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Abstract−Experimental liquid-liquid equilibrium (LLE) data for the system of (water+butyric acid+iso-butyl acetate)

were obtained at T=(298.2, 303.2, 308.2, and 313.2) K and atmospheric pressure. This ternary system exhibits type-1

behavior of LLE. The experimental tie-line data were correlated using the UNIQUAC and NRTL models. The reliability

of the experimental tie-line data was determined by applying the Othmer-Tobias and Hand correlations. Distribution

coefficients and separation factors were calculated over the immiscibility regions.
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INTRODUCTION

Liquid phase equilibrium data for extraction of carboxylic acids

from water are important in estimation of industrial solvent extrac-

tion units. The LLE data are always required for efficient separa-

tion operations, which can be obtained from direct measurements

[1-8].

Butyric acid (BA) is one of the important carboxylic acids, which

has many scientific and industrial applications. Therefore, the extrac-

tion of this acid from water is an important problem [9-11]. In recent

years, some important data have been reported on the LLE meas-

urements and the extraction of BA from aqueous solutions [12-18].

In this research, iso-butyl acetate was chosen as organic solvent

for recovery of BA from water. This solvent has been used in the

determination of LLE data for the aqueous mixture of phosphoric

acid with organic solvent [19]. To investigate the change of equi-

librium characteristics, four different temperatures were selected.

At each temperature, T=(298.2, 303.2, 308.2 and 313.2) K, the phase

compositions were measured.

Distribution coefficients and separation factors were calculated

from the tie-line data to establish the possibility of the use of this

solvent for the separation of BA from water. The experimental data

were correlated using the UNIQUAC and NRTL models [20,21],

and the values for the interaction parameters were obtained. In gen-

eral, both of the correlation models are applicable for the LLE cor-

relation of the investigated system.

EXPERIMENTAL SECTION

1.Materials

Butyric acid and iso-butyl acetate with stated mass fraction purity

higher than 0.99, and 0.995, respectively, were obtained from Merck.

The stated purity of the materials was checked based on their re-

fractive indices and densities. Deionized and redistilled water was

used throughout all the experiments. All materials were used as re-

ceived without any further purification. The measured refractive

index and density data of the chemicals used in this study along

with the literature values are listed in Table 1.

2. Apparatus and Procedure

The solubility curves for the ternary mixtures were determined

by the cloud point method in an equilibrium glass cell [22]. The

binary mixtures of known compositions were prepared by weight-

ing and introduced into the glass cell. The temperature of the cell

was controlled by a water jacket and maintained with an accuracy

of within ±0.1K that was checked with a digital thermometer (Lutron

TM-917). At each temperature, the third component was progres-

sively added using a microburet. The end-point was determined by

observing the transition from an appearance to a disappearance of

the heterogeneous mixture. All the measurements were repeated at

least three times. The average of these readings was taken for the

component compositions and reported in Table 2.

To measure the LLE tie-line data for the investigated system, a

250ml glass cell connected to a thermostat was used. The equilib-

rium data were determined by preparing the ternary mixtures of

known compositions. The prepared mixtures were introduced into

the extraction cell and were stirred for 4 h, and then left to settle for

6 h for phase separation. For this ternary system, this time is long

enough to achieve equilibrium. When equilibrium was achieved,

the system was separated into two liquid phases that became clear

and transparent with a well-defined interface. Then, the organic liquid

phase was almost completely collected with glass syringe into a

Table 1. The refractive index (n) and density (ρ) of the pure com-
ponents at T=298.2 K

Component
n ρ/(kg·m−3)

Exp. Lit. Exp. Lit.

Butyric acid 1.3976 1.3975 [13] 952.72 952.80 [13]
iso-Butyl acetate 1.3878 1.3876 [30] 866.29 866.12 [30]

Water 1.3324 1.3325 [31] 997.09 997.04 [31]
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container and weighed. The remaining aqueous phase was also col-

lected and weighed. After separation, samples of both phases were

transparent and were carefully analyzed to determine their compo-

sitions.

