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(1. BT RYACHE TR YR, =EANBHLESSZE, BY 650500; 2. J P KNI LR, BT, 530004)

# E: NTIRH CDPF (catalyzed diesel particulate filter) [FFAEMERE A FHANIIE, ZCRAERSINURE G, 25X
TR 04 530 Fil 636 g/m’ ) 3 41 CDPF FFJEi AJEFF T00 A A4 R IGRT 70 R 45 R0, DIaRach 72 rp
A #E NO,, 530 g/m® CDPF (CDPF1) 78 K6 T T, Jaim NO, IR T R, BEMEALFI Gk B RN, 636 gm’
CDPF (CDPF2) [5G NO, W FE =i T 1o R APEFRHIE AN 3 000 r/min. 100% i LHLES, CDPF1 5 CDPF2 HIHES
JE P& L DPF (diesel particulate filter) fik%) 14 kPa. fif AfGHMIXH, CDPF1 fHARE N 87.5%, CDPF2 [ ERRIL
3] 93.1%. FIAEFEEEZ KL DFT (density functional theory), 4% 741K Soot k4T 3E5 NO,, 7E Pt (111)
fa T LA CO M CO, I B RL , @i DFT 5 28 NO, ) N=0 1L 228 Wi . B~ AEREtEE 0 53RN 15 C
7E Pt B RS 456 (0 OB JIFE . A DFT tH A5 2 462 [ R B) 1124540, % CDPF1 37 B A i R 18 — 440 B4
HEE B B E 5 R0 M 1R 22 B A 3% AN . T4 SR R e CDPF A MCRIRMIEHIS KRS TRES.
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Bz B T DA MU AN TRE ML R AR 1) A 18 26 7%
SR B FLEmPLE PM Hec s, HARE K 5)
WU FI R A BB RE LRG0, PM HERU 8 H 25 R H . T
DPF (diesel particulate filter) 7JH XS LFx PM, 1M
BEYERE DPF [HF2E. mRdiigE, XS DPF A BB EAT
& A ERINHFE B R G, N &
A5 2 A EALRE S THE O E L A, AT
W sh AR 35 A 75 BRI T BT
W JE e E R I, X BES SRS FER N, R
FEMRBHA B S MERA R X E TS, 55T 515 DPF #(
RIS T R, IR R EEE 1 000 CPHY. pishiEk
AT THIMEFRE,  HLFA R b B i AR e e N,
Je A2 BRI i e i 7 3

HHl, Pt. Pd 5148 2N H{E CDPF (catalyzed
diesel particulate filter) 7, FHTBRMHAI A HATY, X &
TSt B ek A ZHLHF A NO SALA NO,, NO,

Wehs HH: 2019-08-21  fE1TH#: 2010-11-01

HEUH: BFEEARESEINE (51666007; 51665023; 51865002)
PR WIS BReARE, ok, RO, EZENEABIURE S HR IR
Email: chenzhaohuiok@sina.com

MIBEER: 5k 6, WLE, &, EENEARIE SR HITIT,
Email: koko 575@aliyun.com

doi: 10.11975/j.issn.1002-6819.2019.23.010

B O, B 5 TR A oY, [ B 5 i
) B R 4 A 2 o 224 T K S SR 43 ol A R Bl IR HE SRR
PRI CDPF B3 &S5 WihRkE R NO/Soot
Jii g RS PV T, R T Wi sh AR AR T CDPF JEFEAELL
(BT o AT 0 02 P22 2 AR 25 S B 3 7 2 ) A
XF Soot HIEAFFEFFRE THFTE. BT LempLBk bt 2 b
TERIIZ 317515 PAHSs ABRIFMIATISY, WAk 2 %
N5l 11 % F BIE AN RE 4 B R Soot [ AL T FE
Hauptmann®*4# H 32 FIBOW s 32 3h 7 24 P % Soot
AR BT IR 2 KIS DFT, fR4EH
T BE AN, BeTH 5 S i TR R T A R 2
R TR R OIS S A2, 12 FZ R e 7 PAHS
5 NO, I E N R S5 N AR . SCRRETR
DFT 7387 1 LLEE AR PAHSs 7E3%A HEAL T 2614 R
HIEALER IS, ASBE SN Soot T AITE PEBR LA K I 1k 48 25
5%, 1E CDPF LA TR 1230, M e S g
AW N R . B PRI %, K CDPFE A
FIHLE LMK S Soot-NO, HIFML < N DFT 15 AHZE &,
BOE R A 2 00 ) T 0 7 B R () 40 3 P AR R St AR
J5 T S Soot HI#Eh A IR

