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Tech News & New Tech（技术前沿）
3D-Printed Optic Breakthroughs

Just a few years ago, many researchers working in alternative manufacturing methods believed the basic layering technologies integral to 3D printing limited the capability of this technique to build quality optical devices and lenses. But, as rapidly evolving as these techniques are, and as broad ranging as the applications it’s infiltrating, this limitation has been surmounted by a number of research groups around the world.

Researchers at LUXeCel Group BV in Goes, The Netherlands, recently added atransparent 3D digital printing service—with its Printoptical process—to its online business-to-business 3D-printing services. “Prototyping and testing a transparent product is easily accomplished due to the rapid throughput time of our service,” says Richard van de Vrie, president of LUXeXcel. Their technology is able to create smooth prints, and is suitable for products that demand the highest standards in transparency—it can produce parts with up to 99.4% optical transparency.

Conventional 3D-printing methods consist of multiple layers of cured materials, and developers have been unable to produce smooth, optically clear transparent products with it. The new LUXeXcel process prints drop-by-drop with a photopolymer to create an accurate and precise end-product that’s then cured, after the printing, by UV light, eliminating the need to involve post-processing polishing procedures. The company allows users to upload their lens or free-form optical computer- aided design (CAD) files directly onto the LUXeXcel Website 24/7, with iterations to the design easily managed by making adjustments to the CAD file. 3D-printed products are generally shipped back to the customer within 10 working days.

Conventional 3D printing can print in many different materials, including metals, ceramics or plastics. Some of the plastics are even somewhat transparent; but the traditional 3D printing layering processes generally prevent users from building products with good optical characteristics. Suitable end-products and post-processing can make the products look like good lenses, but internal scattering and surface roughness need to be extremely low to make 3D-printed products perform as functional optical parts.
Post-processing

Non-3D-printed methods for creating prototype optical lenses and devices, including injection molding, often require the development and manufacture of expensive, fixed molding systems that take a long time to build and are difficult to modify or iterate different designs on. Other 3D-printing techniques include stereolithography (SLA), multi-jet modeling (MJM) and PolyJet (from Stratasys, Eden Prairie, Minn.). Traditional SLA is the most common 3D-printing technique available and produces the roughest of the layering procedures noted above. The surfaces of this printed part can be improved with post-processing, such as sanding, polishing, bead blasting or vapor smoothing.

Sanding produces the roughest surfaces of these post-processing techniques, yielding a smoother surface, but one that’s optically inaccurate. It also can remove excessive amounts of material and affect the product’s overall physical durability. Bead blasting is also a technique used to remove layering lines, but use of this process is limited to small manually processed parts. Vapor smoothing involves dipping the printed product into a vapor tank containing a liquid that’s brought to its boiling point. The vapor then melts away a part of the surface of the printed product. This process is time consuming and entails the use of toxic liquids and fumes. MJM utilizes a wax support structure that’s integrated with an SLA process. After 3D printing the conventional layered product onto a wax support structure, the wax is thermally melted away, leaving the finished product. While this resulting product is more accurate than a simple SLA part, the surfaces still need to be polished after printing to create a fully transparent part.
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The stiffness of optical LSR allows it to be used in vehicle lenses where lights are exposed to various vibrations and shocks.
Researchers at Formlabs, a 3D printer company in Somerville, Mass., developed a unique way to polish their 3D-printed lenses. They molded a small rod on one end that fits into the chuck of a power drill, which simplifies the polishing procedures. The powered process makes it easier to polish, creates more uniform parts and allows less material to be removed.

PolyJet prints with a photopolymer that’s instantly cured with UV light. This process uses two jetting heads to print the desired part and its support structure. The part is built layer-by-layer and requires a post-processing step to become smoother and more optically transparent.

3D-printed light pipes

Researchers have built several other types of optical components in 3D-printing processes that don’t require the strict optical transparency specifications demanded in lens-type devices. One of these designs is embedded optical fibers within a rigid object. These optical fibers exploit the component’s total internal reflection to guide light within the object. This work was performed by researchers in the Computational Design Lab at the Human-Computer Interface (HCI) Institute of Carnegie Mellon Univ., Pittsburgh, in collaboration with researchers at Disney Research Pittsburgh. These printed optics enable sensing, display and illumination elements to be directly embedded in the casing or mechanical structure of a 3D-printed interactive device. These 3D-printed “light pipes” enabled the construction of unique display surfaces, novel illumination techniques, custom optical sensors and embedded optoelectronic components.

These devices were 3D printed on an Objet Eden (Stratasys) 260V 3D printer with Objet VeroClear transparent material for the construction of the optical elements. VeroClear has similar optical properties to PMMA (polymethyl methacrylate), which is widely used for other 3D-printed optical components. It has a refractive index of 1.47. The 3D printer has a print resolution of 600 dpi, which is several times finer than other commonly available 3D printers. This allowed the optical components to be smooth, without any internal gaps.

While these “light pipes” can be 3D printed in any configuration and complexity, prefabricated optical components can also be dropped into the 3D-printing process.
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Optical LSR’s high operating temperature, UV stability and flexibility allow it to be used for outdoor applications.

Silicone optics

3D-printing processes can also be used to support the rapid prototyping of optical components manufactured from materials not yet usable in current 3D-printing equipment. One such material is liquid silicone rubber (LSR). Protolabs, Maple Plain, Minn., recently announced the molding availability of optical-grade LSR. There are many advantages for optical-grade LSR molded parts, not the least of which is its transparency, which is 94% compared to the 95% light transmission index of the best glass across both the visible and UV spectrum.

Its light weight and high flexibility, however, are what provides users with even larger advantages over glass optical components. Often, devices fabricated from optical-grade LSR don’t need gasketing to protect them from the environment—their inherent flexibility provides a built-in gasketing capability, thereby reducing cost and manufacturing complexity. “These materials also have high thermal operating characteristics, up to 200 C, giving them a great advantage over most other polymers,” says Jeffrey Schipper, Protolabs product manager for LSR. This high-temperature capability is especially important for use with high-output LEDs, which can generate a reasonable amount of heat, although not as much as equivalent incandescent filaments.

Optical-grade LSR’s strong UV stability, non-yellowing and inherent flexibility make it ideal for use in outdoor applications, much more than other brittle polymers. LSR-molded parts also cure without the inherent sinks, shrinkage and molded-in stresses associated with other molded polymer parts. Parts can also be molded in polished mold, without the need for secondary polishing operations.

But LSR is a two-component thermosetting polymer, making it not currently amenable to direct 3D-printing techniques. LSR fabrication can still take advantage of 3D printing by first making a 3D model of the desired optical part with conventional 3D-printing techniques—even using opaque materials. A mold can then be cast around this 3D-printed part and then hand-filled using a caulking gun. The resulting parts can be used for testing form and fit, with limited numbers even used with LSR materials.
3 D印刷光学突破

就在几年前，许多从事其他制造方法的研究人员认为对3D打印不可缺少的基本分层技术限制了该技术建设质量光学器件和镜头的能力。但是，正如这些技术的迅速发展和该应用渗入的大规模那样，通过世界各地的大量研究团体已经克服了这个限制。

荷兰Goes的LUXeCel Group BV的研究人员最近在其在线B2B 3D—印刷服务中添加了一种透明的3D数码印刷服务——和Printoptical过程一起。“由于我们服务的生产能力迅速，可以轻松完成样机和测试一个透明的产品。” LUXeXcel总裁Richard van de Vrie说。他们的技术能够创建平滑的印刷，适合要求最高标准透明度的产品——它可以生产高达99.4%光学透明度的零部件。

传统的3D—印刷方法包括多层固化材料，开发人员一直无法用它生产光滑的、光学透明的产品。新LUXeXcel流程通过光聚合物一点点印刷以创建一个精确并精密的最终产品，在印刷之后，通过紫外光，不需要涉及后加工处理抛光程序。该公司允许用户直接上传他们的镜头或自由曲面光学计算机辅助设计（CAD）文件到LUXeXcel网站24/7，迭代使通过调整CAD文件来管理设计更加容易。3 D-印刷产品一般10个工作日内运给客户。

传统的3D印刷可以打印在许多不同的材料上，包括金属、陶瓷以及塑料。一些塑料甚至有些透明；但传统的3D印刷分层流程通常阻止了用户生产具有良好光学特性的产品。合适的终端产品和后处理加工可以使产品看起来像好的镜头，但内部散射和表面粗糙度需要变得极低，使3D印刷产品表现为功能光学零件。

后加工处理

创建原型光学镜片和设备的非3D—印刷，包括注塑，往往需要昂贵、固定成型系统的开发和制造，这需要很长时间才能建立并且很难更改或迭代不同的设计。其他3D—印刷技术包括立体平版印刷（SLA）、多喷嘴成型技术（MJM）和PolyJet（来自斯特塔西公司，伊登普雷里，明尼苏达州）。传统的SLA是可用的最常见的3D打印技术并且生产上述分层程序最粗糙的部分。此打印部件表面可以通过后期处理提高，比如：喷砂、抛光、喷砂工艺或蒸汽平滑。

砂磨生产了这些后处理技术的粗糙表面，产生一个平滑的表面，但它的光学不准确。它还可以消除过多的材料并影响产品的整体物理耐久性。珠光处理也是一种用于除去分层线的技术，但此过程的使用仅限于小型的手动处理的零件。蒸汽平滑涉及将印刷产品浸入含有接近沸点的液体的蒸气罐。然后蒸汽会融化印产物表面的一部分。这个过程非常耗时且需要使用有毒液体和气体。MJM采用结合SLA进程的蜡支护结构。在蜡支护结构上3D打印常规分层产品之后，热蜡融化，离开成品。虽然这种产品比一个简单的SLA部分更准确，在印刷之后表面仍然需要抛光以创建一个完全透明的部分。
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光学LSR的刚度允许它被用于车辆灯玻璃，灯光得面对各种各样的振动和冲击。

Formlabs 是一家在麻萨诸塞萨默维尔的3D打印机公司，其研究人员研制了一种独特的方式来提高他们3 D—打印镜头。他们在一端塑造了一个适合电钻轧头的小拉杆，简化了抛光程序。动力过程使其可以更容易抛光，创造更加一致的零件，并允许更少的材料被移除。

光聚合物PolyJet打印通过UV光立即得到了解决。此过程使用两个喷射头打印所需的部件和其支持的结构。零件是逐层建造，需要一个后处理步骤使其变得更平滑、更光学透明。

3 D印刷光管

研究人员已经在3D-印刷过程中建立了一些其他类型的光学元件，镜头类型设备不需要严格的光学透明度规范要求在的。这些设计之一是将光纤嵌入到刚体内。这些光纤利用组件的全内反射来引导物体内的光。这项工作在匹兹堡的卡内基梅隆大学人机界面（HCI）研究所计算设计实验室中由研究人员演示，并与匹兹堡迪斯尼研究的研究人员合作。这些光学印刷使传感、显示和照明元素直接嵌入到套管或3D—印刷互动装置的机械结构中。这些3 D-打印“轻管”使独特显示表面的构建、新的照明技术、自定义光学传感器和嵌入式光电组件成为可能。

为了光学元件的构建，这些设备被3D打印在有Objet VeroClear透明材料的Objet Ede（斯特塔西公司）260V 3D打印机上。VeroClear具有与PMMA（有机玻璃）类似的光学特性，广泛用于其它3 D—印刷光学元件。它的折射率为1.47。该3D打印机有600点/每寸的打印分辨率，比其他常用3D打印机好几倍。这使得光学元件可以是平滑的，没有任何内部差距。

虽然这些“轻管”可以3D打印在任何配置和复杂性的东西上，预制光学元件也可以被投进3D—印刷的过程中。
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光学LSR的高操作温度、紫外稳定性和灵活性允许它被用于户外应用。

硅胶光学系统

3 D-印刷过程也可以用于支持从不适用现在3 D-印刷设备的材料到光学元件的快速原型制造。这种材料是液体硅橡胶（LSR）。明尼苏达州马普勒普莱恩的Protolabs最近宣布光学级LSR的成型可用性。光学级LSR成型零件有很多的优势，不只是它相对于最佳玻璃穿过可见光和紫外光谱的95%的光传输指数的94%的透明度。

然而，其轻重量、高灵活性比玻璃光学元件为用户提供了更大的优势。通常，设备采用光学级LSR不需要密封来保护他们免受环境影响——其固有的灵活性提供了一个内置的密封能力，从而降低成本和制造的复杂性。“这些材料也有高热运行的特点，高达200°c，给它们一个超过大多数其他聚合物的巨大优势。” LSR Protolabs产品经理杰弗里•施伯尔说。这高温能力对使用大功率LEDs特别重要，可以生成一个合理的热量，虽然不像白炽灯丝那么多。

光学级LSR的强紫外线稳定、无黄变性和固有的灵活性使其成为户外应用的理想品，远远超过其他脆性聚合物。LSR制品没有与其他聚合物成型部件关联的内在汇集、收缩和启闭压力也可以处理。部件还可以被定型在抛光模具中，并而不需要辅助抛光工序。

但LSR是一种双组分热固性聚合物，使其目前不适合直接3 D-印刷技术。LSR制造仍然可以利用3D印刷通过用传统的3 D印刷技术首先制作一个光学部分所需的3D模——甚至使用不透明的材料。然后，模具在这3D打印部件中铸造，然后手工使用胶枪。由此产生的部件可用于测试形式和调和，有限的数量甚至会和LSR材料一起使用。
Four-dimensional printing unfolding as technology that takes 3D printing to an entirely new level

The fourth dimension is time, shape shifting in fact, and the ARC Centre of Excellence for Electromaterials Science (ACES) at the University of Wollongong (UOW) is helping to set the pace in the next revolution in additive manufacturing.