3. Analysis

The aqueous and organic phases were weighed and analyzed to

find the composition of the components. For the complete determina-

tion of the LLE data, the following method was used. The concentra-

tions of the acid (BA) in both phases were determined by potentio-

metric NaOH titration in the presence of phenolphthalein as an in-

dicator. The water content of the organic phase was measured by

the Karl-Fisher method [23] using Metrohm-870 KF Titrino plus

Karl-Fisher titrator. The solvent content in the aqueous phase was

determined using refractive index measurements [24]. The refrac-

tive indices of both phases at equilibrium were measured and used

for building standard curves.

Therefore, knowing the two known variables in the organic phase

(i.e., mass of water and mass of the acid in the organic phase) one

can evaluate the mole fraction of the third component (iso-butyl

acetate) using the following equation:

(1)

Furthermore, concentration analyses of BA and iso-butyl acetate

were also performed for the aqueous phase using acid-base titra-

tion and refractive index measurements, respectively. Therefore,

knowing mass of the solvent and mass of the acid, one can calcu-

late the mole fraction of water in the aqueous phase using Eq. (1).

The calculated composition of tie-line samples was checked for

data consistency using mass balance equations and the experimen-

tal information on the binodal curves. In other words, knowing the

mass of the three components in the initial mixtures, the mass of

separated phases, and the three known variables, one can estimate

the other unknown variables. It should be noted that the composi-

tion of the feeds was on the straight lines of the organic and the aque-

ous phases. Thus, using mass balance equations, the water content

in the aqueous phase and the amount of the solvent in both phases

were determined.

All weighing was done with an analytical balance accurate to

within ±1×10−4 g. The uncertainty in the mole fractions was esti-

mated as ±0.001.

RESULTS AND DISCUSSION

1. Experimental LLE Data

The experimental LLE data for the (water+BA+iso-butyl ace-

tate) ternary system were measured at T=(298.2, 303.2, 308.2 and

313.2) K. The experimental values for the ternary system at each

temperature are listed in Table 3. The LLE diagrams at various tem-

peratures for the investigated system are plotted in Figs. 1-4. Because

(BA+water) and (BA+iso-butyl acetate) are two liquid pairs that

are completely miscible and the only liquid pair (water+iso-butyl

acetate) is partially miscible, this ternary system behaves as type-1

LLE.

To indicate the ability of the solvent in the recovery of the acid,

separation factors (S) were calculated from the experimental data.

The separation factor is defined as,

(2a)

(2b)

x13 and x23 are the mole fractions of water and BA in the organic-

rich phase, respectively. x11 and x21 are the mole fractions of water

and BA in the aqueous phase, respectively.

The distribution coefficients and separation factors for the ter-

nary system are also given in Table 3. The variation of experimen-

tal separation factor as a function of the mole fraction of the solute

in aqueous phase for the ternary system is shown in Fig. 5. As can

be seen, the temperature effect on the separation factor is notice-

xi =1
i
∑

S = 
distribution coefficient of the aicd D2( )
distribution coefficient of water D1( )
---------------------------------------------------------------------------------------------

S = 
x23/x21

x13/x11

--------------

Table 2. Experimental solubility data in mole fraction for (water+BA+iso-butyl acetate) at different temperaturesa

T=298.2 K T=303.2 K T=308.2 K T=313.2 K

x1 (water) x2 (BA) x1 (water) x2 (BA) x1 (water) x2 (BA) x1 (water) x2 (BA)

0.999 0.000 0.999 0.000 0.999 0.000 0.076 0.000
0.904 0.093 0.899 0.094 0.928 0.061 0.134 0.071

0.903 0.094 0.883 0.111 0.895 0.096 0.182 0.115
0.881 0.115 0.811 0.179 0.813 0.177 0.233 0.174
0.839 0.153 0.742 0.235 0.724 0.241 0.292 0.225

0.774 0.208 0.672 0.280 0.572 0.317 0.342 0.269
0.692 0.277 0.600 0.317 0.438 0.331 0.430 0.313
0.506 0.363 0.500 0.349 0.357 0.302 0.515 0.316

0.410 0.350 0.430 0.345 0.331 0.283 0.603 0.289
0.347 0.318 0.359 0.318 0.287 0.233 0.691 0.247
0.306 0.282 0.299 0.265 0.240 0.174 0.776 0.189

0.255 0.215 0.252 0.203 0.200 0.124 0.851 0.127
0.181 0.108 0.187 0.117 0.137 0.047 0.912 0.076
0.100 0.000 0.100 0.000 0.100 0.000 0.995 0.005

