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CONTAINS UP TO 60 % PLASTIC (PLA)
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RESEARCH QUESTION

RESEARCH QUESTION



CAN WOOD BE USED IN AN ADDITIVE MANUFACTURING PROCESS?

RESEARCH QUESTION



WHAT IS WOOD AND WHAT ARE THE PROPERTIES OF WOOD AND ITS COMPONENTS?
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HOW CAN THE COMPONENTS OF WOOD BE COMBINED IN A PRINTABLE MATERIAL?

RESEARCH QUESTION



RESEARCH METHODOLOGY

R0 L P> B PSS

B
Action/course week | | | [ I
|

Ill WBUBL Wikl IL& 29 10 oocs 31 3233 3435353 }3.3 39 30041 42 43 4445 }Ls 4748 49 430411
Forming irstidea on togic | | |
bty g | |
Seting uprepor] radation plan | .. | |
Agditive manufaciuning osLitant WIUR Fstabliting defnition wood ! Il ! !
Establiing defntion addiive manufacturing

Wood

Phase 1

I
|
I
|
I

Orientation phase S Celiutose - Resarch on stteof theart i wood prinig i | i

phase 2

Geting incotact withresearchers from WUR) wallsberg wood scence centr | [
Ligrun Geting materl i
inooeant i producers o priners ad. M. s
e
{tenew reseachers WUR
y (Testinste o he art methodogs
¢ s meoiogy 1
Wi of material g Fesnetestog 1
ek samges s
-L“Hsig" of expenments § g Immmllhmmeded)

State of 1he ar -

Process -

christmas

[ebotess ncae o falletess 1
Production orming it it bt the esnof e
esgnanoce et

make comgutermodd ofnod

ede dranings f e

et cators

I Tests |

Phase 4

|
i
|
|
i
|
i
|
fbe e erdorneiubgs |
|
[
i
|
|
|
i

=| Sedecton of matenais l—._ Prnt tests nakeecup prtee

o frdesciviemsatangesol
3 [enfingresisof st
\ & oo et compts cloitos b et
Diasign of obiect +printing ¢ |witng el ot
Eimmn
2 [ifeciin

RESEARCH QUESTION



RESEARCH OUTPUT

RESEARCH QUESTION
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FABRICATION OF SAMPLES (SYRINGE BASED)

RESEARCH QUESTION



FABRICATION OF SAMPLES (3D printer BASED)

RESEARCH QUESTION



EXPLORING THE OPTIONS TO USE WOOD IN AN ADDITIVE MANUFACTURING PROCESS

DESIGN OF PROCESS
FABRICATION OF SAMPLES (SYRINGE BASED)
FABRICATION OF SAMPLES (3D printer BASED)
PROOF OF PRINCIPLE

A.M THEORY RESEARCH QUESTION WOOD THEORY EXPERIMENTS PROTOTYPE PHASE APPLICATIONS CONCLUSIONS



WOOD

WOOD THEORY



WOOD

RESULT OF GROWTH CYCLE OF TREE

WOOD THEORY



sunlight

oxygen

N carbon
dioxide

Cellulose + lignin

WOOD

RESULT OF GROWTH CYCLE OF TREE

WOOD THEORY
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PROCESS

Use scale to take needed amount of demi water in laboratory
beaker

¥

Take scale and determine needed amount of lignin and put it in
a petri-dish

Use scale to take needed amount of acetone in laboratory bea-
ker

{

v

Adding Lignin to pulp-water-acetone mix

v

Creating water- acetone solution 20/80 WT% and put it in a
closed container so it won't evaporate

Mixing pulp-water-acetone mix

v

Cutting cellulose chips

¥

¥

Drape mix in petri dish

Take needed amount of chips

v

¥

Put little amount of mix in a syringe of 20 mi

Take scale and determine needed amount of water- acetone
solution

¥

¥

Try to extrude the material from the syringe

Mix the chips in with the needed amount of water- acetone solu-
tion and create pulp

¥

Do tests with the draped and extruded material
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HOW TO GET FIBERS?
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PROCESS

Use scale to take needed amount of demi water in laboratory
beaker

v

Use scale to take needed amount of acetone in laboratory bea-
ker

v

Creating water- acetone solution 20/80 WT% and put it in a
closed container so it won't evaporate

\

Cutting cellulose chips

v

Take needed amount of chips

Take scale and determine needed amount of water- acetone
solution

Mix the chips in with the needed amount of water- acetone solu-
tion and create pulp

