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Abstract: In this work, simple methods for the preparation of highly efficient 
heterogeneous nanocatalysts for the low-temperature oxidation of CO are des-
cribed. The main advantages of the reaction are high yields. The catalysts 
based on oxides of copper and manganese supported on alumina monoliths 
were prepared by different methods: plasma corona discharge and wet impreg-
nation. Structure and physical properties of catalysts were characterized by FT- 
-IR, XRD, TEM, EDX and TG/DTA. The results showed that the use of a 
plasma corona discharge at atmospheric pressure for the preparation of the 
catalysts resulted in smaller particle size and uniform dispersion when com-
pared with the catalysts prepared by wet impregnation methods. The catalytic 
activities of these catalysts were investigated for complete oxidation of carbon 
monoxide (3000 ppm) to carbon dioxide in the air at atmospheric pressure. On 
a single oxide catalyst, 10CuO/monolith was better than 10MnO2/monolith 
under the same experimental conditions. With multi-oxide catalysts, all catalyst 
samples are more active than a single-oxide catalyst with the same impregnated 
content. In particular, the catalyst prepared by plasma corona discharge indi-
cates the best oxidation capacity of carbon monoxide. 

Keywords: oxidation of carbon monoxide; single-oxide catalysts; multi-oxide 
catalysts; corona discharge; alumina monolith; wet-impregnation. 

INTRODUCTION 
Carbon monoxide (CO) is a common contaminant of indoor and outdoor 

environments. Along with volatile organic compounds (VOCs) and nitrogen 
oxides (NOx), CO is one of the main causes of air pollution and affects human 
health.1,2 Therefore, it is especially important to find a solution to CO removal 
from the air. At present, an effective solution for CO removal is to use a catalytic 
oxidation technique. In this method, the catalyst plays a key role in the treatment 
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efficiency as well as a change in the temperature of the oxidation reaction. Cat-
alysts based on noble metals (Pd, Pt, Rh) exhibit a high activity for CO oxid-
ation.3–5 However, the steady increase of noble metal prices, their tendency to 
sinter and deactivation by carbon formation pushes the development of alter-
native catalytic technologies and catalytic materials. Recently, studies have 
turned to catalysts based on transition metals (Cu, Mn, Co, Fe,...). Many studies 
have shown that catalysts based on Cu, Co and Mn are very efficient for CO 
oxidation at low temperatures.6  

A multi-oxide catalyst on a transition metal base has recently been studied 
and found to be effective for the treatment of VOC and CO emissions.7 In these 
studies, oxidation is affected by the interaction between the active phases of tran-
sition metals due to the formation of strange phases during the preparation pro-
cess. Morales8 studied the effect of the copper content in manganese on complete 
oxidation of ethanol and propane, showing that the addition of a small amount of 
copper helped prevent manganese oxide from entering the crystal structure, inc-
reases the formation of voids and the presence of Cu1.5Mn1.5O4 phase and inc-
reases their reduction ability, thus achieving better catalytic performance in 
ethanol combustion.  

Many factors influence the properties of the catalyst, of which one of the 
most important is the catalyst preparation method. With this in mind, various 
methods, such as wet-impregnation (WI),9 deposition-precipitation (DP)10 and 
atmospheric plasma discharge, have been investigated.11–13 Recently, one of the 
current catalytic preparation methods of interest has been corona plasma dis-
charge at atmospheric pressure. Many reports show that the use of a plasma helps 
affect a significant rise in catalytic activity and a small particle size-dispersion is 
achieved compared to the other conventional methods.  

This work was aimed at examining the influence of different preparation 
methods on the catalyst performance based on alumina monoliths impregnated 
with oxides of copper and manganese. Furthermore, the catalytic activities of 
these catalysts were investigated for complete oxidation of carbon monoxide in 
the air at atmospheric pressure. 

EXPERIMENTAL 
Chemicals 

Cu(NO3)2⋅3H2O (>99.5 %, Sigma Aldrich), Mn (NO3)2 (99 %, Sigma Aldrich), and alu-
mina monoliths with a cell density of 62 cells cm-2 – Nanxiang-Jiangxi, China. All the chem-
icals were used without further purification. 
Catalysts preparation  

The catalysts with 10 wt. % metal loading (5 wt. % Cu and 5 wt. % Mn) were prepared 
by different methods: wet-impregnation (WI) and non-thermal plasma (NTP).  

