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Abstract To obtain new information about the mechanical
and physical properties of dry wood in unstable states, the
influence of heating history on viscoelastic properties and
dimensional changes of dry wood in the radial, tangential,
and longitudinal directions was studied between 100° and
200°C. Unstable states of dry wood still existed after heating
at 105°C for 30 min and were modified by activated molecu-
lar motion in the first heating process to temperatures above
105°C. This phenomenon is thought to be caused by the
unstable states reappearing after wetting and drying again.
Dry wood components did not completely approach the
stable state in the temperature range tested, because they
did not entirely surpass the glass transition temperatures in
most of the temperature range. In constant temperature
processes at 135° and 165°C, E’ increased and E” decreased
with time regardless of the direction. This indicated that the
unstable states of dry wood components were gradually
modified with time at constant temperatures. On the other
hand, anisotropy of dimensional change existed and dimen-
sion increased in the longitudinal direction, was unchanged
in the radial direction, and decreased in the tangential
direction with time at constant temperatures.

Key words Dry wood - Unstable state - Dynamic viscoelas-
tic property - Dimensional change - Heating

Introduction

The wood of trees grows in water-swollen conditions, and
when used is usually in an air-dried condition. Thus, it is
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dried before use. Various reports have been concerned with
the physical properties of air-dried and heat-treated wood.
The hygroscopicity of wood is reduced by heat treatment.’
The dynamic elastic modulus (E’) and relative crystallinity
have maximum values at a specific combination of treat-
ment temperature and period.'"” The crystallization of
cellulose and the deterioration of hemicellulose by heat
treatment have been considered to cause these results.
Obataya et al.” showed that the reduction of hygroscopicity
by heat treatment is modified by steam treatment at 95°C
or boiling for 1 h; however, the effects of heat treatment on
the microstructures of wood have not yet been clarified in
detail.

On the other hand, a new concept for the physical prop-
erties of wood was recently reported. Wood subjected to
changes in temperature and/or swelling state shows a lower
elastic modulus and greater fluidity judging from creep or
stress relaxation measurements than wood kept for a long
time under constant temperature and humidity.”” In addi-
tion to those reports, Nakano® interpreted that the increase
in relaxation caused by quenching was due to the free
volume temporarily created by freezing the molecular chain
motion of wood components, most probably lignin, during
quenching; however, the amount of free volume was not
measured directly. A similar interpretation, called the free
volume theory, is already well known for various amor-
phous polymers.”'

Only a few studies of dried wood in relation to the
unstable state have been reported. Ishimaru" studied the
mechanical properties of wood dried at different rates and
different temperatures. Stress relaxation at all drying tem-
peratures decreased with an increase in the time required
for drying; in other words, with a decreasing drying rate.
Takahashi et al.”” reported that creep of wood immediately
after drying was greater than in stable wood that had been
conditioned for a long time. Furuta et al.” investigated the
physical property changes of dry wood due to heating and
drying histories by measuring dynamic viscoelastic proper-
ties, and suggested that the microstructure of wood was
largely affected by the heating and drying history. Kojiro
et al." showed the effects of heating from 100° to 200°C on



the dynamic viscoelastic properties of dry wood by continu-
ous measurement of dynamic viscoelasticity and weight
loss.

To understand the mechanical properties of unstable
wood, the relation between the physical and mechanical
properties of wood in the unstable state has to be studied.
However, until now, the viscoelastic properties of unstable
wood have mainly been studied in the radial direction using
water-swollen wood, and little attention has been paid to
the relation between viscoelastic properties and other phys-
ical properties of unstable wood in the dried state. The
combined study of these properties is effective for under-
standing the physical properties of unstable wood, as in the
previous reports.'*"

Accordingly, in the present study, the viscoelastic prop-
erties and the dimensional changes of dry wood in the
radial, tangential, and longitudinal directions were mea-
sured and the results of both measurements are discussed.

