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Experimental Research of Affects of the Additives on the Removal of
NO, From Flue Gas by Aqueous Urea Solution
XIE Hongyin, XIONG Yuanquan, ZHANG Jichao, SHI Zhanfei

(School of Energy and Environment, Southeast University, Nanjing 210096, Jiangsu Province, China)

ABSTRACT: It is found that the additives have an important
role on the removal of NO, by wet scrubbing using aqueous
urea/ammonia solution, and the various additives have different
effects. This experimental research on the NO, emission in
aqueous solution of urea/additive was performed in a bubbling
reactor. Several typical inorganic and organic additives were
discussed. The results show that the denitrification efficiency of
various additives is as follows: potassium permanganate>
triethanolamine (TEA)>ammonium peroxydisulfate> diethano-
lamine (DEA)>adipinic acid>glycine>potassium bromide>
ammonium bromide>acticarbon>ferric sulfate, the mixture of
triethanolamine and diethanolamine has better effect on
denitrification, and the optimum mixing ratio is 1:1. This
mixing alkanolamines additive is not only helpful to slowing
down the declined value of pH of the aqueous urea solution,
but also has better catalysis and buffer effects on denitrification
than that of a single alkanolamines solution. It is obtained that
the removal efficiency of NO reaches 81.8% when each

additive concentration is 0.06% in this experiment.

KEY WORDS:

denitrification

W BN R RFZRIE A ENCVEZERNER, &
[] RIS 0 7514 B/ PR 2 Vi ISt i PR 2 e AL ) R4 FH AN AR
[fo ZCAESIBRBREE b, URFNRCR, Fin LR AR
BHREHEMTHAE PR IFHATT NO, BRI SE
B IT. BHAUAE AR BRI B A I e v B R A
>= LI B R > £ Z > 2 Z > H 2 >R AL >R
TR IR >TRIR R IhAh, = WG = LR A
FIRI A RO, SERC LA 1015 VRS BE AR 7] ek

E¢mB: BEXmBEARGRKRETIH B3 &)
(2009AA05Z304).

The National High Technology Research and Development of China
(863 Program) ( 2009AA05Z304).

urea; additive; aqueous  solution;

2% T WU pH BT B, A8 IR R P e — B A o
BEAEMEAZRER; 2R A MG L N
0.06%F, ARIZLME T FIBAE AR IE 81.8%.

XEIE: JRE: WA BTG R

0 s3I

TR IEE 77 A2 [ U SR A A e — P ) KRS
Y, WTLERERN . Yelb 2% DL R R A2,
JITBA NO, I 25 BRI LRI (9 55 2 & B RTETk
TR AE BB (flue gas desul furization, FGD) T
A KL, RITEZ 7 b BT 2 ot
FHF TR BB B Ak = AR R I R R AT 5. k4,
G/ PR ZR I VR R AT 6 4 Aot i 52 1 e R 22 1)
SRR, BTV H B CR A . N T RO
& NO,, 7544 NO AL FI[NO,/[NO]=1~1.3", J§
VA WORIE AN 32 B ], BRI NO %k
T E N SE BLBR NO, BRI e R . N T
I NO AR, T LUR B AR B
E W A% O3, Clys ClO,, KMnOy4, Hy,0,, K,Cry07,
(NH,),CryO; > V2533 Ml AL B 32484 NO 512
BT T E TS, HETRA &, RAOEIERT
Tl .

IEAESR, LU T I IR 2250 B 7 v 32
eI PN E D GY G RE I AT S I N
L TAE, AR T —e MM AR . §F 7RI,
INFIERN SRR E RE R ) = EE A 2
BRI AE 2R Bk RS AN 1 R G4l T A
FE. HAT, BFFCRIIRII A SRR B AY 7R N7 d & oy
AN R TEN LR AN o A8 SR RE IR R T2 N
(A e S mts b, )P S0 s B 8 7 WG A A



42 rh Bl L & % Ol ¥31 %

FIAD RTINS R RS, DI k. REMEERMIT:

R BSAR A3 S b B F PR 5] o 2NO+0,=2NO, (1)

