
Z. Kristallogr. Suppl. 23 (2006)  607-612 607 
© by Oldenbourg Wissenschaftsverlag, München 

Crystallographic texture changes of wood 
due to air parameter variations 

J. T. Bonarski1,*, W. Olek2 
1Institute of Metallurgy and Materials Science, Polish Academy of Sciences, ul. Reymonta  
  25, 30-059 Kraków, Poland 
2Faculty of Wood Technology, Agricultural University of Poznań, ul. Wojska Polskiego  
  38/42, 60-637 Poznań, Poland 
*Contact author; e-mail: nmbonars@imim-pan.krakow.pl 
 
Keywords: crystallographic texture, low lattice symmetry, microfibril angle 
 
Abstract. Wood being a natural biopolymer reveals a distinct preferred orientation of its 
crystalline part, i.e. cellulose. The traditional methods characterizing the spatial organization 
of the structural component of wood are usually limited to the microfibril angle determina-
tion only. It was recognized that the angle is an insufficient parameter describing the com-
plexity of the submicroscopic structure. Therefore, it can not be used to evaluate the wood 
structure changes caused by the natural variation of air parameters. The Orientation Distribu-
tion Function (ODF) was used to quantify the changes of the crystallographic structure. The 
results from water sorption experiments were used as the input data in analysis of the crystal-
lographic texture of the cellulose. The results obtained by ODF confirmed the usefulness of 
the concept and the application of the advanced texture analysis to the description of the 
influence of air parameters on the wood structure. 

Introduction 
The in-service wood products are in contact with moist air of variable temperature and rela-
tive humidity. The consequence of the contact is the permanent hygroscopic disequilibrium 
leading to cycling changes of wood moisture content. Water from the moist air is transported 
into wood and bound at the so-called active sorption sites, which are primary present in the 
amorphous part of cellulose [1-4]. The remaining part of wood cellulose forms crystal-
lographically ordered regions of the very limited ability to bound water. The cyclic changes 
of the moisture content of wood are accompanied by the phenomenon of sorption hysteresis, 
which decreases in successive sorption cycles. An explanation of the hysteresis was proposed 
by Chudinov [5]. He stated that a probable reason for the phenomenon may be a difference 
of cellulose organization during the adsorption and desorption processes. Siau [3] suggested 
that the hysteresis may be explained by the phenomenon of linking active sorption sites. 
However, the hypotheses related to the hysteresis have still not been verified experimentally. 
The crystallographic organization of wood cellulose is traditionally described by the mean 
microfibril angle, which is defined as the angle between the longitudinal direction of cellu-
lose microfibrils and the longitudinal direction of wood cells. However, the angle does not 
reflect changes of the structure of the ordered regions induced by air parameter variations. It 
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has already been shown that the application of the texture function provides much more 
valuable information when compared to the concept of the mean microfibril angle [6]. The 
objective of this paper is to apply the texture function to quantify changes in the crystallo-
graphic structure of wood cellulose as induced by cycling changes of parameters of moist air. 

Material and methods 

Material 
The investigations were performed for mature normal birch wood (Betula pendula Roth.). 
The material was firstly equilibrated to the moisture content of ca. 10%. From it the samples 
were cut in the shape of rectangular prisms. The thickness of samples corresponded to the 
radial anatomical direction and was equal to ca. 6 mm. The radial plane of samples was sub-
jected to X-ray examination. 

Sorption experiment 
The cycling desorption and adsorption of bound water in wood was performed using the 
desiccator method. Phosphorus pentoxide was used in the first desiccator to obtain air rela-
tive humidity close to 0% and therefore to dry wood samples to the moisture content of al-
most 0%. The second desiccator contained distilled water and therefore, the air kept in the 
desiccator was almost saturated. It let to obtain wood moisture content close to the Fiber 
Saturation Point (here ca. 28%). Each desorption and adsorption cycle lasted three days. The 
temperature inside the experimental set-up containing the desiccators was controlled at the 
constant level of 26°C. The number of the full desorption and adsorption cycles performed in 
the experiments was equal to 52. 
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Figure 1. X-ray diffraction pattern with separated profiles of cellulose reflections and amorphous 
“halo”. Fitting procedure performed with DAMfit software package [7]. 
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Texture experiment 
The typical X-ray diffraction pattern obtained for cellulose is shown in figure 1. A relatively 
high background, visible for the range of the Bragg angle ranging from 10° to 35°, can be 
attributed to the non-crystalline or amorphous portion of the cellulose. The pattern was used 
to select reflections (here 101, 020 and 004) for which the pole figures P(hkl)(α, β) of the fol-
lowing planes (101), (010) and (001), respectively were registered by means of the X-ray 
diffraction technique. The Schulz back-reflection technique [8] for the following ranges 
α = 0º…75º and β = 0º…360º with steps ∆α = 5º and ∆β = 5º was applied, respectively. 
Measurements were performed with a Philips X’Pert system equipped with the texture go-
niometer ATC-3. The filtered X-ray radiation CoKα (λ = 0.179026 nm) was used. The set of 
the obtained experimental (incomplete) pole figures P(hkl)(α, β), i.e. (101), (010) and (001) for 
the crystalline part of the cellulose is presented in figure 2. In order to calculate the texture 
function (here the ODF) as well as to obtain the complete pole figures (i.e. for the range of 
the polar angle α ranging from 0º to 90º - figure 2) the ADC method was used [9]. The nu-
merical analysis was performed with the use of the software package Lab-Tex [10]. 

