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Tech News & New Tech（技术前沿）
Simulations lead to design of near-frictionless material
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In this schematic of the superlubricity system, the gold represents nanodiamond particles; the blue is a graphene nanoscroll; green shows underlying graphene on silicon dioxide; and the black structures are the diamond-like carbon interface. Image: Sanket Deshmukh, Joseph Insley and Subramanian Sankaranarayanan, Argonne National Laboratory
Argonne National Laboratory scientists used Mira to identify and improve a new mechanism for eliminating friction, which fed into the development of a hybrid material that exhibited superlubricity at the macroscale for the first time. Argonne Leadership Computing Facility (ALCF) researchers helped enable the groundbreaking simulations by overcoming a performance bottleneck that doubled the speed of the team's code.

While reviewing the simulation results of a promising new lubricant material, Argonne researcher Sanket Deshmukh stumbled upon a phenomenon that had never been observed before.

"I remember Sanket calling me and saying 'you have got to come over here and see this. I want to show you something really cool,'" said Subramanian Sankaranarayanan, Argonne computational nanoscientist, who led the simulation work at the Argonne Leadership Computing Facility (ALCF), a DOE Office of Science User Facility.

They were amazed by what the computer simulations revealed. When the lubricant materials—graphene and diamond-like carbon (DLC)—slid against each other, the graphene began rolling up to form hollow cylindrical "scrolls" that helped to practically eliminate friction. These so-called nanoscrolls represented a completely new mechanism for superlubricity, a state in which friction essentially disappears.

"The nanoscrolls combat friction in very much the same way that ball bearings do by creating separation between surfaces," said Deshmukh, who finished his postdoctoral appointment at Argonne in January.

Superlubricity is a highly desirable property. Considering that nearly one-third of every fuel tank is spent overcoming friction in automobiles, a material that can achieve superlubricity would greatly benefit industry and consumers alike. Such materials could also help increase the lifetime of countless mechanical components that wear down due to incessant friction.

Experimental origins

Prior to the computational work, Argonne scientists Ali Erdemir, Anirudha Sumant, and Diana Berman were studying the hybrid material in laboratory experiments at Argonne's Tribology Laboratory and the Center for Nanoscale Materials, a DOE Office of Science User Facility. The experimental setup consisted of small patches of graphene (a two-dimensional single-sheet form of pure carbon) sliding against a DLC-coated steel ball.

The graphene-DLC combination was registering a very low friction coefficient (a ratio that measures the force of friction between two surfaces), but the friction levels were fluctuating up and down for no apparent reason. The experimentalists were also puzzled to find that humid environments were causing the friction coefficient to shoot up to levels that were nearly 100 times greater than measured in dry environments.

To shed light on these mysterious behaviors, they turned to Sankaranarayanan and Deshmukh for computational help. Using Mira, the ALCF's 10-petaflops IBM Blue Gene/Q supercomputer, the researchers replicated the experimental conditions with large-scale molecular dynamics simulations aimed at understanding the underlying mechanisms of superlubricity at an atomistic level.

This led to their discovery of the graphene nanoscrolls, which helped to fill in the blanks. The material's fluctuating friction levels were explained by the fact that the nanoscrolls themselves were not stable. The researchers observed a repeating pattern in which the hollow nanoscrolls would form, and then cave in and collapse under the pressure of the load.

"The friction was dipping to very low values at the moment the scroll formation took place and then it would jump back up to higher values when the graphene patches were in an unscrolled state," Deshmukh said.

The computational scientists had an idea to overcome this issue. They tried incorporating nanodiamond particles into their simulations to see if the hard material could help stabilize the nanoscrolls and make them more permanent.

Sure enough, the simulations proved successful. The graphene patches spontaneously rolled around the nanodiamonds, which held the scrolls in place and resulted in sustained superlubricity. The simulation results fed into a new set of experiments with nanodiamonds that confirmed the same.

"The beauty of this particular discovery is that we were able to see sustained superlubricity at the macroscale for the first time, proving this mechanism can be used at engineering scales for real-world applications," Sankaranarayanan said. "This collaborative effort is a perfect example of how computation can help in the design and discovery of new materials."

Not slippery when wet

Unfortunately, the addition of nanodiamonds did not address the material's aversion to water. The simulations showed that water suppresses the formation of scrolls by increasing the adhesion of graphene to the surface.

While this greatly limits the hybrid material's potential applications, its ability to maintain superlubricity in dry environments is a significant breakthrough in itself.

The research team is in the process of seeking a patent for the hybrid material, which could potentially be used for applications in dry environments, such as computer hard drives, wind turbine gears, and mechanical rotating seals for microelectromechanical and nanoelectromechanical systems.

Adding to the material's appeal is a relatively simple and cost-effective deposition method called drop casting. This technique involves spraying solutions of the materials on moving mechanical parts. When the solutions evaporate, it would leave the graphene and nanodiamonds on one side of a moving part, and diamond-like carbon on the other side.

However, the knowledge gained from their study is perhaps even more valuable, said Deshmukh. He expects the nanoscroll mechanism to spur future efforts to develop materials capable of superlubricity for a wide range of mechanical applications.

For their part, the Argonne team will continue its computational studies to look for ways to overcome the barrier presented by water.

"We are exploring different surface functionalizations to see if we can incorporate something hydrophobic that would keep water out," Sankaranarayanan said. "As long as you can repel water, the graphene nanoscrolls could potentially work in humid environments as well."

Simulating millions of atoms

The team's groundbreaking nanoscroll discovery would not have been possible without a supercomputer like Mira. Replicating the experimental setup required simulating up to 1.2 million atoms for dry environments and up to 10 million atoms for humid environments.

The researchers used the LAMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator) code to carry out the computationally demanding reactive molecular dynamics simulations.

With the help of ALCF catalysts, a team of computational scientists who work directly with ALCF users, they were able to overcome a performance bottleneck with the code's ReaxFF module, an add-on package that was needed to model the chemical reactions occurring in the system.

The ALCF catalysts, in collaboration with researchers from IBM, Lawrence Berkeley National Laboratory and Sandia National Laboratories, optimized LAMMPS and its implementation of ReaxFF by adding OpenMP threading, replacing MPI point-to-point communication with MPI collectives in key algorithms, and leveraging MPI I/O. Altogether, these enhancements allowed the code to perform twice as fast as before.

"With the code optimizations in place, we were able to model the phenomena in real experimental systems more accurately," Deshmukh said. "The simulations on Mira showed us some amazing things that could not be seen in laboratory tests."

And with the recent announcement of Aurora, the ALCF's next-generation supercomputer, Sankaranarayanan is excited about where this line of research could go in the future.

"Given the advent of computing resources like Aurora and the wide gamut of the available two-dimensional materials and nanoparticle types, we envision the creation of a lubricant genome at some point in the future," he said. "Having a materials database like this would allow us to pick and choose lubricant materials for specific operational conditions."

Source: Argonne National Laboratory
利用模拟设计近乎无摩擦的材料 
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在超润滑系统的示意图中，金色代表纳米金刚石颗粒；蓝色代表石墨烯碳纳米卷；绿色代表二氧化硅中隐藏的石墨烯；黑色结构代表类金刚石碳界面。图片提供：阿贡国家实验室，Sanket Deshmukh、Joseph Insley和 Subramanian Sankaranarayanan。

为消除摩擦，阿贡国家实验室科学家使用米拉识别并改进一个新的机制，首次与在宏观规模上显示出超润滑特性的混合材料共同发展。阿贡领军计算机设施 (ALCF)研究人员通过克服一个性能瓶颈，使用开创性的模拟，团队的编码速度翻了一倍。

在回顾极具前途新型润滑材料的仿真结果的同时，阿贡国家实验室研究员Sanket Deshmukh偶然发现了一个之前从未发现过的现象。

“我记得Sanket给我打电话说：你必须过来看看。我想让你看看一些很炫的东西，”Subramanian Sankaranarayanan说，他是阿贡国家实验室计算机纳米科学家，阿贡领军计算机设施 (ALCF)仿真工作的带头人，该设施是美国能源部科学办公室的用户设备。

计算机模拟显示让他们大吃一惊。当润滑物质——石墨烯和类金刚石碳（DLC）——互相润滑时，石墨烯卷起形成中空的圆柱形“卷轴”，能够帮助真正地消除摩擦。这些所谓的纳米卷代表了全新的超润滑机制，在该种机制中，摩擦基本消失。

“球轴承通过创建分离表面，消除摩擦，与此相似的是，纳米卷也这样消除摩擦。”Deshmukh如是说，他于一月份完成了阿贡国家实验室的博士后招聘。

超润滑是一种非常可取的属性。考虑到汽车中每个邮箱都要贡献出1/3克服摩擦，具有超润滑特性的材料将使行业和消费者者大大受益。这种材料也能够帮助增加无数机械部件的生命周期，这些部件由于不断摩擦出现磨损。

试验起源

计算工作之前，阿贡国家实验室科学家Erdemir, Anirudha Sumant,和Diana Berman就已经在阿贡摩擦学实验室和纳米材料中心，也就是美国能源部科学用户设备办公室，实验室试验中研究混合材料。试验装备包括小片石墨烯（二维单层纯碳形式），与类金刚石碳钢球互相滑落。

石墨烯——类金刚石碳的摩擦系数（衡量两个表面摩擦力的比率）很低，但是摩擦程度上下波动，没有明显的原因。试验人员还发现，潮湿环境中的摩擦系数是干燥环境中的100倍之多，因此，也很迷惑。

为揭示这些神秘的现象，他们向Sankaranarayanan 和Deshmukh寻求计算机帮助。通过使用米拉，也就是ALCF 千万亿次/秒的 IBM 蓝色基因/Q 超级计算机，研究人员运用旨在理解原子水平中超润滑潜在机制的大规模分子动力学模拟，复制出试验条件。

正是因为该实验，他们发现了石墨烯纳米卷，帮助填补了这一项空白。纳米卷本身并不稳定，恰好解释了材料浮动的摩擦水平。研究人员发现，空心纳米卷会以一种重复的形式进行排列，而后由于压力负荷坍塌。

Deshmukh 说：“当纳米滚动时，摩擦值很低，并且当石墨烯片处于静止状态时，摩擦值就会升高。”

计算机科学家想出一个办法克服该问题。他们试图将纳米金刚石颗粒纳入解决方案，来看看硬质材料是否能够帮助稳定纳米卷，让其更持久。

毫无疑问，模拟实验很成功。纳米金刚石颗粒周围的石墨烯片自动卷到一起，恰好能够帮助滚动，带来持久的超润滑性。模拟实验结果被运用到一组新的纳米金刚石模拟实验中，同样得到证实。

“发现的特别之处在于我们第一次能够看到宏观规模下持续的超润滑性，证明该种机制可以在工程规模中运用到现实世界的应用。”Sankaranarayanan 说，“此次合作完美地证明了计算机在设计和发现新材料时的作用。”

湿润环境不会滑动

不幸的是，添加纳米金刚石并没有解决材料不溶于水的问题。模拟实验表明，水通过增加石墨烯表面的附着力，抑制卷轴的形成。

虽然这极大地限制了混合材料的潜在应用，其在干燥环境中保持超润滑的能力是一项重大突破。

研究团队也参与了寻求复合材料专利的过程中，有可能被使用在干燥环境中的应用中，比如计算机硬盘驱动器，风力发电机齿轮和微型电子机械及纳米电子机械系统的机械旋转密封。

增强材料的吸引力是一种相当简单并且具有成本效益的积淀方法，叫做滴落涂布法。该技术包括机械运动部件的喷涂材料。当喷涂材料蒸发时，石墨烯和金刚纳米石颗粒就会遗留在机械运动部件的一端，类金刚石碳在另一边。

Deshmukh说，但是，从研究中获得的知识或许更加有价值。他希望纳米卷机制能够激发人们未来去努力开发具有超润滑性质的材料，能够广泛应用于机械应用。

对于阿贡国家实验室的研究人员来说，他们将继续计算机研究寻找方法克服水带来的障碍。

“我们正在探索不同表面的功能化，为的是看看我们是否能够融入一些疏水性的物质，将水排出。”Sankaranarayanan 说，“只要能够抵抗水，石墨烯纳米卷有可能也能在潮湿环境中起作用。”

模拟数以百万的原子

如果没有像米拉这样的超级计算机的帮助，该团队也不会取得突破性的成就——发现纳米卷。复制试验设备要求干燥环境模拟120万原子，湿润环境模拟1000万原子。

研究人员使用LAMMPS（大型原子/分子大规模并行模拟器）代码，执行要求活性分子动力学模拟计算。

在ALCF催化剂的帮助下，一个计算机科学家研究小组直接与ALCF用户工作，他们能够使用代码的ReaxFF模块克服性能瓶颈，这是一个附加组件包,需要模型系统中发生化学反应。

来自IBM，劳伦斯伯克利国家实验室和桑迪亚国家实验室的研究人员使用ALCF催化剂，通过添加OpenMP 线程，在关键算法中用 MPI 集成物代替MPI点到点通信和使用MPI I/O，对LAMMPS和ReaxFF进行安装优化。总而言之，这些增强功能使代码执行比以前快了两倍。

“因为及时进行了代码优化，我们能够在真实的试验系统中更加准确地模拟该现象。”Deshmukh说，“米拉的模拟试验向我们展示了一些令人震惊的东西，而这些是在实验室试验中看不到的。”

ALCF新一代超级计算机Aurora，也于不久前与大家见面，Sankaranarayanan很关心这一研究未来的走向。

“由于计算机资源的出现，如Aurora和宽范围的可用二维材料和纳米粒子类型，我们设想在将来的某个时候建立一个润滑剂基因组，”他说，“这样一个材料数据库使我们为特定的操作条件选择润滑材料。”

来源：阿贡国家实验室 

New methodology to study nanoparticle structures

Nanoscience is the study of materials that measure at the scale of one-billionth of a meter in length. While "tiny" is the very nature of this scientific field, nanoscience is a huge force behind modern day technology and communication, with promise in many more fields. Anyone who uses a cell phone or laptop has seen the outcome of materials scientists studying the mysterious chemical behaviors at the nanoscale.

