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A neodymium (Nd**) doped oxyfluoride glass ceramics containing SrF,, LaF; nanocrystals
has been presented. Transparent glass ceramics was obtained by heat treating the glass from
the Si0,—Al,0;—Zn0O-Na,O0-SrF, and SiO,-Al,0;—ZnF,-Na,O-LaF; system at the first crystal-
lization temperature. Cerammization of glass was studied by DTA/DSC, XRD. It has been found
that nanocrystallization of StF, and LaF; strongly depends on the ratio between the components
and the amount of SrF, and LaF;, respectively. The optical studies of the glasses comprised
spectrophotometry (reflectance and transmittance) and spectroscopic ellipsometry. The spectro-
photometric measurements yield a number of narrow absorption bands which correspond to
characteristic transitions between the ground- and consecutive excited states of rare earth ions.
Growth luminescence at typical neodymium wavelength was observed under diode laser (808 nm)
excitation in glass ceramics with SrF, in comparison to parent glass. The optimization of
cerammization process allowed to fabricate the oxyfluoride glass ceramics optical fibre with strong
emission originated from Nd>* ions. The influence of the cerammization process on the changes
in the refractive index of glass was examined.
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1. Introduction

In recent years, rare earth (RE) ions doped glass ceramics (GC) have attracted much
attention due to their potential application in optical devices such as frequency-conver-
sion materials and solid-state lasers [1-3]. GC with large transparency as their main
feature have shown potential optical applications as large telescope mirror blanks,
liquid crystal displays, solar concentrator cells, and photonic devices [4-8].
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Transparent glass ceramics are two phase materials containing nanocrystallites
with sizes less than 30 nm embedded in a glassy matrix. GC are polycrystalline
ceramics matrices formed through the controlled nucleation and growth of crystalline
phases in the precursor glass. The transparent GC is usually made in two steps: first,
the precursor glass is made by normal melt quenching technique, then, a structural
phase transition is thermally induced to transform it into a composite material formed
by at least one crystalline phase dispersed within the glass matrix [9-11]. The special
interest in these materials is due to the fact that thermal treatment causes that
fluoride nanocrystals precipitate in the vitreous matrix. Most of the RE ions partition
in the fluoride nanocrystalline phase. The thermal treatment improves the mechanical,
chemical and optical properties of these materials [1, 12, 13]. Oxyfluoride glass
ceramics combine the good optical properties of RE ions in a low phonon energy
fluoride host with the easy elaboration, manipulation in air atmosphere and suitability
for industrial production of oxide glasses. Therefore, these materials combine various
remarkable properties of oxides and fluorides in one material. Thermal, chemical and
mechanical properties of GC are characteristics of the aluminosilicate glass, whereas
the spec-troscopic properties of the RE ions are typical of low-phonon energy fluoride
crystals. Many investigations have been performed into lanthanide ion doped glass
ceramics containing Pb Cd,_,F,, B-PbF,, LaF; nanocrystals [5, 14—17]. Trivalent
lanthanide ions could be substituted for the divalent alkaline earth cations, what gave
probabilities of preparing lanthanide doped glass ceramics containing alkaline earth
metal fluoride MF, (M = Mg, Ca, and Sr) nanocrystals [18-26].

2. Experiment

2.1. Samples preparation

The batch was based on the Al,0;—ZnO-Na,O-SrF, and SiO,—Al,O;—ZnF,—
—Na,O-LaF; glass systems, with rare earths admixtures of Nd,O;. The glass shows
relevant high rare earths stability. The following raw materials were used to prepare
the batches: silica oxide (Si0O,), strontium fluoride (SrF,), lanthanum fluoride (LaF;),
sodium oxide (Na,0), zinc oxide (ZnO), zinc fluoride (ZnF,) and neodymium oxide
(Nd,05). All the chemicals were mixed properly to ensure the homogeneity.
Oxyfluoride glass was obtained by melting 50 g batches in platinum crucibles in
an electric furnace at the temperature of 1450 °C in air atmosphere. The crucible was

Table 1. Glass compositions (ion concentration of Nd**: nyy = 18.4004x10'6 cm™3).

