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Tech News & New Tech（技术前沿）
Researchers predict material with record-setting melting point
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Compounds made from hafnium and carbon have some of the highest known melting points. Using computer simulations, Brown Univ. engineers predict that a material made with hafnium, nitrogen and carbon will have a higher melting point than any known material. Image: Van de Walle lab/Brown Univ.
Using powerful computer simulations, researchers from Brown Univ. have identified a material with a higher melting point than any known substance.

The computations, described in Physical Review B (Rapid Communications), showed that a material made with just the right amounts of hafnium, nitrogen and carbon would have a melting point of more than 4,400 K (7,460 F). That’s about two-thirds the temperature at the surface of the sun, and 200 K higher than the highest melting point ever recorded experimentally.

The experimental record-holder is a substance made from the elements hafnium, tantalum and carbon (Hf-Ta-C). But these new calculations suggest that an optimal composition of hafnium, nitrogen and carbon—HfN0.38C0.51—is a promising candidate to set a new mark. The next step, which the researchers are undertaking now, is to synthesize material and corroborate the findings in the laboratory.

“The advantage of starting with the computational approach is we can try lots of different combinations very cheaply and find ones that might be worth experimenting with in the lab,” said Axel van de Walle, associate professor of engineering and co-author of the study with postdoctoral researcher Qijun Hong. “Otherwise we’d just be shooting in the dark. Now we know we have something that’s worth a try.”

The researchers used a computational technique that infers melting points by simulating physical processes at the atomic level, following the law of quantum mechanics. The technique looks at the dynamics of melting as they occur at the nanoscale, in blocks of 100 or so atoms. It's more efficient than traditional methods, but still computationally demanding due to the large number of potential compounds to test. The work was done using the National Science Foundation’s XSEDE computer network and Brown’s “Oscar” high-performance computer cluster.

Van de Walle and Hong started by analyzing the Hf-Ta-C material for which the melting point had already been experimentally determined. The simulation was able to elucidate some of the factors that contribute to the material’s remarkable heat tolerance.

The work showed that Hf-Ta-C combined a high heat of fusion (the energy released or absorbed when it transitions from solid to liquid) with a small difference between the entropies (disorder) of the solid and liquid phases. “What makes something melt is the entropy gained in the process of phase transformation,” van de Walle explained. “So if the entropy of the solid is already very high, that tends to stabilize the solid and increase the melting point.”

The researchers then used those findings to look for compounds that might maximize those properties. They found that a compound with hafnium, nitrogen and carbon would have a similarly high heat of fusion, but a smaller difference between the entropies of the solid and the liquid. When they calculated the melting point using their computational approach, it came out 200 K higher than the experimental record.

Van de Walle and Hong are now collaborating with Alexandra Navrotsky’s laboratory at the Univ. of California–Davis to synthesize the compound and perform the melting point experiments. Navrotksy’s laboratory is equipped for such high-temperature experiments.

The work could ultimately point toward new high-performance materials for a variety of uses, from plating for gas turbines to heat shields on high-speed aircraft. But whether the HfN0.38C0.51 compound itself will be a useful material isn’t clear, van de Walle says.

“Melting point isn’t the only property that’s important [in material applications],” he said. “You would need to consider things like mechanical properties and oxidation resistance and all sorts of other properties. So taking those things into account you may want to mix other things with this that might lower the melting point. But since you’re already starting so high, you have more leeway to adjust other properties. So I think this gives people an idea of what can be done.”

The work also demonstrates the power of this relatively new computational technique, van de Walle says. In recent years, interest in using computation to explore the material properties of a large number of candidate compounds has increased, but much of that work has focused on properties that are far easier to compute than the melting point.

“Melting point is a really difficult prediction problem compared to what has been done before,” van de Walle said. “For the modeling community, I think that’s what is special about this.”

Source: Brown Univ.
研究人员通过创纪录的熔点来预测材料 
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由铪和碳制成的化合物具有目前已知的最高熔点。利用计算机模拟，布朗大学的工程师预测称，由铪、氮和碳制成的材料将具有比目前任何已知的材料都要高的熔点。图片：范德瓦尔实验室/布朗大学。

利用强大的计算机模拟，来自布朗大学的研究人员已经确定了一种具有比任何已知材料都要高的熔点的材料。

在《物理评论B（快速通讯）》（Physical Review B (Rapid Communications)）上的刊文描述的该计算表明，由适当计量的铪、氮和碳制成的材料将具有超过4400度（7460F）的熔点。这温度大约是太阳表面三分之二的温度，并且比以往实验中记录的最高熔点还要高出200度。

实验记录的保持者是由元件铪、钽和碳（Hf-Ta-C）制成的物质。但是这些新的计算表明，由铪、氮和碳组成的最优组合——HfN0.38C0.51——是一个创下新记录的有前途的候选者。下一步，研究人员目前正在从事的，是合成该材料并且证实在实验室获得的这一研究结果。

“首先运用计算方法的优势在于，我们能够以廉价的成本来尝试不同的组合，并且发现可能值得在实验室中进行实验的组合，”工程副教授兼该研究的合著者阿克塞尔·范德瓦尔（Axel van de Walle）声称，另一位该研究的合著者为博士后研究员洪其君（音）。“否则我们就会毫无头绪。现在我们了解到有一些是值得一试的。”

研究人员根据量子力学的定律运用通过一个在原子水平上模拟物理过程推断熔点的计算技术。该技术着眼于在它们于纳米级发生时熔化的动力学，大约是100块或类似大小的原子。它比传统的方法更加有效，但是由于需要对大量潜在的化合物进行测试，因此仍然需要计算能力。这项工作是采用美国国家科学基金会的XSEDE计算机网络和布朗的“奥斯卡”高性能计算机群完成的。

范德瓦尔和洪首先分析Hf-Ta-C材料是因为其熔点已经基本上在实验室中确定了。该模拟能够阐明一些有助于该材料卓越耐热性的因素。

该工作表明，Hf-Ta-C将高热整合（其从固体向液体转化时所释放或吸收的能量）与固相和液相的熵（失调）结合在一起。“熔化一些物体的是在相变过程中获得的熵，”范德瓦尔解释道。“因此如果固态的熵已经非常高了，那会倾向于稳定该固体并且增加熔点。”

然后，研究人员利用这些调查结果来寻找可能最大限度地发挥这些特性的化合物。他们发现，铪、氮的碳的化合物将具有类似的高热融合，但是固态和液态的熵之间会有细小的差异。当他们用计算方法来获得熔点时，其结果比实验室的记录还要高出200度。

范德瓦尔和洪目前正在与加州-戴维斯大学的亚历山德拉•纳夫罗斯基实验室进行合作，以合成该化合物并且进行熔点实验。纳夫罗斯基实验室的配备适合进行这样的高温实验。

这项工作可能最终会指向适用于多种用途的新型高性能材料，从燃气轮机的镀层到调整飞机的热防护罩。但是，对于HfN0.38C0.51化合物本身是否能够成为一个有用的材料还尚不明确，范德瓦尔表示。

“熔点并不是（材料应用中）唯一重要的属性，”他表示 。“你需要考虑的事情包括力学性能和抗氧化性能以及其他各种性能。因此将这些事物考虑在内，您可能会希望将其他事物与可能降低熔点的性能混合在一起。但是如果你开始的位置如此之高，那么你需要拥有更多的回旋余地来调整其他属性。所以，我认为这为人们提供了需要做什么事的想法。”

这项工作还展示了这种相对较新的计算技术的能力，范德瓦尔表示。近年来，利用计算来探索大量候选化合物的材料性质的兴趣已经有所增加，但大多数此类工作都集中于那些比计算熔点更加容易的性质之上。

“熔点与其他已经进行过的事物相比是一个非常难于预测的问题，”范德瓦尔表示。“至于模拟世界，我认为这是其特别之处。”

资料来源：布朗大学 

Short wavelength plasmons observed in nanotubes
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This s-SNOM infrared image shows Luttinger-liquid plasmons in a metallic single-walled nanotube.
The term “plasmons” might sound like something from the soon-to-be-released new Star Wars movie, but the effects of plasmons have been known about for centuries. Plasmons are collective oscillations of conduction electrons (those loosely attached to molecules and atoms) that roll across the surfaces of metals while interacting with photons. For example, plasmons from nanoparticles of gold, silver and other metals interact with visible light photons to generate the vibrant colors displayed by stained glass, a technology that dates back more than 1,000 years. But plasmons have high-technology applications as well. In fact, there’s even an emerging technology named for them—plasmonics—that holds great promise for superfast computers and optical microscopy.

At the heart of the high-technology applications of plasmons is their unique ability to confine the energy of a photon into a spatial dimension smaller than the photon’s wavelength. Now, a team of researchers with Berkeley Lab’s Materials Sciences Div., working at the Advanced Light Source (ALS), has generated and detected plasmons that boast one of the strongest confinement factors ever: the plasmon wavelength is only one hundredth of the free-space photon wavelength.

By focusing infrared light onto the tip of an atomic force microscope, the researchers were able to observe what are called “Luttinger-liquid” plasmons in metallic single-walled nanotubes. A Luttinger-liquid is the theory that describes the flow of electrons through one-dimensional objects, such as a single-walled nanotube (SWNT), much as the Fermi-liquid theory describes the flow of electrons through most two- and three-dimensional metals.

“It is amazing that a plasmon in an individual nanotube, a 1-D object barely a single nanometer in diameter, can even be observed at all,” says Feng Wang, a condensed matter physicist with Berkeley Lab’s Materials Sciences Div. who led this work. “Our use of scattering-type scanning near-field optical microscopy (s-SNOM) is enabling us to study Luttinger-liquid physics and explore novel plasmonic devices with extraordinary sub-wavelength confinement, almost 100 million times smaller in volume than that of free-space photons. What we’re observing could hold great promise for novel plasmonic and nanophotonic devices over a broad frequency range, including telecom wavelengths.”

Wang, who also holds appointments with the Univ. California (UC) Berkeley Physics Dept. and the Kavli Energy NanoScience Institute (Kavli-ENSI), is the corresponding author of a paper in Nature Photonics that describes this research. The co-lead authors are Zhiwen Shi and Xiaoping Hong, both members of Wang’s UC Berkeley research group. Other co-authors are Hans Bechtel, Bo Zeng, Michael Martin, Kenji Watanabe, Takashi Taniguchi and Yuen-Ron Shen.

Despite the enormous potential of plasmons for the integration of nanoscale photonics and electronics, the development of nanophotonic circuits based on classical plasmons has been significantly hampered by the difficulty in achieving broadband plasmonic waveguides that simultaneously exhibit strong spatial confinement, a high quality factor and low dispersion. The observations of Wang and his colleagues demonstrate that Luttinger-liquid plasmon of 1-D conduction electrons in SWNTs behaves much differently from classical plasmons.

“Luttinger-liquid plasmons in SWNTs propagate at semi-quantized velocities that are independent of carrier concentration or excitation wavelength, and simultaneously exhibit extraordinary spatial confinement, a high quality factor and low dispersion,” says co-lead author Shi. “Usually, to be manipulated efficiently with a photonic device, the light wavelength is required to be smaller than the device. By concentrating photon energy at deep sub-wavelength scales, Luttinger-liquid plasmons in SWNTs effectively reduce the light wavelength. This should allow for the miniaturization of photonic devices down to the nanometer scale.”

Wang, Shi, Hong and their colleagues observed Luttinger-liquid plasmons using the s-SNOM setup at ALS Beamline 5.4.1. Metallic SWNTs with diameters ranging from 1.2 to 1.7 nm were grown, purified and then deposited on a boron nitride substrate. Single wavelength infrared light was focused onto the tip of an atomic force microscope to excite and detect a plasmon wave along an SWNT.

“Our direct observation of Luttinger-liquid plasmons opens up exciting new opportunities,” Wang says. “For example, we’re now exploring these plasmons in telecom wavelengths, the most widely used in photonics and integrated optics. We’re also learning how the properties of these plasmons might be manipulated through electrostatic gating, mechanical strain and external magnetic fields.”

