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Abstract: In the precursor impregnation pyrolysis (PIP) process of ceramic matrix composites, the viscosity of the precursor
liquid significantly affects the effectiveness and efficiency of its infiltration into the fiber preform. The solute mass fraction
influences the viscosity itself in the impregnation solution. To provide a theoretical basis for optimizing the impregnation process,
this study establishes an apparent viscosity model for precursor liquids with different solute contents. Firstly, an order parameter
describing the solid and liquid phase content is introduced, establishing the interrelationship between shear stress, shear rate, and
the order parameter of the precursor liquid. Then, based on Landau phase transition theory and the variational principle of the
Lagrangian energy functional, a differential equation for the order parameter is constructed and solved, yielding an approximate
analytical expression for apparent viscosity, mass fraction, and shear rate in a subdomain. Furthermore, a first-order approximation
of the Bernstein polynomial is employed to extend the model to the entire computational domain, resulting in a viscosity model

applicable to precursor liquids with different solute mass fractions. Finally, precursor liquids incorporating two types of additives,
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powders and binders, are examined. By calculating the effect of different mass fractions of additives on precursor viscosity, the
validity of the model is verified, and the influence of solute mass fraction and shear rate on the apparent viscosity of the precursor
liquid is analyzed based on the viscosity model.
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