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Tech News & New Tech（技术前沿）
Researchers report a new and better kind of invisible ink

A team of researchers from Shanghai Jiao Tong University and Jinan University, both in China, has developed a new type of invisible ink. In their paper published in the journal Nature Communications, the group describes how the ink is made and used, and what they are doing to make it safer. 
People have been trying to write messages that only intended recipients can read for as long as there have been messages, but most methods leave a lot to be desired. In this new effort, the group in China is claiming to have developed an ink that overcomes problems with other methods, though at a price.
As the researchers note, they were trying to synthesize a type of glowing nanomaterial when they found they had created something else—a type of invisible ink that could be made visible on demand, and then made invisible again.
The ink works by converting a lead-based metal organic framework to luminescent perovskite nanocrystals. In practice, it is printed using an ordinary inkjet printer onto paper. A person looking at the paper would not be able to see what was written until they applied salt—doing so would cause a chemical reaction causing the information printed on the paper to become visible when exposed to UV light. After reading the message, the person could then apply salt again, causing another reaction, rendering the information invisible again.
The researchers suggest the ink could be used to protect confidential or private information on printed documents. They note that it could also prove useful with electronics, the original goal of the research. It allows for richer colors on a screen.
Unfortunately, there is one major problem with the ink—the lead it contains is toxic. A person reading the letter would likely come in contact with the ink, possibly experiencing lead poisoning. The researchers acknowledge this problem and report that they are working on a possible solution using tin instead of lead. There is also a question of how many times the ink can be used. 
More information: Congyang Zhang et al. Conversion of invisible metal-organic frameworks to luminescent perovskite nanocrystals for confidential information encryption and decryption, Nature Communications (2017). DOI: 10.1038/s41467-017-01248-2
Abstract 

Traditional smart fluorescent materials, which have been attracting increasing interest for security protection, are usually visible under either ambient or UV light, making them adverse to the potential application of confidential information protection. Herein, we report an approach to realize confidential information protection and storage based on the conversion of lead-based metal-organic frameworks (MOFs) to luminescent perovskite nanocrystals (NCs). Owing to the invisible and controlled printable characteristics of lead-based MOFs, confidential information can be recorded and encrypted by MOF patterns, which cannot be read through common decryption methods. Through our conversion strategy, highly luminescent perovskite NCs can be formed quickly and simply by using a halide salt trigger that reacts with the MOF, thus promoting effective information decryption. Finally, through polar solvents impregnation and halide salt conversion, the luminescence of the perovskite NCs can be quenched and recovered, leading to reversible on/off switching of the luminescence signal for multiple information encryption and decryption processes.
研究人员发现一种新的更好的隐形墨水

上海交通大学和暨南大学的研究人员在中国开发了一种新型的隐形墨水。在《自然通讯》杂志上发表的论文中，该组织介绍了如何制作和使用该墨水，以及他们为使该墨水更安全所做出的努力。

自有信息之日起，人们一直试图书写只有目标收件人可以阅读的信息，但大多数方法还有待改善。在这个新的努力中，中国的这个团体声称，已经开发了一种可以用其他方法克服问题的油墨，尽管它是有代价的。

研究人员指出，他们试图合成一种发光的纳米材料时，却发现自己创造了别的东西——一种看不见的墨水，可以根据需要变得可见，然后再次变得不可见。

这种墨水通过将基于铅的金属有机框架转化为发光的钙钛矿纳米晶体而起作用。实际上，它使用普通的喷墨打印机打印在纸上。看到纸张的人将不能看到所写的内容，直到他们应用盐分，这样会引起化学反应，使得在纸张上印刷的信息暴露在紫外线下时变得可见。看完信息后，人们可以再次使用盐，引起另一个反应，使信息再次隐藏。

研究人员建议，该墨水可以用来保护印刷文件上的机密或私人信息。他们指出，它在电子学方面也很有用，这是该研究的最初目标。使用它能在屏幕上呈现更丰富的颜色。

不幸的是，该油墨存在一个主要问题——它含有的铅是有毒的。阅读信件的人可能会与墨水接触，可能会铅中毒。研究人员承认这个问题，并报告说，他们正在研究使用锡而不是铅。还有一个问题：该墨水可以使用多少次。
参考信息：Congyang Zhang et al. Conversion of invisible metal-organic frameworks to luminescent perovskite nanocrystals for confidential information encryption and decryption, Nature Communications (2017). DOI: 10.1038/s41467-017-01248-2

摘要

传统的智能荧光材料在安全保护方面越来越引起人们的关注，通常在环境光或紫外线下都可见，这使得它们不利于潜在的保密信息应用。在此，我们报告了一种基于铅基金属有机骨架（MOFs）转化为发光钙钛矿纳米晶体（NCs）的机密信息保护和存储方法。由于基于铅的MOF的不可见的和受控的可打印特征，机密信息可以被记录并通过MOF模式加密，这些模式不能通过普通的解密方法来读取。通过我们的转换策略，通过使用与MOF反应的卤化物盐触发器可以快速且简单地形成高发光的钙钛矿NCs，从而促进有效的信息解密。最后，通过极性溶剂浸渍和卤化盐转化，钙钛矿NCs的发光可被淬灭和恢复，导致用于多信息加密和解密过程的发光信号的可逆开/关切换。

Scientists work to make biodegradable plastic from sunlight
Michigan State University scientists are proposing a new way to economically produce biodegradable plastics with sunlight and help from an ancient microorganism. 
The team, led by Taylor Weiss, a postdoctoral researcher in the Ducat lab at the MSU-Department of Energy Plant Research Laboratory, took cyanobacteria, that use sunlight to naturally produce sugar, and genetically tweaked them to constantly leak that sugar into a surrounding saltwater medium.
They paired them with natural bioplastic-producing bacteria that fed on the leaked sugar. The pairing was prolific.
Processed biomass contained a near constant 30 percent bioplastic content, four times more than similar experimental systems, and production rates were over 20 times faster.
The approach avoids fossil fuels for production and aims to reduce plastic's impact on the environment.
"A major problem is that most synthetic plastic today is not completely biodegradable, so it lasts for hundreds of years after being discarded, in landfills and in water ecosystems," Weiss said.
Although researchers have developed 100 percent biodegradable plastics made with special bacteria, it is very expensive.
These methods also tend to rely on feeding plastic-producing bacteria with loads of sugar derived from agricultural crops, like corn or beets, that also feed people and animals. There is a risk of competing for limited agricultural resources and driving food prices up in the long term.
Scientists are looking to genetically alter cyanobacteria, tiny photosynthetic workhorses, also known as blue-green algae, to funnel their outputs into useful products.
Weiss said that scientists create gradually more efficient bio-production systems all the time, but a major twist is that his improves over time, without human meddling.
"The cyanobacteria constantly make sugar through photosynthesis, and the bacteria constantly beef up on it, which encourages the cyanobacteria to keep producing," Weiss said. "So, the system continuously evolves in a virtuous cycle."
Looking forward, Weiss wants to partner cyanobacteria with other specialist bacteria to create cheap, environmentally friendly bioproducts, like biofuels to power jets and cars, fragrances, edible dyes and medicines.
"Ultimately, we aren't just creating alternatives to synthetic products," Weiss said. "We're trying to ask nature to do what it does best: figure out the problem for us." 
利用阳光制造生物降解塑料

密歇根州立大学的科学家正在提出一种新的方法，来经济地利用阳光并在古老的微生物的帮助下，生产可生物降解的塑料。

由MSU能源部植物研究实验室杜卡特实验室的博士后研究员泰勒•魏斯（Taylor Weiss）领导的研究小组，利用在阳光下自然产生糖的蓝细菌，并基因调整它们，不断将糖漏入周围盐水中。

他们将它们与生产生物塑料的天然细菌进行配对，这些细菌以泄漏的糖为食。配对是多产的。

加工生物质含有近30％的生物塑料含量，比同类实验系统高出四倍，生产率提高了20倍以上。

该方法避免了化石燃料的生产，旨在减少塑料对环境的影响。

Weiss说：“一个主要的问题是，今天大多数合成塑料不是完全可生物降解的，会在被丢弃后在垃圾填埋场和水生态系统中持续数百年。

尽管研究人员已经开发出100％由特殊细菌制成的可生物降解塑料，但其价格非常昂贵。

这些方法也倾向于依赖喂养塑料生产细菌与从农作物，如玉米或甜菜，也喂养人类和动物来源糖的负载。竞争有限的农业资源和长期推动粮食价格上涨的风险。

科学家正在寻找基因改变蓝细菌，即微小的光合作用的主力，也被称为蓝绿藻，将其输出成为有用的产品。

Weiss说，科学家们一直在创造逐渐更高效的生物生产体系，但是一个主要的转折是他随着时间的推移而改善，没有人类的干涉。

Weiss还说：“蓝藻不断通过光合作用制造糖，细菌不断增强，促使蓝藻继续生产。所以，这个制度在一个良性循环中不断演进。”

展望未来，Weiss希望将蓝细菌与其他专业细菌合作，创造出便宜，环保的生物产品，如生物燃料来驱动喷气机和汽车，香水，食用染料和药物。

Weiss说：“最终，我们不仅仅是创造合成产品的替代品。“我们试图要求大自然做最好的事：给我们的问题找出答案。”

Modeling surface chemistry and predicting new materials
The ruddy flakes of a rusted nail are a sure sign that an undesirable chemical reaction has occurred at the surface. Understanding how molecules and atoms behave with each other, especially at surfaces, is central to managing both desirable chemical reactions, such as catalysis, and undesirable reactions, like a nail's corrosion. Yet the field of surface chemistry has been challenged for nearly 100 years to develop predictive theories for these reactions. Now there's progress, thanks to a new approach. 
In a presentation at the 64th AVS International Symposium and Exhibition in Tampa, Florida, Oct. 31-Nov. 2, 2017, Alec M. Wodtke and colleagues from the Max Planck Institute for Biophysical Chemistry in Göttingen, Germany, will present what they call a "provisional model" for surface chemistry. In their work they describe how a fruitful interplay between experiment and theory can lead to accurate atomic-scale simulations of simple reactions at metal surfaces. 
Offering concrete examples, they show that for hydrogen atom interactions with metals—an important approximation in many theories—the Born-Oppenheimer approximation fails for hydrogen atom interactions with metals, but is valid for interactions with graphene. Interestingly, hydrogen interactions on graphene are strongly influenced by the choice of metal substrate upon which the graphene is grown. This makes the study a hot topic because of the potential of graphene in consumer applications, from medical devices to computers. 
In another presentation is this surface science session, Arthur L. Utz of Tufts University in Massachusetts and his colleagues will describe the promising results of a collaboration with the Kroes Group of Leiden University, Netherlands, using a new computational approach to predict the reactivity of methane molecules reacting on a clean nickel surface. 
Despite significant differences in energy distribution, subsequent calculations yielded chemically accurate predictions of reactivity for thermally excited and vibrational-state-selected molecules, and even for different surface structures, a finding poised to accelerate discovery of materials. 
The team's approach allows investigators to predict the fraction of molecules that react on a catalytically active surface with much higher accuracy than has been possible in the past. The results of this research could help accelerate the discovery of new materials. 
建模表面化学，预测新材料

生锈钉子的红润的鳞片是一个肯定的迹象，表明表面发生了不良的化学反应。了解分子和原子如何相互作用，特别是在表面，是管理理想的化学反应（如催化）和不良反应（如指甲的腐蚀）的核心。然而表面化学领域已经有近百年的挑战，为这些反应开发预测理论。现在有了进展，这要归功于一种新的方法。

2017年10月31日至11月2日在佛罗里达州坦帕举行的第64届AVS国际研讨会和展览会上，来自德国哥廷根马克斯普朗克生物物理化学研究所的Alec M. Wodtke及其同事发表演讲，将展示他们称之为表面化学的“临时模型”。在他们的工作中，他们描述了实验与理论之间富有成效的相互作用如何导致对金属表面简单反应的精确原子级模拟。

他们提供了具体的例子，来说明，氢原子与金属的相互作用——在许多理论中一个重要的近似值——Born-Oppenheimer绝热近似不适用于氢原子与金属的相互作用，但是对石墨烯的相互作用是有效的。有趣的是，石墨烯上的氢相互作用受石墨烯生长在其上的金属衬底的选择的强烈影响。这使得这项研究成为热门话题，因为石墨烯在医疗设备和电脑等消费应用领域具有潜力。

另一场演讲就是这次表面科学会议，马萨诸塞州Tufts大学的Arthur L. Utz和他的同事们，将描述与荷兰莱顿大学的Kroes小组合作的一个有希望的成果，它使用一种新的计算方法来预测甲烷的反应性分子在清洁的镍表面上反应。

尽管能量分布存在显着差异，随后的计算对于热激发和振动态选择的分子甚至对于不同的表面结构产生了化学精确的反应性预测，这一发现准备加速材料的发现。

该小组的方法使研究人员能够以比过去可能的更高的精度，预测在催化活性表面上反应的分子的分数。这项研究的结果可能有助于加速新材料的发现。
Artificial intelligence aids materials fabrication

In recent years, research efforts such as the Materials Genome Initiative and the Materials Project have produced a wealth of computational tools for designing new materials useful for a range of applications, from energy and electronics to aeronautics and civil engineering. 

But developing processes for producing those materials has continued to depend on a combination of experience, intuition, and manual literature reviews.

A team of researchers at MIT, the University of Massachusetts at Amherst, and the University of California at Berkeley hope to close that materials-science automation gap, with a new artificial-intelligence system that would pore through research papers to deduce "recipes" for producing particular materials.