AT RAHLE ZLRE, i DOC+DPF/CDPF
SRR AR sh AR e, JR4E S DFT iFE 5, Wt
Soot-NO, " it 7E 5t & JE AL ISR T . Soot Vi MEAL S NO,
R HITE A O M EZ5A 4K CO 5 CO, M N JIFE
DAHASA$E R CDPF FAERCR IR Ik IE 5 TREHE .
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1 RERSZ

AL D30TCL ALY T E 41 i e L 30 S8 s AL 52
X5, Ik fE A EE RS R RSN & 42 B 1 R,
KAWL EEHARSHINZE 1. W% 5K H ¥ DPF/CDPF
WAEAEZEN 144 mm, KJEN 152 mm, DOC (diesel
oxidation catalyst) EL#2°A 151 mm, &4 150 mm. DOC
5 CDPF #1548 Pt 5 Pd IMELLLIS N 5:1, CDPFI
FIEAL R 3R 530 g/m®, CDPF2 (AL k& N
636 g/m’, DOC [IHELL G % B N 882 g/m’ . R IG I FE
i FH ¥ RS AH R 1 DOC, N T FioR X 31, & 7E CDPF1
A AR N DOC, NZ%E7E CDPF2 R fx A DOC2.

#* 1 D30OTCI SEGHHR EERASH
Table 1 Main specifications of D30TCI engine

Z4 Parameter 15 Values

51 42x47F2 Cylinder bore x stroke/(mmxmm) 95%105
HE % Rating power/kW 110
WisE R # Rating speed/(rmin ") 3200
KM Maximum torque/(N-m) 400
B Idle speed/(rmin ") 800
HEBARHE Emission standard I\

DPF/CDPF Elnﬁig%?aﬁaﬁzer

i¥: P1. P2’y DPF/CDPF 7. Ja%i/E /), kPa; T1. T2 4 DPF/CDPF ]
Bl JEuGIREE, Co

Note: P1 and P2 are the pressure of before and after DPF/CDPF, kPa; T1 and T2
are the temperature of before and after DPF/CDPF, C.

B 1 #HEELHIREE

Fig.1 Engine dynamometer test bench for passive regeneration

RAEWLE B AR 7 R 2 Fow, #BANA
IR 4 NP 1) AR B R RREUCR Ik
fHf¥) DPF/CDPF #0445 &, I4E & AL 3 000 r/min. 100%
fifr T3 K, 13X DPF/CDPF A IN# AR ERE; 2) |
T D30TCL KFHLAE 1 200 r/min. 100% 747 L4 HIH%
TRHEBCR BT AR RZ T AT 58 1 RS AER (FR
FRRER 1, H BLE TSR S R AT I A AR
H—EEmNAR AT EA) o B K 20 min,
FRR 1 5e R, AR ZIPILE 3 000 r/min. 100% 147 1.
B, HEATES 1 RBRE R REVE, 58U BEVTEAN 5 RR
HURBR R & 3) R4 GB-20890-2007 = AY/R FEHESR TG G
WIHE R ) JR e AR MR T, AT AN A T
T AR R S AL G AR E G BRI, A PRI T
BN 2 Frme 1 ANMRIEA IS 5 h, ST 9 ZERTE S
BriE %4738 800 km, TERFANI ANRIEAL NG,
REANPLE 3 000 t/min. 100% 547 LHLHAT KRN, 58
BROE BEVEN S5 AR BB M B & s 4) A RN E
1200 r/min. 100% %4 T4, HF4EIE4T 20 min, AT 2
UCHGER B (FRONFKR 2, H 7 T9F4 DPF/CDPF 5%
TR E R SRENE) , FR4HR)E, #47 3 000 r/min.