Just as the extraordinary capabilities of 3D printing have begun to infiltrate industry and the family home, researchers have started to develop 3D printed materials that morph into new structures, post production, under the influence of external stimuli such as water or heat -- hence the name, 4D printing.

So, as in 3D printing, a structure is built up layer by layer into the desired shape, but these new materials are able to transform themselves from one shape into another, much like a child's Transformer toy.

This groundbreaking science promises advancement in myriad fields -- medicine, construction, automation and robotics to name a few.

ACES researchers have turned their attention to the medical field of soft robotics, manufacturing a valve that actuates in response to its surrounding water's temperature.

ACES Professor Marc in het Panhuis said it was the cleverness of the valve's creation that was remarkable.

"The cool thing about it is, is it's a working functioning device that you just pick up from the printer," he said. "There's no other assembly required."

The materials scientist said the valve, a 3D printed structure, possessed actuators that are activated solely by water.

"So it's an autonomous valve, there's no input necessary other than water; it closes itself when it detects hot water," he said.

The ACES Chief Investigator said the ACES group was the first to combine printing a 4D device with four different cartridges simultaneously, while using tough gels with the incorporated actuating materials.

Journal Reference:

Shannon E. Bakarich, Robert Gorkin, Marc in het Panhuis, Geoffrey M. Spinks. 4D Printing with Mechanically Robust, Thermally Actuating Hydrogels. Macromolecular Rapid Communications, 2015; DOI: 10.1002/marc.201500079
三维印刷的提升促进了四维印刷的出现

四维是指时间和实实在在存在的三维空间，且澳洲卧龙岗大学的电子材料科学澳大利亚研究委员会卓越中心正在加快四维在增材制造中变革的进度。

正当3D印刷技术已经开始走入工业和千家万户，研究人员已经开始发展3D印刷材料，使其在外界事物如水分和温度的刺激下演变成新的结构物，后期处理。

在3D印刷技术中，建筑物是一层一层筑成人们所希望的形状，但是这种新材料可以将自身从一种形状转化为另一形状，这大致与孩子的变形玩具类似。

此开创性的科学发现将促进多个领域的发展，如医学、建筑业、自动化、机器人学等等。

ACES研究人员已经转向软机器人技术在医学领域的应用，试图制造出一种阀，能够根据周围水温的变化而启动运转。

ACES教授马克曾说过阀是一种卓越的发明。

他还说，“最令人满意的是，这种工作运转设备是从印刷机中很简单的选取的，不需要其他的组件。”

材料科学家指出，阀这种3D印刷结构拥有能够单独利用水来启动的驱动器。

“因此，它是一种自动化的阀门，除了水不需要其他投入；当它感应到高温的水时就会自动关闭。”他说。

ACES首席研究员说，ACES是第一个将4D打印设备同时和四个不同的打印机墨盒结合的研究组，而且采用了利用驱动材料制成的坚硬的凝胶。

参考文献：
Shannon E. Bakarich, Robert Gorkin, Marc in het Panhuis, Geoffrey M. Spinks. 4D Printing with Mechanically Robust, Thermally Actuating Hydrogels. Macromolecular Rapid Communications, 2015; DOI: 10.1002/marc.201500079
Giant magnetic effects induced in hybrid materials
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The magnetic coercivity, the resistance to change in the orientation of the magnetic domain structure, for nickel (Ni) was shown to strongly depend on the crystal structure of the underlying oxide (vanadium oxide). The maximum Ni coercivity occurs at the peak of the oxide’s metal insulator transition. Image courtesy of Ivan Schuller, University of California, San Diego

Proximity effects in hybrid heterostructures, which contain distinct layers of different materials, allow one material species to reveal and/or control properties of a dissimilar species. Specifically, for a magnetic thin film deposited onto a transition metal oxide film, the magnetic properties change dramatically as the oxide undergoes a structural phase transition.
The hybrid between a simple magnetic material and a transition-metal oxide provides a “window” to understand the metal-to-insulator transition and offers dramatic tunability of magnetic properties. Potential applications are envisioned in the fields of information storage and power transmission.
Novel effects are increasingly being discovered when dissimilar materials are in contact (“hybrids”), often resulting in altogether new phenomena, materials with useful functionalities, or the ability to sense or control important material properties. The focus of this investigation is a hybrid material consisting of a thin nickel film on a vanadium oxide substrate; this hybrid material exhibits magnetic properties unlike any other magnetic material. In this case, the magnetic coercivity (defined as the resistance to a change in the direction of the magnetic fields for a ferromagnetic material) of the nickel reveals insights concerning the transition of the vanadium oxide from being an electrical conductor to becoming an insulator, called the metal-insulator transition (MIT).
In turn, the MIT can be used to control the coercivity of the nickel. The vanadium oxide MIT is coincidental with a structural change at a well-defined “transition” temperature. At the thermal midpoint of the transition, crystallites of both phases coexist in equal portions, resulting in maximal structural entropy. The resulting inhomogeneity of the oxide structure causes stresses in the nickel (or other magnetic) film deposited on top. This provides a strong link between the nickel coercivity and the disorder in the oxide. The coercivity is low when the oxide is structurally uniform (above and below the MIT) and high when it is maximally disordered in the middle of the transition.
The magnetic properties of nickel therefore provide a window into the MIT process. In turn, the MIT allows dramatic nonmagnetic control of the coercivity, which changes by several hundred percent within a narrow 10 K temperature range, unlike any other known magnetic material. Potential applications have been envisioned in two important, disparate energy related fields: energy driven magnetic recording and self-healing current fault limiters.
Funding: DOE Office of Science, Basic Energy Sciences (magnetism aspects) and the Air Force Office of Scientific Research (oxide-related research).
Publication: J. de la Venta, S. Wang, T. Saerbeck, J.G. Ramirez, I. Valmianski, I.K. Schuller, “Coercivity enhancement in V2O3/Ni bilayers driven by nanoscale phase coexistence.” Applied Physics Letters 104, 062410 (2014). [DOI: 10.1063/1.4865587]
SOURCE: Department of Energy
混成材料的巨磁效应
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磁矫顽力是磁畴结构方向变化的抗力，镍（Ni）的磁矫顽力表现出强烈依赖于基础氧化物（氧化钒）的晶体结构。最大的镍矫顽力发生在氧化的金属—绝缘体过渡的顶点。图片鸣谢：加州大学圣地亚哥分校，伊万•舒勒

混合异质结构包含不同层的不同材料，其邻近效应使一种材料种类显示并/或控制不同种类的属性。具体来说，对于一个沉积在过渡金属氧化物薄膜上的磁性薄膜，其磁性能随着氧化物经历结构相变会发生戏剧性的变化。

一个简单的磁材料和过渡金属氧化物之间的混合提供了一个“窗口”，借此来了解金属到绝缘体的过渡，并提供了磁性引人注目的调谐特性。潜在应用被设想用于信息存储和动力传输领域。

在不同的材料接触（“混合”）时不断发现新的影响，往往导致完全新的现象、提供有用功能的材料，或感知或控制重要物质属性的能力。这次调查的重点是组成氧化钒基板上一层薄薄的镍膜的混合材料；这种混合材料具有与任何其他不同磁材料的磁性能。在这种情况下，镍的磁矫顽力（定义为对变化铁磁材料磁场方向的抗力）揭示了关于钒氧化物从导电成为绝缘的见解，称为金属—绝缘体转变(MIT)。

反过来，MIT可用于控制镍的矫顽力。钒氧化物MIT碰巧在一个明确的“转变”温度有结构变化。在热过渡期的中点，两个阶段的微晶共存在相等的部分，导致结构熵最大。由此产生的氧化结构的不均匀性导致镍（或其他磁性）薄膜的压力沉积在顶部。这在镍矫顽力和氧化物混杂之间提供了一种强烈的联系。当氧化物的结构均匀（在MIT的上方和下方）矫顽力低，在中间过渡无序性最大的时候最高。

因此，镍的磁性提供一个窗口可以进入MIT的过程。反过来，MIT允许矫顽力的戏剧性的非磁性材料的控制，矫顽力在一个狭窄的10K温度范围内可以变化数倍，与其他任何已知磁材料不同。潜在应用已经被设想用于两个重要的、不同的能源相关领域：能源驱动磁记录和自我修复电流故障限制器。

资金：美国能源部科学办公室，基础能源科学（磁性方面）和美国空军科学研究办公室（与氧化氮有关的研究）。

发布：J. de la Venta, S. Wang, T. Saerbeck, J.G. Ramirez, I. Valmianski, I.K. Schuller, “Coercivity enhancement in V2O3/Ni bilayers driven by nanoscale phase coexistence.” Applied Physics Letters 104, 062410 (2014). [DOI: 10.1063/1.4865587]
来源：能源部  
Phonons, arise!

Modern research has found no simple, inexpensive way to alter a material’s thermal conductivity at room temperature.

That lack of control has made it hard to create new classes of devices that use phonons—the agents of thermal conductivity—rather than electrons or photons to harvest energy or transmit information. Phonons—atomic vibrations that transport heat energy in solids at speeds up to the speed of sound—have proved hard to harness.

Now, using only a 9-V battery at room temperature, a team led by Sandia National Laboratories researcher Jon Ihlefeld has altered the thermal conductivity of the widely used material PZT (lead zirconate titanate) by as much as 11% at subsecond time scales. They did it without resorting to expensive surgeries like changing the material’s composition or forcing phase transitions to other states of matter.

PZT, either as a ceramic or a thin film, is used in a wide range of devices ranging from computer hard drives, push-button sparkers for barbecue grills, speed-pass transponders at highway toll booths and many microelectromechanical designs.

“We can alter PZT’s thermal conductivity over a broad temperature range, rather than only at the cryogenic temperatures achieved by other research groups,” said Ihlefeld. “And we can do it reversibly: When we release our voltage, the thermal conductivity returns to its original value.”

The work was performed on materials with closely spaced internal interfaces—so-called domain walls—unavailable in earlier decades. The close spacing allows better control of phonon passage.

“We showed that we can prepare crystalline materials with interfaces that can be altered with an electric field. Because these interfaces scatter phonons,” said Ihlefeld, “we can actively change a material’s thermal conductivity by simply changing their concentration. We feel this groundbreaking work will advance the field of phononics.”

The researchers, supported by Sandia’s Laboratory Directed Research and Development office, the Air Force Office of Scientific Research and the National Science Foundation, used a scanning electron microscope and an atomic force microscope to observe how the domain walls of subsections of the material changed in length and shape under the influence of an electrical voltage. It is this change that controllably altered the transport of phonons within the material.

“The real achievement in our work,” said Ihlefeld, “is that we’ve demonstrated a means to control the amount of heat passing through a material at room temperature by simply applying a voltage across it. We’ve shown that we can actively regulate how well heat—phonons—conducts through the material.”

Ihlefeld points out that active control of electron and photon transport has led to technologies that are taken for granted today in computing, global communications and other fields.

