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一种钙钛矿太阳能电池封装方案
摘要

近年来，钙钛矿太阳能电池作为太阳能电池领域的一种新材料得到了迅速的发展，其电池效率由3.8%提高到超过20%，几乎可以与传统硅薄膜电池相媲美。然而，由于钙钛矿材料的环境稳定性较差，提高钙钛矿太阳能电池在实际工作条件下对水、氧、光、热的长期稳定性是其商业化必须解决的问题。目前，除了改善钙钛矿活性层的稳定性，改善电子传输层、空穴传输层、电极层以外，封装也是提高钙钛矿太阳能电池稳定性的一个重要手段。本文提出了一种采用丁基胶边缘密封加透明双组分硅橡胶封装钙钛矿太阳能电池的方案。研究表明，丁基胶具有极低的透湿率，可以有效的阻止水分子透过；硅橡胶具有优异的稳定性和耐久性，可以在保护内部材料的同时保持较高的透光率。另外，该封装方案能够在85°C以下进行操作，有效防止高温导致钙钛矿材料降解。
A Encapsulation Solution of Perovskite Solar Cells 
Abstract
In recent years, perovskite solar cells (PSCs) have developed rapidly as a new field of solar cells, and the battery efficiency has increased from 3. 8% to above 20%, which can be compared with commercialized thin film solar cells based on silicon. However, due to the poor environmental stability of perovskite materials, improving the long-term stability of PSCs to moisture, oxygen, light and heat under the actual working conditions is a challenge that must be solved in its commercialization. At present, in addition to improving the stability of perovskite active layer, electron transport layer, hole transport layer and electrode layer, encapsulation is also an important solution to improve the stability of PSCs. In this paper, a solution of encapsulation PSCs with polyisobutylene (PIB) edge sealing and two-component transparent silicon rubber is proposed. The results show that PIB has a very low moisture vapor transmission rate, which can effectively prevent water molecules from penetrating, and silicone rubber has superior stability and durability, which can protect the internal materials while maintaining a high light transmittance. In addition, the encapsulation can be operated under 85°C, which can effectively prevent perovskite degradation caused by high temperature.

补充说明见下页：
1. 钙钛矿太阳电池封装的研究进展
封装是改善钙钛矿太阳能电池稳定性的有效方法，通过封装使器件使用环境与外界环境进行隔离，可以显著提高器件对水、氧、光、热的稳定性。例如，意大利都灵理工大学的Bella等在钙钛矿太阳能电池电池器件前表面涂覆一种自清洁的多功能氟化光敏聚合物，这种聚合物可以将UV光转化为可见光，从而避免了紫外光对钙钛矿的破坏，增强了器件的抗紫外能力；同时在器件背面涂覆一种强疏水的光敏聚合物，增强了器件的抗水能力。美国的M. D. McGehee教授借鉴了硅太阳能电池的封装技术，使用聚烯烃热熔胶膜来热压封装电池，提高了器件的耐湿性能。日本松下公司的Taisuke Matsui等将含有吸水密封剂的玻璃盖和基材用UV固化环氧树脂粘合，增强了器件的耐湿能力。

