MCanxixun * Information


Mcanxixun * Information



*E-Material
*Metal Alloy
*Organic & Polymer

*Composite Materials

*Practical Application
*Tech News & New Tech

MCanxixun Information and News Service
Contents

3Tech News & New Tech（技术前沿）


3“Giant” charge density disturbances discovered in nanomaterials


4在纳米材料中发现“巨型”电荷的密度扰动


5Material snaps together like Legos


6材料可以像积木一样垒积而成


7Technique simultaneously determines nanomaterials’ chemical makeup


8高新技术可同时显示纳米材料化学特性及组成


9Metal Alloy（金属合金）


9Stainless steel PM HIPed nuclear valves


12不锈钢粉末冶金热等静压核电阀门


14Researchers develop efficient method to produce nanoporous metals


15研究人员开发出生产纳米多孔金属的有效方法


16Composite Materials（复合材料）


16Graphene: What does the future hold outside of the lab?


18实验室外的石墨烯应用前景如何？


19Toray’s Carbon Fibre Materials Adopted by Toyota’s Fuel Cell Vehicle MIRAI


20日本东丽公司碳纤维材料助力丰田燃料电池汽车MIRAI


20Practical Application（实际应用）


20Protons fuel graphene prospects


21质子燃料石墨烯前景


22Chemists fabricate novel rewritable paper


24化学家制造出新奇的可再写纸张


25Buckyballs enhance carbon capture


26巴基球可提高碳捕获力


27High-tech mirror to beam heat away from buildings into space


29高科技镜子可将建筑物的热量转移至外太空


31Organic & Polymer（有机高分子材料）


31Ultimate recycling: New plastic that disappears when you want it to


32按照人的意愿“消失”的新型塑料


33Researchers develop inexpensive hydrolysable polymer


34研究人员开发廉价水解聚合物


34E-Material（电子材料）


34First pictures of baby nanotubes


35首个“婴儿纳米管”图片


362-D quantum materials for nanoelectronics


38纳米电子学的二维量子材料




Tech News & New Tech（技术前沿）
“Giant” charge density disturbances discovered in nanomaterials
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Electron density oscillations on the surface of a metallic film were made visible with the help of low temperature scanning tunneling microscopy. Image: Forschungszentrum Jülich
In metals such as copper or aluminum, so-called conduction electrons are able to move around freely, in the same way as particles in a gas or a liquid. If, however, impurities are implanted into the metal's crystal lattice, the electrons cluster together in a uniform pattern around the point of interference, resembling the ripples that occur when a stone is thrown into a pool of water. Scientists in Jülich have, with the help of computer simulations, now discovered a combination of materials that strengthens these Friedel oscillations and bundles them, as if with a lens, in different directions. With a range of 50 nm, these "giant anisotropic charge density oscillations" are many times greater than normal and open up new possibilities in the field of nanoelectronics to exchange or filter magnetic information.
The study, published in Nature Communications, was preceded by an extraordinary discovery: Scientists at the Peter Grünberg Institute in Jülich noticed oddly shaped electron waves in images obtained using scanning tunneling microscopy. The pictures showed the surface of a thin-film of iron with oxygen impurities. "The wave pattern did not consist of closed rings as one would normally expect, but rather spread out crosswise from the point of interference in four different directions," reported Dr. Samir Lounis.
The reason for the unusual distribution of the electron density fluctuations is the virtually square-shaped Fermi surfaces of the material. The electrons with the most energy in an atomic compound are the ones which move about on the Fermi surfaces. The shape of the Fermi surfaces and the mobility of the electrons determine the physical properties of the metals. Fermi surfaces are often circular or square-shaped with rounded edges.
"The virtually flat Fermi surfaces of our samples act as an amplifier for Friedel oscillations, which spread out perpendicular to the surfaces", explains Lounis. The researchers have found out that this effect can be substantially intensified by varying the thickness of the metal. Depending on the number of atomic layers present, piles of Fermi surfaces are formed; the more of them there are, the greater the oscillations. The researchers called this effect the "Giant Anisotropic Charge Density Oscillations".
In principle, the oscillations could be used to exchange information between individual magnetic impurities and further enhance the level of integration of nanoelectronic components. As the oscillations are mainly produced by spins of a single orientation, they could also form the basis for so-called spin filter elements, which are important components in spintronic applications.
Source: Forschungszentrum Juelich
在纳米材料中发现“巨型”电荷的密度扰动
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在电子膜表面的电子密度震荡在低温扫描隧道显微镜的帮助下可以看到。图像：于利希研究中心

在铜或铝这样的金属中，所谓传导电子可以自由移动，就像粒子在气体或液体中以同样的方式运动。如果，一旦杂质被注入进金属的晶格中，电子会在干扰点的周围以一个统一的模式集中，就像石头丢进水中产生的涟漪一样。于利希的科学家扎计算机模拟的帮助下，已经发现了一种能强化这些弗里德尔震荡并约束起来的组合材料，就像用镜头的不同方向。在50nm的范围内，这些“巨型各向异性电荷密度振荡”比正常的大许多被，并为在纳米电子学领域磁信息的交换或过滤开创了新的可能。

在这项发表于《自然通讯》杂志的研究之前的一个不同寻常发现是：德国尤利希彼得纽伦堡研究所（the Peter Grünberg Institute in Jülich）的科学家注意到，用扫描隧道显微镜获得的图像中有形状奇特的电子波。图片显示了被氧化的铁薄膜的表面。“波得模式不想通常所预期的封闭环那样，而是从干扰点向四个不同方向横向展开，”萨米尔•兰尼斯博士说。

电子密度波动的异常分布原因是材料近似方形的费米面。在原子化合物中，具有大部分能量的电子是在费米面上移动的那些。费米面的形状和电子的迁移率决定了金属的物理性能。费米面通常是圆形或弧形边缘的方形。

 “我们样品基本水平的费米面就像一个放大的弗里德尔震荡放大器，”兰尼斯解释说。研究人员发现这种现象通过改变金属厚度大大增强。根据原子层的净现值，形成不同层数的费米面；形成的费米面越多，振荡越强烈。研究人员称这种现象为“巨型各向异性电荷密度振荡”。

原则上，振荡可以用于单个磁性杂质间的信息交换和进一步提高纳米电子元件的整合水平。由于振动主要是有单一方向的旋转产生的，它们也可以用作是自旋电子应用中重要组成部分的自旋过滤元件的基础。

来源：德国尤利希研究中心

Material snaps together like Legos
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Image: Univ. of Kansas

Physicists at the Univ. of Kansas have fabricated an innovative substance from two different atomic sheets that interlock much like Lego toy bricks. The researchers said the new material—made of a layer of graphene and a layer of tungsten disulfide—could be used in solar cells and flexible electronics. Their findings are published in Nature Communications.

Hsin-Ying Chiu, assistant professor of physics and astronomy, and graduate student Matt Bellus fabricated the new material using “layer-by-layer assembly” as a versatile bottom-up nanofabrication technique. Then, Jiaqi He, a visiting student from China, and Nardeep Kumar, a graduate student who now has moved to Intel Corp., investigated how electrons move between the two layers through ultrafast laser spectroscopy in KU’s Ultrafast Laser Lab, supervised by Hui Zhao, associate professor of physics and astronomy.

 “To build artificial materials with synergistic functionality has been a long journey of discovery,” Chiu said. “A new class of materials, made of the layered materials, has attracted extensive attention ever since the rapid development of graphene technology. One of the most promising aspects of this research is the potential to devise next-generation materials via atomic layer-level control over its electronic structure.”

According to the researchers, the approach is to design synergistic materials by combining two single-atom thick sheets, for example, acting as a photovoltaic cell as well as a light-emitting diode, converting energy between electricity and radiation. However, combining layers of atomically thin material is a thorny task that has flummoxed researchers for years.  

“A big challenge of this approach is that, most materials don’t connect together because of their different atomic arrangements at the interface—the arrangement of the atoms cannot follow the two different sets of rules at the same time,” Chiu said. “This is like playing with Legos of different sizes made by different manufacturers. As a consequence, new materials can only be made from materials with very similar atomic arrangements, which often have similar properties, too. Even then, arrangement of atoms at the interface is irregular, which often results in poor qualities.”

Layered materials such as those developed by the KU researchers provide a solution for this problem. Unlike conventional materials formed by atoms that are strongly bound in all directions, the new material features two layers where each atomic sheet is composed of atoms bound strongly with their neighbors—but the two atomic sheets are themselves only weakly linked to each other by the so-called van der Waals force, the same attractive phenomenon between molecules that allows geckos to stick to walls and ceilings.

“There exist about 100 different types of layered crystals—graphite is a well-known example,” Bellus said. “Because of the weak interlayer connection, one can choose any two types of atomic sheets and put one on top of the other without any problem. It’s like playing Legos with a flat bottom. There is no restriction. This approach can potentially product a large number of new materials with combined novel properties and transform the material science.”

Chiu and Bellus created the new carbon and tungsten disulfide material with the aim of developing novel materials for efficient solar cells. The single sheet of carbon atoms, known as graphene, excels at moving electrons around, while a single-layer of tungsten disulfide atoms is good at absorbing sunlight and converting it to electricity. By combining the two, this innovative material can potentially perform both tasks well.

The team used scotch tape to lift a single layer of tungsten disulfide atoms from a crystal and apply it to a silicon substrate. Next, they used the same procedure to remove a single layer of carbon atoms from a graphite crystal. With a microscope, they precisely laid the graphene on top of the tungsten disulfide layer. To remove any glue between the two atomic layers that are unintentionally introduced during the process, the material was heated at about 500 F for a half-hour. This allowed the force between the two layers to squeeze out the glue, resulting in a sample of two atomically thin layers with a clean interface.

Doctoral students He and Kumar tested the new material in KU’s Ultrafast Laser Lab. The researchers used a laser pulse to excite the tungsten disulfide layer.

“We found that nearly 100% of the electrons that absorbed the energy from the laser pulse move from tungsten disulfide to graphene within one picosecond, or one-millionth of one-millionth second,” Zhao said. “This proves that the new material indeed combines the good properties of each component layer.”

The research groups led by Chiu and Zhao are trying to apply this Lego approach to other materials. For example, by combining two materials that absorb light of different colors, they can make materials that react to diverse parts of the solar spectrum.

Source: Univ. of Kansas
材料可以像积木一样垒积而成
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图片提供：堪萨斯大学 

堪萨斯大学的物理学家已经使用像乐高玩具积木一样可以互锁的两个不同的原子薄片制作出一种新型物质。研究人员说，该新物质是用石墨烯层和二硫化钨层做成的，可以用于太阳能电池和软性电子元件。此项研究成果已经发表在《自然通讯》（Nature Communications）上。

物理学和天文学助理教授Hsin-Ying Chiu和研究生Matt Bellus，利用“层层组装”作为万能的由下而上的纳米制造技术构造出了新材料。来自中国的访问学者Jiaqi He和现在在英特尔公司的研究生Nardeep Kumar，在堪萨斯大学超快激光实验室，研究利用超快激光光谱技术电子如何在两层之间运动。此项试验由物理性学和天文学副教授Hui Zhao指导完成。

Chiu说，利用协调作用制造人造材料是漫长的发现之旅。层状材料组成的新型材料获得了自石墨烯技术快速发展以来广泛的关注。新型材料最有前景的一方面，是可以利用原子层控制电子结构，设计下一代材料。

据研究说，此方法可以通过结合两个单原子厚层来设计增效物质，比如，充当光伏电池和发光二极管，在电能和辐射间转换能量。然而，结合原子薄层物质层是一个艰巨的任务，让研究人员困惑了很久。

Chiu说，此方法最大的困难是，由于交界面原子排列不同，大部分物质不能结合在一起，原子排列不能在同一时间遵循两种定律。这就像玩不同生产商制造的两种不同的规格的积木。因此，只有相同原子排列的物质，也具有相同特性的物质，才能制造新型物质。即使这样，在交界面上原子排列不规则，导致质量差。

堪萨斯大学制造的层材料解决了这个问题。不同于由原子在各个方向包围的传统材料，新型材料两层组成每个原子膜的原子，都与相邻的原子紧密结合，但是由于范德华力两个原子膜本身结合力很弱，分子间相同的吸引现象，可以像壁虎一样紧贴在墙上或天花板上。

Bellus说，目前存在的100多种层晶体中，石墨烯是很好的例子。由于夹层连接较弱，一层可以任意选择两种原子膜，可以轻易地将一层叠加在另一层上。这就像在平底上玩积木。这没有限制规定。此方法通过结合新特性可以生成大量的新原料，足以改变材料科学。