WI method. The alumina monoliths was the first impregnated with a solution of 
Cu(NO3)2 3H2O and/or Mn (NO3)2. After evaporating under vacuum at 353 K, the sample 
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was dried at 383 K for 12 h and heated at 773 K for 5 h in air with a heating rate of 276 K 
min-1. These samples were denoted as 10CuO/Monolith, 10MnO2/Monolith and 5CuO– 
–5MnO2/Monolith, respectively. 

NTP method. The non-thermal plasma technique used for this preparation was corona 
discharge as Fig. 1. This process is similar to the WI method. However, after evaporating 
under vacuum at 353 K, the sample was dried at 383 K for 12 h. The precursor was placed in 
the corona plasma discharge region using a cylindrical quartz tube located and centered on the 
holder base plate, which consisted of a continuous flow air supplying the system. The corona 
plasma discharge reactor was powered by a homemade high voltage direct current generator: 
18 kV and 1.5 kHz. The sample was denoted as 5CuO–5MnO2/Monolith (Plasma). 

 

Fig. 1. The schematic diagram of the corona plasma dis-
charge system; 1 – feed-gas system; 2 – needle electrodes; 
3 – quartz tube; 4 – corona plasma discharge region; 5 – 
catalyst samples; 6 – plate electrode; 7 – air outlet (gas-
outlet). 

Catalyst characterization  
Physicochemical characterization of the prepared catalyst was performed by different 

modern techniques such as Fourier transform infrared (FT-IR), X-ray diffraction (XRD), 
transmission electron microscopy (TEM), energy-dispersive X-ray (EDX) and thermogra-
vimetric and differential thermal analysis (TG/DTA). In particular, the FT-IR spectra were 
measured at spectral resolution 4 cm-1 between 4000–400 cm-1 range using a Perkin Elmer 
Frontier 1600 series spectroscope. XRD patterns of the catalyst materials were recorded with 
D8 Advance-Bruker D5005 diffractometer using monochromatic high-intensity CuKα radi-
ation (λ = 0.15418 nm) at the scanning rate of 0.03° s-1 in the scanning range from 20 to 80°. 
TEM images were taken with a JEOL JEM-1010 (Japan) at an acceleration voltage of 200 kV. 
The EDX analysis with 20 kV accelerated voltage was realized with EDX-8000. Finally, the 
simultaneous thermal analysis (TG/DTA) of the after dried samples was performed in a Q500 
TA-Instruments apparatus under atmospheric pressure at a heating rate of 283 K min-1, from 
303 to 1073 K under a dynamic (50 mL/min) nitrogen atmosphere. 
Catalytic performance  

Catalytic properties of the studied samples for CO total oxidation in air were tested under 
the following conditions: The total flow was 450 mL min-1 at a volume rate (GVSH) of 5000 
h-1. The initial concentration of CO was fixed at 3000 ppm. The CO concentration in the 
reaction was analyzed in situ by Testo 320 LX (0563 6032 72 (Germany) and then re-analyzed 
by GC Clarus device (USA), a column packed with ZV-95, length 3 m, diameter 5.8 mm.  
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RESULTS AND DISCUSSION 
X-Ray diffraction diagram (XRD) 

The X-ray diffraction (XRD) patterns of the catalysts are shown in Fig. 2. 

 
Fig. 2. The X-ray diffraction (XRD) patterns of the catalysts. 

As indicated in Fig. 2, the main components of the alumina monolith sub-
strate were α-Al2O3, β-Al2O3, γ-Al2O3 and SiO2 with specific diffraction signals 
at 2θ  25.9, 33.6 and 36.1°. On the single-oxide catalysts, the copper-based cat-
alysts have typical diffraction signals of the CuO phase (2θ 35.7 and 38.8°, 
JCPDS 80-1268). On the manganese-based catalyst, the characteristic diffraction 
signals are those of the MnO2 phase (2θ 41.1, 44.7 and 57.7°, JCPDS 44-0141). 
On multi-oxide catalysts, besides the diffraction signals of CuO and MnO2 
phases, on the X-ray diffraction diagram also appear a diffraction signal of weak 
intensity of the CuMnOx phase (2θ = 37.2°). These results are similar to those of 
Dey.14 Compared with the catalysts prepared by the wet-impregnation method, in 
the diffraction pattern of 5CuO–5MnO2/Monolith-corona (Plasma) appeared nar-
row high intensity peaks of CuO and MnO2. This difference could be explained 
by the interaction of the reactive species produced by plasma discharges, such as 
O•, N•, NO•, OH•, O3 and H2O2, with the catalyst sample in the preparation pro-
cess led to changes in the phase structure properties. 
Fourier transform infrared spectrum (FT-IR) 

The FT-IR spectra of the samples are shown in Fig. 3. 

