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< Low thermal conductivity s High toughness

¢ Biodegradable “* Renewable resources

“* Low density ** Low cost



Wood structure
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Postek, M. T., Vladar, A., Dagata, J., Farkas, N., Ming, B., Wagner, R., ... & Beecher, J. (2010). Development of the metrology
and imaging of cellulose nanocrystals. Measurement Science and Technology, 22(2), 024005.



Distribution of main components

A) Lignin map B) Polysaccharides map C) Lignin / Polysaccharides
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Jeremic, D., Goacher, R. E., Yan, R., Karunakaran, C., & Master, E. R. (2014). Direct and up-close views of plant cell walls show
a leading role for lignin-modifying enzymes on ensuing xylanases. Biotechnology for biofuels, 7(1), 496.



Delignification of wood — creating a
nanoporous wood cell wall



Objective

Functionalization methods for delignified wood



Wood delignification — creating template

+* NaClO2
¢ Peracetic acid (PAA)

Li,Y., Fu, Q. Yu, S, Yan, M., & Berglund, L. (2016). Optically transparent wood from a nanoporous cellulosic template:
combining functional and structural performance. Biomacromolecules, 17(4), 1358-1364.



Increasing specific surface area of wood template

Original wood

Delignified wood
—NaClO2

Delignified wood-
PAA

Original wood

24.9
2.9

5.5

24.4
16.4

20.3

H’m‘

10°
10°

102

Im'

Delignified wood, 4.8 nm nanopore

scattering

50.7
80.7

74.2

1.3
21

40



Fire-retardant wood — bringing clay into cell wall

Wood/Clay Hybrids

Fu, Q., Medina, L., Li, Y., Carosio, F., Hajian, A., & Berglund, L. A. (2017). Nanostructured Wood Hybrids for Fire-Retardancy
Prepared by Clay Impregnation into the Cell Wall. ACS applied materials & interfaces, 9(41), 36154-36163.



Preparation approach

Peracetic acid 80°C, 312 h
delignification 4wt %




Cone calorimetry of clay-modified wood
-increasing building escape time
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Optically transparent wood

Li, Y., Vasileva, E., Sychugov, I., Popov, S., & Berglund, L. (2018). Optically Transparent Wood: Recent Progress, Opportunities,
and Challenges. Advanced Optical Materials, 1800059.



Why low light transmittance in wood ?

Light absorption in lignin l l l l l l

Mismatch of refractive index
Scattering at solid/air interfaces




Transparent wood preparation
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Transparent wood - optical properties
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Li,Y., Fu, Q. Yu, S, Yan, M., & Berglund, L. (2016). Optically PMMA
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Transparent wood - mechanical properties

2 TW-5

TW-19

Tensile strength: 90.1 + 10 MPa
Modulus: 3.59 £ 0.27 GPa

PMMA

Tensile strength: 44.1 £ 9.5 MPa
Modulus: 1.80 £ 0.18 GPa

)

Li,Y., Fu, Q. Yu,S., Yan, M., & Berglund, L. (2016).ptica|ly ransparent wood from a nanoporous cellulosic template:
combining functional and structural performance. Biomacromolecules, 17(4), 1358-1364.



Lignin-retaining transparent wood
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Li, Y., Fu, Q., Rojas, R., Yan, M., Lawoko, M., & Berglund, L. (2017). A new perspective on transparent wood: Lignin-retaining

transparent wood. ChemSusChem.



Advantages with chromophore removal
“lignin-retaining”
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Li, Y., Fu, Q., Rojas, R., Yan, M., Lawoko, M., & Berglund, L. (2017). A new perspective on transparent wood: Lignin-retaining
transparent wood. ChemSusChem.



Improving mechanical properties

— lignin still present

Table 1. Comparisons of two methods (delignification method and lignin modification method) to prepare the wood templates from various wood species

for transparent wood fabrication.
Wood species Treatment method(s) Time Weight loss Lignin content Wet strength™ Wet strength™
(h] (wt %] [wt %) || fiber [MPa] L fiber [MPa]

