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there were added the borosilicate glass waste and copper
oxide or nickel oxide from the sludge obtained from the
electrochemical deposition industry. The use of borosilicate
waste glass (that comes up with important components
such as B,03, CaO, Al;0O;), leads to saving of raw materials
and energy while being sustainable at the same time.
Structural studies of the obtained vitreous materials were
made, using FTIR and Raman spectroscopy. FTIR
absorption maxima and Raman shifts were identified and
discussed according to literature data.

- /

/ Present paper presents a study of the cokm f Lucrarea prezinta un studiu al sticlelor colorate%
glasses in the SiO,-Na,0-B,0;-K,0-ZnO system, to which sistemul SiO,-Na,0-B,0;-K,0-ZnO0O, i il

, in care s-au inglobat
deseuri de sticla borosilicatica respectiv oxid de cupru si
de nichel proveniti din gslamurile rezultate in industrie la
depunerile electrochimice. Folosirea deseurilor de sticla
borosilicatica (care aduc componenti importanti B,0;, CaO,
Al,0;), conduce la economii de materii prime si energie,
fiind utila si din punct de vedere al protejarii mediului
inconjurator. Au fost efectuate investigatii structurale
pentru materialele vitroase obtinute prin metode
spectroscopice FTIR si Raman. Maximele de absorbtie FTIR
si deplasarile Raman au fost identificate si discutate

@paraﬁv cu datele din literatura. J
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1. Introduction

Oxide glasses are stable and this chemical
stability, which is very good in time, led to the idea
of using them as a suitable matrix for inerting the
hazardous wastes, such as sludges with a high
content of heavy metals. Vitrification of waste with
other raw materials, is leading to a stable product
which can be stored without environmental risks.
This can turn through various processing
techniques in products that can be use in various
fields: fiber insulation or reinforcement, construction
materials, aggregates for roads and other
decorative products.

Recovery of glass cullets from the internal
technological process or collected and reusing them
in the batch mixture of raw materials for developing
the vitreous matrix designed for recovery of
pollutant waste is a direction that should be
considered as having the important technical and
economical advantages. Industrial development has
led to diversification of by-products obtained in
different industries, such as: machine-building
industry, where results high quantity of waste with
iron and chromium, that can be neutralized in the
colorful bottles, in the proportions up to 30 (wt. %)
[1-3]; leather processing industry, resulting high
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amount of sludge containing various elements
where the most dangerous being the cromium
Cr(V), but that may be embedded in silico-calco-
sodic glasses, resulting colored vitreous materials
[4-9]; the pharmaceutical industry, with significant
amounts of borosilicate glass waste, impregnated
with different substances, but who can be valorified
in colored glasses with aplications in glazes and
glass-ceramic [10-18].

Obtaining of glasses in the SiO,-Na,O-B,03-
Ko,0O-ZnO system by recovery of borosilicate glass
waste and wastewater treatment sludge (from
electroplating process), respectively is a direction
aligned to national policies of hazardous waste
management which are in accordance with
European ones. EU legislation establishes the
importance of the recovery of by-products and
neutralising toxic waste in accordance with
Directive 2005/20/EC of 9 March 2005 on
packaging and packaging waste (amending
Directive 94/62/EC) and the Directive 2008/1/EC
concerning integrated pollution prevention and
control (amending Directive 96/61/EC),
transposed into Romanian legislation.

Present paper presents a study of the
structure of two series of glasses, which include
waste with copper and nickel, respectively by FTIR
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and Raman spectrometry methods, in an attempt
to elucidate the existence and the importance of
glass structural changes due to the introduction of
waste with a high content of cooper and nickel.

2. Experimental part

The glasses from the SiO,-Na,0-B,0;3-K,0-
ZnO system were investigated. There were used
three types of borosilicate waste (D1, D2 and D3)
and copper oxide or nickel oxide recovered from
sludge obtained from electrochemical deposition
operations. Borosilicate glass cullets (having a
thermal expansion coefficient in the range of 3.3+5
x10°® °C'1), come from the pharmaceutical industry
(white glass ampoules D1 and brown glass
ampoules D3). Borosilicate glass waste D2, from
laboratory equipments industry [19], components
for the apparatus in the chemical industry and
equipments for temperature and density
measurement was used
There were obtained two series of glasses:
RB5 and R4 (with three type of borosilicate waste
D1, D2, D3 and copper oxide and nickel oxide,
respectively). The RB5 and R4 glasses were
obtained through the classical method of melting
(into an electric oven—Nabertherm- equiped with
superkanthal elements), at 1380 °C melting
temperature. After that, the temperature was
increased with 20 °C, up to 1400 °C for the refining
process, and it was maintained at this level for 2
hours. The melted glass cooling was conducted,
from 1380°C to 1250°C, in 4 hours, average
cooling rate being around 30°C/hour. The
annealing treatment was done at 450 °C, with a
maximum speed of cooling rate of 15 °C/h mixed.
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The oxide weight compositions (wt. %) for
RB5 and R4 glass samples are presented in Table
1 and Table 2.

