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Table 1 Comparison of the preparation of one-dimensional SiC by carbothermal reduction with different processes

Product
Method Reactants Process parameters Reference
Length/um  Diameter/nm  Aspect Ratio
Ni catalysis carbon Silicon powder, nano-activated carbon, 1300 °C, 2h, Ar - 70-280 50-300 [31]
thermal reduction nickel-based catalysts
Sol-gel Si0,/C xerogel 1600°C, 2h, Ar ~10 ~180 - [34]
Catalyst-free Rice husk, expanded graphite 1400 C, 2h, Ar ~0 60 - [37]
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Fig. 8 Schematic diagram and apparatus of self-propagation high-temperature synthesis*!l

(a) SiC/MgAl,O, nanocomposite powder

(b) SiC/Al, O, nanocomposite powder

B9 B2 miRE i Yo 5 41
Fig. 9 Microscopic morphology of products synthesized by self-propagation high-temperature synthesis!3% 411
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Table 2 Comparison of the preparation of one-dimensional SiC by SHS with different processes
Product
Method Reactants Process parameters Reference
Length/um Diameter/nm Aspect Ratio
SHS Al, Silica, Carbon black, C;oH,cFe Ar <50 About40 [39]
SHS Mg, Al Silica, Carbon black Ar 20-200 200 [41]
SHS Silica, Al, Carbon black, CyoH/oFe Ar 20-30 [30]
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Fig. 10 Microscopic morphology of products synthesized by chemical vapor depositions

[44-45]
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Table 3 Comparison of the preparation of one-dimensional SiC by chemical vapor deposition

Product
Method Reactants Process parameters Reference
Length/um Diamete/nm Aspect ratio
Catalyst-free Starch, silica sol 1300 'C, 6 h, Ar >100 [44]
Co catalysis Co, SiO,, phenolic resin 1400 'C, 3 h, Ar 80~650 [45]
Fe catalysis Si,Cl,, iron, Si wafers 1100 C, 15 min, H, 17~19 [46]
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Microscopic morphology of products synthesized by molten salt method!!4 47]
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Table 4 Comparison of the preparation of one-dimensional SiC by molten salt method with different processes
Product
Method Reactants Process parameters Reference
Length/um Diameter/nm Aspect ratio
Molten-salt Rice husk, KCI, NaCl 1400 °C, 3 h, Ar 200-330 140(whisker) [47]
404(chain-bead)
CVD Carbon fabric, Si, Ni (NO;),, NaCl, NaF 1200 'C, 6 h, Ar >10 50-100 [14]
Molten-salt Silicon powder, flake graphite, NaCl, NaF 1300 °C, 3 h, Ar 10-50 [50]
Electrochemical Rice husks, NaCl, CaCl, 800°C,2h,2.6eV >1 10-30 [52]
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(a) Carbon microspheres prepared by
hydrothermal method
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microspheres as a carbon source
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Fig. 12 Microscopic morphology of products synthesized by sol-gel method[>3-34
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Table 5 Comparison of the preparation of one-dimensional SiC by sol-gel method with different processes

Prod
Method Reactants Process parameters rocud Reference
Length/um Diameter/nm Aspect ratio
Hydrothermal CeH 120, ethyl silicate 1500 'C, 4 h, Ar 200 [53]
Sol-gel Phenolic resin, silica sol 1500 °C, 1h, Ar >1 30-150 [54]
Carbothermal reduction Silica sol, carbon felt, carbon paper 1550 °C 80-200 [55]
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Fig. 13 Schematic diagram of the process of preparing nanofibers
by electrospinning method™!
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Table 6 Comparison of technical indicators and industrial adaptability of one-dimensional SiC synthesis methods

Method Large-scale production potential Product purity Morphology controllability ~ Energy consumption Economy
Carbothermal reduction High Medium Relatively low Medium High
SHS Relatively high Medium Low Low Relatively high
CVD Low High High High Low
Molten-salt Medium Medium Medium Medium Medium
Sol-gel Medium Relatively high Medium Medium Medium
Electrospinning Relatively low Relatively high High Medium Relatively low
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Extended Abstract