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



 CATALYTIC OXIDATION OF CARBON MONOXIDE 619 

 
Fig. 3. FT-IR spectra of the catalysts. 

According to the results in Fig. 3, the absorption peaks due to Cu–O bonds 
in the CuO phase structure are found in the region 420 to 500 cm–1 for 10CuO/  
/Monolith catalyst. This result is similar to the studies by Dubal et al.15 This 
shows that the CuO phase was successfully impregnated on alumina monolith. In 
the spectra of the 10MnO2/Monolith catalyst, characteristic vibrations of Mn–O 
bonds are found at 535 and 690 cm–1 for the MnO2 phase. This result is also in 
agreement with the studies of Aghazadeh.16 In multi-oxide catalysts case, all cat-
alysts also indicated typical vibrations of CuO and MnO2 phases impregnated on 
alumina monolith. 
Transmission electron microscopy (TEM) 

Typical TEM results for the catalysts are shown in Fig. 4. 
According to the TEM images, both catalysts possessed spherical mor-

phology (<50 nm). Fig. 4a and b show the presence of CuO and MnO2 phases 
impregnated on the alumina monolith for both single-oxide catalysts with particle 
sizes ranging from 30–50 nm. In addition, the results also show a fairly even dis-
persion of these active phases on the supports. On a multi-oxide catalyst (Fig. 
4c), the size of the active phase and the dispersion are similar to the single-oxide 
catalyst. However, with multi-oxide catalysts prepared by plasma discharge tech-
nique indicate a different surface morphology. High dispersion and small active 
particle size (10–20 nm) were found for this catalyst (Fig. 4d). This suggests that 
the use of plasma discharges during the preparation process drastically changed 
the catalytic properties leading to increased catalytic oxidation.  
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Fig. 4. TEM images of 10CuO/Monolith (a), 10MnO2/monolith (b), 5CuO–5MnO2/Monolith 

(c) and 5CuO–5MnO2/Monolith (Plasma) (d). 

Besides, to test the impregnation of Cu and Mn metals onto monolith, EDX 
analysis method used to determine metal content in the monolith (Fig. 5 and 
Table I). The results indicated the presence of elemental Cu and Mn in the 
5CuO–5MnO2/Monolith (Plasma). It could be concluded that the impregnation 
of the active phase on support by the non-thermal plasma technique was suc-
cessful. 
Thermogravimetric and differential thermal analysis (TG/DTA)  

The TG/DTA analysis of the samples showed a major mass loss of about 11 % 
in the range of 303 to 1073 K, which was due to the elimination of the majority 
of the nitrate compounds (Fig b). The first mass loss step in the TGA plot occur-
red between 273–393 K, corresponding to the weak endothermic peak in the 
DTA curve at 343 K, which was caused by dehydration. In the last mass loss 
step, a drastic weight loss at 473–573 K resulted from the combustion of nitrate 
compounds and NOx formation via the decomposition of nitrate compounds as 
suggested by the exothermic peak around 508 and 528 K in the DTA curve. No 
further mass loss occurred above 573 K, indicating completion of combustion 
and the formation of the expected oxide CuO–MnO2 phase. 
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Fig. 5. EDX analysis of the 5CuO–5MnO2/Monolith (Plasma) catalyst. 

TABLE I. Elemental composition analysis of 5CuO–5MnO2/Monolith (Plasma) catalyst 
Element Amount, wt. % Amount, at. % 
O 48.34 62.28 
Al 32.75 26.98 
Si 4.98 5.70 
P 0.59 0.39 
Mn 6.29 2.36 
Cu 7.05 2.29 
Total 100.00 – 

 
Fig. 6. TG/DTA analysis of the catalysts.  
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Catalytic activity for complete oxidation of CO 
The complete oxidation of CO to CO2 was performed over various catalysts 

according to temperature. The conversion of CO according to temperature 
over the catalysts is shown in Fig. 7.  

 
Fig. 7. CO conversion over the different catalysts according to temperature.  