Characterization of these three types of
borosilicate waste and sludge used (containing
CuO and NiO), as well as the program of melting
and annealing were presented in [20, 21]. Some
properties such as: the linear coefficient of thermal
expansion with the characteristic temperatures
from thermal expansion diagrams, optical
transmission in the visible and near infrared,
hydrolytic stability, wetting capacity and viscosity
were determined [20, 21].

For structural characterization of the RB5
and R4 glasses by FTIR and Raman
spectroscopy, have been used glass powders from
the two series of glasses, obtained by milling into
an agate mill. The resulting powder has the grains
size under 100 pm.

FTIR spectra were recorded with a Perkin
Elmer Spectrophotometer-Spectrum 100, provided
with UATR accessory (Universal Attenuated Total
Reflectance) in the range 400-4000 cm™. The
measurement error is £ 0.1% and the number of
scans 32.

Raman spectra were collected with a
LabRAM HR 800 UV-VIS-NIR Horiba Jobin-Yvon
spectrometer, at room temperature, acquired in the
100-2000 cm’” range. The samples were excited
by Ar’ laser excitation (A=514.5 nm) with a laser
power at the sample surface of 2.6 mW, without an
attenuation filter, focused on the surface sample
with a confocal microscope, using an objective
magnification x100, an exposure time of 2 s, an
accumulation time of 5 s, five cycles, 1 pm2 laser
spot size, 0.5 to 1 cm” resolution and 1800
grating/mm diffraction network.

Table 1

Oxide weight compositions of RB5 glasses (containing borosilicate waste and sludge with copper oxide)
Compozitiile oxidice (% grav.) ale seriei de sticle RB 5 (cu degeu de sticld borosilicatica respectiv
oxid de cupru provenit din ndmol)

Composition

CO(XLZOZ)I',ﬁe SiO; | CaO | BaO | Na,O | KO | Al,O3 | BO3 | ZnO | FexO3 | CuO | TiO: | ¥

(grav.%)

RB 5.1.0.0 61.48 - - 19.45 | 3.13 | 0.82 | 2.00 | 12.81 - 0.31 - 100
RB 5.1.1.15 61.15 | 0.10 | 0.02 | 19.57 | 3.18 | 0.93 | 1.99 | 12.75 - 0.31 - 100
RB 5.1.1.30 60.73 | 0.20 | 0.04 | 19.64 | 3.22 | 1.23 | 1.97 | 12.66 | 0.01 | 0.31 - 100
RB 5.1.1.43 64.78 | 0.26 | 0.05 | 17.53 | 2.89 | 1.24 | 1.76 | 11.20 | 0.01 | 0.27 - 100
RB5.1.2.15 61.30 | 0.02 | 0.01 | 19.54 | 3.14 | 0.92 | 1.99 | 12.78 - 0.31 - 100
RB 5.1.2.30 61.11 | 0.04 | 0.02 | 19.62 | 3.15 | 1.01 | 2.00 | 12.74 - 0.31 - 100
RB 5.1.3.15 60.99 | 0.07 | 0.08 | 19.46 | 3.17 | 1.03 | 1.99 | 12.71 | 0.04 | 0.31 | 0.14 | 100
RB 5.1.3.30 60.53 | 0.15 | 0.15 | 19.48 | 3.21 | 122 | 1.97 | 1262 | 0.08 | 0.30 | 0.28 | 100
RB 5.1.3.45 6451 | 0.19 | 020 | 17.33 | 289 | 126 | 1.74 | 11.13 | 0.11 | 0.27 | 0.37 | 100
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Table 2
Oxide weight compositions of R4 glasses (containing borosilicate waste and sludge with nickel oxide)
Compozitiile oxidice (% grav.) ale seriei de sticle R4 (cu degeu de sticld borosilicatica respectiv
oxid de nichel provenit din ndmol)
Composition
(wt.%) Si0, | CaO | BaO | Na,0 | K:0 | ALOs | B,Os | ZnO | Fes0s | TiOs | NiO | ¥
Compoziﬁe 2 2 2 23 2\V3 23 2
(grav.%)
R 4.1.0.0. 61.62 | 0.00 | 0.00 | 1949 | 3.13 | 0.83 | 2.01 | 12.84 | 0.00 | 000 | 0.083 | 100.00
R4.1.1.15 61.23 | 0.10 | 0.02 | 1959 | 3.18 | 1.03 | 1.99 | 12.77 | 0.00 - 0.08 | 100.00
R 4.1.1.30 60.87 | 0.20 | 0.04 | 1968 | 3.22 | 1.23 | 1.98 | 12.69 | 0.01 - 0.082 | 100.00
R4.1.2.15 63.42 | 0.02 | 0.01 | 20.22 | 0.02 | 095 | 2.06 | 13.22 - - 0.09 | 100.00
R 4.1.2.30 61.25 | 0.04 | 0.02 | 1967 | 3.15 | 1.01 | 2.00 | 12.77 - - 0.08 | 100.00
R 4.1.3.15 61.13 | 0.07 | 0.08 | 19.51 | 3.18 | 1.03 | 2.00 | 12.74 | 0.04 | 0.08 | 0.14 | 100.00
R 4.1.3.30 60.67 | 0.15 | 0.15 | 1953 | 3.22 | 123 | 197 | 1265 | 0.08 | 0.08 | 0.28 | 100.00
3. Results and discussions
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Fig.4 - IR absorption spectra for R4 glasses with borosilicate
0 T T T ‘ waste D1 / Spectrul de absorbtie IR al seriei de sticle
1500 1300 1100 900 700 R4 cu deseu D1 si oxid de nichel.
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Fig.2 - IR absorption spectra for RB5 glasses with borosilicate
waste D2 / Spectrul de absorbtie IR al seriei de sticle
RB 5 cu deseu D2 si oxid de cupru.