Glass composition [mol%]

ID Si0, Al,O4 ZnF, SrF, Na,O Zn0O NaF LaF,
AW 60 10 - 15 - - 15 -
AW1 55 10 10 - 22 - - 3
AW2 55 10 10 - 23 - - 2

AW3 55 10 - 10 15 10 — —
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covered with a platinum plate to avoid vaporization losses. The melt was poured out
onto a steel plate which was preheated at 450 °C, forming a layer thickness 2 to 5 mm,
then annealed at the temperature of 20 °C below T, and subsequently polished with
commercial media and water free lubricant. The samples could be obtained with good
transparency and uniform thickness of 0.2 cm and 2.0 cm diameter. The composition
of the investigated glasses is listed in Table 1. The XRD system analysis was used to
confirm the glass structure of the samples.

2.2. Methods and procedures

The ability of the obtained glasses to crystallize was determined by DSC measurements
conducted on the NETZSCH 5 System operating in heat flux DSC mode. The samples
(60 mg) were heated in platinum crucibles at a rate 10 °C/min in dry nitrogen
atmosphere to the temperature 1100 °C. The glass transition temperature 7, was
determined from the inflection point on the enthalpy curve; the jump-like changes
of the specific heat AC, accompanying the glass transition, enthalpy of crystalliza-
tion (AH,) were calculated using the NETZSCH 5 Thermal Analysis Software
Library. The ability of glasses for crystallization was measured by the values of
the thermal stability parameter of glasses (AT = T, — T,). Glasses revealing the crys-
tallizations events were selected for further thermal treatment. To obtain glass ceramics,
they were subjected to heating for 3 h at the temperature of the maximum crys-
tallization events, respectively. The kind and the size of the formed crystallites were
examined by XRD methods. To obtain GC with nanocrystallization of LaF; and SrF,,
they were subjected to heating for 30 min at the temperature of the maximum
ceramming effect. The kind and the size of the formed crystallites were examined by
XRD methods. Glasses were cut into 1.5 mm thick slices and polished to an optical
quality. UV—VIS—NIR spectroscopy in transmission was carried out in order to assess
the absorption spectra of the rare earth doped glasses. A spectrophotometer Jasco
V-630 UV/VIS was used to measure the transmittance and absorption spectra in
the range of 190—1100 nm. The spectra of transmittance and absorption of Nd** doped
glasses are shown in Fig. 3. For the determination of the optical indices (i.e.,
the refractive index n of GC doped with neodymium ions), the investigations by means
of the M 2000 spectroscopic ellipsometer (J.A. Woollam Co.) have been done. These
measurements have allowed to determine the refractive index in the whole investigated
range (190-1700 nm). The ellipsometric angles ¥ and 4 fulfill the fundamental
equation of ellipsometry, namely tan(¥) = |rp|2/|rs\zexp(iA), where r, and ry are
complex Fresnel reflection coefficients for p and s polarizations, respectively, and
A is a phase shift between both polarized waves. Knowledge of ¥ and 4 allow to
determine the dispersion of refractive n. The data have been analyzed using
Complete EASE 4.1 software. The luminescence of glasses and optical fibre within
the range from 500 to 1400 nm were measured at a station equipped with an Acton
SP2300i spectrometer and a laser diode (ﬂp = 808 nm) with an optical fibre output
(diameter 400 um, NA = 0.22) having the maximum optical power 30 W. The glass
from the Si0,—Al,0;—Zn0O-Na,O-SrF, system was used for producing optical fibre
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whose luminescent parameters were then evaluated. The excitation of optical fibre was
realized directly by using an aspheric lens setup.

3. Results and discussion
3.1. Thermal properties

AW glass composition, which is characterized by the greatest amount of strontium
fluoride, crystallized spontaneously during casting. Therefore, the glass with a lower
content of SrF, whose amount was reduced by introducing zinc oxide (ZnO) was
designed (Tab. 1). Zinc oxide increases the viscosity at low temperatures, and thus
reduces the tendency to crystallization in the temperature of glass formation [25].
The glasses with LaF; content above 4% mol crystallized during casting. Therefore in
case of glass AW 1, AW2 zinc fluoride (ZnF,) was introduced, which slightly increases
the melt viscosity without reducing the length of the lens technology in their formation.

