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ABSTRACT

Inthis study, the desulfurization process developed using ultrasonic waves for Mugla Yatagan Bagyaka
lignite had the optimum conditions for parameters affecting the ash and sulfur removal potentials
determined with the Surface Response Method and a model created. The process parameters to
obtain optimum desulfurization and ash removal were chosen as the ultrasonic treatment time, solid
content, concentration of chemical reactive (H,0,) and reactive volume, and the optimum values
were determined. Using this data with the aid of the Design Export 7.0 program, the regression
model was found as a second degree polynomial equation. The coefficients of determination (R?)
for desulfurization and ash removal regressions were 0.96 and 0.97, respectively, in the determined
model. The model prediction values and experimental results for desulfurization and ash removal in
the investigated parameter intervals were compared and the fit was identified. In the experimental
Received Date: 08.05.2017 removal of sulfur types with optimum desulfurization it was found that pyritic 17.02%, sulfate
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1. Introduction

Physical methods are commonly used in coal
cleaning facilities to remove the ash content. Though
physical methods remove coal ash to a significant
degree, the sulfur content remains (Aksoy et al.,
1981; Akalin and Oz, 1989; Atak and Giiney, 1989;
Tosun et al., 1994; Ozbayoglu and Mamurekli, 2002;
Tuncal1 et al., 2002). To remove a significant portion
of sulfur in the chemical-based coal desulfurization
process, longer treatment time and the use of solvents
increases costs and difficulties are encountered in
neutralising coal at the end of the process (Mukherjee
and Borthaku, 2003; Nabeel et al., 2009; Tosun,
2012). Biological methods remove pyritic sulfur up to
70-80% in coal via consumption by special bacteria;
however, removal of organic sulfur is very low and
difficult (Goktepe, 2002). Biological methods can be
applied to very finely ground coal and require times
lasting days, and also require significant security
precautions to protect the biological environment and

prevent environmental effects (Tosun et al., 1994;
Tosun, 2012).

Using new generation technologies like ultrasonic
waves in the sulfur removal increases the process
efficiency of physical coal cleaning processes
and/or ensure equipment savings (Angle et al.,
1988; Buttermore and Slomka, 1991; Ambedkar
et al., 2011a, 2011bh; Sahinoglu and Uslu, 2013).
When ultrasonic waves are used in the chemical
demineralization and desulfurization processes, they
are stated to increase process efficiency (Baruah and
Khare, 2007; Ambedkar et al., 2011a, 20115; Saikia et
al., 2014a, 2014b, 2016). When conventional methods
(using HNO, and H,0O, as reactives, in the order of
wetting; 300 min and mixing; 500, 1000 rpm, 60 min)
for coal desulfurization are compared with ultrasonic
processes (with 20 kHz frequency prop; with reactives
(HNO,, 23 min and H,0,, 30 min) and aqueous),
total sulfur removal with ultrasonic methods (with
20 kHz frequency; with reactives 87% (HNO,), 74%
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(H,0,) and aqueous 55%) is higher compared to
conventional methods [with wetting, 46% (HNO,) and
35% (H,0,); mixing rates of 500 and 1000 rpm, 25%
(HNO,), 29% (H,0,) and 24% (HNO,), 27 (H,0,%),
respectively] and when reactives are used, this
removal conspicuously increases (Ambedkar et al.,
201156). After HF/HNO, acid leach processes Iranian
coal with sulfur content of 1.89% reached a sulfur
content of 1.26% (sulfur removal 33.33%), while after
pretreatment with ultrasonic waves and then the leach
process sulfur content was found to fall to 1.16%
(sulfur removal 38.62%) (Royaei et al., 2012).

When ultrasonic waves are applied to a mixture of
coal and water, the physical bonds between coal and
mineral material are broken and with the mass transfer
mechanism two possible events occur as mineral
material is more easily dissolved and removed.
In environments with ultrasonic waves, oxidation
occurs called the advanced oxidation process and
this transforms the sulfur in coal into water-soluble
sulfate (Ozkan, 1998; Giil, 2001; Ambedkar et al.
2011a,2011b; Royaei et al., 2012; Saikia et al., 20144,
2014b, 2016). During effective desulfurization, strong
oxidant like environment friendly H,O, is aided by the
ultrasonic system ensure sulfur removal in a short time
interval. When hydrogen peroxide reacts with almost
all forms of sulfur and converts them into soluble
sulfate it does not produce any harmful by-products
(Saikia et al., 2016). The desulfurization process with
ultrasonic waves is a method ensuring removal with
minimum treatment time and less use of solvents and
is recommended for its capabilities at industrial scales
(Ambedkar et al., 20115; Saikia et al., 2014a, 2014b).

Modelling and optimization of chemical processes
carry great importance in terms of economic and
technically efficient operation of these processes.
Response Surface Method (RSM) is a statistical tool
that has been used for optimization of ash and sulfur
removal with a variety of methods in recent years and
in assessing the single and binary/multiple effects of
process parameters. The most commonly applied form
of the response surface method is Central Composite
Design (CCD) created with second degree equations
(Karacan et al., 2007; Montgomery, 2009; Tiirk, 2016).

