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Abstract The structural evolution, and microwave dielec-
tric properties of Sm(;_,)3Li, TiO3 ceramics (x=0.0<x<
0.5) were investigated in this work. X-ray diffraction
(XRD) results show that samples with x>0.3 exhibit a
single perovskite phase. Impurity phases of Sm,Ti,O; and
TiO, appear and their amount increases with the decrease of
x when x<0.3. TEM observation indicates that the A-site is
ordered in x=0.5, but not in x=0.3). The dielectric constant
decreases with the increase of x for 0.1<x<0.4 and then
increases with further increase in x up to x=0.5. The Oxf
value decreases with the decrease of x due to the increased
occurrence of Sm,T,0; secondary phase, defects and
twinning boundaries. The temperature coefficient of reso-
nant frequency is negative and its absolute value decreases
greatly with the decrease of x value.

Keywords A-site deficient perovskite - Order-disorder -
Microwave dielectric properties

1 Introduction

Complex perovskites with general formula A**(B*T
BT, /3)O3 have received widespread interest in the wireless
microwave communications community. Compared to the
numerous examples of B-site ordered systems, A-site
ordered perovskites are relatively rare. A-site order-disorder
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reaction can play a critical role in affecting the properties of
perovskites. Several studies have focused on the ionically
conducting perovskites, (La(z_x> /3LiX)TiO3 [1-3]. The
ionic conductivities of the ordered A-site samples were
approximately an order of magnitude lower than their
disordered counterparts [1]. The A-site ordering degree of
(La(z,x) /3LiX)TiO3 was governed by the Li content and
thermal treatment [3, 4]. In Li poor compounds the A-site
cations adopt usual (001) ordered structure, and in Li rich
compounds (x>0.25) or quenched samples a disordered A-
site structure was adopted. Authors have studied the
structure and microwave dielectric properties of Laj_yy/3
NaXTi03 (002 <x< 05) and Nd(z_x)/3Li><TiO3 (00 < X
<0.5) [5, 6]. In the case of Lap_);3Na,TiO3(0.02 <
x <0.5), the A-site ordering degree decreases with the
increase of sodium content and becomes zero when x>0.2.
The A-site vacancy concentration and the ordering degree
have opposite effect on the Oxf value of Lap .3
Na, TiO3;. The 7y decreases almost linearly with the
decrease of sodium content due to the decrease of tilting
angle of TiOg-octahedra. The same arguments hold true
for Nd,—,)/3Lix Ti03(0.0 < x < 0.5) except that second
phases of Nd,Ti,O; and Nd,Ti4O;; appeared in addition
to Nd,3TiO3 when x<0.1. The purpose of this paper is to
systematically investigate the structural evolution and
microwave dielectric properties of Sm(;_,)3LixTiO3
ceramics(x=0.0<x<0.5).

2 Experiment
Sm(>_y)/3LixTiO3(0.0 < x < 0.5) ceramic samples were
prepared by a conventional solid-state reaction process

from the starting materials including TiO, (99.8%),
Li,CO3(99.6%) and Sm;03(99.9%). The Sm(,_.)/;3Lix
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Ti03(0.0 < x < 0.5) compounds were weighed according
to the stoichmetric composition and milled with ZrO,
media in ethanol for 24 h, dried and calcined at 1100 °C for
2 h in an alumina crucible. The calcined powders were
remilled for 24 h, dried and mixed with 7 wt% PVA. The
mixtures were pressed into pellets. The compacts were
sintered between 1300—1350 °C for 2 h. In order to prevent
the evaporation loss of Li,O, all samples were muffled with
powder of the same composition during sintering.