1 SLIGERH NO, = N,0, (2)

11 SLWBERG ‘ &ﬁm%#Nﬁz 3)
S AR 1 R, AR RS R LA 1 2 R LA -

WE S A RS N,0,+H,0 = 2HNO, 4)
B A AR SAIRE R, 2NO,+H,0 = HNO, +HNO, %)

VR, 2R R A B R N,0,+H,0 = HNO,+HNO, 6)

VT RIS 4 . TR SR B — A AR 3HNO, = HNO,+H,0+2NO (7)

50 mm, =4 1.3 m AR R BRI S8 s v
2, AU SN B R gy, SRS R
LI, FLIE 2~5 um) S, TERISST. 4IEEH
A, ARSI IR 10 om B RN T A5 DR
SR AR A IS BB S+ NO, 1t H

THSAI R G B SHEN RBLERRT, 21
[T 55 B 1 NHE S AT A (pGas, B3, NO il
BIEHEA 1x10°4x107°, HEMIE+2%, BHERE
%)M AR B, SO0 HEAT R 72 o 5% AR S 5%
B, MR EBEENES T AGEAT R

18I 2—IRE I 3—BR TR 4—IRIR,
S—SIRIRR BES s 6B B T 8—/KAE;
9—id JEAS: 10— AT
E1 BRETEE
Fig. 1 Schematic diagram of experimental apparatus
1.2 SKEFM
1) W WRUSGRI PR 2835 BN 10% (i & E)
AR ARFR 900 mL, SR ARI (8] 1.2 5.
2) BUMAS: MHSIEE 04m'/h, NO ABURNE
A 1500x10°° fi A, Op MRBUREEN 4%, HARNN,-
3) SRR BB 2 20 'C A
1.3 IRUSANHI
TE PR 2R AN R B A RS R v, O

PR BTINAIE] T HNO, IR 73 il Az 1
NO, H AL T
2HNO,+(NH,),CO=2N,+CO,+3H,0  (8)

2 ZWHERSIHL

21 F|HHF

B 2 ATLLE H, R FERMOR I A )
KMnOy4 F1(NH,),S,05 #BRESE—EF2E 3R NO,
L BRACR 2 ey T B R o R e I 1 - 53
£ 0.02%HF, F/INEF P )AL 2650 BilIE 79%
73%,  FOAE R Z I RS AR IR = T 20%
14%. BEE PR EAFIIINE IR, BiAE 2R
IR B 2% .

801
S
M o60r
&
=
=
401 . N
—=— (NH4),8,08 57
—e— KMnOy #3071
20 | ! 1 I |
0.00 0.02 0.04
TR0 A /%

B2 SEFIZERMFII BRI F20
Fig. 2 Effects of oxidant additive on
denitrification efficiency

M 2 28 7T 41, KMnO, V070 fi i 250 %
IR 2L T (NH4)2S,05 ¥ N7 . BT R W F -
Mn 02~ /MnO, FRifEBAL(2.257) KT S, 027 /SO Fx
HEHEAL(2.01), B S AR A0 A R o, 78 A
JOL R AE DA OB
NO +MnO; +20H =NO; + MnO;” +H,0 (9)
NO; +2MnO; +20H"™ = NO; +2MnO;” +H,0 (10)



23 1M

PR PRI AR 780 700 B S M R 1 F 7 43

3NO; +2MnO; + H,0 = 3NO; +2MnO, ¥ +20H"

(1n

HWR, mERRRE s S, AR T RAL
VIR, SN AR

20H + NO +NO, =2NO; + H,0 (12)

2NO; +(NH),CO=2N, + CO, + H,0 +20H~ (13)

TR AR R B RIS IR 1, AR TR A 25 5%,
TR TR 25 F T 30 0 PR 2 R VAL 2 0 il D B AR
T, HIHIE A RS .
22 &RMHEBET

PLAst B 3 Hp =2 G B VRN 51 FB i 25 i 4%
RO, BRERERIT B IR FETE 0.10% AN Al R 2
LB FHES, i i MR 205 b A o A B TR
DAAH A e R T BAE R M 59.4% PRAK 3] J5f B A
0.25%HT 1] 54%. Fey(SO4)s WX UK pH {E 1
SN W% 1, Feo(SOu)s MREETE 0.1% LA 32 Z AL,
ER, BEEHIMNERIINR, pH BRI
KECRBIAE