r
1 R

6 min

1

JERRT ! EEE2

1 Weigh sample mass ~Pressure drop : 1 k1 &) Pressure émp 1

: ik evaluation 1 I - : Soot deposition 1 evaluation 2 1

i i 1

1Gamer S 000 pminty 100% | 11200 i 100% 3000 emin . 100% 1

1 6 min 1 1 min 6 min 1

S . lemccc e c e c e e ——— 1

e
‘Weigh sample mass ‘

e L L P e T [m——————————

1 PRI 1 1 3) 1

U ppps  Weighsamplomass g b pmEs |

Rz : Pressure drop evaluation 3 _ Soot deposition 2 : Passive regeneration |
InEER

End of test I 3000 rmin', 100% I AR :

! !

1200 rmm'f\ 100% :
20 min : Endurance cycle test
1
B2 ZHVMHFEFAMNKE RXEFTE
Fig.2 Bench test scheme of durability test of engine passive
regeneration
F2 KM ERMABIRMIR TR

Table 2 Engine bench durable cycle test conditions

W?):rlgﬂng Rotafrl:g@speed/ i I Jﬁgr{fn[?
condition (rmin") Load/% Torque/(N-m) time/min
1 Js$td 0 0 2
2 2 000 10 38 10
3 2 000 100 380 20
4 Bif 0 0 2
5 3000 25 80 10
6 3000 50 160 10
7 3000 75 240 10
8 3000 100 320 20
9 2500 25 93 10
10 2500 50 186 10
11 2500 75 279 10
12 2500 100 372 20
13 2 000 25 95 10
14 2 000 50 190 10
15 2 000 75 285 10
16 2 000 100 380 20
17 Js$td 0 0 2
18 2500 25 93 10
19 2500 50 186 10
20 2500 75 279 10
21 2 500 100 372 20
22 3000 25 80 10
23 3000 50 160 10
24 3000 75 240 10
25 3000 100 320 20
26 Bif 0 0 2

2 RWERSHF

2.1 DPF % CDPF By 2 RFAMk/EFE45E

¥ 3 & DPF/CDPF1/CDPF2 [ 2 IR AR B il F2 1) s [
2E. 3 AL ERBE 1 R RS, REHUINEE 3
M Jig kb3 B 1 HERE TR A — B Y146 R F#1E 3~6 kPa
Z I8, 1200 s 5 EmAEFE 6~8 kPa Z A3, HIL
AIHI, AE 1200 r/mins 100% 57 far B 5B AR 48 3 26 KT
AR, J5 RS E AT A RN E . 23T 5 h i
AMAIEHA f5, DPF fEAR K 2 BB nEod fed, HfE
£ 8~10 kPa Z[A]35), H5Ek 1 AHEC SRR 1
28.6%. CDPF1 £ 1 200 s FUk 2 i, L2 K % HL e
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Tk 1 3h0 7 %) 2 kPa; CDPF2 &3k 2 J5, A LRSS
R 1 —3. mknrs, EmANNRIESRF, 2RI
=R RS, DPF A1 CDPF H#EAT T 93 B4

12 U1 Soot deposition 1
- - - B2 Soot deposition 2

JEF# Pressure drop/kPa
JEB# Pressure drop/kPa

B2, EER 7R, BERTIRKHT,
CDPF g A7 R 3] Eh e AR 38 e SRS O HE R IR 1
Tt

J B Pressure drop/kPa

2 1 1 1 1 1 I I 1 1 )
0 120 240 360 480 600 720 840 9601080 1200
I ) Time/s
a. DPF

2 1 1 1 1 1 1 1 1 1 )
0 120 240 360 480 600 720 840 960 1080 1200

I (1) Time/s

b. CDPF1

2 1 1 1 1 1 1 1 1 1 )
0 120 240 360 480 600 720 840 960 1080 1200
I 1) Time/s
c. CDPF2

FE: SBAT IO R BIMIEEE 1200 rmin’ s 100%5 4 DPF JyfE bl 5i# s 0 g/m’s CDPF1 AMEALFI 18R 530 g/m’s CDPF2 LTI 613 R 636 g/m’.
Note: Operating condition is engine speed 1 200 rmin™ and 100% load; Catalyst loading of DPF is 0 g/m’; Catalyst loading of CDPF1 is 530 g/m®; Catalyst loading of

CDPF2 is 636 g/m’.

