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SRS SRR AR —i, 5 I, 0 H, HURIR A SR A SR Si 50k
gk, AM TR T .
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The in-situ XRD and ex-situ solid state NMR analysis are performed as well as
electrochemical measurements to understand transfer properties of Li ion.
Capacities of blended anode increased with increasing silicon carbon nano
composite content and voltage profiles are differentiated with each other. In-situ
XRD experiments reveal that structural changes of graphite are retarded as silicon
carbon nano composite contents increased. 'Li NMR spectra are measured for
blended anodes with different state of discharging and as a result, silicon is
discharged prior to graphite at the initial stage of discharging. Moreover,
asymmetric behaviors of structural changes between discharging and charging
process are explained by comparison with "Li NMR spectra of anodes at 20% of
state of discharge during discharging and charging. Capacity fade of blended anode
is investigated with NMR measurement on the different state of health and it is
found that portions of graphite and silicon’s faded capacities are differently

evolved during calendar life and degraded.
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Exploring low-cost, facile, and scalable fabrication procedure for silicon/carbon
composite with excellent electrochemical performance is urgently required to promote
the practical application of high-capacity silicon material for Li-ion battery anodes.
Using commercial cost-effective AlSi alloy nanopowder as the silicon source, here we
present a facile approach via pre-template-coating and chemical acid etching methods
for synthesizing silicon/porous nitrogen-doped carbon composite with a unique
core-porous shell structure. At the pre-template-coating stage, the AlSi alloy
nanopowder is initially coated by carbon via the solution deposition and carbonization
of PVP. The Al template is subsequently removed by acid etching, affording silicon
nanoparticles wrapped by the highly conductive nitrogen-doped carbon. The escape of
hydrogen gas during acid etching leads to the nitrogen-doped carbon shell with a
microporous structure. The silicon/porous nitrogen-doped carbon composite with 88%
Si delivers a high reversible capacity of 1730mAh g (based on the total mass of the
composite) after 100 cycles at a current density of 1000mA g' with a coulombic
efficiency of approximately 100%. Moreover, the rate capability is significantly
improved. With the increase in the current density from 200 to 500, 1000, 2000 and
3000mA g'l, high capacity retention values of 99.7, 97.5, 93.7 and 91.5%,
respectively, are obtained. A long cycle life at a high rate is also achieved, with a
notable capacity of 665mAh g™ after 600 cycles at a high current density of 5000mA
g"'. The low-cost, facile, and scalable synthesis of the approach silicon/ porous
nitrogen-doped carbon composite with exceptional electrochemical performance from
a commercial AlSi alloy powder makes it extremely promising as a practical anode

material for high-energy Li-ion batteries.
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Silicon (Si) anodes, which are among the most promising candidates for high-
energy lithium-ion batteries (LIBs), have attracted considerable attention from
both academic and industrial communities. However, Si anodes usually suffer
from inherently low conductivity and extremely large volume change during the
lithiation and delithiation processes, and consequently exhibit an inferior rate
capability and poor cycle life. In this paper, we report new porous polymer-
derived carbon coated Si nanoparticles (NPs) as the next generation of anodes for
LIBs to overcome these serious problems. Specifically, a porous covalent triazine
framework (CTF) polymer shell was synthesized through in situ trimerization of
p-benzenedinitrile in molten ZnCl,. Then, core-shell structured Si/nitrogen-doped
porous carbon (Si@NPC) spheres were easily produced after high-temperature
annealing. As an anode for LIBs, Si@NPC delivers a high capacity of 1390
mAhg{1 at 0.5A g ', stable cycle performance (107% capacity retention at 1A g
for 200 cycles), and excellent rate capability of up to approximately 420mAh g~'
at 16A g '. Such exciting performance can be attributed to the ultra- stable,
highly conductive, N-doped, and porous carbon shell. This work not only offers a
new solution to the large volume change of Si-based anodes, but enables the
synthesis of porous polymer-based core-shell structures for energy storage and

conversion.
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A bio-inspired nanofibrous silicon/carbon composite composed of thin silicon
layer consisting of fine silicon nanocrystallites conformally coated on carbon
nanofibers was prepared by employing natural cellulose substance (e.g. ordinary
laboratory filter paper) as both scaffold and carbon source. The current synthetic
method results in much more uniform and complete silicon coating on the carbon
nanofibers. And the thickness of the silicon layer in the composite can be facilely
controlled. When used as an anode material for lithium-ion batteries, the
composite showed improved electrochemical performances due to the three-
dimensional porous network structure of the carbon fiber scaffold and the thin
silicon layer. For such a silicon/carbon composite with 25.7 wt% of silicon content
and silicon layer with the thickness of ca. 40 nm, it exhibited a good cycling
stability with a specific capacity of 750.6mAh g' after 150 charge/discharge
cycles at a current density of 100mA g”'. Further coating of an additional carbon
layer or depositing silver nanoparticles onto the surfaces of the silicon/carbon
nanofibers resulted in much more improved electrochemical performances, and
specific capacities of 775.3 and 1018.7mAh g’ were delivered by the

corresponding composites resulted after 150cycles at 100mA g™, respectively.
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	随着人们对锂离子电池比能量要求等不断提高，硅负极材料的应用已经成为了不可阻挡的趋势，目前由于晶体Si材料的体积膨胀较大，因此各大材料厂家的研究热点主要集中在了SiOx材料上，在这方面日韩材料厂家走在了我国的前面，已经推出了多种技术较为成熟的SiOx产品，并且针对硅负极材料体积膨胀大的特性开发了多款粘接剂，用以减少在循环过程中由于体积膨胀造成的粉化掉料等现象，国内厂家近年来也开始尝试将Si负极材料推向市场，但是相比于日韩厂家仍然有一定的差距，但是从各大厂家的评估结果来看，总体上国内厂家硅负极材料技术与日韩厂家的差距正在不断缩小，甚至在某些指标上还具有一定的优势，因此我们有理由相信随着科研工作者的不断努力，我国在材料技术与日韩之间的差距将不断缩小，甚至实现超越。
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	合金类材料储锂能力衰减的更深层原因