700
S
i@k
= 50f
T
g\
—a— Fe,(SO4); 73N
| —e— FeSO4 0
—— MnCH;COO 7 i
30 1 n 1 " 1 " 1 " 1 " 1
0.00 0.10 0.20
IS INFAR B E /%

B3 SRAEFRMTIXARHES RN
Fig. 3 Effects of metal cation additives on
denitrification efficiency
R 1 A[E Fey(SOy); RERET 10%FRFA K pH (&
Tab.1 pH value of 10% urea solution under different

Fe,(SO4); concentrations

Fex(SOy); TS /%

pH & 8.52 5.12 4.53 3.92 3.48 2.93

BB TESEBRTH NO TERE G
[Fe(NO)I**, Bt & B BT B A+ NO, I8
EIRWEIN, (R AE[Fe(NO)* I NO, KA AL 5
KB, AH1R[Fe(NO)* 4 & 451 NO IZB B,
B2 NO, I . Mn(CH;COO), ZInFFIHIinA
T IRBE IR R MR, R BIZMER, KUk

0 0.05 0.1 0.15 0.2 0.25

PNESYRIETN
23 HEKEY

& 4 7L, KBr Al NH,Br BIHIIART NO,
EBREA —ERERR S . IR EREA
2%}, KBr Fl NH,Br [FBEAE 20253518 63.6% A
61%; )5, Fi% KBr 1 NH,Br I &=k, i
TH B IG IR RO T 22, il INANREE N 5%
i, B ECR AN 65.4%F1 62.2%. 1 KC1 1
NH,Cl BTN K 75 i 2R R FE () T B, 4
TOFUAEE N 5%, ~FIIBRESCE TR T8 9%,

70

60

R ERT

50+ _a KBr MNlipll

—e— NH,CL# 5

—a— NH,Br 07

—v— KCI #n#

0 2 4
IRINFR =R %

E 4 paEAEERMTIXTBRAES R0

Fig. 4 Effects of ammonium compounds additives on

40

denitrification efficiency

MBS 4 F 5 3 s A s N 7 o R R A 50 e T
A PEHEVERT, 0 SR IR &0 1 B S
[7) 15 S 827 1) A EAT X RT RE 5 e T R e SR
AR HAMIEFPEER(CL/CI AL 1.35827),

AL N B SN (R EAT
2HNO,+2H" +2Cl" =2NO+Cl, +2H,0 (14)
2NO;+8H++6C1_ =2NO+4H,0+3Cl, (15)

24 HEthFZHASHRmMF

T PR R RN R 2 Ml R P 1 32 T 9 1 1 Ak
7, HAHEAUHE S NO, Bt bR 2R ) s ] 5
7N o PRSI IO, {515 Bits 2 A P b =
G PR R IR R 0.5% 0, ~F- 341 B RS R0 b T s n
T 2975 3~4 DNE TR, 1K 61.7%. TEEFRI 91N
XoF B R R SE MR AN K, 6 e TR VS N 751K 11 14
o, Bg S FRERES.

T VR W B 25 B K A B3 A7 AE A HL/E LTS
gewn, &R WA Tk . W I B
Tn, WRBR R RE AN EEAR . RERRE ISR, B —EM
WA, (E RS pH 1T BRI E T



44 r B L O % W) ERIES
65| B, M 2RI 0.03%, SERIRN AR
Y TR T 6~7 N4 e AT I —

- ol 2T R TS A L AR
# = 2T VR T 8 A ML) 2 3 T e
g | J9: NO kit 21— AR 2
i I R N,Oy NoOs TEMR I 2 A H B, A A

—o— RERRTN IO
(HOC,H,);N T
50 I S S T R S S T R

00 02 o4 NO' 5 = 2B 24 A( NeO:| )

