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Abstract — This study presents a conceptual design of vanillin production from Kraft lignin. Most of the existing Kraft
lignin is used as low-quality boiler fuel or discarded as wastewater, and only 2% or less of lignin has been refined into
high-quality products. We propose the process developed in this study to utilize discarded Kraft lignin. The existing
vanillin production concept process consisted of alkali oxidation using NaOH, filtration, chromatography, and crystallization.
Chromatography, which is difficult to commercialize, was changed to a solvent extraction process. The recovery rate of
vanillin of the proposed solvent extraction process is 92.9%, and the purity is 99.5%, which is similar to the existing
chromatography process. The reason why the solvent extraction process showing similar results to chromatography can
replace the existing chromatography process was analyzed.
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Fig. 1. Scheme of conventional process [17].
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Fig. 2. Scheme of the proposal process.
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Table 1. pK, value of the main components [19,24]
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Table 2. Solvent extraction process separation ratio

Components pK, Components Separation ratio
VANILLIN 7.4 VANILLIN 0.07 [25]
VANILLIC-ACID 4.5 VANILLIC-ACID 0.87 [25]
ACETOVANILLONE 8.27 ACETOVANILLONE 0.14 [25]
ACETIC-ACID 421 SYRINGALDEHYDE 0.017 [26]
FORMIC-ACID 3.75 FORMIC-ACID 0.55[27]
LACTIC-ACID 0.78 [28]
WATER 0.97 [29]
g ol Bl A7 o] SrH1,18]. theFet FEA] SollA oot ACETIC-ACID 0.91 [30]
Alelo] £ vl Atsh 4 %A 7V £ FEAITH7,19] ETHYL-ACETATE 0.081 [29]
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Units Feed Ethanol Water Waste Vanillin Vapor liquid  Crys out SS Solid SS Liquid
Mass Flows kg/hr 177072 72595 158650 174875 160797 158305 2492 2492 521 1971
Mass Fractions
Vanillin 0.003 0.000 0.000 0.001 0.003 0.000 0.212 0.212 0.995 0.005
Vanillin acid 0.002 0.000 0.000 0.001 0.000 0.000 0.007 0.007 0.000 0.008
Acetovanillone 0.001 0.000 0.000 0.000 0.000 0.000 0.016 0.016 0.000 0.021
Syringaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 0.018 0.018 0.000 0.023
p-Hydroxybenzaldehyde 0.009 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000 0.000
Formic acid 0.005 0.000 0.000 0.002 0.000 0.000 0.001 0.001 0.000 0.001
Lactic acid 0.005 0.000 0.000 0.002 0.000 0.000 0.016 0.016 0.000 0.021
Sodium hydroxide 0.068 0.000 0.000 0.029 0.000 0.000 0.000 0.000 0.000 0.000
Water 0.896 0.200 0.979 0.806 0.995 0.999 0.727 0.727 0.004 0918
Acetic acid 0.011 0.000 0.000 0.005 0.001 0.001 0.002 0.002 0.000 0.003
Buffer solution 0.000 0.000 0.021 0.008 0.000 0.000 0.000 0.000 0.000 0.000
Ethanol 0.000 0.800 0.000 0.141 0.000 0.000 0.000 0.000 0.000 0.000
Pressure atm 1.000 0.987 0.987 0.987 0.987 0.95 0.95 0.987 0.987 0.987
Temperature T 25.0 20.0 39.0 32.0 32.0 99.5 99.5 5.0 5.0 5.0

Table 4. Stream information on the solvent extraction process

Units Re sol Sol up Sol in Feed S.X A S.X O VEVapor VELiquid Crys_ in Crys out SS Solid SS_Liquid
Mass Flows kg/hr 139577 12699 152276 177072 186392 142957 139577 3380 3380 3380 533 2846
Mass Fractions
Vanillin 0.000  0.000 0.000 0.003 0.000 0.004 0.000 0.157 0.157  0.157 0.995 0.000
Vanillin acid 0.000  0.000 0.000 0.002 0.001 0.000 0.000 0.011 0.011 0.011 0.000 0.013
Acetovanillone 0.000  0.000 0.000 0.001 0.000 0.001 0.000 0.024 0.024  0.024 0.000 0.029
Syringaldehyde 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.014  0.014 0.000 0.016
p-Hydroxybenzaldehyde 0.000  0.000 0.000 0.009 0.000 0.011 0.000 0.456 0456  0.456 0.003 0.541
Formic acid 0.005 0.000 0.005 0.005 0.005 0.005 0.005 0.004 0.004  0.004 0.000 0.005
Lactic acid 0.000 0.000 0.000 0.005 0.004 0.001 0.000 0.060 0.060  0.060 0.000 0.071
Sodium hydroxide 0.000 0.000 0.000 0.068 0.065 0.000 0.000 0.000 0.000  0.000 0.000 0.000
Water 0.034 0.000 0.031 0.896 0.851 0.034 0.034 0.019 0.019  0.019 0.000 0.022
Acetic acid 0.001  0.000 0.001 0.011 0.010 0.001 0.001 0.002 0.002  0.002 0.000 0.003
Ethyl acetate 0.959 1.000 0.963 0.000 0.064 0.943 0.959 0.253 0253 0253 0.001 0.300
Pressure atm  1.086 1.184 1.086 1.086 0987 0.987 0.099 0.099 1.135 1.086 0.987 0.987
Temperature (¢ 30.0 30.0 299 32.0 32.7 32.7 40.0 40.0 40.1 5.0 5.0 5.0
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Table 5. Comparison of investment and operating costs of the two processes
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Units Chromatographyprocess Solvent extraction process
Investment cost $ 5,819,107 4,097,667
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