Materials and methods

Materials

Test samples were taken from the outer region of a log of
Japanese hinoki (Chamaecyparis obtusa Endl.), and their
sizes to measure dimensional changes were 30 mm radial
(R), 3 mm tangential (T), and 0.8 mm longitudinal (L) for
the radial direction; 30 mm (T), 3 mm (R), and 0.8 mm (L)
for the tangential direction; and 30 mm (L), 1 mm (R), and
1 mm (T) for the longitudinal direction. For measuring the
dynamic viscoelastic properties, the dimensions were 40 mm
(R), 3mm (T), and 0.8 mm (L) for the radial direction;
40 mm (T), 3 mm (R), and 0.8 mm (L) for the tangential
direction; and 40 mm (L), 1 mm (R), and 1 mm (T) for the
longitudinal direction. Measurements were carried out in
dry air, after the sample was boiled in water for 1 h and
dried in an air drier at 30°C for 1h to give a moisture
content less than 5%, and almost oven-dried at 105°C for
30 min after setting in the analyzers.

Methods

The temperature dependence of the dynamic -elastic
modulus (E’) and loss modulus (E”) was measured by
the tensile forced-oscillation method using an automatic
dynamic viscoelastometer (Seiko Instruments, DMS6100).
Measurements were conducted over a temperature range
of about 100°C-200°C for dry wood at programmed heating
rates. Frequencies of the measurement were 0.5, 1, 2, 5, and
10 Hz, the span was 20 mm, and the displacement amplitude
was 5 um. The tensile directions were radial, tangential, and
longitudinal. The temperature dependence of dimensions
was measured by a thermomechanical analyzer (Seiko
Instruments, TMA/SS6100). The span was 20 mm and the
load was 5 g, which was the minimum load for the test.
Both measurements of dynamic viscoelastic property and
dimension were carried out under the same temperature
programs.
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Results and discussion

Influence of heating history on viscoelastic properties and
dimensional changes of dry wood in the radial direction
for temperatures between 100° and 200°C

To examine the influence of heating history, the same
sample was heated repeatedly and the viscoelastic proper-
ties and dimensions of dry wood were compared in the first
and second heating and cooling processes between 100° and
200°C. Figure 1 shows the measuring program for Fig. 2,
which in turn shows the influence of heating history on vis-
coelastic properties at 0.5 Hz and dimensional changes in
the radial direction of dry wood in the first and second
heating and cooling processes with a programmed heating
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Fig. 1. Temperature program for measurements of dynamic viscoelas-
tic properties and dimensional changes from 100° to 200°C shown in
Fig. 2. Symbols correspond to those used in Fig. 2
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Fig. 2. Influences of heating history on viscoelastic properties at 0.5 Hz
and dimensional change in the radial direction of dry wood. Relative
E’ and relative E” are relative to values at 105°C in the first heating
process. Circles, first heating and cooling processes; squares, second
heating and cooling processes; filled symbols, heating processes; open
symbols, cooling processes
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and cooling rate of 3°C/min. The frequency of the measure-
ment of viscoelastic properties shown below was only at
0.5 Hz, because the most typical tendency was recognized
at 0.5 Hz and a similar tendency was obtained at other fre-
quencies. Relative E’, which is relative to £’ in the first
heating at 105°C, was smaller in the first heating process
than in later processes. Relative E”, which is relative to E”
in the first heating at 105°C, and tan ¢ in the first heating
process were larger than in later processes. Relative E” in
the second heating process was slightly smaller than that in
the second cooling process, and relative £” and tan § were
a little larger than those in the second cooling process.
Dimensional changes in the first heating process were
clearly different from those in later processes. Furthermore,
viscoelastic properties and dimensional changes in the later
processes, except for first heating process, were almost the
same if the sample was previously cooled or heated in the
same manner in this temperature range. In this relation,
Ishimaru'' found that wood subjected to changes in tem-
perature and/or swelling state showed a lower elastic
modulus and greater fluidity, and interpreted that the phe-
nomenon was caused by localized stress in the microstruc-
tures of wood cell walls, which was caused by changes in
environmental conditions such as temperature and humid-
ity. From this interpretation, the cause of the present results,
that is, differences in dynamic viscoelastic properties and
dimensional changes between the first heating process and
later processes, was considered as follows. When wet wood
is dried, localized stresses are produced in the microstruc-
tures of wood components in cell walls. These stresses
weaken intermolecular and intramolecular hydrogen bonds
and lower resistances to deformation. According to Goring,'’
softening temperatures of dry wood components are
134°-235°C for lignin, 165°-217°C for hemicelluloses, and
231°-253°C for cellulose. Thus, unstable states in the micro-
structures of dry wood still existed at 105°C in the first
heating process and those strains were modified by acti-
vated molecular motion with rising temperature in the first
heating process. If this is correct, the phenomenon resulting
from the unstable state should reappear after wetting and
drying again. The behavior of the viscoelastic properties
and dimensional change in the first and second measure-
ments after boiling and drying again, using the same sample,
were therefore compared.

