinning. But no similar argument is known for repeatability. This is especially crucial for many future applications, such as artificial heart valves or elastocaloric cooling, in which more than 10 million transformation cycles will be required. We report on the discovery of an ultralow-fatigue shape memory alloy film system based on TiNiCu that allows at least 10 million transformation cycles. We found that these films contain Ti2Cu precipitates embedded in the base alloy that serve as sentinels to ensure complete and reproducible transformation in the course of each memory cycle.
形状记忆合金可弯曲1000万次，并且恢复原先形状
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改造难题。Chluba等人通过真实材料实现的辅助条件下的混合物。这些结构零能耗、无压力。这些微结构中的域很容易被重新安排，并可能对Chluba等人发现的合金的特殊重复性有所帮助。来源：Xian Chen、Richard James

一个来自德国基尔大学和美国马里兰大学的研究人员联合团队已经创建了一个能够弯曲和恢复到其原来的形式次数高达一千万倍形状记忆合金。在发表在《科学》杂志上的论文中，该小组描述了他们是如何想到这种合金以及为什么他们认为这种合金可能有多种用途。明尼苏达大学的Richard James提供了在同一期杂志的团队所做的工作的一个视角。

形状记忆合金因其能够被弯曲和自动返回到原来的形状的独特性而命名。这些金属能通过物理弯曲或加热来改变形状。到目前为止，没有一种合金能在弯曲超过几千次之后回到原形，科学家们希望这一数字能显著上升，因为它能用于创建更耐用的装置，例如人工主动脉瓣膜，或者是作为制冷设备里的替代液体。尽管做出了很大努力，但是没有人能找到这样的方法。

团队的研究人员承认了他们的发现是幸运的，他们当时正在摆弄不同的混合物。在那种情况下，在现有的镍，铜和钛合金中添加了一些钴。最初的测试结果让他们大吃一惊。因为这种合金从未被创建，也没有用于测试其耐用性的手段。他们不得不想出两种类型的测试装置，一个是反复弯曲并很快释放，另一个用于加热和冷却。两种测试需要运行数周来达到1000万马克。
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改造难题。Chluba等人通过真实材料实现的辅助条件下的混合物。这些结构零能耗、无压力。这些微结构中的域很容易被重新安排，并可能对Chluba等人发现的合金的特殊重复性有所帮助。来源：Xian Chen、Richard James

至今还不清楚新型合金会有这种超级弯曲性能的原因，但是研究人员怀疑这与其能从一种结晶形式变到另一种形式的能力有关，然后当然，返回原来的形状但无分子结——导致大多数合金失败的缺陷。

更多信息：Ultralow-fatigue shape memory alloy films Science 29 May 2015: Vol. 348 no. 6238 pp. 1004-1007 DOI: 10.1126/science.1261164

摘要

功能性形状记忆合金需要可逆和反复操作。可逆性的定量措施包括参与阶段和兼容性矩阵的相对体积变化。但没有因重复性而著称的类似说法。这在许多未来的应用尤为重要，如人工心脏瓣膜或elastocaloric冷却，超过1000万次的变换循环中也需要它。我们报道一个基于TiNiCu的超低疲劳的形状记忆合金体系的发现，它允许至少1000万个转换周期。我们发现，这些薄膜含有嵌入在基合金中的Ti2Cu沉淀，就像哨兵一样，它们确保了每次记忆存储周期里的完整和可重复的转换。 
Recovering a rare metal from LCDs to avoid depleting key resource

Life without bright screens on our smartphones and TVs is hard to imagine. But in 20 years, one of the essential components of the liquid-crystal displays, or LCDs, that make many of our gadgets possible could disappear. To address the potential shortage of this component—the element indium—scientists report in ACS Sustainable Chemistry & Engineering a new way to recover the valuable metal so it could be recycled.

Many consumer electronics from laptops to tablets contain thin films of indium tin-oxide that act as transparent conductive coatings in the displays. Currently, the rare-earth metal is not being adequately recycled. And in China alone, experts estimate that consumers will throw out 100 million TVs, computers and laptops between 2014 and 2020. This rapid turnover explains in part why the limited global reserves of indium are in danger of running out. So Jinhui Li and colleagues set out to devise a new method to get the metal back from discarded products.

The researchers performed 18 experiments to find the optimal conditions for coaxing indium from LCDs. The most effective technique involved crushing and grinding LCD glass into particles less than 75 micrometers, or 0.003 in, in size and bathing them in a sulfuric acid solution at 122 F. These and other key parameters, the scientists say, could contribute to a closed-loop process of indium recovery that could allow the display industry to get indium from discarded electronics rather than using dwindling reserves.

Source: American Chemical Society
回收稀有金属，避免耗尽重要资源   

如果智能手机和电视没有亮丽屏幕，这将是难以想象。但是20年后，作为许多小型设备的液晶显示器（LCDs）的基本成分之一铟元素可能会消失。为了解决该成分的潜在短缺问题，科学家们在《美国化学学会可持续化学与工程》（ACS Sustainable Chemistry & Engineering）杂志上报道了一种回收铟这种有价值金属的新方法。 

许多消费类电子产品，从笔记本电脑到平板电脑，都含有铟锡氧化物薄膜，它们在显示器中充当透明导电涂层。目前，该稀土金属尚无法充分回收。而且仅在中国，专家估计消费者在2014年至2020年间将丢弃1亿台电视机、台式电脑和笔记本电脑。这种快速淘汰在某种程度上解释了为什么全球有限的铟储量正面临耗尽的危险。因此，Jinhui Li和同事们着手设计出一种新方法从废弃产品中回收这种金属。

研究人员们通过18个实验寻找从LCDs中提取铟的最优条件。最有效的技术包含将LCD玻璃破碎和研磨成尺寸小于75微米或0.003英寸的微粒和将微粒浸入122华氏度的硫酸溶液。科学家们说，这些和其他重要参数形成了一套铟回收的闭环流程，这将允许显示器行业从废弃的电子产品中获得铟，不再消耗日益减少的铟储量。

来源：美国化学学会
Composite Materials（复合材料）
AIMPLAS Develops New Composites Reinforced with Flax Fibre Selected Genetically

AIMPLAS, the Plastics Technology Centre, has completed the research developed in the framework of the project FIBRAGEN in order to develop a new generation of composites reinforced with natural fibres of improved properties.

Several flax crops have been bred during 2012 and 2013 for their analysis and selection with other centres and European universities. When breeding, different varieties of flax have been used.

Researchers have kept in mind some aspects such as the place, the land, season of the year, moisture and temperature in order to analyse if these variables affect the properties of the plants, and at the same time to select those who present better mechanical properties.

The project forgoes techniques which have been used previously for the improvement of the natural fibres' properties used as a reinforcement of composites. The technique creates the possibility to avoid the use of additives and processes. The knowledge gained of crop conditions and parameters able to stimulate the plants' gene expression is a step forward to producing materials composed with more controlled properties and less variability.

The participation of AIMPLAS in the project has been in the adaptation of the different varieties of flax harvested for their processing in the correspondent composites and also in the analysis of the mechanical properties of the products that include these flax fibres as reinforcement. 

塑料科技中心开发出新型基因选择亚麻纤维增强型复合材料  

西班牙塑料科技中心（AIMPLAS）在FIBRAGEN项目的框架下研发出新一代天然纤维增强型复合材料，这种天然纤维的性能已得到改善。 

他们在2012年至2013年间种植了一些亚麻作物，供他们与其他中心和欧洲大学共同分析和选择之用。他们选择了不同品种的亚麻进行种植。 

研究人员们记录了一些因素，例如地点、土地、季节、湿度和温度，以便分析这些变量是否影响植株特性，同时选择具有更好机械性能的植株。

该项目放弃了之前用来提高天然纤维性能的技术，这些天然纤维用于增强复合材料的性能。该技术创造了避免使用添加剂和工艺的可能性。由作物条件和参数获得的信息能够激发植物基因表达，这些信息向制造具有更多可控特性与更少变化性的材料迈进了一步。

该项目中，AIMPLAS参与改造不同品种的亚麻，这些收获的亚麻用来加工相应的复合材料，也参与分析产品机械性能，产品包括这些亚麻纤维增强物。
New composite protects from corrosion at high mechanical stress

Material researchers at the INM – Leibniz Institute for New Materials will be presenting a composite material which prevents metal corrosion in an environmentally friendly way, even under extreme conditions. It can be used wherever metals are exposed to severe weather conditions, aggressive gases, media containing salt, heavy wear or high pressures.

The INM from Saarbrücken will be one of the few German research institutions at the TechConnect World trade fair on 15 and 16 June in Washington DC, USA, where it will be presenting this and other results. Working in cooperation with the VDI Association of German Engineers it will be showcasing its latest developments at Stand 301 in the German Area.

"This patented composite exhibits its action by spray application," explains Carsten Becker-Willinger, Head of the Nanomers Program Division. "The key is the structuring of this layer - the protective particles arrange themselves like roof tiles. As in a wall, several layers of particles are placed on top of each other in an offset arrangement; the result is a self-organized, highly structured barrier," says the chemical nanotechnology expert. The protective layer is just a few micrometers thick and prevents penetration by gases and electrolytes. It provides protection against corrosion caused by aggressive aqueous solutions, including for example salt solutions such as salt spray on roads and seawater, or aqueous acids such as acid rain. The protective layer is an effective barrier, even against corrosive gases or under pressure.

After thermal curing, the composite adheres to the metal substrate, is abrasion-stable and impact-resistant. As a result, it can withstand high mechanical stress. The coating passes the falling ball test with a steel hemispherical ball weighing 1.5 kg from a height of one meter without chipping or breaking and exhibits only slight deformation, which means that the new material can be used even in the presence of sand or mineral dust without wear and tear.

The composite can be applied by spraying or other commonly used wet chemistry processes and cures at 150-200°C. It is suitable for steels, metal alloys and metals such as aluminum, magnesium and copper, and can be used to coat any shape of plates, pipes, gear wheels, tools or machine parts. The specially formulated mixture contains a solvent, a binder and nanoscale and platelet-like particles; it does not contain chromium VI or other heavy metals.

