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Tech News & New Tech（技术前沿）
Thermomagnetic processing method provides path to new materials

[image: image1.jpg]Incident Xy,
ongitudinal dection

L

IncidentXray,
transvere drecion

;3!

=
-





The high magnetic field environments are provided by fully recondensing commercial prototype superconducting magnet processing system. The electromagnetic fields turn and align the liquid crystal phase forming a pseudo super-structure of ordered domains. This leads to advanced physical properties such as near-zero coefficient of thermal expansion. (Source: ORNL)
For much the same reason LCD televisions offer eye-popping performance, a thermomagnetic processing method developed at the Department of Energy’s Oak Ridge National Laboratory can advance the performance of polymers.

Polymers are used in cars, planes and hundreds of consumer products, and scientists have long been challenged to create polymers that are immune to shape-altering thermal expansion.  One way to achieve this goal is to develop highly directional crystalline structures that mimic those of transparent liquid crystal diode, or LCD, films of television and computer screens. Unfortunately, polymers typically feature random microstructures rather than the perfectly aligned microstructure– and transparency– of the LCD film.

ORNL’s Orlando Rios and collaborators at Washington State Univ. have pushed this barrier aside with a processing system that changes the microstructure and mechanical properties of a liquid crystalline epoxy resin.  Their finding, outlined in a paper published in the American Chemical Society journal Applied Materials and Interfaces, offers a potential path to new structural designs and functional composites with improved properties.

The method combines conventional heat processing with the application of powerful magnetic fields generated by superconducting magnets. This provides a lever researchers can use to control the orientation of the molecules and, ultimately, the crystal alignment.

“In this way, we can achieve our goal of a zero thermal expansion coefficient and a polymer that is highly crystalline,” said Rios, a member of ORNL’s Deposition Science Group. “And this means we have the potential to dial in the desired properties for the epoxy resin polymers that are so prevalent today.”

Epoxy is commonly used in structural composites, bonded magnets and coatings. Rios noted that thermosets such as epoxy undergo a chemical cross-linking reaction that hardens or sets the material. Conventional epoxy typically consists of randomly oriented molecules with the molecular chains pointing in every direction, almost like a spider web of atoms.

“Using thermomagnetic processing and magnetically responsive molecular chains, we are able to form highly aligned structures analogous to many stacks of plates sitting on a shelf,” Rios said. “We confirmed the directionality of this structure using X-ray measurements, mechanical properties and thermal expansion.”

Source: ORNL
热磁处理方法：新材料生产路径
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高磁场环境是由充分再冷凝商用原型超导磁处理系统所提供的。电磁场转变并且使液晶相形成一个有序的域的伪超结构。这产生了先进的物理性质，例如系数接近于零的热膨胀。（来源：ORNL）

出于同样的原因，液晶电视提供了令人瞠目的性能，在能源部的橡树岭国家实验室中开发出的热磁处理方法能够促进聚合物的性能。

聚合物一般用于汽车、飞机和数百种消费产品，而科学家们长期以来一直面临着创造出对使形状改变的热膨胀进行免疫的聚合物的挑战。实现这一目标的一种方式是开发出能够模仿那些透明液晶二级管、或液晶显示器、电视薄膜以及计算机屏幕的高度定向晶体结构。不幸的是，聚合物的典型特征在于随机的微观结构，而不是液晶薄膜中完全一致的微观结构以及透明度。

橡树岭国家实验室的奥兰多•里奥斯以及来自华盛顿州立大学的合作者们已经通过一个能够改变液晶环氧树脂的微观结构和力学性能的处理系统将该障碍排除了。他们发表于美国化学学会的杂志《应用材料与界面》的一篇论文中的研究发现为新的结构设计和具有改善性能的功能性复合材料提供了一个潜在的路径。

该方法将传统的热加工处理与超导磁体产生的强磁场应用相结合。这为研究人员提供了一个杠杆，使得研究人员能够利用该杠杆来控制分子的取向，并且最终控制晶体的取向。

“通过这种方式，我们能够实现我们零热膨胀系统的目标以及产生一个具有高度结晶的化合物，”橡树岭国家实验室沉积学组的成员里奥斯表示。“这意味着我们具有了为今天如此普遍的环氧树脂聚合物调试所需性能的潜力。”

环氧树脂通常用于结构性复合材料、粘结磁体和涂料。里奥斯指出，热固性材料，例如环氧树脂，产生了一个使材料硬化或设置该材料的化学交联反应。传统的环氧树脂一般是由具有指向各个方向的分子链的随机取向分子构成的，就像是一个原子的蜘蛛网。

“利用热磁处理及磁响应的分子链，我们能够形成高度对准的结构，该结构类似于一个货架中许多叠层的盘子，”里奥斯表示。“我们使用X射线测量方法、机械性能以及热膨胀来证实该结构的方向性。”

资料来源：橡树岭国家实验室
Tiny nanopores make big impact
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An artist’s view of a carbon nanotube inserted in a plasma membrane of a cell. The nanotube forms a nanoscale tunnel in the membrane and the image shows a single long strand of DNA passing through that tunnel.A team led by the Lawrence Livermore National Laboratory scientists has created a new kind of ion channel consisting of short carbon nanotubes, which can be inserted into synthetic bilayers and live cell membranes to form tiny pores that transport water, protons, small ions and DNA.

These carbon nanotube “porins” have significant implications for future health care and bioengineering applications. Nanotube porins eventually could be used to deliver drugs to the body, serve as a foundation of novel biosensors and DNA sequencing applications and be used as components of synthetic cells.

Researchers have long been interested in developing synthetic analogs of biological membrane channels that could replicate high efficiency and extreme selectivity for transporting ions and molecules that are typically found in natural systems. However, these efforts always involved problems working with synthetics and they never matched the capabilities of biological proteins.

Unlike taking a pill which is absorbed slowly and is delivered to the entire body, carbon nanotubes can pinpoint an exact area to treat without harming surrounding other organs.

“Many good and efficient drugs that treat diseases of one organ are quite toxic to another,” said Aleksandr Noy, an LLNL biophysicist who led the study and is the senior author on the paper appearing in Nature. “This is why delivery to a particular part of the body and only releasing it there is much better.”

The Lawrence Livermore team, together with colleagues at the Molecular Foundry at the Lawrence Berkeley National Laboratory, Univ. of California Merced and Berkeley campuses and Univ. of Basque Country in Spain created a much more efficient, biocompatible membrane pore channel out of a carbon nanotube (CNT)—a straw-like molecule that consists of a rolled up graphene sheet.

This research showed that despite their structural simplicity, CNT porins display many characteristic behaviors of natural ion channels: they spontaneously insert into the membranes, switch between metastable conductance states and display characteristic macromolecule-induced blockades. The team also found that, just like in the biological channels, local channel and membrane charges could control the ionic conductance and ion selectivity of the CNT porins.

“We found that these nanopores are a promising biomimetic platform for developing cell interfaces, studying transport in biological channels, and creating biosensors,” Noy said. “We are thinking about CNT porins as a first truly versatile synthetic nanopore that can create a range of applications in biology and materials science.”

"Taken together, our findings establish CNT porins as a promising prototype of a synthetic membrane channel with inherent robustness toward biological and chemical challenges and exceptional biocompatibility that should prove valuable for bionanofluidic and cellular interface applications,” said Jia Geng, a postdoc who is the first co-author of the paper.

Kyunghoon Kim, a postdoctoral researcher and another co-author, added: “We also expect that our CNT porins could be modified with synthetic ‘gates’ to dramatically alter their selectivity, opening up exciting possibilities for their use in synthetic cells, drug delivery and biosensing.”

Source: Lawrence Livermore National Laboratory
纳米孔虽小，影响巨大
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从艺术家的视角来看插入一个细胞质膜中的碳纳米管。该纳米管在薄膜中形成了一条纳米级通道，图像显示了穿过这条通道的单一DNA长链。由国家实验室的科学家Lawrence Livermore带头的研究小组创造出一种由碳纳米短管构成的新的离子通道，他可插入合成的双分子膜和活体细胞中，以形成微小气孔，用于传输水、质子、小离子和DNA。

这些碳纳米管“孔蛋白”对未来的医疗和生物工程应用有着深远影响。最终，这额纳米管空蛋白可被用于向体内用药，可以作为新生物传感器和DNA测序应用的基础，也可用作合成细胞的构件。

研究人员长期以来一直有意发展生物细胞膜通道，它可以将自然界中对离子和分子的高效、极端选择性传输复制过来。然而，这项工作始终涉及合成以及它们一直无法与生物蛋白功能匹配的难题。

这不像吃药片，慢慢吸收，然后药力传送到整个身体。碳纳米管可以精确定位，对该区域进行医治而不伤害周围的器官。

 “许多好药、有效药可以治疗某个器官的疾病，但对其它器官来说就是毒药。”Aleksandr Noy说，他是LLNL的生物学家，并且领导了这项研究，也是在《自然》发表的论文的资深作者。“这就是为什么对身体内特定部位用药并且在那里释放药效更好的原因。”

Lawrence Livermore团队与在劳伦斯伯克利国家实验室分子铸造部，以及加州默塞德大学和伯克利分校，还有西班牙巴斯克大学的同事一起，创造出一种由碳纳米管（CNT）构成的更有效、生物相容性更高的膜孔通道——由一个卷起石墨烯片组成的像稻草一样的分子。

这项研究显示，尽管其结构简单，CNT孔蛋白显示出许多自然离子通道的特征行为：它们自发插入细胞膜，亚稳态传导状态之间进行切换，并显示出典型的大分子引发的封锁。该小组还发现，就像生物通道，本地通道和膜的负载可以控制CNT孔蛋白的离子电导性和离子选择性。

 “我们发现，这些纳米孔是很有前景的仿生平台，可以发展胞状界面，研究生物渠道传输，以及建立生物传感器。”Noy说。“我们正在考虑将CNT孔蛋白作为第一款创建一系列生物学和材料科学应用的真正多功能合成纳米孔。”

 “总之，我们的研究结果使CNT孔蛋白成为一个很有前景的原型，可以用于发展合成膜通道，其固有的强健性可以应对生物学和化学的挑战，以及适应特殊的生物相容性要求，这证明了CNT孔蛋白在生物微流体和胞状界面应用上的价值。”博士后Jia Geng说，他是本论文的第一合著人。

博士后研究员Kyunghoon Kim和另一位共同作者补充道：“我们也希望我们的CNT孔蛋白通过合成‘大门’的修正，可以明显改善其选择性，为合成细胞，药物输送和生物传感等方面的应用打开大门，发展出令人兴奋的无限可能。”

资料来源：劳伦斯•利弗莫尔国家实验室
Watching the hidden life of materials

Researchers at McGill University have succeeded in simultaneously observing the reorganizations of atomic positions and electron distribution during the transformation of the “smart material” vanadium dioxide (VO2) from a semiconductor into a metal—in a time frame a trillion times faster than the blink of an eye.

The results, reported Oct. 24 in Science, mark the first time that experiments have been able to distinguish changes in a material’s atomic-lattice structure from the relocation of the electrons in such a blazingly fast process.