Peng Zhang, a professor with Dalhousie's Dept. of Chemistry, leads a nanoscience research team of undergraduate and graduate students. Published in Nature Communications, Zhang's team's discovery on new methodology to study nanoparticle structures will make the materials science and biomedical communities buzz with excitement.

Dr. Zhang and his PhD student Daniel Padmos examined gold and silver nanoparticles—two very important materials, particularly in the future of biomedicine. At this size, gold and silver look and behave much differently than they do when they're used to make rings and necklaces.

"Only when they're very small do they begin to show new properties, and these properties can be used in many different biomedical applications," explains Dr. Zhang, lead author of the study.

Nanogold, for example, has incredible optical properties that allow it to absorb light energy very well. Currently only tested in mice, biomedical scientists have developed drugs with nanogold to target malignant tumors. The nanogold attracts light emitted from laser therapies and heats up the cancerous mass, helping to destroy the tumor. On the other hand, nanosilver could have potential applications in fighting bacterial diseases.

Uncovering shape

The shape of the surface of nanoparticles is key, because different shapes lead to different properties and different properties lead to different behaviors. To better understand the potential applications of nanogold and nanosilver in the long run, scientists must first know much more about their surface structure. But, matter on the nanoscale is challenging to observe.

"These nanoparticles are very difficult to study," explains Dr. Zhang, pointing out that ordinary techniques like electron microscopes don't provide the amount of detail necessary to understand what's happening on the surface of nanomaterials.

"We used some pretty powerful techniques to uncover this surface structure for the first time," said Dr. Zhang.

Dr. Zhang, Padmos and their collaborators from Northwestern Univ. and Univ. of California, Riverside combined a powerful x-ray from a mile-sized synchrotron facility with computer modelling based on density functional theory. By doing this, the team was able to comprehensively study the surface of a nanoparticle. In their nanomaterial system composed primarily of gold, silver and chloride, they even discovered more about how chloride interacts with nanogold and nanosilver, keeping them stable.

"It's a little like cooking," explains Dr. Zhang. "You throw in a bunch of ingredients, but you need to know how they go together. [Material scientists] know chloride is important, but we didn't know how it stays on the surface of nanogold and nanosilver. Our team found out how, at the atomic level."

One step closer

The Dal research team's methodology can now be used to study other nanomaterials, further expanding the knowledge in nanoscience research and designing the building blocks for groundbreaking discoveries in biomedical applications.

"This experience invigorates my interest in this type of research," said Padmos. In the future, he plans to build upon this research to develop new functional nanomaterial systems and test their biomedical potential.

Source: Dalhousie Univ.
研究纳米结构的新方法 

纳米科学研究的是以十亿分之一米的长度来计量的材料。虽然“微小”是纳米科学领域的本质，但该科学却是现代技术和通信背后的巨大力量，它在很多领域有发展前景。使用手机和笔记本电脑的人都已经看见科学家在纳米尺度上研究该材料神秘化学行为的结果。

Dalhousie化学部门教授张鹏（音译）带领着一队由本科生和研究生组成的研究团队。他们研究纳米结构的新方法的发现发表在《自然通信》（Nature Communications）杂志上。其发现将会使材料科学和生物医学为之振奋。

张鹏博士和博士研究生Daniel Padmos 对金银纳米颗粒进行检查，这是两种非常重要的材料，特别是在生物医学的未来应用上。从该尺度上来说，金、银的外表与活动，与其制成的戒指和项链相比，非常不同。

该研究的主要作者张鹏博士解释说：“只有当它们很小的时候，它们才开始显示出新的特性。这些特性可以运用在许多不同的生物医学应用程序中。”

例如，纳米金有令人难以置信的光学特性，可以很好地吸收光能。目前只在老鼠上进行试验，生物医学科学家已经开发出针对恶性肿瘤的纳米金药物。纳米金能够吸引激光疗法放射的光，并且能够升温癌变，帮助消除肿瘤。另一方面，纳米银在对抗细菌性疾病方面有潜在的应用。

外露的形状

纳米颗粒的外表形状很重要，因为不同形状特性也不同，而特性不同又会导致不同的行为。从长远来看，为了更好地理解纳米金、银的潜在特性，科学家首先必须对其表面结构有足够多的了解。但是，观察纳米尺度上的物质机具挑战性。

张博士说：“研究这些纳米颗粒非常困难。”，他指出，像电子显微镜这样的一般技术无法提供所需的足够的细节来理解纳米材料的表面发生的事情。

张博士说：“我们第一次使用很强大的技术去揭开其表面结构。”

张博士、Padmos以及来自西北大学和加州大学河滨分校的合作伙伴将从长约1米的加速器设施中放射出的强大的X射线与根据密度泛函理论建立的计算机模型相结合。

“就像烹饪一样。”张博士解说，“你有一堆食材，但是你需要知道它们怎样结合在一起（才能烹出美味佳肴）。材料科学家知道氯化物很重要，但是我们不了解它是怎样呆在纳米金、银表面上的。我们的团队在原子级别上发现这一问题的答案。”

近如咫尺

Dal研究小组的方法现在可以用来研究其它纳米材料，这进一步扩大了纳米科技研究的知识，并且设计构建模块用于生物医学应用中突破性的发现。

Padmos说：“这次的经历激发了我在该种研究类型的兴趣。”未来，他计划在此基础上进行研究，研制新功能的纳米材料系统并检测其生物医学潜质。”

来源：Dalhousie大学

Making new materials with micro-explosions

Scientists have made exotic new materials by creating laser-induced micro-explosions in silicon, the common computer chip material. The new technique could lead to the simple creation and manufacture of superconductors or high-efficiency solar cells and light sensors, said leader of the research, Professor Andrei Rode, from The Australian National University (ANU).

"We've created two entirely new crystal arrangements, or phases, in silicon and seen indications of potentially four more," said Professor Rode, a laser physicist at the ANU Research School of Physics and Engineering (RSPE).

"Theory predicts these materials could have very interesting electronic properties, such as an altered band gap, and possibly superconductivity if properly doped."

By focusing lasers onto silicon buried under a clear layer of silicon dioxide, the group has perfected a way to reliably blast tiny cavities in the solid silicon. This creates extremely high pressure around the explosion site and forms the new phases.

The phases have complex structures, which took the team of physicists from ANU and University College London a year to understand.

Using a combination of electron diffraction patterns and structure predictions, the team discovered the new materials have crystal structures that repeat every 12, 16 or 32 atoms respectively, said Professor Jim Williams, from the Electronic Material Engineering group at RSPE.

"The micro-explosions change silicon's simplicity to much more complex structures, which opens up possibility for unusual and unexpected properties," he said.

These complex phases are often unstable, but the small size of the structures means the materials cool very quickly and solidify before they can decay, said Professor Eugene Gamaly, also from the ANU Research School of Physics and Engineering. The new crystal structures have survived for more than a year now.

"These new discoveries are not an accident, they are guided by a deep understanding of how lasers interact with matter," he said.

Conventional methods for creating materials with high pressure use tiny diamond anvils to poke or squeeze materials. However, the ultra-short laser micro-explosions create pressures many times higher than the strength of diamond crystal can produce.

The team's new method promises a much cheaper and industrially-friendly method for large scale manufacturing of these exotic materials, says Dr. Jodie Bradby, also from ANU Research School of Physics and Engineering.

"We reliably create thousands of micron-size modified zones in normal silicon within a second," she said.

"The semiconductor industry is a multi-billion dollar operation - even a small change in the position of a few silicon atoms has the potential to have a major impact."

SOURCE: Australian National University
微爆炸制造新材料  

科学家们通过在普通计算机芯片材料硅上利用激光诱导微爆炸创造了特殊的新材料。利用该新技术可以简单地创造并制造超导体或高效太阳能电池以及光传感器，澳大利亚国立大学（ANU）的安德列•罗德（Andrei Rode）教授说道。

“我们在硅中已经完全地创造出两个全新的晶体序列或晶相，并且发现了四个以上的潜在序列或晶相，”

澳大利亚国立大学（ANU）物理与工程研究院（RSPE）激光物理学家罗德教授说道。 

“相关理论预测称，这些材料可能有非常有趣的电子特性，如变化的禁带频率范围，如果适当地混合，可能产生超导电现象。”

通过将激光聚焦在二氧化硅透明薄膜下的硅材料，研究团队已经成功地在固体硅上可靠地进行微腔爆炸实验。这在爆炸位置周围制造了极高的压强，并形成新的晶相。

晶相有复着杂的结构，澳大利亚国立大学和伦敦大学的物理学家团队花了一年的时间研究明白这个晶相。

研究团队同时使用了电子衍射谱和结构预测，结果发现了新材料是每12，16或32个原子分别独立的晶体结构，物理与工程研究院电子材料工程组吉姆•威廉姆斯教授说道。

“微爆炸将硅的简单结构变为更加复杂的结构，开发了其不寻常的属性，”他说道。

这些复杂的晶相通常不稳定，但小尺寸的结构意味着材料在衰变之前很快冷却和凝固，同样来自澳大利亚国立大学物理和工程研究院的尤金•伽玛利（Eugene Gamaly）教授说道。新的晶体结构已经存留了一年多。

他说：“这些新发现不是偶然的，是在对激光与物质相互作用的深刻理解下所引导发现的。”

传统制造材料的方法是通过高压使用微金刚石测钻去戳刺或挤压材料。然而，超短激光微爆炸所能产生的压强要比金刚石晶体的强度高出许多倍。

研究团队的新方法有望通过更经济的和无害的工业方法为来大规模地制造特殊的新材料，同样来自于澳大利亚国立大学物理与工程研究院的朱迪•布雷比（Jodie Bradby）博士说道。

“我们能够确实地在一秒内在普通硅片上制造出的数千微米大小的修改区域”她说。

“半导体产业是一个数十亿美元的运作，即使是几个硅原子的位置的很小变化都有可能对结果产生重大影响。”

来源：澳大利亚国立大学 
Metal Alloy（金属合金）
Metal foams capable of shielding x-rays, gamma rays

Research from North Carolina State Univ. shows that lightweight composite metal foams are effective at blocking x-rays, gamma rays and neutron radiation, and are capable of absorbing the energy of high impact collisions. The finding means the metal foams hold promise for use in nuclear safety, space exploration and medical technology applications.

“This work means there’s an opportunity to use composite metal foam to develop safer systems for transporting nuclear waste, more efficient designs for spacecraft and nuclear structures, and new shielding for use in CT scanners,” says Afsaneh Rabiei, a professor of mechanical and aerospace engineering at NC State and corresponding author of a paper on the work.

Rabiei first developed the strong, lightweight metal foam for use in transportation and military applications. But she wanted to determine whether the foam could be used for nuclear or space exploration applications—could it provide structural support, protect against high impacts and provide shielding against various forms of radiation?

To that end, she and her colleagues conducted multiple tests to see how effective it was at blocking x-rays, gamma rays and neutron radiation. She then compared the material’s performance to the performance of bulk materials that are currently used in shielding applications. The comparison was made using samples of the same “areal” density—meaning that each sample had the same weight, but varied in volume.

The most effective composite metal foam against all three forms of radiation is called “high-Z steel-steel” and was made up largely of stainless steel, but incorporated a small amount of tungsten. However, the structure of the high-Z foam was modified so that the composite foam that included tungsten was not denser than metal foam made entirely of stainless steel.

The researchers tested shielding performance against several kinds of gamma ray radiation. Different source materials produce gamma rays with different energies. For example, cesium and cobalt emit higher-energy gamma rays, while barium and americium emit lower-energy gamma rays.

The researchers found that the high-Z foam was comparable to bulk materials at blocking high-energy gamma rays, but was much better than bulk materials—even bulk steel—at blocking low-energy gamma rays.

Similarly, the high-Z foam outperformed other materials at blocking neutron radiation.

The high-Z foam performed better than most materials at blocking x-rays, but was not quite as effective as lead.

“However, we are working to modify the composition of the metal foam to be even more effective than lead at blocking X-rays—and our early results are promising,” Rabiei says. “And our foams have the advantage of being non-toxic, which means that they are easier to manufacture and recycle. In addition, the extraordinary mechanical and thermal properties of composite metal foams, and their energy absorption capabilities, make the material a good candidate for various nuclear structural applications.”

The paper is published in Radiation Physics and Chemistry.