Chiu和Bellus为了制成有效太阳能电池的新型材料，构造了碳和二硫化钨的新材料。像石墨烯这样的碳原子单膜，电子可以轻易游动，二硫化钨原子单层可以很好的吸收太阳光并转化成电能。结合着两种物质，新型的材料可以将两者完成的很好。

研究中用透明胶带从晶体中提取单层的二硫化钨原子，将其应用在硅衬底内。然后，他们利用相同的过程从石墨烯晶体中消除单层碳原子。在显微镜下，他们精确地将石墨烯放在二硫化钨层上。在此过程中，为了消除无意产生的两分子层的胶体，材料在500华氏度下加热半小时，利用两层间的作用力挤掉胶体，让样本的两个原子厚层的交界面十分干净。

博士生He 和Kumar在堪萨斯大学超快激光实验室测试了两种新材料。研究人员利用了激光脉冲激活二硫化钨层。

Zhao说：“我们发现几乎100%从激光脉冲中吸收能量的电子，在一皮秒内从二硫化钨流入石墨烯中。这说明，新材料可以结合每个组元件的良好特性。”

Chiu和Zhao带领的研究小组正在试图将此“积木”方法运用到其他材料中去。例如，通过结合吸收不同颜色光的两种材料，他们可以制造出对太阳光谱不同部分产生反应的新材料。

来源：堪萨斯大学 
Technique simultaneously determines nanomaterials’ chemical makeup
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The synchrotron x-ray scanning tunneling microscopy concept allowed Argonne National Laboratory and Ohio Univ. researchers to achieve a recording-breaking resolution of a nanoscale material. They combined of a synchrotron x-ray as a probe and a nanofabricated smart tip as a detector to fingerprint individual nickel clusters on a copper surface at a two-nanometer resolution and at the ultimate single-atomic height sensitivity. And by varying the photon energy, researchers successfully measured photoionization cross sections of a single nickel nanocluster—opening the door to new opportunities for chemical imaging of nanoscale materials.

A team of researchers from the U.S. Dept. of Energy (DOE)'s Argonne National Laboratory and Ohio Univ. have devised a powerful technique that simultaneously resolves the chemical characterization and topography of nanoscale materials down to the height of a single atom.

The technique combines synchrotron x-rays (SX) and scanning tunneling microscopy (STM). In experiments, the researchers used SX as a probe and a nanofabricated smart tip of a STM as a detector.

Using this technique, researchers detected the chemical fingerprint of individual nickel clusters on a copper surface at a 2-nm lateral resolution, and at the ultimate single atom height sensitivity. By varying the photon energy, the researchers used the difference in photoabsorption cross sections for nickel and the copper substrate to chemically image a single-nickel nanocluster—thus opening the door to new opportunities for chemical imaging of nanoscale materials. Until now, a spatial limit of about only 10-nm was attainable, and the researchers would simultaneously sample a large sample area. The researchers have improved the spatial resolution to 2 nm.

“Imaging with direct chemical sensitivity has been a long-standing goal since scanning tunneling microscopes were developed during the 1980s,” said Volker Rose, a physicist in the X-ray Science Div. “It was very exciting when we obtained elemental contrast of a material at just one atomic layer height”.

"This is a marriage between two of the most powerful instruments of materials science," said Saw-Wai Hla, electronic and magnetic materials and devices group leader in Argonne's Nanoscience & Technology Div. "We now have an instrument that can perform the functions of STM and x-rays in a single setting, and therefore it has a great potential to revolutionize the materials characterization."  

To conduct the experiment, researchers used the Center for Nanoscale Materials’ (CNM) beamline 26-ID at the Advanced Photon Source (APS), which is equipped with two collinear undulator devices that serve as the x-ray source and a double-crystal monochromater that selects the photon energy. The x-rays were passed through a beam chopper to quickly turn the beam on and off and then illuminate the tip/sample junction in the SX-STM. This enabled the very sensitive lock-in detection of the x-ray induced currents. 

The experiment was conducted at room temperature, which is well suited for the needs of most physical, chemical, biological and nanomaterial applications. The team anticipates that even higher spatial resolution may become possible with a new instrument currently under development.

“The next step will be to extend the new technique to low temperatures,” notes Rose. “Our measurements indicate that atomic resolution may be achievable at 5 K (about -450 F).”

Source: Argonne National Laboratory
高新技术可同时显示纳米材料化学特性及组成
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利用同步辐射X射线扫描隧道显微术，美国阿贡国家实验室和俄亥俄大学的研究员们创纪录地获得了一种纳米材料的分辨率。将同步辐射X射线作为探针，纳米材质的智能端作为探测器，他们以两毫微米的分辨率、单一原子极限的敏感性，获取了一块铜币表面的镍团簇图像。并且通过改变光子能，研究员们成功测量出单个镍纳米团簇的光电离横切面，这为纳米材料的化学组成打开了新的大门。

来自美国能源部的阿贡国家实验室和俄亥俄大学的研究团队刚发明出一种高效技术，可以同时展示纳米材料的化学特性以及小到原子的组成图。

这项技术同时包含了同步辐射X射线和扫描隧道显微镜技术。试验中，研究员们将同步辐射X射线作为探针，而扫描隧道显微镜的智能端作为探测器。

利用这一技术，研究员们以两毫微米的横向分辨率、细到原子微粒的敏感度，探测出了一枚铜币表面单个镍团簇的化学成分图谱。通过改变光子能，研究员们利用镍和铜床层横切面对光的不同吸收率，获得了单个镍纳米团簇的化学图谱，这为纳米材料的化学组成打开了新的大门。迄今为止，我们能获得的空间限度只有10纳米，但是研究员们将会同时设立一个更大的样标地，他们已经将空间分辨率提升至2纳米。

X射线科学分支的物理学家沃尔克•罗斯说道“自从扫描隧道显微镜技术于20世纪80年代发明以来，直接化学敏感性成像就一直是长久性的目标。当我们以一个原子微粒高度的敏感度获得了材料的元素组成对照图像时，真的非常令人激动。“

阿贡国家实验室纳米科技方向，电磁材料和设备组组长肖•伟拉解释说“这是结合了材料学界最有影响力的两种技术。现在我们只用一种设备，就可以同时实现扫描隧道显微镜和X射线的功效，因而其极具有改革材料特性的潜质。

为了进行此实验，研究员们使用了纳米材料研究中心的第三代同步辐射光源，26-ID光束线，配以一个充当X射线的两组共线波荡器，，一个筛选光子能的双晶单色器。通过斩波器的X射线可以极快地转变光束以照亮同步辐射X射线和扫描隧道显微镜装置的连接端。这样就可以非常迅速地探测X射线感应电流。

此实验在室温下进行，这个温度对大部分物理、化学、生物以及纳米材料应用实验都是非常适合的。研究团队期望正在研究的新设备可以获得更高的空间分辨率。

罗斯指出“我们的下一步就是要将此技术能在更低温度下适用。我们分析要获得原子级分辨率，可能需要在零下450华氏温度进行。

材料来源：阿贡国家实验室
Metal Alloy（金属合金）
Stainless steel PM HIPed nuclear valves 

The International HIP committee (IHC) presented its ‘HIP Parts of Excellence’ award winners at HIP’14, the 11th International Conference on Hot Isostatic Pressing, Stockholm, Sweden, June 9-13. Electrical Power Research Institute received an award for its 316L stainless steel Powder Metallurgy HIPed nuclear valves.

The Electrical Power Research Institute (EPRI), USA, working with Synertech PM, Inc., Carpenter Powder Products, and Tyco Flow Control, manufactured 316L stainless steel PM HIP nuclear valves that were produced as part of a successful effort to establish ASME Boiler and Pressure Vessel Code Case N-834. The valve bodies were manufactured to Tyco Valve drawings and specifications allowing Tyco to independently and rigorously evaluate the manufactured valve bodies.

Large power generation components have traditionally been fabricated using established methods including: casting, rolling, drawing, forging, extrusion, and welding. HIP PM components have not been heavily used within the power generation community for three reasons. Firstly, within the US, materials and processes utilised to manufacture pressure retention or high-temperature power plant components are generally subject to the ASME Boiler and Pressure Vessel Code and no code existed for HIP PM materials.

Secondly, the size and shape of near-net shaped components have only recently reached a point comparable to forged/cast parts. In addition, the compositions/alloys that are of most interest to the industry have not been readily available.

Thirdly, the PM/HIP production route is generally perceived to be more expensive than traditional forging and casting routes. However, for stainless steels and nickel-based alloys, material systems where raw material costs are much higher, PM/HIP may offer a highly cost effective solution for specific applications.
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Fig. 1 Images show the sheet metal capsule used to produce the 316L stainless steel valve bodies.The image on the left is an incomplete capsule in which the interior detail is visible. A complete capsule is being inspected on the right
The valves for this qualification project were made using a thin-wall capsule, HIP PM near net shape technique. Fig. 1 shows images of a HIP capsule in an intermediate and completed state. Fig. 2 shows the completed valve and that valve after sectioning. Combined, the two Figs illustrate how a sheet metal container can be fabricated such that internal chambers are produced as part of the process.
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Fig. 2 Two images showing the as-HIPed 316L valve body (left) and the same valve body that has been sectioned in half as part of the evaluation performed in preparation of the ASME Code Case 

Several advantages that HIP PM components offer the electric power industry were cited:

Inspectability

HIP PM components possess a uniform, homogenous microstructure that is very easy to inspect in terms of both detection and sizing offering the ability to detect extremely small flaw sizes for critical components.

Near-Net Shaped (NSS) components

Components produced with PM/HIP techniques can be produced very near final shape, resulting in reduced component weight, reduced machining, reduced energy consumption (such as in melting more material than required), and reduced waste from post-process machining.

Decreased machining/residual stress

Stainless steels and nickel base alloys work harden during machining. Work hardening not only increases the difficulty in machining, but can also induce residual stresses near the surface of a given component. Residual stresses drive known cracking mechanisms such as stress corrosion cracking in stainless steels for nuclear power applications.

New alloy systems and chemistries

Metal powder production is often a flexible process in that specific chemistries can be produced to an individual customer’s requirement, multiple powder heats can be blended to provide a near-exact chemistry and heats can be produced according to need, for example, ranging in size from hundreds to thousands of pounds.

Enhanced weldability

Cast components are often difficult to weld due to the many types of defects that can be present in the microstructure. Furthermore, castings and forgings typically result in very large grain sizes that can create additional issues in the welding and fabrication processes. The homogeneity and fine grain size of PM/HIP parts eliminates many of the conventional weldability issues inherent to either cast or forged components.

Alternate supply route / decreased delivery times

For some components long lead-times (of the order of two to five years) are commonly encountered in both the fossil and nuclear power generation sectors. The recent approval of PM/HIP technologies in the ASME BPV Code will allow utilities to source components from an alternate, PM HIP parts supplier. In a situation such as a forced outage due to component failure, the constraint is lead time as lost generation can be valued in the millions of dollars a day. Thus, even in situations where on a component basis PM-HIP may be more expensive, the improved lead time that PM HIP offers is desirable.

Elimination of rework or repair of large cast components

The ability to produce homogeneous microstructures via HIP PM substantially reduces the number of repairs required in castings. In discussions with various valve manufacturers, it is not uncommon for large cast components to require between 10 to 50% (by volume) repairs to eliminate casting defects.