"Computational materials scientists have made a lot of progress in the 'what' to make—what material to design based on desired properties," says Elsa Olivetti, the Atlantic Richfield Assistant Professor of Energy Studies in MIT's Department of Materials Science and Engineering (DMSE). "But because of that success, the bottleneck has shifted to, 'Okay, now how do I make it?'"

The researchers envision a database that contains materials recipes extracted from millions of papers. Scientists and engineers could enter the name of a target material and any other criteria—precursor materials, reaction conditions, fabrication processes—and pull up suggested recipes.

As a step toward realizing that vision, Olivetti and her colleagues have developed a machine-learning system that can analyze a research paper, deduce which of its paragraphs contain materials recipes, and classify the words in those paragraphs according to their roles within the recipes: names of target materials, numeric quantities, names of pieces of equipment, operating conditions, descriptive adjectives, and the like.

In a paper appearing in the latest issue of the journal Chemistry of Materials, they also demonstrate that a machine-learning system can analyze the extracted data to infer general characteristics of classes of materials—such as the different temperature ranges that their synthesis requires—or particular characteristics of individual materials—such as the different physical forms they will take when their fabrication conditions vary.

Olivetti is the senior author on the paper, and she's joined by Edward Kim, an MIT graduate student in DMSE; Kevin Huang, a DMSE postdoc; Adam Saunders and Andrew McCallum, computer scientists at UMass Amherst; and Gerbrand Ceder, a Chancellor's Professor in the Department of Materials Science and Engineering at Berkeley.

Filling in the gaps

The researchers trained their system using a combination of supervised and unsupervised machine-learning techniques. "Supervised" means that the training data fed to the system is first annotated by humans; the system tries to find correlations between the raw data and the annotations. "Unsupervised" means that the training data is unannotated, and the system instead learns to cluster data together according to structural similarities.

Because materials-recipe extraction is a new area of research, Olivetti and her colleagues didn't have the luxury of large, annotated data sets accumulated over years by diverse teams of researchers. Instead, they had to annotate their data themselves—ultimately, about 100 papers.

By machine-learning standards, that's a pretty small data set. To improve it, they used an algorithm developed at Google called Word2vec. Word2vec looks at the contexts in which words occur—the words' syntactic roles within sentences and the other words around them—and groups together words that tend to have similar contexts. So, for instance, if one paper contained the sentence "We heated the titanium tetracholoride to 500 C," and another contained the sentence "The sodium hydroxide was heated to 500 C," Word2vec would group "titanium tetracholoride" and "sodium hydroxide" together.

With Word2vec, the researchers were able to greatly expand their training set, since the machine-learning system could infer that a label attached to any given word was likely to apply to other words clustered with it. Instead of 100 papers, the researchers could thus train their system on around 640,000 papers.

Tip of the iceberg

To test the system's accuracy, however, they had to rely on the labeled data, since they had no criterion for evaluating its performance on the unlabeled data. In those tests, the system was able to identify with 99 percent accuracy the paragraphs that contained recipes and to label with 86 percent accuracy the words within those paragraphs.

The researchers hope that further work will improve the system's accuracy, and in ongoing work they are exploring a battery of deep learning techniques that can make further generalizations about the structure of materials recipes, with the goal of automatically devising recipes for materials not considered in the existing literature.

Much of Olivetti's prior research has concentrated on finding more cost-effective and environmentally responsible ways to produce useful materials, and she hopes that a database of materials recipes could abet that project.

"This is landmark work," says Ram Seshadri, the Fred and Linda R. Wudl Professor of Materials Science at the University of California at Santa Barbara. "The authors have taken on the difficult and ambitious challenge of capturing, through AI methods, strategies employed for the preparation of new materials. The work demonstrates the power of machine learning, but it would be accurate to say that the eventual judge of success or failure would require convincing practitioners that the utility of such methods can enable them to abandon their more instinctual approaches. 

More information: Edward Kim et al. Materials Synthesis Insights from Scientific Literature via Text Extraction and Machine Learning, Chemistry of Materials (2017). DOI: 10.1021/acs.chemmater.7b03500
人工智能帮助制造材料

近年来，诸如材料基因组计划和材料项目等研究工作已经产生了大量计算工具，用于设计从能源和电子到航空和土木工程等一系列应用的新材料。

但是开发生产这些材料的过程仍然依赖于经验、直觉和手工文献综述的结合。

麻省理工学院，阿姆赫斯特马萨诸塞大学和伯克利加利福尼亚大学的研究小组，希望通过一个新的人工智能系统来弥补这一材料 - 科学自动化的差距，这个系统将通过研究论文来挖掘“配方”生产特定的材料。

大西洋里奇菲尔德麻省理工学院材料科学与工程系（DMSE）能源研究助理教授Elsa Olivetti说：“计算材料科学家在“做什么”方面取得了很大的进展。 “但是因为这个成功，瓶颈已经转移到了'好吧，现在我该怎么做呢？'”

研究人员设想一个数据库，其中包含从数百万篇论文中提取的材料配方。科学家和工程师可以输入目标材料的名称和任何其他标准（前体材料，反应条件，制造工艺），并提出建议的配方。

为了实现这一愿景，Olivetti及其同事开发了一个机器学习系统，可以分析研究论文，推断其中的哪一段包含材料配方，并根据其在配方中的角色对这些段落中的词进行分类：目标材料名称，数量，设备名称，操作条件，描述性形容词等。

在最近一期《材料化学》杂志上发表的一篇论文中，他们还证明，机器学习系统可以分析提取的数据来推断材料类别的一般特征，例如它们合成所需的不同温度范围，或者个别材料的特定特征 - 例如当制造条件变化时将采取不同的物理形式。

Olivetti是该论文的资深作者，合著者有麻省理工学院的研究生Edward Kim；DMSE博士后Kevin Huang; UMass Amherst的计算机科学家Adam Saunders和Andrew McCallum；柏克莱材料科学与工程系院长兼教授Gerbrand Ceder。 
填补空白

研究人员使用有监督和无监督机器学习技术的组合训练他们的系统。“监督”是指供给系统的训练数据首先由人注释;系统试图找到原始数据和注释之间的相关性。“无监督”意味着训练数据是没有注释的，而系统则根据结构相似性学习将数据聚类在一起。

由于材料配方提取是一个新的研究领域，Olivetti和她的同事们没有那么多研究人员多年积累的大量注释数据集。相反，他们必须自己注释他们的数据 - 最终大约有100篇论文。

通过机器学习标准，这是一个非常小的数据集。为了改进它，他们使用了Google开发的一个名为Word2vec的算法。 Word2vec可以查看单词出现的上下文，即句子中的句法角色和他们周围的其他单词，并将通常具有相似上下文的单词组合在一起。因此，例如，如果一张纸中含有“我们将四氯化钛加热到500℃”的句子，另一张含有“氢氧化钠加热到500℃”的句子，Word2vec会将“四氯化钛”和“氢氧化钠”一起。

随着Word2vec，研究人员能够大大扩大他们的训练集，因为机器学习系统可以推断，任何给定的单词附加一个标签可能适用于其他词聚集在一起。研究人员可以用100多篇论文来训练他们的系统大约64万篇论文。

冰山一角

然而，为了测试系统的准确性，他们不得不依赖于标记的数据，因为他们没有评估未标记数据的性能的标准。在这些测试中，系统能够以百分之九十九的准确率确定包含食谱的段落，并以86％的准确率标记这些段落中的词语。

研究人员希望进一步的工作能够提高系统的准确性，在正在进行的工作中，他们正在探索一系列深度学习技术，可以对材料配方的结构进行进一步的概括，目标是自动设计材料中未考虑的材料的配方现有文献。

Olivetti以前的研究大部分集中在寻找更具成本效益和对环境负责的方法来生产有用的材料，她希望材料配方数据库可以帮助这个项目。

加州大学圣巴巴拉分校的Fred和Linda R. Wudl材料科学教授Ram Seshadri说：“这是具有里程碑意义的工作。 “作者承担了通过人工智能方法捕捉新材料准备的策略所面临的困难和雄心勃勃的挑战，这项工作证明了机器学习的力量，但可以肯定的是，最终判断成功或失败会要求说服实践者，这种方法的实用性可以使他们放弃更本能的方法。

参考信息：Edward Kim et al. Materials Synthesis Insights from Scientific Literature via Text Extraction and Machine Learning, Chemistry of Materials (2017). DOI: 10.1021/acs.chemmater.7b03500
Exploring biomimicry—building the next generation of adaptable materials from nature

"Adapt, grow, heal" probably sounds like sage parental advice to students just off to college. In fact, it is the biological rationale behind recent research at the University of Maine studying biomimicry. One of biomimicry's foundational questions is how do organisms adapt, grow, heal, and even survive. 

In an effort to find the answer, biomimicry uses real living systems to inspire the design and fabrication of the next generation of materials that can solve problems as nature does, from healing wounds to preventing infections, to one day, perhaps, "growing" rockets and cars. 

"Scientifically, the most significant and interesting aspect of this work is first using this approach to understand how these interface-driven phenomena occur, and then working to use this understanding to drive the biological system to do what we want it to do or reproducing it artificially," said University of Maine professor of biological engineering, Caitlin Howell. 

Howell's team's work will be presented during the AVS 64th International Symposium and Exhibition, Oct. 29-Nov. 3, 2017, in Tampa, Florida. 

Howell began her inquiry into living systems with fungi, researching how these smallest of life forms break down giant trees, some of the few organisms able to do so. She and her team now focus on generating new technology based on how living systems such as these do what they do. 

A major area of potential application for their work is in bacterial adhesion leading to biofilm formation. Biofilms cause a wide range of problems in industry and medicine. Using a method inspired by the Nepenthes pitcher plant, which uses a thin, immobilized layer of water to repel insects, Howell's group can create selective patterns of bacterial adhesion using common laboratory materials and simple bench-top surface treatments. 

"Inspired by the vascular systems of plants and animals, we can then make these surfaces continuously self-replenishing by embedding channels within the material itself. The channels are then filled with excess liquid, which can diffuse to the surface and heal depleted or damaged areas," Howell said. 

The team is also working to develop these materials on paper substrates to create low-cost, lightweight pathogen-handling materials for use in diagnostics or analytics. "Through this work, we aim to develop new and versatile tools for the exploration and control of microorganisms," Howell said. 

To many, the idea of designing self-healing systems or growing a rocket or car, with surface functionalities that change on demand to be heat-resistant, radiation-repellent, camouflaged, soft or hard, sounds like science fiction. But scientific imagination is the very essence of technological innovation; it is rooted in the seemingly fantastical. 

"Airplanes and wireless communication were once science fiction, too," Howell said. "I see my work being among the fundamentals used to make these types of things possible."
探索生物技术——从自然中构建新一代适应性材料

 “适应、成长、治愈”可能听起来像圣人父母给刚上大学的学生的建议。事实上，这是缅因州大学最近研究生物仿生学的生物学原理。生物医学的基本问题之一是生物如何适应、生长、治愈甚至生存。

为了找到答案，仿生技术使用真实的生命系统来激发下一代材料的设计和制造，这些材料可以像自然一样解决问题，从愈合伤口到预防感染，也许有一天能“制造”火箭和汽车。

“科学上，这项工作最重要的和有趣的方面是第一次使用这种方法了解这些界面驱动现象的发生,然后努力用这种理解驱动生物系统做我们希望它做的事情或者人工繁殖，“缅因大学生物工程教授凯特琳·豪厄尔（Caitlin Howell）说。

豪厄尔团队的工作将于10月29 - 11日在“第64届国际研讨会暨展览”期间展出。2017年，在佛罗里达州的坦帕市。

豪厄尔开始了她对真菌生活系统的研究，她研究了这些最小的生命形式如何破坏巨大的树木，但是有一些生物确实能够做到。她和她的团队现在专注于基于生活系统(如他们所做的)来产生的新技术。

其工作的一个主要领域是细菌附着，而这导致生物膜形成。生物膜在工业和医学上引起了广泛的问题。使用一种由Nepenthes猪笼草激发的方法，豪厄尔的团队可以利用普通的实验室材料和简单的本-顶表面处理来创造选择性的细菌粘附模式，该方法使用一种薄的、固定化的水来驱赶昆虫。

“受植物和动物血管系统的启发，我们可以通过在材料内嵌入通道来不断地自我补充。”然后，这些通道充满了多余的液体，这些液体可以扩散到表面，并治愈衰竭或受损的区域，”Howell说。

该团队还致力于在纸基上开发这些材料，以创造低成本、轻量的病原体处理材料，用于诊断或分析。豪厄尔说:“通过这项工作，我们的目标是开发新的、多功能的工具来探索和控制微生物。”

对于许多人来说，设计自我修复系统或生长火箭或汽车的想法，其表面功能需要耐热，防辐射，伪装，软或硬，这听起来像科幻小说。 但科学想象力是技术创新的本质， 它植根于看似幻想的想法之上。