Explore further: New composite protects from corrosion at high mechanical stress

Provided by Leibniz Institute for New Materials

新型复合材料提供高机械应力下腐蚀防护  

德国莱布尼茨新材料研究所（INM）的材料研究者们将展示一种复合材料，这种材料能在防止金属在极端条件下的腐蚀，且具有环保性。无论金属暴露于恶劣的天气条件、腐蚀性气体、含盐介质、严重磨损，或高压下，都可以使用这种材料。

6月15日至16日，“科技连接世界”贸易展览会将在美国华盛顿举行，Saarbrücken市的INM将是参会的少数德国科研院所之一，届时它将展示这种材料和其他成果。INM将与德国工程师协会（VDI）合作展示其Stand 301产品在德国地区的最新进展。 

“这种获专利的复合材料借助喷涂法展示了它们的功能，”Nanomers公司程序部门负责人Carsten Becker-Willinger解释说。“关键是涂层结构，保护性微粒像屋顶瓦片一样排列。如同在墙壁中，一些涂层微粒以偏移布置的方式排列在彼此上面；从而形成一个自组织、高度结构化屏障，”化学纳米技术专家说。保护层只有几微米厚，可以防止气体和电解质渗透。它提供侵蚀性水溶液引起的腐蚀的防护，包括例如盐溶液（如道路和海水盐雾）和酸水溶液（如酸雨）。该保护层是有效屏障，即使在抵御腐蚀性气体方面或在压力下。

粘附到金属基底上的复合材料热固化后，具有耐磨和抗冲击作用。因此，它可以耐受高机械应力。在落球试验中，一个重1.5公斤的半球形钢制球从1米高处落下，而该涂层没有碎裂或损坏，只有轻微变形，这意味着，新型材料即使在沙子或矿尘环境中使用也不会磨损。

该复合材料可以通过喷涂或其他常用湿化学过程和方法在150-200°C条件下得到应用。它适用于钢铁、金属合金和金属诸如铝、镁和铜，可用来涂覆任何形状的板材、管道、齿轮、工具或机器零件。这种特制混合物包含一种溶剂、一种粘合剂和纳米级薄片状微粒；它不含有铬VI或其他重金属。

更多信息见：“新型复合材料提供高机械应力下腐蚀防护”（New composite protects from corrosion at high mechanical stress）

由莱布尼茨新材料研究所（INM）提供

Ultra-tough fiber imitates structure of spider silk

Professors Frédérick Gosselin and Daniel Therriault, along with their master's student Renaud Passieux, are not related to Spiderman. Nevertheless, these Polytechnique Montréal researchers have produced an ultra-tough polymer fiber directly inspired by spider silk. They recently published an article about the project in the journal Advanced Materials. 

Spider silk: a thread with stunning properties

Three to eight microns in diameter, but five to 10 times tougher than steel or Kevlar: despite its lightness, spider silk has such remarkable elongation and stretch-resistance properties that humans have long sought to replicate it, in order to make products with those same characteristics.

In large part, spider silk owes its exceptional strength—meaning its ability to absorb a large amount of energy before failing—to the particular molecular structure of the protein chain of which it's composed. The mechanical origin of its strength drew the interest of researchers at the Laboratory for Multiscale Mechanics in Polytechnique Montréal's Department of Mechanical Engineering.

“The silk protein coils upon itself like a spring. Each loop of the spring is attached to its neighbors with sacrificial bonds, chemical connections that break before the main molecular structural chain tears,” explained Professor Gosselin, who, along with his colleague Daniel Therriault, is co-supervising Renaud Passieux's master's research work.  He added: “To break the protein by stretching it, you need to uncoil the spring and break each of the sacrificial bonds one by one, which takes a lot of energy. This is the mechanism we're seeking to reproduce in laboratory,”

Imitating nature with polymer fibers

Their project involves making micrometric-sized microstructured fibers that have mechanical properties similar to those of spider silk. “It consists in pouring a filament of viscous polymeric solution toward a sub-layer that moves at a certain speed. So we create an instability,” said Renaud Passieux. “The filament forms a series of loops or coils, kind of like when you pour a thread of honey onto a piece of toast. Depending on the instability determined by the way the fluid runs, the fiber presents a particular geometry. It forms regular periodic patterns, which we call instability patterns.”

The fiber then solidifies as the solvent evaporates. Some instability patterns feature the formation of sacrificial bonds when the filament makes a loop and bonds to itself. At that point, it takes a pull with a strong energy output on the resulting fiber to succeed in breaking the sacrificial bonds, as they behave like protein-based spider silk.

“This project aims to understand how the instability used in making the substance influences the loops' geometry and, as a result, the mechanical properties of the fibers we obtain,” explained Professor Therriault. “Our challenge is that the manufacturing process is multiphysical. It draws on concepts from numerous fields: fluid mechanics, microfabrication, strength of materials, polymer rheology and more.”

A vast range of applications for future tough fiber composites

These researchers think that one day, there will certainly be composites obtained by weaving together tough fibers of the type they're currently developing. Such composites could, for example, make it possible to manufacture new safer and lighter casings for aircraft engines, which would prevent debris from dispersing in case of explosion. Many other applications can be foreseen, from surgical devices to bulletproof clothing to vehicle parts.

The project is funded by the Fonds de recherche du Québec Nature et technologies (FRQNT) and the Natural Sciences and Engineering Research Council of Canada (NSERC) and uses equipment acquired thanks to the support of the Canada Foundation for Innovation (CFI). 

About Polytechnique Montréal

Founded in 1873, Polytechnique Montréal is one of Canada's leading engineering teaching and research institutions. It is the largest engineering university in Québec for the size of its graduate student body and the scope of its research activities. With over 43,000 graduates, Polytechnique Montréal has educated nearly one-quarter of the current members of the Ordre des ingénieurs du Québec. Polytechnique provides training in 15 engineering specialties, and has 265 professors and more than 8,000 students. It has an annual operating budget of over $200 million, including an $80-million research budget.

SOURCE: Polytechnique Montréal
超级坚韧的仿蜘蛛丝纤维结构  

Frédérick Gosselin教授和Daniel Therriault教授，连同他们的硕士生Renaud Passieux，都与蜘蛛侠无关。然而，加拿大蒙特利尔工学院的这些研究者们受蜘蛛丝启发造出一种超强聚合物纤维。最近他们在《先进材料》（Advanced Materials）期刊发表了一篇关于该项目的文章。

蜘蛛丝：一种具有极好性能的线

直径3～8微米，但坚韧度是钢铁或凯夫拉纤维的5～10倍：蜘蛛丝尽管轻，但具有如此非凡的伸长率和抗拉伸性能，以至于人们一直试图复制它来制造具有相同特性的产品。

在很大程度上，蜘蛛丝超乎寻常的强度，即断裂前吸收大量能量的能力，归功于组成蜘蛛丝的蛋白质链特殊的分子结构。其强度的机械成因引起了蒙特利尔工学院机械工程系多尺度力学实验室的研究者们的兴趣。

 “丝蛋白像弹簧一样卷成圈。弹簧的每一圈与其相邻圈依靠结合键连接在一起，结合键是一种化学连接，它在主要分子结构链断裂前断裂，” Gosselin解释说，他与同事Daniel Therriault共同指导Renaud Passieux的硕士研究工作。他补充说：“通过拉伸破坏蛋白质，你需要盘绕弹簧，将所有结合键逐个破坏掉，这会耗费大量能量。这就是我们试图在实验室复制的机理。”

用聚合物纤维模仿自然

他们的项目包括制造微米级的微结构纤维，它们具有与蜘蛛丝类似的机械性能。“这项工作主要在于将粘性聚合物溶液细丝注入以一定速度移动的下层。因此我们创造了一种不稳定性。” Renaud Passieux说。“这种丝形成一系列环或圈，有点像吐司面包表面倒上丝状蜂蜜。依靠液体流动方式决定的不稳定性，纤维呈现出一种特殊的几何结构。它形成了规则的周期性模式，我们称之为不稳定模式。”

随着溶剂蒸发，纤维会凝固。当这种丝构成一个圈并自身结合在一起时，一些不稳定模式的关键在于形成了结合键。在那时，破坏纤维的结合键需要强大能量的拉力，就像他们拉断蛋白基蜘蛛丝那样。

“该项目旨在了解，这种物质制造中采用的不稳定性如何影响环的几何结构及我们因此获得的纤维机械性能，” Therriault教授解释说。“我们的挑战是，制造过程是多物理性的。它利用诸多领域的概念：流体力学、精密加工、材料力学、聚合物流变学等等。”

未来坚韧的纤维复合材料广泛的应用范围

这些研究人员认为，有一天，一定会有他们目前研发的这种坚韧纤维编织成的复合材料。例如，这些复合材料可能用于制造新型更安全、更轻便的航空发动机外壳，该外壳在发生爆炸的时候可以防止碎片分散。我们还可以预见很多其他应用，从手术器械、防弹衣到车辆零部件。

该项目由加拿大魁北克自然与技术研究基金会（FRQNT）和加拿大自然科学与工程技术研究理事会（NSERC）资助，所使用的设备由加拿大创新基金(CFI)提供支持。

关于蒙特利尔工学院

蒙特利尔工学院创立于1873年，是加拿大顶级的工程教学与科研院所之一。因其毕业生总量和科研活动范围，该校成为魁北克省最大的工程大学。蒙特利尔工学院拥有超过4.3万毕业生，已培养了近四分之一的魁北克省现有专业工程师成员。蒙特利尔工学院提供15个工程专业的培训，并拥有265名教授和超过8000名学生。该校年度活动预算超过2亿美元，其中包括8000万美元科研预算。

来源：蒙特利尔工学院
Practical Application（实际应用）
New class of magnets could energize the world

[image: image5.jpg]



This image shows a never before seen highly periodic magnetic “cells” or “domains” in iron-gallium alloys responsible for non-Joulian magnetism. Image: Harsh Deep Chopra/Temple Univ.
A new class of magnets that expand their volume when placed in a magnetic field and generate negligible amounts of wasteful heat during energy harvesting, has been discovered by researchers at Temple Univ. and the Univ. of Maryland.

The researchers, Harsh Deep Chopra, professor and chair of mechanical engineering at Temple, and Manfred Wuttig, professor of materials science and engineering at Maryland, published their findings in Nature.

This transformative breakthrough has the potential to not only displace existing technologies but create altogether new applications due to the unusual combination of magnetic properties.

"Our findings fundamentally change the way we think about a certain type of magnetism that has been in place since 1841," said Chopra, who also runs the Materials Genomics and Quantum Devices Laboratories at Temple's College of Engineering.