Source: North Carolina State Univ.
金属泡沫能够屏蔽X射线、γ射线

北卡罗莱纳州立大学的研究表明，轻质复合金属泡沫能有效阻断X射线、γ射线和中子辐射，并能够吸收高冲击碰撞的能量。这一发现意味着金属泡沫有希望用于核安全、空间探索和医疗技术应用。

北卡罗莱纳州立大学机械和航空航天工程教授以及与该方面工作相关论文的通讯作者艾弗•拉比说：“这项工作意味着有机会利用复合金属泡沫材料开发更安全的核废料运送系统、更高效的航天器和核心结构设计和新的CT扫描仪防护。”

拉比率先研制出结实、轻质的金属泡沫用于运输和军事应用。但是她想知道这种泡沫是否能用于核或太空探索应用—它可以提供结构支撑、防止高冲击并对各种形式的辐射提供屏蔽吗？

为此，她和她的同事们进行了多次试验以观察它阻断X射线、γ射线和中子辐射的效果如何。然后，她比较了该材料和那些目前做屏蔽应用的散状物料的性能。该比较利用具有相同“面”密度的样品—也就是说每个样品具有相同的重量，但体积不同。

最有效的复合金属泡沫能阻止三种形式的辐射被称为“高-Z钢-钢”并且主要是由不锈钢构成，但是包含少量的钨。然而，高-Z泡沫是经过改良的，所以该含有钨的复合泡沫没有全部采用不锈钢制成的金属泡沫密度高。

研究人员测试了屏蔽几种γ射线辐射的性能。不同的源材料产生不同能量的γ射线。例如，铯和钴辐射更高能量的γ射线，而钡和镅辐射更低能量的γ射线。

研究人员发现高-Z泡沫在屏蔽高能量γ射线方面可以和散状物料可以相提并论，但是在屏蔽低能量γ射线方面比散状物料甚至散状钢效果更好。

同样的，高-Z泡沫在屏蔽中子辐射方面也胜过其他的材料。

高-Z泡沫在阻挡X射线方面比大多数材料效果更好，但不是有很有效的领先优势。

拉比说：“然而，我们正在修改金属泡沫的结构，使其甚至比铅更有效地阻断X射线—并且我们早期的试验结果是有希望的。并且我们的泡沫具有无毒性的优点，这意味着他们更容易制造和循环利用。此外，复合金属泡沫的非凡的机械和热学性能以及他们的能量吸收能力使得该材料成为各种核结构应用的良好候选。”

该论文发表在《辐射物理和化学》（Radiation Physics and Chemistry）杂志。

来源：北卡罗来纳州立大学  

Hoeganaes Corporation introduces metal powders for Additive Manufacturing
Hoeganaes Corporation, based in Cinnaminson, New Jersey, USA, has launched AncorAM™, a new product line of metal powders engineered for Additive Manufacturing. The first offering in this series includes AncorTi™ titanium powder. Available in Ti6Al4V alloy and commercially pure grades, AncorTi is a spherical powder for applications in Additive Manufacturing, Metal Injection Moulding and Hot Isostatic Pressing.

Ti6Al4V alloys exhibit a high strength to weight ratio with excellent corrosion resistance and biocompatibility. This range of properties makes the alloy a perfect candidate to manufacture parts for aerospace, medical, chemical and marine applications. AncorTi is available in particle sizes optimised for Electron Beam Melting (EBM) and Selective Laser Melting (SLM) manufacturing.

“As a new technology, Additive Manufacturing requires a supplier whose knowledge base is exceptional in metal powder manufacturing, has a true understanding of metal powder properties suitable for the AM processes and a history of meeting exacting requirements for quality, supply, and certification of PM materials,” stated Richard Kallee, Director of Business Development for Powder and AM at Hoeganaes Corporation. “Hoeganaes has put the resources in place to become a long-term market leader in this emerging sector.”
Hoeganaes has taken this step into the AM market in conjunction with a multi-million dollar expansion of its Innovation Center in Cinnaminson. Additions to the research and development facility include a new Advanced PM Machining Lab and 3D printer. Chief among the technological upgrades is a pilot atomising facility dedicated to the development of AM powders and scalable production of advanced metal powders.

A leader in the development and production of ferrous powders primarily for automotive and industrial applications, Hoeganaes stated that its investment in new AM technology provides the basis for long-term growth in new arenas, including the aerospace and medical industries.

For over 65 years Hoeganaes has been a major part of the global landscape in conventional Powder Metallurgy. The company is a leading contributor to the approximately one million metric tons of iron powder used to produce press-and-sinter parts worldwide.
Hoeganaes is already collaborating with new customers to supply AncorTi for aerospace applications using Additive Manufacturing.   
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AncorTi is a spherical powder for applications in Additive Manufacturing
海格纳士公司推出用于增量制造的金属粉末

总部设在美国新泽西州的辛纳明森的纳士公司已经推出 AncorAM ™这个金属粉末增量制造工程新产品线。本系列的第一期产品包括 AncorTi ™ 钛粉。可用在钛合金中，并且作为商业纯级的粉末，AncorTi 是可以应用在增量制造、金属注射成型和热等静压成形中的球形粉末。

钛合金具有优异的耐腐蚀性和生物相容性，且对于重量比而言表现出较高的强度。这一系列的属性使合金制造零件在航空航天、医学、化学和海洋的应用上成为最佳人选。AncorTi 是可在粒子尺寸上为电子光束融化 (EBM) 和选择性激光熔化(SLM) 制造的。

“作为一种新技术，增量制造要求供应商在特殊的金属粉末制造有特殊的知识基础，真正理解适合 AM 进程的金属粉末性能，还需要有供应严格满足质量、供应和认证的粉末冶金材料的悠久历史。”粉末和 AM 业务发展总监指出，“海格纳士公司将资源落实到位，成为这一新兴部门长期的市场领导者。"

海格纳士已进入AM 市场，并伴随着其创新中心数百万美元的扩张，增补了包括一个新的先进的 PM 加工实验室和 3D 打印机的研究与开发的设施。技术升级的成果中，首要的便是致力于 AM 粉末的发展的雾化设施，和可扩展生产的先进金属粉末。

作为主要为汽车和工业应用领域而开发和生产的铁基粉末材料的领导者，海格纳士指出其在新技术的投资为新的领域，包括航空航天、 医药等行业的长期增长提供了基础。

65年以来，海格纳士一直是常规粉末冶金的全球环境的重要组成部分。该公司是一个领先者，在全球范围内贡献了大约 100 万吨铁粉，用于生产烧结零件。

海格纳士已经联合新客户以对使用增量制造的航空航天应用程序供应 AncorTi。
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AncorTi 是增量制造中的一种球形粉末
Composite Materials（复合材料）
Industrial Scale Production of Functionalised Graphitic Carbon Nanomaterials  
Haydale has formed a collaboration agreement with listed Australian technology materials development company, Talga Resources.

According to Haydale, Talga has a simple and cost effective process to liberate graphene and graphite directly from its 100% owned natural graphite ore deposits in Sweden. Talga is close to commencing trial production in Germany and once mining at full capacity, Talga expects to be one of the world's' largest nominal cost producers of graphene nano platelets ("GNPs"). As part of the collaboration, Talga and Haydale will jointly explore industrial scale business cooperation opportunities utilising Talga graphitic carbon nanomaterials, graphite and GNP's value-added with Haydale's proprietary low temperature plasma functionalisation treatment and end user demand chains.

The initial project will be for Haydale to analyse Talga carbon nanomaterial samples with a view to using those materials in its ongoing composite or ink research programmes and develop tailored finished or functionalised products that can be supplied to both Haydale and Talga's end users or intermediaries for integration by them into their end use applications. Haydale anticipate this initial project will, over time, lead to additional projects with associated revenue streams.

Commenting, Ray Gibbs, Haydale Chief Executive said, "As a solutions provider with a unique enabling technology we are constantly seeking new nanomaterials to evaluate. Many customers are asking where the "second source" of material is and having an alternative supply is very important in commercial sales. We have been saying for a very long time that the successful commercialisation of graphene and other nanomaterials requires a consistent quality of the base nanomaterial in order to be able to produce consistent results in the finished product which is why we are constantly looking for new sources to add to the already growing list of approved suppliers. We have been talking to Talga for some time about its capabilities, their graphitic carbon nanomaterials, and the potential synergies the company's share. We wish to fully evaluate these materials and ascertain what difference our functionalisation process can make. In particular, with the arrival of its German operations and near term large samples, now is the right time to enter into a formal relationship, providing the framework for both parties to work together on a series of programs."

Mark Thompson, Managing Director of Talga Resources added, "We are delighted to enter into this collaboration with Haydale, who are positioned further down the supply chain from Talga and provide optimised graphene products tailored for specific applications. The speed at which industry will adopt graphene into real world applications is in part linked to the sophistication and nanomaterials handling capabilities of end users. In some circumstances, if materials are not in a format that can be mixed straight into the end product matrix, handling techniques can cause varied results. Haydale has an established track record providing these solutions but is looking for a sustainable quality source of graphitic carbon nanomaterials. Talga has a special and large natural source from which to produce low defect graphene, so there is a tremendous opportunity to upscale feed to Haydale's processes and leverage from existing opportunities that Haydale has created."

功能石墨碳纳米材料的工业规模生产

Haydale公司已经与澳大利亚上市的技术材料研发公司Talga资源公司（Talga Resources）达成合作协议。

根据Haydale，Talga公司拥有一个简单的、具有成本效益的加工方法，可直接从公司100％拥有的瑞典天然石墨矿床获得石墨烯和石墨。Talga公司开始在德国试生产并以全产能进行开采，Talga有望成为世界上最大的石墨烯纳米片（“GNPs”）名义成本生产商。 作为合作的一部分，Talga和Haydale将共同探讨产业规模的商业合作机会，利用Talga的石墨碳纳米材料、石墨和GNP增值，以及Haydale专有的低温等离子处理官能化和最终用户的需求链。

最初的项目是Haydale分析Talga碳纳米材料的样品，以期在其正在进行的复合材料或墨水研究方案中使用这些材料，并通过这些材料开发量身定制的成品或功能化产品，能够提供给Haydale和Talga这两个最终用户或媒介，使这些材料能用于它们的最终应用领域。Haydale预计，随着时间的推移，该初始项目将产生相关收入流的其他项目。

Haydale行政长官雷•吉布斯说，“作为拥有独特技术的解决方案提供商，我们在不断寻求新的纳米材料来评估。许多客户都在问，材料的“第二来源”在哪，而且，备用电源对于商业销售来说非常重要。我们很长一段时间都在说，石墨烯与其它纳米材料的成功商业化要求碱纳米材料的一致的质量，为了能够生产的成品这就是为什么我们在不断寻找新的来源，添加到已批准的不断增长的供应商名单一致的结果。

Talga的常务董事马克•汤普森补充道，“我们很高兴这次能够与Haydale合作，该公司将进一步定位Talga供应链，并提供专为特定的应用生产的优化的石墨烯产品。将在该行业把石墨烯转化到现实世界的速度，在一定程度上与最终用户的复杂性和纳米材料的处理能力有关。在一些情况下，如果材料当时的形式无法直接与最终产品矩阵相混合，那么，处理技术可引起不同的结果。Haydale公司已建立了跟踪记录来提供解决方案，但它正在寻找石墨碳纳米材料的可持续质量来源。Talga公司有一个生产低缺陷石墨烯的特殊的大型天然来源，所以这是一个巨大的机会，可以为Haydale的加工过程提供大规模原料，并利用Haydale公司已经创造的现有机会。”

New composite material enables smaller CO2 sensor

Material scientists at ETH Zurich and the Max Planck Institute of Colloids and Interfaces in Potsdam have developed a new type of sensor to measure CO2. Compared with existing sensors, it is much smaller, has a simpler construction, requires considerably less energy and has an entirely different functional principle.

The new sensor consists of a recently developed composite material that interacts with CO2 molecules and changes its conductivity depending on the concentration of CO2 in the environment. ETH scientists have created a sensor chip with this material that enables them to determine CO2 concentration with a simple measurement of electrical resistance.
The basis of the composite material is a polymer made up of salts called ionic liquids, which are liquid and conductive at room temperature. The name of the polymers is slightly misleading as they are called poly ionic liquids (PIL), although they are solid rather than liquid.
Scientists worldwide are currently investigating these PIL for use in different applications, such as batteries and CO2 storage. From their work it is known that PIL can adsorb CO2. “We asked ourselves if we could exploit this property to obtain information on the concentration of CO2 in the air and thereby develop a new type of gas sensor,” says Christoph Willa, doctoral student at the Laboratory for Multifunctional Materials.

Willa and Dorota Koziej, a team leader in the laboratory, eventually succeeded by mixing the polymers with specific inorganic nanoparticles that also interact with CO2. By experimenting with these materials, the scientists were able to produce the composite. “Separately, neither the polymer nor the nanoparticles conduct electricity,” says Willa. “But when we combined them in a certain ratio, their conductivity increased rapidly.”

The scientists were surprised that the conductivity of the composite material at room temperature is CO2-dependent. “Until now, chemoresistive materials have displayed these properties only at a temperature of several hundred degrees Celsius,” explains Koziej. Thus, existing CO2 sensors made from chemoresistive materials had to be heated to a high operating temperature. With the new composite material, this is not necessary, which facilitates its application significantly.