 

 
Figure 2. Experimental (top) and complete pole figures (bottom) at the initial stage of the sorption 
experiment. L – longitudinal anatomical direction, T – tangential anatomical direction, RD - and TD - 
correspond to the L and T direction, respectively. RPF – recalculated (complete) pole figure, 1-00 –
symbol of the sample (initial stage of sorption). 
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Results 
The quantitative texture analysis has been performed for the same wood sample, but for two 
different stages of the sorption test: initial stage (coded as 1-00) and after 52-th cycle (coded 
as 1-50). The Orientation Distribution Function (ODF) for the both stages of sorption has 
been calculated on the basis of the selected pole figures of crystallographic phase of wood, 
here the native cellulose. The ODF allowed to calculate the inverse pole figures of the longi-
tudinal direction (L) which are helpful for the interpretation of the spatial arrangement of the 
cellulose. Both the inverse pole figures and the selected part of the ODF are presented in 
figures 3 and 4 respectively. The texture of cellulose in both sorption stages (i.e. 1-00 and 
1-50) is distinctly different. The observed differences concern the character of the spatial 
distribution of ordered areas of cellulose in the longitudinal direction. In the initial stage of 
sorption the orientation of the ordered areas is much more regularly distributed around the 
anatomical direction L as compared to the 1-50 state. After the 52-th cycle of sorption, some 
ordering of the texture was observed in the form of the increasing density of the (110) poles 
(figure 3). The differences in the texture can be described in details by the ODF which en-
ables to identify the adequate texture components as well as to determine its quantitative 
changes. The observed additional ordering of the spatial arrangement of the cellulose is not 
accompanied by changes in the degree of crystallinity, defined as the ratio of the ordered 
regions of cellulose giving diffraction effects to the total registered signal of X-ray scatter-
ing. The degree of crystallinity in the both analyzed sorption states was similar and equal to 
77 ± 1.5%. Thus the degree of crystallinity is much less sensitive to the cycling sorption than 
the crystallographic texture. 

 
Figure 3. Inverse pole figures for the longitudinal direction (L) of the investigated birch wood sample. 
X, Y and Z are the axes of the crystalline lattice of cellulose. Maximum value equal to 6.3 [generated 
by the software package LaboTex (LaboSoft, 2003)]. 
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Figure 4. ODF for a selected constant ϕ2 value (ϕ2 = 90°) of the Euler orientation space (ϕ1, Φ, ϕ2) of 
wood cellulose at the initial stage (top) and at the 52-th cycle of sorption (bottom) [generated by the 
software package LaboTex (LaboSoft 2003)]. 

Concluding remarks 
The spatial arrangement of cellulose of the examined wood, changes during subsequent cy-
cles of water sorption. The rearrangement is manifested by an increase in order in the crystal-
line part as observed in the texture changes. They are the result of rotations of the cellulose 
ordered regions around the longitudinal axis of microfibrils. The crystallographic texture can 
be recognized as the indicator of dimensional stability which influences mechanical proper-
ties wood when applied as a construction material. 



612 European Powder Diffraction Conference, EPDIC 9  

References 
1. Kollmann, F.F.P. & Côté, W.A., 1968, Principles of wood science and technology. I 

Solid wood (Berlin: Springer-Verlag). 
2. Siau, J.F., 1984, Transport processes in wood (Berlin: Springer-Verlag). 
3. Siau, J.F., 1995, Wood: influence of moisture on physical properties (Virginia Tech, 

Blacksburg). 
4. Skaar, C., 1988, Wood-water relations (Berlin: Springer-Verlag). 
5. Chudinov, B.S., 1984, Voda v drevesine. (Novosibirsk: Nauka). 
6. Bonarski, J., Olek, W. & Pawlik, K., 1996, Textures of natural polymers - wood. 

Proceedings of the 11th International Conference on Textures of Materials 
ICOTOM-11, September 16-20, 1996, X’ian, China, pp. 1215-1220. 

7. Bonarski J., Computer programs, (not published works). 
8. Schulz, L.G., 1949, J. Appl. Phys., 20, 1030-1033. 
9. Pawlik, K., 1986, physica status solidi (b), 134, 477-483. 
10. LaboSoft, 2003, LaboTex v. 2.1.016 – the texture analysis software package. Labo 

Soft s.c. 
 
Acknowledgements. The work was financially supported by the State Committee for Scien-
tific Research as the 3 P06L 047 22 research grant. 


