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Abstract: To reduce the cost of decorative base paper and promote the resource utilization of lithium slag
solid waste, this paper proposes the use of a composite filler prepared by ball milling, in which a portion
of titanium dioxide is replaced with silica-alumina micro-powder. Paper samples were fabricated at a filler
loading of 30%, and the effects of the titanium dioxide to silica-alumina micro-powder mass ratio and the
calendering process on paper properties were systematically investigated. Results showed that ball milling

enabled uniform and tight coating of titanium dioxide onto the surface of silica-alumina micro-powder,
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forming a stable composite structure. Si—O—T1i covalent bonds were generated at the interface between
the two components, significantly enhancing the interfacial bonding stability of the filler. As the mass
ratio of titanium dioxide to silica - alumina micro - powder increased from 0: 100 to 100: 0, the ISO
brightness of uncalendered paper samples rose from 84.0% to 87.8%, while the opacity remained above
96.5%. Notably, when 25% of titanium dioxide was substituted (mass ratio of 75:25), the paper brightness
approached that of the sample filled with pure titanium dioxide. Calendering treatment significantly
increased paper density and reduced air permeability, while having only a minor effect on optical
properties. Mechanical property testing revealed that the calendered paper samples with 25% titanium
dioxide substitution achieved peak dry and wet tensile strengths, indicating that at this ratio, the rigidity
of the composite filler and its dispersion within the fiber network reach an optimal balance. This study
provides an industrially applicable scheme for the high-value utilization of silica-alumina micro-powder in
the field of decorative base paper. On the premise of ensuring the core properties of finished paper, this
technology can simultaneously reduce the consumption and cost of titanium dioxide and realize the
resource utilization of industrial solid waste, offering key technical support for the green and sustainable
development of the paper industry.
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