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Abstract−The adsorption behavior of amorphous Fe(OH)3 has been studied in multicomponent metal system. The

metal ions uptake in the ternary system is lower than in the single system, suggesting that certain sites on the surface

of the solid are blocked due to competition. The selectivity trend in the ternary system is observed to be Ni2+>Zn2+>

Cd2+ which is, however, lost with increase in the temperature of the aqueous solution. Further, the observed selectivity

trend is neither related to electronegativity of the metal ions nor to the pH of the hydrolysis, but has been found de-

pendent on charge to radius ratio. The metal ions adsorption is found to increase with pH, while the converse is true

with the rise in temperature. The uptake of metal ions data has been interpreted in terms of stoichiometry, binding con-

stants and adsorption capacities. The negative values of ∆G show that uptake of metal ions is favored at lower tem-

peratures, indicating that the adsorption mechanism essentially remains ion exchange in nature.
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INTRODUCTION

Heavy metals like Cd2+, Ni2+ and Zn2+ are recognized as signifi-

cant pollutants in soil and groundwater where they are released due

to different anthropogenic activities. Different from organic con-

taminants, they are not biodegradable and can persist and accumu-

late in the environment, posing a serious threat to plants, animals,

and humans [1]. The studies reported in the literature are mostly

confined to the systems where only a single metal ion adsorption is

investigated under different experimental conditions like concen-

tration, pH and temperature of the solution [2-7].

As in the natural aquatic system, oxides and hydroxides (adsor-

bents) are in regular contact with the different metal ions; there-

fore, it is necessary to extend the adsorption studies to binary and

ternary systems. These studies are mandatory to model the natural

systems accurately. In literature, a few studies for binary and ternary

systems, i.e. competitive adsorption, have been reported. Cowan et

al. [8] studied Cd2+ adsorption on iron oxides in the presence of Ca2+,

Mg2+, Sr2+ and Ba2+ ions where the extent of competition between

the ions increased while increasing the concentration of Ca2+ ions.

However, Cu2+ ions were found to suppress the adsorption of Ni2+,

Cd2+ and Zn2+ ions in the multicomponent system [9]. This was be-

cause adsorption of Cu+2 ions predominantly takes place via inner-

sphere complexation. The increased amount of Cu+2 ions on the sur-

face of the solid thus reduces the number of active sites available

for the uptake of Cd+2 and Zn+2 ions. The competitive adsorption of

Cu2+ and Pb2+ on hematite was studied by Christl and Kretzsach-

mar [10] who found that the presence of Pb2+ strongly reduces the

adsorption of Cu2+ ions at low pH values, whereas at high pH values,

the adsorption data for Cu2+ and Pb2+ ions remains similar due to

the precipitation of metal ions. Cristophi and Axe [11] studied the

competitive adsorption of Cu2+, Cd2+ and Pb2+ on goethite. They re-

ported that Cu2+ displaced Cd2+ ions due to smaller hydrated and

ionic radii, whereas Cu2+ and Pb2+ ions were observed to compete

for the same surface sites. Antoniadis and Tsadilas [12], while study-

ing the adsorption of Cd+2, Ni+2 and Zn+2 ions onto clay, observed

that competition was effective only when the available sorption sites

tend to be saturated by the adsorbates. Thus, competitive effects

among metals increased as available adsorption sites decreased due

to the increase in the number of adsorbates. However, the degree

of reduction in metal adsorption was not similar for all metals ions.

Iron hydroxide is one of the most studied adsorbents with the

potential to adsorb different metal cations and anions [13]. In the

present work, it has been employed as an adsorbent to study the

uptake of Zn2+, Cd2+ and Ni2+ cations from the ternary metal system.

The effect of pH and temperature of the aqueous solution was also

correlated with the efficiency of the adsorbent towards metal ions

in single and ternary systems. Iron hydroxide is commonly found

in natural systems as discrete mineral phase and is considered as an

important sink for the trace metal ions. Our main aim was to investi-

gate the adsorption behavior of iron hydroxide towards multicom-

ponent metal system for a deeper insight into competitive effects.