AN R IR /% | -

B 5 HabFTHELIERITIXT R AESER R (HOC,H,);N

Fig. 5 Effects of other inorganic catalytic additives on

denitrification efficiency

B, ARITSAARRIRB  [F) I AR BT — 58 1R K
P, BAHEIER, AR T RERRIBER.
25 HHIEFMF
2.5.1 AR

B2 NP PR A AR IR £ — ekt R &
FHRE BB S T B IRCR, B8R 4
) A R A ST, AR IR AR M B 41 —
LT e = O AT R 7T

M 6 T, — ARG = LB I AEIR
RAERE LR 7R AR . = SBREERINT
IR EEAE 0.015% LRI, AN KRR S =
LT IR B B s A E BB oK, 72136 H
WSS = 1 15% /24, 124 = ORI S B
0.015%3 N2 0.03%H , H At 242 39 n LE A2k 1%«
b bT, = QR IR BA — 2 A E
HARAAE FIAE BRI DY 0.015% AT I e W1 2

T ORI B R T = OB, B
B OEEIREE RN, NO, BBR R B4 LIt

801

60

RS &I

| = 2RI
—o— T LRI

40 1 n 1 " 1 " 1 1 1 n 1 n 1 )
0.000 0.010 0.020 0.030

IRANF TR S %
(> Pt Ay Blb R e &S AT
Fig. 6 Effects of buffer additives on

denitrification efficiency

AN, KRR AR AR T\
MRS R . HEERMAER T,
N,0, ==NO!-NO; = NO*-NO;  (16)
2N(CH,CH,O0H), + N,0, = [N(CH,CH,OH),], -
N,0, = 4-NO; (17)
A-NOj +H,0 = (CH,CH,OH),NH*NO; +
(CH,CH,OH),NH*NO, (18)

7E 50 ‘CHn# B4, WA NO. NO, A1k,
XYL = W e R BRI L R e R — A
HE RS, A A
2,52 REVEMER AN

F ] 7 LR B R M R & TR S
R = R, HEWEEA
7.3~9, TR, HEBRIESR T A TR
VI, HBR AR IS Z D R, 1 = SRR
THBRE BRIV AREE . EALEEAE b, dRE
0/ B PR e 1% R 2R T 9% 1 7R e 70 SR TR A By, ot A
BRI R PERE S 4

AT AL

51

FREE AN (1)

|

651

TR 23 %

55¢

| —=-0.015%C. %

| —+=0.015% %R -¥0.015%— LFEhL

45 A0 0P15% = ZFEIEH0.01 6 I |
0 10 20 30

t/min

7 SREEMERR S RIS R A 1 RE R R

Fig. 7 Effects of surface active ingredient additives on

denitrification efficiency



23 1M

F MR (R T o] TR A, R A
FEFIBRAERE N, ABFaEiA B . WK 7 /&
X PR A AR (SR TH S 1 o = S
AP BB i fE . H a2
R RTINS PER Sy, TEVEW pH KT 4 B, 2
PUBH B 7RG M FIFAE, W3R~ A AT pH K
T4 W 2 IR B RS RN DR 2 .
2.5.3 IRAWERGETR

MEL 2—7 BTLLEH, 3050 A s A
B BRI 45 G W) = L e mT LR FH = 1 10
TR BE I RCR . W = Wi R R
2 RPN R R IR, = 2 W R i S A A
RERIE AT Toliz .

TR A W VS MU CO, IR FLRT & B 0
Fel>10L - HAIE SEAE W I FE r R A A 2 S R4S L
YEF o B AT I8 AR A BERE R NO, #E1T AH
KB TL, Ak, AR LR A Ek T T
TR WU & 75 10 70 I R 2R M S B it 7

FH ] 8(a) Pl &N, WS INFRIZEAH B T &= LL 2 A T
= O — I 2H R ) TR T s N ¥ B A B
B— = CREREEAE AR« 7E = A RIRC L
PAETMFIE L, BE = R ERRm, B
TR L R N B BB o 24 = 2%/ — L R Ll
N, B 10 min fEAREE 1:2 B2 & T4 3%,
PRI R IR T 6% LTI 2:1 I i A Rk R A
1:1 BSEA B SR N 1% 47 « IR BT LA R A 2%
HRWEME K, = O — CRERERL LN 1:1 42
REAE.

B 8(b) it T TE = 2T/ — L BERETC LA 1:1
B, W8 AN [7) R FEE 11 2H 6 8 o 550 o B A 280 11 5
Mo MEIHFRT LA H, 070 R B 3G i R T i
THRCRE T BT A, IR N 0.015%, 78 M
B4 10 min B H 300 AR R IR A 4 A s iR B3
£ 0.06% 5 WAl 2R e 41 LR T 5 min, ~FIBER
MFIE 81.8%.