豪厄尔说:“飞机和无线通讯也曾经是科幻小说。”“我认为我的工作是使这些事情成为可能的基本原则之一。”
Metal Alloy（金属合金）
Gold nanoparticles enhance light emissions from tungsten disulphide
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Figure shows the fluorescence microscopy image of a triangular shaped WS2 flake. The inset shows the optical microscopy image of the monoflake. (a) When excited, the triangular shaped flake glows and displays a captivating red fluorescent pattern in the form of a concentric dark and bright band. The concentric fluorescent pattern is the result of a delicate variation in chemical composition within the WS2 monolayer. (b) Upon the decoration of gold nanoparticles, the fluorescent intensity of the WS2 is significantly enhanced and interestingly, some previous dark regions become fluorescence-active. Credit: Advanced Optical Materials, 2017 
NUS physicists have discovered that gold nanoparticles can enhance light emissions from tungsten disulphide (WS2) flakes and reveal minute changes in the material composition. 
Two-dimensional (2-D) transition metal dichalcogenides (TMDs) show great potential as sensors and optoelectronic devices as they are able to exhibit strong optical (fluorescent) signals. Tungsten disulfide (WS2), a type of TMD, has strong optical properties that are sensitive to its structural and chemical composition. Methods to functionalise its fluorescent properties are of interest because if the sensing action results in a colour change in the material, it becomes easier for the user to detect it. This fluorescence is due to the recombination of electron-hole pairs in the 2-D TMDs, which also have an associated electrical response that can be used for possible optoelectronic applications.
A research team led by Prof SOW Chorng Haur, from the Department of Physics, NUS has discovered that the addition of gold nanoparticles (Au NPs) to WS2 strengthens the fluorescence emissions from it, with the higher light intensity dominated by excitons. The Au NPs also behave like nano-explorers, exhibiting preferential, site-selective decoration that maps out interesting fluorescent patterns within the WS2 monolayers! These patterns are totally unexpected as the researchers had initially thought that the Au NPs would spread themselves in a random manner across the material.
Prof Sow said, "Pristine WS2 monolayers exhibit a multitude of emissions from various excitons. When Au NPs are added, the electric field from light can couple with the surface electrons on the nanoparticles. The WS2 molecule benefits from this enhanced interaction to produce a brighter fluorescence."
Prof Sow added, "Most remarkably, the Au NPs transform the fluorescent signal from WS2 which has multiple peaks and components into one that has a well-defined peak. The additional peaks may be attributed to negative trions, which are excitons that are strongly associated with an electron. With their strong affinity for electrons, the Au NPs decorated onto the n-type WS2 monoflake could effectively deplete the electron density in the WS2 monoflake and suppress trion formation. This can be useful for applications which require light with a narrow wavelength profile." 

More information: Belle Miaoer Sow et al. Enriched Fluorescence Emission from WS2 Monoflake Empowered by Au Nanoexplorers, Advanced Optical Materials (2017). DOI: 10.1002/adom.201700156
金纳米粒子增强二硫化钨的发光
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上图显示三角形WS2片的荧光显微图像。插图显示了单片光学显微镜图像。(a)当兴奋时，三角形的鳞片发光，以同心暗亮带的形式显示出迷人的红色荧光图案。同心荧光模式是WS2单层内化学成分的微妙变化的结果。(b)在金纳米颗粒的装饰上，WS2的荧光强度显著增强，有趣的是，一些以前的黑暗区域变得具有荧光活性。图片来源：2017年《先进光学材料》

新加坡国立大学的物理学家们发现，金纳米粒子可以增强钨二硫化合物(WS2)薄片的光排放，并揭示了材料成分的微小变化。

二维(2D)过渡金属dichalcogenides(TMDs)显示了巨大的传感器和光电设备性能，因为它们能够显示出强烈的光学(荧光)信号。TMD中的一种具有很强的光学性质，对其结构和化学成分很敏感。将其荧光性质的功能进行功能化是很有意义的，因为如果传感动作导致材料的颜色变化，用户就更容易检测到它。这种荧光是由于二维TMD中电子-空穴对的重新组合，也有相关的电响应，可以用于可能的光电应用。

由美国国立大学物理系的SOW教授领导的一个研究小组发现，将金纳米粒子(Au NPs)添加到WS2中，增强了它的荧光强度，而更高的光强度由激子控制。金纳米粒子也像纳米探险家一样表现出优先的选址装饰，可以绘制WS2单分子层内有趣的荧光图案！ 这些模式是完全出乎意料的，因为研究人员最初认为Au纳米颗粒会以随机的方式在整个材料上扩散。

Sow教授说:“原始的WS2单分子粒子从各种激子中显示出大量的辐射。当Au NPs被加入时，光的电场与纳米粒子上的表面电子耦合在一起。WS2分子从这种增强的相互作用中获益，产生一种更明亮的荧光。

Sow补充道，“最引人注目的是，Au NPs将来自WS2的荧光信号转换成具有多个峰值和多个组件的荧光信号。这些额外的峰值可能被归因于负的三体，这些都是与电子紧密相关的激子。利用它们对电子的强烈亲和力，在n型WS2单片岩上装饰的Au NPs可以有效地耗尽WS2单片岩中的电子密度，抑制trion的形成。这对于需要光线较窄的波长的应用来说是很有用的。

更多信息：Belle Miaoer Sow et al. Enriched Fluorescence Emission from WS2 Monoflake Empowered by Au Nanoexplorers, Advanced Optical Materials (2017). DOI: 10.1002/adom.201700156
Composite Materials（复合材料）
Modified bacterium converts petroleum directly into building blocks for plastics

A bacterium is fulfilling a long-cherished wish of many chemists. The E. coli bacterium, which has been modified to equip it with special enzymes, has been shown to make building blocks for plastics, such as polyesters, directly from petroleum components called alkanes, using very little energy. This study was carried out by Youri van Nuland and he obtained his doctorate for this research at Wageningen University & Research on 20 October. 

To produce plastics, the building blocks in question must be coupled to one another, each building block needing two special chemical groups, which can be compared to 'hooks' or 'eyes', at its ends. The alkanediols are particularly important building blocks. They are alkanes, such as propane and butane, with two alcohol groups at their ends and they can be used for the production of polyesters, polyurethanes, polyamides and other plastics.

The alkanediol building blocks currently on the market are often made from the more complex raw materials acetylene or benzene, via a number of energy-intensive steps that release large quantities of the greenhouse gases carbon dioxide and laughing gas (nitrous oxide). Six kilograms of CO2 are emitted per kilogram of product. Around 1.8 million tonnes of butanediol are produced annually.

Chemical wish list

An obvious solution would therefore be to make these alkanediol building blocks directly from simple, readily-available alkanes, by equipping both ends of these molecules with an alcohol group or 'hook'. This conversion consumes little energy and releases only limited quantities of greenhouse gases. A conversion method of this kind has therefore been high on the wish list since the birth of the petrochemical industry.

So far, however, the many industrial and university laboratories have been unable to realize a direct route for synthesizing these building blocks for the manufacture of plastics. The problem was that, during the process, the inner carbon atoms of the alkanes were equipped with an alcohol group as well as the outer carbon atoms. This meant that the chemical reaction was not specific enough and yielded undesirable by-products. The alcohol groups were, moreover, converted into acid groups or the whole molecule was burned to carbon dioxide and water.

The enzyme alkane hydroxylase (AlkB) is specifically able to equip only the outer carbon atoms of alkanes with alcohol groups although it also changes the alcohol groups into acid groups. Furthermore, it is only able to do so on one side of the alkane molecule. It looked as though the chemist's wishes were not to be fulfilled; there was a stalemate.

However, Youri van Nuland, a PhD student in the Bioprocess Engineering research group at Wageningen University & Research, has now succeeded in realizing the desired conversion from alkanes to alkanediols using the AlkB enzyme. He genetically modified a strain of the E. coli bacterium and equipped it with AlkB and another enzyme, alcohol acetyltransferase. The Atf1 enzyme rapidly safeguards the alcohol group formed by AlkB, by enabling it to react with acetic acid to form a stable ester before it can be converted further into an acid group. A surprising point here is that AlkB is now able to equip the other end of the alkane with an alcohol group as well and that Atf1 also enables this to react to form an ester. The esters formed from an alkanediol are easy to convert into the required alkanediol and this conversion requires little energy.

Youri van Nuland has demonstrated this conversion on a laboratory scale with alkanes varying from butane to decane. Further optimization and upscaling will be necessary to make the method into an industrial process. A patent is pending for his discovery. 
改性细菌直接将石油转化为塑料建筑块

一种细菌正在实现许多化学家梦寐以求的愿望。细菌正在实现许多化学家的心愿。装备特殊酶的大肠杆菌细菌已经被证明可以使用非常少的能量直接从称为烷烃的石油组分中制造塑料的构件，例如聚酯。 这项研究是由尤里•范•努兰德（Youri van Nuland）进行的，他于10月20日在瓦赫宁恩大学和研究所获得了这项研究的博士学位。

生产塑料的问题是必须相互耦合，每个建筑块需要两个特殊的化学基团，它们可以被比作“钩子”或“眼睛”。 烷基二醇是特别重要的构建块。它们是两端有两个酒精基团的烷烃，如丙烷和丁烷，它们可以用于生产聚酯、聚氨酯、聚酰胺和其他塑料。

目前市场上的烷基二醇建筑块通常由更复杂的原料乙炔或苯制成，通过一系列能源密集型的步骤释放大量的温室气体二氧化碳和笑气(一氧化二氮)。每千克产品排放6公斤二氧化碳。每年生产约180万吨丁二醇。

化学的愿望清单

因此，显而易见的解决方案是通过将这些分子的两端装上醇基团或“钩子”来直接由简单易得的烷烃制备这些链烷二醇结构单元。 这种转换消耗的能源很少，只释放有限的温室气体。因此，自石化行业诞生以来，这种转换方法一直是人们期望的最高水平。

然而，到目前为止，许多工业和大学的实验室都无法实现为塑料制造合成这些积木的直接途径。问题是，在这个过程中，烷烃的内部碳原子和外碳原子都有一个醇基。这意味着化学反应不够具体，产生不受欢迎的副产品。此外，酒精基团被转化为酸基团，或者整个分子被烧成二氧化碳和水。

酶链烷基羟基化酶(AlkB)是专门用于将烷烃的外碳原子与酒精基团结合在一起的，尽管它也将酒精基团转化为酸基团。此外，它只能在烷烃分子的一侧进行。看起来药剂师的愿望好像一直未能实现;现在正处于一个僵局。

然而，瓦赫宁根大学生物工程研究小组的博士生Youri van Nuland现在成功地实现了从烷烃到烷二醇使用AlkB酶的期望转换。他对大肠杆菌的菌株进行了基因改造，并将其与AlkB和另一种酶——酒精乙酰转移酶——进行了实验。Atf1酶可以快速地保护由AlkB形成的酒精组，使它能与醋酸反应，形成一个稳定的酯，然后再转化为酸组。令人惊讶的一点是，AlkB现在能够将烷烃的另一端与一个醇类结合在一起，而Atf1也能使这个反应形成一个酯。由烷二醇形成的酯很容易转化为需要的烷二醇，这种转化需要很少的能量。

Youri van Nuland已经在实验室范围内演示了这种转换，它的烷烃从丁烷到癸烷不等。进一步的优化和升级将是使该方法成为工业过程的必要条件。一项专利正在等待他的发现。
New SOFT e-textiles could offer advanced protection for soldiers and emergency personnel
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The SOFT e-textile uses metal-organic frameworks (MOFs) to improve detection and protection from toxic chemicals. Credit: K. A. Mirica 

New technology that harnesses electronic signals in a smart fabric could lead to advanced hazardous-material gear that protects against toxic chemicals, according to research from Dartmouth College. 

The advancement could have big implications for the military, emergency service personnel and other workers that rely on "haz-mat" protection to perform their work and keep others safe.

In research published in the Journal of the American Chemical Society, the chemistry team of Katherine Mirica and Merry Smith describe the creation of new smart fabrics—named SOFT, for Self-Organized Framework on Textiles—in what is noted as the first demonstration of simultaneous detection, capture, pre-concentration and filtration of gases in a wearable that uses conductive, porous materials integrated into soft textiles.

According to the study, the SOFT devices have the potential for use in sensing applications ranging from real-time gas detection in wearable systems, to electronically accessible adsorbent layers in protective equipment like gas masks.

"By adding this fabric to a protective suit, sensors can alert the user if a chemical is penetrating the hazardous-material gear," said Katherine Mirica, an assistant professor of chemistry at Dartmouth College. "This is not just passive protection, the textile can actively alarm a user if there is a tear or defect in the fabric, or if functional performance is diminished in any other way."

Among other firsts described in the research are flexible, textile-supported electronic sensors based on materials known as metal-organic frameworks, or MOFs. In the study, the authors also describe a "simple" approach for integrating these conductive, porous materials into cotton and polyester fabrics to produce the e-textiles.

As part of the study, the Dartmouth team demonstrated that the new smart fabric can detect common toxic chemicals. Both the vehicle exhaust pollutant, nitric oxide, and the corrosive poison that reminds most of rotten eggs, hydrogen sulfide, were effectively identified by the SOFT system. In addition to sensing the chemicals, the electronic textiles are capable of capturing and filtering the dangerous toxins.

"Metal-organic frameworks are the future of designer materials, just like plastics were in the post-WWII era," said Mirica. "By integrating the MOFs into our SOFT devices, we dramatically enhance the performance of smart fabrics that are essential to safety and security."

The research team also describes a one-step e-textile fabrication method based on MOFs that likely constitutes the first use of direct self-assembly to deposit the conductive material on textiles.

In a process that Mirica describes as "similar to a building framework assembling itself," cotton and polyester textiles coated with conductive crystals at the fiber-level are created by direct self-assembly of molecules with organic molecular struts connected by metallic linkers from solution.