Source: Lawrence Berkeley National Laboratory
纳米管中观察到的短波等离子体
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以上这张s-SNOM红外图像展示了在金属单壁纳米管内的Luttinger-液体等离子体。

“等离子体”这个术语听起来像是即将发布的新的《星球大战》电影中会出现的词语，但是等离子体的影响早在几个世纪之前就已经被人熟知了。等离子体振子是在金属表面滚动的同时与光子发生相互作用的传导电子（那些松散地附着于分子和原子上的电子）的集体振荡。例如，从金、银及其他金属的纳米粒子中获得的等离子体与可见光光子产生相互作用，从而产生由彩色玻璃展示出的充满活力的颜色，彩色玻璃是一种可以追溯到1000多年前的技术。但是等离子体还具有高科技应用。事实上，还有一项新的技术以它们——等离子体——命名，该技术对于超高速计算机和光学显微镜具有巨大的潜力。

等离子体高科技应用的核心是它们限制光子的能量进入一个比光子波长还要小的空间维度的独特能力。如今，一组在先进光源（ALS）工作的研究人员与伯克利实验室材料科学事业部已经产生并且检测了被鼓吹为世界上最强的制约因素之一的等离子体：等离子体的波长是自由空间光子波长的一百分之一。

通过将红外光聚焦到原子力显微镜的尖端，研究人员能够观察到所谓的金属性单壁纳米管内的“Luttinger液”等离子体。Luttinger-液是描述通过一维物体的电子流的理论，例如单壁纳米管（SWNT），与描述通过大多数二维和三维金属的电子流的费米液体理论类似。

“令人吃惊的是，在一个单独的纳米管内，一个一维的直径仅为一个纳米的对象，其内部的等离子体也能够被观察到，”领导此次研究的伯克利实验室材料科学事业部的凝聚态物理学家汪峰表示。“我们所使用的散射型扫描近场光学显微镜（S-SNOM）令我们能够研究Luttinger液体以及探索新型具有非凡亚波长限制的等离子设备，其与自由空间光子相比，在体积上要小1亿倍。我们正在观察的事务对于新型在宽泛频率范围内的等离子体和纳米光子器件来说具有巨大的潜力，包括电信波长。”

同时任职于加利福尼亚大学（UC）伯克利分校物理系和科维里能源纳米科学研究所（科维里-ENSI）的汪是发表于《自然光子学》的一篇描述这项研究的文章的通信作用。合著的主要作者有王志文和宏小平，这两位都是汪UC伯克利分校的研究小组的成员。其他合著者还有汉斯•贝克特尔、曾博（Bo Zeng）、迈克尔·马丁、渡边贤治（Takashi Taniguchi）、谷口隆以及沈元壤（Yuen-Ron Shen）。

尽管等离子体对于纳米光子学和电子学的整合具有巨大的潜力，但是基于经典等离子体的纳米光子电路的发展已经由于在实现同时表现出强烈空间限制、一个高品质因素和低色散的宽带等离子波导方面遇到的困难而受到显著地阻碍。王和他同事们的发现发表，SWNTs内一维传导电子的Luttinger液体等离子体的行为表现得与传统的等离子体非常不同。

“SWNTs中的Luttinger液体等离子体以独立于载流子浓度或激发波长的半量化速度传播，并且同时表现出非凡的空间限制、一个高品质因数以及低色散，”合著的主要作用石表示。“通常，为了有效地通过光子器件来进行操纵，那么光波长比较要比该装置要少。通过在深度亚波长尺度范围内集中光子能量，SWNTs内的Luttinger液体等离子体有效地减少了光的波长。这应该令光子器件的小型化下降至纳米尺度。”

王、石、洪以及他们的同事们利用在ALS光束线5.4.1中设置的S-SNOM观察到了Luttinger液体等离子体。直径范围在1.2至1.7纳米的金属性SWNTs会增长、纯化，之后会沉积在一个氮化硼衬底上。单波长红外光线被聚集到原子力显微镜的尖端来激发和检测沿SWNT的等离子体激元波。

“我们对Luttinger液体等离子体的直接观察开辟了激动人心的新机遇，”王表示。“例如，我们目前正在探讨在光电子和集成光学中使用最就我电信波长中的等离子体。我们也在了解如何通过静电门控、机械应变以及外部磁场来操控这些等离子体的性质。”

资料来源：劳伦斯伯克利国家实验室  
Metal Alloy（金属合金）
Cost-saving ultrasound degassing now possible in continuous processing of aluminum melt
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A schematic of the plate sonotrode continuous degassing set-up. Credit: Brunel University London 

Having proved that ultrasound degassing of molten aluminium alloys is cleaner, greener and cheaper than current methods, a team of scientists from Brunel University London working within a European consortium has now taken the breakthrough a step further. 

De-gassing the melts of aluminium alloys is a vital process otherwise the resulting solid metals end up being highly porous and often rejected for further use.

Project lead Prof Dmitry Eskin of the Brunel Centre for Advanced Solidification Technology explains: "The most common current method, argon rotary degassing, is energy intensive, involves rotating brittle parts and expensive argon gas.

"Having proved that ultrasound is cheaper, greener and just as efficient we wanted to look at achieving a continuous process that would allow us to apply degassing to much larger melt volumes and upstream from the casting mould.

"Our experiments showed that a plate sonotrode gave a continuous degassing efficiency of at least 50 per cent in the melt flow rising to 75 per cent in batch operation. This is even more impressive than a standard cylindrical sonotrode."

Prof Eskin believes that much greater efficiencies are simply waiting to be unlocked and is seeking an industrial partner to help his team address some of the engineering challenges.

He said: "Our initial experiments were with a flat S-shaped sonotrode positioned at the bottom of the through-flow degassing chamber.

"Although the efficiency of degassing was very good, we met some engineering challenges that need to be addressed.

"For example we found that the connecting the flat sonotrode to the ultrasonic transducer and the shape and dimensions of the plate sonotrode should be optimised through engineering solutions to assure industrial-scale operation.

"In summary, to scale up from the lab to pilot studies we need an industrial engineering partner now that we know the science is sound."

Explore further: Greener ship propellers 
节约成本的超声排气目前可用于铝熔体的连续处理中 
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钢板超声波发生器连续排气装置的示意图。图片：伦敦布鲁内尔大学

经实践证明，熔融铝合金的超声排气更加清洁、更加环保、并且比目前的方法更加便宜，为欧洲联盟工作的一组伦敦布鲁内尔大学的科学家们目前已经朝该重要技术成就向前迈进了一步。

熔融铝合金的排气是一个重要的过程，没有该过程，成品固体金属最终会具有高度多孔，并且通常是无法进一步使用。

布鲁内尔高级凝固技术中心的项目负责人德米特里•埃斯金博士解释称：“目前最常见的方法，氩旋转除气，是能源密集型方式，其涉及了脆弱部件的转动以及昂贵的氩气。”

“经证明，超声波更加便宜、更加环保，并且在研究实现一个持续的能够令我们对更大量的熔量以及铸造模具的上游应用排气技术的过程中能够达到我们所需的效果。”

“我们的实验表明，钢板超声波发生器能够对成批操作过程中升至75%的熔体流提供至少50%的持续排气效应。这甚至比标准的圆柱超声波发生器更加令人印象深刻。”

埃斯金教授认为，更大的效应只是在等待着被解锁，并且他们正在寻求工业合作伙伴来帮助他的团队解决一些工程挑战。

他表示：“我们最初的实验是通过一个位于通流排气腔室底部的平面S形超声波发生哭进行的。”

“虽然排气效果非常好，但我们遇到了一些亟待解决的工程挑战。”

“例如，我们发现，平面发生器与超声换能器的连接以及钢板超声波发生器的形状和尺寸应该通过工程解决方案来进行优化，以确保工业规模的操作。”

“总之，为了从实验室升级到试点研究，我们目前需要一个我们了解的科学完善的工业工程合伙伙伴。” 
Could stronger, tougher paper replace metal?
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Image: Univ. of Maryland
Researchers at the Univ. of Maryland (UMD) recently discovered that paper made of cellulose fibers is tougher and stronger the smaller the fibers get. For a long time, engineers have sought a material that is both strong (resistant to non-recoverable deformation) and tough (tolerant of damage). 

“Strength and toughness are often exclusive to each other," said Teng Li, associate professor of mechanical engineering at UMD. "For example, a stronger material tends to be brittle, like cast iron or diamond."

The UMD team pursued the development of a strong and tough material by exploring the mechanical properties of cellulose, the most abundant renewable bio-resource on Earth. Researchers made papers with several sizes of cellulose fibers—all too small for the eye to see—ranging in size from about 30 um to 10 nm. The paper made of 10-nm-thick fibers was 40 times tougher and 130 times stronger than regular notebook paper, which is made of cellulose fibers a thousand times larger.

"These findings could lead to a new class of high performance engineering materials that are both strong and tough, a Holy Grail in materials design," said Li.

High-performance yet lightweight cellulose-based materials might one day replace conventional structural materials (metals) in applications where weight is important. This could lead, for example, to more energy-efficient and "green" vehicles. In addition, team members say, transparent cellulose nanopaper may become feasible as a functional substrate in flexible electronics, resulting in paper electronics, printable solar cells and flexible displays that could radically change many aspects of daily life. 

Cellulose fibers can easily form many hydrogen bonds. Once broken, the hydrogen bonds can reform on their own—giving the material a 'self-healing' quality. The UMD discovered that the smaller the cellulose fibers, the more hydrogen bonds per square area. This means paper made of very small fibers can both hold together better and re-form more quickly, which is the key for cellulose nanopaper to be both strong and tough.

"It is helpful to know why cellulose nanopaper is both strong and tough, especially when the underlying reason is also applicable to many other materials," said Liangbing Hu, assistant professor of materials science at UMD.

To confirm, the researchers tried a similar experiment using carbon nanotubes that were similar in size to the cellulose fibers. The carbon nanotubes had much weaker bonds holding them together, so under tension they did not hold together as well. Paper made of carbon nanotubes is weak, though individually nanotubes are arguably the strongest material ever made.

One possible future direction for the research is the improvement of the mechanical performance of carbon nanotube paper. 

“Paper made of a network of carbon nanotubes is much weaker than expected,” said Li. “Indeed, it has been a grand challenge to translate the superb properties of carbon nanotubes at nanoscale to macroscale. Our research findings shed light on a viable approach to addressing this challenge and achieving carbon nanotube paper that is both strong and tough.”