In this study, Mugla Yatagan (MY) Bagyaka
lignite was used with total sulfur content of 2.69%
and organic sulfur responsible for a large proportion
of 2.10% of this sulfur. MY Bagyaka lignite was
determined to have washability of moderately difficult
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degree (65% recovery, 20% ash removal and no sulfur
removal, Akalin and Oz, 1989) or very difficult degree
(18.84% ash removal and no sulfur removal, Tuncali
etal., 2002); as a result the necessity to reduce the high
sulfur amounts unable to be removed with washing
was stated. In this way, this research and development
(R&D) study of the chemical desulfurization process
conducted using ultrasonic waves for MY Bagyaka
lignite to determine the optimum conditions for
parameters affecting the ash and sulfur removal
potentials with the response surface method and a
model was developed. With this aim, the process
parameters to obtain optimum desulfurization (sulfur
removal) and ash removal of ultrasonic treatment time,
solid content, chemical reactive (H,0,) concentration
and reactive (H,0,) volume were chosen and optimum
values were determined.

2. Material and Method
2.1. Material

The MY Bagyaka lignite used in our study was
obtained by blending samples stacked at the entrance
to Yatagan Thermal Power Plant. Lignite samples
were reduced to -250 pm particle size after crushing,
milling and screening processes, and after that were
placed in airtight bags for use in experiments. The
chemical analysis results of the lignite were determined
in accordance with ASTM standards (D7582, D4239,
D5865), and sulfur analysis types were determined
according to TS 329 ISO 157 (Table 1). The particle
size distribution of lignite was determined using a
Malvern Mastersizer 2000 (Hydro 2000 MU) particle
size analyser (Table 2).

2.2. Experimental Procedure

According to the design matrix shown in table 3,
30 experiments were performed with the parameters
of ultrasonic treatment time (5, 10, 20, 30, 35 min),
solid content (5, 10, 20, 30, 35%), concentration of
chemical reactive (0, 0.5, 1.5, 2.5, 3 M 30% H,0,)
and chemical reactive volume (20, 40, 80, 120,
140 ml H,0,). Keeping the total volume as 200 ml
for all the experiment, the lignite (-250 um) and a
homogeneous mixture of distilled water and hydrogen
peroxide (30%) were placed in a 500 ml erlenmeyer
flask and they were processed in an ultrasonic bath
with power of 500 W and frequency of 28 kHz for the
desired treatment time. The lignite mixture obtained
at the end of the experiment was filtered with rough
filter paper and washed with hot distilled water. The
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Table 1- Chemical analysis of Mugla Yatagan Bagyaka lignite.

| Air dried (ad) | Dry basis (db) Dry ash free (daf)
Proximate Analysis
Moisture (%) 8.39 - -
Ash (%) 35.97 39.27 -
Volatile matter (%) 39.45 43.06 70.90
Fixed Carbon (%) 16.19 17.67 29.10
Sulfur Analysis
Total sulfur (%) 2.47 2.69 -
Pyritic sulfur (%) 0.43 0.47 -
Sulfate sulfur (%) 0.11 0.12 -
Organic sulfur (%) 1.93 2.10 -
Lower calorific analysis
Lower calorific value (kcal/kg) 3069 3404 5604
Table 2- Particle size distribution for Mugla Yatagan Bagyaka lignite.
Lignite d(0,1), wm d(0,5), um d(0,9), um d(sauter), um SSA?, m¥/g
MY Bagyaka 2.718 17.399 120.798 6.494 0.924
d(0,1), d(0,5), d(0,9): particle diameters at 10%, 50%, 90% points, d(sauter): Sauter mean diameter, a: Specific surface area.
Table 3- Independent process parameters and coding levels.
Coded Parameter Levels
Parametre Code Unit
o -1 0 +1 +a
Time X, min 5 10 20 30 35
Solid content X, % 5 10 20 30 35
Reactive concentration X, M 0 0.5 1.5 2.5 3
Reactive volume X, ml 20 40 80 120 140
washed lignite remaining on the filter paper was dried Desulfurization (sulfur removal, DE), Ash

overnight in an oven at 80+5°C. The obtained lignite
samples had ash and total sulfur contents identified.
The flow schematic of the process is given in figure 1.

‘ (-250 um) Distilled water
| Lignite ]
. ‘ H,0,
Crushing LXIUg *
e ¥
| Ultrasonic bath
Milling [ 28 kHz

Y

Screening |
e Filtering and washing with hot water ‘

Above screen . 1 .
o F;

Filtrate Solid |

Drying overnight in oven
80+5°C

w

Ash and sulfur analysis

Figure 1- Flow chart of desulfurization and ash removal process for lignite with ultrasonic waves.

Removal (AR) and Recovery (R) were determined
based on the following equations (1), (2) and (3),
respectively. In these equations, C, and C, are the
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total % sulfur content in original feed and ultrasonic
processed lignite; A, and A, are the % ash content
in original feed and ultrasonic processed lignite; and
C, and C, are the ash-free (g) amounts of ultrasonic
processed and original feed lignite.

DE (%)=[(C; ~C,)/C;]x100 ()
AR (%) = (4 — 4,)/ 4 ]x100 )
R(%)=(C, / C,)x100 3)

2.3. Experimental Design

The response surface method (RSM) is defined as a
method using mathematical and statistical techniques
to develop a sufficient functional relationship between
the response and independent variables. Within the
experimental planning, preliminary experiments
for factors affecting the process are performed, and
levels are explored. After the levels are determined,
the experimental studies in the pattern predicted by
the program are completed and assessed with the aid
of the program to reveal the optimum conditions of
the process (Aygiin, 2012). Generally to represent the
system, second degree equations given in Equation (4)
are used.

Y =B, +3B X +ZB, X2+ B X X )

Here Y: predicted response, B.: square coefficient,
B: linear coefficient, B, model constant, Bij:
coefficient showing mutual interaction between
parameters, and Xi and Xj: independent variables
of the process. Regression analysis with the second
degree polynomial equation in the model estimates
the coefficients to create the regression equation.
With the aid of the created equation predicted results
are obtained for the response and the accuracy of the
predictions are checked to see if the model is sufficient
or not.

