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Abstract

Cadmium leaching experiments from hazardous waste containing 16.5 wt% CdO were conducted using H,SO,. Dominant
experimental and process parameters were determined by factorial design. Six controlling factors were considered, i.e. solid-
liquid ratio, acid concentration, reaction time, particle size, stirring speed and temperature. Analysis of variance (ANOVA) was
used to identify main effects and their interactions. An empirical model, based upon experimental results, was developed to
optimize the cadmium extraction by the process. The optimisation study showed that leaching time, solid-liquid ratio and acid
concentration were the main factors affecting cadmium extraction. It was found that 91% of cadmium could be extracted under
the optimum conditions. Verification experiments showed that the predicted values were in good agreement with the

experimental values.
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1. Introduction

Cadmium is a toxic heavy metal which is
found as a minor constituent of most zinc ores.
Cadmium is usually produced and recovered from
both primarily and secondary resources such as base
metals concentrates, spent Ni—Cd batteries, electrical
arc furnace dust, cadmium containing alloys, solar
cells, fluorescent materials (Butterman and Plachy,
2002; Freitas and Rosalém, 2005; Habashi, 1997;
Safarzadeh et al., 2007; Zazouli et al., 2014).
Cadmium extraction from various resources has been
reviewed in the literature Safarzadeh et al. (2007).

Although cadmium is a toxic metal, it has
wide applications in various industries such as
pigments, plating, plastic stabilizing, electronics, and
ceramics industries. Cadmium applications are
increasing in some industries like nickel-cadmium
batteries and cadmium telluride solar panels while
other cadmium related industries are decreasing their

consumptions (Butterman and Plachy, 2002; Kirk-
Othmer, 2007; Safarzadeh et al., 2007).

The presences of cadmium ions in wastes
have advers effects on human and aquatic lives.
Cadmium recycling from wastes can decrease its
unfavorable environmental impacts. Zinc plant
residue is considered a hazardous waste which is
produced in hydrometallurgical zinc production and
the content of zinc, cadmium and nickel is very high
in this waste. The disposal of this waste causes both
environmental pollution and of resources loss. In
addition, cadmium compounds are highly toxic and
carcinogenic in nature (Altundogan et al., 1998;
Bulgariu et al.,, 2013; Safarzadeh et al.,, 2008;
Safarzadeh et al., 2009; Turan et al., 2004). Several
studies have been performed on extraction of
cadmium from zinc plant residue (Gouvea and
Morais, 2007; Safarzadeh et al., 2008; Safarzadeh et
al.,, 2009; Shahsavari., 2001). Gouvea and Morais
(2007) extracted zinc and cadmium from a waste
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using leaching and cementation. Safarzadeh et al.
(2009) studied cadmium extraction and its leaching
kinetics from zinc plant residue. Shahsavari (2003)
used this waste for cadmium extraction. Gharabaghi
and co-workers investigated kinetics of cadmium
extraction from zinc plant residue (Gharabaghi et al.,
2011; Gharabaghi et al., 2012).

By using this waste as cadmium secondary
resource, it is possible to decrease its environmental
impact and produce marketable concentrates. The
information about recovery of cadmium from this
waste is scarce (Gharabaghi et al., 2011; Gouvea and
Morais, 2007; Safarzadeh et al., 2009; Shahsavari.,
2001). Although previous studies have dealt with the
cadmium extraction, the present study presents an in-
depth analysis of the process by planning
experiments using statistical design expert software.

Optimization of main variables in leaching of
zinc plant residue is of special importance. In the
classical experimental design, a lot of tests must be
done for process optimization. Process optimization
by statistical method is a simple and systematic
method for improving a performance, quality and
cost of products. Statistics design of experiments can
cover a larger area of experimental statistics and
obtain unambiguous results at the minimum expense
(Lee et al., 2006; Myers et al., 2009). The 2* factorial
design is a standard technique and widely used for
studying a random response to a set of & possible
factors (Lee et al., 2006; Myers et al., 2009). With
the factorial design methodology major interaction
effects and low-order interactions may be estimated
(Box et al., 1978; Montgomery, 2008)

In this study, the most significant factors
affecting cadmium extraction from zinc plant residue
were studied. Process parameters which maximize
cadmium extraction were identified by statistical
design of experiment. Parametric optimization and
modelling of cadmium extraction were also
investigated.

