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In this study, effects of temperature, NSR, and oxygen concentration on the NOx removal efficiency of an SNCR process
were investigated experimentally as well as numerically using CHEMKIN-II program. The NO removal efficiency increased
with the reactor temperature under oxygen-free condition, whereas when the oxygen concentration was 4%, the NO removal
efficiency showed a maximum value at 900~950 C. The pressure of oxygen was shown to enhance the NO removal at
low temperature. Regardless of the oxygen concentration, the NO removal efficiency increased with NSR. The temperature-
and NSR-dependencies of the NO removal efficiency predicted by CHEMKIN-II simulations were similar to that of the ex-

perimental results.

Keywords: NO,, selective non-catalytic reduction (SNCR), CHEKIN-II simulation

1. Introduction

Nitrogen oxide (NOy) is a group of gaseous air pollutants causing
respiratory diseases. Together with sulfur dioxide, it is an important
contributor of acid rain. Via photochemical reactions, it induces photo-
chemical smog by promoting formation of tropospheric ozone as well
as, under the presence of hydrocarbons, of PANs (peroxyacetyl ni-
trates) and aldehydes[1].

The selective non-catalytic reduction (SNCR) is one of the repre-
sentative processes developed to remove NOx. In SNCR processes,
NOy is reduced into N, via reaction with reducing agents such as NHj
and urea under high temperature ranging 850~1175 C[2]. Removal of
NO can take place only within a certain temperature range called
‘temperature window’[3,4], in which NH, and other radicals that play
important roles in the reaction mechanism of NOy reduction can be
produced. If temperature is too high, NH; is oxidized back into NOy

T WA A} (e-mail: catalica@uos.ac.kr)

433

deteriorating the NOy removal efficiency[5].

The NO removal efficiency of the SNCR process increases with the
normalized stoichiometric ratio (NSR) of reducing agent. Emission of
unreacted reducing agents into the atmosphere, however, may cause
secondary air pollution[6]. For example, when ammonia is used as the
reducing agent, the emission standard for ammonia has to be met be-
cause ammonia itself is an air pollutant. If the region has been des-
ignated as an odor management area, the odor emission standard has
to be met as well because ammonia is an odor compound. Oxygen is
another important factor in SNCR processes that provides radicals re-
quired for oxidation reactions[7].

In this study, the effects of temperature, NSR, and oxygen concen-
tration on the NOy removal efficiency of an SNCR process were
investigated. For theoretical analysis, the CHEMKIN-II modeling pack-
age was used to simulate the NH3-SNCR process and the results were

compared with experimental results.
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Figure 1. Schematic of the experimental setup.

2. Experimental

Figure 1 shows the schematic of the SNCR system used in this
study. N,, NO, O,, and NH; were introduced into the system as
reactants. The flow rate of each reactant was controlled by a flow
meter. All the reactants were mixed together in the mixing zone before
entering the reactor. The tubular reactor was made of stainless steel
against reactions under high temperature, with its inlet diameter and
length of 8 mm and 550 mm, respectively. Because the SNCR process
is sensitive to temperature, three temperature controllers were installed
on the reactor to maintain temperature constant in the reactor. The resi-
dence time of the reactor was controlled to be 0.3 s.

In this study, 500 ppm of NO reacted with NH; at different tem-
peratures. The set-point reactor temperature was varied between 500
and 1100 C with the interval of 50 C. The NO removal efficiency
at each set-point temperature was calculated by

N07 n NOouf
No removal ef ficiency (%) = T %100

in

At each temperature, two different O, concentrations, 0 and 4%, and
three different NSR of NH;, 1.0, 1.5, and 2.0, were used.