The phase constituents of the sintered samples were
identified by X-ray powder diffraction (XRD) with Ni-
filtered CuK« radiation (Model Dmax-RC, Japan). Bulk
densities of the sintered specimens were identified by the
Archimedes’ method. The microstructure of the sintered
samples were characterized by scanning electron microsco-
py (SEM; Model XL20, Philips Instruments, Netherlands).
All samples were polished and thermally etched at a
temperature which was 100 °C lower than the sintering
temperature. Some samples underwent thinning by conven-
tional ceramographic techniques followed by ion milling
(PIPS 691, Gatan, USA) for observation in the transmission
electron microscope (JEM 2010, JEOL, Japan). Microwave
dielectric properties of the sintered samples were measured
between 4 and 6 GHz using a network analyzer (Hewlett
Packard, Model HP8720C, USA). The quality factor was
measured by the transmission cavity method. The relative
dielectric constant (g,) was measured according to the
Hakki-Coleman method using the TEg;; resonant mode,
and the temperature coefficient of the resonant frequency
(ry) was measured using invar cavity in the temperature
range from —20 to 80 °C.

3 Results and disussions

Figure 1 shows the XRD patterns of as-sintered surface of
Smy;_)3LixTiO3(0.0 < x < 0.5) samples. It indicates
that the samples with x>0.4 are composed of single
perovskite phase. Impurity phases of Sm,Ti,O; and TiO,
appear and their amount increases with the decrease of x
value when x<0.3. Compared with the analogous La_ /3
Na,TiO; and Nd(,_.)3LixTiO; series [5, 6], the perov-
skite solubility range for Sm(;_,)/3Li, TiO3 is narrower.
Sm(;_x3LiTiO3 seems to exhibit a different type of
perovskite structural distortion. The trend in such distor-
tions is obviously related to the decrease of tolerance factor
t with the decrease of the A-site ionic radii from La** to
Nd** to Sm®". Based on the assumption that the perovskite
type structural framework is dominated by the larger rare
earth ions orther than small alkali ions, tolerance factors for
LaolsNaoA_gTiO:;, NdO.SLi0'5TiO3 and Sl’no_sLioA_gTiO:; are
calculated as 0.97, 0.94 and 0.93, respectively. Only
antiphase tilt of octahedra occurs when 0.965<¢<0.985,
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Fig. 1 XRD patterns of sintered Sm(y_,)/3LiTiO3 samples
(x =00<x< 05)(. TiO»; ’: szTi207, : (Sml/zLi]/z)TiO3)

and both in-phase and anti-phase tilt occur simultaneously
for #<0.965 [7]. The variation of tolerance factor as
function of x for Sm(;_)/3LixTiO; is shown in Fig. 2.
The tolerance factor ¢ decreases linearly with the decrease
of x. A tolerance factor lower than 0.95 suggests a heavily
tilted structure, and the tolerance factors for compositions
corresponding to x<0.3 are below the typical stability limit
of even distorted perovskites

Figure 3 shows the SEM micrographs for the samples
sintered at 1325 °C/2 h for x=0.1, and 0.5. The sample with
x=0.5 exhibits single phase while the sample with x=0.1is
multiphase, in agreement with the results from the XRD
analysis.

The selected area diffraction patterns (SADPs) in Fig. 4,
obtained from several grains in x=0.3 and x=0.5 samples,
have been indexed self-consistently according to the simple
pseudocubic perovskite unit cell (¢=3.8002 A). Evidence
of in-phase octahedral tilting can be found by examining
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Fig. 2 Variation of tolerance factor ¢ as function of x value
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Fig. 3 SEM micrographs of the
sample with x=0.1 and x=0.5