B 3 DPF/CDPF /4 2 K ARBIAZ & 6 /R 2t th
Fig.3 Comparison of pressure drop between DPF/CDPF in two particulate deposition processes

2.2 TWABHRBIHENBESE

K 4 Mt A DR PG R 2 7 DPF/CDPF 4 3 O HES,
JEBE IR K ik FEAR AL 2k . 1] 4a AT 4b TR AFEER
it #E9 DPF/CDPF Wik F 5%, I LA H, DPF
W33 RO HEUE BB 2. 75 T CDPF, 1ff CDPF1 5 CDPF2 [¥)
HERERE XA K. IBATIEM AJGA M T 8 B, BT
CDPF A\ LR EEIAF] 500 °C, CDPF W R B A B = i
WEhmEA®EZE, Hik, CDPFl1 5 CDPF2 /%%t DPF
& T4 14 kPa. 7EM AP T4 25 B, CDPF 5 1.0
8 WIIEEAHZEAK, 1 DPF MIEL T00 8 (RIS T 4
8 kPa. X1 M T30 8 1547 2 4L 25 B, CDPF JL-F-fe
BRI e 451k, BR DPF B RE ML), (=
HFIE477E 12, 21, 25 X JUASKfs T, DPF A
FHR TR F] 500 C, (R VA A A BR
PR R R A S B GA R, (B T AG IRk
TR EE D, HmAERENSHREAEAR L
14 Wim'K, X3 TELRERE TR T B MG,

I, FEM APER I RES o TO0 R, FAHT S b I B A
EAK.

Kl 4c 5l 4d 4 26 i A& 45 F DPF & CDPF
P NO 5 NO, ik fE#h 4k, nlLAEH, 24 CDPFI 4T
15. 16+ 17. 19, 20, 21. 24 XJUATLHE, BHTHE A
WO ERECR, HFHRIWLET . S ER, RS
WF B RCR TAEIX I, RSB TE 4, 6D A BR
BIRRBE T IN TR 4y, BRIPE = PR RE R HE IR B # AN 55 v
@45 7 CDPF WHEALTIBC AR ks, i 7330
A fHEAT, Bl CDPF JE Ui NO, iR BEAR T H i vm ik 4 .
ME ARG KA TR, BRSNS
WS, RS A TR AT BRI B
CDPF J5 5 [ NO, W B i T A s I 5 L. T CDPF2 #%
CDPF1 HA W m it ffiais, X{2fF CDPF2 N K NO
AL A T EEIRE R NO,y, H NO, A g & T
el P AR T RE R . R, FEMT APEHRIATA 26 S T0L,
CDPF2 ] it NO, ¥4 5 44 5 T i i

—=— 5 Original —=DOC2{j{Before DOC2  —e= DOCl i BeforeDOC1
—e—DPFjji{Before DPF --+--CDPF2fijBefore CDPF2 -.a-. CDPF1ij{Before CDPF1

— DPF L8 LiR12 L1 Lift25 ~-e~DPFJiAfter DPF - CDPF2/i Afier CDPF2 - CDPF1Jii Afiter CDPF1
- - CDPFI 550, Condition8 Condition 12 Condition 21 Condition25 5 () & 280
45 g gy CDPR2 o, 500 = 040 ]
é_" 40 Condition Condition 12 . |-15"-2_5_ oS 450 S 1 000 o h / ",
= 35 Lit21 Condition25 £ 400 % J FZ 200 |
8- 300 Condition 21 % 350 § <800 I | i /A ’ 3 <QL'S
< 55 g 300 . R A b <z 160
2 £250 = § 600 S
=20 5 ] —DPFiBefore DPF <& B S 120
215 £ 200 DPF/iiAfier DPF | S & 400 &
£ 1508 CDPF17j{Before CDPF1 S« 4 ‘ 5 80 "
10} 2 100§ --- CDPF 153 After CDPF1 2 200l% g | y =
gi 5 . 50 CDPF2jjjBefore CDPF2 El ¢ 2 40t S
= B CDPF2J5i Afier CDPF2 ) 3 S ol O iLirw
24 72 120 168 216 24 72 120 168 216 36 9 12 15 18 21 24 27
I 1) Time/10° s I [ Time/10° s [-%% Condition [:3%. Condition

a. JEFF
a. Pressure drop

bA V]III![LJEE
b. Temperature

c. NOWRR 4

c¢. Volume fraction of NO

d. NO, B 8t
d. Volume fraction of NO,

B4 & ASEIRMKitA2 F DPF/CDPF #)H S 54k
Fig.4 Exhaust parameters of DPF/CDPF during endurance cycle test

