~

Institute of Catalysis
Research and Technology

A{]]

Karlsruhe Institute of Technology

From Pulp to Aromatic Products — Description of a reaction mechanism for
lignin depolymerization during hydrothermal liquefaction (HTL) of Black Liquor

Maximilian Worner, Bruno Lacerda de Oliveira Campos, Ursel Hornung, Nicolaus Dahmen
Introduction Wood S lack liguor This work

®
0.
 Lignin is a promising resource for production of ‘3 ‘I ! I E m
aromatic compounds
 High Abundancy in form of black liquor (BL) a "3 ardmatics

(Bio-based)

by-product of the pulp & paper industry Fucalyptus
« HTL can depolymerize the lignin molecule by

processing the BL directly without prior process

steps
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Batch experiments
In micro autoclaves

T, = 250 — 400 °C t; = 0 — 30 min

Goal: Development of a kinetic model which can describe the potential reactions during lignin depolymerization
under HTL conditions under the influence of salts from BL

Experimental results
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. . . e Catechols main monomer products
e Syringyl compounds react first to Guaiacy!

e Lot of carbon in solid phase
* Influence of t; < Influence of T

» Slow decrease in yields with increasing tg,
e -OCH3 > -OH =2 -OH + -CH3
 Phenol/Cresols not favorized

compounds
 High T leads to low yields fast
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Cross validation Simulation
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Product yield Y/ g - gt biomass

H,0 CO,+2H,
3CO,+3CH,+5H,

Reaction | Epj;/ k (300 °C) / mint |k (325°C)/ min? | k (350 °C)/ min-
Number
kJ*mol-?

4.38 1.33-10° 1.33-10° 1.33-10°

4.30 1.23 - 10° 1.23 - 10° 1.23 - 10°
15.54 4.02 8.10-1071 9.28-1071 1,05 - 10°
33.12 3.42 3.81-1071 5.10-107* 6.66 - 1071 )
I 12529 411 3.38-107" 1.01-10° 2.79 - 10° ' S
I 1485 3.84 6.78 - 1071 7.72-1071 8.71-1071 S | | Y g
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_ 234 95 0.69 4.21 ) 10_3 3.34 ’ 10_2 2.24 ) 10_1 0 / 0.002 0.004 0.006 0.008 0.01 0.012 00140 0.016 0.018 / 0.005 0.01 0.015 0.02 0.025 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
121.46 1.30 211-1072 6.12-1072 1.63-107" Experimental yield Y,,, /g - g biomass Experimental yield Y, /g - g** biomass Experimental yield Y, /g - g** biomass
12 344.60 -1.17 2.51-107* 5.15-1073 8.30-1072

The kinetic parameters of each reaction 4; and
E, ; were estimated via minimization of the sum
of squared errors via the objective function

Simulated yield Y/ g - gt biomass
Simulated yield Y/g - g1 biomass
Simulated yield Y /g - gt biomass

Validation soft wood Conclusion
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based on softwood or hardwood | .| || the subsequent methylation of
differ only slightly : o | |
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