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WOOD-BASED 3D PRINTING

POTENTIAL & LIMITATION TO 3D PRINT A
WINDOW FRAME WITH PURE LIGNIN &
CELLULOSE
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In Europe buildings are responsible for U.S Landfills receive around 17 Almost 50 million tons of Lignin is
36% of CO2 emissions. million tons of paper & paperboard a burnt every year

year

- EU commission, 2020 - C&EN, 2016

POLLUTION VS LINEAR VS DESTRUCTION VS
SUSTAINABILITY CIRCULAR REGENERATION
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RESEARCH
QUESTION

What are the potential and limitations of 3D printing a
window frame with pure cellulose and lignin ?



SUB-
UESTIONS

Contextual Framework (Exploratory phase)

Why are we looking into AM and wood-based material?
How can it be used sustainably & circularly?

What is the state-of-the-art technology with wood waste or by-products?

Design Evaluation (Experimental phase)

What are the constraints that need to be considered? (extruder, scale of print, access to the laboratory, final recipe) ?
Which printing process is better for 3D printing with cellulose and lignin as feedstocks?
Which tests are necessary to evaluate a window frame?

How can we improve the material recipe made by Thomas Liebrand?

Design Integration (Prototyping phase)

Can we 3D print a window frame?

Which limitations and advantages will influence the shape of the window frame?

Can we replace and/or enhance the performance of a window frame with additive manufacturing?
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WATER PROPERTIES COMPARISON
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GRADING ANALYSIS

MIX1
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GRADING ANALYSIS

MIX2
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GRADING ANALYSIS
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GRADING ANALYSIS
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GRADING ANALYSIS
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BEECH, AMERICAN

0AK, OVERCUP

PINE, EASTERN WHITE
SPRUCE, ENGELMANN
PARTICLEBOARD

MDF

0SB

PLYWO0OD

GLULAM

PLA + WOOD POWDER
PLA + LIGNIN (48WT%)
W0OD POWDER + GLUE
TECNARO ARBOBLEND
FLAM!

METHYLCELLULOSE MIX
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TENSILE
ANALYSIS

Methylcellulose Mix
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FLEXURAL
ANALYSIS

Methylcellulose Mix
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TENSILE
ANALYSIS

Methylcellulose Mix - EXTRUDED SPECIMENS

Specimens
AS5.3

g urs
Ultimate Tensile Strength [Mpa]
O v
Yield Strength [Mpa]
Modulus of Elasticity [Gpa -m-mm




TENSILE
ANALYSIS

Methylcellulose Mix - EXTRUDED SPECIMENS
N -
B5.2
i | o [on [
Failure Load [N]

gu 9,55 8,48 9,52

Flexural Strength [Mpa]
E 0,61

Flexural Modulus [Gpa]




TENSILE
ANALYSIS

Acetone Mix
Specimens
B2.3
61,87 37,16 61,37 38,48 30,04
Failure Load [N]

a s
e e ----
Flexural Modulus [Gpal ----




TENSILE
ANALYSIS

Acetone Mix

Specimens

g urs
Ultimate Tensile Strength [Mpa]
g s
Yield Strength [Mpa]
Modulus of Elasthltv [Gpa] -----




TENSILE
ANALYSIS

Wood Glue Mix

Specimens
A A3.2 A3.3 A34 A3.5
4

7,66 7,04

3.1
g urs
Ultimate Tensile Strength [Mpa]
g% 81 4,26 3,58
Yield Strength [Mpa]
0,30 0,41
Modulus of Elasticity [Gpa




TENSILE
ANALYSIS

Wood Glue Mix

Specimens

B3.1 B3.3

B3.2 B3.4 B3.5
122,78 143,36 173,33 166,05 158,29
Failure Load [N]
a s
20,67 23,89 28,89 27,28 27,06
Flexural Strength [Mpa]

0,67 0,79 0,90 0,79
Flexural Modulus [Gpa]




