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Tech News & New Tech（技术前沿）

New Path Forward for Next-Generation Lithium-Ion Batteries

[image: image2.jpg]Nzt (3
Liy 17Nig2sMng 550,
Mn®

Lig 33Nig 25MNo 50, Lig sRug sSno 505 Li33Nio 33Tlo42MO0.060;  Lig25MngsNDg 250,




In the quest for a radically better lithium-ion battery, a promising direction is the so-called "lithium-rich" cathode, in which the cathode contains a higher proportion of lithium than normal. While it has the potential to have far higher energy density, scientists have lacked a clear picture of the chemical processes, especially the role of oxygen.

Now researchers at the Department of Energy's (DOE) Lawrence Berkeley National Laboratory (Berkeley Lab) report a major advance in understanding how oxygen oxidation creates extra capacity in such cathodes, opening the door to batteries with far higher energy density, meaning your phone or electric vehicle will be able to run for much longer between charges.

"The specific nature of our findings shows a clear and exciting path forward to create the next-generation cathode materials with substantially higher energy density then current cathode materials," the researchers write in their study titled, "The structural and chemical origin of the oxygen redox activity in layered and cation-disordered Li-excess cathode materials," published online in Nature Chemistry.

The research was led by Gerbrand Ceder of Berkeley Lab's Materials Sciences Division. The lead authors were Dong-Hwa Seo and Jinhyuk Lee, and other co-authors were Alexander Urban, Rahul Malik, and ShinYoung Kang. Ceder also has an appointment at UC Berkeley's Department of Materials Science and Engineering, and all the co-authors are also affiliated with the Massachusetts Institute of Technology (MIT), where some of the work was done.

In a conventional lithium-ion battery, the cathode material is a lithium transition metal oxide, with the content of the lithium and the transition metal, such as nickel or cobalt, balanced. In a lithium-rich (also called lithium-excess) cathode, there is a higher proportion of lithium than the transition metal. Because transition metals are heavy and also expensive, reducing its content is a big benefit. The battery can be significantly cheaper and lighter, which are especially important factors for vehicle applications, where the battery is often one of the heaviest components of the vehicle.

"This is a very exciting direction being pursued by battery scientists," Lee said. "It has been experimentally demonstrated many times that a lithium-excess cathode material can deliver higher energy density, about 50 percent higher than the current cathode materials in commercial lithium batteries."

A major stumbling block has been that scientists had lacked a clear understanding of the chemistry in a lithium-rich cathode—specifically the role of oxygen. Normally when a battery is charged and discharged, the transition metal in the cathode oxidizes and releases electrons; those electrons then travel between the cathode and anode and create electricity.

"What we and others have been claiming recently is that you can take an electron off the oxygen and put it back, which is fairly radical. That's the big idea for this cathode design," Ceder said. "This paper specifically shows that it's true and more importantly, shows under which conditions that it becomes true. "

Ceder said he and other scientists have been speculating about oxygen's role in the cathode for more than 15 years. "It was highly controversial," he said. "We knew it was there. This study is a big conceptual breakthrough for us."

Currently there are only three transition metals—cobalt, nickel, and manganese—used in most commercial cathodes. That limited choice constrains battery design. What's more, their availability is limited. Demand for cobalt has been booming, and more than 45 percent of the world's cobalt production now goes to lithium-ion batteries, Ceder noted.

"It's not scalable," he said. "If we're ever to all drive electric vehicles, there's no way a cobalt-only technology can make it."

The research started two years ago after Ceder's group discovered that a so-called "disordered" cathode structure, previously dismissed by battery designers, could indeed be workable. This prompted the group to look into how and when oxygen is active in lithium-excess cathodes, which are similar in structure to disordered cathodes.

Ceder's group developed a novel methodology of utilizing quantum mechanical simulations to study electron charge transfer in cathode materials with high accuracy. They used supercomputer facilities at the National Energy Research Scientific Computing Center (NERSC), a DOE Office of Science User Facility hosted at Berkeley Lab, and the Extreme Science and Engineering Discovery Environment (XSEDE), led by the University of Illinois.

The findings will allow scientists to approach battery design more rationally. "Now we understand how the oxygen is oxidized and how it competes with transition metals in oxidation," Seo said. "We now know how to manipulate transition metal and oxygen oxidation to achieve higher energy density cathodes."

It will also give them more options. "We can now use 15 or 20 different transition metals," Ceder said. "We can use a much broader range of chemistry to look for cathodes, and we know exactly the kind of structures we want to engineer."

下一代锂离子电池新的发展方向
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    在寻求更好地自由基锂离子电池的过程中，一个有前途的方向就是所谓的“富锂”阴极，其中阴极中锂的含量比正常规格要高出许多。虽然其有可能具有较高的能量密度，但是科学家们缺乏该化学程序的清晰图像，特别是有关氧气的作用。

目前，能源部（DOE）劳伦斯伯克利国家实验室（伯克利实验室）的研究人员在了解氧气氧化是如何在这样的阴极中创造出额外容量的方面报告了一个主要的进展，这为具有更高能量密度的电池打开了大门，并且意味着你的手机或电动汽车在每次充电之间能够运行更长时间。

 “我们的研究结果的具体属性为创造下一代具有比目前阴极材料显著高的能量密度的阴极材料展示出一个明确且令人兴奋的发展方向，”研究人员在他们发表于《自然化学》杂志网络版的名为“在分层及阳离子无序排列的锂过量负极材料中氧气氧化还原活性的结构及化学起源”的研究中写道。

这项研究是由伯克利实验室材料科学部的赫布兰德·塞德领导。主要作者是徐东华和李晶希，以及其他合著者包括亚历山大·厄本、拉胡尔·马利克及康申英。塞德也是加州大学伯克利分校材料科学与工程系的一名职员，并且所有的合著者都隶属于麻省理工学院（MIT），有一些研究是在该校完成的。

在传统的锂离子电池中，阴极材料是锂过渡金属氧化物，其中锂的含量与过渡金属的含量是平衡的，例如镍或钴。在富锂（也称为锂过量）阴极中，锂的含量比过渡金属的含量要高。由于过渡金属非常重，而且非常昂贵，降低其容量是一个很大的好处。电池可以变得显著便宜，并且会较轻，这些对于汽车应用都是非常重要的因素，而且电池则通常是汽车最重的组件之一。

 “这是电池科学家们正在追寻的一个非常令人激动的方向，”李表示。“已经有实验多次展示出一个锂过量阴极材料能够提供更高的能量密度，大约比目前商业锂电池中阴极材料高出50%左右。”

一个主要的障碍是科学家一起都缺乏对富锂阴极的化学的清晰认识——特别是氧的作用。通常，当一个电池在充电及放电过程中，阴极中的过渡金属会氧化并且释放电子；之后这些电子在阴极和阳极之间穿行并且创造电力。

 “我们与其他人最近一直声称的是你能够令氧气脱离电子，然后又把它放回去，这是相当极端的。这对于阴极的设计是一个重大的想法，”塞德表示。“这篇论文明确表明，这是真的，并且更重要的是，其显示出在何种条件下它能够成为真实情况。”

塞德称，他和其他科学家在超过十五年的时间内一直在猜测氧气在阴极中的作用。“其具有高度争议性，”他说。“我们知道它存在于此。这项研究对我们来说是概念上的一个极大的突破。”

目前在大多数商业阴极中只有三种过渡金属——钴、镍和锰。这些有限的选择限制了电池的设计。更重要的是，它们的可用性是有限的。对钴的需求已经日益激增，并且全球超过45%的钴产量目前都用于锂离子电池，塞德称。

 “这是无法扩展的，”他表示。“如果我们都驾驶电动汽车，只有钴的技术是无法满足这个状况的。”

这项研究是在两年前由于塞德的研究小组发现一种在之前被电池设计师否定的所谓的“无序”阴极结构确实有可能是可行的之后开启的。这促使该小组研究氧气在锂过剩阴极中是如何以及在何时活动的，这与无序阴极的结构类似。

塞德的研究小组开发出一种利用量子力学模拟的新颖方法，用以研究高精度阴极材料的电子电荷转移。他们在伊利诺伊大学的领导下使用伯克利实验室主持的DOE科学用户设施办公室——国家能源研究科学计算中心（NERSC）——以及极端科学与工程发现环境（XSEDE）的超级计算机设施。

这一发现将令科学家更加合理地实现电池设计。“现在我们了解了氧气是如何进行氧化的，以及它是如何在氧化中与过渡金属竞争的，”徐称。“我们现在知道了如何操作过渡金属和氧气氧化来实现更高的能量密度型阴极。”

它也会为他们提供更多的选择。“我们现在能够使用15或20种不同的过渡金属，”塞德称。“我们可以寻找更广泛的化学品来获得阴极，并且我们精确地知道我们想要设计的结构类型。”
Mantis shrimp inspires next generation of ultra-strong materials

The next generation of airplanes, body armor and football helmets crawled out from under a rock—literally.

Researchers at the University of California, Riverside and Purdue University are one step closer to developing super strong composite materials, thanks to the mantis shrimp, a small, multicolored marine crustacean that crushes the shells of its prey using a fist-like appendage called a dactyl club.

Their latest research, to be published in the journal Advanced Materials, describes for the first time a unique herringbone structure, not previously reported in nature, within the appendage's outer layer. It is this tough herringbone structure that not only protects the club during impact, but also enables the mantis shrimp to inflict incredible damage to its prey.

Mantis shrimp, also called stomatopods, come in two varieties: 'smashers' and 'spearers.' While spearers kill prey by driving a spear into soft-bodied sea creatures, smashers kill hard-shelled prey such as crabs and snails by pulverizing them with incredible speed and force. The dactyl club can reach an acceleration of 10,000g, unleashing a barrage of impacts with the speed of a .22 caliber bullet.

For the past eight years, David Kisailus, the Winston Chung Endowed Professor in Energy Innovation in UCR's Bourns College of Engineering, and his team have been studying smashers' dactyl clubs and using them as inspiration in their development of next generation composite materials. Their research is already being translated into real-world products by Nature Inspired Industries, a recent startup led by Kisailus that spun out from UC Riverside's Office of Research and Economic Development.

In previous work, including a 2012 study published in the journal Science, the researchers identified several different regions of the dactyl club, including an interior region—called the periodic region—with an energy-absorbent structure that also filters out damaging shear waves, which travel through objects when they are under stress. This energy absorbing "periodic region" consists of two phases: an organic phase made of chitin—a compound found in the shells of insects and crustaceans—arranged in a helicoidal structure that resembles a spiral staircase, and an inorganic phase comprising amorphous calcium phosphate and calcium carbonate.

The current research, funded by the Air Force Office of Scientific Research under a $7.5M Multi-University Research Initiative that Kisailus leads, describes for the first time a unique herringbone structure within the dactyl club's outer layer, called the impact region.

The video will load shortly

The impact region is a crack-resistant layer that shields the club as the mantis shrimp pummels its prey. However, unlike the periodic region, the impact region consists of crystalline calcium phosphate (the same mineral found in human bone) surrounding the organic chitin fibers. The researchers found that these heavily mineralized fibers were compacted to form a "herringbone structure" that is significantly stiffer than the structure in the periodic region. The highly ordered compacted herringbone structure is a pitch-graded sinusoidal arrangement of helicoidal chitin fibers mineralized with highly textured calcium phosphate.

This unique herringbone structure not only protects the club from failure, but also enables the mantis shrimp to inflict incredible damage to its prey by transferring more momentum upon impact.

Although the mechanism of the formation of the herringbone structure has yet to be confirmed, Kisailus speculates that the difference in stresses during the formation of the crystalline material in the impact region causes the helicoidal arrangement to buckle, which can be viewed under high power microscopy as a herringbone pattern.

Adding an additional layer of complexity, the very outer layer of the impact region is different again, offering a thin, particle-like coating around the surface of the dactyl club that acts to delocalize stress that might induce catastrophic failure within the club.

Nicholas Yaraghi, a graduate student in Kisailus' group who led the current research, said this is the first time the unique herringbone structure has been observed in Nature.

"We knew from previous studies that the impact region allows the mantis shrimp to transfer incredible momentum to its prey while resisting fracture, but it was exciting to reveal through our research that the properties of this highly impact-resistant material are created by the novel herringbone structure," he said.

In order to confirm their hypotheses, Kisailus and his research group teamed up with Pablo Zavattieri, Associate Professor of Civil Engineering and University Faculty Scholar at Purdue University, and his team to perform finite element analyses to understand the role of these structures. The researchers also fabricated the herringbone structure using synthetic materials and a 3D printer.
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The herringbone structure of the outer layer (impact region) of the mantis shrimp dactyl club. Credit: UC Riverside

Zavattieri and his student Nicolas Guarín-Zapata built computational models that replicate the local details of the herringbone structure. These models explained that damaging stress can be more uniformly distributed, mitigating catastrophic structural failure. Compression testing of the 3D printing biomimetic composite also helped prove that the herringbone structure makes the impact region even more effective than the periodic region in redistributing stress and deflecting cracks.

"While the computational modeling results gave us compelling confirmation of the redistribution of stresses in these structures, the "wow" moment came when we tested our 3D printing samples," Guarín-Zapata said.

Kisailus said the discovery of the highly impact-resistant herringbone structure adds new inspiration as his team designs the next generation of materials for a variety of applications, including aerospace, automotive and armor.

"The smasher mantis shrimp has evolved this exceptionally strong and impact-resistant dactyl club for one primary purpose—to be able to eat. However, the more we learn about this tiny creature and it's multi-layered structural designs, the more we realize how much it can help us as we design better planes, cars, sports equipment and armor," Kisailus said.

Kisailus said recent advances in 3D printing techniques and modeling are making it easier than ever to translate the mantis shrimp's weapon into new materials.

"By using 3D printing techniques like those used by Zavattieri's team, we can actually take what we've learned about the architecture of the dactyl club and manufacture new composites with traditional engineering materials like polymers and carbon fiber," Kisailus said. In fact, he says that his team is already fabricating the second generation of composites that incorporates not only the energy-absorbing component, but the stiff outer layer inspired from the mantis. He has demonstrated this by producing a helmet with this hard coating.