The measurements were achieved thanks to the McGill team’s development of instrumentation that could be used by scientists in a variety of disciplines: to examine the fleeting but crucial transformations during chemical reactions, for example, or to enable biologists to obtain an atomic-level understanding of protein function. This ultrafast instrumentation combines tools and techniques of electron microscopy with those of laser spectroscopy in novel ways.

“We’ve developed instruments and approaches that allow us to actually look into the microscopic structure of matter, on femtosecond time scales (one millionth of a billionth of a second) that are fundamental to processes in chemistry, materials science, condensed-matter physics, and biology,” says Bradley Siwick, the Canada Research Chair in Ultrafast Science at McGill.

“We’re able to both watch where nuclei go, and separate that from what’s happening with the electrons,” says Siwick, an associate professor in the departments of Chemistry and Physics. “And, on top of that, we are able to say what impact those structural changes have on the property of the material. That’s what’s really important technologically.”

By taking advantage of these recent advances, the research group has shed new light on a long-standing problem in condensed matter physics. The semiconductor-metal transition in Vanadium dioxide has intrigued the scientific community since the late 1950s.The material acts as a semiconductor at low temperatures but transforms to a highly conductive metal when temperature rises to around 60 C—not that much warmer than room temperature. This unusual quality gives the material the potential to be used in a range of applications, from high-speed optical switches to heat-sensitive smart coatings on windows.

The experiments took place in Siwick’s lab in the basement of McGill’s Chemistry building, where he and his team of grad students spent nearly four years painstakingly assembling a maze of lasers, amplifiers and lenses alongside an in-house designed and built electron microscope on a vibration-free steel table.

To conduct the experiments, the McGill team collaborated with the research group of Mohamed Chaker at INRS EMT, a university research centre outside Montreal. The INRS scientists provided the high quality, extremely thin samples of VO2—about 70 nm, or 1000 times smaller than the width of a human hair—required to make ultrafast electron diffraction measurements.

The diffraction patterns provide atomic-length-scale snapshots of the material structure at specific moments during rearrangement. A series of such snapshots, run together, effectively creates a kind of movie, much like an old-fashioned flip book.

“This opens a whole new window on the microscopic world that we hope will answer many outstanding questions in materials and molecular physics, but also uncover at least as many surprises.  When you look with new eyes you have a chance to see things in new ways,” Siwick says.

The research was supported by the Canada Foundation for Innovation, the Natural Sciences and Engineering Research Council of Canada, the Canada Research Chairs program, and the Fonds du Recherche du Quèbec-Nature et Technologies.

Source: McGill Univ.
观察材料的隐蔽面

在McGill大学的研究人员在将“智能材料”二氧化钒（VO2）从半导体转化为金属的过程中——这个过程在比眨一下眼快一兆倍的时间帧内完成，已经成功地同时观测到原子位置和电子分布的重组。
该结果发表在10月24日的《Science》杂志上，标志着第一次通过实验在这种极快的过程中将材料原子晶格结构变化从电子迁移中区分出来。

该测量的实现得益于McGill团队对仪器的改良，可以适用于各种学科：例如，研究化学反应过程中的短暂但关键的转换，或者让生物学家能够在原子级别上理解蛋白质功能。这种超快的仪器将电子显微镜的工具和技术与激光光谱结合起来，形成了一种新的方法。
 “我们已经研究出了仪器和方法，使我们能够真正在飞秒时间尺度上（一百万个十亿分之一秒）研究物质的微观结构，这是化学，材料科学，凝聚态物理，生物学的基础过程。”McGill 的超快科学加拿大研究主席Bradley Siwick说。
 “我们能够同时看到核去了哪里，以及电子又发生了什么，”在化学和物理的部门副教授Siwick，说。“而且，最重要的是，我们能够知道这些结构变化对材料的性质产生了什么影响。这才是真正重要的技术。”
因为这些最新发展出来的优势，研究小组最近在解决凝聚态物理学中一个长期存在的难题上更进一步。钒氧化物的半导体——金属转变自1950s末再一次点燃了科学界的兴趣。该材料在低温下是一个半导体，但是当温度升高到60 C时（不比室温高多少），它就会转变为高导电性的金属。这种不寻常的特质使这种材料能在一些列应用中得到广泛使用，从高速光开关到窗口上的热敏感智能涂层。
实验发生在在McGill大学的化学大楼地下室的Siwick实验室，在那里，他和由毕业生组成的团队花了近四年的时间，在无振动钢制工作台上的室内设计建造的电子显微镜边，精心组装了激光，放大器和镜头。
为了进行实验，McGill 团队与INRS EMT的Mohamed Chaker研究小组合作。INRS EMT是一个在蒙特利尔郊外的大学研究中心。在INRS科学家提供了高品质、非常薄的VO 2样品——约70nm，比人类头发的宽度小1000倍——需要它进行超快电子衍射的测量。
该衍射图案在重排过程中的特定时刻，提供了材料结构原子长度的尺度快照。将一系列这样的快照放到一起，就生成了这样一种电影，就像一个老式的翻页书。
 “这打开了微观世界中一个全新的窗口，我们希望能藉此回答材料和分子物理学中许多悬而未决的问题，而且至少还会发现一些惊喜。当你用新的眼光来看世界时，你就有机会看到事物的不同面。”Siwick说。
这项研究是由加拿大创新基金会，自然科学和加拿大工程研究理事会，加拿大研究教席计划，以及全宗杜RECHERCHE魁北克-自然科技资助。
来源：McGill 大学
Metal Alloy（金属合金）
Engineer readies for rapid discovery of metallic glasses
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Shown here are blow formed, bulk metallic glass samples.
Yale Univ. engineer Jan Schroers will lead a three-year, $1.2 million project intended to dramatically accelerate the pace of discovering and characterizing bulk metallic glasses (BMGs), a versatile type of pliable glass that’s stronger than steel.

The grant, awarded as part of the National Science Foundation’s program for Designing Materials to Revolutionize and Engineer our Future, will enable Schroers’ team to screen more than 3,000 potential BMG alloys in a week, a vast improvement over traditional methods that take as much as a full day to identify a single alloy.

“With this project, we can bring materials discovery to a new level, reducing the time for identifying all possible BMG alloys from a projected 4,000 years to perhaps as little as four years,” said Schroers, a professor of mechanical engineering and materials science at the Yale School of Engineering & Applied Science.

The project will produce and characterize millions of potential BMGs, a significant increase over the 120,000 BMGs produced and characterized to date by traditional methods—just 100 of which are good glass formers. The key to this advancement, said Schroers, is the combination of three integrated computational and experimental techniques, each pioneered by a different team member.

First, Stefano Curtarolo of Duke Univ. will use combinatorial simulations to rapidly analyze the crystalline structures for thousands of potential alloys. Schroers will then examine the fabrication abilities of the best alloys identified by Curturaolo by simultaneously testing thousands of millimeter-size, controllably mixed alloys for their ability to generate bubble gum-like bubbles—a technique that indicates alloy pliability. Finally, Joost Vlassak of Harvard Univ. will rapidly characterize the best performing alloys using nanocalorimetry, a method that measures various thermal properties such as the melting and glass transition temperatures.

“There are strong arguments that metallic glasses are an ideal problem for this kind of combinatorial materials science because they are extremely complex, with up to six element alloys,” said Schroers, who added that the ideal plurality of properties for a BMG—reasonable costs, appropriate strength and toughness, corrosion resistance—has been extremely difficult to find using the slow trial-and-error of traditional methods.

“Currently, our most successful alloy is platinum-based, and it has everything except the price,” said Schroers. “We hope to find instead a copper- or aluminum-based alloy, which would effectively bring these very cool materials out of the lab and into everyday life.”

Source: Yale Univ.
快速发现金属玻璃的方法
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以上展示的是锤炼成形的块体金属玻璃样品。
耶鲁大学的工程师詹·施罗尔将领导一项为期三年投入120万美元的项目，目的是大大加速发现和描述本体金属玻璃的步伐，本体金属玻璃是一种硬于钢铁的多功能柔韧玻璃。
詹施罗尔这个项目作为“国家科学基金会改革启动未来材料设计项目”的一部分，得到了拨款，这就使施罗尔团队能够在一周之内鉴别3000多种潜在的块体金属玻璃合金，比起传统方法，这是一种巨大的进步，因为在传统方法下，鉴定一种合金就需要一天的时间。
“这个项目能使我们把材料发现提升到一个新的水平，过去需要4000年才能鉴定所有可能的块体金属玻璃合金，而现在这个时间可能降至4年，”耶鲁大学工程与应用科学学院的施罗尔教授说道，施罗尔教授专攻机械工程与材料科学专业。
这个项目将会生产并描述数百万种潜在的块体金属玻璃，比起到今天为止依靠传统方法生产和描述的12万种本体金属玻璃，这是一次重大的进步——在这12种本体金属玻璃中，只有100种是好的成玻璃材料。施罗尔说，这一进步的关键是三种计算和实验技术的结合，每一种技术都是由不同的队员开创的。
首先，杜克大学的斯特凡诺·库尔塔罗洛（Stefano Curtarolo）将用组合模拟法快速分析成千上百的潜在合金晶体结构；然后，施罗尔将检测由库尔塔罗洛鉴定出的最好合金的制造能力，他使用的方法是同时测试成千种毫米级大小的可控制混合合金，鉴定的主要内容是合金产生似口香糖泡泡的泡沫的能力——这是一项显示合金柔韧度的技术。最后，哈佛大学的朱思特·维兰萨卡用纳米量热法快速描述最好合金的特性。纳米量热法用于测量各种热性质，如熔解和玻璃化温度。
“金属玻璃是组合材料学一个典型的问题，这一论点上存在许多争议，因为这些金属玻璃极其复杂，包含高达6种元素合金，”施罗尔说道。然后他又补充说，用传统的慢速试错法很难发现块体金属合金的多种理想性质，如合理的成本，适当的强度和韧性、耐蚀性。
“现在，我们最成功的合金是铂基合金，除了价钱方面，它拥有其他一切理想性质，”施罗尔说道。“我们希望找到铜基或铝基合金，它们能够把这些很酷的材料有效地带出实验室，应用在日常生活中。
来源：耶鲁大学
GE Oil & Gas wins top award for nickel base shrouded impeller

The International HIP committee (IHC) presented its ‘HIP Parts of Excellence’ award winners at HIP’14, the 11th International Conference on Hot Isostatic Pressing, Stockholm, Sweden, June 9-13. GE Oil & Gas, Italy, together with Synertech PM, Inc. and LNT PM, Inc. received the Grand Prize in the competition for an Alloy 625M shrouded impeller manufactured for use in centrifugal compressors used in the oil and gas industry.

Designed specifically for sour applications, for example environments where high concentrations of hydrogen sulfide, carbon dioxide and chlorides create a particularly aggressive environment, the nickel based superalloy component exhibited exceptional dimensional control for such a large PM component.

