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Abstract A new method for monitoring real-time curing behaviour of adhesives
by means of a rheometer is presented. This method was developed within a study to
characterize the curing behaviour of MUF adhesives on beech and ash, both with
and without coloured heartwood, as well as on Douglas fir and spruce. During
closed assembly time, the decrease in a predefined adhesive layer, caused by the
penetration of adhesive and solvents into the wood, can be monitored. Furthermore,
the progress of curing can be determined and assessed after predefined closed
assembly times. The maximum tensile force and the dissipated energy required for
separating assembled adherends allow for characterizing hardening of adhesive
systems. First results suggest that this is a promising method contributing to a better
understanding of the curing process and how it is influenced by wood species.

Introduction

Reliable and securely bonded joints are mandatory for load-bearing timber products.
One of the most widely used adhesives for the production of glulam in Europe is
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melamine—urea—formaldehyde resin (MUF). The importance of MUF adhesives
leads to a permanent improvement in the adhesive systems by the industry. One of
the main goals is to accelerate curing in order to reduce production times. Therefore,
bonding is becoming more sensitive to factors influencing the hardening process,
e.g. assembly time, climate conditions in facilities and moisture content of wood. It
is also known that wood species can influence the hardening process (Marra 1992).
Since in Europe other species than spruce (Picea abies Karst.) are increasingly
considered for the production of glued products such as e.g. glulam, this influence of
species also has to be taken into account for reliable bonding (Aicher and Reinhardt
2007, Schmidt et al. 2010). In particular, hardwoods such as beech (Fagus sylratica
L.) and ash (Fraxinus excelsior L.), having the potential to increase the load-bearing
capacity, are becoming more and more relevant.

With faster curing adhesive systems, the risk of over-curing before pressure is
applied increases. Certain methods for the determination of maximum open
assembly times have already been developed to guarantee safely bonded joints. A
simple but still established method to measure the maximum open assembly time by
means of tack is to spread adhesive on a wooden surface, touch the adhesive after
defined time intervals and assess the tack characteristics when removing the finger.
It is obvious that this method is limited with regard to reproducibility and reliability.
Furthermore, this method is only appropriate for defining open assembly times.
Because curing behaviour between assembled lamellas is of major interest, other
methods have been introduced. Assembly time, for example, is systematically
varied in a wide range, and after pressing, a delamination test according to EN 302-2
(2002) is carried out. Of course, only limited conclusions can be drawn from those
tests, since delamination tests are influenced by many factors, and causality is not
always given. No method is available for monitoring real-time curing of adhesives
between two assembled lamellas before pressure is applied. Well-established
methods such as dynamic mechanical analysis (DMA) or automated bonding
evaluation system (ABES) are not appropriate for this specific problem.

Therefore, it seems to be evident that a method needs to be developed, which
allows for monitoring real-time curing of assembled adherends.

Objectives and design of experiment

This study is aimed at developing a new method allowing for monitoring of real-
time curing of adhesives between assembled adherends without pressure applied.
The method should provide objective, precise and reproducible information on the
curing process. Furthermore, the method should be able to detect differences in
hardening processes depending on wood species. The new method was tested for
important European softwood species such as spruce and Douglas fir (Pseudotsuga
menziesii Mirb.) as well as for the two hardwoods ash and European beech with and
without coloured heartwood. The test method was assessed for two MUF adhesives
and for varying closed assembly times using a hierarchical design of experiment.
For each assembly time, several tests were carried out with different wood species.
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Method

A standard rheometer (Physica MCR 301, Anton Paar) was modified for monitoring
the curing process between assembled adherends. Figure 1 shows the test set-up. A
planed wood specimen (ws_1) was fixed onto a special base plate (1). Another
planed wood specimen (ws_2) was fixed to a probe (2) with a screw. The part of
ws_2, which will be in contact with the adhesive, has a circular shape. A constant
diameter of 25 mm was chosen. The dimensions of ws_2 are given in Fig. 2. During
measurement, the entire test arrangement was covered with a cap (3) to secure a
constant temperature of 20°C (£ 1°C) and to minimize external influences like
drying of the adhesive in contact with ambient air.

