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ENTROPY PRODUCTION IN TMDSC
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The non-equilibrium process due to irreversible heat exchanges occurring during a temperature modulated differential scanning calo-
rimetry (TMDSC) experiment is investigated in detail. This enables us to define an experimental frequency dependent complex heat
capacity from this calorimetric method. The physical meaning of this dynamic heat capacity is discussed. A relationship is clearly es-
tablished between the imaginary part of this complex quantity and the net entropy created during the experimental time-scale.
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Introduction

Gobrecht ef al. had the original idea to add a tempera-
ture oscillation to the usual temperature program of a
differential scanning calorimeter [1]. Later, Gill et al.
refund this principle now called the temperature mod-
ulated differential scanning calorimetry (TMDSC)
[2]. Now, this differential calorimetric method is used
as often as the classical differential scanning calorim-
etry (DSC). By means of a deconvolution, Gill has
proposed to separate the measured signal into a re-
versing and non-reversing component. After, as in the
well-known 3w-method of Birge and Nagel [3],
Schawe has proposed to separate the two components
of the TMDSC signal in a real and imaginary part for
the measured dynamic heat capacity [4]. This general-
ized calorimetric susceptibility is the consequence of
the slow decay close to equilibrium of internal de-
grees of freedom which cannot instantaneously fol-
low the oscillating temperature rate imposed by the
experimentalist [5]. As shown recently, when an ex-
perimental time constant intervenes in a calorimetric
modulated temperature experiment such as the ac-cal-
orimetry method, then the measured heat capacity be-
comes a dynamic quantity which is also represented
by a complex number [6]. In the present paper, we
call these complex quantities ‘experimental fre-
quency dependent complex heat capacities’ in order
to make a clear distinction between these dynamic
quantities and the usual frequency dependent com-
plex heat capacity that we mostly call generalized ca-
lorimetric susceptibility. The imaginary parts of these
experimental frequency dependent complex heat ca-
pacities are always connected to the net entropy pro-
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duced during the experimental time scale like in the
case of the generalized calorimetric susceptibility.
This creation of entropy is always due to a particular
physical irreversible process for which the relaxation
time constant plays a major role.

In this paper, it is proposed to tackle only the
non-equilibrium process due to irreversible heat ex-
changes between the different parts of a usual
TMDSC calorimetric head. It is shown that an experi-
mental frequency dependent complex heat capacity
can be inferred from these heat exchanges. The diffu-
sion of heat within the different parts of the calorime-
ter, due to slow thermal diffusivity or bad thermal
contact as well as relaxation of the heat carriers
within each cell [6] are not considered here. In the
part two, the physical meaning of this experimental
frequency dependent complex heat capacity is dis-
cussed. In the part three, the entropy due to the inter-
nal heat exchanges produced during one period of a
temperature cycle is calculated.

Experimental frequency dependent complex
heat capacity in TMDSC

Notations and assumptions

Let us consider a schematic TMDSC calorimetric head
as depicted in Fig. 1. Two calorimetric cells of same
addenda heat capacity, one for the sample and the other
for the reference are thermally connected to a cell-
holder through two identical heat exchange coeffi-
cients K. The thermal link which connects the two cells
each others is supposed negligible and neglected as
compared to K. Hence, the two cells are thermally iso-
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Fig. 1 A schematic view of a TMDSC calorimetric head is rep-
resented. Two cells of same heat capacities are thermally
connected to a cell-holder by two identical heat ex-
change coefticients. The thermodynamic system that is
considered is only constituted by the two cells and the
cell-holder (thermal bath)