Source: Univ. of Maryland
更结实、更坚韧的纸张能够取代金属吗？
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图片：马里兰大学提供

马里兰大学（UMD）的研究人员最近发现，由纤维素纤维制成的纸张根据纤维越小，则纸张会更加强硬并且更加结实。长期以来，工程师们一直在寻求一种即结实（能够抵抗不可恢复变形）又坚韧（损坏容度）的材料。

“结实和韧性往往会排斥对方，”UMD机械工程系的副教授李腾（音）表示。“例如，一个较结实的材料往往是脆性的，例如铸铁或金刚石。”

该UMD小组通过探索纤维素的机械性能来进行结实且坚韧的材料的发展，纤维素是地球上最丰富的可再生生物资源。研究人员通过几种尺寸的纤维素纤维来制造纸张——所有都小到肉眼无法观察——其范围从30微米到10纳米不等。由10纳米厚的纤维制成的纸张，比普通笔记本的纸张要坚韧40倍，并且要结实130倍，而普通笔记本的纸张是由大了一千倍的纤维素纤维制成的。

“这些发现可能会产生新一类的即结实又强韧的高性能工程材料，一个材料设计中的圣杯，”李表示。

高性能而轻质的纤维素基材料有一天可能会替代那些重量非常重要的应用中传统的结构材料（金属）。例如，这可能会产生更加节能并且“环保”的车辆。此外，小组成员表示，透明纤维素纳米纸可能会像柔性电子功能基板一样变得可行，从而产生能够从根本上改变日常生活许多方面的纸张电子、可印刷太阳能电池以及柔性显示器。 
纤维素纤维能够轻易地形成许多氢键。一旦破裂，该氢键能够自我再次构成——为材料提供了“自愈”的属性。UMD发现，纤维素纤维越小，每平方面积内就会有越多的氢键。这意味着由非常小的纤维制成的纸张既可以更好地团结在一起，又能够更快地重新构成，这对于纤维素纳米纸变得即结实又坚韧是非常关键的。

“这有助于了解为什么纤维素纳米纸即结实又强韧，特别是当根本原因也适用于许多其他材料时，”UMD材料科学的副教授胡良柄（音）表示。

为了确认，研究人员利用与纤维素纤维尺寸相似的碳纳米管尝试了类似的实验。碳纳米管拥有许多将它们连接在一起的较弱连接，因此在张力下，它们并不能够很好地团结在一起。由碳纳米管制成的纸张比较脆弱，尽管单独的纳米管可以说是有史以来最强的物质。

该研究未来可能的方向是碳纳米管纸张力学性能的改善。

“碳纳米管网络制成的纸张比预期的要脆弱，”李表示。“事实上，将纳米级碳纳米管的高超性能转译为宏观已经是一个巨大的挑战了。我们的研究发现为解决这一挑战阐明了一个可行的办法，并且实现了既结实又坚韧的碳纳米管纸张。”

资料来源：马里兰大学 
Composite Materials（复合材料）
CIMComp Funds Five Feasibility Studies to Develop Step-change Technologies
CIMComp is funding five new feasibility studies from their recent call for feasibility studies looking to fund TRL 1 to 2 research in the identified themes, which will facilitate fundamental step-change technologies for composites manufacturing.

The identified themes were aligned with CIMComp's priority areas and the 2014 UK Composites Strategy. According to CIMComp, the feasibility studies examine a subject area in the field, review activity in it, identify key challenges and research questions, conduct fundamental research and look to develop full proposals for funding by established routes. Each award was funded up to £50,000 and represents a maximum of six month research. The feasibility call received 43 proposals from 20 academic institutions across the UK.

The intention is that CIMComp involvement will help to bring these studies forward to a point where new funding opportunities are created. In this way, these studies should grow the capabilities of the UK, CIMComp and its network of users. This current round follows on from a very successful first round of feasibility studies which ended in 2014, where nine projects were funded, which have now gone on to collectively secure over £3 million in research grants from a variety of National and EU funding sources.

CIMComp explains the 2nd round feasibility studies chosen for funding are:

·Manufacturing Advances for Smart Through-Thickness Reinforced Composites - Prof S Hallett, University of Bristol

·Design Rules Challenge to Deliver a Step Change in Composites Manufacture - Prof K Potter, University of Bristol

·Efficient Composite Curing by Intelligent Microwave Processing - Dr J. Lees, University of Cardiff

·Discovery of Optimum Textile Composites - Prof A Long, University of Nottingham

·Investigate the Potential for the Recycling of Carbon Fibre Composites by Solvolysis at Atmospheric Pressure - Prof S Pickering, University of Nottingham

These awards are within CIMComp's remit as a National Centre and engage with prominent researchers in the UK academia in the field of composite manufacturing.
CIMComp资助五个可行性研究，研发阶跃变化技术 

CIMComp呼吁对指定主题中的TRL 1至2研究的可行性研究进行资助，目前他们表示，将资助五个可行性研究，这将有利于复合材料制造的基础跃阶改变技术。

所确定的主题与CIMComp的优先领域和2014年英国复合材料战略是一致的。据CIMComp称，该可行性研究审查该领域的一个主题范围，审视其活性，确定主要的挑战以及研究问题，进行基本研究并且寻求开发出完整的提案以便于按既定路线提供资助。第一项资助金额可达5万英镑，并且代表着最多六个月的研究。可行性呼吁收到了英国各地20个学术机构的43条建议。

我们的目的，是通过CIMComp的参与将这些研究推动到新的筹资机会创造的时间点上。以这种方式，这些研究应该能够增长英国、CIMComp及其网络用户的能力。在2014年年底结束的对九个项目进行了资助的非常成功的第一轮可行性研究之后，目前的研究已经从各式国家和欧盟资金来源那里获得了收集到300万英镑有把握的研究经费。

CIMComp解释称，第二轮选择资助的可行性研究有：

• “智能厚度方向的增强型复合材料生产工艺的进步”—— 布里斯托尔大学，S•哈李特教授

• “挑战复合材料制造中提供阶跃变化的设计规则”—— 布里斯托大学，K•波特教授

• “通过智能微波处理进行高效复合固化”—— 卡迪夫大学，J•李斯博士

• “最佳纺织复合材料的发现”—— 诺丁汉大学，A•龙教授

• “调查碳纤维复合材料在大气压下通过溶剂分解回收利用的潜能”—— 诺丁汉大学，S•皮克林教授

这些奖项在CIMComp作为一个国家中心的职权范围内，并且涉及了英国学术界复合材料制造领域中的著名研究人员。

DIAB Improves Divinycell F Core Production Output to Satisfy Forecast Demand

With significant growth in its worldwide aerospace business, DIAB is ramping up production for high-performance composite foam core Divinycell F to meet forecast demand.

According to DIAB, growth has been driven by a considerable increase in orders from associated "buyer furnished equipment" provided by Original Equipment Manufacturers (OEMs). It says that, as Divinycell F is now the preferred lightweight composite core material for aircraft interior applications, DIAB's huge increase in production capacity will give customers the advantage of shorter lead-times.

The forecast growth in Divinycell F sales has been strengthened by DIAB's valued-added services, which include a broad range of shaping and kitting services. Lennart Thalin, DIAB EVP Americas & Global Aerospace, remarks "Customers recognise the value of DIAB's semi-finished parts for direct use in their production processes."

DIAB says its consistent quality, cost advantage and on-time delivery is now enabling many OEMs to switch from using traditional Nomex honeycomb to DIAB's polyether sulfone-based (PESU) recyclable foam core material. The use of foam core reduces weight and overall cost relative to comparable honeycomb core products thanks to Divinycell F's better surface finish, less edge filling and less labour hours.

As a fully recyclable material made with sustainable thermoplastic resins, Divinycell F upholds DIAB's commitment to reduce the environmental impact of potentially harmful materials such as phenols and acrylics. DIAB explains that its efficient production also minimises waste by reusing excess material back into the manufacturing process.

Divinycell F is now an approved material by numerous aircraft OEMs. This includes several programs running on the Airbus A350. Divinycell F's 3-D design freedom and four core densities make it suitable for many cabin applications, such as:

·Environmental Conditioning System (ECS) duct work, ceiling and decorative fascia panels using 40Kg/m3

·PSU module platforms, sidewall panels, medical stretchers, trolleys, premium seat structural components, lavatory and galley components using 50Kg/m3

·IFE racking, cargo bay components, door surrounds, stowage components and all interior monuments using a combination 50 and 90Kg/m3

·Radomes and panel edge filler as a replacement to PU foam using 130Kg/m3

DIAB is making further planned investment in Sweden to support the company's global market offering of precision machining and shaping services. Lennart Hagelqvist, DIAB Group President & CEO, affirms "At DIAB, we are totally committed to offering competitive solutions for aerospace customers, and to working in close partnership to drive cost down with optimum design solutions and production efficiencies."
DIAB提高Divinycell F芯材产量，满足预测需求 

随着全球航空业务的显著增长，DIAB正在加快其高性能复合泡沫芯村Divinycell F的生产，以满足预测需求。

据DIAB称，经济增长是通过原始设备制造商（OEM）提供的相关“买方配置设备”的定单的大量增加所推动的。据它称，由于Divinycell F目前是飞机内部设备首选的轻质复合芯村，DIAB产能的大幅增加将为客户提供短时间交货的优势。

Divinycell F销量的预期增幅，已经通过DIAB的增值服务有所加强，其中包括大量的塑形和成套服务。DIA美洲&全球航空航天执行副总裁伦纳特•塔林称，“客户意识到DIAB半成品直接用于他们生产过程中的价值。”

DIAB表示，目前其稳定的质量、成本优势以及准时交货令不少OEM厂商从传统的Nomex蜂窝材料转换成了DIAB的降温醚砜基（PESU）可回收泡沫芯村。相对于蜂窝芯产品，泡沫芯的使用降低了重量以及整体成本，这都利益于Divinycell F更好的表面光洁度、少边填充以及更少的劳动时间。

作为一种可持续热塑性树脂制成的完全可回收材料，Divinycell F坚持了DIAB减少像苯酚和丙烯酸类的可能有害物质对环境影响的承诺。IDAB解释称，其高效的生产还通过将过剩材料返回制造过程中进行再次使用而最大限度地减少了浪费。

Divinycell F目前是众多飞机原始设备制造商的许用材料。其中包括几个在空中客车A350中运行的项目。Divinycell F的3-D设计自由度和四核心密度令其适合于许多客舱的应用，例如：

•使用40Kg/m3的环境调节系统（ESC）风管、吊顶、装饰筋膜板 

•PSU模块平台、侧壁板、医疗担架、手推车、高档座椅结构件、厕所和厨房组件，使用的是50Kg/m3 

•IFE货架、货舱组件、门周围、装载组件以及所有内部标志，使用的是50 和 90Kg/m3的混合密度

•天线罩和面板边缘，作为PU泡沫的一个替代物，使用的是130Kg/m3

DIAB将在瑞典进行进一步投资计划，以支持该公司精密加工和塑形服务在全球市场中的销售。DIAB集团的总裁兼首席执行官伦纳特•哈格尔奎斯特证实“在DIAB，我们完全致力于为航空客户提供有竞争力的解决方案，并且进行密切地合作以通过最佳的设计方案和生产效率来降低成本。”  
Practical Application（实际应用）
Sol-gel capacitor dielectric offers record-high energy storage

Using a hybrid silica sol-gel material and self-assembled monolayers of a common fatty acid, researchers have developed a new capacitor dielectric material that provides an electrical energy storage capacity rivaling certain batteries, with both a high energy density and high power density.

If the material can be scaled up from laboratory samples, devices made from it could surpass traditional electrolytic capacitors for applications in electromagnetic propulsion, electric vehicles and defibrillators. Capacitors often complement batteries in these applications because they can provide large amounts of current quickly.

The new material is composed of a silica sol-gel thin film containing polar groups linked to the silicon atoms and a nanoscale self-assembled monolayer of an octylphosphonic acid, which provides insulating properties. The bilayer structure blocks the injection of electrons into the sol-gel material, providing low leakage current, high breakdown strength and high energy extraction efficiency.

“Sol-gels with organic groups are well known and fatty acids such as phosphonic acids are well known,” noted Joseph Perry, a professor in the School of Chemistry and Biochemistry at the Georgia Institute of Technology. “But to the best of our knowledge, this is the first time these two types of materials have been combined into high-density energy storage devices.”

The research, supported by the Office of Naval Research and the Air Force Office of Scientific Research, was reported in Advanced Energy Materials.

The need for efficient, high-performance materials for electrical energy storage has been growing along with the ever-increasing demand for electrical energy in mobile applications. Dielectric materials can provide fast charge and discharge response, high energy storage, and power conditioning for defense, medical and commercial applications. But it has been challenging to find a single dielectric material able to maximize permittivity, breakdown strength, energy density and energy extraction efficiency.

Perry and colleagues in Georgia Tech’s Center for Organic Photonics and Electronics (COPE) had been working on other capacitor materials to meet these demands, but were not satisfied with the progress. The hybrid sol-gel materials had shown potential for efficient dielectric energy storage because of their high orientational polarization under an electric field, so the group decided to pursue these materials for the new capacitor applications.