0.999 0.000 0.999 0.000 0.999 0.000 0.076 0.000
aStandard uncertainties u are u(T)=0.1 K, and u(x)=0.001
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Table 3. Experimental tie-line values in mole fraction for (water+BA+iso-butyl acetate) along with separation factor (S) and distribu-
tion coefficient of the acid (D2) and water (D1) at different temperaturesa

Aqueous phase mole fraction Organic phase mole fraction
D2 D1 S

x11 (water) x21 (BA) x31 (i-BA) x13 (water) x23 (BA) x33 (i-BA)

T=298.2 K
0.992 0.005 0.003 0.271 0.233 0.496 5×101 0.273 2×102

0.990 0.008 0.002 0.300 0.274 0.426 3×101 0.303 1×102

0.986 0.011 0.003 0.336 0.313 0.351 28 0.341 84
0.977 0.021 0.002 0.408 0.351 0.241 17 0.418 40

0.959 0.039 0.002 0.495 0.366 0.139 9.4 0.516 18
T=303.2 K

0.989 0.009 0.002 0.300 0.265 0.435 3×101 0.303 1×102

0.985 0.012 0.003 0.342 0.306 0.352 26 0.347 73
0.978 0.019 0.003 0.395 0.338 0.267 18 0.404 44
0.963 0.033 0.004 0.473 0.352 0.175 11 0.491 22

0.943 0.053 0.004 0.569 0.327 0.104 6.2 0.603 10
T=308.2 K

0.991 0.007 0.002 0.247 0.175 0.578 3×101 0.249 1×102

0.988 0.010 0.002 0.288 0.236 0.476 24 0.291 81
0.985 0.012 0.003 0.335 0.289 0.376 24 0.340 71
0.982 0.014 0.004 0.384 0.318 0.298 23 0.391 58

0.979 0.017 0.004 0.447 0.335 0.218 20 0.457 43
T=313.2 K

0.989 0.010 0.001 0.291 0.220 0.489 22 0.294 75

0.985 0.013 0.002 0.340 0.270 0.390 21 0.345 60
0.981 0.017 0.002 0.383 0.294 0.323 17 0.390 44
0.977 0.021 0.002 0.422 0.309 0.269 15 0.432 34

0.972 0.025 0.003 0.455 0.317 0.228 13 0.468 27
aStandard uncertainties u are u(T)=0.1 K, and u(x)=0.001

Fig. 1. Ternary phase diagram for LLE of [water (1)+BA (2)+iso-
butyl acetate (3)] at T=298.2K; ( ) Experimental binodal
curve and ( ) tie-lines, (○) UNIQUAC calculated points,
(▼) NRTL calculated points (α=0.3), (△) NRTL calcu-
lated points (regressed α).

Fig. 2. Ternary phase diagram for LLE of [water (1)+BA (2)+iso-
butyl acetate (3)] at T=303.2K; ( ) Experimental binodal
curve and ( ) tie-lines, (○) UNIQUAC calculated points,
(▼) NRTL calculated points (α=0.3), (△) NRTL calcu-
lated points (regressed α).
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able. The average relative uncertainties for water distribution coef-

ficient, acid distribution coefficient and separation factor are 0.003,

0.08 and 0.08, respectively.

For the investigated system, the experimental results confirm that

the organic solvent has high separation factor, indicating the ability

of the solvent to extract the acid from water. However, iso-butyl

acetate has a larger separation factor at 298.2K (separation factors

varying between 75 and 200), meaning that it is a more appropri-

ate solvent for the extraction of BA from water at T=298.2K.

2. Correlation Models

The experimental LLE data were correlated using the universal

quasi-chemical (UNIQUAC) method of Abrams and Prausnitz [20]

and the nonrandom two-liquid (NRTL) model of Renon and Praus-

nitz [21]. The UNIQUAC structural parameters r and q used for

this ternary system (Table 4) have been computed from the num-

ber of molecular groups and the individual values of the van der

Waals volume and area of the molecule [25,26].

In this work, the value of the non-randomness α was fixed at 0.3.

Moreover, in the NRTL equation α was regressed (correlated α) and

used for the investigated system. The optimum values for the re-

gressed α (i.e. α12, α13, and α23) were 0.46, 0.40, and 1.00, respectively.