In the 1840s, physicist James Prescott Joule discovered that iron-based magnetic materials changed their shape, but not their volume when placed in a magnetic field. This phenomenon is referred to as "Joule Magnetostriction," and since its discovery 175 years ago, all magnets have been characterized on this basis.

"We have discovered a new class of magnets, which we call 'Non-Joulian Magnets,' that show a large volume change in magnetic fields," said Chopra. "Moreover, these non-Joulian magnets also possess the remarkable ability to harvest or convert energy with minimal heat loss."

"The response of these magnets differs fundamentally from that likely envisioned by Joule," said Wuttig. "He must have thought that magnets respond in a uniform fashion."

Chopra and Wuttig discovered that when they thermally treated certain iron-based alloys by heating them in a furnace at approximately 760 C for 30 min, then rapidly cooled them to room temperature, the materials exhibited the non-Joulian behavior.

The researchers found the thermally treated materials contained never before seen microscopic cellular-like structures whose response to a magnetic field is at the heart of non-Joulian magnetostriction. "Knowing about this unique structure will enable researchers to develop new materials with similarly attractive properties," Wuttig added.

The researchers noted that conventional magnets can only be used as actuators for exerting forces in one direction since they are limited by Joule magnetostriction. Actuation, even in two directions, requires bulky stacks of magnets, which increase size and reduce efficiency. Since non-Joulian magnets spontaneously expand in all directions, compact omnidirectional actuators can now be easily realized, they said.

Because these new magnets also have energy efficient characteristics, they can be used to create a new generation of sensors and actuators with vanishingly small heat signatures, said the researchers. These magnets could also find applications in efficient energy harvesting devices; compact micro-actuators for aerospace, automobile, biomedical, space and robotics applications; and ultra-low thermal signature actuators for sonars and defense applications.

Since these new magnets are composed of alloys that are free of rare-earth elements, they could replace existing rare-earth based magnetostriction alloys, which are expensive and feature inferior mechanical properties, said researchers.

"Chopra and Wuttig's work is a good example of how basic research advances can be true game changers," said Tomasz Durakiewicz, National Science Foundation condensed matter physics program director. "Their probing of generally accepted tenets about magnetism has led to a new understanding of an old paradigm. This research has the potential to catapult sustainable, energy-efficient materials in a very wide range of applications."

Source: Temple Univ.
新型磁体为世界提供能量
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此图片是一个前所未有的高周期性铁镓合金磁性“细胞”或“域”，构成非焦耳磁。图片来源：哈希•迪普•乔普拉(Harsh Deep Chopra) /美国天普大学（Temple University）。

天普大学（Temple University）和马里兰大学（Univ. of Maryland）的研究人员发现了一新型磁铁，当放置于磁场中时，其体积会发生膨胀，且在能量收集过程中浪费的热量少到可忽略不计。

天普大学机械工程学院主任教授哈希•迪普•乔普拉（Harsh Deep Chopra）和马里兰大学材料科学和工程学院教授曼弗雷德•乌提格（Manfred Wuttig）将他们的研究成果发表在了《自然》杂志上。

这项革命性突破拥有巨大应用潜力，由于其独特的磁体性质，不仅有望取代现有技术，还可创建新的应用。

天普大学材料基因组学和量子器件实验室负责人乔普拉说：“我们的发现从根本上改变了我们对自1841年以来就已有所认识的某种特定类型的磁铁的理解。” 

19世纪40年代，英国物理学家詹姆斯•普雷斯科特•焦耳（James Prescott Joule）发现，当被置于磁场中时，铁基磁性材料会改变它们的形状，但体积保持不变。这种现象被称为“焦耳磁致伸缩”，自发现至今的175年中，所有磁体都表现出了这一特征。

“现在，我们发现了一类新型磁铁，我们称之为“非焦耳磁铁”。在磁场中，它们的体积出现了巨大变化。”乔普拉（Chopra）说，“而且，这些非焦耳磁致伸缩磁铁还具有以最小的热量损失来收集或转换能量的非凡能力。”

“这类磁体的反应与焦耳设想的有根本区别，”乌提格（Wuttig）说，“知道这个独特的结构，将使研究人员能够开发出具有同样特性的新材料。”

乔普拉和乌提格发现当他们用热处理方法将特定的铁基合金放在炉中加热至大约760摄氏度，并持续30分钟，之后迅速将其冷却到室温，这时材料表现出了非焦耳磁致伸缩行为。

他们发现，经过热处理的材料中包含从未见过的微小蜂窝状结构，这是其在磁场中表现出非焦耳磁致伸缩反应的关键。乌提格补充说：“知道这个独特的结构将使研究人员能够开发出具有同样特性的新材料。”

研究人员指出，受焦耳磁致伸缩所限，常规磁铁只能被用作在一个方向上施加力的致动器。即便只在两个方向上致动，也需要大量笨重的磁铁，这会增大体积、降低效率。而非焦耳磁致伸缩磁铁可同时向各个方向膨胀，因此要制造紧凑型全向致动器将很容易实现。

由于这些新型磁铁也有节能的特性，它们可以用来打造热损耗极低的新一代传感器和致动器。这些磁铁也可以用于有效能源获取设备，合成微致动器应用与航空航天、汽车、生物医药、空间探索和机器人等领域；超低热信号制动器用于声呐；国防领域。

研究人员还表示，这种新型磁铁不含稀土元素，因而可以替代现有的昂贵但机械性能低的稀土基磁致伸缩材料。

“乔普拉和乌提格的研究工作是基础研究进展改变真正的游戏规则的一个很好的例子，” 美国国家科学基金会（National Science Foundation）凝聚态物理项目总监Tomasz Durakiewicz说，“他们对普遍接受的磁性研究导致人们对旧概念有了新的认识。这项研究有一跃成为弹射可持续，高能效的材料的潜力并得到广泛应用。”

资料来源：美国天普大学（Temple University）

Spinning a new version of silk

[image: image7.jpg]



Microscope images of lab-produced fibers confirm the results of the MIT researchers' simulations of spider silk. At top are optical microscope images, and, at bottom, are scanning electron microscope images. At left are fibers 8 micrometers across, and, at right, are thinner, 3 micrometer fibers. Courtesy of the researchers

After years of research decoding the complex structure and production of spider silk, researchers have now succeeded in producing samples of this exceptionally strong and resilient material in the laboratory. The new development could lead to a variety of biomedical materials—from sutures to scaffolding for organ replacements—made from synthesized silk with properties specifically tuned for their intended uses.

The findings are published in Nature Communications by Massachusetts Institute of Technology (MIT) professor of civil and environmental engineering (CEE) Markus Buehler, postdocs Shangchao Lin and Seunghwa Ryu and others at MIT, Tufts Univ., Boston Univ. and in Germany, Italy and the U.K.

The research, which involved a combination of simulations and experiments, paves the way for “creating new fibers with improved characteristics” beyond those of natural silk, says Buehler, who is also the department head in CEE. The work, he says, should make it possible to design fibers with specific characteristics of strength, elasticity and toughness.

The new synthetic fibers’ proteins—the basic building blocks of the material—were created by genetically modifying bacteria to make the proteins normally produced by spiders. These proteins were then extruded through microfluidic channels designed to mimic the effect of an organ, called a spinneret, that spiders use to produce natural silk fibers.

No spiders needed

While spider silk has long been recognized as among the strongest known materials, spiders cannot practically be bred to produce harvestable fibers—so this new approach to producing a synthetic, yet spider-like, silk could make such strong and flexible fibers available for biomedical applications. By their nature, spider silks are fully biocompatible and can be used in the body without risk of adverse reactions; they are ultimately simply absorbed by the body.

The researchers’ “spinning” process, in which the constituent proteins dissolved in water are extruded through a tiny opening at a controlled rate, causes the molecules to line up in a way that produces strong fibers. The molecules themselves are a mixture of hydrophobic and hydrophilic compounds, blended so as to naturally align to form fibers much stronger than their constituent parts. “When you spin it, you create very strong bonds in one direction,” Buehler says.

The team found that getting the blend of proteins right was crucial. “We found out that when there was a high proportion of hydrophobic proteins, it would not spin any fibers, it would just make an ugly mass,” says Ryu, who worked on the project as a postdoc at MIT and is now an assistant professor at the Korea Advanced Institute of Science and Technology. “We had to find the right mix” in order to produce strong fibers, he says.

Closing the loop

This project represents the first use of simulations to understand silk production at the molecular level. “Simulation is critical,” Buehler explains: Actually synthesizing a protein can take several months; if that protein doesn’t turn out to have exactly the right properties, the process would have to start all over.

Using simulations makes it possible to “scan through a large range of proteins until we see changes in the fiber stiffness,” and then home in on those compounds, says Lin, who worked on the project as a postdoc at MIT and is now an assistant professor at Florida State Univ.

Controlling the properties directly could ultimately make it possible to create fibers that are even stronger than natural ones, because engineers can choose characteristics for a particular use. For example, while spiders may need elasticity so their webs can capture insects without breaking, those designing fibers for use as surgical sutures would need more strength and less stretchiness. “Silk doesn’t give us that choice,” Buehler says.

The processing of the material can be done at room temperature using water-based solutions, so scaling up manufacturing should be relatively easy, team members say. So far, the fibers they have made in the lab are not as strong as natural spider silk, but now that the basic process has been established, it should be possible to fine-tune the materials and improve its strength, they say.

“Our goal is to improve the strength, elasticity, and toughness of artificially spun fibers by borrowing bright ideas from nature,” Lin says.  This study could inspire the development of new synthetic fibers—or any materials requiring enhanced properties, such as in electrical and thermal transport, in a certain direction.