	来源：能源学人    发布时间：2017-06-08
	导读： 之前对于合金化储锂材料（硅基、锡基）容量降低、循环性变差的解释一般都是：材料嵌锂后体积膨胀巨大，如此往复，活性涂层从集流体表面脱落。另外，还有一部分锂合金化后已经难以脱出，被宿主长期俘获。这些说明，有些锂确实被完全“绑架”了，但更深层次的原因或者机理是什么？
	图2.  “死锂”的形成过程示意图
	不仅活性物质本身存在俘获锂的能力，集流体也存在同样的情况。为了研究这一情况，作者将镍、铜、钛、硼掺杂金刚石四种物质分别与金属锂直接接触，在50℃条件下密封保存1周后发现，镍、铜和钛重量变化都非常大（通过实验前后，样品的质量变化进行判断），说明金属锂可以直接向这三种物质中进行扩散。只有硼掺杂金刚石的重量未发生变化，通过HAXPES和TOF-SIMS检测也未发现Li的信号，因此硼掺杂金刚石最为适合作为负极集流体。
	图3.  (a)镍、铜、钛、硼掺杂金刚石四种物质和金属锂作用后的质量变化柱形图，
	(b)硼掺杂金刚石中锂的时间-质量变化曲线。
	硅/石墨复合负极材料的制备方法研究进展

	来源：石墨邦     发布时间：2017-06-07
	目前, 锂离子电池被广泛地应用于移动电子设备、电动汽车以及混合动力汽车，因此，对高比容量以及长循环寿命的需求也愈加迫切。将纳米Si与石墨复合制备Si/石墨复合材料，可充分利用纳米Si 和石墨的优点，有望成为新一代高能量密度和长循环寿命锂离子电池负极材料。本综述对现有文献报道的Si/石墨复合材料制备方法以及所面临的主要问题进行简要总结概括。
	图1 正负极比容量与全电池的比容量的关系图
	图2 石墨片/非晶碳/纳米Si复合微球在不同放大倍率下的扫描图片（a,b）
	【硅基负极最新进展】
	球磨法制备高纯度、低成本纳米Si

	来源：能源学人    发布时间：2017-06-18
	为了解决硅在充放电过程中不稳定的问题，人们一直在寻找更加有效的方法以缓解这种现象。镁热还原是一种常用的还原方法。通过镁热还原法可以由二氧化硅制备纳米硅，实现了使用地球上丰富的反应物制备纳米Si的可能性。已经有研究用该方法制备出纳米硅材料，电化学性能得到改善，但是该方法有一个缺点，就是反应温度高，导致产生Mg2Si等副产物。虽然后来也有在熔融的AlCl3中进行，以降低反应温度，但在该方法中需要大量的无水熔融盐，这对于随后的分离是沉重的负担。最近，北京大学的研究者们提出了一种“活性球磨”法，解决了以往制备硅时出现的操作复杂，杂质含量高的问题，所得材料表现出极具优势的电化学性能。该成果于2017年发表在ACS NANO(IF=13.942)上。
	图2. （a）纳米硅碳化示意图。（b-g）碳含量为21 wt％的纳米Si@C样品结构表征：
	（b）XRD图，（c，d）SEM图像，（e）粒度分布，（f，g）TEM和HRTEM图像。
	为硅/碳多孔纳米纤维穿上石墨烯外衣

	来源：石墨邦    发布时间：2017-06-12
	硅基材料因其较高理论储锂容量而备受重视，是目前新一代锂离子电池负极材料研发的重点，但由于硅基材料在嵌/脱锂过程中会产生较大的体积膨胀，易造成电极粉化，活性材料损失等问题，导致容量快速衰减，循环稳定性较差。
	光学图片、SEM图像及TEM图像
	SiO微粒上垂直的石墨烯保护伞

	来源：能源学人    发布时间：2017-06-04
	众所周知，硅基负极容量快速衰减的主要原因是充放电过程中颗粒粉碎而导致的活性材料失去电接触，还有由于体积变化大而在循环时颗粒之间的相互隔离。最近有研究提出石墨烯由于其优异的电子导电性和机械灵活性从而可以显着提高Si基材料的电化学性能。近期，北京大学等多个研究单位共同提出，在SiO微粒上垂直生长石墨烯，以此作为理想的稳定剂。这种垂直封装的石墨烯不仅可以增强SiO颗粒间的导电性，而且还能保证重复循环之后颗粒之间相互连接，表现出了极好的电化学性能。该成果于2017年发表在NANO LETTERS (IF=13.779)上。
	图2. 锂离子电池中d-SiO@vG颗粒的原位TEM观察。（a，b）用于原
	位锂化的纳米级电化学电池的示意图和TEM图像。（c，d）锂化前（c）后
	（d）的d-SiO@vG颗粒。（e，f）c和d中标记区域的表面石墨烯涂层的形貌。
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