3. Simulation

In this study, the NOx removal efficiency obtained under each ex-
perimental condition was compared with simulation results produced
by a reaction analysis software. The reaction analysis was carried out
using input information including temperature, pressure, reaction time,
thermodynamic properties of the reactants (entropy, enthalpy and heat
capacity), reaction mechanism composed of unit reactions, and Arrhenius
equations. The CHEMKIN-II package was used as the reaction analysis
software in this study. The Arrhenius equation is written as

Ea
RT

k=AXT"xe

where A is the Arrhenius coefficient, T the absolute temperature, R the
gas constant, Ea the activation energy, and n a constant. The SNCR
reaction mechanism and relevant constants used in this study are sum-
marized in Table 1. The thermodynamic properties of the involved spe-
cies were obtained from New Jersey Institute of Technology (NJIT)
database (Table 2).
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Figure 3. Outlet NO concentration as a function of temperature under

the oxygen-free condition.

4. Results and Discussion

4.1. Temperature Distribution in the Reactor

One of the most important variables in the SNCR process is the
temperature distribution in the reactor. The temperature was measured
at every 5 cm in the reactor under different set-point temperatures be-
tween 500 and 1100 C with an interval of 50 C. The result is shown
in Figure 2. It is shown in this figure that temperature was maintained
at set-point temperature with the error within + 4% throughout more
than 80% of the reactor length.

4.2. Experimental Results

Figure 3 shows the outlet NO concentration obtained with three dif-
ferent NSR values of 1.0, 1.5, and 2.0 as a function of set-point reactor
temperature under the oxygen-free condition. NO removal efficiency
was almost zero at a temperature of 800 C and lower. The NOy re-
moval became significant at 850 C and increased with temperature
thereafter. A higher NSR resulted in a higher NO removal efficiency
: the removal efficiency at 1100 ‘C was 50.7, 55.6, and 59.1% with
NSR of 1, 1.5, and 2, respectively.

The results obtained with the oxygen concentration of 4% are shown
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Table 1. Elementary Reaction Mechanism for NOx + NH; Reaction (unit : cm3-mole-sec-cal-K)
A n E A n E
1 NH; + M < NH, + H + M 2.20E + 16 0.00 934700 | 54 HNO + NO < N,O + OH 2.00E + 12 0.00  26000.0
2 NH; + H < NH, + H» 6.36E + 05 239  10171.0 | 55 HNO + HNO <> N,O + H,O  3.95E + 12 0.00 5000.0
3 NH; + O <> NH; + OH 2.10E + 13 0.00  9000.0 56 H:NO + M <> HNO + H+ M 5.00E + 16 0.00  50000.0
4 NH; + OH <> NH, + H.O 2.04E + 06 2.04 566.0 57 H:NO + H <> HNO + H, 3.00E + 07 2.00 2000.0
5 NH; + HO2 <> NH; + H202 3.00E + 11 0.00  22000.0 | 58 H:NO + H < NH; + OH 5.00E + 13 0.00 0.0
6 NH; + NO <> N, + H,0 3.78E + 15 -1.25 0.0 59 H:NO + O < NH: + O, 7.50E + 13 0.00 0.0
7 NH; + NO <> NNH + OH 8.82E + 15 -1.25 0.0 60  HoNO + O <> HNO + OH 3.00E + 07 2.00 2000.0
8 NH; + H <> NH + H» 6.92E + 13 0.00 3650.0 61 H,NO + OH <> HNO + H,O  2.00E + 07 2.00 1000.0
9 NH; + O <> NH + OH 6.75E + 12 0.00 0.0 62 HNO + NO <> HNO + HNO  2.00E + 07 2.00  13000.0
10 NH; + O < HNO + H 6.63E + 14 -0.50 0.0 63 HoNO + NH; <> HNO + NH;  3.00E + 12 0.00 1000.0
11 NH; + O, <> HNO + OH 4.50E + 12 0.00 250000 | 64 NO;,+M < NO+ O+ M 1.10E + 16 0.00  66000.0
12 NH; + OH <> NH + H,O 4.00E + 06 2.00 1000.0 65 NO; + H <> NO + OH 3.50E +14 0.00 1500.0
13 NH; + NH < NoH; + H 5.00E + 13 0.00 0.0 66 NO; + O <> NO + O, 1.00E + 13 0.00 600.0
14 NH; + NH; <> NoH, + Hs 7.20E + 13 0.00 0.0 67 NoH, + M <> NNH + H+ M 1.00E + 17 0.00  50000.0
15 NH; + NH, <> NH; + NH 5.00E + 13 0.00  10000.0 | 68 N;H, + H <> NNH + H: 5.00E + 13 0.00 1000.0
16 NHz + HO; <> NH; + O, 1.00E + 13 0.00 0.0 69 N;H, + O <> NH, + NO 1.00E + 13 0.00 0.0