As shown in Fig. 2, the shrouded impeller design, with solid sections covering an array of complex, internal vanes, is a challenging shape to manufacture by any method. The complexity of the part makes it well suited for production using selective-surface HIP Powder Metallurgy net shape techniques. By this method solid, machined cores made from mild steel are positioned within a capsule during the capsule assembly process. Powder fills the remaining voids within the capsule and after HIP, the mild steel core and capsule materials are removed in an acid bath. The as-HIPed superalloy component, as shown in Fig. 2b, remains. Heat treating and an external machining step produce the finished product.
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Fig. 2 As shown in the left-most CAD image, (a), the shrouded impeller consists of a number of complex vanes sandwiched between solid surfaces. The part is difficult to machine from a solid billet. As seen on the right, (b), HIP PM net shape techniques offer a method by which the complex inner surfaces can be manufactured to net shape dimensions, leaving only the easily accessed outer surfaces that require machining. The alloy is a NACE-MR0175 compliant material,  that exhibits outstanding corrosion properties and resists liquid droplet erosion. HIP and Heat Treatment parameters were optimised for Alloy 625M and sour acid gas applications 

Tests performed during product development included: high cycle fatigue, fracture toughness, fatigue crack growth rate, tensile strength, impact strength, notch sensitivity, and sulfide stress corrosion cracking. Sulfide stress corrosion cracking testing was performed in accordance with NACE TM0177 and ASTM G39-99 with no failures. Fatigue crack growth and fracture toughness thresholds were intermediate between forgings and castings of similar alloy (Fig. 3). 
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Fig. 3 Data from the fatigue crack growth rate assessment of the GE shrouded impeller showed that fatigue crack growth behaviour was intermediate between forgings and castings

GE Oil & Gas cited high material utilisation as an advantage for the HIP PM approach with the weight of the as-HIPed part only weighing 1.1 times the weight of the finished product while the weight of a forged preform was five times greater than that of the finished part . GE Oil and Gas has established all process and quality control parameters and production using the HIP PM approach is anticipated to begin in 2015 at a nominal rate of 300 parts per year.

The combination of part complexity, part size, and dimensional control were stated as being factors in this part being named the grand prize winner in the competition.
GE石油与天然气集团凭借镍基笼罩叶轮而获特等奖

国际HIP委员会（IHC）于六月九日至十三日在瑞典斯德哥尔摩举办的关于热等镇压的第十一届国际会议的HIP14次会议中公布了其“HIP卓越零件”奖的获奖者。GE石油与天然气集团、Synertech PM有限公司以及LNT PM有限公司在关于石油和天然气产业中离心压缩机内使用的625M合金笼罩叶轮的比赛中获得了大奖。

专门为酸性的应用程序所设计，例如高浓度的硫化氢、二氧化碳和氯化物所创造出的一个特别恶劣的环境，该镍基超合金成分对这样的一个大PM成分表现出了特别的量纲控制。

如图2所示，具有覆盖了一系列复杂的内部叶片的笼罩叶轮设计对于以任何方式进行生产来说都是一个具有挑战性的形状。该零件的复杂性使得它非常适合采用选择性表面HIP粉末冶金净成形技术来进行生产。通过这种方法，固态的、由软钢制成的加工磁芯就能够在盒装配过程中被安置在一个胶囊中。粉末填充了胶囊中的剩余空隙，并且在HIP之后，该低碳钢芯和胶囊材料会在一次酸浴中去除。该热等静压的超合金构件，正如图2所示的，仍然存在。通过热处理和外部加工步骤生产出最终成品。
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图2. 正如左边CAD图所显示的，（a），笼罩叶轮是由许多夹杂在固体表面之间的复杂叶片构成的。这个部件很难通过一个固态的坯料来进行机械制造。如右图所示，（b），静压PM净成形技术提供了一种方式，通过该方式，复杂的内表面可以被制造成净成形容积，从而只剩下需要机械加工的入口外表面。该合金是NACE-MR0175的适用材料，其具有优异的防腐性能以及抗液滴侵蚀性能。合金625M以及酸性气体应用程序的热等静压和热处理参数得到了优化。

在产品开发过程中所进行的测试包括：高循环疲劳、断裂韧性、疲劳裂纹扩展率、拉伸强度、冲击强度、缺口敏感性以及硫化物应力腐蚀开裂。硫化物应力腐蚀开裂试验是依据无故障的NACE TM0177和ASTM G39-99来进行的。疲劳裂纹扩展和断裂韧性的阈值是相似合金的合金锻件和铸件之间的中间值（图3）。
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图3 根据GE笼罩叶轮的疲劳裂纹扩展速率评估所显示的疲劳裂纹扩展行为是锻件和铸件之间的中间值而获得的数据资料。

GE石油和天然气公司将较高的材料利用率作为HIP PM方式的一个优势，HIP零件的重量仅是成品重量的1.1倍，而伪造预成型体的重量是成品部件的重量的5倍。GE石油和天然气公司已经建立了所有的过程和质量控制参数，并且利用HIP PM方式进行的生产预计在2015年以每年生产300个零件的正常速率开始进行。

部件复杂性、零件尺寸和尺寸控制的结合被认为是比赛评奖时考虑的因素。
Composite Materials（复合材料）
Huntsman Advanced Materials Focuses on New Generation Composite & Adhesive Materials for Aerospace Interiors

Huntsman Advanced Materials Araldite family of processing solutions look to advance material science within aerospace composites.

The company states Araldite FST 40002 / 40003, a high-performance processing solution for aerospace composites interiors, is recognised as an entirely new and significantly advanced development in material science. In uniquely combining inherent FST properties with high quality, user-friendly processing methods, Araldite FST 40002 / 40003 enables efficiently produced interior structural glass and carbon composites, with maximised weight savings.
By comparison with other composites solutions such as epoxy prepregs or thermoplastic organosheets, Huntsman claims Araldite FST 40002 / 40003's RTM and infusion processing capabilities enable - for the first time ever - the production of structural FST parts that are unrestricted by the degree of part complexity and function integration.

This non-halogenated, inherently flame retardant system meets the FAR 25.853 vertical burn, smoke and toxicity requirements for CFRP and GFRP in all thickness configurations without the use of any fillers.

The mixed two-component system exhibits a low viscosity at low working temperatures, c.a.50°C. Its latency characteristics, between 50°C to 150°C, provide high flexibility in manufacturing. It allows the production of large parts with low-cost mold solutions, through the infusion process, as well as high productivity for small and medium parts, with an in-mold cure capability of 5 minutes at just 150°C, using the RTM process.

Araldite FST 40002 / 40003 also has a low reaction energy of approximately 220 J/g, which eliminates bulk exothermic safety issues and enables high thickness composite parts production.

As research into benzoxazine resins continues, these systems are showing their value as a cost-effective replacement for low-cost phenolic resins in aerospace interiors.

In curing without gas release, benzoxazine resins provide excellent surface finish and laminate quality and are also compliant with health and safety regulations.

Meeting the same FST and heat release requirements as phenolics, the new benzoxazine, Araldite XU 35710 FST, offers superior properties and provides a cost-effective alternative aimed at a wider range of applications including semi-structural parts.

Compared to traditional benzoxazine resins, the new Araldite XU 35710 FST offers low viscosity which makes it suitable for the formulation of solvent and hot-melt prepregs, as well as for systems designed for direct processes, such as RTM.

As part of its ongoing drive to enable market differentiation for formulators, Huntsman continues to add new and innovative high-performance materials to its range of qualified building blocks. This approach is very much informed by the need to deliver mechanical and thermal performance improvements for aircraft components.

One of the latest additions to the company's building blocks range is Araldite MT 40050 FST, a non-formulated but structurally fire resistant thermosetting epoxy resin that can replace or be combined with standard epoxies in prepreg formulations.

It can also be used in formulations for direct processes such as RTM, infusion and filament winding, to provide fire resistance, very low smoke density and toxicity as well as very good heat release behaviour.

With its inherent FST performance, Araldite MT 40050 FST meets the FAR 25.853 / ABD 0031 FST and heat release standard when tested with a traditional high Tg liquid hardener in 1-ply GFRP configuration.

As fire resistance regulations become more stringent, Huntsman is constantly developing its Epocast, Epibond and Araldite epoxy adhesives and syntactics ranges to meet the requirements of fast assembly, weight reduction and REACH compliance and safety.

Epocast epoxy syntactics are produced in a range of densities to meet specified handling and performance requirements. Many of these materials are self-extinguishing and feature easy-to-apply viscosities, sag-resistance and high strength.

For example, Epocast 1645 FR, a new ultra-low density syntactic complies with FAR 25.853 FST requirements for honeycomb void and edge filling. Similarly, the new low density syntactic Epocast 1622 FAT A/B helps to optimise weight on a variety of applications, including honeycomb reinforcement and potting of fasteners.

Compliant with FAR 25.853 regulations and available in cartridges for easy application, Huntsman's latest epoxy adhesive, Epibond 8000 FR is suitable for metal and composite bonding and honeycomb or insert potting applications requiring fire and high mechanical performance.

To summarise, Huntsman states composites currently account for just 20 to 25% of the total interior weight of an aircraft and there is huge potential for this to increase to as much as 30-40% within the next ten years.
亨斯迈先进材料公司将重点放于用于航空内饰的新一代复合材料及粘合剂材料

亨斯迈先进材料公司的爱牢达(Araldite)产品系列的处理解决方案，着眼于推动航空航天复合材料科学的发展。

该公司推出的爱牢达FST40002/40003，是航空航天复合材料的内饰高性能的处理解决方案，被认为是材料科学中全新的显著的先进发展。爱牢达 FST 40002 / 40003通过将固有的FST性能与高品质、人性化处理方法进行独特结合，使内部结构玻璃和碳纤维复合材料的生产更有效，并最大程度的减轻重量。 

与其它复合材料的解决方案，如环氧预浸渍体或thermoplastic organosheets比较，亨斯迈声称，爱牢达FST 40002 / 40003的树脂传递模塑和注入加工能力，首次能在不受部件复杂程度和功能集成程度的限制下，生产结构型FST零件。

这种非卤化的、固有的阻燃剂系统符合FAR25.853对CFRP和GFRP在所有不使用任何填料的厚度配置方面的垂直燃烧、无烟和无毒要求。

这种混合的双组分系统在c.a.50°C的低工作温度下粘度低。它在50℃至150℃下的延迟特性，提供了制造高灵活性。有了该系统就可使用低成本模具解决方案通过浸出法生产大型部件；亦可实现中小组件的高生产率，使用RTM工艺，具有5分钟内在150℃时模内固化的能力。

爱牢达FST40003的反应能量较低，大约为220 J/g，从而消除大部分放热安全问题，可生产高厚度的复合材料部件。

随着苯并恶嗪树脂研究的继续进行，这些系统都显示出可替代航天内饰中的低成本酚醛树脂，且具有成本效益优势。

苯并恶嗪树脂在固化时无气体释放，具有优异的表面光洁度和层压板的质量，而且也符合卫生和安全规定。

这种新型苯并恶嗪Araldite XU 35710 FST，与酚醛塑料一样，符合同样的FST和热释放的要求，具备优越性能，并提供了一种具有成本效益的替代方案，旨在更广泛的应用，包括半结构件。

