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Novel technology of resource recovery from reed black liquor

YANG Wei-chun" 2 YOU Xiang-yu', WANG Yun-yan'% ZHAO Jing"*, CHAI Li-yuan"?, SHU Yu-de'

(1. School of Metallurgical Science and Engineering, Central South University, Changsha 410017, China;
2. National Engineering Research Center for Pollution Control of Heavy Metals,
Central South University, Changsha 410017, China;
3. Jiangsu Transportation Research Institute Co., Ltd., Nanjing 210017, China)

Abstract: A novel process was proposed to treat reed black liquor: desilication—acidification—three-dimensional
electrolysis—causticization—reuse in pulp making. The precipitation method was used to remove silicon by adding
Ca(OH),. The residual concentration of silicon decreases from 6.68 g/L to 0.12 g/L and the removal rate of silicon is
maintained at 98.2%. Lignin was recovered by acidulation-precipitation after the addition of sulfuric acid. The residual
concentration of COD¢, can be reduced from 220.648 g/L to 54.179 g/L and its removal rate is maintained at 75.45%.
8.5 g lignin was recovered from 100 mL black liquor. Based on the analysis of FTIR, EDX and SEM, it is found that the
structure of lignin consists mainly of syringyl monomers and hydroxyl groups, and the lignin particles are not fibrous but
granular. The reed pulp black liquor pretreated by acidification method was treated by electrolysis with a
three-dimensional electrode reactor. The removal rate of TOC is maintained at 35.57% and the residual concentration of
CODg; can be reduced to 36.761 g/L. Then, causticization was adopted to recovery residual alkali from the black liquor,
which can be reused in the paper mill. After causticization, the concentration of effective alkali is 8.30 g/L and the
causticization rate of the solution is about 78.60%, the residual concentration of CODg¢; in the black liquor is further
reduced to 33.085 g/L and the removal rate of TOC is 9.99%.
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Table 1 Properties of black liquor

COD¢/ TOC/ p(SO37)/ p(Na') p(SiO,)/ p(Lignin)/
@l L) @) L) @l @l
220648 12 83704 1818 3333 668 933
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Fig. 1 Technological process for treatment of reed black

liquor
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Fig. 2 Schematic diagram of three-dimensional electrode
reactor: 1—DC power; 2—Diaphragm frame; 3—Graphite
cathode; 4—Outlet; 5—Reaction tank; 6—Graphite anode; 7—
Inlet; 8—Water bath; 9—Constant flow pump; 10—Particle

electrodes
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Table 2 Properties of desilicated black liquor

cop?/ oH mcty pa?y mﬁgy mN{y p@K%y
(gL (gL™) (gL) (gL) (gL) (gL)
219.608 li; 1460 1380 0996 3333  0.12

TP is total concentration of P; TN is total concentration of N.
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Fig. 3 Chemical structures of monocotyledonous angiosperm
lignin: (a) 2-methoxy-4-(2,3,3,4,4-pentamethylpentan-2-yl)-
phenol; (b) 2,6-dimethoxy-4-(2,3,3,4,4-pentamethylpentan-2-
yl)phenol; (c) 4-(2,3,3,4,4-pentamethylpentan-2-yl)phenol
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Table 3  Properties of black liquor after treatment of

desilication-acidification

CODe/ .. p(CIY p(SOZ7)/ p(TOC) p(Na®)  p(SiOs)/
(gL (eL) (L") (@L)H @Lh (gL
54179 2.5 144 583 21580 34 0.11
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Table 4 Properties of causticized black liquor

TOC/(gL™)  p(Ca™)(gL™)  pH

PS03/ (gL

p(NaCO3)/(gL™)  p(NaOH)(gL™)  p(SiOy/(gL™)

12.580 2.8 13.28 61.77

2.35 8.30 41.41

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™!
4 SRRBRERT R LS

Fig. 4 FT-IR spectra of black liquor before and after
desilication-acidification treatment: 1—Before desilication-

acidification; 2—After desilication-acidification
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Fig. 5 SEM image (a) and EDS analysis results (b) of

acidulation lignin
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Table S EDS analysis results of lignin from acidification

Element w/% x/%
C 80.30 86.63
(0] 16.89 13.68
Si 0.81 0.36
S 2.00 0.67
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Fig. 6 FTIR spectrum of lignin
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Fig. 7 UV spectra of black liquor before and after treatment:

1—Black liquor; 2—Acid pickling solution; 3— Electrolyte;

4—Causticized liquor
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