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Abstract: In this paper, the comprehensive experimental examinations are con-
ducted to investigate the mass transfer properties of Dixon ring packing. The 
main aspect of this study is to investigate the characteristics of Dixon ring 
packing using a narrow packed column. Firstly, the mass transfer properties of 
the packing were investigated using distillation experiments at total reflux. 
Afterwards, the pervasive experiments were conducted to plot the generalized 
pressure drop correlation chart. Finally, the variation of height equivalent to a 
theoretical plate (HETP) was determined at total reflux operations for various 
vapour loading factors. Our findings showed that increasing the vapour loading 
factor up to 0.62 Pa0.5 would eventually decrease the HETP. It was also shown 
that the further increase in the vapour loading factor results in a sudden inc-
rease in the HETP value. According to our findings, the selection of the opti-
mum vapor loading factor would enhance the value of HETP up to more than 
57 %. 

Keywords: Dixon ring; packing characterization; distillation column; packed 
bed; narrow column; GPDC chart. 

INTRODUCTION 
In recent years, the extensive studies have been conducted on light stable 

isotopes. Isotopes are different atomic types of a single element. Isotopes of dif-
ferent elements have applications in a variety of fields.1 Take, for instance, the 
applications in the fields of medicine, pharmacology, biology and chemical eng-
ineering.2,3 The light stable isotopes of elements such as carbon, oxygen and nit-
rogen have also applications in the study of human metabolism changes, the 
studies of molecular structure, non-invasive respiratory tests and Alzheimer 
tests.4 Therefore, in recent years various researchers have extensively focused on 
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the separation of light stable isotopes. With regard to molecular weight of the 
specified gaseous feed, various methods could be used for the separation of iso-
topes. Among these methods, cryogenic distillation is the only economic one for 
the large scale production of light stable isotopes.3 The cryogenic distillation is a 
distillation process operated at temperatures below 120 K. 

The difference between boiling points of isotopologues is the key isotope 
effect for the isotope separation by cryogenic distillation. This difference of boil-
ing points between isotopologues is extremely small. Therefore, numerous stages 
are required for the isotope separation by cryogenic distillation. On the other 
hand, according to a rule of thumb, in small diameter packed columns, height 
equivalent to a theoretical plate (HETP) approximately equals the internal dia-
meter of the column. Hence, the isotope separation by cryogenic distillation is 
usually conducted in relatively narrow columns (with diameters of about 40 mm 
and even smaller).1,5 For an accurate design and an optimized operation of a 
packed distillation column, the knowledge about the characterizations of the 
packing must be complete and detailed. Among various characteristics of a pack-
ing, HETP and generalized pressure drop correlations (GPDC) are of great imp-
ortance because HETP is often used to estimate the height of the distillation 
column and GPDC chart is commonly used to estimate the diameter or the cap-
acity of the column. Thus, a significant number of studies could be cited in which 
the characteristics of a packing or a packed column was investigated.6–11 How-
ever, most of these works could not be generalized to small diameter columns (5 
cm and smaller) because they were conducted in relatively large diameter 
columns (larger than 15 cm). In other words, the results obtained from a small 
diameter column would be rigorously affected by wall effects, while it is not the 
case in a large diameter column. This could mainly be caused by the wall flow 
and the channelling phenomena, because at a constant liquid spraying density, 
decreasing the column diameter results in the increased wall flow.12 Therefore, 
when a packing is to be used in a small diameter column (take, for instance, cryo-
genic distillation for isotope separation), it should better be characterized in a 
similar column. 