17 NH, + HO, < H,NO + OH 2.50E
18 NH; + N < N, + 2H 7.20E

13 0.00 0.0 70 N:H, + O <> NNH + OH 2.00E + 13 0.00 1000.0
13 0.00 0.0 7 N;Hz + OH <> NNH + H.O 1.00E + 13 0.00 1000.0

19 NHz + NO; <> N2O + H.0 2.84E + 18 -2.20 0.0 72 NoH; + NO <> N,O + NH, 3.00E + 12 0.00 0.0
20 NHy + NH; + M <> NoHy + M 1.50E + 13 0.00 0.0 73 NoHa + NH <> NNH + NH» 1.00E + 13 0.00 1000.0
21 NNH < N; + H 1.00E + 04 0.00 0.0 74 N:H, + NH, <> NNH + NH; 1.00E + 13 0.00 1000.0
22 NNH + O < N,O + H 1.00E + 14 0.00 0.0 75 NoH; + M < N;H, + H+ M 3.50E + 16 0.00  46000.0
23 NNH + NH < N; + NH, 5.00E + 13 0.00 0.0 76 NoH; + O < NoH; + OH 5.00E + 12 0.00 5000.0
24 NNH + NH; <> N, + NH;3 5.00E + 13 0.00 0.0 77 N;H; + O <> NH, + HNO 1.00E + 13 0.00 0.0
25 NNH + H < N; + Hy 1.00E + 14 0.00 0.0 78 NoH; + OH < NpH, + H.O 1.00E + 13 0.00 1000.0
26 NNH + OH < N, + H,O 5.00E + 13 0.00 0.0 79 NoH; + H <> NH; + NH, 1.60E + 12 0.00 0.0
27 NNH + NO <> N, + HNO 5.00E + 13 0.00 0.0 80 N:H; + NH <> NH, + NyH» 2.00E + 13 0.00 0.0

