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Abstract Polyethylene glycol 600 (PEG 600) and poly-

sorbate 20 (Tween 20) were used as a composite corrosion

inhibitor of zinc in alkaline solution for the first time. The

effects of the composite and individual inhibitors on cor-

rosion inhibition of zinc were evaluated by weight-loss

analysis and electrochemical methods including potentio-

dynamic, potentiostatic, and electrochemical impedance

spectroscopic measurements. It was found that there was a

synergistic effect between PEG 600 and Tween 20 on

corrosion inhibition of zinc. The corrosion inhibition effi-

ciency of the composite inhibitor, 500 ppm PEG 600 ?

500 ppm Tween 20, was 89%, much higher than that of

the individual inhibitor, 1000 ppm Tween 20 (71%) or

1000 ppm PEG 600 (55%). The battery (Zn/MnO2) dis-

charge performance tests showed that the composite

inhibitor reduced the self-discharge of zinc anode more

effectively than the individual inhibitor. The synergistic

mechanism between PEG 600 and Tween 20 was

discussed.

Keywords Zinc � Corrosion inhibition � Inhibitor �
Synergistic effect � Alkaline battery

1 Introduction

Zinc has been used as anode materials for several alkaline

batteries, such as zinc-manganese dioxide, zinc-nickel

hydroxide, zinc-silver oxide, and zinc-air, because it has

many advantages including high specific energy, low

equilibrium potential, low cost, and non-toxicity [1–3].

Owing to its high activity, zinc tends to be corroded in

alkaline solution, resulting in inevitable capacity loss of the

batteries. The most effective way to solve this problem is to

introduce corrosion inhibitors to the electrolyte solution

[4–8]. In the past, mercury was used as a successful

inhibitor because it can enhance the over-potential of

hydrogen evolution and thus inhibit the corrosion of zinc.

Since mercury is now forbidden to be used in batteries due

to its toxicity, environment-friendly substitutes for mercury

need to be developed [9, 10].

Surfactants have been regarded as the promising sub-

stitutes for mercury in alkaline zinc batteries. Structurally,

surfactant consists of two parts: polar group and non-polar

group [11]. The polar groups of surfactants are adsorbed on

while the non-polar groups escape from the surface of zinc

to form a protective layer that inhibits the corrosion of zinc

[12, 13]. The adsorption of surfactants affects not only

cathodic reaction (hydrogen evolution) but also anodic

reaction (zinc dissolution) on zinc electrode in alkaline

batteries. Therefore, the surfactants that can inhibit the

cathodic reaction but have less influence on the anodic
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reaction are believed to be effective for the application in

alkaline zinc batteries.

Several surfactants have been used as corrosion inhibi-

tors of zinc in alkaline solution and the surfactants con-

taining polyoxyethylene group are believed to be more

effective than other surfactants [14–17]. However, the

corrosion inhibition of zinc by individual surfactant

is unsatisfactory. So far, few investigations have been

reported on the effect of the composite surfactants on

corrosion inhibition of zinc. In this study, two environ-

ment-friendly surfactants, polyethylene glycol 600 (PEG

600) and polysorbate 20 (Tween 20), were combined as a

composite inhibitor and its inhibition efficiency for zinc

corrosion was compared with that of individual PEG 600

or Tween 20. PEG 600 and Tween 20 are nontoxic and

biodegradable. As shown in Fig. 1, PEG 600 is a sym-

metric and linear molecule, while Tween 20 is an

asymmetric and highly branched molecule. The com-

posite of these two surfactants can be expected to exhibit

better effect than the individual on corrosion inhibition

of zinc.

2 Experimental

2.1 Weight loss measurements

Zinc samples for weight loss measurements were prepared

as reported in references [4, 18, 19]. Zinc sheets

(99.9985%, 7 9 7 9 0.24 mm3) were immersed in

3.6 wt% dilute hydrochloric acid under ultrasonication for

5 min to remove the surface oxide that was formed in air

during transportation, rinsed with doubly distilled water

and degreased with acetone. After dried in vacuum and

then weighted, the zinc sheets were immersed in 3 M KOH

solutions containing PEG 600 and/or Tween 20 with var-

ious concentrations from 200 to 1000 ppm at room tem-

perature for 1 day. Then the zinc sheets were washed with

doubly distilled water and acetone, dried in vacuum and

weighted accurately. The weight loss was obtained.

