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Tech News & New Tech（技术前沿）
New instrument improves studies of explosions, helps control hot spots  
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Novel small-scale device on a benchtop has highly sophisticated optical diagnostics enabling investigators to see what is happening during the millionth of a second the charge is exploding, with unprecedented accuracy. Credit: Bassett/Dlott

Testing explosions is epic science. The most detailed studies of explosive charges have been conducted at national laboratories using a gun as big as a room to fire a flat bullet—the flyer plate, typically 100 millimeters in diameter—into an explosive charge inside a thick-walled chamber that contains the fierce blast. The tests require enormous facilities.

Though cumbersome, the flat plate impact is the only way to precisely recreate the conditions inside a detonating explosive—and now researchers at the University of Illinois at Urbana-Champaign have recreated this in miniature on a tabletop. In the process, they have made important new contributions to the field of energetic materials by precisely recreating conditions inside a bomb and achieving new levels of accuracy in measuring them.

Their results inform a topic known as the hot spot model of explosive initiation by revealing the dynamics of hot spot growth. That's important because their long-term goal with improved testing is to make safer explosives—and eliminating hot spots is one way to do that. Their report appears this week in the journal Applied Physics Letters.

Dana D. Dlott, at the University of Illinois at Urbana-Champaign's School of Chemical Sciences and Frederick Seitz Materials Research Laboratory, explains the team's work this way: "Because we can do this so many times a day with a small-scale device on a benchtop that has highly sophisticated optical diagnostics, we see what is happening during the millionth of a second the charge is exploding, with unprecedented accuracy."

He emphasized that their approach does not replace the conventional test methods. Rather, their instrument and small-scale tests contribute to understanding how bombs really behave.

"Our apparatus allows us to look at the fundamental mechanisms of the initial events never before seen," he said.

"This is an important verification of the hot spot model of explosive initiation, and also, it's important because we measured time scales and rates never before seen," added Will P. Bassett a graduate student and member of the research team. Much has been written about hot spots, but they are not often observed and the detailed dynamics of hot spot growth have not been explored before this study.

Hot spots are a hot topic in bomb research because they play a crucial role in the phase cycle of explosions, and in controlling explosions and their aftereffects.

"Depending on the impact duration, the growth spurts could be as fast as 300 nanoseconds and as slow as 13 microseconds," Bassett said.

Their experiments use a pulsed laser to launch a tiny flat bullet 0.5 millimeter in diameter at speeds up to 12 times the speed of sound. This flyer plate impacts an explosive charge that is less than one millionth the size—it could fit inside an adult's hand—yet capable of producing precisely the same conditions as in a detonating explosive.

The current work builds on the team's previous research into the complex chemical kinetics of bomb behavior. In it the team observed that the powdered form of a standard test explosive known as HMX material—a common prototypical test material and most powerful explosive in general use—explodes in two phases. First, there is an immediate, prompt explosion at impact. Second, a delayed explosion occurs 300 nanoseconds later—one nanosecond is one-billionth of a second. This new paper extends the work to reveal that initially a small part of the explosive started to react and this spatially limited reaction spread throughout the HMX.

For next steps, the team will continue to validate its instrument and apply test results to improving safety outcomes of explosion science.

新仪器促进了对爆炸的研究，有助于控制热点
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新奇的小型台式设备具有非常先进的光学诊断，能使调查人员看到炸药爆炸时，在百万分之一秒内的时间里的变化，并保持前所未有的准确性。来源：Bassett/Dlott

测试爆炸是史诗般的科学。炸药爆炸中最详细的研究是在国家实验室中进行的，使用一个大如房间的手枪将一块水平的板——这个飞片，直径通常为100毫米——射入一个炸药，炸药里面有包含有猛炸药的厚壁室。该测试需要巨大的设施。

虽然繁琐，平板冲击影响是唯一一种精确重现起爆炸药内部条件的途径——而现在伊利诺伊大学——香槟分校的研究人员已经在微型的桌面上重建这一幕。在这个过程中，他们在含能材料领域做出突出的贡献，精确地再造一个炸药内部条件，并在测量精确度上达到一个新水平。

他们的结果引发一个新认知，建立起爆药的热点模型，揭示了热点增长的动力。这一点很重要，因为他们改进测试的长期目标是使更安全的炸药——而消除热点是达到这一目的的一个方法。他们的报告本周出在《应用物理学快报》上刊登。

Dana D. Dlott，在伊利诺伊大学香槟分校的化学科学和弗雷德里克•塞茨材料研究实验室任职，解释了团队的工作是这样的：“因为我们可以一天做很多次这样的实验，在一个平台上利用小型具有高度复杂的光学诊断的装置，所以我们能在炸药爆炸时的百万分之一秒内看到发生的事情，同时精确度可以达到前所未有的水平。”

他强调说，他们的做法并不能取代传统的测试方法。相反，他们的仪器和小型试验有助于了解炸弹如何运行。

“我们的设备可以让我们看到前所未见的初始事件是怎样发生的，”他说。

“这对炸药起爆的热点模型验证是重要的，而且，它是重要的，因为我们可以测量时间尺度和速度，这是前所未见的，”Will P. Bassett，一个研究生，也是该研究小组的成员，他补充道。很多人都提到热点，但他们往往没有观察，没有描述热点的动态增长，在这项研究之前，还没有被探索到。

热点在爆炸领域研究领域中是一个热题，因为它们在爆炸的相位周期、控制爆炸和它们的威力中扮演一个重要的角色。

“根据不同的持续冲击时间，快速增长期可能像300纳秒一样快，也可以像13微秒一样慢，” Will P. Bassett说。

他们的实验中使用的脉冲激光，以高达声速12倍的速度发射一个直径0.5毫米的水平子弹。这个飞板影响炸药的范围不到炸药的百万分之一——它可以在一个成年人手内引起痉挛——还能够制造起爆炸药内部结构一样的条件。

目前的工作是建立在团队对爆炸表现的复杂化学反应动力学的前期研究。在这当中，团队观察到，一个标准测试炸药（就如HMX材料）的粉末状态——是一种常见的典型的测试材料，在通常的使用中是威力最大的炸药——爆炸的两个阶段。首先，在冲击中有立即的、瞬时的爆炸。其次，300纳秒后发生延迟爆炸——一纳秒等于一秒的十亿分之一。这篇新文章进一步的工作以揭示炸药开始反应的最初那一小部分的状态，存在一定的空间，限制了HMX整个反应的传播。

对于下一步，该团队将继续验证他们的仪器，并测试结果，以提高爆炸科学的安全性结果。

Diamonds and quantum information processing on the nano scale  
A City College of New York led-team headed by physicist Dr. Carlos Meriles has successfully demonstrated charge transport between Nitrogen-Vacancy color centers in diamond. The team developed a novel multi-color scanning microscopy technique to visualize the charge transport. The breakthrough experiment could potentially lead to room-temperature quantum information processing in diamond and optical data storage in three dimensions.

The nitrogen-vacancy (NV) center is an optically active defect in diamond comprising a nitrogen atom and an adjacent vacancy, replacing carbon atoms in the diamond lattice. This defect has electrons that are capable of storing quantum information. To utilize this special property for quantum computation, it is required to create a network of interacting NV centers. The research so far has focused on using photons emitted by the NV centers to create this interaction under a special low temperature environment.

In a complementary approach the research team at City College in collaboration with researchers at the Australian National University (ANU) in Canberra are envisioning an electron-transport-based interaction that is realizable in ambient conditions. In one of the key experiments reported a focused green laser beam was used to remove the electrons from the NV centers, which later diffused radially in the diamond. A red laser scan was used to image NV centers that trapped these diffused charges as far as 30 microns. The team exploited the difference in luminescence intensities of the NV centers with and without the electron to create a map of the trapped carriers.

"These are very promising initial results" said lead author Dr. Harishankar Jayakumar, a postdoctoral fellow at the Meriles group. Other key contributors are CCNY team members Dr. Siddharth Dhomkar, and graduate student Jacob Henshaw, as well as Dr. Marcus Doherty and Prof. Neil Manson at ANU.

The article appearing in the journal Nature Communications also discusses in detail the complex interactions of the charge carriers with other defects in diamond, uncovered by this technique. The National Science Foundation supported the research.

在纳米级别上处理金刚石和量子信息

纽约城市学院由物理学家Carlos Meriles博士领导的引领性团队，已经成功地证明金刚石氮之间的电荷传输。该团队开发了一种新的多色彩扫描显微镜技术，以使电荷传输可视化。突破实性的验可能导致室温中量子信息在金刚石里处理，并在三维空间存储光学数据。

氮空位（NV）中心在金刚石中是光学活性缺陷的表现，包括一个氮原子和一个相邻的空位，在金刚石晶格中取代碳原子。这种缺陷具有能够存储量子信息的电子。为了将这个特殊的属性应用到量子计算，需要创建相互作用的NV中心。迄今为止的研究集中于使用由NV中心发射的光子在一个特殊的低温环境中创建这种相互作用。

在一个互补的方式中，城市学院的研究小组与位于堪培拉的澳大利亚国立大学（ANU）的研究人员合作，正在设想一种基于电子传输的交互作用，这种交互作用可以在环境条件下实现的。关键性实验之一的报告称，利用一个聚焦绿色的激光束来从NV中心转移电子，随后在金刚石中这些电子将径向扩散。利用红色的激光扫描NV中心的图像，捕获30微米范围内扩散的电子。该团队利用在NV中心发光强度，带有和不带有电子的差异，来建立捕获路径的地图。

“这是非常有前途的初步结果”主要作者Harishankar Jayakumar博士说，他在Meriles团队是博士后研究员。其他主要的贡献者是纽约城市学院团队成员的Siddharth Dhomkar博士，研究生Jacob Henshaw，以及澳大利亚国立大学的Marcus Doherty博士和Neil Manson教授。

在《自然通讯》（Nature Communications）杂志上发表的该文章还详细论述了金刚石中电荷携带的复杂交互作用等其他缺陷，都可利用这种技术揭示。美国国家科学基金会支持该项研究。
New material discovery allows study of elusive Weyl fermion  
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Credit: US Department of Energy

Researchers at the U.S. Department of Energy's Ames Laboratory have discovered a new type of Weyl semimetal, a material that opens the way for further study of Weyl fermions, a type of massless elementary particle hypothesized by high-energy particle theory and potentially useful for creating high-speed electronic circuits and quantum computers.

