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Within the four different model approaches the lattice conductivity of Bi,Te; was calculated for a
physical model of shape-forming element of thermoelectric material structure, namely two
hemispheres contacting in a circle with regard to phonon scattering on the contact boundary as
applied to BiyTes. The calculated data is briefly discussed from the general physics and applied
standpoints of thermoelectric material science.
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Introduction

The most widely used thermoelectric materials nowadays are Bi-Te based alloys (BiTe3
compounds). They are prepared by different methods, namely zone recrystallization, Czochralski
pulling and oriented crystallization process. These three methods yield thermoelectric figure of merit Z
in the range of (2.8 +3.1)-10° K''. Such Z values are achieved with heat flux and electric current
orientations in the directions normal to Bi,Te; trigonal axis. Whereas in the direction parallel to
trigonal axis the Z values are essentially lower. This situation is due to the fact that Bi,7e; is uniaxial
anisotropic crystal whose conductivity values o;; in the direction normal to trigonal axis are
611 = (800 + 1000) Q'em ™' and are considerably higher than o33 — conductivity along trigonal axis.
The wvalues of thermal conductivity y are also anisotropic and make y;; =1.45 W/m-K and
133 = 0.58 W/m-K. At the same time, the thermoelectric coefficients o;; and o33 are little different and
make 210 + 220 pV/K. Therefore, Z;, = (2.4 = 2.5)-10° K", For this reason, practical use is found by
materials oriented normal to trigonal axis.

Thermoelectric instruments and devices are also manufactured with the use of Bi,Te; based
materials prepared by extrusion method whose thermoelectric figure of merit is about 3-10° K, that
is, rather close to that of single crystal materials.

It should be noted that the macroscopic structure of extruded materials is a combination of
arbitrarily oriented powder particles of size (40 + 80) um whole properties are close to those of

oriented crystalline thermoelectric materials. For extruded thermoelectric materials o, =/c,,0;; and

Yo =~/ %11 X33 - Therefore, thermoelectric figure of merit of extruded material must be lower than that

of single crystal. Taking into account that electric conductivity anisotropy of Bi,Te; depending on
conductivity type is 2.7 for p-type and 4 + 6 for n-type, and thermal conductivity anisotropy is 2 + 3,

the figure of merit can be reduced by a factor of f — \/g , that is, by 30 — 40 %. However, in the best
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case for p-type material it can even grow by about 5 %. In practice, no figure of merit reduction is
observed. Hence, there must be a mechanism leading to thermoelectric figure of merit increase in
going from single crystal to extruded material structure due to a change in the character of phonon and
current carrier scattering. Research on this mechanism would provide for helpful information as to the
ways of radical improvement of thermoelectric figure of merit of said materials.

The physical concept of thermoelectric figure of merit improvement in extruded material is that
thermal conductivity in going from a bulk to porous or fine-dispersed structure is reduced considerably
and the electric conductivity — essentially weaker.

The authors of [1] who were among the first who paid attention to this fact, made evaluation
calculations of the electric and thermal conductivity of model structure of thermoelectric material rods
divided by vacuum gaps. From the evaluation formulae it follows that if the characteristic dimensions of the
rods are small, then the electric and thermal conductivity of the structure is proportional to these dimensions.
However, with the large rod dimensions said characteristics tend to parameters of the bulk material.
Moreover, in the estimation of thermoelectric figure of merit in this work it was considered that the lattice
conductivity of such structure is zero. The electric and thermal conductivity of the structure caused by free
charge carriers is essentially dependent on the coefficient of electrons passage through the vacuum gap
which does not affect, however, the thermoelectric figure of merit. Said approach did not yield quantitative
estimates of rod dimensions and gaps between them that are optimal in terms of thermoelectric figure of
merit. In [2] it is shown that in going from single-crystal to fine-dispersed germanium with the average grain
radius 2.0 + 2.5 um (of which samples with porosity 70 % were made), the ratio of electric conductivity to
thermal conductivity increased by a factor of 100 as compared to single crystal, and thermoelectric figure of
merit — only by a factor of 4 — 6, which, in the authors’ opinion is attributable to incomplete restoration of
negative thermoEMF after annealing. In [3], formulae were obtained for the determination of the electric and
thermal conductivity of a dispersed medium comprising spherical particles of thermoelectric material, but
electron and phonon scattering on the boundaries of spheres and contacts between them was not considered.