Existing devices that can detect CO2 measure the optical signal and capitalise on the fact that CO2 absorbs infrared light. In comparison, researchers believe that with the new material much smaller, portable devices can be developed that will require less energy. According to Koziej, “portable devices to measure breathing air for scuba diving, extreme altitude mountaineering or medical applications are now conceivable”.
新型复合材料使较小的CO2传感器成为可能

苏黎世和胶体与界面的马克斯普朗克研究所的材料科学家，在波茨坦已经开发出一种新型传感器，用来测量二氧化碳。与现有的传感器相比，它非常小，有一个简单的结构，需要相当少的能量，并且具有完全不同的功能原理。

新的传感器包括一个最近开发的复合材料，它能与二氧化碳分子交互，并根据CO 2在环境中的浓度改变其导电性。ETH科学家已经用这种材料创建了一个传感器芯片，使他们能够通过对电阻的简单测量就能确定二氧化碳浓度。

该复合材料的基础是由盐组成，称为离子液体，它是液体和导电性在室温下的聚合物。它的名字有些被误导了，尽管它们是固体，而不是液体，但它们仍被称为聚离子液体（PIL）。

世界各地的科学家们目前正在调查在不同领域中应用的PIL，如电池和二氧化碳储存。从他们的研究工作中，我们，知道PIL可吸附二氧化碳。“我们问自己，我们能否利用这个属性来获取空气中的二氧化碳浓度信息，从而开发出新型气体传感器，”多功能材料实验室的一位博士生克里斯托夫•威拉说。 

威拉和实验室团队领袖Dorota Koziej，最终通过将聚合物与特定的也能与二氧化碳进行互动的无机纳米粒子混合取得成功。通过用这些材料进行实验，科学家们能生产出复合物。“另外，它不是聚合物也不是纳米颗粒导电，”威拉说。 “但是，当我们以一定的比例组合后，它们的电导率迅速增加。”

科学家们惊讶的是，在室温下，复合材料的导电率是依赖于CO 2的。“到现在为止，抗化学物质只在几百摄氏度的温度下显示这些属性，”Koziej解释道。因此，由抗化学材料制成的现有二氧化碳传感器，不得不被加热到高的工作温度。若使用新的复合材料，就没有这个必要了，这有助于其广泛应用的显著优势。

现有的可以检测CO2的设备，会测量光信号，其利用的是CO2吸收红外光这一事实。相比较而言，研究人员认为，新材料小得多，便携式设备可以被开发，这将需要较少的能量。据Koziej而言，“用来测量呼吸的空气潜水的，高海拔登山或医疗应用程序的便携式设备现在是可以设想的”。

Advanced composites may borrow designs from deep-sea shrimp
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This graphic depicts the exoskeleton structure of a certain type of deep-sea shrimp able to survive the scalding hot waters of hydrothermal vents thousands of feet under water. Insights into the complex molecular behavior of the materials could have implications for the design of new synthetic armor capable of withstanding environmental extremes. Image: Purdue Univ./Tao Qu

New research is revealing details about how the exoskeleton of a certain type of deep-sea shrimp allows the animal to survive scalding hot waters in hydrothermal vents thousands of feet under water.

“A biological species surviving in that kind of extreme environment is a big deal,” said Vikas Tomar, an associate professor in Purdue Univ.'s School of Aeronautics and Astronautics. “And shrimp are a great test case for evolution because you can find different species all over the world living at various depths and with a range of adaptation requirements.”

Tomar and doctoral students Tao Qu, Devendra Verma, Yang Zhang and Chandra Prakash compared the exoskeletons of the deep-sea shrimp Rimicaris exoculata and the shallow-dwelling shrimp Pandalus platyceros. The deep-sea species lives 2,000 m below the ocean surface in volcanic hydrothermal vents where temperatures can exceed 400 C, whereas the other species lives just below the ocean surface.

“We want to understand how evolution affects material behavior in the exoskeletons of these two shrimp species that thrive in far different conditions,” Tomar said.

Insights into the complex molecular behavior of the materials could have implications for the design of new synthetic armor capable of withstanding environmental extremes.

New findings were detailed in a research paper published online in Acta Biomaterialia. Two other recent papers by the same researchers focused on laboratory experiments into the shrimp exoskeletons. 

The researchers probed the interface between two key components of the exoskeletons: a protein called chitin and a bone-like mineral called calcite. How these two types of materials—one organic and the other inorganic—behave at their interface is critical to determining how the exoskeleton performs.

Ten exoskeleton specimens were studied, and experimental analyses were performed using laboratory techniques including scanning electron microscopy and electron diffraction spectroscopy, revealing details about the structure and chemical composition. 

The exoskeletons of both species of shrimp possess the same microstructures: the chitin, calcite and other components are arranged in a layered helicoidal structure that resembles a spiral staircase. A comparison of the two species, however, showed differences in the density of the structures, thickness of the layers and mineral content. The deep-sea shrimp’s exoskeleton was found to possess a more densely packed structure.

To their surprise, the researchers found the exoskeleton of the surface shrimp is about 10 times stronger than the exoskeleton of the deep-sea shrimp.

“Mechanistically, you would expect that when it is compacted it becomes stronger, but it is actually weaker after compaction,” Tomar said.

The most recent research probed what happens at the interface between the chitin and calcite and how these mechanisms affect exoskeleton performance. This interface helps to determine how the structures transfer stress.

Findings showed the deep-sea exoskeleton is softer, yet capable of withstanding temperature and pressure extremes. The surface-shrimp exoskeleton is harder and better able to protect against predators.

“Even though they have the same basic microstructure, they are completely different materials,” Tomar said.

Information about the interface viscosity obtained using molecular simulations of the interacting materials allows for more accurate modeling of how polymer-ceramic composites deform due to strain. The researchers developed a “viscoplastic law,” or mathematical equations for such an interface.

Conventional models for polymer-ceramic composites fall short because they key on the peak strength, whereas the materials are more likely to fail by high strain, or being stretched.

“There are failure theories that we use, but they predict the failures in terms of strength,” Tomar said. “In the case of these materials it is the strain that’s most important, so you cannot exceed a certain level of deformation without breaking.”

Findings are shedding light on how water plays a vital role in providing strength to the molecular structure of the exoskeletons. The researchers also created an “interface database” to model how a particular composite material will perform given its composition, microstructure and type of interface.

Also an author on the Acta Biomaterialia paper was undergraduate student Milad Alucozai, who has been chosen as one of only 12 U.S. students to receive the nationally prestigious Mitchell Scholarship for graduate study in Ireland. He is Purdue’s first Mitchell Scholarship recipient.

In related research, the team is working with collaborators at the Vienna Univ. of Technology to study the interface between collagen and human bone and how bone deforms over time. The research was detailed in April in the Materials Research Society Bulletin. The findings could help to better model the behavior of medical implants.

Source: Purdue Univ.
借鉴深海虾设计高等复合材料 
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该图表描述了某种类型深海龙虾的外骨骼结构，该种龙虾能够生存在数千英尺水域的滚烫的热液喷口。洞察材料复杂的分子特性可能会影响新合成盔甲的设计，该盔甲能够抵挡极端环境。图像：普渡大学/曲丽涛

新研究显示了此类型深海虾的外部骨骼如何使其能够生存在数千英尺水域的滚烫的热液喷口的细节。

“生物物种能够生存在这种极端的环境中是一个大问题，”普渡大学航天航空学院副教授Vikas Tomar说，“虾是很好的进化测验案例，因为你可以发现全世界不同种类的虾生活在不同深度的水域，有不同的适应要求。”

Tomar和博士研究生曲涛（音译）、Devendra Verma、张扬（音）及Chandra Prakash 比较了大西洋无眼裂缝深海虾和浅滩虾美国冷水虾的外骨骼。前者生活在距海洋表面2000米深的火山热液喷口，温度高达400℃，而后者只是生活在距海洋表面很近的区域。

Tomar说：“我们想了解这两种生活在完全不同条件下的虾，看看进化是如何影响外骨骼中材料的特性的。”

洞察材料复杂的分子特性可能会影响新合成盔甲的设计，而该盔甲能够抵挡极端环境。

Acta Biomaterialia杂志在线发表的一篇研究论文可看到最新的详细研究结果。研究人员最近发表的另外两篇论文重点关注实验室试验虾外骨骼。

研究人员探究了外骨骼两个关键组件之间的接口：一种是叫做甲克素的蛋白质，另一种是名为方解石的骨突矿物。这两种物质一种是有机物，另一种是无机物，它们如何在接口处活动，对确定外骨骼的性能至关重要。

小组研究了十种外骨骼标本，并使用包括扫描电子显微镜检测法和电子衍射在内的实验室技术，进行了试验分析，揭示了其结构和化学成分细节。

两种虾的外骨骼拥有相同的微观结构：甲壳素、方解石和以及其它排列在如同旋转楼梯似的分层螺旋结构中的成分。但是，对这两种虾的对比显示，其结构密度、层的厚度和矿物质含量各不相同。深海虾的外骨骼被发现拥有更密集的结构。

令他们感到吃惊的是，研究人员发现，浅水虾的外骨骼比深海虾的外骨骼强劲10倍。

Tomar说：“从机械角度看，你会认为当它压紧的时候会变得更强，但是，事实上它压紧后变得更脆弱。”

最近的研究探测了在甲壳素和方解石接口处会出现的情况以及这些机制是如何影响外骨骼性能的。接口有助于确定结构是如何转移压力的。 

调查结果表明，深海虾外骨骼更加柔软，但是却能够抵抗极端温度和压力。浅水虾外骨骼更加坚硬，能够更好地抵御捕食者。 

“即使它们拥有相同的基本微观结构，但它们是两种截然不同的材料。”Tomar 说道。

通过交互材料分子模拟获得的关于界面粘度的信息，可以使我们就聚合物-陶瓷复合材料如何在压力下变形进行更加精准的建模。研究人员就这样一种界面制定出“粘塑性定律”或数学方程式。

聚合物-陶瓷复合材质的传统模型不再符合标准，原因是它们主要在于峰值强度，但是材料更易因为强大的张力或是拉伸而变形。

“我们使用了一些错误的理论，但是它们预测了强度的失败性，”Tomar说，“就这些材料而言，张力是最重要的，所以要超过一定程度的变形，就会破裂。”

研究结果揭示，在给外骨骼分子结构提供力量方面，水发挥了重要作用。研究人员还创建一个“接口数据”，以就特定复合材料的成分、微结构与接口类型对其性能的影响建模。 

发表在Acta Biomaterialia的论文作者、本科生Milad Alucozai，也是米切尔奖学金获得者之一，只有12位在爱尔兰进行研究生学习的美国学生获得该闻名全国的奖学金。Milad Alucozai是普渡大学第一个米切尔奖学金获得者。

在相关研究中，该团队与来自维也纳技术大学的合作伙伴一道研究胶原蛋白和人体骨骼间的接口，以及骨骼是如何随着时间的推移而变形的。该研究的详细情况发表在4月份《材料研究学会公报》（Materials Research Society Bulletin）上。研究结果有助于更好地建立医学植入物行为模型。 

来源：普渡大学
Practical Application（实际应用）
Bringing back the magic in metamaterials

A single drop of blood is teeming with microorganisms—imagine if we could see them, and even nanometer-sized viruses, with the naked eye. That’s a real possibility with what scientists call a “perfect lens.” The lens hasn’t been created yet, but it is a theoretical perfected optical lens made out of metamaterials, which are engineered to change the way the materials interact with light.

While a perfect lens—and the metamaterials it’s made of—is almost perfect, it’s not foolproof. As the field of research expanded in the past 15 years, more and more challenges arose.

Now, researchers at Michigan Technological Univ. have found a way to possibly solve one of the biggest challenges, getting light waves to pass through the lens without getting consumed. The journal Physical Review Letters published their study, a continuation of work done by Durdu Güney, a professor of electrical and computer engineering at Michigan Tech.

Güney worked alongside Mehdi Sadatgol, a PhD candidate at Michigan Tech, and Sahin Kaya Özdemir and Lan Yang, both at the Dept. of Electrical and Systems Engineering of Washington Univ. in St. Louis. As the team writes in their paper, “These findings open the possibility of reviving the early dreams of making ‘magical’ metamaterials from scratch.”

The promise of metamaterials

Metamaterials are often based on natural materials but can be altered to have completely different optical properties. Metamaterials go beyond the limits of natural materials such as glass, plastic, metal or wood. To do that, the bases used for making a metamaterial—like the thin silver films Güney’s group uses—are tweaked at the subwavelength scale so that light waves interact with the material in new ways. While no one has created a perfect lens yet, the metal base Güney tests would look more like a traditional glass lens; light would pass through instead of reflecting off the metal.

“Aluminum and silver are the best choices so far in the visible light spectrum, not just for a perfect lens but all metamaterials,” Güney says, explaining that metamaterials have been successfully created with these metals, although they still tend to absorb light waves. “Loss—or the undesired absorption of light—is good in solar cells, but bad in a lens because it deteriorates the waves,” he explains.

The solution for a sharper image then is to offer up a sacrificial light wave.

Negative index metamaterials solution

The solution to absorption is all in the light waves themselves, which behave strangely in metamaterials. To create their sci-fi light-bending properties, a perfect lens relies on negative index metamaterials. Positive and negative refer to how a material responds to propagating and decaying light waves, which are like the yin and yang of optics. Most materials—positive index materials—allow only propagating light waves to pass through. Negative index metamaterials, on the other hand, don’t just pass through propagating light waves but also amplify the decaying light waves.

“In order for the perfect lens to work, you have to satisfy a lot of electromagnetic constraints,” Güney explains. “We don’t know how exactly the required optical modes [light waves in the material] need to be excited and protected in the lens for the perfect construction of an image.”