Using an aluminized mylar film coated with the hybrid sol-gel capacitor material, they showed that the capacitor could be rolled and re-rolled several times while maintaining high energy density, demonstrating its flexibility. But they were still seeing high current leakage. To address that, they deposited a nanoscale self-assembled monolayer of n-octylphosphonic acid on top of the hybrid sol-gel. Less than a nanometer thick, the monolayer serves as an insulating layer.

“Our silica sol-gel is a hybrid material because it has polar organic groups attached to the silica framework that gives the sol-gel a high dielectric constant, and in our bilayer dielectric, the n-octylphosphonic acid groups are inserted between the sol-gel layer and the top aluminum layer to block charge injection into the sol-gel,” Perry explained. “It’s really a bilayer hybrid material that takes the best of both reorientation polarization and approaches for reducing injection and improving energy extraction.”

In their structures, the researchers demonstrated maximum extractable energy densities up to 40 joules per cubic centimeter, an energy extraction efficiency of 72% at a field strength of 830 V per micron, and a power density of 520 W per cubic centimeter. The performance exceeds that of conventional electrolytic capacitors and thin-film lithium ion batteries, though it doesn’t match the lithium ion battery formats commonly used in electronic devices and vehicles.

“This is the first time I’ve seen a capacitor beat a battery on energy density,” said Perry. “The combination of high energy density and high power density is uncommon in the capacitor world.”

Researchers in Perry’s lab have been making arrays of small sol-gel capacitors in the lab to gather information about the material’s performance. The devices are made on small substrates about an inch square.

“What we see when we apply an electric field is that the polarization response—which measures how much the polar groups line up in a stable way with the field—behaves in a linear way,” said Perry. “This is what you want to see in a capacitor dielectric material.”

The next step will be to scale up the materials to see if the attractive properties transfer to larger devices. If that is successful, Perry expects to commercialize the material through a startup company or SBIR project.

“The simplicity of fully solution-based processes for our dielectric material system provides potential for facile scale-up and fabrication on flexible platforms,” the authors wrote in their paper. “This work emphasizes the importance of controlling the electrode-dielectric interface to maximize the performance of dielectric materials for energy storage application.”

Source: Georgia Institute of Technology
溶胶-凝胶电容器介电质的能量储存创纪录新高 

研究人员使用混合硅石溶胶-凝胶材料和一种常见脂肪酸的自组装单层膜，开发出一种新的电容器介电质材料，这种材料提供了一种可以与某些电池媲美的电能存储容量，既有高能量密度，也有高功率密度。

如果可以将该材料的实验样品规模化，那么用它制造的设备就可以超越在电磁推进、电动汽车和除纤颤器中应用的传统电解电容器。电容器通常在这些应用程序中用来作为电池的补充，因为它们可以快速地提供大量的电流。

这种新材料是由一种包含极性基团的硅石溶胶-凝胶薄膜组成的，极性基团与硅原子和一种辛基磷酸的纳米自组装单层膜相连，这层膜提供了绝缘性。这种双层结构阻碍了电子注入到溶胶-凝胶材料中，提供了低泄露电流、高击穿强度和高能量提取效率。

“带有有机基团的溶胶-凝胶是很常见的，脂肪酸（比如宁酸）也很常见，”乔治亚理工学院化学和生物学学院教授Joseph Perry说，“但是据我们所知，这是这两种材料第一次被组合成高密度的能量存储设备。”

Advanced Energy Materials报道了这项由海军研究办公室和空军科学研究所支持的研究。

随着移动应用中对电能不断增长的需求，对于电能量存储的有效、高性能材料的需求也一直在增长。电介质材料可以为军事、医疗和商业应用提供快速充电和放电反应、高能量存储和功率调节。但是要找到一个能够最大限度的提高介电常数、击穿强度、能量密度和能量提取效率的单一介电质材料一直以来都很具挑战性。

Perry和他在乔治亚理工学院有机光子和电子学中心（COPE）的同事一直在研究能够满足这些需要的其他电容材料，但都没有满意的进展。这种混合溶胶-凝胶材料表现出了有效介电储能的潜质，因为他们在电场中有较高的定向极化，因此该研究小组决定在新的电容器应用中使用这些材料。

使用涂有混合溶胶-凝胶材料的镀铝聚酯薄膜，他们展示了，这种电容器在保持高能量密度的同时可以被反复卷起来多次，显示出它的灵活性。但是他们仍然观察到了较高的电流泄露。为了解决这一问题，他们在混合溶胶-凝胶的顶部沉积了一层正辛基凝酸的纳米自组装单层膜。这层膜没有一纳米厚，起到了绝缘层的作用。

“我们的硅石溶胶-凝胶是一种混合材料，因为它有与硅石框架相连的极性有机基团，这种硅石框架给溶胶-凝胶提供了较高的介电常数。并且，在我们的双层电介质中，正辛基凝酸组被嵌在溶胶-凝胶层和顶部铝层之间以阻止电荷注入到溶胶-凝胶中，”Perry解释说，“它确实是一种采取了最好的取向极化和减少注入、提高能源开采方法的双层混合材料。”

在他们的结构中，研究人员展示了最大高达每立方厘米40焦耳的能力提取密度，在一个每微米830V的场强度和一个每立方厘米520W的功率密度中，能达到72%的能量提取率。其性能超过了传统的电解电容器和薄膜锂离子电池，尽管它与电子设备和汽车中常用的锂离子电池的格式不匹配。

“这是我第一次看到能在能量密度上击败电池的电容器，”Perry说，“在电容器领域，高能量密度和高功率密度的组合是罕见的。”

Perry实验室的研究人员一直在实验室制作一系列小的溶胶-凝胶电容器，以收集与该材料性能相关的信息。这些电容器是在大约一英寸大小的小基板上制成的。

“当我们采用一个电场时，我们看到的是极化反应——其所测量的是极性基团在场中会如何以稳定的方式排列——以线性的方式行动，”Perry说，“而这就是你在一个电容介电质材料中想要看到的。”

下一步将该材料进行扩展，看这种很有吸引力的特性能不能转移到较大的设备中，如果成功的话，Perry期望通过一个新建公司或者SBIR计划将这种材料商业化。

“我们电介质材料系统中完全基于解决方案过程的简单性为单纯的放大和在灵活平台上的制造提供了可能性，”作者在他们的论文中写道，“这项工作强调了控制电极-电介质界面以最大化能量存储应用中电介质材料性能的重要性。” 

资料来源：乔治亚理工学院  
Sticky tape the key to ultrathin solar cells

Scientists studying thin layers of phosphorus have found surprising properties that could open the door to ultrathin and ultralight solar cells and LEDs.

The team used sticky tape to create single-atom thick layers, termed phosphorene, in the same simple way as the Nobel-prize winning discovery of graphene.

Unlike graphene, phosphorene is a semiconductor, like silicon, which is the basis of current electronics technology.

"Because phosphorene is so thin and light, it creates possibilities for making lots of interesting devices, such as LEDs or solar cells," said lead researcher Dr. Yuerui (Larry) Lu, from The Australian National University (ANU).

"It shows very promising light emission properties."

The team created phosphorene by repeatedly using sticky tape to peel thinner and thinner layers of crystals from the black crystalline form of phosphorus.

As well as creating much thinner and lighter semiconductors than silicon, phosphorene has light emission properties that vary widely with the thickness of the layers, which enables much more flexibility for manufacturing.

"This property has never been reported before in any other material," said Dr. Lu, from ANU College of Engineering and Computer Science, whose study is published in the Nature serial journal Light: Science and Applications.

"By changing the number of layers we can tightly control the band gap, which determines the material's properties, such as the color of LED it would make.

"You can see quite clearly under the microscope the different colors of the sample, which tells you how many layers are there," said Dr. Lu.

Dr. Lu's team found the optical gap for monolayer phosphorene was 1.75 electron volts, corresponding to red light of a wavelength of 700 nanometers. As more layers were added, the optical gap decreased. For instance, for five layers, the optical gap value was 0.8 electron volts, an infrared wavelength of 1550 nanometers. For very thick layers, the value was around 0.3 electron volts, a mid-infrared wavelength of around 3.5 microns.

The behavior of phosphorene in thin layers is superior to silicon, said Dr. Lu.

"Phosphorene's surface states are minimized, unlike silicon, whose surface states are serious and prevent it being used in such a thin state."

SOURCE: Australian National University
胶带是超薄太阳能电池的关键  
研究薄层磷的科学家已经发现令人大吃一惊的属性，该属性为超薄超轻型太阳能电池和发光二极管开辟了道路。

如同诺贝尔奖获得者发现了石墨烯一样，用同样简单的方法，该团队使用胶带创造了单原子厚涂层，被称为正磷。

与石墨烯不同，正磷是半导体，如同硅一样，这是当前电子科技的基础。

卢月瑞博士，来自澳大利亚国立大学 (ANU)，同时也是主要研究人员，他说：“因为正磷太薄太轻，所以它很有可能制造出许多有趣的设备，比如发光二极管和太阳能电池。”

“该物质显示出极具前途的光发射特性。”

黑色晶体形式的磷产生薄层，通过反复使用胶带剥落晶体的薄层，该团队创造出正磷。

同时也创造出比硅更轻更薄的半导体，正磷有光发射特性，随着层厚度的不同特性各异，使得制造更加灵活。

“该种属性在其它物质中从未被报道过。”来自澳大利亚工程和计算机学院的卢博士如是说，他的研究发表在《自然》系列杂志《光：科学和应用》（Light: Science and Applications）。

“通过改变层的数量，我们可以严格控制带隙，这就决定了材料的属性，比如用该种材料制成的LED灯的颜色。”

卢博士说：“显微镜下你可以很明显看到样本的不同颜色，可以告诉你有多少层。”

卢博士团队发现，单层正磷的光学间隙是1.75电子伏特，对应700纳米的红光波长。随着层数的增加，光学间隙减少。比如，五层，光隙值为0.8电子伏特，红外波长为1550纳米。对于厚层而言，光隙值大概为0.3电子伏特，红外波长为3.5微米。

卢博士说，薄层中正磷的功能优于硅。

“与硅不同的是，正磷的表面状态被最小化，硅的表面状态很工整，防止在稀薄的状态中被使用。”

来源：澳大利亚国立大学
New material opens possibilities for super-long-acting pills

Medical devices designed to reside in the stomach have a variety of applications, including prolonged drug delivery, electronic monitoring and weight-loss intervention. However, these devices, often created with non-degradable elastic polymers, bear an inherent risk of intestinal obstruction as a result of accidental fracture or migration. As such, they are usually designed to remain in the stomach for a limited time.

Now, researchers at Massachusetts Institute of Technology (MIT)’s Koch Institute for Integrative Cancer Research and Massachusetts General Hospital (MGH) have created a polymer gel that overcomes this safety concern and could allow for the development of long-acting devices that reside in the stomach, including orally delivered capsules that can release drugs over a number of days, weeks or potentially months following a single administration.

This polymer is pH-responsive: It is stable in the acidic stomach environment but dissolves in the small intestine’s near-neutral pH, allowing for safe passage through the remainder of the gastrointestinal (GI) tract. The material is also elastic, allowing for the compression and folding of devices into easily ingestible capsules—meaning this polymer can be used to create safe devices designed for extremely prolonged residence in the stomach.

“One of the issues with any device in the GI tract is that there’s the potential for an obstruction, which is a medical emergency potentially requiring surgical intervention,” says Koch Institute research affiliate Giovanni Traverso, also a gastroenterologist at MGH and an instructor at Harvard Medical School. “A material like this represents a real advance because it is both safe and stable in the stomach environment.”

Traverso and Robert Langer, the David H. Koch Institute Professor at MIT and a member of the Koch Institute, are the senior authors of a paper in Nature Materials that describes the application of this new polymer gel for creating gastric devices. Shiyi Zhang, a postdoc at the Koch Institute, is the paper’s lead author.