EXPERIMENTAL

Fe(NO3)3·9H2O, Zn(NO3)2·6H2O and Cd(NO3)2·4H2O were pro-

vided by Scharlau (Spain), Ni(NO3)2·6H2O, NaNO3 and HNO3 were

purchased from MERCK while NaOH was provided by BDH. These

chemicals were of analytical grade and hence were used as such.

The stock solutions were prepared in double distilled water. For ad-
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sorption studies, NaNO3 solution (0.001M) was used as background

electrolyte. The pH of the suspensions was carefully adjusted with

the required amount of NaOH and HNO3 solutions.

1. Synthesis of Fe(OH)3
Fe(OH)3 was prepared by the dropwise mixing of 0.75M NaOH

and 0.25M Fe(NO3)3 solutions in a 2 L teflon beaker. The result-

ant powder was aged for 2 hours and then washed several times

with doubly distilled water. Finally, the powder sample was stored

in polythene bottle after drying at 90 oC temperature.

3NaOH+Fe(NO3)3→3NaNO3+Fe(OH)3 (1)

2. Characterization of Fe(OH)3
Powder X-ray diffraction (XRD) pattern was recorded on an X-

ray diffractometer model JEOL JDX-3532 at room temperature.

X-ray pattern was taken by measuring at 2θ values ranging from

10o to 80o with a step size of 0.030o and a step time of 5 s. The op-

erating voltage and current were 40 kV and 20mA, respectively.

FTIR spectrum of Fe(OH)3 was recorded using a spectrophotome-

ter model SHIMADZU 8201PC in 4,000-400 cm−1 range with 10

scans. The sample was mixed with KBr powder, ground and dried

before being subjected to IR spectroscopy.

3. Adsorption Studies

Batch adsorption technique was used to study the uptake of metal

cations from the aqueous solutions. 40ml of metal ions having 0.01

M NaNO3 as a background electrolyte was taken in 100ml conical

flask. 0.1 g of adsorbent was dispersed in each flask. After adjust-

ing the desired pH values at 5 and 7, the flasks were transferred to

water shaker bath model DAIHAN WSB-30 (Korea) operating at

120 rpm at constant temperature. After 12h of equilibration, the pH of

the suspension was noted and the contents were filtered. The amount

of the metal ions in the filtrate was measured by atomic absorption

spectrophotometer model Perkin Elmer 800. The amount of the metal

ion adsorbed X (mmol g−1) was calculated from the difference in

the initial and equilibrium concentrations.

RESULTS AND DISCUSSION

1. Characterization of Fe(OH)3
The XRD pattern of Fe(OH)3 depicted in the Fig. 1 shows that

the solid was completely amorphous as no crystallinity was detected.

The FTIR spectrum of Fe(OH)3 scanned between 4,000 and 400

cm−1 is shown in the Fig. 2. The FTIR spectrum shows absorption

bands at 3,400, 1,640, 1,380 and 886 cm−1. A broad band at 3,400

cm−1 is associated to the adsorption of water molecules, whereas a

medium intensity band at 1,640 cm−1 is attributed to the bending

mode of OH groups [14]. A sharp peak appeared at 1,380 cm−1 is

Fig. 1. X-rays diffraction pattern for Fe(OH)3.

Fig. 3. Competitive adsorption isotherms for Cd2+ (◆), Ni2+ (■)

and Zn2+ (▲) ions in ternary system at (a) 303 and (b) 323K

at pH 5.

Fig. 2. FTIR spectrum of Fe(OH)3.
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due to the presence of NO3

− anions, which may be transferred to

the final material from the precursor material.

2 Adsorption Isotherms

Adsorption isotherms for Ni2+, Zn2+ and Cd2+ in ternary metal sys-

tems at pH 5 and 7 are shown in the Figs. 3 and 4, respectively. Under

the studies pH values and temperatures, the selectivity trend was

observed to be in the order Ni2+>Zn2+>Cd2+. However, the observed

selectivity trend is lost by the adsorbent when the temperature of

the system is increased. The selectivity trend is neither related to

electronegativity of the metal ions nor to the pH of hydrolysis, but

is dependent upon the charge to radius ratio. According to Gomes

et al. [15] the strongest bonds with the surface are formed by those

metals that have the greatest charge to radius ratio. Similar results

were also found by Kumar et al. [16] for the competitive adsorp-

tion of Ni2+, Zn2+ and Cd2+ on soil.