The glasses from the Al,0;—ZnO-Na,0-SrF, and Si0,-Al,0;—ZnF,-Na,0-LaF;
systems, with rare earth admixtures of Nd,O; during heating demonstrated, besides
the thermal effect characteristic of typical phase transitions occurring in a glassy
material, an additional exothermal effect near the 7, temperature connected with SrF,
and LaF; crystallization. The analysis of DSC curves indicates that the presence of
awell visible effect of the glassy state transformation in the examined glasses is closely
connected with the cerammization effect (Fig. 1). The appearance of exothermal
events in the high temperature range are also connected with SrF, and LaF;
crystallization, but the heat treatment of the glass in the maximum of the temperature
causes microcrystals formation. In case of glass AW1 containing LaF; glass transition
temperature 7, of glassy state is reduced (517 °C) compared with the glass AW3
containing StF, (7, = 547 °C). At the same time the reduction of the specific heat (AC))
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Fig. 1. DSC curves of AW3 and AW1 glasses doped with Nd** ions.
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Table 2. Thermal characteristic of oxyfluoride glass.

1D Tg ACP Tbeg.crystl Tmax.crystl AHcrystl AT Crystalline
[cCl  Dg'c'l  [oc] [°C] [Ig'] [°C]  phases

AW3 547 0.170 635 661 2.16 88 SrF2

AW1 501 0.108 563 598 2.24 97 LaF3

accompanying the glass transition region is observed, which may be an evidence of
increased flexibility of the glass network (Table 2). Simultanecously, the temperature
of the maximum effect of the cerammization of glass AW1 is shifted towards lower
temperatures and the enthalpy AH of this process slightly increases (Tab. 2). This is
an evidence of a decreasing ability of the glass AW1 for cerammization, manifested
by increasing value of the index of thermal stability of the glass AT (Tab. 2). Thus,
the glass AW3 with the greatest cerammization ability was selected for optical fibre
production.

XRD measurements for the glass AW3 from the Al,0;—ZnO-Na,O-SrF, system
obtained by heat treating at its first crystallization effect temperature showed that

200 | @ SrF,
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Fig. 2. XRD patterns of glasses after the heat treatment: glass AW3 635 °C/30 min (a), glass AW1
563 °C/30 min (b).
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Table 3. Calculated size of crystallites.

D Time of the ceramming Temperature of ceramming Size of crystallites
[min] [°C] [nm]

AW1 30 563 99

AW3 30 635 67

cerammization process was ascribed to the precipitation of SrF, crystals (Fig. 2a).
From the obtained peak width of XRD pattern, the size of SrF, nanocrystals in
oxyfluoride glass ceramics was calculated to be 67 nm by the Scherrer formula [26] —
see Tab. 3. From Figure 2b it could be found that the heat treatment of glass AW1
from the SiO,-Al,0;—ZnF,-Na,O—-LaF; system at the max. of the first crystallization
event causes the formation of LaF; nanocrystals (99 nm).

3.2. Optical properties

The results of specular transmittance spectra for examined AW 1, AW3 glasses Nd** ions
doped have been presented in Figs. 3 and 4. The glass AW1 from the Si0,—Al,05—
—ZnF,—Na,O-LaF; glass system is characterized by slightly higher level of transmit-
tance (89%) in comparison with glass AW3 (84%) from the Al,0;—ZnO—Na,O-SrF,
glass system. Based on transmission spectra of glasses heat-treated at the maximum
of nanocrystallization temperature, it was found that the level of transmission
decreases considerably as compared to parent glasses (Figs. 3 and 4). The highest
decrease in transmission is observed for GC AW3 (containing the SrF, nanocrystals).

The recorded optical absorption spectrum of Nd**:GC and glass in the wavelength
ranges 300—1100 nm are presented in Fig. 5. The glass has revealed seven bands in

100
AW1
80 A
AW1 530 °C
30 min
g' 60 A
'_
40 A
20 A
0 T T T T T T T T T
300 500 700 900 1100

Wavelength [nm]

Fig. 3. Spectra transmittance of oxyfluoride AW1 parent glass and the glass after the heat treatment at
563 °C for 30 min.
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Fig. 6. Dispersion of n(A) of glass (a) and oxyfluoride glass ceramic (b).

UV-VIS regions from ground state *I,, to various excited states of Nd*" ions:
i, Fsp+Hop, *Frp+%Syn, “Fop, *Hyyp, *Gsp+2Gyy and Gy +2Gop,
Gy + 4Gy, Py

The spectral dependence of the refraction n obtained from the fitting procedure for
examined glasses and GC is shown in Fig. 6.