Two-level factorial design was used to
determine the optimum process conditions. For this
purpose, the simultaneous effects of six control
factors including of time, acid concentration,
temperature, S/L ratio, stirring speed and particle size
for cadmium leaching were optimized using factorial

design. In addition, the adequacy of the model was
evaluated by analysis of variance.

2. Experimental

The zinc plant residue sample was from
Calcimin zinc plant in Zanjan, Iran. The sample has
high concentrations of cadmium and zinc (Table 1).
According to XRD analysis, zinc-bearing minerals
were the major components in the sample. The
sample also contains cadmium, nickel and lead
components. Sulfuric acid (Merck, Germany) and
distilled water were used in the dissolution tests
experiments. Leaching tests were perfoormed in a
500 mL reactor equipped with a stirrer motor and
reflux condenser to prevent losses by evaporation.
Cadmium concentrations in  solutions were
determined by Atomic Absorption
Spectrophotometer [AAS 300] of Unicom.

Leaching experiments were performed using a
fractional factorial design (2°') and the Design
Expert 8 (DX8) statistical software was used. For
increasing process accuracy 8 centre points were
considered in this study. Factorial design can be
applied to identify important factors from those,
which are not, and identifying any possible
interactions between them (Ozgiiney et al., 2007;
Paterakis et al., 2002). Six factors were investigated,
and their levels are shown in Table 2. Statistically
design was carried out to determine which of these
variables, and their interactions presented more
significant effects.

Analysis of variance (ANOVA) was used to
identify the significance of the process factors and
their interactions on the cadmium extraction.
ANOVA provides statistical results and diagnostic
checking tests which enable researchers to evaluate
adequacy of the models (Bose, 2009; Box et al.,
1978; Ghafari et al., 2009; Montgomery, 2008).

ANOVA is based on the partitioning of the
total variability of data (SSt) into its components
parts related to the principal effects of each factor
(SSa, SSg, ...), to their interactions (SSap, SSgc, ...,
SSagc, -..) and to the experimental error (SSgrr) (Eq.
1) (Bose, 2009; Montgomery, 2008; Pagnanelli et al.,
2004).

Table 1. The chemical analysis of the sample

Component ZnO CdO NiO CuO PbO

S04 CaO Fe,0; MgO Al O, Lor"

Amount %) 38.92 16.56 4.21 1.99

12.10 2.61 0.44 0.20 0.34 20.54

Loss on ignition (LOI) is the sample weight reduction after being ignited.

Table 2. Control factors and their levels in leaching experiments

. Levels
Control factor Unit Tow level High level
Reaction time min. 10 40
Reaction temperature °C 25 75
Acid concentration % 5 10
Particle size um <75 <250
Solid/liquid g/L 50 200
Stirring speed rpm 300 600
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SSp =D 1 (x,—X) =85, +8S,+..+
SS 5 +8Spc +. o+ 8S o oo+ SS e
(1)

In Eq. (1), i refers to the different
experimental conditions examined in the design, #»; is
the number of tests in each design, x; are the
dependent variables observed during the leaching

tests (i.e., cadmium extraction ), ¥ is the average of
X;, the capital letters indicate the investigated factor,
and SS; is the generic sum of squares. The
experimental error contribution (SSgrr) Wwas
evaluated by the replicates of the central point of
each factorial design (Eq. 2) (Bose, 2009;
Montgomery, 2008; Pagnanelli et al., 2004).

SS err = Z ;l':l(xj -X)’ ?)

where x; are the values of the investigated variables
(cadmium extraction) in the replicates obtained under
the conditions chosen for the central point, »; is the

number of replicates and X s the average of x;. The
sum of squares and the F test used to estimate the
effect of the factors.