Tween 20 and PEG 600 were purchased from Alfa

Aesar and used without further treatment. Their polarity

was indicated in terms of their dipole moments which were

obtained by optimizing their molecular structures with

HF/STO-3G method [20–22].

2.2 Electrochemical measurements

All electrochemical measurements were performed with

PGSTAT-30 (Autolab, Eco Chemie, Netherlands) in a

three-electrode cell at room temperature. The working

electrode was a zinc (99.9985%) microdisk electrode

embedded in an epoxy holder, having an exposed surface

with a diameter of 1 mm. The counter electrode was a

platinum sheet with a large surface area and the reference

electrode was an Hg/3 M KOH/HgO electrode. All the

potentials in this article were referred to this reference

electrode. Prior to each experiment, the working electrode

was polished with water proof silicon carbide paper (grits

400/p800–800/P2400), and then with aluminum oxide

powder (0.05 lm) until a mirror-like surface was obtained.

Finally, the electrode was cleaned in doubly distilled water

and degreased in acetone under ultrasonication. To get rid

of any oxide film on the surface, the working electrode was

held at -1600 mV for 10 min before measurement. The

electrolyte solution was 3 M KOH, which is more dilute

than that (about 8 M) used in commercial zinc batteries.

The dilute KOH solution was used in weight loss and

electrochemical measurements in this study, because the

electrochemical behavior of zinc in the KOH solution with

different concentrations is similar and a dilute solution is

less corrosive and easier to operate than a concentrated

solution [23].

2.2.1 Potentiodynamic measurements

To obtain the corrosion current of zinc, Tafel plots were

obtained in the potential range of -200 to ?200 mV with

respect to the open circuit potential (OCP) of zinc electrode

at a scan rate of 1 mV s-1.

To understand the polarization behavior of zinc elec-

trode qualitatively, anodic and cathodic polarization curves

were obtained individually at a scan rate of 20 mV s-1.

The potential was swept from the OCP to -2000 mV for

cathodic polarization while from the OCP to -1000 mV

for anodic polarization.

2.2.2 Potentiostatic measurements

Potentiostatic polarization measurements were carried out

to understand the hydrogen evolution reaction on zinc.

The potential was set at -1800 mV which only hydrogen

evolution reaction took place.

     HO (CH2CH2O) n H(a)

(b)

Fig. 1 Molecular structures of PEG 600 (a) and Tween 20 (b).

n = 13, x ? y ? z ? w = 20
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2.2.3 Electrochemical impedance spectroscopy

The electrochemical impedance spectra were also obtained

at -1800 mV for the understanding of hydrogen evolution

reaction on zinc. In the electrochemical impedance spec-

troscopy measurements, the frequencies were 100 kHz to

0.01 Hz with the alternative current of ±5 mV.

2.3 Battery performance determination

AG 13 Zn/MnO2 button batteries were assembled by using

electrolytic manganese dioxide, zinc powder, and separator

(all these materials were provided by Zhaoqing Zhaohua

Electronics Technology Co., Ltd.). The electrolyte was

8 M KOH solutions without and with 1000 ppm PEG 600,

1000 ppm Tween 20, and 500 ppm Tween 20 ? 500 ppm

PEG 600. The discharge performance of the batteries was

measured on an instrument (Land CT2001A System,

China) at 10 mA.

3 Results and discussion

3.1 Weight loss

3.1.1 Effect of inhibitors on inhibition efficiency

Table 1 presents the results obtained by weight loss mea-

surements. The corrosion inhibition efficiency (gw) was

obtained based on [24]:

gw ¼ DW1 � DW2ð Þ=DW1 ð1Þ

where DW1 and DW2 are the weight loss of zinc sheets

after immersion in 3 M KOH solutions without and with

inhibitors, respectively.

It can be seen from Table 1 that PEG 600 and/or Tween

20 can prevent zinc from corrosion to different extents.