lated each others. The cell-holder is connected to the
real thermal bath of constant temperature 7, via an-
other thermal link K. This latter thermal link does not
play any role in our calculations because we consider
only the thermodynamic system constituted by the two
calorimetric cells and the cell-holder. The boundary of
the system is represented by an ellipsis in Fig. 1. The
cell-holder is a thermal bath for the temperature of
each cell. Its heat capacity is thus much higher than
that of each cell even when they contain the sample
and the reference. The differential temperature is rep-
resented in Fig. 1 by a thermocouple with two junc-
tions of different metals, but we have to bear in mind
that it could be any thermometric device settled in dif-
ferential way such as a thermopile constituted by many
thermocouples connected in series or by two different
thermometers mounted in opposition in a Wheatstone
bridge, depending on the TMDSC calorimeter. The
thermal power necessary to produce the ramp and the
harmonic oscillation is supplied directly to the cell-
holder. This is represented by an arrow in Fig. 1. If the
thermal power is supplied directly to the cells, then we
are in presence of differential ac-calorimetry experi-
ment. This is the principal difference between the two
methods. The thermal power is generally supplied by a
heater (Joule effect) and the temperature of the cell-
holder (thermal bath) is recorded by a thermometer.
These two sensitive elements are not represented in
Fig. 1. The temperature of the bath can be decomposed
in a dc and an ac component:

T, =T, + 1" (1

with 7, =7N"b exp(imt). The phases of the oscillating
temperatures of the two cells are referenced to the one
of the bath (taken by convention equal to zero). In a
real experiment, the dc or mean temperature 7j is in-
cluded in a servo-system in order to follow a perfect
ramp. In this paper, we consider only the stationary
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condition for which 7} is maintained constant in the
course of time. In fact, if we take into account this
ramp the traditional DSC case is refund and it brings us
no new information for our demonstration. In other
words, we have supposed that a perfect ramp regime is
attained and that all our differential equations take into
account only the oscillating parts in reference to this
stationary ramp state. The temperature of the sample is:

T.=T%+T* (2)

with 7 =iexp i(®t — ¢,). The temperature of the
reference is:

Tr — Trdc + Trac (3)

with 7% = TN"r expi(of — @, ). As already mentioned in
the introduction, the temperature gradients inside
each component of the system are neglected. Also, the
temperature gradients due to bad thermal contacts be-
tween each element such as thermal interfaces be-
tween the heaters or the thermometers and the differ-
ent elements of the system are neglected. Only
thermal gradients due to the heat exchange coeffi-
cients K are considered. In other words, each cell and
the cell-holder are homogeneous in temperature. Fi-
nally, an important assumption is to consider that the
dc temperature difference or the ac amplitudes of tem-
perature modulations are negligible in relation to the
absolute temperature of each element:

AT®, T * << T,, T with i=s, r 4)

This last hypothesis allows us to linearize the fu-
ture differential equations. On a non-equilibrium ther-
modynamics point of view, this is the hypothesis of
the linear regime.

TMDSC calorific equations

A thermal power is supplied to the cell-holder in such a
way that its temperature follows a linear ramp plus an
oscillation at a well determined frequency. The cell-
holder constitutes a thermal bath for the temperature of
the cells because its heat capacity is much greater than
those of the cells. In the following we will make no dis-
tinction between the cell-holder and the thermal bath.
The temperature of the two cells obeys to the two fol-
lowing first order differential equations:

CsTs :_K(Ts _Tb)

. )
C.T.=-K(T. -T,)

where C; and C, are the total heat capacities (addenda
plus sample or reference) of the sample-cell and refer-
ence-cell, respectively. From the initial nota-
tions (1)—(3), these two equations can be both sepa-
rated into dc and ac equations:
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CT* =—K(T* -T,)
LR ©)

CrTr ‘ :7K(Tr ‘ 7TO)

CJ;_aC =_K(T* — T

CrTrdc =7K(Trdc 7de°)

System (6) is just the classical differential equa-
tions of the DSC and as already mentioned it is not con-
sidered in this paper. The authors are aware that it might
be interesting to treat the classical DSC case under the
point of view of non-equilibrium thermodynamics when
irreversible effects take place. For information on such a
treatment [5]. The resolution of (7) in the stationary re-
gime (thus compared to the ramp state) gives:

Tac — Tbac
) 1+imt
. )
Tac — Tb
" lHtior,

with 1=Cy/K and 1=C,/K and the two relaxation time
constants of the temperatures of both cells. This sim-
ply indicates that at zero frequency, the temperatures
of the two cells and the temperature of the bath oscil-
late in phase, and at infinite frequency the tempera-
tures of the cells never oscillate anymore.