Source: Massachusetts Institute of Technology
新型纺真丝
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在显微镜下观察实验室出产的纤维，证实了麻省理工学院研究人员的对于蛛丝的模拟结果。顶部是光学显微镜图像，底部是扫描电子显微镜的图像。左侧是8微米纤维，右边是更薄的3微米的纤维。这是研究人员提供的。

经过多年的研究，来解码蜘蛛丝复杂的结构和生产过程，研究人员现已在实验室里成功地制造出这种异常强劲且弹性十足的材料样本。该进步可能会使各种生物医学材料的生产成为可能，进而采用合成丝绸来用于生产可代替器官的材料。

这一研究结果是由美国麻省理工学院（MIT）土木与环境工程（CEE）的教授Markus Buehler，博士后Shangchao Lin和 Seunghwa Ryu及其他麻省理工学院塔夫茨大学和波士顿大学的教授发表在《自然通讯》上的。

Buehler还是土木与环境工程系的院长，他说，该研究将模拟与实验相结合，为创造超出天然蚕丝的拥有优良特性的新纤维奠定了基础。该研究使得生产出拥有特定强度、弹性及韧性的纤维完全成为可能。

新的合成纤维“蛋白质 ”作为生产纤维的基础，是通过遗传修正的细菌来生产通常是由蜘蛛生产的蛋白质。

再也不需要蜘蛛了

蜘蛛丝长期以来被认为是已知材料中强度最好的材料，实际上却很难通过繁殖蜘蛛来生产纤维，那么这种生产合成的、但类似蜘蛛丝的纤维的新方法，可以生产出拥有良好强度和弹性的纤维以用于生物医学领域。根据其性质，蜘蛛丝是完全生物相容的，并且在体内使用时无不良反应，但它们最终被人体吸收。

研究人员的“纺纱”方法是，其中溶解在水中的组分的蛋白质是通过一个微小的开口以控制的速率挤出，依次排序从而产生强纤维。分子本身是疏水性和亲水性化合物的混合物，混合后形成的纤维比它们的各组成部分强度要好得多。“当我们纺纱时，我们将创造出强度很好的混合物，” Buehler说。

研究小组发现，使蛋白质能正确的融合在一起至关重要。“我们发现，当有疏水性蛋白比例高，它不会产生任何纤维，而只是一堆丑陋的物体”，Ryu说，他在该项目中作为麻省理工学院的博士后，现在是韩国科学技术高等研究院助教。“我们必须找到最准确的融合点”以生产出强度好的纤维，他说。

闭环

这个项目是第一次在分子水平上模拟生产纤维。“模拟是至关重要的，” Buehler解释说：实际上，合成蛋白质可能需要数月，如果后面发现蛋白质不具有预期的属性，这个过程将不得不从头开始。

使用模拟使得可以“扫描大范围的蛋白质，直到我们看到纤维刚度的变化”，然后合成这些化合物，Lin说，他在该项目中作为麻省理工学院的博士后，现在是弗罗里达州立大学的助教。

直接控制他们的特性可能最终使人们创造比天然纤维强度更大的纤维，因为工程师可以选择用于特定用途的蛋白质。例如，虽然蜘蛛可能需要弹性更大的纤维以便其可以捕捉昆虫而不断裂，而这些纤维如果用作手术缝合将需要更多的强度和更小的延展性。“丝绸不会给我们这样的选择，” Buehler说。

团队成员说，该材料的处理可在室温下使用水基溶液进行，因此扩大生相对比较容易。到目前为止，他们在实验室生产的纤维强度不如天然蜘蛛丝，但现在基本流程已经建立，应该有可能微调材料，并提高其强度，他们说。

“我们的目标是从自然中得到启发，来提高人工纤维的强度，弹性和韧性，” Lin说。该研究可促进新合成纤维——或任何需要增强特性的纤维，例如在电和热传输，在某一方向材料的发展。

来源：麻省理工学院。

Slinky lookalike “hyperlens” helps us see tiny objects
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The image shows a metamaterial hyperlens. The light-colored slivers are gold and the darker ones are PMMA (a transparent thermoplastic). Light passes through the hyperlens improving the resolution of very small objects. Image: Univ. at Buffalo
It looks like a Slinky suspended in motion.

Yet this photonics advancement—called a metamaterial hyperlens—doesn’t climb down stairs.

Instead, it improves our ability to see tiny objects.

Described in a research paper published by Nature Communications, the hyperlens may someday help detect some of the most lethal forms of cancer.

It could also lead to advancements in nanoelectronic manufacturing and boost scientists’ ability to examine single molecules—a development with implications in physics, chemistry, biology and other fields.

“There is a great need in healthcare, nanotechnology and other areas to improve our ability to see tiny objects that elude even the most powerful optical systems. The hyperlens we are developing is, potentially, a giant step toward solving this problem,” says Natalia Litchinitser, PhD, professor of electrical engineering at the Univ. at Buffalo and the paper’s lead author.

Co-authors are Jingbo Sun, PhD, assistant research professor of electrical engineering at UB, and Mikhail I. Shalaev, a PhD candidate in Litchintser’s lab.

Conventional optical systems, such as microscopes and cameras, are limited by diffraction, a phenomena in which light bends as it passes around an edge or through a slit. An example of this are the closely spaced tracks of a DVD, which form a rainbow pattern when looking at the disk.

Diffraction sets a fundamental limit to the resolution of optical systems.

Scientists are working to solve diffraction with metamaterials, which are materials engineered to have properties not yet discovered in nature. Typically, the materials are arranged in repetitive patterns, often smaller in scale than the wavelengths of the phenomena they influence.

Metamaterial hyperlenses overcome the diffraction limit by transforming decaying evanescent waves into propagating waves. Once converted, the former decaying waves, which were commonly lost in conventional imaging, can be collected and transmitted using standard optical components.

Some of the first metamaterial hyperlenses consisted of tiny concentric rings of silver and dielectric (an insulating material). However, this design only works within a narrow range of wavelengths and it suffers from large losses of resonance.

Instead of concentric rings, UB researchers formed tiny slivers of gold and PMMA (a transparent thermoplastic) into a radial shape. The design of this metamaterial hyperlens, which looks like a Slinky suspended in motion, overcomes the diffraction limit in visible frequency range. Moreover, it can be integrated with an optical waveguide, opening the door to hyperlens-based medical endoscopes.

More studies are required, but such a tool could improve doctors’ ability to detect some of the most lethal forms of cancer, such as ovarian cancer.

For example, today’s high-resolution endoscopes can resolve objects to about 10,000 nm. The hyperlens could improve that to at least 250 nm or better. This is important because the earlier doctors are able to discover hard-to-find cancers, the more success they have treating the disease.

Another potential application centers on optical nanolithography, the process of passing light through a mask to a pattern on polymer film. Continuous improvement in this field is essential to building the next generation of optoelectronic devices, data storage drives, sensors and other gadgets.

The hyperlens also show promise in sequencing single molecules, a potential advancement with broad implications in numerous fields of research including physics, chemistry and biology.

Source: Univ. at Buffalo
像螺旋弹簧玩具的“双曲透镜”帮助我们看到微小物体
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图片展示的是一种超材料双曲透镜。浅色裂片是金，深色裂片是聚甲基丙烯酸甲酯（PMMA，一种透明热塑性塑料）。光通过双曲透镜提高了非常微小物体的分辨率。图片提供：布法罗大学（UB）

它看起来像一个开动的悬浮Slinky螺旋弹簧玩具。

然而，这个被称为超材料双曲透镜是一项光子学进展，没有走下坡路。

相反，它提高了我们观察微小物体的能力。

正如发表于《自然通讯》（Nature Communications）的一篇研究论文所述，有朝一日双曲透镜可能会帮助检测一些最致命的癌症。

它可能也会带来纳米电子制造业的进步和提高科学家们检测单分子的能力，这一发展影响到物理、化学、生物及其他领域。

“医疗保健、纳米技术及其他领域都很有必要提高观察微小物体的能力，这些微小物体甚至可以逃避最强大的光学系统。我们正在研发的双曲透镜对于解决这一问题可能迈进了一大步，” UB电气工程系教授、该论文主要作者Natalia Litchinitser博士说。

合作作者有UB电气工程系助理研究员Jingbo Sun博士，以及Litchintser实验室的博士生Mikhail I. Shalaev。

诸如显微镜和照相机等常规光学系统会受限于衍射，衍射是光绕过边缘或通过裂缝发生弯散传播的现象。这种现象的一个实例是DVD密集的光轨，当我们观察光盘的时候，光轨会形成彩虹状图案。

衍射为光学系统的分辨率设置了一个基本限制。

科学家们正在努力用超材料解决衍射问题，超材料是通过设计使其具有天然材料中尚未发现性质的材料。通常，这种材料以重复的方式排列，一般体积小于受材料影响的衍射波长。

超材料双曲透镜通过将衰减的倏逝波转变成传导波来克服衍射极限。一旦转变，就利用标准光学元件将以前常规成像中往往丢失的衰减波收集并传播出去。

一些最初的超材料双曲透镜由微小的银同心环和电介质（一种绝缘材料）构成。然而，该设计只在狭窄的波长范围内有效，而且共振损失较大。

UB研究人员们将金和PMMA（一种透明热塑性塑料）微小裂片排列成放射形状取代了同心环。这种超材料双曲透镜的设计看起来像一个开动的悬浮Slinky玩具，它克服了可见频率范围内的衍射极限。而且，它可以与一种光波导结合，开启基于双曲透镜的医用内窥镜之门。

尚需更多的研究，但是这种工具可能会提高医生检测一些最致命癌症的能力，如卵巢癌。

例如，目前的高分辨率内窥镜可以观察到约10000nm的物体。双曲透镜可能将分辨率提高到至少250nm或者更高。这很重要，因为医生越早发现难以发现的癌症，疾病的治疗就越成功。

另外一个潜在应用集中于纳米光刻，这是光穿过掩模到达高分子膜上模板的过程。该领域的不断完善对建立新一代光电器件、数据存储驱动器、传感器及其他小器件至关重要。

双曲透镜也显示出在单分子测序方面的前景，这一潜在进步对许多领域的研究有广泛影响，包括物理、化学和生物。

来源：布法罗大学  
Organic & Polymer（有机高分子材料）
Tough biogel structures produced by 3D printing
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Photo shows the open lattice of 3D printed material, with materials having different characteristics of strength and flexibility indicated by different colors. Courtesy of the researchers
Researchers have developed a new way of making tough—but soft and wet—biocompatible materials, called “hydrogels,” into complex and intricately patterned shapes. The process might lead to injectable materials for delivering drugs or cells into the body; scaffolds for regenerating load-bearing tissues; or tough but flexible actuators for future robots, the researchers say.

The new process is described in Advanced Materials, co-authored by Massachusetts Institute of Technology (MIT) associate professor of mechanical engineering Xuanhe Zhao and colleagues at MIT, Duke Univ. and Columbia Univ.

Zhao says the new process can produce complex hydrogel structures that are “extremely tough and robust,” and compatible with the encapsulation of cells in the structures. That could make it possible to 3D-print complex hydrogel structures—for example, implants to be infused with cells and drugs and then placed in the body.

