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Freeness-Dependent Performance Evaluation of Unbleached Kraft Pulp

Insulation Paper for Eco-Friendly Electrical Insulation Applications
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Abstract: To ensure high-voltage stability and thermal resistance of insulation paper used in transformers, this study evaluated
the structural and electrical properties of four types of insulation paper samples fabricated using unbleached kraft pulp (UKP).
The samples were prepared under controlled conditions with different freeness levels (300-700 ml). Tensile strength, dielectric
constant, breakdown strength (dry and oil), volume resistivity, water absorption, and oil absorption were quantitatively measured.
The sample with a beating degree of 300 exhibited the highest breakdown strength (53.85 kV/mm) and volume resistivity
(1.49x10'¢ Q-cm), whereas the samples with higher beating intensity showed improved fiber bonding and densification. These
findings demonstrate the practical applicability of UKP-based insulation paper as a high-performance, eco-friendly insulating
material for transformer systems, providing a scientific foundation for process optimization in insulation paper design.
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Pulp mixing
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Fig. 1. Fabrication process of unbleached kraft pulp-based insulation paper.
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Fig. 2. Tensile strength and elongation of insulation papers at
different beating degrees: (a) tensile strength and (b) elongation.
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Fig. 3. Effect of freeness on the dielectric breakdown strength of
insulating paper.
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