The inhibition efficiency of the inhibitors with the same

concentration is always in the order of: Tween 20 ? PEG

600 [ Tween 20 [ PEG 600, indicating that there is a

synergistic effect between Tween 20 and PEG 600.

3.1.2 Adsorption isotherm

The degree of surface coverage (h) of the inhibitors on zinc

was obtained based on [18]:

h ¼ gw=100

Figure 2 presents the adsorption isotherm curves of PEG

600 and/or Tween 20 on zinc. It can be found from Fig. 2

that there is a linear relationship between the concentration

(c) of inhibitor and c/h. The obtained slopes of the straight

lines by fitting are about 1 (Table 2), indicating that the

adsorption of the inhibitors obeys the Langmuir’s

adsorption isotherm [19]:

c

h
¼ 1

K
þ c

where K is the adsorption equilibrium constant. It can be

seen from Table 2 that the K value of Tween 20 is larger

than that of PEG 600, suggesting that Tween 20 is adsorbed

on zinc preferably. The K value of Tween 20 ? PEG 600 is

larger than that of individual Tween 20 or PEG 600,

indicating that more species are adsorbed on zinc in the

solution containing the composite inhibitor.

3.2 Electrochemical properties

Figure 3 presents the Tafel plots of zinc in 3 M KOH

solutions containing various inhibitors. The corresponding

electrochemical parameters derived from Fig. 3 are listed

in Table 3. The corrosion current (Icorr) was determined by

the extrapolation of the cathodic and anodic Tafel lines to

the corrosion potential (Ecorr). The corrosion inhibition

efficiency (gp) was obtained based on [25]:

gp ¼ Icorr � I0corr

� �
=Icorr ð2Þ

where Icorr and I0corr are the corrosion current of zinc in

3 M KOH solutions without and with inhibitors, respec-

tively. It can be seen from Table 3 that the inhibition

Table 1 Weight loss of zinc in 3 M KOH solutions containing var-

ious inhibitors and the corresponding corrosion inhibition efficiencies

and surface coverage rates

Inhibitor DW (mg) gw (%) h

Free 1.91 ± 0.02 – –

PEG 600 (ppm)

200 1.11 ± 0.04 20.4 0.20

400 1.22 ± 0.03 35.7 0.36

600 1.01 ± 0.04 46.9 0.47

800 0.89 ± 0.02 53.0 0.53

1000 0.81 ± 0.02 57.2 0.57

Tween 20 (ppm)

200 1.24 ± 0.02 34.8 0.35

400 0.81 ± 0.03 57.4 0.57

600 0.58 ± 0.03 69.7 0.70

800 0.55 ± 0.04 71.0 0.71

1000 0.52 ± 0.04 72.5 0.73

Tween 20 ? PEG 600 (ppm)

200 0.63 ± 0.02 66.7 0.67

400 0.53 ± 0.02 71.9 0.72

600 0.25 ± 0.02 87.0 0.87

800 0.23 ± 0.03 88.0 0.88

1000 0.22 ± 0.02 89.7 0.89
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efficiencies of the inhibitors are in agreement with those

obtained from weight loss measurements (Table 1),

confirming the synergistic effect between PEG 600 and

Tween 20.

It can be seen from Fig. 3 that the inhibitors reduce both

anodic and cathodic current. This indicates that the inhib-

itors can inhibit both the anodic and cathodic processes for

zinc corrosion. It should be noted that the introduction of

the inhibitors into the solution causes a negative shift of the

corrosion potential. The change of the corrosion potential

follows [26]:

Ducorr ¼
babc

ba þ bc

lg
fc
fa

� �
ð3Þ

where ba and bc are the anodic and cathodic Tafel slopes

and fa and fc are the effect coefficients of inhibitors on

anodic and cathodic processes of metal corrosion. The

negative shift of corrosion potential suggests that the

cathodic process is inhibited to a greater extent than

the anodic process. It can be expected that the inhibitors,

Tween 20 and/or PEG 600, can inhibit the zinc corrosion

but affect hardly the discharge process of zinc as the anode

of batteries.

