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« Background/Introduction

« Esterification of lignin

« Preparation of lignin/PLA composites

« Quantifying compatibility of lignin with PLA
« 3D-printing of lignin/PLA composites



Compatibilization of lignin/PLA composites

« Esterification of lignin to improve properties
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Five different acyl chlorides

were used C2, C6, C12, C18, s
C18:1 "'
Characterized by NMR analysis
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Preparation of lignin/PLA blends by solvent casting “universiy

Microscope.imdges = » %
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Solvent casting Lignin/PLA blends Compounding
« Lignin/PLA precipitation « 30% spruce alkaline lignin « 180°C
in ethanol
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Protocol to assess the compatibility of lignin with "%y
PLA through microscope imaging

3D printed microtome device Slice thickness of 0.06-0.09 mm Microscope imaging



Compatibility of technical lignin (20%) with PLA v

« Kraft lignin (softwood) and enzymatic hydrolysis lignin (sofftwood) have poor
compatibility with PLA
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Compatibility of technical lignin (20%) with PLA v

« Unmodified birch alkaline lignin exhibited the best compatibility with PLA than others

Spruce alkaline lignin Wheat straw alkaline lignin Birch alkaline lignin
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Improving the compatibility of spruce alkaline lignin /ée\
(30%) with PLA through esterification Abo Akadem
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« The compatibility of lignin with PLA was improved by lignin esterification with a
carbon chain length longer than C2, except for C18 stearoyl chloride

C2 Acetyl Cé Hexanoyl C12 Lavroyl C18 Stearoyl C18:1 Oleoyl




Quantifying compatibility using Image J Al hcademi
- Microscopy image analysis L EE
Image Processing B 1A 11 T T 0:5
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Quantifying compatibility using Image J
- Microscopy image analysis

Q was used fo indicate compatibility, Q = 10¢ * TotArea * AveSize
Quantitative results align well with microscope images — Reliable protocol
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Mechanical properties of lignin (30%)/PLA filament /%
- 3-point bending test Abo Akaderi

Flexural modulus: Lignin esterification increased the flexibility of lignin/PLA blends
compared to unmodified lignin

Flexural strength: Unmodified lignin and esterified lignin increased the impacting
forces that PLA can withstand, except for C18 stearoyl chloride
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Preparation of PLA filaments containing 50% esterified Oniversity
spruce alkaline lignin

C2 Acetyl Cé Hexanoyl C12 Lavroyl C18 Stearoyl C18:1 Oleoyl
(50%) (50%) (50%) (50%) (50%)

Failed 1 -
« Oily
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FDM 3D printing of esterified spruce alkaline lignin s academ
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(50%)/PLA blends

Brinter 3D prin’rer‘
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FDM printing esterified spruce alkaline lignin/PLA . Aciem
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- Problematic cases
C2 Acetyl C12 Lauroyl C18 Stearoyl
(50%) CA) (30%)
205 °C, 4 X 205 °C, 4 X 190°C, 8 X
Degraded 180 °C, 2 X S AL,
B

« C2 Acetyl (50%)/PLA degraded after some « CI18 Stearoyl (30%)/PLA becomes liquid
time in the 3D printer at 205 °C like at higher temperature than 190 °C

« The materials did not adhere to the printing
surface at 180 and 190 °C
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Conclusion Rbo Aadem;

« The compatibility of lignin with PLA was improved by lignin esterification, especially
with a carbon chain length of Cé, C12, and C18:1

« Lignin esterification increased the flexibility of the lignin/PLA blends, but at the same
time increased the impacting forces that PLA can withstand, except for C18

« Up to 30% lignin can be used to replace PLA to make thermoplastic lignin/PLA
filaments

« Lignin esterified with Cé, C12, and C18:1 are good candidates for lignin/PLA 3D
printing
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Wi e oot abusdant ornaic bopolymes s s word,and LIGNIN ESTERS AND THEIR COMPOSITES WITH PLA

millions of tons are obtained annually 2 a by-product of the pulp and
paper industry. The vast majority is burned for energy, but the focus is

currently on finding ways to utilize it in higher value products. One such

way is as a filler or an additive in poly (lactic acid) (PLA) for replacement.
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when trying to introduce lignin into PLA. A straightforward way to quantify
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Can also be found through the
LigninReSurf webpage!
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