By means of an electronically controlled motor, it was possible to define an exact
gap between the two wooden surfaces. After the adhesive was applied onto the
wood specimen fixed on the base plate, the distance between the two specimens was
adjusted in order to obtain an adhesive layer of 0.2 mm in thickness. To ensure that
the gap between ws_1 and ws_2 was completely filled with adhesive, it was required
that adhesive was squeezed out. The excess adhesive was removed to avoid bonding
on the edge of the cylindrical part of ws_2. Then, the cap was closed, and the closed
assembly time was started.

Since the analysed adhesives or some dissociated solvents of the adhesives
penetrate into the wood substrate, the thickness of the adhesive layer was
continuously reduced, creating a normal force between the two wood specimens

Fig. 1 Set-up of the modified
tack test

Fig. 2 Design and dimensions @25
of ws_2 in mm
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ws_1 and ws_2. By means of measuring the normal force, it was possible to control
and readjust the position of the probe. By recording the position of ws_2 in intervals
of 1.0 s, the development of the adhesive layer thickness could be documented. By
the adjustment of the probe, intimate contact of adhesive and wood was ensured and
an infiltration of air into the gap could be avoided. The adjustment control was
sensitive enough to avoid the adhesive to be squeezed out of the gap. To determine
whether besides penetration also flowing of adhesive contributes to the observed
decrease in the adhesive layer thickness, additional tests were carried out.
Therefore, ws_1 and ws_2 were replaced by aluminium plates, which did not
allow penetration. In several tests and for varying assembly times, no decrease in the
adhesive layer thickness was observed. Thus, it can be assumed that flow of
adhesive out of the boundary area is not or not essentially contributing to the
decrease in the adhesive layer. The decrease can primarily be ascribed to
penetration.

After predefined closed assembly times, the two wood specimens were separated
by driving the probe with ws_2 back into the upper direction. The velocity of the
probe followed a logarithmical ramp starting at 0.02 mm/s and ending at 1.0 mm/s.
The probe is connected to a force transducer, which measures the tensile forces as a
function of time as well as the rate of separation. During separation, all data were
recorded in periods of 0.02 s. The tensile forces always showed a pronounced
maximum and then decreased to zero at the moment when complete separation was
achieved. The maximum force F,,x allows for characterizing the development of
curing. By the integration of the force over the separation period, the dissipated
energy w was obtained according to Eq. 1. While F,,x only reveals the maximum
tensile force, the dissipated energy w allows for evaluating the entire debonding
process. For computing the dependent variables F.., w and decrease in the
adhesive layer thickness, the software package RheoPlus was used.

h2
w= / F(h) dh (1)
hi

w energy dissipated in the debonding process, F' force required for separating ws_1
and ws_2, h separation distance, &1 starting point of separation and 42 end point of
separation.

No pressure was applied in the described method. Therefore, the results are only
valid for pressure-free assembly time, and no conclusions can be drawn for the
performance of completely cured bondlines.

Material
Adhesives
Two commercially available MUF systems named MUF-1 and MUF-2 were used in

this research. Both systems are two-component adhesives, which are used for the
production of load-bearing constructions made of softwood for interior or exterior
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applications. The hardening process of both systems is initiated by an acidic
hardener. For MUF-1, the mixing ratio of resin to hardener was 100:25, while for
MUF-2, the mixing ratio was 100:30. The solid content of both adhesive mixtures
was about 60%. The curing behaviour of the systems is different. Since MUF-1
shows faster hardening characteristics than MUF-2, different closed assembly times
were chosen. The closed assembly times before debonding were 30, 60 and 80 min
for MUF-1. For MUF-2, closed assembly times of 30, 60 and 90 min were
examined.

Wood specimens

As shown in Fig. 3, up to ten specimens (ws_1 and ws_2) were cut from one
board. The boards were flat sawn and freshly planed. Obtained adherends were
free of knots and defects. The boards were about 500 mm long and 150 mm wide
and had been stored in standard climate (20°C/65% relative humidity) for several
weeks.

Additionally, for the determination of density and moisture content (MC), four
specimens were cut from the board. Mean densities and mean MCs of all 21 boards
used are given in Fig. 4. Since no significant variation in MC and density within a
single board could be observed, mean values are displayed. The densities for the
different wood species were within the normal range.

In the further course of this paper, beech containing coloured heartwood is
labelled beech (red), while beech without coloured heartwood is labelled beech
(white). Similar labels are introduced for ash.