Safely stretching

Designing devices for the stomach is a complicated matter of sizes and shapes. The stomach naturally empties its contents in a matter of hours, so for devices to be retained, they must be wider than the pylorus—the valve at the end of the stomach, about 1.5 to 2 cm in diameter, that allows gastric contents to pass into the small intestine. However, because the most convenient path to deliver these devices is through the esophagus, which is only marginally wider than the pylorus, the researchers were interested in developing a polymer with elastic properties.

“An elastic device can be folded into something small, such as a capsule, and be easily ingested through the esophagus before expanding in the stomach, restoring its original shape,” Zhang says. “When you have a device that’s larger than the pylorus, there’s a much higher probability that it will be retained longer in the stomach.”

But the size and shape of existing devices with elastic polymers have been limited by safety concerns, as there is a greater risk for fracture if a device is too large or too complex. Because of this, the researchers wanted their polymer to also be enteric—or have a mechanism that would enable it to pass through the stomach unaltered before disintegrating in the intestines.

“To lower any possible risk of obstruction, we wanted a material that could dissolve in the intestines, thereby dissociating the device, and safely pass out of the body,” Zhang says.

To create this new material, the researchers synthesized an elastic polymer and combined it in solution with a clinically utilized enteric polymer. Adding hydrochloric acid and centrifuging the solution resulted in a flexible, yet resilient, polymer gel that exhibits both elastic and enteric properties.

The researchers used the gel polycaprolactone (PCL), a nontoxic, degradable polyester, to construct several device prototypes. They first created ring-shaped devices by using the gel to link arcs of PCL in a circular mold. These elastic devices had a diameter of 3 cm—wider than the pylorus—before they were folded into orally ingestible capsules.

In testing the capsules in pigs, the researchers found that the rings expanded into their original shape within 15 min of ingestion and remained in the stomach for up to seven days. After the device passed out of the stomach, the polymer gel dissolved, allowing for the safe passage of the small PCL pieces without obstruction. The researchers also created larger devices in various shapes that could be folded and delivered through the esophagus with the assistance of an endoscope. These devices remained in the stomach for up to five days, after which the gel similarly dissolved, allowing for the remnants of the device to safely pass.

Improving adherence

The combined enteric and elastic properties of this polymer gel could significantly improve the design and adoption of gastric-resident devices. Devices that could incorporate this material include bariatric devices for the treatment of obesity, which control how hungry or full a person feels; ingestible electronics, which can diagnose and monitor a variety of conditions in the GI tract; or extended-release drug-delivery systems that could last for weeks or months after a single administration.

“This delivery system provides a flexible and smooth external covering that slowly disintegrates, which could release drugs or small devices for monitoring and imaging the GI tract,” says Edith Mathiowitz, a professor of medical science and engineering at Brown Univ. who was not involved with this study. “This is a very smart approach.”

In particular, the authors say they are excited for the drug-delivery applications of this technology. With further work in adjusting the polymer composition or the design of the system, they say that they could tailor devices to release drugs over a specific timeframe of up to weeks or months at a time. MIT is negotiating an exclusive license agreement with Lyndra, an early-stage biotechnology company developing novel oral drug-delivery systems, for this and other related technologies.

“I’m delighted to see these new oral systems provide an opportunity that I’ve not seen previously—enabling patients to swallow a single pill that can then act for whatever length of time is desired,” Langer says.

Such single-administration events could improve medication adherence, which remains a major clinical barrier. According to the World Health Organization, patients’ adherence to long-term therapies for chronic illnesses is only 50% in developed countries, with lower rates of adherence in developing nations. Medication non-adherence costs the U.S. an estimated $100 billion every year, the bulk of which comes in the form of unnecessary hospitalizations. The researchers also say that single-administration delivery systems for the radical treatment of malaria and other infections could significantly benefit from these technologies.

In a March 2015 commentary piece in Nature, Traverso and Langer wrote that the GI tract is an area rife with opportunity for prolonged drug delivery in tackling this global health problem. With this new material, which can be used to create extended-release systems via swallowable “pills,” they envision an emerging field of orally delivered devices that can maximize adherence and therapeutic efficacy.

Source: Massachusetts Institute of Technology

新型材料有望制造出超长效药丸
旨在放入人们胃里的医疗器械有多方面用途，包括延长药物服用，电子监视，减肥干预。可是，这些通常由不可降解的弹性聚合物制造的器械不可避免地具有因为意外破损或移动而导致肠梗阻的风险。同样地，它们通常被设计得只能在有限的时间内存在于胃中。
现在，麻省理工大学（MIT）癌症研究所和麻省综合医院（MGH）的研究员们发明了一种聚合物胶体，它能克服这种安全隐患并顾及到了存在于胃里的长效医疗器械的发展，其中包括在数天，数周，甚至数月后才释放药物的口服胶囊。
这种聚合物对酸碱值有反应：考虑到能在胃肠区（GI）的残余物中安全通行，它在胃部酸性环境下十分稳定，但会溶入近中性酸碱度的小肠里。并且这种材料是有弹性的，为了器械能压缩折叠装进可吸收的胶囊里——意味着这种聚合物能被用来制造能在胃里存在超长时间的安全器械。
“任何胃肠区里的器械都存在的问题之一是它们可能导致一个需要进行外科手术的医疗紧急事故，”作为科赫研究所附属研究机构的研究员，同时也是麻省综合医院的胃肠病学家和哈弗大学医学院的讲师，科瓦尼•特拉维尔索说道：“类似这种材料代表了一项真正的进步，因为它在胃部环境里既安全又稳定。”
特拉维尔索和罗伯特•兰格（麻省理工学院大卫•H•科赫研究所教授、科赫研究所的成员）是一篇材料学论文的主要作者，这篇论文描述了由这种新型聚合物胶体制造的胃部器械的应用。科赫研究所的博士后张世艺是这篇论文的第一作者。
安全拉伸
设计用于胃部的器械的尺寸和形状是一件十分复杂的事情。胃消化完里面的东西只需要几个小时，因此为了能在胃里保留，这些器械必须比幽门（胃底部的瓣膜，直径约1.5.至2厘米，胃里的东西通过这里到达小肠）宽。然而，因为将器械送进胃里最方便的通道是食道，而食道只比幽门稍微宽一点，研究者们对发明一种有弹性的聚合物很感兴趣。
“一种有弹性的器械能被折叠成一个很小的形状，例如胶囊，轻松地从食道咽下，然后在胃里展开，恢复成它原来的形状，”张世艺说。“当器械的尺寸比幽门大时，有很大的可能性它将会在胃里保存很长一段时间。”
但是现有的由弹性聚合物制造的器械的尺寸和形状由于安全隐患而受到了限制，因为如果器械太大或者形状太复杂，它就有较大风险破裂。因此，研究者们希望他们的聚合物能溶入肠里，或者能有一种机制使它在通过胃，在肠道里分解前，都保持同一个样子。
“为了降低任何可能形成阻碍的风险，我们想要一种可以溶入肠里的材料，从而分解这器械，然后安全地排出人体，”张世艺说。
为了创造这种新型材料，研究者们合成了一种弹性聚合物并将它和一种临床肠溶聚合物在溶解状态中结合在一起。加入盐酸离心此溶液得到了一种易弯曲、能回弹的聚合物胶体，它既有弹性又具肠溶性。
研究者们利用这种无毒可降解的聚乙酸内酯（PCL）胶体，建造了数个器械雏型。他们最开始用这种胶体连接圆形模具做出的PCL弧，制造出了环形的器械。这些有弹性的器械在折叠进口服胶囊前，其直径达3厘米（比幽门更宽）。
通过在猪身上测试这种胶囊，研究者们发现这种环形器械能在咽下15分钟以内展开成它原来的形状，并在胃里保留长达7天。当器械被排出胃后，聚合物溶解了，为这微小的PCL碎片安全通过留出了余地。研究者们还创造了各种形状的更大的器械，它们能被折叠然后在内窥镜的帮助下通过食道被送进胃里。这些器械能在胃里保留长达五天，在那之后这些胶体同样地溶解，使器械的残留物安全地排出体外。
改善依从性
这种兼具肠溶性和弹性的聚合物显著地改善了保留在胃部的器械的设计和采纳。包含这种材料的器械包括用于治疗过度肥胖的肥胖症治疗学器械（控制人类对饥饿程度的感知）、可吸收的电子产品（用于诊断监控胃肠区的各种情况）和可以在单次用药后持续数周或数月的缓释剂药物输送体系。
“这种输送体系提供了一种灵活光滑的外部覆盖物，它能释放药物或者监控并显示胃肠区图像的器械，”并没有参与这项研究的布朗大学医学兼工程学教授伊迪斯•马西薇姿说道。“这是做一个非常聪明的方法。”
特别地，作者说他们对使用这种科技的药物输送应用感到十分兴奋。在调整这种聚合物成分和设计运输体系的进一步工作中，他们说他们能跟踪这些器械，使它们在数周或数月内按照特殊的时间表释放药物。麻省理工大学正在和里德（一家发展新型口服药物输送体系的早期生物技术公司）就这项技术和与其相关的其他技术谈判一份独家许可证协议。
“我很高兴看到这些新型口服体系提供了一个我以前从未见过的机会——使病人仅仅吞咽一片药丸就能在任何所需的时间里起效，”兰格说。
这种单一管理的事件能改善药物治疗依从性，它导致了主要临床障碍。世界卫生组织表示，在发达国家只有50%病人的坚持对慢性疾病进行长期治疗，在发展中国家这一比率更低。非依从性的药物治疗使美国每年损失预计一千亿美元，大多数是由于不必要的住院治疗。研究者们还说对疟疾和其他传染病的根治，使用这种技术的单一管理传输系统能显著地带来好处。
在《自然》杂志2015年3月的评论部分，特尔拉威尔索和兰格写道：胃肠区充斥着延长药物输送的机会，从而处理这个全球性的健康问题。伴随这种能用于创造口服“药丸”缓释剂体系的新型材料，他们预想着由能最大化依从性和治疗效能的口服器械构成的新兴领域。
来源：麻省理工大学 
Organic & Polymer（有机高分子材料）
Mighty Mussel Glue for Surgery

Inspired by biological functions seen in mussels and insects, Korean scientists have manufactured a nontoxic surgical glue, which seals surgical openings within one minute, and may become a viable replacement for sutures and staples.

Mussels, according to Live Science, use silky fibers known as byssus threads to attach themselves to underwater surfaces. Researchers later determined a part of the “mussel ‘glue’ molecule, called catechol, pushes water molecules out of the way to bind directly to (a) wide variety of surfaces,” according to the American Chemical Society. The researchers said the discovery could lead to developing adhesives that work underwater and in the body.

Pohang Univ. of Science and Technology Prof. Hyung Joon Cha and his student Eun Young Jeon report their light-activated, mussel-based bioadhesive, called LAMBA, is compatible with the human body and strong in wet conditions.

“LAMBA opens numerous doors for medical practices, ranging from blocking air leaks and suture-less wound closures of delicate organs (to) tissues beyond surgeons’ reach,” Cha said. The scientists’ findings were reported in Biomaterials.

Unlike previous attempts utilizing mussel adhesive proteins (MAP), Cha and Jeon’s method, through a photochemical reaction, uses blue visible light to activate the adhesive. The idea came from dityrosine crosslinks found in dragonfly wings and insect cuticles.

An illustration from the university shows MAP strands dotted with tyrosine. When blue visible light is applied, neighboring tyrosine are coupled into the aforementioned dityrosine crosslinks.

According to the university, “the invasive nature of traditional methods,” such as sutures and staples, is a drawback due to severe tissue damage, complicated post-treatment management and scars.

According to the university, biologically derived adhesives, such as LAMPA, have an advantage over chemically derived adhesives, such as cyanoacrylates. According to Medscape.org, cyanoacrylates are only used externally, as they cause an “intense inflammatory response” when in contact with surfaces other than skin.  

