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Figure 1

(Color online) (a) Preparation of activated carbon from cellulose; (b) morphology of spherical carbon particles changes with temperature

after activation [10]; (c) scanning electron microscopy (SEM) images of cellulose carbon materials carbonized from pineapple peel [6], cotton [11],

lotus stem [12], palm kernel [13], and nut endocarp [14].
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Figure 2 (Color online) (a) Preparation of CNTs from cellulose; (b) mechanism of formation and growth of CNTs during microwave-induced
pyrolysis of cellulose [16]; (c) transmission electron microscopy (TEM) image of CNTs synthesis from oat shell, wheat straw, hazelnut shell and

rapeseed cake [19].
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Figure 3 (Color online) (a) Preparation of graphene from cellulose; (b) reaction of aromatic oligomers in the carbonization process; (c—e) model for
the carbon layer structures at low, medium, and high temperatures; (f, g) TEM images of carbon materials with different crystal quality [28].
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Figure 4 (Color online) (a) Preparation of CNF with highly graphitized carbon outer layer; (b) field emission scanning electron microscope (FE-
SEM) images of CNF from H,SO, hydrolysis; (c) high resolution TEM (HRTEM) image of DC-CNFene-4 [31]; (d) synthesis process of GCNC;

(e) FE-SEM images of GCNC-4; (f) HRTEM image of GCNC-4 [32].
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Figure 5 (Color online) In-situ graphitized cellulose carbon fibers. Schematics of the apparatus used for (a) continuous thermostabilization and
(b) continuous carbonization. (¢) Optical microscopy (OM) and SEM images of pristine LF, thermostabilized LF impregnated with sulfuric acid (ILFs),
ILF375 1200dcC, and LF350 1200dcC (Insets are SEM images of corresponding fiber cross-sections). Black scale bars: 50 um; white scale bars:

20 pm [34].
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Figure 6 (Color online) Application for health monitoring. (a) Fever temperature sensing and skin temperature monitoring [37]; (b) responds to hot
air in a simulated refrigerator environment [38]; (c) temperature monitoring of “temperature dead zone” in the refrigerator [39]; (d) humidity sensor for
detecting breathing and respiratory monitoring [40]; (e) resistance test at different humidity levels and wound healing monitoring based on humidity
sensing [41]; (f) electrophysiological signal monitoring; (g) laser-writing graphene electrodes for monitoring ECG [42]; (h) real-time EEG of cerebral
activities [43].
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Figure 7 (Color online) Application for clean energy. (a) SEM i
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mage of p-BC/N-5M (inset: photograph of p-BC/N-5M); (b) asymmetric
device [45]; (d) specific capacitance of CNFene-1 and CNFene-4; (e) specific

capacitance of CNFene-Straw and CNFene-Bamboo [31]; (f) specific capacitance of GCNC-2, GCNC-4, and GCNC-6 at 10—400 mV/s scan rates [32];
(g) electrode configuration and electron-transfer mechanisms for the CNT-textile anode (right), compared with the widely used carbon cloth anode
(left) [46]; (h) preparation of carbon fibers/vertical graphene sheets/MoS,/FeCoNiP, (CF/VMFP) [47].
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Figure 8 (Color online) Application for environmental purification. (a) Adsorption mechanisms of cellulose-derived carbon materials [58];
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Figure 9 (Color online) Schematic diagram of challenges, strategies and prospects for cellulose carbon materials.
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High-value strategies and applications of biomass-based cellulose
carbon materials
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Abstract: Carbon materials are extensively utilized in cutting-edge fields such as energy, environment, and electronics
due to their specific surface area, high conductivity, adjustable pore structure, exceptional surface chemical properties,
and graphitized carbon structure. However, the current synthesis routes of carbon materials primarily rely on traditional
fossil fuels, exacerbating the issue of climate change. Cellulose, a natural biomass found abundantly in nature, can serve
as a sustainable carbon source. When converted into carbon materials, it even enables the achievement of negative
carbon emissions, thereby offering an effective solution to the pressing issue of global warming. This review focuses on
the progress of cellulose-derived carbon materials and nanocellulose graphene materials, as well as their applications in
health monitoring, clean energy, and environmental purification. Furthermore, it delves into the opportunities and
challenges for future development, providing new insights into the advancement of cellulose carbon materials.
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