28 NNO+M— N, +0+M 6.00E + 14 0.00 56100.0 | 81 NoHy + H <2 NoHs + Hy 1.30E + 13 0.00 2500.0

S e T T T T T e i e i S e S S S S S S T T T T T

29 N2O + O < NO + NO 2.90E + 13 0.00  23150.0 | &2 NoHs + O <> NoHy + HoO 8.50E + 13 0.00 1200.0
30 N0+ 0 <Ny + 0 1.40E + 12 0.00  10800.0 | 83  NHs + OH <> N;H; + NH; 5.00E + 12 0.00 1200.0
31 N20 + OH <> N; + HNO; 2.00E + 12 0.00  10000.0 | 8 N;H4 + NH, <> NoH; + NH;  3.90E + 12 0.00 1500.0
32 N,O + H < N, + OH 7.60E + 13 0.00  15200.0 | 85 H+H+M<H+M 1.00E + 18 -1.00 0.0
33 NH + O, <> HNO + O 1.00E + 13 0.00  12000.0 | 86 H+H+H, o H +H 9.20E + 16 -0.60 0.0
34 NH + O, <> NO + OH 7.60E + 10 0.00 1530.0 87 H+ H + H,0 < H, + H,0 6.00E + 19 -1.25 0.0
35 NH + OH <> HNO + H 2.00E + 13 0.00 0.0 88 H+O+M<«< OH +M 6.20E + 16 -0.60 0.0
36 NH + OH <> N + H.O 5.00E + 11 0.50 2000.0 89 H+OH+M < HO+M 1.60E + 22 -2.00 0.0
37 NH+H<N+H 3.00E + 13 0.00 0.0 9 H+0,+M<—OH+O0O+M 4.69E + 17 -0.72 0.0
38 NH + O < NO + H 9.20E + 13 0.00 0.0 91 Hy + O, <> OH + OH 1.70E + 13 0.00  47780.0
39 NH + N < N, < H 3.00E + 13 0.00 0.0 92 O+0+M<— 0, +M 1.89E + 13 0.00 -1788.0
40 NH + NH < N, + 2H 2.54E + 13 0.00 0.0 93 O+ OH < H+ 0, 4.00E + 14 -0.50 0.0
41 NH + NO < N, + OH 2.40E + 15 -0.80 0.0 94 O + H, < H + OH 5.06E + 04 2.67 6300.0
42 NH + NO < N,O + H 290E + 14 -0.40 0.0 95 OH + H, < H,0 + H 1.17E + 09 1.30 3626.0
43 NH + NO> <> N.O + OH 1.00E + 13 0.00 0.0 96 OH + OH < H,0 + O 6.00E + 08 1.30 0.0
44 N+ OH < NO + H 3.80E + 13 0.00 0.0 97 HO, + H <> H, + O, 1.25E + 13 0.00 0.0
45 N+ O, <> NO+O 6.40E + 09 1.00 6280.0 98 HO, + H <~ OH + OH 1.40E + 14 0.00 1073.0
46 N+NO <N, +0O 327E + 12 0.30 0.0 99 HO, + O <> OH + O, 1.40E + 14 0.00 1073.0
47 HNO +M < H+ NO +M 1.50E + 16 0.00  48680.0 | 100 HO; + OH <> H,O + O 5.00E + 13 0.00 1000.0
48 HNO + O <> NO + OH 1.00E + 13 0.00 0.0 101 HO, + NO <> NO, + OH 2.11E + 12 0.00 -479.0
49 HNO + H <> NO + H» 5.00E + 12 0.00 0.0 102 HNO; + HNO; <> H,0, + O, 2.00E + 12 0.00 0.0
50 HNO + O, <> NO + HNO, 1.00E + 13 0.00  25000.0 | 103 H,O, + M < OH + OH + M 130E + 17 0.00  45500.0
51 HNO + OH <> NO + H,O 3.60E + 13 0.00 0.0 104 H,O, + H <» HO; + H, 1.60E + 12 0.00 3800.0

52 HNO + HO:; <> NO + H;0 3.15E + 11 0.50 1976.0 105  H,O0, + OH <> H,O + HO: 1.00E + 13 0.00 18000.0
53 HNO + NH; <> NO + NH; 2.00E + 13 0.00 1000.0

in Figure 4. Similar to the oxygen-free case, the NOy removal effi- ciency contrary to the oxygen-free case. The NO removal efficiency
ciency was considerable at temperature of 850 C and higher. Showing increased with NSR value in this case, too: the removal efficiency at
the maximum NO removal efficiency at 950 C, however, further in- 950 C was 85.7, 92.0, and 97.5% with NSR of 1.0, 1.5, and 2.0,
crease of reactor temperature resulted in reduction of removal effi- respectively.

Appl. Chem. Eng., Vol. 22, No. 4, 2011
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Table 2. Thermochemical Data for NO, + NH; Reaction

AHg S Cp
Species (298.15 K) (298.15 K)