Composition and mechanical property data for the 316L valves can be seen in Tables 1 and 2.
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不锈钢粉末冶金热等静压核电阀门

2014年6月9日-13日在瑞典斯德哥尔摩召开的第十一届国际热等静压会议上，国际热等静压委员会（IHC）颁发了“热等静压卓越奖”。电气电力科学研究院凭借其316 L的不锈钢粉末冶金热等静压核级阀门获得了该奖项。

美国的电气电力研究院、Synertech PM公司、Carpenter 粉末制品公司和泰科流体控制公司（Tyco Flow Control）联合制造316L的不锈钢粉末冶金热等静压核级阀门，该阀门为建立ASME锅炉和834号压力容器规范做出了部分努力。阀体内部是按照泰科阀门的图纸和说明书制造的，泰科可以独立严格的评估已制成的阀门。 

大型传统发电设备传统上都以既成的方法制造，这些方法包括：铸造、轧制、绘图、锻造、挤压和焊接。热等静压粉末冶金组件不是经常在发电设备中使用有三个原因。首先，在美国，用来制造压力保留或者高温动力装置的材料和工艺符合ASME锅炉和压力容器规范，并且热等静压/粉末冶金材料中不存在编码。

第二，近净形组件的大小和形状直到最近才达到可以和伪造或铸造零件相媲美的点。此外，该行业最关心的组分/合金还没有现成的。

第三，人们普遍认为粉末冶金/热等静压生产流程会比传统锻造或铸造流程要贵。然而，不锈钢和镍基合金材料的原料成本高得多，而粉末冶金/热等静压可能为特定的应用程序提供极具成本效益的解决方案。
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图1，该图显示了用于生产316L的不锈钢阀体的金属板胶囊容器。左边是该容器的一个不完整的图片，可以看见内部细节。右边的是一个可以看见内部细节的完整容器。

这一资格项目的阀门是用一个薄壁的容器和热等静压粉末冶金近净成形技术制造的。图1显示了一个热等静压容器的中间状态及已经完成的状态。图2显示的是已经完成的阀门和切割后的阀门。这两幅图结合起来说明了一个金属容器是怎样制造的，以及其内部结构被当作过程的一部分来生产。
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图2，这两幅图显示的是添加热等静压的316L阀体(左边）和同样的阀体被切成两半作为准备ASME规范案例中的评估部分。

这里列举了热等静压粉末冶金组件为电力行业提供的几个优点：

监察

热等静压粉末冶金组件具有均衡、同质的微观结构，该结构就探测和涂料来说非常易于检测，同时能够探测关键组件的极细微的瑕疵。

近净成形（NNS）组件

用粉末冶金/热等静压技术生产的组件可以接近最终形状，从而导致组件重量减少，降低加工、能耗（例如在融化时需要更多的材料），并减少处理加工浪费。

减少加工或剩余应力

不锈钢和镍基合金在加工过程中会加工硬化。加工硬化不仅增加了加工难度，但也能引起给定组件表面的剩余应力。剩余应力推动人们知晓裂纹形成机理，例如核电应用中的不锈钢应力腐蚀。

新的合金系统和化学制剂

金属粉末的生产是一个灵活的过程，因特定的化学制剂能够按照特定消费者的需求生产，可以混合多种粉末加热来提供接近标准的化学制剂，并且粉末加热可以根据需要来生产，例如，从上百到几千镑不等的大小。

可焊性增强

由于微观结构中存在多种缺陷，所以铸造部件常常难以焊接。此外，铸件及锻件通常都是比较大的晶粒尺寸，这也是焊接和制造流程中额外的问题。同质性和细晶粒尺寸的粉末冶金/热等静压零件消除了铸造或锻造过程中的常规问题。

备用供应流程或减少交货时间

火电厂和核电站发电行业中经常有一些组件需要很长的订货周期（约为二至五年）。最近在ASME BPV规范中批准使用粉末冶金/热等静压技术，这将允许从备选的粉末冶金/热等静压组件供应商处获得源组件的实用程序。在组件障碍而强迫停运的情况下，交货期因此而受限带来的电力损失可以以每天数百万的美元来计算。因此，尽管在粉末冶金热等静压的组件可能比较昂贵的情况下，粉末冶金热等静压可以提高的交货时间也是令人满意的。

消除大型铸件的返工和修理

能够通过粉末冶金热等静压生产同质显微结构实质上减少了大量的所需修理的铸件的数量。在与不同的阀门制造商进行讨论时发现，为了消除铸造缺陷而要求对大型铸造组件进行10%到50%（按体积）的修理，这种情况并不罕见。

316L的成分和力学性能数据可参见表1和表2。
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Researchers develop efficient method to produce nanoporous metals

Nanoporous metals—foam-like materials that have some degree of air vacuum in their structure—have a wide range of applications because of their superior qualities.

They posses a high surface area for better electron transfer, which can lead to the improved performance of an electrode in an electric double capacitor or battery. Nanoporous metals offer an increased number of available sites for the adsorption of analytes, a highly desirable feature for sensors.

Lawrence Livermore National Laboratory (LLNL) and the Swiss Federal Institute of Technology (ETH) researchers have developed a cost-effective and more efficient way to manufacture nanoporous metals over many scales, from nanoscale to macroscale, which is visible to the naked eye.

The process begins with a four-inch silicon wafer. A coating of metal is added and sputtered across the wafer. Gold, silver and aluminum were used for this research project. However, the manufacturing process is not limited to these metals.

Next, a mixture of two polymers is added to the metal substrate to create patterns, a process known as diblock copolymer lithography (BCP). The pattern is transformed in a single polymer mask with nanometer-size features. Last, a technique known as anisotropic ion beam milling (IBM) is used to etch through the mask to make an array of holes, creating the nanoporous metal.

During the fabrication process, the roughness of the metal is continuously examined to ensure that the finished product has good porosity, which is key to creating the unique properties that make nanoporous materials work. The rougher the metal is, the less evenly porous it becomes.

“During fabrication, our team achieved 92% pore coverage with 99% uniformity over a 4-in silicon wafer, which means the metal was smooth and evenly porous,” said Tiziana Bond, an LLNL engineer who is a member of the joint research team.

The team has defined a metric—based on a parametrized correlation between BCP pore coverage and metal surface roughness—by which the fabrication of nanoporous metals should be stopped when uneven porosity is the known outcome, saving processing time and costs.
“The real breakthrough is that we created a new technique to manufacture nanoporous metals that is cheap and can be done over many scales avoiding the lift-off technique to remove metals, with real-time quality control,” Bond said. “These metals open the application space to areas such as energy harvesting, sensing and electrochemical studies.”

The lift-off technique is a method of patterning target materials on the surface of a substrate by using a sacrificial material. One of the biggest problems with this technique is that the metal layer cannot be peeled off uniformly (or at all) at the nanoscale.

Other applications of nanoporous metals include supporting the development of new metamaterials (engineered materials) for radiation-enhanced filtering and manipulation, including deep ultraviolet light. These applications are possible because nanoporous materials facilitate anomalous enhancement of transmitted (or reflected) light through the tunneling of surface plasmons, a feature widely usable by light-emitting devices, plasmonic lithography, refractive-index-based sensing and all-optical switching.

Source: Lawrence Livermore National Laboratory
研究人员开发出生产纳米多孔金属的有效方法  

纳米多孔金属——在结构中有一定程度的空气真空的泡沫状材料。鉴于它们具备优良素质，所以应用广泛。

它们拥有很大的表面积，使电子可以更好地转移，这可以导致电动双电容器或电池的电极性能的提高。纳米多孔金属为分析无的吸附提供更多的可用点，为传感器提供高度可取的特性。

劳伦斯-利弗莫尔国家实验室（LLNL）和瑞士联邦技术学院（ETH）的研究人员已经开发出一种合乎成本并且更有效的方法来制造多个尺度的纳米多孔金属材料，从纳米级到肉眼可见的宏观级别。

该过程以一个四英寸的硅晶片为开始。添加一层金属，把金属喷到晶片表面上。金、银和铝可以用在这个研究项目中。然而，制作过程不仅限于这些金属。

接下来，两种聚合物的混合物要加入到金属基板上来创建模式，这一过程为称为嵌段共聚物光刻（BCP）。该模式在一个纳米尺寸的单一聚合物的保护下被转化。最后，使用一种名为各向异性离子束加工（IBN）的技术蚀刻保护层，制作一系列的孔洞，制造出纳米多孔金属。

在制造过程中，要连续监测金属的粗糙程度以确保成品具有良好的孔隙率，这是创造能使纳米多孔材料工作的独特性能的关键。金属越粗糙，孔越不均匀。

“在制造过程中，我们的团队在四英寸的硅晶片上达到了92%的孔覆盖率，而且均匀率达到99%，这意味着金属是光滑而且均匀多孔的，”蒂茨娜娅•邦德说，她是这个联合小组中的一名LLNL工程师。

这个小组已经定义了一个度量——基于BCP孔覆盖率和金属表面粗糙程度之间的相关参数——当已经知道产出品的孔隙会是非均匀的，纳米多孔金属的制作应该停止，来节省加工时间和成本。

“真正的突破是，我们已经创造出一种新的技术来制造纳米多孔金属，这种技术既廉价，又可以在很多尺度内避免通过实时质量控制来使用剥离技术来清除金属，”邦德说。“这些金属打开了很多领域的应用空间，例如能量收集，传感和电化学研究。”

剥离技术是一种用牺牲材料在基板表面画上目标材料的方法。这种技术的最大问题之一是在纳米尺度上金属层不能均匀剥落（或不剥落）。

纳米多孔金属的其他应用包括支持新材料（工程材料）在辐射增强的过滤和操纵方面的发展，包括深紫外线光源。这些应用成为可能的是因为纳米多孔材料增强了通过隧道表面等离子体传输（或反射）的光，这是被发光器件、等离子体蚀刻、折射率传感和全光开关广泛使用的一种特征。

来源：劳伦斯-利弗莫尔国家实验室 
Composite Materials（复合材料）
Graphene: What does the future hold outside of the lab? 

The 2010 Nobel Prize catapulted Graphene onto the world stage, and it's since captured the attention of the materials world. No doubt there are extraordinary opportunities.

Mechanically it's 200 times stronger than steel, its in-plane electrical and thermal conductivity is higher than copper, and it has a staggering surface area in excess of 2,500m² per gram. It's no surprise, the 'wonder' material has been the subject of intense research.

The range of potential applications is vast. For example, a single or double layer of carbon shows a range of quantum effects that may be exploited for novel sensors, energy harvesting, and could even be the basis for the next generation of computer chips, replacing silicon.

Commercial graphene

So is all this really achievable? Many question the commercial reality of the material, and its relevance to real, commercial products and applications.

In many cases, taking an idea from the laboratory to the industrial world is fraught with difficulty and fantastic material properties on a laboratory scale do not always translate into cost effective applications on a large scale.

However, there is long term effort being made to produce single film 'perfect' graphene sheets on an industrial scale. But, by capitalising on less perfect but equally effective graphene nanoplatelets (GNP), a route to short term commercialisation may have opened up.

A complicated commercial picture

There are many target markets for graphene that actually make commercialisation more challenging. Each target market requires different performance levels and cost targets. There are also many types of graphene, each with a different set of properties.

There is a real need to standardise the growing number of graphene variants by recognising the cost benefits of each family and establishing the applications for which they are most suitable.

Realising the potential

Graphene, and graphene oxide, show promise as reinforcements in high-performance nano-composites and could yield outstanding mechanical properties. The strong interface between the reinforcement and the polymer matrix yields excellent mechanical and conductive properties.

However, the homogenous dispersion of nanomaterials is a fundamental requirement in realising their full potential. Nanomaterials tend to agglomerate, which can hinder good dispersions in something like a polymer used to make a composite. In order to prevent this, it's necessary to employ a surface functionalisation treatment.

Chemical treatment of nanoparticles using acids can effectively functionalise the surface of graphene, but it is at the expense of safe and proper disposal costs, which can be considerable. And acid treatments can damage graphene, seriously degrading the properties of the final product.

These deleterious effects can be avoided with processes including plasma functionalisation. With the correct chemical functionalisation, there is a far greater possibility of achieving chemical bonding (such as covalent bonding) within the matrix to ensure homogenous dispersion.

Functionalisation via plasma

As graphene is inherently inert, the challenge is to integrate graphene into target materials. However, the customised modification of a material's surface chemistry is key and is crucial to achieving adequate dispersion. This is seen as the key barrier to the material's commercialisation.

A low temperature plasma, under 100°C, process has been developed that overcomes this. This can 'functionalise' with a range chemical groups, such as O2, COOH, NH3, and F, and the degree of functionalisation can be tailored to specific requirements. Good dispersion optimises the properties and performance to ensure the required results are consistently achieved.

The plasma functionalisation process is not aggressive and may also remove impurities and repair some defects.

The environmental credentials of the plasma process are also further underlined by low energy consumption and the avoidance of a waste stream.

Graphene in composites

The mechanical performance of graphene is of particular interest as a filler for composites. Exciting results demonstrating the potential of nano-reinforcement resin have been reported where an epoxy resin reinforced by GNPs showed a 200% increase in tensile strength/modulus and a 125% increase in toughness.

These results point to surface functionalisation as the key parameter influencing nano-reinforcement due to dispersion promotion and chemical bonding with the epoxy matrix.

The flake graphene (or GNPs) form can be produced top-down from mined graphite, or bottom-up by chemical processes, which represent a wide range of different materials under the 'graphene' label that vary in purity, number of layers, flake size and morphology. These materials can be incorporated into inks, polymers, composites and coatings, to either exploit electrical or thermal conductivity, or add enhanced mechanical performance.

Realising the potential

The key to realising the performance in a matrix or ink is homogeneous dispersion, and chemical bonding within the matrix. These properties can be achieved by effective surface functionalisation of the graphene that can be achieved most effectively by plasma treatment compared to acid-based surface functionalisation.