Several studies so far focused on mass transfer properties or/and pressure 
drop behaviour of various types of packings. Yamanishi and Kinoshita13,14 per-
formed preliminary experimental studies on a small internal diameter cryogenic 
distillation column. They found that the over-all HETP was almost independent 
of the vapour flow rate. Olujic et al.15 reported the results of Montz high capacity 
structured packings under total reflux distillation. They also presented the rel-
ationships between specific surface area, pressure drop, capacity, and separation 
efficiency. Del Carlo et al.16 proposed a new mechanistic model to evaluate the 
mass transfer performance in columns equipped with structured packings. 
According to their findings, simple mechanistic models can be used with con-
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fidence to describe the fluid dynamics within the packings. Jiangbo et al.17 
developed a three-dimensional two-phase flow model for simulating the hydro-
dynamics and mass-transfer properties in a typical representative unit of the 
structured packing. They showed that the values of HETP, estimated by the 
model, satisfactorily agreed with the experimental results. Li et al.3 developed a 
new high surface area structured packing. They also designed and constructed the 
first 13C separation pilot-scale plant using the structured packing. Moreover, they 
developed the fluid mechanical and mass transfer empirical equations according 
to their new structured packing. Bessou et al.18 performed several experiments on 
a new packing using a 150 mm internal diameter column. They compared the 
properties of the packing with those of packings generally used in distillation and 
absorption. Olujic et al.19 presented the results of the total reflux distillation for 
various packings using a 590 mm internal diameter column. Their results sug-
gested that Delft model closely estimates the pressure drop and the efficiency of 
the packing species. Wang et al.20 characterized a packing type which is widely 
used in post-combustion CO2 capture. They reported the mass transfer properties 
of the packing. Olujic et al.21 employed a 1.22 m internal diameter column for 
total reflux distillation experiments at different pressures. Their findings showed 
that approximately the same efficiency values could be obtained at vacuum and 
above atmospheric pressures. Weng et al.6 characterized a new spherical metal 
mesh random packing (SMMP). Their results indicated the potential of develop-
ing high-efficiency and energy-saving SMMP-based equipment. 

Although many research works could be cited in this field, to the best of our 
knowledge no remarkable job is performed on the characterization of the mass 
transfer properties of random packings in a narrow packed column. The main 
objective of the present work is to characterize the mass transfer properties and 
pressure drop behaviour of the Dixon ring packing in a small internal diameter 
column. Note that for sizing/rating of a distillation column using a specified 
packing, two main characteristics of the column should be determined. The dia-
meter of the column is the first, and the second one is the height of the packed 
bed. Sizing/rating of the diameter of the column is performed using GPDC chart 
which is commonly plotted using the results of pressure drop experiments. On 
the other hand, the determination of height of the bed is accomplished using the 
data of HETP. In this research work, first, five millimetres Dixon ring packing is 
constructed. Then a narrow distillation column is employed to investigate the 
mass transfer properties of the packing under total reflux conditions. Afterwards, 
the column is used to define the dry and wet pressure drop chart. The pressure 
drop chart is then used to develop the GPDC chart for the packing at various 
vapour and liquid loadings. Finally, HETP is defined versus vapour loading fac-
tor and the optimal operating value for the vapour loading factor is determined.  
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EXPERIMENTAL 
Packing type 

Five millimetres Dixon ring packing was investigated. This type of random packing is 
famous for its large specific surface area accompanied with the small pressure drop. Structural 
characteristics of the investigated packing are presented in Table I. 

TABLE I. Structural characteristics of the 5 mm Dixon ring packing 

Material Size 
mm2 

Specific surface 
area, m2 m-3 

Density 
kg m-3 

Void fraction
% 

Packing factor 
m-1 

SS-316 Wire netting 
0.40×60 mesh 

5×5 1570 430 94.9 1743 

Experimental setup 
A schematic view of the experimental setup is shown in Fig. 1. The main part of the 

setup is a randomly packed distillation column. The setup is also supplied by the supple-
mentary devices for the manipulation of the distillation process. The experimental column is a 
modular narrow column with an internal diameter of 39.5 mm. The height of each module is 
25 cm. On the top of every module a funnel type liquid distributor is devised. The liquid 
redistributor is depicted in Fig. 2. It should be noticed that the spacing between two adjacent 
distributors was 25 cm in order  to prevent the channelling phenomena and also to reduce the 
wall flow. Dixon ring packing was used to pack the column. This type of random packing is 
commonly used in narrow columns.13,14 

 
Fig. 1. Schematic view of the experimental setup. 

Experimental procedure 
Two sets of experiments were conducted. The first set of experiments was used to 

estimate the mass transfer properties of the packing. In the second set of experiments, the 
pressure drop tests were performed. 
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Fig. 2. Liquid redistributer. 

Rectifying tests 
A mixture of 45 mole percent methylcyclohexane in n-heptane was used as the feed in 

the rectification experiments.22 All of the rectifying experiments were conducted under total 
reflux condition. 