Hydrogels, defined by water molecules encased in rubbery polymer networks that provide shape and structure, are similar to natural tissues such as cartilage, which is used by the body as a natural shock absorber. The new 3D printing process could eventually make it possible to produce tough hydrogel structures artificially for repair or replacement of load-bearing tissues, such as cartilage.

While synthetic hydrogels are commonly weak or brittle, a number of them that are tough and stretchable have been developed over the last decade. However, previous ways of making tough hydrogels have usually involved “harsh chemical environments” that would kill living cells encapsulated in them, Zhao says.

The new materials are benign enough to synthesize together with living cells—such as stem cells—which could then allow high viability of the cells, says Zhao, who holds a joint appointment in MIT’s Dept. of Civil and Environmental Engineering.

In addition, the previous work was not able to produce complex 3-D structures with tough hydrogels, Zhao says. The new biocompatible tough hydrogel can be printed into diverse 3-D structures such as a hollow cube, hemisphere, pyramid, twisted bundle, multilayer mesh, or physiologically relevant shapes, such as a human nose or ear.

The new method uses a commercially available 3D-printing mechanism, Zhao explains.

“The innovation is really about the material—a new ink for 3D printing of biocompatible tough hydrogel,” he says—specifically, a composite of two different biopolymers. “Each [material] individually is very weak and brittle, but once you put them together, it becomes very tough and strong. It’s like steel-reinforced concrete.”

One of the two polymers provides elasticity to the printed material, while the other allows it to dissipate energy under deformation without breaking. A third ingredient, a biocompatible “nanoclay,” makes it possible to fine-tune the viscosity of the material, improving the ability to control its flow through the 3D-printing nozzle.

The material can be made so flexible that a printed shape, such as a pyramid, can be compressed by 99%, and then spring back to its original shape, Sungmin Hong, a lead author of the paper and a former postdoc in Zhao’s group, says; it can also be stretched to five times its original size. Such resilience is a key feature of natural bodily tissues that need to withstand a variety of forces and impacts.

Such materials might eventually be used to custom-print shapes for the replacement of cartilaginous tissues in ears, noses, or load-bearing joints, Zhao says. Lab tests have already shown that the material is even tougher than natural cartilage.

The next step in the research will be to improve the resolution of the printer, which is currently limited to details about 500 micrometers in size, and to test the printed hydrogel structures in animal models. “We are enhancing the resolution,” Zhao says, “to be able to print more accurate structures for applications.”

In addition to biomedical applications, the same technique could be applied to printing a variety of soft but tough structural materials, he says, such as actuators for soft robotic systems.

Source: Massachusetts Institute of Technology
用3D打印技术制造坚硬的生物凝胶结构  
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照片展示了3D打印材料的格子状，用不同颜色标示了材料的不同强度和柔韧性特点。图片由研究人员提供

研究人员研制出将不易损坏但柔韧湿润的生物兼容性材料——水凝胶塑造成复杂图案形态的新方法。研究人员介绍，该过程可能产生作为药品或细胞载体的可注射材料、运用于负重组织的支架或者未来机器人体内的传动装置。

该新工艺的有关论文被发表在《先进材料》（Advanced Materials）上。其作者是麻省理工大学机械工程系的副教授宣和•赵以及他在麻省理工大学、杜克大学和哥伦比亚大学的合作者们。

赵说，该新工艺可以生产复杂的“及其坚固且耐用”的水凝胶结构，且在结构中与细胞的包囊作用相容。这使得3D打印的复杂水凝胶结构成为可能。比如说，植入物可以被细胞或者药物装载，然后运到身体的各个部位。

水凝胶是根据被包在提高形状和结构的胶装高分子化合物网络中的水分子定义的。水凝胶与自然的组织类似，比如人体原来当做天然减震器的软骨。新的3D打印技术能够最终使得生产坚固的水凝胶结构成为可能。所指的水凝胶结构被用作例如软骨之类的承重组织的人工替代或者修复材料。

而合成的水凝胶一般都有强度不够或者易碎的问题。一些坚固且有弹性的产品在过去的十年中被开发出来。然而赵说，目前制造坚固的水凝胶材料的方法往往对化学环境有严苛的要求，这将使得那些将其进行包囊的细胞被杀死。

赵接着说，新材料在与活细胞（例如干细胞）反应时是很温和的，这能够使细胞保持高存活率。赵也是麻省理工大学土木工程系和环境工程系的合聘教授。

赵还说，除此以外，以前的技术条件不能生产出复杂且韧性强的3D水凝胶结构，而有生物相容性、强大柔韧性的新型水凝胶则可以被打印成不同的3D结构，比如说一个凹陷进去的立方体、半球体、锥体、绞成的一束、多层网状物或仿生类型，比如人耳或者人的鼻子。

赵解释说，该新方法使用到一种可以通过商业途径获得的3D打印机械。

“创新之处在于材料——对具有生物兼容性、强大柔韧性的水凝胶进行3D打印的新墨水。”他说，准确来说，这是两种不同高聚物的结合，“每种材料都是易碎且强度小的，但是它们一旦被混合在一起，就将具有了高强度和高柔韧性，钢筋混凝土建起的凝结物一样。”

两种高聚物中的一种为打印材料提供了弹力，另一种则使材料在变形时能够消耗能量且不被打碎。第三种材料是纳米粘土，它能够对材料的粘度进行微调，提升其在3D打印喷口中流动的的能力。

论文的首席作者、曾在赵的小组从事博士后研究的生明•洪说道，该材料可以被打造得拥有如此好的弹性，以至于一种例如锥体的打印形态能够被99%地压缩，然后再弹回原来的形态；它也能够被拉伸到原来形态的五倍这么大。如此大的复原力是需要承受多种力量和冲击的人体组织的主要特征。

赵说，这样的材料或许最终被用来生产自定义的耳朵、鼻子或者承重关节的替代物。实验室测试已经能够证明该材料比人体软骨的柔韧性更大。

研究的下一步将会是提升打印机的分辨率，并且在动物模型上测试打印出的水凝胶结构。该分辨率目前只能限定在500微米的尺寸上。“我们将会提高分辨率，”赵说，“使得打印出应用中需要的更精确的结构成为可能。”

除了在生物兼容性上的应用之外，同样的技术也可以应用到打印多种柔软且柔韧的结构性材料上，比如柔软的机器系统上的执行器。

来源于：麻省理工大学 
Shape-shifting plastic

Not all plastics are created equal. Malleable thermoplastics can be easily melted and reused in products such as food containers. Other plastics, called thermosets, are essentially stuck in their final form because of cross-linking chemical bonds that give them their strength for applications such as golf balls and car tires.

“Nobody takes a thermoset and recycles it like you would a water bottle,” said Orlando Rios from the U.S. Dept. of Energy (DOE)’s Oak Ridge National Laboratory (ORNL).

Rios and a team of researchers from Washington State Univ. and the Univ. of Idaho have developed a process to make a thermoset that can be reshaped and reused. The team’s study is published in Macromolecules.

The new plastic is a shape-memory polymer, so named because the material can “remember” its original shape and return to it after being deformed with heat or other forces. The materials exhibit triple-shape memory behavior, meaning that the polymers can transform from one temporary shape to another temporary shape at one temperature, and then back to a permanent shape at another temperature.

Rios explains that although researchers have been interested in making use of shape-memory polymers’ intriguing characteristics, managing the shape-shifting behavior has been a struggle.

“One big issue that has limited their use is controlling the transformation temperatures and their properties,” he said. “We give a recipe where you can adjust the transformation temperature and shift the performance of the material.”

Changing the ratio of ingredients allows the researchers to control the overall properties of the material. The team’s method also uses off-the-shelf chemicals that can be easily scaled up to manufacture the material in bulk.

“We’ve taken it from somewhat of a scientific curiosity or fundamental research material to something that can be produced in larger volumes,” Rios said.

Mixing the shape-memory polymers with other materials could produce stronger and stiffer composite parts that can later be recycled or reprocessed. Recyclable carbon fiber and glass fiber composites, for instance, are in high demand in the automotive industry.

“The ability to control the shape-memory behavior of the material provides great design flexibility,” said Yuzhan Li of Washington State Univ.

The material could also be used as binding glue for new types of rare earth-free magnets made from powders. The team is already experimenting with 3-D printing powder-based magnets with shape-memory polymers.

“The applications for these materials are very broad, since the shape-shifting temperatures for these materials can be finely tuned by controlling the ratio of the chemicals used in their synthesis,” said Michael Kessler of Washington State Univ.

Source: Oak Ridge National Laboratory
可变形塑料 

并非所有的塑料都是一样的。可延展的热塑性塑料可以很容易地融化，并重复应用于食品容器等产品。其它被称为热固性塑料的塑料，由于交联化学键而基本上会固定于最终形状，该化学键会赋予塑料强韧性，从而被应用于高尔夫球和汽车轮胎等。

“没有人能像回收一个水瓶一样回收热固性塑料，”来自美国能源部门(DOE)橡树岭国家实验室(ORNL)的奥兰多•里奥斯说。

里奥斯和来自华盛顿州立大学和爱达荷州大学的研究团队已经研究出一种方法，制作可以被重新塑型和重新利用的热固性塑料。这个团队的研究已经在《大分子》（Macromolecules）杂志上发表。

研制出的新型塑料是一种形状记忆聚合物，如此命名是因为这种材料可以记忆它原来的形状，并且在受热或受力变形后再变成原来的形状。该材料具有三重形状记忆行为，即聚合物可以在一定的温度下中，从一个临时的形状变到另一个临时的形状，然后再在另一个温度下回到永久的形状。

里奥斯解释道，尽管研究者一直致力于利用形状记忆聚合物这一有趣的特点，但是管理变形行为一直是个挑战。

“限制其使用的一个大问题就是控制转换温度和其属性。”他说：“我们研究出的方法可以调整转变温度，改变材料的性能。”