Wearable electronics are thought to have great potential in areas including homeland security, communication and healthcare. Soldiers, emergency personnel, factory workers and others that risk exposure to toxic chemicals could benefit from the new smart fabrics. The materials could also help medical patients that require monitoring of specific airborne chemicals that come from the environment or even from their own bodies.

According to researchers, the SOFT devices featuring MOFs display reliable conductivity, enhanced porosity, flexibility and stability to washing. The fabrics are also stable in heat, have good shelf-lives and retain a full-range of utility under humid conditions.

While the technology requires further development before it can be used in state-of-the-art wearable systems, the authors are hopeful that the fabrication method has the potential to be extended into other systems, producing a range of novel, multifunctional e-textiles with highly tunable properties and a host of new applications in wearable and portable devices. 

More information: Merry K. Smith et al, Self-Organized Frameworks on Textiles (SOFT): Conductive Fabrics for Simultaneous Sensing, Capture, and Filtration of Gases, Journal of the American Chemical Society (2017). DOI: 10.1021/jacs.7b08840
新型柔软的电子纺织品可以为士兵和急救人员提供先进的保护
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软的电子纺织品使用金属有机框架(MOFs)来提高对有毒化学品的检测和保护。来源：K. A. Mirica
达特茅斯学院(Dartmouth College)的一项研究表明，利用智能织物上电子信号的新技术可能会促成先进的危险物质装备，防止有毒化学物质的发生。

这一进步可能会对军队、紧急服务人员和其他依赖“hazmat”保护的工作人员产生重大影响，他们的工作是确保安全。

在美国化学学会杂志上发表的研究成果中，Katherine Mirica和Merry Smith的化学小组描述了为纺织品自组织框架创建的新型智能织物SOFT，这是第一个演示同步检测、捕获、各种气体和过滤的可穿戴使用导电设备,并将导电的多孔材料整合到柔软的纺织品中。

根据这项研究，这些软设备有可能在可穿戴系统中的实时气体检测、电子可访问的吸附剂层，如防毒面具等保护设备中使用。

达特茅斯学院(Dartmouth College)化学助理教授凯瑟琳•米卡里卡(Katherine Mirica)表示:“通过将这种织物添加到防护服中，如果一种化学物质穿透了危险物质的装备，传感器可以提醒用户。”“这不仅仅是被动的保护，如果织物上有撕裂或缺陷，或者其他任何方式的功能性能下降，纺织品都能主动报警。”

所有在研究中介绍的其他优点第一位的是灵活性，纺织品支持的电子传感器基于被称为金属有机框架或MOFs的材料。 在研究中，作者还描述了一种“简单”的方法，将这些导电多孔材料整合到棉和聚酯织物中以生产电子纺织品。

作为研究的一部分，达特茅斯团队证明了新的智能织物能够检测常见的有毒化学物质。SOFT系统能有效识别车辆尾气污染物，一氧化氮和有臭鸡蛋气味的硫化氢等腐蚀性毒物。 电子纺织品除了感知化学物质外，还能够捕获和过滤危险毒素。

“金属有机框架是设计师材料的未来，就像二战后的塑料一样，”Mirica说。“通过将MOFs集成到我们的软设备中，我们极大地提高了智能面料的性能，这对安全是至关重要。”

研究小组还描述了一种基于MOFs的单步电子纺织品制作方法，这可能是第一次使用直接自组装将导电材料沉积在纺织品上。

在Mirica描述的“类似于装配自身的建筑框架”的过程中，纤维层上涂覆有导电晶体的棉和聚酯纺织品是通过分子与由溶液中的金属连接体连接的有机分子支撑物的直接自组装形成的。

可穿戴电子产品被认为在包括国土安全、通讯和医疗等领域具有很大的潜力。士兵、急救人员、工厂工人和其他人可能会受益于新的智能面料。这些材料还可以帮助那些需要监测来自环境甚至自身身体的特定空气化学物质的病人。

根据研究人员的研究，软设备具有可靠的导电性、增强的孔隙率、弹性和耐洗性。这种织物在高温下也很稳定，有很好的保质期，在潮湿的条件下也能保持一定的效用。

虽然该技术需要进一步发展才能用于最先进的可穿戴系统，作者希望该制造方法有可能扩展到其他系统，并且能够生产一系列新颖的多功能电子纺织品，而这些纺织品在可穿戴设备和便携式设备中具有高度可调的性能和许多新的应用。

更多信息：Merry K. Smith et al, Self-Organized Frameworks on Textiles (SOFT): Conductive Fabrics for Simultaneous Sensing, Capture, and Filtration of Gases, Journal of the American Chemical Society (2017). DOI: 10.1021/jacs.7b08840
Practical Application（实际应用）
Finding wood alternatives for endangered ebony 
Like many tropical wood types, ebony is an endangered species that is tricky to use, such in instrument manufacturing. Despite strict trade regulations, ebony stocks are plummeting. A substitute is urgently needed. And this is where the Empa spin-off Swiss Wood Solutions comes in. Its product, "Swiss Ebony", consists of modified Swiss maple, which boasts the same properties as ebony – a sustainable and entirely legal solution. 

A young violinist touches down in Berlin, his fine, expensive instrument in his luggage and eager to get on stage the next evening. He is stopped at customs. An hour later, he leaves the airport – short of his violin, which has been confiscated. Like many violins, the young musician's instrument has a tailpiece and fingerboard made of ebony, a tropical wood that is on the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) list of protected wood species. Hence, ebony may only be imported if the legal provenance of the material can be proven to customs authorities. Besides the raw material, some of the 183 CITES countries also regulate finished products, such as musical instruments. As a result, many musicians are reluctant to travel with their instruments as getting them through customs is too risky. Numerous instruments have already been impounded. However, travelling isn't the only problem. Anyone who deals in these instruments may be liable for prosecution if they are unable to prove the legal provenance of the material. Even offering such products on an internet platform may end up being reported.

A Swiss alternative to endangered tropical wood species

Back to our budding violinist: He would like to continue the tour with his fine instrument. And naturally he doesn't want to have any trouble with customs authorities. Moreover, he wants to be sure that he can sell his valuable instrument legally if need be. But he doesn't have a certificate stating the provenance of the wood his violin is made of. His violin manufacturer tells him that only ebony will do: the tropical wood's hardness, good workability and excellent sound properties make it just the ticket for violin-making. Besides, its elegant dark color is a real eye-catcher. Beech or Swiss maple aren't a patch on it. Or are they? Researchers from Empa's Laboratory for Applied Wood Materials and the Chair of Wood Materials Science at ETH Zurich co-founded the start-up Swiss Wood Solutions and discovered a way to modify Swiss wood species so they exhibit the properties of endangered tropical wood species such as ebony or grenadilla. (The latter is primarily used to make clarinets and oboes.) Swiss maple from sustainable forestry is cut and soaked in an aqueous solution. The timber is then dried and compressed using a hot-press, which enables the wood properties that are so important to instrument manufacturers to be tailored. To make a clarinet, for instance, you need a lower wood density than for violin finger boards. The requirements for color and sound conduction speed also differ, as Oliver Kläusler, CEO of Swiss Wood Solutions, explains: "Our technique enables us to determine these parameters ourselves, which means a violin maker can fine-tune the instrument very precisely."
Even better than the original

The spin-off is not the first company to specialize in tropical wood alternatives. There are already similar materials, such as wood and synthetic composites or carbon materials. Therefore, in the spring of 2017, Kläusler conducted sound tests with professional musicians and music students to compare these materials directly. The encouraging result: Swiss Ebony came in joint first with real ebony. The violin manufacturer Boris Haug from Suhr used the material to make tailpieces for professional instruments, which were then played for weeks on end. "One musician was reluctant to give our cello prototype back and proposed leaving us her top-notch ebony tailpiece instead," says Kläusler. Her explanation: her cello sounded "sexier" than ever with Swiss Ebony. The ebony substitute can already match its natural role model in terms of price, too. However, Kläusler and his team are looking to slash production costs even further. They also set great store by making the entire production process environmentally friendly and sustainable. Swiss Wood Solutions is currently on the lookout for investors to launch the product on the market. The development conducted thus far was funded by two grants from the Gebert Rüf Foundation. Moreover, the spin-off has been receiving coaching from various business angles, including experts from the Commission for Technology and Innovation (CTI), Empa's business incubator glaTec and Venture Kick.
In future, Swiss Ebony might even be used for other lifestyle products, such as watch components, pool cues and knife handles. As talks with potential customers revealed, these markets face very similar challenges to the musical instrument sector. The spin-off is also working on a new method to dye its wooden products, which should open up additional potential applications for the material. "But that's still a pipe dream," says Kläusler. "The immediate goal is to equip musicians with top-quality instruments. Sustainably and ecologically." And orchestras might well be able to head off on world tours again without second thoughts. And with a clear conscience, too.
寻找檀香木的替代品

像许多热带木材一样，乌木是一种濒临绝种的物种，很难用于乐器等的制造中。尽管贸易条例严格，但乌木股市却暴跌，迫切需要替代品。这是Empa分拆瑞士木材解决方案所在的地方，其产品“瑞士乌木”包括修改后的瑞士枫木，具有与乌木相同的特性 - 可持续和完全合法的解决方案。

一位年轻的小提琴手在柏林有所触动，他的行李中昂贵的精美乐器渴望在晚上上台。他被拦在海关。一小时后，他离开了机场——没有了小提琴。与许多小提琴一样，这位年轻的音乐家的乐器有一个由乌木制成的尾翼和指板，这是一种热带木材，属于“濒危野生动植物种国际贸易公约”（CITES）的受保护木材品种清单。 因此，只有海关证明材料的合法出处，乌木才可以进口。 除了原材料外，183个CITES国家中还有一些国家还管制乐器等成品。 结果，许多音乐家不愿意带着他们的乐器旅行，因为通过海关真是太冒险了。 许多乐器都已经被扣押。 但是，旅行不是唯一的问题。 任何人在处理这些文件时，如果无法证明材料的合法出处，都可能会被起诉。 即使在互联网平台上提供这样的产品也可能会被报告。
瑞士替代濒临绝种的热带木材

回到我们正在萌芽的小提琴手：他想用他的精美乐器继续巡演。当然他不想在海关有任何的麻烦。而且，他想要确保他可以合法地出售他的贵重乐器，如果需要的话。但他没有证明他的小提琴是由木头制成的。他的小提琴制造商告诉他，只有用乌木可以制造：热带木的硬度，良好的可操作性和出色的声音属性，使它是制造小提琴的理想材料。此外，它优雅的深色是真正引人注目的。山毛榉或瑞士枫树不是合适的替代品。或者，它们可以吗？来自Empa应用木材实验室的研究人员和苏黎世联邦理工学院木材材料科学主席共同创办了瑞士木材解决方案公司，并发现了一种修改瑞士木材品种的方法，以展示濒危热带木材的属性，如乌木或者grenadilla。 （后者主要用于制作单簧管和双簧管。）将可持续森林中的瑞士枫木切割并浸泡在水溶液中。然后用热压机对木材进行干燥和压缩，这使得对于仪器制造商而言如此重要的木材特性得以定制。例如，为了制作单簧管，您需要比小提琴指板更低的木材密度。瑞士木材解决方案公司的首席执行官OliverKläusler解释说：对颜色和声音传导速度的要求也不同，“我们的技术使我们能够自己确定这些参数，这意味着小提琴制造商可以非常精确地对乐器进行微调。”
比原来还要好

该分公司不是专门从事热带木材替代品的第一家公司。已经有类似的材料，如木材和合成复合材料或碳材料。因此，在2017年春天，Kläusler与专业音乐家和音乐学生进行了良好的测试，直接比较这些材料。令人鼓舞的结果：瑞士乌木与真正的黑檀木联合起来。来自苏尔的小提琴制造商鲍里斯·豪格（Boris Haug）用这些材料制作专业乐器的尾部，然后连续播放数周。 Kläusler说：“一位音乐家不愿意把我们的大提琴原型拿回来，而是建议把我们的顶尖黑檀木的尾巴留给我们。她的解释是：她的大提琴比瑞士乌木更加“性感”。乌木替代品在价格方面也可以与其自然的榜样相匹配。不过，克劳斯勒和他的团队正在寻求进一步削减生产成本。他们还通过使整个生产过程环境友好和可持续发展的优势。瑞士木材解决方案目前正在寻找投资者在市场上推出该产品。迄今为止进行的发展由GebertRüf基金会的两笔赠款资助。此外，该分公司从各个业务角度接受了培训，包括技术创新委员会（CTI）、Empa的企业孵化器glaTec和Venture Kick等的专家。
未来，瑞士乌木甚至可能被用于其他生活方式的产品，如手表部件、泳池线索和刀柄。在与潜在客户的谈话中透露，这些市场对乐器行业面临类似的挑战。分公司也正在研究一种新的木制品染色方法，这将为这种材料开辟更多的潜在应用领域。Kläusler说：“但这仍然是一个梦想。“眼前的目标是为音乐家提供高质量的乐器，可持续发展和生态。” 管弦乐队或许可以再次出发去世界巡回演出，而不用犹豫半天。
Study reveals unknown details about common lithium-ion battery materials

High-performance electrodes for lithium-ion batteries can be improved by paying closer attention to their defects—and capitalizing on them, according to Rice University scientists. 