The most commonly applied form of RSM is
Central Composite Design (CCD) with a second
degree response surface model created. The method
has two factorial points. These are axis points (o)
and central points. With k factor numbers (number of
independent variables) and n, central point, the total
number of design points is N = 2* + 2k + n,. Here
the factor levels are coded as -1 for minimum and +1
for maximum. Axis points are beyond the two level
points determined by the designer and are +a and —a
values determined by the program. The central points
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are repeated points to estimate the experimental error.
Finally in CCD each parameter has five levels. These
are the factor points represented by +1 and -1, axis
points represented by +o and —a and the central point
represented by 0 (Montgomery, 2009; Tiirk, 2016).

In this study the independent variables of the
system, their mutual interactions, and effects on
obtaining the product were statistically analysed,
modelled with RSM and had experiments designed
with CCD. To determine optimum desulfurization
(Y,) and ash removal (Y,) conditions, with the CCD
method of RSM 2442 (4) + 6 = 30 experiments were
planned for 4 parameters. While 24 experiments were
normal experiments, 6 were repeated experiments
at the central points of individual variables. The
parameters used in the experimental design were
determined as ultrasonic treatment time (X,), solid
content (X,), chemical reactive concentration (30%
H,0,) (X,) and reactive volume (H,0,) (X,). The
minimum, maximum, axis and central point values
for variables given in table 3 form the experimental
design matrix. Using this data with the aid of the
Design Export 7.0 program, statistical analysis was
performed and a regression model obtained.

3. Results and Discussions

According to the 30 experiments in the design
matrix given in table 3 for treatment time (min), solid
content (%), reactive concentration (M) and reactive
volume (ml) parameters, the experimental (observed)
data for desulfurization (DE) and ash removal (AR) of
MY Bagyaka lignite are shown in table 4. With the aid
of Design Export 7.0 program using this experimental
data, statistical analysis was performed and a
regression model obtained. The regression models of
the desulfurization (Y,) and ash removal (Y,) are in
the form of second degree polynomial equations given
in Equations (5) and (6).

¢ Desulfurization

Y = 6.60 — 0.40X, - 0.34X,+ 1.02X, + X, -
0.094X X, + 0.23X, X, + 0.37X,X, +0.32X,X,
— 0.84X,X, + 0.046X X, 0.40X >~ 0.53X,>~
0.28X 2+ 0.13X 2 (5)

e Ash removal

Y =257 - 0.42X,— 0.79X,+ 0.15X, + 0.13X, +
0.044X X, + 0.027X, X, 0.29X,X, — 0.25X,X,
—0.18X,X,+ 0.16X,X, + 0.37X 2+ 0.24X,2 -
0.72X,2~ 0.13X,2 (6)
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Table 4- Experimental design matrix, desulfurization and ash removal results for MY Bagyaka lignite.

Run Coded level of parameters Experimental parameters Observed values
X, X, X, X, X, min X,, % X, M X, ml DE, % AR, %

1 0 0 0 0 20 20 1.5 80 7.06 2.65
2 +1 +1 -1 -1 30 30 0.5 40 3.35 1.71
3 -1 -1 +1 +1 10 10 2.5 120 6.32 5.09
4 0 +a 20 20 1.5 140 9.29 1.43
5 0 0 20 20 1.5 80 5.95 2.24
6 -1 +1 -1 +1 10 30 0.5 120 3.35 2.55
7 -1 +1 +1 +1 10 30 2.5 120 5.95 2.52
8 +1 -1 +1 -1 30 10 2.5 40 4.09 2.83
9 +1 +1 +1 +1 30 30 2.5 120 7.06 1.15
10 -1 -1 -1 +1 10 10 0.5 120 6.32 3.13
11 0 -a 0 0 20 5 1.5 80 6.32 5.37
12 +1 -1 -1 +1 30 10 0.5 120 5.95 2.11
13 0 0 0 0 20 20 1.5 80 7.06 2.62
14 0 0 0 20 20 1.5 80 6.69 2.57
15 0 0 0 20 20 1.5 80 6.32 2.34
16 0 0 0 20 20 1.5 80 6.69 2.60
17 +1 -1 +1 +1 30 10 2.5 120 11.15 3.44
18 0 +a 0 0 20 35 1.5 80 4.09 1.27
19 +1 +1 +1 -1 30 30 2.5 40 7.81 1.25
20 -1 +1 +1 -1 10 30 2.5 40 6.69 1.73
21 -1 +1 -1 -1 10 30 0.5 40 3.72 1.20
22 -1 -1 +1 -1 10 10 2.5 40 5.20 2.24
23 0 0 +a 0 20 20 3.0 80 6.32 0.81
24 0 - 0 20 20 0.0 80 5.20 1.53
25 +a 0 0 35 20 1.5 80 5.58 2.70
26 -1 -1 -1 -1 10 10 0.5 40 2.97 2.88
27 +1 -1 -1 -1 30 10 0.5 40 4.46 1.48
28 - 0 0 0 5 20 1.5 80 5.20 4.99
29 +1 +1 -1 +1 30 30 0.5 120 4.83 1.12
30 0 0 0 -a 20 20 1.5 20 4.09 3.54

DE: Desulfurization, AR: Ash removal.