相比于传统的苯并恶嗪树脂，新的Araldite XU 35710 FST粘度低，这使得它适用于溶剂和热熔预浸料的配方，并适用于用于RTM等直接工艺的系统。

作为其正在进行的使配方市场差异化的驱动的一部分，亨斯迈公司将继续将新的和创新的高性能材料增加到其合格的建筑材料系列。提高飞机组件的机械和热性能，使用这种方法是非常明智的。

该公司最新增加的材料系列之一是Araldite MT 40050 FST，它是一种非配方制造、但结构上耐火的热固性环氧树脂，可替换半固化配方中的标准环氧树脂，或与其结合使用。

它也可以用在用于卷绕直接工艺的配方，如RTM、浸泡（infusion）和纤维缠绕法（filament winding），以提供防火性、非常低的烟浓度和毒性，以及非常良好的热释放特性。

凭借其固有的FST性能，在与传统1-ply GFRP的高耐热液态结构一起测试时，Araldite MT 40050 FST符合FAR25.853/ ABD0031 FST和热释放标准。

由于耐火性规定越来越严格，亨斯迈正在不断发展其Epocast、Epibond和爱牢达环氧树脂胶粘剂和syntactics系列产品，以满足快速装配、减轻重量的要求，以及REACH合规性和安全性。

为满足特定的处理和性能要求，Epocast环氧syntactics产品具有一系列的密度。许多这些材料具有自熄性，并有易于使用的粘度、流挂性和高强度。

例如，Epocast1645 FR，一个新的超低密度syntactic产品，符合FAR25.853FST蜂窝状空隙和边缘填充的要求。同样地，新的低密度Epocast 1622 FAT A/B有助于在各种应用中优化重量，包括蜂窝状增强和紧固件灌封。

亨斯迈最新的环氧树脂胶粘剂Epibond8000 FR符合FAR25.853法规，应用方便，适用于金属和复合粘接，以及有防火和高机械性能要求的蜂窝或嵌入灌封应用。

概括地说，亨斯迈公司指出，目前复合材料仅占飞机内饰总重量的20〜25％，在未来十年之内其将增加至高达30％-40％，发展潜力巨大。
Polymer hybrid thin-film composites for food packaging and membrane filters

Juha Nikkola M.Sc.(Tech.), Senior Scientist at VTT Technical Research Centre of Finland, developed new hybrid materials in his doctoral research project for use in the manufacture and modification of thin-film composites. The project resulted in new materials suitable for instance for food packaging with enhanced diffusion barrier and for membrane filters with improved anti-fouling properties used in water purification. In the future, similar materials may find use in flexible OLED displays and in wall and ceiling panels. 

The doctoral research project involved developing surface materials that decrease bacterial adhesion to the surface. Improved surface materials can help keep membrane filters or wall surfaces clean or improve the preservation of food.

Food spoilage can be delayed with a new type of cardboard package coated with a plastic incorporating the thin-film composite structure developed in the present project. Such diffusion barrier materials may also find use in flexible OLED displays in the electronics industry or in replacing thickly layered paint on wall and ceiling panels.

The doctoral research project involved studying and developing flexible thin-film composites using various coating techniques and studying the impact of the surface layer on the permeability and anti-fouling properties of the thin-film composite. The hybrid materials developed can be produced in roll-to-roll processing. The research focused on atmospheric plasma deposition, atomic layer deposition (ALD) and sol-gel deposition techniques.

What are hybrid materials?

A hybrid material is simply a combination of two materials at the macro, micro or nano level. Hybrid material is typically a blend, multilayer or nanostructured material. For instance, multilayer structures manufactured using thin-film deposition techniques can be named as hybrid materials.

Thin-film composites usually consist of three layers with different functions. The support and core layers provide the mechanical properties such as strength and flexibility. The core layer may also have properties affecting the chemical durability, permeability or composition of the composite. The properties required of the skin layer may have to do with separation efficiency, diffusion barrier performance, roughness, surface energy or liquid or gas permeability.
用于食品包装和膜过滤器的聚合物复合薄膜

芬兰VTT技术研究中心资深科学家理科硕士（技术）Juha Nikkola，在他的博士研究项目中研发出新的复合材料，可用于薄膜复合材料的制造和改良。项目研究成果包括一些适合各种用途的新材料，比如食品包装中增强的扩散阻挡层，在水净化中使用的改良的防污过滤膜。在未来，类似的材料可能会应用于柔性OLED显示器、墙面以及天花板上。

该博士研究项目是为了研发出能减少表面细菌附着的材料。改良的表面材料可以保持过滤膜或墙壁表面清洁，或改进食品保鲜。

使用带有本项目中开发的新型薄膜复合结构塑料涂层的纸板包装，可以延长食品保质期。该扩散阻挡层材料也可用于电子行业中的柔性OLED显示器上，或代替墙壁和天花板上厚厚的涂料。

该博士研究项目涉及柔性薄膜复合材料的研究和开发，使用各种涂层技术以及研究表层对薄膜复合材料透气性和防污性的影响。这种混合材料可以滚式制造。该研究的重点在于大气等离子体沉积，原子层沉积（ALD）和溶胶-凝胶沉积技术。

什么是混合材料？

混合材料简单来说就是两种材料在宏观、微观和纳米级层面上的组合。混合材料通常是混合物、多层或纳米结构材料。例如，使用薄膜沉积技术制成的多层结构可以被称为混合材料。

薄膜复合材料通常由具有不同功能的三层组成。底层和芯层提供了机械性能，如强度和柔韧性。芯层还会影响复合材料的化学耐久性，透气性或组合物性质。表层性质大都与分离效率、扩散阻挡性能、粗糙度、表面能或液体或气体透过性有关。
Practical Application（实际应用）
'Direct writing' of diamond patterns from graphite a potential technological leap
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This illustration depicts a new technique that uses a pulsing laser to create synthetic nanodiamond films and patterns from graphite, with potential applications from biosensors to computer chips. (Purdue University image/Gary Cheng)
What began as research into a method to strengthen metals has led to the discovery of a new technique that uses a pulsing laser to create synthetic nanodiamond films and patterns from graphite, with potential applications from biosensors to computer chips.

"The biggest advantage is that you can selectively deposit nanodiamond on rigid surfaces without the high temperatures and pressures normally needed to produce synthetic diamond," said Gary Cheng, an associate professor of industrial engineering at Purdue Univ. "We do this at room temperature and without a high temperature and pressure chamber, so this process could significantly lower the cost of making diamond.  In addition, we realize a direct writing technique that could selectively write nanodiamond in designed patterns."

The ability to selectively "write" lines of diamond on surfaces could be practical for various potential applications including biosensors, quantum computing, fuel cells and next-generation computer chips.

The technique works by using a multilayered film that includes a layer of graphite topped with a glass cover sheet. Exposing this layered structure to an ultrafast-pulsing laser instantly converts the graphite to an ionized plasma and creates a downward pressure. Then the graphite plasma quickly solidifies into diamond. The glass sheet confines the plasma to keep it from escaping, allowing it to form a nanodiamond coating.

"These are super-small diamonds and the coating is super-strong, so it could be used for high-temperature sensors," Cheng said.

Research findings are detailed in a paper that appeared online in the Nature journal Scientific Reports. The paper was authored by former Purdue doctoral students Yuefeng Wang, Yingling Yang, Ji Li and Martin Y. Zhang; postdoctoral research associate Jiayi Shao; doctoral students Qiong Nian and Liang Tang; and Cheng.

The researchers made the discovery while studying how to strengthen metals using a thin layer of graphite and a nanosecond-pulsing laser. A doctoral student noticed that the laser was either causing the graphite to disappear or turn semi-transparent.

"The black coating of graphite was gone, but where did it go?" Cheng said.

Subsequent research proved the graphite had turned into diamond. The Purdue researchers have named the process confined pulse laser deposition (CPLD).

The research team confirmed that the structures are diamond using a variety of techniques including transmission electron microscopy, X-ray diffraction and the measurement of electrical resistance.

A U.S. patent application has been filed on the concept through the Purdue Office of Technology Commercialization. More research is needed to commercialize the technique, Cheng said. 

Source: Purdue Univ.
潜在的技术飞跃：用石墨“直接书写”金刚石图案

[image: image12.jpg]{ e

Expioie

colntd s

Notorted 17

e




此图描绘了一个使用脉冲激光运用石墨来制造合成纳米金刚石薄膜和模式的新技术，其潜在的应用范围从生物传感器到电脑芯片。（普渡大学  图像/加里•程）

对加强金属的一种方式进行研究时，一开始所做的工作导致对该新的技术的发现，该技术使用脉冲激光运用石墨来制造合成纳米金刚石薄膜和模式，并且其潜在的应用范围从生物传感器到电脑芯片。

“最大的好处在于，你可以在不需要高温和高压的情况下选择性地在刚性表面沉积纳米金刚石，而通常在生产人造金刚石时都需要有高温和高压，”普渡大学工业工程系的副教授加里•程表示。“我们在没有高温和高压室的情况下，在常温条件下进行这项工作，因此该过程能够显著地降低制造金刚石的成本。此外，我们实现了一个能够在设计模式下选择性地书写纳米金刚石的直写技术。”

在表面选择性地“书写”金刚石线条的能力可能对于各种潜在的应用来说是具有实用性的，例如生物传感器、量子计算、燃料电池以及下一代的计算机芯片。

该技术的工作原理是使用一个包含了一层顶部存在玻璃盖片的石墨的多层薄膜。将该分层结构暴露于一个超快的脉冲激光，瞬间将该石墨转换成一个电离的等离子体，并且创造出一个向下的压力。然后，石墨等离子迅速地凝固成金刚石。玻璃板将等离子体禁闭起来以防止其脱离，从而使其形成了一个纳米金刚石涂层。

“这些都是超小的金刚石，并且该涂层超强，因此它可以用于高温传感器，”程表示。

在《自然》杂志科学报告的网络版本中出现的一篇论文对该研究的结果进行了详细描述。该论文的作用是前美国普渡大学的博士生王岳峰、杨英林、李继和马丁Y•张；博士后研究助理邵佳伊；博士生念琼和唐良；以及程。

研究人员在研究如何使用一个薄层石墨和一个纳米秒脉冲激光来加强金属时发现了这一结果。一位博士生注意到，激光要么会使石墨消失，要么会使其变成半透明状。

“石墨的黑色涂层不见了，那么该涂层去了哪里？”程表示。

之后的研究证明出石墨变成了金刚石。普渡大学的研究人员已经将该过程命名为密闭脉冲激光沉积（CPLD）。

该研究小组运用多种技术证实了该结构是金刚石，例如透射电子显微镜、X射线衍射和电阻的测量。

普渡大学技术商业化办公室已经对本概念申请了美国专利应用。要想商业化该技术还需要进行更多的研究，程表示。

资料来源：普渡大学

Novel sodium-conducting material could improve rechargeable batteries
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When heated, this sodium-based hydrid changes to the more open structure shown here (hydrogen atoms are omitted for clarity), featuring large, connected corridors through which charge-carrying sodium ions (in yellow) can travel with ease. Image: Udovic/NIST
Rechargeable battery manufacturers may get a jolt from research performed at NIST and several other institutions, where a team of scientists has discovered a safe, inexpensive, sodium-conducting material that significantly outperforms all others in its class.