Bl 5 53 3 8 2 RRRE ST AJEI B AR
SRR, AR SOE SR MG I RERRH ) 7 A4 o B

My, FHRBRBEREN M, BAESEN g, HEAR
(1) . 458K 5 5% 30 LLEH, DPF & 1 KB
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#H19.3 g, T DPF RIREMMA], LT ATERE,
IR EATREN 7.7 g, BAESCEMNN 39.9%., X2EHT
DPF H @RS &M TH T, AREHES M O,
5 NO, ¥ #BMERT, sIERDERASE TE AR
N o ZEMEALFIVER T, CDPF N4 T 5 w11
NOy, XAMEREK T oA R REREE, H NO, fEE
FEAREEE, WA RO A TR R A E . R,
CDPF [{FE XK % DPF KIEIE N, CDPF1 i AfEIA 1
FABCEN 87.5%, 1fii CDPF2 K F-AERCR ML F] 93.1%.
BT RUGRES CDPF N Bl A % 224 5 -5 4 3 F A2 OB
[Aiit., CDPF B XAk & 4B DPF ik, CDPF1 K% 2
AT EL DPF /b 4.4 g, CDPF2 %5 2 AR BRE I EE
DPF /> 8 g.

n= %x 100% (D

M
55 1 Xk e First soot deposition

T4 2 2 B K i Passive regeneration soot
203 BRALE 21X AUk ik Second soot deposition
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BS5 BEEHHLBBEE
Fig.5 Mass of soot deposition and regeneration
% 3 DPF/CDPF WI#E s BEME
Table 3 Passive regeneration efficiency of DPF/CDPF
JEALFRAEE  Aftertreatment device A2 ZU% Regeneration efficiency/%

DPF 39.9
CDPF1 87.5
CDPF2 93.1

3 ETOFT HERBBEELINIER S

T Ragini %55 5% H 5 1 45 4 v RO €238
% BN T SR BOE T E 11 B 2 TR, o
3G 4 RTFIEAT G L E R, WAL R, &8 Soot
tF A4 3E 0.505 mmol. 0 0.431 mmol. £ 0.396 mmol.
[Rlt, ASCEEL Soot H & & i s I SEAE NSO 4, JE
Fpgsr i 6 s, € X 1 SHONRINEMESAL C,
M 15 CHESR &R T ) AT 72 2 T & L% DFT
(density functional theory) THE /7%, #E Pt (111) FhlH
6x5%5 [ & AR AL, 78 Pt b I T2 824 T Pd J& 1,
Pt 5 Pd (3B 24 LB 5:1. BN (GEFE. NO,y) DL
FPY) (CO. CO,w NOD WEBRTE Pt dmThl, 70 5T
MBI SE Rt Ak . AR S N K R A S R, 48
R CEEME R ER, I 4T C 5 NO, 7E Pt dhlH
MEs . fREE MM B A EHWERE. EdESHIER
g, BH (2) ~ (4) 1852 C AIriEibng E,. 18
AR F A R k.