Plasma is a clean, low energy process that avoids a toxic waste stream and can therefore realise the full effects of graphene in a cost and environmentally-effective way.

As with all new 'wonder' materials, commercialisation depends on many factors. With graphene the market demand is certainly widespread and the sources of raw material numerous. Now that the key role of functionalisation has been identified and a commercial route established, the scene is set for a successful future.
实验室外的石墨烯应用前景如何？
2010年得诺贝尔奖使石墨烯登上了世界的舞台，它开始受到材料界的广泛关注。毫无疑问，这里有非凡的机遇。

从机械角度来讲，它的强度比钢高出200倍，其内面的导电性和导热性比铜还要高，并且每克的表面积超过2,500平方米。不用吃惊，这种“神奇的”材料成为了研究的热点。

它的潜在应用范围是巨大的。例如，一个单层或双层的碳原子层显示的一系列量子效应可以被用于新型传感器和能量收集，甚至可能取代硅成为下一代计算机芯片的基础。

商业化的石墨烯

但这一切真的可能吗？很多人质疑这种材料的商业现实、材料与实际的关系、商业产品和应用。

在许多情况下，将一个想法从实验室带到工业世界充满了困难，而且其在实验室规模下的神奇材料特性不是总能转化为大规模的成本效益。

然而，用工业规模生产“完美的”石墨烯片单层膜还要付出长期的努力。但是，通过利用不完美但同样有效的石墨烯纳米薄片（GNP），一条短期的商业化线路或许已经打开。

复杂的商业形势

石墨烯的目标市场有很多，这使它的商业化更加具有挑战性。每个目标市场对于它的性能和成本有不同的需求。并且石墨烯的种类很多，每一种都有不同的性质。
通过识别每个类别的成本效益并用最适合的方式建立应用来规范不断增长的石墨烯的种类是十分必要的。

潜能的实现

石墨烯和氧化石墨烯有望成为高性能纳米复合材料的增援品而且可以表现出显著的机械特性。这种增援品与聚合物基体之间强大的结合可以产生优异的机械性能和导电性能。
然而，纳米材料均匀的分散性是实现它们全部潜能的基本要求。纳米材料往往具有凝聚性，这会阻碍它在一些材料中的良好的分散性，比如阻碍它在某种用于制造复合材料的聚合物中的分散。为了预防这一点，进行表面官能化处理是很有必要的。

用酸性物质对纳米粒子进行化学处理可以有效的使石墨烯的表面官能化，但是它是以安全和巨额的成本为代价。同时酸性处理会使石墨烯遭到损坏，严重降低其成品的性能。

这些有害影响可以在包括等离子体官能化的过程中避免。通过正确的化学官能化，在矩阵中形成化学键（例如共价键）来确保分散均匀变得更加可能。

通过等离子体进行官能化

由于石墨烯本身具有惰性，将石墨烯变成目标材料是一个挑战。因此，定性改变材料表面的化学键是达到充分分散的关键。这被看做是材料商业化的主要障碍。

对于低温等离子体，在100°C以下，已经开发出了克服这个问题的方法。这可以通过一系列的化学组合“官能化”，例如O2、COOH、NH3和 F，而且官能化的程度可以根据具体要求进行定制。良好的分散性优化了性能，可以确保达到要求的结果。

等离子体官能化的过程是不具有侵略性的，也可以去除杂质并修复一些缺陷。

等离子体处理过程的环境要求也进一步强调了低能耗和避免浪费。石墨烯复合材料

作为复合物的填料，石墨烯的机械性能充满吸引力。关于纳米增强体树脂的潜在价值研究结果激动人心，研究表明，由GNP（石墨层）增强的环氧树脂抗拉强度增加200%，韧性增加125%。

研究结果指出，由于扩散增强，并且和环氧树脂基体形成化学键，表面官能化是影响纳米增强体的关键因素。
片状石墨烯（或称为GNP）形式可以由开采的石墨从上至下制成，也能通过化学步骤从下至上制成，这意味着范围广泛的不同材料，尽管它们纯度、层数、大小和形态各式各样，但都被贴上石墨烯的标签。这些材料能被纳入油墨、聚合物、复合物和涂料，既能被用来进行电传导和热传导，也能增加机械性能。

发挥潜在价值

在基质或油墨中发挥潜能的关键是均匀分散，以及在基质中形成化学键。石墨烯的有效表面官能化有利于形成这些特性，而等离子处理比酸型表面官能化更加有效。
等离子处理清洁、低能耗，能避免形成有毒废水，因此能通过一种低成本且环保的方式，发挥石墨烯的全部效用。

正如所有新的“奇迹”材料一样，（石墨烯）商业化应用取决于很多因素。石墨烯市场需求分布广泛，原材料来源数不胜数。现在，官能化的关键作用已经被确定，而且已经建立了一条商业路线，现在的场景为成功的未来打下了基础。
Toray’s Carbon Fibre Materials Adopted by Toyota’s Fuel Cell Vehicle MIRAI

Toray's carbon fibre material has been adopted by MIRAI, a fuel cell vehicle being introduced this month by Toyota Motor Corporation.

According to Toray, its carbon fibre materials used in MIRAI are carbon fibre reinforced thermoplastic (CFRTP) developed for automobile structural parts, carbon paper for electrode substrate of fuel cell stack and high strength carbon fibre for high pressure hydrogen tank.

Toray explains, the CFRTP is used in a part called "STACK FRAME", which is equivalent for the vehicle floor. Toray, together with Toyota, developed CFRTP which is described as achieving short press moulding time suitable for mass production by leveraging the characteristics of thermoplastic. It is the first time in the world that CFRTP is used in the structural part of a (mass) production vehicle.

The carbon paper Toray has been developing for more than 30 years was adopted for the electrode substrate of fuel cell stack, which is the heart of a fuel cell vehicle. Toray says this carbon paper meets prescribed properties such as gas diffusion and durability and contributes to improvement of the fuel cell stack performance and space saving. Further, MIRAI's high pressure hydrogen tank uses the high strength carbon fibre Toray has developed specifically for high pressure hydrogen tanks, which satisfies the safety, strength and light weight requirements of such tanks.

Under its management policy that all business strategies must place priority on the global environment in an effort to help realise a sustainable low-carbon society, Toray aims to solve the global environmental problems as well as resource and energy issues to contribute to the realisation of a sustainable low-carbon society. Furthermore, Toray will focus on expansion of its advanced material business in the growing markets to achieve its corporate philosophy of "Contributing to society through the creation of new value with innovative ideas, technologies and products" in the Green Innovation Business Expansion (GR) Project, one of the group-wide projects under the medium-term management program "Project AP-G 2016" launched in April 2014.
日本东丽公司碳纤维材料助力丰田燃料电池汽车MIRAI

日本东丽公司（Toray'）碳纤维材料已应用于丰田汽车公司本月即将推出的燃料电池汽车MIRAI上。

根据东丽表示，MIRAI应用的碳纤维材料有用于汽车结构部件的碳纤维增强热塑性塑料（CFRTP），用于燃料电池堆的碳纸，和用于高压氢气罐的高强度碳纤维。

东丽解释说，CFRTP被用在所谓“堆框架”的一部分，相当于车辆地板。东丽同丰田携手研制了CFRTP，利用该材料的热塑性缩短加压成型时间，实现大批量生产。这是CFRTP首次用在批量生产的车辆结构部件上。

燃料电池堆的电极基板作为燃料电池汽车的心脏，应用了东丽开发了30多年的碳纸。这种碳纸具有气体扩散性和耐久性，有助于提高燃料电池堆的性能并节省空间。此外，MIRAI的高压氢气罐采用了东丽专门为高压氢气罐开发的高强度碳纤维，满足安全、高强、质轻的需求。

为了实现可持续的低碳社会，东丽所有商业策略必须将重点放在全球环境，在这种管理策略下，东丽旨在解决全球环境，以及资源和能源问题，以帮助实现一个可持续的低碳社会。此外，在日益增长的市场中，东丽将专注于先进材料业务的扩张，实现其在绿色创新产业扩张（GR）项目中“通过创新的思路、技术和产品，创造新的价值，为社会作贡献”的企业理念，此项目是东丽于2014年4月启动的中期管理计划“2016 AP-G项目”下的一个集团项目。

Practical Application（实际应用）
Protons fuel graphene prospects
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Graphene allows protons to pass through it, contrary to previous thinking.
Graphene, impermeable to all gases and liquids, can easily allow protons to pass through it, Univ. of Manchester researchers have found.

Published in Nature, the discovery could revolutionize fuel cells and other hydrogen-based technologies as they require a barrier that only allow protons to pass through.

In addition, graphene membranes could be used to sieve hydrogen gas out of the atmosphere, where it is present in minute quantities, creating the possibility of electric generators powered by air.

One-atom thick material graphene, first isolated and explored in 2004 by a team at The Univ. of Manchester, is renowned for its barrier properties, which has a number of uses in applications such as corrosion-proof coatings and impermeable packaging.

For example, it would take the lifetime of the universe for hydrogen, the smallest of all atoms, to pierce a graphene monolayer.

Now a group led by Sir Andre Geim tested whether protons are also repelled by graphene. They fully expected that protons would be blocked, as existing theory predicted as little proton permeation as for hydrogen.

Despite the pessimistic prognosis, the researchers found that protons pass through the ultra-thin crystals surprisingly easily, especially at elevated temperatures and if the films were covered with catalytic nanoparticles such as platinum.

The discovery makes monolayers of graphene, and its sister material boron nitride, attractive for possible uses as proton-conducting membranes, which are at the heart of modern fuel cell technology. Fuel cells use oxygen and hydrogen as a fuel and convert the input chemical energy directly into electricity. Without membranes that allow an exclusive flow of protons but prevent other species to pass through, this technology would not exist.

Despite being well-established, fuel-cell technology requires further improvements to make it more widely used. One of the major problems is a fuel crossover through the existing proton membranes, which reduces their efficiency and durability.

The University of Manchester research suggests that the use of graphene or monolayer boron nitride can allow the existing membranes to become thinner and more efficient, with less fuel crossover and poisoning. This can boost competitiveness of fuel cells.

The Manchester group also demonstrated that their one-atom-thick membranes can be used to extract hydrogen from a humid atmosphere. They hypothesize that such harvesting can be combined together with fuel cells to create a mobile electric generator that is fuelled simply by hydrogen present in air.

Marcelo Lozada-Hidalgo, a graduate student and corresponding author of this paper, said: “When you know how it should work, it is a very simple setup. You put a hydrogen-containing gas on one side, apply small electric current and collect pure hydrogen on the other side. This hydrogen can then be burned in a fuel cell.

“We worked with small membranes, and the achieved flow of hydrogen is of course tiny so far. But this is the initial stage of discovery, and the paper is to make experts aware of the existing prospects. To build up and test hydrogen harvesters will require much further effort.”

Dr. Sheng Hu, a postdoctoral researcher and the first author in this work, added: “It looks extremely simple and equally promising. Because graphene can be produced these days in square meter sheets, we hope that it will find its way to commercial fuel cells sooner rather than later.”