In the region of weak absorption (above 300 nm), the Cauchy model of
the refractive index dispersion was applied, being expressed by formula:

n(A) = A+ iz + %

A A
where 4, B and C are fitting parameters.

As can be noticed over the light wavelength 4 =450 nm, the extinction coefficient
is negligibly small and absorption disappears.

On the basis of the spectral dependence of the refraction n of the glass AW1, AW3,
it was found that the glass AW1 containing fluorine introduced by the lanthanum
fluoride is characterized by larger values of the refractive index in the whole
investigated range, as compared to the glass AW3 where fluorine is introduced by
the strontium fluoride (Fig. 6a). The value of the refractive index of the glass AW1 at
a wavelength of 600 nm was 1.5418, and 1.5393 for the glass AW3. The ellipsometric
examinations proved that the cerammization process has a considerable influence on
the changes of the refractive index of the investigated glass (Fig. 6b). In the case of
glasses heat treated at cerammization temperature an increase of the refractive index
of the glass AW3 compared to the glass AW1 is observed (AW3 — nggo pm = 1.5457
when AWI1 — ngyg ,y = 1.5022). The reduction of the n value of the glass AW1 heat-
-treated at the cerammization temperature may be explained by a larger concentration
of fluorine compared to the glass AW3.

The conducted thermal analysis of the glass from the Si0,—~Al,0;-ZnO-Na,0-SrF,
system enabled to determine the conditions of optical fibre manufacturing. The es-
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sential parameters during fibre fabricating were temperature and heating time in
the following zones in order to obtain SrF, nanocrystals in the core. The modified
rod-in-tube drawing method was applied to fabricate optical fibre. The luminescence
spectra of the parent glass and GC under excitation of 808 nm laser diode is shown in
Fig. 7. Luminescence spectra of the oxyfluoride glasses containing SrF, as melted and
after thermal treatment were measured under the excitation of a 808 nm laser diode.
Obtained emission bands at 895 nm, 1056 nm and 1329 nm correspond to the follow-
ing optical transitions *F3, — *Iy/5, *F3,, — #1112 and *F;,, — *I;5/, in neodymium.
Glass after the thermal treatment is characterized by higher level of luminescence. It
is usually explained by the fact that Nd>" ions partially are incorporated in crystalline
phase which posses lower phonon energies compared to non-crystallized glassy matrix.
Figure 8 shows the luminescence spectrum obtained as a result of exciting optical fibre
with the pump (808 nm) power radiation amounted to P,p; =2 W. The introduction of
the radiation was realised directly into the optical fibre face.
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Fig. 7. Luminescence spectra of glass AW3 doped with Nd>" ions.

60000 - Optical fibre SrF,

*Fa = 12
S 50000
40000 4
30000 A

20000 -

Luminescence [a

10000 A

0 " .\.{'\nm A».fu toaps ol AILAN’\ T IJI\»MAM oot —pa
850 950 1050 1150 1250
Wavelength [nm]

1350

Fig. 8. Luminescence spectra of optical fibre (Si0,~Al,0;-ZnO-Na,O-SrF,) doped with Nd** ions.
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While comparing it to the glass luminescence spectrum, only one emission peak
was observed at the wavelength of 1066 nm (*F;,, — *I,,,,). Additionally, the maxi-
mum of emission is shifted to longer wavelength. This is significant from the point of
view of laser applications for the transition at about 1060 nm and it can be explained
by an amplified spontaneous emission phenomenon.

