Mg LEANZ EEITIRE H18E 15 (P30 FE) wamE 11

fiE A SCR BiAHESE D 7 4 —/L FERER K O i AREE D i A M REFF-ifh

T, (R P, B

Field Test of Marine SCR System and Durability Evaluation of Catalyst
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Abstract

Preventing air pollution around ports is an important issue in the marine sector. NOX, one of the emissions from
marine diesel engines, is toxic to humans. The SCR system is practically used for reducing NOx from automobiles,
incinerators and electric generation plants. Hence, the SCR system has been attracting attention in the marine sector. The
availability of SCR system was confirmed from the results of on-board experiments. Although the SCR system is capable
of being as a countermeasure against NOx emissions, it needs to be proved that the exhaust gas from marine diesel engines
affected catalytic activities of NOx decomposition in SCR system for a long-term. The aim of this study was to clarify the
long-term effects of exposure to exhaust gas from marine diesel engine on a catalyst activity. We carried out a long-term
on-board test with the SCR system installed downstream of a diesel engine generator in a ship. In addition, a test of
exposure to exhaust gas emitted from a low speed marine diesel engine was conducted. The overall NOx reduction
performance of the SCR system for the generator did not decrease after 10,000 hours of operation.  This is because the SCR
system was designed to have enough catalyst volume to keep the NOx reduction performance for a long-term. However,
the detailed analysis of the cut out catalyst samples has shown that their first order reaction constants were decreased
proportionally to the distance from the catalyst inlet. The exposure test samples also exhibited that the catalyst deactivation
was able to be recovered by heating at 350 degrees. The cause of the deactivation can be the deposition of the dust in

exhaust gas including soot and unburned hydrocarbons.
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BRETHI LT, Ho/eBmtEe 2R cx 5 2 L MR S LTz,
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3.5 SCR RRAHEfRIE (D K EA T AE 8

ATENCIR R RBROFER, 7 4 — BB O PN A2 K IR 28 S 7 D Bl PERE D Z LA H N e -
7o REICIE, ZOREEZEIL, Dimfibito EHWERRTHIZ1T S .

PEAT A BFZHK9 10,000 FRefE ORI OFERR 22 BIAHTERE 2 F 7o fE R, He BIEER D kky 23549 0.5, 140 mm RO k/k,
2390.7, F FIEORMBERER T O ey 2MFE 1 Corih L FAZE) Tho Z btz Fi, ZORMEROIK T
3, BN X APERERIES /D & b HERE L. [X3.19 1%, BRSSO EHIMRE TR 7212, il L
5 OB XTI DD kiky DAY 2 it EFEEH D OB U CEMR I LR ThH D, 2k, §i
B M OME BE DT 7 ORI\ C, il e ffimiE, TRlERR L 0o BT g2y, BRIl AT
BETHDHZ LN,

(¥ 3.20 1%, —HOMMEIH AR OE T C—H Ol 2 X 1 LT, il B OMEERDOZ(bE £ &
TAERTH Y, fillth EFEE O ko i IR )T L CEAR TRl TE 2 2 b b.
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VI EDFERDING, kg O T ERRER D S OFEBEC B U, f& EIRERD kky O T I3HED A BEBIFIC
B35 LGET D &, K321 1R T X 9 efiliEE & DR D k) DRRIELZHEET HZ LN TE 5. o, [
1%, A7 4 —v FRBRIZ AV 72 SCR BifEEEE Ot & 2 AE L CRHRE L2/ R TH 5.

IDIZ, BT Kk ORFZALE STl S E RO MR O LA R T 5. PR OFEIIE, ERlE
% EICHEN ATRIE 360°C, AT NOx 1 1600 ppm & L, QNIRRT R SGSHEE EEL & B0 BfRE v
7=.

n= ¢[1—6Xp(—;ﬁko :)] )

ZIT, ¢ ME, Ap: WEREEL [mYm®], SV ZEREE [0, k) SRR SOREEER [m/h], Kk
IR EHUIL TH 5. IMO D NOx 3 B ORISR AR T 57 Y iibg % 0.8 & L7z, Fiz, AR
DIUSHEE EEOBEERTIE, RONRTT L= 20RUHE D LIE LTz,

E
ky = aexp(= E) ©)

ZIT, o HERT [mh], E: G LT RV —[mol], R: KAEEE [8.314 Jmol K], T: #xHEE [K]Th 5.
BN 1o B OVEM b= RV X —E 1L, OB PERE ORERS 2> 5 30638 m/h & 31052 J/mol & L7-.