The coefficients of determination (R?) for
desulfurization and ash removal were determined as
0.96 and 0.97, respectively. The results of analysis of
variance (ANOVA) to determine the significance of
the model and the significance of terms in the model
are given in tables 5 and 6.

High F value indicates the significance of the
relevant term. Whether the F value has sufficiently
high value or not is assessed with the p value. While
low p values indicate rejection of the hypothesis, at
the same time they represent the significance of the
variable (whether the parameter has a greater effect
on the result) (Aslan and Unal, 2009; Kumar et al.,
2009; Amani-Ghadima et al., 2013; Sabuncu, 2014).
If the p value is smaller than 0.05 it is significant, if it
is larger than 0.1 it is insignificant. In this situation the
significant model terms are X, X, and X, X, (Table 5)
for desulfurization; and X, X,, and X, (Table 6) for

ash removal. The observed values for desulfurization,
ash removal and the predicted values obtained in the
model using Equations (5) and (6) are given together
in table 7.

3.1. Optimization of Process Parameters

The desulfurization and ash removal results for MY
Bagyaka lignite under optimum conditions found with
the numerical optimization method for desulfurization
(ODE), ash removal (OAR) and recovery are given
in table 8. For desulfurization from MY Bagyaka
lignite, the optimum process parameters found with
the numerical optimization method were time 30 min,
solid content 10%, chemical reactive concentration
2.5 M and reactive volume 120 ml producing 95.87%
recovery and 9.54% optimum desulfurization. At this
optimum desulfurization, the model prediction value
for ash removal was 3.25%.
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Table 5- Analysis of variance (ANOVA) for desulfurization of MY Bagyaka lignite.

Source Total of squares df Mean of squares F value p value
Model 71.00 14 5.07 3.93 0.0063 significant
X ,-Time 3.45 1 3.45 2.67 0.1229
X,-Solid content 2.42 1 2.42 1.88 0.1908
X,-Reactive concentration 21.51 1 21.51 16.68 0.0010
X,-Reactive volume 20.38 1 20.38 15.80 0.0012
XX, 0.14 1 0.14 0.11 0.7458
XX, 0.86 1 0.86 0.67 0.4256
XX, 2.19 1 2.19 1.70 0.2121
XX, 1.69 1 1.69 1.31 0.2703
XX, 11.22 1 11.22 8.70 0.0099
XX, 0.034 1 0.034 0.027 0.8728
X,? 1.81 1 1.81 1.40 0.2551
X2 3.24 1 3.24 2.51 0.1340
X/ 0.93 1 0.93 0.72 0.4093
X/ 0.19 1 0.19 0.15 0.7067
Residual 19.34 15 1.29
Lack of fit 18.52 11 1.68 8.20 0.0283
Pure Error 0.82 4 0.21
Total 90.34 29

Table 6- Analysis of variance (ANOVA) for ash removal of MY Bagyaka lignite.
Source Total of Squares df Mean of square F value p value
Model 28.72 14 2.05 2.79 0.0288 significant
X,-Time 3.81 1 3.81 5.19 0.0378
X,-Solid content 12.68 1 12.68 17.26 0.0008
X,-Reactive concentration 0.44 1 0.44 0.59 0.4529
X,-Reactive volume 0.34 1 0.34 0.46 0.5090
XX, 0.032 1 0.032 0.043 0.8387
XX, 0.012 1 0.012 0.016 0.9018
XX, 1.37 1 1.37 1.87 0.1914
XX, 0.97 1 0.97 1.31 0.2696
XX, 0.52 1 0.52 0.71 0.4124
XX, 0.39 1 0.39 0.54 0.4753
X,? 1.58 1 1.58 2.15 0.1631
X} 0.66 1 0.66 0.90 0.3575
X 5.87 1 5.87 7.99 0.0128
X2 0.20 1 0.20 0.27 0.6128
Residual 11.02 15 0.73
Lack of fit 10.90 11 0.99 35.11 0.0018
Pure Error 0.11 4 0.028
Total 39.74 29
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Table 7- Observed and predicted results for desulfurization and ash removal for MY Bagyaka lignite.

Run Experimental parameters DE, % AR, %
X, min X,, % X, M X, ml Observed Predicted Observed Predicted

1 20 20 1.5 80 7.06 6.60 2.65 2.57
2 30 30 0.5 40 3.35 3.42 1.71 1.75
3 10 10 2.5 120 6.32 7.34 5.09 4.71
4 20 20 1.5 140 9.29 8.39 1.43 2.47
5 20 20 1.5 80 5.95 6.60 224 2.57
6 10 30 0.5 120 3.35 3.50 2.55 2.14
7 10 30 2.5 120 5.95 5.82 2.52 2.20
8 30 10 2.5 40 4.09 5.04 2.83 2.90
9 30 30 2.5 120 7.06 7.64 1.15 0.91
10 10 10 0.5 120 6.32 6.32 3.13 3.67
11 20 5 1.5 80 6.32 5.92 5.37 4.29
12 30 10 0.5 120 5.95 7.58 2.11 2.10
13 20 20 1.5 80 7.06 6.60 2.62 2.57
14 20 20 1.5 80 6.69 6.60 2.57 2.57
15 20 20 1.5 80 6.32 5.80 2.34 3.36
16 20 20 1.5 80 6.69 6.60 2.60 2.57
17 30 10 2.5 120 11.15 9.54 3.44 3.25
18 20 35 1.5 80 4.09 4.89 1.27 1.93
19 30 30 2.5 40 7.81 6.49 1.25 1.29
20 10 30 2.5 40 6.69 6.15 1.73 1.40
21 10 30 0.5 40 3.72 4.01 1.20 1.97
22 10 10 2.5 40 5.20 432 2.24 3.20
23 20 20 3.0 80 6.32 7.50 0.81 1.18
24 20 20 0.0 80 5.20 4.43 1.53 0.74
25 35 20 1.5 80 5.58 6.31 2.70 2.71
26 10 10 0.5 40 297 3.48 2.88 2.78
27 30 10 0.5 40 4.46 3.27 1.48 2.38
28 5 20 1.5 80 5.20 5.11 4.99 4.04
29 30 30 0.5 120 4.83 438 1.12 0.74
30 20 20 1.5 20 4.09 5.40 3.54 2.08

DE: Desulfurization, AR: Ash removal.