the <100> pseudocubic SADPs (Fig. 4(a—c)). Each pattern
can reveal such tilting about a single axis by allowing,
according to the Weiss zone law, a unique set of 1/2{odd,
even, odd}-type ~y reflections to appear. As can clearly be
seen, only Fig. 4(b) contains y reflections, indicating the
presence of in-phase tilting about a single pseudocubic axis.
This conclusion is further supported by the <111>
pseudocubic pattern (Fig. 4(d)), which would simultaneous-
ly allow every type of y reflection to appear and so show all
in-phase tilt axes present, and yet still shows only a single
set of y reflections. As indexed, this axis would be b (b" in
Glazer’s notation [9]). Antiphase tilting can be revealed by
studying, instead, the <110> pseudocubic SADPs, each one
allowing a single set of 1/2{odd, odd, odd}-type « reflec-
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tions corresponding to antiphase tilting about two possible
axes. Such patterns are shown in Fig. 4(e-g), two of which
show the presence of superlattice « reflections. The lack of
o reflections in the [110] pattern indicates that octahedra are
not tilted in antiphase about a or b. As there is also no in-
phase tilting about a (Fig. 4(a,d)), octahedra must remain
untilted about this axis (a° in Glazer’s notation [9]). The &
reflections in the [101] correspond to antiphase tilting about
either a or ¢; however, as it has already been established
that octahdra are not tilted about a, these reflections must
indicate antiphase tilts about c instead (¢ in Glazer’s
notation [9]). The [011] pattern only confirms this conclu-
sion. Its o reflections correspond to antiphase tilts about
either b or c¢. As it has already been established that

(g)

Fig. 4 SADPs of Sm(,_)/3Li;TiO;3 indexed according to the simple pseudocubic perovskite unit cell (¢=3.8002 A) corresponding to (a) [100],
(b) [010], () [001], (d) [111], (e) [110], (F) [101], and (g) [011]
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Fig.5 Typical dark-field image of a grain of Smy sLig sTiO3, g='2(120)

octahedra are tilted in-phase about b, this pattern must be
further evidence of antiphase tilting about c. Thus, from the
collection of superlattice reflections observed, the tilt
system of Sm(,_,,3Li,TiO3 may be described as a°b’c;
however, the extreme similarity between [100] and [001]
patterns and [101] and [011] patterns means that a strict
interpretation of all the patterns can only conclude that
octahedra are tilted in-phase about a single axis and in
antiphase about at least one other axis. The presence of 1/2
{odd, even, even}-type ( reflection in Fig. 4(a,c,d) could be
indicative of antiparallel A-site cation displacements, but

Fig. 6 SmysLipsTiOz grain with defects on {100} and APBs
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100 nm
I

Fig. 7 Dark-field (g=010) image of a twinned grain in Smy s¢7Lio3
TiO; with variants oriented along [100] and [010]. The twin plane is
(110)

are in fact almost certainly an artefact caused by double
diffraction.

For distorted perovskites, when the two A-site cations
become very different, such as alkali metal Li and rare earth
Sm, the tilt system achieved will be directly dependent
upon the ratio of large cations, A, to small ones, 4;. When
the A4; /A, ratio is 1:1, such as in the case of Smg 5Liy sTiOs3,
tilt system a’h"¢” should be favored [8]. The in-phase tilt
transition can coincide with the appearance of tilting of the
BOg¢ octahedra with an antiparallel shifts of the A-site
cations [9]. Determination of the exact space group is then
complicated by the presence of twinning, antiparallel A-site
displacements, and possible A-site ordering. Glazer’s work,
which only examined disordered perovskites, would sug-
gest space groups Pmmn, P2;/m, Pmnb, or Bmmb as possible
symmetries [9], but none of these space groups can satis-
factorily explain all the SADPs observed. Even the R3c
model which Alonso et al. [10] suggested for ordered

50 nm
]

Fig. 8 Ripple contrast in Smy 557Lio 3TiO3 showing 90° {110} nanotwins
between 180° {100} twin planes
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Fig. 9 TEM micrograhp of the sample with x=0. The small white
grains were identified as TiO,; the matrix phase is Sm,Ti,O;. The
inset SADP is of the Sm,Ti,O; phase (zone axis is<110>)

Layj3Liy )2 TiO5 is unable to interpret the SADPs of
Sm;_,y3 LixTiOs;. Howard et al. [11], who examined
perovskites with 1:1 ordering on the B-site, would suggest
either P4,/n, C2/c, or P2,/c; but P2;/c cannot account for
A-site ordering, C2/c cannot account for antiparallel
displacements of A-site cations, and there are no known
examples of a perovskite with space group P4,/n. Indeed,
none of these space groups can be used consistently to
explain all the observed SADPs either.