Experimental frequency dependent complex heat
capacity

By analogy with the ac-calorimetry method where the
complex heat capacity is defined as the ratio of the os-
cillating thermal power supplied to the sample over
the oscillating temperature rate:

« P P
C = i =__3 (9)
T, ioT,

it is also possible to define a complex heat capacity in
TMDSC. We have however to bear in mind that in
TMDSC the oscillating power is supplied onto the ther-
mal bath. Thus, it is the oscillating temperature of the
thermal bath that we have take into account in the ratio.
Consequently, the complex heat capacity is defined as:

G S (10)

. ac
ioT,

C

s Tbac
for the sample-cell only, and where P is the oscillat-

ing thermal power at the level of the thermal bath

which can be expressed as follow:
P* =C,T* +CT™ (11)

For the reference cell we have identically:

J. Therm. Anal. Cal., 94, 2008

T, I,
I 5 I r
K - K
(‘cll-hnltlcrg E(_‘cll-holdcr \
I)= !,lll.'_l).f\u-. ) . K{’ K[J ) > p= I)(|C+ p;!‘:
Thermal bath Thermal bath

(Experiment 1) (Experiment 2)

Fig. 2 In order to consider the differential measurement under
a non-equilibrium thermodynamics point of view, the
TMDSC experiment is seen as a difference between
two single experiments, one with the sample-cell and
the cell-holder and the other with the reference cell and
the cell-holder

. P ac P ac
C,=——=-—"L (12)
T ioT,”
with:
P* =C, T +C,T* (13)

In fact, our reasoning is based on two different ex-
periences, one where only the sample-cell is present
and the other where only the reference-cell is present
as depicted in Fig. 2. The exact result of the TMDSC is
the difference between these two ‘mono-experiments’.
From (8), (10) and (11) we obtain:

C.=C, + &
1+ioT,

(14)

With the same type of formula for the reference:
Cl =C, + &
1+ioT,

(15)

We can discuss at this point the physical meaning
of (14) or (15). When the thermal frequency of the input
ac power is small as compared to 1/t (01:<<1) then the
real heat capacity C,+C; of the whole (heat bath plus
sample) is measured. On the opposite, when the inequal-
ity wts>>1 holds then only the heat bath heat capacity is
measurable. Equation (14) or (15) can be compared by
analogy to the usual equation of the generalized calori-
metric susceptibility [5, 7] where at low frequency all
the internal degrees of freedom participate to the heat
capacity measurement, and at high frequency only the
fast degrees of freedom (phonon bath) are measured, the
other slow modes being frozen-in. By making the differ-
ence between (14) and (15) the differential temperature
measurement provides directly:
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AC" = ¢ G
l+iot, 1+ior,

(16)

which is the expression of the experimental differential
frequency dependent complex heat capacity in TMDSC
where only internal oscillating irreversible exchanges of
heat have been considered. Obviously, we could have
considered other irreversible effects such as heat diffu-
sion within the different media and particularly relax-
ation of some slow internal degrees of freedom. This lat-
ter effect modifies directly the heat capacity C; at the
numerator of (16) following the usual definition of the
generalized calorimetric susceptibility.

Entropy production in TMDSC

In Fig. 1, the total variation of entropy involved in the
entire differential system delimited by the ellipsis is:

s r b
ds,, = 00 + 00 + 00
T T T,

S T

(17)

The 8Q' (i=s,r,b) are the heat exchanges (to or
from) the three different bodies of the differential calo-
rimetric head. In this system, dQ°=dQ; and
dQ" =dQ, meaning that heat exchanges at the level of
the sample or the reference are only internal ex-
changes. We have also the evident two following equa-
tions: dQ; +dQ/* =0 and dQ +dQ"" =0 which
means that heat exchanges at the level of the sample
and the reference compulsorily come from the heat
bath (which is as mentioned in the forgoing one of the
principal feature of the TMDSC). At the level of the
bath, we have: d0*=dQ""* +dQ""" +dQ" where there
is an external contribution coming from the surround-
ings. This external contribution is the quantity of heat
supplied at the level of the bath via a heater in order to
produce a linear ramp and an oscillating temperature at
the level of the sample-cell and the reference-cell.
With these different equations and notations the total
entropy variation of the system is written:

s 400 dor dor 4oy do!

