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Background

~

Traditional pulping studies show that the most toxic effluents arise from the extractive components of the feedstock [1], though carbohydrate and lignin degradation products can be important as well. The extractive components are
typically 4-10% of wood feedstocks [2]. Some of the most important extractives in the effluents include tannins, resin acids, and sterols. Tannins can be 50% of the total Chemical Oxygen Demand in wastewaters [3]. Resin acids are
the most toxic of extractives and are lethal to fish at ppm levels [4]. Sterols are endocrine disruptors in higher organisms [5]. To the best of our knowledge, no forest-residue-based biofuel process analysis has tracked the flow of
extractives with this level of molecular specificity. We also track lignin and carbohydrate degradation products.

Quantifying Extractives

Bisulfite Process Modeling Methods

Aspen Stream Results
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o NRTL thermodynamics compared to thermodynamic data for monoterpenes and
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o Values for diterpenes and phytosterols in SSL consistent with observed
concentrations leaving sulfite pulp mills O

Reactions from Literature
Carbohydrate and Lignin Reactions:

/
™ o Carbohydrate conversions from Gao’s 2013 Mild Bisulfite Paper [11]
o Lignin conversions yields from Leu’s 2013 SPORL paper [12]

Extractives Reactions

L * All extractive reactions assumed to go to 50% completion
&/\N 1. Dihydroquercetin 3’-O-f glucoside + H,O —> Dihydroquercetin + glucose
HO 2

Conclusions

Extractives propagate through bisulfite processes in

different ways

* Resin acids primarily follow the pretreatment pulp
stream, but remain in the spent sulfite stream in toxic
concentrations

 Tannins and flavonoids leave in both streams

* Phytosterols preferentially leave in the pulp

o Many thermodynamic parameters have not been

reported for the extractives, thus requiring estimates
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* Quantities of components are reported on an
0.d. weight and estimated from pulp and paper
literature about Douglas fir spanning over 60
years [e.g. 6-9].
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