Paper [4] is a theoretical study of the thermal conductivity of the bulk nanostructured bismuth
telluride samples which, nevertheless, does not take into account that phonon scattering on the boundaries of
individual nanoparticles occurs at all phonon frequencies, rather than at “selected” ones.

In patent [5] for the efficient phonon drag it is proposed to use small-area contacts between
relatively large parts of thermoelectric material. In so doing, said contacts must have dimensions of the
order of several nanometers.

There were also considered the possibilities of creating such thermoelectric materials that would be
“phonon glasses”, remaining in this case “electron crystals” due to the fact that lattice thermal conductivity
with a large concentration of structural defects is reduced more than the electric conductivity owing to the
peculiarity of electron density of states [6]. The researchers’ attention is also focused on the whiskers of
organic conductors of the type TTF-TCNQ and the like [7, 8]. It is considered that a high degeneracy level
of free charge carriers gas is attainable in these crystals, owing to which lattice thermal conductivity cannot
affect considerably the thermoelectric figure of merit of material, and the latter can be regarded as the
integral characteristic of free charge carriers subsystem in material [9], that is, the lower limit of thermal
conductivity in these crystals has already been achieved, and the only opportunity of thermoelectric figure of
merit improvement is the Lorentz number increase.

In the manufacture of thermoelectric modules of conventional material powders by hot pressing
or extrusion methods, a question arises as to the optimal in terms of thermoelectric figure of merit size
of powder grains and contacts between them. According to [10], particles of source powder can be
adequately considered spherical. In the course of pressing they can acquire the shape of hemispheres
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with a circular contact between them. The shape-forming element of such structure can be
approximated by two equal-radius hemispheres contacting in a circle. Research on the generalized
conductivities of such shape-forming element should be a preliminary to a research on the above
mentioned characteristics of structure as a whole. It is this that motivates the relevance of the problem
solved in this work.

Our purpose in this work is to calculate changes in the lattice thermal conductivity of shape-
forming element of extruded thermoelectric material structure due to phonon scattering on the
boundaries of contact between two osculating hemispheres, and estimate the radius of contact
necessary for 30 — 40 % reduction of lattice thermal conductivity of shape-forming element.

Consideration of the problem of phonon scattering on the boundaries
of shape-forming element in the approximation of constant relaxation time

As will be shown below, for consideration of this problem it is reasonable to involve a model of
unit sphere placed in a heat flux. This will enable a more transparent physical interpretation of
quantitative estimates. With a constant phonon relaxation time, the following expression for the
resulting phonon mean free path in a limited sample is valid [11]:

] =1 (1)

In this formula, /, is phonon mean free path in material caused by all scattering mechanisms,
except for the boundaries of contact spot or sample as a whole; L is effective phonon mean free path due
to sample boundaries. As long as the effective mean free paths in a sample due to the boundaries are not
equal for all the phonons, the thermal conductivity of material at boundary scattering is:

L1 L
le = EpVCle <m> . (2)

In this formula, p is material density, v is sound velocity in it, ¢ is specific heat of material with
a constant volume. The angular brackets mean averaging of respective expression over possible
effective lengths L of phonon mean free path in a sample, including the shortest ones, because theirs is
the major contribution to general possibility of phonon scattering [11]. In the case of a circular contact
which is small as compared to hemisphere diameters, it can be considered that phonon drag takes
place only in its vicinity. Moreover, all points of contact boundary are equivalent by virtue of its
symmetry. Hence, formula (2) implies the following ratio between thermal conductivity of shape-
forming element and that of the bulk sample:

12n 2

. _ kyJ1+ x> —2xcos

xf/x1=n 1Hxl 2 dods. (3)
0o 1+

kJ1+x* —2xcos@

In this formula, k=r/1,, [, is phonon mean free path. As it must be, at k= 0 formula (3) gives
zero, and at k — oo — thermal conductivity of a bulk sample. The results of these calculations are
shown in Fig. 1.