3. Results and discussion

3.1. Results analysis and effects of variables on
cadmium extraction

Leaching experiments were carried out
randomly to avoid systematic errors. Table 3 shows
the experimental plan and results of cadmium
extraction. ANOVA was used to analyses of the
results of experiments and to study the effects of
individual process variables as well as their
combined interactive effects on cadmium extraction.
The ANOVA results in Table 4 showed that the
effects of solid liquid ratio, acid concentration and
reaction time and their interaction were statistically
significant whilst all other variables and interactions
were statistically insignificant compared to
significant factors.

Fig. 1 (a, b) shows the predicted cadmium
extraction values against the actual values and
normal plot of residual for cadmium extraction. As it
can be seen in Fig. la, the residuals have a normal
distribution because the points follow a straight line.
Fig. 1b shows that the predicted values match the
experimental values reasonably well and therefore,
the results can be predicted by statistical model.

The effects of the parameters on the cadmium
extraction under investigated conditions showed that
the temperature, stirring speed and particle size had
no significant effects on cadmium extraction.
Cadmium extraction decreased significantly by
increasing solid-liquid ratio. Based on Table 4, it

may be concluded that the solid-liquid ratio was the
most important variable in cadmium dissolution rate.

Acid concentration had positive effects on
cadmium extraction, and its effect was maximum
during the early stages of leaching and diminished
during the process though it was the second
significant factors at each time. Reaction time
positively influenced cadmium leaching rate, but its
effect was not as high as solid-liquid ratio or acid
concentration. Cadmium extraction increased slightly
by increasing temperature and stirring speed and
decreasing particle size.

The interactions of important factors on the
cadmium extraction are shown in Fig. 2. The effects
of reaction time and solid-liquid ratio on cadmium
extraction at the center level other variables are
shown in Fig. 2a and 2b. It is obvious that the
cadmium extraction depended more on the solid-
liquid ratio rather than on leaching time. A maximum
cadmium extraction was obtained with the minimum
level of solid liquid ratio at the maximum reaction
time. The effects of solid-liquid ratio and acid
concentration are shown in Fig. 2c¢ and 2d. The form
of these plots is similar to the Fig. 2a and 2b,
however the cadmium extraction in these conditions
was lower. Fig. 2e and 2f show effects of leaching
time and acid concentration on the results. Both
factors had significant effects on cadmium leaching
rate and higher extractions were obtained at the
higher acid concentration levels. As described before,
the response function representing cadmium
extraction can be expressed as a function of operating
parameters. The relationship between response and
operating parameters was obtained (Eq. 3).

Extraction = +78.86+ 0.46 x Reaction Time + 0.041
x  Reaction Temperature +0.53 x  Acid
Concentration -3.56 x Solid/Liquid +0.016 x
Stirring  speed -0.020 %  Reaction Time %
Solid/Liquid  +0.15x  Acid  Concentration %
Solid/Liquid +1.90E-003 x Reaction Time * Acid
Concentration x Solid/Liquid
3
The cadmium extraction at any condition in
the interval of our experiment design can be
calculated from Eq. (3).

3.2. Process optimization

The main aim of this study was to maximize
cadmium extraction in the leaching process.
Graphical optimization can display the area of
feasible cadmium extraction in parameters space and
it is possible to determine the regions that do fit the
optimization criteria (Mason et al., 2003). In order to
find optimum condition for process variables, we
have used graphical optimization option in design
expert software. Three desirable experimental
condition suggested by the software are given in
Table 5. Maximum cadmium recovery was reached
to 91.50% using 10% acid concentration, solid-liquid
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ratio of 10%, 600 rpm stirring speed at 25 °C. The
optimum particle size was chosen < 250 p because of
economical point of view. The effects of main factors
on the cadmium extraction at optimum condition are
shown in Fig. 3. These contours showed that higher
than 90% cadmium could be extracted at optimum
conditions.

The most desirable experimental conditions
deduced from the software were selected to be
verified. Table 6 shows the verification results of the
software. The predicted cadmium extractions were
91.5, 90.5 and 89.2% while the experimental data

were 95.75,92.61 and 91.3% respectively. The
experimental result showed good agreement with the
value obtained from the model (Table 6).