Rice materials scientist Ming Tang and chemists Song Jin at the University of Wisconsin-Madison and Linsen Li at Wisconsin and the Massachusetts Institute of Technology led a study that combined state-of-the-art, in situ X-ray spectroscopy and modeling to gain insight into lithium transport in battery cathodes. They found that a common cathode material for lithium-ion batteries, olivine lithium iron phosphate, releases or takes in lithium ions through a much larger surface area than previously thought.
"We know this material works very well but there's still much debate about why," Tang said. "In many aspects, this material isn't supposed to be so good, but somehow it exceeds people's expectations."
Part of the reason, Tang said, comes from point defects—atoms misplaced in the crystal lattice—known as antisite defects. Such defects are impossible to completely eliminate in the fabrication process. As it turns out, he said, they make real-world electrode materials behave very differently from perfect crystals.
That and other revelations in a Nature Communications paper could potentially help manufacturers develop better lithium-ion batteries that power electronic devices worldwide.
The lead authors of the study—Liang Hong of Rice and Li of Wisconsin and MIT—and their colleagues collaborated with Department of Energy scientists at Brookhaven National Laboratory to use its powerful synchrotron light sources and observe in real time what happens inside the battery material when it is being charged. They also employed computer simulations to explain their observations.
One revelation, Tang said, was that microscopic defects in electrodes are a feature, not a bug.
"People usually think defects are a bad thing for battery materials, that they destroy properties and performance," he said. "With the increasing amount of evidence, we realized that having a suitable amount of point defects can actually be a good thing."
Inside a defect-free, perfect crystal lattice of a lithium iron phosphate cathode, lithium can only move in one direction, Tang said. Because of this, it is believed the lithium intercalation reaction can happen over only a fraction of the particle's surface area.
But the team made a surprising discovery when analyzing Li's X-ray spectroscopic images: The surface reaction takes place on the large side of his imperfect, synthesized microrods, which counters theoretical predictions that the sides would be inactive because they are parallel to the perceived movement of lithium.
The researchers explained that particle defects fundamentally change the electrode's lithium transport properties and enable lithium to hop inside the cathode along more than one direction. That increases the reactive surface area and allows for more efficient exchange of lithium ions between the cathode and electrolyte.
Because the cathode in this study was made by a typical synthesis method, Tang said, the finding is highly relevant to practical applications.
"What we learned changes the thinking on how the shape of lithium iron phosphate particles should be optimized," he said. "Assuming one-dimensional lithium movement, people tend to believe the ideal particle shape should be a thin plate because it reduces the distance lithium needs to travel in that direction and maximizes the reactive surface area at the same time. But as we now know that lithium can move in multiple directions, thanks to defects, the design criteria to maximize performance will certainly look quite different."
The second surprising observation, Tang said, has to do with the movement of phase boundaries in the cathode as it is charged and discharged.
"When you take heat out of water, it turns into ice," he said. "And when you take lithium out of these particles, it forms a different lithium-poor phase, like ice, that coexists with the initial lithium-rich phase." The phases are separated by an interface, or a phase boundary. How fast the lithium can be extracted depends on how fast the phase boundary moves across a particle, he said.
Unlike in bulk materials, Tang explained, it has been predicted that phase boundary movement in small battery particles can be limited by the surface reaction rate. The researchers were able to provide the first concrete evidence for this surface reaction-controlled mechanism, but with a twist.
"We see the phase boundary move in two different directions through two different mechanisms, either controlled by surface reaction or lithium bulk diffusion," he said. "This hybrid mechanism paints a more complicated picture about how phase transformation happens in battery materials. Because it can take place in a large group of electrode materials, this discovery is fundamental for understanding battery performance and highlights the importance of improving the surface reaction rate." 

More information: Liang Hong et al, Two-dimensional lithium diffusion behavior and probable hybrid phase transformation kinetics in olivine lithium iron phosphate, Nature Communications (2017). DOI: 10.1038/s41467-017-01315-8
研究揭示了有关普通锂离子电池材料的未知细节

根据莱斯大学的科学家们的说法，锂离子电池用高性能电极可以通过密切关注其缺陷并利用它们来改善。

威斯康星大学麦迪逊分校的大米材料科学家Ming Tang和化学家Song Jin以及威斯康星大学和麻省理工学院的Linsen Li进行了一项研究，将最先进的原位X射线光谱学和建模结合起来，洞察电池阴极中锂的运输。他们发现，用于锂离子电池的共同阴极材料，即橄榄石磷酸铁锂，通过比以前认为的更大的表面积释放或吸收锂离子。

“我们知道这种材料运作得很好，但为什么还有很多争论，”唐说。 “在许多方面，这种材料不应该是那么好，但它超出了人们的期望。”

部分原因，唐说，来自点缺陷 - 在晶格错位的原子 - 被称为反位缺陷。在制造过程中不可能完全消除这样的缺陷。事实证明，他说，他们使现实世界的电极材料表现与完美的晶体非常不同。

“自然通讯”杂志上的这一消息和其他启示可能有助于制造商开发更好的锂离子电池，为全球的电子设备供电。

这项研究的主要作者 - Rice的Liang Hong，Wisconsin的Li和MIT以及他们的同事们与Brookhaven国家实验室的能源部科学家合作，利用其强大的同步加速器光源，实时观察电池材料内部发生了什么它正在收费。他们还利用计算机模拟来解释他们的观察。

Tang说，一个启示是电极的微观缺陷是一个特征，而不是一个缺陷。

他说：“人们通常认为缺陷对电池材料来说是一件坏事，它们会破坏性能和性能。 “随着越来越多的证据，我们意识到，拥有适量的点缺陷实际上是一件好事。”

Tang说，在磷酸铁锂阴极的无缺陷，完美晶格内，锂只能向一个方向移动。因此，据信锂嵌入反应可能仅发生在颗粒表面积的一部分上。

但是在分析李的X射线光谱图像时，研究小组发现了一个惊人的发现：表面反应发生在他不完善的合成微米棒的大面积上，这与理论预测相反，因为它们与感知运动平行的锂。

研究人员解释说，颗粒缺陷从根本上改变了电极的锂传输特性，使锂能够在多个方向上跳入阴极内部。这增加了反应表面积并且允许在阴极和电解质之间更有效地交换锂离子。

因为本研究中的阴极是由一种典型的合成方法制成的，所以这个发现与实际应用高度相关。

他说：“我们所学到的知识改变了磷酸铁锂颗粒形状应该如何优化的想法。 “假设一维锂电池运动，人们往往认为理想的粒子形状应该是一个薄板，因为它减少了锂需要沿着这个方向行进的距离，同时最大限度地提高了反应表面面积，但是现在我们知道锂可以在多个方向上移动，由于缺陷，最大限度提高性能的设计标准肯定会看起来大不相同。

Tang说，第二个令人惊讶的发现与阴极充电和放电时相界移动有关。

他说：“当你从水里取出热量时，就会变成冰。 “当你从这些颗粒中取出锂时，就会形成一个不同于锂的贫锂相，与初始的富锂相共存。这些相由一个界面或一个相界分开。他说，锂的提取速度有多快取决于相界移动的速度有多快。”

不同于散装材料，Tang解释说，已经预测小电池颗粒中的相界移动可能受到表面反应速率的限制。研究人员能够提供这个表面反应控制机制的第一个具体的证据，但有一个转折。

他说：“我们看到相界通过两种不同的机制在两个不同的方向上移动，不管是表面反应还是锂体扩散控制。 “这种混合机制描绘了一个更复杂的电池材料相变如何发生的画面，因为它可以发生在大量的电极材料里，这个发现是理解电池性能的基础，并强调提高表面反应率的重要性。”

更多信息：Liang Hong et al, Two-dimensional lithium diffusion behavior and probable hybrid phase transformation kinetics in olivine lithium iron phosphate, Nature Communications (2017). DOI: 10.1038/s41467-017-01315-8
New fire-resistant coating to prevent failure in steel building fires
A few extra coats of 'paint' could be all that the steel in a building needs to prevent itself from buckling and failing in a fire. 

Scientists from Nanyang Technological University, Singapore (NTU Singapore) and Singapore's industrial developer JTC have developed an affordable 3-in-1 coating that offers enhanced fire and corrosion protection.
Existing steel structures in buildings are usually coated with a fire-retardant layer to shield the bare metal from damage by fire and meet the fire protection standard of two hours – aimed at giving occupants enough time to evacuate the building. Today's conventional intumescent coatings are thick, more expensive and laborious to apply.
In contrast, this made-in-Singapore coating can be applied to bare steel without the need for sandblasting to prepare the surface, reducing coating time by half, and will protect the material against fire for two hours without falling off.
Named FiroShield, the new coating is cheaper and less laborious to apply, and can function aesthetically like normal paint.
FiroShield has also been tested on other construction materials, such as reinforced concrete and laminated timber, and has the same excellent performance.
Leading the research team is Assistant Professor Aravind Dasari from the School of Materials Science and Engineering and Professor Tan Kang Hai from the School of Civil and Environmental Engineering.
The team leaders said the knowledge that they have obtained over the years of research on the different aspects of polymers and combustion, combined with civil and structural engineering experience, helped to streamline their approach.
The strength of their coating comes from a balanced mix of additives, which work well together to give off simultaneous chemical reactions when faced with extremely high temperatures. They knew that they had found the right formula when they were able to coat steel samples evenly with a spray gun.
"In a fire, our coating forms a compact charred layer that acts as a protective barrier against the heat," added Prof Dasari, who is also a Principal Investigator at the NTU-JTC Industrial Infrastructure Innovation Centre (I3 Centre).
"While typical fire coatings will also form a charred layer, those are thick and foam-like, which can fall off easily and leave the steel exposed to the fire. What we aimed at was an innovative coat that works differently from conventional intumescent coatings and can stick to the steel surface for as long as possible under high temperatures, and yet has durability and weather resistance under normal conditions without a need for a top coat of paint."
Mr Koh Chwee, Director, Technical Services Division of JTC and Co-Director of the I3 Centre, said that through collaboration with academic institutions like NTU, JTC aims to develop new and innovative solutions to enhance safety and construction productivity for its industrial infrastructure projects.
"The ease of application of this new fire and corrosion resistant coating on steel structures will help reduce labour-intensive work, thus improving productivity and enabling faster coating of prefabricated steel components. More importantly, the new coating's ability to maintain superior adhesion under high temperatures leads to increased building safety for occupants. We are confident that the new coating will be able to reduce both paint material and labour costs, and become a new alternative to other fire protection products," said Mr Koh.
Combination of materials used for coating
The base material of the new coating is made of synthetic resins, which are polymers commonly used to make paints. To give it fire and corrosion-resistant properties, Prof Dasari's team added a combination of common chemicals, including one that is endothermic – absorbing heat to start a chemical reaction that causes the coating to adhere firmly to the steel.
The team went further to develop a coating that is able to have assorted colours; pigments can be added to the mixture so it achieves the aesthetic function of normal paint. Paint manufacturers looking to add the benefits of FiroShield to their products should find that commercialisation is straightforward, as the innovation relies simply on the addition of key chemicals into their paint manufacturing process.
To achieve a two-hour fire rating, FiroShield requires just five layers of coating, compared to conventional coatings, which requires up to 15 layers or more. It is thus two times faster to apply and is cheaper by about 50 percent due to its lower materials cost and manpower requirements.
In addition to its fire-resistant properties and easy application, FiroShield can also protect the steel surface from corrosion, which no other fire coatings in the market can do at the moment. FiroShield is expected to last longer when exposed to weathering elements such as moisture and UV rays. Its performance barely dipped by two percent, as compared to the drop of up to 75 percent for conventional coatings when subjected to weathering tests in the lab. This will reduce the maintenance cost and frequency of inspections over the lifespan of a building.
For the next phase of development, FiroShield will be sent to the UK for an industry certification, which includes a load-bearing fire test that no facilities in Singapore can do currently.
Its proprietary formulation has been filed with NTU's innovation and enterprise arm, NTUitive, and upon the completion of the certification, NTUitive will work with JTC to explore commercialisation options.
After the certification, which is expected to be completed by April 2018, the new coating will be applied on steel structures within the upcoming JTC Logistics Hub. The joint research team will also work with the relevant agencies to roll out this technology on a larger scale.
Building on this technology, Asst Prof Dasari will also work with JTC at the I3 Centre to develop another type of innovative coating for the construction and building industry, which addresses more properties beyond fire and corrosion resistance.
新的防火涂层可防止钢铁建筑火灾

一些额外的“油漆”涂层，可能就是建筑物中的钢筋需要防止自身屈曲和失火的一切原因。

新加坡南洋理工大学（新加坡南洋理工大学）和新加坡工业开发商JTC的科学家已经开发了一种经济实惠的三合一涂料，可以提供更好的防火和防腐保护。

建筑物内现有的钢结构通常涂有阻燃层，以防止裸露的金属受到火灾损坏，并符合两小时的防火标准 - 旨在让乘客有足够的时间疏散建筑物。今天的传统膨胀型涂料较厚，更昂贵且费力。

相比之下，这种新加坡涂层可以应用于裸钢，而不需要喷砂来制备表面，减少一半的涂布时间，并且可以保护材料免受火烧两小时而不脱落。

这种新涂层被命名为FiroShield，更便宜，施工费用更少，并且可以像普通涂料一样在美学上起作用。

FiroShield也已经在其他建筑材料上进行了测试，如钢筋混凝土和层压木材，并且具有同样出色的性能。

领导研究小组的是来自材料科学与工程学院的助理教授Aravind Dasari和土木与环境工程学院的谭康海教授。

团队负责人表示，他们在聚合物和燃烧方面的多年研究所获得的知识，结合土木和结构工程经验，有助于简化方法。

它们的涂层强度来自添加剂的均衡混合，这些添加剂可以很好地结合在一起，在遇到极高温度时同时发生化学反应。他们知道，当他们能够用喷枪均匀涂覆钢样时，他们找到了合适的配方。