From the results of calculations it follows that for thermal conductivity reduction, for instance,
by 30 — 40 %, the contact radius must not exceed (1.3 +2.5) /,. Taking into account that according to
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[12] the phonon mean free path corresponding to a greater thermal conductivity value is 4.16 nm, we
obtain that contact radius must not exceed (5 + 10) nm. The mean free path corresponding to the lower
thermal conductivity value is, however, 1.4 nm. Therefore, for the same reduction of the lower thermal
conductivity value the contact radius must not exceed (1.8 + 3.3) nm. By analogy, this problem can be
solved for a unit sphere. The respective formula is given by:

o oF kJ1+x* —2x
X//X,=1.5Hx2 Y dydx. &)

00 1+k\/1+x2—2xy
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Fig. 1. Dependence of thermal conductivity of a system of two hemispheres
contacting in a circle on the contact radius.

Double integral in this formula is caused by averaging the expression for thermal conductivity
over the effective phonon mean free paths inside the sphere. In this formula, k= R/[,, where R is
sphere radius. The corresponding plot is presented in Fig. 2
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Fig. 2. Sphere radius dependence of a relative decrease
in lattice thermal conductivity due to phonon drag size effect.

It is seen that for the above discussed thermal conductivity reduction the sphere radius should
not exceed (1.2 + 2.2) [,. For a greater thermal conductivity value it makes (5.1 +9.3) nm, and for the
lower — (1.6 + 2.9) nm.
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Problem consideration with regard to frequency dependence
of phonon relaxation time
All previous calculations have been valid in the approximation of constant phonon relaxation
time. Next, we consider the problem with regard to frequency dependence of phonon relaxation time.
If we normalize phonon relaxation time to the time of normal processes, then, taking into
account [11], components of thermal conductivity tensor of the bulk sample of such layered material
as bismuth telluride can be written as:

3nMv; k, ¢ x'exp(x/0) ( Lo, 2 de
32y ? HSL (kBT;)e3TC 0 [eXp(x/e) - 1]2 QIH,J_ (x) QtH,J_ (x)

XL = Q)

In these formulae, 7 is lattice thermal conductivity; M is average atom mass in bismuth telluride;
v is sound velocity in it; kp is the Boltzmann constant; v is the Gruneisen parameter; 7 is the Debye
temperature of material; O = 7/ Tp, O)(x) and Q/(x) are frequency polynomials introduced by one of the
authors (P.V. Gorsky) that are to a power not higher than the fourth and caused by scattering
mechanisms for the longitudinal and transverse phonons, indexes L and || refer to thermal conductivity
and sound velocity normal and parallel to the layers.

At room temperatures and higher the thermal conductivity of thermoelectric material is mainly
determined by Umklapp processes (U-processes). Therefore, polynomials QOfx) and Qx) are
determined as:

Oy (x) =0, (x)=p . x. (6)

Coefficient p in the analytical form was calculated by Leibfried and Shleman [11] for a cubic
lattice. However, according to experimental data [11], the value p is not universal. Therefore, we will
“retrieve” L and p, coefficients from the real values of components of thermal conductivity tensor of
bismuth telluride [12], on condition of their coincidence with the theoretical values (5) and (6). At
xL = 0.58 WmK, y; =145 WmK, M=1588amu., a, =310°m, v, = 1867 m/s, a;=7-10"" m,
v =2952 m/s, Tp =155 K and 7= 300 K we obtain ;= 0.131, pu, = 6.657-10 ",

Based on these coefficients, it is easy to calculate a relative reduction of thermal conductivity
due to scattering on the boundaries of circular contact and sphere. By analogy with formula (3) in the
case of a circular contact:

of ((F =x‘exp(x/0 \Jz' —2zcos+1
X/ﬁ,L Lo = TCIJII /) u +
000 I:ex (x/0) 1:| 1+k 0y, (x)y/2" —2zcosp+1
-1
2k 2" —2zcosp+1 dodzd j- x* exp(x/0) 2[ 1 . 2 de '
44,0, (x)yz" —2zcos@+1 o [exp(x/6)—1] Oy (x) Qyu(x)

kT
In so doing, kHl ”’Ly 5 Da”l kB];D .
L My,

+

The afore-mentioned figures of thermal conductivity reduction for its greater value are obtained
at k* =17.37 + 33.02. With the above defined problem parameters we get r=035+ 6.7):10° m. The
same figures of thermal conductivity reduction for its lower value are obtained at k™ = 3419 + 6498.