Researchers created a crystal of molybdenum and tellurium, one of only a few compounds that had been predicted to host a new and recently postulated type of Weyl state, where the hole and electron bands normally separated by an indirect gap touch at a few Weyl points. Those points are equivalent to magnetic monopoles in the momentum space and are connected by Fermi arcs.

A combination of angle resolved photoemission spectroscopy (ARPES), modelling, density functional theory and careful calculations were used to confirm the existence of this new type of Weyl semimetal.

This material provides an exciting new platform to study the properties of Weyl fermions, and may lead the way to more new materials with unusual transport properties.

"This an important, interdisciplinary discovery because it allows us to study many aspects of these exotic particles predicted by high energy physics theory in solid state, without need for extremely expensive particle accelerators," said Adam Kaminsky, Ames Laboratory scientist and professor in the Department of Physics and Astronomy at Iowa State University. "From my perspective as solid state physicist it is absolutely extraordinary to observe two bands touching each other at certain points and being connected by Fermi arcs – objects that are prohibited to exist in "ordinary" materials."

新材料的发现给研究难以捉摸的旋量提供了可能性
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来源：美国能源部

美国能源部艾姆斯实验室的的研究人员发现了一种新型的旋量半金属，这种材料为旋量的进一步研究开辟了道路，这种材料是一种基于高能粒子理论假设的无质量基本粒子，可以用来制造高速的电子电路和量子计算机。

研究人员创建了钼和碲的晶体，最近新提出来的旋量状态已经被预测，钼和碲的晶体就是这些少数化合物种的一种，其中达到几个的旋量点时，空穴和电子带通常被间接间隙分离。这些点在动量空间中等同于磁单极子，通过费米弧相连。

应用相结合的角度分辨光电子能谱（ARPES）、建模、密度泛函理论和精打细算，确认了这种新型的旋量半金属的存在。

这种材料为韦尔费米子特性研究提供了一个令人兴奋的新平台，并可能以不寻常的传输性质，产生制造新材料的途径。

“这是一个重要的、跨学科的发现，因为它可以让我们可以研究这些奇异粒子的很多方面，这些粒子在固体状态被高能物理理论预测到，而不需要极其昂贵的粒子加速器，” Adam Kaminsky说，她是Ames实验室的科学家和衣阿华州立大学物理学和天文学的教授。“从我作为固态物理学家的角度来看，它对于观察两个频段在某些点相互接触和费米弧连接来说绝对是非凡的——这些性质在“传统”材料中是不可能的”。
Metal Alloy（金属合金）
A new method for production of catalytically active gold nanoparticles

An ultra-high-vacuum chamber with temperatures approaching absolute zero—the coldest anything can get—may be the last place you would expect to find gold. But a group of researchers from Stony Brook University (SBU) in collaboration with scientists at the Air Force Research Lab (AFRL) and the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have just demonstrated that such a desolate place is ideal for producing catalytically active gold nanoparticles. A paper describing the first catalyst ever produced using their new method, called Helium Nanodroplet Deposition (HND), was recently published in the Journal of Physical Chemistry Letters.

As lead researcher Alexander Orlov of SBU explains, HND works by boiling gold atoms in a vacuum to produce a vapor. The vaporized gold is then "picked up" by an extremely cold jet stream of liquid helium droplets that act to literally strike gold clusters against a solid collector downstream. Upon striking the collector, the liquid helium droplets instantly evaporate releasing helium gas and leaving behind unprecedentedly pure and stable gold nanoparticles.

"This new method to produce active nanoparticles offers unique opportunities to create materials with unprecedented properties to solve energy and environmental problems," Orlov said.  "Our Brookhaven and AFRL collaborators made it possible for our students to access the most unique facilities in the world, which made all the difference in our research."

Qiyuan Wu, a graduate student working in Orlov's laboratory and first author on the paper, performed much of the work to develop the method. Michael Lindsay and Claron Ridge of AFRL provided state-of-the-art facilities at Eglin Air Force Base, one of only a few places in the world with the capabilities required to generate the gold nanoparticles using the new technique. And a team at the Center for Functional Nanomaterials (CFN), a DOE Office of Science User Facility at Brookhaven Lab, used advanced imaging and characterization tools to study the nanoparticles' catalytic activity.
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This atomic-resolution image shows how single-nanometer-scale gold particles (round features at the top of the image), created by a "helium nandroplet deposition" method, sit on top of a single-crystal titanium dioxide support substrate (bottom portion of the image). The image was made using a scanning transmission electron microscope at the Center for Functional Nanomaterials at Brookhaven National Laboratory. Credit: Brookhaven National Laboratory

Specifically, Brookhaven scientists Eric Stach and Dmitri Zakharov of the CFN and Shen Zhao, then a postdoctoral fellow working under Stach, developed a method to deposit the gold nanoparticles onto a "catalyst support" structure they use for characterizing the stability of other nanomaterials. They then studied the characteristics of the nanoparticles, including their stability under reaction conditions, using the Titan Environmental Transmission Electron Microscope at the CFN. Further characterization by Zhao and CFN staff member Dong Su using aberration-corrected Scanning Transmission Electron Microscopy allowed the SBU researchers to understand how the droplets form.

"This was part of a User project, that morphed into a collaboration," said Stach, who leads the electron microscopy group at CFN. "It was a very nice study"—and an example of how the Office of Science User Facilities offer not just unique scientific equipment but also scientific expertise that can be essential to the success of a research project.

Nanoparticles are of high research interest due to their improved properties compared to bulk materials. They have revolutionized technologies aimed at improving sustainability such as fuel cells, photocatalysts, and solar panels. The gold nanoparticle catalysts produced in this study are capable of converting poisonous carbon monoxide gas into carbon dioxide gas, an essential reaction that occurs in the catalytic converters of cars to reduce pollution and lower impacts on the environment.
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Schematic of the Helium Nanodroplet Deposition method: A temperature-controlled nozzle produces an extremely cold jet stream of liquid helium droplets (blue bubbles) that pick up vaporized gold atoms (produced by boiling gold in a vacuum chamber). When the liquid helium droplets containing the gold vapor strike a solid collector downstream, the helium evaporates leaving behind unprecedentedly pure and stable gold nanoparticles. Credit: Brookhaven National Laboratory

According to Orlov, the HND method is not limited to the production of gold nanoparticles, but can be applied to nearly all metals and can even produce challenging multi-metallic nanoparticles. The technique's versatility and ability to produce clean and well-defined samples make it a powerful tool for the discovery of new catalysts and studying factors that affect catalyst performance.

The collaboration is currently researching how the parameters of HND can be adjusted to control catalyst performance.

More information: Qiyuan Wu et al. Development of a New Generation of Stable, Tunable, and Catalytically Active Nanoparticles Produced by the Helium Nanodroplet Deposition Method, The Journal of Physical Chemistry Letters (2016). DOI: 10.1021/acs.jpclett.6b01305
用于生产催化活性金纳米颗粒的新方法

一个温度接近于绝对零度——任何物体可以到达的最冷温度——的超高真空室可能是你期望寻找到金子的最后地方。但是，石溪大学（SBU）的研究人员与美国空军研究实验室（AFRL）及美国能源部（DOE）布鲁克海文国家实验室的研究人员进行的合作已经展示出，这样的一个荒凉的地方最适合生产催化活性金纳米粒子。描述他们使用新方法第一次生产催化剂的一篇论文称为《氦纳米滴液沉积（HND）》，该文章最近发表于《物理化学快报》（Physical Chemistry Letters）杂志。

作为SBU的主要研究员，亚历山大•奥尔洛夫解释称，HND的工作原理是在一个真空环境中沸腾金原子从而产生蒸气。蒸发的金之后通过液态氦液滴的极冷喷流进行“捕获”，表现为在固体收集器下游攻击金团簇。在撞击收集器时，液态氦液滴瞬间蒸发释放出氦气并且留下前所未有的纯净和稳定的金纳米粒子。

“这种产生活性纳米颗粒的新方法为创造具有前所未有的性能的材料解决能源和环境问题提供了独特的机会，”奥尔洛夫称。“我们在布鲁克海文和AFRL的合作者令我们的学生能够获得世界上最独特的设施，从而产生我们研究中的所有差异。”

就职于奥尔洛夫实验室的研究生兼该论文的第一作者吴启源为开发该方法进行了大量的工作。AFRL的迈克尔•琳赛和克拉伦•里治提供了埃格林空军基地最先进的设备，该基地是世界上少有的几个有能力利用新技术生产金纳米颗粒的地方。并且一组DOE科学使用者设施办公室的功能性纳米材料中心（CFN）的研究人员利用先进的成像和表征工具研究该纳米颗粒的催化活性。
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此原子分辨率图像显示了单纳米级金颗粒（图像顶部的圆形图形）是如何通过“氦纳米液滴沉积”方法制造的，位于单晶二氧化钛支撑衬底的顶部（该图像的底部）。该图像是利用布鲁克海文国家实验室功能性纳米材料中心的扫描透射电子显微镜产生的。图片：布鲁克海文国家实验室

具体来说，布鲁克海文国家实验室的科学家埃里克•施塔赫和CFN的德米特里扎哈罗夫以及在施塔赫手下工作的博士后赵申开发了一种方法，将金纳米颗粒沉积到一个他们用于表征其他纳米材料的稳定性的“催化剂载体”上。然后他们利用CFN泰坦环境透射电子显微镜研究了该纳米颗粒的特征，包括他们在反应状态下的稳定性。赵和CFN的工作人员苏东利用像差校正扫描透射电子显微镜所进行的进一步表征令SBU的研究人员能够了解液滴是如何形成的。

“这是演变成一个协作的用户项目的一部分，”领导CFN电子显微镜小组的施塔赫表示。“这是一个非常好的研究”——并且还是一个例子表明科学用户设施办公室不仅能够提供独特的科学设备，同时还提供对一个研究项目的成功至关重要的科学专业知识。