Table 8- Desulfurization, ash removal and recovery results under optimum conditions found with the numerical optimization method for MY

Bagyaka lignite.
Lignite (daf), g Product (db), % Removal, %

Experimental parameters R

Sulfur Ash o0

Feed Product Sulfur Ash %

X, X, X, X, 0 P o P

ODE 30 10 2.5 120 11.13 10.67 2.39 37.92 11.15 9.54 3.44 3.25 95.87
OAR 10 10 2.5 120 11.13 10.65 2.52 37.27 6.32 7.34 5.09 4.71 95.69

ODE: Optimum values for lignite desulfurization conditions, OAR: Optimum values for lignite ash removal conditions, R: Recovery, X,: Time, X,: Solid content,
X,: Reactive concentration (H,0,), X,: Reactive volume (H,0,), O: Observed, P: Predicted, db: dry basis, daf: dry ash free.

For ash removal from MY Bagyaka lignite, the
optimum process parameters found with the numerical
optimization method were time 10 min, solid content
10%, chemical reactive concentration 2.5 M and
reactive volume 120 ml producing 95.69% recovery
and 4.71% optimum ash removal. At this optimum ash
removal, the model prediction value for desulfurization
was 7.34%. The optimum desulfurization and ash

removal of MY Bagyaka lignite of the observed results
were 11.15% and 5.09%, respectively. According to
optimization results to confirm the accuracy of the
process, repeated experimental results were 10.29%
and 4.94%, respectively. For desulfurization and
ash removal of MY Bagyaka lignite, according to
optimization results to confirm the accuracy of the
process, repeated experimental results were 10.29%
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and 4.94%, respectively. From the obtained results,
the model in the form of second degree polynomial
equation may be said to have accuracy and validity
proven for desulfurization and ash removal.

In experiments performed according to the
design matrix in table 3, other parameters were fixed
(solid content 20%, chemical reactive concentration
(H,0,) 1.5 M and reactive volume (H,0,) 80 ml) and
ultrasonic process time was increased from 5 min to
20 min, which increased sulfur removal from 5.20
% to 7.06% while ash removal fell from 4.99% to
2.65%. When pure water is used as reactive instead
of hydrogen peroxide, the other parameters were fixed
(time 20 min, solid content 20%, chemical reactive
concentration (water) 0.0 M and reactive volume
(water) 80 ml), and after ultrasonic wave treatment
sulfur removal was 5.20% and ash removal was
1.53%. When pure water is used instead of hydrogen
peroxide, sulfur removal fell from 7.06% to 5.20%
while ash removal fell from 2.65% to 1.53%. The use
of hydrogen peroxide as reactive increased sulfur and
ash removal. In the hydrogen peroxide environment,
oxidation occurs with the ultrasonic waves and this
transforms the sulfur present in the coal into water-
soluble sulfate (Ambedkar et al. 201la, 20115;
Saikia et al., 2014a, 2014b, 2016). For effective
desulfurization strong oxidants, like cost efficient and
environmentally-friendly hydrogen peroxide, with the
aid of an ultrasonic system produce sulfur removal in
a short time interval.

For desulfurization and ash removal from MY
Bagyaka lignite, the Malvern particle size analyser
results for original and optimum conditions are given

in table 9. As seen in the table 9, the specific surface
area values (m?%g) of lignite fell from 0.924 to 0.631
for desulfurization and from 0.924 to 0.818 for ash
removal. This reduction is greater for desulfurization
compared to ash removal. During desulfurization of
lignite with ultrasonic waves, the pore volume of the
lignite is reduced and as a result the specific surface
area reduced. When the desulfurization parameters
are fixed (solid content 10%, chemical reactive
concentration (H,0,) 2.5 M and reactive volume
(H,0,) 120 ml), increasing the time from 10 min to 30
min increases sulfur removal from 6.32% to 11.15%
while ash removal falls from 5.09% to 3.44%. This
reduction in ash removal may be due to fine minerals
being held in the interior sections of the lignite or in
large pores on the surface during the reaction.

Additionally during the desulfurization of MY
Bagyaka, observed analysis types of lignite under
original and optimum conditions, sulfur analysis types,
removal of ash and sulfur analysis types are given in
table 10 as dry basis. In table 10, it appears the organic
sulfur amount in original lignite is higher compared
to pyritic and sulfate sulfur. During combustion of
lignite, a large portion of organic sulfur transforms to
sulfur dioxide (SO,) (Atesok, 1986; Sahinoglu, 2006).
As organic sulfur is bound to the molecular structure
of lignite, as long as chemical bonds holding the
molecules together are not broken, it is not possible
to remove it from lignite (Ozbayoglu, 1982). With
desulfurization of MY Bagyaka lignite, total, pyritic,
sulfate and organic sulfur reduced. Total sulfur fell
from 2.69% to 2.39%, pyritic sulfur fell from 0.47%
to 0.39%, sulfate sulfur fell from 0.12% to 0.10% and
organic sulfur fell from 2.10% to 1.90%. It appeared

Table 9- Malvern particle size analysis result under original and optimum conditions for desulfurization and ash removal of MY Bagyaka

lignite.
Lignite d(0,1), um d(0,5), um d(0,9), um d(sauter) pm SSAY, m?/g
Original 2.718 17.399 120.798 6.494 0.924
Optimum desulfurization 4.127 36.742 242.809 9.502 0.631
Optimum ash removal 3.170 20.447 144.227 7.335 0.818

d(0,1), d(0,5), d(0,9): particle diameters at 10%, 50%, 90% points, d(sauter): Sauter mean diameter, a: Specific surface area.