The team's discovery is a sodium-based, complex metal hydride, a material with potential as a much cheaper alternative to the lithium-based conductors used in many rechargeable batteries. Because lithium is a comparatively rare commodity near the earth's surface, the industry would prefer to build reusable batteries out of common ingredients that are both economical and inexhaustible.

The novel hydride—which has the formula Na2B10H10—might fit the bill, and not only because it is formed of the three easily obtainable elements of sodium, boron and hydrogen. There are other practical reasons as well: It is a stable inorganic solid, meaning it would pose fewer of the risks carried by many flammable liquids in traditional batteries, such as the potential for leaking or exploding. And compared to other sodium-based solids, it can enable more power output.

This last advantage stems from its unusual ability to conduct sodium ions exceptionally well when heated. At room temperature, the hydride's atoms are tightly packed together. But when heated to near water's boiling point, they repack to create numerous corridors through which the sodium ions can flow easily. Because charged ions are what carry electricity in a battery, this "phase change," as physicists call it, allows the team's material to outperform others.

"It's more than 20 times better at doing its job than other known sodium-based complex hydrides in this temperature range," says Terrence Udovic of the NIST Center for Neutron Research (NCNR). "It's also as good as the best solid lithium-based hydride that has been measured, so it's quite promising."

Udovic had been exploring metal hydride materials as candidates for hydrogen storage, and while this particular compound performed poorly at that task, he hit upon the idea of testing it as an ion conductor. NCNR research hinted at its abilities, but clarifying them took an international effort among collaborators from Japan's Tohoku Univ., Russia's Institute of Metal Physics, the Univ. of Maryland and Sandia National Laboratories.

Udovic says that future work will involve chemically tweaking the hydride's properties in order to optimize its performance. At this point, it would be necessary to operate a battery above the phase transition temperature, so one goal will be to bring the transition temperature down to as close to room temperature as possible—a goal he is confident is within reach.

"You could probably use this material in a battery right now," he says. "But the lower the temperature required to make it work, the more useful it will be."
新颖钠传导材料能够改善可再充电电池的性能
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当加热时，该钠基氢化物变成了此处显示的更加开放的结构（为清楚起见，此处省略了氢原子），其以大为特点，电荷传输纳离子（黄色）通过连接通道能够自由穿行。图片提供：Udovic/NIST

鉴于NIST和许多其他机构所进行的研究，可充电电池的制造商可能会有所动荡，在研究中，一组科学家们已经发现了一种显著优于该级别中其他材料的安全、廉价、纳导电性的材料。

该小组发现的是一个纳基的络合金属氢化物，该材料具有作为许多可再充电电池中所使用的锂基导体材料的廉价替代品的潜能。由于锂是地球表层附近比较罕见的一种商品，因此该行业更愿意用即经济又取之不尽的常见成分来制造可重复使用的电池。

新的氢化物——其公式为Na2B10H10——可能符合这个要求，并且不仅仅是由于它是由三种容易获得的元素——钠、硼和氢——形成的。同时还有其他实际的原因：它是一种稳定的无机固体，这意味着相对于许多在传统电池中所使用的易燃液体所产生的风险来说，例如可能产生的泄漏或爆炸，它将会带来更少的风险。并且相对于其他纳基固体来说，它能够产生更多的动力输出。

最后的优势源自于其不同寻常的能力，其能够在加热时对纳离子进行特殊管理。在室温下，氢化物的原子将会紧紧地包裹在一起。但是当温度加热到接近水的沸点时，它们会重新进行包裹以产生无数的通道，从而使纳离子能够在此通道中轻易流动。由于在电池中携带电子的是电荷，这种“相变”，正如物理学家对它的称呼一样，使该研究小组的材料优于其他材料。

“在此温度范围内，该材料在其专业方面比其他已知的纳基复合氢化物要好20倍，”NIST中子中心（NCNR）的泰伦斯•乌多维克表示。“其同样也与已经得到测量的最好的固态锂基氢化物一样好，因此它是非常有前途的。”

乌多维克已经将金属氢化物材料作为氢储备的后选材料进行了探索，但是这种特殊的化合物在其任务中表现得并不好，他偶然有了将其作为一个离子导体来进行测试的想法。NCNR研究暗示了它的能力，但是一个来自日本东北大学、俄罗斯金属物理研究所、马里兰大学和Sandia国家实验室的合作者之间进行的国际性工作对其进行了澄清。

乌多维克表示，以后的工作将涉及在化学上追加氢化物的性质，以此来优化其性能。这对于在相变温度以上操作一个电池来说是必要的，因此其中一个目标将是令相变温度尽可能地下降到室温的水平——他认为这是一个可以实现的目标。

“你目前可能在电池中使用了这种材料，”他表示。“但其制造时所需的温度越低，那么产品就会越加有用。”

Research lights the way for super-fast computers

Findings published in the journal Nature Communications demonstrate how glass can be manipulated to create a material that will enable computers to transfer information using light. This development could significantly increase computer processing speeds and power in the future.

The findings, from the Univ. of Surrey in collaboration with the Univ. of Cambridge and the Univ. of Southampton, show that it’s possible to change the electronic properties of amorphous chalcogenides, a glass material integral to data technologies such as CDs and DVDs.

By using a technique called ion doping, the team of researchers have discovered a material that could use light to bring together different computing functions into one component, leading to all-optical systems.

Computers currently depend upon electrons to transfer information and process applications, yet data sources such as the internet rely on optical systems; the transfer of information using light. Optical fibers are used to send information around the world at the speed of light, but these signals then have to be converted to electrical signals once they reach a computer, causing a significant slowdown in processing.

“The challenge is to find a single material that can effectively use and control light to carry information around a computer. Much like how the web uses light to deliver information, we want to use light to both deliver and process computer data,” said project leader Dr. Richard Curry, who works at Surrey's Advanced Technology Institute (ATI). “This has eluded researchers for decades, but now we have now shown how a widely used glass can be manipulated to conduct negative electrons, as well as positive charges, creating what are known as ‘pn-junction’ devices. This should enable the material to act as a light source, a light guide and a light detector– something that can carry and interpret optical information. In doing so, this could transform the computers of tomorrow, allowing them to effectively process information at much faster speeds.”

Scientists expect that the results of this research may be integrated into computers within ten years. In the short term, the glass is already being developed and used in next-generation computer memory technology known as CRAM, which may ultimately be integrated with the advances reported.

Source: Univ. of Surrey
研究为超高速计算机指明了方向

发表于《自然通讯》杂志上的研究结果表明了玻璃如何能够得到操作以创建一种使计算机通过光来传输信息的材料。这种发展能够在未来显著提高计算机的处理速度和功率。

这些由萨里大学、剑桥大学以及南安普敦大学共同研究发现的结果表明，非晶硫族化物的电特性有可能会改变，非晶硫族化物是一种与数据技术相整合的玻璃材料，例如CD和DVD。

通过使用一个称为离子掺杂的技术，该研究小组的研究人员们已经发现了一种能够用光将不同的计算功能汇集成一个部件从而产生全光学系统的材料。

目前计算机依赖于电子传输信息以及处理应用，而像因特网这样的数据源主要依赖于光学系统；利用光进行信息的传送。在世界各地，光纤被用以光速来传递信息，但是当这些信号到达一台电脑时必须被转换成电信号，这个行为在处理过程中造成了速度的显著下降。

“目前所面临的挑战是找到一种能够在电脑周围有效使用和控制光来携带信息的信号材料。就像网络如何使用光来传递信息一样，我们想用光来提供和处理电脑数据，”来自萨里先进技术研究所（ATI）的项目负责人理查德•库里博士表示。“这个问题困扰了研究者们数十年，但是现在，我们已经显示出一个广泛使用的玻璃如何能够通过操纵来产生负电子以及正电荷，从而创造出所谓的‘pn-连接’设备。这应该会使该材料像光源、光导以及光检测器一样来行动——任何能够携带和转译光学信息的事物。这样做，可以改变未来的电脑，从而使它们以更快的速度有效地处理信息。”

科学家们希望这项研究的成果能够在未来十年内被整合到电脑中。在短期内，该玻璃已经得到开发并且被用于下一代被称为CRAM的计算机存储器技术，其最终可能会与报告的先进技术一同整合。

资料来源：索里大学
Organic & Polymer（有机高分子材料）
An efficient catalytic process converts sugary biomass into a renewable feedstock for polymer production
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A new ‘green’ chemistry technique allows nylon polymers to be efficiently synthesized from bio-based raw materials. Credit: Urs Siedentop/iStock/Thinkstock 

The environmental impact of synthesizing adipic acid, an important precursor of nylon polymers, can be dramatically reduced by a chemical technique developed by Yugen Zhang and co-workers from the A*STAR Institute of Bioengineering and Nanotechnology. 

The researchers found that an oxygen–rhenium catalyst complex transforms bio-based compounds derived from straw waste and other agricultural material into adipic acid with higher yields and lower emissions than conventional processes.

Producing bulk chemicals from renewable sources is a key objective for manufacturers seeking to reduce their dependence on petroleum-based raw materials. However, typical compounds produced by biorefining are quite different from current feedstocks. Many are made up of oxygen-rich sugar rings—mixtures that are thermally unstable and difficult to manipulate into new molecules. Finding ways to catalytically remove oxygen atoms from sugars, sugar alcohols and sugar acids is a critical challenge, says Zhang.

Recently, chemists have begun using a reaction known as deoxydehydration (DODH) to realize this goal. This technique uses oxygen–rhenium catalysts to remove neighboring hydroxyl (OH) groups from a hydrocarbon starting material and convert it into a double-bonded alkene—a compound more amenable to synthetic processing. But, until now, only sugar alcohols with multiple OH groups have been successfully converted by DODH reactions.

Zhang and his team examined whether mucic acid, a molecule that can be synthesized in large quantities from galactose sugar rings, would respond to DODH techniques. They dissolved the mucic acid in boiling alcohol and then added a pinch of the special oxygen–rhenium catalyst. This reaction worked better than expected, stripping off the sugar acid's OH groups with almost perfect efficiency. Zhang notes that this high reactivity can be traced to the two terminal carboxylic acid groups that activate mucic acid's internal carbon–OH bonds.

After synthesizing the double-bonded muconic acid derivative, the researchers transformed it into adipic acid by using a platinum–carbon catalyst to hydrogenate the alkene positions—a simple chemical trick with only negligible byproducts. Further experiments revealed that the two-step mucic-to-adipic-acid bioconversion could be carried out in a single reaction pot with an overall yield of 99 per cent—a significant boost over the 60 per cent yields that standard protocols give.