Figure 4 presents the cathodic polarization curves of the

zinc electrode in 3 M KOH solutions with various inhibi-

tors. The hydrogen evolution reaction on zinc is polarized

to different extents by three inhibitors. The polarization by

Tween 20 is stronger than by PEG 600, while the polari-

zation by PEG 600 ? Tween 20 is stronger than by Tween

20, indicative of the synergistic effect between PEG 600

and Tween 20.
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Fig. 2 Adsorption isotherms of (a) PEG 600, (b) Tween 20, and

(c) Tween 20 ? PEG 600 on zinc in 3 M KOH solutions. The surface

coverage rates were obtained based on weight loss measurements

Table 2 Parameters of c/h-c relationship for zinc in 3 M KOH

solutions containing various inhibitors

Inhibitor Linear correlation

coefficient (r)

Slope K (ppm-1)

PEG 600 0.986 0.96 0.0013

Tween 20 0.976 1.02 0.0031

Tween 20 ? PEG 600 0.993 1.01 0.0088
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Fig. 3 Tafel plots of zinc in 3 M KOH solutions: (a) inhibitor free,

(b) 1000 ppm PEG 600, (c) 1000 ppm Tween 20, (d) 500 ppm

Tween 20 ? 500 ppm PEG 600. Scan rate 1 mV s-1

Table 3 Electrochemical parameters of zinc derived from the Tafel

polarization curves of Fig. 3

Inhibitor Ecorr (mV) Icorr (lA

cm-2)

gp

(%)

Free -1420 ± 3 200 ± 3 –

1000 ppm PEG 600 -1422 ± 5 88 ± 2 55.3

1000 ppm Tween 20 -1434 ± 5 58 ± 1 70.9

500 ppm Tween 20 ? 500 ppm

PEG 600

-1443 ± 2 22 ± 1 89.2

-2000 -1900 -1800 -1700 -1600 -1500 -1400
-0.005

-0.004

-0.003

-0.002

-0.001

0.000
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Fig. 4 Cathodic polarization curves of zinc in 3 M KOH solutions:

(a) inhibitor free, (b) 1000 ppm PEG 600, (c) 1000 ppm Tween 20,

(d) 500 ppm Tween 20 ? 500 ppm PEG 600. Scan rate 20 mV s-1
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Figure 5 presents the anodic polarization curves of zinc

electrode in 3 M KOH solutions with various inhibitors.

The anodic dissolution reaction of zinc is also polarized by

the inhibitors but the polarization of the anodic dissolution

reaction is affected not so significantly as that of hydrogen

evolution reaction. There is less difference in the polari-

zation of the anodic dissolution reaction by three inhibitors.

This suggests that the improvement of corrosion inhibition

of zinc by the inhibitors is mainly ascribed to their effect

on hydrogen evolution reaction. The inhibition of various

inhibitors on hydrogen evolution reaction can be con-

firmed further by chronoamperometric and electrochemical

impedance spectroscopic measurements.

Figure 6 presents the current–time curves of zinc in 3 M

KOH solutions with various inhibitors at -1800 mV.

The current for the hydrogen evolution reaction on zinc

is in the order of: 500 ppm Tween 20 ? 500 ppm PEG

600 \ 1000 ppm Tween 20 \ 1000 ppm PEG 600.

Figure 7 shows the Nyquist plots of zinc in 3 M KOH

solutions with various inhibitors at -1800 mV. The Ny-

quist plots are capacitive arcs, indicating that the hydrogen

evolution reaction on zinc is controlled by charge transfer

step [27]. This reaction can be modeled by a Randles

equivalent circuit, as shown by the inset of Fig. 7. In the

equivalent circuit, Rs represents the solution resistance,

Rct represents the charge-transfer resistance and Qcdl is a

constant phase element (CPE) describing the interface

double-layer. The solid lines in Fig. 7 are the fitting results

by using the equivalent circuit and Table 4 presents ele-

ment parameters obtained by fitting.