3. Effect of pH

The adsorption of metal ions onto the surface of solid was found

to increase with rise in the pH values, whereas an increase in the

temperature lowers the uptake of metal cations. The maximum amount

of metal ions taken up by the solid is shown in the Table 1 where

the adsorption of metal ions in ternary systems is found lower than

the maximum uptake of cations in single system. This behavior may

be due to the competition of metal ions in ternary system where

certain sites on the surface of adsorbent have been blocked.

pH of the electrolytic solution is one of the key parameters which

control the process of metal ions adsorption. The uptake of metal ions

leads to a decrease in the equilibrium pH of the solution, showing

that the adsorption is accompanied by the release of H+ from the

surface of the solid. The equilibrium pH values (pHeq) were also

found to increase with the increase in temperature, indicating that the

process of metal ions uptake is favored exothermally. The adsorption

data also indicate that the effect of pH on the uptake of metal cations

is relatively dominant as compared to the effect of temperature.

4. Mechanism of the Adsorption Process

To explore the stoichiometry of the exchange reaction, the Kur-

batov equation was applied to the adsorption data in the form:

logKd=logKex+npHeq (2)

where Kd (L/g) refers to the distribution coefficient, Kex is the ex-

change constant and n denotes the H+/Mz+ stoichiometry of an ion

exchange reaction. The plots of log Kd vs. pHeq for Ni
2+, Zn2+ and

Cd2+ ions in ternary systems are shown in Fig. 5. The calculated n

values are reported in Table 2. As can be seen, the n values for the

adsorption of Ni2+, Zn2+ and Cd2+ ions in ternary systems are lower

than binary and single systems. The low n values thus suggest a

strong competition between the cations in the ternary system. The

n values in the ternary system follow the trend Cd2+>Ni2+>Zn2+ which

decreased when the pH of the solution was increased from 5 to 7.

Further, the effect of pH on the n values for Zn2+ and Cd2+ was found

greater as compared to the Ni2+ ions. The n values at pH 5 are almost

found equal to unity, suggesting that the adsorption of metal cations

follows ion exchange mechanism. However, at pH 7, the n values

being less than unity indicate the involvement of some other mecha-

nisms like simple adsorption, precipitation or co-precipitation. This

is understandable as the concentration of the metal cations present

in ternary system is tripled as compared to the single metal system.

The trend observed in the n values thus reveals that metal to surface

bond was formed by replacing surface protons (H+ ions) with the

metal cations.

Fig. 4. Competitive adsorption isotherms for Cd2+ (◆), Ni2+ (■)

and Zn2+ (▲) ions in ternary system at (a) 303 and (b) 323K

at pH 7.

Table 1. Adsorption maxima (a) and binding energy constants (b)

for metal ions in single and ternary systems

(a)

pH
T

(K)

Xm×10
2 (mmol·g−1)

Single system Ternary system

 Ni2+ Zn2+ Cd2+ Ni2+ Zn2+ Cd2+

5 303 5.2 2.90 2.4 0700 0.60 0.42

313 3.8 2.30 1.8 0.54 0.45 0.40

323 2.8 1.70 1.2 0.40 0.40 0.30

7 303 6.4 3.54 8.3 0.83 0.75 0.60

313 4.9 2.85 5.7 0.72 0.70 0.56

323 3.9 1.71 3.3 0.60 0.52 0.50

(b)

pH
T

(K)

Kb (L·g
−1)

Single system Ternary system

Ni2+ Zn2+ Cd2+ Ni2+ Zn2+ Cd2+

5 303 20.3 08.6 037.1 58.6 14.6 16.9

313 13.7 07.7 028.3 34.5 13.3 14.2

323 09.6 07.4 025.0 13.1 09.9 11.8

7 303 13.6 26.9 102.5 93.9 16.3 16.5

313 10.4 21.8 092.7 82.2 11.1 13.2

323 06.7 11.6 069.5 64.9 08.8 12.2
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5. Adsorption Modeling

To determine the maximum exchange capacity of the solid, the

Langmuir model was applied to the adsorption data in the form:

(3)

where Ce is the equilibrium concentration of metal ions in the

solution, X is the amount of metal ions adsorbed per unit weight of

the resin. Xm is the maximum adsorption capacity and Kb is the binding

constant computed from the slope and intercept of the straight lines.