Table 10- Sulfur analysis types and removal of sulfur analysis types (observed) under original and optimum conditions for desulfurization of

MY Bagyaka lignite (dry basis).

Sulfur, % Sulfur removal, %
MY Bagyaka Lignite Ash rimova],
Pyritic Sulfate Organic Total Pyritic Sulfate Organic Total %
Original 0.47 0.12 2.10 2.69 - - -
Optimum condition 0.39 0.10 1.90 2.39 17.02 16.67 9.52 11.15 3.44
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that ultrasonic waves (28 kHz) in the hydrogen
peroxide environment had a positive effect on removal
of sulfur types from lignite.

Saika et al. (2014a) used 20 kHz frequency prop
with ultrasonic treatment time of 180 min and H,0,
reactive on four different Indian coals (with low ash,
high sulfur content and high organic sulfur content,
with similar rank and origin obtained from different
areas) and obtained removal of sulfur analysis types
(pyritic 16.66-51.21%, sulfate 32.83-47.61%, organic
4.05-47.60% and total 19.81-31.09%) and ash
removal (7.78-32.47%). In this study similar to the
literature, desulfurization of MY Bagyaka lignite in
a short time of 30 min obtained total sulfur removal
of 11.15%, pyritic sulfur removal of 17.02%, sulfate
sulfur removal of 16.67%, organic sulfur removal of
9.52% and ash removal of 3.44%. The differences in
sulfur types and ash removal in coals may be due to the
nature of mineral material composition and organic
sulfur compounds in coal (Grounds and Wandless,
1952; Ely and Barnhart, 1963; Lowry, 1963; Unal,
1999; Ambedkar et al., 2011a, 2011b; Saikia et al.,
2014a, 20145, 2016).

3.2. Three Dimensional (3D) Surface Figures

In desulfurization and ash removal from MY
Bagyaka lignite, 3 dimensional (3D) surface
graphics based on the interaction of optimum process
parameters obtained using the numerical optimization
method in Equations (5) and (6) were obtained. The
correlation between the variables and effects are more
clearly understood with the aid of these graphics.
Though the model included four variables, on each
graphic two variables were fixed at the centre and
the other two variables had values within the limits.
The response surface graphics produced 12 responses
as a function of the two fixed variables and the two
variables within the limits. When the two variables
for desulfurization and ash removal are fixed in the
centre, and the other two variables have values within
the determined limits, the obtained three dimensional
surface graphics are shown in figure 2 (a-f) and figure

3 (a-f).

As seen on figure 2 (a-f), for desulfurization
as the ultrasonic treatment time, chemical reactive
concentration and reactive volume increase, sulfur
removal increased; however as solid content increased
sulfur removal reduced. For ash removal, as chemical
reactive concentration and reactive volume increased,
ash removal increased; as ultrasonic treatment time and

solid content increased, ash removal reduced (Figure
3 (a-f)). Within the investigated parameter intervals
on 3D surface graphics, it appears all variables play
an important role in desulfurization and ash removal
from MY Bagyaka lignite.

4. Conclusion

In this study, the sulfur and ash removal potential
with ultrasonic waves was investigated for MY
Bagyaka lignite.

I. In determination of optimum conditions,
experiments were performed for 4 parameters
using the central composite design of the
response surface method. With this aim, the
optimum values were determined for the
process parameters of ultrasonic treatment
time, solid content, chemical reactive
concentration and reactive volume to obtain
optimum desulfurization (sulfur removal) and
ash removal. With the aid of Design Export
7.0 program using this data, statistical analysis
was performed and a regression model was
obtained. The desulfurization (Y,) and ash
removal (Y,) given in the model equations
were stated as functions of time (X)), solid
content (X,), chemical reactive concentration
(X,) and reactive volume (X,) coded units. The
regression model was found to be a second
degree polynomial equation. The coefficients
of determination for desulfurization and ash
removal were determined as 0.96 and 0.97,
respectively.

2. With the numerical optimization method for
MY Bagyaka lignite with 95% and above
recovery, the optimum desulfurization and ash
removal prediction values were 9.54% (time
30 min, solid content 10%, chemical reactive
concentration 2.5 M and reactive volume 120
ml) and 4.71% (time 10 min, solid content
10%, chemical reactive concentration 2.5 M
and reactive volume 120 ml).

3. During desulfurization and ash removal from
MY Bagyaka lignite, specific surface area
values were reduced. During desulfurization of
lignite with ultrasonic waves, the pore volume
of the lignite reduced and as a result there was
a reduction in specific surface area.

