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Used lignin and the Organosolv process

3840 x 2748

Figure 1: Magnified image of the as-received organosolv lignin (using an Olympus SZX12).

In brief, the starting material for the obtained batch of lignin was debarked beech wood
(Fagus sylvatica) which was oven-dried. The wood chips were cooked in a solution containing
equal amounts of ethanol and water (by mass), along with 0.8 wt.% H,SO, (on oven-dried
wood basis) as catalyst. The wood-to-water ratio was 29 on mass basis. Cooking was
performed at 170 °C for 100 min, at a maintained pressure of 20 bar, using nitrogen gas.
The cooking H-factor of this delignification process was 1501 [Bioresour. Technol., 2016, 199,

128 - 134].



Residues from lignin/attapulgite and lignin-calcium hy-

droxide

Figure 2: Residues of lignins after oxidation. Left: residues from lignin/attapulgite mixture.
Right: residues from lignin with calcium hydroxide.



Evolved compounds from lignin’s leachate
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Figure 3: Low-temperature pyrogram (200 °C) to analyze volatile compounds within the
minor solid fraction obtained by evaporating water from leachate of pure organosolv lignin.
The chromatogram is annotated with compounds that comprise ca. 70% of the total area.



TGA/DSC of lignins and its
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Figure 4: Results from the heating phase of TGA/DSC analysis. (a) normalized TGA from
lignins with and without additives. (b) dTGA from lignins with and without additives. (c)

normalized TGA from

additives themselves.



Raw data for analytical pyrolysis
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Figure b5: Representative pyrograms for pure lignin, lignin/clay (exemplified by

lignin/attapulgite), lignin-calcium hydroxide and lignin/sodium formate (all at 500 °C). The
pyrograms are annotated with those compounds that had largest area% and changed most

remarkably among the lignins.

The TIC/pug lignin of lignin/sodium formate was between 2.5 to 3 times higher than for

the other lignins. This was due to (i) the evolution of CO and H, for sodium formate and

(ii) to the increased evolution of organic compounds during pyrolysis.
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Pre-pyrolysis softening and melting

- -y o e % -
Partial melting/

As-received Organosolv Discoloration A
carbonization

Complete melting/ carbenizafion %

As-received Organosoly, Partial melting/
Water-washed OrganosolV] carbonization
Lignin/attapulgite] | Carbonization
Lignin-calcium hydroxide| Carbonization
Lignin/sodium formate| | Carbonization

Temperature (°C) 120 140 160 180 200 220 240 260

Base state Discoloration Complete melting/ carbonization

Figure 7: Visualization of the textural change in lignin and lignins with additives over a
temperature range from 110 °C to 270 °C.
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Practical observations during fast pyrolysis

Figure 8: Visualization of pyrolysis liquids from fast pyrolysis of lignins. From left to right:
pure lignin, lignin/attapulgite, lignin-calcium hydroxide and lignin/sodium formate.
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Elemental analysis of the aqueous phase

Table 3: Elemental analysis of the aqueous phase from pyrolysis of pure organosolv lignin

and lignins with additives.

Aqueous phase
Lignin/attapulgite
Lignin-calcium hydroxide
Lignin/sodium formate

C (wt.%) H (wt.%) N (wt.%) O (wt.%) H/C O/C
4.23 £ 0.03 11.21 £0.04 0.45 £ 0.03 84.11 £ 0.02 31.80 14.91
1.60 £ 0.20 9.71 £ 2.07 0.55 £ 0.02 88.15 £ 2.29 72.78 41.31
228 +£0.03 9.71 £2.07 041 £0.03 86.15 £ 0.11 5879 28.34
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GCxGC-FID analysis of the aqueous phase

Table 4: Concentrations of various groups of GC-detectable compounds (wt.%, liquid basis)
in the aqueous phase after pyrolysis of lignin with and without additives.

Aqueous phase
Attapulgite Ca(OH), CHOONa

Alkylphenols 0.52 0.28 0.17
Cathecols 0.37 0.01 0.00
Guaiacols 0.04 0.01 0.11
Acids 0.11 0.11 0.16
HCs (lin/branch) 0.09 0.00 0.00
Cycloalkanes 0.00 0.00 0.00
Ket./aldeh. 0.00 0.03 0.02
Aromatics 0.07 0.08 0.07
PAHCs 0.00 0.00 0.00
Total 1.19 0.52 0.52
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2D GC raw chromatograms
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Figure 9: Representative GCxGC-FID chromatogram of a heavy pyrolysis liquid from
lignin/attapulgite pyrolysis (top) and its aqueous phase (bottom). The regions in the
GCxGC-FID chromatogram have the following meaning: 1 = cycloalkanes, 2 = lin-
ear/branched alkanes, 3 = aromatics, 4 = naphtalenes and polycyclic aromatic hydrocarbons,
5 = ketones/alcohols, 6 = acids, 7 = guaiacols, 8 = alkylphenolics, 9 = catechols, a = internal
standard (di-butylether) and b = butylated hydroxytoluene (i.e., stabilizer in THF).
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HSQC NMR raw specta
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Figure 10: Raw HSQC NMR spectra (x-axis proton NMR and y-axis is carbon NMR). In or-
der of appearance: pure organosolv lignin, heavy liquids from pure lignin, heavy liquids from
lignin/attapulgite, heavy liquids from lignin-calcium hydroxide and lignin/sodium formate.
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