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Figure 1 (Color online) Fabrication of GGF and GGFF by CVD method. (a) Schematic of GGF and GGFF by CVD method; (b) SEM image of GGF
and GGFF; (c) image of flexible GGFF; (d) sheet resistance mapping of GGFF; (¢) Raman spectra of GGFF grown with different C/H ratios; (f) AFM
image of a graphene ribbon obtained after etching the core glass fiber; (g) Ig/Lp and sheet resistance of GGFF grown with different C/H ratios
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Figure 2 (Color online) Structure and stability test of GGFF. (a) Four deformation operations on GGFF (buckling, folding, rolling and releasing); (b)
electrical resistance and tensile strength variation of GGFF after deformation operation cycles; (c) electrical resistance variation of GGFF with bending
radius from 5 to 25 mm; (d) stress-strain curve of GGFF and SEM image of the broken fiber; (¢) comparison of tensile strength and Young’s modulus of
GFF and GGFF; (f) binding stiffness and sheet resistance of GGFF with different thickness of graphene
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Figure 3 (Color online) Infrared radiation characteristics of GGFF. (a) Infrared emission spectra (hollow dots) and theoretical gray-body radiation
curves (solid lines) of GGFF-100 at 473, 573, and 673 K; (b) emissivity and peak emission intensity of GGFF with different sheet resistances (GGFF-
2500, GGFF-500, GGFF-100) at 673 K; (c) infrared emission spectra (hollow dots) and theoretical gray-body radiation curves (solid lines) of Nichrome
at 773 K; (d) comparison of emissivity of nichrome, GGFF-500, and GGFF-100 at 473, 573, and 673 K; (e) schematics of the heat transfer process in the

system of GGFF with a dual emitter
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Figure 4 (Color online) Infrared radiant heating performance of GGFF. (a) Schematic of the GGFF heater; (b) image of the GGFF heater; (c) infrared
image of the GGFF heater; (d) temperature profiles of the GGFF heater at different power densities; (e) saturated temperature and heating rate of the
GGFF heater with different power densities; (f) thermal radiation efficiency of the GGFF heaters and Nichrome with different sheet resistances and
temperatures; (g) temperature profiles of the GGFF heater while applying a square wave from 0 to 8 V with a period of 1 min for 500 cycles
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Graphene-skinned glass fiber fabric and its application in
infrared radiant heating
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Infrared radiant heating is an important thermal management technology due to its independence from a medium, robust
transmission capabilities, and broad applications. With ongoing advancements in the field, the demand for advanced
infrared radiant materials is growing. Graphene, known for its high broadband emissivity and controllable radiation, stands
out as an excellent infrared emission material. Glass fiber, with an emissivity of ~0.7, serves as a reliable gray radiation
material. Consequently, a composite of graphene and glass fiber holds promise as an effective infrared radiation heating
material. In this work, graphene-skinned glass fiber fabric (GGFF) is developed using the chemical vapor deposition
method. To create a flexible infrared thermal radiant material with dual emitters, a continuous graphene film is grown on
the surface of the glass fiber. In the CVD growth system, the quality and thickness of graphene were significantly affected
by the methane/hydrogen (C/H) ratio. The increase of I5/l,p with the C/H ratio indicates that the as-grown graphene
becomes thicker due to adequate active carbon species supply, which results in tunable sheet resistance from 1 to 3000 Q
sq'. The emission curves of GGFF match well with those of a gray body, which proves that the radiation from GGFF can
be regarded as gray-body radiation. The infrared radiation characteristics of GGFF can not only be influenced by the
temperature but also be effectively modulated by the sheet resistance of graphene. As sheet resistance decreases from 2500
to 100 Q sq”', the peak emission intensity increases from 0.116 to 0.121 W cm™ pm™', along with corresponding
emissivity changes from 0.85 to 0.90, which shows negligible changes as temperature increases. Graphene works as the
heating element through Joule heating, and increasing the number of graphene layers can enhance its radiation capability.
Then the underlying glass fiber will be heated by graphene through thermal radiation and conduction. With matching
absorption, graphene can effectively heat the glass fiber by thermal radiation. After being heated by graphene, the glass
fiber will in return act as the infrared emitter together with graphene to radiate energy to the surroundings. In this way, the
GGFF possesses dual emitting elements, graphene and glass fiber, which greatly enhances the infrared radiation capability.
The dual-emitter GGFF demonstrates a lightweight and flexible structure, with tunable gray body radiant characteristics,
high infrared emissivity (~0.90), and thermal radiation efficiency (~80.2%). For comparison, the emission spectra of the
commercial metal resistance wires, such as nichrome, were also tested. The emission spectra of nichrome do not have a
perfect match with those of the gray-body radiation, which means that the heating ability in the mid-infrared region is
limited. As a kind of novel radiant heater, GGFF exhibits ultra-fast electrothermal response (255.5°C s™' at 4.5 W cm™2)
and uniform heating temperature (~580°C). The superior radiant heating capability of GGFF can promote the development
of efficient and energy-saving heat management technology.

graphene, glass fiber fabric, dual-emitter, novel infrared radiant heaters
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