南大-JTC工业基础设施创新中心（I3中心）的首席研究员Dasari教授补充说：“在火灾中，我们的涂层形成了一层紧凑的焦化层，可以作为防热的保护屏障。

“虽然典型的防火涂料也会形成一层焦化层，但是这些涂层很厚，像泡沫一样，容易脱落，并使钢材暴露在火中。我们的目标是创新的涂层，与传统的膨胀型涂料不同，可以在高温下尽可能长时间地粘附在钢表面上，而且在正常条件下具有耐久性和耐候性，而不需要表面涂层。

JTC技术服务部主任，I3中心联合主任Koh Chwee先生表示，通过与南洋理工大学等学术机构的合作，JTC致力于开发新的创新解决方案，以提高其工业基础设施项目的安全和施工生产力。

“这种新型耐火和耐腐蚀涂层在钢结构上的易用性将有助于减少劳动密集型工作，从而提高生产率并使预制钢构件的涂层更快，更重要的是，新涂层能够在高温下保持优异的附着力导致居民的建筑物安全性得到提高，我们相信新的涂料将能够减少涂料材料和人力成本，并成为其他消防产品的新选择。

用于涂层的材料组合

新涂层的基材由合成树脂制成，合成树脂是通常用于制造涂料的聚合物。为了赋予其耐火和耐腐蚀性能，Dasari教授的团队加入了一些常用化学品的组合，其中包括吸热的吸热材料，以启动化学反应，使涂层牢牢粘附在钢上。

该团队进一步开发了能够具有各种颜色的涂层;颜料可以被添加到混合物中，从而达到普通涂料的美学功能。希望将FiroShield的好处添加到他们的产品中的油漆制造商应该发现，商业化是直接的，因为创新仅仅依靠在其油漆制造过程中添加关键化学品。

为了达到两小时的防火等级，FiroShield只需要五层涂层，而传统涂层需要多达15层或更多。因此，应用速度快两倍，由于其较低的材料成本和人力需求，因此成本降低了约百分之五十。

FiroShield除了具有防火性能和易于使用的特性之外，还可以保护钢铁表面免受腐蚀，目前市场上没有其他的防火涂料能做到这一点。预计当暴露于潮湿和紫外线等风化因素时，FiroShield将持续更长的时间。其性能几乎下降了2％，而传统涂料在实验室进行风化测试时下降了75％。这将减少维护成本和在建筑物使用寿命期间的检查频率。

对于下一阶段的发展，FiroShield将被派往英国获得行业认证，其中包括目前新加坡没有设施可以承担的承重防火测试。

其专有配方已经与南大创新和企业部门NTUitive一起提交，在完成认证后，NTUitive将与JTC合作探索商业化选择。

预计将于2018年4月完成的认证后，新的涂料将在即将到来的JTC Logistics Hub内应用于钢结构。联合研究小组还将与相关机构合作，大规模推广这项技术。

在这项技术的基础上，Asas Dasari教授还将与I3中心的JTC合作，为建筑和建筑行业开发另一种创新型涂料，这种涂料具有超越防火和耐腐蚀性能的更多特性。

Researchers achieve breakthrough in 3-D printed marine grade stainless steel

"Marine grade" stainless steel is valued for its performance under corrosive environments and for its high ductility—the ability to bend without breaking under stress—making it a preferred choice for oil pipelines, welding, kitchen utensils, chemical equipment, medical implants, engine parts and nuclear waste storage. However, conventional techniques for strengthening this class of stainless steels typically comes at the expense of ductility. 

Lawrence Livermore National Laboratory (LLNL) researchers, along with collaborators at Ames National Laboratory, Georgia Tech University and Oregon State University, have achieved a breakthrough in 3-D printing one of the most common forms of marine grade stainless steel—a low-carbon type called 316L—that promises an unparalleled combination of high-strength and high-ductility properties for the ubiquitous alloy. The research appears online Oct. 30 in the journal Nature Materials .
"In order to make all the components you're trying to print useful, you need to have this material property at least the same as those made by traditional metallurgy," said LLNL materials scientist and lead author Morris Wang. "We were able to 3-D print real components in the lab with 316L stainless steel, and the material's performance was actually better than those made with the traditional approach. That's really a big jump. It makes additive manufacturing very attractive and fills a major gap."
Wang said the methodology could open the floodgates to widespread 3-D printing of such stainless steel components, particularly in the aerospace, automotive and oil and gas industries, where strong and tough materials are needed to tolerate extreme force in harsh environments.
To successfully meet, and exceed, the necessary performance requirements for 316L stainless steel, researchers first had to overcome a major bottleneck limiting the potential for 3-D printing high-quality metals, the porosity caused during the laser melting (or fusion) of metal powders that can cause parts to degrade and fracture easily. Researchers addressed this through a density optimization process involving experiments and computer modeling, and by manipulating the materials' underlying microstructure.
"This microstructure we developed breaks the traditional strength-ductility tradeoff barrier," Wang said. "For steel, you want to make it stronger, but you lose ductility essentially; you can't have both. But with 3-D printing, we're able to move this boundary beyond the current tradeoff."

Using two different laser powder bed fusion machines, researchers printed thin plates of stainless steel 316L for mechanical testing. The laser melting technique inherently resulted in hierarchical cell-like structures that could be tuned to alter the mechanical properties, researchers said.
"The key was doing all the characterization and looking at the properties we were getting," said LLNL scientist Alex Hamza, who oversaw production of some additively manufactured components. "When you additively manufacture 316L it creates an interesting grain structure, sort of like a stained-glass window. The grains are not very small, but the cellular structures and other defects inside the grains that are commonly seen in welding seem to be controlling the properties. This was the discovery. We didn't set out to make something better than traditional manufacturing; it just worked out that way."
LLNL postdoc researcher Thomas Voisin, a key contributor to the paper, has performed extensive characterizations of 3-D printed metals since joining the Lab in 2016. He believes the research could provide new insights on the structure-property relationship of additively manufactured materials.
"Deformation of metals is mainly controlled by how nanoscale defects move and interact in the microstructure," Voisin said. "Interestingly, we found that this cellular structure acts such as a filter, allowing some defects to move freely and thus provide the necessary ductility while blocking some others to provide the strength. Observing these mechanisms and understanding their complexity now allows us to think of new ways to control the mechanical properties of these 3-D printed materials."
Wang said the project benefitted from years of simulation, modeling and experimentation performed at the Lab in 3-D printing of metals to understand the link between microstructure and mechanical properties. He called stainless steel a "surrogate material" system that could be used for other types of metals.
The eventual goal, he said, is to use high-performance computing to validate and predict future performance of stainless steel, using models to control the underlying microstructure and discover how to make high-performance steels, including the corrosion-resistance. Researchers will then look at employing a similar strategy with other lighter weight alloys that are more brittle and prone to cracking.
The work took several years and required the contributions of the Ames Lab, which did X-ray diffraction to understand material performance; Georgia Tech, which performed modeling to understand how the material could have high strength and high ductility, and Oregon State, which performed characterization and composition analysis. 
研究人员在3D打印海洋级不锈钢方面取得突破

 “海洋级”不锈钢因其在腐蚀环境下的性能和高延展性而受到重视——弯曲能力不会在应力下断裂 - 使其成为石油管道，焊接，厨房用具，化学设备，医疗植入物，发动机的首选零件和核废料储存。然而，用于加强这类不锈钢的传统技术通常是以延性为代价的。

劳伦斯•利弗莫尔国家实验室（LLNL）的研究人员以及艾姆斯国家实验室，佐治亚理工大学和俄勒冈州立大学的合作者在3D打印方面取得了突破，这是一种最常见的海洋级不锈钢 - 低碳称为316L型，这为无处不在的合金提供了无与伦比的高强度和高延展性组合。这项研究10月30日在《自然材料》期刊上发表。

LLNL材料科学家、主要作者莫里斯•王（Morris Wang）表示：“为了使所有打印的部件都有用，您需要使这种材料的性能至少与传统冶金材料相同。“我们能够用316L不锈钢在实验室3D打印真实的组件，材料的性能实际上比传统的方法要好，这实际上是一个很大的提升，它使得增材制造非常有吸引力。”

王说，这种方法可以打开这种不锈钢部件的广泛3D打印的闸门，特别是在航空航天，汽车和石油和天然气工业，要求坚固耐用的材料在恶劣的环境中承受极端的力量。

为了成功地满足并超越316L不锈钢所需的性能要求，研究人员首先必须克服限制3D打印高质量金属的可能性的主要瓶颈，激光熔化（或熔化）过程中引起的孔隙可能导致部件易于降解和破裂的粉末。研究人员通过密度优化过程解决了这个问题，这个过程涉及到实验和计算机建模，并且通过操纵材料的基础微观结构。

“我们开发的这种微观结构打破了传统的强度——延展性的折衷障碍，”王说。“对于钢铁，你想把它做得更强一些，但是你本质上失去了延展性，你们不能兼得，但是用3D打印，我们能够把这个边界移到当前的平衡之外。

使用两台不同的激光粉末床融合机，研究人员印刷不锈钢316L薄板进行机械测试。研究人员说，激光熔化技术固有地产生了分层的细胞样结构，可以调整以改变机械性能。

LLNL的科学家Alex Hamza指出：“关键是做所有的表征并观察我们获得的性能。”负责监测某些添加剂制造部件的生产的LLNL科学家Alex Hamza说。 “当你加316L制造的时候，它会产生一个有趣的晶粒结构，就像一个彩色玻璃窗口，晶粒不是很小，但是在焊接中常见的晶粒内部的细胞结构和其他缺陷似乎控制着属性，这就是发现，我们并没有着手比传统制造更好的东西，它只是成功的。”

LLNL博士后研究员Thomas Voisin是该论文的主要撰稿人，他自2016年加入实验室以来，对3D印刷金属进行了广泛的表征。他相信这一研究可以为加成制造材料的结构 - 性能关系提供新的见解。

Voisin说：“金属的变形主要受纳米尺度缺陷如何在微观结构中移动和相互作用的控制。 “有趣的是，我们发现这种蜂窝状结构起着诸如过滤器的作用，允许一些缺陷自由移动，从而提供必要的延展性，同时阻止其他一些提供强度，现在观察这些机制并理解它们的复杂性，如何控制这些3D打印材料的机械性能。”

王先生说，该项目受益于在实验室进行的金属三维印刷的多年仿真，建模和实验，以了解微观结构与力学性能之间的关系。他将不锈钢称为“替代材料”系统，可用于其他类型的金属。

他说，最终的目标是使用高性能计算来验证和预测不锈钢的未来性能，利用模型控制底层微观结构，并发现如何制造高性能钢，包括耐腐蚀性。 然后研究人员将考虑采用类似的战略，与其他较轻的合金更脆，更容易开裂。

这项工作花了好几年的时间，并要求艾姆斯实验室做了X射线衍射了解材料性能的贡献; 佐治亚理工学院进行模型，以了解材料如何具有高强度和高延展性，俄勒冈州进行了表征和成分分析。

Organic & Polymer（有机高分子材料）
3-D-printed device builds better nanofibers 
Meshes made from fibers with nanometer-scale diameters have a wide range of potential applications, including tissue engineering, water filtration, solar cells, and even body armor. But their commercialization has been hampered by inefficient manufacturing techniques. 

In the latest issue of the journal Nanotechnology, MIT researchers describe a new device for producing nanofiber meshes, which matches the production rate and power efficiency of its best-performing predecessor—but significantly reduces variation in the fibers' diameters, an important consideration in most applications.

But whereas the predecessor device, from the same MIT group, was etched into silicon through a complex process that required an airlocked "clean room," the new device was built using a $3,500 commercial 3-D printer. The work thus points toward nanofiber manufacture that is not only more reliable but also much cheaper.

The new device consists of an array of small nozzles through which a fluid containing particles of a polymer are pumped. As such, it is what's known as a microfluidic device.

"My personal opinion is that in the next few years, nobody is going to be doing microfluidics in the clean room," says Luis Fernando Velásquez-García, a principal research scientist in MIT's Microsystems Technology Laboratories and senior author on the new paper. "There's no reason to do so. 3-D printing is a technology that can do it so much better—with better choice of materials, with the possibility to really make the structure that you would like to make. When you go to the clean room, many times you sacrifice the geometry you want to make. And the second problem is that it is incredibly expensive."

Velásquez-García is joined on the paper by two postdocs in his group, Erika García-López and Daniel Olvera-Trejo. Both received their PhDs from Tecnológico de Monterrey in Mexico and worked with Velásquez-García through MIT and Tecnológico de Monterrey's nanotech research partnership.

Hollowed out

Nanofibers are useful for any application that benefits from a high ratio of surface area to volume—such as solar cells, which try to maximize exposure to sunlight, or fuel cell electrodes, which catalyze reactions at their surfaces. Nanofibers can also yield materials that are permeable only at very small scales, such as water filters, or that are remarkably tough for their weight, such as body armor.
Most such applications depend on fibers with regular diameters. "The performance of the fibers strongly depends on their diameter," Velásquez-García says. "If you have a significant spread, what that really means is that only a few percent are really working. Example: You have a filter, and the filter has pores between 50 nanometers and 1 micron. That's really a 1-micron filter."