纳米粒子具有较高的研究兴趣，因为与散装材料相比，它们具有改善的性能。它们已经彻底改变了旨在改善可持续性的技术，例如燃料电池、光催化剂和太阳能电池板。在这项研究中，金纳米颗粒催化剂能够将有毒的一氧化碳气体转化为二氧化碳气体，一种在汽车催化转化器中发生得减少污染并且降低对环境的影响的重要反应。

[image: image8.jpg]



氦纳米液滴沉积方法的概要：一个温度控制型喷嘴产生捕获（通过真空室内沸腾金而产生的）金原子的液态氦液滴的极冷喷射气流（蓝色气泡）。当含有金蒸气的液态氦液滴攻击固态的收集器下游，氦蒸发留下前所未有的纯净且稳定的金纳米粒子。图片：布鲁克海文国家实验室

据奥尔洛夫称，HND方法不限于金纳米粒子的生产，而且能够应用于近乎所有的金属中，甚至能够生产出具有挑战性的多金属纳米粒子。该技术的通用性以及生产清洁并且明确的样品的能力令其成为了一个发现影响催化性能的新的催化剂和研究因素的有力工具。

该合作团队目前正在研究如何调节HND的参数从而控制催化剂的性能。

参考文献：Qiyuan Wu et al. Development of a New Generation of Stable, Tunable, and Catalytically Active Nanoparticles Produced by the Helium Nanodroplet Deposition Method, The Journal of Physical Chemistry Letters (2016). DOI: 10.1021/acs.jpclett.6b01305
Composite Materials（复合材料）
ORNL licenses rare earth magnet recycling process

The Department of Energy's Oak Ridge National Laboratory and Momentum Technologies have signed a non-exclusive licensing agreement for an ORNL process designed to recover rare earth magnets from used computer hard drives.

The patent-pending process developed as part of DOE's Critical Materials Institute is designed to economically recover large amounts of magnets made using neodymium—a rare earth element that is mined outside the United States. The permanent magnets are the most powerful on earth, and used in everything from computer hard drives and cell phones to clean energy technologies such as electric vehicles and wind turbines.

Currently, about 35 percent of used hard drives are shredded in the U.S. due to data security concerns. Recycling those drives could result in the recovery of about 1,000 metric tons of magnet material per year, said Timothy McIntyre, project lead and program manager in ORNL's Electrical and Electronics Systems Research Division.

ORNL's highly automated process for recovering magnets employs a unique system to sort and align hard drives on a conveyer for processing. The method uses a mapping station with barcode scanning and a coordinate measuring machine to populate a database of each make of hard drive so they may be positioned for correct robotic disassembly.

The process is designed to recover the magnets, their permalloy brackets, circuit boards, aluminum, and steel, while automatically destroying data storage media to ensure security.
The magnets may then be directly reused by hard drive manufacturers or in motor assemblies, used in other applications through resizing or reshaping, or processed back to rare earth metal. The recycling method can be adapted to target other consumer goods containing rare earth magnets, such as used electric motors, appliances, and heating and air conditioning systems.

Dallas-based Momentum Technologies is focused on extraction of rare earth elements and other materials from hard drives for recycling and direct reuse.

Momentum holds a separate license for ORNL's membrane extraction technology, which uses a combination of hollow fiber membranes, organic solvents and neutral extractants to selectively recover rare earth elements such as neodymium, dysprosium and praseodymium.

"Working collectively with the nation's brightest scientific minds we can now provide asolution to some of the most complex problems in the rare earth element supply chain," said Preston Bryant, Momentum's CEO. "Bringing together these CMI technologies allows us to create a sustainable business model, something that many rare earth companies struggle to achieve."

"Hard disk drives are the second-biggest use of neodymium magnets, and they are the most readily available source for recycling," said CMI Director Alex King. "This technology overcomes one of the biggest challenges to cost-effective recovery of magnets from them, and we are delighted to be working with Momentum Technologies to commercialize it."

Explore further: Simple separation process for neodymium and dysprosium

Provided by: Oak Ridge National Laboratory  
橡树岭国家实验室（ORNL）为稀土磁铁回收程序颁发许可证

能源部（DOE）橡树岭国家实验室和动量技术部门已经签署了一份非独家授权协议，同意ORNL进行一项程序，回收废旧计算机硬盘驱动器中的稀土磁铁。

这项作为DOE关键材料研究所的一部分所开发的正在申请专利的程序是为了经济性地回收大量由钕制成的磁铁——钕是一种在美国以外的地区开采的稀土元素。永久磁铁是地球上最强大的物质，并且被用于许多事物，从电脑硬盘到手机，再到清洁能源技术，例如电动汽车和风力涡轮机。

目前，美国大约有35%的废旧硬盘驱动器由于安全问题被粉碎。该项目的领导人兼ORNL电气和电子系统研究部的项目经理蒂莫西•麦金太尔称，回收这些驱动器可能会导致每年有近1000公吨的磁铁材料被回收利用。

橡树岭国家实验室回收磁铁的高度自动化程序采用了独特的系统在处理传送带上对硬盘驱动器进行分类和排列。该方法运用一个具有条形码扫描和坐标测量仪的映射站来填充由硬盘构成的每个数据库，从而它们能够得到定位进行正确的机器人式拆卸。

这个程序是为了回收磁铁、它们的坡莫合金支架、电路板、铝和钢，同时自动销毁数据的存储介质，确保安全性。

该磁铁之后可能会直接获得硬盘驱动器的制造商的回收利用，或者应用于电机组件中，通过调整大小或重塑形状运用于其他应用中，或是通过加工处理变回稀土金属。该回收方法可能适用于其他含有稀土磁铁的消费者品，例如废旧电动电机、家用电器、加热和空调系统。

达拉斯的动量技术公司专注于硬盘驱动器中稀土元素及其他材料的提取，用于回收和直接再利用。

动量公司拥有ORNL膜萃取技术的单独许可，该技术利用中空纤维膜、有机溶剂和中性萃取物质的组合来选择性地回收稀土元素，例如钕、镝、和镨。

“与全国最聪明的科学家一同合作，我们目前能够为一些稀土元素供应链中最为复杂的问题提供解决方案，”动量公司的CEO普雷斯顿•布赖恩特称。“将这些CMI技术汇集在一起令我们创建了一个可持续的商业模式，这是许多稀土企业努力想要实现的模式。”

“硬盘驱动器是使用钕磁铁的第二大产品，并且它们是最容易获得的回收资源，”CMI总监亚历克斯•金称。“这项技术克服了具有成本效益地回收这些产品中的磁铁所面临的最大挑战之一，我们很高兴能够与动量技术公司进行合作，对它进行商业化。”

提供方：橡树岭国家实验室
Practical Application（实际应用）
Scientists create a ceramic resistant to extreme temperatures

Physicists and technicians of the TSU and Institute of Strength Physics and Materials Science SB RAS are developing experimental samples of ceramics resistant to extreme temperatures. The scientists aim to invent a material that can withstand up to 3,000 degrees Celsius. The new product will be used in the space industry and in the manufacture of aircraft engines. Samples of the material were presented at the Second International Conference and Expo on Ceramics and Composite Materials, held 25-26 July in Berlin.

This development is intended primarily for space and aviation. It will help to build a new generation of engines. Multilayer ceramics, in which the layers are different types of ceramics based on hafnium carbide and zirconium diboride and oxide, will increase the temperature in the combustion chamber of jet engines. It also provides increased protection during atmospheric reentry.

Physicists and technicians plan to test their material at the Roscosmos State Corporation. The flow of plasma with hypersonic speed will be obtained in the special installation; a test sample of the multilayer ceramic will be used. If the object remains intact at least for 20 seconds upon exposure to 2,200°C during the first stage of the experiment, it will prove that the scientists are on the right track.

The new material will also have applications in diagnosis. It can be used in the manufacture of protective covers for temperature sensors in the combustion chambers of jet engines. The thermocouples with sapphire tips currently in use cannot withstand the heat and fail.

The development of this new material is part of the Federal Target Programme (14.607.21.0056-RFMEFI60714X0056). The industrial partner of TSU is CJSC NEVZ-CERAMICS (Novosibirsk). The project cost about 50 million rubles. Scientists plan to finish work in December 2016.

More information: S Buyakova et al, The influence of ZrB-SiC powders mechanical treatment on the structure of sintered ceramic composites, IOP Conference Series: Materials Science and Engineering (2016). DOI: 10.1088/1757-899X/140/1/012006
科学家创造了能够抵御极端温度的陶瓷

TSU以及SB RAS强度物理和材料科学家研究所的物理学家和技术人员正在开发能够抵御极端温度的陶瓷实验样品。科学家们的目的是发明一种能够承受高达3000摄氏度的材料。新产品将被用于航天工业以及航空发动机的制造。该材料的样品在7月25-26日于柏林举办的第二届陶瓷及复合材料国际会议暨博览会上有所展示。

这种发明主要用于航天航空。它将有助于建造新一代的发动机。多层陶瓷，其中多层是在碳化铪和二硼化锆和氧化物的基础上建立的不同类型的陶瓷，将增加喷气发动机燃烧室的温度。它还能够在重新进入大气层时会增加保护性。

物理学家和技术人员计划在俄罗斯航天局国营公司测试他们的材料。在特殊装置中能够获得具有超高音速的等离子流；将使用多层陶瓷的试验样品。如果在实验第一阶段，物体暴露在2200℃下能够在20秒的时间内维持完整，那么这将证实科学家们的研究方向是正确的。

新的材料在诊断领域也将具有应用。它可以用来制造喷气发动机燃烧室中温度传感器的防护罩。目前所使用的具有蓝宝石的热电偶无法承受高温和磕碰。

这种新材料的开发是联邦目标计划的一部分（14.607.21.0056-RFMEFI60714X0056）。TSU的工业合作伙伴是CJSC NEVZ-CERAMICS（新西伯利亚）。该项目耗资约50亿卢布。科学家们计划在2016年12月完成这项研究。

更多信息参见：S Buyakova et al, The influence of ZrB-SiC powders mechanical treatment on the structure of sintered ceramic composites, IOP Conference Series: Materials Science and Engineering (2016). DOI: 10.1088/1757-899X/140/1/012006
New material to revolutionize water proofing 
Scientists at The Australian National University (ANU) have developed a new spray-on material with a remarkable ability to repel water.

