Highly Anisotropic Wood-Based Composite with Layered
Structure for Thermal Insulation and Electrical Conductivity
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Introduction Compressibility and thermal insulation
Composite materials have attracted tremendous attention a T b 2 C40_ 20% Gompression strain
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functionalization. Generally, the conventional composites g = S 5 oy Z 301 & |—m commsn i
composed of substrate and functional fillers are fabricated 3 £ 20° 51
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To improve its performance, the high volume of the fillers is g ..
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aggregation, even destroys the structure of composites, and d Strain ()

then affects the mechanical strength. By designing an B

anisotropic and layered structure, the high performance of
composites with high mechanical strength can be achieved.

Trees are one of the most abundant biomass resources on
the planet. The highly aligned microchannels of trees
transport water and nutrients and further organize to form a
natural anisotropic hierarchical structure. Presently, the
unique structure and characteristics of wood and its
derivatives have drawn considerable interest in various
applications, especially optics, acoustics, water treatment
and purification, energy storage, electromagnetic
interference shielding and thermal insulation materials.

In this study, we reported a strategy to fabricate wood-
based composites for thermal insulation and electrical
conductivity through a simple top-down wood | &) Schemetcaftrema ot () e o o e o matin
nanotechnology. The wood nanotechnology further confers and cooling processes.
to the wood scaffold anisotropy, flexibility, and workability.
The wood scaffold exhibits a low density of 32.18 mg/cm3
and a high specific surface area of 31.68 m?/g. Moreover, the
wood scaffold presents mechanical compressibility and
anisotropic thermal conductivity. The thermal conductivity
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o The wood aerogel with layered structure exhibited
excellent mechanical compressibility .

e The synergistic effect of the layered structure and the
micropores reduced the thermal conductivity of wood

perpendicular to the fiber direction and in the fiber direction aerogel from 0.113 W/mk to 0.033 W/mk.
were 0.033 W/mK and 0.11 W/imK, respectively. The wood-
based electrically conductive film is prepared by directly Flexible, strong and conductive

impregnating Multi-Walled Carbon Nanotubes (MWCNTSs)
into wood, followed by densification. Driven by the capillary
forces, the MWCNTs were uniformly deposited on the
surface of cellulose along the aligned channels. The
conductive film exhibited excellent flexibility and high
mechanical performance with the tensile strength and a
Young’s modulus of 99.67 MPa and 4.06 GPa, respectively.
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(a-c) Structural characterization of MWC wod fiI at different gnifition.
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Moreover, the conductive film presented an anisotropic e The MWCNTs were uniformly deposited on the surface
resistivity with an anisotropy factor of 30.45. A low of wood fibers.
resistivity of 0.044 Q/m along the fiber direction and a Q 150 ——— b 120 Cs
resistivity of 1.34 Q/m perpendicular to the fiber direction. 120- :x ;gwo' ;;;*4.' [
The environmental-friendly and sustainable wood-based £l g g5
composites shows huge potential in various applications. fw £ EZL b
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(a) stress-strain curves of the pristine wood and different MWCNT/ wood films. (b) Tensile strength and (c)
/ A e Young’s modulus of the pristine wood and MWCNT/ wood films. (d-f) Photographs of the MWCNT/ wood
film flexibility demonstrated by twisting, bending and rolling into a stick.

MWCNT/ wood film « Flexibility

oe M-I St assombiing . High strength e Compared with the pristine wood, the MWCNT/ wood
wwonts /(AL o o bl film exhibited approximately 5.15 - 7.77 times and 1.76 -
drogenbend |7 B + Sustainable 3.27 times higher tensile strength and Young’s modulus,
respectively.

e The MWCNT/ wood film possessed excellent flexibility.

o The wood scaffold was prepared by the removal of
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lignin and partial hemicellulose of pristine wood in 0.06-
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NaClO, and NaOH solution, respectively. 5;0.04_ I - % I i |
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Significant evolution in structure
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The resistivity changes of different samples (a) along the fiber direction and (b) perpendicular to the fiber

direction. (c) Comparison of anisotropic resistivity of different samples. Photographs of MWCNT/ wood film in
an electrical circuit powering a LED. (d) along the fiber direction and (e) perpendicular to the fiber direction.

e The resistivity along the fiber direction was 0.044 Q/m

and the resistivity perpendicular to the fiber direction
was 1.34 Q/m.
SR e — « The MWCNT/ wood film presented an anisotropic

=Pantayes MO —— resistivity with an anisotropy factor of 30.45.

Conclusions
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(a) )
Radial and (f) Longitudinal SEM images of wood scaffold.

e Wood scaffold as a great substrate possesses layered

o Different transmission efficiency in different direction structure, aligned channels and abundant hydroxyl
resulted in layered structure and aligned channels. groups.

o The wood scaffold presented a low density of 32.18 mg/ o MWCNT/ wood film with high mechanical strength and
cm? and high specific surface area of 31.68 m4/g. excellent flexibility has extensive application fields.
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