1. Research Progress on Encapsulation of Perovskite Solar Cells 
Encapsulation is an effective way to improve the stability of PSCs. The environment of the device is isolated from the actual working conditions by encapsulation, which can significantly improve the stability of the device to moisture, oxygen, light and heat. For example, Bella of Turin University of technology in Italy coated a self-cleaning multifunctional fluorinated photosensitive polymer on the front surface of the PSCs, which can convert UV light into visible light, thus avoiding the damage of UV light to perovskite and enhancing the anti UV ability of the device. At the same time, coated a strong hydrophobic photosensitive polymer on the back of the device, and the water resistance of the device is enhanced. Professor M. D. McGehee of the United States used the encapsulation technology of silicon solar cells for reference and used polyolefin hot-melt film, improving the humidity resistance of the devices. Taisuke Matsui of Panasonic used UV curable epoxy resin to bond the substrate and glass cover containing water absorbing sealant, which enhanced the moisture resistance of the device. 
2. 丁基胶密封性研究
与其他常用封装材料相比，丁基胶的透湿率极低，能够最大限度保护内部器件不受水分影响。专为光伏行业开发的丁基胶产品除了不受水汽的影响，还对玻璃有良好的附着力、良好的紫外线稳定性和较高的体积电阻率。研究表明，经过湿热老化后，基胶封边的样品中氯化钴试纸颜色不变，而没有丁基胶封边的样品中的氯化钴试纸由于吸水而变色，证明丁基胶能有效阻隔水汽。
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图1 不同材料在38 °C and 85 °C下的透湿率
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图2 HAST（105°C、100%RH）48小时老化后样品
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图3 双85（85°C、85%RH）2000小时老化后样品
2. Research on Sealing Property of Polyisobutylene Rubber
Compared with other common encapsulation materials, the moisture vapor transmission rate of polyisobutylene (PIB) rubber is very low, which can protect the internal devices from moisture. The PIB products developed for the specific needs of the PV industry are not only impervious to moisture vapor, but also have good adhesion to glass, good UV stability and high volume resistivity. The results showed that the color of cobalt chloride paper in the sample with PIB edge sealing is the same after damp heat aging, but in the sample without PIB is changed because of water absorption, which proves that PIB can effectively insulate moisture vapor.
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Fig.1 Moisture vapor transmission rate of different materials at 38 °C and 85 °C
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Fig.2 Aging at 105°C and 100%RH for 48 hours (HAST48)
 [image: image11.jpg]


  [image: image12.jpg]RAEEORERAE





Fig.3 Aging at 85°C and 85%RH for 2000 hours (DH2000)




3.双组分透明硅橡胶稳定性研究
与有机聚合物相比，硅橡胶中的Si-O键的键能较大，使其在紫外光和高温下具有优异的稳定性和耐久性，非常适合在恶劣的户外条件下应用中。专为封装开发的硅橡胶产品具有较低的杨氏模量，可以有效缓冲机械应力，保护内部器件。而且，该产品的固化温度可以根据具体使用情况调节，能够在85°C以下进行封装，防止高温导致钙钛矿材料降解。另外，文献中用硅橡胶封装的钙钛矿电池不但可以保护器件，而且改善了界面接触，使光电效率得到了提升。
	测试项目
	TS 2538

	外观
	透明

	混合比 (体积)
	1:1

	粘度 (mPa·s)
	A:52000, B:50500, Mixture:53000

	可操作时间 (室温)
	1 小时

	初始力学性能
	杨氏模量 (MPa)
	0.30

	
	拉伸强度 (MPa)
	0.33

	
	断裂伸长率 (%)
	126

	
	硬度 (Shore A)
	11 

	DH1000力学性能
	杨氏模量 (MPa)
	0.32

	
	拉伸强度 (MPa)
	0.35

	
	断裂伸长率 (%)
	141 

	
	硬度 (Shore A)
	15 

	体积电阻率 (Ω·cm)
	5.46 E+14

	导热系数 (W/m·k)
	0.13


3. Research on stability of Two-component Transparent Silicon Rubber 
Compared with organic polymers, the larger bond energy of Si-O confers silicones a superior stability and durability against ultraviolet light and high temperatures, so it is very suitable for outdoor applications. The silicone rubber products specially developed for encapsulation have low Young's modulus, which can effectively buffer the mechanical stress and protect the devices inside. Moreover, the curing temperature of these products can be adjusted according to the specific use, and it can be encapsulated below 85 ° C to prevent the degradation of perovskite materials due to high temperature. In the literature, the PSCs encapsulated with silicone rubber can not only protect the device, but also improve the interface contact, so that the photoelectric efficiency is improved.
	Testing items
	TS 2538

	Appearance 
	Transparent

	Ratio (volume)
	1:1

	Viscosity (mPa·s)
	A:52000, B:50500, Mixture:53000

	Pot life (RT)
	1 hour

	Mechanical properties 

(Initial)
	Young's modulus (MPa)
	0.30

	
	Tensile strength (MPa)
	0.33

	
	Elongation (%)
	126 

	
	Hardness (Shore A)
	11 

	Mechanical properties (DH1000)
	Young's modulus (MPa)
	0.32

	
	Tensile strength (MPa)
	0.35

	
	Elongation (%)
	141 

	
	Hardness (Shore A)
	15 

	Volume resistivity (Ω·cm)
	5.46 E+14

	Thermal conductivity (W/m·k)
	0.13
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