\
L

Failure

Take scale and determine needed amount of lignin and put it in
a petri-dish

{

Adding Lignin to pulp-water-acetone mix

v

Mixing pulp-water-acetone mix

¥

Drape mix in petri dish

¥

Put little amount of mix in a syringe of 20 mi

\

Try to extrude the material from the syringe

¥

Do tests with the draped and extruded material

EXPERIMENTS




PROCESS

EXPERIMENTS



PROCESS

Use scale to take needed amount of demi water in labora-
tory beaker

v

Use scale to take needed amount of acetone in laboratory
beaker

v

Creating water- acetone solution 20/80 WT% and putitin a
closed container so it won't evaporate

v

Cutting cellulose chips

v

Take needed amount of chips

Use the shredder to create cellulose fibers

Take scale and determine needed amount of cellulose fibers

Take scale and determine needed amount of water- acetone
solution

—

Mix the shredded fibers with the needed amount of water-
acetone solution and create pulp

Take scale and determine needed amount of lignin and put
it in a petri-dish

'

Adding Lignin to pulp-water-acetone mix

Mixing pulp-water-acetone mix

Failure

Drape mix in petri dish

v

Put little amount of mix in a syringe of 20 mi

¥

Try to extrude the material from the syringe

¥

Do tests with the draped and extruded material
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Use scale to take needed amount of demi water in labora-
tory beaker

v

Mix the shredded fibers with the needed amount of water-
acetone solution and create pulp

Use scale to take needed amount of acetone in laboratory
beaker

Take scale and determine needed amount of lignin and put
it in a petri-dish

v

'

Creating water- acetone solution 20/80 WT% and putitina
closed container so it won't evaporate

Adding Lignin to pulp-water-acetone mix

v

Cutting cellulose chips

Mixing pulp-water-acetone mix

v

Failure

Take needed amount of chips

Drape mix in petri dish

v

Use the shredder to create cellulose fibers

Put littie amount of mix in a syringe of 20 mi

Take scale and determine needed amount of cellulose fibers

V

Try to extrude the material from the syringe

Take scale and determine needed amount of water- acetone
solution

V

Do tests with the draped and extruded material
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Use scale to take needed amount of demi water in labora-
tory beaker

PROCESS

v

Mix the shredded fibers and lignin with the needed amount
of water

Use scale to take needed amount of acetone in laboratory
beaker

Add the needed amount of acetone o the mix

v

Cutting cellulose chips

Mix the matenals with a mixer

v

v

Take needed amount of chips

Drape mix in petri dish

v

Use the shredder to create cellulose fibers

Put little amount of mix in a syringe of 20 mi

v

Take scale and determine needed amount of cellulose fibers
and put it in a laboratory beaker

Try to extrude the material from the syringe

Y

Take scale and determine needed amount of lignin and put
itin a petri-dish

¥

y

Do tests with the draped and extruded material

Adding Lignin to cellulose fibers

- MIXING CELLULOSE WITH LIGNIN IN NEARLY DRY STATE
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MATERIAL SAMPLES

Sample 1

Lignin 20gr
Cellulose 5 gr
Cellulose 20%

Fluid 80gr
20/80 (h20/acetone)

Sample 2

Lignin 5gr
Cellulose 7,5 gr
Cellulose 60%

Fluid 75gr
20/80 (h20/acetone)

Sample 3
Lignin 10 gr
Cellulose 2,5 gr
Cellulose 20%

Fluid 75 gr
20/80 (h20/acetone)

Sample 4
Lignin 7,5 gr
Cellulose 5 gr
Cellulose 40%

Fluid 75 gr
20/80 (h20/acetone)

Sample 5
Lignin 11 gr
Cellulose 1 gr
Cellulose 8,3%

Fluid 75 gr
20/80 (h20/acetone)
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MATERIAL SAMPLES

Sample 1

Lignin 20gr
Cellulose 5 gr
Cellulose 20%

Fluid 80gr
20/80 (h20/acetone)

- TOO MUCH FLUID
- NON HOMOGENEQOUS

Sample 2

Lignin 5gr
Cellulose 7,5 gr
Cellulose 60%

Fluid 75gr
20/80 (h20/acetone)

Sample 3
Lignin 10 gr
Cellulose 2,5 gr
Cellulose 20%

Fluid 75 gr
20/80 (h20/acetone)

