Influence of Black vs. White Liquor Impregnation on Kraft Cooking Performance: Comparative Evaluation

Background and Motivation
The impregnation stage in kraft pulping strongly influences chip penetration, delignification kinetics, and final pulp quality. Traditionally, white liquor is employed to ensure effective alkali diffusion into the wood matrix prior to cooking. In contrast, black liquor contains significant amounts of dissolved wood components, including lignin fragments and carbohydrate degradation products, which may modify the chemical environment during impregnation. Previous studies indicate that dissolved wood components can enhance delignification rates and alter reaction pathways during kraft cooking (Gellerstedt et al., 2015). In particular, the addition of model dissolved wood components has been shown to accelerate delignification kinetics and modify lignin reactivity, suggesting that the chemical milieu created by spent liquors can actively influence cooking performance (Karlsson et al., KTH Doctoral Thesis, 2015).
The recent hypothesis suggested that the broader chemical environment during impregnation and washing, including the presence of residual lignin fragments and inorganic species, can significantly affect pulp properties and delignification efficiency beyond what is predicted by conventional white liquor chemistry alone (Hietanen et al., Nord. Pulp Paper Res. J., 2023). However, the comparative effects of black versus white liquor during the impregnation stage remain insufficiently quantified, particularly with respect to reaction kinetics, yield, and final pulp quality. A systematic evaluation of liquor composition and its influence on chip penetration and chemical environment may therefore provide new opportunities for process optimization and improved chemical utilization.
Objectives
The primary objective of this thesis is to evaluate the feasibility of ATR–UV spectroscopy for in situ monitoring of residual alkali (EA) in a pilot-scale kraft digester. Specific goals are to:
1. Compare the effects of black liquor versus white liquor in chip impregnation on subsequent kraft cooking outcomes, including delignification rate, kappa number, pulp yield, and carbohydrate retention.
2. Characterize the role of dissolved wood components present in black liquor on liquor penetration, reaction kinetics, and fiber chemistry during cooking.
3. Quantify changes in the chemical environment induced by black liquor use, including alkali diffusion and lignin solubilization efficiency.
4. Evaluate the implications of alternative impregnation strategies for process control and final pulp quality in kraft pulping.
Methodology
Laboratory kraft cooking experiments will be conducted using wood chips impregnated separately with standard white liquor and with black liquor adjusted to equivalent active alkali levels. Impregnation conditions, including temperature, time, and liquor-to-wood ratio, will be carefully controlled to ensure comparable initial penetration. Following impregnation, all samples will be cooked under identical temperature and time profiles. Delignification progress will be monitored through kappa number determination, pulp yield measurements, and analysis of dissolved lignin in spent liquors. Chemical analyses of sodium, sulfide, and carbohydrate degradation products will be performed to assess changes in the cooking environment. Comparative evaluation will focus on reaction kinetics, chemical consumption, and final pulp quality indicators, supported by microscopic or spectroscopic techniques to assess liquor penetration and fiber surface chemistry.
Expected Outcomes and Significance
The study is expected to clarify whether black liquor impregnation, through the presence of dissolved wood components and an altered chemical environment, can improve delignification efficiency, enhance pulp yield, or modify washing and chemical consumption behavior relative to conventional white liquor impregnation. The results will contribute to a further understanding of liquor–chip interactions and support the development of improved transport models of impregnation, as well as development of cooking strategies for more efficient and sustainable kraft pulping operations.
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