The catalytic route also eliminates the nitrous oxide pollutants commonly released when petrochemicals are turned into nylon. "This highly efficient and green route for bio-adipic acid production should help draw more academic and industrial efforts to renewable feedstocks," says Zhang.
有效催化工艺可将含糖有机物转化为生产聚合物的可再生原料
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一种新的“绿色”化学技术可以有效地从生物质基原料中合成得到尼龙聚合物。图片来源：Urs Siedentop/iStock/Thinkstock。

作为尼龙聚合物的一个重要前体，合成己二酸对环境的影响可以通过化学技术显着地减少，该技术由新加坡A*STAR生物工程和纳米技术研究所的Yugen Zhang博士和他的同事合作开发。

研究人员发现，氧-铼络合催化剂可将来源于秸秆废料和其他农作物原料的生物质基化合物转化为己二酸，而且比传统工艺产量高、排放低。

利用可再生资源生产散装化学品是制造商试图减少依赖石油基原料的一个重要目标。然而，通过生物炼制产生的传统化合物与目前的原料有很大的不同，其中很多是由富含氧气的糖环构成—热不稳定的并且难以转变为新分子的混合物。Zhang说，设法从糖、糖醇和糖酸中催化去除氧原子是一个严峻的挑战。

最近，化学家们已经开始使用一种叫脱氧脱水(DODH)的化学反应来实现这一目标。这种技术使用氧-铼催化剂从一种碳氢化合物的原始材料中去除相邻的羟基团（OH），并且将其转化为双键烯烃，一种更易于合成处理的化合物。但是，直到现在，DODH反应只转化了那些具有多羟基团的糖醇。

Zhang和他的团队检验了粘酸在DODH下是否会发生反应，这是一种可以从半乳糖糖环中大量合成的分子。他们将粘酸溶解于沸腾的酒精之中，并加入少许的氧-铼催化剂。该反应进修得比预期的要好，几乎完美高效地除去了糖酸羟基团。Zhang指出，这一高效反应可以追溯到两个末端羧酸基团，它们活化了粘酸内部碳-OH键。

合成该双键基粘康酸衍生物后，研究人员通过使用氢化烯烃铂-碳催化剂将其转化为己二酸，这是一种几乎没有副产品的简单化学技艺。进一步的实验显示，粘酸到己二酸的两步生物转化可以在一个单一反应罐中进行，总产率可以到达99%。相比标准实验方案提出的60%产率，这是一个重大的提升。

这一催化途径也减少了石油化学产品转化为尼龙聚合物时释放的一氧化二氮污染物。“这种高效绿色的生物己二酸生产途径应该有助于吸引更多的有关可再生原料的学术和工业努力，”Zhang说。

3-D metamaterials with a natural bent
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Scanning electron microscope image of the fabricated isotropic metamaterial consisting of fourfold symmetric 3D SRRs. The inset shows a magnified image, and the total sample area was 4 x 4 mm.
Metamaterials, a hot area of research today, are artificial materials engineered with resonant elements to display properties that are not found in natural materials. By organizing materials in a specific way, scientists can build materials with a negative refractivity, for example, which refract light at a reverse angle from normal materials. However, metamaterials up to now have harbored a significant downside. Unlike natural materials, they are two-dimensional and inherently anisotropic, meaning that they are designed to act in a certain direction. By contrast, three-dimensional natural materials typically look the same from all directions. For instance, water in a glass acts as an isotropic material for light, even though the water molecule itself has an asymmetric and anisotropic structure.

Scientists have been able to manufacture three-dimensional isotropic metamaterials, but up to now only on a very small scale. Now, in a significant breakthrough, published in Advanced Optical Materials, scientists from RIKEN, in collaboration with colleagues from ITRC, NARLabs in Taiwan, have succeeded in creating a large metamaterial, up to 4 mm x 4 mm2 in size, that is essentially isotropic, using a type of metamaterial element called a split-ring resonator (SRR).

The team achieved this breakthrough based on a new fabrication technique that combines top-down electron lithography and a bottom-up self-folding mechanism caused by the intrinsic stress of metals, called the “metal-stress driven self-folding method.”
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Illustration of the process for fabricating the material.
They began with the top-down process. They deposited a layer of PMMA, a polymer, on a substrate of silicon. They then used electron beam lithography to etch a ribbon-shaped ditch in the polymer, and then deposited a metallic strip made of nickel and gold. Following this, they removed all of the metal film outside of the ditch. From then the process became bottom-up. They eliminated the silicon except for a small button in the center ribbon of the strip, and when the chip was exposed to air, the stresses on the metal strips led them to form upward into a ring, creating a three-dimensional metamaterial resonator. Essentially, the tension within the materials themselves was used to cause them to fold. The team then used spectroscopy to find that the materially was unambiguously and remarkably isotropic when rotated in any direction up to an incident angle of 40 degrees. These optical properties of the SRR were also supported by three-dimensional electromagnetic numerical calculations.

The team's results demonstrate a promising method for manufacturing highly symmetric metamaterials, leading to isotropic optical responses. According to Takuo Tanaka of the RIKEN Metamaterials Laboratory, who led the research team, "We anticipate that our technique will be a breakthrough for bringing the concepts of metamaterials into real components, especially at optical frequencies. The manufacturing technique we have presented could be extended to stacking by depositing multiple layers, allowing us to build even more complex three-dimensional meta-atoms with interesting optical properties." Metamaterials have been touted for their potential to create "superlenses," which enable us to go beyond the diffraction limit of conventional lenses, and cloaking devices, and the team’s achievements could bring those dreams closer to reality.

Source: RIKEN
具有天然弯度的三维超材料
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图为等向超材料的电子微观扫描图，该材料包含四层折叠并对称的三维开口谐振环（SRR）。插图为放大图，样品总面积为4 x4毫米。

超材料是一种人工材料，也是如今人们研究的热门领域。该材料由谐振元件制造而成，能展示天然材料所不具备的特性。科学家以特殊方式将材料组合，从而得到负折射率材料（即，能将光以与正常材料相反的角度反射出去的材料）。然而目前为止，超材料的开发具有一个严重的缺点。不同于天然材料，超材料是一种两维材料，并且本身有非等方性；因此，此种材料只有在特定的方向才能起作用。与之相反的是三维天然材料，通常情况下它们从各个角度观察都是相同的。举例来说，尽管水分子本身是不对称的非等方性结构，但在玻璃杯中的水对光是等方性材料。

科学家虽然一直能够制造三维等方性材料，但目前为止尺寸普遍较小。现在，日本理化学研究所（RIKEN）的科学家们与台湾国家实验研究院(NARLabs) 下属的ITRC的同事合作，在《先进光学材料》上发表了他们在该领域取得的重大突破。他们通过开口谐振环（简称SRR，一种超材料元件）成功制取了4毫米x 4 平方毫米的大型超材料，该材料本质上是等向性材料。

科学家们取得此突破使用了一种新的制作技术。该技术结合了一种自上而下的电子平版印刷术与一种自下至上的自折叠机制。后者的自折叠是通过金属间固有的压力而达到，被称为“金属压力驱动-自折叠法”。

[image: image20.jpg]N

e
-





该材料的制作过程图示

一般先从自上至下的过程开始：在硅层上沉淀一层叫PMMA的聚合物，然后用电子光束平版印刷术在聚合物上蚀刻丝带状的沟壑，之后，科学家在其上沉淀了以镍和金组成的金属带；紧接着移除丝带状沟壑以外的金属膜。接下来进入到从下至上的步骤：科学家仅保留了硅层中丝带状沟壑形成的扣形，当金属带接触到空气时，金属带相互间的压力使其两边向上移动形成了环。这样，三维超材料谐振器就形成了。本质上来说，金属间的张力使其折叠。但这一队科学家通过光谱学发现，当材料从任何方向旋转最多40度内角时，其具有明显的等向性。SRR的这种光学特性从三维数值的计算结果上也取到了证实。

这队科学家的实验结果证明了一种制造高度对称超材料的方法，这是一种很有前景的制造方式。因此也引发了等向性光学领域的热议。理化学研究所超材料研究室的田中拓郎（Takuo Tanaka）表示，“我们将超材料运用到零部件，尤其是光谱学的技术是一种突破。我们呈现的制造技术包括通过沉淀得到多层金属的叠放，这种技术使我们能够制造更多有意思的、有光学特性的复杂三维超材料”。超材料能够受到追捧是人们相信它能够制造出“超级镜片”，而“超级镜片”能使人们不再局限于传统镜片和隐形装置的衍射度，该科学家团队取得的成就让我们离梦想成真更进了一步。 

来源：日本理化学研究所
Clearing a path for electrons in polymers
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A high performance semiconducting polymer with an amorphous structure. (Source: Mark Nikolka/Deepak Venkateshvaran)A new class of low-cost polymer materials, which can carry electric charge with almost no losses despite their seemingly random structure, could lead to flexible electronics and displays which are faster and more efficient.

Researchers from the Univ. of Cambridge have identified a class of low-cost, easily-processed semiconducting polymers which, despite their seemingly disorganised internal structure, can transport electrons as efficiently as expensive crystalline inorganic semiconductors.

In this new polymer, about 70% of the electrons are free to travel, whereas in conventional polymers that number can be less than 50%. The materials approach intrinsic disorder-free limits, which would enable faster, more efficient flexible electronics and displays. The results are published in the journal Nature.

For years, researchers have been searching for semiconducting polymers that can be solution processed and printed – which makes them much cheaper – but also retain well-defined electronic properties. These materials are used in printed electronic circuits, large-area solar cells and flexible LED displays.

However, a major problem with these materials – especially after they go through a messy wet coating, fast-drying printing process – is that they have an internal structure more like a bowl of spaghetti than the beautifully ordered crystal lattice found in most electronic or optoelectronic devices.

These nooks and crannies normally lead to poorer performance, as they make ideal places for the electrons which carry charge throughout the structure to become trapped and slowed down.

Polymer molecules consist of at least one long backbone chain, with shorter chains at the sides. It is these side chains which make conjugated polymers easy to process, but they also increase the amount of disorder, leading to more trapped electrons and poorer performance.

Now, the Cambridge researchers have discovered a class of conjugated polymers that are extremely tolerant to any form of disorder that is introduced by the side chains. “What is most surprising about these materials is that they appear amorphous, that is very disordered, at the microstructural level, while at the electronic level they allow electrons to move nearly as freely as in crystalline inorganic semiconductors,” said Mark Nikolka, a PhD student at the University’s Cavendish Laboratory and one of the lead authors of the study.

Using a combination of electrical and optical measurements combined with molecular simulations, the team of researchers led by Professor Henning Sirringhaus were able to measure that, electronically, the materials are approaching disorder-free limits and that every molecular unit along the polymer chain is able to participate in the transport of charges.

“These materials resemble tiny ribbons of graphene in which the electrons can zoom fast along the length of the polymer chain, although not yet as fast as in graphene,” said Dr Deepak Venkateshvaran, the paper’s other lead author. “What makes them better than graphene, however, is they are much easier to process, and therefore much cheaper.”

The researchers plan to use these results to provide molecular design guidelines for a wider class of disorder-free conjugated polymers, which could open up a new range of flexible electronic applications. For example, these materials might be suitable for the electronics that will be needed to make the colour and video displays that are used in smartphones and tablets more lightweight, flexible and robust.