The correlated results together with the experimental values for

the ternary system of (water+BA+iso-butyl acetate) were plotted

and are shown in Figs. 1-4. The experimental LLE results were also

used to determine the optimum UNIQUAC and NRTL global binary

interaction parameters between each pair of components (see Table

5). The detailed description of the meaning of parameters and equa-

tions is widely defined in the current literature [27]. The calculated

data for the ternary system at each temperature are listed in Table 6.

The quality of the correlation is measured by the root-mean square

deviation (rmsd). The rmsd value was calculated from the differ-

ence between the experimental and calculated mole fractions accord-

ing to the following equation:

(3)% rmsd = 

xi − x̂
ijk

( )2
i=1

3

∑
j=1

2

∑
k=1

n

∑

6n
-------------------------------------- 100×

Fig. 3. Ternary phase diagram for LLE of [water (1)+BA (2)+iso-
butyl acetate (3)] at T=308.2K; ( ) Experimental binodal
curve and ( ) tie-lines, (○) UNIQUAC calculated points,
(▼) NRTL calculated points (α=0.3), (△) NRTL calcu-
lated points (regressed α).

Fig. 5. Plot of the separation factor (S) of BA as a function of mole
fraction of the acid in the aqueous phase; ( ) 298.2K, ( )
303.2 K, ( ) 308.2 K and (○) 313.2 K.

 

Fig. 4. Ternary phase diagram for LLE of [water (1)+BA (2)+iso-
butyl acetate (3)] at T=313.2K; ( ) Experimental binodal
curve and ( ) tie-lines, (○) UNIQUAC calculated points,
(▼) NRTL calculated points (α=0.3), (△) NRTL calcu-
lated points (regressed α).

Table 4. The UNIQUAC structural parameters (r and q) for pure
components

Components r q

Water 0.92 1.40

Butyric acid 3.55 3.15
iso-Butyl acetate 4.83 4.19
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where n is the number of tie-lines, x indicates the experimental mole

fraction,  is the calculated mole fraction, and the subscript i indexes

components, j indexes phases and k=1, 2, ..., n (tie-lines). The rmsd

values for the data obtained through UNIQUAC and NRTL corre-

lations are also listed in Table 5.

3. Consistency of Tie-line Data

The reliability of experimental tie-line data was determined by

the Othmer-Tobias [28] and the Hand [29] correlation equations,

for the investigated ternary system:

(5)

where the components definition are same as those previously de-

fined. A, B, A', and B' are the parameters of the Othmer-Tobias cor-

relation and the Hand correlation, respectively. The parameters of

the Othmer-Tobias and the Hand correlations are listed in Table 7.

x̂

1− x33

x33

-------------
⎝ ⎠
⎛ ⎞

 = A + B
1− x11

x11

-------------
⎝ ⎠
⎛ ⎞lnln

x21

x11

------
⎝ ⎠
⎛ ⎞

 = A' + B'
x23

x33

------
⎝ ⎠
⎛ ⎞lnln

Table 5. The rmsd values for correlated results from the UNIQUAC and NRTL model and the corresponding binary interaction param-
eters (aij and aji) for the ternary system

Model αij i-j aij aji rmsd %

UNIQUAC
- 1-2 −0.0865 0−0.4367
- 1-3 −0.0804 0−3.4806 1.58
- 2-3 −1.5196 −50.0000

NRTL
0.30 1-2 −2.7847 0−0.1306
0.30 1-3 −4.9007 0−2.5703 1.33
0.30 2-3 −2.6482 0−5.0079

NRTL (Regressed α)
0.45 1-2 −2.8219 0−1.1673
0.40 1-3 −5.6081 0−1.8278 1.27
1.00 2-3 −0.6736 ς−5.7291

Table 6. Calculated UNIQUAC and NRTL tie-line values in mole fraction for (water+BA+iso-butyl acetate) at different temperatures

Aqueous phase mole fraction Organic phase mole fraction

x11 (Water) x21 (BA) x13 (Water) x23 (BA)

UNIQ.
NRTL
α=0.3

NRTL
 reg. α

UNIQ.
NRTL
α=0.3

NRTL
 reg. α

UNIQ.
NRTL
α=0.3

NRTL
 reg. α

UNIQ.
NRTL
α=0.3

NRTL
 reg. α

T=298.2 K
0.992 0.992 0.992 0.005 0.005 0.006 0.254 0.247 0.253 0.213 0.212 0.208
0.989 0.989 0.990 0.008 0.008 0.008 0.295 0.293 0.293 0.244 0.245 0.248