“Before the ability to control these particles and waves existed, it was probably difficult even to dream of technologies involving electronic computers and lasers. And prior to our demonstration of a solid-state, fast, room-temperature means to alter thermal conductivity, analogous means to control the transport of phonons have not existed. We believe that our result will enable new technologies where controlling phonons is necessary,” he said.

The work was published in Nano Letters.

Source: Sandia National Laboratories
声子研究

现代研究发现，在室温下改变物质的热传导系数，没有简单、实惠的方法。

缺乏控制使得创造新的使用声子（热传导的因子）的设备很困难，而不是使用电子或声子来收获能量或传递信息。声子在固体时，原子的振动速度可达音速，但经证明，声子很难驾驭。

目前，新墨西哥州桑迪亚国家实验室研究员乔恩•埃勒非尔德带头的一个小组，在室温下，仅用9V的电池，改变了目前广泛使用的材料PZT（锆钛酸铅）的热导率，在不到一秒的时间尺度内提高11%。他们没有使用昂贵的手段，比如，像其他州一样，改变材料的组成，或强迫相变物质。

PZT作为陶瓷或薄膜，应用于广泛的设备中，从电脑硬盘，到烧烤架的自动按钮、公路收费站的转速转发器和许多微机电设计。

“我们可以在很宽的温度范围内改变PZT的热传导性质，而不是像其他研究小组取得的成果一样，只是在低温下才行，”埃勒非尔德说道。“而且，我们可以做到可逆性：当我们释放电压时，热导率又会回到原始值。”

该研究使用的材料有被称为畴壁的密集的内部接口，在早些年是无法实现的。因为紧密的间距能更好地控制声子通道。

“我们证明，我们能制作出晶体材料，使其接口在电场下可以被改变。由于这些接口可散播声子，”埃勒非尔德说道，“所以，我们可以通过简单地改变它们的集中点来积极改变物质的热传导。我们感受到，这项开创性工作将促进声子领域进展。

这些研究员由以下部门支持：新墨西哥州桑迪亚国家实验室定向研究和发展办公室、空军科研办公室和美国国家科学基金会。他们使用扫描电子显微镜和原子力显微镜，观察材料在电压的影响下的亚畴壁的长度和形状的改变。正是这种变化，可改变材料内的声子输运。

埃勒非尔德说，“我们研究取得的真正成就，是我们已证明一种通过向材料施加电压就可在室温下控制通过该材料的热量的方法。我们已揭示出，我们可以积极地规范调节热量，即声子，通过材料的程度。”

埃勒非尔德指出，积极控制电子和声子流动，实现了目前我们习以为常的应用于计算机，全球通讯和其他领域的很多技术。

“在有能力控制这些粒子和已存在的波之前，即使只是去想象与电子计算机和激光器相关的技术也有可能是很难的。而且，在我们证明固态、快速及室温意味着热导性改变之前，同样的条件根本无法控制声子传输。我们相信，我们的研究结果或可实现很有必要控制声子的新技术，”他说。

这项研究结果刊载于《纳米快报》（Nano Letters）。

来源：桑迪亚国家实验室  
Metal Alloy（金属合金）
Electron spin brings order to high entropy alloys
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This is a scanning transmission microscopy image with intensity ratios highlighted. The ordered nano domains have columns with higher intensity (red) residing next to columns of lower intensity (blue). Image: Doug Irving and James LeBeau, North Carolina State Univ.

Researchers from North Carolina State Univ. have discovered that electron spin brings a previously unknown degree of order to the high entropy alloy nickel iron chromium cobalt (NiFeCrCo), and may play a role in giving the alloy its desirable properties.

"High entropy alloys have garnered a lot of attention over the past 10 years because they have remarkable properties," says Doug Irving, an associate professor of materials science and engineering at NC State and corresponding author of a paper describing the work. High entropy alloys are materials that consist of four or more metals in approximately equal amounts.

"For example, NiFeCrCo-based high entropy alloys have a good combination of hardness, tensile strength, ductility, and fracture resistance at extremely low temperatures," Irving says.

"If you look at NiFeCrCo, it has a fixed structure," Irving explains. "Think of orderly rows of boxes. But which atoms fill which spaces is seemingly random—it seems impossible to predict which element might be might be in any given box. That impression of chaos is why they're called high entropy alloys.

"But now we have determined that there is some order in the composition of this alloy," Irving says.

Specifically, the researchers learned that chromium—and spin—play key roles.

All atoms have electrons, and all electrons have a property called spin. The electrons in ferromagnetic materials—like iron, nickel and cobalt—tend to align so that their spin is oriented in the same direction. But the electrons in antiferromagnetic materials—like chromium—tend to align so that their spin is the opposite of their neighbors.

In NiFeCrCo, chromium can align its spin against its neighbors if it is surrounded by iron, nickel or cobalt. They can all spin up, and chromium can spin down. But if two chromium atoms are next to each other they can't both align their spins differently from all of their neighbors, because they themselves are neighbors.

In short, chromium's spin properties force the chromium atoms to be as far apart as possible in the NiFeCrCo structure. And, because there is a high concentration of chromium atoms in the material, this creates nanoscale domains of order with the overall "chaos" of the high entropy alloy.

"Showing that this material has order at the nanoscale will likely lead to new work on how to expand these ordered domains, and potentially manipulate the material's mechanical properties," Irving says.

The researchers used a combination of advanced electronic structure calculations, magnetic property measurements, and revolving scanning transmission electron microscopy (revolving STEM) to see what was happening at the atomic scale in NiFeCrCo.

"It's a powerful example of what can be learned through combining state of the art microscopy techniques with predictions from advanced computational approaches," says James LeBeau, an assistant professor of materials science and engineering at NC State, co-author of the paper, and the creator of the revolving STEM technique.

Source: North Carolina State Univ.
电子自旋为高熵值合金带来有序性
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这是一个有突出强度比的扫描透射显微图。有序纳米域具有较高强度的纵列（红）以及旁边低强度的纵列（蓝色）。供图：北卡罗来纳州立大学，道格•欧文和詹姆斯•勒布
来自北卡莱罗纳州立大学的研究人员已经发现，电子自旋为高熵值合金镍铁铬钴(NiFeCrCo)带来了一种前所未知的有序度，并可能在使合金具有想要的性能方面发挥重要作用。

“因为高熵合金具有卓越的性能，所以在过去10年中它们获得了很多关注。”北卡莱罗纳州立大学材料科学与工程的副教授以及该研究论文的相关作者道格•欧文说。高熵合金材料是由四种或更多的金属以大致相等的量组成的。

“例如，基于NiFeCrCo的高熵合金具有很好的硬度、拉伸强度、延展性和极低温度中的断裂阻力的综合性能。”欧文说。

“如果你看一下NiFeCrCo，就会发现它有固定的结构。”欧文解释说，“好比有着有序行的框。但原子填充空间看似随机——似乎是无法预测哪种元素可能在任何给定的框中。那种混乱的印象是就是它们为什么被叫做高熵合金的原因。

“但现在我们认为，在该合金的组成中有一些序列。”欧文说。

具体而言，研究人员发现铬——和自旋——发挥着关键作用。

所有原子都有电子，所有电子都有自旋属性。铁磁材料中的电子——像铁、镍和钴——往往排成一线，所以它们是面向同一方向旋转的。但反铁磁材料中的电子——就像铬——往往往往排成一线使它们的自旋与它们的邻居相反。

在NiFeCrCo中，如果它四面环铁、镍或钴，铬可以调整自旋与其相邻的点子相抗。它们都可以旋转，铬可以降速。但如果两个铬原子是紧挨着的，它们的自旋不可能都不同于所有的邻居，因为他们自身就是相邻的。

总之，铬的旋转性能迫使铬原子在NiFeCrCo结构中尽可能远离。而且，因为材料中铬原子的浓度很高，这将创造纳米级领域的整体“混乱”的高熵合金。

“这说明这种材料在纳米级上是有序的，可能会导致新的如何扩大这些有序领域的工作，并有可能操纵材料的力学性能。”欧文说。

研究者们使用一种先进电子结构计算、磁性能测量和循环扫描透射电子显微术（循环STEM）的结合体看到在NiFeCrCo原子尺度上发生的情况。

“这是一个关于可以从结合艺术显微技术的陈述和先进计算方法得到的预测中能学到什么的强有力的例子。”北卡莱罗纳州立大学材料科学与工程学院的教授助理、论文的合著者，循环STEM技术的创造者詹姆斯•勒布说。

来源：北卡莱罗纳州立大学
A silver lining

[image: image9.jpg]



DNA controls the size, shape and fluorescent color of the silver clusters themselves. Image: UCSB
The silver used by Beth Gwinn’s research group at the Univ. of California, Santa Barbara (UC Santa Barbara) has value far beyond its worth as a commodity, even though it’s used in very small amounts.

The group works with the precious metal to create nanoscale silver clusters with unique fluorescent properties. These properties are important for a variety of sensing applications including biomedical imaging.

The team’s latest research is published in ACS Nano. The scientists positioned silver clusters at programmed sites on a nanoscale breadboard, a construction base for prototyping of photonics and electronics. “Our ‘breadboard’ is a DNA nanotube with spaces programmed 7 nm apart,” said lead author Stacy Copp, a graduate student in UCSB’s Dept. of Physics.

“Due to the strong interactions between DNA and metal atoms, it’s quite challenging to design DNA breadboards that keep their desired structure when these new interactions are introduced,” said Gwinn, a professor in UCSB’s Dept. of Physics. “Stacy’s work has shown that not only can the breadboard keep its shape when silver clusters are present, it can also position arrays of many hundreds of clusters containing identical numbers of silver atoms—a remarkable degree of control that is promising for realizing new types of nanoscale photonics.”

The results of this novel form of DNA nanotechnology address the difficulty of achieving uniform particle sizes and shapes. “In order to make photonic arrays using a self-assembly process, you have to be able to program the positions of the clusters you are putting on the array,” Copp explained. “This paper is the first demonstration of this for silver clusters.”

The colors of the clusters are largely determined by the DNA sequence that wraps around them and controls their size. To create a positionable silver cluster with DNA-programmed color, the researchers engineered a piece of DNA with two parts: one that wraps around the cluster and the other that attaches to the DNA nanotube. “Sticking out of the nanotube are short DNA strands that act as docking stations for the silver clusters’ host strands,” Copp explained.

The research group’s team of graduate and undergraduate researchers is able to tune the silver clusters to fluoresce in a wide range of colors, from blue-green all the way to the infrared—an important achievement because tissues have windows of high transparency in the infrared. According to Copp, biologists are always looking for better dye molecules or other infrared-emitting objects to use for imaging through a tissue.

“People are already using similar silver cluster technologies to sense mercury ions, small pieces of DNA that are important for human diseases, and a number of other biochemical molecules,” Copp said. “But there’s a lot more you can learn by putting the silver clusters on a breadboard instead of doing experiments in a test tube. You get more information if you can see an array of different molecules all at the same time.”

The modular design presented in this research means that its step-by-step process can be easily generalized to silver clusters of different sizes and to many types of DNA scaffolds. The paper walks readers through the process of creating the DNA that stabilizes silver clusters. This newly outlined protocol offers investigators a new degree of control and flexibility in the rapidly expanding field of nanophotonics.

The overarching theme of Copp’s research is to understand how DNA controls the size and shape of the silver clusters themselves and then figure out how to use the fact that these silver clusters are stabilized by DNA in order to build nanoscale arrays.

“It’s challenging because we don’t really understand the interactions between silver and DNA just by itself,” Copp said. “So part of what I’ve been doing is using big datasets to create a bank of working sequences that we’ve published so other scientists can use them. We want to give researchers tools to design these types of structures intelligently instead of just having to guess.”