22 Journal of Thermoelectricity Nel, 2013 ISSN 1607-8829



P.V. Gorsky,| V.P. Mikhalchenko |
Reduction of thermoelectric material lattice thermal conductivity using shape-forming element optimization

Therefore, r, = (0.6 = 1.2):10”° m. Such radii of contacts between particles of diameter 60 + 80 um are
hardly feasible.
In the case of a sphere, by analogy with formula (4) we have:

) j-“- 2x* exp(x/e)2 ki Nz —2zy+1 .
o 200 [exp(x/0) 1] (1+4,0,, (x)yz" —2zp+1
2kal z°—2zy+1 dydadx Loyt exp(x/@) { 1 N 2 de
o[exp(x/@)—l}2 0. (x) Q. (x)

1.5

G ®)

kBTD
My?

P 4
where k' :R“"ﬂ {kBTDa"LJ [
flL

4 v . L

Hence, in case of a sphere, to obtain the above reduction of greater thermal conductivity value,
there must be & = 15.57 +29.07, whence R;=(3.2+5.9)-10° m. To obtain the same reduction of
lower thermal conductivity value, there must be &k~ = 3420 + 6500, whence R, = (0.6 = 1.2)-10° m.
Such particle dimensions are realizable only in nanostructured thermoelectric materials. Thus, the
approach that takes into account only U-processes, cannot explain yet a small change in thermoelectric
figure of merit in going from a single crystal to extruded thermoelectric material.

Therefore, it is worthwhile to consider phonon scattering on the boundaries of a circular contact
and sphere with regard to not only U-processes, but normal processes as well. For this purpose,
frequency polynomials Q,(x) and Q/(x) may be written as follows:

0. (x)=x"+p,x, )

0, (x)= (“H,L + 3.12593)x. (10)

Hence we get py=4.142:107, pu, =5.917-10". In this case, to obtain the above reduction of
greater thermal conductivity value with phonon scattering on the boundaries of a circular contact,
there must be & =(1.52+4.37)-10°. Thus contact radius 7 =31+89 um. To obtain the same
reduction of lower thermal conductivity value, there must be k = (1.839 = 5.454)-10", whence
71 = 32+97 m. Quite similarly, in the case of phonon scattering on the boundaries of a sphere, to obtain
the above reduction of greater thermal conductivity value, there must be & = (1.37 =3.90)-10°,
whence R =28 + 80 um. For the same reduction of lower thermal conductivity value, there must be
k"= (1.66 + 4.88)-10", whence R, =29 +~ 87 m.

From the absurd, on the face of it, results for », and R, parameters it follows that thermal
conductivity anisotropy of macroscopic (e.g. meter long) samples cut from Bi,Te; single crystal must
be essentially dependent on their size, which is not the case. So, such an approach needs to be
modified. Its main disadvantage introducing an excessive error lies in a forced replacement of real
crystal lattice of material by a simple cubic lattice with one atom in the unit cell. However, in this case
it is clear that neither a; nor a, can serve as cube edges, since M/ a‘|3and M/ a,*quantities yield
evidently understated material density values.

In conclusion, we consider an approach based on the substitution of a real Bi,Te; crystal lattice
by a simple cubic lattice of the same density. According to this approach, the value of dimensionless
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parameter &, for the case of a circular contact should be redefined as:

P 4
o YT kT, kT,
kH,L: Il [hB DJ { BZD], (11)
N (i
and for the case of a sphere as:
> 4
. Ry [kBTDJ [kBTDJ 02
5 2 :
P\, Vit

As to formula (5), it must be re-written as:

3npv, k x* exp(x/0 1 2
i (0 (1

dx. 13
3272 (kBT; )937t '(.)‘ [CXp(x/e) - 1]2 QIH,L (x) QtH,L (x)] (13)

Just as before, with regard to formulae (9) and (10), we obtain p=0.022, p, = 2.177-10°,
According to this approach, for the reduction of either thermal conductivity values by 30 —40 % in the case
of phonon scattering on the circular contact boundaries, &~ must be 69.6 + 167.7 and k, — 1008 +2691.
Therefore, contact radius must be 0.4 + 1.1 um. In the case of phonon scattering on the sphere boundaries,
k" must be 62.5 + 149.1 and &, — 908 + 2400. Therefore, the sphere radius is 0.35 + 1 um.

Contacts of said dimensions can occur between particles of diameter 40 + 80 um at extrusion,
which can account for the absence of a considerable decrease in thermoelectric figure of merit in going
from a single crystal to extruded material.