WREARESE: SEUMBL CDPF 2 AR R F AR LB 23 47 83
kT O

A=-L 2

n T1e,

kT O E,
k=2 - (3
B I

E, = gr> 410K )

dr

K (2) ~ (D, THRRMNEE, C; h NG
O NS KR %G [ [0, NWITERRAIFR B FIBC />

BRE Op BTN Eg NI IS5 NI % RAEZ 22, Ko
7 8
avek:
3 2
e
{2

4 3 2 1
@; 78
6
5
A +2NO
4 3 2

W6 FRAZMEAXAL T CHAMNMEHAE
Fig.6 Schematic diagram of phenanthrene and oxidization
configuration of the NO.1 C

K 7a AFEFEE NO, 78 Pt (111) Sy RN AR CO
5 NO Wipifg, nILLEH, FEEMTA C HF. NO,
12 A 0 JET, /30l 53R ZH Pt Pd Ji 77742 T 4
R 15 C AN CO, H NPT AE 3 P 1 (1 f A%
REEIRAE b, b T AE B A A rp IR 2 B Ry i g 400,
NO, Hi 1 5 O JFT7E Pt (111) SIEAWTIER, N=0
RBEOR BRI BIR, WMAEE =R T 1 S iE T O;
FRERAT15CE25CHFAEMC=CWE. 15 CH10
5 C AN C-C e Ri, W5 15 C M
P EER; BMER 15 C5 1 5EMHSE O /£ Pt
i [ 4R S8 B AN BT, IR A C-O U R & A K
T CO; CO [ CJRT4r5 2 MHARK Pt T LA C-Pt b
e R AE Pt K, NO,26% 15 0 i1, B
B N=0 XU, NO H1 N 75 1 /> Pt JEFJEAL N-Pt {b
S ERAE 1S CETRE, AMM255105 C4
EIUR C-C B, A S U7, B 15 C AT
b CO. 2SN IR Ny 427~827 T, C %4k N CO #Y
TALAE Ea N 234 kI/mol, NE R 250 kN 1.34x10'%s.

BIEER 15 C e2% AN CO, FHE 2 SN0
TRIRME 1 MEHA O, B 7o BINIER S 2 N NO, 4 1
WeBHAE Pt (111D SRR N SESS =M. |
Kl 7b w10, SERERIFTE C R, 2 A NO, 7 T O J&iT,
3B AE Pt SR ZR T B 2 4> NO, 4» 1% H il
BT L ANEMESE O, il O1 fiT 02, X 2 MEME
O HIEEM 1 SiEt ¢, EREEEIFMERER, &
B O=C=0 .75, RFMZHRE C5 2 MEHER O 4H
FEAET CO,e 1E RIR RN FEF, C AN CO, TGk
BE E, N 218 kJ/mol, JR N iEF ZH k N 5.63x10'%s,
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(-]
© %%Phenanthrene radical ()

s ©

Reactant Transition state

sty @ po ©
-]

NO, I it

P @ &0
© Product [}
'©
©

Eo @

O dissociated by NO,
TE: RN 427~827 °C: BREUKA CO HITETLAE E, 04 234 kImol s RFGEFR REL & 1.34x10"% 57!,
Note: Temperature range from 427 to 827 ‘C, E, of sootis oxidized to CO is 234 kJ -mol'l; kis 1.34x10"8 s,
a. FEEEEAN CO B

a. Reaction process of phenanthrene oxidation to CO

© %%Phenanthrene radical

©
°

© £0
© °
°

it © A @
Reactant

&1 & Y §02 opd
"

°
NOHEHITIED @

O dissociated by NO,
TE: BN 427~827 °C; BREANA CO, HITEILAE Ea 4 218 kI-mol™s JRBIERREL k A 5.63x10' 57,
Note: Temperature range from 427 to 827 °C, Ea of sootis oxidized to CO, is 218 kJ-mol'; kis 5.63x10' s
b. FEIEELY COL ISR iR

b. Reaction process of phenanthrene oxidation to CO,
B 7 3EAAE PH(111)dh @ 69 BB A A2
Fig.7 Reaction process of phenanthryl on Pt(111) crystal plane

T BSAE DFT 15045 2 4k 27 S5 W 3 6 R 40 AE A
P, ARSCET R AN T CDPF1 FIIS4, W
i CDPF1 ] — 4R MR & B HLLE 3 000 r/min. 100%
g oL HES S8, WEIFE DR %, A=
WEA 0.16 kg/s, HFURE RN 505 C, 2T DFT it 515
B P& 7 BRI EA TR AL B 5 R S 2 R4, T R CDPFL
e ah AR AR B — 454 UL, $R45 CDPFI IHFAUE % .
Kl 8 Jy CDPF1 [k i — 447 FL 45 SR 5l i Hdli xf b, w]
DAE s BT S5 1) s B o v LGS v T3 B, THERE
S0 E 1R ZVEHEAE 3%, B8UE T AL DFT i+
g R HERA 1 o
29 115
281
27+
26+