After leaching process, leaching residue was
characterized. XRD pattern of leaching residue is
shown in Fig. 4. After leaching process, gypsum and
lead oxide amounts in the leaching residues increased
markedly, and cadmium quantity decreased
significantly. It was conluded that cadmium
compounds dissolved in the leaching system and
Fe,0; intensity slightly increased.

Table 3. Experimental design matrix and cadmium extraction results

Run A:Re.action B:Reaction C:Acid ) D:Ptfrticle E:Solid-Liquid F:Stirring Extraction
time temperature concentration size speed
Minutes °C % Micron g/L RPM (%)
1 40 75 5 75 5 300 95
2 10 25 5 75 5 300 74
3 10 75 10 75 5 300 92
4 40 25 5 75 20 300 41
5 25 50 7.5 75 12.5 450 83
6 10 25 5 250 20 300 35
7 10 75 10 250 5 600 91
8 10 75 5 75 5 600 84
9 10 25 5 75 20 600 37
10 10 25 10 250 20 600 57
11 10 75 10 75 20 600 60
12 25 50 7.5 75 12.5 450 81
13 40 75 10 250 20 600 67
14 10 25 10 75 20 300 51
15 25 50 7.5 250 12.5 450 79
16 25 50 7.5 250 12.5 450 78
17 40 75 10 250 5 300 99
18 25 50 7.5 250 12.5 450 79
19 40 75 5 250 5 600 99
20 10 75 10 250 20 300 54
21 25 50 7.5 75 12.5 450 77
22 40 25 10 75 20 600 76
23 10 75 5 250 20 600 39
24 40 25 10 75 5 300 97
25 40 25 10 250 20 300 69
26 10 75 5 75 20 300 37
27 40 75 10 75 5 600 99
28 10 25 10 250 5 300 81
29 40 75 10 75 20 300 70
30 25 50 7.5 75 12.5 450 83
31 40 25 5 75 5 600 99
32 40 75 5 250 20 300 43
33 40 25 10 250 5 600 99
34 40 25 5 250 20 600 41
35 10 75 5 250 5 300 71
36 25 50 7.5 250 12.5 450 82
37 10 25 10 75 5 600 93
38 40 25 5 250 5 300 86
39 10 25 5 250 5 600 82
40 40 75 5 75 20 600 51
Table 4. ANOVA Table for Experimental design
Source 5;:7"2; df (Degree of freedom) ;,;I ;Z:le Val;ue Igr ;;:l:eF
Model 15612.81 10 1561.28 199.64 <0.0001
A-Reaction Time 1164.03 1 1164.03 148.84 <0.0001
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Internally Studentized Residuals

a)

B-Reaction Temperature 34.03 1 34.03 4.35 0.0466
C-Acid Concentration 1815.03 1 1815.03 232.08 <0.0001
D-Particle Size 57.78 1 57.78 7.39 0.0113
E-Solid/Liquid 11742.78 1 11742.78 1501.52 <0.0001
F-Stirring speed 195.03 1 195.03 24.94 <0.0001
AE 9.03 1 9.03 1.15 0.2921
CE 442.53 1 442.53 56.59 <0.0001
ACE 124.03 1 124.03 15.86 0.0005
ADE 26.28 1 26.28 3.36 0.0778
Curvature 561.01 2 280.51 35.87 <0.0001
Residual 211.16 27 7.82
Lack of Fit 178.16 21 8.48 1.54 0.309
Pure Error 33 6 5.5
Cor Total 16384.98 39
Adj R-Squared 0.97
Pred R-Squared 0.95
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Fig. 1. a) Normal plot of residual for cadmium extraction,%; b) Relation between experimental and predicted cadmium extraction
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22.00

16.00 A: Reaction Time (Minutes)

Fig. 2. Effects of various parameters and their interaction on the cadmium extraction, a, b) effects of the leaching time and solid-
liquid ratio on the cadmium recovery (reaction temperature=25 °C, acid concentration= 7.5 % (v/v), stirring speed=600 rpm), c, d)
Influence of solid-liquid ratio and acid concentration on the cadmium extraction (reaction time=40 min, reaction temperature=25
°C, stirring speed=500 rpm), e, f) effects of the reaction time and acid concentration on the overall cadmium extraction (reaction
temperature=25 °C, stirring speed=600 rpm, solid-liquid ratio: 10%)