The new protective coating could eventually be used to waterproof mobile phones, prevent ice from forming on aeroplanes or protect boat hulls from corroding.

"The surface is a layer of nanoparticles, which water slides off as if it's on a hot barbecue," said PhD student William Wong, from the Nanotechnology Research Laboratory at the ANU Research School of Engineering.

The team created a much more robust coating than previous materials by combining two plastics, one tough and one flexible.

"It's like two interwoven fishing nets, made of different materials," Mr Wong said.

The water-repellent or superhydrophobic coating is also transparent and extremely resistant to ultraviolet radiation.

Lead researcher and head of the Nanotechnology Research Laboratory, Associate Professor Antonio Tricoli, said the new material could change how we interact with liquids.

"It will keep skyscraper windows clean and prevent the mirror in the bathroom from fogging up," Associate Professor Tricoli said.

"The key innovation is that this transparent coating is able to stabilise very fragile nanomaterials resulting in ultra-durable nanotextures with numerous real-world applications."
The team developed two ways of creating the material, both of which are cheaper and easier than current manufacturing processes.

One method uses a flame to generate the nanoparticle constituents of the material. For lower temperature applications, the team dissolved the two components in a sprayable form.

In addition to waterproofing, the new ability to control the properties of materials could be applied to a wide range of other coatings, said Mr Wong.

"A lot of the functional coatings today are very weak, but we will be able to apply the same principles to make robust coatings that are, for example, anti-corrosive, self-cleaning or oil-repellent," he said.

 Explore further: Beyond stain-resistant: New fabric coating actively shrugs off gunk
Provided by: Australian National University
革新防水的新材料

澳大利亚国立大学（ANU）的科学家已经开发出一种具有非凡的防水能力新型喷雾式材料。

新的保护涂层最终可能用于防水手机，防止在飞机上形成冰或是防止船体受到腐蚀。

“表面是一层纳米颗粒，水会从上面滑落，就好像是在一个滚烫的烤架上一样，”ANU工程研究学院纳米技术研究实验室的博士生威廉•王表示。

该团队通过结合两种塑料创造出了一种比之前的材料更加坚固的涂层，这两种塑料一个比较坚韧，而另一个比较灵活。

“这就好像是两个相互交织的由不同材料制成的渔网，”王先生表示。

防水性或超疏水性涂层也是透明的，并且对紫外线辐射具有极强的抗性。

首席研究员兼纳米技术研究实验室的主管副教授安东尼•特里科利表示，该新的材料可能会改变我们与液体相互作用的方式。

“它将令摩天大楼的窗户保持干净，并且防止浴室的镜子起雾，”副教授特里科利称。

“这个关键创新主要在于这种透明涂层能够稳定非常脆弱的纳米材料，从而产生具有众多真实世界应用的超耐用纳米特性。”

该小组开发了两种创建该材料的方式，这两种试都非常廉价，并且比目前的生产工艺更加简便。

一种方法利用火焰产生该材料的纳米颗粒组分。对于较低温度的应用，该小组在一个可喷雾形式中溶解了两个成分。

除了防水，控制该材料的性能的新功能可能会被用于广泛的其他涂层中，王先生表示。

“目前，许多功能性涂料非常脆弱，但是我们将能够应用相同的原则来制造稳健的涂料，例如，耐腐蚀，自清洁或抗油，”他称。

提供方：澳大利亚国立大学
LONGi reaches 900MW of mono-PERC production

Leading integrated monocrystalline PV manufacturer Xi'an LONGi Silicon Materials said it at reached 900MW of monocrystalline PERC (Passivated Emitter Rear Contact) solar cell production at the end of the first half of 2016. 

Longi claimed in reporting first half 2016 financial results that reaching the 900MW of PERC solar cell capacity put the company ahead of rivals in China migrating to the high-efficiency cells and that further PERC capacity would be added in the second half of the year.

The PERC capacity increases are also intended to support lower production costs, which have been supported by increased R&D expenditure across wafer, cell and modules in the last couple of years.

LONGi noted that R&D spending in the first half of 2016 had topped RMB 340 million (US$51.3 million) after establishing a Science and Technology Department in Shaanxi Province, China. 

Recent developments included single crystal ingot production advancements that were claimed to have reduced non-silicon costs by 33%, while the company is significantly expanding its adoption of diamond wire cutting tools to further reduce mono-wafer production costs. 

Financials

LONGi reported first half 2016 revenue of RMB 6.4 billion (US$968 million), compared to around US$253 million in the prior year period, an increase of around 282%. Net profit was RMB 885 million (US$133 million), up around 900% from the prior year period. 

Monocrystalline silicon wafer production was 667 million pieces, a 132% increase from the first half of 2015. Monocrystalline wafer shipments were 740 million pieces, which included 575 million pieces to external customers and 165 million pieces for in-house usage, primarily to solar cell and module subsidiary, LERRI Solar. 

The company noted that it had achieved 65% of its full-year 2016 wafer shipment target in the first half of the year.

Monocrystalline module production in the first half of 2016 was 910.28MW, compared with the first half of 2015 of 757.78MW. 

Monocrystalline module shipments were 922.85MW, which included 873.14MW to external customers and 49.71MW to in-house downstream projects. The company noted that it had achieved 59% of its full-year 2016 module shipment target in the first half of the year.

Recent research undertaken by the in-house research team at Solar Media Ltd., indicated that 2017 is expected to be the year that LONGi Silicon Materials (incorporating its subsidiary LERRI Photovoltaic Technology) could be the next addition to the 'Silicon Module Super League (SMSL).
隆基单晶硅PERC产量达到900MW

领先的一体化单晶硅光伏制造商西安隆基硅材料股份有限公司(SHA:601012)表示，2016年上半年底其单晶硅PERC太阳能电池产量达到900MW。

隆基报告2016年上半年财务业绩称，达到900MW的PERC太阳能电池产量使该公司在中国向高效电池的迁移领先于竞争对手，并且在今年下半年将进一步提高PERC产量。

PERC产量提高也将支持降低生产成本，过去几年提高硅片、电池和组件的研发支出支持着生产成本的降低。

隆基指出，在中国陕西省设立一个科技部门后，2016年上半年研发支出突破3.4亿元人民币(五千一百三十万美元)。

最近的发展包括单晶硅锭生产的进步，其号称已经将非硅成本降低33%，而该公司正在大幅扩大其金刚石线切割设备的采用，以进一步降低单晶硅生产成本。

财务业绩

隆基报告，2016年上半年收入为六十四亿元人民币(9.68亿美元)，而去年同期为2.53亿美元左右，提高约282%。净利润为8.85亿元人民币(1.33亿美元)，较去年同期提高约900%。

单晶硅片产量为6.67亿片，较2015年上半年提高132%。单晶硅片出货量为7.4亿片，其中包括对外部客户出货5.75亿片，内部使用1.65亿片，主要用于太阳能电池和组件子公司乐叶光伏。

该公司指出，其在今年上半年已经达到2016年全年硅片出货量目标的65%。

2016年上半年单晶硅组件产量为910.28MW，而2015年上半年为757.78MW。

单晶硅组件出货量为922.85MW，其中包括对外部客户出货873.14MW，对内部下游项目出货49.71MW。该公司指出，其在今年上半年已经达到2016年全年组件出货量目标的59%。

Solar Media Ltd.内部研究团队最近进行的研究表明，预计2017年隆基硅材料(包括旗下子公司乐叶光伏科技)将成为“硅基组件超级联盟”的下一个成员。

TMEIC to provide PV inverters for solar project in Hawaii

Toshiba Mitsubishi-Electric Industrial Systems Corporation (TMEIC) has received an order for 17 units of its Solar Ware 1667 outdoor PV inverters with salt damage prevention specifications for a utility-scale PV project currently under construction on the island of Oahu in Hawaii.

The project is being developed by Eurus Energy America Corporation — a subsidiary of Eurus Energy Holdings Corporation.

While Hawaii stands as a proponent of renewable energy, many PV inverters in the state were mostly kept in enclosures with air conditioning in order to avoid salt damage as a result of water along the coast. TMEIC developed a new inverter with improved environmental durability for places such as islands and coastal areas where salt damage is prevalent.

The Solar Ware 1667 inverters have the world’s highest level of power conversion efficiency at 99%, while also featuring hybrid cooling systems.

TMEIC’s 17 units of PV inverters boast a total capacity of 27.6MW. Operation of the solar units is expected to start around autumn 2016.
TMEIC拟为夏威夷太阳能项目提供光伏逆变器

东芝三菱电机工业系统公司(TMEIC)日前接到一份订单，针对十七个可预防盐害损失的Solar Ware 1667户外光伏逆变器，用于夏威夷欧胡岛目前在建的一个公共事业规模光伏项目。

该项目正在由Eurus Energy America Corporation开发——Eurus Energy Holdings Corporation旗下子公司。

尽管夏威夷作为可再生能源的支持者，但是该州许多光伏逆变器大多保存在机柜中，以避免沿海的水造成盐害。TMEIC开发一款新的逆变器，提高了对岛屿和沿海地区等盐害盛行的地方的环境耐久性。

Solar Ware 1667逆变器拥有世界最高、达到99%的转换效率水平，并且还拥有混合动力冷却系统。

TMEIC的十七个光伏逆变器拥有27.6MW的总容量。预计将于2016年秋左右开始运营这些太阳能逆变器。

REC Solar begins production of 72-cell ‘TwinPeak’ modules

Integrated PV module manufacturer REC Solar said it started volume production of its previously introduced 72-cell ‘TwinPeak’ module, using half-cut cells and PERC (Passivated Emitter Rear Contact) cell technology.

REC Solar said the new module was rated at up to 340Wp and that a 1500VDC version would be available from November, 2016 onwards.

“REC is seeing increasing demand for high efficiency products which our proven TwinPeak technologies can deliver,” says Cemil Seber, Director Product Marketing and Global Expansion at REC.

The TwinPeak series also uses four busbars and a split junction box, which is claimed to provide an extra 20Wp, compared to conventional multicrystalline 72-cell modules.