3.221%, SV {E% 5000, 10000, 15000 h™ & L7=85H OFRRERERIZ xS 2 Bl D2k & Al it OARRS T
VEST DOWEEERLTWS., ZORMET E=T1E, SCR PHHEE#ZITEOBERE DR ZIEL T TR A
RADFEHUNRH AT, ZEOT F=7 OPEHITRET 72T UL 6720, ARICKRRIET V- E=T OEEER 30
ppm (272 5 F CTOREE A i#lis sl GERF I & 35 &, SV AEZAY 5000, 10000, 15000 h' o> & &, ZHZHK 21,000 B
fHl, 16,500 FF[#], 12,000 FFfE] & 72 %, 972405, AEHIOMEBTEARH 2 3,000 R, SV fE4 10000 h" & L7256,
5.5 FFRE ORI 2 2S5 Z LT D LHEE S NS, TeB, ZOHEERIEIL, AT 40— RRBICHW =
SCR JiAE%EE OREFE R D3RO TR Y, ORI RSN R 5546, EHROBEIEREDIRTIZ
DNTIE, K VFFEMRREINSNETH 5.
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DOEALZHEE L T D, FEEED SCR IS EEEOERRHIE, PEA A 721 Tle EITHITH D IRFBAK D LAk D
R CHET AR E 45 A3, SCR MEAHZEEN M -2 IRFAKITIIAME DTG 0 2 9555 & 9 7B IS
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3.6 £&®H

ARFETIL, 2009 25 2017 4= F THEffi L T & 7= SCR PHIEE D 7 ¢ —/b RRBRIZHOW TR R5 & &b,
HARE A U 7 gt O Al ERE O B b 2 FERINC I~ TR R, W ONCZ OFE RICES & RHIM OB ERE O T T3
AT ST fERIC O TR LT,

SCR JiifHEEE D EM 7 « — /L RERERICE W Tk~ e REEBNE U2, REAOZ IHERIOEER#NK, 5
W 2 77 MCERT 2 DO TH L0, ZOREAERKENOELNTZFRIZ, 5% OMA SCR BifELEE D
BIFICKRE BB TEZ DD EHZZTWNA.

F 7o, EHIRIEA U7t BimstERe D2 Lo gE 7 AN FiE S aui- Bt BIIERE T DUV T ORI,
L% ORAA SCR BHEEE OBFECEMAICKE <EMTE 2D EBZX TN D, 61T, L EWIMO SCR sy
HEE O VEHARE R e D SO S 2 IR ABE O RRBREE RS ER S AUE, L0 @R S A2 A fik
O RWIMRE TN FTREIC R D b D EEZ LD,

4. CEREARFOIHBEN AL MIEMREICRITTHZE

SCR BREAEIEIE, o + G0 4 X b i — 2 5 ¢ — VI T/ <, EICEME L THIRS R AIRH 2 =
07 F ¢ — BB~ ORI b RA ST, (582 X b a— 27— AREOHE T AL, 4 2 ho—2
F 4 — O A H A TREEAMENEH TR <, B S B SRR TS B2 5 12 ol A &
NBRAbIRRS. BN 2 A TRB DI, (K2 X ka— 7 ¢ — RO %
AR R L, R & A e LT

4.1 A RRERREE

BIEEIOREND B A L FEIIN S 7 4 v 7 — TN DOTRETHHIEH2 X ha—27 5 ¢ —P LR (3883 kW,
210 min") OPEFFICHRE SN TND LAYy bARA T8, Pl AR GERBRIEE 2 30E L, MR8 odey
ZBBARREZ TN L. M4l RO A2 ITRE L2 VR Yy hRA T OMNEROREFEOTE AR, K42
\ORTEDIE, 8 DOfBERER T 2R 5 Z LN TE 5.