Table 5. Several optimum conditions suggested by software

Number R"’Taif:’l‘:m TeRnf;;t‘:)tZre Comﬁri;‘:a tion P‘g;.t;ge Solid-Liquid | Stirring speed | Extraction | Desirability
1 40 25 10 250 10 600 91.51 1
2 40 25 9.67 250 10 600 90.51 0.97
3 40 25 9.0 250 10 600 89.21 0.944

C: Acid Congentration (% viv)
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Extraction (%)

17.00

14.00

11.00

E: Solid/Liquid (%)
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5.00
5.00 6.00 7.00 8.00 9.00 10.00

C: Acid Concentration (% v/v)

<)

Fig. 3. Optimization of cadmium leaching process, (a) Influence of the acid concentration and reaction time on the overall
cadmium extraction (reaction temperature=25 °C, solid liquid ratio= 10 %, stirring speed=600 rpm), (b) Influence of the reaction
time and solid-liquid ratio overall cadmium extraction (reaction temperature=25 °C, acid concentration= 10 %(v/v), stirring
speed=600 rpm), (c¢) Influence of the acid concentration and solid-liquid ratio on the overall cadmium extraction (reaction
time=40 min, reaction temperature=25 °C, stirring speed=600 rpm)

Table 6. Some optimum conditions predicted by the model and their verification experiments

Reaction Reaction Acid Particle Stirring Extraction
Number Time (min) Temperature Concentration Size Solid/Liquid speed (%)
© V)% (micron) (RPM) ’
Model 40.00 25 10.0 250 10.00 600 91.51
Experiment 95.75
Model 40.00 25 9.67 250 10.00 600 90.51
Experiment 93.79
Model 40.00 25 9.0 250 10.00 590 89.21
Experiment 92
c A:Gypsum
4 B:PbO,
u C:PbSO,
D: CusOs3
F A E:Cu,0
g 600 F:Fe,0;
A00 AfB
A
1 e | :
IMI \H ﬁl CE ) ? (\j 183 ,f
200 | ‘ ‘ i
il | \ L \ |
Anw/j | “M'AW‘W»AWM,WM/W} | _) L el ) \/ﬂw»/ ".Jj }\m\.-u'\mﬁ/\‘; ‘\Mm“’/\r\\j\ V\\Mw W\Jx\«»w,':
Pracnoom?
0 . ‘ .
10 20 30 40 50
Degrees 2-Theta
Fig. 4. XRD graph of head sample
4. Conclusions parameters on cadmium extraction were optimized
using factorial design. The results showed that the
The leaching method was used as an effective leaching time, solid-liquid ratio and acid
way to recycle hazardous waste as cadmium concentration were statistically significant. A model
secondary resource. The effects of operating equation was derived to correlate the process
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variables with the cadmium extraction yield. Process
optimization was performed, and its results showed
that more than 91% cadmium could be extracted at
optimum conditions. The experimental data have a
good agreement with the predicted values. The
results of this study indicated that extraction of
cadmium from this waste could be technically
feasible and an effective way for managing this
waste.

References

Altundogan H.S., Erdem M., Orhan R., Ozer A., Tiimen F.,
(1998), Heavy Metal Pollution Potential of Zinc Leach
Residues discarded in Cinkur Plant, Turkish Journal of
Engineering and Environmental Science, 22, 167-177.

Bose A., (2009), Factorial Design of Experiments,
Examples & Exercises, BIMTECH, p. 38.

Box G.E.P., Hunter W.G., Hunter J.S., (1978), Statistics for
Experiments: An Introduction to Design, Data
Analysis, and Modeling, Wiley, New York.

Bulgariu L., Lupea M., Bulgariu D., Rusu C., (2013),
Equilibrium study of Pb(Il) and Cd(II) biosorption
from aqueous solution on marine green algae biomass,
Environmental Engineering and Management Journal,
12, 183-190.

Butterman W.C., Plachy J., (2002), Cadmium, mineral
commodity profiles, U.S. Geological Survey.