Source: Univ. of Manchester
质子燃料石墨烯前景
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与以往认识不同，质子可以穿透石墨烯。

曼彻斯特大学研究人员发现，气体和液体不能穿透石墨烯，而质子却可以轻易地穿透它。

此项新发现发表在期刊《自然》（Nature）上。这一研究发现会对燃料电池和其他氢相关技术领域带来革命性变化，因为这些技术都要求有一个只允许质子穿过的屏障。

除此以外，石墨烯膜用于从大气中筛选微量的氢气，这有可能实现从空气中产生电能。 

曼彻斯特大学研究组在2004年第一次分离和开发出单原子厚材料石墨烯，石墨烯因其阻隔性能而闻名，可以广泛应用于防腐蚀涂料和不透水包装袋。

比如说，即使是最小的原子氢原子也不能穿过石墨烯片层。

现在由Andre Geim先生领导的小组实验石墨烯能否阻隔质子，他们坚信质子被阻隔，因为目前的理论预测即使是氢气这么小的质子也不能穿过石墨烯片层。

即使存在悲观预计，研究人员意外发现质子可以轻易地穿过超细晶体，尤其温度升高，膜覆盖着催化纳米颗粒，例如铂时，更容易穿过晶体。

此项发现让单层石墨烯，以及相似材料氮化硼，有可能作为质子导体膜，其中质子导体膜是现代燃料电池技术的核心。燃料电池使用氧气和氢气作为燃料，将输入的化学能直接转化成电能。如果膜不允许质子穿过的膜，而允许其他物体穿过，这项技术就不会存在了。

尽管燃料电池技术成熟，但燃料电池技术需要进一步改进，使其应用更加广泛。其中一个主要原因是通过目前的质子膜，存在燃料交叉问题，会降低电池的效率和耐用性。

曼彻斯特大学的研究说明利用石墨烯或单层氮化硼可以让现在的膜变得更轻薄、更有效、燃料交叉少及燃料中毒少。这样可以提高燃料电池的竞争性。

曼彻斯特大学研究组证实单原子膜可以用于从潮湿的大气中提取氢。他们假设这种收获可以与燃料电池结合，形成可移动的电动发动机，只用存在于空气中的氢气作为原料。

本篇论文的通讯作者、研究生Marcelo Lozada-Hidalgo说：“当你知道燃料电池如何运转，事情就变得很简单。把含氢的气体放在一边，用极小的电力在另一边收集氢气，收集的氢气就可以在燃料电池里燃烧。

我们使用的是薄膜，目前为止得到的氢气流速当然也很小。但是这只是这项发现的初始阶段，这篇论文的主要目的是让专家意识到石墨烯存在的前景。建立并检验氢收集器需要进一步的努力。

本篇论文的第一作者、博士后研究员Sheng Hu补充到，这看起来很简单，也十分有前景。因为石墨烯现在可以制造成几平方米的薄片，我们希望马上可以找到燃料电池商业化的途径。

来源：曼彻斯特大学

Chemists fabricate novel rewritable paper

First developed in China in about the year A.D. 150, paper has many uses, the most common being for writing and printing upon.  Indeed, the development and spread of civilization owes much to paper’s use as writing material.

According to some surveys, 90% of all information in businesses today is retained on paper, even though the bulk of this printed paper is discarded after just one-time use.

Such waste of paper (and ink cartridges)—not to mention the accompanying environmental problems such as deforestation and chemical pollution to air, water and land—could be curtailed if the paper were “rewritable,” that is, capable of being written on and erased multiple times.

Chemists at the Univ. of California, Riverside have now fabricated in the lab just such novel rewritable paper, one that is based on the color switching property of commercial chemicals called redox dyes. The dye forms the imaging layer of the paper. Printing is achieved by using ultraviolet light to photobleach the dye, except the portions that constitute the text on the paper. The new rewritable paper can be erased and written on more than 20 times with no significant loss in contrast or resolution.

“This rewritable paper does not require additional inks for printing, making it both economically and environmentally viable,” said Yadong Yin, a professor of chemistry, whose lab led the research. “It represents an attractive alternative to regular paper in meeting the increasing global needs for sustainability and environmental conservation.”

Study results appear online in Nature Communications.

The rewritable paper is essentially rewritable media in the form of glass or plastic film to which letters and patterns can be repeatedly printed, retained for days and then erased by simple heating.

The paper comes in three primary colors: blue, red and green, produced by using the commercial redox dyes methylene blue, neutral red and acid green, respectively. Included in the dye are titania nanocrystals (these serve as catalysts) and the thickening agent hydrogen cellulose (HEC). The combination of the dye, catalysts and HEC lends high reversibility and repeatability to the film.

During the writing phase, ultraviolet light reduces the dye to its colorless state. During the erasing phase, re-oxidation of the reduced dye recovers the original color; that is, the imaging material recovers its original color by reacting with ambient oxygen. Heating at 115 C can speed up the reaction so that the erasing process is often completed in less than 10 min.

“The printed letters remain legible with high resolution at ambient conditions for more than three days—long enough for practical applications such as reading newspapers,” Yin said. “Better still, our rewritable paper is simple to make, has low production cost, low toxicity and low energy consumption.”

His lab is currently working on a paper version of the rewritable paper.

“Even for this kind of paper, heating to 115 C poses no problem,” Yin said.  “In conventional laser printers, paper is already heated to 200 C in order to get toner particles to bond to the paper surface.”

His lab also is working on increasing the cycling number (the number of times the rewritable paper can be printed and erased), with a target of 100, to reduce overall cost. His research team is exploring ways to extend the legibility of the printed texts or images for more than three days to expand their potential uses.

“One way is to develop new photocatalyst nanoparticles that become highly reductive when irradiated by ultraviolet light,” Yin said. “We are exploring, too, the possibility of multi-color printing. The design principle can be extended to various commercial redox dyes to produce rewritable paper capable of showing prints of different colors. All these efforts will help increase the practical applications of the technology.”

He was joined in the study by UC Riverside’s Wenshou Wang (first author of the research paper), Ning Xie and Le He. Wang and Yin conceived and designed the experiments. Wang performed the experiments. Xie and He contributed to sample analysis. Wang and Yin analyzed the results.

The research was funded by a grant to Yin from the U.S. Department of Energy.

This technology has been disclosed and assigned UC case number 2015-250.  A provisional patent has been filed and the UCR Office of Technology Commercialization is actively seeking a company to license the technology.

Yin’s lab has recently synthesized a colloidal titania nanoparticle catalyst doped with barium ions that enables reversible light-responsive color switching with excellent cycling performance and considerably high switching rate.

“The improved performance is attributed to the more effective removal of the photogenerated oxidative holes that results from barium doping. This leaves more electrons for promoting the reduction of redox dyes,” Yin said.

The finding was recently reported in Angewandte Chemie.

Source: Univ. of California, Riverside
化学家制造出新奇的可再写纸张

纸大约在公元150年在中国被首次造出，它有许多用途，最常见的是用于书写和印刷。事实上，文明的发展和传播在很大程度上要归功于纸张的书写功能。

据调查，目前90%的企业经营信息是保留在纸张上的，即使大部分印刷纸张在使用一次性后就会被丢弃。

如果纸张是“可再写”的，即可被多次书写和擦除，那么，纸张的(还有墨盒)的这种浪费可能会减少——更不用说随之而来的例如森林砍伐和空气、水以及土地的化学污染等的环境问题。

加州大学河滨分校的化学家们就已经在实验室里制造出了这种新奇的可再写纸张，这种纸张依靠的是商业氧化还原染料的颜色转换属性。染料组成了纸张的成像层。印刷是通过使用紫外线对文字部分以外的染料进行光漂白实现的。在对比度和分辨率没有显著变化的情况下，可再写纸张可以用超过20次。

“这种纸张在印刷时不需要额外墨水，又经济又环保。”主导这一实验的化学系教授殷亚东（Yadong Yin）说，“它是为满足全球可持续发展和环境保护需求的常规纸张的替代品。”

研究结果在《自然通信》（Nature Communications）上在线发表。

可再写纸张本质上是一种玻璃或塑料薄膜形式的可再写媒介，字母和图形可以在上面重复打印，保留几天后通过简单加热消除。

纸张有三个主要的颜色:蓝色、红色和绿色，通过使用商业氧化还原染料亚甲蓝、中性红和酸绿色来生产。染料中包含二氧化钛纳米晶体(作为催化剂)和增稠剂氢纤维素(HEC)。染料、催化剂和HEC的组合使薄片拥有高可逆性和可重复性。

在书写阶段,紫外线改变了染料的无色状态。在擦除阶段，被改变染料的再氧化使其恢复了原来的颜色，也就是说，通过与周围的氧气产生反应，成像材料恢复了原来的颜色。在115 C下加热可以加快反应，因此擦除过程通常是在10分钟内完成的。

“在周边条件下，打印出来的字母能以高分辨保持三天以及更长时间——长到能够满足例如阅读报纸的实际需要。”殷（Yin）说，“更妙的是，我们的可再写纸易生产、成本较低、毒性低、能耗低”。

他的实验室目前正在努力研究这种可再写纸张真正纸张版本。

 “对这种纸，即使加热到115 C也没问题。”殷说，“在传统激光打印机中，为了使纸张调色剂粒子附在纸面上，纸张已经被加热到200摄氏度了。”

他的实验室也在研究如何增加循环次数(可再写纸张的打印和擦除次数)，目标是100次并要降低整体成本。他的研究小组正在寻找方法来延长印刷文本和图像的可读性（超过三天）以扩大其潜在用途。

“其中一个方法是开发新的光催化剂纳米颗粒，这种颗粒在紫外线辐照下有高度还原性。” 殷说，“我们还在探索多色印刷的可能性。设计原则可以扩展到用各种商业氧化还原染料生产能够打印出不同颜色的纸张。所有这些努力都将有助于提高技术的实际应用性。”

加州大学河滨分校的王文寿(研究论文的第一作者)、谢宁（Ning Xie）和何乐（Le He）让他加入了研究。王和殷构思并设计了实验。王实施了实验。谢和何他进行了样品分析。王和殷分析了结果。

这项研究在美国能源部对殷的资助下实施的。

这项技术已经被公布，并被标为UC箱号2015 - 250。它已获得临时专利权，加州大学河滨分校的技术商业化办公室积极寻找公司以对这项技术冠以生产许可。

殷的实验室最近合成了胶体二氧化钛纳米颗粒催化剂，掺杂了钡离子,使可逆光敏感颜色转换具有优良的循环性能和高转换速率。

“性能的改进归因于更有效地剔除由钡掺杂引起的光生成氧化洞。这使得有更多的电子来促进氧化还原染料的还原。”殷说。

这一发现最近发表在《应用化学》（Angewandte Chemie）杂志上。

来源:加州大学河滨分校

Buckyballs enhance carbon capture
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Carbon-60 molecules, also known as buckyballs, were combined with amines in a compound that absorbs a fifth of its weight in carbon dioxide. It shows potential as an environmentally friendly material for capturing carbon from natural gas wells and industrial plants. Image: Barron Research Group
Rice Univ. scientists have discovered an environmentally friendly carbon-capture method that could be equally adept at drawing carbon dioxide emissions from industrial flue gases and natural gas wells.
The Rice laboratory of chemist Andrew Barron revealed in a proof-of-concept study that amine-rich compounds are highly effective at capturing the greenhouse gas when combined with carbon-60 molecules.
The research is the subject of an open-access paper in Scientific Reports.
“We had two goals,” Barron said. “One was to make the compound 100% selective between carbon dioxide and methane at any pressure and temperature. The other was to reduce the high temperature needed by other amine solutions to get the carbon dioxide back out again. We’ve been successful on both counts.”
Tests from one to 50 atmospheric pressures showed the Rice compound captured a fifth of its weight in carbon dioxide but no measurable amount of methane, Barron said, and the material did not degrade over many absorption/desorption cycles.
Carbon-60, the soccer ball-shaped molecule also known as buckminsterfullerene (or the “buckyball”) was discovered at Rice by Nobel Prize laureates Richard Smalley, Robert Curl and Harold Kroto in 1985. The ultimate curvature of buckyballs may make them the best possible way to bind amine molecules that capture carbon dioxide but allow desirable methane to pass through.
The Rice laboratory used buckyballs as crosslinkers between amines, nitrogen-based molecules drawn from polyethyleneimine. The lab produced a brown, spongy material in which hydrophobic (water-avoiding) buckyballs forced the hydrophilic (water-seeking) amines to the outside, where passing carbon dioxide could bind to the exposed nitrogen.
When Barron and his team began combining carbons and amines several years ago, they noticed an interesting progression: Flat graphene absorbed carbon dioxide well, multiwalled nanotubes absorbed it better, and thinner single-walled nanotubes even better. “That suggested the curvature was important,” Barron said. “C-60, being a sphere, has the highest possible curvature among carbon materials.”
He said the Rice compound compared favorably with other carbon-capture candidates based on metal organic frameworks (MOFs). “It’s about equivalent to the best MOFs for carbon capture, but our material is far more selective. Methane just doesn’t absorb,” Barron said. Unlike MOFs, he noted the Rice compound absorbed wet carbon dioxide as well as dry.
Barron said it’s just as important that the compound release carbon dioxide efficiently for reuse. “We noticed a long time ago that if we attached amines to carbon nanotubes or graphene, they lowered the temperature at which carbon dioxide dissolves,” Barron said. Industrial amine-based scrubbers must be heated to 140 C to release captured carbon dioxide; lowering the temperature would save energy.
“Compared to the cost of current amine used, C-60 is pricy,” Barron admitted. “But the energy costs would be lower because you’d need less to remove the carbon dioxide.” He noted industrial scrubbers lose amines through heating, so they must constantly be replenished. “They’re forever adding reagent, which is nice for the companies that sell amine, but not so good for those trying to separate the carbon dioxide.”
The researchers are pursuing ways to improve the compound’s capacity and rate of absorption. “We really understand the mechanism, which is important,” Barron said. “That allows us to push it further.”
Source: Rice Univ.
巴基球可提高碳捕获力
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碳六十分子也叫巴基球，当其结合化合物中的胺元素时，可以吸收占其重量五分之一的二氧化碳。因而它也被视为是环境友好型材料，可以捕获吸收来自天然气井和工业厂房中的碳元素。