The corrosion inhibition efficiencies of various inhibi-

tors can be obtained from the charge transfer resistance

[28]:

gR ¼ Rct � R0ct

� �
=Rct ð4Þ
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Fig. 5 Anodic polarization curves of zinc in 3 M KOH solutions:

(a) inhibitor free, (b) 1000 ppm PEG 600, (c) 1000 ppm Tween 20,

(d) 500 ppm Tween 20 ? 500 ppm PEG 600. Sweep rate 20 mV s-1
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Fig. 6 Current–time curves of zinc in 3 M KOH solutions at

-1800 mV: (a) inhibitor free, (b) 1000 ppm PEG 600, (c) 1000 ppm

Tween 20, (d) 500 ppm Tween 20 ? 500 ppm PEG 600
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Fig. 7 Nyquist plots of zinc in 3 M KOH solutions at -1800 mV:

(a) inhibitor free, (b) 1000 ppm PEG 600, (c) 1000 ppm Tween 20,

(d) 500 ppm Tween 20 ? 500 ppm PEG 600. The inset is the

corresponding equivalent circuit

Table 4 Electrochemical impedance parameters for hydrogen

evolution reaction on zinc at -1800 mV

Inhibitor Rct (X) Qcdl gR (%)

Y0 (10-7 sn X-1) n

Free 156 ± 1 5.88 ± 0.23 0.96 ± 0.06 –

1000 ppm

PEG 600

355 ± 3 5.04 ± 0.12 0.97 ± 0.03 55.9

1000 ppm

Tween 20

521 ± 7 11.71 ± 0.71 0.92 ± 0.08 69.9

500 ppm

Tween 20

? 500 ppm

PEG 600

1471 ± 5 3.19 ± 0.05 0.88 ± 0.06 89.3
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where Rct and R0ct are charge transfer resistance of zinc in

3 M KOH solutions with and without inhibitors, respec-

tively. The obtained results are presented in Table 4. It can

be seen that the gR is in a good agreement with the gp and

the gw. Since the charge transfer resistances are obtained at

-1800 mV, which is very negative to the corrosion

potential, only hydrogen evolution reaction takes place.

The good agreement of the gR with the gp and the gw

confirms that the corrosion inhibition of zinc is accom-

plished mainly by the inhibition of hydrogen evolution

reaction.

The synergistic effect can be ascribed to the different

polarities of PEG 600 and Tween 20. The polarity of

Tween 20 and PEG 600 can be indicated in terms of their

dipole moments. Based on the theoretical calculation,

the dipole moment is 4.40 D for Tween 20 (assuming

x = y = z = w = 5. x, y, z, and w stand for the number of

polyoxyethylene group in molecular structure as shown in

Fig. 1b) and 1.85 D for PEG 600. The polarity of Tween

20 is stronger than that of PEG 600 and thus Tween 20 is

adsorbed on zinc preferably. Zinc cannot be covered

completely by Tween 20 due to the highly branched

structure of Tween 20. The linear PEG 600 can be adsorbed

on the remaining active sites, as shown in Fig. 8. There-

fore, the composite is better than the individual.

3.3 Battery discharge performance

Figure 9 shows the constant current discharge curves of

AG 13 button zinc-manganese dioxide batteries using

various inhibitors after stored at 45 �C for 10 h. The stored

discharge performance of the batteries is affected by the

inhibitors. The inhibitors inhibit the self-discharge of

anodic zinc, resulting in the improvement of the stored

discharge capacity of the batteries. The battery using the

composite inhibitor has the largest discharge capacity

(120 mAh g-1), confirming the synergistic effect between

PEG 600 and Tween 20.

4 Conclusions

PEG 600 or Tween 20 can inhibit zinc corrosion to some

extent mainly through inhibiting hydrogen evolution reac-

tion. There is a synergistic effect between two inhibitors on

zinc corrosion, because the corrosion inhibition efficiency

of their composite is better than that of the individual

inhibitor. The polarity of Tween 20 is stronger than that of

PEG 600 and thus Tween 20 is adsorbed on zinc prefera-

bly. Zinc cannot be covered completely by Tween 20 due

to the highly branched structure of Tween 20. The linear

PEG can be adsorbed on the remaining active sites. The

composite of PEG 600 and Tween 20 provides zinc battery

with a promising substitute for mercury as inhibitor.