4. Conclusions

Stable glasses could be prepared in a relatively large compositions domain of
the Al,0;—ZnO-Na,O-SrF, and SiO,—-Al,0;—ZnF,-Na,O-LaF; systems. Unfortu-
nately, the effect of crystallization of SrF, and LaF; as the only nanocrystalline phases,
which is indispensable from an optoelectronics point of view, is strongly dependent
on the proportions between the components. Basing on DSC studies, it can be stated
that glass from the Al,0;—ZnO-Na,O-SrF, system is characterized by the lower
value of thermal stability parameter as compared to glass from the SiO,—Al,0;—
—ZnF,-Na,O-LaF;, thus the cerammization ability is greater. The process of thermal
treatment of glasses in the range of the cerammization events results in obtaining
the SrF, and LaF; phases with the crystallites size lower than 100 nm. Obtained
material shows the absorption edge of at 300 nm wavelength with good transparency
in visible and near infrared spectra. Basing on transmission spectra of glasses
heat-treated at the maximum of nanocrystallization temperature, it was found that
the level of transmission decreases considerably as compared to parent glasses.
The ellipsometric studies proved that the cerammization process has a considerable
influence on changes in the refractive index of the investigated glass. Appropriately
chosen parameters of fibre drawing allowed the optical fibre formation. Basing on
the luminescence spectra, one can conclude that the glass after the thermal treatment
is characterized by higher level of luminescence, what is caused by Nd*" ions
incorporation onto SrF, nanocrystallites. The optical fibre excited spectrum suggests
the start of amplified spontaneous emission.

Acknowledgements — The work was supported by the Faculty of Materials Science and Ceramics
AGH — University of Science and Technology, founding no. 11.11.160.365 (2012).

References

[1] GongcaLves M.C., Santos L.F., ALMEIDA R.M., Rare-earth-doped transparent glass ceramics,
Comptes Rendus Chimie 5(12), 2002, pp. 845-854.

[2] HATEFI Y., SHAHTAHMASEBI N., MOGHIMI A., ATTARAN E., Frequency-conversion properties of Eu’*
doped chlorophosphate glass ceramics containing CaCl, nanocrystals, Journal of Luminescence
131(1), 2011, pp. 114-118.

[3] HaTteF1 Y., ANBAZ K., MoGHIMI A., MADDAH B., Up and down frequency-conversion properties of
Ew’" doped lead fluorophosphate nanoglass ceramics, International Journal of Optics and
Photonics 4, 2010, pp. 57-61.

[4] DeNeEkA M., The luminescence and structure of novel transparent oxyfluoride glass-ceramics,
Journal of Non-Crystalline Solids 239(1-3), 1998, pp. 149155



Nd**-doped oxyfluoride glass ceramics optical fibre... 363

[5] LAvIN V., IPARRAGUIRRE I., AZKARGORTA J., MENDIOROZ A., GONZALEZ-PLATAS J., BALDA R.,
FERNANDEZ J., Stimulated and upconverted emissions of Nd3>" in a transparent oxyfluoride
glass-ceramic, Optical Materials 25(2), 2004, pp. 201-208.

[6] GouvEla-NETO A.S., DA Costa E.B., Bueno L.A., RiBEIRO S.J.L., Upconversion luminescence in
transparent glass ceramics containing 3-PbF, nanocrystals doped with erbium, Journal of Alloys
and Compounds 375(1-2), 2004, pp. 224-228.

[7] Lanoz F., MARTIN [.R., RODRIGUEZ-MENDOZA U.R., IPARRAGUIRRE I., AZKARGORTA J., MENDIOROZ A.,
BaLbpa R., FERNANDEZ J., LAVIN V., Rare earths in nanocrystalline glass-ceramics, Optical
Materials 27(11), 2005, pp. 1762-1770

[8] Pisarska J., RyBa-Romanowskl W., DoMiNIAK-DziK G., GoryczkA T., Pisarski W.A., Nd-doped
oxyfluoroborate glasses and glass-ceramics for NIR laser applications, Journal of Alloys and
Compounds 451(1-2), 2008, pp. 223-225.

[91 YUNLONG YU, DAQIN CHEN, EN MA, YUANSHENG WANG, ZHONGIIAN Hu, Spectroscopic properties of
Nd** doped transparent oxyfluoride glass ceramics, Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy 67(3—4), 2007, pp. 709-713.

[10] JacLarz J., REBEN M., The influence of nanocrystallization process on thermal and optical parameter
in oxyfluoride glasses, Optica Applicata 40(2), 2010, pp. 439—-447.

[11] REBEN M., Wactawska L, PaLuszkiewicz C., SRoba M., Thermal and structural studies of
nanocrystallization of oxyfluoride glasses, Journal of Thermal Analysis and Calorimetry 88(1),
2007, pp. 285-289.

[12] Yunu WANG, JuNICHI OHWAKI, New transparent vitroceramics codoped with Er** and Yb>* for
efficient frequency upconversion, Applied Physics Letters 63(24), 1993, pp. 3268-3270.