The results indicated that complete oxidation of CO (>98 % conver-
sion) was achieved at temperatures above 503 K for both multi-oxide cat-
alysts. Whereas, the conversion was only 90 % for single oxide 10CuO/  
/Monolith catalyst and 56 % conversion for 10MnO2/Monolith catalyst.  

A comparison of the activity of the catalysts in different temperature 
ranges is also presented in Table II. 

TABLE II. Conversion of CO (%) at different temperatures and over different catalysts 

Catalyst Temperature, K 
373 423 573 

10CuO/Monolith 6.3 19.2 99.0 
10MnO2/Monolith 6.4 14.5 95.0 
5CuO–5MnO2/Monolith 12.1 44.1 98.7 
5CuO–5MnO2/Monolith (Plasma) 21.2 69.3 98.8 

At 373 K, the difference in CO treatment efficiency of the four catalysts is 
negligible. As the temperature increased, the catalyst conversion rates began to 
diverge. At 423 K, the 5CuO–5MnO2/Monolith (Plasma) catalyst yielded 1.6 
times higher conversion than the 5CuO–5MnO2/Monolith catalyst, 3.6 times 
higher than 10CuO/Monolith and 4.8 higher than 10MnO2/Monolith. When the 
reaction temperature reached 573 K, total oxidation of CO was obtained for all 
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catalysts. These results could be explained by the 5CuO–5MnO2/Monolith 
(Plasma) catalyst treated by the plasma discharge caused CuO–MnO2 particles to 
disperse highly and evenly on the surface of the alumina monolith as nanopar-
ticles. This would increase the interaction with CO in the reaction. Besides, the 
increase in activity is also due to the appearance of a new active phase CuMnOx 
from the interaction between the oxides of copper and manganese. 

The catalytic activity for CO oxidation is shown in the following order: 
5CuO–5MnO2/Monolith (Plasma) catalyst > 5CuO–5MnO2/Monolith catalyst > 
10CuO/Monolith > 10MnO2/Monolith. 

In general, the intervention of plasma discharge during the preparation pro-
cess changed the catalytic properties leading to high treatment efficiency for CO 
removal. In summary, the 5CuO–5MnO2/Monolith (Plasma) catalyst shows an 
efficient oxidation of CO at lower temperatures than the other studied cases. 

CONCLUSIONS 

First, single-oxide and multi-oxide catalysts based on copper and manga-
nese-impregnated on alumina monolith were successfully prepared by two differ-
ent methods. The results indicate that the differences in the preparation methods 
play an important role in the determination of the physicochemical properties as 
well as the oxidative activities of the catalysts. Secondly, on a single oxide cat-
alyst, the 10CuO/Monolith sample was better than a 10MnO2/Monolith sample. 
With multi-oxide catalysts, all catalyst samples are more active than single-oxide 
catalysts at the same impregnated content. Finally, the catalyst prepared by the 
plasma discharge method showed the best oxidation of CO capacity when com-
pared with the catalysts prepared by the wet-impregnation method under the 
same experimental conditions.  
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И З В О Д  

ОКСИДАЦИЈА УГЉЕН-МОНОКСИДА НА МОНОЛИТИМА ГЛИНИЦЕ 
ИМПРЕГНИСАНИМ ОКСИДИМА БАКРА И МАНГАНА 

THIEN HUU PHAM1, VIET BANG BUI1 и HA AN QUOC THAN1,2 

1
Institute of Applied Materials Science, Vietnam Academy of Science and Technology, No 1A TL 29, Thanh Loc 

Ward, District 12, Ho Chi Minh 700000, Vietnam и 
2
Graduate University of Science and Technology, 

Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Cau Giay, Ha Noi 10072, Vietnam 

У овом раду описани су припрема и перформансе катализатора, користећи једно-
ставну методу и високо ефикасан хетерогени нанокатализатор. Главна предност реак-
ције су високи приноси оксидације CO на ниској температури. Катализатори на бази 
оксида бакра и мангана на монолитноj глиници као носачу припремљени су различитим 
методама: корона пражњењем у плазми и мокром импрегнацијом. Структура и физичка 
својства катализатора окарактерсани су FT-IR, XRD, TEM, EDX и TG/DTA методама. 
Резултати су показали да коришћење коронa пражњења у плазми, при атмосферском 
притиску, у процесу припреме катализатора даје мању величину честица и равномер-
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нију дисперзију у поређењу са катализаторима припремљеним методама влажне имп-
регнације. Каталитичке активности ових катализатора су испитане за потпуну оксида-
цију угљен-моноксида (3000 ppm) у угљен-диоксид у ваздуху, при атмосферском при-
тиску. При поређењу појединачних оксидних катализатора, 10CuO/монолит је био ефи-
каснији од 10MnO2/монолита у при истим експерименталним условима. Код мултиок-
сидних катализатора, сви узорци катализатора су активнији од монооксидног катали-
затора у истом импрегнираном садржају. Конкретно, катализатор припремљен корона 
пражњењем у плазми показује најбољи оксидациони капацитет угљен-моноксида (CO). 

