HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

Effect of moisture on cellulose structure
In juvenile hard- and softwood as
revealed by x-ray diffraction

Kirsi Leppanen, Jessica Lucenius, Jussi-
Petteri Suuronen, Ritva Serimaa
Department of Physics

University of Helsinki

6.10.2010




Introduction

A Recently, the deformations of cellulose crystallites
upon drying have been studied in different wood
species using XRD [Hill et al. 2010; Zabler et al.
2010; Yamamoto et al. 2010]

A In this study the samples were cut from the living
birch, spruce and pine saplings just prior to the
XRD measurements

A Hybrid aspen saplings were cut from the stems
frozen as green and they were studied also using
UCT (only as dry)



Motivation

A Saplings have been studied very little
using x-ray methods

A The crystallinity is lower and MFA is larger
In juvenile wood than in mature wood,
which might affect the drying behaviour

A As young hybrid aspen saplings as were
studied here (73 and 99 days old), have
not been studied previously using uCT

Cross section of hybrid aspen sapling



‘i\ Samples

A Samples cut from the living 2-year-old saplings:
i Silver birch (Betula Pendula Roth.)
I Norway spruce (Picea abies [L.])
I Scots pine (Pinus sylvestris L.)

Grown at Finnish Forest Research Institute in Suonenjoki,

Finland.

A Samples cut from the 73- and 99-day-old stems
frozen as green:
i Hybrid aspen (Populus tremula x
tremuloides Michx.) Hybrid aspen saplings

Grown in a greenhouse in Umea, Sweden.




‘ig Methods

A WAXS (wide-angle x-ray scattering):

I nanostructure of the samples

I deformations of crystallites during drying
A UCT (x-ray microtomography):

I 3D morphology of the samples at um level
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‘*\ WAXS set-up at the University of Helsinki

detector
A Perpendicular transmission geometry sample
A X-ray tube with Cu-anode: wavelength of
radiation 1.54 A
A 2D detector: MAR345 image plate 2d
A The size of the sample:
0.5 cm? (area) x 1 mm (thickness)
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. Crystal structure of cellulose

Unit cell of cellulose I
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ALattice parameters [Nishiyama 2002]
a=778A b=8.20A,c=10.38 A 0=96.5

AReflections 200 and 004 were analyzed
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* Drying deformations of saplings using WAXS:
‘ Analysis of the 200 reflection

A Curve fitting method was developed:

A measured amorphous background (sulfate lignin)

A measured water background

A theoretical diffraction pattern of crystalline cellulose

A Fitting parameters: position and FWHM of the 200 peak

aspen: Crystalllnlty 23.78 % water = 49.83 % G.O.F = 0.000821
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" Drying deformations of saplings using WAXS:
‘ Analysis of the 200 reflection

A Birch: a-axis enlarged 0.3%, FWHM increased 5%

A Spruce: no change in a-axis, FWHM increased 7%

A Pine: a-axis enlarged 0.3%, FWHM increased 6%

A Hybrid aspen: no changes either in a-axis or in FWHM
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" Drying deformations of saplings using WAXS:
‘ Analysis of the 004 reflection

A FWHM increased 16-26%
during drying
A The peak moved towards larger

scattering angles
0.1-0.4% change in the unit cell

dimension (c)
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AIn all the saplings the changes were gqualitatively similar



A No significant changes in the MFA
distributions upon drying.
A The intensity profiles of the 200 reflections
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‘ Juvenile hybrid aspen

A MFA of hybrid aspen saplings was small
compared to the other saplings

A Small MFA values of hybrid aspen can not be
explained by tension wood:

A The crystallinities (30%) and crystallite
dimensions (width 3.0 nm, length 32-36 nm)
corresponded to clear wood.

ATo study the structure of the samples at um
level, they were measured using uCT.
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LCT measurements and analysis @ UGCT

A Hybrid aspen samples were measured using the uCT
set-up at the Centre for X-ray Tomography of the
Ghent University

A Data analysis was done using the programs Matlab,
Morpho+ (UGCT), and ImageJ




‘ UCT on hybrid aspen saplings

A Lumen sizes (width and length) and cell wall
thicknesses were determined

binarized data separated lumina