Figure 3 shows the measuring program for Fig. 4, which
in turn shows the viscoelastic properties and dimensional
changes of the same sample in the first heating and cooling
processes for both the first and second measurements after
boiling and drying subsequent to the first measurement.
The behaviors of the viscoelastic properties and dimen-
sional changes in the second measurement were almost the
same as those in the first measurement; in other words,
after boiling and drying again, a similar unstable state to
that in the heating process in the first measurement reap-
peared. This means that the above consideration is correct.
In addition, considering the measurement temperature
and time used in this study, thermal degradation of
wood components is thought to hardly affect the above
phenomenon."
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Fig. 3. Temperature program for measuring viscoelastic properties at
0.5 Hz and dimensional change in the radial direction of dry wood in
the first measurement, and after boiling and drying. Results are shown
in Fig. 4, symbols correspond to those used in Fig. 4
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Fig. 4. Viscoelastic properties at 0.5 Hz and dimensional change in the
radial direction of dry wood in the first measurement, and those in the
second measurement after boiling and drying. Circles, first heating and
cooling processes; squares, heating and cooling processes after boiling
and drying; filled symbols, heating processes; open symbols, cooling
processes

Influences of elevating temperature range on viscoelastic
properties and dimensional changes of dry wood in the
radial direction for temperatures between 100° and 200°C

Figure 5 presents the measuring program for Fig. 6, which
in turn shows the influences of elevating temperature range
on viscoelastic properties at 0.5 Hz and dimensional changes
in the radial direction of dry wood in heating and cooling
processes with a programmed heating and cooling rate of
3°C/min. Relative E’ in each heating process was smaller
than that in the corresponding cooling processes. Relative
E” and tan §in each heating process were larger than in the
corresponding cooling processes. Dimensional changes in
the heating process were clearly different from those in
cooling processes; moreover, the behaviors of viscoelastic
properties and dimensional changes in the heating processes
were almost the same as just before the cooling processes
in the same temperature ranges. These results indicate that
the microstructures of dry wood components were stabi-



o 200 F
£ 3°C/min 30’;1")‘
© _ ()
o 3°C/min
e (@) 3°C/min
° 3°C/min (A)
k.=-.-=
100 F3omin 3°C/min ()
. (O) , , . .
0 30 60 90 120 150 180
Time (min)

Fig. 5. Temperature program for measuring influences of heating tem-
perature range on viscoelastic property at 0.5 Hz and dimensional
change in the radial direction of dry wood. Results are shown in Fig.
6, symbols correspond to those used in Fig. 6
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Fig. 6. Influences of heating temperature range on viscoelastic prop-
erty at 0.5 Hz and dimensional change in the radial direction of dry
wood. Circles, 100°-140°C; squares, 100°-170°C; triangles, 100°-200°C;
filled symbols, heating processes; open symbols, cooling processes

lized with the rising temperature. As mentioned above, dry
wood components do not entirely surpass glass transition
temperatures in most of the temperature range tested; thus,
they have not completely approached the stable state at
these temperatures. These results are only for the radial
direction, because the most typical tendency was recognized
in the radial direction, although similar tendencies were
observed in the tangential and longitudinal directions.