Figure 5 shows a dark-field image and SADP of a twin
variants in the x=0.5 sample imaged with g=1/2(120). The
twinning is the common {110} perovskite twinning, with
variants rotated by 90° about<001>. In this example, the
twin plane is (011) and the two variants, oriented along [100]
and [TOO], are related by a 90° rotation about [100].
Striations apparent within the bright variant are parallel to
<100> and are shown more clearly in Fig. 6. The defects
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Fig. 10 Variation of dielectric constant as a function of x value
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Fig. 11 Variation of O%f value as function of x value

visible have traces of [100] and [001] on the (010) plane and,
given the frequent streaking in <100> directions in SADPs
of this composition, probably lie on {100} planes. They may
be evidence of the usually illusive 180° twins. Such twins
are rotated by 180° about pseudocubic <001>; and due to the
almost exact coincidence of reflections in electron diffraction
patterns, it is not usually possible to detect them. The slight
spot splitting frequently observed in such grains both
corroborates this interpretation and implies a crystalline
symmetry lower than orthorhombic (otherwise there would
be an exact coincidence of reflections). The streaking, a
small amount of which is visible in the inset SADP in Fig. 6,
would then correspond to some one-dimensional disorder in
this direction caused by the spacing of these twin bound-
aries. Observable in both Figs. 5 and 6 are ribbons of
antiphase boundaries (APBs) caused by the ordering of Sm**
and Li'" cations on the A-site. From this observation alone it
is possible to conclude that Smg sLig sTiO5 is ordered on the
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Fig. 12 Variation of temperature coefficient of resonant frequency 7¢
as function of x
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A-site, although the ordered regions are very small (the
density of APBs is large).

APBs are not observed in the x=0.3 composition,

although the 180° twin boundaries are still present. A dark-
field image is shown in Fig. 7. In addition, another type of
defect is also observed which is reminiscent of the modu-
lated {111} nanotwins in tetragonal BaTiO; observed by
Wu et al. [12]. Both types of defect are visible in Fig. 8.
The boundaries between 180° variants are still present (there
are three of them visible in the figure), but the variants
themselves are modulated by a ripple contrast. These ripples
have traces of [Uﬂ and [lTl] on the (011) plane. Streak-
ing in SADPs of these samples along <110> is common,
suggesting that these ripples lie on {110} planes and further
suggesting nanotwinning as a possible explanation for this
contrast. Indeed, spot splitting common to most twinning
processes is visible in many SADPs of such grains. The
<110> streaking can be attributed to disorder in the spacing
of these twins and is probably exacerbated by the dimen-
sions of the twins themselves, which are only about 10 nm
thick in this direction.
Figure 9 shows a TEM image for the sample with x=0. The
sample contains an estimated 20-30 vol% free TiO2. The
matrix phase is Sm,Ti,O7, an SADP of which is shown in
the inset. These results are in good agreement with the
XRD data.

Figure 10 shows the variation of dielectric constant as a
function of x value. The dielectric constant decreases
slightly up to x=0.4 and then increases with the further
decrease of x. The increase of dielectric constant with the
decrease of x when x<0.4 is mainly related to the increased
amount of high dielectric constant phase of TiO, (£=100)
[13]. The variation of Oxf value with x value is shown in
Fig. 11. The Qx%f value increases with the increase of x
value, which is contrary to the La;_,)/;3Na,TiO; and
Nd(;-x)/3LixTiO; series but in agreement with the TEM
analysis above, from which it can be inferred that A-site
ordering increases with increasing x, although the ordered
domains are tiny. It is well known that the losses in micro-
wave dielectrics are made up of both intrinsic and extrinsic
losses. The formers are related to the crystal structure such
as order—disorder, while the latters are related to the micro-
structure (e.g. pores, boundaries and second phases). The x=
0.3 sample was more heavily twinned and defected than the
x=0.5 one, which suggests that Oxf should increase with
increasing x, therefore contributing to the increase in OXf'
with the increase in x is the decreasing contribution from
extrinsic losses originating from Sm,Ti,O; and other
defects. Figure 12 shows the variation of temperature
coefficient of resonant frequency 7y as function of x. All
samples exhibit negative 7 values and the absolute value of
7¢ decreases almost linearly with decreasing x. A minimum
|z¢| value of —5 ppm/°C was obtained when x=0.1. The