0.986 0.986 0.986 0.011 0.012 0.012 0.323 0.332 0.341 0.262 0.271 0.285
0.976 0.977 0.976 0.021 0.020 0.021 0.389 0.398 0.397 0.295 0.307 0.348
0.962 0.964 0.949 0.035 0.033 0.048 0.455 0.465 0.555 0.312 0.332 0.394

T=303.2 K
0.988 0.989 0.989 0.009 0.009 0.009 0.303 0.303 0.300 0.249 0.252 0.256
0.985 0.985 0.985 0.012 0.013 0.013 0.330 0.341 0.351 0.266 0.276 0.290

0.977 0.977 0.978 0.020 0.020 0.019 0.383 0.397 0.416 0.292 0.306 0.325
0.958 0.960 0.964 0.039 0.037 0.033 0.470 0.479 0.502 0.314 0.335 0.364
0.939 0.941 0.951 0.057 0.055 0.046 0.532 0.538 0.551 0.313 0.342 0.383

T=308.2 K
0.991 0.992 0.992 0.006 0.006 0.006 0.273 0.263 0.277 0.228 0.224 0.209
0.988 0.988 0.989 0.010 0.009 0.009 0.308 0.308 0.303 0.253 0.255 0.258

0.986 0.985 0.985 0.012 0.013 0.012 0.329 0.339 0.348 0.266 0.275 0.288
0.983 0.982 0.981 0.015 0.016 0.016 0.349 0.368 0.388 0.277 0.291 0.312
0.978 0.977 0.978 0.019 0.020 0.020 0.377 0.397 0.422 0.290 0.306 0.327

T=313.2 K
0.988 0.989 0.990 0.010 0.009 0.008 0.311 0.303 0.263 0.255 0.252 0.256
0.985 0.985 0.985 0.013 0.013 0.012 0.336 0.341 0.338 0.270 0.276 0.289

0.980 0.981 0.982 0.017 0.017 0.016 0.365 0.372 0.373 0.284 0.294 0.316
0.977 0.977 0.977 0.021 0.020 0.020 0.388 0.397 0.403 0.294 0.306 0.339
0.971 0.971 0.972 0.027 0.026 0.024 0.418 0.431 0.453 0.305 0.321 0.346
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For this system, the Othmer-Tobias and the Hand plots are also shown

in Figs.6 and 7, respectively. The correlation factor (R2) being approx-

imately unity and the linearity of the plots indicate the degree of

regularity of the measured tie-line data.

CONCLUSIONS

The LLE data for the ternary system of (water+butyric acid+iso-

butyl acetate) were experimentally obtained at T=(298.2, 303.2,

308.2 and 313.2) K. The ternary system exhibits type-1 behavior

of the LLE. The UNIQUAC and NRTL (α=0.3 and regressed α)

models were satisfactorily used to correlate the experimental data

and to calculate the phase compositions of the mixture studied. The

corresponding optimized binary interaction parameters were also

calculated. Both the models give good results for the investigated

system.

The separation factors and distribution coefficients for the organic

solvent used in this work were calculated. The experimental data

indicated that iso-butyl acetate has relatively high separation factors

and distribution coefficients, which shows the ability of the solvent to

extract the acid from water.

REFERENCES

1. A. Senol, Fluid Phase Equilib., 243, 51 (2006).
2. D. Özmen, J. Chem. Thermodyn., 39, 123 (2007).
3. D. Özmen, Fluid Phase Equilib., 269, 12 (2008).
4. H. Uslu and . I. K rba lar, Fluid Phase Equilib., 287, 134 (2010).
5. S. ahin, . I. K rba lar and M. Bilgin, J. Chem. Thermodyn., 41,
97 (2009).

6. . I. K rba lar, S. ahinn and M. Bilgin, J. Chem. Thermodyn., 39,
1463 (2007).

7. M. Bilgin and C. Arisoy, Fluid Phase Equilib., 250, 59 (2006).
8. S.A. Al-Muhtaseb and M.A. Fahim, Fluid Phase Equilib., 123,
189 (1996).