The company had previously announced it would migrate all production at its manufacturing facility in Tuas, Singapore to its half-cut PERC cell technology, used for its TwinPeak series modules.

The 72-cell module was said to be available for all regions, and is certified for a maximum system voltage of 1000V according to IEC 61215 & 61730 as well as UL 1703 standards.
REC Solar开始生产72片电池“TwinPeak”组件

一体化光伏组件制造商REC Solar表示，其开始批量生产其此前推出的72片电池“TwinPeak”组件，采用半切割电池和PERC电池技术。

REC Solar表示，新的组件额定功率高达340Wp，从2016年十一月起将提供一个1500VDC版本。

REC产品营销和全球扩张总监Cemil Seber表示：“REC看到对于高效率产品的需求正在增加，而我们公认的TwinPeak技术可以提供高效产品。”

TwinPeak系列还使用四栅及一个分离式接线盒，其号称较传统多晶硅72片电池组件可以提供额外20Wp。

该公司此前曾宣布，其将把新加坡Tuas制造设施的所有生产迁移至其半切割PERC电池技术，用于其TwinPeak系列组件。

据说该72片电池组件适用于所有地区，根据IEC 61215 & 61730和UL 1703标准，获得1000V最大系统电压的认证。

Boviet Solar launches 72-cell 1500 volt multicrystalline module to US market

Vietnam-based PV module manufacturer Boviet Solar Technology has added a 72-cell, 1500VDC multicrystalline module to its growing product portfolio, designed for the growing commercial and utility-scale demand in the US for the higher voltage modules.

Higher voltage systems are known to enable longer system module strings that reduce combiner box and wiring requirements, lowering upfront capital costs and reduce installation times, providing a lower LCOE (Levelised Cost of Electricity). Larger, 72-cell modules also reduce installation times for a given system size, due to lower unit requirements.

Eric Ma, PhD president and managing director of Boviet Solar USA said: “Since entering the U.S. market we have been making strides in providing our customers with exceptionally premium products based on rigorous R&D. With the addition of our 1500-volt module our product line is now even stronger than before.

The 72-cell 1500VDC modules were said to come with a 12-year workmanship warranty and a 25-year power output warranty.

At recently held Intersolar North America, Boviet Solar showcased its first PERC (Passivated Emitter Rear Contact) based cell technology for both multicrystalline and monocrystalline modules.
Boviet Solar向美国市场推出72片电池1500伏多晶硅组件

越南光伏组件制造商Boviet Solar Technology日前为其不断发展的产品组合增加一款72片电池1500VDC多晶硅组件，为美国对于较高电压组件日益增长的商业和公共事业规模需求所设计。

众所周知，较高电压系统能够延长系统组件组串，减少汇流箱和布线需求，降低前期资金成本，减少安装时间，产生较低的平准化发电成本(LCOE)。较大的72片电池组件由于较低的单位需求，还减少对于给定系统规模的安装时间。

Boviet Solar USA总监兼总经理Eric Ma博士表示：“自从进军美国市场，基于严谨的研发，我们一直在为客户提供优质产品方面取得巨大进展。增加我们的1500伏组件，我们的产品线现在比以前更强大。”

据说该72片电池1500VDC组件工艺质保为十二年，功率输出质保为二十五年。

在最近举办的Intersolar North America，Boviet Solar展示其针对多晶硅和单晶硅组件的首个PERC电池技术。

Hanwha Q CELLS to launch first mono PERC and half-cut cell modules in major product update

‘Silicon Module Super League’ (SMSL) member Hanwha Q CELLS is planning to introduce its first ever monocrystalline modules, which will use its PERC (Passivated Emitter Rear Contact) cell technology. New and prototype products will be showcased at Solar Power International (SPI) in Las Vegas next week.

The introduction of mono PERC modules is a major move by Hanwha Q CELLS, having previously been dedicated to high-efficiency multicrystalline modules, more recently with PERC cell technology. 

The new mono-PERC module series is being called ‘Q.PEAK’ and will be made available in 60-cell and 72-cell form factors with up to 305Wp and 370Wp respectively. 

The 60-cell version is expected to be made available in the first quarter of 2017, while the 72-cell version is to appear in the third quarter of 2017.

Hanwha Q CELLS also noted that prototype products include new Q.PEAK modules using half-cut cells and double glass technologies. The company noted that offering mono PERC modules provided a more complete solar portfolio.

Seong Woo Nam, Chairman and CEO of Hanwha Q CELLS said, "Our new, enhanced and 'Engineered in Germany' Q.ANTUM product portfolio is set to meet and exceed the expectations of PV customers and investors in the USA.”

The new product series covers residential, commercial and utility-scale markets. The Q.PEAK BLK-G4.1 is based on monocrystalline wafers using Q.ANTUM (PERC) technology. This 60-cell all black module reaches up to 300Wp power output and will be available starting in Q1 2017 with a white back sheet option reaching up to 305Wp.
The Q.PEAK L-G4.2 is based on monocrystalline wafers featuring 72-black cells, a white back sheet, a silver frame, and reaches up to 370Wp power output with availability starting in Q3 2017.
The Q.PEAK-G4.1/MAX combines the advantages of cell-string optimizers with Q.ANTUM technology, while the Q.PEAK-G4.1/H and the Q.PEAK BLK-G4.1/H prototypes come in a black and white appearance. However, both products add half-cut cell technology to the Q.PEAK module series, boosting power output to up to 315 watts from a 60-cell solar module.
Finally, the Q.PEAK L-G4.2/GH prototype combines half-cell and double glass technologies on monocrystalline Q.ANTUM (PERC) cell technology for durability in harsh climates with up to 380Wp power output.
韩华Q Cells拟公布重大产品升级，推出首个单晶PERC及半切电池组件

硅基组件超级联盟(SMSL)成员韩华Q Celsl计划近期推出其首款适用了PERC(背接触钝化发射极)电池技术的单晶组件。新款产品原型将在下周于拉斯维加斯举行的SPI展会中展出。

对于韩华Q Cells来说，发布单晶PERC组件是一项重大产品调整，此前该公司始终专注于高效多晶硅组件产品，近期才转向PERC电池技术。

新款单晶PERC组件系列产品被称为“Q.PEAK”，产品规格为60块电池和72块电池两种，效率分别高达305Wp和370Wp。

60块电池版本产品预计将在2017年第一季度上市，而72块电池版本产品将在2017年第三季度上市。

韩华Q Cells还表示，新款Q.PEAK组件的产品原型适用了半切电池和双玻技术。公司认为，推出单晶PERC组件产品能够使其太阳能产品组合更为完整。

韩华Q Cells董事长兼首席执行官南晟祐(Seong Woo Nam)表示：“公司新式、增强型、‘德国工艺’P.ANTUM产品组合旨在达到并超出美国市场光伏客户和投资商的预期。”

新产品系列涵盖了住宅、商用和公共事业规模市场。Q.PEAK BLK-G4.1产品基于使用了Q,ANTUM(PERC)技术的单晶硅片制作而成。60块电池全黑组件可达到300Wp输出功率，并将于2017年第一季度上市，并且还将同期推出305Wp的白色背板规格。

Q.PEAK L-G4.2产品基于单晶硅片制作而成，使用了72块黑色太阳能电池、白色背板、银色边框，并可实现370Wp输出功率，将在2017年第三季度上市。

Q.PEAK-G4.2/MAX产品结合了电池组串优化器的优势和Q.ANTUM技术，同时Q.PEAK-G4.1/H和Q.PEAK BLK-G4.1/H产品原型还具有黑白两种外观。但是，两款产品均为Q.PEAK组件系列添加了半切电池技术，将60块电池组件功率提升至315W。

最后，The Q.PEAK-G4.2/GH原型产品在Q.ANTUM (PERC)电池技术基础上结合了半切电池和双玻技术，从而增加了严峻气候条件下耐久性，并将输出功率提高至380Wp。

Research into 'materials that compute' advances as engineers demonstrate system performs pattern recognition
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Conceptual illustration of pattern recognition process performed by hybrid gel oscillator system. Credit: Yan Fang

The potential to develop "materials that compute" has taken another leap at the University of Pittsburgh's Swanson School of Engineering, where researchers for the first time have demonstrated that the material can be designed to recognize simple patterns. This responsive, hybrid material, powered by its own chemical reactions, could one day be integrated into clothing and used to monitor the human body, or developed as a skin for "squishy" robots.

"Pattern recognition for materials that compute," published today in Science Advances, continues the research of Anna C. Balazs, Distinguished Professor of Chemical and Petroleum Engineering, and Steven P. Levitan, the John A. Jurenko Professor of Electrical and Computer Engineering. Co-investigators are Yan Fang, lead author and graduate student researcher in the Department of Electrical and Computer Engineering; and Victor V. Yashin, Research Assistant Professor of Chemical and Petroleum Engineering.

The computations were modeled utilizing Belousov-Zhabotinsky (BZ) gels, a substance that oscillates in the absence of external stimuli, with an overlaying piezoelectric (PZ) cantilever. These so-called BZ-PZ units combine Dr. Balazs' research in BZ gels and Dr. Levitan's expertise in computational modeling and oscillator-based computing systems.

"BZ-PZ computations are not digital, like most people are familiar with, and so to recognize something like a blurred pattern within an image requires nonconventional computing," Dr. Balazs explained. "For the first time, we have been able to show how these materials would perform the computations for pattern recognition."

Dr. Levitan and Mr. Fang first stored a pattern of numbers as a set of polarities in the BZ-PZ units, and the input patterns are coded through the initial phase of the oscillations imposed on these units. The computational modeling revealed that the input pattern closest to the stored pattern exhibits the fastest convergence time to the stable synchronization behavior, and is the most effective at recognizing patterns. In this study, the materials were programmed to recognize black-and-white pixels in the shape of numbers that had been distorted.

Compared to a traditional computer, these computations are slow and take minutes. However, Dr. Yashin notes that the results are similar to nature, which moves at a "snail's pace."

"Individual events are slow because the period of the BZ oscillations is slow," Dr. Yashin said. "However, there are some tasks that need a longer analysis, and are more natural in function. That's why this type of system is perfect to monitor environments like the human body."