莱斯大学的科学家最近发现了一种环境友好型碳吸收方法，可以同样地适用于吸收工厂废气和天然气井中产生的二氧化碳。

化学家安德鲁•巴伦在其实验室里应用概念验证研究时，发现了一种富含氨基的化合物，当其和碳六十分子结合时，对于吸收温室气体非常有效。

此次研究主题来自于一份开架取阅的科学报告。

巴伦说“我们有两个目标。其一是让这种化合物在任何压力盒温度下都完全可以区分二氧化碳和甲烷。其二就是降低胺类元素与二氧化碳分离所需的高温。这两个目标我们均已达成。”

巴伦说：在一到五十大气压强下，我们都进行了测试，结果显示此种莱斯化合物可以吸收占其重量五分之一的二氧化碳，及很少量的甲烷。而在进行了许多次吸收、释放循环后，其吸收力并没有下降。

这种足球形状的碳六十分子，俗称富勒烯或巴基球，是诺贝尔获得者理查德•斯莫利、罗伯特•科尔以及哈罗德克罗托于1985年在莱斯大学发现的。正是其极限曲率使得其可以结合捕获二氧化碳的氨分子，却不允许甲烷分子通过。

莱斯实验室利用巴基球连结聚乙烯亚胺中的氨基分子和氮基分子。他们研究出一种棕色的海绵状物质，可以将亲水性的氨基包裹在斥水性的巴基球外面，这样接触到的二氧化碳就可以吸附在暴露的氮基上。

当几年前巴伦的团队开始研究碳元素和胺元素的结合时，他们发现了一个有趣的现象，就是扁平状的石墨烯可以吸收二氧化碳，而多层次的纳米管吸收力更好，但是单层的薄纳米管吸收力更强。“这也就说明曲率是非常重要的。而球型的碳六十是碳元素中具有最大曲率的。”巴伦说的。

他说道，莱斯化合物相比于其他金属有机框架（MOFs）内碳元素吸收物质更具有优势。“对于碳吸收，其可以相当于金属有机框架物质中最好的一种，而且我们的物质还具有筛选能力，不会吸收甲烷。”巴伦说。同时，他指出，莱斯化合物既可以吸收潮湿的二氧化碳，也可以吸收干燥的二氧化碳。

巴伦指出这种化合物还可以释放二氧化碳，进行有效再利用。“很久以前我们就注意到连接到碳纳米管和石墨烯上的胺元素会降低二氧化碳释放所需的温度。”他说。工业用含胺气体必须加热到140摄氏度才能释放二氧化碳，而降低这一温度可以节能。

巴伦承认“相比于现在的胺使用成本，碳六十较为昂贵。但是只需要很少能量就可以释放二氧化碳，这样就可以降低能耗。”他指出工厂废气需要不断加热释放氨基。“这也就需要不断地添加化学试剂，对于售卖胺类物质的公司来说还好，但是对于想要分离二氧化碳的企业来说就不是一件好事。”

研究员们正在找寻方法提升此种化合物吸收力和速率。“我们是真的了解其作用机制，这点非常重要。我们将会取得更大进步。”巴伦说。

材料来源：莱斯大学

High-tech mirror to beam heat away from buildings into space

[image: image19.jpg]



Stanford engineers have invented a material designed to help cool buildings. The material reflects incoming sunlight, and it sends heat from inside the structure directly into space as infrared radiation (represented by reddish rays). Image: Fan Lab
Stanford Univ. engineers have invented a revolutionary coating material that can help cool buildings, even on sunny days, by radiating heat away from the buildings and sending it directly into space.

A team led by electrical engineering Prof. Shanhui Fan and research associate Aaswath Raman reported this energy-saving breakthrough in Nature.

The heart of the invention is an ultrathin, multilayered material that deals with light, both invisible and visible, in a new way.

Invisible light in the form of infrared radiation is one of the ways that all objects and living things throw off heat. When we stand in front of a closed oven without touching it, the heat we feel is infrared light. This invisible, heat-bearing light is what the Stanford invention shunts away from buildings and sends into space.

Of course, sunshine also warms buildings. The new material, in addition dealing with infrared light, is also a stunningly efficient mirror that reflects virtually all of the incoming sunlight that strikes it.

The result is what the Stanford team calls photonic radiative cooling—a one-two punch that offloads infrared heat from within a building while also reflecting the sunlight that would otherwise warm it up. The result is cooler buildings that require less air conditioning.

"This is very novel and an extraordinarily simple idea," said Eli Yablonovitch, a professor of engineering at the Univ. of California, Berkeley, and a pioneer of photonics who directs the Center for Energy Efficient Electronics Science. "As a result of professor Fan's work, we can now [use radiative cooling], not only at night but counter-intuitively in the daytime as well."

The researchers say they designed the material to be cost-effective for large-scale deployment on building rooftops. Though still a young technology, they believe it could one day reduce demand for electricity. As much as 15% of the energy used in buildings in the U.S. is spent powering air conditioning systems.

In practice the researchers think the coating might be sprayed on a more solid material to make it suitable for withstanding the elements.

"This team has shown how to passively cool structures by simply radiating heat into the cold darkness of space," said Nobel Prize-winning physicist Burton Richter, professor emeritus at Stanford and former director of the research facility now called the SLAC National Accelerator Laboratory.

A warming world needs cooling technologies that don't require power, according to Raman, lead author of the Nature paper. "Across the developing world, photonic radiative cooling makes off-grid cooling a possibility in rural regions, in addition to meeting skyrocketing demand for air conditioning in urban areas," he said.

Using a window into space

The real breakthrough is how the Stanford material radiates heat away from buildings.

As science students know, heat can be transferred in three ways: conduction, convection and radiation. Conduction transfers heat by touch. That's why you don't touch an oven pan without wearing a mitt. Convection transfers heat by movement of fluids or air. It's the warm rush of air when the oven is opened. Radiation transfers heat in the form of infrared light that emanates outward from objects, sight unseen.

The first part of the coating's one-two punch radiates heat-bearing infrared light directly into space. The ultrathin coating was carefully constructed to send this infrared light away from buildings at the precise frequency that allows it to pass through the atmosphere without warming the air, a key feature given the dangers of global warming.

"Think about it like having a window into space," said Fan.

Aiming the mirror

But transmitting heat into space is not enough on its own.

This multilayered coating also acts as a highly efficient mirror, preventing 97% of sunlight from striking the building and heating it up.

"We've created something that's a radiator that also happens to be an excellent mirror," said Raman.

Together, the radiation and reflection make the photonic radiative cooler nearly 9 F cooler than the surrounding air during the day.

The multilayered material is just 1.8 microns thick, thinner than the thinnest aluminum foil.

It is made of seven layers of silicon dioxide and hafnium oxide on top of a thin layer of silver. These layers are not a uniform thickness, but are instead engineered to create a new material. Its internal structure is tuned to radiate infrared rays at a frequency that lets them pass into space without warming the air near the building.

"This photonic approach gives us the ability to finely tune both solar reflection and infrared thermal radiation," said Linxiao Zhu, doctoral candidate in applied physics and a co-author of the paper.

"I am personally very excited about their results," said Marin Soljacic, a physics professor at the Massachusetts Institute of Technology. "This is a great example of the power of nanophotonics."

From prototype to building panel

Making photonic radiative cooling practical requires solving at least two technical problems.

The first is how to conduct the heat inside the building to this exterior coating. Once it gets there, the coating can direct the heat into space, but engineers must first figure out how to efficiently deliver the building heat to the coating.

The second problem is production. Right now the Stanford team's prototype is the size of a personal pizza. Cooling buildings will require large panels. The researchers say there exist large-area fabrication facilities that can make their panels at the scales needed.

The cosmic fridge

More broadly, the team sees this project as a first step toward using the cold of space as a resource. In the same way that sunlight provides a renewable source of solar energy, the cold universe supplies a nearly unlimited expanse to dump heat.

"Every object that produces heat has to dump that heat into a heat sink," Fan said. "What we've done is to create a way that should allow us to use the coldness of the universe as a heat sink during the day."
Source: Stanford Univ.
高科技镜子可将建筑物的热量转移至外太空
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斯坦福大学的工程师们近期研制出一种可以给大楼降温的新物质。这种物质可以反射接收的太阳光，并将楼内的热量以红外线（主要是红色的射线）的方式发射到外太空。图片提供：法恩•莱伯

斯坦福大学的工程师近期发明了一种可以帮助大楼降温的革命性涂层材料，即使是大晴天，其也可以将大楼内的热量直接辐射至外太空。

由电子工程学教授范汕洄带领的研究团队联合阿斯沃斯•罗曼共同在《自然》期刊上发表了这项节能方面的突破性进展。

这项发明的核心是一种可以新型方式处理可见和不可见光的超薄多层材料。

红外辐射形式的不可见光是所有物体和生物释放热量的方式之一。当我们站在密闭的烤箱前，无需触摸就可以感受到的热量就是红外光。这种可导热的不可见光就是斯坦福最新发明从建筑物里传导到外太空的光。

当然，阳光也会加热建筑物。除了能对付红外光，这种新材料还可以当做一个极佳的镜子，几乎可以反射所有的入射光。

这一研究成果就是斯坦福研究团队所谓的光子辐射冷却，可谓是一把双刃剑，既可以卸载建筑物内的红外热量，又可以反射加热建筑热的太阳光。这样就可以减少空调的使用而达到大楼降温效果。

“这种想法非常新奇但又很简单。”美国加州大学伯克利分校工程学教授、光子学领域开创者、电子科学节能中心的负责人埃利•亚布罗诺维奇这样说道。“多亏了范教授的研究，我们现在不仅可以在晚上利用辐射降温，还可以反直觉地在白天使用。”

研究员们表示他们设计的材料是非常合算的，可以在大楼屋顶广泛使用。尽管这还只是新生代技术，但研究员们相信有朝一日这种技术可以帮助减少对电的需求。美国大楼内使用能源的15%都用在了空调系统。

研究员们认为在实际应用中，这种涂层或许可以镀在更加结实的材料上，能够忍受各种天气。

“研究员们已经展示了如何将热量辐射至寒冷漆黑的外太空这一被动冷却技术。”诺贝尔物理学奖获得者、斯坦福大学荣誉教授、SLAC国家加速器实验室前主任伯顿•克里特说道。

《自然》期刊首席作者罗曼表示一个温暖的世界无需耗能的冷却技术。他说“对发展中国家而言，光子辐射冷却不仅能迎合城市中不断上升的空调需求，还可以实现农村地区离网冷却。”

面朝太空的窗户

真正的突破性进展在于斯坦福发明的这种物质如何辐射建筑物内的热量。

理工科学生都知道，热量可以以三种方式传递：传导、对流和辐射。传导是通过接触传递能量，这也就是为什么我们必须戴手套才能触摸炙热的烤盘。对流是通过空气或流体的移动传递能量，就是烤箱打开时迎面扑来的温暖气体。辐射则是以红外光的形式将能量从物体内发射出去，是我们无法看到的。

这种涂层材料的功效之一就是可以将导热的红外光直接辐射至外太空。精细的设计使得这种超薄的涂层能够以精确的频率将建筑物内的红外光辐射出去，并在穿越大气层时不会加热空气，这对于控制全球变暖非常重要。

 “这就好比是我们向着外太空设立了一扇窗。”范教授说道。

聚焦镜子

但是将热量传递至外太空还远远不够。

这一多层涂层还能充当一面高效的镜子，可以阻挡照射至建筑物的97%的太阳光。

“我们发明的东西既可以当散热器又是一面不错的镜子。”罗曼表示。

辐射和反射的结合使得光子辐射冷却的温度要比平常一天中建筑周围空气低9华氏度。

这种多层材料厚度只有1.8微米，比最薄的铝箔还要薄。

它由7层二氧化硅和二氧化铪组成，二氧化铪下有层很薄的银。这些材料厚度并非一样，而是专门设计成一种新的材料。它的内部结构被设计成以特定频率辐射红外线，使其能在不加热建筑物周围空气的情况下进入外太空。

“这种光子学方法可以精确的调节太阳光反射和红外热辐射。”这篇研究报告的作者之一、应用物理学博士研究生朱林晓这样说道。

“对于这些研究成果，我个人感到非常激动。”美国麻省理工学院物理学教授马林索尔亚契齐说道，“这一例子显示了纳米光子学的能力。”

从原型到实际建造

要想实际推行光子辐射冷却，至少要解决两个技术难题。

第一个难题就是如何将建筑物内的热量传导至外部涂层。只要到了外部涂层，就可以将热量辐射至外太空。但是首先工程师们必须解决如何将建筑内热量有效传递到外部涂层。

第二大难题是生产。目前斯坦福研究团队设计的原型大小只相当于一人份的披萨。而实际冷却建筑物则需要更大的面板。对此研究人员表示大规模的生产设备可以建造所需的面板。

宇宙冰箱

从更广义的角度看，研究团队将此项目看成是朝将寒冷太空作为利用资源迈出的第一步。就像太阳光可以作为太阳能的可再生来源一样，寒冷的宇宙也可以提供广阔的空间来减少热量。

“每一个产生热量的物体都将热量传递至散热器，”范教授说道。“而我们所做的就是创造一种新的方法，将寒冷的宇宙作为我们星球的散热器。”

材料来源：斯坦福大学
Organic & Polymer（有机高分子材料）
Ultimate recycling: New plastic that disappears when you want it to 
Published in Angewandte Chemie, a leading international journal, the proof of concept experiment outlines the work of researchers in the Center for Sustainable Materials Science at NDSU. The multidisciplinary team includes researchers from the Department of Chemistry and Biochemistry: Mukund Sibi, university distinguished professor; Sivaguru Jayaraman, James A. Meier professor; postdoctoral fellow Saravana Rajendran; graduate student Ramya Raghunathan; postdoctoral fellow Retheesh Krishnan; and staff scientist Angel Ugrinov; as well as Dean Webster, professor and chair of the Department of Coatings and Polymeric Materials and postdoctoral fellow Ivan Hevus.