(kcal/mol - K) (cal/mol + K) 300 400 500 600 800 1000 1500
NH; -10.98 46.05 8.53 9.28 10.03 10.78 12.22 13.49 15.78
NH, 45.50 46.53 8.13 8.38 8.63 8.90 9.56 10.21 11.53
NO 21.59 50.36 7.01 7.19 7.36 7.53 7.84 8.08 8.51
N2 0.00 45.79 6.86 7.00 7.14 7.27 7.53 7.80 8.27
NNH 58.61 53.66 8.32 8.82 9.36 9.88 10.86 11.53 12.43
N0 19.63 52.56 9.25 10.07 10.88 11.57 12.51 13.10 13.94
NO; 7.91 57.39 8.92 9.63 10.33 10.93 11.79 12.34 13.08
HNO 15.89 56.60 8.48 9.50 10.52 11.52 13.36 14.87 17.07
HNO 23.80 52.75 8.37 8.88 9.39 9.88 10.71 11.41 12.48
N2H, 50.00 5222 8.75 9.85 10.85 11.85 13.50 14.84 16.85
N>H; 48.09 54.64 10.47 12.12 13.76 15.20 17.33 18.93 21.58
NaHy 22.80 57.03 12.21 14.43 16.64 18.52 21.13 22.99 26.32
NH 84.24 43.30 6.98 7.00 7.01 7.05 7.25 7.46 8.06
HO -57.82 45.12 8.11 8.29 8.47 8.68 9.25 9.85 11.19
HO» 3.80 54.76 8.44 8.96 9.47 9.95 10.71 11.38 12.39
H0, -32.54 55.69 10.43 11.36 12.29 13.10 14.32 15.21 16.86
H, 0.00 31.23 6.91 6.94 6.97 7.01 7.13 7.27 7.68
02 0.00 49.02 7.01 7.24 7.47 7.68 8.03 8.30 8.73
H 52.13 27.40 497 4.97 497 4.97 497 4.97 497
OH 9.49 43.90 6.96 7.00 7.03 7.08 7.22 7.36 7.80
N 113.03 36.63 497 4.97 497 4.97 4.97 4.97 4.97
O 59.59 38.50 5.24 5.17 5.10 5.05 5.02 5.00 497
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Figure 4. Outlet NO concentration as a function of temperature with
the oxygen concentration of 4%

4.3. Simulation Results

Figure 5 compares the model estimated outlet NO concentrations
with measurements at different temperatures with NSR of 1.0 (a), 1.5
(b), and 2.0 (c). For all cases, the inlet NO concentration was 500 ppm
and N, was used as the balance gas under oxygen-free condition. The

model predicted well the increasing trend of NO removal efficiency
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with temperature. The temperature at which the NO removal efficiency
became significant, however, was predicted to be much higher (950~
1000 C) by the model than that shown by measurements (800~850 ).
Except the case with high temperature and high NSR, the model-pre-
dicted NO removal efficiency was lower than measured ones. Experi-
ments were carried out only up to the temperature of 1100 C due to
the limitation of heating instrument, but the model simulations were
performed up to 1300 C. As is shown in Figure 5, the NO removal
efficiency was predicted to increase rapidly over 1100 C reaching
100% at 1300 C when NSR was 1.5 or 2.

Figure 6 shows the same results as those of Figure 5 but for the O,
concentration of 4%. The temperature dependency of the NO removal
efficiency was predicted by the model very similarly with the
measurement. Both measurements and model simulations showed that
the NO removal efficiency had its maximum value at a temperature of
900~950 C. The value of the maximum removal efficiency was sim-
ilar between measurements and model simulations. When the removal
efficiency was low at higher or lower temperature, however, the differ-
ence between measurements and model predictions was larger. The
model predicted the maximum efficiency temperature accurately except
for the case of NSR = 2, where the model-predicted maximum effi-
ciency temperature (900 ‘C) was lower than measured one (950 C).

At all NSR values tested, the model could not predict slow reaction
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Figure 7. Outlet concentration of NH; obtained with the oxygen
concentration of 4% under different temperature and NSR conditions.

that took place at low temperature range (650~800 ‘C) probably be-
cause the temporal or spatial fluctuation of temperature in the reactor
was not taken into account in the model.