For example, Dr. Yashin said that patients recovering from a hand injury could wear a glove that monitors movement, and can inform doctors whether the hand is healing properly or if the patient has improved mobility. Another use would be to monitor individuals at risk for early onset Alzheimer's, by wearing footwear that would analyze gait and compare results against normal movements, or a garment that monitors cardiovascular activity for people at risk of heart disease or stroke.

Since the devices convert chemical reactions to electrical energy, there would be no need for external electrical power. This would also be ideal for a robot or other device that could utilize the material as a sensory skin.

"Our next goal is to expand from analyzing black-and-white pixels to grayscale and more complicated images and shapes, as well as to enhance the devices storage capability," Mr. Fang said. "This was an exciting step for us and reveals that the concept of "materials that compute" is viable."

The research is funded by a five-year National Science Foundation Integrated NSF Support Promoting Interdisciplinary Research and Education (INSPIRE) grant, which focuses on complex and pressing scientific problems that lie at the intersection of traditional disciplines.

"As computing performance technology is approaching the end of Moore's law growth, the demands and nature of computing are themselves evolving," noted Sankar Basu, NSF program director. "This work at the University of Pittsburgh, supported by the NSF, is an example of this groundbreaking shift away from traditional silicon CMOS-based digital computing to a non-von Neumann machine in a polymer substrate, with remarkable low power consumption. The project is a rare example of much needed interdisciplinary collaboration between material scientists and computer architects."

工程师发现可以进行模式识别的系统后，就开始研究“计算材料”
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对模式识别过程的概念性描述由杂化凝胶震荡系统进行。

斯旺森匹兹堡大学的工程学院在开发“计算材料”方面又迈出了一步，研究人员首次证明了此类材料能用于识别简单模式。这一应答杂化材料，由自身的化学反应驱动，可能在未来的某天与服装相融合，用于监控人体，或开发作为机器人“平滑”的皮肤。

“计算材料模式识别”在今天发表在《科学进展》上，化学和石油工程特聘教授安娜C. 巴拉日，电子与计算机工程教授史蒂夫P.列维坦和约翰A. Jurenko，电子与计算机工程学院研究生研究员、首席作者、合作研究人方岩以及化学与石油工程的研究助理教授维克托V.耶辛在继续相关研究。

计算过程的模拟使用别洛索夫-扎鲍京斯基（BZ）胶体，一种不需要外部刺激就能产生振荡的物质，带有一个焊接的压电式（PZ）悬臂。这些所谓的BZ-PZ组件与巴拉日博士在BZ凝胶方面的研究和列维坦博士在计算模型和基于振荡的计算系统的研究结合在一起。

“BZ-PZ计算过程正如许多人熟悉的那样，不是数字式的，所以要识别一张图片中类似模糊模式的东西，就需要非常规的计算方法，”巴拉日博士解释道，“第一次，我们能够展示这些材料是如何进行模式识别的。”

列维坦博士和方博士首先存储了一定模式的数字，作为BZ-PZ组件中极性装置的设置参数，输入模式在这些组件振荡的初始阶段进行编码。计算模式表明，输入模式越接近存储模式，达到稳定同步性的趋同时间就会更快，是最有效的识别模式。在这次研究中，材料经过编程用来识别以失真模式存在的黑白像素。

与传统计算机相比，这些计算过程缓慢而耗时。但是，耶辛博士指出，结果与自然过程相似，运行速度很慢。

“单个实验速度慢是由于BZ振荡周期慢，”耶辛称。“但是，一些实验需要更长时间的分析，在运行中更加接近自然状态。这也正是为什么这是监测环境（如人体）最好的系统类型。”

比如，耶辛博士说，手受伤的病人在恢复时，戴上能够监测活动的手套，可以告知医生手是否恢复良好，或是病人的活动能力得到改善。另外一个用处是穿上鞋类监测系统，通过分析步态，并与正常步法比较，可以监控易患阿尔兹海默症的早期症状的群体。或穿上衣服监测系统，来监控易患心脏病和中风人群的心血管活动情况。

由于这些装置能将化学能转化为电能，所以不需要外部供电。将此材料做成感应皮肤，对于机器人或其他装置来说也是很理想的。

“我们下一个目标是从分析黑白像素，扩展到灰度图和更为复杂的图像和图形，同时要增强装置的存储能力，”方博士说。“对于我们来说，这是令人兴奋的一步，这也表明“计算材料”的概念是可行的。”

这项研究由为期5年的国家科学基金中促进跨领域研究和教育联合基金支持，重点研究传统学科交叉点上复杂和迫切解决的科学问题。

“由于计算性能技术已到摩尔定律发展的尽头，计算的需求和本质自身在发生进化，”国家科学基金会项目主管桑卡尔∙巴苏指出，“匹兹堡大学开展的这项工作由国家科学基金委员会支持，是从基于传统硅互补金属氧化物半导体的数字计算突破性地转变到聚合物基质的非电诺依曼机，且用电量极少。这个项目是科学家和计算机设计师一次极少见的急需的跨学科合作。”
Organic & Polymer（有机高分子材料）
Reducing runoff pollution by making spray droplets less bouncy

When farmers spray their fields with pesticides or other treatments, only 2 percent of the spray sticks to the plants. A significant portion of it typically bounces right off the plants, lands on the ground, and becomes part of the runoff that flows to streams and rivers—often causing serious pollution. But a team of MIT researchers aims to fix that.

By using a clever combination of two inexpensive additives to the spray, the researchers found they can drastically cut down on the amount of liquid that bounces off. The findings appear in the journal Nature Communications, in a paper by associate professor of mechanical engineering Kripa Varanasi, graduate student Maher Damak, research scientist Seyed Reza Mahmoudi, and former postdoc Md Nasim Hyder.

Previous attempts to reduce this droplet bounce rate have relied on additives such as surfactants, soaplike chemicals that reduce the surface tension of the droplets and cause them to spread more. But tests have shown that this provides only a small improvement; the speedy droplets bounce off while the surface tension is still changing, and the surfactants cause the spray to form smaller droplets that are more easily blown away.

The new approach uses two different kinds of additives. The spray is divided into two portions, each receiving a different polymer substance. One gives the solution a negative electric charge; the other causes a positive charge. When two of the oppositely-charged droplets meet on a leaf surface, they form a hydrophilic (water attracting) "defect" that sticks to the surface and increases the retention of further droplets.

Leaves of many plants have a natural tendency to be hydrophobic (water repelling), which is why they often cause droplets to bounce away. But creating these tiny hydrophilic bumps on the leaf surface strongly counteracts that tendency, the team found.

When the MIT team began studying the problem of pesticide runoff, which is a major agricultural problem worldwide, they soon realized that part of the reason for the limited success of earlier attempts to address the problem was that the droplet bouncing happens so quickly, in a matter of milliseconds. That means that most countermeasures, especially those based on chemical properties, just didn't have time to make much of a difference. "So we thought, what else can you do? And we started playing around with charge interactions," Varanasi says.

They found that the combination of the two different polymer additives "can pin the droplets" to the surface, "and this all happens during the time it's spreading," before the droplets starts a retraction that leads to their bouncing away, according to Varanasi.

The project was developed in collaboration with the MIT Tata Center for Technology and Design, which aims to develop technologies that can benefit communities in India as well as throughout the developing world. Spraying of pesticides there is typically done manually with tanks carried on farmers' backs, and since the cost of pesticides can be a significant part of a farmer's budget, reducing the amount that's wasted could improve the overall economics of the small-farming business, while also reducing soil and water pollution. Decreasing the amount of pesticide sprayed can also reduce the exposure of farmers to the spray chemicals. 

Based on the laboratory tests, the team estimates that the new system could allow farmers to get the same effects by using only 1/10 as much of the pesticide or other spray. And the polymer additives themselves are natural and biodegradable, so will not contribute to the runoff pollution.

The new approach would require only minor changes to the existing equipment that farmers use, to separate the pesticide into two streams to which small amounts of each polymer could be added. The polymers themselves are extracted from common, low-cost materials that could be produced locally.

"We can use normal sprayers, with two tanks at a time, and add one material to one tank and the oppositely-charged material to the other," Damak says. The farmer "would do everything as usual, just adding our solutions."

The researchers are also experimenting with different sprayer designs that could simplify the process further, potentially eliminating the need for two separate tanks.

The next step, Damak says, is to take the results that have been demonstrated at a laboratory scale and develop them into a practical system that can easily be implemented in the field, and then carry out real-world tests on small farms in India. The team plans to carry out these tests during the coming year. Damak already has traveled through India to see exactly how small farmers are carrying out their spraying currently. "That helped me see what the conditions are on the farms and what they use for their spraying applications," he says.

The new system "should be easy to implement, and it doesn't require extra equipment," he says.