More information: Nicholas A. Yaraghi et al, A Sinusoidally Architected Helicoidal Biocomposite, Advanced Materials (2016). DOI: 10.1002/adma.201600786

虾蛄为下一代超强材料带来了灵感
    下一代的飞机、防弹衣及橄榄球员用的头盔是从岩石下方爬出来的——字面上来说。

    河滨加州大学及普渡大学的研究人员更进一步地接近于开发超强复合材料，这要归功于虾蛄，一种小型的五彩式海洋甲壳类动物，它用一个称为指簇的握拳状附属物来粉碎猎物的壳。

    他们即将发表于《先进材料》杂志的最新研究首次描述了一种独特的人字形结构，并不是之前在自然界中所报告的，存在于附属物的外层内。正是这种坚韧的人字形结构，不仅在遭受冲击时保护了指簇，而且令虾蛄对其猎物造成了惊人的伤害。

    虾蛄，也称为皮皮虾，存在两个品种：“粉碎类”及“矛类”。矛类会通过将一支矛推入软体海洋生物体内来杀死猎物，而粉碎类会通过以惊人的速度和力量粉碎猎物来杀死猎物，例如蟹和蜗牛。该指簇能够达到10000克的加速度，以22口径子弹的速度释放出冲击攻势。

    在过去的八年中，UCR伯恩斯工程学院能源创新部门温斯顿·纯·明德教授大卫·卡萨鲁斯及其团队一直在研究粉碎类的指簇，并且将它们作为下一代复合材料开发的启示。他们的研究已经通过自然启发行业被转变为真实世界的产品，自然启发行业是最近由卡萨鲁斯成立的新型公司，由UC河滨分校研究与经济发展办公室延伸而来。

    在以往的工作中，包括于2012年在科学杂志上发表的研究，研究人员确定了指簇的几个不同的区域，包括一个内部区域——称为周期性区域——具有一个同样过滤掉有害横波的能量吸收结构，这种横波在压力下穿过物体。这种能量吸收型“周期性区域”由两个相位构成：一个是由甲壳素制成的有机相位——甲壳素是一种在昆虫和甲壳动物的壳中发现的化合物——以一种类似于螺旋楼梯的螺旋型结构进行排列，以及另一个是包含无定形磷酸钙和碳酸钙的无机相位。

    目前这个由空军科学研究办公室根据卡萨鲁斯领导的价值7500万美元的多大学研究计划进行资助的研究首次描述了指簇外层内独特的人字形结构，称为冲击区域。

    该视频很快就会加载完毕

    该冲击区域是在虾蛄攻击猎物时保护指簇的耐裂层。然而，不同于周期性区域，冲击区域是由围绕着有机甲壳素纤维的晶体碳酸钙（与人骨中发现的物质相同）构成的。研究人员发现，这些重度矿化纤维被挤压形成比周期性区域的结构更加坚硬的“人字形结构”。高度有序的挤压人字结构是具有高度质感的碳酸钙矿化的螺旋甲壳素纤维间距分级式正弦排列。

    这种独特的结构不仅可以防止指簇出现故障，也能够使虾蛄在冲击中以传递更多动力的方式对其猎物造成惊人的伤害。

    虽然人字形结构的形成机制尚未得到证实，卡萨鲁斯推测，在冲击区域中结晶材料形成过程中应力的差异导致螺旋排列发生变形，这可能在高功率显微镜下被看作是人字形图案。

    增加附加层的复杂性，冲击区域最外层会再次不同，在指簇表面提供一个薄的粒子状的涂层，表现为离开有可能在指簇中引起灾难性故障的应力。

    卡萨鲁斯的小组中领导目前的研究的研究生尼古拉斯·亚拉吉称，这是首次在自然中发现独特的人字形结构。

    “我们从之前的研究中了解到，冲击区域令虾蛄在抵抗断裂的同时将难以置信的动力转移给它的猎物，但是我们的研究令人兴奋地揭示，这种高度耐冲击材料的属性是由新的人字形结构创造的，”他表示。

为了证实他们的假设，卡萨鲁斯和他的研究小组与普渡大学的教职员学者兼土木工程系的副教授勃罗·扎瓦蒂耶里及其团队进行联手，进行有限地元素分析以了解这些结构的作用。研究人员还使用合成材料和3D打印机制造人字形结构。
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    虾蛄指簇外层（冲击区域）的人字形结构。图片：UC河滨分析

    扎瓦蒂耶里和他的学生尼古拉·古银-萨帕塔建立了复制人字形结构的局部细节的计算模型。这些模型解释称，破坏应力能够得到更均匀地分布，减少灾难性结构故障。三维打印仿生复合材料的压缩试验也有助于证明，人字形结构令冲击区域在再次分配压力和偏转裂纹方面比周期性区域更加有效。

    “虽然计算模型结果为我们提供了这些结构中应力再分配的引人注目的确认，但是‘哇’的时刻在我们测试我们的3D打印样本时到来了，”古银-萨帕塔表示。

    卡萨鲁斯表示，高耐冲人字形结构的发现在其团队为各种应用设计下一代材料的同时添加了新的灵感，包括航空航天、汽车和装甲。

    “该粉碎类虾蛄已经为一个主要的目的进化了这个特别强的耐冲击指簇——能够被食用。但是，我们更加了解这个小家伙及其多层结构设计的同时，我们就更加意识到它能够对我们设计出更好的飞机、汽车、运动器材和装甲给予多大的帮助，”卡萨鲁斯称。

    卡萨鲁斯称，最新在3D打印技术及建模中的进展令我们比以往更加容易地将虾蛄的武器转化为新的材料。

    “通过使用3D打印技术，例如扎瓦蒂耶里的团队所使用的，我们实际上能够利用我们对指簇的架构所了解到的知识，通过传统工程材料，例如聚合物和碳纤维复合材料，制造出新的复合材料，”卡萨鲁斯称。事实上，他表示，他的团队已经制造了第二代复合材料，不仅采用了能量吸收型复合材料，而且采用了由虾蛄启发的坚硬的外层。他通过生产出具有这种坚硬涂层的头盔来证明了这一点。

Optics Breakthrough to Revamp Night Vision
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When light falls on a very thin, uniform layer almost all of it is reflected (right-hand arrows). By etching thin grooves in the film, the light is directed sideways and almost all of it is absorbed (left-hand arrows) even though the amount of material is very small. Insets show electron micrographs of the structuring. The absorbing layer is only 0.041 μm thick. Credit: Dr Thomas P. White, Australian National University.
A breakthrough by an Australian collaboration of researchers could make infrared technology easy to use and cheap, potentially saving millions of dollars in defense and other areas using sensing devices, and boosting applications of technology to a host of new areas, such as agriculture.

Infra-red devices are used for improved vision through fog and for night vision and for observations not possible with visible light; high-quality detectors cost approximately $100,000 (including the device at the University of Sydney) some require cooling to -200°C.

Now, research spearheaded by researchers at the University of Sydney has demonstrated a dramatic increase in the absorption efficiency of light in a layer of semiconductor that is only a few hundred atoms thick - to almost 99 percent light absorption from the current inefficient 7.7 percent.

The findings will be published overnight in the high-impact journal Optica.

Co-author from the University of Sydney's School of Physics, Professor Martijn de Sterke, said the team discovered perfect thin film light absorbers could be created simply by etching grooves into them.

"Conventional absorbers add bulk and cost to the infrared detector as well as the need for continuous power to keep the temperature down. The ultrathin absorbers can reduce these drawbacks," Professor de Sterke said.

"By etching thin grooves in the film, the light is directed sideways and almost all of it is absorbed, despite the small amount of material - the absorbing layer is less than 1/2000th the thickness of a human hair," he said.

Co-lead author Dr Björn Sturmberg, who carried out the research as a PhD student at the University of Sydney with the support of the Australian Renewable Energy Agency, said the findings did not rely upon a particular material but could be applied to many naturally occurring weak absorbers.

"There are many applications that could greatly benefit from perfectly absorbing ultra-thin films, ranging from defence and autonomous farming robots to medical tools and consumer electronics," Dr Sturmberg said.

The Director of Australia's National Computational Infrastructure (NCI) and co-author, of the paper, Professor Lindsay Botten, said the structures were much simpler to design and fabricate than using existing thin film light absorbers, which required either complex nanostructures, meta-materials and exotic materials or difficult-to-create combinations of metals and non-metals.

"There are major efficiency and sensitivity gains to be obtained from making photo-detectors with less material," he said.

改善夜视觉的光学突破

[image: image7.jpg]



当光照射到一个非常薄且均一的薄层上，它所有的成分几乎都被反射(右手箭头)。通过在一块胶片上蚀刻凹痕，光线顺着刻痕移动，即使材料非常少，但是几乎所有的光都被吸收了(左手箭头)。插图显示的是结构形成的电子显微照片。吸收层的厚度只有0.041微米。来源：Dr Thomas P. White，澳大利亚国立大学。

澳大利亚研究人员合作得到的一个突破可以使红外技术易于应用并且便宜，在使用传感设备的国防部及其他领域可潜在节省数百万美元，并且可以促进其他新领域使用这些技术，例如农业领域。

红外设备可用于改善雾天视觉及夜视觉，也能方便可见光下不太可能进行的观察活动；高品质的探测器成本约100000美元（包括悉尼大学的设备），其中一些需要冷却到-200°C。

现在，由悉尼大学的研究人员领导的研究已经证明能显著提高半导体层对光的吸收率，这层半导体只有几百个原子的厚度——光吸收率几乎提升到了99%，而现阶段所用设备的吸收率很低，只有7.7%。

这些发现将发表在影响力很高的光学期刊上。

论文的共同作者,悉尼大学物理学院的Martijn de Sterke教授说道,通过简单地在胶片上蚀刻凹痕就能制作出完美的光吸收器。

“传统的光吸收率为了使温度保持在较低的水平，需要通过增加红外探测器的体积及成本以及持续输出功率。但超薄吸收器可以弱化这些缺点”，de Sterke说道。

“通过在一块胶片上蚀刻凹痕，光线顺着刻痕移动，即使材料非常少，但是几乎所有的光都被吸收了——吸收层的厚度比人类头发丝的1/2000还要小”，他说道。

文章的共同第一作者，Björn Sturmberg博士，是悉尼大学的一个博士研究生，在澳大利亚可再生能源机构的支持下，进行了这项研究，他说，这个发现并没有依赖于任何特殊的材料，仅是自然界出现的弱吸收器便能做到。

“从国防部到自动农业机器人，再到医疗工具及消费类电子产品，许多应用都能从这完美的吸收超薄胶片获得不菲利益”，Sturmberg博士说道。

澳大利亚国家计算基础设施（NCI）的主任，也是该论文的共同第一作者，Lindsay Botten教授说道：这些胶片制作起来比现存的薄片光吸收器简单地多，也容易制作，现存的胶片光吸收器，要么需要复杂的纳米结构、复合材料和进口材料，要么就是其金属材料和非金属材料非常不易整合。

“有效性及敏感度的主要提升皆是从利用更少的材料制作光子探测器中得到的”，他说道。

3-D printing of patterned membranes opens door to rapid advances in membrane technology
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Patterned membranes were created by 3-D printing. Credit: Hickner Group/Penn State
A new type of 3-D printing will make it possible for the first time to rapidly prototype and test polymer membranes that are patterned for improved performance, according to Penn State researchers.

Ion exchange membranes are used in many types of energy applications, such as fuel cells and certain batteries, as well as in water purification, desalination, removal of heavy metals and food processing. Most of these membranes are thin, flat sheets similar to the plastic wrap in your kitchen drawer. However, recent work has shown that by creating 3-D patterns on top of the 2-D membrane surface, interesting hydrodynamic properties emerge that can improve ion transport or mitigate fouling, a serious problem in many membrane applications.

Currently, making these patterned membranes, also called profiled membranes, involves a laborious process of etching a silicon mold with the desired pattern, pouring in the polymer and waiting until it hardens. The process is both time-consuming and expensive, and results in a single pattern type.

"We thought if we could use 3-D printing to fabricate our custom-synthesized ion exchange membranes, we could make any sort of pattern and we could make it quickly," says Michael Hickner, associate professor of materials science and engineering, Penn State.

In a paper published online today in the American Chemical Society's journal ACS Applied Materials and Interfaces, Hickner's team describes the development of a custom 3-D photolithographic printing process similar in concept to a current 3-D process called stereolithography. The team developed a photocurable mixture of ionic polymers and exposed the mixture under a light projector to harden the base layer. They then added more polymer to the base layer and projected a pattern on the new material to selectively harden the surface. The surface pattern increases the conductivity of the membrane by as much as a factor of two or three.

"Membranes act like a resistor in a battery or fuel cell," says Hickner, who is also a member of the Materials Research Institute. "If you can lower the resistance by a factor of two or three, you've really got something useful."

The paper's lead author, Jiho Seo, a Ph.D. candidate in materials science and engineering , added, "While surface-patterned membranes have been studied previously, this is the first 3-D printed example of these structures and the first model that really explains the resistance decrease in a quantitative way. A simple parallel resistance model describes the effect of the pattern on lowering the resistance of these new membranes. This insight gives us a design tool to continue to innovate and create new patterns for further improvements along with changing the intrinsic chemistry of the material."

The team will continue to optimize the geometry and chemistry of the membranes they print, as well as learn to print new materials, both for membranes and beyond, that have never been printed heretofore.

"We want to bridge the fundamental chemistry and materials science that we do with the engineering and rapid design iterations that the 3-D printing industry is really good at," Hickner concludes.
More information: "3-D Printing of Micro-patterned Anion Exchange Membranes," ACS Applied Materials and Interfaces, 2016.