The paper is based on tests performed on animals.
用于手术的强有力的贻贝胶  

受到在贻贝和昆虫中发现的生物学功能的启发，韩国科学家们已经制造出了无毒手术脱水，它能够在一分钟内密封手术创口，并且有可能成为一种缝线和U型钉的可行替代品。
根据《现场科学》（Live Science），贻贝利用一种称为足丝的柔滑纤维将它们自己依附在水下表面。后来，据美国化学学会表述，研究人员确定了一部分“贻贝‘胶水’的分子，称为儿茶酚，其将水分子排出与各种表面直接结合在一起”。研究人员表示，这一发现可能会使我们制造出在用于水下及身体内部的粘合剂。 
浦项大学科学技术系教授查亨俊（音）和他的学生全恩英（音）报告称，他们称之为LAMBA的光激活贻贝生物附着性能够与人体相容，并且在潮湿条件下附着力很强。
“LAMBA为多个医疗实践打开了大门，从堵塞漏气到外科医生无法到达的娇嫩脏腑组织无缝线伤口的密封，”查表示。这些科学家们的研究结果发表于《生物材料》。

不像之前利用贻贝粘附蛋白（MAP）进行的尝试，查和全的方法，通过光化学反应，利用蓝色可见光来激活粘合剂。这个想法来自于在蜻蜓翅膀和昆虫的角质层发现的二酪氨酸交联。

该大学的一张插图显示出MAP部分零星分布着酪氨酸。当蓝色可见光被施加时，相邻的酪氨酸被耦合到上述的二酪氨酸交联中。

据该大学称，由于严重的组织损伤、复杂的后处理管理以及疤痕，“传统方式的侵入性”，例如缝合线和订钉是一个缺点。

据该大学称，生物衍生的粘合剂，例如LAMPA，具有优于像氰基丙烯酸酯这样化学衍生的粘合剂的优势。据Medscape.org显示，氰基丙烯酸盐粘合剂仅被用于外部，因为当它们与皮肤以外的其他表面接触时会产生一个“强烈的炎症反应”。

本文是根据对动物进行的测试撰写的。

Smart hydrogel coating creates “stick-slip” control of capillary action
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Close-up image shows water from a droplet moving into a narrow glass tube that has been coated on the inside with a hydrogel material. Image: John Toon, Georgia Tech
Coating the inside of glass microtubes with a polymer hydrogel material dramatically alters the way capillary forces draw water into the tiny structures, researchers have found. The discovery could provide a new way to control microfluidic systems, including popular lab-on-a-chip devices.

Capillary action draws water and other liquids into confined spaces such as tubes, straws, wicks and paper towels, and the flow rate can be predicted using a simple hydrodynamic analysis. But a chance observation by researchers at the Georgia Institute of Technology will cause a recalculation of those predictions for conditions in which hydrogel films line the tubes carrying water-based liquids.

“Rather than moving according to conventional expectations, water-based liquids slip to a new location in the tube, get stuck, then slip again—and the process repeats over and over again,” explained Andrei Fedorov, a professor in the George W. Woodruff School of Mechanical Engineering at Georgia Tech. “Instead of filling the tube with a rate of liquid penetration that slows with time, the water propagates at a nearly constant speed into the hydrogel-coated capillary. This was very different from what we had expected.”

The findings resulted from research sponsored by the Air Force Office of Scientific Research (AFOSR) through the BIONIC center at Georgia Tech, and were reported in Soft Matter.

When the opening of a thin glass tube is exposed to a droplet of water, the liquid begins to flow into the tube, pulled by a combination of surface tension in the liquid and adhesion between the liquid and the walls of the tube. Leading the way is a meniscus, a curved surface of the water at the leading edge of the water column. An ordinary borosilicate glass tube fills by capillary action at a gradually decreasing rate with the speed of meniscus propagation slowing as a square root of time.

But when the inside of a tube is coated with a very thin layer of poly(N-isopropylacrylamide), a so-called “smart” polymer (PNIPAM), everything changes. Water entering a tube coated on the inside with a dry hydrogel film must first wet the film and allow it to swell before it can proceed farther into the tube. The wetting and swelling take place not continuously, but with discrete steps in which the water meniscus first sticks and its motion remains arrested while the polymer layer locally deforms. The meniscus then rapidly slides for a short distance before the process repeats. This “stick-slip” process forces the water to move into the tube in a step-by-step motion.

The flow rate measured by the researchers in the coated tube is three orders of magnitude less than the flow rate in an uncoated tube. A linear equation describes the time dependence of the filling process instead of a classical quadratic equation which describes filling of an uncoated tube.

“Instead of filling the capillary in a hundredth of a second, it might take tens of seconds to fill the same capillary,” said Fedorov. “Though there is some swelling of the hydrogel upon contact with water, the change in the tube diameter is negligible due to the small thickness of the hydrogel layer. This is why we were so surprised when we first observed such a dramatic slow-down of the filing process in our experiments.”

The researchers—who included graduate students James Silva, Drew Loney and Ren Geryak and senior research engineer Peter Kottke—tried the experiment again using glycerol, a liquid that is not absorbed by the hydrogel. With glycerol, the capillary action proceeded through the hydrogel-coated microtube as with an uncoated tube in agreement with conventional theory. After using high-resolution optical visualization to study the meniscus propagation while the polymer swelled, the researchers realized they could put this previously unknown behavior to good use.

Water absorption by the hydrogels occurs only when the materials remain below a specific transition temperature. When heated above that temperature, the materials no longer absorb water, eliminating the “stick-slip” phenomenon in the microtubes and allowing them to behave like ordinary tubes.

This ability to turn the stick-slip behavior on and off with temperature could provide a new way to control the flow of water-based liquid in microfluidic devices, including labs-on-a-chip. The transition temperature can be controlled by varying the chemical composition of the hydrogel.

“By locally heating or cooling the polymer inside a microfluidic chamber, you can either speed up the filling process or slow it down,” Fedorov said. “The time it takes for the liquid to travel the same distance can be varied up to three orders of magnitude. That would allow precise control of fluid flow on demand using external stimuli to change polymer film behavior.”

The heating or cooling could be done locally with lasers, tiny heaters, or thermoelectric devices placed at specific locations in the microfluidic devices.

That could allow precise timing of reactions in microfluidic devices by controlling the rate of reactant delivery and product removal, or allow a sequence of fast and slow reactions to occur. Another important application could be controlled drug release in which the desired rate of molecule delivery could be dynamically tuned over time to achieve the optimal therapeutic outcome.

In future work, Fedorov and his team hope to learn more about the physics of the hydrogel-modified capillaries and study capillary flow using partially-transparent microtubes. They also want to explore other “smart” polymers which change the flow rate in response to different stimuli, including the changing pH of the liquid, exposure to electromagnetic radiation, or the induction of mechanical stress – all of which can change the properties of a particular hydrogel designed to be responsive to those triggers.

“These experimental and theoretical results provide a new conceptual framework for liquid motion confined by soft, dynamically evolving polymer interfaces in which the system creates an energy barrier to further motion through elasto-capillary deformation, and then lowers the barrier through diffusive softening,” the paper’s authors wrote. “This insight has implications for optimal design of microfluidic and lab-on-a-chip devices based on stimuli-responsive smart polymers.”

Source: Georgia Institute of Technology
智能水凝胶涂层对毛细作用的“粘滑”控制 
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特写图像展示了一个进入内部涂有水凝胶材料的窄玻璃管内的微滴中的水。图片提供：佐治亚理工学院约翰•图恩

研究人员发现，在玻璃管内部涂上聚合物凝胶材料会显著改变令水变成微小结构的毛细力的方式。这一发现可能会为控制微流体系统提供一种新的方式，包括流行的实验室单芯片器件。

毛细作用能够令水和其他液体进入密闭的空间，例如管、吸管、灯芯和纸巾，并且该流速可以通过简单的流体动力学分析来进行预测。但是，佐治亚技术研究所的研究人员进行的机遇观察将导致这些有关携带水基液体的水凝胶膜管的条件的预测得到重新计算。

“与其按常规预期来移动，水基液体首先滑落到管内的一个新位置上，卡住，然后再次进行滑落——这个过程会反复呈现，”佐治亚理工学院乔治•W•伍德拉夫机械工程学院的教授安德烈•弗奥多罗夫表示。“与以一个随着时间会逐渐减慢的液体渗透速率进行填充不同，水传播几乎是以恒定的速度进入水凝胶膜毛细管。这与我们所预期的有很大不同。”

由科学研究空军办公室（AFOSR）资助的通过佐治亚理工学院仿生中心进行的研究所获得的结果发表于《软物质》（Soft Matter）杂志。

当一个薄玻璃管的开口暴露于水的液滴之中时，液体开始流入管中，受到了液体的表面张力和液体与管壁之间的粘附力的结合动力的推动。领出的路为弯月形，水柱前缘水的曲面。一个普通的硼硅玻璃管通过毛细作用随着一个在时间平方根下减慢的弯月传播速率而逐渐减慢的速率进行填充。

但是，当一个管内涂上了一层很薄的聚（N-异丙基丙烯酰胺），所谓的“智能”聚合物（PNIPAM），一切都发生了变化。进入内部涂有干水凝胶膜的水必须要先润湿该膜，并且在其能够进一步进入该管道之前令该膜膨胀。该润湿和膨胀并不是连续发生的，而是通过水弯月面的首次粘着的离散步骤，其动态在聚合物层局部变形的同时仍然保持被捕捉状态。然后弯月速度在该过程重复之前滑动一段很短的距离。这种“粘滑”过程令水以一个分步运动进入到管中。

研究人员在涂覆管内测量的流速要比在未涂覆管内测得的流速低三个数量级。线性方程描述了该填充过程的时间依赖性，而描述未涂覆管的填充的通常是二次方程。

“与在一百分之一妙填充毛细管不同，它可能需要数十秒的时间来填充同一毛细管，”费奥多罗夫表示。“虽然在与水接触时水凝胶会有一些膨胀，但是由于水凝胶层的微小厚度，管直径的变化是可以忽略的。这就是为什么当我们首次在我们的实验室中发现填充过程这一戏剧性的放缓而感到非常惊讶的原因了。

研究人员——包括研究生詹姆斯•席尔瓦、德鲁•罗尼和任•戈雅以及高级研究工程师彼得•科特基——利用甘油重新进行了该实验，甘油是一种不被水凝胶吸收的液体。运用甘油，通过水凝胶酒涂覆微管以及未涂覆管进行的毛细作用与常规理论是一致的。在利用高分辨率的光学可视化在聚合物膨胀时研究半月传播之后，研究人员意识到，他们可以将这个以前未知的行为进行很好地利用。

当材料维持在一个低于特定转变温度下时水凝胶的吸水性就会发生。当加热至高于该温度时，该材料不再吸收水分，消除微管内“粘滑”现象，并且令它们表现得像普通管一样。

这种通过温度来开关粘滑行为的能力可能会提供一个新的方法来控制在微流体设备中的水基液体的流动，包括芯片实验室。转变温度可以通过改变水凝胶的化学组成来控制。

“通过在微流控室内对聚合物进行局部加热或冷却，您可以加快或放缓灌装过程，”费奥多罗夫表示。“液体流经相同距离所花费的时间可以变化高达三个数量级。这将允许利用外部刺激来改变聚合物膜的行为从而根据需求对液体流动进行精确控制。”

加热和冷却可以通过激光、微波加热器或是放置在微流体设备特定位置的热电装置在局部进行。

这可能会通过控制反应物输送以及产物移除的速率在微流体装置中对反应进行精确定时，或者令一系列快速和慢速反应发生。另一个重要的应用可能是控制药物的释放，其分子递送所需的速度可以随着时间得到动态调节从而达到最佳的治疗效果。

在今后的工作中，费奥多罗夫和他的团队希望能够更多地了解水凝胶改性毛细血管的物理现象并且利用部分透明的微管来研究毛细流动。他们也希望探索其他会根据不同的刺激而改变流速的“智能”聚合物，包括液体不断变化的pH，暴露于电磁辐射或是机械应力的感应——所有这些都能够改变一个专门用来对这些触发器产生反应的水凝胶的属性。

“这些实验室和理论结果为受到模糊的动态发展聚合物界面局限的液体动态提供了一个新的概念框架，在模糊的动态发展聚合物界面中，该系统通过弹塑性毛细管变形对进一步的动作创造了一个能量垫垒，并且在之后通过扩散软化来降低该壁垒，”该文章的作者写道。“这种洞察力对微流体以及基于刺激响应智能聚合物的芯片实验室设备的优化设计具有一定的影响。”

资料来源：美国佐治亚理工学院 
E-Material（电子材料）
Boxfish shell inspires new materials for body armor, flexible electronics
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The boxfish gets its name from its boxy shape (left). Its carapace (or shell) is composed of several hexagonal scutes that provide body support and armored protection (center). These scutes are connected by tooth-like joints called sutures, which provide some level of combined strength and flexibility (right). Image: Jacobs School of Engineering/UC San Diego
The boxfish’s unique armor draws its strength from hexagon-shaped scales and the connections between them, engineers at the Univ. of California, San Diego, have found.