Freitas M.B.J.G., Rosalém S.F., (2005), Electrochemical
recovery of cadmium from spent Ni-Cd batteries,
Journal of Power Sources, 139, 366-370.

Ghafari S., Aziz H.A., Isa M.H., Zinatizadeh A.A., (2009),
Application of response surface methodology (RSM)
to optimize coagulation-flocculation treatment of
leachate using poly-aluminum chloride (PAC) and
alum, Journal of Hazardous Materials, 163, 650-656.

Gharabaghi M., Irannajad M., Azadmehr A.R., (2011),
Acidic leaching of cadmium from zinc plant residue,
Physicochem. Problem of Mineral Processing, 47, 91-
104.

Gharabaghi M., Irannajad M., Azadmehr A.R., (2012),
Leaching behavior of cadmium from hazardous waste,
Separation and Purification Technology, 86, 9-18.

Gouvea L.R., Morais C.A., (2007), Recovery of zinc and
cadmium from industrial waste by
leaching/cementation, Minerals Engineering, 20, 956-
958.

Habashi F., (1997), Handbook of Extractive Metallurgy,
Wiley/VCH, Weinheim.

Kirk-Othmer  (2007),  Encyclopedia  of  Chemical
Technology, Fifth ed. Wiley-Interscience.

2970

Lee LH., Kuan Y.-C., Chern J.-M., (2006), Factorial
experimental design for recovering heavy metals from
sludge with ion-exchange resin, Journal of Hazardous
Materials, 138, 549-559.

Mason R.L., Gunst R.F., Hess J.L., (2003), Statistical
Design and Analysis of Experiments, Eighth
Applications to Engineering and Science, Second ed.
Wiley, New York.

Montgomery D.C., (2008), Design and Analysis of
Experiments, John Wiley & Sons, New York.

Myers R.H., Montgomery D.C., Anderson-Cook C.M.,
(2009), Response Surface Methodology: Process and
Product Optimization using Designed Experiments,
John Wiley and Sons, New York.

Ozgiiney I., Ozcan 1., Ertan G., Giineri T., (2007), The
preparation and evaluation of sustained release
suppositories containing Ketoprofen and Eudragit RL
100 by using factorial design, Pharmaceutical
Development and Technology, 12, 97-107.

Pagnanelli F., Furlani G., Valentini P., Veglio F., Toro L.,
(2004), Leaching of low-grade manganese ores by
using nitric acid and glucose: optimization of the
operating conditions, Hydrometallurgy, 75, 157-167.

Paterakis P.G., Korakianiti E.S., Dallas P.P., Rekkas D.M.,
(2002), Evaluation and simultaneous optimization of
some pellets characteristics using a 33 factorial design
and the desirability function, International Journal of
Pharmaceutics, 248, 51-60.

Safarzadeh M., Moradkhani D., Ojaghi Ilkhchi M.,
Hamedani Golshan N., (2008), Determination of the
optimum conditions for the leaching of Cd-Ni residues
from electrolytic zinc plant using statistical design of
experiments, Separation and Purification Technology,
58, 367-376.

Safarzadeh M.S., Bafghi M.S., Moradkhani D., Ojaghi
Ilkhchi M., (2007), A review on hydrometallurgical
extraction and recovery of cadmium from various
resources, Minerals Engineering, 20, 211-220.

Safarzadeh M.S., Moradkhani D., Ojaghi Ilkhchi M.,
(2009), Kinetics of sulfuric acid leaching of cadmium
from Cd-Ni zinc plant residues, Journal of Hazardous
Materials, 163, 880-890.

Shahsavari S., (2001), Leaching of electrolytic zinc
filtercake to extract nickel and cadmium, Mining
Engineering, MSc  Thesis, Tarbiat Modares
University, Tehran.

Turan M.D., Altundogan H.S., Tiimen F., (2004), Recovery
of zinc and lead from =zinc plant residue,
Hydrometallurgy, 75, 169-176.

Zazouli M.A., Ebrahimi P., Bagheri Ardebilian M., (2014),
Study of Cd (II) and Cr (VI) biosorption by mesocarps
of orange and sour orange from aqueous solutions,
Environmental Engineering and Management Journal,
13, 345-351.




<<
  /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