NO COATING
ANALYSIS

No Coating - Pure Material

Welght (g) Water Abisor ption Watar Retention (after 1K) Water Retention (atter 3h)
Initlal After 26h Afer 1h After 3h Quantity (g) | Weight Ratio Average Quaetity (g) | Welght Ratio Average Quansity (g) | Welght Ratio Average
2,00 4,90 4,40 3,22 2,90 145,00% 2,40 120,00% 1,22 61,00%
2,41 5,45 4,99 3,87 3,04 126,14% 134,91% 2,58 107,05% 114,22% 1,46 60,58% 58,79%
2,50 5,84 5,39 3,87 3,34 133,60% 2,89 115,60% 1,37 54,80%
6,50 7,15 6,96 6,81 0,65 10,00% 0,46 7,08% 0,31 4,77%
5,78 6,37 6,21 6,06 0,59 10,21% 10,35% 0,43 7,44% 7,33% 0,28 4,84% 4,82%
5,35 5,93 5,75 5,61 0,58 10,84% 0,40 7,48% 0,26 4,86%
3,46 4,34 4,13 3,48 0,88 25,43% 0,67 19,36% 0,02 0,58%
5,38 6,66 6,39 5,55 1,28 23,79% 24,62% 1,01 18,77% 19,31% 017 3,16% 2,16%
6,21 7,74 7,44 6,38 1,53 24,64% 1,23 19,81% 0,17 2,74%
4,37 5,54 5,34 4,43 117 26,77% 097 22,20% 0,06 137%
6,58 8,55 8,26 7,36 1,97 29,94% 28,23% 1,68 25,53% 23,82% 0,78 11,85% 7,12%
5,90 7,55 7,30 6,38 1,65 27,97% 1,40 23,73% 0,48 8,14%




LINSEED OIL
ANALYSIS

Linseed Oil Coating
Weight (g) Water Absorption Water Retention (after 1N) Water fletention (afer 3h)

Initial After 24h Ater 1h After 3h Quantity ([g) | WeightRatio  Average Quantiy g}  Weight Ratl Average Quantty{g)  WelghtRatio Average
2,43 4,42 4,05 3,24 1,99 81,89% 1,62 66,67% 0,81 33,33%

3,14 5,20 4,86 4,07 2,06 65,61% 70,89% 1,72 54,78% 58,64% 0,93 29,62% 30,52%
2,90 4,79 448 3,73 1,89 65,17% 1,58 54,48% 0,83 28,62%

5,39 5,81 5,69 5,60 0,42 7,79% 0,30 5,57% 0,21 3,90%

5,69 6,21 6,05 5,94 0,52 9,14% 827% 0,36 6,33% 5,73% 0,25 4,39% 3,91%

6,97 752 7,34 7,21 0,55 7,89% 0,37 531% 0,24 3,44%

3,40 4,19 392 353 0,79 23,24% 0,52 15,29% 0,13 3,82%

4,60 5,69 5,40 4,81 1,09 23,70% 20,74% 0,80 17,39% 14,57% 0,21 4,57% 3,48%

5,89 6,79 6,54 6,01 0,90 15,28% 0,65 11,04% 0,12 2,04%

5,12 6,63 6,38 5,79 1,51 29,49% 1,26 24,61% 0,67 13,09%

5,21 6,90 6,67 6,20 1,69 32,44% 30,80% 1,46 28,02% 26,06% 0,99 19,00% 14,85%
4,89 6,38 6,14 5,50 1,49 30,47% 1,25 25,56% 0,61 1247%
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BEESWAX
ANALYSIS

Bee Wax Coating
Welight (3) Water Absorption Water Retention (after 1h) Water Retention (after 3h)
Intial Afer 24h Aher 1h After 3h Quantity (z) | Welght Ratio Average Quarntity (g) | Welght Ratio Average Quanthy (g) | Weight Ratio Average
4,69 7,89 7,68 7,01 3,20 68,23% 2,99 63,75% 2,32 49,47%
3,00 5,05 4,89 4,34 2,05 68,33% 69,61% 1,89 63,00% 64,40% 1,34 44,67% 46,75%
3,10 5,34 5,16 4,53 2,24 72,26% 2,06 66,45% 1,43 46,13%
714 747 731 7,25 0,33 4,62% 0,17 2,38% 0,11 1,54%
6,53 6,71 6,59 6,57 0,18 2,76% 3,60% 0,06 0,92% 1,41% 0,04 0,61% 0,98%
7,59 7,85 7,66 7,65 0,26 3,43% 0,07 0,92% 0,06 0,79%
6,28 7,61 7,38 6,68 1,33 21,18% 1,10 17,52% 0,40 6,37%
555 6,66 6,55 6,02 1,11 20,00% 20,35% 1,00 18,02% 17,52% 0,47 BA7% 7,13%
5,64 6,76 6,60 6,01 1,12 19,86% 0,96 17,02% 0,37 6,56%
6,99 7,82 7,60 7,47 0,83 11,87% 0,61 8,73% 0,48 6,87%
734 8,22 8,01 7,86 0,88 11,59% 10,44% 0,67 9,13% 7,83% 0,52 7,08% 6,15%
7,10 7,63 7,50 7,42 0,53 7,46% 0,40 5,63% 0,32 4,51%
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