In addition to pesticide spraying, the same approach could be useful in other applications, such as the spraying of water onto plants to prevent frost damage in places like Florida, where citrus crops can be severely damaged by frost but water supplies are already constrained

通过制造活性较低的喷雾液滴减少径流污染

当农民使用农药或其他药物喷洒农田时，只有2%的喷雾粘附在植物上。很大一部分药物通常遇到植物后反弹，落在地上，成为径流的一部分流入河流并造成严重污染。但麻省理工大学的一组研究人员旨在解决这个问题。

通过使用两种便宜的添加剂巧妙组合到喷雾中，研究人员发现他们可以大大减少反射的液体量。研究结果刊登在《自然通讯》杂志上的一篇论文中，这篇论文是机械工程副教授Kripa Varanasi，研究生Maher Damak，研究科学家Seyed Reza Mahmoudi，和前博士后 Md Nasim Hyder合作完成的。

以前曾试图使用表面活性剂等添加剂，类皂化学物质来降低液滴的表面张力，减少这种液滴的反弹率，使他们传播更广。但是测试表明，这只提供了一个小小的改进，在液滴快速反弹时，液滴的表面张力仍在变化，表面活性剂使喷雾形成的小水滴，这样更容易被风吹走。

新方法使用两种不同的添加剂。喷雾分为两部分，每个部分接收不同的高分子物质。一部分溶液中有一个负电荷；另外一部分为一个正电荷。当两个电荷相反的液滴在叶子表面，形成亲水(水吸引)“缺陷”，粘附于液滴的表面，增加了更深层的液滴的保留。
许多植物的叶子有一种自然倾向疏水性（水排斥），这就是为什么他们常常导致液滴反弹。但是研究小组发现，在液滴碰撞叶子表面产生这些小亲水疙瘩能够强烈抵消疏水的趋势。

麻省理工学院的团队开始研究农药流失的问题，这是在世界范围内一个主要的农业问题，他们很快意识到阻碍早些时候试图解决这一问题的部分原因是在几毫秒内，液滴弹跳太快。这意味着大多数的对策，尤其是以化学性质为基础的策略，就没有时间去产生很大的差别。“所以我们想，你还能做什么？我们开始玩起电荷间的相互作用，”Varanasi 说。

他们发现两种不同的聚合物添加剂的组合“可以钉在水滴表面，”这一切都发生液滴传播过程中，液滴开始收缩前，液体收缩会导致它们弹跳开来， Varanasi补充道。

项目是麻省理工学院与塔塔技术和设计中心合作完成，塔塔技术和设计中心致力于开发技术，在印度可以得益于社区以及整个发展中的领域。喷洒农药最有代表性的方式是农民将农药罐背在背上然后进行手动喷洒，因为农药的成本是农民预算中一个重要的一部分，减少浪费可以改善小型农业企业的总体经济，同时也减少了土壤和水的污染。减少农药喷洒还可以减少农民对于农药的暴露。

根据实验室测试，团队估计，新系统可以让农民只使用1/10的农药或其他喷雾但是会得到相同的效果通过。聚合物添加剂本身是可以被自然生物降解的，因此不会导致径流的污染。

新方法只需要稍微改变农民现有的使用设备，把农药分离成两个部分，每个部分可以添加少量的聚合物可以。聚合物本身提取于常见的、低成本的材料，这些材料在当地即可生产。

“我们可以使用有两个容器的普通喷雾器，并在不同的容器中添加含有相反电荷的材料，”Damak说。农民要做的和往常一样，只是增加了我们的溶剂液体。”

研究人员也在尝试不同的喷雾机的设计，可以进一步简化过程，可能将来就不再需要两个容器的农药喷雾器了。

Damak说，下一步研究如何很容易地实施在实验室规模上证明和发展成一个实用系统的结果，然后在印度小农场进行实际测试。该小组计划在明年执行这些测试。Damak已经巡查过印度寻找当前农民喷洒农药适合的田地的大小。”这有利于我看到农场上的条件如何，他们使用什么样的喷洒应用程序，”他说。
新系统“应该容易实现，它不需要额外的设备，”他说。
除了农药喷洒，同样的方法在其他应用程序中可能也是有用的，比如在佛罗里达，柑橘作物可以被霜严重冻伤但水源已经受到限制，利用这种方法可以给植物洒水防止植物被冻坏。
Toward cost-effective polymer electrolyte fuel cells
As we enter the age of hybrid, electric and self-driving cars, interest remains high in finding the next generation of fuel cell technology that is low cost, long lasting and mass producible. In recent years, fuel cell research and development efforts have been focused on improving performance and reducing costs through the development of new materials and better water and heat management processes.

Toward this end, a research team running density functional theory (DFT) calculations at Berkeley Lab's NERSC center has demonstrated how one type of fuel cell—polymer electrolyte fuel cells (PEFCs)—can be made to run more efficiently and produced more cost-effectively by reducing the amount of a single key ingredient: platinum. Their findings were published April 28, 2016 in the Journal of Materials Chemistry A and featured on the issue's inside front cover.

While the concept of the fuel cell—generating electricity by reversing the electrolysis of water—dates back to the mid 1800s, it took until 1932 to achieve the first successful fuel cell device: a hydrogen-oxygen cell that used alkaline electrolytes and nickel electrodes. By the 1950s, NASA began investing in the technology for use in its space program, and over the years fuel cells have supplied electricity to numerous space missions.

Today a variety of fuel cell technologies—distinguished by their electrolytes—are being developed and tested as an alternative to the internal combustion engine and other energy sources. In addition to PEFCs, these include:

Solid oxide fuel cells (SOFCs), an electrochemical conversion device that uses a ceramic electrolyte or solid oxide

Molten carbonate fuel cells (MCFCs), high temperature fuel cells that use an electrolyte composed of a molten carbonate salt mixture suspended in a porous, chemically inert ceramic matrix of beta-alumina solid electrolyte

Phosphoric acid fuel cells (PAFCs), which use liquid phosphoric acid as the electrolyte and were the first fuel cells to be commercialized

Each has its pros and cons; for example, while SOFCs exhibit relatively higher efficiency and are relatively low cost, their high operating temperature—in the 500-1,000oC range—results in longer start-up times and mechanical and chemical compatibility issues. Conversely, PEFCs—which also have high energy conversion efficiency—operate at much lower temperatures (< 100oC), which results in much faster start-up times (within seconds).

Leading Candidate for Transportation Applications

As a result, PEFCs are considered the leading candidate for use in transportation applications and for megawatt-size power generation systems. However, figuring out how to produce these fuel cells efficiently and cost-effectively at mass scale has proven to be a challenge. The culprit lies in the cathode materials typically found in current PEFCs, which use platinum-based electrodes and a water-based, acidic polymer membrane as the electrolyte. The problem? Platinum is expensive.

"Even though PEFCs are well known as an ideal electrical power system, the utilization of platinum hinders the cost-effective commercialization of these type of fuel cells," said Yongman Choi, lead scientist at the SABIC Technology Center in Riyadh, Saudi Arabia and a co-author on the Journal of Materials Chemistry A study. Choi's collaborators included Mi Hwang and Gu-Gon Park at Korea Institute of Energy Research.

While some non-precious metal-based catalysts have demonstrated enhanced activity, their oxygen reduction reaction (ORR) activity is still inferior to that of platinum-based catalysts, resulting in a much thicker electrode. Thus Choi and his colleagues DFT calculations to test a non-precious-metal-based cathode material containing only a small amount of platinum. Their calculations, which used approximately 300,000 core hours at NERSC—a DOE Office of Science user facility—confirmed that platinum nanoclusters on metal–nitrogen doped ordered mesoporous porphyrinic carbon significantly enhance the ORR activity.

"Although more studies, including stability examination, are imperative, it is promising to reduce the cost by lowering the platinum amount in the fuel cell electrodes," Choi said. "The confirmation of the experimental finding on the basis of scientific models like this study using DFT-based simulations can guide the design of new catalytic materials that have high activity and stability."

More information: Sun-Mi Hwang et al. Enhancement of oxygen reduction reaction activities by Pt nanoclusters decorated on ordered mesoporous porphyrinic carbons, J. Mater. Chem. A (2016). DOI: 10.1039/C5TA09915C
成本效益型聚合物电解质燃料电池的发展

当我们进入混合动力、电动和自动驾驶汽车的时代，寻找新一代具有低成本、持久且可大规模生产的燃料电池技术的兴趣仍然很高。近年来，燃料电池的研究和开发工作一直专注于提高性能并且通过新材料和更好的水以及热量管理程序的开发来降低成本。

为了实现这一目标，在伯克利实验室的NERSC中心的一个进行密度泛涵理论（DFT）计算的研究小组展示了一种类型的燃料电池——聚合物电解质燃料电池（PEFCs）——是如何通过降低单个关键成份——铂——而进行制造从而获得更有效地运行以及生产出更高的成本效益。他们的研究发现于2016年4月28日发表于《材料科学A》（Journal of Materials Chemistry A）杂志，并且以该发行物的封二出现。

虽然燃料电池的概念——通过逆转水的电解来生产电力——可追溯到19世纪中期，但是直到1932年才实现第一个成功的燃料电池装置：一款使用碱性电解质和镍电极的氢-氧电池。到20世纪50年代，NASA开始投资该技术用于其太空计划，并且多年来燃料电池已经向无数个太空任务提供了电力。

今天，各种燃料电池技术——通过的它们的电解质进行区分——将得到开发和测试，作为内燃机和其他能源的替代品。除了PEFCs，其他技术包括：

固体氧化物燃料电池（SOFCs），一款使用陶瓷电解质或固体氧化物的电化学转换装置

熔融碳酸盐燃料电池（MCFCs），一款使用β氧化铝固体电解质中悬浮在多孔化学惰性陶瓷基质的熔融碳酸盐混合物构成的电解质的高温燃料电池

磷酸燃料电池（PAFCs），一款使用液体磷酸作为电解质的燃料电池，并且是第一款进行商业化生产的燃料电池

每一款都具有其优点和缺点；例如，虽然SOFCs表现出相对更高的效率并且成本相对较低，但是它们较高的操作温度——在500-1000℃范围内——产生了较长的启动时间，以及机械和化学相容性问题。相反，PEFCs——也具有较高的能量转换效率——在较低的温度下进行操作，导致启动时间更快（在几秒内）。

交通运输应用的首选候选品

因此，PEFCs被认为是运输应用以及兆瓦规模的发电系统所使用的主要候选品。然而，了解如何大规模有效且具有成本效益地生产这些燃料电池被证明是一个挑战。起因在于通常在目前的PEFCs中发现的阴极材料，其使用铂基电极以及一个水基的酸性聚合物膜作为电解质。问题是？铂非常昂贵。

“即使PEFCs是众所周知的一种理想的电力系统，但是铂金的利用阻碍了这种类型的燃料电池的成本效益型商业化，”沙特阿拉伯利雅得SABIC技术中心的主要科学家兼《材料化学A》杂志研究的合著者崔永曼表示。崔的合作者包括韩国能源技术研究院的黄敏和朴古功。

虽然一些非贵重金属系的催化剂已证明了增强的活性，但是它们的氧还原反应（ORR）活性仍然劣于铂基催化剂，从而会产生更厚的电极。因此，崔和他的同事DFT计算测试了仅含有少量铂的非贵重金属基阴极材料。他们在NERSC——DOE科学使用者设施办公室——使用了大约300000核心小时进行的计算证实，掺杂了有序介孔卟啉碳的氮金属上的铂纳米团簇显著提高了ORR活性。

“虽然更多包括稳定性检测的研究是必要的，但是有望通过降低燃料电池电极中铂的用量来减少成本，”崔表示。“在类似本研究使用DFT基模拟的科学模型基础上对获得的实验发现的证实能够引导新的具有较高活性和稳定性的催化材料的设计。”

参考文献：Sun-Mi Hwang et al. Enhancement of oxygen reduction reaction activities by Pt nanoclusters decorated on ordered mesoporous porphyrinic carbons, J. Mater. Chem. A (2016). DOI: 10.1039/C5TA09915C
E-Material（电子材料）
A 'nonlinear' effect that seemingly turns materials transparent is seen for the first time in X-rays at SLAC's LCLS  
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An illustration shows what happens in a typical experiment with SLAC’s LCLS X-ray laser, top, versus what happened in this study with an especially intense X-ray pulse. Normally the X-ray pulses -- which are shown coming in from the right -- scatter off electrons in a sample and produce a pattern in a detector. But when researchers cranked up the intensity of the X-ray pulses, the pulses seemed to go straight through the sample, as if it were not there, and the pattern in the detector vanished. Two recent papers describe and explain this surprising result, which is due to a ‘nonlinear’ effect where particles of X-ray light team up to cause unexpected things to happen. Credit: SLAC National Accelerator Laboratory

Imagine getting a medical X-ray that comes out blank – as if your bones had vanished. That's what happened when scientists cranked up the intensity of the world's first X-ray laser, at the Department of Energy's SLAC National Accelerator Laboratory, to get a better look at a sample they were studying: The X-rays seemed to go right through it as if it were not there.