This difficulty has led researchers to try numerous modifications of the metamaterial make-up, adding bulk, mode-by-mode nit-picking and increasingly complex models. But Güney and his team propose moving away from the complications and going back to the light itself. In their plasmon-injection scheme (shorted to pi-scheme or π-scheme), the researchers take advantage of knowing which light wave crumbles as it passes through the negative index lens. They use this wave—destined to fail in the lens—to shield the desired light wave, allowing it to pass through unscathed.

“With this approach, you can engineer this sacrificial wave,” Güney says. “It is difficult to construct this wave in other approaches.”

Moving the technology forward could mean more accessible medical technology and lightweight field equipment, just for starters.

“Imaging is one of the key technologies for this work,” Güney says, adding that a perfect lens could make science and medicine real for people. “It will make life easier to understand because people will be able to see it with their own eyes.”

Source: Michigan Technological Univ.
恢复超材料的魔力

仅仅一滴血就充斥着大量的微生物。想象一下，如果我们能用肉眼看到它们，甚至看到纳米级的病毒，那将是怎样的景象。这是一件实际上可以实现的事，科学家称之为“理想透镜”。这种透镜还没有被制造出来，但是它是一种由超材料制造而成的完美的理论性光学透镜，这种超材料可以改变材料和光相互作用的方式。 
虽然一个由超材料制成的理想透镜是最完美的，但是它也不是万无一失的。作为在过去15年一直在扩大的研究领域，越来越多的挑战出现了。

现在，密歇根理工大学的研究人员已经找到一种可能的方法来解决面临的最大挑战之一，即让光波无消耗的通过透镜。《物理评论快报》（Physical Review Letters）杂志已经出版了他们的研究，他们延续了密歇根理工大学电气和计算机工程教授杜鲁•居内伊应经完成的工作。

吉内伊和密歇根理工大学的博士候选人Mehdi Sadatgol以及同在圣路易斯华盛顿大学电气及系统工程学系的Sahin Kaya Özdemir和杨澜（音）一同工作。正如该团队在他们的论文写道“这些发现开启了从头开始振兴制作“有魔力的”超材料的早期梦想的可能性。” 

超材料的前景 

超材料通常是基于天然材料但是被改变成拥有完全不同的光学性能。超材料超过了如玻璃、塑料、金属或木材等天然材料的极限。为了做到这一点，用于制造超材料的基础材料—比如居内伊组使用的薄银膜—被调整在亚波长尺度使得光波以一种新的方法与材料相互作用。虽然还没有人制造出理想透镜，居内伊试验用的金属基体看起来更像是传统的玻璃透镜；光线通过该金属而不是被反射出去。

吉内伊说：“在可见光波范围内铝和银是目前最好的选择，不仅仅是对于理想透镜而且也是所有的超材料。” 并解释说，超材料曾经被成功的用这些材料制造出来，尽管他们仍然有吸收光波的趋势。他继续解释道：“光波的损耗或者不被希望的吸收在太阳能电池中是有利的，但是在透镜中是不利的，因为它破坏了光波。”

得到更清晰的图像的解决方案则将提供一个牺牲光波。

负折射率超材料解决方案

吸收的解决方案全部都在光波本身，他们在超材料中的行为很奇怪。理想透镜依赖于负折射率超材料来产生它们的牺牲光束带性质。正或者负取决于材料对传播光波和衰减光波如何回应，类似于光学的阴和阳。大多数材料，即正折射率材料只允许传播光波通过。另一方面，也就是说负折射率超材料不仅允许传播光波通过而且放大衰减光波。

吉内伊解释说：“为了理想的镜头能正常工作，必须满足很多的电磁约束条件。我们不知道光模[材料内部的光波] 在透镜内需要如何确切地被激发并被保护以得到完美的图像结构。”

这种困难导致研究人员尝试超材料构成上的许多修改、增加散装、模式上吹毛求疵以及渐渐增加的模型。但是，居内伊和他的团队建议移走复合物，并回归光束本身。在他们的等离子体喷射方案（短路π-方案或π-计划）中，研究人员利用他们知道哪个当光波穿过所述的负折射率透镜的时候会消失的好处。他们用这束光波—注定要进入透镜—屏蔽所需要的光波，以允许它可以无损耗地通过。

吉内伊说：“通过这种方法，你可以设计这种牺牲光波，并且很难通过其他方法建立这种光波。”

这项技术再向前发展可能意味着更方便的医疗技术和轻型领域设备，而且这仅仅是个开始。

吉内伊说：“成像时这项工作的重要技术之一，这将会使生命更容易得到理解，因为人们将会能够亲眼去看。”她补充说，对于人来说，理想透镜可以将科学和医学变成实际存在。

来源：密歇根理工大学

Satisfying the hunger for a lightweight yet strong material 
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Lightweight metal matrix syntactic foam between two carbon fabric layers, offering extreme light weight, flexibility, and the ability to withstand deformation and absorb energy.

A team of researchers reports success in pioneering tests of a layered material with a lightweight metal matrix syntactic foam core that holds significant potential for automobiles, trains, ships and other applications requiring lightweight structural components that retain their strength even when bent or compressed.

The research team of Nikhil Gupta, a New York Univ. (NYU) School of Engineering associate professor in the Dept. of Mechanical and Aerospace Engineering, working with the Toledo, Ohio, company Deep Springs Technology and the U.S. Army Research Laboratory, published their findings in Materials Science and Engineering: A .

Conventional metal foams have gas-filled pores within the metal, which reduce weight but pose some drawbacks, such as difficulty in controlling the size and shape of the pores during manufacturing.

By contrast, metal matrix syntactic foams incorporate porosity in their foam-like structure by means of hollow particles. In recent years there has been an upsurge in the use of these materials, mainly because of their compressive strength. However, bending strength was a limitation for many potential applications, notably automotive structures.

Metallic foams previously have been sandwiched between two stiff sheets, which provide increased flexural strength while the foam core allows the material to withstand large deformation and absorb energy. But Gupta and his colleagues are the first to develop a metal matrix syntactic foam core sandwich composite.

Their study focused on an aluminum alloy filled with hollow alumina particles sandwiched with carbon fabric face-sheets. The researchers discovered that the resulting layered material reduced weight but also increased stiffness and offered high energy absorption. These qualities make the metal matrix syntactic foam sandwich attractive for automotive floor board panels and other applications in which bending properties are important.

“This work could result in a new generation of ships and ground vehicles for both the military and civilian sectors,” says Gupta. “Trains can also benefit from the lightweight and high energy absorbing panels made possible by the new sandwich composite.”

Source: New York Univ.
满足轻量级、强韧材料的需求 
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两个碳织层间的轻质金属基复合泡沫塑料，提供极端的轻量，灵活性以及抵抗变形和吸收能量的能力。

一组研究人员报告说，他们成功地使用轻质金属基复合泡沫塑料核心开创了分层材料测试，该种材料在汽车，火车，轮船和其它应用中有巨大潜力，因为其需要轻量级结构组件保存力量，即使被弯曲或压缩。

机械和航天航空工程部门纽约大学(NYU)工程学院副教授Nikhil Gupta，率领其研究团队，与俄亥俄州托莱多市,深泉技术公司和美国陆军研究实验室共同携手研究，结果发表在《材料科学与工程：A》（Materials Science and Engineering: A）杂志。

传统金属泡沫在金属内有充气毛孔，使得重量减轻，但是也有些缺点，比如制造期间很难控制毛孔的大小和形状。

相比之下，金属基复合泡沫通过对空心粒子在其泡沫状结构中能够合并孔隙。近几年来，一直很流行使用该种材料，主要是因为抗压强度。然而，弯曲强度限制了许多潜在应用，尤其是汽车结构。

泡沫金属材料之前一直夹在两个僵硬的薄板之间，提高了抗弯强度，同时，泡沫核心材料可以承受大变形并且能够吸收能量。但是Gupta 和他的同事首先开发一种金属基复合泡沫塑料夹芯复合材料。

他们的研究主要着眼于一种铝合金，其中充满了空心氧化铝粒子与碳夹织物面板。研究人员发现产生的层状材料减轻了重量，但是也使得刚度增强，提供较高的能量吸收。这些特性使得金属基复合泡沫塑料夹芯复合材料对汽车地板面板和弯曲性能非常重要的其它应用具有吸引力。

“我们或可利用该研究结果生产新一代军用和民用领域的轮船和地面车辆，”Gupta说，“夹芯复合材料使得轻量级和高能量吸收板成为可能，火车也会从中获益。”

来源：纽约大学 

Heat buckyballs to help environment

Rice Univ. scientists are forging toward tunable carbon-capture materials with a new study that shows how chemical changes affect the abilities of enhanced buckyballs to confine greenhouse gases.

The lab of Rice chemist Andrew Barron found last year that carbon-60 molecules (aka buckyballs, discovered at Rice in the 1980s) gain the ability to sequester carbon dioxide when combined with a polymer known as polyethyleneimine (PEI).

Two critical questions—how and how well—are addressed in a new paper in Energy and Fuels.

The amine-rich combination of C60 and PEI showed its potential in the previous study to capture emissions of carbon dioxide, a greenhouse gas, from such sources as industrial flue gases and natural-gas wells.

In the new study, the researchers found pyrolyzing the material—heating it in an oxygen-free environment—changes its chemical composition in ways that may someday be used to tune what the scientists call PEI-C60 for specific carbon-capture applications.

“One of the things we wanted to see is at what point, chemically, it converts from being something that absorbed best at high temperature to something that absorbed best at low temperature,” Barron said. “In other words, at what point does the chemistry change from one to the other?”

Lead author Enrico Andreoli pyrolyzed PEI-C60 in argon at various temperatures from 100 to 1,000 C (212 to 1,832 F) and then evaluated each batch for carbon uptake.

He discovered the existence of a transition point at 200 C, a boundary between the material’s ability to soak in carbon dioxide through chemical means as opposed to physical absorption.

The material that was pyrolyzed at low temperatures became gooey and failed at pulling in carbon from high-temperature sources by chemical means. The opposite was true for PEI-C60 pyrolyzed at high heat. The now-porous, brittle material became better in low-temperature environments, physically soaking up carbon dioxide molecules.

At 200 C, they found the heat treatment breaks the polymer’s carbon-nitrogen bonds, leading to a drastic decrease in carbon capture by any means.

“One of the goals was to see if can we make this a little less gooey and still have chemical uptake, and the answer is, not really,” Barron said. “It flips from one process to the other. But this does give us a nice continuum of how to get from one to the other.”

Andreoli found that at its peak, untreated PEI-C60 absorbed more than a 10th of its weight in carbon dioxide at high temperatures (0.13 grams per gram of material at 90 C). Pyrolyzed PEI-C60 did nearly as well at low temperatures (0.12 g at 25 C).

The researchers, with an eye on potential environmental benefits, continue to refine their process. “This has definitely pointed us in the right direction,” Barron said.

Source: Rice Univ.
加热巴基球有助改善环境

莱斯大学科学家们正聚焦于可调碳捕获材料，而其新研究表明化学变化可以影响增强的巴基球限制温室气体的能力。

莱斯化学家安德鲁•巴伦实验室去年发现碳六十分子（亦称巴基球，于二十世纪八十年代发现于莱斯大学）结合聚乙烯亚胺（PEI）这种聚合物后可以隔绝二氧化碳。

两个核心问题，即巴基球如何限制二氧化碳以及限制程度如何，在《能源与燃料》（Energy and Fuels）中有报道。

之前，有研究表明，碳六十与PEI的多胺组合可能捕获工业烟气及天然气井等排放的二氧化碳温室气体。

这项新的研究中，研究员发现将此材料热解，即在无氧环境中加热，即可改变其化学成分，可能用于调整科学家称为PEI-C60物质的结构，让其专用于碳捕获应用。

“我们想要实现的是一种能在高温环境中吸附能力最佳的物质经过某种程度的化学变化转变成一种低温时吸附能力最强的物质，”巴伦说道。“换句话说，我们想知道到何种程度其化学性质才能发生变化。”

该研究主要作者恩里克•安德雷奥利在氩气中以不同温度对PEI-C60进行了热解，从100度到1000度（212---1832华氏温度），然后分析评估了每种情况的碳捕获能力。

他发现，在200摄氏度的时候出现了过渡点，即该材料从物理吸附二氧化碳转变成化学吸附的临界点。

在低温下热解的材料会变得非常黏着，无法通过化学途径从高温来源吸附碳。相反，对于在高温环境下热解的PEI-C60也是如此。如今的多孔脆性材料在低温环境下变得更好，可物理吸附二氧化碳分子。

当加热到200度时，他们发现该温度破坏了聚合物的碳-氮键，导致碳捕获能力急剧下降。

“我们的目标之一是验证我们是否能让该材料不那么黏着，仍然可以化学吸附，而结果表明并非完全如此，”巴伦说。“这是从一个过程转变到了另一个过程，但却让我们知道了如何转变。”

安德雷奥利发现未经处理的PEI-C60在高温时最多可吸收超过其重量十分之一的二氧化碳（90度时每克可吸收0.13克）。热解过的PEI-C60在低温时吸收水平差不多（25度时吸收能力为0.12克）。

研究员们考虑到了该物质潜在的环境效益，继续完善其研究过程。“我们必定瞄准的是正确的方向，”巴伦说道。

来源：莱斯大学 
Organic & Polymer（有机高分子材料）
Improving strength and modulus in carbon fibers

Carbon fibers are stronger and lighter than steel, and composite materials based on carbon-fiber-reinforced polymers are being used in an expanding range of aerospace, automotive and other applications—including major sections of the Boeing 787 aircraft. It’s widely believed, moreover, that carbon-fiber technology has the potential to produce composites at least 10 times stronger than those in use today.