研究者通过改变成分的比例控制材料的综合性能。研究团队的方法还使用了现成的化学物质，能很容易扩大生产规模，成批地生产材料。

“我们从基础研究材料中获取了一些可以被大量生产的东西。”里奥斯说道。

将形状记忆聚合物与其他材料混合，可产生更牢固更硬的复合材料部件，这些部件可以进行回收或再加工。比如可回收的碳纤维和玻璃纤维复合材料，在汽车行业的需求量是很大的。

“控制材料的形状记忆行为的能力为我们设计提供了极大的灵活性”，华盛顿州立大学的李宇瞻（Yuzhan Li）说。

这种材料也可作为结合胶用于由粉末制成的新型无稀土磁铁中。该团队已经将形状记忆聚合物试验应用于3D打印粉末磁铁中。

“这些材料的应用非常广泛，因为其形变温度可以通过对其中化学物质比例的控制来调整。”来自华盛顿州立大学的迈克尔•凯斯勒说。

来源：美国橡树岭国家实验室  

An inexpensive rival to graphene aerogels
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Figure (a) shows the synthesis strategy for 3-D PPy; (b) is a digital photo of pyrrole in EtOH/H2O (1:1) solution (left) and PPy hydrogel (right); (c, d) show that a dry 3-D PPy can recover its initial shape after pressing; (e-g) FE-SEM images of 3-D PPy; (h) reflection loss of filler loading with 7 weight% in paraffin matrix samples with a thickness of 1.5 to 5.0mm in the frequency range of 2 to 18 GHz. Courtesy of F. Wu

The electromagnetic radiation discharged by electronic equipment and devices is known to hinder their smooth operation. Conventional materials used today to shield from incoming electromagnetic waves tend to be sheets of metal or composites, which rely on reflection as a shielding mechanism.
But now, materials such as graphene aerogels are gaining traction as more desirable alternatives because they act as electromagnetic absorbers. They’re widely expected to improve energy storage, sensors, nanoelectronics, catalysis and separations, but graphene aerogels are prohibitively expensive and difficult to produce for large-scale applications because of the complicated purification and functionalization steps involved in their fabrication.
So a team of researchers in China set out to design a cheaper material with properties similar to a graphene aerogel—in terms of its conductivity, as well as a lightweight, anticorrosive, porous structure. In the journal Applied Physics Letters, from AIP Publishing, the researchers describe the new material they created and its performance.
Aming Xie, an expert in organic chemistry, and Fan Wu, both affiliated with PLA University of Science and Technology, worked with colleagues at Nanjing University of Science and Technology to tap into organic chemistry and conducting polymers to fabricate a three-dimensional (3-D) polypyrrole (PPy) aerogel-based electromagnetic absorber.
They chose to concentrate on this method because it enables them to “regulate the density and dielectric property of conducting polymers through the formation of pores during the oxidation polymerization of the pyrrole monomer,” explained Wu.
And the fabrication process is a simple one. “It requires only four common chemical reagents: pyrrole, ferric chloride (FeCl3), ethanol and water -- which makes it cheap enough and enables large-scale fabrication,” Wu said. “We’re also able to pour the FeCl3 solution directly into the pyrrole solution -- not drop by drop—to force the pyrrole to polymerize into a 3-D aerogel rather than PPy particles.”
In short, the team’s 3-D PPy aerogel is designed to exhibit “desirable properties such as a porous structure and low density,” Wu noted.
Beyond that, its electromagnetic absorption performance—with low loss—shows great promise. “We believe a ‘wide’ absorption range is more useful than high absorption within one frequency,” Wu said. Compared with previous works, the team’s new aerogel has the lowest adjunction and widest effective bandwidth -- with a reflection loss below -10 decibels.
In terms of applications, based on the combination of low adjunction and a “wide” effective bandwidth, the researchers expect to see their 3-D PPy aerogel used in surface coatings for aircraft.
Another potential application is as coatings within the realm of corrosion prevention and control. “Common anticorrosion coatings contain a large amount of zinc (70 to 80 percent by weight), and these particles not only serve as a cathode by corroding to protect the iron structure but also to maintain a suitable conductivity for the electrochemistry process,” Wu pointed out. “If our 3-D PPy aerogel could build a conductivity network in this type of coating, the loss of zinc particles could be rapidly reduced.”
The team is now taking their work a step further by pursuing a 3-D PPy/PEDOT-based (poly(3,4-ethylenedioxythiophene) electromagnetic absorber. “Our goal is to grow solid-state polymerized PEDOT particles in the holes of the 3-D PPy aerogel formed by PPy chains,” Wu added.
SOURCE: American Institute of Physics
石墨烯气凝胶的廉价竞争对手 
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图(a)显示了3-D聚吡咯的合成策略；图(b) 是一个在EtOH/H2O（1：1）解决方案（左）和聚吡咯水凝胶（右）里的吡咯的数码照片；图（c,d）表明干三维聚吡咯可以受压后恢复原来的形状;（e-g）为3-D聚吡咯的FE-SEM图像;(h)为填充物的反射损耗，填充物在石蜡基样品中承载7%的重量，厚度为1.5～5.0mm，频率范围为2至18兆赫。图片鸣谢F. Wu。

由电子设备和装置排出的电磁辐射因阻碍其顺利运行而著称。在今天被用来屏蔽电磁波的传统材料往往是片状的金属或复合材料，它依靠反射作为屏蔽机制。

但现在，例如石墨烯气凝胶这样的材料作为更理想的替代品获得牵引力，因为它们充当电磁减振器。他们有望能改善能源储存、传感器、纳米电子学、催化、分离，但石墨烯气凝胶成本昂贵，不适合用于大规模生产，因为涉及到复杂的纯化和功能化的步骤。

因此，一个中国研究小组着手设计一个更便宜的材料——有着在导电性，轻重量，防腐性，多孔结构等方面类似于石墨烯气凝胶的性能。在《应用物理快报》（Applied Physics Letters）上，来自AIP出版社的研究者描述了他们创造出的新材料及其性能。

有机化学专家Aming Xie和Fan Wu都附属于解放军理工大学，他们与来自南京理工大学的同事一起有致力于有机化学和导电聚合物，以此制造一个三维（3-D）的聚吡咯（聚吡咯）气凝胶系电磁减振器。

他们选择了这种方法，因为这使他们能够“通过在吡咯单体的氧化聚合过程中形成孔隙来调节导电聚合物的密度和介电特性”。吴解释道。

制造过程很简单。“它只需要四种常用化学试剂：吡咯、三氯化铁（FeCl3）、乙醇和水——这使得它足够便宜并能够大规模制造。”吴说道。“我们也能够直接将FeCl3溶液倒入吡咯溶液——不是一滴一滴地——迫使吡咯聚合成一个三维气凝胶而非聚吡咯颗粒。”

简言之，该团队的三维聚吡咯气凝胶的设计显示了“如多孔结构和低密度一样的特性”。吴注释道。

除此之外，它的电磁波吸收性能，低损耗，“我们认为，'宽'范围吸收比‘高’频率吸收更有用。”吴说道。与以往的作品相比，这个团队的新气凝胶有最少的附属物和最宽的有效带宽，有着低于-10分贝的反射损失。

在应用方面，基于最少附属物和最宽的有效带宽的组合优势，研究人员希望看到他们的3-D聚吡咯气凝胶能应用于飞机的表面涂层。

另一个潜在应用是作为防腐和控制的领域内的涂料。“常见的防腐涂料含有大量的锌（占70％至80％的重量），而且这些粒子不仅可以作为阴极通过腐蚀来保护铁结构，也能在电化学过程中保持良好导电性。”吴指出。“如果我们的三维聚吡咯气凝胶可在这类型的涂层中建立一个导电网络，锌粒子的损失就可能有效降低。”

目前，该团队进一步开展他们的工作，寻求3-D聚吡咯/ PEDOT基（聚（3,4-亚乙基）电磁减振器。“我们的目标，是在由聚吡咯链形成的3-D聚吡咯的洞中发展固体聚合PEDOT颗粒。”吴补充道。

来源：美国物理学会 
E-Material（电子材料）
A new kind of wood chip
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A cellulose nanofibril (CNF) computer chip rests on a leaf. Image: Yei Hwan Jung, Wisconsin Nano Engineering Device Laboratory

Portable electronics—typically made of non-renewable, non-biodegradable and potentially toxic materials—are discarded at an alarming rate in consumers' pursuit of the next best electronic gadget.

In an effort to alleviate the environmental burden of electronic devices, a team of Univ. of Wisconsin-Madison researchers has collaborated with researchers in the Madison-based U.S. Dept. of Agriculture Forest Products Laboratory (FPL) to develop a surprising solution: a semiconductor chip made almost entirely of wood.

The research team, led by UW-Madison electrical and computer engineering professor Zhenqiang "Jack" Ma, described the new device in Nature Communications. The paper demonstrates the feasibility of replacing the substrate, or support layer, of a computer chip, with cellulose nanofibril (CNF), a flexible, biodegradable material made from wood.

"The majority of material in a chip is support. We only use less than a couple of micrometers for everything else," Ma says. "Now the chips are so safe you can put them in the forest and fungus will degrade it. They become as safe as fertilizer."

Zhiyong Cai, project leader for an engineering composite science research group at FPL, has been developing sustainable nanomaterials since 2009.

"If you take a big tree and cut it down to the individual fiber, the most common product is paper. The dimension of the fiber is in the micron stage," Cai says. "But what if we could break it down further to the nano scale? At that scale you can make this material, very strong and transparent CNF paper."

Working with Shaoqin "Sarah" Gong, a UW-Madison professor of biomedical engineering, Cai's group addressed two key barriers to using wood-derived materials in an electronics setting: surface smoothness and thermal expansion.

"You don't want it to expand or shrink too much. Wood is a natural hydroscopic material and could attract moisture from the air and expand," Cai says. "With an epoxy coating on the surface of the CNF, we solved both the surface smoothness and the moisture barrier."

Gong and her students also have been studying bio-based polymers for more than a decade. CNF offers many benefits over current chip substrates, she says.

"The advantage of CNF over other polymers is that it's a bio-based material and most other polymers are petroleum-based polymers. Bio-based materials are sustainable, bio-compatible and biodegradable," Gong says. "And, compared to other polymers, CNF actually has a relatively low thermal expansion coefficient."

The group's work also demonstrates a more environmentally friendly process that showed performance similar to existing chips. The majority of today's wireless devices use gallium arsenide-based microwave chips due to their superior high-frequency operation and power handling capabilities. However, gallium arsenide can be environmentally toxic, particularly in the massive quantities of discarded wireless electronics.

Yei Hwan Jung, a graduate student in electrical and computer engineering and a co-author of the paper, says the new process greatly reduces the use of such expensive and potentially toxic material.

"I've made 1,500 gallium arsenide transistors in a 5-by-6-mm chip. Typically for a microwave chip that size, there are only eight to 40 transistors. The rest of the area is just wasted," he says. "We take our design and put it on CNF using deterministic assembly technique, then we can put it wherever we want and make a completely functional circuit with performance comparable to existing chips."

