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Abstract: Cellulose nanofiber (CNF) has attracted significant attention as a next-generation insulating material due to its eco-

friendly nature and outstanding functionalities. However, conventional kraft insulation paper suffers from limited dielectric

breakdown strength and long-term reliability under high-voltage conditions, highlighting the need for alternative materials. In

this study, kraft pulp was combined with five types of CNFs (A, B, C: wood-based / D, E: non-wood-based) to fabricate

composite insulation papers, and their electrical and mechanical properties were systematically evaluated. The results showed

that CNF incorporation generally enhanced density and tensile strength, while certain types contributed to lowering dielectric

constant and improving breakdown strength. Among the wood-based CNFs, type C exhibited the most balanced performance in

terms of dielectric stability and mechanical reinforcement. Among the non-wood-based CNFs, type E demonstrated notable

improvements in structural compactness and tensile strength, suggesting favorable reliability. Therefore, this study identifies

CNF C among wood-based types and CNF E among non-wood-based types as the most promising candidates for insulation

performance enhancement, suggesting their applicability as next-generation insulating materials for power equipment and eco-

friendly electronic devices.
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Table 1. Types of cellulose nanofibers (CNFs) used in the experiment.

Type Treatment Method | Fiber Length (nm) Manufacturer
CNF A Chemical 555 Hansol
CNF B Mechanical 742 Hansol
CNF C Mechanical 165 Hansol
CNF D Chemical 30~60 KOTMI
CNF E Chemical 20~500 KOTMI

B $SS
ool —
$SS

Drum dryer (55°C)

Kraft pulp(380 CSF)+CNF Hot press (140°C)

Fig. 1. Manufacturing process of CNF composite insulation paper.
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Fig. 2. Density of insulation papers with different CNF types.
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Fig. 3. Dielectric constant of insulation papers with different CNF
types.
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Fig. 5. SEM images of (a) kraft insulation paper and (b) CNF composite paper.
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