To start the rectification, initially two litres of the feed was charged into the reboiler 
vessel. Then, the Condenser was started to refrigerate the column. Afterwards, the reboiler 
was started with a specified heating power which should be approximately 30–40 % lower 
than the operating power of reboiler. It should be noted that the operating power of a reboiler 
is specified regarding the demanded vapour loading factor. Vapour loading factor can be cal-
culated using the Eq. (1): 

 g gVapor loading factor ( _ )F factor =U ρ  (1) 

where F_factor is the vapor loading factor, Ug and ρg are the superficial velocity and the 
density of the vapour, respectively. 
Pressure drop tests 

Pressure drop experiments were conducted using water and air as the liquid and vapour 
phases, respectively. To perform the pressure drop tests the condenser and the reboiler of the 
experimental system were modified. A polypropylene vessel was devised instead of the con-
denser to supply water with a constant flow rate to the column. In addition, a simple method 
was used to maintain the constant water flow rate. Details of the water flow maintenance 
system are as follows: 

As shown in Fig. 3, to supply water with a constant flow rate to the column, water was 
pumped from vessel 1 to vessel 2 on which a valve and a water flow meter were devised. 
Then, the desired flow rate to the column was regulated using the flow meter 3 and the extra 
water, discharged to vessel 2, was gravitationally returned to vessel 1 through valve 4. There-
fore, this process simply leaded to a constant liquid level in vessel 2, which in case leaded to 
constant water flow through the flow meter 3. 

Other experimental details are given in Supplementary material to this paper. 

RESULTS AND DISCUSSION 

GPDC development 
The pressure drop data of a packing is crucially important when designing a 

distillation process. To accurately design and control the distillation process, the  
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Fig. 3. The setup used for regulation of 
flow rate of liquid. 

GPDC chart of the packing should be developed. The question is what should be 
the range of the liquid spraying density and the gas loading factor? 

Relative volatility is one of the main criteria of the difficulty of a distillation 
process. The smaller the relative volatility is, the more troublesome the separ-
ation process would be. On the other hand, increasing the pressure would dec-
rease the relative volatility.23 Thus, any activity which leads to the increased 
pressure drop must be avoided. Hence, cryogenic distillation plants used for iso-
tope separation are usually operated using gas loading factors which are relat-
ively small.13,14 Therefore, the GPDC chart is plotted for relatively small gas 
loading factors and various liquid spraying densities. Fig. 4 shows the variations 
of pressure drop versus volume flow rate of air for different liquid spraying den-
sities. 

Fig. 4. Pressure drop versus volume flow 
rate of air for different liquid spraying den-
sities. 

After drawing the complete pressure drop chart, the GPDC chart could be 
plotted. To plot the GPDC chart, the values of X (the value of abscissa) and Y 
(the value of ordinate) should be calculated for constant pressure drop curves: 
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in which ρv is the density of vapour phase, ρl is the density of liquid phase, ρw is 
the density of water, FP is the packing factor and GP and LP are the mass flow of 
vapour and liquid for a unit cross sectional area of the column, respectively. 

The term of 0.5
w l( / )ρ ρ  was introduced and used in the expression of Y due 

to the omission of the operational liquid density effect. In other words, the 
aforementioned term was utilized in order to plot a GPDC in which the effect of 
the specific operational liquid in the column is removed.24 

To do so, the following procedure should be accomplished: 
1. A square polynomial curve is fitted on the data points of pressure drop 

versus volume flow rate of vapour (Fig. 4). This fitted equation is used to esti-
mate the fluctuations of pressure drop as a function of a variation in the volume 
flow rate of vapour. The obtained results for the fitted polynomials are displayed 
in Table II. 

2. A value of the pressure drop is selected as a base value for calculations 
of the GPDC chart. This base value is the value of one of the constant pressure 
drop curves which finally appears in the GPDC chart. 

3. The values of LP corresponding to the investigated values of spraying 
density of liquid are simply calculated. Afterwards, the values of GP are cal-
culated for the specified vapour loading factors using the fitted equation in step 1. 

4. By the substitution of the acquired results of the previous steps, the 
values of X and Y are calculated. 

5. When step 4 is completed, a set of X and Y is obtained for each base 
value of pressure drop at every spraying density of liquid. 

6. Finally, the values of X, Y and the base pressure drop are used to plot the 
GPDC chart. 

The GPDC chart is depicted in Fig. 5. 