Fig. 6 represents the applicability of Langmuir model to the adsorp-

tion data with R2>0.98. Both Xm and Kb values calculated from the

Ce

X
-----

 = 

1

KbXm

-------------
 + 

Ce

Xm

-------

Fig. 5. Kurbatov plot for the adsorption of Cd2+ (◆), Ni2+ (■ ) and

Zn2+ (▲) ions in ternary system at 303K at (a) pH 5 and

(b) 7.

Table 2. Effect of competing cations on the n values for nickel, zinc and cadmium at different temperature and pH

pH Temp. (K) System n System n System n

5 303 Ni only

Ni+Cd

Ni+Zn

Ni(Cd+Zn+Ni)

2.52

1.89

1.61

1.04

Zn only

Zn+Cd

Zn+Ni

Zn(Cd+Zn+Ni)

1.93

1.83

1.21

0.94

Cd only

Cd+Ni

Cd+Zn

Cd(Cd+Zn+Ni)

1.79

0.88

1.62

0.94

323 Ni only

Ni+Cd

Ni+Zn

Ni(Cd+Zn+Ni)

1.27

1.22

0.85

1.00

Zn only

Zn+Cd

Zn+Ni

Zn(Cd+Zn+Ni)

2.44

1.07

0.95

0.91

Cd only

Cd+Ni

Cd+Zn

Cd(Cd+Zn+Ni)

1.50

1.12

1.25

0.88

7 303 Ni only

Ni+Cd

Ni+Zn

Ni(Cd+Zn+Ni)

1.85

1.68

1.16

0.89

Zn only

Zn+Cd

Zn+Ni

Zn(Cd+Zn+Ni)

1.69

1.63

1.22

0.54

Cd only

Cd+Ni

Cd+Zn

Cd(Cd+Zn+Ni)

2.47

1.93

2.20

0.51

323 Ni only

Ni+Cd

Ni+Zn

Ni(Cd+Zn+Ni)

0.76

1.50

1.66

0.71

Zn only

Zn+Cd

Zn+Ni

Zn(Cd+Zn+Ni)

1.43

0.77

0.51

0.61

Cd only

Cd+Ni

Cd+Zn

Cd(Cd+Zn+Ni)

2.08

1.64

1.81

0.57

Fig. 6. Langmuir plot for the adsorption of Cd2+ (◆), Ni2+ (■) and

Zn2+ (▲) ions in ternary system at 303K at (a) pH 5 and

(b) 7.
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adsorption model are compiled in Table 1. The Xm values (Table

1(a)) for the Ni2+ ions in the ternary system decreased when tem-

perature of the solution was increased from 303 to 323K. Similar

trend in the Xm values was noted for Zn
2+ and Cd2+ ions at both the

pH values. The Xm values in the ternary system are lower than in

the single system when the pH of the aqueous solution increased

from 5 to 7. Further, the effect of pH on Xm values is more promi-

nent as compared to the effect of temperature. Similar results were

reported by Karine et al. [17] while studying the sorption of Zn2+,

Cu2+ and Cr3+ onto soil, where the Xm value for Zn
2+ (98.0mmol·g−1)

in single system decreased by the addition of chromium and copper

in the ternary systems (43.0mmol·g−1). Analogous results were also

reported in the literature [18,19].

The Kb values (Table 1(b)) for Ni
2+ ions are found higher in the

ternary system, indicating that the Ni2+ ions are firmly bonded to

the surface sites as compared to the Zn2+ and Cd2+. An increase in

the Kb values was observed when the pH of the solution was in-

creased from 5 to 7; however, a decrease in the Kb values was noted

with the temperature of the cationic solution increased from 303 to

323K. Both Xm and Kb values show the similar trend as reported by

Qin et al. [20] while studying the competitive adsorption for Cd2+, Cu2+

and Pb2+ on peat. Similar results were also reported elsewhere [21].