图案膜的3D打印促进了膜技术的快速发展
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3D打印创造了图案膜。来源：西克诺组/宾州州立大学 

据宾州州立大学的研究人员所言，一种新型的3D打印技术首次使快速成型及测试聚合物膜成为可能，后者能改善图案化的性能。

离子交换膜被用于多种能源应用中，例如燃料电池及某些电池、水的净化、脱盐、去除重金属以及食品加工等。这些膜大部分都是薄的，类似于你厨房抽屉中用的保鲜薄膜。然而，最近的工作表明，通过在2D膜表面创建3D图案，能出现一些有趣的水动力特性，这些特性能改善离子运输以及减轻污染，而污染是许多膜应用中一个非常严重的问题。

目前，制作这些也被称为轮廓膜的图案膜，涉及到一个很费劳力的过程：在硅模上蚀刻已设计好的图案，再浇注在聚合物上，直到它变硬。这个过程既耗时又昂贵，最后得到一个单一的模式类型。

“我们认为如果我们能用3D打印制作我们定制合成的离子交换膜，我们就能制作任何一种图案，并且制作时间比较短”，宾州州立大学，材料学与工程学的助理教授，Michael Hickner说道。

今日在美国化学学会杂志ACS应用材料与界面线上发表的一篇文章中，Hickner的团队描述了自定义三维光刻印刷工艺的发展现状，这个工艺概念上和一个现今被称为光固化的3D工艺类似。该团队研发了一种离子聚合物光固化混合物，并将该混合物暴露在光投影仪下，使底层变硬。然后，他们将更多的聚合物添加进底层，并在新材料上投射一图案，选择性地硬化表面。表面的图案使膜的传导性增强了两到三倍。

“膜在一块电池或是燃料电池中表现得就像一个电阻”，材料研究所成员之一的Hickner说道。“如果你能使电阻降低二或三倍，你就能得到一些有用的东西”。

论文的第一作者,攻读材料科学及工程学的博士研究生，Jiho Seo补充道，“虽然表面-图案膜之前已有研究，但在这是这些结构的第一个3D打印案例，也是以量化的方式真正解释阻抗降低的第一个模型。一个简单的平行阻抗模型描述了这些新膜上的图案对阻抗降低的影响。这一见解，给了我们一个理想的工具，使我们能持续创新，并为进一步改善创造出新的模式，并能改变材料的内在化学性质。

该团队将会继续优化他们所打印之膜的几何和化学，并且也为膜或是其他他们此前从未打印过的东西，学着打印新的材料。

“我们希望能通过3D打印行业真正擅长的工程及快速设计迭代，在基础化学与材料科学之间搭起一座桥梁”，Hickner总结道。

Metal Alloy（金属合金）

Scientists Use Silver to Make Lights Shine Brightly



Artist impression of small clusters of silver atoms (green spheres) trapped in zeolite cages. Credit: Dr Oliver Fenwick

Writing in the journal Nature Materials, the international group of scientists modified a mineral called zeolite, more commonly found in washing powder, to incorporate tiny clusters of silver atoms.

At this very small scale (less than 10 atoms), the silver clusters act very differently and can even emit light.

Lead author Dr Oliver Fenwick from QMUL’s School of Engineering and Materials Science, said: “We’ve shown that silver atoms can be assembled in the porous framework of minerals known as zeolites with a level of control not reported previously. This has allowed us to tailor very precisely the properties of the silver clusters to meet our needs – in this case an efficient phosphor.

“The high efficiency of the materials along with cheap, scalable synthesis makes them very attractive as next generation emitters for fluorescent lamps, LEDs and for biological imaging, for example for highlighting tumours or cell division.”
Zeolites are porous minerals that can be found naturally or produced synthetically on an industrial scale. They are rigid and have a well-defined framework made of molecular-scale channels and cavities.

The researchers from Université de Strasbourg in France, where Dr Fenwick was based when carrying out the study, and KU Leuven in Belgium manipulated the characteristics of the zeolite pores to fine-tune the properties of the clusters of silver.  By tailoring of the zeolite host, they demonstrated luminescence efficiencies close to 100 per cent.

This research is funded by the European FP7 project “Self-assembly in confined space” (SACS) and involves Université de Strasbourg in France and KU Leuven in Belgium.
科学家利用银来令灯再铸辉煌
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被困在沸石笼里的小簇银原子（绿球）的艺术家印象。图片：奥利弗·芬威克博士

在《自然材料》杂志中描绘的，国际科学家小组修改了一种在洗衣粉中较为常见的称为沸石的矿物，在其中纳入了微小集群的银原子。

在这个非常小的规模内（不到10原子），该银团簇表现得非常不同，并且甚至有可能会发光。

QMUL工程与材料科学学院的博士兼主要作者奥利弗·芬威克表示：“我们已经表明，银原子通过之前未曾报告过的一定水平的控制就能够在称为沸石的矿物质的多孔框架中得到组装。这令我们能够非常精确地调整银团的属性来满足我们的需求——在这种情况下会成为一种高效的荧光粉。”

 “材料的高效率以及廉价及可扩展合成性令它们对于成为下一代荧光灯、LED以及生物成像的发射器极具吸引力，例如用于突出肿瘤或细胞分裂。”

沸石是一种在自然界能够发现是在工业规模上合成产生的多孔矿物。它们是刚性的，并且具有分子规模的通道和空腔的一个明确的框架。

来自芬威三博士进行该研究的场所法国斯特拉斯堡大学以及比利时UK鲁汶的研究人员操纵沸石孔的特性，从而对银簇的性质进行了微调。通过对沸石宿主进行调整，它们表现出接近于100%的发光效率。

这项研究是由欧盟FP7项目“密闭空间的自我组装”（SACS）进行资助的，并且涉及了法国斯特拉斯堡大学及比利时的KU鲁汶。
Replacing noble metals with nickel

Chemical synthesis can transform commodity chemicals into complex life-saving drugs, household products, or advanced materials. But this "alchemy" can also produce huge amounts of toxic waste or require harsh and dangerous conditions—and often relies on expensive and rare heavy metals to spark reactions.

In recent reports in the journals Dalton Transactions and the Journal of the American Chemical Society, the research team of Liviu Mirica, associate professor of chemistry in Arts & Sciences, has developed novel methods for generating the buildings blocks of important compounds with the common metal nickel.

The work expands scientists' toolbox for nickel-based chemistry and contributes to the movement of "green chemistry" toward a 21st century of sustainable synthesis.

"Chemistry is 'greener', or more environmentally friendly, when chemical transformations are more efficient, fewer side products are produced, and most importantly the synthesis process creates less waste," Mirica said.

Toward this end, his lab researches how to elegantly create new compounds in as few steps as possible and with more sustainable catalysts, like nickel.

Using metals to goose carbon chemistry

Joining carbon atoms together in new combinations is the foundation of organic chemistry. But some carbon atoms are very stable. Those in carbon-hydrogen (C-H) bonds, for example, are considered unreactive and it can be difficult to coax them to create a new carbon-carbon (C-C) bond. So chemists like Wen Zhou, the postdoctoral scholar who is the first author of the two recent reports, rely on metals to "activate the bond," and make it more reactive. A metal atom, with its complex and diverse array of electrons, can help shuffle carbons around to make new compounds.
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Nickel’s position in the periodic table, in the same group as the expensive metals palladium and platinum, hints that it shares chemical properties with them. Credit: Washington University in St. Louis

The rare metals palladium and platinum have been used for decades for this reason, but they are expensive. Nickel, in the same chemical group, could be used for similar reactions if its properties were understood better.

"It turns out nickel is quite a bit more reactive than palladium," Mirica said.

This greater reactivity allows reactions to proceed quickly and easily, but requires controlling the chemistry tightly to avoid producing unwanted side products.

A four-toothed chemical assistant

The scientists' key development was the creation of a new four-pronged molecule, known as a tetradentate ligand, which acts like the pocket of a baseball glove to grasp the nickel atom. When carbon-containing compounds also bind to the nickel center, the electrons can reshuffle to form a new C-C bond.
"These new ligands are able to stabilize the nickel center in different oxidation states, while also promoting rapid C-C bond formation reactivity," Zhou said.

The right balance of stability and reactivity allowed the scientists to create new bonds with cheap, safe and abundant nitriles, a class of carbon-containing compounds that can be turned into a whole range of useful chemical groups in simple synthetic steps.
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Key innovation in nickel-based green chemistry is a four-pronged molecule (N1, N2,N3 and C24) that holds a nickel atom (Ni1) in such a way that it can participate in the bonding of two carbon atoms (C1 and C29). When an oxidant is added, the Ni center joins C1 and C29 together to create a new molecule. Credit: Washington University in St. Louis

The new ligand also gave the scientists the opportunity to explore nickel(III), a little-understood "oxidation state" of nickel missing three electrons (by convention, reactions that remove electrons are called oxidation reactions). The combination of nickel(III) and the new ligand promoted a reaction with two carbons, essentially condensing several steps into one.

And the final reaction took place in just a few minutes at room temperature, while similar reactions with other metals might need high temperatures, harsh conditions for hours or days.

Still, the novel ligand the scientists developed requires its own complicated synthesis and specialized conditions to produce. Zhou wants to learn how to condense the process down further, into something that could be scaled up one day, while expanding the type of new bonds that can be promoted by nickel.

"We want to simplify the system," Zhou said. "This ligand is pretty big and kind of hard to synthesize. However, it provided us insight into how to stabilize nickel(III) and now we're working on developing simpler systems that can perform similar reactions."

The hope is nickel could replace the rare and pricey heavy metals that have been used for years in the chemical industry and research labs like Mirica's.

"In the past, people have used platinum for catalyzing various difficult reactions, but it's very expensive," Zhou said. For example, his platinum wedding ring cost more than $100 a gram.

"Then people switched to palladium—an excellent catalyst for a large number of chemical reactions. But still palladium is not ideal because it's also a precious metal and is found in limited quantity."

Shuffling around for a five-cent coin to make his point, Zhou said, "For nickel, you know how cheap it is."

More information: Wen Zhou et al. Oxidatively-induced aromatic cyanation mediated by Ni(), Dalton Trans. (2016). DOI: 10.1039/c6dt00064a

通过镍来替换贵金属

    化学合成可以将商品化学物质转化为复杂的救命药品、家用产品或者先进的材料。但是这种“炼金术”也能产生大量的有毒废物或是要求苛刻和危险的条件，并且往往依赖于昂贵且稀有的重金属来引发反应。

    在道尔顿交易杂志和美国化学协会杂志最近发表的报告中，艺术与科学学院化学系的副教授利维乌·米里卡领导的研究小组已经开发出新的方法来通过普通金属镍来生产重要的化合物的建筑块。

    这项工作扩展了科学家们的镍基化学品的工具箱，并且有助于“绿色化学”的活动朝着21世纪的可持续合成发展。

    “化学品更加‘绿色’，或是更加环保，当化学转化更加有效时，会产生更少的副产物，并且更重要的是，合成的过程会产生较少的废物，”米里卡称。

    为了实现这个目标，他的实验室研究了如何通过更可持续的催化剂——例如镍——以尽可能少的步骤简练地制造出新的化合物。

使用金属破坏碳化学品

在新的组合中加入碳原子是有机化学的基础。但是一些碳原子是非常稳定的。例如，那些碳-氢（C-H）键中的碳原子被认为是不反应的，并且引诱它们来创造新的碳-碳（C-C）键可能是非常困难的。因此像周文这样的化学家，这位在最近的两份报告中担任第一作者的博士后学者，依赖金属“激活键”，并且令其更加具有活性。金属原子，通过其复杂多样的电子陈列，能够帮助周围的碳制造出新的化合物。
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    在周期表中镍的位置，与昂贵的金属钯和铂属于相同的组，这表明它与昂贵金属共享着化学性质。图片：圣路易斯华盛顿大学

    稀有金属钯和铂几十年来出于这个原因一直被人们使用，但是它们非常昂贵 。镍，在相同的化学群组中，可能在其属性得到更好地了解之后被用于类似的反应。

    “结果是镍比钯具有更多的活性，”米里卡称。

    这个更大的反应令反应快速和方便地进行，但是需要紧密控制化学品以避免产生不需要的副产物。

    一个四齿化学助剂

    科学家们重要的发展是一个新型四管齐下的分子的创造，称为齿配体，其反应就像是抓住镍原子的棒球手套的口袋。当含碳化合物也与镍中心结合时，该电子能够改组以形成一个新的C-C键。

    “这些新的配体能够在不同的氧化态下稳定镍中心，同时也能够促进快速的C-C键形成反应，”周表示。

稳定性和反应性的最佳平衡令科学家们通过廉价、安全和丰富的腈类创造出新的键，腈类是一组含碳化合物，能够在简单的合成步骤中转变为整个有用的化学基团。

[image: image15.jpg]



    镍基绿色化学品方面的主要创新是一个四管齐下分子（N1,N2,N3和C24），其以这样一种方式持有镍原子（Ni1），其能够参与两种碳原子（C1和C29）的键合。当添加氧化剂时，Ni中心同时加入了C1和C29以创造一个新的分子。图片：圣路易斯华盛顿大学

    新的配体也给科学家们提供了一个探索镍（III）的机会，是一种鲜为人知的损失三个电子的镍的“氧化态”（按照惯例，去除电子的反应被称为氧化反应）。镍（III）与新的配体的结合促进了双碳的反应，基本上将几个步骤缩短为一个。

    并且最终的反应会在室温下仅需几分钟的时间就能够发生，同时与其它金属发生的类似反应可能需要更高的温度，以及数小时或数天的苛刻条件。

    尽管如此，科学家们开发的新配体需要其自身的复杂合成以及专门的条件来进行生产。周想要了解如何进一步地减少程序，转变为可能会扩大成一天的事物，同时扩展能够通过镍促进的新键的类型。

    “我们希望简化该系统，”周说。“这个配体非常大，并且难于合成。然而，它为我们提供了如何稳定镍（III）的洞察力，并且目前我们正在研究开发简单的能够进行类似反应的简单系统。”

    该希望是镍能够替代多年来在化学行业的马里卡的实验室这样的研究实验室中所使用的稀有且昂贵的重金属。

    “在过去，人们使用铂来催化各种高难度的反应，但是它非常昂贵，”周说。例如，他的铂金结婚戒指花费了100多美元每克。

    “于是人们转向了钯——一种优良的催化剂，能够进行大量的化学反应。但是钯仍然不是非常理想，因为它也是一种贵金属，并且数量有限。”

    以五美分的硬币左右的价格表明了他的观点，周说，“对于镍，你知道它是多么的便宜。”

Composite Materials（复合材料）

Haydale and Flowtite Technology to Create Next Generation GRP Pipe Products

Haydale Graphene Industries has signed a new joint development agreement (JDA) to develop class-leading pipeline solutions utilising advanced materials technology including Haydale functionalised graphene based thermosetting resin masterbatches.

Flowtite Technology is the wholly owned GRP Pipe technology and R&D Centre of The Saudi Arabian Amiantit Company (Amiantit) who Haydale explains is the world's largest GRP pipe company which has to date delivered over 6 million metres of pipe across five continents. According to Haydale, the company has annual revenues in excess of USD$700 million, and is a leading global supplier of water transport, sewer, irrigation and gas systems.