9. D. Vandak, J. Zigova, E. Sÿturdik and S. Schlosser, Process Bio-
chem., 32, 245 (1977).

10. E. Sabolova, S. Schlosser and J. Martak, J. Chem. Eng. Data, 46,
735 (2001).

11. Z.Y. Li, W. Qin and Y. Dai, J. Chem. Eng. Data, 47, 843 (2002).
12. . I. K rba lar, S. ahin and M. Bilgin, J. Chem. Thermodyn., 39,

1279 (2007).
13. . I. K rba lar, J. Chem. Thermodyn., 38, 696 (2006).
14. . I. K rba lar, M. Bilgin and D. Batr, J. Chem. Thermodyn., 37, 175

(2005).
15. M. Bilgin, J. Chem. Thermodyn., 38, 1643 (2006).
16. M. Bilgin, . I. K rba lar, Ö. Özcan and U. Dramur, J. Chem. Ther-

modyn., 37, 297 (2005).
17. A. Gök, . I. K rba lar, H. Uslu and H. Ghanadzadeh Gilani, Fluid

Phase Equilib., 303, 71 (2011).
18. H. Ghanadzadeh, A. Ghanadzadeh, S. Asgharzadeh and N. Dast-

moozeh, Thermochim. Acta, 523, 154 (2011).

çS i çs
çS çS i çs

çS i çs çS

çS i çs çS

çS i çs
çS i çs

çS i çs

çS i çs

Table 7. Othmer-Tobias and Hand equations constants for the ternary system of (water+BA+iso-butyl acetate)

T/K
Othmer-Tobias correlation Hand correlation

A B R2 A' B' R2

298.2 5.1768 1.0687 0.9990 −4.3372 1.2040 0.9971
303.2 5.1855 1.0970 0.9972 −4.1886 1.1371 0.9967

308.2 8.2048 1.8262 0.9869 −4.2729 0.5365 0.9894
313.2 5.6440 1.2432 0.9993 −3.9624 0.8398 0.9900

Fig. 6. Othmer-Tobias plot of the (water+BA+iso-butyl acetate)
ternary system at different temperatures; ( ) 298.2K, ( )
303.2 K, ( ) 308.2 K and (○) 313.2 K.

 

Fig. 7. Hand plot of the (water+BA+iso-butyl acetate) ternary sys-
tem at different temperatures; ( ) 298.2K, ( ) 303.2K,
( ) 308.2 K and (○) 313.2 K.

 



Tie-line data for aqueous mixtures of butyric acid with isobutyl acetate at various temperatures 1621

Korean J. Chem. Eng.(Vol. 29, No. 11)

19. H. Ghanadzadeh, A. Ghanadzadeh, Z. Aghajani, S. Abbasnejad and
S. Shekarsaraee, J. Chem. Thermodyn., 42, 695 (2010).

20. D. S. Abrams and J. M. Prausnitz. AIChE J., 21, 116 (1975).
21. H. Renon and J. M. Prausnitz. AIChE J., 14, 135 (1968).
22. N. Peschke and S. I. Sandler, J. Chem. Eng. Data, 40, 315 (1995).
23. H. Li and K. Tamura, Fluid Phase Equilib., 263, 223 (2008).
24. A. Merzougui, A, Hasseine, A, Kabouche and M. Korichi, Fluid

Phase Equilib., 309, 161 (2011).
25. A. Bondi, J. Phys. Chem., 68, 441 (1964).
26. A. Bondi, Physical Properties of Molecular Crystals, Liquids and

Glasses, John Wiley and Sons Inc., New York (1968).
27. T. Banerjee, M.K. Singh, R.K. Sahoo and A. Khanna, Fluid Phase

Equilib., 234, 64 (2005).
28. D. F. Othmer and P. E. Tobias, Ind. Eng. Chem., 34, 690 (1942).
29. V. Brandani, A. Chianese and M. Rossi, J. Chem. Eng. Data, 30,

27 (1985).
30. A. Chafer, J. de la Torre, J. B. Monton and E. Lladosa, Fluid Phase

Equilib., 265, 122 (2008).
31. H. Ghanadzadeh Gilani, M. Golpour and B. Abbasi Souraki, J.

Chem. Thermodyn., 49, 39 (2010).



<<
  /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