Results
Decrease in adhesive layer thickness

During closed assembly time, a continuous decrease in the initial adhesive layer
thickness (gap) of 0.2 mm could be observed when the wood specimens were tested.
Replacing ws_1 and ws_2 by aluminium plates induced a maximum reduction in the
gap of only 2 pm. In Fig. 5, two curves of gap development are plotted versus time
for Douglas fir, spruce and beech (white). The curves for each wood species

Fig. 3 Outline of specimens specimen
obtained from one board
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represent two tests obtained for specimens cut from one board, bonded with MUF-1
and debonded after 30 and 60 min of assembly time. It is obvious that the decrease
in adhesive layer thickness depends on the wood species. While for beech (white)
and spruce, decrease started immediately after assembly, for Douglas fir, no
significant reduction in the gap was observed during the first minutes. However,
with a short delay, for all specimens a certain decrease was observed before
debonding (absolute decrease). For beech (white) in Fig. 5, for example, an absolute
decrease of about 43 pm was recorded after 60 min of assembly time. This decrease
is equivalent to a penetration of about 20% of the initial adhesive volume filling the
gap between the two assembled specimens.

In Table 1, the absolute decrease is given for all assembly times, wood species
and for both adhesives. A slow decrease in adhesive layer thickness was recorded
for Douglas fir. Also, a significant influence of coloured heartwood could be

@ Springer



Wood Sci Technol (2010) 44:407-420 413

Table 1 Absolute decrease in adhesive layer thickness in pm for both adhesives depending on assembly
time and wood species

Assembly time in min ~ Wood species ~ MUF-1 decrease in um MUF-2 decrease in pm

n Mean Max. Min. n Mean Max. Min.

30 Spruce 6 26.1 35.0 150 2 326 38.2 27.0
Douglas fir 4 189 31.9 63 2 153 18.8 11.9
Beech (white) 6 434 65.0 282 2 335 35.7 31.3
Beech (red) 8 241 33.7 148 4 124 25.5 6.2
Ash (white) 3 256 30.6 200 2 103 10.6 10.0
Ash (brown) 3 152 18.8 1.3 2 107 11.3 10.1
60 Spruce 6 36.7 58.8 1383 2 407 48.2 332
Douglas fir 4 255 38.2 125 2 154 16.3 144
Beech (white) 7 524 72.1 344 2 60.6 66.9 54.4
Beech (red) 9 339 43.2 25.0 4 210 25.5 14.4
Ash (white) 3 318 38.5 27.6 2 257 25.7 25.7
Ash (brown) 2 203 21.9 18.8 2207 26.9 14.4
80 Spruce 6 414 63.8 26.9
Douglas fir 4 349 60.0 20.0
Beech (white) 2 48.2 55.0 41.4
Beech (red) 2 270 30.0 24.1
Ash (white) 3 369 40.1 34.4
Ash (brown) 2 263 29.4 23.2
90 Spruce 5 465 53.2 38.7
Douglas fir 2 257 332 18.2
Beech (white) 2 510 58.7 432
Beech (red) 4 314 36.9 232
Ash (white) 3 378 46.0 27.5
Ash (brown) 2 244 25.7 232

revealed for both adhesives. Both hardwoods showed a lower absolute decrease if
containing coloured heartwood.

Despite those clearly stated patterns, decreases in adhesive layer thickness varied
to a great extent. This was obvious when comparing results under a ceteris paribus
assumption. For testing MUF-1 in combination with the same assembly times and
the species spruce, Douglas fir and beech (white), specimens were cut from two or
three boards. Table 2 shows the dependence between board and absolute decrease
for varying assembly times. It is obvious that results are not influenced by density or
MC. A more detailed analysis of the test specimens (ws_1 and ws_2) revealed that
differences regarding the absolute decrease within one wood species can be ascribed
to the board. The proportion of latewood on the surface of the test specimens
obviously had an influence on the absolute decrease. Test specimens containing
more latewood showed a reduced decrease in adhesive layer thickness. Since test
specimens cut from the same board showed comparable surfaces, the results varied
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Table 2 Absolute decrease in adhesive layer (MUF-1), F,,.x and w in dependence of board and wood
species (mean values)

