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High-Efficiency Chlorine Dioxide Delignification
U.S. Dept. of Energy Project DE-FC07-961D13442

Summary of Progress
April 1 - June 30, 1998

Arthur J. Ragauskas and Thomas J. McDonough
Institute of Paper Science and Technology

We have been pursuing strategies for improving the efficiency of utilization and environmental performance of
ClO; in the delignification of kraft pulps. These strategies will apply several of the findings of this project. These
strategies combine a pretreatment followed by ClO; treatment under conditions selected to result in high efficiency,
and a suitably altered alkaline extraction stage. The potential for patentability of these strategies is currently being
investigated. Detailed results will be presented after we have made a determination of their patentability.

In addition, a series of experiments was completed in which we compared the response to conventional D(EO)
delignification of conventional kraft pulps and pulps from a laboratory simulation of Ahlstrom’s Lo-Solids®
extended delignification (modified) process. These experiments were conducted over a range of kappa numbers for
both pulping processes, and at high and low kappa factors. The results (Table 1) showed that the modified pulps
were slightly easier to bleach in the conventional process, an observation which parallels the corresponding
observation made earlier, when the same pulps were bleached with the “Rapid Dy” short-retention process. As in
previous work, there was a slight deterioration in bleachability as the unbleached kappa number was decreased.
The bleachabilities of these pulps will be correlated with the structural features of the residual lignins they contain,
to add to our database of lignin structure-bleachability relationships.

In other experiments, two sets of hardwood pulps of varied unbleached kappa number were subjected to
determinations of their hexeneuronic acid contents. Pulps representing both conventional batch and extended
(RDH) kraft pulping processes were included. Hexeneuronic acids are carbohydrate-derived components formed
during kraft pulping by demethoxylation of a hemicellulose, 4-O-methyl-D-glucuronoxylan (“xylan”). Their
presence in bleachable grade pulps is significant for two reasons: (1) they falsely inflate the unbleached kappa
number, and (2) they consume electrophilic bleaching chemicals, such as chlorine dioxide. The analyses we
performed consisted of acid hydrolysis under standard conditions, followed by spectrophotometric determination of
the hydrolysis product (2-furoic acid) in the hydrolyzates. An alternate method is to determine the kappa number
reduction that accompanies hydrolysis. The results we obtained are shown in Figure 1. It is apparent from the
figure that, at a given kappa number, the two pulp types did not differ with respect to their hexeneuronic acid
contents. On the other hand, there was a significant effect of unbleached kappa number. As the kappa number was
decreased below 30 by extending the kraft cook, the hexeneuronic acid content first increased, then passed through
a maximum, following which it decreased sharply. This finding will have considerable practical implication in the
manufacture of hardwood kraft pulps for bleachable grades.

Residual lignin and effluent structural analyses by NMR and gel permeation chromatography are continuing to
generate data for the development of structure-bleachability relationships. Analysis of this data is in progress.
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Figure 1. Hexeneuronic acid content of unbleached RDH and conventional kraft pulps from sweetgum.
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