One-dimensional ceramic phases can effectively fulfill the objective of strengthening and toughening ceramic materials via

strengthening mechanisms including "pull-out", "crack bridging", and "crack deflection". These mechanisms enhance material
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performance via forming a bridge zone at the crack tip, which generates closing stresses, alters the crack propagation path, and
dissipates energy through work done against interfacial mechanical resistance during fiber pullout. This significantly improves the
mechanical properties and service stability of ceramics, thereby enabling their broader application in high-end fields such as
aerospace, electronics, information technology, and energy systems. Silicon carbide (SiC) demonstrates an irreplaceable value in
ceramic matrix composites, refractory components, and toughened functional coatings due to its exceptional combination of high
hardness, thermal conductivity, chemical stability, and electrical conductivity. In particular, one-dimensional SiC with a high aspect
ratio can effectively distribute stress, establish continuous load transfer pathways, and synergistically interact with multiple
strengthening and toughening mechanisms, thus meeting the stringent mechanical and functional demands under extreme operating
conditions. However, the large-scale application of one-dimensional SiC still faces several technical challenges, i.e., synthesis
methods often require high-temperature sintering or vapor deposition processes, along with complex template-assisted fabrication
techniques, resulting in high production costs. Moreover, the high specific surface area of one-dimensional SiC leads to severe
agglomeration, which compromises dispersion uniformity and markedly reduces the efficiency of reinforcement and toughening.
Meanwhile, the existing synthesis processes are prone to yielding products with limited morphological diversity and insufficient
purity, thereby failing to meet the stringent material performance requirements of high-end applications. Consequently, developing
one-dimensional SiC preparation technologies that integrate high purity, excellent dispersibility, and high aspect ratio becomes a
critical strategy for overcoming the existing application barriers. The morphological features and functional properties of
one—dimensional SiC are fundamentally governed via the growth mechanisms and the precision of process control during synthesis. A
thorough understanding of these growth mechanisms can provide an essential theoretical guidance for achieving precise
morphological regulation. It is thus possible to establish a systematic correlation among "process parameters, microstructural
morphology, and macroscopic properties" via elucidating the thermodynamic principles across various synthesis systems and
identifying the effects of key parameters on SiC crystal growth. Optimizing the synthesis process can thus enhance the purity of
one-dimensional SiC and effectively address common challenges such as morphological uniformity and particle agglomeration. Based
on this framework, this review systematically represents recent advances on SiC synthesis, with a particular emphasis on major
preparation methods including carbothermal reduction, electrospinning, self-propagating high-temperature synthesis, and molten salt
synthesis. The review analyzes their respective growth conditions, thermal mechanisms, process characteristics, and dynamic growth
mechanisms. Furthermore, the review clarifies the advantages and limitations of each technological pathway and outlines future
research direction via comparing the resulting product morphologies and key performance indicators such as purity across these
methods.

Summary and prospects This review systematically compares the advantages and disadvantages of various synthetic methods. The
existing challenges such as complex synthesis processes, high production costs, significant impurity content in products, non-uniform
morphology, and a tendency toward particle agglomeration remain prominent. Exploring low-cost silicon and organic carbon sources
with effective impurity removal capabilities and tunable morphological properties thus represents a key direction for future research
and development. Furthermore, the construction of core—shell and other structures can solve a problem of agglomeration.
Consequently, advancing composite phase preparation technologies and designing sophisticated nanostructures, including core—shell
configurations, are anticipated to be critical future developments. Elucidating the influence of key parameters (i.e., gas-phase partial
pressure ratios) on the growth behavior of one-dimensional SiC materials, and establishing a process-morphology correlation model
through molecular dynamics simulations can enable a precise control over product characteristics and hold a substantial potential for
future applications.

Keywords one-dimensional silicon carbide; growth mechanism; synthesis method; morphological characteristics