A research team at the Georgia Institute of Technology has developed a novel technique that sets a new milestone for the strength and modulus of carbon fibers. This alternative approach is based on an innovative technique for spinning polyacrylonitrile (PAN), an organic polymer resin used to make carbon fibers.

The work is part of a four-year, $9.8 million project sponsored by the Defense Advanced Research Projects Agency (DARPA) to improve the strength of carbon-fiber materials. The research was reported recently in Carbon.

"By using a gel-spinning technique to process polyacrylonitrile copolymer into carbon fibers, we have developed next-generation carbon fibers that exhibit a combination of strength and modulus not seen previously with the conventional solution-spun method," said Satish Kumar, a professor in the Georgia Tech School of Materials Science and Engineering who leads the project. “In addition, our work shows that the gel-spinning approach provides a pathway for even greater improvements.”

Kumar explained that tensile modulus—a measure of stiffness—refers to the force needed to stretch a material by a given amount. Tensile strength expresses how much force is required to actually break the material.

In gel spinning, the solution is first converted to a gel; this technique binds polymer chains together and produces robust inter-chain forces that increase tensile strength. Gel spinning also increases directional orientation of fibers, which also augments strength. By contrast, in conventional solution spinning, a process developed more than 60 years ago, PAN co-polymer solution is directly converted to a solid fiber without the intermediate gel state and produces less-robust material.

The gel-spun carbon fiber produced by Kumar’s team was tested at 5.5 to 5.8 Gpa—a measure of ultimate tensile strength—and had a tensile modulus in the 354 to 375 GPa range. The material was produced on a continuous carbonization line at Georgia Tech that was constructed for this DARPA project.

“This is the highest combination of strength and modulus for any continuous fiber reported to-date,” Kumar said. “And at short gauge length, fiber tensile strength was measured as high as 12.1 GPa, which is the highest tensile-strength value ever reported for a PAN-based carbon fiber.”

Moreover, Kumar noted, the internal structure of these gel-spun carbon fibers measured at the nanoscale showed fewer imperfections than state-of-the-art commercial carbon fibers, such as IM7. Specifically, the gel-spun fibers display a lower degree of polymer-chain entanglements than those produced by solution spinning. This smaller number of entanglements results from the fact that gel spinning uses lower concentrations of polymer than solution-spinning methods.

Kumar and his team convert the gel-spun polymer mix into carbon fibers via a selective treatment process called pyrolysis, in which the spun polymer is gradually subjected to both heat and stretching. This technique eliminates large quantities of hydrogen, oxygen, and nitrogen from the polymer, leaving mostly strength-increasing carbon.

“It’s important to remember that the current performance of solution-spun PAN-based carbon fibers has been achieved after many years of material and process optimization—yet very limited material and process optimization studies have been carried out to date on the gel-spun PAN fiber,” Kumar said. “In the future, we believe that materials and process optimization, enhanced fiber circularity, and increased solution homogeneity will further increase the strength and modulus of the gel-spinning method.”

Source: Georgia Institute of Technology
提高碳纤维强度和模量

碳纤维比钢更强、更轻。它是以碳纤维增强聚合物为基础的复合材料，其不断被应用于航空航天、汽车和其他应用领域，包括在波音787飞机的主要部件中使用。此外，人们普遍认为，碳纤维技术具有产生出强度比目前使用的复合材料强至少10倍的材料的潜能。

佐治亚技术研究所的一个研究小组，已经开发出一种新技术，是碳纤维强度和模量的一个新的里程碑。这种替代方法是基于一种创新的纺聚丙烯腈（PAN）技术；PAN是用来制造碳纤维的有机聚合物树脂。

这项研究工作是由美国国防高级研究计划局（DARPA）以980万美元资助的为期四年的项目的一部分，旨在提高碳纤维材料的强度。

“通过使用凝胶纺丝技术来处理聚丙烯腈共聚物成碳纤维，我们已经开发出下一代碳纤维,其表现出了传统solution-spun方法前所未有的强度和模量，”萨蒂什•库马尔说道。他是材料科学与工程学院的佐治亚理工学院学院的教授，该项目的带头人。“此外，我们的研究表明，凝胶纺丝方法是一种可以让我们获得更大改进的途径。”

库马尔解释道，拉伸模量是测量刚度的度量，指的是用一个给定的量拉伸一种材料时所需的力。抗拉强度表示的使材料破裂所需的实际的力。

在凝胶纺丝技术中，溶液首先被转化成凝胶；这种技术与聚合物链结合在一起，并产生强大的链间力量，提高抗拉强度。凝胶纺丝也增加纤维的定向取向，这也增强了强度。与此相反，在常规的溶液纺丝，处理开发超过60年前的PAN共聚物溶液直接转化成固体纤维没有中间凝胶状态，并产生不太强劲的材料。

由库马尔的团队制作的凝胶纺制碳纤维，在5.5至5.8 GPA-A的极限拉伸试验测量强度，并且有在354至375 GPA范围的拉伸模量。该材料在佐治亚理工学院为其DARPA项目所建造的连续碳化线上生产。

“这是目前为止所有连续纤维的强度和模量的最高组合。”库马尔说。“而且在短测量长度上，纤维的拉伸强度测量高达12.1 GPA，这是迄今为止报道的PAN类碳纤维的最高拉伸强度值”。

此外，库马尔指出，在纳米尺度测量得出的这些凝胶纺丝的碳纤维的内部结构显示出比国家的最先进的商业碳纤维，如IM7，缺陷更少。具体地讲，相较于溶液纺丝制备，凝胶纺丝纤维的聚合物链缠结度较低。这一结果的原因是，凝胶纺丝采用的聚合物浓度低于溶液纺丝方法。

Kumar和他的团队通过一个被称为热解的选择性处理过程，将凝胶纺制的聚合物转化为碳纤维。在此过程中，聚合物将逐渐受到热和拉伸作用的影响。这种技术消除了聚合物大量的氢、氧和氮，留下强度增了加的碳。

“重要的是要记住，溶液纺制的PAN纤维的现有性能，是经过多年的材料与工艺优化而获得的，但目前为止，就凝胶纺制的PAN纤维的材料优化和工艺优化进行的研究非常有限。”库马尔表示，“今后，我们相信，增强纤维圆度、提高溶液均匀性的材料与工艺优化，将进一步增加凝胶纺制方法的强度和模量。”

来源：佐治亚理工学院 
When polymer reaction engineers play dice

Monte Carlo (MC) methods are unquestionably among the most powerful techniques scientists and engineers use to describe the behavior of a variety of physical and chemical processes. MC methods are computational algorithms that use repeated random sampling to select an outcome among several possible events in a given process. They are most useful when the problem in question is difficult or impossible to solve using other mathematical modeling techniques.

MC methods are particularly useful in polymer reaction engineering studies because they can predict the molecular architecture of polymers with a richness of detail that no other modeling technique can capture.

One of the advantages of MC methods is that differential or algebraic equations are not required to predict the microstructures of polymers made in batch, semi-batch, or continuous reactors. In its simplest implementation forms, no knowledge of advanced mathematics is required to develop MC models; they only require the knowledge of a polymerization mechanism expressed as a series of elementary steps, probabilities associated to each of these steps, and a random number generator. Armed with these basic concepts and a good knowledge of programing techniques, polymer reactor engineers can develop MC programs to describe polymerization systems varying from simple single-phase polymerizations operated at steady-state conditions to rather complex multiphase dynamic systems.
[image: image9.jpg]



Therefore, MC methods help us understand the many microstructural details of a polymer population much better than any other mathematical modeling technique. Since polymer microstructure ultimately determines how the polymer will behave macroscopically, this understanding has fundamental and practical value. MC simulation is the best tool polymer reaction engineers and scientists have in their toolbox to explore how different polymerization mechanisms and reactor conditions determine polymer microstructure. Other modeling methods can also be very useful, but none predicts so many details as MC methods.

MC methods will become increasingly more important as polymers are needed in more sophisticated applications, and as structure-property relationships are better quantified. The main criticism against MC methods in the past has been their long computation times. The development of faster personal computers, as well as the easier access to parallel computing and computer clusters, is rapidly dismissing this criticism. In addition, the ingenious work of several researchers has led to faster MC algorithms, either by proposing approximate MC methods and efficient data storage strategies, or by developing deterministic/stochastic hybrid models.

In their recently published Review article, J. B. P. Soares (University of Alberta) together with A. L. T. Brandão, J. C. Pinto (Universidade Federal do Rio de Janeiro) and A. L. Alberton (Universidade do Estado do Rio de Janeiro) give a critical overview of the literature on steady state and dynamic MC methods in polymer reaction engineering. Their aim is to convince the readers that playing dice regularly can be a great asset to polymer reactors engineers and scientists.
工程师在研究聚合物反应时“玩骰子” 

蒙特卡洛法(MC)无疑是科学家和工程师用来描述各种物理和化学反应的变化的最强大的技术。MC 是计算机算法。它使用重复随机抽样来选择给定的进程中的几个可能的事件的结果。当这个问题使用其他数学建模技术是很难或无法解决时，它们是最有用的。

MC法在聚合物反应工程研究中特别有用，因为它们可以用丰富的细节预测聚合物的分子结构。这些细节没有其他建模技术可以捕获。

MC法的优点之一是不需要用微分或代数方程来预测聚合物在批处理、半间歇或连续反应器的显微组织。在其最简单的实现形式，不需要高等数学的知识来开发MC 模型;它们只需要聚合原理知识，表示为一系列的基本步骤，概率关联到每个步骤和一个随机数发生器。装备了这些基本概念和很好的编程技术知识，聚合物反应器工程师可以开发 MC 程序来描述在稳态条件下操作的简单单相聚合的聚合体系到相当复杂的多相动态系统。
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因此，MC方法帮助我们了解的聚合物微观结构细节，比任何其他数学建模技术还要多。由于聚合物微观结构最终确定聚合物从宏观上将如何表现，这种理解具有基本和实用价值。MC 模拟是工程师和科学家们在他们的工具箱中所具备的最好的工具聚合物反应，以便探讨不同的聚合机理和反应器条件如何决定了聚合物微观结构。其他建模方法也可以很有用，但没有MC 法能够提供这么多的细节。

MC 方法将变得越来越重要，因为聚合物需要更复杂的应用程序，以及作为结构-性质关系更好地被量化了。对MC方法在过去的主要批评一直是它们冗长的计算时间。更快的个人电脑，以及更容易获得，并行计算和计算机集群发展迅速解雇这种批评。此外，几位研究者的巧妙工作导致了更快的 MC 算法，提出了近似的 MC 方法和高效的数据存储策略，或者通过发展确定性随机混合模型。

在最近刊载于《评论》上的文章中，J. B. P. Soares (阿尔伯塔大学) 和A.L.T. 布兰达奥、J.C.平托 (巴西里约联邦大学) 以及A.L.艾伯顿 (里约热内卢州立大学) ，对聚合反应工程中稳态和动态 MC 法的文献进行了关键概括。他们的目的是说服读者相信，对于聚合物反应堆工程师和科学家们来说，经常“玩骰子”是一大资产。

Solving mysteries of conductivity in polymers
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A scanning tunneling electron micrograph (STEM) of the polymer material shows its division into crystalline regions (light areas of orderly dots) and the amorphous, disordered matrix, which is seen as the dark background. The original 2-D STEM views were rendered into 3-D form to create this visualization. Image: Asli Ugur
Materials known as conjugated polymers have been seen as very promising candidates for electronics applications, including capacitors, photodiodes, sensors, organic light-emitting diodes and thermoelectric devices. But they’ve faced one major obstacle: Nobody has been able to explain just how electrical conduction worked in these materials, or to predict how they would behave when used in such devices.

Now researchers at Massachusetts Institute of Technology (MIT) and Brookhaven National Laboratory have explained how electrical charge carriers move in these compounds, potentially opening up further research on such applications. A paper presenting the new findings is published in Advanced Materials.

Conjugated polymers fall somewhere between crystalline and amorphous materials—and that’s caused some of the difficulty in explaining how they work, says Asli Ugur, an MIT postdoc and lead author of the paper. Crystals have a perfectly regular arrangement of atoms and molecules, while amorphous materials have a completely random arrangement. But conjugate polymers have some of both characteristics: regions of orderly arrangement, mixed randomly with regions of complete disorder.

“Some models have tried to explain how these materials behave, but there’s been no direct evidence,” Ugur says, for which model matches the reality. “Here, we’ve shown that the effect of crystallite size”—the sizes of the ordered domains within the material—plays a crucial role.

That’s because the trickiest part of conduction in such materials is what happens when charge carriers—in this case ions, or electrically charged atoms—reach the edge of one type of domain and have to “hop” into the next.

In bulk materials, those ions can go in any direction. But in this polymer, which can be very thin, there are fewer neighboring crystalline domains to which an ion can hop. With fewer options, conduction is more efficient, Ugur says, adding that, “As you get thinner, the conditions [for conduction] improve, even though the material didn’t change.”