4. Inthe literature, it was determined to be difficult
to remove sulfur with physical separation
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Figure 2- Response surface graphs showing of the effect of two variables on desulfurization (DE) of MY Bagyaka lignite (other two
variables are held at center level): (a) reactive concentration and time; (b) reactive concentration and solid content; (c) reactive
volume and reactive concentration; (d) reactive volume and time; (e) solid content and time; (f) reactive volume and solid
content.
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Figure 3- Response surface graphs showing of the effect of two variables on ash removal (AR) from MY Bagyaka lignite desulfurization
(other two variables are held at center level): (a) reactive concentration and time; (b) reactive concentration and solid content;
(c) reactive volume and reactive concentration; (d) reactive volume and time; (e) solid content and time; (f) reactive volume and

®

solid content.
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methods due to the high organic sulfur
amounts in MY Bagyaka lignite. The chemical
desulfurization process with ultrasonic waves
had a positive effect on removal of all sulfur
types (pyritic 17.02%, sulfate 16.67% and
organic 9.52%) with low treatment time,
low solid content, and low chemical reactive
concentration and volume.

5. Ondry basis, with desulfurization optimization
total sulfur content reduced from 2.69 to
2.39%, with ash content reducing from 39.27
to 37.92%; with ash removal optimization,
total sulfur content reduced from 2.69 to
2.52%, with ash content reducing from 39.27
to 37.37%.

6. According to optimization results based
on repeated results to confirm the accuracy
of the process, the model in the form of a
second degree polynomial equation was seen
to have accuracy and validity confirmed for
desulfurization and ash removal within the
interval of the investigated parameters.

Acknowledgements

This study was supported by Mineral Research
and Exploration General Directorate (MTA) (Project
Special Code No: 2014-35-16-07; 2015-35-16-07).
The author thanks to her colleagues of MTA for their
support.

References

Akalm, M. Oz, Z. 1989. Hava Kirliligini Azaltmak Amaciyla
Isinmada Kullanilan Linyitlerin Yikanabilirligi.
Tiirkiye 6. Koémiir Kongresi Bildiriler Kitabi.

Aksoy, S., Bektimuroglu, O., Dogan, H., Ozden, U.,
Parmaksizoglu, A. 1981. Can Linyitlerinin Kiil
Ve Kiikiirtten Fiziksel Yontemlerle Arindirilmast
(Ara Rapor-1). MTA Enstitiisii, Teknoloji Dairesi
Baskanligi, Cevher Zenginlestirme Servisi,
Ankara.

Amani-Ghadima, A.R., Aber, S., Olad, A. Ashassi-Sorkhabi,
H. 2013. Optimization of Electrocoagulation
Process for Removal of An Azo Dye Using
Response Surface Methodology and Investigation
on the Occurrence of Destructive Side Reactions,
Chemical Engineering and Processing, 64, 68-78.

Ambedkar, B., Chintala, T.N., Nagarajan, R., Jayanti, S.
2011a. Feasibility Of Using Ultrasound-Assisted
Process For Sulfur And Ash Removal From Coal,

228

Chemical Engineering And Processing:Process
Intensification, 50, 236-246.

Ambedkar, B., Nagarajan, R., Jayanti, S. 20115. Ultrasonic
Coal-Wash For De-Sulfurization, Ultrasonics
Sonochemistry, 18, 718-726.

Angle, C. W., Donini, J. C., Hamza, H. A. 1988. The Effect
Of Ultrasonication On The Surface Properties,
Ionic Composition And Electrophoretic Mobility
Of An Aqueous Coal Suspension, Colloids
suraces, 30 (3-4), 373-385.

Aslan, N., Unal, I. 2009. Optimization Of Some Parameters
On Agglomeration Performance Of Zonguldak
Bituminous Coal By Oil Agglomeration, Fuel, 88,
490-496.

Atak, S., Gliney, A. 1989. Bazi Linyitlerin Yapisal Ozellikler
ve Kiikiirt Bakimindan Incelenmesi. Tiirkiye 6.
Komiir Kongresi Bildiriler Kitabi.

Atesok, G. 1986. Komiir Hazirlama, Kurtis Matbaacilik,
190 s.

Aygilin, A. 2012. Tekstil Endiistrisi Reaktif ve Dispers
Boya Banyo Atiksularinin Elektrokoagiilasyon
Prosesi ile Aritimi: Yanit Yiizey Yontemi ile
Optimizasyon, Doktora Tezi, Selguk Universitesi
Fen Bilimleri Enstitiisii, 218 s, Konya.

Baruah, B.P., Khare, P. 2007. Desulfurization of oxidized
indian coals with solvent extraction and alkali
treatment. Energy Fuels, 21, 2156-2164.

Buttermore, W. H., Slomka, B. J. 1991. Effect Of Sonic
Treatment On The Flotability Of Oxidized Coal.
International Journal of Mineral Processing, 32
(3-4) 251-257.

Ely, F. G., Barnhart, D. H. 1963. Chemistry coal utilazation
supplementary vol. Lowry, H. H. (Ed.), Wiley,
Chapter, 19; 820-891, New York.

Goktepe, F. 2002. Komiir flotasyonunda bakteri ilavesinin
piritik kikiirt uzaklastirmasina etkisi. Tiirkiye 13.
Komiir Kongresi Bildiriler Kitabi, 29-31 Mayis,
Zonguldak.

Grounds, A. Wandless, A. M. 1952. The mineral matter
in coal and its relation to preparation problems.
Journal of the Institute of Fuel, 25; 170-177.

Giil, E. 2001. Ses Dalgalar1 ile Tiirk Linyitlerinin
Zenginlestirilmesinin Kémiir Doniisiimii Ve Uriin
Dagilimi Uzerine Etkisi, Doktora Tezi, Ankara
Universitesi Fen Bilimleri Enstitiisii Kimya
Miihendisligi Anabilim Dali, 93 s. Ankara.