Anisotropy in the influence of heating history on
viscoelastic properties and dimensional changes of
dry wood

Until now, the influence of heating on viscoelastic proper-
ties and dimensional changes of dry wood has been investi-
gated for samples in the radial direction and has been hardly
reported for the tangential and longitudinal directions.
However, anisotropy in the influence of heating on visco-
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Fig. 7. Temperature program used for the results given in Figs. 8 and
9. Symbols correspond to those used in Figs. 8 and 9
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Fig. 8. Influences of heating history on viscoelastic properties at 0.5 Hz
and dimensional changes of dry wood in radial, tangential, and longi-
tudinal directions. Filled circles, radial direction; filled squares, tangen-
tial direction; filled triangles, longitudinal direction

elastic properties and dimensional changes of dry wood
possibly exists. To clarify this, the following measurements
were performed.

Figure 7 presents the measuring program for the results
shown in Figs. 8 and 9. Figure 8 shows the temperature
dependence of viscoelastic properties at 0.5 Hz and dimen-
sional changes in the radial (R), tangential (T), and longi-
tudinal (L) directions in the first heating process with a
programmed heating rate of 3°C/min from 100° to 170°C,
and in the constant temperature process around 135° and
165°C. Each of relative E” and relative E” showed quite
similar behaviors in R, T, and L directions, although the
decrease in relative £’ in the L direction with an increase
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Fig. 9. Changes in dynamic viscoelastic properties at 0.5 Hz and
dimensional changes in radial, tangential, and longitudinal directions
of dry wood with time at 135° and 165°C. Circles, radial direction;
squares, tangential direction; triangles, longitudinal direction; filled
symbols, 135°C; open symbols, 165°C

in temperature was smaller than in the R and T directions.
In the constant temperature process in Fig. 9, relative E’
increased and relative £” decreased with time at each con-
stant temperature, regardless of direction. A similar result
was obtained only in the R direction by Kojiro et al."* On
the other hand, in the constant temperature processes at
135° and 165°C, dimensions increased in the L direction,
were unchanged in the R direction, and decreased in the T
direction with time. Meanwhile, dimensions in all directions
increased slightly in the early stage of the process, probably
because of a slight increase in temperature resulting from a
time lag in the temperature program.

As is clear from the result in Fig. 9, which shows increase
in relative E” and decrease in relative E£” at constant tem-
peratures, the microstructures of dry wood stabilized with
time at constant temperatures. From the standpoint of free
volume theory, which is well known for the amorphous
polymer, the dimension of dry wood is considered to change
due to the decrease in free volume with time at constant
temperature. One of the purposes of measuring dimen-
sional change was to obtain information about free volume;
however, it became clear that obtaining information about
free volume from the results of dimensional change was
difficult because of anisotropy of dimensional change in
these processes and because wood is porous.

Sobue et al."” found that the lattice strain coincided
approximately with the shrinkage of small wood samples in
the desorption stage, and this strain disappeared by rewet-
ting the samples. They considered that this strain resulted

from compressive stress in cellulose crystals developed by
shrinking the amorphous region during the desorption
stage. Therefore, the result of the present study, that is,
dimensional increase with time at constant temperature in
the longitudinal direction, indicates that the compressive
strain in the longitudinal direction developed by drying was
modified by heat to some extent as well as by moisture
adsorption.

Conclusions

This study examined the influence of heating history on
viscoelastic properties and dimensional changes of dry
wood in the radial, tangential, and longitudinal directions
for temperatures between 100° and 200°C. The main con-
clusions of the study are:

1. Unstable states in the microstructures of dry wood still
existed at 105°C in the first heating process, and these
strains were modified by activated molecular motion in
the first heating process; this phenomenon reappeared
after wetting and drying again.

2. Dry wood components did not completely approach the
stable state in the temperature range tested, because
they did not entirely surpass the glass transition tem-
peratures in most of the temperature range.