Previous attempts to model the electrical behavior of such materials had focused on their chemical properties. “People didn’t take into account the crystallites,” says Karen Gleason, the Alexander and I. Michael Kasser Professor of Chemical Engineering. As a result, understanding of the electrical properties of such materials “remains incomplete even after decades of investigation,” the team writes in their paper.

Kripa Varanasi, an associate professor of mechanical engineering, says, “We wanted to develop materials where we can independently control their thermal and electrical properties. We were inspired to develop organic-inorganic interfaces as they can give rise to many new features that are not present in the corresponding bulk materials.”

Varanasi explains that most of the time, electrical and thermal conductivity of materials go together, but achieving independent tuning of thermal and charge transport can lead to broad applications for thermal management, flexible electronics and photonics, thermoelectrics, and thermal and electrical cloaking.

The researchers analyzed a conjugated polymer known as PEDOT, known to have a promising combination of good electrical conductivity and stability. One key question that this new research may help to answer, Gleason says, is: “What is the upper limit for conduction in this polymer?”

That’s information needed to assess its potential usefulness for various applications. When the material was first developed it had conductivity of between 1 and 10 Siemens per centimeter, or S/cm, Gleason says; over time, it was improved to a level of “close to 100.” Now, with the new analysis carried out by this team, conductivities of over 3,000 S/cm have been achieved. By creating ultrathin layers that amplify the hopping mechanism, “We are able to achieve ultraconductive, as well as highly transparent, films,” Varanasi says.

Other semiconducting materials used widely in electronics achieve even higher values, such as 8,000 S/cm in indium-tin-oxide, or ITO, Gleason says. But, she points out, those materials are stiff and brittle, whereas conjugated polymers are flexible, opening up potential applications in curved or flexible devices.

Although the research was conducted with PEDOT, Ugur says, the findings “should be generalizable to all conjugated polymers.” (Polymers’ structures consist of long chains; conjugated polymers are those that have at least one “backbone” consisting of alternating double and single chemical bonds, making them conductive).

PEDOT has a combination of three properties that give it great potential, Gleason says: electrical conductivity, transparency, and flexibility. “Anywhere that ITO is used, you could think of using this”—with added flexibility. The polymer material could have applications in flexible solar cells, displays and touchscreens, the team says, among other possibilities.

Source: Massachusetts Institute of Technology
解开聚合物导电性谜团   
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对聚合物材料的扫描隧道电子显微照片（简称STEM）显示，其分裂成结晶区域（有序点的光区域）以及非晶态无序矩阵，其中观察背景为黑色。将最初的二维STEM视图渲染成三维形状，创造出了这个可视化图像。由Asli Ugur供图

被称为共轭聚合物的材料曾经在作为电子产品替代品的应用上很被看好。这些电子产品包括电容器、传感器、有机发光二极管和热电器件。但是它们都面临一个主要阻碍：无人能够解释这些材料中的电传导机制，也无法预测出在用于这些设备中时它们的性能如何。

现在，麻省理工学院 (MIT) 以及布鲁克黑文国家实验室的研究人员对电荷载体在这些化合物中的行为方式做出了解释，或开启了对该类应用的进一步研究。有关该项新发现结果的论文刊载于《先进材料》（Advanced Materials）杂志。

共轭聚合物介于晶体和非晶态材料间，这就导致我们很难解释它们的运作机制，麻省理工学院博士后、该论文的主要作者 Asli Ugur如是说。晶体有完美的原子和分子排序，而非晶态材料的排序很随机。但是共轭聚合物同时拥有这两者的特点：有序排列区域与完全混乱的区域随机地结合在一起。

“一些模型试图解释这些材料的性能，但是并没有直接证据，”Ugur 说，模型无法匹配现实。“在这里，我们已经证明了，微晶大小（材料中有序域的大小）的影响”发挥着重要作用。

这是因为当载荷子（这里指的是离子或带电原子）到达一种类型的域的边缘并“跳”到下一个域时，这种材料中最棘手的导电部分会出现状况。

散状材料中，这些离子可前往任何方向。但在这种可以很薄的聚合物中，离子可以跳往的临近晶体域越来越少。由于选择少，传导会更有效，Ugur 说，并补充道：“由于越来越薄，（传导）条件会得到改善，即使材料没有改变。”

之前建模这类材料的电行为的努力，主要集中于其化学性质。“人们没有考虑到微晶，”Karen Gleason说道，他是亚历山大和I.迈克尔•卡塞尔化学工程教授。结果是，“即使在经过几十年的调查后，我们依然无法完全理解这类材料的电性质。”该研究团队在其论文中写道。

机械工程副教授Kripa Varanasi说：“我们想要开发一种材料，我们可以独立控制其热能和电气性质。我们充满干劲地开发有机-无机界面，从而产生许多新的特性，而这些特性在相应的散状材料中是不存在的。”

Varanasi 解释道，大部分时间，材料的电热导电是同时发生的，但是实现独立的热调和电荷传输，会导致广泛应用热管理、柔性电子、光电和热电技术，以及热、电隐形 。

研究人员分析了被称为PEDOT的共轭聚合物，其有良好的导电性和稳定性，这已经是众所周知。Gleason 说：“新研究或许能够帮助回答的一个关键问题是：这种聚合物导电的上限是多少？”

该需要掌握信息来评估其在各种应用中的潜在有用性。该材料在首次研发出来时传导性在每一厘米1-10西门子（1-10 S/cm）之间，Gleason 说；一段时间后，其传导性增加到“近100”。现在，经该团队进行的新分析，其传导性可达3000 S/cm 。通过创建可放大跳跃机制的超膜层，“我们现在已经能够制造出具有超级传导性以及高度透明度的薄膜。”Varanasi 说。

Gleason 说，其它广泛应用于电子产品中的半导体材料实现了更高值，如铟锡氧化物（ITO）为8,000 S/cm。但是，她指出，这些材料坚硬易碎，相较而言，共轭聚合物很柔韧，在弯曲灵活的设备中有潜在应用。

Ugur说，虽然是用PEDOT进行的研究，但是研究结果“适用于所有的共轭聚合物。”（聚合物结构包括长链；共轭聚合物就是该种长链，至少拥有一个包括相互转换的单双化学键的“主干网”，使其能够传导）。聚亚甲基

Gleason 说，PEDOT有三个属性，给予其巨大的潜力，分别是：导电性、透明度和灵活性。“有ITO的地方，你都可以考虑用这种物质代替”——后者可以增加柔韧性。该团队表示，该聚合物材料还可以应用于柔性太阳能电池、显示器、触摸屏等。 

来源：麻省理工学院  
E-Material（电子材料）
Scientists use large particle accelerator to visualize properties of nanoscale electronic materials
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UCLA researchers used the cyclotron at the TRI University Meson Facility, or TRIUMF, in Vancouver, British Columbia. Source: UCLA
A technique devised by UCLA researchers could help scientists better understand a tiny — but potentially important — component of next-generation electronic devices.

Scientists trying to improve the semiconductors that power our electronic devices have focused on a technology called spintronics as one especially promising area of research. Unlike conventional devices that use electrons’ charge to create power, spintronic devices use electrons’ spin. The technology is already used in computer hard drives and many other applications — and scientists believe it could eventually be used for quantum computers, a new generation of machines that use quantum mechanics to solve complex problems with extraordinary speed.

Emerging research has shown that one key to greatly improving performance in spintronics could be a class of materials called topological insulators. Unlike ordinary materials that are either insulators or conductors, topological insulators function as both simultaneously — on the inside, they are insulators but on their exteriors, they conduct electricity.

But topological insulators have certain defects that have so far limited their use in practical applications, and because they are so tiny, scientists have so far been unable to fully understand how the defects impact their functionality. 

The UCLA researchers have overcome that challenge with a new method to visualize topological insulators at the nanoscale. An article highlighting the research, which was which led by Louis Bouchard, assistant professor of chemistry and biochemistry, and Dimitrios Koumoulis, a UCLA postdoctoral scholar, was published online in the Proceedings of the National Academy of Sciences.

The new method is the first use of beta‑detected nuclear magnetic resonance to study the effects of these defects on the properties of topological insulators.

The technique involves aiming a highly focused stream of ions at the topological insulator. To generate that beam of ions, the researchers used a large particle accelerator called a cyclotron, which accelerates protons through a spiral path inside the machine and forces them to collide with a target made of the chemical element tantalum. This collision produces lithium-8 atoms, which are ionized and slowed down to a desired energy level before they are implanted in the topological insulators.

In beta‑detected nuclear magnetic resonance, ions (in this case, the ionized lithium-8 atoms) of various energies are implanted in the material of interest (the topological insulator) to generate signals from the material’s layers of interest. 

Bouchard said the method is particularly well suited for probing regions near the surfaces and interfaces of different materials.

In the UCLA research, the high sensitivity of the beta‑detected nuclear magnetic resonance technique and its ability to probe materials allowed the scientists to “see” the impacts of the defects in the topological insulators by viewing the electronic and magnetic properties beneath the surface of the material.

The researchers used the large TRIUMF cyclotron in Vancouver, British Columbia.

Source: UCLA
科学家用大型粒子加速器可视化纳米电子材料性能
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加州大学洛杉矶分校研究员使用了不列颠哥伦比亚温哥华大型TRIUMF回旋加速器。

加州大学洛杉矶分校的研究员设计的一种技术可能帮助科学家更好理解一种微小但非常重要的下一代电子器件组成。

尝试完善电子器件供电用半导体的科学家正潜心研究一种叫做自旋电子学的技术，并将其作为一种格外有前景的研究领域。与传统通过电荷产生电流的电子器件不同，自旋电子器件利用的是电子的旋转。该技术已经用于电脑硬件驱动及其他应用，且科学家认为其最终可用于量子计算机，一种利用量子学以超速解决复杂问题的新一代机器。

新兴的研究表明，极大提高自旋电子学性能的一个关键因素是一类称为拓扑绝缘体材料。与普通绝缘体或导体材料不同，拓扑绝缘体可以同时表现两种性能，内部是绝缘体但他们的外壳却是导电的。

但拓扑绝缘体有一定缺陷，迄今为止限制其在实际应用程序中的使用，而且由于它们太微小了，科学家们还未能完全了解它们的缺陷会如何影响其性能。

加州大学洛杉矶分校的研究人员已经战胜了这一挑战，利用新的方法将纳米级拓扑绝缘体可视化。一篇由化学和生物化学助理教授路易斯•布沙尔和加州大学洛杉矶分校的博士后学者迪米特里奥斯•寇某里斯共同撰写的文章突出了该研究课题，该文章发表在《美国国家科学院院刊》（Proceedings of the National Academy of Sciences）网络版上。

新方法是第一次使用β-核磁共振研究发现这些缺陷对拓扑绝缘体性质的影响。

该技术在于瞄准高度集中的拓扑绝缘体离子流。为了产生该离子流，研究人员使用了一个叫做回旋加速器的大型粒子加速器，通过机器内部螺旋路径加速质子，迫使他们撞上由化学元素钽组成的目标。这个碰撞产生了锂-8原子，该原子会发生电离，减速至所需的能量级别，然后才会植入拓扑绝缘体。

经过β-核磁共振，不同能级的离子(本案中即为电离的锂-8原子)被植入到目标材料(拓扑绝缘体)从而从该材料的目标层产生信号。

布沙尔说，该方法特别适合探测不同材料的表面和界面附近区域。

在加州大学洛杉矶分校的研究中，高灵敏度的β-检测核磁共振技术能够允许科学家们通过查看该材料表面的电子与磁特性“看到”拓扑绝缘体缺陷的影响。

研究人员使用的是不列颠哥伦比亚温哥华大型TRIUMF回旋加速器。

来源：加州大学洛杉矶分校

Researchers make scalable arrays of “building blocks” for ultra-thin electronics

[image: image15.jpg]



Complex, scalable arrays of semiconductor heterojunctions—promising building blocks for future electronics—were formed within a 2-D crystalline monolayer of molybdenum deselenide by converting lithographically exposed regions to molybdenum disulfide using pulsed laser deposition of sulfur atoms. Sulfur atoms (green) replaced selenium atoms (red) in lithographically exposed regions (top) as shown by Raman spectroscopic mapping (bottom). Image: Oak Ridge National Laboratory, U.S. Dept. of Energy
Semiconductors, metals and insulators must be integrated to make the transistors that are the electronic building blocks of your smartphone, computer and other microchip-enabled devices. Today’s transistors are miniscule—a mere 10 nm wide—and formed from 3-D crystals.

But a disruptive new technology looms that uses 2-D crystals, just 1 nm thick, to enable ultra-thin electronics. Scientists worldwide are investigating 2-D crystals made from common layered materials to constrain electron transport within just two dimensions. Researchers had previously found ways to lithographically pattern single layers of carbon atoms called graphene into ribbon-like “wires” complete with insulation provided by a similar layer of boron nitride. But until now they have lacked synthesis and processing methods to lithographically pattern junctions between two different semiconductors within a single nanometer-thick layer to form transistors, the building blocks of ultra-thin electronic devices.