A joint research programme is now underway between Haydale and Flowtite Technology, Amiantit’s R&D headquarters based in Norway. Under the terms of the two year agreement Haydale explains it will, assuming a successful outcome from the initial trial, grant Amiantit exclusive worldwide rights to develop its unique technology in next generation GRP pipe systems for water and sewerage applications.

Ray Gibbs, CEO of Haydale said, "We are delighted to be working with Amiantit, the global leader and leading innovator in its sector. This is a very significant market internationally and we couldn't hope for a better partner to validate our technology and create superior pipes for the water and sewerage industry."

Nick Crofts, Managing Director of Amiantit Europe added, "Amiantit is always seeking to increase customer value through superior design, technology and quality. We focus on enhancing the hydraulic, mechanical, thermal and electrical properties of our pipelines. Haydale brings proprietary materials technology including functionalised graphene and carbon nanotubes. These materials have already demonstrated significant performance benefits within composite materials." 

Haydale和Flowtite技术，创造下一代GRP管材

Haydale石墨烯产业签署了一项新的联合开发协议（JDA）,利用先进的材料技术，包括基于热固性树脂母料的haydale功能化石墨烯，以发展领先级别的管道方案。 

Flowtite技术拥有GRP管材全套技术，并且据Haydale所言，沙特阿曼特公司的R&D中心（阿曼特）是全世界最大的GRP管材公司， 迄今已向五块大陆输送了超过600万米的管道。据Haydale所言，该公司的年收益已超过7亿美元，在全球的水上运输、排水、灌溉和气体系统供应商中，处于领先地位。

Haydale和Flowtite技术现在正进行一个联合研究项目，阿曼特的研发总部设在挪威。Haydale解释道，根据两年的协议条款规定，若是最初的实验能获得成功，就会在用于供水及下水道系统的下一代GRP管道系统中，授予阿曼特其独一无二技术的全球独家研发权。

阿曼特的首席执行官，Ray Gibbs说道，“我们非常愿意和阿曼特合作，阿曼特是其领域的全球领跑者也是主要创新者。这是一个非常重要的国际市场，验证我们的技术，以及为供水及下水道工业创造出更好的管道方面，没有比阿曼特更好的合作者了”。

Nick Crofts, 阿曼特欧洲部的常务董事补充道，“阿曼特经常寻求通过更卓越的设计、技术以及质量，以提高客户价值。我们专注于增强我们管道的液压、机械、热及电性能。Haydale带来了其专有的材料技术，包括功能化石墨烯和碳纳米管。复合材料中，这些材料已经显示出其重要的性能优势。

Stratasys Showcase New 3D Printing Solutions Designed to Reduce Time and Cost of Composite Tooling

Stratasys has released a new 3D printing solution for composite tooling, introducing composites manufacturers to new operational efficiencies, greater design freedom and faster time to market.

According to Stratasys, 3D printed sacrificial tooling, or more specifically 3D printed moulds and mandrels, enable manufacturers to rapidly and cost-effectively create complex composite parts with geometries that would normally trap the tool. To further improve the process, Stratasys is introducing an innovative sacrificial tooling solution. It features Stratasys’ new ST-130 material along with alternative fill patterns (patent pending) designed for faster dissolution, rapid build speed, and greatly improved tool quality and autoclave performance.

“Stratasys produced composite tools allows us to develop the same types of products much faster without compromising quality or performance of the part,” said Rick Heise, President, Swift Engineering.

The new ST-130 material is available for the Stratasys Fortus 450mc and 900mc Production 3D Printers.

Stratasys explains that, traditional manufacturing methods for high-performance, polymer matrix composite structures require the use of hard tooling for the mould or mandrel that dictates the final part shape. Whether made from metal or specialty non-metallic materials, fabricating this tooling requires significant labor and machining resources - leading to high costs, waste, and long lead times sometimes stretching into many months for more complex tools.

In contrast, Stratasys says its 3D printed composite tooling using ULTEM 1010 enables manufacturers to produce high temperature (>350°F), autoclave cured composite structures in a fraction of the of time need for traditional tooling, while also achieving cost savings.

To immediately capitalise on these advantages, Stratasys has launched a comprehensive Design Guide that will provide essential data and guidance for 3D printed composite tooling. Tim Schniepp, Composite Tooling Director, Stratasys presented an overview of the Guide at SAMPE with a technical paper entitled ‘Design Guide Development for Additive Manufacturing of Composite Tooling’.

“We developed the Design Guide to provide our customers with the ability to immediately realise the time and cost-saving benefits of FDM-based 3D printed composite tooling without the effort and expense required to develop the knowledge independently. This allows Stratasys users to better leverage their time and resources in addressing their manufacturing challenges,” said Schniepp.

Producing the large composite parts and associated tooling typically used in aerospace, automotive and other demanding applications can take several weeks to many months for fabrication.  

To reduce production time and costs, Stratasys has developed the Fortus 900mc Acceleration Kit.  This new solution allows very large tools to be produced up to three times faster in ASA and ULTEM 1010 materials.

Stratasys展示其设计用于减少复合模具时间和成本的新3D打印解决方案

Stratasys为复合模具推出了新3D打印解决方案，复合材料制造商的运行效率更高，设计自由度更大，上市时间更短。

据Stratasys，3D打印的献祭工具，或者更具体地说,3D打印的模具和芯轴,使制造商能更快速省钱地依照几何创建复杂的复合材料部件,这些部件的通常会使工具陷入陷阱。为了进一步改善此过程，Stratasys正引入一种新的献祭工具解决方案。它使Stratasys公司的新替代填充图案的st-130材料特点鲜明，（专利申请中）设计旨在更快的溶解、快速的构建速度，大大提高了刀具的质量和高压性能。 

“Stratasys生产的复合工具，使我们开发同一类型的产品的速度快了许多，但质量或者部件的性能却不受影响”，快速工程部的主席， Rick Heise说道。

新st-130材料可用于Stratasys Fortus 900mc及450mc 3D打印机的生产。 

Stratasys公司解释说，传统的高性能、聚合物基复合材料的制造方法要求使用硬模具塑模，或者使用芯轴引导最后一部分成形。无论是用金属材料还是非金属材料，制造这个模具都需要大量的劳动力及加工资源——导致成本高昂，浪费，并且有时为了更复杂的工具而使工期迁延数月之久。

与此相反，Stratasys公司说道其3D打印复合材料模具采用的是Ultem 1010，厂家能在高温（＞350°F）下生产，高压釜固化复合结构的加工时间也短于传统加工时间，同时也能实现成本节约。 

为了立即利用这些优势，Stratasys公司已经推出了一个综合的设计指南，为3D印刷复合工具提供必要的数据和指导。 Tim Schniepp，复合模具主管，Stratasys公司就SAMPE指南发表了一篇技术文章，题为“为复合模具的添加制造设计指导发展”。 

“我们开发设计指南，使我们的客户能够立即实现基于FDM的3D打印复合工具节省时间及成本的效用，而不必花费额外的精力和费用自主了解相关知识。这使得Stratasys公司用户能更好地利用自己的时间和资源解决他们在制造过程中遇到的挑战”，Schniepp说道。

生产用于航空航天，汽车和其他苛刻应用所需的大型复合材料部件及相关工具可能需要几周甚至几个月的时间才能完成制造。  

为了减少生产时间和成本，Stratasys公司正在开发Fortus 900mc加速开发工具包。 这一新方案使ASA和ULTEM 1010材料的大型工具的生产速度快了三倍。

Aliancys Enables Brandenburger to Speed up Production

Relining is the technology of choice for sewer repair, as the no-dig feature brings minimal disruption of traffic, residents and the environment.

According to Brandenburger it has been supplying liners for UV cure installation for many years. CEO Tim Brandenburger explains how his company is currently reinventing itself for better servicing the relining market and for making relining an even more sustainable renovation solution.

Utility companies and municipalities rely on the uninterrupted operation of their sewer networks. Whenever they find a leak or a damaged pipe, they want to repair the pipe quickly so that any disturbance to the environment can be minimised. After renovation, the pipes must be strong and durable, which means the installed liners fit well in the host pipe and can resist the aggressive chemical conditions for years to come.

Brandenburger has been operating for three generations and says it is at the forefront of selling UV curable liners of high quality, adding that it has seen a healthy growth of its business in recent years. In view of the condition of the sewers in most European cities and the continued need for renovation, Brandenburger is very optimistic about the future market growth potential.

Its new BB2.5 liners can easily follow the curves of the host pipe during installation, are expandable and therefore can easily follow sudden diameter changes. The result: a smooth and strong liner that perfectly fits the shape of the host pipe, extending the life of the combined pipe for many decades.

“But clearly we cannot sit down and relax,” says Tim Brandenburger, “The market is becoming more competitive and many more installation companies are fighting for the volume. So we need to differentiate ourselves and maintain our competitiveness.” Consequently, Brandenburger’s strategic objective is to provide the best service in the market, while selling liners of excellent quality.

After several years of development, the Brandenburger liner manufacturing process has a very flexible set-up, allowing the production of liners easily within a day. Instrumental to this success is the ability to impregnate the glass fabrics with UV curable resin and achieve high levels of thickening in only 4 hours (while before, thickening could easily take a week).

“Aliancys has provided us with a unique technical solution that really makes the difference in our production,” comments Brandenburger. “If our customer has a challenge we can react fast and provide great service, because we know we can make a tailored liner at short notice. We have been able to protect this great technology by patents, and we are very proud in passing on the benefits to our customers.”

“Aliancys and Brandenburger have a similar business philosophy: selling consistent products with predictable performance; providing great support for continuous improvement and cost reduction; leading innovation to push the limits of the current technology,” adds Brandenburger. “I believe that for that reason Aliancys is a great supplier to us, as their quality resins and smart people help to build a healthy future for both.”

Aliancys使布兰登伯格生产速度加快

换衬是下水道维修的首选技术选择，其不用挖掘的特点，使得对交通、住户以及周围环境的扰动最小。

据布兰登伯格，它多年来一直为UV固化装置提供衬垫。该公司的首席执行官 Tim Brandenburger 解释了他的公司现在如何重塑它自己，从而能为市场服务，甚至使换衬成为一个更加可靠革新的方案。

公用事业公司和市政公用事业公司皆依赖于他们的污水管网的不间断运行。 无论何时他们发现一个漏水或是受损的管道，他们都想快速修复它们以使对环境的影响能降到最小。革新后，管道必须得坚固耐用，这意味着安装的衬垫和主管需契合得非常好，并且能长年累月地抵抗恶劣化学环境的侵蚀。

布兰登伯格已经经营了三代,并说它在销售高质量的UV固化衬垫方面一直处于前列，且最近几年其业务也在稳健增长。从大多数欧洲城市的下水道情况来看，仍需要革新，而布兰登伯格对未来市场增长潜力持非常乐观的态度。

其新的BB2.5衬垫在安装过程中，很容易地便能和主管曲线贴合，并且具有可扩展性，因此，若是管道直径突然变化也易于贴合。其结果是：一个光滑的并且强韧的衬垫，完美吻合主管形状，使组合管的寿命延长了几十年。

“但现在明显不是我们坐下休息的时候”，Tim Brandenburger说道，“市场竞争越来越严峻，更多的安装公司都在竞争订单数量。因此我们需要突出自我并且保持竞争力”。因此，布兰登伯格的战略目标是在市场上提供最好的服务，销售优质内衬。

经过几年的发展，布兰登伯格衬垫制作过程变得非常灵活，一天时间内便能很容易地生产出衬垫。利用UV固化树脂浸渍玻璃纤维，使成功来得更加简便，并且4小时内就能增厚到一个很高的水平(之前，增厚最起码需要一周时间)。

“Aliancys提供给我们一个独特的技术方案，真正使我们的生产过程与众不同”，Brandenburger评论道。“如果我们的客户提出挑战，我们可以快速反应并能提供优质服务，因为我们知道我们可以在短期内就为客户家的下水道量身定制一个衬垫。我们已经能通过专利保护这项卓越的技术，并且我们对能给客户带来便利，感到十分自豪”。

Brandenburger补充道：“Alliancys和布兰登伯格的经营理念非常相似：销售产品和其可预测的性能一致；为持续改进以及节约成本提供大力支持；引领创新以克服当前技术局限”。“我认为因为这一原因，Aliancys才成为我们公司的一个大供应商，它们的优质树脂以及聪慧的员工都有助于双方共建一个美好的未来”。

Practical Application（实际应用）

Liquid by-products from wood and forest industry find use in wood-plastic composites

A novel method for adding liquid by-products from the wood industry into wood-plastic composites (WPCs) prior to manufacturing was developed in a new study from the University of Eastern Finland. The study also discovered that proton-transfer-reaction mass-spectrometry (PTR-MS) is a suitable method for measuring the amounts of volatile organic compounds, VOCs, released from WPCs.

Wood-plastic composites—replacing plastics with wood

There is an increasing need to find new alternatives for crude oil based materials such as plastics. WPCs are natural fibre composites with properties of both plastic and wood. These composites are used, for example, in buildings and in the manufacture of automobiles. It is estimated that the production of WPCs will experience an annual growth of 14% between 2014 and 2019.

Wood and plastics are very different materials in terms of their chemical properties, which is why additives are used in WPCs to enhance the compatibility of these constituents. Additives are also used to improve composites' water absorbing and weather resistance properties, among other things. However, some additives are rather expensive and their incorporation into WPCs is not straightforward. Thus, WPCs are in need of novel and effective additives that are based on renewable resources.

Putting waste to good use—liquids separated from wood as additives in WPCs

In the study, liquid by-products generated from biochar production and heat treatment of wood were added to WPCs, and the effects of the additions on the composite properties were analysed. The findings have relevance for two different industries as the wood industry by-products are more extensively used in the WPC industry.

The findings of the study show that liquids separated from wood can be added to WPC granulates using the method developed in the study. Composites treated with liquids performed better in injection moulding and the samples of each material type were very homogeneous. Furthermore, the addition of liquids extracted from wood significantly reduced the water absorption of the composites and in some cases improved their mechanical properties.