They describe their findings and the carapace of the boxfish (Lactoria cornuta) in Acta Materialia. Engineers also describe how the structure of the boxfish could serve as inspiration for body armor, robots and even flexible electronics.

“The boxfish is small and yet it survives in the ocean where it is surrounded by bigger, aggressive fish, at a depth of 50 to 100 m,” said Wen Yang, a UC San Diego alumna now working at Swiss Federal Institute of Technology in Zurich in Switzerland and the paper’s first author. “After I touched it, I realized why it can survive - it is so strong but at the same time so flexible.”

The boxfish’s hard frame and flexible body make it an ideal animal to study for inspiration for armor materials. The hexagon-shaped scales are called scutes. They are connected by sutures, similar to the connections in a baby’s skull, which grow and fuse together as the baby grows.

Most fish have overlapping scales, said Steven Naleway a materials science and engineering PhD student and co-author on the paper. “That means that there are no weak points, should a bite from a predator land exactly in between scales,” he said. “We are currently investigating what mechanical advantage scutes and sutures might provide. We know that the boxfish has survived for 35 million years with this armor, so the design has proved very successful in nature.”

Each hexagonal scale, or scute, has a raised, star-like structure in the center that distributes stress across the entire surface. Under the scutes, the team found an inner layer that forms a complex structure in which collagen fibers interlock. This structure creates a flexible inner layer in the armor, which is difficult to penetrate due to the interlocking collagen fibers. Together, the outer and inner layers of the boxfish armor provide the fish with protection unique in the natural world.

The team also tested the scutes’ ability to withstand tension by pulling them apart both horizontally and vertically, as well as their ability to withstand penetration. “We were able to demonstrate that even if a predator manages to generate a crack in the outer layer, the collagen fibers will help to prevent the structure from failing,” said Yang. Her current research focuses on the characterization of bio-inspired materials.  

Meanwhile, the connections between the scutes, called sutures, make the armor even stronger. Upon impact, the sutures’ zigzag patterns essentially lock in and keep the scutes from breaking apart. These sutures are different from many of those found elsewhere in nature, Naleway said.

“The most common form of suture structures in nature are those that have a roughly triangular shape and consist of two important components: rigid suture teeth and a compliant interface,” he said. “To the best of our knowledge, there is no compliant phase in the interface of the boxfish’s sutures. In addition, the teeth themselves have a much lower aspect ratio—meaning that they are shorter and wider—than most other examples.”

“Our approach is unique as we use engineering principles to understand the biological design,” said professor Joanna McKittrick, a materials science expert and one of the senior authors on the paper.

Researchers used scanning electron microscopy to characterize the surface structure of the scutes. They also took cross sections and used micro-computer tomography to characterize the dense regions. The results of mechanical testing left the researchers wanting to know why the boxfish would choose a design that excluded overlapping scales.

“These damage-resisting structures have evolved for millions of years in nature and are being studied with support of the U.S. Air Force to hopefully guide us to bioinspired designs that will offer more protection against impact than our conventional ones,” said Marc Meyers, one of the two senior authors on the paper and Distinguished Professor of Materials Science at UC San Diego.

Source: Univ. of California, San Diego
用于防弹衣及软性电子产品的新型材料 
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盒子鱼得名于其四四方方的外形（如左图所示）。它的背甲（或称为壳）是由一些六边形鳞甲组成的，这些鳞甲可以提供身体支撑和盔甲防护（如中间图片所示）。这些鳞甲是由被称为缝线的牙齿一样的关节连接起来的，这种连接提供了一定程度的结合强度和柔韧性（如右图所示）。图片来源：加州大学圣地亚哥分校/雅各布斯工程学院

加州大学圣地亚哥分校的工程师们已经发现，盒子鱼这种独特的盔甲使其可以从六边形鳞片以及鳞片之间的连接处汲取力量。

他们在Acta Materialia期刊上刊文描述了他们的发现和盒子鱼（Lactoria cornuta）的背甲。工程师们还描述了盒子鱼的结构如何可以作为制造防弹衣、机器人甚至软性电子产品的灵感。

“盒子鱼很小，但是它却能在50米-100米的海洋中生存，那里到处都是更大、更具攻击性的鱼，”加州大学圣地亚哥分校校友Wen Yang（她现就职于瑞士苏黎世的瑞士联邦技术研究所，是该论文的第一作者）表示，“在我摸到它之后，我明白了它为什么能够存活下来——它如此强大，同时还很具柔韧性。”

盒子鱼坚硬的骨架以及灵活的身体使它成为人们为获得装甲材料的灵感而研究的理想动物。六边形的鳞片被称为鳞甲。它们通过缝线相连接，类似于婴儿头颅的连接形式——随着婴儿的成长，连接处也一起成长和融合。

大多数鱼有重叠的鳞片，一位材料科学和工程学博士生、该论文的合作者Steven Naleway说，“这意味着没有任何弱点，要是捕食者恰好咬在两个鳞片之间呢，”他表示，“我们目前正在调查鳞甲和缝线可能会提供什么样的机械优势。我们知道，盒子鱼穿着这件盔甲已经存活了3500万年了，所以这种设计被证明在自然界中是很成功的。”

每个六边形鳞片（或者称作壳）在中间部位都有一个凸起的、类似星形的结构，这种结构可以沿整个表面分散压力。在鳞甲下面，该研究小组发现了一个内层，这个内层形成了一个包含胶原纤维联锁的复杂结构。这种结构在盔甲中创造了一个颇具柔韧性的内层，由于联锁胶原纤维的存在，鳞片很难被穿透。盒子鱼盔甲的外层和内层一起为盒子鱼提供了一个在自然界中很独特的保护。

该小组还通过在水平和垂直方向拉鳞甲来测试其承受拉力和渗透力的能力。Yang 说：“我们能够证明，即使捕食者设法在鳞甲外层造成了裂缝，内部的胶原纤维也将有助于防止整个鳞甲完全坏蛋。”她目前的研究主要集中在描述仿生材料的特征上。

同时，鳞甲之间的连接（称为缝线）也让整个盔甲更强大。受到冲击时，缝线的锯齿形图案基本可以锁定冲击力，并防止鳞甲分崩离析。Naleway说，这些缝线与很多在自然界其他地方发现的缝线不太一样。

“自然界中最常见的缝线结构有一个类似三角形的形状，并且由两个重要部分组成：刚性缝线牙齿和一个兼容的接口，”他说，“据我们所知，在盒子鱼的缝线的接口中没有兼容部分。此外，牙齿本身具有比其他大多数例子低得多的纵横比——这意味着它们更短、更宽。”

材料科学专家、该论文的资深作者之一Joanna McKittrick 教授说：“我们的方法是独一无二的，因为我们使用工程原理来理解生物设计。”

研究人员运用扫描电子显微镜来描绘鳞甲表面结构的特征。他们还截取了横截面，并用微型计算机断层扫描来描述密集区域的特征。机械测试的结果让研究人员想知道，为什么盒子鱼会选择一个非重叠鳞片的设计。

该论文的两位资深作者之一、加州大学圣地亚哥分校材料科学学院特聘教授Marc Meyers 说：“这些抵制损伤的结构已经在自然界中进化了数百万年，并且正在美国空军的支持下得到研究，美国空军指导我们仿生设计的研究，希望这类设计可以比我们的传统设备提供更好的抗冲击保护。”

资料来源：加州大学圣地亚哥分校 
Making the new silicon

An exotic material called gallium nitride (GaN) is poised to become the next semiconductor for power electronics, enabling much higher efficiency than silicon.

In 2013, the U.S. Dept. of Energy (DOE) dedicated approximately half of a $140 million research institute for power electronics to GaN research, citing its potential to reduce worldwide energy consumption. Now MIT spinout Cambridge Electronics Inc. (CEI) has announced a line of GaN transistors and power electronic circuits that promise to cut energy usage in data centers, electric cars and consumer devices by 10 to 20% worldwide by 2025.

Power electronics is a ubiquitous technology used to convert electricity to higher or lower voltages and different currents—such as in a laptop’s power adapter, or in electric substations that convert voltages and distribute electricity to consumers. Many of these power-electronics systems rely on silicon transistors that switch on and off to regulate voltage but, due to speed and resistance constraints, waste energy as heat.

CEI’s GaN transistors have at least one-tenth the resistance of such silicon-based transistors, according to the company. This allows for much higher energy-efficiency, and orders-of-magnitude faster switching frequency—meaning power-electronics systems with these components can be made much smaller. CEI is using its transistors to enable power electronics that will make data centers less energy-intensive, electric cars cheaper and more powerful, and laptop power adapters one- third the size—or even small enough to fit inside the computer itself.

“This is a once-in-a-lifetime opportunity to change electronics and to really make an impact on how energy is used in the world,” says CEI co-founder Tomás Palacios, an MIT associate professor of electrical engineering and computer science who co-invented the technology.

Other co-founders and co-inventors are Anantha Chandrakasan, the Joseph F. and Nancy P. Keithley Professor in Electrical Engineering, now chair of CEI’s technical advisory board; alumnus Bin Lu SM ’07, PhD ’13, CEI’s vice president for device development; Ling Xia PhD’12, CEI’s director of operations; Mohamed Azize, CEI’s director of epitaxy; and Omair Saadat PhD ’14, CEI’s director of product reliability.

Making GaN feasible

While GaN transistors have several benefits over silicon, safety drawbacks and expensive manufacturing methods have largely kept them off the market. But Palacios, Lu, Saadat and other MIT researchers managed to overcome these issues through design innovations made in the late 2000s.

Power transistors are designed to flow high currents when on, and to block high voltages when off. Should the circuit break or fail, the transistors must default to the “off” position to cut the current to avoid short circuits and other issues—an important feature of silicon power transistors.

But GaN transistors are typically “normally on”—meaning, by default, they’ll always allow a flow of current, which has historically been difficult to correct. Using resources in MIT’s Microsystems Technology Laboratory, the researchers—supported by Department of Defense and DOE grants—developed GaN transistors that were “normally off” by modifying the structure of the material.

To make traditional GaN transistors, scientists grow a thin layer of GaN on top of a substrate. The MIT researchers layered different materials with disparate compositions in their GaN transistors. Finding the precise mix allowed a new kind of GaN transistors that go to the off position by default.

“We always talk about GaN as gallium and nitrogen, but you can modify the basic GaN material, add impurities and other elements, to change its properties,” Palacios says.

But GaN and other nonsilicon semiconductors are also manufactured in special processes, which are expensive. To drop costs, the MIT researchers—at the Institute and, later, with the company—developed new fabrication technologies, or “process recipes,” Lu says. This involved, among other things, switching out gold metals used in manufacturing GaN devices for metals that were compatible with silicon fabrication, and developing ways to deposit GaN on large wafers used by silicon foundries.

“Basically, we are fabricating our advanced GaN transistors and circuits in conventional silicon foundries, at the cost of silicon. The cost is the same, but the performance of the new devices is 100 times better,” Lu says.