Now for the first time, researchers at the U.S. Dept. of Energy (DOE)’s Oak Ridge National Laboratory have combined a novel synthesis process with commercial electron-beam lithography techniques to produce arrays of semiconductor junctions in arbitrary patterns within a single, nanometer-thick semiconductor crystal. The process relies upon transforming patterned regions of one existing, single-layer crystal into another. The researchers first grew single, nanometer-thick layers of molybdenum diselenide crystals on substrates and then deposited protective patterns of silicon oxide using standard lithography techniques. Then they bombarded the exposed regions of the crystals with a laser-generated beam of sulfur atoms. The sulfur atoms replaced the selenium atoms in the crystals to form molybdenum disulfide, which has a nearly identical crystal structure. The two semiconductor crystals formed sharp junctions, the desired building blocks of electronics. Nature Communications reports the accomplishment.

“We can literally make any kind of pattern that we want,” said Masoud Mahjouri-Samani, who co-led the study with David Geohegan. Geohegan, head of ORNL’s Nanomaterials Synthesis and Functional Assembly Group at the Center for Nanophase Materials Sciences, is the principal investigator of a Department of Energy basic science project focusing on the growth mechanisms and controlled synthesis of nanomaterials. Millions of 2-D building blocks with numerous patterns may be made concurrently, Mahjouri-Samani added. In the future, it might be possible to produce different patterns on the top and bottom of a sheet. Further complexity could be introduced by layering sheets with different patterns.

Added Geohegan, “The development of a scalable, easily implemented process to lithographically pattern and easily form lateral semiconducting heterojunctions within two-dimensional crystals fulfills a critical need for ‘building blocks’ to enable next-generation ultrathin devices for applications ranging from flexible consumer electronics to solar energy.”

Tuning the bandgap

“We chose pulsed laser deposition of sulfur because of the digital control it gives you over the flux of the material that comes to the surface,” said Mahjouri-Samani. “You can basically make any kind of intermediate alloy. You can just replace, say, 20% of the selenium with sulfur, or 30%, or 50%.” Added Geohegan, “Pulsed laser deposition also lets the kinetic energy of the sulfur atoms be tuned, allowing you to explore a wider range of processing conditions.”

It is important that by controlling the ratio of sulfur to selenium within the crystal, the researchers can tune the bandgap of the semiconductors, an attribute that determines electronic and optical properties. To make optoelectronic devices such as electroluminescent displays, microchip fabricators integrate semiconductors with different bandgaps. For example, molybdenum disulfide’s bandgap is greater than molybdenum diselenide’s. Applying voltage to a crystal containing both semiconductors causes electrons and “holes” (positive charges created when electrons vacate) to move from molybdenum disulfide into molybdenum diselenide and recombine to emit light at the bandgap of molybdenum diselenide. For that reason, engineering the bandgaps of monolayer systems can allow the generation of light with many different colors, as well as enable other applications such as transistors and sensors, Mahjouri-Samani said.

Next the researchers will see if their pulsed laser vaporization and conversion method will work with atoms other than sulfur and selenium. “We’re trying to make more complex systems in a 2-D plane—integrate more ingredients, put in different building blocks—because at the end of the day, a complete working device needs different semiconductors and metals and insulators,” Mahjouri-Samani said.

To understand the process of converting one nanometer-thick crystal into another, the researchers used powerful electron microscopy capabilities available at ORNL, notably atomic-resolution Z-contrast scanning transmission electron microscopy, which was developed at the lab and is now available to scientists worldwide using the Center for Nanophase Materials Sciences. Employing this technique, electron microscopists Andrew Lupini and visiting scientist Leonardo Basile imaged hexagonal networks of individual columns of atoms in the nanometer-thick molybdenum diselenide and molybdenum disulfide crystals.

“We could directly distinguish between sulfur and selenium atoms by their intensities in the image,” Lupini said. “These images and electron energy loss spectroscopy allowed the team to characterize the semiconductor heterojunction with atomic precision.”
Source: Oak Ridge National Laboratory
研究人员制造超薄电子产品“构筑块”的可伸缩阵列  
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半导体异质结的可扩展复杂阵列有望用于制造未来的电子产品。图中通过使用硫原子的脉冲激光沉积使光刻曝光区域接触二硫化钼，在二硒化钼（molybdenum disulfid）2-D晶体单层内形成该阵列。在拉曼分光映射图（底部）中， 硫原子（绿色）在光刻曝光区域（顶部）代替硒原子（红色）。图片提供：美国能源部美国橡树岭国家实验室

必须将半导体、金属和绝缘体整合起来，才能制作出可作为手机、计算机和其他芯片设备的电子构筑块的晶体管。现有晶体管是微乎其微的，只有10纳米宽，并由3-D晶体形成。

但是，一个颠覆性的新技术出现了,它使用只有1纳米厚的二维晶体,,使超薄电子产品成为可能。全世界的科学家都在研究由普通的层状材料制成的二维晶体，在二维平面内限制电子传输。研究人员在之前就发现了能将被称为石墨烯的碳原子的单层光刻为完全由一个类似的氮化硼层提供的绝缘“电线”。 但是到现在为止，他们一直缺乏合成和加工方法，无法在纳米厚度单层的两个不同的半导体之间平板印刷结形成晶体管，即超薄电子设备的构建块。

目前，美国能源部门（DOE）的橡树岭国家实验室的研究人员已经首次将新型合成方法与商业的电子束光刻技术结合起来，在一个纳米厚的单个半导体晶体内产生任意模式的半导体结阵列。该过程依赖于把一种现有的单层晶体的图案化区域转化为另一个。研究人员首先种植出基质单，纳米厚的二硒化钼晶体层，然后通过标准光刻技术沉积保护氧化硅。然后它们轰击晶体的曝光区域与硫原子的激光产生的光束。硫原子代替结晶中硒原子来形成的二硫化钼，其具有几乎相同的晶体结构。这两个半导体晶体形成了锋利的结，而这是电子产品所需的构建块。该研究成果刊载于《自然通讯》。

“我们可以从文字上做出任何一种我们想要的形式，”Masoud Mahjouri-Samani说，他与David Geohegan共同领导了这项研究。Geohegan是橡树岭国家实验室中心纳米材料科纳米材料的合成与功能组件集团的领导者，是能源部的基础科学项目侧重于增长机制和纳米材料的可控合成的主要研究者。当下，我们可以制造出数以百万计的众多模式的二维构件，Mahjouri-Samani补充道。在将来，我们有可能在顶部和底部生产出不同类型。通过将片材压成不同类型的层，可以使其更加复杂。

Geohegan补充道，“这个可扩展的，容易实现的过程，可能用于光刻图案，并且容易在二维晶体中形成横向半导体异质结，满足 “建筑块”的迫切需要，从而应用于灵活的消费类电子产品和太阳能等下一代超薄设备。”

调整带隙

“我们选择的是硫的脉冲激光沉积，原因是其表面材料流上可提供数字控制，”Mahjouri-Samani说道。“基本上，我们可以制作任何类型的中间合金。也就是说，你只需20％，或30％，或50％的硒更换为硫。”Geohegan补充道。“脉冲激光沉积也让硫原子的动能进行调整，让我们去探索更大范围的加工条件。” 

重要的是，通过控制晶体内硫与硒的比率，研究人员可以调整半导体的带隙，确定电子和光学性质的属性。为了制造光电器件，如电致发光显示器，芯片加工厂将半导体与不同带隙集成起来。例如，二硫化钼的能隙大于钼二硒化物。把电压施加到同时含有半导体因子电子和“空穴”（电子腾出时产生的正电荷）的晶体，从二硫化钼进入二硒化钼，且进行重组，在二硒化钼的带隙发射光。出于这个原因，对单层系统的带隙进行加工，可以产生不同颜色的光，并可用于诸如晶体管和传感器等，Mahjouri表示。

接下来，研究人员将看看他们的脉冲激光汽化和转换方法能否对除硫和硒外的原子有效。“我们试图在一个2-D平面将更多的成分集成于不同的建筑块，因为在这一天结束时，一个完整的工作设备需要不同的半导体、金属和绝缘体。”Mahjouri-Samani说道。

为了了解将一个纳米厚的水晶转化为另一个的过程，研究人员利用橡树岭国家实验室里功能强大的电子显微镜的功能，尤其是原子分辨率Z-对比扫描透射电子显微镜，这是在实验室开发的，现在提供给世界各地的科学家利用中心纳米材料科学。采用这种技术，电子显微镜学家Andrew Lupini和访问科学家Leonardo Basile对纳米厚的钼、硒和二硫化钼晶体原子的单独六边形网络进行了成像。

“我们可以在图像中根据它们的强度直接区分硫和硒原子，”Lupini说。“这些图像和电子能量损失谱使得团队能用原子精度来表示半导体异质结的特点。”

来源：橡树岭国家实验室

Graphene-based film can be used for efficient cooling of electronics

Researchers at Chalmers Univ. of Technology have developed a method for efficiently cooling electronics using graphene-based film. The film has a thermal conductivity capacity that is four times that of copper. Moreover, the graphene film is attachable to electronic components made of silicon, which favors the film's performance compared to typical graphene characteristics shown in previous, similar experiments.

Electronic systems available today accumulate a great deal of heat, mostly due to the ever-increasing demand on functionality. Getting rid of excess heat in efficient ways is imperative to prolonging electronic lifespan, and would also lead to a considerable reduction in energy usage. According to an American study, approximately half the energy required to run computer servers, is used for cooling purposes alone.

A couple of years ago, a research team led by Johan Liu, professor at Chalmers Univ. of Technology, were the first to show that graphene can have a cooling effect on silicon-based electronics. That was the starting point for researchers conducting research on the cooling of silicon-based electronics using graphene.

"But the methods that have been in place so far have presented the researchers with problems," Johan Liu says. "It has become evident that those methods cannot be used to rid electronic devices off great amounts of heat, because they have consisted only of a few layers of thermal conductive atoms. When you try to add more layers of graphene, another problem arises, a problem with adhesiveness. After having increased the amount of layers, the graphene no longer will adhere to the surface, since the adhesion is held together only by weak van der Waals bonds."

"We have now solved this problem by managing to create strong covalent bonds between the graphene film and the surface, which is an electronic component made of silicon," he continues.

The stronger bonds result from so-called functionalization of the graphene, for example, the addition of a property-altering molecule. Having tested several different additives, the Chalmers researchers concluded that an addition of (3-Aminopropyl) triethoxysilane (APTES) molecules has the most desired effect. When heated and put through hydrolysis, it creates so-called silane bonds between the graphene and the electronic component.

Moreover, functionalization using silane coupling doubles the thermal conductivity of the graphene. The researchers have shown that the in-plane thermal conductivity of the graphene-based film, with 20 micrometer thickness, can reach a thermal conductivity value of 1600 W/mK, which is four times that of copper.

"Increased thermal capacity could lead to several new applications for graphene," says Johan Liu. "One example is the integration of graphene-based film into microelectronic devices and systems, such as highly efficient Light Emitting Diodes (LEDs), lasers and radio frequency components for cooling purposes. Graphene-based film could also pave the way for faster, smaller, more energy efficient, sustainable high-power electronics."

Source: Chalmers Univ. of Technology
石墨烯薄膜高效冷却电子产品 

查尔姆斯理工大学的研究人员已经开发出一种方法，使用石墨烯薄膜有效冷却电子产品。薄膜具有的导热性能是铜的4倍。另外，石墨烯薄膜能够连接硅质的电子元件，与之前相似试验中常见的石墨烯特性相比，该薄膜的性能更胜一筹。  

目前的电子系统集聚大量热量，主要是因为对功能需求不断增长。有效去除多余热量对于延长电子产品的寿命是很有必要的，并且能够极大减少能量的使用。根据一项美国研究，计算机服务器运行的大约一半的能量仅仅是为了给计算机降温。 

两三年前，查尔姆斯理工大学约翰•刘领导的研究小组首次表明，石墨烯对于硅质电子产品具有冷却效果。自此之后，研究人员便开始了对使用石墨烯进行冷却硅质电子产品的研究。

“但是，迄今为止研究人员在该方法研究中面临难题，”约翰•刘说，“很显然，不能再使用这些方法使电子产品摆脱大部分热量，因为它们只有连续几层的热传导电子。当你试图添加更多一层的石墨烯的时候，另一个问题出现了，就是粘连性的问题。石墨烯层数增加之后，其不能再粘连到表面，因为只有弱性的范德瓦尔斯黏合剂才能将其粘连在一起。”

“现在，我们通过在石墨烯薄膜和表面（即由硅制成的电子组件）之间创建强大的共价键，从而解决了该问题，”他继续说道。

强大的粘合，比如，添加一个改变特性的分子，就是石墨烯所谓的功能化的结果。通过测试几种不同的添加剂，查尔姆斯理工大学的研究人员得出结论，即添加三乙氧基硅烷（硅烷偶联剂）（3-氨丙基）颗粒效果最为理想。当加热后并通过水解，其创造出石墨烯和电子元件之间所谓的硅甲烷。

此外，功能化使用的硅烷耦合剂使石墨烯的导电性能增加了两倍。研究人员已经表明在20微米厚度之中，平面石墨烯薄膜的平面导热值可达1600 W/mK，是铜导热值的4倍。

“导热能力的提高拓宽了石墨烯的应用。”约翰•刘说，“其中一个例子是，石墨烯薄膜能够与微电子设备和高效发光二极管（LEDs）、激光及射频组件等系统相融合，达到降温目的。石墨烯薄膜也已经为更快、更小、更节能、可持续的大功率电子产品开辟了道路。”

来源“查尔姆斯理工大学
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