Source: Univ. of California, Santa Barbara
关于银衬里
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DNA(脱氧核糖核酸)可控制银原子簇的大小、形状以及荧光色。图片来自：加尼福尼亚大学圣巴巴拉分校

在加利福尼亚大学圣巴巴拉分校的贝丝•格文研究小组，使用的就是这种银，即使是量极少，它本身的价值也远远超过它作为一种商品的价值。

该工作组研究使用贵金属创造具有独特的荧光性能的纳米银簇。这些特性对各种传感应用都是很重要的，包括生物医学成像等。

该小组的最新研究结果发布在科学杂志《ACS Nano》上。科学家们将银簇放在了一个纳米板上的程控位置上。纳米板就是光子和电子原型设计的一个构造基。“我们的‘纳米板’是由单独分为7纳米空间组成的DNA纳米管，”主要著作者斯泰西•库普说，他是加尼福尼亚大学圣巴巴拉分校物理系的研究生。

“由于DNA和金属原子的剧烈反应，设计DNA模拟板是相当有挑战性的，原因是，我们需要在引入新的相互作用后保持它们预期的结构，”格温说。他是加尼福尼亚大学圣巴巴拉分校物理系的教授。“斯泰西的研究表明，当存在银簇时，纳米板不仅仅能保持形状，还可以定位数百个含有相同数量的团簇阵列，包括大量银原子——这是一个非凡的控制程度，在实现新类型纳米光子学方面是非常有前途的。”

这种创新型DNA纳米科技结果，解决了达到统一大小和形状的难题。“为了使得光子利用自助装过程，你必须有能力去设计将放在阵列里面银簇的位置，”柯普解释道，“这篇论文是银簇相关方面的首次证明。”

银簇颜色很大程度上是由围绕它们和控制它们大小的基因顺序决定的。为创造一种具有基因编程颜色的可定位的银簇，研究人员设计了一种带有两个部分的DNA：一种围绕在银簇周围，另一种附着于于DNA纳米管。“伸出纳米管之外的是DNA短链，它们将作为银簇主机链的停靠站，”柯普解释道。

这个研究小组由研究生和在校大学生组成，他们可以在广泛范围内调整银簇的色彩，从蓝绿色一直到红外——这是一项重要的成就，因为，组织在红外线下有着高透明度。据柯普说，生物学家总是期望寻找到更好的染色分子，或者其他发射红外的物体，用来通过组织成像。

“人们已经在使用相似的银簇技术来感知汞离子和许多其他生物分子。汞离子是很小的DNA组织，但它对人类疾病非常重要，”柯普说。“但是，通过把银簇放在纳米板上，而不是在测试管里面做试验，我们仍然有很多可以学习。如果我们在同一时间内，能够看见不同的分子阵列，就可以得到更多的信息。”

本研究中提出的模块化设计意味着，其逐步式过程可以轻松泛化到不同大小的银簇，和许多DNA支架上。这篇论文带读者走过了创造稳定银簇的DNA的过程。这项新提出的协议，使研究人员可以在迅速发展的纳米光子学里实现更高程度的控制和灵活性。

柯普研究的总主题是，理解DNA如何控制银簇的大小和形状，然后，弄明白怎样去利用这种事实，即，这些银簇可以利用DNA来稳定，从而建立纳米阵列。

“这非常具有挑战性，因为我们无法真正理解银和DNA之间的反应，”柯普说。“因此，我所做的一部分工作，就是用大量的数据来创造一个工作序列，然后将其发表，使得其他科学家可以使用这些序列。我们想要给研究人员提供工具，以智能设计这些类型的结构，而不只是猜测。”

来源：加尼福尼亚大学圣巴巴拉分校
Liquid metal discovery paves way for shape-shifting robots

It may look like nothing more than a small ball of metal, but the shape-shifting and self-propulsion abilities of a liquid metal alloy discovered by scientists at China's Tsinghua University has captured the imaginations of scientists and science-fiction fans across the world.

Professor Liu Jing and his team have created what they believe could prove the first step toward developing a robot similar to the infamous T-1000 shape-shifting, liquid metal assassin from the Terminator movies.

The device is made from a drop of metal alloy consisting mostly of gallium, which is a liquid at just under 30 degrees Celsius. Last year they discovered that an applied electrical current causes the gallium alloy to drastically alter its shape. Changing the voltage applied to the metal allowed it to 'shape-shift' into different formations. When the current was switched off, the metal returned to its original drop shape.

But the team made their biggest breakthrough when they realized that bringing it into contact with a flake of aluminum caused a reaction creating hydrogen bubbles that allowed it to move of its own accord. Liu said it was able to 'fuel' itself for about an hour.

"The machine has two processes. One is to create gases like hydrogen. Part of these gases form the propulsion. There's also something important, in fact very important, which is the electricity generated behind the alloy. So this galvanic battery creates an internal electrical power, and this type of electricity will very easily lead to stretching of the surface of the liquid metal in an asymmetrical pattern, and this pattern leads to rotations inside the liquid metal, and the process of these rotations will set the liquid metal in motion in a certain direction," he said.

While the scientists are still learning more about the properties of the metal, Liu believes it could have a variety of medical applications, for example delivering medicine in blood vessels.

"At present it has potential to become a robot, but a robot for the veins. So apart from a robot for the veins it could for example [be used in] people's windpipes and digestive system, it may perhaps be able to carry out some medical tasks, for example transporting some medicines," he said, adding that scientists would of course first have to ensure that there would be no side-effects to ingesting the metal.

As for comparisons to the deadly machine in the Terminator movies, Liu said that while the thought of his discovery bearing resemblance to the T-1000 did make him chuckle, he hoped that his robot would work for the good of mankind.

"Perhaps people think it's like the Terminator but I think to a certain extent the Terminator's not very good, he wasn't good for mankind. So we hope that if in the future we can really make a soft robot, we hope that it can be a more human-like robot," he said.
液体金属的发现为研发变形机器人铺垫道路

液态金属合金，看起来仅仅是一个小金属球，然而中国清华大学科学家对其变形能力和自力推进能力的发现却激发了世界各地科学家和科幻小说迷的想象力。

刘静教授和他的团队认为他们发明的装置见证了向开发新一类型机器人迈出的第一步，这类机器人与电影《终结者》中的名声大噪的变形液态金属T-1000机器人杀手相近。

该装置由金属合金液滴制成，其主要成分是镓，而镓在不到30摄氏度的条件下，就可以呈现液体状态。去年，他们发现外加电流可以引起镓合金发生较大的形变。调整电流电压，镓合金变换不同的形状。切断电流后，镓金属恢复原状。

但是，这支研发团队的最大突破是，发现该装置与铝片接触时发生反应，生成氢气，使得它能够按照其内在规律运动。刘教授说这样装置就可以自力推进约一个小时。

“这个装置有两个工作过程，其中之一是生成氢气等气体，一部分气体提供前进的动力。同样，有一些重要的工作环节，事实上非常重要的工作环节，那就是合金发电。所以合金这个自发电池生成内电源，电流使液态金属表面不规则运动，而这种运动致使液态金属内部的旋转。这些旋转过程使得液态金属定向运动，”刘静教授说。

虽然科学家们仍在继续研究金属的性能，但是刘教授认为该装置可以在医学广泛应用，例如静脉输送药物。

“目前，该装置可能被进一步开发为机器人，但仅仅是静脉机器人。然而除了静脉机器人，它还可以应用到人类的呼吸系统和消化系统，完成诸如输送药物的医疗任务，”刘静教授说。当然，科学家们首先要做的是保证这些金属进入人体不会产生任何副作用。

关于该装置与电影《终结者》中死亡机器的比较，刘静教授说虽然他的研究发现的思路与T-1000机器人有相似之处，对此他也感到忍俊不禁，但是他希望他研发的机器人将为人类带来福音。

他说“或许人们认为这个装置很像中戒指，但是我认为从一定程度来说，终结者是不好的，对人类不好。所以我希望在不久的将来我们真的能够制造出软体变形机器人，我们希望它是更加人性的机器人”。
Composite Materials（复合材料）
Technical Fibre Products Nonwovens Provide Barrier to Galvanic Corrosion
Dielectric nonwovens from Technical Fibre Products (TPF) can be used to prevent galvanic corrosion, a common and destructive problem when aluminium or other metals come into contact with carbon fibre in a composite structure.
TFP explain that the nonwoven can prevent this by providing an extremely uniform, lightweight barrier between the two materials to isolate them, stopping an electrochemical reaction occurring. It says that galvanic corrosion, also known as dissimilar metal corrosion, can occur when two dissimilar conductive materials come into contact, in the presence of an electrolyte (such as water) and a pathway for electron transfer is created. In a composite context, this could mean contact between carbon composite and aluminium components or between a carbon reinforcement and aluminium honeycomb.
Carbon fibre is a good electrical conductor and can produce a large galvanic potential with aluminium, and TFP explains that the result of this is surface corrosion and extensive pitting, which can be very serious, particularly in instances where it occurs out of sight, as undetected, it may cause structural failure. The issue of galvanic corrosion is not limited to aluminium and can occur with other metals and alloys, such as steel or stainless steel, in certain environmental conditions.
TFP claims that this can be achieved by using one of its dielectric nonwovens which acts as an electrically isolating layer, providing a barrier to galvanic corrosion by preventing the electrochemical reaction.
Technical Fibre Products公司的无纺布为电化腐蚀提供屏障

来自技术纤维产品公司（Technical Fibre Products，以下简称TPF公司）的电介质无纺布，可以用来阻止电化腐蚀。当铝或者其他金属与复合材料结构的碳纤维接触时，一个常见的具有摧毁性的麻烦就是电化腐蚀。

TPF公司解释道，无纺布可在两种材料间提供一种极为均匀的、轻量级的屏障，阻止电化学反应的发生。据说，当两个不同的导体相结合时，在电解质的存在下（如水），创造一条电子传递途径，就会发生电化腐蚀，也被通晓为异种金属腐蚀。对于复合材料，这可能意味着碳纤维复合材料和铝部件之间接触，或碳强化材料和铝蜂窝结构的接触。 

碳纤维是一种很好的电导体，在与铝反应时，可以产生大量电位，而且，TFP公司解释到，由此产生的后果就是表面腐蚀和大量点蚀，这是非常严重的，特别是若在看不见的情况下出现后未被发现，它可能会导致结构失效。电腐蚀问题不仅仅局限于铝，在特定情况下，其他任何金属或合金也会发生反应，比如，铁、不锈钢等。

TFP公司称，通过使用其中一种电介质无纺布可以做到这一点，因为无纺布可作为电隔离层，提供屏障，防止电化腐蚀反应。

Carbon nanotubes take the load in composites
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Fracture process of MWCNTs revealed by in-situ tensile tests. (a) CNT acts as bridge curtailing crack growth in the Al matrix. (b, c) CNTs 1, 2, and 3 experiencing different wall fracture processes at different magnifications. Arrows indicate the exposed inner walls. (d) Fractured CNTs on the composite surface after tensile test.
Researchers from Japan and China believe they have confirmed the reasons for carbon nanotubes’ remarkable strengthening effect in metal matrix composites [Chen et al., Composites Science & Technology 113 (2015) 1-8, http://dx.doi.org/10.1016/j.compscitech.2015.03.009].

Carbon nanotubes (CNTs), with their high strength, modulus, large aspect ratio, and light weight, seem to be the ideal reinforcement fiber for composites. These strong fibers are particularly attractive for next-generation structural metal matrix composites (MMCs) for the aerospace and automotive industries. To make the most of CNTs, it is vital to understand exactly how they act to reinforce a composite. But although various strengthening mechanisms have been postulated, it is not clear which dominates. Now researchers from Osaka University and Xi’an University of Technology think they have the answer – a phenomenon known as load transfer, in which the applied stress is transferred from the metal matrix onto the reinforcement fiber.

The researchers performed in-situ tensile tests of multi-walled carbon nanotube (MWCNT) reinforced Al matrix composites and observed the fracture behavior using scanning electron microscopy (SEM). According to first author of the study, Biao Chen of Osaka University, the in-situ SEM approach provides a direct and easy method to investigate the mechanical behavior of CNTs in composites.

“Compared with commonly used post tensile test observations, [our approach to the] fracture behavior of CNTs is more compelling, direct, and detailed,” Chen told Materials Today.

Using a powder metallurgy (PM) route, the team fabricated an Al metal matrix composite reinforced with 0.6 wt.% MWCNTs produced by chemical vapor deposition (CVD). When a force is applied to the composite, the CNTs initially act like a bridge to suppress crack growth. As further force is applied, the outer walls of the nanotubes in contact with the Al matrix start to break. The inner walls then fracture, either breaking vertically or unpeeling to expose the next inner walls, and so on. The completely fractured composite surface shows ruptured CNTs.

“To the best of my knowledge, this is the first time that load-transfer induced CNT fracture has been directly observed in MMCs,” explains Chen. “Moreover, the multiple peeling phenomenon has been rarely reported in previous studies of mechanical failure of CNTs.”