Acknowledgment This study is supported by Natural Science

Foundation of Guangdong Province (Grant no. 10351063101000001).

References

1. Huot JY, Malservisi M (2001) J Power Sour 96:133

2. Wranglen G (1960) Electrochim Acta 2:130

3. Skelton J, Serenyi R (1997) J Power Sour 65:39

4. Shivkumar R, Kalaignan GP, Vasudevan T (1995) J Power Sour

55:53

5. Wang JM, Qian YD, Zhang JQ et al (2000) J Appl Electrochem

30:113

6. Sharma Y, Aziz M, Yusof J et al (2001) J Power Sour 94:129

7. Cachet C, Stroeder U, Wiart R (1982) Electrochim Acta 27:903
Fig. 8 Schematic adsorption of the composite inhibitor on zinc.

Filled circle active sites

0 20 40 60 80 100 120
0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

V
ol

ta
ge

(V
)

Capacity(mAh g-1)

a b c d

Fig. 9 Constant current (10 mA) discharge curves of AG 13 button

zinc-manganese dioxide batteries using: (a) inhibitor free, (b)

1000 ppm PEG 600, (c) 1000 ppm Tween 20, (d) 500 ppm Tween

20 ? 500 ppm PEG 600. The batteries were stored at 45 �C for 10 h

before the discharge tests

996 J Appl Electrochem (2011) 41:991–997

123



8. Huot JY (1992) J Appl Electrochem 22:443

9. Zhou HB, Xu MQ, Huang QM et al (2009) J Appl Electrochem

39:1739

10. Zhou HB, Yang MZ, Li WS et al (2008) Rare Metal Mat Eng

37:404

11. Rosen MJ (1989) Surfactant and interfacial phenomena, 2nd edn.

John Wiley, New York

12. Nmai CK (2004) Cem Concr Compos 26:199

13. Rusling JF (1997) Coll Surf 123:81

14. Ein-Eli Y, Auinat M, Starosvetsky D (2003) J Power Sour

114:330

15. Cohen-Hyams T, Ziengerman Y, Ein-Eli Y (2006) J Power Sour

157:584

16. Dobryszycki J, Biallozor S (2001) Corros Sci 43:1309

17. Zhu JL, Zhou YH, Gao CQ (1998) J Power Sour 72:266

18. Abiola OK, James AO (2010) Corros Sci 52:661

19. Deng SD, Li XH, Fu H (2011) Corros Sci 53:822

20. Petri A, Schwarz Th, Lentz A et al (1998) J Mol Struc (Theo-

chem) 432:161

21. Dondela B, Peszke J, Slinwa W (2005) J Mol Struc 753:154

22. Li JC, Wang CL, Zhang WL et al (2002) Acta Phys Sin 51:776

23. Wang JM, Cao CN, Lin HC (1996) J Chin Soc Corros Prot

16:263

24. Singh AK, Quraishi MA (2010) Adsorption properties and inhi-

bition of mild steel corrosion in hydrochloric acid solution by

ceftobiprole. J Appl Electrochem 41(1):7

25. Deng SD, Li XH, Fu H (2011) Corros Sci 53:760

26. Cao CN, Zhang JQ (2002) Introduction of electrochemical

impedance spectroscopy. Science Press, Beijing

27. Wilcox GD, Mitchell PJ (1989) J Power Sour 28:345

28. Cao CN (1996) Corros Sci 38:2073

J Appl Electrochem (2011) 41:991–997 997

123


	Synergistic effect of polyethylene glycol 600 and polysorbate 20 on corrosion inhibition of zinc anode in alkaline batteries
	Abstract
	Introduction
	Experimental
	Weight loss measurements
	Electrochemical measurements
	Potentiodynamic measurements
	Potentiostatic measurements
	Electrochemical impedance spectroscopy

	Battery performance determination

	Results and discussion
	Weight loss
	Effect of inhibitors on inhibition efficiency
	Adsorption isotherm

	Electrochemical properties
	Battery discharge performance

	Conclusions
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