PTR-MS gives information about VOCs quickly

The study also examined the suitability of PTR-MS for analysing the amounts of VOCs released from WPCs. The advantages of the method include a short analysis time and the opportunity to monitor the release of VOCs in real time. The study suggests that PTR-MS is a suitable method for analysing the amount of VOCs released from WPCs.

Clear and consistent differences between different WPCs and amounts of VOCs released were found using PTR-MS. For example, significant amounts of VOCs were released right after manufacturing. The amounts of VOCs released grew after the addition of liquid by-products from biochar production and heat treatment of wood; however, the emission levels of harmful compounds did not increase to a level that would be hazardous.

More information: Effects Of Thermally Extracted Wood Distillates on the Characteristics of Wood-Plastic Composites
Provided by: University of Eastern Finland 

木材和森林工业的液体副产物能被用于木材-塑料复合材料 

东芬兰大学的一项新的研究研发了一项新奇的方法，制造前将木材行业产生的液体副产物加入木材-塑料复合物中(WPCs)中。该研究也发现，质子转移反应质谱（PTR-MS）是一种测量从WPCs中释放出的可挥发性有机复合物VOCs的合适方法。

木材-塑料复合物--以木料代替塑料

现在越来越需要找到新的基于塑料等可替代原油的材料。WPCs是天然纤维复合物，同时具有塑料和木材的性质。比如，这些复合物可用于建筑及汽车制造业。据估计，在2014-2019年，WPCs的年使用率会上升。

就化学性质方面，木材和塑料是非常不同的材料，这也是为何要在WPCs中加入添加剂以增强它们的相容性。在其他事物中，添加剂也被用于改善复合材料的水吸收性以及天气抵抗能力。然而，一些添加剂相当昂贵，而且它们也不是直接整合进WPCs中的。因此，WPCs需要基于可再生资源的新奇有效的添加剂。

废物利用--从木材中分离出的液体可作为添加剂用于WPCs中。

在本研究中，将生物炭生产及木材热处理过程中产生的液体副产品添加进WPCs中，并且分析了这些添加剂对复合材料性质的影响。这些发现和两个不同的行业有关，木材行业产生的副产品在WPCs行业应用更加频繁。

该研究的发现显示从木材中分离的液体，通过研究中所述的方法，能被添加进WPCs颗粒中。用液体添加剂处理过的复合材料在注射模塑中表现更好，并且每个材料类型的样品是非常均匀的。 此外，从木材中提取的液体添加剂显著降低了复合材料的水吸收并且在有些情况下，改善了它们的机械性能。

PTR-MS快速提供关于VOCs的信息。

该研究也检测了PTR-MS是否适用于分析从WPCs中释放出VOCs量。该方法的优势包括：分析时间段，以及能实时检测VOCs的释放。该研究提示，PTR-MS适用于分析从WPCs中释放出的VOCs的量。

利用PTR-MS可以发现不同WPCs之间清晰稳定的不同，以及VOCs的释放量。例如，在制作完成后，会有大量的VOCs释放出来。在添加进生物炭生产以及木材热处理过程中产生的液体副产品添加剂后，VOCs释放更多；然而，有害物质的释放水平并没有上升到危险水平。

更多信息： 

提供方：东芬兰大学  

This is dysprosium—if we run out of it, say goodbye to smartphones, MRI scans and hybrid cars

The next gold rush could be in outer space, but the treasures luring modern-day prospectors won't adorn lavish jewelry. 

They are rare earths, a group of 17 chemical elements with tongue-tying names such as yttrium and thulium that are used in televisions, cell phones, laptops, cars, cancer treatment drugs, nuclear reactor shielding, aircraft engines, and weapons. Coveted for their magnetic and conductive properties, they make technologies faster, stronger, lighter, and more efficient.

"Without rare earths and the miniaturization capabilities they provide, computers would be the size of classrooms instead of the size of smartphones," says Julie Michelle Klinger, an assistant professor of international relations at Boston University's Frederick S. Pardee School of Global Studies and an expert in the politics of development, environment, and security in Latin America and China. 

In recent years, fears that the earth's reserves of these elements will someday be exhausted have helped fuel a race to harvest them, particularly among countries such as the United States, China, and Brazil. Experts point to Bayan Obo, a mining district in Inner Mongolia dubbed "the rare-earth capital of the world," which could be mined out in 50 years, and they are eyeing untapped sources like the Amazon, and even the asteroids in our solar system.

Klinger, whose research on rare earths and the geopolitics surrounding them will be published in the forthcoming book Rare Earth Frontiers, is less concerned. For one thing, she says, rare earths are not rare. While the elements were believed to be scarce when they were discovered in Sweden in the 18th century, they are in fact "remarkably well distributed in the Earth's crust. We could go dig along the banks of the Charles River in Boston and probably find some traces of them," she says.

According to Klinger, rare earths make up almost one-fifth of naturally occurring elements, and are more than twice as abundant as copper in the Earth's crust. And we don't gobble them nearly as quickly as we have with copper. That's because rare earths are to technology what baking soda is to chocolate chip cookies: a little goes a long way. According to a report from Adamas Intelligence, which publishes research on metals and mining, global consumption of rare earths was just over 120,000 metric tons in 2014, compared to copper at nearly 22 million metric tons.

What does concern Klinger is a "structural scarcity" of rare earths. Only one country—China—produces the vast majority of the elements, and while China's resources are abundant, they're not limitless, as concerns over Bayan Obo's supply show. Klinger says the space race, in part attributed to the quest for rare earths, is really driven by political agendas—a chance for countries and companies to stake a claim to previously protected territories, gaining wealth and power in the process. Her research has uncovered many historical examples of countries engaging in high-stakes brinkmanship involving rare earths, and she says some global players may be gearing up to do the same again. Such posturing is unnecessary, says Klinger. A better way to keep our computers portable without sabotaging international relations or strip-mining asteroids would be to change the way we currently harvest rare earths. Another may be to stop calling them rare.

Explosive Discoveries 

Almost as soon as scientists figured out what to do with rare earths, the elements became essential to daily life—and to warfare. In the 1880s, cerium was used to help create the first gas mantle lantern and later the "flint stone," which sparks when struck and is still used in cigarette lighters, cars, and weapons. Klinger's research shows that as technological progress called for more and different rare earths, they became enmeshed in politics and even war. When Scandinavia's supply could no longer sate the appetites of resource-hungry European powers, imperial masters began digging up colonial lands in the hunt for more. Finding and dominating access to rare earths became even more important as, by World War I, cerium was essential in the manufacture of fuses and explosives. In the 1920s, Klinger notes in a paper for The Extractive Industries and Society, Imperial Japan "organized local puppet governments, engaged in prospecting activities and took over heavy industry and munitions factories" in China to gain control of the country's natural resources, including rare earths. In the mid-20th century, rare earths were being used in more sophisticated weapons: neodymium in intercontinental ballistic missiles and laser weapons; samarium in nuclear reactors. The race to control rare earth production was on. In 1948, Klinger notes that India stopped exporting monazite—a mineral rich in rare earths and thorium, an atomic energy source. The United States tried to bargain with grain to relieve the country's famine, hoping to gain a Cold War ally. India refused, crushing US hopes that a deal would help stem Soviet influence in India.

US worries about supply were eased in 1949 with the discovery of a mine in Mountain Pass, California, and from the 1960s to 1990s, America was the dominant rare earth producer.

But it would soon be overtaken by China.

In the 1950s, when China and the Soviet Union were working to build their military, Bayan Obo "received so much Soviet investment, planning, and expertise, and that laid the groundwork for the place to eventually emerge as the rare earth capital of the world," says Klinger. Globalization also played a role in the ascendance of Bayan Obo; in the 1980s, companies around the world began subcontracting aspects of rare earth mining to China to save money—and to avoid the environmental regulations of their home countries. Mining rare earth deposits, which tend to form alongside those of radioactive elements, is difficult and messy work. Pipes used to divert the radioactive waste from processing sites are at risk of bursting—dumping acids, cancer-causing elements, and other harmful materials into soil and groundwater. At Mountain Pass, which Klinger says was using a structurally unsound and unusually long pipeline to divert wastewater containing radioactive salts, there were roughly 60 reported spills between 1984 and 1998.

In 2000, Mountain Pass, plagued by environmental violations and competition from China, shut down. The closure handed market dominance to China, which at the time was mining more than 95 percent of the rare earths used worldwide; it imposed export quotas, which rankled top importers such as the United States and Japan. A decade later, it halted rare earth exports to Japan in retaliation for a maritime border clash, which helped send prices up as high as 2,000 percent.

"The world woke up to its dependence on China," says Klinger. "This unleashed a flood of speculation and prospecting" in locations such as Greenland, Texas, Canada, and Brazil.

Today, with tensions between the United States and China running high over information hacking and territorial disputes in the South China Sea, Klinger says a clash over rare earths could help tip the countries into an outright confrontation.

"We're at a very critical moment with respect to political and geopolitical relations between the US and China," she says. "There are actors on either side who are intent on engaging in saber-rattling discourses and pointing to one reason or another why conflict between the US and China is either inevitable or necessary. Reliance on China for rare earth elements simply adds more fuel to those fires."

Wealth and Power

The global prospecting sparked by China's export restrictions isn't purely about national security—or even keeping the world's cell phones and x-ray machines switched on—according to Klinger. It's about power. Setting up large-scale mining in the Amazon, for example, would allow the Brazilian government greater control over land currently managed by a federation of 28 indigenous ethnic groups. The federation's power—even the military has to ask permission to cross their land, says Klinger—is "seen as an affront to Brazil's sovereignty because there's a perception among some, including in the Brazilian federal government and in the Senate, that indigenous people are the puppets of foreign governments because so much funding from northern nongovernmental organizations has gone to supporting these indigenous people and their causes."

The interstellar gold rush is little different. In November 2015, Congress passed the SPACE Act of 2015, granting citizens the right to mine and sell material from outer space. The legislation was cause for rejoicing among asteroid mining companies that stand to make a fortune plumbing space for water, industrial metals, and rare earths. These companies have already taken the first step toward mining: In July 2015, Planetary Resources launched a spacecraft to test control systems and other technologies necessary for asteroid prospecting. Klinger attended a 2015 space mining conference where private space industry representatives were "invoking the rarity of rare earth elements, and the fact that we're running out of them here on Earth."

As Klinger sees it, the SPACE Act of 2015 is largely an attempt to place outer space under US jurisdiction. "And if you can cut through all of the fluff about outer space and the great frontier in the transcripts discussing this bill," she says, "what you see is actually this directly undermines" the 1967 Outer Space Treaty signed by the United States, Russia, and other countries. That treaty "enshrines outer space as belonging to all of humankind," she says, and "was explicitly organized to minimize conflict in respect to outer space." She adds, "One of the rather potent and persuasive debates in the US surrounding the promotion and ultimate passage of this law was fear that China would 'colonize' the moon if we didn't get there first." Klinger hopes other countries won't take the SPACE Act seriously, because their doing so could lead to a global conflict.

Undoing the Damage

Klinger believes there are better ways to maintain a steady production of rare earths than cutting down rainforest or launching heavy machinery into space. First, she says, China's efforts to reduce production should be supported—that would broaden the market and relieve the country's environmental burden. After the 2010 panic sparked by China's export restrictions, the World Trade Organization ruled against China's rare earth export quotas, further cementing the country's near monopoly and, says Klinger, contributing to "highly uneven global production done in a way that's devastating" to the environment—and people. She has seen the effects firsthand at Bayan Obo. "The heavy metals, fluorine, and arsenic accumulated in the town's soil and water from decades of mining have slowly poisoned nearby residents and their livestock," Klinger wrote in the Berkeley Review of Latin American Studies in 2013. "Some true locals are tragically recognizable by their blistered skin and discolored teeth."

That doesn't mean Klinger wants to spread the health problems around. "We don't need to dig new holes in the ground," she says. She would like the industry to "change the paradigm of how we get resources" by following the example of the Brazilian firm CBMM, which has a global monopoly in niobium, an element used mainly in steel and other alloys. That company developed technology to extract rare earths from existing mining waste. Klinger says that, with research, the technology could work in other sites—such as silver or phosphate mines—whose waste includes rare earths. That would require publicity and investment, along with public pressure and tax incentives to encourage major buyers to pay a premium for greener rare earths, but it could nudge more companies to adopt more innovative and sustainable methods.

"Given how important rare earth elements are to everyone," Klinger says, "developing an environmentally and socially responsible means of producing them is something that we should really be working on together. And "if we find ourselves in a situation where we're having conflicts over rare earth resources that look anything like the conflicts we've been involved in related to oil resources in the Middle East, it will have been absolutely and entirely avoidable—and absolutely and entirely of our own making."

A first step to reevaluating the world's approach to rare earths might be to simply stop calling them rare. "Looking at the different ways that rare earths have been used as a bargaining chip in international relations—say, between the US and India during the Cold War, the US and China in the US fight against Communism—calling these things 'rare' imbues them with this political charge," Klinger says. Acknowledging that it's just not necessary to drill the Milky Way to power our cell phones could help keep space exploration focused not on supplying Earth, but seeking worlds beyond it.