T 2 ANHE I IR e A8 N B bk =, pHL B
RN, X UE S TR A B IR
ZER, A% EIKREN 0.06%0, RIS 2
JEEEITE 10.1~10.6 2 (8], XTELE 6 th = ZEEfE il
WEAE T Y, TR A TR RER KL it m A
FAIRIE R RCR . Rk, RA R AEA
B — W AN IR S A A . R E A .

WHLARAE: PRV MR SRR A 0 771) (8 52 M e P T 45
ol —#-0.01% = ZFERZ+0.005% — L BEfE
—0-0.0075% = ZE[%+0.0075% — Z BE %
—4—0.005%= ZEFEHE+0.01% = L%
B —¥—0.015%= Z.FEf#%
¥ 76
&
E)E
::Eé’
72+
68 .............
0 10 20 30
t/min
(a) ANFAIEC L IR A BN 7
957
—=—0.015%
—e—0.03%
——0.045%
< v 0.06%
5 ——0.075%
= ——0.09%
= 85r ——0.15%
T
E\
75 0w
0 10 20 30

t/min
(b) 1:1 FEEE A [ VR 2 R 45 T2 e VA
B8 RERRARNRHNENFNT
Fig. 8 Effect of mixed alkanolamines solution on
denitrification efficiency
*2 REBERRGRNAIER pH ZEX
Tab.2 pH values of mixed alkanolamines solution

before and after reaction

. T JE T8 N E /%
p
0.0l 003 0.04 006 0.075 0.09 0.15
B 105 10.8 109 11 11 1.1 11.1
J 30 min J§ 9.3 9.8 10.1  10.1 10.2 102 103
___I:\
3 énlﬁ

1 FERSCE A A R 2R s s, 2L
A EA AL ZZph=Fh. KB R OB AE
FR 2 SRR, SRvh 32 BLE R 2058 IR
HHAVRINPER, AR RS R (1 T % .

2) ANV TCHLEAR 075 08 =B A 22 52 = 1
M« v SRR P> = O RE RG> iR > £ — Jfe> 1t —
P> T 2 B> IR A > TR > T P IR > TR R Bk

3) LT G IR A TS N A 250 B
AR T B —EERL AN, AR5 DL I R 3 L
HEEZE, WAL 111 BEEHE: 481K
AT, = OB — LRI A N C LA FE )
79 0.06%H,  BAH AR IE 81.8%.



46

mOoRE OB OHL TR ¥R

%31 %

4) =BG = ORI A IR NGRS e A 2L

KIKAVE FIARIL T HAE AL 22 EFHL?F'J FELR T LR R
1T F%

S 3Rk

(1]

(6]

(7]

(8]

(9]

Zeng Xianggen. Optimization and adjustment to the
mother solution ration during the treatment of tail gas
from nitric acid plant[J]. Chemical Engineering Design
Communications, 2004(14): 37-41.

FREA, AR, IR, 5. A SR B
RS NO WAL HLERAIT AT )], WK &E k. T
ERR, 2007, 41(5): 765-769.

Wang Zhihua, Zhou Junhu, Wen Zhengcheng, et
al. Mechanism investigation on NO oxidation during NO,
and SO,
[J]. Journal of Zhejiang University: Engineering Science,
2007, 41(5): 765-769(in Chinese).

Sada E, Kumazawa H, Kudo I, etal. Absorption of NO
in aqueous mixed solutions of NaClO, and NaOH
1978, 33(3):

simultaneous removal process by ozone

[J]. Chemical Engineering Science,
315-318.

Chu H, Chien TW, LiSY. Simultaneous absorption of
SO, and NO from flue gas with KMnO,/NaOH
solutions[J]. The Science of the Total Environment,
2001, 275(3): 127-135.