Load transfer is the most desirable strengthening mechanism because it makes the most of CNTs’ mechanical properties and fits with the shear lag model of fracture behavior. The observations will support progress toward the fabrication of even higher strength CNT/MMC composites, say the researchers.
碳纳米管承担复合材料所受负荷
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图为原位拉伸试验揭露了多层碳纳米管的分裂过程。(a)为碳纳米管如同桥梁一般缩短铝金属基中裂缝的扩张过程。(b)、(c)图为在不同程度的外力作用下，碳纳米管的1、2、3层分别经历不同的外壁分裂过程，箭头指示被暴露的内层外壁。(d)为拉伸试验后，分裂的碳纳米管附着在复合材料表面。

来自日本和中国的研究人员认为他们已经能够证实为什么碳纳米管在金属基复合材料中发挥出乎寻常的强度效果的原因。[详见，Chen et al., 《复合材料科技》113 (2015) 1-8, http://dx.doi.org/10.1016/j.compscitech.2015.03.009]

碳纳米管具有强度大，弹性模量大，长径比大，重量轻等特点，似乎是复合材料理想的加强型纤维物质。对于为航空领域和机动行业开发的下一代结构型金属基复合材料，这些强力纤维尤其炙手可热。要达到充分利用碳纳米管的目的，关键是准确理解碳纳米管是如何加强复合材料的强度。虽然提出了各种各样的强度机制假设，但是哪一个假设比较权威仍然不清晰。现在日本大阪大学和西安理工大学的研究人员认为他们已经找到答案，即负荷转移现象，施加的外力从金属基转移到加强型纤维。

研究人员在对多层碳纳米管加强铝金属基复合材料进行原位拉伸试验过程中，使用扫描电镜观察分裂。大阪大学陈彪（音）是这项研究成果的第一作者，他说，原位扫描电镜可以简单直观地观察到复合材料中碳纳米管的机械性能。

陈彪在Materials Today的采访中谈到“较之通常使用的后位拉伸试验观察方法，我们的方法对碳纳米管分裂性能的观察更具说服力，更加直接，更加具体”。

利用金属粉末冶金工艺，研究小组炼制铝金属基复合材料，使用占其重量0.6%的多层碳纳米加强强度，其中的多层碳纳米使用化学气相沉积方法制备。当对复合材料施加外力时，碳纳米首当其冲，像桥梁一样抵制裂缝增大。随着外力增强，与铝金属基相接触的外层开始破裂。内层的碳纳米接着受力分裂，或竖直断裂或层层抽茧式暴露更内一层碳纳米等等。最后，完全分裂的复合材料表面显现破碎的碳纳米管。

“据我所知，这是第一次直接观察到多层碳中负荷转移触发碳纳米管分裂”，陈彪解释道。“并且，在以往的碳纳米管机械性能研究中几乎没有关于分层剥落的现象的报告。”

负荷转移是最为理想的强度机制假设，因为它充分利用了碳纳米管的机械性能，符合分裂性能的剪切滞后模型。研究人员认为，此项研究结果将为制造更强碳纳米管/多层复合碳的发展进程提供有力支持。

VELOX Offers Lightweight Constructions Solution with SWAP
VELOX is now the exclusive European distributor of SWAP, producing ecologically sustainable sinus honeycomb boards from recycled paper.
According to VELOX, the SWAP-board is a standing sinus wave which is designed to have high stability with a low weight. It says that the neutral, natural substance of the wave boards allows the compounding with other materials, such as foams, resins, metals, wood-based materials, fabrics or plastics.
Kenny Shea, Regional Business Manager, comments "VELOX is glad to add this stable paper composites range to its portfolio. The SWAP Sinus Wave Board combines perfectly high stability with low weight and easy handling. Also, it is important for us to develop green solutions and SWAP is the perfect partners with its philosophy to produce ecologically sustainable products from recycled paper."
VELOX explains that, due to its excellent properties, the SWAP-board range can be used in a broad range of composites industry including transport, leisure, construction, sanitary as well as automotive.
The SWAP-board range is available both as laminated and non-laminated version and can be supplied as basic and semi-finished products. VELOX is the exclusive European distributor of SWAP, producing ecologically sustainable sinus honeycomb boards from recycled paper.
VELOX利用SWAP提供轻型构建方案

VELOX公司现在是SWAP欧洲独家经销商，主要利用可再生环保纸生产可持续生态正弦波蜂窝板。

据VELOX，SWAP板是一种持续性正弦波，设计特点是稳定性强，重量低。VELOX说正弦波板中性自然的性质允许其与其他物质结合，例如泡沫、树脂、金属、木制材料、纺织品或塑料。

VELOX区域销售经理Kenny Shea表示“VELOX很高兴能够将稳定纸混合材料加入其投资经销范围。SWAP正弦波板完美地结合了高稳定性，低重量和易操作的优势。同样，对于我们来说开发绿色环保的解决方案非常重要，而SWAP正是完美的合作者，因为它的理念就是利用可再生环保纸生产生态可持续性产品。”

VELOX解释道，因为SWAP板具备的优异特性，它可以在包括运输、奢侈品、施工、卫生、机动车在内的复合材料领域得到广泛的应用。

SWAP板可以生产为层状，也可以生产为非层状的。可以提供基础产品，也可以提供半成品。VELOX是SWAP欧洲独家经销商，利用可再生环保纸生产可持续生态正弦波蜂窝板。
Practical Application（实际应用）
Engineered softwood could transform pulp, paper and biofuel industries
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Softwood pine tracheary elements (TEs) from cells engineered to produce hardwood-type lignin. Image: Lloyd Donaldson, Scion, New Zealand, and Matt Wisniewski, GLBRC

Scientists have demonstrated the potential for softwoods to process more easily into pulp and paper if engineered to incorporate a key feature of hardwoods. The finding, published in the Proceedings of the National Academy of Sciences, could improve the economics of the pulp, paper and biofuels industries and reduce those industries' environmental impact.

"What we've shown is that it's possible to pair some of the most economically desirable traits of each wood type," says John Ralph, the Great Lakes Bioenergy Research Center's (GLBRC) plants leader and a University of Wisconsin-Madison professor of biochemistry.

According to Ralph, altering what once was the hard and fast distinction between softwoods and hardwoods—which process into largely separate product streams—could create opportunities for the multi-billion dollar industries that process biomass for profit.

Like most plants, hardwood trees such as birch or poplar contain lignin, the notoriously hard-to-process "glue" that lends plant tissues their structure and sturdiness. Lignin is derived from binding molecules called G- and S-monomers, with S-monomers producing a simpler and more easily degradable lignin. As hardwoods contain both G- and S-monomers, they have traditionally been prized for their relatively easy processing into pulp or paper.

Softwoods such as pine or spruce, on the other hand, derive their lignin from G-monomers only, producing a lignin that is much harder to degrade and which renders softwoods more difficult to process. Their industrial advantage, however, is their long fibers, which are particularly well suited for use in making strong paper products such as shipping containers and grocery bags. In addition, the sugar found within softwoods converts more easily and in higher volume to ethanol, making softwoods a potentially superior feedstock for biofuels.

Ralph and a team of collaborators, including first author Armin Wagner from Scion, one of New Zealand's Crown Research Institutes, and GLBRC's Fachuang Lu, used a model called the "tracheary element" (TE) system to prove that it's possible to engineer conventionally long-fibered softwoods to contain the easier-to-process lignin found in hardwoods.

The TE system induces suspension-cultured cells to make secondary cell walls representative of those found in real wood fibers. In this study, the researchers transformed cells from softwood pine within the TE system by introducing genes for two key enzymes known to produce lignin in flowering plants, showing that the resulting softwood was capable of making and incorporating the S-monomers needed to produce a hardwood-type lignin in its cell wall.

Next, the researchers will attempt to use the same approaches to engineer actual softwood plants to produce S-monomers and S/G lignins. The transition from model to plant is highly anticipated.

"If we could implement this in real plantation softwoods, we could decrease the intensity of pre-treatment processes and increase yields across a variety of industries," Ralph says. "But there's a tangible environmental benefit as well: processing biomass faster and more efficiently cuts out a significant amount of waste and energy."

Source: Univ. of Wisconsin-Madison 
设计软木可变革纸浆、造纸和生物燃料行业
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图为，来自细胞的经设计的软木松树的管状分子（TEs），能够产生硬木型木质素。图片提供：新西兰Scion劳埃德•唐纳森、塞恩和来自五大湖生物研究中心的马特•威斯纽斯基

经科学家证明，如果设计时吸收硬木的一个关键特点，软木将更容易加工成纸浆和纸张。这一发现刊载于《国家科学院学报》（Proceedings of the National Academy of Sciences），其成果可用于提高纸浆、纸张和生物燃料产业的经济效益，并降低这些行业的环境影响。

“我们所展示的是，将每种木材具有的期望的经济特性进行配对是可以实现的，”兼任五大湖生物能源研究中心的植物领袖和麦迪逊分校生物化学的教授约翰•拉尔夫说。

根据拉尔夫的说法，改变硬木和快速区分硬木和软木之间的硬性区别（该区别使硬木和软木分别被加工成相当不同的产品），可以创造数十亿美金的行业利润。

像大多数植物一样，众所周知，桦木或杨树等硬木植物含有木质素，即，所谓的加强植物组织结构的难以加工的“胶”。木质素来源于所谓的G单体和S单体，而S单体可产生一种更简单、更易降解的木质素。由于硬木包含G单体和S单体，所以将其加工成纸浆和纸通常相对容易。

松树和云杉等软木的木质素仅来源于G单体，这种难以降解的木质素使得软木的加工过程更加困难。它们的优势在于其长纤维，适合制造类似集装箱和购物袋等硬纸产品。除此之外，在软木中的糖分更容易转换成乙醇，且转化率高，这使得软木成为优质的燃料原材料。

拉尔夫和一组合作者用一个被称为管状分子的模型系统证实了，长纤维软木比硬木更容易加工。其中包括第一作者、来自新西兰皇冠研究机构Scion 的Armin Wagner，及来自GLBRC的路法川（音，Fachuang Lu）。

TE系统会诱导悬浮的培养细胞，制造真正木纤维中存在的次生细胞壁代表。在该研究中，研究人员将软木中的细胞通过给在开花植物中产生木质素的酶引入两种关键基因，在TE系统内转化软木松树的细胞，结果显示软木可以在其细胞壁中制造并合并生产硬木型木质素所需的S单体。

之后，研究人员将试图用同样的方法加工实际的软木植物，生产S单体和S/G木质素。从模型到大生产的飞跃令人振奋。

“如果我们能在真正的软木种植园实现这个，我们就可以降低预处理过程的强度并增加跨多种行业的收益率，”拉尔夫说。“同时还有切实的环境效益：更快和更有效地处理生物质能够削减大量的费用和能量。”

来源：威斯康星大学麦迪逊分析

Electron trapping harnessed to make light sensors
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Height (c) and photothermal induced resonance (d) images of a sample area before annealing, and the same sample area after annealing 60 min (g,h). Scale bars are 1 micrometer. Data that the group gathered suggest that during curing, metal ion clusters are left on the OTP film surface. These ion clusters could act as charge traps, enabling the material's increased sensitivity. Images: NIST

Traps. Whether you’re squaring off against the Empire or trying to wring electricity out of sunlight, they’re almost never a good thing. But sometimes you can turn that trap to your advantage. A team from the Univ. of Nebraska-Lincoln, working with researchers at NIST, has shown that electron-trapping defects that are typically problematic in solar cells can be an asset when engineering sensitive light detectors.

Their work, which appear in Advanced Materials, suggests that these defects could be harnessed to make light sensors that consume very low power and could be used for imaging, spectroscopy and other industrial and scientific applications. 

For the past few years, researchers have been studying films of organometal trihalide perovskites—OTPs for short—for use in solar cells, because they have several attractive qualities. 

For one, they are relatively easy to make. A solution of the material is poured over a fast-spinning disk. The spinning disk throws off excess and the solution—now much thinner than a typical coat of paint—is dried. Even though the films are only a few hundred nanometers thick, they can still absorb most of the light that hits them. 

So far, competing materials that also are “solution-processable” have been hindered by their relative inability to conduct light-generated electrical charges, a property known as carrier mobility. But OTPs’ carrier mobility is comparable to that of crystalline silicon. Potentially, it could be a gamechanger that would allow the engineering of high-performance, light-harnessing devices at low cost.