Karacan, F., Ozden, U., Karacan, S. 2007. Optimization Of
Manufacturing Conditions For Activated Carbon
From Turkish Lignite By Chemical Activation



Bull. Min. Res. Exp. (2018) 157: 217-229

Using Response Surface Methodology, Applied
Thermal Engineering, 27, 7, 1635-1659.

Kumar, M., Ponselvan, F.I.A., Malviya, J.R., Srivastava,
V.C. Mall, I.D. 2009. Treatment of Bio-digester
Effluent by Electrocoagulation Using Iron
Electrodes, Journal of Hazardous Materials, 165,
345-352.

Lowry, H. H. 1963. Chemistry of coal utilization sup., John
Wiley and Sons Inc., New York.

Montgomery, D.C.2009. Design and analysis of experiments,
7th ed., John Wiley&Sons, New York, 2009.

Mukherjee S., Borthaku P.C. 2003. Effect of leaching
high sulphur subbituminous coal by potassium
hydroxide and acid on removal of mineral matter
and sulphur. Fuel, 82, 783-788.

Nabeel A., Khan T.A., Sharma D. K. 2009. Studies on the
Production of Ultra Clean Coal by Alkali-acid
Leaching of Low-grade Coals. Energy Sources
Part A., 31, 594-601.

Ozbayoglu, G. 1982. Determination of Washability
Characteristics of Some Turkish Lignites with Ash
and Sulphur Content, Doktora Tezi, Orta Dogu
Teknik Universitesi, Fen Bilimleri Enstitiis,
Ankara.

Ozbayoglu G, Mamurekli M. 2002. Super-Clean Coal
Production From Turkish Bituminous Coal. Fuel,
72,7, 1221-1223.

Ozkan, S.G. 1998. Ultrasonik Islemlerin Flotasyon
Uzerindeki  Etkileri, Istanbul  Universitesi
Miihendislik  Fakiiltesi Yerbilimleri Dergisi,
Cilt:11, Say1 1, Istanbul, 131-135

Royaei, M. M., Jorjani E., Chelgani, S. C. 2012. Combination
of Microwave and Ultrasonic Irradiations as a
Pretreatment Method to Produce Ultraclean Coal
M. International Journal of Coal Preparation and
Utilization, 32,143-155.

Sabuncu, M. E. 2014. Siit ve Siit Uriinleri Endiistrisi
Atik  sularinin  Elektrokoagiilasyon Yo6ntemi
fle Antiminda RSM Kullanilarak Proses
Optimizasyonu, Yiiksek Lisans Tezi, Yildiz
Teknik Universitesi Fen Bilimleri Enstitiisii, 106
s. Istanbul.

Saikia, B. K., Dutta, A. M., Baruah, B. P. 20144. Feasibility
Studies Of De-Sulfurization And De-Ashing Of
Low Grade Medium To High Sulfur Coals By
Low Energy Ultrasonication. Fuel, 123, 12-18.

Saikia, B.K., Khound , K., Baruah, B.P. 2014b. Extractive
de-sulfurization and de-ashing of high sulfur
coals by oxidation with ionic liquids. Energy
Convers. Manage. 81, 298-305.

Saikia, B. K., Dalmora, A. C., Choudhury, R., Das, T.,
Taffarel, S. R., Silva, L. F. O. 2016. Effective
removal of sulfur components from Brazilian
power-coals by ultrasonication (40 kHz) in
presence of H202. Ultrasonics Sonochemistry
32, 147-157

Sahinoglu, E. 2006. Miizret (Artvin-Yusufeli) Komiiriiniin
Yag  Aglomerasyonu ile  Temizlenmesi,
Yiiksek Lisans Tezi, Karadeniz Teknik
Universitesi, Trabzon.

Sahinoglu, E., Uslu, T. 2013. Increasing Coal Quality By Oil
Agglomeration After Ultrasonic Treatment, Fuel
Processing Technology, 116, 332-338.

Tosun, Y.I., Rowson N.A., Veasey, T.J. 1994. Bio-column
flotation of Coal for Desulfurization and
Comparison with Conventional and Column
Flotation. 5th International Conference Of
Mineral Processing, Nevsehir, 465-471.

Tosun, Y. I. 2012. Kismi ergiyik kostik li¢ yontemi ile tiirk
linyitlerinin  kiikiirtsiizlestirilmesi-mermer atik
tozu kullanimi. Siileyman Demirel Universitesi,
Fen Bilimleri Enstitiisti Dergisi, 16-1, 103-108.

Tuncaly, E., Cift¢i, B., Yavuz, N., Toprak, S., Koker, A.,
Gencer, Z., Aycik, H., Sahin, N. 2002. Tirkiye
Tersiyer Komiirlerinin Kimyasal ve Teknolojik
Ozellikleri. Maden Tetkik ve Arama Genel
Miidiirligi, Ankara.

Tiirk, T. 2016. Merkezi Kompozit Tasarimi Kullanilarak
Bakir Ciirufundan Arsenik Licinin Incelenmesi,
Hacettepe Universitesi Yerbilimleri Uygulama ve
Aragtirma Merkezi Biilteni, Yerbilimleri, 37 (3),
193-202.

Unal, 1. 1999. Komiirin  Yag Aglomerasyonu ve
Ekstraksiyon Carmin lyilestirilmesi, Doktora
Tezi, Ankara Universitesi Fen Bilimleri Enstitiis,
120 s. Ankara.

229







<<
  /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


