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Utilization of Pine Bark(Part 6)

- Alkaline Sulfite-Anthraquinone Cooking of Underground Bark
and Characterization of the Spent Liquor -

Sung-Phil Mun*' and Sung-Chun Park*

ABSTRACT

Alkaline sulfite-anthraquinone(AS-AQ) cooking process has been applied to unground pine
bark. The properties of the spent liquor such as molecular weight distributions, sulfonic equiva-
lent weights, degree of sulfonation, phenolic hydroxyl groups and kaolin dispersing ability have
been investigated to evaluate the possibility of using this liquor as concrete additives or binders.

In the case of ground bark meal, more than 90% delignification was achieved at the optimal
cooking conditions. However, applying these conditions on unground bark the delignification
was slightly retarded. The decrease in the degree of delignification may be attributed to less pen-
etration and diffusion of chemicals during the cooking of the bark. Increasing the cooking tem-
perature only by 5C improved the delignification of the bark and about 90% delignification can
be achieved. These results indicate that bark can be used successfully during AS-AQ cooking
without any mechanical or physical pretreatment. _

The properties of lignin or polyphenol sulfonates in the spent liquor after AS-AQ cooking of the
bark were compared with Sunflo-R, which is commercial lignosulfonate(CLS) prepared from wood.
The weight average molecular weights(Mws) estimated by gel-filteration chromatography was
found to be ranging from 1,200~1,800. These are considerably lower than those in CLS. Lignin or
polyphenol sulfonates in the spent liquor of bark and CLS have similar degree of sulfonation, but
the phenolic hydroxyl group was 1.8 times higher than CLS. Moreover, the dispersing abilities of
the spent liquors were better than that of CLS, especially after 0.1% addition to kaolin suspension.
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Fig. 1. Influence of NaOH and temperature
on delignification during AS-AQ cook-
ing.

NaOH 7.4%(as Na,O); m170C, ®175C, A 180T,

NaOH 11.1%(as Na,0): v175T,<180¢.[J190°C.
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Fig. 2. SO, consumption during AS-AQ cook-
ing of pine bark.
A :170C. NaOH 7.4%(as Na0),
# :175¢C. NaOH 7.4%(as Naz0),
® : 180, NaOH 7.4%/(as Nay0),
v :190C, NaOH 11.1%(as Na,0).
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Table 1. Effect of temperature and NaOH concentration during AS-AQ cooking of pine bark

NaOH % Temp. Time Yield Total Lignin Delignification
(as Nap0) (t) (min.) (%) (% on bark) (%)
60 26.7 8.2 82.5
170 120 24.9 8.0 83.0
180 22.5 6.8 85.6
240 25.5 7.3 84.4
60 23.2 6.1 87.0
120 22.3 54 88.4
7.4 175 180 17.8 4.6 90.3
240 18.6 5.4 88.4
60 22.0 6.8 85.4
180 120 19.3 4.7 90.0
180 15.7 4.9 91.2
240 21.2 6.2 86.8
60 20.3 12.0 74.4
175 120 19.7 8.2 82.4
180 15.6 8.2 82.5
240 15.8 6.6 85.9
60 19.7 11.7 75.0
120 16.1 7.4 84.1
1.1 180 180 16.6 6.6 86.0
240 14.0 7.7 83.6
60 17.2 9.1 80.5
190 120 12.9 7.7 83.6
180 13.1 4.8 89.8

Pine bark 350g(c.d.), NaySO; 30%(as Na,Q), liquor ratio: 6.
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Table 2. Results of AS-AQ cooking at full capacity

Temp. Time Yield Total Lignin Delignification
(t) (min.) (%) (% on bark) (%)
175 22.7 7.54 83.7
180 180 20.7 5.21 88.8
190 20.0 5.88 87.4

Pine bark: 500 g(o.d.), Na,SO; 30%(as Na:0), NaOH 7.4%(as Na,0O), liquor ratio:6.

Table 3. Mn and Mw of BLS and CLS

Sample M. M. M./M,
CLS 13,408 2,020 6.64
175¢C 1.840 1,102 1.67
BLS 180t 1.779 1,064 1.67
190¢C 1,153 903 1.28

CLS: commercial lignosulfonate(Sanflo-R), BLS: spent liquor prepared from pine bark(cooking
time: 180 min., Na;S0;’ 30%(as Na,0), NaOH: 7.4%(as Naz0), AQ 0.2%.. liquor ratio: 6).
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Fig. 3. Gel-filtration curves of commercial lig-
nosulfonate(---) and spent liquor after
alkaline sulfite-AQ(- - -, AS-AQ) cook-
ing of pine bark.

AS-AQ cooking:Na,SO; 30%(as Naz0),
NaOH 7.4%(as Na:0), AQ 0.2%, 175°C.
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gl A AE o). Fig. 39 vepd AAH
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Table 4. Functional groups of CLS and BSL
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Fig. 4. Effect of BSL, FSL and CLS on viscosi-
ty of kaolin suspension in a saturated
Ca(OH), solution.

CLS([) :commercial lignosulfonate
(Sanflo-R).

FSL(®):freeze dried spent liguor,

BSL(A):spray dried spent liquor.

Uehjol, Faexrt sl odel 3 9 g
ad € a2 #dEFe] ¢ Bol EdEde 3
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sample Sulfonic E.W SO;H/Cy PhOH/Cs
CLS 427 0.51 0.43
BSL 418 0.48 0.76

CLS:C, = 186, BSL:Cy = 172.

Cooking condition: cooking time: 180 min., cooking temp.: 180%C, NasS0;: 30%(as Naq0),
NaOH: 7.4%(as Na;0O), AQ 0.2% on bark, liquor ratio: 6.
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