Regardless of the presence of oxygen, the NO removal efficiency in-
creased with NSR in this study. Use of high NSR, however, may result
in emission of significant amount of unreacted ammonia. Figure 7
shows the outlet concentration of NH; as a function of NSR at differ-

ent temperatures. At a low temperature (900 C or below), the concen-

ment used in this study. When the inlet oxygen concentration was set
at 4%, the NO removal efficiency showed a maximum value at 900~
950 C. At a higher temperature, the NO removal efficiency was re-
duced due to the reaction between oxygen and ammonia producing
NO. Therefore, if the SNCR is applied under the presence of oxygen,
it should be operated at the maximum removal efficiency temperature.
Presence of oxygen resulted in an increase of NO removal efficiency
at low temperature, whereas at high temperature the oxygen-free con-
dition was more favorable to NO removal. Considering the fuel use for
maintaining the reactor temperature and aging of the instruments, oper-
ation at low temperature with appropriate concentration of oxygen is

Appl. Chem. Eng., Vol. 22, No. 4, 2011
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recommended.

Regardless of the presence of oxygen, the NO removal efficiency in-
creased with NSR. However, at 900 C or below the concentration of
unreacted ammonia also increased with NSR. At a higher temperature,
the concentration of unreacted ammonia did not depend much on NSR.
Therefore, NSR should be decided considering NOy removal effi-
ciency, cost for use of ammonia, and air pollutant emission standard
simultaneously.

The NO removal efficiency of the SNCR process predicted by
CHEMKIN-II was close to the measured one at around the maximum
removal efficiency temperature. The predictions for temperature- and
NSR-dependencies of the NO removal efficiency also agreed well with
the experimental results. Therefore, CHEMKIN-II may be useful for
predicting the optimum reactor temperature and NSR and for estimat-
ing the NO removal efficiency before actual operation.

3slsh M 22 A ®M 43, 2011

[ N

=N N

References

. J. C. Choi, C. H. Cho, K. E. Jeong, J. K. Jeon, J. H. Yim, and
Y. K. Park, J Kor. Ind. Eng. Chem., 19, 92 (2008).

. M. T. Javed, N. Irfan, and B. M. Gibbs, J. Env. Manage., 83, 251
(2007).

. J .A. Miller and C. T. Bowman, Prog. Energy Combust. Sci., 15,
287 (1989).

. J. A. Silver and C. E. Kolb, J. Phys. Chem., 86, 3240 (1982).

. R K. Lyon and J. E. Hardy, Ind. Eng. Chem. Fundam., 25, 19
(1986).

. P. Lodder and J. B. Lefers, Chem. Eng. J., 30, 161, (1985).