The research team focuses on biomass, using oilseed from agricultural crops, cellulose, lignin and sucrose to generate building blocks of molecules that are made into polymers to create plastics. One of the grand challenges for the 21st century is sustainability that lessens dependency on fossil fuels. NDSU, in association with the North Dakota Experimental Program to Stimulate Competitive Research (ND EPSCoR), established the Center for Sustainable Materials Science to develop a program for the preparation of polymers and composites using biomass, a renewable resource.

"Real sustainability involves breaking it back into the building blocks. We have shown that we can break it down into the building blocks and re-make the polymer," said Dr. Sibi.

In their proof of concept experiment, the group used fructose, found commonly in fruit, to create a solution of molecules, which was then converted to a plastic (polymer). By exposing the plastic to ultraviolet light at 350 nanometers for three hours, researchers degraded the plastic, reducing it back to the soluble building block molecules from which it began.

Plastics usually don't decay for hundreds of years, creating solid waste issues. They generally degrade slowly, potentially leaching chemicals into the environment or creating toxins in the air when burned.

"This cradle-to-cradle approach to create a plastic which can be degraded easily offers scientific potential for eventual products that could lessen dependence on fossil fuels and decrease the amount of raw materials needed," said Dr. Webster.

"Our strategy has the potential to build novel materials from biomass that are degradable with light after usage, mitigating the stress of unwanted chemicals in our environment. Studies to address these aspects are currently underway in our laboratories," said Dr. Sivaguru Jayaraman.

Dr. Sibi's lab makes monomers and biobased triggers; Dr. Siva's group specializes in photochemical sciences and photo degradation; and Dr. Webster's team works in polymer chemistry.

"It is the teamwork which allows us to do this kind of work. We need everyone's expertise to solve this issue," said Sibi.
The researchers say further study is needed to evaluate the durability and strength of potential plastics derived from biomass before potential product commercialization could occur. "What is the best trigger to use to break them down? What is the best monomer to use? What is the best polymer we can make?" said Sibi.
In the next two years, the group will examine how their process might work with plastics used in cars and electronics, as well as in other items.

More information: Rajendran, S., Raghunathan, R., Hevus, I., Krishnan, R., Ugrinov, A., Sibi, M. P., Webster, D. C. and Sivaguru, J. (2014), "Programmed Photodegradation of Polymeric/Oligomeric Materials Derived from Renewable Bioresources." Angew. Chem. Int. Ed.. doi: 10.1002/anie.201408492 
Journal reference: Angewandte Chemie 
Provided by North Dakota State University  

按照人的意愿“消失”的新型塑料

美国北达科他州立大学可持续材料科学中心的研究人员的概念验证实验结果，刊载于国际顶级期刊《应用化学》（Angewandte Chemie）。研究小组包括该大学著名教授Mukund Sibi，Sivaguru Jayaraman, James A，博士后Saravana Rajendran，研究生Ramya Raghunathan，博士后Retheesh Krishnan，科学家Angel Ugrinov，涂料和高分子材料系主任，教授级院长Webster，以及博士后Ivan Hevus。 

此研究小组关注生物体，利用农作物、纤维素、木质素和蔗糖的油料，生成分子砌块，制成聚合物生产塑料。21世界最大的挑战之一是降低对化石燃料的依赖，进行可持续发展。美国北达科他州立大学联合北达科他州实验计划刺激性竞争研究(ND EPSCoR)，成立可持续材料科学中心，开发一个项目，旨在利用可再生资源生物体生产聚合物和合成物。

Sibi博士说，真正的可持续发展是使其构建模块实现可持续发展，我们的研究显示，我们可以将其分解为构建模块，并重新生成聚合物。

在概念验证实验中，研究小组利用在水果中常见的果糖，生成分子溶剂，然后转化成塑料（聚合物）。研究人员通过将塑料暴露于波长350纳米的紫外线下三小时来降解塑料，形成可溶解的构建块分子。

塑料通常几百年都不会降解，从而造成土壤污染问题。塑料降解速度缓慢，燃烧塑料会释放化学物质，或者在空气中形成毒物。  

Webster博士说，这种可持续发展的方法可以生成容易降解的塑料，可以提供科学方面的可能性，制造最后的产品，降低对化石燃料的依赖性，降低原材料的总量。

Sivaguru Jayaraman博士说，我们的策略可以利用生物体生产新物质，这种新物质在使用完，在光的作用下降解，缓解环境中有害化学物质的压力。目前我们实验室正在进行解决这方面问题的研究工作。

Sibi博士实验室制造单体和生物触发器；Siva博士的研究小组专注于光化学科学和光降解；Webster博士小组致力于高分子化学。

Sibi说，只有团队合作才能让我们做这方面的工作。我需要各种专业知识解决这个问题。

研究人员称，在来源于生物的塑料产品商品化之前，需要进一步研究评价这种新型塑料的耐用性和强度。Sibi说，最好地促进降解的物质是什么？最好的单体是什么？我们可以制造的最后的聚合物是什么?

在未来两年内，研究小组将检验如何将他们的工艺应用到汽车和电子产品以及其他商品中。

更多信息见：Rajendran, S., Raghunathan, R., Hevus, I., Krishnan, R., Ugrinov, A., Sibi, M. P., Webster, D. C. and Sivaguru, J. (2014), "Programmed Photodegradation of Polymeric/Oligomeric Materials Derived from Renewable Bioresources." Angew. Chem. Int. Ed.. doi: 10.1002/anie.201408492

参考期刊：《应用化学》（Angewandte Chemie）

由北达卡他州立大学提供

Researchers develop inexpensive hydrolysable polymer
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Hindered urea bond-containing polymeric materials (PHUs) are cheap polymers that can be designed to degrade over a specified time period. Image: Catherine Yao

Researchers at the Univ. of Illinois at Urbana-Champaign have figured out how to reverse the characteristics of a key bonding material—polyurea—providing an inexpensive alternative for a broad number of applications, such as drug delivery, tissue engineering and packaging. 

“Polymers with transient stability in aqueous solution, also known as hydrolyzable polymers, have been applied in many biomedical applications, such as in the design of drug delivery systems, scaffolds for tissue regeneration, surgical sutures, and transient medical devices and implants,” explained Jianjun Cheng, an associate professor of materials science and engineering at Illinois. “Polyurea materials are widely used in our daily life as coating, painting, and adhesive materials. The highly inert urea bond makes the inexpensive polymer extremely stable, a property that is suitable for some long-lasting applications.”

Through some inventive chemistry, Cheng and his colleagues have developed a class of “hindered urea bond-containing polymeric materials” or “poly(hindered urea)s” (PHUs)—cheap polymers that can be designed to degrade over a specified time period, making them potentially useful in biomedical and agricultural applications.

“While conventional polyurea are very stable against hydrolysis, PHUs can be completely hydrolyzed within a few days,” Cheng added. “Since ‘hindrance’ is the cause of the bond destabilization, the hydrolysis kinetics of PHUs can be easily tuned as needed for a specific application. They can potentially be environmentally friendly green and sustainable materials as well.”

“Polyurea usually contain ester and other hydrolyzable bonds, such as anhydride, acetal, ketal, or imine, in their backbone structures,” said Hanze Ying, a graduate student in Cheng’s research group and first author of the paper published in the Journal of American Chemical Society. “In this study, we demonstrated the potential of PHUs for the design of water degradable polymeric materials that can be easily synthesized by mixing multifunctional bulky amines and isocyanates, expanding the family of hydrolyzable polymers.”

“Hydrolyzable polymers have also been applied in the design of controlled release systems in agriculture and food industries and used as degradable, environmentally friendly plastics and packaging materials,” Cheng said. “These applications usually require short functioning time, complete degradation and clearance of materials after their use.”

According to the researchers, the new PHUs potentially have great advantages over many other hydrolyzable polymers. PHUs can be made with inexpensive chemical precursors in ambient conditions via simple and clean chemistry with no catalyst or by-products, making it possible for end-users to control the copolymer recipe for specific use without the need of complicated synthesis apparatus.

Source: Univ. of Illinois, Urbana-Champaign
研究人员开发廉价水解聚合物 
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受阻脲键的聚合物材料（PHUs）是一种便宜的聚合物，可以被设计为能够在指定的时间段内降解。图片提供：凯瑟琳•姚 

伊利诺伊大学香槟分校的研究人员已经找出了如何逆转关键粘结材料聚脲的特性，从而为很多应用提供了一种廉价的替代品，如药物输送，组织工程和包装等。

“聚合物在水溶液中暂时稳定，也被称为可水解的聚合物，可在许多生物医学中应用，例如在药物递送系统的设计、支架的组织再生、手术缝合线、和短暂的医疗装置和植入物中得到了应用”，伊利诺伊州的材料科学与工程副教授程建军（音）解释说。“聚脲材料被广泛应用于我们的日常生活中的涂料、油漆和粘合材料中。高度惰性脲键使得廉价聚合物极为稳定的一个属性，它是适合于一些具备持久性的应用。“

通过一些创造性化学，程教授和他的同事已经开发了一类“受阻脲键的聚合材料”或称“聚（受阻脲）的”（PHUs），这是一种便宜的聚合物，可以被设计为在指定时间周期内降解，使它们可应用于生物医学和农业。

“虽然传统的聚脲是非常稳定的抗水解，但PHU可以完全在几天内水解，”程补充道。“自”障碍“是键不稳定的原因，PHU的水解动力学可以容易地根据需要，针对一个特定的应用进行调整。它们也有可能成为环境友好型的绿色、可持续材料。“

“聚脲的主链结构中通常含有酯和其他可水解的键，如酸酐、乙缩醛、缩酮，或亚胺，”程教授研究小组中的研究生和发表在《美国化学学会杂志》上的论文的第一作者汉斯•莹（Hanze Ying）说。“在这一研究中，我们证明了PHU应用于水降解型聚合物材料的潜力，即可以通过混合多官能笨重胺和异氰酸酯很容易地合成，从而扩大了可水解聚合物的家族”。

“可水解的聚合物，也已经被用于设计农业和食品工业的控制释放系统，并用作可降解的环境友好型塑料和包装材料，”程教授说。“这些应用通常需要很短的作用时间、完全降解并在使用后彻底清除。”

据研究人员介绍，新型PHU可能有超过许多其他水解聚合物的很大的优势。 PHU可以在环境条件下用廉价的化学前体通过简单和清洁的化学过程制造而成，且不使用催化剂，也没有副产物，从而有可能使最终用户控制共聚物的配方，用于特定用途，而无需复杂合成装置。

来源:伊利诺伊大学厄本那-香槟分校
E-Material（电子材料）
First pictures of baby nanotubes

Single-walled carbon nanotubes are loaded with desirable properties. In particular, the ability to conduct electricity at high rates of speed makes them attractive for use as nanoscale transistors. But this and other properties are largely dependent on their structure, and their structure is determined when the nanotube is just beginning to form.