While the biodegradability of these materials will have a positive impact on the environment, Ma says the flexibility of the technology can lead to widespread adoption of these electronic chips.

"Mass-producing current semiconductor chips is so cheap, and it may take time for the industry to adapt to our design," he says. "But flexible electronics are the future, and we think we're going to be well ahead of the curve."

Source: Univ. of Wisconsin-Madison
新型木质芯片
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图为放置在一片叶子上的一种纤维素纳米纤丝电脑芯片。 图片提供：威斯康辛州纳米工程设备实验室，Yei Hwan Jung 

便携式电子设备一般是由不可再生的、不可生物降解的潜在有毒物质制成的，这些设备在消费者对下一代最好的电子产品的追求中正在以一个惊人的速度被抛弃。 

为了减轻电子设备的环境负担，威斯康星-麦迪逊大学的研究人员与总不在麦迪逊的美国农业部门森林产品实验室的研究人员一起合作研发了一个惊人的解决方案：一个几乎全部由木头做成的芯片。

由威斯康辛大学麦迪逊分校电气和计算机工程教授Zhenqiang "Jack" Ma 领导的研究小组在《自然通信》（Nature Communications）杂志上描述了这个新设备。论文演示了用纤维素纳米纤丝取代电脑芯片的基质或者支持层的可行性。纤维素纳米纤丝是一种木质的灵活的科生物降解的材料。

“芯片中的大多数材料都是支持性材料，剩下的部分我们只使用了不超过几微米，”Ma说，“现在芯片很安全，你们可以将它们放在森林里，真菌自会降解它们。它们现在变得像肥料一样安全。”

FPL的一个工程综合科学研究小组的项目负责人Zhiyong Cai从2009年开始就一直在研发可持续的纳米材料。

“如果你找到一棵树，把它砍成个体纤维，那么最常见的产品就是纸。纤维的尺寸在微米级别。”Cai说，“但是如果我们能够将它继续分解到纳米级别又会怎样呢？在纳米级你可以制造出这种材料——非常强大且透明的CNF纸。”

与来自威斯康辛大学麦迪逊分校的生物医工程学教授Shaoqin "Sarah" Gong一起工作，Cai的小组解决了在电子环境下使用木质材料的两大障碍：表面的平滑度和热膨胀。

“你不希望芯片太过热胀冷缩。木头是一种天然吸水的材料，并且它可以从空气中吸收水分并扩张。”Cai说，“在CNF表面涂上一层环氧树脂，我们解决了表面平滑度和防潮层两大难题。”

Gong和她的学生在过去的十多年间也一直在研究生物聚合物。她说与现在的芯片基板相比，CNF可以提供更多好处。

“与其他聚合物相比，CNF的优势在于它是一个生物材料，而绝大多数其他聚合物是是由高分子聚合物。生物材料具有可持续、生物相容性和生物可降解性等优势。”Gong说，“而且与其他聚合物相比，CNF实际上拥有更低的热膨胀系数。”

研究组的工作也演示了一个更加环保且与现有的芯片拥有相似的性能的工艺。如今大多数的无线设备都使用砷化镓微波芯片，因为他们拥有优越的高平操作和功率处理能力。然而，砷化镓对环境有害，尤其是在大量的废弃无线电子设备中。

本文的合作者，电气和计算机工程的研究生Yei Hwan Jung说新工艺可以大大降低此类昂贵而可能有毒的材料的使用。

“我已经在一个5×6毫米的芯片上安置了1500个砷化镓晶体管。通常一个相同大小的微波芯片只能安装8到40各晶体管，剩下的区域就只能被浪费掉。”他说，“我们使用自己的设计，利用确定性的组装技术将之应用于CNF，然后将之随便放在哪儿，就制作出了一个性能可与现有芯片相媲美的完全的功能性电路。”

Ma说，不仅这些材料的生物可降解性对于环境有积极影响，而且该项技术的灵活性会使这些电子芯片被广泛应用。

“大规模生产当前的半导体芯片是如此便宜，这个行业可能还需要一段时间才能适应我们的设计。”他说，“但是灵活的电子产品是未来的发展趋势。我认为我们将远远领先于潮流。”

来源：威斯康星-麦迪逊大学

Spiraling laser pulses could change graphene
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This illustration depicts the structure of graphene, which consists of a single layer of carbon atoms arranged in a honeycomb pattern. A new simulation suggests that spiraling pulses of polarized laser light could change graphene's nature, turning it from a metal to an insulator. Led by researchers at SLAC and Stanford, the study paves the way for experiments that create and control new states of matter with this specialized form of light. Image: AlexanderAlUS via Wikimedia Commons

A new study predicts that researchers could use spiraling pulses of laser light to change the nature of graphene, turning it from a metal into an insulator and giving it other peculiar properties that might be used to encode information.

The results, published in Nature Communications, pave the way for experiments that create and control new states of matter with this specialized form of light, with potential applications in computing and other areas.

“It’s as if we’re taking a piece of clay and turning it into gold, and when the laser pulse goes away the gold goes back to clay,” said Thomas Devereaux, a professor at the U.S. Dept. of Energy (DOE)’s SLAC National Accelerator Laboratory and director of the Stanford Institute for Materials and Energy Sciences (SIMES), a joint SLAC/Stanford institute.

“But in this case,“ he said, “our simulations show that we could theoretically change the electronic properties of the graphene, flipping it back and forth from a metallic state, where electrons flow freely, to an insulating state. In digital terms this is like flipping between zero and one, on and off, yes and no; it can be used to encode information in a computer memory, for instance. What makes this cool and interesting is that you could make electronic switches with light instead of electrons.”

Devereaux led the study with Michael Sentef, who began the work as a postdoctoral researcher at SLAC and is now at the Max Planck Institute for the Structure and Dynamics of Matter in Germany.

Tweaking a wonder material

Graphene is a pure form of carbon just one atom thick, with its atoms arranged in a honeycomb pattern. Celebrated as a wonder material since its discovery 12 years ago, it’s flexible, nearly transparent, a superb conductor of heat and electricity and one of the strongest materials known. But despite many attempts, scientists have not found a way to turn it into a semiconductor—the material at the heart of microelectronics.

An earlier study demonstrated that it might be possible to take a step in that direction by hitting a material with circularly polarized light—light that spirals either clockwise or counterclockwise as it travels, a quality that can also be described as right- or left-handedness. This would create a “band gap,” a range of energies that electrons cannot occupy, which is one of the hallmarks of a semiconductor.

In the SIMES study, theorists used the DOE’s National Energy Research Scientific Computing Center at Lawrence Berkeley National Laboratory to perform large-scale simulations of an experiment in which graphene is hit with circularly polarized pulses a few millionths of a billionth of a second long.

Getting as close to real as possible

“Previous studies were based on analytical calculations and on idealized situations,” said Martin Claassen, a Stanford graduate student in Devereaux’s group who made key contributions to the study. “This one tried to simulate what happens in as close to real experimental conditions as you can get, right down to the shape of the laser pulses. Doing such a simulation can tell you what types of experiments are feasible and identify regions where you might find the most interesting changes in those experiments.”
The simulations show that the handedness of the laser light would interact with a slight handedness in the graphene, which is not entirely uniform. This interaction leads to interesting and unexpected properties, said SLAC staff scientist and study co-author Brian Moritz. Not only does it produce a band gap, but it also induces a quantum state in which the graphene has a so-called “Chern number” of either one or zero, which results from a phenomenon known as Berry curvature and offers another on/off state that scientists might be able to exploit.

Insights go beyond graphene

While this study does not immediately open ways to make electronic devices, it does give researchers fundamental insights that advance the science in that direction. The results are also relevant to materials called dichalcogenides, which are also two-dimensional sheets of atoms arranged in a honeycomb structure.

Dichalcogenides are the focus of intense research at SIMES and around the world because of their potential for creating “valleytronic” devices. In valleytronics, electrons move through a two-dimensional semiconductor as a wave with two energy valleys whose characteristics can be used to encode information. Possible applications include light detectors, low-energy computer logic and data storage chips and quantum computing. In addition to the work on graphene, members of the research team have also been simulating experiments involving the interaction of light with dichalcogenides.

“Ultimately,” Moritz said, “we’re trying to understand how interaction with light can alter a material’s character and properties to create something that’s both new and interesting from a technological point of view.”

Source: SLAC National Accelerator Laboratory
螺旋激光脉冲可能会改变石墨烯
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这幅图描绘了石墨烯单原子层的结构，它由一个单层蜂窝状排列的碳原子组成。一个新的仿真模型表明，螺旋偏振激光脉冲可以改变石墨烯的性质，将它从金属变成绝缘体。由来自斯坦福直线加速器中心（以下简称SLAC）和斯坦福大学的研究员执行的这项研究为用这种特殊的形式的光来创造和控制物质的新形态的实验铺平了道路。图片提供：AlexanderAlUS通过维基共享

新的研究预测，研究员可以利用螺旋激光脉冲改变石墨烯的性质，使它从金属变成绝缘体，并且赋予它一些其他特殊的可以用来编码信息的性质.

