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Abstract: The development of high-performance polymer fibers is one of the main
focus areas for the global polymer fiber industry. To ensure the advancement of
important industries such as national aerospace, the performance of existing fibers
should be improved, while new fibers that combine various properties and functions
should also be developed. Carbonene materials, mainly comprising graphene and
carbon nanotubes, exhibit excellent mechanical, electrical, thermal, and other
properties; thus, they are considered ideal modifiers for high-performance polymer
fibers. Herein, carbonene materials modified high-performance polymer fibers are
reviewed to provide a comprehensive overview of their preparation, properties, and T
applications. Firstly, the preparation methods for these fibers, such as the dispersion of

carbonene materials and polymer fiber modification methods, will be discussed. The dispersion methods employed for
carbonene materials include mechanical mixing as well as covalent and non-covalent functionalization. Although
mechanical mixing is relatively straightforward, functionalization typically provides better dispersion. To obtain well-
dispersed carbonene materials, these methods should be combined. Polymer fiber modification methods include mixing,
in situ polymerization, and coating. Although mixing can be performed during compounding of carbonene materials as well
as a wide range of polymers, in situ polymerization generates stronger connections between carbonene materials and
polymers, thus resulting in better properties compared to that obtained from mixing. Employing coating as a modification
method offers the advantage of improving the surface properties as well as the possibility to introduce additional
functionalities to the high-performance polymer fibers. Therefore, during preparation, the structure and function design of
carbonene materials modified high-performance polymer fibers should be considered when the compounding method is
selected. Subsequent discussions on the properties associated with these fibers will primarily focus on mechanical,
electrical, and thermal properties. As carbonene materials can support loads and promote polymer crystallization and
molecular chain orientation, it will contribute to improved mechanical properties. In addition, carbonene materials can
develop conductive paths in the polymer fiber, thereby improving the electrical properties. These conductive networks
further contribute to reducing segment motions in polymer molecular chains at a high temperature, thereby improving the
thermal conductivity and thermostability of the materials. Through the addition of carbonene materials, new functions, such
as UV resistance, resistance to photo-degradation, and improved surface affinity, can also be introduced. Finally,
applications of carbonene materials modified high-performance polymer fibers will be addressed. These include potential
applications as structural, heat-resistant, and wear-resistant materials that can be expected to exhibit superior performance
when compared to conventional high-performance polymer fibers. Furthermore, additional functions that can be introduced
to these modified fibers should make them ideally suited for applications in supercapacitors, sensors, electromagnetic
shields, and artificial muscles. To conclude, existing challenges and potential future developments in carbonene materials
modified high-performance polymer fibers will be discussed. The excellent properties associated with the modified fibers,
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as well as continuous development of materials and techniques should ensure their future applications in numerous fields.

Key Words: Carbonene material; High-performance polymer fiber; Preparation; Property; Application
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Fig. 1 History of high-performance polymer fibers .
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Fig.2 Functionalization of graphene.

(a) Functionalization of GO through the esterification reaction 3. Adapted with permission from Ref. 33. Copyright 2014, Elsevier. (b) Functionalization of
GO through the atom-transfer addition reaction 3*. Adapted with permission from Ref. 34. Copyright 2014, Wiley Periodicals, Inc. (c) Synthetic of amino-
functionalized GO 3°. Adapted with permission from Ref. 35. Copyright 2012, Wiley Periodicals, Inc. (d) Synthetic route of Nr-GO 3°. Adapted with
permission from Ref. 36. Copyright 2014, Elsevier. (¢) Synthetic route of B-GNRs 7. Adapted with permission from Ref. 37. Copyright 2014, Royal
Society of Chemistry. (f) Functionalization of graphene by cycloaddition reactions 3°. Adapted with permission from Ref. 39. Copyright 2017, American
Chemical Society. (g) Functionalization of graphene through thiyl-radical mediated reaction 4. Adapted with permission from Ref. 41. Copyright 2014,
Royal Society of Chemistry. (h) Functionalization of graphene through Diels—Alder cycloaddition reaction *>. Adapted with permission from Ref. 42.

Copyright 2016, Springer Nature. (i) Synthesis of arylated graphene *7. Adapted with permission from Ref. 47. Copyright 2013, American Chemical Society.
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Table 1 Usual dispersion agents for carbonene materials.

Interactions Dispersion agents Ref.