More information: Julie Michelle Klinger. A historical geography of rare earth elements: From discovery to the atomic age, The Extractive Industries and Society (2015). DOI: 10.1016/j.exis.2015.05.006

镝——如果我们用完了，就需要告别智能手机、MRI扫描和混合动力汽车

    接下来的淘金热可能会出现在外太空，但是吸引现代淘金的宝藏不再会是修饰奢华的饰品。

    它们是稀土，一组拥有令舌头打结的名字的17种化学元素，例如用于电视机、手机、笔记本电脑、汽车、癌症治疗性药物、核反应堆屏障、飞机发动机以及武器的钇和铥。由于它们令人梦寐以求的磁性和导电性能，令技术更快、更强、更轻、并且更加有效。

    “如果没有稀土以及它们所提供的小型化的能力，电脑将会像教室一般大而不是智能手机的尺寸，”波士顿大学弗雷德里克S.帕迪全球研究学院的副教授兼拉丁美洲和中国发展、环境及安全政策方面的专家朱米歇尔·克林格表示。

    近年来，对于地球上这些元素的储备有一天会枯竭的担忧促进了一场开采它们的比赛，特别是在美国、中国和巴西等国家之间。专家指出，被称为“世界稀土之都”的内蒙古矿区白云鄂博有可能在五十年内就被开采完毕了，并且他们盯上了像亚马逊这样的未被开发的资源，甚至还盯上了我们太阳系内的小行星。

    将在即将出版的稀土前沿的书中发表有关稀土及其周围地缘性政治的研究成果的克林格并不关心。一方面，他表示，稀土并不少见。在元素在18世纪于瑞典发现时被认为是稀缺的，而事实上它们“在地壳中得到了非常好地分布。我们可以沿着波士顿查尔斯河的河岸挖掘，并且有可能会发现它们的一些痕迹，”她表示。

    据克林格称，稀土构成了自然形成的元素的五分之一，而且在地壳中的容量是铜的两倍多。并且，我们对它们的开采速度完全没有达到我们对铜的开采速度。这是由于稀土对于技术就类似于小苏打对于巧克力曲奇饼：还有一段很长的路要走。据一份发表有关金属和矿业研究的阿达姆斯智力的报告显示，稀土的全球消耗量在2014年刚刚超过12万吨，相比之下，铜的消耗量已经接近了2200万吨。

    克林格关注的是稀土的“结构性短缺”。只有一个国家——中国——生产着绝大多数的元素，并且同时中国的资源非常丰富，但是它们并不是无限的，正如白云鄂博的供应所展示的担忧一样。克林格表示，这场太空竞赛，部分是由于争夺稀土，实际上受到了政治议程的推动——对各国及企业是一个机会来对之前保护的地区坚持所有权，在这个过程中获得财富和权力。她的研究揭示了许多从事稀土高风险边缘政策的国家的历史性案例，并且她称一些国际参与者可能会整装待发再次进行这样的事情。这种姿态是没有必要的，克林格表示。在不破坏国际关系或露天开采小行星的情况下维持我们电脑的便携式的一个更好的方式可能是改变我们目前开采稀土的方式。另一种方式可能是停止称它们为稀有资源。

爆发性的发现

    几乎在科学家们知道如何处理稀土的同时，该元素就变得对日常生活——以及战争——至关重要。在19世纪80年代，铈被用于帮助创造第一个燃气地幔灯笼，之后是“燧石”，其在碰撞时会发出火花，并且仍然用于打火机、汽车和武器。克林格的研究表明，随着呼吁更多及不同的稀土的技术的发展，它们开始渗入政治，甚至是战争。当斯堪的纳维亚半岛的供应不再能够满足资源饥渴的欧洲列强的胃口时，帝国的主人开始在殖民地进行挖掘以获得更多的稀土。发现及主导获得稀土甚至在第一次世界大战时期成为了非常重要的事情，铈在导火线和炸药的制造方面非常重要。在20世纪20年代，克林格在为采掘业与协会撰写的论文中指出，日本帝国在中国“组织当地傀儡政府，从事勘探活动，并且接管了重工业和军火工厂”，以获得该国自然资源的控制权，其中包括稀土。在20世纪中叶，稀土被用于更先进的武器：洲际弹道导弹和激光武器中的钕；核反应堆中的钐。控制稀土产量的竞赛开始了。1948年，克林格指出，印度停止出口独居石——一种富含稀土和钍的矿产，钍是一种原子型能源。美国试图用粮食讨价还价以减轻国家的饥荒，希望能够获得一个冷战盟友。印度拒绝了，粉碎了美国建立一个交易来帮助遏制苏联在印度形成影响的期望。

    美国有关供应的担忧由于加利福尼亚州山口的一个矿山的发现而得到了缓解，并且从20世纪60年代到90年代期间，美国成为了稀土的主要生产国。

    但是它很快被中国超越。

    在20世纪50年代，当中国和苏联正在努力建立自己的军队时，白云鄂博“获得了苏联许多的投资、规划和专业知识，而这为该地方最终成为世界的稀土之都奠定了基础，”克林格表示。全球化也在白云鄂博的崛起方面起到了一定的作用；20世纪80年代，世界各地的企业开始将稀土开采转包给中国来节省资金以及规避本国的环境法规。往往会同时形成那些放射性元素的稀土矿床的开采是一项困难且混乱的工作。用来将作业区域的放射性废物进行转移的管道存在着爆裂的风险——该管道用于倾倒酸、致癌元素及其他有害物质，排入土壤及地下水。在山口，克林格称这里使用了结构上不合理且不寻常的长输管线以转移含有放射性盐的废水，在这里自1984到1998年间大约报告了60次左右的泄露。

    2000年，山口，由于环境违法行为困扰及来自中国的竞争，关闭了。该关闭将市场的主导地位交给了中国，该国在当时开采了全球使用的95%以上的稀土；它实行了出口配额，这激怒了顶级进口国，例如美国和日本。十年后，它停止了对日本的稀土出口以报复海上边界冲突，这有助于将价格上涨高达2000%。

    “世界意识到了对中国的依赖，”克林格称。“这释放了大量的猜测及勘探”，在格陵兰岛、德克萨斯州、加拿大和巴西等地理位置。

    今天，由于美国与中国有关信息黑客及中国南海的领土争端的高度紧张关系，克林格称有关稀土的交锋可能有助于令各国发展成彻底的对抗。

    “在美国与中国间政治及地缘政治关系方面，我们正处于一个十分关键的时刻，”她称。“两边都有激进分子想要参与武力威胁，并且指出了一个或另一个美国与中国之间的冲突是不可避免或必要的原因。在稀土元素方面对中国的依赖只是对这场火灾添加了更多的燃料。”

    财富和权力

    中国的出口限制措施引起的全球性勘探并不单纯是为了国家安全——或者是保持全球手机和X射线机的开机状态——据克林格称。而是为了权力。在亚马逊建立大型矿山，例如，将允许巴西政府对目前由28个土著民族组成的联合会管理的土地拥有更大的控制权。该联合会的权力——甚至是军方都必须获得允许才能穿越他们的国土，克林格称——“被认为是对巴西主权的侮辱，因为在一些政府之间存在一种看法，包括在巴西联邦政府和参议院，认为土著人是外国政府的傀儡，因为来自北方的非政府组织所提供的如此多的资金已经用于支持这些土著人民及他们的事业。”

    星际淘金热有点不同。在2015年11月，美国国会通过了2015年的太空行动，授予公民开采及销售外太空材料的权利。该法案在小行星采矿公司之间造成了一片欢腾，这些公司的成立是为水、工业金属和稀土创造一个财富管道空间。这些公司已经迈出了采矿的第一步：在2015年7月，行星资源公司推出了一款飞船来测试对小行星勘探是必要的控制系统和其他技术。克林格参加了2015年的太空采矿发布会，其中私营太空工业的代表们“援引稀土元素的稀有性，以及我们将用尽地球上的稀土元素这一事实。”

    在克林格看来，2015年太空行动在很大程度上是将外太空放置在美国司法管辖范围内的一个企图。“如果你能够挤入外太空的缝隙以及讨论该法案的副本的巨大前沿中，”她称，“你所看到1967年美国、俄罗斯等国家签署的外太空条约实际上是直接破坏”。该条约“信奉外太空属于全人类，”她称，并且“关于外太空进行明确组织以令冲突最小化。”她补充称，“美国一个有关该法案推广及最终通过的强大而有说服力的辩论担心如果我们不首先登陆月球，那么中国将‘殖民统治’月球。”克林格希望其他国家不会认真对待外太空法案，因为他们这样做可能会导致全球冲突。

撤消损害

    克林格认为，与砍伐热带雨林或是启动重型机械进入太空相比，有更好的方法来维持稀土的稳定生产。首先，她表示，中国为降低产量所作出的努力应该得到支持——这将拓宽市场并且缓解该国的环境负担。在2010年中国的出口限制引发恐慌之后，世界贸易组织对中国稀土出口的配额进行了裁定，这进一步巩固了该国近乎垄断的地位，并且克林格表示，这促进了以一种对环境——及人类 “造成毁灭性影响的方式来未完成极不均衡的全球生产。”她已经看到了白云鄂博第一手的影响。“几十年来因开采在该镇的土壤和水中累积的重金属、氟及砷已经慢慢毒害了附近的居民和他们的牲畜，”克林格于2013年在伯克利回顾拉丁美洲研究中写道。“一些真正的当地人很不幸地能够通过他们水泡的皮肤及变色的牙齿来进行辨认。”

    这并不意味着克林格希望在世界各地传播健康问题。“我们不需要在地上挖掘新的洞孔，”她称。她希望该行业能够根据巴西CBMM公司的案例来“改变我们获得资源的模式”，该公司在铌方面拥有全球垄断地位，铌是主要用于钢和其他合金中的元素。这家公司开发出从现有的采矿废料中提取稀土的技术。克林格称，通过研究，该技术可以应用于其他矿场——例如银或磷酸盐矿——它们的废料中包括稀土。这就需要宣传和投资以及舆论压力和税收优惠政策来鼓励主要的购买者为更环保的稀土支付一定的溢价，但它可能会推动更多企业采用更加创新及更可持续的方法。

    “鉴于稀土元素对每个人的重要性，”克林格称，“开发一种环保且社会责任型生产它们的手段是我们真正应该共同努力的事情。”并且如果“我们发现自己处于一种状况中，在该状况中我们对于稀土资源产生发冲突，就像我们在中东发生的与石油资源相关的冲突一样，这将是完全可避免的——并且完全是由我们自己造成的。”

    重新评估全球获得稀土的方法的第一步可能是简单地停止将它们称为稀有。“研究稀土被用作国际关系中的筹码的不同方式——即，冷战期间美国与印度的关系，美国反对共产主义期间美国与中国的关系——称这些东西‘稀有’对它们灌输了这种政治责任，”克林格称。承认没有必要开采银河系来为我们的手机提供动力可能有且于令太空探索的重点不在供应地球上，而是寻求超越地球的世界。
Organic & Polymer（有机高分子材料）

New method snips complex fibers into uniform particles

[image: image16.jpg]



These micrographs show the fibers embedded in polymer and demonstrate how the fibers break apart into segments when they are stretched out in the cold-drawing process. Credit: Massachusetts Institute of Technology
An interdisciplinary team of researchers enabled by the National Science Foundation-funded Materials Research Science and Engineering Centers (MRSEC) program has developed a way to break fibers or sheets of material into many tiny, almost perfectly uniform segments or strips. The method can work on plastics, metals, glasses, and even natural materials such as silk or hair, producing sectioned particles ranging in size from nanoparticles to ones that can be handled and easily seen with the naked eye.

In fact, the new method makes it possible to create nanoparticles—particles whose sizes are measured in billionths of a meter—using just a pen and a strip of plastic, the researchers say. More complex versions of the technique could lead to mass-produced high-tech optical and potentially electronic devices.

The new findings are described this week in the journal Nature, in a paper led by Ayman Abouraddy, a former MIT postdoc and now an associate professor of optics and photonics at the University of Central Florida (UCF); MIT professor of materials science and director of the Research Laboratory of Electronics Yoel Fink; and nine others in Florida and Singapore.

The underlying technology, a process called cold-drawing, has been used for almost a century in the production of synthetic fibers such as nylon and rayon. It was based on a serendipitous discovery by scientists at DuPont, who found that pulling on a naturally brittle thread can actually make it more flexible and robust—thereby ushering in the era of fabrics made of synthetic fibers. In Abouraddy's research, this old technique has now been expanded to include fibers made up of multiple materials, including ones that ordinarily would be expected to shatter when subjected to stretching or flexing.

Abouraddy and his collaborators have found that under the right conditions, some materials embedded within synthetic polymer fibers will naturally break apart into pieces of uniform length, as the fiber itself is cold-drawn. The cause of this surprising phenomenon is a kind of wave that sweeps along the polymer fiber during the drawing process. This wave is known as a "neck," since it propagates in the form of a depression with moving "shoulders"—visible to the naked eye—that continuously extend in opposite directions until they span the whole fiber length.

As the shoulders propagate down the fiber, they pinch off any brittle threads embedded in the fiber, which break apart into short, uniformly sized segments. The result can be a bundle of short rods kept in place within the polymer fiber, or the polymer can be dissolved away to leave a collection of separated rods of precisely matched size and shape, which can be of a nanoscale size that would be difficult to manufacture by other methods.

The same basic method, the team found, can also be applied to drawing out thin tissue-like films of material. When a flexible material containing embedded sheets of brittle material is drawn, the brittle material fragments into a set of uniform ribbon-like strips. This configuration could be an inexpensive way of making diffraction gratings, which are transparent substrates with a series of parallel grooves or strips, usually etched into a material via lithography, and are often the basis for optical systems such as spectrographs used to determine the chemical composition of materials.

Such a configuration of parallel strips might even be made, Abouraddy says, into a kind of "nanoscale venetian blinds," in which an array of strips could be created by stretching the material; then the array could then be closed up again by heating it.

Abouraddy says the basic phenomenon was totally unexpected when he, Fink, and other members of the team began exploring it a few years ago. When a normally brittle material such as glass was embedded in a polymer blank and then drawn, he says, "most people thought it would break randomly in a few locations, and eventually the whole thing would snap."

But what happened instead was that the glass split into tiny rods of almost perfectly uniform length. "When we first saw it, it was just a complete shock," Abouraddy says. The surprising result was "the equivalent of taking a plate, throwing it onto the floor, and having it break into a thousand perfectly equal pieces," he says. It began when the team saw a wave moving along the fiber as it was being pulled—something that had been noticed, but wasn't fully understood, when the DuPont scientists first developed synthetic fibers. "We saw that wave moving, but as it moved it was snipping the material embedded in it, like a pair of moving scissors snipping pieces as it went."

Abouraddy adds: "When we saw that wave moving, that was already a big surprise. And then we discovered that it had been discovered almost 90 years earlier"—but at the time, only in a fiber made of a single material, and thus with no "snipping" effect.

As the team investigated the unexpected finding, they kept trying different kinds of materials, both for the outer encapsulating flexible material and for the inner brittle part. They have now demonstrated the uniform fragmenting in materials as varied as gold, glass, silk, polystyrene, biodegradable polymers, electronic materials such as silicon and germanium, natural materials such as silk and human hair, and even ice. They also found that the snipping process "works even if that core is some complex structure." And the complex structure is perfectly preserved in the segmented pieces, he says.

