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Effect of delignification process on properties of transparent wood
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Abstract; At present, energy consumption in the building and construction has increased rapidly because much more e-
lectrical equipment is utilized in daily live, especially in the electric lights. One way to reduce electrical energy in
buildings is to use natural light partially replacing the artificial light. The transparent wood material is one of the prom-
ising potential candidates for energy-saving buildings due to its excellent optical properties. The transparent wood with
excellent optical and mechanical properties can be prepared by removing lignin and impregnating resin with a matched
refraction index of wood cell walls. Delignification process is a key step in the preparation of transparent wood. How-
ever, excessive removal of lignin not only wastes chemicals and processing time, but also leads to the weakening of
mechanical properties of wood. Therefore, it is very important to optimize the delignification process and achieve the
balance between high light transmittance and excellent mechanical properties of the transparent wood. In this paper,
the influence factors of delignification process and its effects on the changes of chemical compositions, optical and
mechanical properties of the transparent wood were studied by the orthogonal experiment, and the production parame-
ters of delignification process in the preparation of transparent wood were optimized. The chemical compositions and
surface morphology of the control samples and transparent wood samples were evaluated by the Fourier transform in-
frared spectroscopy ( FT-IR) and scanning electron microscope ( SEM ). Experimental results showed that the
optimum technological conditions were as follows: NaClO, mass ratio of 1%, the processing temperature of 85 C,
and the processing time of 6 h. When the processing conditions were using, the prepared transparent wood with the
light transmittance of 68% and the tensile strength of 113 MPa could be achieved.
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Table 1 Orthogonal design for delignification process

qE NaClO, Bt M (A)  ACFRIREE(B)  ALFRHHA](C)

/% /C /h
1 1 75 3
2 1 85 6
3 1 95 9
4 3 75 6
5 3 85 9
6 3 95 3
7 5 75 9
8 5 85 3
9 5 95 6
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Table 2 Orthogonal test results of delignification process

Py AT 4 PR B % Lizw%/w LHFEA‘%‘?%#&
JBi i 38 % it 53 K % [t 53 K % P B/ MPa P 5/ MPa
1 15.45 44.38 16.44 43.11 131.25 105.76
2 11.01 43.88 16.15 68.12 112.97 65.28
3 8.44 43.41 15.39 46.44 92.88 95.64
4 8.94 45.26 16.32 33.08 78.63 90.66
5 6.66 41.41 13.99 59.46 137.84 67.44
6 6.63 46.99 14.03 41.49 102.56 70.50
7 7.69 42.83 13.24 36.10 125.52 77.30
8 6.46 45.17 16.04 52.04 104.89 57.20
9 4.94 45.43 13.66 46.65 90.81 46.12
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Fig. 1 Changes of the contents of wood
three main components
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Table 3 Results of range analysis of lignin content

AR E 8 %
SIHE NaClO, Fiisr%t Qb FE fab B s ]
(4) (B) (c)
HIfE 1 11.63 10.69 9.51
¥I{H 2 7.41 8.04 8.30
¥E 3 6.36 6.67 7.60
W2 5.27 4.02 1.91
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Fig. 3 The relationship between the lignin content and the transmittance
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Table 4 Results of range analysis of transmittance

BEIR %
Gt NaClo, B4 PUELIYIY ) S Ak B 8]
(A4) (B) (C)
¥ 1 52.56 37.43 45.55
a2 44.68 59.87 49.28
YME 3 44.93 44.86 47.33
2 7.88 22.44 3.73
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Table 5 Results of range analysis of transparent wood

tensile strength and delignified template tensile strength
BB E/ MPa

MR GEIHME NaClo, 435K SEBRAE  AbBERTE]
(4) (B) )

. IE 1 112.37 111.80 112.90
% ¥ifE 2 106.34 118.57 94.14
;‘; (A 3 107.07 95.42 118.75

W2 6.03 23.15 24.61
o HME 1 88.29 91.24 77.82
7%? HyfE 2 76.20 63.31 67.35
O3 60.21 70.75 80.13
B g 28.68 27.93 12.77
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Fig. 4 Comparison of tensile strength between transparent wood(a) and delignified template(b)
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Fig. 5 Relationship between tensile strength and
lignin content of transparent wood
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Fig. 6 Appearance and SEM images of wood samples
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