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Compatibilization of lignin/PLA composites

• Esterification of lignin to improve properties 

and compatibility with PLA

• Blending with PLA

• 3D printing
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Acyl chloride esterification of spruce alkaline lignin 

(SAL) 

• Five different acyl chlorides

were used C2, C6, C12, C18, 

C18:1

• Characterized by NMR analysis



Preparation of lignin/PLA blends by solvent casting
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Solvent casting 
• Lignin/PLA precipitation 

in ethanol

Lignin/PLA blends
• 30% spruce alkaline lignin

Compounding
• 180 °C

Microscope images

30% spruce alkaline lignin
Lignin/PLA in THF

Ethanol



Protocol to assess the compatibility of lignin with 

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



Compatibility of technical lignin (20%) with PLA
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PLA Kraft lignin 1PLA Kraft lignin 2 Enzyme treated KL

• Kraft lignin (softwood) and enzymatic hydrolysis lignin (softwood) have poor 

compatibility with PLA

Enzymatic hydrolysis 
lignin



Compatibility of technical lignin (20%) with PLA
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Spruce alkaline lignin Wheat straw alkaline lignin Birch alkaline lignin

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



Improving the compatibility of spruce alkaline lignin 

(30%) with PLA through esterification
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PLA

C2 Acetyl C6 Hexanoyl C12 Lauroyl C18 Stearoyl C18:1 Oleoyl

oily

• The compatibility of lignin with PLA was improved by lignin esterification with a 

carbon chain length longer than C2, except for C18 stearoyl chloride



Quantifying compatibility using Image J

- Microscopy image analysis
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Image Processing



Quantifying compatibility using Image J

- Microscopy image analysis

• Q was used to indicate compatibility, Q = 10-6 * TotArea * AveSize

• Quantitative results align well with microscope images → Reliable protocol 
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20% lignin 30% lignin



Mechanical properties of lignin (30%)/PLA filament

- 3-point bending test
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• 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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C6 Hexanoyl

(50%)
C2 Acetyl 

(50%)

C18:1 Oleoyl

(50%)
C12 Lauroyl

(50%)

C18 Stearoyl

(50%)

Preparation of PLA filaments containing 50% esterified 

spruce alkaline lignin

Failed

• oily



FDM 3D printing of esterified spruce alkaline lignin 

(50%)/PLA blends
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PLA C6 Hexanoyl

(50%)

C12 Lauroyl

(50%)

C18:1 Oleoyl

(50%)

205 °C, 4 Х 205 °C, 4 Х 205 °C, 6 Х

Brinter 3D printer

spruce alkaline lignin 

(30%)

190 °C, 4 Х



FDM printing esterified spruce alkaline lignin/PLA

- Problematic cases
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C18 Stearoyl

(30%)

190 °C, 8 Х

C2 Acetyl 

(50%)

205 °C, 4 Х

• C2 Acetyl (50%)/PLA degraded after some 

time in the 3D printer at 205 °C

• The materials did not adhere to the printing

surface at 180 and 190 °C

205 °C, 4 Х
Degraded 180 °C, 2 Х

• C18 Stearoyl (30%)/PLA becomes liquid 

like at higher temperature than 190 °C

C12 Lauroyl

(50%)



Conclusion

• The compatibility of lignin with PLA was improved by lignin esterification, especially 

with a carbon chain length of C6, 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 C6, C12, and C18:1 are good candidates for lignin/PLA 3D 

printing
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Thank you for your attention!
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Want to 

know more?
Read the Master’s Thesis.

SCAN ME

Can also be found through the 

LigninReSurf webpage!
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