In the case of the investigated glasses
(table 3) the variation of Si and B concentration in
their composition is small.

313



314 L.D. Ursu, I.C. Vasiliu, I. Feraru, L. Boroica, B.A. Sava / FTIR and Raman structural studies of glasses with

0.25

_ 021 [—Ra1215 P

3 — —R41230

S,

2 0.15 |

(%)

[ —

©

201

@

o

< 0.05 1
0 T T T T T
1500 1300 1100 900 700

Wave number [cm-1]

Fig.5 - IR absorption spectra for R4 glasses with borosilicate
waste D2 / Spectrul de absorbtie IR al seriei de sticle
R4 cu deseu D2 si oxid de nichel.
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Fig.6 - IR absorption spectra for R4 glasses with borosilicate
waste D3 / Spectrul de absorbtie IR al seriei de sticle
R4 cu deseu D3 si oxid de nichel.

FTIR spectra do not show major differences. All the
spectra present two characteristic peaks at the
band around 773 cm” and 965 cm™. The bands
around 773 cm™, are assigned to B-O-B linkage

copper and nickel wastes

bending vibrations in the glass structure and to
isolated BO3> triangle groups. The bands around
965 cm™', are assigned to B-O bonds stretching
vibrations in [BO,] units from diborate groups
[22, 23, 27], [22, 23, 24] to stretching vibration of
B-O-Si linkage and to asymmetric stretching
vibrations of the Si-O-Si bonds [22, 23].
Variations of 5 cm™ (for absorption band centered
around 773 cm™) and 28 cm™ (for absorption band
centered around 965 cm'1) were due to small
variations of Si and B in the compositions of
glasses, with the formation of BO3>, [BO,] and B-
O-Si and Si-O-Si structures, respectively in local
concentrations slightly different and with changing
of polymerization degree of vitreous structure.

A deconvolution of the large absorption
band from around 960 cm™ (Figure 7) shows the
existence of three absorption bands the absorption
band which appeared at 1121 cm™ and the
shoulder at 925 cm™' are attributed to the
stretching modes of (BO4)'1 tetrahedral boron and
the stretching vibrations of the Si-O-Si bonds at
1005 cm™ | respectively [30]. [25]
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0.00

T T T T T
600 800 1000 1200 1400
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Fig. 7 - The deconvolution of the peak centered around
960 cm™ ' Descompunerea maximului de absorbtie
centrat n jurul valorii de 960 cm™.