Source: Univ. of Cambridge
为聚合物中的电子清除路障
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高性能的高分子半导体具有非晶结构。（图片来源：Mark Nikolka/Deepak Venkateshvaran）一类新的低成本高分子材料，它可以携带电荷，几乎没有损失，尽管它们的结构看似随意，但可能会使柔性电子产品和显示器变得更快、更高效。

剑桥大学的研究人员已经确定了一类低成本，易于处理的半导体聚合物，尽管它们的内部结构看似杂乱无章，但可以像昂贵的结晶无机半导体一样高效地传输电子。

在这个新的聚合物中，大约70％的电子可以自由地穿梭，而在传统的聚合物中其数目可能小于50％。该材料接近其内部无障碍传导的极限，这将实现制造出更快、更高效的柔性电子产品和显示器。研究结果发表在《Nature》杂志上。

多年来，研究人员一直在寻找半导体聚合物，可处理和印刷——这使得它们更廉价——但还保持良好的电子特性。这些材料被用于印刷电子电路，大面积的太阳能电池和柔性LED显示器。

然而，这些材料的一个主要问题——尤其是在经过大量湿涂以及快干打印的过程后——它们的内部结构更像一碗面条，而不是像大多数电子或光电子设备中发现的美丽有序的晶格。

这些角落和缝隙通常会导致性能变差，当把它们作为承载电子的理想场所时，在结构中携带电荷的电子会被困住或拖慢。

聚合物分子包括至少一个长主链，在侧面还有短链。正是这些侧链使共轭聚合物易于加工，而且还会增加障碍，导致更多电子被困，使性能变差。

现在，剑桥的研究人员已经发现了一类共轭聚合物，对由侧链导致的任何形式的障碍都有较高的耐受度。“这些材料最令人惊奇的是，它们是无定形，在微观层面上非常混乱，而在电子层面上，它们允许电子移动几乎像在结晶的无机半导体中一样自由，”剑桥大学卡文迪什实验室攻读博士学位的学生Mark Nikolka说，他也是该研究的主要作者之一。

结合电气和光学测量，再结合分子模拟，由Henning Sirringhaus教授带头的研究团队能够测量到，所述材料在电子层面上正在接近非无序的极限，并且聚合物链上的每个分子单元都能够运输电荷。

 “这些材料类似于石墨烯微小的缎带，其中电子可以沿聚合物链的长度快速缩放，虽然还没有像在石墨烯中那么快，”Deepak Venkateshvaran博士说道，他是论文的另一主要作者。“但是，它们比石墨更好的是它们更容易处理，因此也便宜。”

研究人员计划利用这些结果为类别更广泛的非无序共轭聚合物提供分子设计准则，这可以为柔性电子应用打开一扇新的大门。例如，这些材料壳适用于那些需要将颜色和视频在更轻便、更灵活、更强大的智能手机和平板上播放的电子装置。

资料来源：剑桥大学
“Swiss cheese” membrane with variable holes
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A new membrane, developed by University of Twente scientists, can be made more or less porous “on demand”. In this way, smart switching between “open” and “closed” is possible, which opens the way to innovative applications in biosensors, chemical analysis and catalysis. The researchers of the MESA+ Institute for Nanotechnology present their results in Angewandte Chemie. Their paper is designated “very important” by the journal.

The pore size of the smart membranes can be adjusted from the outside: this is very attractive in applications like biosensors or chemical analysis. The “Swiss cheese” structure is characteristic of many polymer membranes and is now modified by introducing iron within the polymer. Using an electric signal or a chemical reaction, the pore size can be adjusted. The key to this is the controlled adding or extracting of electrons to and from iron.

Color change    

Thanks to this adjustable pore size, the permeability and selectivity of the membrane can be tuned, for separation purposes or controlled release. The UT scientists see possibilities in analysis and separation of proteins, for example. An extra advantage of the new membranes is the change in color that takes place. The process of protein detection and analysis becomes visible in an easy way, which may lead to a cheap type of biosensor.

Silver nanoparticles

Another application of the smart membrane is in catalysis. Here, it is possible to kill two birds with one stone. Whilst the pore size and permeabiliteit can be altered using a chemical reaction with silver salt, nanosize particles of silver are deposited on the membrane at the same time. Silver is an important catalyst in many applications.

The membrane research is conducted in the Materials Science and Technology of Polymers group, led by Prof. Julius Vancso. This group is part of the MESA+ Institute for Nanotechnology of the University of Twente.

Source: Univ. of Twente
“瑞士奶酪”膜上的可变孔
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由特温特大学的科学家开发出的一种新膜，可以根据需要增加或减少孔。这样一来，在“开放”和“封闭”之间智能切换就成为可能，这将开拓在生物传感器、化学分析和催化上的创新应用。在MESA+纳米技术研究所的研究人员展示了它们在应用化学上的效果。他们的论文被杂志认定为“非常重要”。

智能膜的孔径可从外部进行调整：这是在像生物传感器或化学分析的应用中非常有吸引力。“瑞士奶酪”的结构是许多聚合物膜的特性，现在通过将铁引入聚合物，使这种结构得到了改良。在使用电信号或进行化学反应时，孔的大小可以调整。该处的关键是受控添加或从铁中提取电子和将电子加入铁中。

颜色变化 

由于这种可调孔径，为分离或控释，该膜的渗透性和选择性皆可调谐。例如，UT科学家看到了分析和分离蛋白质的可能性。新膜的另一个优点在于，颜色会发生变化。蛋白质检测和分析的过程变得简单，因此可能会制造出一种廉价的生物传感器。

银纳米粒子

智能膜的另一应用是在催化上。在这里，就可以一石二鸟。当使用带有银盐的化学反应改变孔尺寸和渗透率时，同时银纳米颗粒会沉积在膜上。在许多应用中，银是一个重要的催化剂。

该膜的研究是由Julius Vancso教授带领的材料科学与工程聚合物小组进行的。该小组是屯特大学MESA+纳米技术研究所的一部分。

资料来源：屯特大学
E-Material（电子材料）
Computational model predicts superconductivity
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The 15 boxes in this image show the simulated intensity of spin excitations in 15 iron-based materials, including iron compounds that are high-temperature superconductors (images d–h). The x axis shows the momentum of the spin excitation in selected locations of 3D space, and the y axis shows the energy measured in electron volts (eV). The color code indicates the intensity of spin excitations with a given energy and momentum, which is compared with available experimental results (shown in black bars in images f, g, l, and m). The locations with the greatest number of spin excitations are shown in red with decreasing frequency shown from orange to blue. By visualizing the spin dynamics of multiple iron-based materials—information that can be time-consuming and expensive to collect experimentally—researchers can better predict which materials are likely to be superconducting.
Researchers studying iron-based superconductors are combining novel electronic structure algorithms with the high-performance computing power of the U.S. Dept. of Energy (DOE)’s Titan supercomputer at Oak Ridge National Laboratory (ORNL) to predict spin dynamics, or the ways electrons orient and correlate their spins in a material. Because researchers have suggested that spin dynamics create the conditions needed for superconductivity, this approach could expedite the search for new or modified materials that conduct electricity with little or no resistance at higher temperatures, unlike current commercial superconductors, which must be expensively cooled to exhibit superconducting properties.

In a Nature Physics paper, Zhiping Yin, Kristjan Haule and Gabriel Kotliar of Rutgers Univ. compute the dynamic spin structure factors—or the measure of how the spins of electrons align relative to each other at a given distance at different times—of 15 iron-based materials, including several high-temperature superconductors, in unprecedented detail.
“Our computational results are in good agreement with experimental results for experiments that have been performed, and we have several predictions for compounds that have not yet been measured,” Kotliar said. “Once we validate the theory that our computational models are based on with experiments, then we can investigate materials computationally that are not being studied experimentally.”
Computation offers a way for researchers to better understand spin dynamics and other material properties under many conditions, such as temperature change, rather than the singular condition present during a given experiment. Computation also allows researchers to simulate many of these materials at once, and the number of potential materials to explore rapidly increases as scientists introduce modifications to improve performance.
With the computational power at hand on the 27-petaflop Titan system managed by the Oak Ridge Leadership Computing Facility, the team was able to compare and contrast spin dynamics for all 15 materials simulated to identify tell-tale superconducting properties.
“By comparing simulations and experiments, we learned about which type of spin fluctuations actually promote superconductivity and which ones do not,” Kotliar said.
In their model, the team used a technique called Dynamical Mean Field Theory to reduce the vast number of interactions involving electrons in a unit cell (the most detailed slice of material simulated) and averaged these interactions in a mean field environment across the rest of the solid. The team used the Monte Carlo method to statistically select the best solutions for these techniques, achieving a new level of predictive accuracy for spin dynamics in these kinds of materials.
“We find these complex problems, as in superconductors, where you have to solve many degrees of freedom or a large number of variables, require supercomputing rather than computing on smaller clusters,” Haule said. “Our algorithms are designed to work very efficiently on Titan’s massively parallel architecture.”
Using 20 million processor-hours on Titan, the team also discovered through simulation a new superconducting state, or electron pairing, found in the lithium-iron-arsenic compound, LiFeAs, that is consistent with experimental results.
In the future, they plan to simulate spin dynamics in other classes of superconductors and in non-superconducting materials that are exceptionally difficult to study experimentally, such as radioactive materials.
“Using computation as a substitute for experiment is an important step forward for designing new materials,” Kotliar said. “The next time someone comes to us with potential materials for an application and asks, ‘Should I work on this?’ we hope to simulate that material through computation to select the most promising ones.”
Source: Oak Ridge National Laboratory
能预测超导性的计算模型
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图中所示的15个矩形显示了15种铁基材料自旋激发的模拟强度，包括高温超导体的铁化合物（图d到h）。x轴表示自旋激发在三维空间选定位置上的动量，而y轴表示以电子伏特（eV）测得的能量。颜色代码表示具有给定能量和动量的自旋激发的强度，并且与现有的实验结果（图f、g、l和m黑条所示）进行了比较。自旋激发数量最多的位置显示为红色，从橙色到蓝色表示递减的频率。通过观察多种铁基材料的自旋运动，虽然用实验方法收集这些信息可能耗时且昂贵，研究人员可以更好地预测哪些材料可能是超导的。

研究铁基超导体的科学家正在将前所未有的电子结构算法与有高效计算能力的美国橡树岭国家实验室能源部泰坦超级计算机结合起来，用来预测自旋动力学或电子定位及在材料中自旋的方式。因为研究人员认为自旋动力学创造了超导所需的条件，这种方法可以促进寻找新材料或改良材料，其在高温下导电只有很少甚至没有电阻。与现在的商用超导体不同的是，它不需要用昂贵的冷却就能展现出超导性能。

在一篇发表在《自然•物理学》上的文章中，来自美国罗格斯大学的Zhiping Yin、Kristjan Haule和Gabriel Kotliar空前详细地计算出电力旋转结构影响因子，即在不同倍数给定距离下，测量包括几种高温超导体在内的15种铁基材料的电子旋转如何彼此进行校准。

