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X-Ray Measurement of Lattice Strain of Cellulose
Crystals during the Shrinkage of Wood
in the Longitudinal Direction™!

Nobuo SOBUE*?, Yoshitaka SHIBATA*® and Takeshi MIZUSAWA**

Lattice strain of cellulose crystals in the longitudinal direction of wood during one desorption-
adsorption cycle below the fiber-saturation point was measured by using the X ray diffraction
technique. A specially designed specimen holder was prepared to control the moisture content of a
specimen during the X ray diffraction measurement. Shrinkages of small wood specimens in the
longitudinal direction also were measured.

The lattice strain of cellulose crystals and the shrinkages of the small wood specimens increased
with decreases of moisturé contents and showed non-linear changes below 1()‘ 159% of moisture
contents. The lattice strain coincided approximately with the shrinkages of the small wood
specimens in the desorption stage. The broadening of the X-ray diffraction peak during the
desorption stage showed that the non-uniform lattice strain of cellulose crystals developed while
wood was dried below the fiber-saturation point.

These results mean that the residual strain in compression is developed in the cellulose crystals and
that the elastic strain energy is stored in the crystals during the desorption stage. During the
adsorption stage, the cellulose crystals gradually release the stored strain energy while the wood

© recovers its length. On the other hand, the amorphous region which is bonded tightly with cellulose
crystals shares tensile stress in order to balance the compressive stress induced in the cellulose
crystals.

Keywords : lattice strain, shrinkage, X-ray diffraction, micro-mechanics, strain energy.
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Fig. 1. Humidity-controlled box for small wood

specimens.
Legend: S: specimen, B: bolt, P: specimen press
plate, GW : glass window, H: holes.
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Fig.2.  Specimen holder for X-ray diffraction.
Legend: S: specimen, W : window.
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Table 1.
specimens.

Control of moisture contents (M.C.) of

I\,I‘I(:il.-g(e&{;) Chemical agents
0 Phosphorus pentoxide P,0Os
5 Potassium acetate KCH;COO
10 Sodium bichromate Na,Cr,
15 Sodium chloride NaCl
20) Zinc sulfate ZnS0,
%5 Sodium sulfate Na,SO,
Note: Saturated solutions were prepared at 20°C.

Table 2. X-ray diffraction conditions.

Diffraction method

Symmetrical reflection

Target Cu

Tube voltage 40-30 kV
Tube current 20-16 mA
Count rate 200 cps
Time constant 4 sec

Scanning speed
Chart speed

1/8 26 : deg/min
20 mm/min

DS 1 deg

SS 1 deg

RS 0.15mm

Counter Nal-scintillation counter
with pulse height analyzer

Filter Ni
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Fig.3.  Humidity control system.

Legend : AS: source of humidity controlled air, P> :
air circulation pump, WB: water bath
controlled at 20+1°C, SB: specimen box,
MC : glass bottle for measuring moisture
content of specimens.
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Fig.4. Relationships between the shrinkages of

small wood specimens and their moisture
contents.

Note:  Shrinkage was calculated on the basis of
the specimen length at initial moisture con-
tent, about 26%.

Legend: O, @ : hinoki (Chamaecyparis obtusa Endl.).
2, A:buna (Fagus crenata Bl). [, B :
kaba (Betula sp.). White symbols: desorp-
tion stage, black symbols: adsorption
stage.
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Fig.5.  Relationships between the lattice strains of

cellulose crystals and the moisture contents.
Lattice strain was calculated from Eq. 1 on
the basis of the diffraction angle at the
initial moisture content, about 26%.
Legend : Refer to Figure 4.
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Fig.6. Relationships between the shrinkages of
small wood specimens and the lattice
strains of cellulose crystals.

Note: Definitions of shrinkage and lattice strain:

refer to Figures 4 and 5.
Legend: Refer to Figure 4.
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Fig. 7. Relationships between the half-value widths
of the X-ray diffraction peaks of the (040)
plane and the moisture contents.

Legend : Refer to Figure 4.
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