Conclusions and recommendations

1. Based on the model of a shape-forming element of thermoelectric material structure in the form of
two hemispheres contacting in a circle, it is shown that one of possible mechanisms of
thermoelectric material lattice conductivity reduction in going from a single crystal to extruded
material can be additional phonon scattering on the boundaries of contacts or spherical particles
themselves.

2. In the approximation of constant phonon relaxation time it is shown that for the reduction of lattice
thermal conductivity of a shape-forming element by 30 —40 % as compared to that of the bulk
material the radius of contact between the particles should not exceed 1.3 + 2.5 of the mean free
path of phonon in material. With the use of a drag on the boundaries of spherical particles
themselves, their radius should not exceed 1.2 + 2.2 of the mean free path of phonon in material.

3. With a substitution of a real crystal lattice of bismuth telluride by a model simple cubic lattice with
unchanged material density and account of both U- and normal processes, the above discussed
reduction of both components of thermal conductivity tensor is obtained with contact or particle
radii within 0.3 = 1 um. As long as such contacts may be created between particles in the process
of extrusion, it is exactly phonon scattering on their boundaries that can account for a slight change
in thermoelectric figure of merit in going from a single crystal to extruded material.

The authors express gratitude to academician L.I. Anatychuk for the statement of the problem
and important critical remarks.

24 Journal of Thermoelectricity Nel, 2013 ISSN 1607-8829



P.V. Gorsky,| V.P. Mikhalchenko |
Reduction of thermoelectric material lattice thermal conductivity using shape-forming element optimization

References

1. N.S. Lidorenko, V.A. Andriyako, L.D. Dudkin, E.L. Nagayev, O.M. Narva, The Effect of Tunneling
on the Efficiency of Thermoelectric Devices, Doklady Akademii Nauk SSSR 186, 1295 (1969).

2. L.S. Stilbance, A.D. Terekhov and E.M. Sher, Some Issues of Transport Phenomena in
Heterogeneous Systems. In: “Thermoelectric Materials and Films. Materials of All-Union
Conference on the Deformation and Size Effects in Thermoelectric Materials and Films,
Technology and Application of Films” (Leningrad, 1976), p. 199.

3. A.D. Terekhov, E.M. Sher, The Structure of Disperse Medium and the Effective Values of
Thermal and Electric Conductivities, Materials of All-Union Conference on the Deformation and
Size Effects in Thermoelectric Materials and Films, Technology and Application of Films
(Leningrad, 1976), p. 211.

4. L.P. Bulat, I.A. Drabkin, V.V. Karatayev, V.B. Osvensky and D.A. Pshenai-Severin, The Effect of
Boundary Scattering on the Thermal Conductivity of Nanostructured Bi,Sh, ,Te; Semiconductor
Material, Fizika Tverdogo Tela 52, 1712 (2010).

5. M. Green, Semiconductor Devices, Patent of USA No 3524771. Patented Aug.19, 1970, Int.CL.HO11
7/00, HO1v 1/28.

6. A.V.Dmitriyev, LP.Zvyagin, Current Development Trends in Physics of Thermoelectric
Materials, Uspekhi Fizicheskih Nauk 180, 821.

7. A. Casian, V. Dusciac, I. Coropceanu, Huge Carrier Mobilities Expected in Quasi-One-Dimensional
Organic Crystals, Phys. Rev. B 66, 165404, 1-5 (2002).

8. A.L Casian, I.I. Balmush and V.G. Dusciac, The Lorentz Number Reduction as a New Trend of ZT
Increase in Quasi-One-Dimensional Organic Crystals, J. Thermoelectricity 3, 19 (2011).

9. V. Dusciac, Thermoelectric Capabilities of Quasi-One-Dimensional Organic Semiconductors,
J. Thermoelectricity 4, 5 (2004).

10. A. Misnar, Thermal Conductivity of Solids, Liquids, Gases and Their Compositions (Moscow: Mir,
1968), 464p.

11.P.G. Klemens, Lattice Thermal Conductivity. — In: Solid State Physics. Advances in Research and
Applications. Vol.7, pp. 1-98 (New York: Academic Press. Inc. Publishers, 1958), 526 p.

12.B.M. Goltsman, V.A. Kudinov and I.A. Smirnov, Semiconductor Thermoelectric Materials Based
on BiyTe; (Moscow: Nauka, 1972), 320p.

Submitted 23.01.2013.

ISSN 1607-8829 Journal of Thermoelectricity Nel, 2013 25




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