. R. K. Lyon, Int. J. Chem. Kinet., 8, 315, (1976).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /Adolescence
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmiR-HM
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /Apple-Chancery
    /ArabBruD
    /ArborWin
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BanjomanOpenBold
    /BareunBatangOTFBold
    /BareunBatangOTFLight
    /BareunBatangOTFMedium
    /Batang
    /BatangChe
    /BenguiatITCbyBT-Bold
    /BermudaSolid
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-Light
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /CambriaMath
    /Candid
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chicago
    /Chiller-Regular
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackFont
    /CooperBlack-Italic
    /CooperBT-Black
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-BlackItalicHeadline
    /CooperBT-BlackOutline
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CreChoC
    /CreChoL
    /CreChoM
    /CreChoMa
    /CreCjaB
    /CreCjaL
    /CreCjaM
    /CreepyRegular
    /CreGoB
    /CreGoL
    /CreGoM
    /CreHappB
    /CreHappL
    /CreHappM
    /CreHappS
    /CreHearL
    /CreHearM
    /CreHearP
    /CreMjoB
    /CreMjoL
    /CreMjoM
    /CurlzMT
    /Dinbla
    /Dinbol
    /DingalingBoold
    /DingalingMedium
    /Dinlig
    /Dinmed
    /Dinreg
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /ExpoM-HM
    /FalstaffFestivalMT
    /FederationStarFleet
    /FelixTitlingMT
    /FigaroMT
    /FolioBT-Light
    /FolioBT-LightItalic
    /FolliesLetPlain
    /FootlightMT-Light
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Gaeul
    /GaramB-HM
    /Garamond
    /Garamond-Bold
    /GaramondBoldItalic
    /GaramondBook
    /Garamond-Italic
    /GaramondLight
    /GaramondLightItalic
    /Gautami
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicChe
    /Greek
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2cysM
    /H2gsrB
    /H2gttB
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2supM
    /H2wulB
    /H2wulE
    /H2wulL
    /H2wulM
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /HeadR
    /Helvetica
    /HelveticaBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /HelveticaLight
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HiTelSupBase
    /HiTelWulTitle
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HYBackSong-Bold
    /HYbdaM
    /HYBuDle-Medium
    /HYDongNyuk-Bold
    /HYDongNyuk-Light
    /HYDongNyuk-Medium
    /HYGoThic-Bold
    /HYGoThic-Extra
    /HYGoThic-Medium
    /HYGraPhic-Bold
    /HYGraPhic-Medium
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HYHeadLine-Medium
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYMokGak-Bold
    /HYMokPan-Light
    /HYMyeongJo-Bold
    /HYMyeongJo-Extra
    /HYMyeongJo-Light
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamM
    /HYPillGi-Light
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYSeNse-Light
    /HYShortSamul-Bold
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Medium
    /HYSooN-MyeongJo
    /HYSymbolB
    /HYSymbolC
    /HYSymbolG
    /HYSymbolH
    /HYTeBack-Bold
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IPAPhonBold
    /IPAPhonBoldItalic
    /IPAPhonItalic
    /IPAPhonRoman
    /Ipa-samdUclphon1SILDoulosL
    /JasuR-HM
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KidTYPEPaint
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothic-Slanted
    /LifeBT-Italic
    /LifeBT-Roman
    /Love
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Mistral
    /Mla
    /Modern-Regular
    /MoeumTR-HM
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyungjoR-HM
    /NanumBrush
    /NanumGothic
    /NanumGothicBold
    /NanumGothicExtraBold
    /NanumMyeongjo
    /NanumMyeongjoBold
    /NanumMyeongjoExtraBold
    /NanumPen
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewYork
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /Nuggim
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /OrbusMultiserif
    /Oxford
    /Pado
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PlumpMT
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /SanBiB
    /SanBiM
    /SanBkB
    /SanBkL
    /SanBkM
    /SanBkX
    /SanDaB
    /SanDaL
    /SanDaM
    /SanDaU
    /SandEgB
    /SandEgCB
    /SandJg
    /SandKg
    /SandKm
    /SanDsB
    /SanDsCB
    /SanDsL
    /SanDsM
    /SandSm
    /SandSpB
    /SandSpL
    /SandSpM
    /SandTg
    /SandTm
    /SanEgL
    /SanEgM
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgB
    /SanIgM
    /SanIgXB
    /SanMsB
    /SanMsL
    /SanNsB
    /SanNsL
    /SanNsM
    /SanSwB
    /SanSwL
    /SanSwM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeUtum
    /SHeadG
    /SHeadR
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SinMyungJoyakja
    /SlimbachBold
    /SlimbachBoldItalic
    /SlimbachBook
    /SlimbachBookItalic
    /SnapITC-Regular
    /SohaR-HM
    /Sol
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpaceToaster
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /Sylfaen
    /Symbol
    /SymbolMT
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TeamMT-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSThpbd
    /TSThprg
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TwentiethCenturyPoster
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /Vrinda
    /Webdings
    /WendyMedium
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-IconicSymbolsA
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIFallB
    /YDIFallL
    /YDIFallM
    /YDIHSalB
    /YDIHSalL
    /YDIHSalM
    /YDIIrisB
    /YDIIrisL
    /YDIIrisM-KSCpc-EUC-H
    /YDISaleB
    /YDISaleL
    /YDISaleM
    /YDISmileB
    /YDISmileL
    /YDISmileM
    /YDIYGO340
    /YDIYheadB
    /YDIYheadL
    /YDIYheadM
    /YDIYheadUL
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YeopseoR-HM
    /YetR-HM
    /YonseiB
    /YonseiL
    /YonseiLight
    /YonseiLogo
    /ZWAdobeF
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