"Now, you can make a fiber of absolutely arbitrary cross-section, and the cold-drawing takes care of the rest," he says, creating a set of uniform, complex particles. "It works with any brittle structure, and it works at any size, from microscale to nanoscale, including hollow structures." The effect, he says, "is truly universal, at the level of those cylindrical fibers or flat sheets."

Although the greatest potential for this process may lie in high-tech optical or electronic devices, the process is so universal that simple versions can be created by almost anyone, he says.

"This intriguing instability first observed in multimaterial fibers is surprising both in its order and universality as it is applied to various core materials" says Fink, it has been enabled by the fruitful National Science Foundation (NSF)-funded collaboration between UCF and MIT.

Just drawing a line with a felt pen on a strip of flexible plastic, and then stretching out that strip, he says, can fragment the line of ink into quite uniform little segments that act as an optical grating, Abouraddy says—an experiment that even a high-school student could carry out. "It's a low cost gateway—you can make nanomaterials with just a pen and your bare hands."

This discovery comes at an auspicious time for the collaboration team. Recently, MIT's Yoel Fink led a broad consortium of universities and industrial partners to winning the $317 million funding for the Manufacturing Innovation Institute for Revolutionary Fibers and Textiles. Named AFFOA (Advanced Functional Fabrics of America), this institute aims at no less than developing functional fabrics. This new research connects the multimaterial fibers that will be a centerpiece of functional fabrics with the dawn of synthetic textiles ushered in by the pioneering work done at DuPont on cold-drawing a century ago.

This work "takes a well-established process and industrially accepted process and breathes new life into its commercial utility," says John Ballato, a professor of materials science and engineering at Clemson University who was not connected with this research. "If indeed the universality of the cold working process can be applied to such a diverse range of plastics, ceramics, glasses, metals, and semiconductors, then entirely new products may result which can benefit from the scalable and cost-effectiveness of fiber manufacturing.

Ballato adds that "In the short term, the process can be an important vehicle to scale up the production of larger quantities of nanoparticles, nanorods, and nanowires of a very wide variety of compositions. Longer term, the ability to create tailorable structures within cheap commodity plastics that enable camouflage and biosensing functionalities could be very significant." Fink and his team, he says, "continue to lead the way in advancing both the science and practical use of multimaterial fibers."

More information: Controlled fragmentation of multimaterial fibers and films via polymer cold-drawing, Nature, DOI: 10.1038/nature17980

把复合纤维分解成均匀的小颗粒的新办法(更新)
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这些显微照片展示了高分子聚合物中的纤维，并演示了在冷拉过程中这些纤维是如何被撕成碎片的。资料来源：麻省理工学院

国家科学基金会赞助的材料科学研究和实践中心组成的一只跨学科的研究组发现一种方法能够将纤维或者片状材料撕成许多微小的，几乎完全均匀的碎片或长条。这个方法可以用在塑料，金属，玻璃，甚至是像丝绸或者头发这样的天然材料上，可以按需要分解成不同大小，小至奈米颗粒，大至可以拿在手上或者裸眼很容易看见的大小。

研究员称，事实上，这种新方法使得仅用一支笔和一个塑料条就能创造奈米粒子成为可能—奈米粒子大小只有十亿分之一米。此种科技的高级版本可以实现可大量生产的高科技光学和潜在的电子设备。

这项新的发现本周刊登在了自然杂志期刊上，文章由Ayman Abouraddy编写，Ayman是MIT博士后，现任佛罗里达中央大学光学和光子学副教授； Yoel Fink电子研究实验室的材料科学教授和带头人；除此之外在佛罗里达和新加坡还有九项职务。

冷拉是一项基础性的技术，差不多一个世纪以来被用来制造合成纤维，如尼龙和人造丝。这都归功于科学家DuPont的在拉扯一块天然易破的螺纹织品偶然发现拉扯让它变得更柔韧，由此引导了一个合成纤维织品的时代。在Abouraddy的研究中，这项传统技术被拓展沿用到更多领域，包括多种材料织品，也包括那些在弯曲或者拉伸时容易破的产品。

Abouraddy和他的合作伙伴发现，在合适的条件下，一些嵌入合成纤维的材料会自然分解成许多长度相当的小块，当纤维本身被冷拉。这种奇特现象产生的原因在于在冷拉过程中，聚合纤维会呈一种波形上下浮动。这种波动被称之为“颈波”，因为它动起来很像我们平时看到的人在扭动脖子，这种波动会一直持续到它穿过整条纤维。

当这种波动穿过整条纤维之后，他们会夹断嵌在纤维里的全部易损的脉络，它们已经被撕裂成很短的，相同大小的碎片。结果可能是一束短棒留存在聚合物纤维中，或者聚合物被分解掉，只留下一些尺寸大小完全一致的单个短棒，这些短棒就是奈米大小，这是用其他方法很难做出来的。

该研究组的另一个相同的基础理论也可以应用于抽出材料中的薄层组织。当我们拉扯一个嵌入了易损材料的柔性材料的时候，易损的材料碎片会变成一些均匀的丝状的条。这种结构可以做出绕射光栅，并且花费不多，绕射光栅是一种由很多平行的凹槽或者条带组成的透明基质，通常通过光刻刻进材料中，这是用于确定材料材质的化学成分光谱仪光学系统的测试原理。

Abouraddy说，这样一种平行带结构可能能够用于制造一种“奈米百叶窗”，这一些条带可以通过拉伸材料做出来。当达到理想状态的时候，通过加热可是再维持住这一系列条带的当下形态。

Abouraddy说几年前，他，Fink还有其他研究组成员开始探索这个领域的时候，这个现象让他们感到非常意外。当一个我们把常见的脆性材料比如玻璃，嵌进一个毛坯聚合物材料然后将其拉伸，大多数人认为它会慢慢被拉扯开，然后整个材料均匀的裂开。

但是结果却是这当中的玻璃裂成许多长度均匀的小棒。Abouraddy说：“当我们第一次看到这个现象的时候感觉太震惊了。这结果太让人惊讶了，就好比你把一个盘子扔在地上，然后它碎成了上千个相同大小的碎片。”从研究组发现纤维在被拉扯的时候回呈现一种波浪式的波动开始，他们就开始关注某种现象，但是并不清楚到底是因为什么。当科学家DuPont第一次发现人造纤维时，“我们发现材料在波动的同时与内部嵌入的材料分离，就好像有一把剪刀穿过材料一路剪下去，把它剪成碎片。”

Abouraddy补充说：“当我们看到那种波纹的时候已经觉得十分惊喜。随后我们发现，其实早在差不多90年前就已经有人发现了这一点”—但是那时候，一种材料里只有一种纤维，所以也就没有“剪断”的那种效果。

当研究组仔细调查这个不可思议的发现时，他们尝试了很多种不同类型的材料，包括外在的柔性包装材料和内在的易损材料部分。他们现在在各种不同的材料中演示了这种均匀碎片的现象，包括黄金，玻璃，丝绸，聚苯乙烯；可生物降解聚合物电子材料，比如硅和锗；一些纯天然材料，比如丝绸，人类的头发甚至冰霜。他们还发现，就算核心结构很复杂，这个“剪断”的过程还是进行的十分顺利。并且分解后的碎片里仍然完好的保留着分解前复杂的结构。

他说，“现在，你可以制造一种纯人工剖面的纤维，接下来的事就交给冷拉技术，它会给你制造出一系列均匀的结构相似的分块。这个技术可以用在任何易损结构中，不管材料的大小，从微小到奈米大小都没问题，空心结构也能轻松驾驭。”他认为，这个效果是有普遍性的，在那些圆柱形纤维或者平面薄板上也适用。

他说，虽然这个过程中巨大的潜力是依靠高科技光学和电子设备实现的，但是这个方式非常普遍，任何人都可以利用这个原理创造一些简单的办法。

“第一次在多束纤维中发现这种奇妙的不稳定性时是十分惊喜的，因为它的普遍适用性使得它可以用在许多不同的堆芯材料中”Fink说，它已经被UCF和MIT合理证明，这两家间的合作由国家科学基金会赞助。

Abouraddy说，只要在一条软质塑料上用水彩笔画一条线，然后用力拉扯这条塑料，这条笔印就会被拉成许多均匀大小的碎块。这是一个连普通高中生都有过的经验。你可以仅仅同你的双手和一支笔就能制造出奈米材料，成本也很低。

这个发现出现在研究组的猜想阶段。最近，MIT的Yoel Fink带领了一个包含许多大学和工业合作伙伴的联盟赢得了3亿1700万美元的资金用于建造纤维和纺织品的改革创新研究所。研究所名为AFFOA，意思是美国先进功能性布料，这个研究所可不仅仅着眼于研究功能性布料。这个研究成果把功能性布料核心的多束纤维和100多年前由DuPont的冷拉技术创造出的人工合成纺织品联系在了一起。

一位克莱姆森大学材料科学与工程学院的教授John Ballato说，这个工作需要一个完整的操作流程和可工业化的环境，为其商业实用性赋予新生命。John教授并没有亲自参与此次研究。他认为：“如果冷拉工艺真的如所说的那样能应用于各种塑料，陶瓷，玻璃，金属和半导体，那么全部的新产品商业价值都取决与材料纤维生产的规模和成本效益。”

Ballato 补充说“短时间内，冷拉工艺对奈米颗粒，奈米棒以及成分复杂的各种奈米线的大面积大量生产来说很重要。从长远来看，利用廉价的塑料制造可裁剪结构使其具备伪装和生物传感功能的能力可能意义重大。”Fink和他的研究组表示，未来会继续多束纤维实用性等科研方面带领进步。

Glass now has smart potential

[image: image18.jpg]



A graphic representation of nanoparticles embedded in glass. Credit: University of Adelaide

Australian researchers at the University of Adelaide have developed a method for embedding light-emitting nanoparticles into glass without losing any of their unique properties – a major step towards 'smart glass' applications such as 3D display screens or remote radiation sensors.

This new "hybrid glass" successfully combines the properties of these special luminescent (or light-emitting) nanoparticles with the well-known aspects of glass, such as transparency and the ability to be processed into various shapes including very fine optical fibres.

The research, in collaboration with Macquarie University and University of Melbourne, has been published online in the journal Advanced Optical Materials.

"These novel luminescent nanoparticles, called upconversion nanoparticles, have become promising candidates for a whole variety of ultra-high tech applications such as biological sensing, biomedical imaging and 3D volumetric displays," says lead author Dr Tim Zhao, from the University of Adelaide's School of Physical Sciences and Institute for Photonics and Advanced Sensing (IPAS).

"Integrating these nanoparticles into glass, which is usually inert, opens up exciting possibilities for new hybrid materials and devices that can take advantage of the properties of nanoparticles in ways we haven't been able to do before. For example, neuroscientists currently use dye injected into the brain and lasers to be able to guide a glass pipette to the site they are interested in. If fluorescent nanoparticles were embedded in the glass pipettes, the unique luminescence of the hybrid glass could act like a torch to guide the pipette directly to the individual neurons of interest."

Although this method was developed with upconversion nanoparticles, the researchers believe their new 'direct-doping' approach can be generalised to other nanoparticles with interesting photonic, electronic and magnetic properties. There will be many applications – depending on the properties of the nanoparticle.

"If we infuse glass with a nanoparticle that is sensitive to radiation and then draw that hybrid glass into a fibre, we could have a remote sensor suitable for nuclear facilities," says Dr Zhao.

To date, the method used to integrate upconversion nanoparticles into glass has relied on the in-situ growth of the nanoparticles within the glass.

"We've seen remarkable progress in this area but the control over the nanoparticles and the glass compositions has been limited, restricting the development of many proposed applications," says project leader Professor Heike Ebendorff-Heideprem, Deputy Director of IPAS.

"With our new direct doping method, which involves synthesizing the nanoparticles and glass separately and then combining them using the right conditions, we've been able to keep the nanoparticles intact and well dispersed throughout the glass. The nanoparticles remain functional and the glass transparency is still very close to its original quality. We are heading towards a whole new world of hybrid glass and devices for light-based technologies."

More information: Jiangbo Zhao et al. Upconversion Nanocrystal-Doped Glass: A New Paradigm for Photonic Materials, Advanced Optical Materials (2016). DOI: 10.1002/adom.201600296

现在玻璃拥有智能潜力
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嵌入到玻璃中的纳米颗粒的图形代表。来源：阿德莱德大学

阿德莱德大学的澳大利亚研究人员已经开发出了一种将发光纳米粒子嵌入到玻璃中而不会丢失其任何独特性质的方法——向‘智能玻璃’应用发展的重要一步，比如3D显示屏或者远程辐射传感器。

这种新的“混合型玻璃”成功地结合了这些特殊的发光（或者发散光）纳米颗粒的特性与玻璃众所周知的一些方面，比如透明度以及可以被加工成各种形状的能力（包括非常细的光纤）。

这项与墨尔本大学和麦考瑞大学合作的研究已经在线发表在《高级光学材料》上了。

“这些新的发光纳米粒子——被称为转换纳米粒子——已经成为各种超高新科技应用（比如生物传感、生物医学成像和3D立体显示）的有希望的候选者。”第一作者Tim Zhao博士说，他来自阿德莱德大学物理科学学院和光子学与高级传感（IPAS）研究所。

“将这些纳米颗粒嵌入到玻璃——通常是惰性的——中，开辟了令人兴奋的有关新的混合材料和设备的可能性，他们可以以一种我们之前一直未能实现的方式利用纳米颗粒的性能。比如说，现在的神经科学家会将染料注入大脑和激光器中，以便能够引导玻璃吸管到他们感兴趣的位点。如果将荧光纳米粒子嵌入到玻璃吸管中，这种混合玻璃的独特发光性就可以像一把火炬一样，直接引导吸管到想要的单个神经元。”

尽管这种方法是用转换纳米开发的，但是研究人员相信他们的新的“直接掺杂”方法可以推广到其他具有有趣的光子、电子和磁性特性的纳米颗粒中。将会产生很多应用——取决于纳米颗粒的属性。

“如果我们将对辐射敏感的纳米颗粒注入到玻璃中，然后将这种混合玻璃加入到纤维中，我们就可以得到可以用于核设施的遥控感应器。”Zhao医生说。

到目前为止，用来将转换纳米颗粒整合到玻璃中方法依赖与玻璃中纳米颗粒的原位生长。

“我们已经在这一领域看到了显著的进步，但是对纳米颗粒和玻璃成分的控制还是有限的，这限制了很多提议应用的发展。”该项目的负责人、IPAS的副主任Heike Ebendorff-Heideprem教授说。

“运用我们新的直接掺杂方法——其中涉及分别合成纳米粒子和玻璃，然后在适当的条件下把它们结合起来，我们已经能够保证纳米粒子完整，并被很好地分散在整个玻璃中。纳米粒子仍然是有作用的，而玻璃的透明度也与其原来的品质非常接近。我们正朝着一个面向基于光的技术的混合型玻璃和设备的全新的世界前进。”
E-Material（电子材料）

Ensuring the future affordability of wind turbines, computers and electric cars

Technologies from wind turbines to electric vehicles rely on critical materials called rare-earth elements. These elements, though often abundant, can be difficult and increasingly costly to come by. Now, scientists looking for alternatives have reported in ACS' journal Chemistry of Materials a new way to make nanoparticles that could replace some rare-earth materials and help ensure the continued supply of products people have come to depend on.