Wei Jinchao, Yu Ping, Cai Bo, etal. Absorption of NO
in aqueous NaClO,/Na,CO; solutions[J] . Chemical
Engineering and Technology, 2009, 32(1): 114-119.
Deshwal BR, JinD S, Lee S H, etal. Removal of NO
from flue gas by aqueous cholorine-dioxide scrubbing
solution in a lab-scale bubbling reactor[J]. Journal
Hazardous Materials, 2008, 150(3): 649-655.
WPZLAR, RRIRUR, SR, AR IR R/AE
(7 R A e P 52 e R AIT FE 0. o AL AR
4%, 2010, 30(23): 51-55.

Xie Hongyin, Xiong Yuanquan, Shi Zhanfei, et
al. Experimental study on the effects of the characteristics
of additives on urea/ammonia solution simultaneous
desulphurization and denitrification[J]. Proceedings of
the CSEE, 2010, 30(23): 51-55(in Chinese).

FhERS, REVRR, MY, . JRE/=OBRIENES
BT e A R R BB 2] b R ML AR AR, 2008,
28(5): 44-50.
Lu Yajing , Xiong Yuanquan , Gao Ming , et
al. Experimental investigation on removal of SO, and
NO, from flue gas by aqueous solutions of urea/
triethanolamine[J]. Proceedings of the CSEE, 2008,
28(5): 44-50(in Chinese).

A, Elﬁ W%@Mﬂm&ﬂwﬂﬁ%m%ﬁ
ANO, I CRFET]. 4
%ﬁik#%ﬁ:ﬁ%ﬂim,mm,nm=m41

[1

0] F#E, XS, 1R,

Cen Chaoping , Gu Guobang . Simultaneous
desulfurization and denitrification from flue gas by using
urea/additive solution(Il)-absorption characteristics of
SO, and NO; in cleaning process[J]. Journal of South
China University of Technology : Natural Science
Edition, 2004, 32(2): 14-17(in Chinese).

&, LTJEGEIRRIRIER
HIR I SO, T NO[J]. 4k 24K, 2006, 57(3): 645-649.
Xu Wei, et

al. Simultaneous absorbing SO, and NO using solution

Zhou Chungiong , Deng Xianhe ,
of triethylenediamine cobalt(Ill) coupled with urea
[J]. Journal of Chemical Industry and Engineering,
2006, 57(3): 645-649(in Chinese).

[11] Long Xiangli, Xiao Wende, Yuan Weikang. Removal

of sulfur
ethylenediamine solution[J]. Industrial and Engineering
Chemistry Research, 2005, 44(4): 686-691.

dioxide and nitric oxide using cobalt

[12] Mendelsohn M H, Harkness J] B L. Enhanced Flue gas

[13] ZE%, SKFTHE, BOZW], 45,

denitrification using ferrous-EDTA and a polyphenolic
compound in an aqueous scrubber system[J].
Fuel, 1991, 5(2): 244-248.

Enery and

TEA il %E NO, 2B
WLERRF 5 [I]. SR 4R, 1999, 20(12):
1940-1944.

Li Mi, Zhang Xinxiang, Ying Liming, etal. Reacrion
mechanism of NO, determination by the TEA method
[J]. Chemical Journal of Chinese Universities, 1999,

20(12): 1940-1944(in Chinese).

[14] Addison C C. Ditritrogen tetroxide, nitric acid, and their

mixtures as media for inorganic reactions[J]. Chemical

Reviews, 1980, 80(1): 21-39.

[15] JikE, e, 266, 5. IREAPULRIURIES T CO,

f 22 AR FIHLELLT].
201-205.
Shiyao, Xiang Fei, Li Wei, et al.

HHEIREE RS, 2003, 23(2):

The mechanism of
interaction effect of CO, absorption from gas with mixed
organic amines[J]. China Environmental Science, 2003,
23(2): 201-205(in Chinese).

[16] Schubert S, Gr M Unewald, Agar D W. Enhancement of

carbon dioxide absorption into aqueous methyldietha-
nolamine using immobilized activators[J]. Chemical

Engineering Science, 2001(56): 6211-6216.

YisBEA: 2010-12-07.

EEREN:

WHLLAR(1986), 4, WiL@rsd, W
RN TR, xieredag@163.com;

REURIR(1966), 5, #He%, WLAR
Ui, BT )R R e S T Y il
A v] A REIR R

(RfEHRE F7&3%)

W




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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