b RER AL, AR OEMIT, C EMAMEH L= O RICREB SN D, AEETIE, BT R0
D, FEVERRZC X A MEVEREOIR T IX 220 A, R ST A BT SN liE a2 95 2 & T, FHHED
AV G- 2 DB TAET D 2 LN TE H. ARLEEFEE S COPEHT ZIREIL, EREO AR 85 %D & =
WK 300°CREE TH D, PEU AZRFEIEE X, 2012459 HITRRE L72%, 2012 410 H X 002013 4= 2 H I filiabn
RZEURL TS, ZAENOYET 2 2R (RO RLEERR) 13 250 FFHE& N 1,850 FFH CTo 5.
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4.2 frsEEEEDZE1L

FRFRREAY, 250 e KON 1,850 R OB 2 [ U, BLasMERERER & 80t X MROrE@E Ic K 2 5EY
DITLRIITEITo T2, K 43 1 IR L-fiEOWE O EETH S, Zn LY, BEERr o LN E T A b
DELTRY, s IR ERER I S O 2 e T A BB I N TND Z &N 5D.

X 4.4 (Z[EUYL U 7=l o B ERERRBR OFE B N F /e B M OB EEZ AT, 22T, EEIIEEO FRR
DTHHTFTH 1 g B0 OFEFEREITHHE L T\ 5. —IREOSEEERIE k1%, FERFRE & I T LW
5. Fiz, 1,850 RO A& A LT X, ~A 7 n )77 ZI2LD 350°C D4R % LT 22 IEfH
FREONEEZTHZ LT, REHRED kky LFREE CHEIE L, Wik, RESOBDDFEEINT (X 45 ZH).
& 51T, TG/DSC-FTIR (FT/IR fHERZEERER) ([CL D 0MHEREX 4.6 (29, PO L, o8
TIVOMIEREZ 100 % & L2 bEIE %7 L CEY, Gram Schmidt (%, TG/DSC-FTIR (28T, i 7
MOIET HHABEZRIMETHSH. 350CLL BT 2 &, (EWE ETMISGREREOIKRT E & B, TAD
FAENHER SV, ET3E LT T AL CO, SO, Ky ThoT-.

AGRER A U7 TR 2 2 52 U -l A I E TR 2 L TRV, 2072, HESPEREAME T3
BIFERE, BEILANHRT DML O E TIER L, ST AROTT, RRORILKFEH SR & 5t &
A NOMENRRTHD LB ZHND.
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4.3 F£&H

R 2 2 b a—27 7 ¢ — BB O AR ST AR X, INEMT X 2 BiAsPERE D [EHE A3 ATRE T 5
HOD, @K 4 A hv—2 7 0 — BB OHEAT A FRFEI R & ol U TR THERBIR T 972 2 L s S 47z,
A PEREIR T DJRR 2 R E T DITITE - TORWS, ARFEBRTITETCAIZ S L TR T2 OBRERI T O R 55y
IZRDHEIT DN EEZZ NS, ZOBAEMERROIRTIE, 350°CREDMBNZ LV [F1HE L, IRl & &
DIRF & & HIZ, COy SO, KZDFAENFER SN, TOZ LD, ZOMRRIKFIIHEN ZAhD33, KD
ALK TR D & G X A NOMENRKNTH D LB 55,

7o, EH2 A hun—2 7 ¢ —BEBIIC SCR HEE ZRRE T D56, 350 CRRE DB L v {45EMDkR
ENTEHIELEBETLE, E~OEYOBGIEFE 12RO 7= OIZHEBI OFEEIC L 280 ARE D EHS
N—=TFTp EOFIRIEE, PETAFOX A NMEZTY < 72 DPF (Diesel particulate filter, 7 -« — B /LA0hi1-4
LT 4NE) EOEEPANTHDLEBEZOLND.

FEiz, FEEMT, BIAHAREEDPED 28R S DI AR T2 72 D/ /SR E ORRIE S DXL LB T H
LeEFEZOND. Ik, KE2 A bue—2 7 0 —BBEBICREW TS, REHIOEE I, AL TR ER )
EWHETOWENETENTNWDLZEE2EBET DL, M4 A hr—2r 7 ¢ —EB /B DY 2 255 Clifesd S 47z,
INEACIEENE LZRVWMERBIR N bR AET D 2 E X BILD.