Rare-earth elements have unique characteristics that make them very useful. For example, the world's strongest magnets are made with neodymium. A little too powerful for your refrigerator, these magnets are incorporated into computer disk drives, power windows and wind turbines. But rare earths are challenging to mine and process, and prices can rise quickly in a short period of time. Given the increasing demand for rare earths, Alberto López-Ortega, Claudio Sangregorio and colleagues set out to find substitutes for use in strong magnets.

The researchers used a mixed iron-cobalt oleate complex in a one-step synthetic approach to produce magnetic core-shell nanoparticles. The resulting materials showed strong magnetic properties and energy-storing capabilities. Their approach could signal an efficient new strategy toward replacing rare earths in permanent magnets and keeping costs stable, the researchers say.

More information: Strongly exchange coupled core|shell nanoparticles with high magnetic anisotropy: a strategy towards Rare Earth -free permanent magnets, DOI: 10.1021/acs.chemmater.6b00623

Abstract

Antiferromagnetic(AFM)|ferrimagnetic(FiM) core|shell (CS) nanoparticles (NPs) of formula Co0.3Fe0.7O|Co0.6Fe2.4O4 with mean diameter from 6 to 18 nm have been synthesized through a one-pot thermal decomposition process. The CS structure has been generated by topotaxial oxidation of the core region, leading to the formation of a highly monodisperse single inverted AFM|FiM CS system with variable AFM-core diameter and constant FiM-shell thickness (~2 nm). The sharp interface, the high structural matching between both phases and the good crystallinity of the AFM material have been structurally demonstrated and are corroborated by the robust exchange-coupling between AFM and FiM phases, which gives rise to one among the largest exchange bias (HE) values ever reported for CS NPs (8.6 kOe) and to a strongly enhanced coercive field (HC). In addition, the investigation of the magnetic properties as a function of the AFM-core size (dAFM), revealed a non-monotonous trend of both HC and HE, which display a maximum value for dAFM = 5 nm (19.3 and 8.6 kOe, respectively). These properties induce a huge improvement of the capability of storing energy of the material, a result which suggests that the combination of highly anisotropic AFM|FiM materials can be an efficient strategy towards the realization of novel Rare Earth-free permanent magnets.

Journal reference: Chemistry of Materials search and more info website

确保风力涡轮机，计算机和电动汽车的未来承受能力 

从风力涡轮机到电动汽车，其技术皆依赖于被称为稀土元素的关键材料。 这些元素，虽然很丰富，但是很难得到，且获得的成本也越来越高。现在，正在寻找替代方案的科学家在ACS化学材料期刊报道了一种新方法，该方法可使纳米颗粒取代一些稀土材料，并有助于确保这些产品的持续供应以满足人类需求。

稀土元素有一些独一无二的性质，这些性质使得它们非常有用。例如，世界上最强的磁铁是用钕制成的。对你的冰箱来说，功率可能大了点，但这些磁铁能被设计进计算机磁盘驱动器、电动车窗和风力涡轮机。 但是稀土材料的开采和加工都很困难，并且短期内价格上升地非常快。因为对稀土材料的需求越来越大，Alberto López-Ortega, Claudio Sangregorio，以及他们的同事打算寻找强磁铁应用的替代物。

研究人员使用一种混合的铁油酸钴复合物，以一步合成方法，产生磁性核壳纳米粒子。 由此产生的材料表现出较强的磁特性和能量存储能力。 研究人员说，他们的方法是一条替代稀土材料的有效策略，并且能使成本保持在稳定的水平内。

更多信息： 

摘要

反铁磁（AFM）|亚铁磁性（FIM）核心|壳（CS）纳米粒子（NPS）配比为co0.3fe0.7o | co0.6fe2.4o4，平均直径为6-18纳米，通过一锅热分解过程合成。 CS结构是由核心区的部分氧化产生的，导致了高度单分散的单反转AFM|FiM CS系统的形成，其AFM-核心的直径不一，但是FiM-壳的厚度却很稳定(~2纳米)。清晰的界面，时相及AFM材料优良结晶两方面结构的契合，AFM和FiM时相之间强劲的交换耦合已经证明，在（他）曾经报道的壳聚糖纳米粒（8.6奥斯特）和强增强的矫顽场（HC）,产生了一个最大交换偏置值。 此外，在研究磁性与AFM-核心尺寸(dFAM)的函数关系中，揭示了HC和HE的非单调趋势，即表现出一个最大值，dFAM=5纳米(分别为19.3和8.6奥斯特)。这些特性是材料的储能能力有了极大提升，结果表明高度各向异性AFM|FiM材料的组合可能是替代稀土永久磁铁的一条有效策略。

参考期刊:材料化学搜索以及更多信息网站
Graphene-based transparent electrodes for highly efficient flexible OLEDS

The arrival of a thin and lightweight computer that even rolls up like a piece of paper will not be in the far distant future. Flexible organic light-emitting diodes (OLEDs), built upon a plastic substrate, have received greater attention lately for their use in next-generation displays that can be bent or rolled while still operating.

A Korean research team led by Professor Seunghyup Yoo from the School of Electrical Engineering, KAIST and Professor Tae-Woo Lee from the Department of Materials Science and Engineering, Pohang University of Science and Technology (POSTECH) has developed highly flexible OLEDs with excellent efficiency by using graphene as a transparent electrode (TE) which is placed in between titanium dioxide (TiO2) and conducting polymer layers. The research results were published online on June 2, 2016 in Nature Communications.

OLEDs are stacked in several ultra-thin layers on glass, foil, or plastic substrates, in which multi-layers of organic compounds are sandwiched between two electrodes (cathode and anode). When voltage is applied across the electrodes, electrons from the cathode and holes (positive charges) from the anode draw toward each other and meet in the emissive layer. OLEDs emit light as an electron recombines with a positive hole, releasing energy in the form of a photon. One of the electrodes in OLEDs is usually transparent, and depending on which electrode is transparent, OLEDs can either emit from the top or bottom.

In conventional bottom-emission OLEDs, an anode is transparent in order for the emitted photons to exit the device through its substrate. Indium-tin-oxide (ITO) is commonly used as a transparent anode because of its high transparency, low sheet resistance, and well-established manufacturing process. However, ITO can potentially be expensive, and moreover, is brittle, being susceptible to bending-induced formation of cracks.
The new architecture to develop highly flexible OLEDs with excellent efficiency by using graphene as a transparent electrode (TE). Credit: KAIST

Graphene, a two-dimensional thin layer of carbon atoms tightly bonded together in a hexagonal honeycomb lattice, has recently emerged as an alternative to ITO. With outstanding electrical, physical, and chemical properties, its atomic thinness leading to a high degree of flexibility and transparency makes it an ideal candidate for TEs. Nonetheless, the efficiency of graphene-based OLEDs reported to date has been, at best, about the same level of ITO-based OLEDs.

As a solution, the Korean research team, which further includes Professors Sung-Yool Choi (Electrical Engineering) and Taek-Soo Kim (Mechanical Engineering) of KAIST and their students, proposed a new device architecture that can maximize the efficiency of graphene-based OLEDs. They fabricated a transparent anode in a composite structure in which a TiO2 layer with a high refractive index (high-n) and a hole-injection layer (HIL) of conducting polymers with a low refractive index (low-n) sandwich graphene electrodes. This is an optical design that induces a synergistic collaboration between the high-n and low-n layers to increase the effective reflectance of TEs. As a result, the enhancement of the optical cavity resonance is maximized. The optical cavity resonance is related to the improvement of efficiency and color gamut in OLEDs. At the same time, the loss from surface plasmon polariton (SPP), a major cause for weak photon emissions in OLEDs, is also reduced due to the presence of the low-n conducting polymers.

Under this approach, graphene-based OLEDs exhibit 40.8% of ultrahigh external quantum efficiency (EQE) and 160.3 lm/W of power efficiency, which is unprecedented in those using graphene as a TE. Furthermore, these devices remain intact and operate well even after 1,000 bending cycles at a radius of curvature as small as 2.3 mm. This is a remarkable result for OLEDs containing oxide layers such as TiO2 because oxides are typically brittle and prone to bending-induced fractures even at a relatively low strain. The research team discovered that TiO2 has a crack-deflection toughening mechanism that tends to prevent bending-induced cracks from being formed easily.

Professor Yoo said, "What's unique and advanced about this technology, compared with previous graphene-based OLEDs, is the synergistic collaboration of high- and low-index layers that enables optical management of both resonance effect and SPP loss, leading to significant enhancement in efficiency, all with little compromise in flexibility." He added, "Our work was the achievement of collaborative research, transcending the boundaries of different fields, through which we have often found meaningful breakthroughs."

Professor Lee said, "We expect that our technology will pave the way to develop an OLED light source for highly flexible and wearable displays, or flexible sensors that can be attached to the human body for health monitoring, for instance."

More information: Jaeho Lee et al, Synergetic electrode architecture for efficient graphene-based flexible organic light-emitting diodes, Nature Communications (2016). DOI: 10.1038/NCOMMS11791

用于高效灵活的OLEDS中的基于石墨烯的透明电极

    又轻又薄甚至可以像一张纸一样卷起来的轻电脑将不会是遥远的未来了。柔性的有机发光二极管（OLEDs）——在塑料衬底上建成——最近因为他们在下一代显示屏（在操作的同时可以被弯曲或卷起）中的使用而获得了更大的关注。

韩国浦项工科大学（POSTECH）材料科学与工程系的Tae-Woo Lee教授和电气工程学院的Seunghyup Yoo教授领导的一个韩国研究小组通过使用石墨作为放置在二氧化钛（TiO）和导电性聚合物层之间的透明电极（TE）已经开发出了高度灵活的具有卓越效率的有机发光二极管。该研究结果于2016年6月2日在线发布在《自然通讯》杂志上。

有机发光二极管被堆叠在玻璃、箔片或塑料基片上的多个超薄层中，其中，多层有机化合物被加在两个电极（阴极和阳极）之间。当跨点击施加电压时，来自阴极电子和来自阳极的空穴（正电荷）朝彼此的方向移动，并在发射层相遇。当电子与带正电荷的空穴重组时，有机发光二极管就会发光，以光子的形式释放能量。有机发光二极管中有一个电极通常是透明的，取决于哪个电极是透明的，有机发光二极管可以从顶部或底部发射光线。

在传统的地步发光的有机发光二极管中，为了让发射的光子从其衬底中离开设备，阳极是透明的。铟锡氧化物（ITO）通常被用作为透明的阳极，因为它具有较高的透明度、较低的薄层电阻以及成熟的制造工艺。然而，ITO有可能比较贵，而且很脆，很容易因弯曲引起龟裂的形成。

这种新的体系结构打算通过用石墨烯作为透明电极（TE），以开发具有出色效率的高度灵活的有机发光二极管。来源：KAIST

石墨烯——碳原子以六边形蜂窝状晶格形式紧紧结合在一起的二维薄层——最近作为ITO的替代物出现了。凭借出色的电子、物理和化学性能，其带来高度灵活性和透明度的原子级的薄度使得它成为电极的理想选择。然而，迄今报道的基于石墨烯的有机发光二极管的效率充其量也就是与基于ITO的有机发光二极管相同的水平。

作为一个解决方案，该韩国研究团队——其中还包括韩国科学技术院的Sung-Yool Choi教授（电气工程）和Taek-Soo Kim教授（机械工程）以及他们的学生——提出了一种新的设备架构，可以最大限度地提高以石墨烯为基础的有机发光二极管的效率。他们在一个复合结构中制成了一个透明阳极，其中具有较高的折射率（高n）的二氧化钛层和具有较低折射率（低n）的导电聚合物的导电聚合物的空穴注入层夹着石墨电极。这是一个诱导高n和低n之间的协同合作以增加电极的有效反射率的光学设计。其结果是，光学共振腔的增强达到最大化。光学共振腔与有机发光二极管中效率和色域的改进有关。同时，表面等离子体激元（SPP）的带来的损失——有机发光二级管中较弱的光子发射的重要原因——也降低了，由于低n导电聚合物的存在。

根据这种方法，基于石墨烯的有机发光二极管展示出48%的超高外量子效率（EQE）以及160.3流明/瓦的功率效率，这在那些把石墨作为电极的设备中是前所未有的。此外，这些即使以小到2.3毫米的曲率半径进行了1000次的弯曲循环后依然能保持不变和操作良好。这对于包含氧化物层（比如二氧化钛）的有机发光二极管而言是一个显著的结果，因为氧化物通常比较脆，而且即使在一个相对较低的拉力下也易于出现弯曲引起的裂缝。该研究小组发现，二氧化钛有一种裂纹偏转增韧机理，有利于防止轻易地形成由弯曲引起的裂缝。

Yoo教授说：“与以往的基于石墨烯的有机发光二极管相比，这项技术的独特和先进之处在于，高折射率层和低折射率层的协同合作，这带来了共振效应和SPP损失的光学管理，导致在效率方面有显著的增强，而所有这些的实现基本不需要牺牲灵活性，”他补充说道，“我们的工作是合作研究的成果，超越了不同领域的界限，通过它我们常常能够发现有意义的突破。”

Lee教授说：“我们希望我们的技术将为开发针对高灵活性和可穿戴的显示器，或者比如说是可以连接到人体上用于健康监测的灵活传感器的有机发光二极管光源做准备。”
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