“我们的计算结果与之前已经进行的实验结果非常一致，而且有几个化合物的预测我们还没有进行测量，” Kotliar说，“我们的计算模型是以实验为基础的，一旦我们验证了这个理论，那么我们就可以用计算的方法去研究那些未经实验研究过的材料。”

计算为研究人员提供了一种方法以更好地了解在温度变化等许多不同条件下自旋动力学和其他材料的特性，而不是一个给定的实验中的单一条件。这种计算还允许研究人员同时模拟很多种这些材料，而且寻求的潜在材料的数量也迅速增加，因为科学家提出修改以提高它们的性能。

由橡树岭领导计算设施管理的泰坦系统的计算能力可以达到27千万亿次，使得研究小组可比较和对照15种材料的自旋动力学状态，进而模拟并确认那些能说明问题的超导特性。

Kotliar说，“通过比较模拟和实验，我们了解到哪种类型的自旋波动能真正提高超导性，而哪些不会。”

在他们的模型中，研究小组使用了一种叫做动态平均场理论的方法以减少单位晶格内电子之间大量的交互，单位晶格是模拟材料最精细的芯片，并平衡在该固体其余部分平均场环境下发生的这些交互作用。该研究小组利用蒙特卡罗方法从统计学上选择了这些技术的最佳解决方案，使得对这类材料自旋动力学的预测准确度上了一个新台阶。

“我们发现这些复杂的问题需要超级计算而不是较小群集的计算，如超导体，你必须解决很多自由度和变量的问题，”Haule说。“我们设计的算法是为了能在泰坦的大规模并行处理架构上高效地运行。”

利用泰坦的2000万小时处理器，经过仿真模拟，研究小组在一种锂铁砷化合物LiFeAs中发现了新超导状态或电子对，这与实验结果相吻合。

未来，他们计划在其他超导、非超导甚至难以付诸实验的材料领域（如放射材料）中，进行自旋动力学模拟计算。

“采用计算来替代实验是设计新材料向前迈进的重要一步，”Kotliar说，“下一次有人带着潜在材料应用来找我们，问我们‘我是否应该研究这个？’时，我们希望通过模拟来计算出结果，并选择出最有前景的那个。”

来源：美国橡树岭国家实验室

Superconducting circuits, simplified
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Shown here is a square-centimeter chip containing the nTron adder, which performed the first computation using the researchers' new superconducting circuit. Image: Adam N. McCaughan 
Computer chips with superconducting circuits would be 50 to 100 times as energy efficient as today’s chips, an attractive trait given the increasing power consumption of the massive data centers that power the Internet’s most popular sites.

Superconducting chips also promise greater processing power: Superconducting circuits that use so-called Josephson junctions have been clocked at 770 GHz, or 500 times the speed of the chip in the iPhone 6.

But Josephson-junction chips are big and hard to make; most problematic of all, they use such minute currents that the results of their computations are difficult to detect. For the most part, they’ve been relegated to a few custom-engineered signal-detection applications.

In Nano Letters, Massachusetts Institute of Technology (MIT) researchers present a new circuit design that could make simple superconducting devices much cheaper to manufacture. And while the circuits’ speed probably wouldn’t top that of today’s chips, they could solve the problem of reading out the results of calculations performed with Josephson junctions.

The MIT researchers—Adam McCaughan, a graduate student in electrical engineering, and his advisor, professor of electrical engineering and computer science Karl Berggren—call their device the nanocryotron, after the cryotron, an experimental computing circuit developed in the 1950s by MIT Prof. Dudley Buck. The cryotron was briefly the object of a great deal of interest—and federal funding—as the possible basis for a new generation of computers, but it was eclipsed by the integrated circuit.

“The superconducting electronics community has seen a lot of devices come and go, without any real-world application,” McCaughan says. “But in our paper, we have already applied our device to applications that will be highly relevant to future work in superconducting computing and quantum communications.”

Superconducting circuits are used in light detectors that can register the arrival of a single light particle, or photon; that’s one of the applications in which the researchers tested the nanocryotron. McCaughan also wired together several of the circuits to produce a fundamental digital-arithmetic component called a half-adder.

Resistance is futile

Superconductors have no electrical resistance, meaning that electrons can travel through them completely unimpeded. Even the best standard conductors—like the copper wires in phone lines or conventional computer chips—have some resistance; overcoming it requires operational voltages much higher than those that can induce current in a superconductor. Once electrons start moving through an ordinary conductor, they still collide occasionally with its atoms, releasing energy as heat.

Superconductors are ordinary materials cooled to extremely low temperatures, which damps the vibrations of their atoms, letting electrons zip past without collision.

Berggren’s laboratory focuses on superconducting circuits made from niobium nitride, which has the relatively high operating temperature of 16 K, or -257 C. That’s achievable with liquid helium, which, in a superconducting chip, would probably circulate through a system of pipes inside an insulated housing, like Freon in a refrigerator.

A liquid-helium cooling system would of course increase the power consumption of a superconducting chip. But given that the starting point is about 1% of the energy required by a conventional chip, the savings could still be enormous. Moreover, superconducting computation would let data centers dispense with the cooling systems they currently use to keep their banks of servers from overheating.

Cheap superconducting circuits could also make it much more cost effective to build single-photon detectors, an essential component of any information system that exploits the computational speedups promised by quantum computing.

Engineered to a T

The nanocryotron—or nTron—consists of a single layer of niobium nitride deposited on an insulator in a pattern that looks roughly like a capital “T.” But where the base of the T joins the crossbar, it tapers to only about one-tenth its width. Electrons sailing unimpeded through the base of the T are suddenly crushed together, producing heat, which radiates out into the crossbar and destroys the niobium nitride’s superconductivity.

A current applied to the base of the T can thus turn off a current flowing through the crossbar. That makes the circuit a switch, the basic component of a digital computer.

After the current in the base is turned off, the current in the crossbar will resume only after the junction cools back down. Since the superconductor is cooled by liquid helium, that doesn’t take long. But the circuits are unlikely to top the 1 GHz typical of today’s chips. Still, they could be useful for some lower-end applications where speed isn’t as important as energy efficiency.

Their most promising application, however, could be in making calculations performed by Josephson junctions accessible to the outside world. Josephson junctions use tiny currents that until now have required sensitive laboratory equipment to detect. They’re not strong enough to move data to a local memory chip, let alone to send a visual signal to a computer monitor.

In experiments, McCaughan demonstrated that currents even smaller than those found in Josephson-junction devices were adequate to switch the nTron from a conductive to a nonconductive state. And while the current in the base of the T can be small, the current passing through the crossbar could be much larger—large enough to carry information to other devices on a computer motherboard.
Source: Massachusetts Institute of Technology
简化超导电路
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这里显示的是一个包含nTron加法电路的平方厘米的芯片，用研究人员的新超导电路进行了第一次计算。图片：Adam N. McCaughan

计算机芯片的超导电路在高效节能上是现在芯片的50〜100倍。由于海量数据中心增加了功率消耗，超导电路芯片这个十分有吸引力的特质支撑了互联网上最流行的各大网站。
超导芯片还保证了更强的处理能力：超导电路使用约瑟夫森结，其主频为770千兆赫，是iPhone6芯片运行速度的500倍。

但约瑟夫森结片又大又难制造；最成问题的是，它们使用微细电流，导致计算结果难以察觉。在大多数情况下，它们已经被将为用于几种定制设计信号检测的应用中。

在《纳米快报》上，麻省理工学院（MIT）的研究人员提出了一种新的电路设计，可以使简单的超导设备成本大大降低，便于制造。并且电路速度可能不会达到现在芯片运行最高速度，这样它们就能够解决使用约瑟夫逊结计算的结果读取问题。

麻省理工学院的研究人员Adam McCaughan是电气工程的研究生，以及其顾问——电气工程和计算机科学教授Karl Berggren，称他们的设备纳米冷子管，以冷子管命名（在上世纪50年代由麻省理工学院Dudley Buck教授开发出的实验计算电路）。在冷子管一时间引发了人们的极大兴趣——以及联邦资金——可能会成为新一代电子计算机的基础，但是集成电路的出现使之黯然失色。

 “超导电子领域已经见证了许多设备的来来去去，没有任何实际应用，”McCaughan说。“但在我们的论文中，我们已经申请了设备的应用程序，这将与未来超导计算和量子通信的工作息息相关。”

超导电路被用于在光检测器，可以记录单个光粒子或光子的到达；这是研究人员测试纳米冷子管的应用之一。McCaughan也将几个电路连接在一起，产生的一个基本的数字运算部件，称为半加器。

电阻是无用的

超导体没有电阻，这意味着电子可以完全不受阻碍地通过它们。即使是最好的标准导体，像电话线或常规计算机的铜线芯片，都有一定电阻；要克服电阻需要的工作电压比那些能在超导体中传导电流的高得多。一旦电子开始在普通导体中移动，还是会偶尔与它的原子碰撞，释放出的能量成为热量。

超导体是将普通材料冷却到极低的温度，这样可抑制它们的原子的振动，让电子拉链穿过但不发生碰撞。

Berggren的实验室着重于由铌的氮化物制作的超导电路，其相对较高的工作温度是16 K或-257℃。这可以由液氦实现，其中，在超导芯片中可以在一个封闭客体内的管道系统内循环，就像氟利昂在冰箱中一样。

当然，液体氦冷却系统将增加超导芯片的功耗。但考虑到其能耗仅仅约有常规芯片的1％，节省的能量仍然是巨大的。此外，超导计算将使数据中心省去他们目前为避免其服务器过热使用的冷却系统。

廉价的超导电路，也可以使建立单光子探测器更符合成本效益，它是任何信息系统的重要组成部分，利用量子计算加速计算。

设计T

该纳米冷子管或nTron，由氮化铌在绝缘体中的单层沉积组成，看起来大致像一个大写字母“T”。但是，在T形的基极加入横杆，它逐渐变细到只有约十分之一的宽度。电子畅通无阻地通过T的基极，突然撞在一起，产生热量，从而辐射到了横梁并且破坏了氮化铌的超导性。

施加到T的基极的电流可以关闭流过横梁的电流。这成为电路的开关，是数字计算机的基本组成部分。

在基极电流被断掉之后，在横杆中的电流将在交界冷却后才恢复。由于超导体是由液氦冷却，这并不需要很长时间。但该电路就不可能有现在典型芯片最高的1 GHz速度。尽管如此，它们可以用于一些速度不像能量效率那么重要的低端应用中。

然而，其最有前途的应用是由接触到外界的约瑟夫森结执行的计算。约瑟夫森结到现在为止都在使用微小电流，需要敏感的实验设备来检测。他们还没有强大到将数据移动到本地存储芯片，更不用说发送视觉信号到电脑显示器了。

在实验中，McCaughan表明，比约瑟夫森结器件中更小电流已经足够将nTron从导电状态切换到非导电状态。并且在T的基极的电流可以很小，通过横杆的电流可以大许多——大到足以携带计算机主板上的信息到其他设备。

资料来源：美国麻省理工学院
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