=L+ =+ + =+ = (18
w ST e (1)

S T

which can be separated into an internal and an exter-
nal contributions. The internal contribution is explic-
itly written:

11 1 1
d;§=dQ0| ——— [+dQO/| — — — 19
where we recognize the internal production of en-
tropy written as a product of a thermodynamic force

(difference of the inverse of the temperatures) with a
thermodynamic flux (heat flux if we take the time de-
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rivative) as it is well-known in non-equilibrium
thermodynamics. We might notice at this level the
following remark: since in TMDSC the measurement
is differential (the temperature difference between the
sample-cell and the reference-cell is directly mea-
sured) then the differential heat capacity (Eq. (16)) is
directly obtained. Thus, in order to establish a possi-
ble comparison between the imaginary part of the dif-
ferential complex heat capacity and the entropy pro-
duction in TMDSC, it is necessary to consider the
differential entropy production. Consequently, the
amount of heat exchanged between the sample-cell
and the bath should be considered with an opposite
sign as compared to the amount of heat exchanged be-
tween the reference-cell and the bath (or vice-versa).
The differential internal entropy production in
TMDSC is thus written:

di §= inS |:]1, - ;:| - inr |:]1, - ;:| (20)

s b r b

Thanks to the assumption made in ‘Introduction’
where it has been considered that the temperature dif-
ferences are not too high as compared to the absolute
temperatures, this last expression can be linearized.
For example, we have:

dc ac ac
1_1z{AT +T* T, } N
Ts Tb (T())

where we have written AT,* =T7.% —T,,. A similar ex-
pression is obtained for the reference. We can easily
separate the dc and the ac contributions, but as already
mentioned only the ac contributions are considered.
Consequently, the ac contribution of the instantaneous
differential entropy production is written as follows:

ac _diS _

bodr
dQ TdC _ dC B dQ TdC _
dr T} dr TO2

The expressions of the ac heat flux induced by

the difference of the inverse of the temperatures in

TMDSC are simply given by (7) which is rewritten
here for the sake of clarity:

(22)

do;

7| — _K TaC _ TﬂC
dt (77 =1,7)
do;
dr

They are simply the ac heat fluxes passing across
the two identical heat exchange coefficient K. Ac-
cordingly, the instantaneous differential ac entropy
production is:

(23)

=-K(T* - 1)
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B K(Tsac _ TbaC)Z B K(Trac _ Tba0)2

T} T}

o

1

24)

It may be pointed out that this equation repre-
sents the difference of two entropies but taken at a
second order with respect to the relative temperature
difference. The entropy production is always a second
order property in relation with the force or the flux
and consequently in the linear regime close to equilib-
rium it represents always a small quantity. It can be
also noticed that if there is no thermal event in the
sample-cell, thus inevitably 7. =7.* and the differ-
ential entropy production due to the oscillating parts
of the temperature is equal to zero. At contrary, if
there is a thermal event in the sample-cell during the
process inducing a heat capacity change, the instanta-
neous differential entropy production becomes differ-
ent from zero. In this case, if we take the integral of
this last expression over one period of the temperature
cycle, the following expression is finally obtained:

c;“:nK[TbM LR }(25)
ol T, ||1+(r,)* 1+(o1,)’

where the two relaxation time constants appear. Now,
knowing that the expression (16) obtained for the dif-
ferential frequency dependent complex heat capacity
can be also written as follows:

act =KL b acr—iac 6
io\ 1+iot, 1+ioT,
with
oll+(or,) 1+(ot,)

then, the well-known following relationship is obtained:

~ 2

_ T

6= 2| AC"
TO

Thus, when considering only the irreversible effect
due to heat exchanges inside the different parts of the
calorimetric head, a comparison is possible between the
TMDSC and the ac-calorimetry [6]. The principal dif-
ference is that in the ac-calorimetry case, it is the ampli-
tude of the temperature oscillation of the sample which
appears directly in the relationship although in the
TMDSC case it is the amplitude of the oscillation of the
bath. This difference obviously comes from the fact that
the perturbing thermal power is supplied to different
levels in the two calorimetric methods.