5. HeneE

AHETIE, SCR MLAMEEEICMEH SN2 OMERBIRTICEH L, LEROSEMHKIZIIT S SCR BiAEEEE O
7 4=V Rk A ki 95 = & T, SCR BLAZEEDIHAMEIZ DWW TR L. £ LT, EHd4 A ha—27F (—
BB SRR E L7z SCR BifgZEE O EMRI D 7 ¢ —/L REBROFER K ONEL U 7= Al oo At 6E & FEAm L
ToAER, EBIC7 4 —b N BRPICHENE LK 2 2 b a—27 5 ¢ — B UEBI O HED 2 2R L =il o fimit
REZ A L7 SRz oW T L7z,

iR L dY, SCR BAEEEDOEM 7 + —/ FREIZIB W CIkA RAESNAE U, REEOZ I3 ER] D
BEEER, HDOWVIIHIE T e 7T JMERT D HOTH DI, TOREAEMNRNLELNIZFAE, 5% OAA
SCR JIiAEEEE DOBIRICKE L BHRTE D H D EEZ TN 5.

Fo, ABEMEFEALZEHRS XA ba—2F 0 —BUEBIICEE Sz SCR BAREEE ICHW T, AR
FEhts U 7214 O BLAdfbBE O B EREZ L2 FE I RE T 5 2 & C, LITORERHE LN,

(1) BirEftEEOBiREMEEEIL, RRHOPET A BB XV ET A EEIE SR T L, BiasMERER FIPer 2 &

FEFIC BB L2 HT 5.
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() ERHOHED 2 BB\ X D BRETEREIS FIMECIXEIE L2 LD, Z OMREIK FIdged AHicqz
TET 2IRBHOTHIE I SR O EA R 2 81 X A MG D O FEORENRENEB XI55,

(3) MHAGREROFE R & R OBAHMEREZ T 5 2 L BN TX, fiARS (SV H) (268 UC, 10,000~20,000
L OIS AIRECTH D = E B HEE S D.

CHEMZMH LIAKH 2 X ha—2 7 ¢ —E/AREBIOPET 2\ Biffihiito ZFEHEBR A 1TV, ikt orkgeZe b &

RO 2 Fhid 5 2 & T RO R 21537,

(1) DRSO B TERENY, RRREOPET A RBEIC L VKT 5. Z OBEIEREOE T ix A HRE2MH L7z
4 A hu—27 5 4 —B B OEE L L TRkE .

Q) ERMOBET A BRI X 2 BASMEREIS NI1X 350°CREEE OB X 0 [ L, MMEARFH iR E RO T &
E BT, CO, SO, KEDRAENHERENZ., FOZ LD, ZOMEIKTIIHEY 2thod9, KR
PRALKECH IRt 2 G0 X A FOMENFRKNTHD LEZHND.

AAFIE % BRAE L7224 0], AT « — B AAEBICER Y 1) 7= SCR BiAlEEE % KR MERR L7630 722 <, At

RBIZBIT D Fn I E T+ TlX R o 7z AWFEORERIL, 4% OMAH SCR TifEZEEOFECHEMICKE S ' TE
HHDEZZTND.
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AETUE, W EEAZ e O3 T G (23 ~274R ) (T FEM L 7o pFFERRE TNOXIERIEEAT o
EEAICEET B 0158 R OEA G HEHAR (P8R ~) 12550 L CWL SR8 Tinfao S P & a K
RIGG BN B B BREERE R B BT~ 2 W58 ) OWFJERER O & LTz, 2 OffFJE 2 i 2127 -
T, SCREAHIEEDEM 7 ¢ —/L RERBRIZ OV, T #EFRASHIE N A v MRS T 2128
KN HNTZT2NTN D, BURSALZES B L T £,

F 7z, MHAGRBRIZAE A U 7= B AR O MEGH IF ONCRHMBZ BV T, il 2 — e P A= D)5 2 5. F
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