TABLE II. The data of the fitted polynomials of pressure drop versus vapor loading factor for 
constant liquid loadings; A, B and C are the constants of the fitted equation with the form of 

2Q A P B P C= Δ + Δ + in which Q is the volume flow rate of vapor in L s-1 and ΔP is the 
pressure drop in mbar m-1; range of vapor loading factor: 0.2–1.3 m3 m-2 s-1 
Loading factor of liquid 
m3 m-2 s-1 

Range of pressure drop
mbar m-1 A B C 

0.0006 1–11 –0.0031 0.1494 0.1152 
0.001 1–12 –0.0032 0.141 0.1083 
0.002 1–13 –0.0027 0.1305 0.1179 
0.005 1–16 –0.0026 0.1231 0.1349 
0.0075 1–18 –0.0022 0.1135 0.1137 
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Fig. 5. The generalized pressure drop correlation for 5 mm Dixon ring packing in a column 
with an internal diameter of 39.5 mm. The values of pressure drop for the constant pressure 
drop curves are reported in two dimensions: inches of water per foot of packing height and 

mbar per m of packing (in parentheses). 

The GPDC chart contains the most essential and the most valuable data 
about a packing. This chart could be simply used to size the column. Once the 
GPDC chart is developed, the optimal diameter of the column for a specified 
value of pressure drop could be estimated. Commonly a trial and error procedure 
is employed to design the diameter of a distillation column for a specified 
pressure drop: 

1. First, the equilibrium stage modelling is used to simulate the rectification 
process for the specified separation criteria (concentration or recovery). 

2. The values of internal flow rates of liquid and vapour and also the values 
of density are employed to calculate the abscissa of the chart 
( 0.5 0.5

P v P l/ ( )X L Gρ ρ= ). Note that LP and GP are respectively loadings of liquid 
and vapor and are not specified in the results of equilibrium modeling. Instead, 
the internal flow rates of liquid and vapour are specified. Although the values of 
loading do not equal to that of flow rates, the ratio LP/GP exactly equals the ratio 
internal liquid flow/internal vapour flow. 

3. The desired pressure drop is calculated using a specified criterion. For 
instance, a pressure drop corresponding to 80 % of flooding pressure drop could 
be used. 

4. Using the value of abscissa from step 2 and the desired pressure drop 
from step 3, the corresponding constant pressure drop curve is considered to 
evaluate the ordinate of the chart: 

 2 0.1 0.5
P L P w l v l v( / ) / (32.17 ( ))Y G Fμ ρ ρ ρ ρ ρ= −  
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5. Substituting the parameters of Y and solving the equation for GP, the 
value of GP is defined. 

6. Finally, GP from step 5 is compared to the value of vapour flow rate from 
step 1 to obtain a value of cross sectional area. The cross sectional area is in turn 
used to calculate the diameter of the column. 

7. The procedure of steps 2–6 is repeated for a new value as the base 
pressure drop. 

Hence, using the developed GPDC, rating or sizing of a distillation column 
packed with Dixon ring packing could be accurately performed. 

Rectification process 
Operation of rectification processes in narrow columns is of great import-

ance in the isotope separation by distillation. On the other hand, due to relatively 
small separation factors in isotope separation processes, hundreds and actually 
thousands of ideal stages are needed to achieve an acceptable enrichment. Hence, 
a precise estimation of the HETP value is a must. Fig. 6 plots the results of HETP 
as a function of the power of reboiler at the total reflux operation. Note that the 
variation of the power of reboiler results in different values of vapour loading 
factor, hence, the HETP is plotted against both the reboiler duty and the vapour 
loading factor. 