3. In constant temperature processes at 135° and 165°C,
relative E’ increased and relative E” of dry wood
decreased with time regardless of direction. On the other
hand, anisotropy of dimensional change existed and
dimensions increased in the L direction, were unchanged
in the R direction, and decreased in the T direction with
time at constant temperatures. This result indicates that
the compressive strain in the longitudinal direction
developed by drying was modified by heat to some extent
as well as by moisture adsorption.

References

1. Kadita S, Yamada T, Suzuki M, Komatsu K (1961) Studies on
rheological properties of wood. II. Effects of heat-treating condi-
tion on hygroscopicity and dynamic Young’s modulus of wood (in
Japanese). Mokuzai Gakkaishi 7:34-38

2. Kubojima Y, Okano T, Ohta M (2000) Bending strength and
toughness of heat-treated wood. J Wood Sci 46:8-15

3. Obataya E, Tanaka F, Norimoto M, Tomita B (2000) Hygroscopic-
ity of heat-treated wood I: effects of after-treatments on the hygro-
scopicity of heat-treated wood (in Japanese). Mokuzai Gakkaishi
46:77-87

4. Ishimaru Y, Oshima K, Iida I (2001) Changes in the mechanical
properties of wood during a period of moisture conditioning.
J Wood Sci 47:254-261

5. Tida I, Kudo M, Onizuka J, Ishimaru Y, Furuta Y (2002) Stress
relaxation of wood during elevating and lowering processes of
temperature and the set after relaxation II: consideration of the
mechanism and simulation of stress relaxation behavior using a
viscoelastic model. J Wood Sci 48:119-125

6. Kudo M, Iida I, Ishimaru Y, Furuta Y (2003) The effect of quench-
ing on the mechanical properties of wet wood (in Japanese).
Mokuzai Gakkaishi 49:253-259



10.

11.

12.

. Kamei K, Ishimaru Y, lida I, Furuta Y (2004) Effect of samples

preparation methods on mechanical properties of wood I (in
Japanese). Mokuzai Gakkaishi 50:10-17

. Nakano T (2005) Effects of quenching on relaxation properties of

wet wood. J Wood Sci 51:112-117

. Kovacs AJ (1964) Transition vitreuse dans les polymeéres amor-

phes. Etude phénoménologique. Algebra Universalis 3:394-507
Struik LCE (1978) Physical aging in amorphous polymers and
other materials. Elsevier, Amsterdam

Ishimaru Y (2003) Mechanical properties of wood in unstable
states caused by changes in temperature and/or swelling. Proceed-
ings of the 2nd International Conference of the European Society
for Wood Mechanics, Stockholm, pp 69-78

Takahashi C, Ishimaru Y, lida I, Furuta Y (2004) The creep of
wood destabilized by change in moisture content. Part 1: the creep
behaviors of wood during and immediately after drying. Holzforsc-
hung 58:261-267

13.

14.

15.

16.

17.

201

Furuta Y, Soma N, Obata Y, Kanayama K (2001) Research to
make better use of wood as sustainable resource — physical prop-
erty change of wood due to heating and drying histories. Proceed-
ings of the 4th International Conference on Materials for Resources,
Akita, vol 2, pp 260-265

Kojiro K, Furuta Y, Ishimaru Y (2008) Effects of heating from
100°C and 200°C on dynamic viscoelastic properties of dry wood
(in Japanese). J Soc Mater Sci Jpn (in press)

Kojiro K, Furuta Y, Ishimaru Y (2008) Influence of histories on
dynamic viscoelastic properties and dimension of water-swollen
wood. ] Wood Sci doi: 10.1007/s10086-007-0926-4

Goring DAI (1963) Thermal softening of lignin, hemicellulose, and
cellulose. Pulp Pap December:T517-527

Sobue N, Shibata Y, Mizusawa T (1992) X-Ray measurement of
lattice strain of cellulose crystals during the shrinkage of wood in
the longitudinal direction (in Japanese). Mokuzai Gakkaishi
38:336-341




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