This result was so weird that the leader of the experiment, SLAC Professor Joachim Stöhr, devoted the next three years to developing a theory that explains why it happened. Now his team has published a paper in Physical Review Letters describing the 2012 experiment for the first time.

What they saw was a so-called nonlinear effect where more than one photon, or particle of X-ray light, enters a sample at the same time, and they team up to cause unexpected things to happen.

"In this case, the X-rays wiggled electrons in the sample and made them emit a new beam of X-rays that was identical to the one that went in," said Stöhr, who is an investigator with the Stanford Institute for Materials and Energy Sciences at SLAC. "It continued along the same path and hit a detector. So from the outside, it looked like a single beam went straight through and the sample was completely transparent."

This effect, called "stimulated scattering," had never been seen in X-rays before. In fact, it took an extremely intense beam from SLAC's Linac Coherent Light Source (LCLS), which is a billion times brighter than any X-ray source before it, to make this happen.

A Milestone in Understanding How Light Interacts with Matter

The observation is a milestone in the quest to understand how light interacts with matter, Stöhr said.

"What will we do with it? I think we're just starting to learn. This is a new phenomenon and I don't want to speculate," he said. "But it opens the door to controlling the electrons that are closest to the core of atoms – boosting them into higher orbitals, and driving them back down in a very controlled manner, and doing this over and over again."

Nonlinear optical effects are nothing new. They were discovered in the1960s with the invention of the laser – the first source of light so bright that it could send more than one photon into a sample at a time, triggering responses that seemed all out of proportion to the amount of light energy going in. Scientists use these effects to shift laser light to much higher energies and focus optical microscopes on much smaller objects than anyone had thought possible.

The 2009 opening of LCLS as a DOE Office of Science User Facility introduced another fundamentally new tool, the X-ray free-electron laser, and scientists have spent a lot of time since then figuring out exactly what it can do. For instance, a SLAC-led team recently published the first report of nonlinear effects produced by its brilliant pulses.

"The X-ray laser is really a quantum leap, the equivalent of going from a light bulb to an optical laser," Stöhr said. "So it's not just that you have more X-rays. The interaction of the X-rays with the sample is very different, and there are effects you could never see at other types of X-ray light sources."

A Most Puzzling Result

Stöhr stumbled on this latest discovery by accident. Then director of LCLS, he was working with Andreas Scherz, a SLAC staff scientist, who is now with the soon-to-open European XFEL in Hamburg, Germany, and Stanford graduate student Benny Wu to look at the fine structure of a common magnetic material used in data storage.

To enhance the contrast of their image, they tuned the LCLS beam to a wavelength that would resonate with cobalt atoms in the sample and amplify the signal in their detector. The initial results looked great. So they turned up the intensity of the laser beam in the hope of making the images even sharper.

That's when the speckled pattern they'd been seeing in their detector went blank, as if the sample had disappeared.

"We thought maybe we had missed the sample, so we checked the alignment and tried again," Stöhr said. "But it kept happening. We knew this was strange – that there was something here that needed to be understood."

Stöhr is an experimentalist, not a theorist, but he was determined to find answers. He and Scherz dove deeply into the scientific literature. Meanwhile Wu finished his PhD thesis, which described the experiment and its unexpected result, and went on to a job in industry. But the team held off on publishing their experimental results in a scientific journal until they could explain what happened.

Stöhr and Scherz published their explanation last fall in Physical Review Letters.

"We are developing a whole new field of nonlinear X-ray science, and our study is just one building block in this field," Stöhr said. "We are basically opening Pandora's box, learning about all the different nonlinear effects, and eventually some of those will turn out to be more important than others."

首次在SLAC's LCLS 的X射线中观察到的似乎令材料呈透明状态的“非线性”效应 
[image: image12.jpg]



上图显示了用SLAC’s LCLS X射线光束照射的典型实验中所发生的变化，顶部，以及用特别强烈的X射线脉冲照射的研究中发生的变化。通常X射线脉冲——显示从右侧照入——在样品中分散出电子，并且在检测器中产生了一个图案。但是，当研究人员增加X射线脉冲的强度时，该脉冲似乎穿过了样品，就好像它不存在于那里一样，并且检测器上的图案也消失了。最近的两篇论文描述并且解释了这个惊人的结果，它是由于“非线性”效应，即X射线光颗粒相互协作引起意想不到的事情。消息来源：SLAC国家加速器实验室

想象成一个什么也没有显示出的医用X射线——就好像你的骨骼已经消失了。科学家为了更好地研究他们正在研究的一个样品，在能源部SLAC国家加速器实验室中将世界第一个X射线激光的强度增加，然后就出现了这种情况：即X射线似乎通过了该样品，就好像它不存在于那里一样。

这个结果太奇怪了，以至于该实验的领导兼SLAC的教授约阿希姆•斯托尔技术在未来三年致力于开发一种能够解释这种现象发生的理论。现在，他的研究团队首次在《物理评论快报》发表了一篇描述2012年实验的论文。

他们看到的是一个所谓的非线性效应，其中不止一个光子，或X射线光颗粒，同时进入样品，并且它们会相互协作引起意想不到的事情。

“在这种情况下，X射线在样品中令电子摆动，并且令它们发射出与进入的波束完全一致的X射线的新波束，”SLAC斯坦福材料与能源科学研究所的研究人员斯托尔称。“它沿着相同的路径继续前进，并且击中探测器。因此，从外面看，它就好像是一条光束直接穿了过去，而该样品完全是透明的一样。”

这种称为“受激散射”的效应在X射线中从未观察到过。事实上，它利用了SLAC直线加速器相干光源（LCLS）的非常强烈的光束来使之产生的，该光束比之前的X射线源要明亮十亿倍。

了解光与物质如何相互作用领域的里程碑

斯托尔称，这个发现在了解光与物质相互作用的方式方面是一个里程碑。

“我们对此能够做些什么？我认为，我们会开始进行学习。这是一个新的现象，并且我不想进行猜测，”他称。“但是，它为控制最接近于原子核的电子打开了大门——促使他们进入更高的轨道，并且以一种非常可控的方式令它们恢复，一遍一遍的进行这个过程。”

非线性光学效应并不是新鲜事。他们在20世纪60年代发明了激光——光的第一来源如此明亮，它能够在同一时间将一个以上的光子射入样品，引起了似乎有不成比例的光能量进入该样品的反应。科学家利用这些效应将激光转变为更高的能量，并且令光学显微镜专注于人们无法想象的更小的物体。

LCLS作为DOE科学使用者设备办公室于2009年开创时推出了另一个全新的工具，X射线无电子激光器，并且科学家自此花费了大量的时间来研究究竟它能够做些什么。例如，SLAC领导的研究小组最近发表了第一篇有关其明亮脉冲引起的非线性效应的报告。

“X-射线激光器确实是一个质的飞跃，相当于从灯泡发展到了光学激光器，”斯托尔称。“因此，这并不仅仅是指你拥有了更多的X射线。X射线与样品产生的相互作用非常不同，并且通过其他类型的X射线光源你能够看到从未出现过的效应。”

最令人费解的结果

斯托尔无意中发现了这个最新效应。之后，这位LCLS的主管与目前就职于即将开放的德国汉堡欧洲XFEL的SLAC科学家安德烈亚斯•舍茨以及斯坦福大学的研究生班尼•吴一同合作研究数据存储中使用的常见磁性材料的精细结构。

为了加强他们图像的对比度，他们将LCLS光束转化为一个能够在样品中与钴原子共振的波长，并且扩大他们检测器中的信号。初步结果看起来很棒。因此他们调高了激光束的强度，希望能够产生更加清晰的图像。

正是这个时候，他们发现曾经显示出斑点图案的探测器变成了一片空白，就好像样品消失了一样。

“我们认为，我们可能遗漏了样品，因此我们检查了调整，并且再一次进行了尝试，”斯托尔说。“但它还是不停地出现这种现象。我们知道这很奇怪——我们需要对一些情况进行了解。”

斯托尔是一个实验家，不是一个理论家，但他还是决心要找到答案。他和舍茨深深扎入了科学文献之中。同时，吴完成了他的博士论文，其中描述了该实验以及这个意想不到的结果，并且在工业中找到了一份职业。但是该研究小组将在科学杂志上发表他们的实验结果的决定推迟到他们能够解释这个现象之后。

斯托尔和舍茨在去年秋天在《物理评论快报》上发表了他们的解释。

“我们将开发一个非线性X射线科学的一个全新领域，并且我们的研究只是这个领域中一个构建块，”斯托尔称。“我们基本上即将打开潘多拉的盒子，了解各种不同的非线性效应，并且最终，其中一些效应将变得比其他效应更加重要。”
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