i - SIS - IR
;\/\' s 5\/‘ ﬂ— T
5543 4 (2025) 55 14 Transactions of CSICE Vol.43 (2025) No.1

DOI: 10.16236/j.cnki.nrjxb.202501009

ETFARRHES TR T DOC + SCR S B R G &L IER

I AN LN B
(1. AR K2R A 5350 TRR2ERE, S8 230009; 2. T HEREER A TRAF, A8 230022)

FEE. BTSN S AL FH Seh AL AL 2% (DOC) FAR M AT 471, 58 1 ARSI LR IR R T
T DOC *faEEEt: i fbif a5 (SCR) Ak AR K 3 [FI/E A R ki (PM) BAL R BT sz, &5 RR M ZELAIR{Ik
TERFETHUF DOC MR 2T SCR REAMHEILER, FESLIMML S A HES T00 (333 18 000 h) kAL
FHILT 65%; DOC il SCR HFEIEHSEEAL PM A B0, HHSREWE, AR, EEEH
SHEin PM FRE S A REFIRHE, i C—OH HEEF S EIIN T 100%, PM AYSEILTETE KIRIET:; TEmEE
AeMlH, 1 PM AERAZCHNRNITE C—H BREMIRE RIERET, FARIEEES] T 50%, Wb T PM 4ksiE K

TR,
KB, ARSIl BRUNBUR; A RALEERE; KW ERER; BT RS
FESES: TK407.9 XHEFRERD: A XEHE: 1000-0909 (2025) 01-0072-07

Investigation of catalytic effect in DOC + SCR system under
marine exhaust conditions

Sun Yu', Qian Yejian1 » Gong Zhen', Sun Ze
(1. School of Automotive and Transportation Engineering, Hefei University of Technology, Hefei 230009, China;
2. Anhui Jianghuai Automobile Group Company Limited, Hefei 230022, China)

Abstract: To investigate the feasibility of utilizing diesel oxidation catalytic converter (DOC) technology in ma-
rine medium speed diesel engines, an experimental study was conducted to examine the effects of DOC on selec-
tive catalytic reduction (SCR) performance and physicochemical properties of particulate matter (PM) under typi-
cal low temperature and high flow conditions in marine diesel engines. The experimental results demonstrate that the
utilization of DOC can enhance the catalytic efficiency of the SCR system in typical low temperature and high flow
conditions, resulting in a 65% increase in catalytic efficiency under high load (18 000 h™") exhaust condition of the
diesel engine. The addition of DOC can decrease the degree of graphitization in PM, and this effect is more pro-
nounced at higher exhaust temperatures. The application of DOC can also enhance the concentration of oxygen-
containing functional groups on the surface of PM, particularly leading to a 100% increase in the concentration of
C—OH functional group. Consequently, this significantly enhances the oxidation activity of PM. In hydrogen-
containing functional groups, the concentration of aliphatic C—H functional group, which serves as the growth
nucleus of PM, is significantly reduced by 50%, thereby impeding the continued growth and aggregation of PM.
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Fig.1 Diesel engine aftertreatment evaluation system
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Tab.1 Engine specifications

B Bl
A HA
{48 /mm 230
JR 4 14.3
PEPR 4
SATEL 6
1% 781 TR /mm 320
FRAEIR/KW 1300
FREREH/ (r + min™) 900

RS DE-23 1) 6 GLAMIAHR s Lyl it
TG, A D2 IS IR 0 HE MR a2k
2 iR, BRI R AL R - ik S b &9 (THC) (A1
SR 160 x 107, BAMH (NO,) AR/ 500 x
10, CO, RFHAMECH 5%, CO TR 100 x 10°°,
O, R HHR 15% .

£2 MENHIESEASSH

Tab.2 Exhaust components of marine diesel engine

Gt R
NO,/10° Co/10°¢ THC/10°® COY/%
10 330 115 174 3.4
25 430 76 160 45
50 505 75 175 5.4
75 535 88 145 6.1
100 550 85 138 7.1

JEAb PR G DOC W 5i4:)® Pt 5 Pd ¥t
o 3, R T AR BIHOR ; SCR 2 Cu-SSZ-13 43
TR R, BASEOL R 3. IR, SR
25 W S R 4 5 A BRI 28 B 0 RS i,
Ffl HORIBA /A 7] ) CVS-ONE-MV-HE & & KkE R 50
KA PM; KAE PM BB R AR EE AL 52 °C,
I R UG LRI AR TR A, W] PM A I SRR
b, B R A TR Aff
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Tab.3 Parameters of catalyst

ZH SCR DOC
PRFUL 5.79 2.00
LR/ (A - em™) 0.62 0.62
ESHEN EA EHEAO
/(g L) 200 25
S B YR Cu 3(Pt : Pd)

S WAL AL A HE S TR 7 AR, X6
TR 4 Fros. Ho, U T4 SCR/DOC +
SCR-HF R -25 ¥, >R4E T SCR/DOC + SCR-
PM-HEAGRLEE. S T (a0 45 S R v s ik s A A S
PR BRAR S, R00 T 0 TE T HE SR A as
L T A S A B R A S TR T
150, 180.250 1 300 C; I TR IME BEB /- Hriks ih
THIERET 250 CHI 11000 h™ 5 HES IR B RAE S A7
T REAPLHFE W O, Z A B F AR E AN
Ak s PM RAENT B A T Je AbFHE s 1A,
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Tab.4 Conditions of catalytic performance test

HERR S/ C ZSHU/N! EpL
150
180
220
550 5000, 7000, 11000, SCR,
15000, 18 000 DOC + SCR
300
350
450
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FI[Y SESAMI60FT 8 HL AR AL 21 SR A S it )
Sk MM RRE IR 5 Fos. Hdr, co Ml
CO, R T4 4 (NDIR) A&, THC R Tk
YA ALK (FID) Hi A, NO, R T k24 K& ek
M (Heated-CLD) £ A
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Tab.5 Measurement accuracy of exhaust component
R R K EE/%
Co/10°® 5~5000 + 1.0(FS)
CO/% 0.1~6.0 + 1.0(FS)
THC/107 10 ~ 20 000 +1.0(FS)
NO,/10° 10 ~ 10 000 + 1.0(FS)
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Fig.2 Verification of uniformity in particle distribution
of sample
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T PM MEALERE. PM I 2 B /0 &
BREERER], FIFHXT C—H i s AR iy B 21 4
Jti (FTIR) [JORERIE A B RER], (] X 40t
THETE(N (XPS) RAE T A HBEA]. FTIR /- RAT
2£E Thermo Nicolet 227 [1¥) Nicolet {8 B -2 2T
SMETEAYL, 23 HERE N 4em™, FITEHEN 400 ~
4000cm™. 4 T RIERISE FAY T E A M, MRS Y
WS ERURAE AT T 3 RIS X L. XPS %
fER 3£ Thermo Nicolet 22w ESCALAB250Xi
B X B FREIEY, % K E R eV,
HAEH 80eV; MU L KIZRE N 0.1eV, e
gy 40eV.
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Fig.3 Catalytic efficiency of NO, in SCR and DOC + SCR
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Fig.4 Catalytic efficiency of CO in aftertreatment device
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Fig.5 Analysis results of PM Raman test
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