Balsa lignin modification 2 12 213 7912 02=0.09
delignification 6 264 25 69+13 02=0.04

s lignin modification 2 106 20.1 08+02
delignification 12 253 33 14+04 0.07 +0.03

s lignin modification 8 250 223 m 0.1+0.02
delignification 18 409 52 o

Ash lignin modification 4 15.5 224 13914 02=005
delignification 18 311 53 0803 -

Basswood,"® delignification and bleach 12 - ~1.5 - -

thickness || fiber

Basswood,"™ delignification and bleach 6 - ~1.5 - -

thickness L fiber

Cathay poplar''” delignification and bleach 16 - - - -

[a] For mechanical test, the samples are cut into dimension of 50 mmx 10 mmx 1.5 mm before chemical treatment. [b] The samples are too weak to keep
the shape for the test. Lignin content of the original wood: pine: 32.5 wt 9%, birch: 24.2 wt %, balsa: 23.5 wt %, ash: 27.1 wt %,

Li, Y., Fu, Q., Rojas, R., Yan, M., Lawoko, M., & Berglund, L. (2017). A new perspective on transparent wood: Lignin-retaining

transparent wood. ChemSusChem.




Comparable optical properties with
delignifed transparent wood
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Li, Y., Fu, Q., Rojas, R., Yan, M., Lawoko, M., & Berglund, L. (2017). A new perspective on transparent wood: Lignin-retaining
transparent wood. ChemSusChem.



Light-transmitting buildings

Li, Y., Fu, Q., Rojas, R., Yan, M., Lawoko, M., & Berglund, L. (2017). A new perspective on transparent wood: Lignin-retaining
transparent wood. ChemSusChem.



Substrate for optoelectronic devices
-Electrochromic devices
(with GeorgiaTech)
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Lang, A. W., Li, Y., De Keersmaecker, M., Shen, D. E., Osterholm, A. M., Berglund, L., & Reynolds, J. R. (2018). Transparent
Wood Smart Windows: Polymer Electrochromic Devices Based on Poly (3, 4-Ethylenedioxythiophene): Poly (Styrene
Sulfonate) Electrodes. ChemSusChem, 11(5), 854-863.



Highly transparent wood - acetylation
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Li, Y., Yang, X., Fu, Q., Rojas, R., Yan, M., & Berglund, L. (2018). Towards centimeter thick transparent wood through interface

manipulation. Journal of Materials Chemistry A, 6(3), 1094-1101.



Improving optical transmittance

— interface debonding
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Demonstration of transparent wood smart window
— polymer dispersed liquid crystal film

Liquid crystal molecular

—— Power on
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Li, Y., Yang, X., Fu, Q., Rojas, R., Yan, M., & Berglund, L. (2018). Towards centimeter thick transparent wood through interface
manipulation. Journal of Materials Chemistry A, 6(3), 1094-1101.



Luminescent transparent wood
owards planar
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Li, Y., Yu, S., Veinot, J. G., Linnros, J., Berglund, L., & Sychugov, |. (2017). Luminescent transparent wood. Advanced Optical
Materials, 5(1).



Diffuse luminescent

Li, Y., Yang, X., Fu, Q., Rojas, R., Yan, M., & Berglund, L. (2018). Towards centimeter thick transparent wood through interface
manipulation. Journal of Materials Chemistry A, 6(3), 1094-1101.



Anisotropic light propagation
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Transparent wood laser

—Tuminescent dye
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Vasileva, E., Li, Y., Sychugoyv, I.,, Mensi, M., Berglund, L., & Popov, S. (2017). Lasing from organic dye molecules embedded in
transparent wood. Advanced Optical Materials, 5(10).



Transparent plywood — controlling anisotropy
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Fu, Q., Yan, M., Jungstedt, E., Yang, X., Li, Y., & Berglund, L. A. (2018). Transparent plywood as a load-bearing and
luminescent biocomposite. Composites Science and Technology.



Controlling mechanical anisotropy
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Controlling optical anisotropy

. B axis . B L axis
Smgle ply TW o L R

- Fit of L axis

- Fitof L axis
w— it Of T axis|

—Fitof T axis

=
[
>
=
&
c
@,
L
(=

Intensity (a.u.)

0 10 20 30 40 50 &0 -60 -50 -40 -30 -20-10 0 10 20 30 40 50 €0

Lr
aring angle ( Scattering angle




Summary

Delignified wood for functionalization

Functionalization methods
clay particles into cell wall (Fire retardancy)
pore filling (transparent wood)

Transparent wood
preparation improvement (chromophore removal)

property improvement (cell wall acetylation)
optical nanoparticles in transparent wood

(quantum dots for planar LED, and dye for wood laser)
Plywood for controlled anisotropy
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