(Примљено 9. маја 2020, ревидирано 10. јануара, прихваћено 15. јануара 2021) 

REFERENCES  
1. H. Kinoshita, H. Türkan, S. Vucinic, S. Naqvi, R.Bedair, R. Rezaee, A. Tsatsakis, Toxicol. 

Rep. 7 (2020) 169 (https://doi.org/10.1016/j.toxrep.2020.01.005)  
2. R. J. Levy, Neurotoxicol. Teratol. 49 (2015) 31 (https://doi.org/10.1016/j.ntt.2015.03.001)  
3. J. Xu, T. White, P. Li, C. He, J. Yu, W. Yuan. Y.-F. Han, J. Am. Chem. Soc. 132 (2010) 

10398 (https://doi.org/10.1021/ja102617r)  
4. A. S. Ivanova, E. M. Slavinskaya, R. V. Gulyaev, V. I. Zaikovskii, О. А. Stonkus, I. G. 

Danilova. L. M. Plyasova, I. A. Polukhin, A. I. Boronin, Appl. Catal. B: Environ. 97 
(2010) 57 (https://doi.org/10.1016/j.apcatb.2010.03.024)  

5. H. Huang, D. Y. C. Leung, D. Ye, J. Mater. Chem. 21 (2011) 9647 
(https://doi.org/10.1039/C1JM10413F)  

6. Y. Lang, J. Zhang, Z. Feng, X. Liu, Y. Zhu, T. Zeng, Y. Zhao, R. Chen, B. Shan, Catal. 
Sci. Technol. 8 (2018) 5490 (https://doi.org/10.1039/C8CY01263F) 

7. D. A. Aguilera, A. Perez, R. Molina, S. Moreno, Appl. Catal., B 104 (2011) 144 
(https://doi.org/10.1016/j.apcatb.2011.02.019)  

8. M. R. Morales, B. P. Barbero, L. E. Cadús, Fuel 87 (2008) 1177 
(https://doi.org/10.1016/j.fuel.2007.07.015)  

9. P. W. Park, J. S. Ledford, Appl. Catal., B 15 (1998) 221 (https://doi.org/10.1016/S0926-
3373(98)80008-8)  

10. K. Y. Koo, U. H. Jung, W. L. Yoon, Int. J. Hydrogen Energy 39 (2014) 5696 
(https://doi.org/10.1016/j.ijhydene.2014.01.128)  

11. Z.-H. Li, S.-H. Tian, H.-T. Wan, H.-B. Tian, J. Mol. Catal., A 211 (2004) 149 
(https://doi.org/10.1016/j.molcata.2003.10.003)  

12. W. Hua, L. Jin, X. He, J. Liu, H. Hu, Catal. Commun. 11 (2010) 968 
(https://doi.org/10.1016/j.catcom.2010.04.007)  

13. M. H. Chen, W. Chu, X. Y. Dai, X. W. Zhang, Catal. Today 89 (2004) 201 
(https://doi.org/10.1016/j.cattod.2003.11.027)  

14. S. Dey, G. C. Dhal, D. Mohan, R. Prasad, Bull. Chem. React. Eng. Catal. 12 (2017) 437 
(https://doi.org/10.9767/bcrec.12.3.900.437-451)  

15. D. P. Dubal, G. S. Gund, C. D. Lokhande, R. Holze, Mat. Res. Bull. 48 (2013) 923 
(https://doi.org/10.1016/j.materresbull.2012.11.081)  

16. M. Aghazadeh, M. Asadi, M. G. Maragheh, M. R. Ganjali, P. Norouzi, F. Faridbod, App. 
Surf. Sci. 364 (2016) 726 (https://doi.org/10.1016/j.apsusc.2015.12.227).  

________________________________________________________________________________________________________________________

(CC) 2021 SCS.

Available on line at www.shd.org.rs/JSCS/



<<
  /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




