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Abstact — Mixed hardwood chips were pre-pulping extracted with green liquor prior to kraft pulping in order to
recover hemicelluloses for use as biofuels. This green liquor solution containing mainly sodium sulfide and sodium car-
bonate was applied at different alkali charges (expressed as Na,O) of 0, 1, 3, and 5% on dry wood weight. The extrac-
tions were performed at 160 °C for residence times ranging from about 1-2 h to determine the effect of extraction
severity on composition of the pre-pulping extract. The severity of hemicellulose extraction time and green liquor charge
controls the concentration of acetic acid and monosaccharide sugars available for downstream processing, the accumu-
lation of degradation products such as organic acids and furans in the extract. As the alkali charge was increased, the
amount of acetate side chains on the hemicelluloses and the dissolved lignin in the extract increased but the carbohy-
drate and sugars in the extract decreased appreciably. Hot water extraction (0% alkali addition) released the greatest
amount of carbohydrates, up to 29.80 g/L. measured as component sugars, but resulted in the greatest decrease in pulp
yield. Meanwhile, pre-pulping extraction with 3% green liquor increased the pulp yield while greatly reducing the com-
ponent sugars to 7.08 g/L. Fundamental data obtained in this study will allow selection of optimum hemicellulose
extraction conditions for integrating the extraction operation into the Kraft pulping process.
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Fig. 1. Schematic flow of proposed pre-pulping extraction process.
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Fig. 2. Schematic diagram of the rocking digester apparatus used to prepare pre-pulping extract.
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Table 1. Chemical composition of Green Liquor used in extraction process

Chemicals
Total Titrated Alkaline (TTA)

Value as Na,0  Molar Concentration
0, 1, 3 and 5% on
wood as Na,O

Sodium hydroxide (NaOH) 9.0 g/l as Na,O 023 M
Sodium sulfide (Na,S) 29.1 g/l as Na,O 0.12M
Sodium Carbonate (Na,CO;)  70.0 g/l as Na,O 0.66 M
Sodium Sulfate (Na,SO,) 0.8 g/l as Na,O 0.002M
TTA 108.9 g/l as Na,O
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Fig. 3. Pre-pulping extract final pH as a function of green liquor charge
and H-factor.
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Table 2. Extraction conditions and results of acid hydrolyzed pre-pulping extracts

S b Gl (O Anbinose e Nod A AddAdd Pl ASL
% hrs gL gL gL gL gL gL gL gL gL gL

400 1.16 12.58 1.25 14.99 0.00 0.31 3.08 3.39 0.45 089 3.7

0 600 1.52 2223 1.08 24.83 0.01 0.35 5.84 6.20 0.86 1.25 3.5

800 1.75 26.79 1.26 29.80 0.04 0.39 6.42 6.85 1.42 1.87 33

400 0.41 3.86 0.32 4.59 0.00 0.74 545 6.19 0.02 206 45

1 600 0.75 5.25 0.51 6.51 0.23 1.09 6.71 8.03 0.06 3.06 44

800 1.00 7.65 1.21 9.86 0.36 1.26 7.68 9.30 0.07 3.81 43

400 0.33 2.56 0.30 3.19 0.43 1.42 8.26 10.11 0.00 3.65 5.6

3 600 0.40 3.87 0.41 4.68 0.52 1.84 9.54 11.90 0.05 4.06 5.6

800 0.61 6.02 0.45 7.08 0.81 191 10.28 13.00 0.03 4.70 5.5

400 0.32 3.01 0.31 3.64 1.71 2.85 9.27 13.83 0.01 4.06 5.8

5 600 0.41 3.75 0.48 4.64 1.93 3.25 9.51 14.69 0.02 4.87 5.8

800 0.43 4.36 0.45 5.24 2.05 3.54 11.38 16.97 0.02 5.29 5.7

®the sum total of the corresponding hydrolyzed sugars xylose, manose, and galactose.
Pthe sum total of the three monomeric sugars glucose, xylose (xmg), and arabinose.

‘the sum total of the three organic acids: lactic, formic, and acetic acids.
dASL=acid soluble lignin.
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Fig. 5. Acetic acid concentration in pre-pulping extract as a function of green liquor charge and H-factor. (a) green liquor (GL) 0% TTA, (b)
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Fig. 6. Acid soluble lignin (ASL) concentration in pre-pulping extract
as a function of green liquor charge and H-factor.
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