- LOW ADHESIVE STRENGTH

- NOT EXTRUDABLE

Sample 4
Lignin 7,5 gr
Cellulose 5 gr
Cellulose 40%

Fluid 75 gr
20/80 (h20/acetone)

Sample 5
Lignin 11 gr
Cellulose 1 gr
Cellulose 8,3%

Fluid 75 gr
20/80 (h20/acetone)
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MATERIAL SAMPLES

Sample 6
Lignin 10 gr
Cellulose 0 gr

Fluid 10 gr
0/100 (h20/acetone)
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MATERIAL SAMPLES

Sample 7
Lignin 40 gr
Cellulose 1 gr
Cellullose 2,4 %

Fluid 60 gr
66,6/33,3 (h2o/acetone)

Sample 8

Lignin 40 gr
Cellulose 3 gr
Cellulose 6,98%

Fluid 60 gr
66,6/33,3 (h2o/acetone)

Sample 9

Lignin 40 gr
Cellulose 4 gr
Cellulose 9,09 %

Fluid 42 gr
61,9/38,1 (h2o/acetone)

Sample 10
Lignin 40 gr
Cellulose 5 gr
Cellulose 11,1%

Fluid 46 gr
43,5/56,5 (h2o/acetone)

Sample 11
Lignin 40 gr
Cellulose 10 gr
Cellulose 20%

Fluid 75 gr
60/40 (h20/acetone)

EXPERIMENTS



MATERIAL SAMPLES

Sample 7 Sample 8 Sample 9

Lignin 40 gr Lignin 40 gr Lignin 40 gr
Cellulose 1 gr Cellulose 3 gr Cellulose 4 gr
Cellullose 2,4 % Cellulose 6,98% Cellulose 9,09 %
Fluid 60 gr Fluid 60 gr Fluid 42 gr

66,6/33,3 (h2o/acetone) 66,6/33,3 (h2o/acetone) 61,9/38,1 (h2o/acetone)
- IMPROVED HOMOGENEITY

- FIRST EXTRUDED SAMPLES WITH GOOD RESULT
- LIGNIN USED AS MEDIUM FOR EXTRUSION

Sample 10
Lignin 40 gr
Cellulose 5 gr
Cellulose 11,1%

Fluid 46 gr
43,5/56,5 (h2o/acetone)

Sample 11
Lignin 40 gr
Cellulose 10 gr
Cellulose 20%

Fluid 75 gr
60/40 (h20/acetone)
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MATERIAL SAMPLES

Sample 12
Lignin 10 gr
Cellulose 2,5 gr
Cellulose 20%

Fluid 15 gr
33,3/66,6 (h2o/acetone)

Sample 13

Lignin 10 gr
Cellulose 2 gr
Cellulose 16,67%

Fluid 6,5 gr
23,1/76,9 (h2o/acetone)

Sample 14
Lignin 8 gr
Cellulose 4 gr
Cellulose 33,33%

Fluid 19 gr
31,6/68,4 (h2o/acetone)

Sample 15
Lignin 10 gr
Cellulose 4 gr
Cellulose 28,57%

Fluid 21 gr
28,6/71,4 (h2o/acetone)

Sample 16
Lignin 160 gr
Cellulose 12,5 gr
Cellulose 7,25%

Fluid 86 gr
46,5/53,5 (h2o/acetone)
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MATERIAL SAMPLES

Sample 12
Lignin 10 gr
Cellulose 2,5 gr
Cellulose 20%

Sample 13

Lignin 10 gr
Cellulose 2 gr
Cellulose 16,67%

Sample 14
Lignin 8 gr
Cellulose 4 gr
Cellulose 33,33%

Fluid 15 gr
33,3/66,6 (h2o/acetone)

Fluid 6,5 gr
23,1/76,9 (h2o/acetone)

Fluid 19 gr
31,6/68,4 (h2o/acetone)

- TOO MUCH CELLULOSE RESULTED IN EXTRUSION PROBLEMS
- TOOLS NEEDED IN ORDER TO EXTRUDE SAMPLES

Sample 15

Lignin 10 gr
Cellulose 4 gr
Cellulose 28,57%

Fluid 21 gr
28,6/71,4 (h2o/acetone)

Sample 16

Lignin 160 gr
Cellulose 12,5 gr
Cellulose 7,25%

Fluid 86 gr
46,5/53,5 (h2o/acetone)