Major applications

CEI is currently using its advanced transistors to develop laptop power adaptors that are approximately 1.5 cubic inches in diameter—the smallest ever made.

Among the other feasible applications for the transistors, Palacios says, is better power electronics for data centers run by Google, Amazon, Facebook and other companies, to power the cloud.

Currently, these data centers eat up about 2% of electricity in the U.S. But GaN-based power electronics, Palacios says, could save a very significant fraction of that.

Another major future application, Palacios adds, will be replacing the silicon-based power electronics in electric cars. These are in the chargers that charge the battery, and the inverters that convert the battery power to drive the electric motors. The silicon transistors used today have a constrained power capability that limits how much power the car can handle. This is one of the main reasons why there are few large electric vehicles.

GaN-based power electronics, on the other hand, could boost power output for electric cars, while making them more energy-efficient and lighter—and, therefore, cheaper and capable of driving longer distances. “Electric vehicles are popular, but still a niche product. GaN power electronics will be key to make them mainstream,” Palacios says.

Innovative ideas

In launching CEI, the MIT founders turned to the Institute’s entrepreneurial programs, which contributed to the startup’s progress. “MIT's innovation and entrepreneurial ecosystem has been key to get things moving and to the point where we are now,” Palacios says.

Palacios first earned a grant from the Deshpande Center for Technological Innovation to launch CEI. Afterward, he took his idea for GaN-based power electronics to Innovation Teams (i-Teams), which brings together MIT students from across disciplines to evaluate the commercial feasibility of new technologies. That program, he says, showed him the huge market pull for GaN power electronics, and helped CEI settle on its first products.

“Many times, it’s the other way around: You come out with an amazing technology looking for an application. In this case, thanks to i-Teams, we found there were many applications looking for this technology,” Palacios says.

For Lu, a key element for growing CEI was auditing Start6, a workshop hosted by the Dept. of Electrical Engineering and Computer Science, where entrepreneurial engineering students are guided through the startup process with group discussions and talks from seasoned entrepreneurs. Among other things, Lu gained perspective on dividing equity, funding, building a team, and other early startup challenges.

“It’s a great class for a student who has an idea, but doesn’t know exactly what’s going on in business,” Lu says. “It’s kind of an overview of what the process is going to be like, so when you start your own company you are ready.”

Source: Massachusetts Institute of Technology
制造新型硅

一种被称为氮化镓（GaN）的特殊材料，有望成为共未来电力电子设备使用的半导体，它的效率比硅更高。

2013年，美国能源部门（DOE）专门将大约1.4亿美元研究资金的一半用来进行氮化镓的电力电子研究，理由是它有降低全球能源消耗的潜力。现在，由麻省理工学院独立出来的剑桥电子公司（CEI）已经宣布了一系列氮化镓晶体管和电力电子电路，使用这些设备能够保证在2025年之前，将全球的数据中心、电动汽车和消费者电子设备的能源使用量下降10%-20%。

电力电子是一种普遍存在的技术，它是用来将电力转换成更高或更低的电压和不同的电流的——比如用在笔记本电脑的电源适配器中，或者用在转换电压和分配电力给消费者的变电站重。许多这种电力电子系统都依赖于通过接通和断开来调节电压的硅晶体管，但是由于速度和电阻的限制，会由于发热浪费能量。

据剑桥电子公司称，他们的氮化镓晶体管最少只有那种基于硅的晶体管十分之一的电阻。这可以带来更高的能量效率以及按数量级别提高的转换频率——意味着使用这些部件的电力电子系统可以制作地更小。CEI正利用其晶体管支持电力电子，它将降低数据中心的能源密集度，使电动车更便宜、功能更强大，还可以将笔记本电脑电源适配器的体积减小到现在的三分之一——甚至小到可以放进电脑里面。

CEI联合创始人、共同发明这项技术的麻省理工学院电子工程和计算机科学系的副教授Tomás Palacios说： “这是我们改变电子产品、真正对世界能源使用方式产生影响的一次千载难逢的机会。”

其他联合创始人和共同发明人有：电气工程Joseph F.与Nancy P. Keithley教授、现任CEI技术顾问委员会主席的Anantha Chandrakasan；07届科学硕士、13届的博士兼CEI设备开发部副总裁的Bin Lu校友；12届博士兼CEI运营总监Ling Xia； CEI外延主任Mohamed Azize；以及14届博士兼CEI产品可靠性主任Omair Saadat。

使氮化镓可行 

尽管氮化镓晶体管相对于硅而言有一些好处，但是安全性的问题和昂贵的制造方法在很大程度上使它们不能进入市场。不过，Palacios、Lu、Saadat以及其他麻省理工学院的研究人员在20世纪末期设法通过一些创新设计解决这些问题。

设计电力晶体管是为了在接通时使大电流通过，在关闭时阻碍高电压，如果断线或出了问题，晶体管必须默认在“关闭”状态，以切断电流防止短路或其他问题——这是硅电力晶体管的一个重要特征。

但是，氮化镓晶体管通常都是“正常接通的”——这意味着，在默认状态下，它们会一直允许电流通过的，这在历史上一直都是个难以解决的难题。研究人员利用麻省理工学院微系统技术实验室的资源——受国防部和能源部的资助——开发了通过修改材料结构而使其“通常关闭”的氮化镓晶体管。

为了制作传统的氮化镓晶体管，科学家在基片的顶部植入了一个氮化镓薄层。麻省理工学院的研究人员在他们的氮化镓晶体管中分层堆积了不同成分的材料，以寻找可以让这种新型氮化镓晶体管在默认状态下处于“关闭”位置的确切组合。

Palacios 说：“我们谈论氮化镓总是把它看做镓和氮，但是你可以通过修改基本的氮化镓材料——比如添加杂志和其他元素——来改变它的属性。”

但是氮化镓和其他非硅半导体也是在特殊工艺中制成的，这种制作工程是很昂贵的。Lu说，为了降低成本，麻省理工学院的研究人员——一开始在研究所，后来在公司——开发了新的制造技术，或者说“工艺配方”。这包括（除其他事项外）将制作氮化镓设备用的黄金金属换成与制造硅兼容的金属，并且开发可以在硅代工厂使用的大型晶片上存放氮化镓的方法。

Lu说：“基本上，我们现在是在传统的硅代工厂，以硅的成本制造我们先进的氮化镓晶体管和电路，成本是相同的，但是新设备的性能却好了100倍。”

主要用途

CEI目前正在用其先进的晶体管开发直径大约1.5立方英寸的笔记本电脑的电源适配器——史上最小的电源适配器。

Palacios说，在其他使用晶体管的应用中，对于谷歌、亚马逊、Facebook和其他公司运营的数据中心来讲，氮化镓晶体管是更好的给云中心供电的电力电子系统。

目前，这些数据中心要消耗掉美国2%的电力。但是Palacios说，基于氮化镓的电力电子可以节省其中很大的一部分消耗。

Palacios补充说，氮化镓另一个主要的应用前景，是将取代电动汽车中基于硅的电力电子，这些电力电子在给电池充电的充电器中，也在那些转换电池电力以驱动电动机的逆变器中。目前使用的硅晶体管电力容量有限，这就限制了汽车可以使用的电力。这也是缺少大电力汽车的主要原因之一。

然而，基于氮化镓的电力电子可以提高电动车的电力输出，同时可以让它们更节能、更轻便——因此，更便宜，并可以开更长的距离。Palacios说：“电动汽车很受欢迎，但仍然是一个小众产品。氮化镓电力电子将是使其成为主流的关键。”

创新的理念

在启动CEI的同时，麻省理工学院的创始人转向了研究所的创业计划，这将有助于公司启动的进程。Palacios说：“麻省理工学院的创新和创业生态系统是推动事情前进并走到我们现在这个位置的关键。”

Palacios为了启动CEI，第一次从Deshpande技术创新中心获得了一笔津贴。随后，他把他制造基于氮化镓的电力电子的想法带到了创新团队（i-Teams），该团队汇集了麻省理工学院各个专业的学生来聘雇这项新技术的商业可行性。他说，那个项目向他展示了推广氮化镓电力电子的巨大市场，并帮助CEI确定了它的第一批产品。

“很多时候，事实与你所设想的——你拿出了一个惊人的技术，寻找可以应用的地方——恰好相反。在这种情况下，多亏了i-Teams，我们发现有很有应用正在寻找这种技术。”Palacios说。

对于Lu来说，发展CEI的一个关键因素是审计Start6，这是一个由电子工程和计算机科学部门主办的一个研讨会，在该研讨会上，创业工程专业的学生通过在启动进程中与经验丰富的企业家门进行讨论和谈判得到指导。除此之外，Lu还看到了所有划分资产、资金、创建团结以及其他早期启动的挑战。

“这对于那些有想法，但却不知道商业是怎么一回事的学生而言，是重要的一课，”Lu说，“这就像是对整个过程该如何进行的概述，所以当你开设自己的公司时，你已经准备好了。”

资料来源：麻省理工学院 
Breaking the terahertz barrier for graphene nanoelectronics
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Interaction of the terahertz field with graphene leads to efficient electron heating, which in turn strongly changes graphene conductivity. Image: © Zoltan Mics/MPIP
A team of scientists at the Max Planck Institute for Polymer Research (MPI-P) discovered that electrical conduction in graphene on the picosecond timescale is governed by the same basic laws that describe the thermal properties of gases. This much simpler thermodynamic approach to the electrical conduction in graphene will allow scientists and engineers not only to better understand but also to improve the performance of graphene-based nanoelectronic devices.

The researchers found that the energy of ultrafast electrical currents passing through graphene is very efficiently converted into electron heat, making graphene electrons behave just like a hot gas. "The heat is distributed evenly over all electrons. And the rise in electronic temperature, caused by the passing currents, in turn has a strong effect on the electrical conduction of graphene," explains Prof. Mischa Bonn, Director at the MPI-P. The study has been published in Nature Communications.

Graphene is known to be a very good electrical conductor. As a result, graphene finds a multitude of applications in modern nanoelectronics. They range from highly efficient detectors for optical and wireless communications to transistors operating at very high speeds. A constantly increasing demand for telecommunication bandwidth requires an ever faster operation of electronic devices, pushing their response times to be as short as a picosecond.

"The results of this study will help improve the performance of graphene-based nanoelectronic devices such as ultra-high speed transistors and photodetectors," says Prof. Dmitry Turchinovich, who led the research at the MPI-P. In particular they show the way for breaking the terahertz operation speed barrier for graphene transistors.

Source: Max Planck Institute for Polymer Research
打破石墨烯纳电子学兆赫障碍
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太赫兹场与石墨烯的相互作用导致有效的电子加热，进而极大程度改变石墨烯电导率。图片由© Zoltan Mics / MPIP提供

马克斯普朗克聚合物研究(MPI-P)的研究员小组发现石墨烯在皮秒时间尺度上的导电性能与气体的热性能有着相同的基本原理。这种让石墨烯电传导更简单的热力学方法将允许科学家和工程师不仅能够更好的理解而且还能提高石墨烯纳米电子设备的性能。

研究人员发现，超快的电流通过石墨烯产生的能量可以非常有效地转换成电子热量，使石墨烯电子像热气一样运动。“热量均匀分布于所有电子。而由于电流通过造成电子温度上升进而强烈影响石墨烯的电传导性能，”MPI-P主任米莎•波恩教授解释说。这项研究已经发表在《自然通讯》中。

众所周知，石墨烯是一个很好的电导体。因此，石墨烯在现代纳电子学方面有很多应用，从光纤无线通讯高效探测器到高速运作的晶体管。通信带宽需求的不断增长需要一个操作更快的电子设备使其响应时间短如微微秒。

“这项研究的结果将有助于提高石墨烯纳米电子设备的性能，如超高速电晶体和光电探测器，”MPI-P主导此次研究的德米特里•特奇诺维奇教授说。特别是他们展示了打破石墨烯晶体管太赫兹操作速度障碍的方式。

来源：马克斯普朗克聚合物研究院
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