发表在《自然通讯》上的结果为用这种特殊的形式的光来创造和控制物质的新形态的实验铺平了道路。该结果在计算机及其他领域都有潜在应用。

 “就好像我们拿起一块粘土并把它变成黄金一样，激光脉冲消失时，黄金又会变回粘土。”美国能源部门SLAC国家加速器实验室教授、斯坦福原材料和能源科学研究所(SIMES)——SLAC /斯坦福联合研究所主任Thomas Devereaux说。

 “但是在这件事中，”他说，“我们的仿真模型表明我们理论上可以改变石墨烯的电子性质，使它在电子可以自由流动的导电状态和绝缘状态之间来回变动。就数字而言，这就像在0和1、关闭和启动、是和否之间来回变动。因此，它可以用于计算机内存中编码信息。厉害而有趣的是你可以利用光而不是电来完成转换。”

博士后研究员，现在在德国的马克斯普朗克物质结构和动力研究所工作。

调整一个神奇的材料

石墨烯是一种只有一层原子厚的纯碳原子物质，其碳原子按蜂窝状排列。自从12年前被发现以来，它就一直被视为奇迹材料。它十分灵活，近乎透明，拥有很强的导热性和导电性，是已知的最强的材料之一。但是尽管进行了很多尝试，科学家们都没能发现将之变成半导体的方法——而半导体是微电子的核心材料。

一个早期的研究显示，用顺时针或逆时针运行的，或者可以被称为左偏性或右偏性的螺旋圆状光线照射材料可能使我们在那个方向上迈出一步。这将产生一个电子无法占领的能量“禁带”，这是半导体的特点之一。

在SIMES研究中，理论家们利用美国能源部的国家能源研究科学计算中心在劳伦斯伯克利国家实验室进行大规模模拟实验。实验中，每几百万亿秒分之一的时间内石墨烯受到了螺旋圆状脉冲的攻击。

尽量接近现实

 “之前的研究都建立在分析计算和理想条件上。” Devereaux 研究组的一个为研究做出了重要贡献的斯坦福硕士生Martin Claassen说，“这个实验试图尽可能地模拟真实的实验条件，例如激光脉冲的形状。进行这样的模拟可以告诉你什么样的实验是可行的，并识别出在那些试验中能够发现最有趣的变化的领域。”

该模拟实验表明，激光脉冲的偏手性会和石墨烯的偏手性相互作用，这并不完全统一。这种相互作用会产生有趣的出人意料的性质，来自SLAC的科学家及研究的合著者Brian Moritz说。它不仅会制造一个禁带，还会导致量子化，在这种状态下，石墨烯将会有0或1的所谓的“陈数”，这数来源于一个叫贝瑞曲率的现象。它还会导致另外一种科学家可以利用的激发/关闭的状态。

超越石墨烯的洞察

虽然这个研究不能立即打开电子设备制作的大门，但是它的确给予科学家们使科技向那个方向进发的基本洞察。研究结果还和一种叫双硫化合物的材料相关，该材料也是呈蜂窝状结构的二维原子层。

双硫化合物是SIMES及世界研究的焦点，因为他们可能用于创造“流域一体化”设备。在valleytronics中，电子以带有两个能量山谷的波的形式穿越二维半导体，能源山谷的特性可以用于编码信息。可能的应用包括光探测器，低能计算逻辑和数据存储芯片以及量子计算。除了研究石墨烯之外，研究组的成员也一直在进行涉及双硫化合物与光的相互反应的模拟实验。

 “最终，”Moritz说，“我们正在试着从技术的观点来理解与光的相互反应是如何改变一个物质的性质和属性并创造一种新奇有趣的物质的。”

来源：SLAC国家加速器实验室 
Light-powered healing of a wearable electrical conductor
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Light-powered healing of electrical conductor: (left to right) pristine, cracked, and optically-healed electrical conductor. Image: KAIST
Mechanical failure along a conductive pathway can cause the unexpected shutdown of electronic devices, ultimately limiting device lifetimes. In particular, wearable electronic devices, which inevitably undergo dynamic and vigorous motions—bending, folding or twisting—are much more liable to suffer from such conductive failures compared with conventional flat electronic devices. To address this problem, various systems to realize healable electrical conductors have been proposed; however, rapid, noninvasive, and on-demand healing, factors that are all synergistically required, especially for wearable device applications, still remains challenging to realize.

Prof. Jung-Ki Park and Hee-Tak Kim in the Dept. of Chemical & Biomolecular Engineering at the Korea Advanced Institute of Science and Technology (KAIST) have come up with the idea of a light-powered healable electrical conductor. Light-powered healing is implemented via the use of a photochromic soft material—an azobenzene material—which can be directionally moved along the light polarization. This unique directionality of the material's movement with respect to light polarization enables an efficient healing process, regardless of crack propagation directions, light incident angles, and the number of cracks.

By depositing silver nanowires (AgNWs), which are the conducting material used in this study, onto the top layer of the flexible photochromic soft material, this optically healable material has fully functional electrical conductivity. Notably, AgNWs are found to maintain conformable contact with the photochromic soft material, even during the optical healing process. Thus, AgNWs and the photochromic soft material act as conductive pathways and a light-powered cargo carrier, respectively; the synergetic effect detailed from combining these various advantages provides rapid, noninvasive, and on-demand healing for a flexible electronic conductor, making light-powered healing more amenable to dynamically deformable wearable devices beyond existing systems.

Source: The Korea Advanced Institute of Science and Technology (KAIST) 

光动力愈合可穿戴电导体
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光动力愈合可穿戴电导体：从左至右分别是原始的电导体、破损的电导体和光制电愈合的电导体。图片来源：韩国高等科技研究所。

导电通路的机械故障可能导致电子器件的意外关机，最终缩短该装置的寿命。特别是可佩戴电子设备，与传统的平面电子器件相比，它不可避免的会有一些幅度很大的动作，如弯曲、折叠或扭曲，从而更容易因导电性故障而缩短寿命。

韩国高等科技研究所化学与生物分子工程系的Jung-Ki Park 和Hee-Tak Kim教授提出了采用光动力愈合电导体的想法。光供电愈合通过使用光致变色软材料来改善机能，这是一种偶氮苯材料，它可以沿着光偏振被定向移动。这种独特的沿光偏振定向移动的特性使得导体不管裂纹扩展的方向、光的入射角及裂缝的数量如何，都能实现自我有效愈合。

通过使用银纳米线（AgNWs），它在该研究中作为柔性光致变色软材料顶层中的导电材料，这种光学可治愈材料具有完全功能的导电性。值得注意的是，即使是在光学愈合过程中，AgNWs也能保持与光致变色软材料的接触。因此，AgNWs和光致变色软材料分别用作导电路径和光动力传输的载体，这两种材料的协同作用可提供快速，非侵入性的，并按需愈合的柔性电子导体，使得光供电愈合更适用于超出现有系统的动态地变形可穿戴设备。

来源：韩国高等科技研究所。

Physicists develop efficient method of signal transmission from nanocomponents

[image: image21.jpg]



The clever arrangement of two electrical conductors around the carbon nanotube leads to an efficient signal transmission between the carbon nanotube and a much larger conductor for electromagnetic waves. Image: Univ. of Basel, Dept. of Physics/Swiss Nanoscience Institute
Physicists have developed an innovative method that could enable the efficient use of nanocomponents in electronic circuits. To achieve this, they have developed a layout in which a nanocomponent is connected to two electrical conductors, which uncouple the electrical signal in a highly efficient manner. The scientists at the Dept. of Physics and the Swiss Nanoscience Institute at the Univ. of Basel have published their results in Nature Communications together with their colleagues from ETH Zurich.

Electronic components are becoming smaller and smaller. Components measuring just a few nanometers—the size of around ten atoms—are already being produced in research laboratories. Thanks to miniaturization, numerous electronic components can be placed in restricted spaces, which will boost the performance of electronics even further in the future.

Teams of scientists around the world are investigating how to produce such nanocomponents with the aid of carbon nanotubes. These tubes have unique properties—they offer excellent heat conduction, can withstand strong currents, and are suitable for use as conductors or semiconductors. However, signal transmission between a carbon nanotube and a significantly larger electrical conductor remains problematic as large portions of the electrical signal are lost due to the reflection of part of the signal.

Antireflex increases efficiency

A similar problem occurs with light sources inside a glass object. A large amount of light is reflected by the walls, which means that only a small proportion reaches the outside. This can be countered by using an antireflex coating on the walls.

Led by Prof. Christian Schönenberger, scientists in Basel are now taking a similar approach to nanoelectronics. They have developed an antireflex device for electrical signals to reduce the reflection that occurs during transmission from nanocomponents to larger circuits. To do so, they created a special formation of electrical conductors of a certain length, which are coupled with a carbon nanotube. The researchers were therefore able to efficiently uncouple a high-frequency signal from the nanocomponent.

Differences in impedance cause the problem

Coupling nanostructures with significantly larger conductors proved difficult because they have very different impedances. The greater the difference in impedance between two conducting structures, the greater the loss during transmission. The difference between nanocomponents and macroscopic conductors is so great that no signal will be transmitted unless countermeasures are taken. The antireflex device minimizes this effect and adjusts the impedances, leading to efficient coupling. This brings the scientists significantly closer to their goal of using nanocomponents to transmit signals in electronic parts.

Source: Univ. of Basel
物理学家开发有效方法，进行纳米元件信号传输
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碳纳米管周围的两个电导体的巧妙安排，使得信号在碳纳米管和更大的电磁波导体之间高效传输。图片：巴塞尔大学，物理系/瑞士纳米科学研究所。

物理学家们已经研究出一种创新的方法，可以使纳米元件高效应用于电子电路。为了实现这一目标，他们已经开发出一种布局——一即，个纳米元件与两个电导体相连接；该布局以一种高效的方式将电信号分离开。巴塞尔大学物理系和瑞士纳米科学研究所的科学家们，与来自苏黎世联邦理工学院的同事们一起在《自然通讯》（Nature Communications）中发表了该研究结果。

如今，电子部件变得越来越小。研究实验室中也正在生产尺寸只有几纳米的组件——大约10原子的大小。由于小型化，众多的电子元件可以被放置在有限空间里，这将提高未来电子产品的性能。

全世界的科学小组正在研究如何利用碳纳米管生产出这样的纳米元件。这些纳米管具有独特的性质——他们具备优良的导热性，能承受强大的电流，并适合作为导体或半导体。然而，碳纳米管和极大电导体之间的电信号的传输依旧存在问题，因为大部分电信号会由于信号的部分反射而丢失。

抗反射提高效率

在玻璃物体内部的光源上也存在类似的问题。大量的光被墙壁反射，也就意味着只有小一部分到达外界。我们可以通过使用墙壁上的抗反射涂层来解决这一问题。

在基督教Schonenberger教授的带领下，巴赛尔的科学家们正在寻找应用于纳米学的类似方法。他们已经开发出一种抗反射装置，可以减少从纳米元件到大电路的传输过程中电信号的反射。为此，他们创建了一种有特定长度是特殊电导体形式，使该电导体与一个碳纳米管相结合。这样，研究者就能有效地将高频信号从纳米元件中分离出来。

阻抗差异导致问题的产生

将纳米元件与超大号导体连接起来是很困难的，因为它们有不同的阻抗。两个传导结构间的阻抗差异越大，在传输过程中的损耗就越大。纳米元件和宏观导体之间的差别如此之大，以致于必须采取对策才能传输信号。抗反射装置将这种影响减到最小，并调整阻抗，使其有效连接。这让科学家们朝着他们的目标更进一步——使用纳米元件在电子部件之间传输信号。

来源：巴塞尔大学
MCanxixun Information and News Service
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