Wood Assembly time Board Density in  MC in  Number of Decrease Fp,x winJ
species in min kg/m3 % specimen in pm in N
Spruce 30 S-2 431 11.0 4 29.8 19.1 14
S-3 455 11.9 2 18.8 15.3 1.2
60 S-1 373 11.5 2 50.1 239 42
S-2 431 11.0 2 44.1 335 48
S-3 455 11.9 2 16.0 248 34
80 S-1 373 11.5 1 394 440 124
S-2 431 11.0 3 48.6 40.6 9.7
S-3 455 11.9 2 31.6 339 6.0
Beech (white) 30 B-1 651 9.9 2 28.5 15.1 1.1
B-2 750 9.6 4 50.8 174 1.5
60 B-1 651 9.9 3 444 30.7 4.5
B-2 750 9.6 4 58.5 504 7.3
Douglas fir 30 Df-1 506 11.5 2 30.6 13.1 1.1
Df-2 533 11.5 2 7.2 123 0.8
60 Df-1 506 11.5 2 36.6 18.1 2.3
Df-2 533 11.5 2 14.4 212 2.8
80 Df-1 506 11.5 2 45.0 279 15
Df-2 533 11.5 2 24.7 307 74

in a smaller range. The extent of these variations influencing Fi,.x and w will be
discussed in the following chapters.

Maximum required tensile force for separation of adherends

Figure 6 shows four curves, which illustrate the development of the tensile forces
required to separate the adherends. Each curve represents a debonding procedure for
beech (white), spruce, Douglas fir and ash (white) after 60 min of assembly time in
combination with MUF-1. While for debonding beech, a maximum tensile force
(Fmax) of 33.6 N was recorded, spruce had a peak for F,,x of 25.9 N. For Douglas
fir and ash (white), the required forces were on a lower level. Note that in Fig. 6, not
the whole debonding process is illustrated. Separation of ws_1 and ws_2 was not
completed until the last connection broke off, which took up to 40 s in total.
Meanwhile, the required tensile forces continuously approached zero.

In Table 3, values for F,,x are given for all parameter combinations. Data show
clearly that F,,,x increases with longer closed assembly times. Furthermore, values
for MUF-1 were always higher than for MUF-2, when comparing equal assembly
times. Therefore, the maximum tensile force required for separating adherends is
suitable to distinguish between fast and slow hardening adhesive systems.

Because of the limited number of samples, results have only the character of
preliminary investigations. However, F,.x seems to be affected by wood species.
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Fig. 6 Curves of forces
required for debonding of
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Results in Table 3 reveal that data obtained for spruce and beech are always
characterized by high values. On the other hand, for ash and Douglas fir, required
maximum tensile forces are considerably lower. These patterns occurred indepen-
dently from the adhesive system. Furthermore, the new method seems to be suitable
to detect intraspecific variations. For beech, an influence of coloured heartwood was
observed. For all parameter combinations, F,,x for beech (red) was lower compared
to beech (white). Reasons for these differences might be chemical and/or anatomic
variations in the coloured wood affecting curing. However, such a clear pattern
could not be observed for ash. While for MUF-1, the maximum tensile forces
required for debonding ash (brown) were lower when compared to ash (white), the
opposite tendency was observed for MUF-2. Regarding the limited number of
samples, no general conclusions can be drawn from these results.

Dissipated energy for separation of adherends

In addition to the values for F,,x, Table 3 contains data for the dissipated energy w
required for separating adherends. Disregarding the influence of wood species, a
comparison of both adhesives reveals that MUF-1 is obviously the faster curing
system. So, the dissipated energy for separating adherends is also suitable to
distinguish between fast and slow hardening adhesive systems.

The energy required for separating adherends seems also to be suitable for
quantifying the influence of wood species on curing. Though the number of
specimens is limited, interesting patterns were found. The dissipated energy for
separating Douglas fir, for example, was always lower compared to spruce and
beech. Those results are corresponding to data obtained for Fy,,x. For the
hardwoods, no consistent patterns were found. For beech, the required energy
was high for nearly all parameter combinations. On the other hand, data obtained for
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ash show no clear patterns. While for short assembly times, a lower level was
determined, for longer assembly times, more energy was dissipated during
separation.

Furthermore, an influence of coloured heartwood was only found for MUF-1 in
combination with ash. For beech, great differences were only found for an assembly
time of 80 min.

Relations between maximum tensile force, dissipated energy and absolute
decrease in adhesive layer

In Fig. 7, all data for w are plotted against F,,x for different assembly times.
Figure 7 contains only data obtained for testing MUF-1 and disregarding influences
of wood species. For an assembly time of 30 min, an increase in F,, is obviously
not associated with a corresponding increase in w. Though, for longer assembly
times, a tighter correlation could be observed. For quantifying associations between
w, Fnax and decrease in adhesive layer thickness, Spearman’s rank correlation
coefficients were calculated. For MUF-1 and varying assembly times, the calculated
coefficients are given in Table 4. At least for longer assembly times, coefficients
reveal that there is a close correlation between F,,x and w, while for an assembly
time of 30 min, correlation was small.