Table 3
Assignment of IR absorbance spectra of RB5 and R4 glasses
Atribuirea spectrelor de absorbtie IR pentru sticlele RBS si R4
Sample em” Attribution em” Attribution
Proba Atribuire Atribuire
4.1.0.0 776 B-O-B linkages bending in borate 979 -B-O bonds stretching vibrations in [BO4]
4.1.1.15 776 network and isolated BO3> triangle 975 units from diborate groups [22]
4.1.1.30 775 groups [22,23] 959 -stretching vibration of
4.1.1.43 776 972 B-O-Si linkage [23]
4.1.2.15 771 951 - asymmetric stretching vibrations of the
41230 771 955 Si~O-Si bonds [23]
4.1.3.15 775 959
4.1.3.30 775 959
RB 5.1.0.0 776 967
RB 5.1.1.15 775 967
RB 5.1.1.30 775 963
RB 5.1.1.43 775 975
RB 5.1.2.15 775 963
RB 5.1.2.30 775 963
RB 5.1.3.15 775 963
RB 5.1.3.30 776 955
RB 5.1.3.45 776 975
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. 8 - Raman spectra for RB5 glasses / Spectrele Raman pentru sticlele din seria RB5.
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Fig. 9 - Raman spectra for R4 glasses / Spectrele Raman pentru sticlele din seria R4.

The variations of the absorption peak
centered around 960 cm” and showed in all
samples due to the variations of those 3 maximum
absorption attributed of stretching modes of
(BO4)'1 tetrahedral and stretching vibrations of the
Si-O-Si bonds are due to local compositional
variations.

Raman spectra recorded in teh range from
100-2000 cm™ for the series of RB5 and R4
glasses are given in figure 8 and figure 9. Analysis
of these spectra show a maximum for boron oxide
polymerized [BO4] located around 1080 cm™.
Boroxol type rings specific for pure boron oxide
(which appear in the structure of many glasses)
and the borate triangles [BO3]3', are put in evidence
at 700 cm' maximum. The peaks due to
poliborates  (tri-, tetra-pentaborates) appear
between 700 and 1300 cm”. The Raman
maximum at 1300 cm” is characteristic for
pyroborates. The specific peaks for Si-O vitreous

appear in all cases at the wave numbers between
400 and 900 cm™. Symmetric stretching vibrations
v1 for Si-O are put in evidence in all the cases in
the range of 810 - 848 cm”, and asymmetric
stretching vibrations Si-O v3 appear for Q2 type
species around 1080 cm”. For Q3 species the
maximum for symmetric stretching appears to
1100-1106 cm™. In all investigated cases are the
peaks due to Q2 and Q3 groupings, with minor
variations for compositional investigated changes.

4. Conclusions

There were obtained several glasses in
order to reuse the waste with a high content of
copper and nickel oxides, through their
introduction in the glassy borosilicate matrix,
obtained by reusing of borosilicate waste.

The structure of obtained glasses was
investigated by FTIR and Raman spectroscopy.
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The introduction of the waste did not bring
significant influences on the structure of vitreous
matrix. There were emphasized evidence several
types of borate structures, including BO;> groups
and many types of borates, confirmed by the two
methods of structural analysis.

Out of silicatice groups there were put in
evidence mainly Q2 and Q3 type.

FTIR absorption maxima and Raman shifts
showed insignificant changes with changing
composition of borosilicate waste and with the
introduction of a high content of cooper and nickel
oxide. The conclusion shows that the waste has
been incorporated into the basic vitreous matrix,
without significant structural changes of the matrix.

REFERENCES

1. L. Boroica, |. Boroica, E. Rotiu, M. Dinulescu, R. Medianu
and D. Hilsenberg, Glasses colored with industrial waste,
Romanian Journal of Materials, 2004, 1, 21.

2. Lucica Boroica, |I. Boroica, E. Rotiu, M. Dinulescu and D.
Hulsenberg, Ecological solution for polluted wastes
neutralization, Romanian Journal of Materials, 2003, 33 (1),
36.

3. R.D. Rawlings, A.R. Boccaccini and A. Francis, Development
of new materials from wastes by means of sintering or
vitrification and crystallisation, Materials Dept 2001 Annual
Report and 2001/2002 Supplement (edited by E. W.
Godwin).

4. R.l. Lazau, D. Becherescu, C. Pacurariu, R. lanos and G.
Kovacs, Using the wastes from leather industry as
chromium source for ceramic pigments, International
Symposium on Inorganic and Environmental Materials
ISIEM, Eindhoven, Netherland, 18-21 october 2004, 07.

5. R.I. Lazau, C. Pacurariu, D. Becherescu and R. lanos,
Ceramic pigments with chromium content from leather
wastes, Abstract book, IX Conference & Exhibition of the
European Ceramic Society, 19-23 june, 2005, Portoroz,
Slovenia, 224.

6. O. Yilmaz, |. C. Kantarli, M. Yuksel, M. Saglam and J. Yanik,
Conversion of leather wastes to wuseful products,
Resources, Conservation and Recycling, 2007, 49 (4), 436.

