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Changes in Crystal Structure of Cellulose
in Hardwood Cell Walls by Hydrothermal Treatment
at 200 C under 1.6 Mpa*!

Tomoko KURIBAYASHI*2, Yu OGAWA *3,
Yuji MATSUMOTO*2 and Yoshiharu NISHIYAMA *3

Air-dried samples of 20 hardwood species were saturated with water and subjected to thermal
treatment in an autoclave at 200 C for 2 hours under a saturated vapor pressure (1.6 MPa). Gelatinous
layers were observed under optical microscope for Kalopanax septemlobus and Celtis sinensis samples,
which were considered to be tension wood. The other 18 samples contained no reaction wood.
Structural changes of cellulose in the cell walls by the hydrothermal treatment were studied by X-ray
diffraction. The diffraction peaks of 1 1 0 and 1 1 0 became closer to each other in every sample, and
in many cases, merged to a single, relatively sharp peak. These phenomena suggest a change of
cellulose crystalline structure from a monoclinic to a pseudo-orthorhombic system. The crystalline size
calculated from the diffraction peak of 2 0 0 increased in all samples by the treatment that also induces
hemicellulose leaching. Thus, the structural changes upon hydrothermal treatment are considered as a
common reaction in hardwood. This phenomenon could be explained as co-crystallization of adjacent
microfibrils. The d-spacing of 2 0 0 decreased by 0.8-1.6% after annealing in 17 species, while that of
Kalopanax septemlobus decreased by only 0.5%, and those of Diospyros kaki and Celtis sinensis did not
change by this treatment. In these 3 samples, the d-spacings of 2 0 0 were originally smaller and the
crystal sizes were larger than in the other 17 samples. The proportion of peak area due to the
crystalline C4 in the solid-state *C CP/MAS NMR spectra suggested that the content of crystalline
cellulose was higher in these 3 samples than in the other 17 samples.

Keywords :  cellulose, hydrothermal treatment, hardwood, X-ray diffraction, solid-state *C NMR.
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Table 1. List of woods and their characteristics sorted by the crystallite size in ascending order.

Common Pore W Before annealing  After annealing Area of C4 peak?

No. name Family Scientific name type (%) do(A) 55;3?111% Ao (A) SCereV)iﬂtaill:Itle) C%gE%He Arggr%)ol/(llt))us
1 Yurinoki Magnoliaceae Liriodendron tulipifera  Diffuse 141 3.962 2.7 3.900 5.7 29 7.1
2 Aogiri Malvaceae Firmiana simplex Ring 90 3.961 2.7 3.900 5.7 29 7.0
3 Tochinoki Sapindaceae Aesculus turbinata Diffuse 123 3939 2.7 3.898 5.3 35 72
4 Mochinoki  Aquifoliaceae Ilex integra Diffuse 82 3.951 2.8 3.900 57 31 6.9
5 Konara-bushi Fagaceae Quercus sp. Ring 110 3.952 23 3.897 5.7 35 7.2
6 Yachidamo Oleaceae Fraxinus mandshurica Ring 133 3952 28 3914 5.7 33 6.9
7  Keyaki Ulmaceae Zelkova serrata Ring 120 3957 28 3.896 5.3 2.1 6.3
8  Kunugi Fagaceae Quercus acutissima Ring 85 3.966 2.8 3.903 55 32 7.1
9  Harunire Ulmaceae Ulmus davidiana Ring 193 3924 23 3.8390 53 2.7 6.2
10 Shii Fagaceae Castanopstis sp. Radial 116 3944 2.8 3.890 5.6 31 6.7
11 Buna Fagaceae Fagus crenata Diffuse 150 3.963 2.8 3.909 5.1 2.8 7.3
12 Katsura Cercidiphyllaceae Cercidiphyllum japonicum Diffuse 139 3.947 23 3.894 55 29 7.0
13 Sakura Rosaceae Cerasus sp. Diffuse 67 3951 29 3.900 438 2.7 6.2
14 Sakaki Pentaphylacaceae Cleyera japonica Diffuse 187 3937 29 3.899 54 30 6.7
15 Mizunara Fagaceae Quercus crispula Ring 92 3.962 29 3901 5.6 31 7.1
16  Isunoki Hamamelidaceae  Distylium racemosum  Diffuse 98 3972 29 3911 55 33 7.3
17 Kuri Fagaceae Castanea crenata Ring 117 3.936 30 3905 6.2 32 6.7
18 Kaikinoki Ebenaceae Diospyros kaki Diffuse 94 3.884 38 3.884 73 45 73
19  Harigiri Araliaceae Kalopanax septemlobus Ring 135 3391 40 3870 7.8 40 6.7
20 Enoki Cannabaceae Celtis sinensis Ring 142 3373 56 3877 8.3 41 6.9

U The values are weight percent of water on dry-wood basis. 2 The spectra were normalized by the integration
(0-200 ppm) of each spectrum. ¥ Integration of the region of resonance of C4 in crystalline cellulose (86.5-93 ppm).

Y Integration of the region of resonance of C4 of cellulose and hemicellulose (80-86.5 ppm

percentage to the total integrated area (0-200 ppm).
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Fig. 1. Variation of the X-ray diffraction equatorial
profiles of selected samples before and after an-
nealing at 200 C for 2 hours. s corresponds to
1/d.
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Fig. 2. X-ray crystallite size of cellulose from the 2 0 0
peak broadening in water-saturated hardwoods
as a function of d;, before and after annealing
at 200 C for 2 hours.
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Fig. 3. Solid-state CP/MAS “C NMR spectra of selected
samples. The intensities were normalized
by integration (0 - 200 ppm). The C4 signal
was enlarged in the upper side of the figure.
A : region of crystalline cellulose (86.5 -
93 ppm), B: region of amorphous (cellulose
and hemicellulose) (80 - 86.5 ppm).
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Fig.4. Integrated intensity of the C4 signal from
crystalline cellulose as a function of the X-
ray crystallite size obtained from the peak
broadening.
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