Because the group's earlier device was etched in silicon, it was "externally fed," meaning that an electric field drew a polymer solution up the sides of the individual emitters. The fluid flow was regulated by rectangular columns etched into the sides of the emitters, but it was still erratic enough to yield fibers of irregular diameter.

The new emitters, by contrast, are "internally fed": They have holes bored through them, and hydraulic pressure pushes fluid into the bores until they're filled. Only then does an electric field draw the fluid out into tiny fibers.

Beneath the emitters, the channels that feed the bores are wrapped into coils, and they gradually taper along their length. That taper is key to regulating the diameter of the nanofibers, and it would be virtually impossible to achieve with clean-room microfabrication techniques. "Microfabrication is really meant to make straight cuts," Velásquez-García says.

Fast iteration

In the new device, the nozzles are arranged into two rows, which are slightly offset from each other. That's because the device was engineered to demonstrate aligned nanofibers—nanofibers that preserve their relative position as they're collected by a rotating drum. Aligned nanofibers are particularly useful in some applications, such as tissue scaffolding. For applications in which unaligned fibers are adequate, the nozzles could be arranged in a grid, increasing output rate.

Besides cost and design flexibility, Velásquez-García says, another advantage of 3-D printing is the ability to rapidly test and revise designs. With his group's microfabricated devices, he says, it typically takes two years to go from theoretical modeling to a published paper, and in the interim, he and his colleagues might be able to test two or three variations on their basic design. With the new device, he says, the process took closer to a year, and they were able to test 70 iterations of the design.

"A way to deterministically engineer the position and size of electrospun fibers allows you to start to think about being able to control mechanical properties of materials that are made from these fibers. It allows you to think about preferential cell growth along particular directions in the fibers—lots of good potential opportunities there," says Mark Allen, the Alfred Fitler Moore Professor at the University of Pennsylvania, with joint appointments in electrical and systems engineering and mechanical engineering and applied mechanics. "I anticipate that somebody's going to take this technology and use it in very creative ways. If you have the need for this type of deterministically engineered fiber network, I think it's a very elegant way to achieve that goal." 

More information: Erika García-López et al. 3D printed multiplexed electrospinning sources for large-scale production of aligned nanofiber mats with small diameter spread, Nanotechnology (2017). DOI: 10.1088/1361-6528/aa86cc
3-D印刷设备可以制造出更好的纳米纤维

由纳米级纤维制成的网状物具有广泛的应用潜力，包括组织工程，水过滤，太阳能电池，甚至防弹衣。但是他们的商业化一直受到制造技术效率低下的阻碍。

在最新一期的“纳米技术”期刊上，麻省理工学院的研究人员描述了一种生产纳米纤维网格的新设备，该设备与其前代表现最好的生产速率和功率效率相匹配——但是显着减少了纤维直径的变化，这是大多数人应用。

但是，同一麻省理工学院集团的前身设备是通过复杂的工艺蚀刻成硅的，这个工艺需要一个气密的“洁净室”，新设备使用3500美元的商用3D打印机制造。因此，这项工作指向纳米纤维制造，不仅更可靠，而且更便宜。

新装置由一系列小型喷嘴组成，通过该喷嘴泵送含有聚合物颗粒的流体。因此，这就是所谓的微流体装置。

麻省理工学院微系统技术实验室首席研究员Luis FernandoVelásquez-García说：“我个人的观点是，在接下来的几年里，没有人会在洁净室里做微流控。 “没有理由这样做，3D打印技术可以做得更好 - 通过更好的材料选择，可以真正做出你想要的结构。当你去干净的时候房间里，你多次牺牲你想要的几何形状，而第二个问题是，它是非常昂贵的。

Velásquez-García是该论文作者，合著者还有ErikaGarcía-López和Daniel Olvera-Trejo两位博士后。他们都获得了墨西哥Tecnológicode Monterrey的博士学位，并通过MIT和Tecnológicode Monterrey的纳米技术合作伙伴与Velásquez-García合作。

被挖空了

纳米纤维可用于从表面积与体积之比高的任何应用，例如试图最大限度地暴露于阳光下的太阳能电池或催化表面反应的燃料电池电极。纳米纤维还可以产生仅在非常小的尺度上可渗透的材料，例如水过滤器，或者对于它们的重量而言非常坚韧的材料，例如防弹衣。

大多数这样的应用依赖于具有规则直径的纤维。 Velásquez-García说：“纤维的性能取决于它们的直径。例如：你有一个过滤器，过滤器的孔径在50纳米到1微米之间，这实际上是一个1微米的过滤器。“如果你有一个很大的差距，真正的意思是只有百分之几是真正的工作。

由于该组的早期器件是在硅片上蚀刻的，所以它被“外部馈电”，这意味着电场在各个发射器的两侧提供了聚合物溶液。流体流动通过蚀刻到发射体侧面的矩形柱进行调节，但是仍然不稳定以产生不规则直径的纤维。

相比之下，新的发射器是“内部进给”的：他们有穿过它们的孔，液压将流体推入孔内，直到它们被填满。只有这样，电场才能将流体吸入细小的纤维中。

在发射器下方，将供给孔的通道缠绕成线圈，并沿着它们的长度逐渐变细。该锥度是调节纳米纤维直径的关键，实际上不可能用洁净室微制造技术来实现。 Velásquez-García说：“微细加工的目的确实是直接削减。

快速迭代

在新装置中，喷嘴被排列成两排，彼此略微偏移。这是因为该设备被设计用于展示对齐的纳米纤维 - 纳米纤维，当它们被旋转鼓收集时保持其相对位置。对齐的纳米纤维在某些应用中特别有用，例如组织脚手架。对于未对齐的光纤适当的应用，可以将喷嘴布置在网格中，从而提高输出速率。

Velásquez-García说，除了成本和设计灵活性之外，3D打印的另一个优势是能够快速测试和修改设计。他说，他的小组制作的微型设备通常需要两年的时间才能从理论建模到已发表的论文，在此期间，他和他的同事们可以在基本设计上测试两到三个版本。他说，使用这种新设备，这个过程花费了近一年的时间，他们能够测试70次迭代。

“确定性地设计电纺丝纤维位置和尺寸的一种方法，使您可以开始考虑能够控制由这些纤维制成的材料的机械性能，从而使您能够考虑在纤维的特定方向上优先生长细胞在那里有很多潜在的机会“，宾夕法尼亚大学Alfred Fitler Moore教授马克•艾伦（Mark Allen）说，他在电气和系统工程以及机械工程和应用力学方面联合任命。 “我预计有人会采用这种技术，并以非常有创意的方式使用它，如果你需要这种类型的确定性工程光纤网络，我认为这是实现这一目标的一个非常优雅的方法。

更多信息：Erika García-López et al. 3D printed multiplexed electrospinning sources for large-scale production of aligned nanofiber mats with small diameter spread, Nanotechnology (2017). DOI: 10.1088/1361-6528/aa86cc
E-Material（电子材料）
Modifying the internal structure of 2-D hybrid perovskite materials causes them to emit white light
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The color coordinate map illustrates the colors of light emitted by different hybrid perovskites (with varying degrees of internal structural distortion) relative to pure white (corresponding to the yellow circle). The insert is a photo of the white light emitted by the most distorted material in the study ((abbreviated a-(DMEN)PbBr4), also shown as a blue circle in the color map) after stimulation by ultraviolet radiation. Credit: US Department of Energy 
Changing how we light our homes and offices could save energy, but new lighting technology requires new materials with the right properties. Materials called hybrid perovskites could be vital in making change possible. Scientists discovered that changing the length of small spacer ions located between the perovskite's internal layers manipulates the structure, distorting the layers to look like corrugated cardboard. The shortest spacer studied led to the most distorted structure. The structure emitted white light, comparable to commercial fluorescent lights. 
A new design tool based on understanding how spacers alter the light emitted could lead to new materials. These materials could be the keys to next-generation light-emitting diodes and other devices that interconvert light and electricity, including solar cells.
White-light–emitting 2-D perovskites are attractive because of their low cost and tunability. Using different lengths of di-functional organic spacers, a series of new hybrid organic-inorganic lead bromide perovskites were synthesized by researchers at Northwestern University. Changing the length of the organic positively charged ions (cations) induces a distortion of the 2-D perovskite inorganic layers in the material, making the layers take on a wavy or corrugated structure. As the distortion caused by the different cation lengths increases, the frequency bandwidth and the lifetime of the materials' photoluminescent emission increases. Having the largest internal distortion of all the materials prepared in this study, the compound a-(DMEN)PbBr4 emits white light with a color rendering index of 73, which is similar to a commercial fluorescent light source. 
This correlation between structure and properties demonstrates that crystal structures of hybrid organic-inorganic perovskites can be manipulated to tune bandwidth and lifetime of the photoluminescent emission by varying the extent of the inorganic layer distortion. With abundant choices of organic molecules available, many new exciting perovskite materials can be prepared, leading to an even deeper understanding of the science of these materials and impacting optoelectronic applications such as solid-state lighting. 
More information: Lingling Mao et al. White-Light Emission and Structural Distortion in New Corrugated Two-Dimensional Lead Bromide Perovskites, Journal of the American Chemical Society (2017). DOI: 10.1021/jacs.7b01312
改变二维杂化钙钛矿材料的内部结构，使它们发出白光
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以上颜色坐标图显示了不同杂化钙钛矿（不同程度的内部结构扭曲），发出了多种多样颜色（与黄圈相对应），而不仅是白色。文中插图是由研究中扭曲程度最大的材料（简式是a-(DMEN)PbBr4，同时展示了颜色坐标图中的蓝色光圈）在紫外线刺激后发出的白光。图片来源：美国能源部

要改变我们照明房间和办公室的方式能节约能量，但新的照明技术需要新的有合适特性的材料。被称作混合钙钛矿的材料会是实现改变的关键。科学家发现，改变控钙钛矿内部层间的小间隔离子的长度能控制结构，扭曲这些层使其看上去像波纹纸板。最小的间隔产生了最大的扭曲。这种结构会防暑白光，相当于商用荧光灯。

基于理解间隔如何改变所发出的光的新设计工具，能产生出新的材料。这些材料可能是下一代二极管和其他光电互换设备的关键，例如太阳能电池。

发出白光的二维钙钛矿引人注目，因为他们成本低，可调节。西北大学的研究人员用不同长度的双功能有机间隔物，人工合成了一系列新的有机-无机杂化溴化铅钙钛矿。改变有机正电荷离子的长度，引导二维钙钛矿无机层的扭曲，让这些层呈现波浪状或波纹状结构。随着正离子程度增加引起的扭曲，频率带宽和材料的光致发光的生命周期也随之增加。化合物a-(DMEN)PbBr4 是试验中出现的最大内部扭曲的材料，它发出的白光，显色指数为73，与商业荧光光源类似。

这种结构和特性的相关性表明有机-无机杂化钙钛矿可以通过改变无基层的扭曲成都，被控制来调节带宽和光致发光的生命周期。大量的有机分子可供选择，能制备出许多新的令人欣喜的钙钛矿材料，会带来对这些材料科学的进一步深入理解，并影响光电应用，比如固态照明。

更多信息：Lingling Mao et al. White-Light Emission and Structural Distortion in New Corrugated Two-Dimensional Lead Bromide Perovskites, Journal of the American Chemical Society (2017). DOI: 10.1021/jacs.7b01312
Graphene enables high-speed electronics on flexible materials

A flexible detector for terahertz frequencies (1000 gigahertz) has been developed by Chalmers researchers using graphene transistors on plastic substrates. It is the first of its kind, and can extend the use of terahertz technology to applications that will require flexible electronics, such as wireless sensor networks and wearable technology. The results are published in the scientific journal Applied Physics Letters. 

Terahertz radiation has a wide range of uses and can occur in everything from radio astronomy to medicine. The term refers to the electromagnetic waves whose frequencies range from 100 gigahertz to 10 terahertz. Demand for higher bandwidth in wireless communications and depiction for security applications has led to intensified research on systems and components intended for terahertz frequencies.

One challenge has long been to enable low weight and cheap applications. However, advances in polymer technology have promoted the development of flexible electronics and enabled the production of high frequency units on flexible substrates.

Now, Chalmers researchers Xinxin Yang, Andrei Vorobiev, Andrey Generalov, Michael A. Andersson and Jan Stake have developed the first mechanically flexible and graphene-based terahertz detector in its kind. Thus, paving the way for flexible terahertz electronics.

The detector has unique features. At room temperature, it detects signals in the frequency range 330 to 500 gigahertz. It is translucent and flexible, and opens to a variety of applications. The technique can be used for imaging in the terahertz area (THz camera), but also for identifying different substances (sensor). It may also be of potential benefit in health care, where terahertz waves can be used to detect cancer. Other areas where the detector could be used are imaging sensors for vehicles or for wireless communications.
The unique electronic features of graphene, combined with its flexible nature, make it a promising material to integrate into plastic and fabric, something that will be important building blocks in a future interconnected world. Graphene electronics enables new applications for, among other things, everyday objects, which are commonly referred to as the Internet of Things.

The detector shows the concrete possibilities of graphene, a material that conduct electric current extremely well. It is a feature that makes graphene an attractive building block in fast electronics. The Chalmers researchers' work is therefore an important step forward for graphene in the terahertz area, and a breakthrough for high performance and cheap flexible terahertz technology.

The detector drew attention at the EU Tallinn Digital Summit recently, where several important technological innovations made possible by graphene and related materials were on display. At the summit, EU Heads of State and Government gathered to discuss digital innovation and Europe's digital future. The flagship focus was to show what role graphene can play. 