7. Diana Q.L. Oliveira, M. Gongalves, Luiz C.A. Oliveira and
Luiz R.G. Guilherme, Removal of As(V) and Cr(VI) from
aqueous solutions using solid waste from leather industry,
Journal of Hazardous Materials , 2008, 151 (1), 280.

8. L.S. Simeonova, P.G. Dalev, Utilization of a leather industry
waste, Waste Management, 1996, 16 (8), 765.

9. M. Leister, D. Ehrt, Redox state of chromium in different
silicate melts at high temperatures, in Proceedings “Glass in
the New Millenium”, on the 5th ESG Conference,
Amsterdam, 15 — 17 May 2000.

10. M. Nicolescu, L. Boroica, I. Boroica and L.D. Ursu, Mosaic
and granite type products from glass cullets and other
industial wasters, International Ceramic Journal, 2001, p. 71

copper and nickel wastes

11. L.D. Ursu, A. Diaconu, B.A. Sava, L. Boroica, |. Mitiu, E.
Rosu, D. Radu, M. Dinulescu and M. Eftimie, A study of the
industrial waste incorporating in glass, Advanced Materials
Research, 2008, 39-40, 675.

12. B.A. Sava, A. Diaconu, L.D. Ursu, L. Boroica, M. Elisa, C.
Grigorescu, C. Vasiliu, I. Stamatin, F. Nastase, C.Nastase
and A.Dumitru, Ecological silicate glasses, Advanced
Materials Research, 2008, 39-40, 667.

13. Richard L. Lehman, Method of recycling batches of mixed
color cullet into amber, green, or flint glass with selected
properties, U.S. Pat. No. 6230521, May 2001.

14. S. Ghosh, K.S. Pal, N. Dandapat, J. Ghosh and S. Datta,
Glass-ceramic glazes for future generation floor tiles,
Journal of the European Ceramic Society, 2013, 33, 935.

15. W.Y. Zhang, H. Gaoa and Y. Xub, Sintering and reactive
crystal growth of diopside—albite glass—ceramics from
waste glass, Journal of the European Ceramic Society,
2011, 31, 1669.

16. J.J. Reinosa, A.C. Silva, F. Rubio-Marcos, S.R.H. Mello-
Castanho, J.S. Moya and J.F. Fernandez, High chemical
stability of stoneware tiles containing waste metals, Journal
of the European Ceramic Society, 2010, 30, 2997.

17. E. Bernardo, L. Esposito, E. Rambaldi, A. Tucci, Y.
Pontikes, G.N. Angelopoulos, Sintered esseneite—
wollastonite—plagioclase glass—ceramics from vitrified
waste, Journal of the European Ceramic Society, 2009, 29,
2921.

18. L. Boroica, D. Radu and R. Medianu, FTIR spectra of
glasses from BaO-B,0;-TiO, system, Journal of
optoelectronics and advanced materials, 2008, 10 (12),
3217.

19. A. Diaconu, B.A. Sava, L.D. Ursu, D. Paraschivescu, C.
Radulescu, D. Radu, O. Dumitrescu, V. Dima, M. Eftimie, I.
Matiu, E. Rosu, C. Necula and G. Stefanescu, Quality and
quantity evaluation for borosilicate glasses waste,
generated by factories, all over the country, The 5"
International Conference ,, New research Trends in material
science” ARM-5, Sibiu, Romania, September 2007.

20. L.D. Ursu, A. Diaconu, B. A. Sava and A. Volceanov,
Glasses obtaining from borosilcate cullet and copper
containing sludge, UPB Scientific Bulletin, 2011, 2, 3.

21. O. Dumitrescu, V. Dima, M. Eftimie, D. Radu, A. Diaconu,
L. D. Ursu, Glasses obtained by vitreous waste and sludge
with nickel, Romanian Journal of Materials, 2009, 3, 134.

22. L. Balachandera, G. Ramadevudub, Md. Shareefuddina, R.
Sayannac and Y.C. Venudharc, IR analysis of borate
glasses containing three alkali oxides, ScienceAsia, 2013,
39, 278.

23. C. Gautam, A. K. Yadav and A. K. Singh, A review on
infrared spectroscopy of borate glasses with effects of
different additives, ISRN Ceramics, 2012, Article
ID 428497

24. K. El-Egili, Infrared studies of Na,0-B,03-SiO, and Al,Os-
Na,0-B,03-SiO; glasses, Physica B, 2003, 325, 340.

25. S.Y. Marzouk, R. Seoudi and M.S. Mabroukf, Linear and
non-linear optics and FTIR characteristics of borosilicate
glasses doped with gadolinium ions, Optical Materials,
2013, 35 (12), 2077.





<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