In a step toward understanding the factors that influence how nanotubes form, researchers at NIST, the Univ. of Maryland and Texas A&M have succeeded in filming them when they are only a few atoms old. These nanotube “baby pictures” give crucial insight into how they germinate and grow, potentially opening the way for scientists to create them en masse with just the properties that they want.

The results were published online in Nano Letters.

To better understand how carbon nanotubes grow and how to grow the ones you want, you need to understand the very beginning of the growth process, called nucleation. To do that, you need to be able to image the nucleation process as it happens. However, this is not easy because it involves a small number of fast-moving atoms, meaning you have to take very high resolution pictures very quickly.

Because fast, high-resolution cameras are expensive, NIST scientists instead slowed the growth rate by lowering the pressure inside their instrument, an environmental scanning transmission electron microscope. Inside the microscope’s chamber, under high heat and low pressure, the team watched as carbon atoms generated from acetylene rained down onto 1.2-nm bits of cobalt carbide, where they attached, formed into graphene, encircled the nanoparticle, and began to grow into nanotubes.

“Our observations showed that the carbon atoms attached only to the pure metal facets of the cobalt carbide nanoparticle, and not those facets interlaced with carbon atoms,” says NIST chemist Renu Sharma, who led the research effort. “The burgeoning tube then grew above the cobalt-carbon facets until it found another pure metal surface to attach to, forming a closed cap. Carbon atoms continued to attach at the cobalt facets, pushing the previously formed graphene along toward the cap in a kind of carbon assembly line and lengthening the tube. This whole process took only a few seconds.”

According to Sharma, the carbon atoms seek out the most energetically favorable configurations as they form graphene on the cobalt carbide nanoparticle’s surface. While graphene has a mostly hexagonal, honeycomb-type structure, the geometry of the nanoparticle forces the carbon atoms to arrange themselves into pentagonal shapes within the otherwise honeycomb lattice. Crucially, these pentagonal irregularities in the graphene’s structure are what allows the graphene to curve and become a nanotube.

Because the nanoparticles’ facets also appear to play a deciding role in the nanotube’s diameter and chirality, or direction of twist, the group’s next step will be to measure the chirality of the nanotubes as they grow. The group also plans to use metal nanoparticles with different facets to study their adhesive properties to see how they affect the tubes’ chirality and diameter.
Source: NIST
首个“婴儿纳米管”图片

单壁碳纳米管有良好的属性。特别是高速的导电能力让他们在纳米晶体管方面的使用更具吸引力。但这种导电性和其他属性在很大程度上依赖于它们的结构，而纳米管刚刚开始形成的过程决定了它们的结构。

在进一步理解纳米管形成的影响因素时，马里兰大学和德州农工大学，美国国家标准及技术研究所（NIST）的研究人员表示，当纳米管只有几个原子大时他们已经成功地完成了拍摄。这些纳米管的“婴儿时期图片”为科学家理解它们是如何萌芽和成长提供了重要依据，让科学家可以创造只有他们想要属性的纳米管。

研究结果发表在《纳米快报》（Nano Letters）在线版上。

为了更好地了解碳纳米管生长，以及如何培植想要的纳米管，我们需要了解纳米管最开始的成长过程，我们称为成核过程。要做到这一点，我们需要在成核过程发生的时候拍照。然而这并不容易，因为它涉及到少量快速移动的原子，这意味着我们必须迅速地拍出高分辨率的照片。

因为快速、高分辨率的相机很昂贵，于是NIST的科学家们通过减小仪器内部的压力来降低生长速度，这个仪器就是环境扫描透射电子显微镜。显微镜的观察室内部，在高温和低压环境下，研究团队观察到乙炔产生的碳原子大量的落到1.2纳米的钴硬质合金上面，他们结合在一起形成纳米颗粒包裹的石墨烯，开始生长为纳米管。

“我们的观察表明，碳原子只附属在纯金属钴硬质合金纳米粒子的表面，而非有原子交错的表面，”引领这项研究努力的NIST的化学家，雷努•夏尔马（Renu Sharma）说道。“直到找到另一个纯金属附着表面之前，纳米管在钴碳表面上蓬勃生长，形成一个封闭的帽子。碳原子继续附着在钴的表面，促使之前形成的石墨烯以一种由碳组成的线性向着帽子生长，并不断延长纳米管的长度。整个过程只花了几秒钟。”

按夏尔马所说，随着碳原子在钴硬质合金纳米粒子表面形成石墨烯，他们也在寻求最有活力和有利的形态。由于石墨烯的结构大多是六角形的蜂窝形，纳米颗粒的几何形状促使碳原子在原本的蜂窝晶格中排列成五边形。至关重要的是，这些石墨烯结构内部的五边形不规则形状，使得石墨烯扭曲从而形成纳米管。

因为纳米粒子的表面似乎也对纳米管的直径、手性或者捻向有着决定性作用，该研究团队的下一步就是随着纳米管的生长测量他们的手性。该团队还计划利用具有不同表面的金属纳米粒子研究他们的胶粘剂性能，观察它们对纳米管的直径和手性有什么样的影响。

资料来源：美国国家标准及技术研究所（NIST）

2-D quantum materials for nanoelectronics
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This diagram illustrates the concept behind the MIT team’s vision of a new kind of electronic device based on 2-D materials. The 2-D material is at the middle of a layered “sandwich," with layers of another material, boron nitride, at top and bottom (shown in gray). When an electric field is applied to the material, by way of the rectangular areas at top, it switches the quantum state of the middle layer (yellow areas). The boundaries of these “switched” regions act as perfect quantum wires, potentially leading to new electronic devices with low losses. Image: Yan Liang
Researchers at Massachusetts Institute of Technology (MIT) say they have carried out a theoretical analysis showing that a family of 2-D materials exhibits exotic quantum properties that may enable a new type of nanoscale electronics.

These materials are predicted to show a phenomenon called the quantum spin Hall (QSH) effect, and belong to a class of materials known as transition metal dichalcogenides, with layers a few atoms thick. The findings are detailed in a paper appearing in Science, co-authored by MIT postdoctoral researchers Xiaofeng Qian and Junwei Liu; assistant professor of physics Liang Fu; and Ju Li, a professor of nuclear science and engineering and materials science and engineering.

QSH materials have the unusual property of being electrical insulators in the bulk of the material, yet highly conductive on their edges. This could potentially make them a suitable material for new kinds of quantum electronic devices, many researchers believe.

But only two materials with QSH properties have been synthesized, and potential applications of these materials have been hampered by two serious drawbacks: Their bandgap, a property essential for making transistors and other electronic devices, is too small, giving a low signal-to-noise ratio; and they lack the ability to switch rapidly on and off. Now the MIT researchers say they have found ways to potentially circumvent both obstacles using 2-D materials that have been explored for other purposes.

Existing QSH materials only work at very low temperatures and under difficult conditions, Fu says, adding that “the materials we predicted to exhibit this effect are widely accessible. … The effects could be observed at relatively high temperatures.”

“What is discovered here is a true 2-D material that has this [QSH] characteristic,” Li says. “The edges are like perfect quantum wires.”

The MIT researchers say this could lead to new kinds of low-power quantum electronics, as well as spintronics devices—a kind of electronics in which the spin of electrons, rather than their electrical charge, is used to carry information.

Graphene, a 2-D, one-atom-thick form of carbon with unusual electrical and mechanical properties, has been the subject of much research, which has led to further research on similar 2-D materials. But until now, few researchers have examined these materials for possible QSH effects, the MIT team says. “2-D materials are a very active field for a lot of potential applications,” Qian says—and this team’s theoretical work now shows that at least six such materials do share these QSH properties.

The MIT researchers studied materials known as transition metal dichalcogenides, a family of compounds made from the transition metals molybdenum or tungsten and the nonmetals tellurium, selenium, or sulfur. These compounds naturally form thin sheets, just atoms thick, that can spontaneously develop a dimerization pattern in their crystal structure. It is this lattice dimerization that produces the effects studied by the MIT team.

While the new work is theoretical, the team produced a design for a new kind of transistor based on the calculated effects. Called a topological field-effect transistor, or TFET, the design is based on a single layer of the 2-D material sandwiched by two layers of 2-D boron nitride. The researchers say such devices could be produced at very high density on a chip and have very low losses, allowing high-efficiency operation.

By applying an electric field to the material, the QSH state can be switched on and off, making possible a host of electronic and spintronic devices, they say.

In addition, this is one of the most promising known materials for possible use in quantum computers, the researchers say. Quantum computing is usually susceptible to disruption—technically, a loss of coherence—from even very small perturbations. But, Li says, topological quantum computers “cannot lose coherence from small perturbations. It’s a big advantage for quantum information processing.”

Because so much research is already under way on these 2-D materials for other purposes, methods of making them efficiently may be developed by other groups and could then be applied to the creation of new QSH electronic devices, Qian says.

Source: Massachusetts Institute of Technology
纳米电子学的二维量子材料
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这个图说明了麻省理工学院团队对一种基于二维材料的新型电子设备的在未来的概念。二维材料就像三明治的中间层部分，而其他层的材料——氮化硼，位于其顶部和底部（显示为灰色）。当材料被施加上电场，通过其顶部矩形区域，它中间层的量子状态会得到转换（黄色区域）。这些 “开关”地区的边界的作用就像完美的量子线，可能能够降低新型电子器械的耗能。图像提供：Yan Liang
这些材料预计能展示出一种名为量子自旋霍尔（QSH）效应的现象，而且这些材料属于一类名为过渡金属硫化物的材料，有几个原子那么厚。这些发现在《科学》杂志中的一篇论文里被详细列出，合著者包括麻省理工学院博士后研究生钱晓峰（音）和刘俊伟（音）；物理系副教授傅梁（音）；核科学与工程专业、材料科学与工程专业教授李聚（音）。

QSH材料有作为点绝缘体的大量材料的特殊性质，但他们处于高导电性的边缘。很多科学家相信，这可能使他们成为适用于新型量子电子器械的新材料。

但是只有两种具有QSH特性的材料已经被合成出来，这些材料的潜在用途受到了两个严重缺点的阻碍：他们的能带隙——一种主要用于晶体管和其他电子设备的重要属性——太小，信噪比也因此很低；而且他们缺乏快速打开和关闭的能力。现在，麻省理工学院的研究人员称，他们已经发现了用为其他用途而发明的二维材料来规避这两种障碍的方式。

现有的QSH材料只在非常低的温度下和困难条件下工作，傅教授说，并补充道：“我们预测出能表现这种效果的材料用途广泛。……这些效果可以在相对较高的温度下观测到。”

 “这里被发现的是一种具有这种量子自旋霍尔（QSH）特点的真正的二维材料，”李教授说。“这些边缘就像完美的量子线。”

麻省理工学院的研究人员说，这可能会到之处地耗能的量子电子学新品种，就像自旋电子器件——电子本身而不是他们的电荷在进行电子自旋，它被用于携带信息。

石墨烯，一种二维的、单原子厚度形式的带有特殊电气和机械性能的碳材料，一直是许多导致未来研究向类似二维材料方向发展的研究的主题。但直到现在，也很少有研究人员研究出这些材料可能的QSH效果，麻省理工学院的研究小组说。“二维材料是具有很多潜在应用的一个非常活跃的领域，”钱说——这个团队的理论工作表现至少有六种这样的材料具有这些QSH性质。

麻省理工学院的研究人员研究了作为过渡金属硫化物而为人所知的材料——用过渡金属钼或钨和非金属碲、硒、或硫合成的化合物家族。这些化合物自然形成的薄片只有几原子厚，他们的晶体结构可以自己结合成二聚化模式。正是这种晶体二聚化模式产生的影响被麻省理工学院的小组研究出来了。

虽然这项新工作还处于理论阶段，研究小组推出了一种基于计算影响的新晶体管的设计。这项被成为拓扑场效应晶体管或TFET的设计基于被两层二维氮化硼夹在中间的单层二维材料。研究人员说，这种壮汉子可以在芯片上高密度生产而且损耗很小，允许高效运行。

通过对材料施加电场，QSH状态可以被打开或关闭，使大群的电子和自旋电子器件成为可能，他们说。

此外，这是可能应用于量子计算机的最有前途的已知材料之一，研究人员说。量子计算机通常很敏感就中断了——技术上讲就是连贯性的损失——由于很小的干扰。但是，李说，拓扑量子计算机“不会因小干扰而失去连贯性。这是量子信息处理的一大优势。”

由于很多为了其他目的而对二维材料进行的研究已经启动，行之有效的方法也许已经被其他团队开发出来并应用于新QSH电子器件的制作，钱说。

来源：麻省理工学院
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