When a photon is absorbed by a light-sensitive material, it transfers energy to a negatively charged electron, which goes to an excited state and leaves behind an empty spot, called a hole, which is positively charged. To make use of the absorbed energy in a solar cell or light detector, these oppositely charged carriers must drift in opposite directions towards different electrodes. Material defects that “trap” either the electrons or the holes reduce carrier mobility and degrade the device’s performance.
The research team led by the Univ. of Nebraska-Lincoln found that although trap states in the bulk material are bad for solar cells, surface defects and traps close to the electrodes in OTPs can be engineered to boost their light-detecting performance. 

“To detect light, one measures changes that occur in a material when a photon hits it,” says NIST’s Andrea Centrone. “One way to increase a detector’s sensitivity to light is to apply a voltage to it. Traps located near the electrodes lower the energy barrier for injecting electrons into the material. In our devices, lowering the barrier effectively multiplies the material’s light sensitivity up to 500 times when we apply the right voltage.” 

Centrone explains that trap states only have this multiplying effect if they are located in proximity to the electrodes, and not throughout the material. Because that large amplification requires a very low voltage (about 1 V) in OTPs, these highly sensitive detectors could be powered with button batteries like the ones found in watches, or integrated into low power circuits. 

Using a technique called photothermal induced resonance (PTIR), the NIST researchers studied the surface decomposition of OTP films at the nanoscale during curing. PTIR is a novel experimental technique being advanced at NIST that combines the spatial resolution of atomic force microscopy with the chemical specificity of infrared spectroscopy.

The data they gathered suggest that during curing, metal ion clusters are left on the OTP film surface. These ion clusters could act as charge traps, enabling the increased sensitivity. The researchers believe that PTIR characterization will provide important information to link the nanoscale properties of OTP films to the macroscale properties of OTP devices, which may allow the engineering of more efficient OTP-based light detectors and solar cells. 

“Discovering that a small applied voltage increases the light sensitivity of hybrid perovskites is extremely exciting,” says Jinsong Huang at the Univ. of Nebraska-Lincoln. “Not only did we add hybrid perovskites to the catalog of light-sensing materials, but the seemingly magical electronic transport capabilities of hybrid perovskites have resulted in better performance with respect to other materials, such as organic and nanocomposite materials, whose sensitivity can be similarly boosted by our strategy.”

Source: NIST 

利用电子陷获制造光传感器
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以上为样本区域退火处理之前的高度（c）和光热感应共振(d)的图像，以及同一样本区域在退火60分钟之后的图像（g、h）。比例尺是1微米。该小组收集的数据表明，在固化期间，金属离子簇留在OTP膜表面。这些离子簇可以作为电荷陷阱，使材料的敏感性增加。图像提供：国家标准与技术协会

陷阱。不管你是调整版图或试图从阳光中扭出电力，它们几乎没有一个好东西。但是有时你可以把这些陷阱变为优势。来自内布拉斯加州—林肯大学的一个小组与NIST的研究人员合作表明，电子陷获的缺点是，（使用其的）太阳能电池通常都是有问题，但在敏感的光探测器工程中可以作为一项资产。

他们的研究成果刊载于《先进材料》杂志。研究表明，可以利用这些缺陷使光传感器消耗极低的电力并且可用于成像、光谱技术和其他工业和科学应用。

在过去的几年里，研究人员一直在研究有机金属三卤化合物钙钛矿的膜——短OTPs——在太阳能电池中的使用，原因是它们有几个有魅力的品质。

一方面，它们相对容易制作。将材料的溶液倒入一个快速旋转的磁盘。旋转磁盘会甩掉过剩的东西和溶液——现在比一个典型的涂漆层要更薄——使其干燥。即使膜只有几百纳米厚，它们还能吸收击中它们的大部分光线。 

目前为止，作为“溶液可处理的” 竞争材料已经被其相对无法进行光生成电荷的能力所阻碍，这一性能被称为载流子迁移率。但OTPs的载流子迁移率可以比得上晶硅。潜在地，这可能会改变游戏规则，使高性能、光利用的低成本的设备工程成为可能。

当一个光子被感光材料吸收时，它将能量转移到一个负电荷的电子上，使其达到一个兴奋状态，留下一个空的地方，叫做漏洞，这是正电荷。为了利用在太阳能电池或光探测器中吸收的能量，这些带相反电荷的电子必须相反方向漂移到不同电极。“困住”了不管是电子还是漏洞的材料缺陷，减少了载流子迁移率并降低了设备的性能。

由内布拉斯加州—林肯大学领导的研究团队发现，尽管在块状材料中的缺陷不利于太阳能电池，OTPs中接近电极的表面缺陷和陷阱大可以用于提高光检测性能。

“为了检测光线，当一个光子撞击时材料中发生了变化。”NIST的Andrea Centrone说，“一种提高探测器的光灵敏度的方式是对它施加电压。位于电极附近的陷阱为在材料中注入电子降低了能量屏障。在我们的设备中，当我们施加了正确的电压时降低屏障有效地增加了材料的光敏感度，使其提高了500倍。”

Centrone解释说，只有在电极附近这种陷阱才会有这倍增效应，而不是整个材料。因为在OTPs中大量扩增需要一个非常低的电压（大约1伏），这些高度敏感的探测器可以用纽扣电池供电，这些电池就像在手表中找到的那样，或集成到低功耗电路中。

使用一种称为光热感应共振（PTIR）的技术，在固化期间，NIST的研究人员研究了纳米级的OTP薄膜的表面分解。PTIR是NIST提出一种新的实验技术，结合了原子力显微镜的空间分辩力和红外光谱的化学特异性。

该小组收集的数据表明在固化期间，金属离子簇留在OTP膜表面。这些离子簇可以作为电荷陷阱，使材料的敏感性增加。研究人员认为，PTIR表征将提供重要的信息来链接OTP薄膜的纳米特性和OTP设备的宏观属性，这使得更有效的基于OTP的光探测器和太阳电池工程成为可能。

“发现一个小的施加电压可以增加复合钙钛矿的光敏感性，这是非常令人兴奋的。” 内布拉斯加州—林肯大学的Jinsong Huang说，“我们不仅在感光材料的编目中添加了复合钙钛矿，而且看似神奇的复合钙钛矿的电子运输能力已促进了其他材料的更好性能的发展，如有机和纳米材料，其灵敏度同样可以通过我们的战略得到提升。”

来源：国家标准与技术协会

Expanding the reach of metallic glass
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Metallic glass nanorods, shown here, are fabricated by sputtering, using a self-shadowing mechanism. A vast range of chemical compositions can be realized with this method, over large macroscopic areas.

Metallic glass, a class of materials that offers both pliability and strength, is poised for a friendly takeover of the chemical landscape.

Yale Univ. engineers have found a unique method for designing metallic glass nanostructures across a wide range of chemicals. The process will enable the fabrication of an array of new materials, with applications for everything from fuel cells to biological implants.

“It’s a huge step for nanofabrication,” said Jan Schroers, professor of mechanical engineering and materials science at Yale, and co-author of a paper published online in Nature Communications. “You really now have the entire toolbox to change how you make these glasses for other chemistries.”

Schroers and his team at Yale have spent years refining processes for designing metallic glass nanostructures—complex, multicomponent alloys that are constructed at the nanoscale—within a limited number of alloy systems. Those materials can be molded much like plastic and already are being used in a variety of manufacturing applications, from watch parts to phone casings.

In the new paper, Schroers demonstrates a method for applying metallic glass nanostructures to a broad range of glass-forming alloys. The process involves depositing the material into the mold in vapor form, resulting in the ability to control the size, shape, and composition of alloys at the nanoscale.

“Controlling size and reaching the smallest ~10 nm dimensions—1/10,000 of the diameter of a human hair—is something that we have demonstrated before,” Schroers said. “However, we could only do this for one, very specific chemistry. With our new method we can fabricate nanostructures similar in size but with even higher complexity in shape and realize all this in a very wide range of alloys.”

Expanding the chemistries of metallic glass also expands the possible uses for the materials, he notes. Manufacturers will be able to optimize the design to a desired electrochemical behavior for a battery or fuel cell, for example. Or they might alter materials for greater biocompatibility, temperature stability, or water resistance.

“This is like going from building boats only out of wood, to the ability to build boats out of almost any kind of material,” Schroers said.

Source: Yale Univ.
扩大金属玻璃的范围
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如图所示，金属玻璃纳米棒，采用投影器械喷溅制成。在宏观领域，大量的化学成分可以通过此方法实现。

金属玻璃这一类材料兼具柔韧性和力量，可友好接替化学景观。

耶鲁大学工程师已经发现了一种覆盖各种化学品的设计金属玻璃纳米结构的独特方法。这个过程将使制造一组新的材料成为可能，其应用可从燃料电池到生物植入物等。

“这是纳米制造的飞跃，” 耶鲁大学机械工程和材料科学教授詹•施勒尔斯说，由其合著的论文刊载于在线《自然通讯》。“现在你真的拥有了整个工具箱来改变你为其他化学过程制作玻璃的方法。”

施勒尔斯和他在耶鲁的团队花了数年时间精炼在有限数量的合金系统内设计金属玻璃纳米结构的过程，金属玻璃纳米结构即一种复杂的纳米级多元合金。这些材料可以被塑造得更像塑料，并且已经被用于各种制造应用中，从手表零件到手机外壳等。

该项研究中，施勒尔斯演示了将金属玻璃纳米结构合金应用到大范围玻璃形成合金中的一种方法。这个过程包括材料沉积到蒸气形式的模具，产生控制纳米级合金大小、形状以及组成的能力。

“控制大小并达到最小约10纳米的大小（一根头发丝直径的1/10000），是我们之前已经证实了的。”施勒尔斯说，“不过，我们只可以用一种非常特定的化学过程达到这种程度。而通过新方法，我们可以制备类似大小的纳米结构，但在形状上具有更高的复杂性，并在一个非常大范围的合金中实现这一切。”

他指出，扩大金属玻璃的化学作用还扩大了该材料的可能用途。例如，制造商将能够优化设计，使电池或燃料电池达到想要的电化学性质。或者他们可以改变材料，使其具有更强的生物相容性、温度稳定性或耐水性。

“这就像是从只能用木头造船到具有几乎能用任何种类的材料来建造船只的能力一样。”施勒尔斯说。

来源：耶鲁大学
Organic & Polymer（有机高分子材料）
Polymer researchers create a new class of hybrid materials

Polymer science will have to add a new giant molecule to its lexicon thanks to a cutting-edge discovery at The University of Akron. Taking a revolutionary "building blocks" approach, researchers have pioneered a way to create a new class of very large polymer molecules, called macromolecules, which assemble themselves into strong, stable structures. The work has been done in collaboration with researchers at Peking University in China and The University of Tokyo in Japan.

Their findings have been published in the April 24, 2015 issue of Science magazine.

A team led by Stephen Z.D. Cheng, Ph.D., professor at The University of Akron's college of polymer science and polymer engineering, designed and synthesized the new polymer molecules called tetrahedrons, a solid with four equal triangular faces. Through a reaction called "click chemistry," these tetrahedron building blocks can then be precisely manipulated to unite with other tetrahedrons.

"It had never been done before in soft matter, where it's engineering could be particularly useful," explains Cheng, "and it took 3 years to design."

"This research quite possibly marks the first time we have documented this experimental transformation from nano-sized giant tetrahedral to supramolecular lattices," said Joe Akkara, a materials science program director from the National Science Foundation, which funded the research. "This class of new hybrid materials could be custom designed for many functional materials including applications in nano-technologies "

The team's work opens the door to developing new materials for applications not yet imagined, such as electric, magnetic and optic functions. Over the next couple of years, they will work with a variety of industries to identify practical uses for this scientific breakthrough.