Table 4 also contains coefficients for evaluating associations between the
decrease in adhesive layer thickness and Fy,,x and w, respectively. Only poor
correlations were found between absolute decrease in predefined adhesive layer and
Fiax and w, respectively. Data given in Table 2 allow a more detailed analysis of
the relationship between absolute decrease and Fy,,x and w. Varying absolute
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Table 4 Spearman’ s rank

correlation coefficients for the Assembly time in min MUEF-1
interaction of the variables F.x, w Decrease n of pairs
w and absolute decrease in
adhesive layer 30
Frax 0.55 0.35 30
Decrease 0.52
60
Frax 0.94 0.34 31
Decrease 0.42
80
Froax 0.79 0.45 19
Decrease 0.50

decreases in adhesive layer within one species do not lead to assumed responses of
Fiax and w. It was assumed that a higher decrease in the adhesive layer is associated
with penetration of solvents into wood and, therefore, the viscosity of adhesive
increases. Mean values for beech (white) in Table 2 emphasize this assumption.
However, analysis of recorded single data did not confirm this assumption. Also,
results for Douglas fir as well as for spruce show that a higher decrease in adhesive
layers did not or only marginal correspond to increased values for Fi,.x and w.

Conclusion

The goal of this study was to develop a new method that allows for monitoring real-
time curing of adhesives between assembled adherends. The new method is
effective to distinguish between fast and slow hardening adhesive systems.
However, for the determination of maximum closed assembly times or in cases
where risks of over-curing appear, no recommendation can be given so far.
Therefore, further studies have to be carried out, and results have to be related to
data obtained by an established test method such as prEN 302-5 (2007).
Promising results were obtained to assess the influences of wood species on
curing. Because of the low number of specimens, the results are only indicative.
However, differences were found between both softwoods included in this study.
Compared to spruce, curing of both adhesives was slower in combination with
Douglas fir. The new method also revealed differences between beech and ash.
Compared to ash, nearly for all parameter combinations, curing of both adhesives
was faster in combination with beech. However, no clear impact of coloured
heartwood could be determined. While results for MUF-1 showed to some extent an
influence of coloured heartwood, for MUF-2, no clear pattern was observed.
Regarding the decrease in adhesive layer thickness, the following conclusions
can be drawn. First of all, reductions in adhesive layer thicknesses varied to a great
extent. The amount of latewood on the surface of specimens obviously influences
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penetration. For MUF-1, these variations had only little or no influence on F\,,x and
w. It can be assumed that accelerated penetration of adhesive or high mobile
solvents into wood substrate, like water, does not necessarily lead to faster curing.

References

Aicher A, Reinhardt HW (2007) Delaminierungseigenschaften und Scherfestigkeiten von verklebten
rotkernigen Buchenholzlamellen. Holz Roh- Werkst 65:125-136

EN 302-2 (2002) Adhesives for Load-Bearing Timber Structures. Test Methods—Part 2: Determination of
Resistance to Delamination

Frilhwald A, Ressel JB, Bernasconi A, Becker P, Pitzner P, Wonnemann R, Mantau U et al (2003)
Hochwertiges Brettschichtholz aus Buchenholz. Abschlussbericht, Hamburg

Marra AA (1992) Technology of wood bonding. Principles in practice. Van Nostrand Reinhold,
New York

prEN 302-5 (2007) Adhesives for load-bearing timber structures - Test methods—Part 5: Determination of
the conventional assembly time

Schmidt M, Glos P, Wegener G (2010) Gluing of European beech wood for load bearing timber structures
(in German). Eur J Wood Prod 68:43-57

@ Springer



	A novel method for monitoring real-time curing behaviour
	Abstract
	Introduction
	Objectives and design of experiment
	Method
	Material
	Adhesives
	Wood specimens

	Results
	Decrease in adhesive layer thickness
	Maximum required tensile force for separation of adherends
	Dissipated energy for separation of adherends
	Relations between maximum tensile force, dissipated energy and absolute decrease in adhesive layer

	Conclusion
	References



<<
  /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
  /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 149
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