EXPERIMENTS



MATERIAL SAMPLES

Sample 17 Sample 18 Sample 19 Sample 20
Lignin 40 gr Lignin 40 gr Lignin 40 gr Lignin 60 gr
Cellulose 5 gr Cellulose 5 gr Cellulose 5 gr Cellulose 5 gr
Cellulose 11,1% Cellulose 11,1% Cellulose 11,1 % Cellulose 7,69%
Fluid 27 gr Fluid 36 gr Fluid 32 gr Fluid 38 gr

18,52 /81,5 (h2o/acetone) 27,8/72,2 (h2o/acetone) 31,2/68,8 (h2o/acetone) 26,3/73,7 (h2o/acetone)

EXPERIMENTS



MATERIAL SAMPLES

mn & e
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Faal = N e
Sample 17 Sample 18 Sample 19 Sample 20
Lignin 40 gr Lignin 40 gr Lignin 40 gr Lignin 60 gr
Cellulose 5 gr Cellulose 5 gr Cellulose 5 gr Cellulose 5 gr
Cellulose 11,1% Cellulose 11,1% Cellulose 11,1 % Cellulose 7,69%
Fluid 27 gr Fluid 36 gr Fluid 32 gr Fluid 38 gr

18,52 /81,5 (h2o/acetone) 27,8/72,2 (h2o/acetone) 31,2/68,8 (h2o/acetone) 26,3/73,7 (h2o/acetone)

- LESS CELLULOSE RESULTED IN BETTER EXTRUSION QUALITY (surface quality )
- AMOUNT OF FLUID DETERMINES STRENGTH (less fluid > higher strength = more extrusion problems)
- CELLULOSE COUNTERACTS BRITTLENESS OF LIGNIN

EXPERIMENTS



MATERIAL SAMPLES
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MATERIAL SAMPLES
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MATERIAL SAMPLES
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MATERIAL SAMPLES
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MATERIAL SAMPLES FOR PRINTING

Sample 9

Lignin 40 gr
Cellulose 4 gr
Cellulose 9,09 %

Fluid 42 gr
61,9/38,1 (h2o/acetone)

Sample 10
Lignin 40 gr
Cellulose 5 gr
Cellulose 11,1%

Fluid 46 gr
43,5/56,5 (h20o/acetone)

Sample 11
Lignin 40 gr
Cellulose 10 gr
Cellulose 20%

Fluid 75 gr
60/40 (h2o/acetone)

Sample 16
Lignin 160 gr
Cellulose 12,5 gr
Cellulose 7,25%

Fluid 86 gr
46,5/53,5 (h2o/acetone)

Sample 20
Lignin 60 gr
Cellulose 5 gr
Cellulose 7,69%

Fluid 38 gr
26,3/73,7 (h2o/acetone)

EXPERIMENTS
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Material

Sample 20
Lignin 60 gr
Cellulose 5 gr

Cellulose 7,69%

Fluid 38 gr
26,3/73,7 (h2o/acetone)
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PRINTER BROKE DOWN

PRINTER NOT SUITABLE FOR EXTRUDING MATERIAL
MECHANICAL SYSTEM NEEDED TO EXTRUDE THE MATERIAL
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APPLICATIONS

WHO WANTS THIS?
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APPLICATIONS

WHO WANTS THIS?

WHAT CAN BE DONE WITH THIS?
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APPLICATIONS

WILL IT BE USED TO PRINT A TREE?
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APPLICATIONS

WILL IT BE USED TO PRINT BEAMS?
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APPLICATIONS
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HIGH CUSTOMIZATION
GEOMETRIC OPTIMIZATION
MATERIALECONOMY
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CONCLUSION

CAN WOOD BE USED IN AN ADDITIVE MANUFACTURING PROCESS?
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CONCLUSION

HOW CAN THE COMPONENTS OF WOOD BE COMBINED IN A PRINTABLE MATERIAL?
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WHAT IS WOOD AND WHAT ARE THE PROPERTIES OF WOOD AND ITS COMPONENTS?
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CONCLUSION

RESOURCES OF RAW MATERIAL
MORE TESTS NEEDED WITH 3D PRINTER
MORE TESTSWITH DIFFERENT PRINT PARAMETERS
STRENGTH OF MATERIAL SHOULD TESTED
DIFFERENT FIBER LENGTHS SHOULD BE TESTED
MORE RESEARCH IS NEEDED ON THE ESTHETICS OF THE MATERIAL
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