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Preparation of coal-based low-dimension carbon materials and the

applications in organic solar cells
ZHAO Yong'”, LIU Min'?, QUE Jianlei’, HUANG Peng'?

(1.CCTEG China Coal Research Institute, Beijing 100013, China; 2. CCTEG Low Carbon Technology Research Institute, Beijing 100013, China;
3. Tangshan Zhongrun Coal Chemical Company, Ltd., Tangshan 063000, China)

Abstract: Coal, as an abundant carbon resource, holds a crucial position in the energy industry. However, conventional coal utilization
methods are linked to environmental pollution and inefficiency. At the molecular level, coal and its derivatives display properties of poly-
cyclic aromatic hydrocarbons, which could be transformed into valuable low-dimensional carbon materials (0D, 1D, and 2D) through
physical and chemical processes. This transformation plays a significant role in achieving cleaner coal utilization and promoting the devel-
opment of renewable energy sources. The article first elaborates on the current situation of energy and environment in China, as well as the
urgent need for clean utilization of coal resources in the “dual carbon” era. The structural features, preparation methodologies, modifica-
tion strategies, and new energy applications of coal-derived low-dimensional carbon materials, including carbon quantum dots, carbon nan-
otubes, graphene, carbon nanosheets, and efc. are explored. Additionally, it elucidates the benefits and limitations, innovation, as well as
suitable conditions of various preparation techniques of low-dimensional carbon materials. Furthermore, it investigates the diverse applica-
tions of these materials in the components of organic solar cells (OSC), highlighting their application superiority and mechanisms as elec-
trodes, additives, and charge transport layers in detail. The pivotal role of coal-based low-dimensional carbon materials in enhancing the

power conversion efficiency of OSC, reducing manufacturing costs, improve stability, and supporting sustainable development is analyzed.
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The application advantages and performance indicators of low-dimensional carbon materials compared to other low-dimensional materials

in OSC are discussed. Finally, the problems and key research directions in the preparation and new energy application research of coal-

based low-dimensional carbon materials were analyzed and summarized. With the continuous development of high-value carbon material

preparation technology, the reduction of production costs, and large-scale production, these materials are anticipated to have even broader

application prospects in the realm of renewable energy.

Key words: coal; clean utilization; low-dimensional carbon materials; renewable energy; organic solar cells
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Fig.1 Preparation and application of low-dimensional coal-based carbon materials
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Fig.2 The preparation method, morphology and size of CDs
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Fig.4 Schematic illustration of the synthesis of coal-based electrode
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Fig.5 Preparation method and morphology of CNT
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Table 2 Summary and comparison of application indicators of coal-based low-dimensional carbon materials and

other materials in organic solar cells

1 214y Jso/(mA - em™) Vool V Fl% PCE/% OSCiiM:2
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WS,k Gz 26.00 0.84 78 17.00 PM6:Y6:PC,,BM
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CDs TP E AN 17.27 0.77 51 6.73 PTB7:PC, BM
CNT S 2N 26.70 0.86 75 17.12 PM6:Y6
N#BZ8GR S 2 25.65 0.85 76 16.52 PM6:Y6
CNS PR 18.00 0.74 69 9.09 PTB7:PC,,BM
GR FLA 25.80 0.85 70 15.20 PM6:Y6
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