The results in Fig. 6 show that increasing the vapour loading factor from 
0.35 to 0.62 (points A to C) would decrease the HETP from almost 9.75 to 6.2 
cm. It can also be observed that the further increase in vapour loading factor 
beyond 0.62 (points C to D) would increase the HETP to approximately 9 cm. 
Hence, assuming an efficiency of 100 %, if the vapour loading factor is to be 
controlled about 0.35, every 9.75 cm of the packed section works as a single 
stage. On the other hand, and again with an efficiency of 100 %, at a vapour 
loading factor of 0.62, every 6.2 cm of the packed section works as a single 
stage. Suppose only 10 stages are required for the specified separation, then the 
demanded height of the packed section in the first column and the second one 
would approximately be 97.5 and 62 cm, respectively. This means that the 
efficiency of the same column at different operating conditions could fluctuate 
even more than 50 %. It should be taken into account that one of the main applic-
ations of narrow distillation columns is the separation of light stable isotopes. As 
discussed earlier, relative volatility of stable isotopes of light elements is inten-
sively small. On the other hand, controlling a distillation column at the point of 
maximum separation efficiency (point C) is drastically difficult. At the point of 
maximum separation efficiency, the flow rate of vapour becomes relatively large 
so that the column gets extremely close to the flooding point. Therefore, every 
small fluctuation in the system could lead to a failure in controlling strategies 
which in case results in flooding. Hence, the distillation columns are commonly 
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operated in the vapour loading factors corresponding to 80 % of vapour loading 
factor of the flooding point. This approximately corresponds to the point B in 
Fig. 6. 

Fig. 6. Fluctuations of HETP as a 
result of variations of vapour loading 
factor at total reflux operation. 

CONCLUSION 

In this paper, the extensive experimental investigations were performed on 5 
mm Dixon ring packing to characterize its mass transfer characteristics. This 
study tries to examine the pressure drop behaviour of the packing species. All of 
the experimental tests were conducted in a small internal diameter column with 
an internal diameter of 39.5 mm. In order to decrease wall effects and especially 
wall flow, the liquid was redistributed once a 25 cm of the column. Wet pressure 
drop was extensively investigated at various vapour loading factors in the range 
of 0.2–1.4 Pa0.5 for a variety of liquid spraying densities in the range of 0.0006– 
–0.0075 m3 m-2 s-1. Moreover, the mass transfer properties were characterized by 
the experimental examinations on the value of height equivalent to a theoretical 
plate (HETP). Afterwards, the variations of HETP were investigated versus 
various vapour loading factors in the range of 0.35–0.66 Pa0.5 at total reflux 
distillations. The results of the wet pressure drop experiments were used to plot 
the generalized pressure drop correlation (GPDC) chart for pressure drop values 
in the range of 0.124–1.612″ of water/foot of packing (1–13 mbar m-1). Then, the 
procedure of sizing of a distillation column with regard to the developed GPDC 
chart was thoroughly described. The results of the rectifying tests were used to 
plot the value of HETP as a function of the vapour loading factor. It was con-
cluded that increasing the value of the vapour loading factor from 0.35 to 0.62 
Pa0.5 decreases the HETP value from 9.75 to 6.2 cm. It was also found that the 
further increase in vapour loading factor beyond 0.62 Pa0.5 would increase the 
value of HETP up to almost 9 cm for the vapour loading factor of 0.66 Pa0.5. 
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Finally, it was concluded that applying the 5-mm Dixon ring packing in distil-
lation experiments using a narrow column should be conducted in the vapour 
loading factors of almost 0.58–0.62 Pa0.5, in order to achieve an optimum value 
of HETP. 

SUPPLEMENTARY MATERIAL 
Additional experimental data are available electronically at the pages of journal website: 

http://www.shd.org.rs/JSCS/, or from the corresponding author on request. 
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И З В О Д  
ПАД ПРИТИСКА И ПРЕНОС МАСЕ У КОЛОНАМА МАЛИХ ПРЕЧНИКА СА 
НЕУРЕЂЕНИМ ПАКОВАЊЕМ ВИСОКЕ СПЕЦИФИЧНЕ ПОВРШИНЕ 