More information: Supramolecular lattices from tetrahedral nanobuilding blocks, Science, www.sciencemag.org/lookup/doi/10.1126/science.aab0478

聚合物研究人员制造出一种新的杂化材料

阿克伦大学的一项尖端发现，使得高分子科学的词典里将增加一种新的大分子。研究人员通过一种革命性的“结构单元”方法，开辟了一条途径，制造出一种新的非常大的聚合物分子，叫做大分子，这种分子聚集成牢固、稳定的结构。该项工作已由中国北京大学和日本东京大学的研究人员合作完成。

他们的发现已发表在2015年4月24日出版的《科学》杂志上。

阿克伦大学高分子科学与高分子工程学院教授Stephen Z.D. Cheng博士领导的团队设计和合成了这种新的被称为四面体的聚合物分子，它是一种有相同的四个三角形面的固体。通过一种称为“点击化学”的反应，可以精确地操作这些四面体结构单元与其他四面体相结合。

“以前从未对软物质做过，在这方面工程学可能特别有用，” Cheng解释，“这项设计花费了三年时间。”

“该研究很可能标志着我们第一次证明了从纳米巨大四面体到超分子晶格的实验转化，”美国国家科学基金会材料科学计划主任Joe Akkara说， 该基金会资助了本研究。“这种新的杂化材料可能是为许多功能材料定制设计的，包括纳米技术的应用”。

该团队的工作为开发新材料开启了大门，这些新材料有意想不到的用途，如电、磁和光学的功能。未来几年，他们将与各行各业合作以确定这一突破性科学进展的实际用途。

更多信息：

Supramolecular lattices from tetrahedral nanobuilding blocks, Science, www.sciencemag.org/lookup/doi/10.1126/science.aab0478
3D-printed aerogels improve energy storage

A new type of graphene aerogel will make for better energy storage, sensors, nanoelectronics, catalysis and separations.
Lawrence Livermore National Laboratory (LLNL) researchers have made graphene aerogel microlattices with an engineered architecture via a 3D printing technique known as direct ink writing. The research appears in Nature Communications.
The 3D-printed graphene aerogels have high surface area, excellent electrical conductivity, are lightweight, have mechanical stiffness and exhibit supercompressibility (up to 90% compressive strain). In addition, the 3D-printed graphene aerogel microlattices show an order of magnitude improvement over bulk graphene materials and much better mass transport.
Aerogel is a synthetic porous, ultralight material derived from a gel, in which the liquid component of the gel has been replaced with a gas. It is often referred to as “liquid smoke.”
Previous attempts at creating bulk graphene aerogels produced a largely random pore structure, excluding the ability to tailor transport and other mechanical properties of the material for specific applications such as separations, flow batteries and pressure sensors.
“Making graphene aerogels with tailored macro-architectures for specific applications with a controllable and scalable assembly method remains a significant challenge that we were able to tackle,” said engineer Marcus Worsley, a co-author of the paper. “3D printing allows one to intelligently design the pore structure of the aerogel, permitting control over mass transport (aerogels typically require high pressure gradients to drive mass transport through them due to small, tortuous pore structure) and optimization of physical properties, such as stiffness. This development should open up the design space for using aerogels in novel and creative applications.” 
During the process, the graphene oxide (GO) inks are prepared by combining an aqueous GO suspension and silica filler to form a homogenous, highly viscous ink. These GO inks are then loaded into a syringe barrel and extruded through a micronozzle to pattern 3-D structures.
“Adapting the 3D printing technique to aerogels makes it possible to fabricate countless complex aerogel architectures for applications such as mechanical properties and compressibility, which has never been achieved before, ” said engineer Cheng Zhu, the other co-author of the journal article.
Source: Lawrence Livermore National Laboratory
3 D打印气凝胶改善能源存储
一种新型石墨烯气凝胶将有助于形成更好的能源存储、传感器、纳米电子学、催化和分离功能。

劳伦斯利弗莫尔国家实验室（LLNL）研究人员已经通过被称为直接墨水书写的3D打印技术造出石墨烯气凝胶微晶格工程建筑。这项研究被发表在《自然通讯》杂志上。

3D打印的石墨烯气凝胶具有高比表面积、优良的导电性，且是轻量级的，有机械刚度和超压缩性（高达90%的压缩应变）。此外，3D打印石墨烯气凝胶微晶格显示超过块状石墨烯材料的一个数量级提高以及更好的大规模运输。

气凝胶是来源于一种凝胶的多孔、超轻合成材料，其中液体成分的凝胶已被替换成气体。它通常被称为“液体烟雾”。

先前创建块状石墨烯气凝胶的尝试产生了很大程度上随机的孔隙结构，不包括定制运输能力和材料为具体应用的其他力学性能，如分离、流体电池和压力传感器。

“通过一个可控和可伸缩的装配方法使用为具体应用的定制的宏观体系结构制造石墨烯气凝胶仍然是一个我们能够解决的重大挑战。” 论文的合著者，工程师马库斯•沃尔斯利说，“3D打印允许智能设计凝胶的孔隙结构，允许在大规模运输时进行控制（由于其小型、曲折的空隙结构，气凝胶通常需要高压力梯度驱动大规模运输）以及物理性能优化，如刚度。这种发展应开放设计空间，在新型和创造性的应用中使用气凝胶。

在这个过程中，石墨烯氧化物(GO)油墨是通过结合水相GO悬浮液和二氧化硅填料来准备的，形成一种同质高粘度油墨。然后这些GO油墨被加载到一个注射器筒并挤压通过微喷管形成3-D结构。

“使3D打印技术适应于气凝胶，可以为力学性能和压缩等应用制造无数复杂的气凝胶结构，但它从未被实现过。” 杂志文章的另一合著者、工程师Cheng Zhu说。

来源：美国劳伦斯利弗莫尔国家实验室

Desert plant could bolster world's supply of natural rubber

Tropical plantations in Southeast Asia have supplied most of the essential, natural rubber for truck, car and airplane tires for the past century. Now the tire industry and others say they're finally overcoming long-standing challenges to turn a desert shrub into an alternative source of the stretchy material. An article in Chemical & Engineering News (C&EN) explains that the latest developments will help diversify an otherwise vulnerable supply chain.

Alexander Tullo, a senior correspondent at C&EN, explains that natural rubber has unique properties that make it ideal for use in tires. But as dependable as natural rubber is, its supply is not. It mostly comes from one region, where weather, political instability, pests, disease or other factors can interrupt its flow to the global market. To ensure a steadier supply of natural rubber, researchers have long sought ways to extract it economically from a plant called guayule that's native to the southwestern U.S. Their efforts may soon pay off.

Scientists now know how to coax out the rubber trapped in the plant's cells. And manufacturers have already incorporated it in latex products as well as a popular wetsuit. Tire companies seem poised to benefit next though cost is still a concern. They are testing the crop in different arid locations around the world and expect to ramp up production in coming years.

More information: Guayule Gets Ready to Hit the Road - cen.acs.org/articles/93/i16/Guayule-Rubber-Ready-Hit-Road.html

Provided by American Chemical Society
沙漠植物或可增加全球天然橡胶供应量

在过去一个世纪，东南亚的热带种植园为全球卡车、轿车和飞机的轮胎材料料提供了大部分必需的天然橡胶原料。如今轮胎等相关行业表示，他们最终克服了长久以来存在的问题，现在已经能够将一种荒漠灌丛转化成可替代这种弹性材料的原料。美国《化学与工程新闻》刊登了一篇文章称，此最新发现将会在其他方面使脆弱的供应链变得多样化。

亚历山大•图罗是《化学与工程新闻》的一位资深记者，他指出，天然橡胶具有的特性使其成为制作轮胎的理想原料。但是尽管天然橡胶是最理想的原料，其供应量却并不稳定。由于其供应来源主要集中在一个地区，且此地区的天气多变，政治动乱，害虫与疾病易肆虐等因素，其供应量极不稳定，很容易影响全球市场的稳定。为稳定天然橡胶的供应量，研究人员长期试验，用多种方法比较经济地从一种生长在美国西南部的叫做银胶菊的植物中提取橡胶，最终取得成功。

目前，科学家已经知道如何从这种植物的细胞中提取橡胶了。生产制造商也已经将用于乳胶制品和流行的防寒泳衣中了。尽管成本还是个问题，但轮胎公司似乎已经准备利用这种材料了。他们正在世界的各个干旱地区测试这种原料的产量，期望在未来几年内能够提升产量。

更多信息：Guayule Gets Ready to Hit the Road - cen.acs.org/articles/93/i16/Guayule-Rubber-Ready-Hit-Road.html

由美国化学协会提供
E-Material（电子材料）
Ultra-sensitive sensor detects individual electrons
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The ‘gate sensor’ is so accurate that it can detect the charge of a single electron in less than one microsecond.
A Spanish-led team of European researchers at the University of Cambridge has created an electronic device so accurate that it can detect the charge of a single electron in less than one microsecond. It has been dubbed the ‘gate sensor’ and could be applied in quantum computers of the future to read information stored in the charge or spin of a single electron.

In the same Cambridge laboratory in the United Kingdom where the British physicist J.J. Thomson discovered the electron in 1897, European scientists have just developed a new ultra-sensitive electrical-charge sensor capable of detecting the movement of individual electrons.

“The device is much more compact and accurate than previous versions and can detect the electrical charge of a single electron in less than one microsecond,” M. Fernando González Zalba, leader of this research from the Hitachi Cambridge Laboratory and the Cavendish Laboratory, tells SINC.

Details of the breakthrough have been published in the journal Nature Communications, and its authors predict that these types of sensors, dubbed ‘gate sensors,’ will be used in quantum computers of the future to read information stored in the charge or spin of a single electron.

“We have called it a gate sensor because, as well as detecting the movement of individual electrons, the device is able to control its flow as if it were an electronic gate which opens and closes,” explains González Zalba.

The researchers have demonstrated the possibility of detecting the charge of an electron with their device in approximately one nanosecond, the best value obtained to date for this type of system. This has been achieved by coupling a gate sensor to a silicon nanotransistor where the electrons flow individually.

In general, the electrical current which powers our telephones, fridges and other electrical equipment is made up of electrons: minuscule particles carrying an electrical charge travelling in their trillions and whose collective movement makes these appliances work.

However, this is not the case of the latest cutting-edge devices such as ultra-precise biosensors, single electron transistors, molecular circuits and quantum computers. These represent a new technological sector which bases its electronic functionality on the charge of a single electron, a field in which the new gate sensor can offer its advantages.

SOURCE: SINC
用超敏感感应器检测单电子
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“电子感应门”极其精确，能够在一微秒的时间内检测到单电子所带电荷。

剑桥大学的一支由西班牙人领导的欧洲研究小组发明了一种电子设备，这种电子设备非常精确，能够在一微秒的时间内检测到单电子所带电荷。这种电子设备已经有了“电子感应门”的称呼，可能在未来的量子计算机中得到应用，解读单电子电荷或自旋。

1897年在英国剑桥大学实验室，物理学家J.J. Thomson发现电子；今天，欧洲科学家们在这里开发出一种超级敏感的电荷感应器，能够检测到单电子的运动。

“这个设备较之以往的版本，更加便携、精确，可以在一微秒的时间内检测单电子所带电荷，”这项研发的组长M. Fernando González Zalba在SINC的访问中谈到。M. Fernando González Zalba任职于日立剑桥实验室和卡文迪什实验室。

这项突破性研发的细节已经在《自然通讯》杂志上刊载，作者预测，这种被称作为“电子感应门”的感应器，将会应用到未来的量子计算机中，用来读取单电子电荷和自旋所携带的信息。

“我们将这个设备称作为电子感应门，因为它在检测单电子运动的同时，如同开关的电门一样可以控制电子流量，”González Zalba解释道。

研究人员通过将电子感应门链接到电子单一同行的硅纳米连接器，证明在大约一微秒的时间内，该设备检测到单电子电荷的可能性，迄今为止此类设备所能达到的最好效果。

通常来讲，为电话机、冰箱和其他电子设备提供能源的是由电子组成的电流。这些微小粒子，携带电荷，成千上万结队而行，它们的共同运动使得这些电器可以运转。

然而，这样的功能并非目前诸如超精确生物感应器，单电子晶体管，分子电路和量子计算机等最前沿的设备所能实现的。这代表一个新的科技领域，其电子功能性基于单电子所携带电荷，新兴的电子感应门在这里尽显优势。

源自SINC

Electronic device performance enhanced with new transistor encasing method
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The heat produced at carbon-nanotube junctions causes metallic material in the solution to deposit onto the junctions, soldering them. Image: Joseph Lyding

A more effective method for closing gaps in atomically small wires has been developed by Univ. of Illinois researchers, further opening the doors to a new transistor technology.

Led by electrical and computer engineering professor Joseph Lyding and graduate student Jae Won Do, the Illinois team published its results in ACS Nano.