(28)
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Conclusions

In this paper, considering only the non-equilibrium
effect due to irreversible internal heat exchanges in-
side a TMDSC calorimetric head, it is possible to ob-
tain the following features:

» Considering only the oscillating part of the differ-
ential temperature, an experimental frequency de-
pendent complex heat capacity can be defined.
This dynamic heat capacity has in fact the same ex-
pression than the usual one where the slow internal
modes within a sample are taken into account. Ob-
viously, in the two cases the physical meaning of
these complex quantities is different. In the present
case, the fact that the measured heat capacity is
complex signifies that depending on the value of
the thermal frequency, the heat capacity of the sam-
ple must be recorded or not. At sufficient low fre-
quency the differential heat capacity between the
sample and the reference can be recorded. This fact
is well-known by all specialists of TMDSC. At
high frequency, the differential signal gives a dif-
ferential heat capacity equal to zero.

» The net entropy created during one period of the
temperature cycle can be calculated in a differential
mode (difference of the entropy produced by heat
exchanges between the sample-cell and the
cell-holder and the reference-cell and the cell-
holder, respectively).

A clear relationship between this entropy variation
and the imaginary part of the experimental fre-
quency dependent differential complex heat capac-
ity has been established. This relationship means
that the imaginary part of AC* is linked to an
amount of heat which is not involved in the
TMDSC differential heat capacity measurement.
The higher the frequency, the greater the quantity
of heat irreversibly lost for the measurement during
one cycle. Let bear in mind that it is exactly the op-
posite case in ac-calorimetry for which the lower
the frequency, the greater this quantity of heat lost
via the heat leak (non-adiabaticity).

Knowing exactly the expression of this experi-
mental frequency dependent complex heat capacity, it
is now possible to take into account this unwanted
complex effect in order to extract the real and imagi-
nary parts of the dynamic heat capacity as required by
Schawe when the kinetic of some internal degree of
freedom plays a role [4]. Hence, under this point of
view, it is possible to enlarge the thermal frequency
range in TMDSC up to higher frequencies. However,
we must remember that there exists an other irrevers-
ible effect which might perturb in a similar way the
TMDSC measurement at high frequency. Indeed, bad
thermal contact between the sample or reference and
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the cells or bad thermal contact between sensitive ele-
ments (thermometers and heaters) and each cell, or low
intrinsic thermal diffusivity of the studied samples, can
be limiting factors for the extraction of the physical
property of the generalized calorimetric susceptibility.

References

1 H. Gobrecht, K. Hamann and G. Willers, J. Phys. E,
Scientific Instruments, 4 (1971) 21.

2 P.S.Gill, S. R. Sauerbrunn and M. Reading,
J. Thermal Anal., 40 (1993) 931.

3 N. O. Birge and S. R. Nagel, Phys. Rev. Lett., 54 (1985) 2674.

590

4 J. E. K. Schawe, Thermochim. Acta, 260 (1995) 1.

5 J.-L. Garden, Thermochim. Acta, 452 (2007) 85 and
references therein.

6 J.-L. Garden and J. Richard, Thermochim. Acta,
461 (2007) 57.

7 H. Baur and B. Wunderlich, J. Therm. Anal. Cal.,
54 (1998) 437.

Received: October 9, 2007
Accepted: April 8, 2008
OnlineFirst: August 15, 2008

DOI: 10.1007/s10973-007-8772-6

J. Therm. Anal. Cal., 94, 2008




<<
  /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 [
    /PDFA:DRAFT
  ]
  /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 (ISO Coated v2 300% \050ECI\051)
  /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 <>
    /HUN ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