MOHAMMAD GHOMI AVILI1, JAVAD KARIMI SABET2 и SEYYED MOHAMMAD GHOREISHI1 

1
Department of Chemical Engineering, Isfahan University of Technology, Isfahan 8415683111, Iran и 

2
Material and Nuclear Fuel Research School (MNFRS), Nuclear Science and Technology Research Institute, 

Tehran, Iran 

У овом раду су приказани резултати опсежних експерименталних испитивања која 
су извршена у циљу испитивања карактеристика паковања у облику Диксонових прс-
тенова (Dixon ring) у погледу преноса масе. Основни аспецт овог истраживања је да се 
испитају карактеристике паковања у облику Диксонових прстенова у пакованим коло-
нама малих пречника. Својства у погледу преноса масе су прво испитивана коришћењем 
дестилационих експеримената при тоталном рефлуксу. Затим су вршени первазивни 
експерименти да би се добио дијаграм генерализованог пада притиска. На крају, одре-
ђена је промена висине еквивалентне теоријском поду (HETP) при тоталном рефлуксу, 
при промени фактора оптерећења паре. Резултати су показали да пораст фактора опте-
рећења паре до 0,62 Pa0,5 смањује HETP. Такође је показано да даљи пораст фактора 
оптерећења паре резултује наглим порастом вредности HETP. На основу резултата, 
избором оптималне вредности фактора оптерећења паре, вредност HETP се може 
повећати за више од 57. 

(Примљено 4. децембра 2017, ревидирано 17. марта, прихваћено 19. марта 2018) 

REFERENCES 
1. D. C. Dumitrache, B. De Schutter, A. Huesman, E. Dulf, J. Process Contr. 22 (2012) 798 
2. E. H. Dulf, C. I. Pop, F. Dulf, Sep. Sci. Technol. 47 (2012) 1234 
3. H. L. Li, Y. L. Ju, L. J. Li, D. G. Xu, Chem. Eng. Process. 49 (2010) 255 
4. C. I. Pop, E. H. Dulf, J. Control. Eng. Appl. Inform. 12 (2010) 36 
5. B. M. Andreev, Separation of isotopes of biogenic elements in two-phase systems, Else-

vier, Amsterdam, 2006 
6. H. Weng, J. Luo, Y. Yin, Z. Duan, Y. Sha, L. Ye, S. Tu, Y. Lai, Chem. Eng. Process. 72 

(2013) 68 
7. J. Lévêque, D. Rouzineau, M. Prévost, M. Meyer, Chem. Eng. Sci. 64 (2009) 2607 
8. Ž. Olujić, M. Behrens, L. Spiegel, Ind. Eng. Chem. Res. 46 (2007) 883 
9. S. Nakov, N. Kolev, L. Ljutzkanov, D. Kolev, Chem. Eng. Process. 46 (2007) 1385 

10. N. Kolev, S. Nakov, L. Ljutzkanov, D. Kolev, Chem. Eng. Process. 45 (2006) 429 
11. A. Senol, Chem. Eng. Process. 40 (2001) 41 

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

(CC) 2018 SCS.



1058 GHOMI AVILI, KARIMI SABET and GHOREISHI 

12. K. Allen, T. Von Backström, D. Kröger, Powder Technol. 246 (2013) 590 
13. T. Yamanishi, M. Kinoshita, J. Nucl. Sci. Technol. 21 (1984) 853 
14. T. Yamanishi, M. Kinoshita, J. Nucl. Sci. Technol. 21 (1984) 61 
15. Ž. Olujić, A. Seibert, B. Kaibel, H. Jansen, T. Rietfort, E. Zich, Chem. Eng. Process. 42 

(2003) 55 
16. L. Del Carlo, Ž. Olujić, A. Paglianti, Ind. Eng. Chem. Res. 45 (2006) 7967 
17. C. Jiangbo, L. Chunjiang, Y. Xigang, Y. Guocong, Chinese J. Chem. Eng. 17 (2009) 381 
18. V. Bessou, D. Rouzineau, M. Prévost, F. Abbé, C. Dumont, J. P. Maumus, M. Meyer, 

Chem. Eng. Sci. 65 (2010) 4855 
Z. A. Olujić, T. Rietfort, H. Jansen, B. R. Kaibel, E. Zich, G. N. Frey, G. Ruffert, T. 
Zielke, Ind. Eng. Chem. Res. 51 (2012) 4414 

19. C. Wang, M. Perry, G. T. Rochelle, A.F. Seibert, Energy Proc. 23 (2012) 23 
20. Z. Olujic, B. Kaibel, H. Jansen, T. Rietfort, E. Zich, Ind. Eng. Chem. Res. 52 (2013) 4888 
21. E. Herington, Pure Appl. Chem. 51 (1979) 2421 
22. H. Z. Kister, Distillation design, McGraw-Hill, New York, 1992 
23. GPSA Engineering Databook, 12th ed., GPSA press, Tulsa, OK, 2004. 

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

(CC) 2018 SCS.



<<
  /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