More information: Xinxin Yang et al. A flexible graphene terahertz detector, Applied Physics Letters (2017). DOI: 10.1063/1.4993434
石墨烯使电子在柔性材料上实现高速移动

查尔姆斯理工大学的研究者们使用塑料基板上的石墨烯晶体管制作出了一各太赫兹频率的柔性探测器。这是第一个此类探测器，它可以拓展太赫兹技术在那些要求灵活性的电子设备上的应用，例如无线传感器和可穿戴设备。研究结果在科学期刊《Applied Physics Letters》上出版。

太赫兹辐射用广阔的使用范围，能出现在从射电天文学到医学的任何东西上。太赫兹指的是频率在10兆赫到100兆赫之间的电磁波。无线通信更高带宽的需求和安全应用方面的描述使人们进一步研究太赫兹频率方面的系统和组件。

长期以来的一个难题是，使应用降低找重量和成本。然而，聚合物技术的进步加快了柔性电子产品的发展，实现了柔性基板上高频单元的制作。

现在，查尔姆斯理工大学的研究者Xinxin Yang，Andrei Vorobiev，Andrey Generalov,，Michael A. Andersson 和Jan Stake已交制造出了第一个机械柔性石墨烯太赫兹探测器。因此，为太赫兹电子学铺就了道路。

这种探测器有奇特的特性。在室温下，它能探测到频率在330到500兆赫之间的信号。它是半透明、柔性的，向多种应用开放。这种技术能用来进行太赫兹波段成像（太赫兹摄像机），也能用来识别不同物质（传感器）。在健康护理方面或许也有潜力，因为太赫兹波可以用来检测癌症。探测器能起作用的领域还包括车辆或无线通信的成像传感器。

石墨烯独特的电子特征与她的柔性相结合，使它能与塑料和织物融为一体的备受期待的材料，将成为未来互联世界的基石。石墨烯电子能为日常生活用品提供应用，这通常被称为物联网。

探测器表明了石墨烯能很好地传导电流的具体可能性。这种特性让石墨烯成为了高速电子方面吸引人的的基石。查尔姆斯理工大学的研究者们的工作在太赫兹领域迈出了巨大的一步，在高性能和低成本太赫兹技术方面取得了突破。

近来，探测器在欧盟塔林数字峰会吸引了眼球，峰会真实了石墨烯可能实现的技术创新和相关材料。在峰会上，欧盟国家元首相聚讨论数字创新和欧洲的数字未来。峰会的重点是石墨烯能扮演什么角色。

更多信息：Xinxin Yang et al. A flexible graphene terahertz detector, Applied Physics Letters (2017). DOI: 10.1063/1.4993434
Researchers discover super-elastic shape-memory material

UConn materials science and engineering researcher Seok-Woo Lee and his colleagues have discovered super-elastic shape-memory properties in a material that could be applied for use as an actuator in the harshest of conditions, such as outer space, and might be the first in a whole new class of shape-memory materials. 

If you have ever had braces or wear eyeglasses, you may have already come in contact with shape-memory materials. With applications in a wide range of consumer products such as "unbreakable" frames for glasses, and civil industrial structures like bridges, materials with shape-memory properties can return to their original shape by magnetic forces or heat even after being significantly deformed.

Lee, who is Pratt & Whitney assistant professor of materials science and engineering, studied calcium iron arsenide, or CaFe2As2, which is an intermetallic better known for its novel superconducting properties. Since the material is commonly used in high-temperature superconductors, extensive research had already examined the compound's superconducting and magnetic properties. Inspired by previous research conducted at the U.S Department of Energy's Ames Laboratory by Paul Canfield on calcium iron arsenide's electronic properties, Lee set out to measure the material's high degree of pressure and strain sensitivity for potential applications as a structural material.

Working with a team of graduate and undergraduate students at UConn and collaborators at Ames Laboratory, Drexel University, and Colorado State University, Lee discovered that not only did CaFe2As2 exhibit the ability to "bounce" back into its original shape, it showed "giant super-elasticity." While normal metal alloys or intermetallics recover 0.5 percent of the pre-deformation shape once the compressing force has been removed, CaFe2As2 recovers more than 13 percent.
In addition to the crystal's large ability to recover, the team saw evidence of calcium iron arsenide's ultra-high strength and significant fatigue resistance, which would guarantee structural performance and integrity if used as a structural material. They also noted another unique property when testing CaFe2As2 at extremely cold temperatures. The existence of shape-memory effect was confirmed when tested at temperatures as low as 50 Kelvin, or about -370 degrees Fahrenheit. This could lead to the development of technologies that change shape at low temperatures for use in deep space travel.

But Lee is most excited about what these discoveries could indicate about other materials in the same family as calcium iron arsenide.

"Our results can be applied to more than 400 similar materials. This discovery opens up an entirely new area of research on superelastic materials," Lee says. "We see great potential for our findings to be applied by fellow scientists in future research and by industry in the development of new technologies."

The findings were published in Nature Communications online on Oct. 20 in a paper titled "Superelasticity and Cryogenic Linear Shape Memory Effects of CaFe2As2." 

More information: John T. Sypek et al. Superelasticity and cryogenic linear shape memory effects of CaFe2As2, Nature Communications (2017). DOI: 10.1038/s41467-017-01275-z
研究人员发现了超弹性的形状记忆材料

康涅狄格大学材料科学和工程的研究人员Seok-Woo Lee的他的同事发现了一种具有超弹性形状记忆特性的材料，它可以被用来制作制动器，在最恶劣的条件下发挥作用，如外太空，并且它可能会是一个新的形状记忆材料类别中的第一个。

如果你曾装过支架或是带过眼镜，你可能已经接触过形状记忆材料。形状记忆材料广泛应用在消费品中，例如“牢不可破”的镜框和像桥梁这样的民用工业结构，它即使在显着变形后也能够通过磁力或热量恢复到其原始形状。

Lee是材料科学与工程的Pratt & Whitney助理教授，研究砷化钙铁，或称为CaFe2As2，它是一种金属间化合物，因其新颖的超导特性而闻名。由于该材料通常用于高温超导体的应用，科研人员对其已经进行了更深入的研究，已经检验了它的超导性和磁性。受到Paul Canfield在美国能源部Ames实验室对钙铁砷材料电子性能方面的先前研究的启发，Lee开始着手测量该材料的高压敏感性和应变敏感性，作为结构材料的潜在应用对象。

Lee与康涅狄格州立大学的研究生和本科生团队以及Ames实验室、德雷克塞尔大学和科罗拉多州立大学的合作者携手合作，发现CaFe2As2材料不仅能展现出“回弹”到原始形状的能力，还表现出了“巨大的超弹性”。通常情况下，一旦去除了压缩力，普通金属合金或金属间化合物只能恢复预变形形状的0.5%，而CaFe2As2却可以恢复预变形形状的13% 以上。

除了晶体巨大的恢复能力之外，研究小组还发现了砷化钙铁的超高强度和显著的抗疲劳性，如果用作结构材料，其可保证结构性能和结构的完整性。在非常寒冷的温度下测试CaFe2As2时，他们还注意到了其另一个独特的特性。当测试温度低至50开尔文，或约-370华氏温度时，科研人员证实了该材料还存在形状记忆效应。这一发现有可能会促进科技的发展，现有材料在深层太空运行时在低温下形状会改变。

但最使Lee感到兴奋的是：这些研究发现会引申出其他与砷化钙铁相同家族的材料的特性。

“我们的科研结果可以应用于超过400种类似的材料，这一发现为超弹性材料开辟了一个全新的研究领域。”，Lee说道，“我们在研究结果中看到了很大的发展潜力，它可以被同行科学家用于未来的研究工作，也可以被应用于工业中新技术的发展。”

该科研结果于10月20日发表在了《自然通讯》（Nature Communications）杂志上，题为“CaFe2As2的超弹性和低温线性形状记忆效应”（Superelasticity and Cryogenic Linear Shape Memory Effects of CaFe2As2）。

更多信息：John T. Sypek et al. Superelasticity and cryogenic linear shape memory effects of CaFe2As2, Nature Communications (2017). DOI: 10.1038/s41467-017-01275-z
Jellyfish-inspired electronic skin glows when it gets hurt
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An electronic skin glows when a transparent 'W' is pressed onto it, and a voltage is applied (bottom). Credit: The American Chemical Society 

Electronic-skin technologies for prosthetics and robots can detect the slightest touch or breeze. But oddly, the sensors that make this possible do not respond effectively to a harmful blow. Now researchers report in ACS Applied Materials & Interfaces the development of a jellyfish-inspired electronic skin that glows when the pressure against it is high enough to potentially cause an injury. 

An electronic skin that can mimic the full range of biological skin's sensitivity has great potential to transform prosthetics and robotics. Current technologies are very sensitive, but only within a narrow range of weak pressures. Under high pressures that could cause damage, the electronic skins' sensitivity fades. To address this shortcoming, Bin Hu and colleagues at the Huazhong University of Science and Technology turned to the Atolla jellyfish for inspiration. This bioluminescent, deep-sea creature can feel changes in environmental pressure and flashes dramatically when it senses danger.

Building on the idea of a visual warning in response to a physical threat, the researchers combined electric and optical systems in a novel electronic skin to detect both slight and high-force pressures. They embedded two layers of stretchy, poly-dimethysiloxane, or PDMS, film with silver nanowires. These layers produce an electrical signal in response to slight pressures, such as those created by a breeze or contact with a leaf. Sandwiched in between the silver nanowire electrodes is a PDMS layer embedded with phosphors. This layer kicks in and glows with growing intensity as the physical force increases. The researchers say this approach more closely copies the wide range of pressures the human skin can feel.
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More information: Yanli Zhang et al. Dual-Mode Electronic Skin with Integrated Tactile Sensing and Visualized Injury Warning, ACS Applied Materials & Interfaces (2017). DOI: 10.1021/acsami.7b13016

Abstract 

Mimicking the pressure-sensing behavior of biological skins using electronic devices has profound implications for prosthetics and medicine. The developed electronic skins based on single response mode for pressure sensing suffer from a rapid decrease in sensitivity with the increase of pressure. Their highly sensitive range covers a narrow part of tolerable pressure range of the human skin and has a weak response to the injurious high pressures. Herein, inspired by a bioluminescent jellyfish, we develop an electronic skin with dual-mode response characteristics, which is able to quantify and map the static and dynamic pressures by combining electrical and optical responses. The electronic skin shows notable changes in capacitance in the low-pressure regime and can emit bright luminescence in the high-pressure regime, which, respectively, imitates the functions of the mechanoreceptors and nociceptors in the biological skin, enabling it to sense gentle tactile and injurious pressure with sensitivities up to 0.66 and 0.044 kPa–1, respectively. The complementary highly sensitive sensing ranges of the electronic skin realize a reliable perception to different levels of pressure, and its mechanically robust and stretchable properties may find a wide range of applications in intelligent robots.
仿水母式电子皮肤受损伤会发光

[image: image9.png]Transparent slab_





上图为，电子皮肤在透明的W按压下和外加电压（底部）时会发光。来源：美国化学学会

用在假肢和机器人上的电子皮肤能检测到轻微的触碰或微风。但奇怪的是，达成这一切的传感器却不能有效地对伤害性的打击产生相应。现在，研究人员在美国化学学会材料和界面杂志上发布了仿水母式电子皮肤的发展，这种电子皮肤能在受到可能损伤皮肤的重压时发光。

能全面模仿生物皮肤敏感性的电子皮肤，对改造假肢和机器人有巨大的潜力。现有的技术只能对小部分的微小压力反应敏感。在能造成伤害的重压情况下，电子皮肤的敏感性不足。为了克服这个弱点，华中科技大学的胡兵转向警报水母寻求资源。这种深海的生物性发光生物，能感受到环境压力的变化，当他感受到危险时迅速发光。

基于对物理威胁的视觉警告的构想，研究者们将电子和光学系统结合在新的电子皮肤上，这种皮肤对大小压力都能进行检测。研究者们嵌入了两层有弹性的聚二甲基硅氧烷（PDMS），覆盖上银纳米线薄膜。这两层对轻微压力产生电子信号回应，例如微风会落叶触碰造成的轻微压力。夹在银纳米线薄膜之间的是一层嵌入荧光体的聚二甲基硅氧烷。随着外力的增加，这一层开始发光并增加强度。
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参考信息：Yanli Zhang et al. Dual-Mode Electronic Skin with Integrated Tactile Sensing and Visualized Injury Warning, ACS Applied Materials & Interfaces (2017). DOI: 10.1021/acsami.7b13016

摘要

用电子设备模仿生物皮肤的压力敏感性，对假肢和医学有深远意义。现有的基于单响应模式的压力感受电子皮肤，随着压力的增加，敏感性急剧降低。它们的高敏感度范围包括了人类皮肤能忍受的范围的一小部分，对有害的高压反应很弱。于此，我们受到生物发光性的水母启发后发明了双响应模式的电子皮肤，它能通过结合电子和光学感应，量化和比对数据与动态压力。这种电子皮肤在低压状态下电容方面有显著变化，并能在高压状态下发出明亮的冷光，这分别模拟了生物皮肤的机械感受和伤害感受功能，使其能感受到轻微的触碰和伤害性的重压，敏感度分别提高到0.66和0.044千帕。补充之后的高敏感性电子皮肤能准确感知不同程度的压力，它的机械强度和拉伸性能使其在智能机器人方面能得到广泛的应用。
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