[13] LaviN V., LaHoz F., MARTIN L.R., RODRIGUEZ-MENDOZA U.R., CACERES J.M., Infrared-to-visible
photon avalanche upconversion dynamics in Ho’'-doped fluorozirconate glasses at room
temperature, Optical Materials 27(11), 2005, pp. 1754-1761.

[14] Tiknomirov V.K., SEDDON A.B., FERRARI M., MONTAGNA M., SanTOs L.F., ALMEIDA R.M., On
a qualitative model for the incorporation of fluoride nano-crystals within an oxide glass network
in oxy-fluoride glass-ceramics, Journal of Non-Crystalline Solids 337(2), 2004, pp. 191-195.

[15] Li FENG, JING WANG, QIANG TANG, LIFANG LIANG, HONGBIN LIANG, QIANG Su, Optical properties of
Ho’*-doped novel oxyfluoride glasses, Journal of Luminescence 124(2), 2007, pp. 187-194.

[16] KawamoTro Y., Kanno R., Qu J., Upconversion luminescence of EFXY in transparent SiO,—
—PbF,—ErF; glass ceramics, Journal of Materials Science 33(1), 1998, pp. 63—67.

[17] LAKSHMINARAYANA G., JIANRONG QIU, Photoluminescence of Pr3*, Sm>* and Dy**: SiO,—A1,0;-
—LiF-GdF; glass ceramics and Sm**, Dy**: GeO,-B,0;-ZnO-LaF; glasses, Physica B: Condensed
Matter 404(8-11), 2009, pp. 1169-1180.

[18] XVSHENG Q1A0, XIANPING FAN, JIN WANG, MINQUAN WANG, Luminescence behavior of Er’tions in
glass-ceramics containing CaF, nanocrystals, Journal of Non-Crystalline Solids 351(5), 2005,
pp- 357-363

[19] XVSHENG Q1A0, XIANPING FAN, MINQUAN WANG, Luminescence behavior of EX’* in glass ceramics
containing BaF , nanocrystals, Scripta Materialia 55(3), 2006 , pp. 211-214.

[20] ZHoNnGcHAO DuAN, JUNJIE ZHANG, DONGBING HE, HONGTAO SuN, LiLt Hu, Effect of CdF , addition on
thermal stability and upconversion luminescence properties in Tm>*—Yb>" codoped oxyfluoride
silicate glasses, Materials Chemistry and Physics 100(2-3), 2006, pp. 400-403.

[21] XVSHENG QI1Aa0, XIANPING FAN, MINQUAN WANG, XIANGHUA ZHANG, Spectroscopic properties of
EP*-Yb’" co-doped glass ceramics containing BaF, nanocrystals, Journal of Non-Crystalline
Solids 354(28), 2008, pp. 3273-3277.

[22] Linut HuanG, GuansHl QIN, YUSUKE ARAI, RaJAN JoSE, TAKENOBU SUZUKI, YASUTAKE OHISHI,
TATSUYA YAMASHITA, YUSUKE AKIMOTO, Crystallization kinetics and spectroscopic investigations
on T’ and Yb>* codoped glass ceramics containing CaF, nanocrystals, Journal of Applied
Physics 102(9), 2007, article 093506.



364 M. REBEN et al.

[23] MurakaMI T., TANABE S., Preparation and 1.3 yum emission of Pr>" doped transparent nano-glass
ceramics containing SrF,, Journal of the Ceramic Society of Japan 115(1346), 2007, pp. 605-607.

[24] XVSHENG Qia0, XIANPING FAN, MINQUAN WANG, XIANGHUA ZHANG, Spectroscopic properties of
Er’" and Yb** co-doped glass ceramics containing SrF, nanocrystals, Journal of Physics D:
Applied Physics 42(5), 2009, article 055103.

[25] REBEN M., The thermal study of oxyfluoride glass with strontium fluoride, Journal of Non-Crystalline
Solids 357(14), 2011, pp. 2653-2657.

[26] TANABE S., Havasur H., HANADA T., ONoDERA N., Fluorescence properties of Er’* ions in glass
ceramics containing LaF; nanocrystals , Optical Materials 19(3), 2002, pp. 343—-349.

Received September 2, 2011
in revised form December 28, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