@ Springer

decrease of absolute 7y value with the decrease of x is
mainly related to the increase of oxygen octahedral tilt and
the increase amount of TiO, phase which has a high posi-
tive ¢ value (74=450 ppm/°C) [13]. Microwave dielectric
properties of the x=0 composition are not shown in Figs.
10, 11, 12 as its dielectric loss was too high to be measured
by the resonant method.

4 Conclusions

The structural evolution, and microwave dielectric proper-
ties of Sm,_,)/3LixTiO3 ceramics (x=0.0<x<0.5) were
investigated in this work. In conclusion, samples with x>
0.3 exhibit a single perovskite phase. Impurity phases of
Sm,Ti,07 and TiO, appear and their amount increases with
the decrease of x when x<0.3. The A-site ordering degree
increases with the increase of lithium content, and the
sample was more heavily twinned and defected with the
decrease of lithium content. Dielectric constant decreases
slightly up to x=0.4 and then increases with the further
increase of x. The Oxfvalue decreases with the decrease of
x due to the increased occurrence of second phase
(Sm,T,05), defects and twinning boundaries. All samples
exhibit negative 7 values and the absolute value of z¢
decreases almost linearly with decreasing x. A minimum
| 7¢| value of =5 ppm/°C was obtained when x=0.1.2

Acknowledgement This work was supported by the National
Science Foundation of China (NSFC), (project number: 50572060),
partially by Key founding for basic research from he Shanghai Sience
and Technology Committee (06JC14070) and by the Shanghai Pujiang
Program(D).”

References

1. Y. Harada, T. Ishigaki, H. Kawai, J. Kuwano, Solid State Ion. 108,
407 (1998)

2. Y. Inaguma, T. Katsumata, M. Itoh, Y. Morii, J. Solid State Chem.
166, 67 (2002)

3. M.L. Sanjuan, M.A. Laguna, Phys. Rev. B64, 174305 (2001)

4. M.A. Laguna, M.L. Sanjuan, A. Varez, J. Sanz, Phys. Rev. B66,
054301 (2002)

5. JJ. Bian, K. Yan, G.X. Song, J Electroceramics (in press). http://
www.sps-spitech.com/springer/jwf/EEC/20070312113844a

6. J.J. Bian, K. Yan, G.X. Song, AMEC-5, Bankok, Thiland 2006

7. LM. Reaney, E. Colla, N. Setter, Jpn. J. Appl. Phys. 33, 3984
(1994)

8. P.M. Woodward, Acta Cryst. B53, 44 (1997)

9. AM. Glazer, Acta Cryst. B28, 3384 (1972)

10. J.A. Alonso, J. Ibarra, M. A. Paris, J. Sanz, J. Santamaria, C. Leon,
A. Varez, M.T. Fernandez, Mater. Res. Soc. Symp. Proc. 575, 337
(2000)

11. C.J. Howard, B.J. Kennedy, P.M. Woodward, Acta Cryst. B59,
463 (2003)

12. Y.C. Wu, H.Y. Lu, D.E. McCauley, M.S.H. Chu, J. Am. Ceram.
Soc. 89(9), 2702-2709 (2006)

13. R.D. Richtmyer, J. Appl. Phys. 10, 391 (1939)


http://www.sps-spitech.com/springer/jwf/EEC/20070312113844a
http://www.sps-spitech.com/springer/jwf/EEC/20070312113844a

	Structure and microwave dielectric properties of Sm(2−x)/3LixTiO3
	Abstract
	Introduction
	Experiment
	Results and disussions
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