6. Adsorption Thermodynamics

The apparent thermodynamic parameters like enthalpy, entropy

and free energy changes for the removal of metal ions were cal-

culated using following relation:

(4)

∆G=∆H−T∆S (5)

A plot of lnK vs. 1/T for the adsorption of cations in ternary sys-

tems at pH values 5 and 7 is shown in the Fig. 7. The correspond-

ing values of ∆H, ∆S and ∆G calculated for single and ternary sys-

tems are shown in Table 3. At pH 5 the values for both ∆H and ∆S

for Cd2+ adsorption in ternary system are almost doubled than the

entropy and enthalpy values in the single system. However, no signif-

icant difference was observed for the Zn2+ and Ni2+ ions. This behav-

ior indicates that in the ternary system a great amount of energy is

required to transfer the Cd2+ ions from aqueous solution to the solid

surface, which agrees well with the least selectivity shown by the

adsorbent towards the Cd2+ ions. At pH 7, the ∆H and ∆S values

for metal ions in the ternary systems are also found greater than in

the single system; however, this increase is much lower when com-

pared to the thermodynamic values at pH 5. This indicates that ion

exchange of metal ions is accompanied with adsorption precipita-

tion and co-precipitation. Barros et al. [22] observed similar decrease

in ∆H values for calcium ions. In the present study, the values of

∆S in ternary system are also found higher than in the single system,

showing that the freedom of the metal cations on the surface is re-

stricted. Further, the effect of pH on the entropy was found similar

as noted for the ∆H values discussed for the metal ions in single as

well as in ternary systems [19].

The values of ∆G were found to be negative and a small increase

with the rise in temperature was observed for single, binary and ter-

nary systems. The negative values of ∆G point towards the sponta-

neity of the adsorption process in the ternary systems and show that

the uptake of metal cations by the adsorbent is favored at lower tem-

peratures. The low values of ∆G further indicate that the mecha-

nism of the process essentially remains ion exchange. Barros et al.

[22] reported similar ∆G values while studying the adsorption of

Ca2+, Zn2+ and Mg2+ ions in ternary systems on zeolite.

CONCLUSIONS

The synthesized adsorbent was amorphous. The selectivity order

of metal ions towards the Fe(OH)3 was Ni
2+>Zn2+>Cd2+. Adsorp-

Kb = 

∆S

R
-------

 − 

∆H

RT
--------ln

Table 3. Free energy change, enthalpy and entropy changes of

nickel, zinc and cadmium in single and ternary systems

pH System
∆G ∆H ∆S

303K 313K 323K

5 Ni only −7.6 −6.8 −6.1 −30.7 −76.2

Ni(Cd+Zn+Ni) −10.4 −8.8 −7.1 −60.7 −165.9

Zn only −5.5 −5.2 −4.9 −13.93 −27.91

Zn(Cd+Zn+Ni) −6.8 −6.5 −6.3 −15.4 −28.2

Cd only −9.1 −8.9 −8.6 −16.1 −23.4

Cd(Cd+Zn+Ni) −7.1 −6.7 −6.6 −14.7 −25.1

7 Ni only −6.6 −5.9 −5.2 −28.3 −71.4

Ni(Cd+Zn+Ni) −11.4 −11.3 −11.2 −12.6 −15.3

Zn only −8.5 −7.6 −6.9 −33.9 −83.9

Zn(Cd+Zn+Ni) −6.9 −6.4 −5.2 −25.7 −61.9

Cd only −11.7 −11.6 −11.5 −15.7 −13.2

Cd(Cd+Zn+Ni) −7.0 −6.9 −6.7 −12.8 −18.9

Fig. 7. Plot of lnKb vs. 1/T for Cd
2+ (◆), Ni2+ (■) and Zn2+ (▲)

ions adsorption in ternary system at (a) pH 5 and (b) 7.
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tion of the cations decreased with the increase in temperature, sug-