Silicon-based transistors have been the foundation of modern electronics for more than half a century, allowing for the precise control of electronic signals throughout circuits. A new transistor technology, carbon nanotube wires, shows promise in replacing silicon because it can operate ten times as fast and is more flexible—but it has an important gap to cross.

“The connection between the nanotubes is highly resistive and results in slowing the operation of the transistor down,” Lyding said. “When electrons go past that junction, they dissipate a lot of energy.”

The resistance results in heat pooling at the junctions between the tubes, providing researchers with the perfect opportunity to “solder” these connections using a material that reacts with heat to deposit metal across the junctions. Once the current runs through, the deposited metal reduces the junction resistance, effectively stopping the energy loss.

Until now, the problem has been finding a realizable approach to applying the heat-reactive materials. In 2013, Lyding and Do used a vacuum chamber to apply a gaseous chemical to metallize the junctions. The new technique, the subject of the new paper, takes a different route by applying a thin layer of solution, made from compounds that contain the metal needed to solder the junctions together.

“Our new technique is much simpler. It involves fewer steps and it’s more compatible to existing technology,” Do said. “We’re getting similar improvements to what we got from the gaseous method, only now we can experiment with the capabilities of other materials that aren’t gases, which will let us improve the transistors’ performance even more.”

To expand the technique to encompass more materials, Lyding’s group teamed with Eric Pop, an adjunct professor of electrical and computer engineering at the U. of I. and an expert on carbon nanotube synthesis and transfer, as well as with chemistry professor Greg Girolami.

Do said the new technique is transferable to the current manufacturing equipment silicon transistor manufacturers are using.

“With this method, you just send current through the nanotubes and that heats the junctions. From there, chemistry occurs inside that layer, and then we’re done. You just have to rinse it off,” Lyding said. “You don’t need a custom, expensive vacuum chamber.”

The next step for the team is to start looking at compounds for the junctions that help to amplify the current even more.

“Now that we see this effect, how do we get to the next level? How do we improve by another order of magnitude? We’re advancing this work as we speak, with chemicals that have been synthesized specifically for speed,” Lyding said.

Source: Univ. of Illinois, Urbana-Champaign
用新型晶体管覆面的方法提升电子设备的性能
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图为，在碳纳米管交接口处产生的热量使得在溶液中的金属材料溶解沉降在交接口处并将其焊接。 图片提供：乔瑟夫·莱丁（Joseph Lyding）

伊利诺伊大学的研究者们开发出来一种更为有效的可以解决原子级细电线技术缺口的新方法，进一步打开了新型晶体管技术的大门。

在电子与计算机工程学教授乔瑟夫•莱丁（Joseph Lyding）和研究生金元杜（Jae Won Do）的带领下，伊利诺伊研究团队在《ACS纳米》杂志上发表了这一研究结果。

基于硅的晶体管在超过半个世纪的时间内作为现代电子学的基础，它实现了电子信号在整个回路中的精确操控。现在，一种新晶体管技术，即碳纳米管电线，有望可以取代硅，因为它的运行速度是硅的十倍而且更加灵活，但是它需要跨越重要的技术缺口。

“纳米管连接处的电阻值很高，会降低晶体管的工作速度”，莱丁（Lyding） 教授说。“当电子通过这个交接口时，会消耗大量的能量”。

巨大的电阻使得热量聚集在晶体管之间的接口处，这为工作人员提供了一个完美的焊接策略，即采用一种通过热反应能将金属溶解沉降在接口处的材料。一旦电流形成回路，这些沉积的金属可以减少接口处的电阻，有效的减少能量损失。

截止目前为止，这个问题已经寻找到一种可实现的解决方案用来施加热反应材料。在2013年，莱丁 （Lyding） 和杜（Do）使用了一个真空室施加某种气态化合物从而将接口金属化。这项新技术，这篇新论文的主题，选取了截然不同的研究路线，通过施加一种由化合物与金属混合的薄层溶液从而将接口处焊接在一起。

“我们的新技术更加简单。它的操作步骤更少并且更能兼容现有的技术，”杜（Do） 说，我们正针对之前那个气态的方案采取类似的改进策略，仅目前我们已可以利用其他非气体的材料进行实验，这会让我们将晶体管的性能做进一步的提升。”

为了扩大技术已适应更多材料，莱丁（Lyding）的研究小组与艾瑞克•鲍勃（Eric Pop）及化学教授格雷格•基洛拉米（Greg Girolami）组成了团队。艾瑞克•鲍勃（Eric Pop）是伊利诺依大学电子与计算机工程学的兼职教授，并且是一名碳纳米管合成与传递方面的专家。

杜（Do）说，这项新技术可以转换适用于目前硅晶体管制造商们正在使用的制造设备。

“通过这种方式，我们只需要传送电流通过晶体管就可以加热交接口。在那个部位，里层会发生化学反应，然后我们就大功告成了，我们只需要将其冲洗掉，” 莱丁（Lyding） 说。“并不需要一个定制的，昂贵的真空室”。

对这个研究小组而言，下一步的工作是开始寻找更多的、可适用于交接口处的化合物，以扩大现有的范围。

“目前我们已经看到了成效，我们应该如何进入下一个阶段？我们如何进行另一个数量级的提高？我们正在不遗余力的推进我们的工作，并且专门合成了相关的化学物质以加快研究速度。” 莱丁（ Lyding） 说。

来源：伊利诺依大学, 香槟分校

Two-dimensional semiconductor comes clean
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Molybdenum disulfide encapsulated between layers of boron nitride. Courtesy of Gwan-Hyoung Lee/Yonsei University
In 2013 James Hone, Wang Fong-Jen Professor of Mechanical Engineering at Columbia Engineering, and colleagues at Columbia demonstrated that they could dramatically improve the performance of graphene—highly conducting two-dimensional (2-D) carbon—by encapsulating it in boron nitride (BN), an insulating material with a similar layered structure. In work published in the Advance Online Publication on Nature Nanotechnology’s Web site, researchers at Columbia Engineering, Harvard, Cornell, University of Minnesota, Yonsei University in Korea, Danish Technical University, and the Japanese National Institute of Materials Science have shown that the performance of another 2-D material—molybdenum disulfide (MoS2)—can be similarly improved by BN-encapsulation.

“These findings provide a demonstration of how to study all 2-D materials,” says Hone, leader of this new study and director of Columbia’s NSF-funded Materials Research Science and Engineering Center. “Our combination of BN and graphene electrodes is like a ‘socket’ into which we can place many other materials and study them in an extremely clean environment to understand their true properties and potential. This holds great promise for a broad range of applications including high-performance electronics, detection and emission of light, and chemical/bio-sensing.”

Two-dimensional (2-D) materials created by “peeling’” atomically thin layers from bulk crystals are extremely stretchable, optically transparent, and can be combined with each other and with conventional electronics in entirely new ways. But these materials—in which all atoms are at the surface—are by their nature extremely sensitive to their environment, and their performance often falls far short of theoretical limits due to contamination and trapped charges in surrounding insulating layers. The BN-encapsulated graphene that Hone’s group produced last year has 50× improved electronic mobility—an important measure of electronic performance—and lower disorder that enables the study of rich new phenomena at low temperature and high magnetic fields.

“We wanted to see what we could do with MoS2—it’s the best-studied 2D semiconductor, and, unlike graphene, it can form a transistor that can be switched fully ‘off’, a property crucial for digital circuits,” notes Gwan-Hyoung Lee, co-lead author on the paper and assistant professor of materials science at Yonsei. In the past, MoS2 devices made on common insulating substrates such as silicon dioxide have shown mobility that falls below theoretical predictions, varies from sample to sample, and remains low upon cooling to low temperatures, all indications of a disordered material. Researchers have not known whether the disorder was due to the substrate, as in the case of graphene, or due to imperfections in the material itself.

In the new work, Hone’s team created heterostructures, or layered stacks, of MoS2 encapsulated in BN, with small flakes of graphene overlapping the edge of the MoS2 to act as electrical contacts. They found that the room-temperature mobility was improved by a factor of about 2, approaching the intrinsic limit. Upon cooling to low temperature, the mobility increased dramatically, reaching values 5-50× that those measured previously (depending on the number of atomic layers). As a further sign of low disorder, these high-mobility samples also showed strong oscillations in resistance with magnetic field, which had not been previously seen in any 2-D semiconductor.

“This new device structure enables us to study quantum transport behavior in this material at low temperature for the first time,” added Columbia Engineering PhD student Xu Cui, the first author of the paper.

By analyzing the low-temperature resistance and quantum oscillations, the team was able to conclude that the main source of disorder remains contamination at the interfaces, indicating that further improvements are possible.

“This work motivates us to further improve our device assembly techniques, since we have not yet reached the intrinsic limit for this material,” Hone says. “With further progress, we hope to establish 2-D semiconductors as a new family of electronic materials that rival the performance of conventional semiconductor heterostructures—but are created using scotch tape on a lab-bench instead of expensive high-vacuum systems.”
二维半导体清洁到来
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图为密封于氮化硼分层间的二硫化钼。经由韩国延世大学Gwan-Hyoung Lee提供

2013年，詹姆斯•霍恩、哥伦比亚工程学院机械工程系教授Wang Fong-Jen，以及哥伦比亚大学的同事们表明，他们可以大大提高石墨烯的性能——可适用于高导电的二维（2-D）碳，做法是将其封装在氮化硼（BN）中。氮化硼是具有类似的层状结构的绝缘材料。在发表在在线进展刊物《自然纳米技术》网站上的研究论文中，哥伦比亚大学工程系、哈佛大学、康奈尔大学、明尼苏达大学、韩国延世大学、丹麦技术大学和日本国家材料科学研究所的研究人员表明，另一种2-D材料的性质——二硫化钼（MoS2）——同样可以通过BN封装提高性能。

“这些发现为如何学习所有2-D材料提供了一种示范。”这项新研究的主任以及哥伦比亚的NSF资助材料研究科学与工程中心的领导人霍恩说，“BN和石墨电极的组合就像一个‘插座’，我们可以在其中放置许多其他材料，在一个非常干净的环境研究它们，以了解其真正的和潜在的性质。这有广泛的应用，包括高性能电子、光的检测和发射以及化学/生物遥感。”

二维（2-D）材料是通过从大块晶体的薄层以原子方式“剥离”出来的，极有弹性，光学透明，并且可以相互结合或以全新的方式与传统的电子结合。但这些材料——所有的原子都在表面——因其性质对环境非常敏感，并且由于在周围的绝缘层中的污染和束缚电荷，它们的性能往往远远低于理论极限。去年霍恩的小组制造的BN封装石墨烯将电子迁移率提高了50×——电子性能的重要量度指标——以及更低的无序，可以使在低温和高磁场的有丰富新现象的研究成为可能。

“我们想看看我们通过二硫化钼可以做些什么——它是研究的最好的2D半导体，与石墨烯不同，它可以形成晶体管完全可以‘关闭’，是数字电路的一个关键属性。”作品的合作者和延世材料科学助理教授Gwan-Hyoung Lee注意到。在过去，在普通绝缘基质上制成的二硫化钼设备，如二氧化硅，显示了低于理论预测的流动性，不同的样本分别不同，并对低温、无序材料的所有迹象保持低冷却。研究人员不知道这种无序是否是由于基质，就像是在石墨烯的情况下，还是由于材料本身的不完善。

在新的研究中，霍恩的团队创造了封装在BN的二硫化钼的异质结构，或分层堆栈，以及二硫化钼边缘重叠的小片石墨烯作为电气接触点。他们发现室温提高了流动性提高了约2倍，接近内在限制。冷却温度低，流动性大幅增加，之前衡量的（根据原子层数）值达到5-50×。作为低无序性的进一步迹象，这些高流动性样品也在磁电阻中表现出较强的振荡，这之前没有在任何2-D半导体中看到过。

“这种新装置的结构使我们第一次能够研究这种材料在低温时的量子输运行为。”哥伦比亚工程学院博士生，论文的第一作者Xu Cui说。

通过分析低温电阻和量子振荡，团队总结该无序的主要来源仍然是接口的污染，表明有可能进一步改善。

“这项工作促使我们进一步改进我们的设备装配技术，因为我们还没有达到这种材料的内在限制。”霍恩说，“通过进一步的进展，我们希望能建立2D半导体电子材料作为电子材料的一种新型科目，可以与常规半导体异质结构的性能相对抗——但是使用实验室里的透明胶带而不是昂贵的高真空系统来制造的。”
MCanxixun Information and News Service
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