Pyrenoids, Benzophenanthrene, Dinaphthalene-inbenzene, p-phenylacetylene oligomer, Diazaperopyrenium 664
T
double cation, Porphyrin, Tetrathiofulvarene

Tonic bond Sodium dodecyl benzene sulfonate, Sodium cholate hydrate 65,66
Hydrogen bond Flavin mononucleotide 67
Static electricity KOH 68
Coating Si0,, Sodium p-styrenesulfonate 69
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Fig.3 Mechanisms of carbonene modified polymers.

(a) Schematic showing the steps involved in the fabrication of GNP/UHMWPE nanocomposites 7. Adapted with permission from Ref. 70. Copyright 2019,

Elsevier. (b) Mechanical properties of MWNT/UHMWPE composite fiber 7!. Adapted with permission from Ref. 71. Copyright 2006, Elsevier. (c) In situ

polymerization process of the PMMA-rGO/SAN composite 2. Adapted with permission from Ref. 72. Copyright 2020, Elsevier. (d) Synthesis of FG-PA6

composites by in situ polymerization of e-caprolactam in the presence of FG °. Adapted with permission from Ref. 9. Copyright 2012, Springer Nature.

(e) Mechanical properties of GO/PMMA composite with and without covalent bond connection 8!. Adapted with permission from Ref. 81. Copyright 2016,

Elsevier. (f) Illustration of graphene coated aramid fiber %3. Adapted with permission from Ref. 83. Copyright 2021, Elsevier. (g) Mechanical propetties of

CNT coated Kevlar #°. Adapted with permission from Ref. 85. Copyright 2012, American Chemical Society.
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Fig.4 Mechanisms of reinforcement of carbonene/polymer compsites.

(a) Deformation patterns for a discontinuous nanoplatelet in a polymer matrix under stress '%. Adapted with permission from Ref. 108. Copyright 2018,

Elsevier. (b) The strain distribution in a filler (either 1D or 2D) along the strain direction for various filler lengths '®°. Adapted with permission from

Ref. 109. Copyright 2010, John Wiley and Sons. (¢) Random orientation of GNPs within an epoxy resin, oriented GNPs along within an epoxy resin

114

Adapted with permission from Ref. 114. Copyright 2015, Elsevier. (d) The taxonomy of individual GNP flakes as obtained from X-ray computed

tomography in an epoxy/GNP composite ®'. Adapted with permission from Ref. 81. Copyright 2019, Elsevier. (¢) POM images of neat PLLA and

its nanocomposites 2. Adapted with permission from Ref. 12. Copyright 2012, Elsevier. (f) Template effect of CNT in polymer 2.

Adapted with permission from Ref. 126. Copyright 2014, American Chemical Society.
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Table 2 Mechanical properties of carbonene materials modified high-performance polymer fibers.

Addition (w/%) Modulus (GPa) Improvement (%) Strength (GPa) Improvement (%) Preparation Ref.
Aramid
G/PPTA 1 0.06 300 Mixture 131
CNT/PPTA 163.5 -2.6 2.31 19.1 Simulation 132
GO/PPTA 35 129 4.0 3.85 8.5 Coating 133
PBO
CNT/PBO 5 156 13.0 32 23.1

Mixture 18
10 167 21.0 4.2 61.5

CNT/PBO 1 95.16 76 1.56 38 In situ 134
CNT/PBO 0.54 99.8 11.1 1.51 23.8 In situ 76
G/PBO 1.5 145 39.4 34 54.5 In situ 134
G/PBO 0.2 94.9 178.3 2.34 81.4 In situ 135
PI
SWCNT/PI 1 32 454 0.105 0 Mixture 136
G/P1 0.8 123 123 2.5 60 In situ 137
PIPD
MWCNT/PIPD 6.56 -3 Coating 138
UHMWPE
MWCNT/UHMWPE 5 136.8 11.6 4.17 18.8 Mixture 71
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Fig.5 Electric conductivity mechanisms of carbon/polymer composites.

(a) Schematic view of a representative 3D element with randomly dispersed CNTs '3°. Adapted with permission from Ref. 139. Copyright 2008,

Taylor & Francis Group. (b) Schematically simulated visualization of particle distribution in a graphene-polymer nanocomposite and graph/network

representation of the actual nanocomposite '4°, Adapted with permission from Ref. 140. Copyright 2014, Taylor & Francis Group. (c) Electrical

conductivity of CNF-PI films as a function of the weight fraction of CNFs 42, Adapted with permission from Ref. 142. Copyright 2014, Springer Nature.

(d) Electrical conductivity of GNP filled PMMA nanocomposites as a function of volume 4, Adapted with permission from Ref. 140.

Copyright 2014, Taylor & Francis Group.
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