gesting that the uptake of metal ions is favored at lower tempera-

ture. Further, the pH was found to have a profound effect on the

adsorption process. Adsorption data was found well fitted to the

linear form of the Kurbatov equation. For a single system, the n

values are in the range of 1-2, showing that the mechanism of metal

uptake is ion exchange, whereas in a ternary system, n values being

less than unity indicate that the mechanism may be precipitation or

co-precipitation. The Langmuir model was found applicable to the

adsorption data. The values of both Xm and Kb for Fe(OH)3 are found

to decrease with the increase in temperature, suggesting that the

uptake of cations was favored at lower temperature. The negative

values of ∆H also favor the exchange mechanism to be exother-

mic. The ∆H values investigated are found to increase from single

to binary and ternary systems, showing that more heat is released

in ternary than binary and single systems. The ∆S values indicate

that the freedom of the metal cations is less restricted in multimetal

system. The low negative ∆G values, besides supporting the spon-

taneous nature of the process, also confirm that the overall mecha-

nism is ion exchange.

REFERENCES

1. V. Srivastava, C.H. Weng, V.K. Singh and Y.C. Sharma, J. Chem.

Eng. Data, 56, 1414 (2011).

2. M.N. Khan and U. Zareen, J. Iranian Chemical Soc., 1, 152 (2004).

3. G. Mustafa, B. Singh and R. S. Kookana, Chemosphere, 57, 1325

(2004).

4. A. Srivastava and P. C. Srivastava, Environ. Pollut., 68, 171 (1990).

5. J. Simon, W. Schulze and M. Voltz, Allg. Chem., 394, 233 (1972).

6. S. Mustafa, M. Waseem, A. Naeem, K. H. Shah and T. Ahmad,

Desalination, 255, 148 (2010).

7. S. Mustafa and I. Haq, Environ. Technol. Lett., 9, 311 (1988).

8. C. E. Cowan, J.M. Zachara and C. T. Resch, Environ. Sci. Tech-

nol., 25, 437 (1991).

9. I. D. Atanassova, J. Environ. Pollut., 87, 17 (1995).

10. I. Christl and R. Kretzsachmar, Geochim. Cosmochim. Acta, 63,

2929 (1999).

11. C. A. Christophi and L. Axe, J. Environ. Eng., 126, 66 (2000).

12. V. Antoniadis and C.D. Tsadilas, Appl. Geochem., 22, 2375 (2007).

13. T. Shigematsu, T. Omori, T. Aoki and M. Matsui, Bull. Inst. Chem.

Res. Kyoto Univ., 53, 435 (1975).

14. A. S. Al-Kady, M. Gaber, M.M. Hussein and E.M. Ebeid, Spec-

trochim. Acta Part A, 83, 398 (2011).

15. C. Gomes, M.P. F. Fontes, A.G. da Silva, E. S. Mendonca and A.R.

Netto, Soil Sci. Soc. Am. J., 65, 1115 (2001).

16. P. C. Kumar, C. S. Shekhar and V. Misra, J. Hazard. Mater., 147,

698 (2007).

17. F. Karine, A. E. Guillon and M. Aplincourt, Geoderm., 139, 180

(2007).

18. L. Yan-Hui, J. Ding, Z. Luan, D. Zechao, Z. Yuefeng, X. Cailu, W.

Dehai and W. Bingqing, Carbon, 41, 2787 (2003).

19. D. Mohan and S. Chander, J. Colloid Interface Sci., 299, 76 (2006).

20. F. Qin, B. Wen. X. Shan, F. Qin, B. Wen. X. Shan, Y. Xie, T. Liu, S.

Zhang and S. U. Khan, J. Environ. Pollut., 144, 669 (2006).

21. R. Balasubramanian, S.V. Perumal and J. Vijayaraghavan, Ind. Eng.

Chem. Res., 48, 2093 (2009).

22. M. A. Barros, I. F. Araujo, P. A. Arroyo, E. F. Sousa-Aguiar and

C. R. G. Tavares, Latin Am. Appl. Res., 33, 339 (2003).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