112

— 4D Simulation value

JE % Pressure drop/kPa

4%} % Absolute error/%

25 O A4 Experiment value
o — A= R ZE Y% Absolute error 16
sl 15
[AY
22 _LAb
21 (BT m A - A a- oA R
0 200 400 600 800 1000 1200

i ) Time/s

FE: TR AL 3 000 rmins 100%517 .
Note: Simulation condition is engine speed 3 000 rrmin” and 100% load.
B8 CDPFI B4 EFa)—4ty At A8 5 KA vk
Fig.8 Comparisons between calculated and experimental values
of CDPF1 pressure drop one-dimensional model

4 2 it

1) DPF 5 CDPF &idiK 1 200 s fIRRR, W& E
FE7E 6~8 kPa Z[MY%3N, TEM AFEM Lol 2,
CDPF1 7E KA faf 50 204 S5 B (1) NO, W BEAR T 1l v »
CDPF2 7E 26 AL TG NOy 335 = T B i o
CDPF1 5 CDPF2 [HEFRHE K FERIA K, EATER AJEH
HI1%55 14> 3 000 r/min. 100% %14 4L, CDPF1 Lt DPF
HIHEFERZ) 14 kPa, THZATAESS 2 1> 3 000 r/min. 100%
fifif T, CDPF1 Lt DPF [HJEP#R4) 5 kPa. HITH%
iR B AR SR, Bk, K Lol T ik
AT JG Sl FEAH Z A K. CDPF1 it A PG B A 30 Ny
87.5%, 1fii CDPF2 ffif AJEH ) F5- A2 25028 M3k 2] 93.1%

2) FIHETEEEZRER, HIFEEN1SC
5 NO, £ Pt(111) g A% CO 5 CO, IR i F2
M 15 C HAMIARIE ) C=C XU, C-C FL iz
Hehi K P2 AEIE R C, NO, 73 FHI—A O=N XU %4~
ATETEAE O, TEMERK C 5 1 AMETES O 16 Pt df IR I
AME ST, BT C-O i, HmALm T Co, TEPEK
C 52 MEMAE O MHESEIE 4T CO;,

3) WM C 5 NO,fE Pt (111) #4TH MR CO
5 co, MM fEF, ¢ "L~ CO Witk RE N
234 kJ/mol, KPEZR RECH 1.34x10"/s. FIFH DFT i+5
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Analysis of Passive Regeneration Characteristics and Regeneration
Mechanism of Diesel Engine CDPF

Chen Zhaohui®, Zhang Wei'*, Li Zehong®, Kong Mengxi', Pan Mingzhang®
(1. Faculty of Transportation Engineering, Yunnan key Laboratory of Internal Combustion Engine, Kunming University of Science and

Technology, Kunming 650500, China; 2. College of Mechanical Engineering, Guangxi University, Nanning 530004, China)

Abstract: To explore the regeneration performance and mechanism of the catalyzed diesel particulate filter (CDPF), an engine
bench test was carried out to study the regeneration characteristics for three groups of CDPFs with catalyst loading of 0,
530(CDPF1) and 636 g/m*(CDPF2)under endurance cycle conditions in this paper. The endurance cycle tests consist of 26
operating conditions, and each test cycle lasted 5 hours, which equivalent to the vehicle traveling 800 km on the actual road.
The test results showed that exhaust pressure drop across CDPF during the test was significantly lower than that of DPF. When
the inlet temperature reaches 500 °C, the pressure drop between CDPF1 and CDPF2 was about 14 kPa lower than that of DPF.
From the 8th operating condition of endurance cycle to the 25th, CDPF could almost completely oxidize the trapped soot.
Passive regeneration consumes NO,, and the NO, concentration of CDPF1 with 530 g/m’ catalyst loading was lower than that
of the front end under heavy load conditions. The CDPF2 with 636 g/m’ catalyst loading produced higher concentration of
NO, with the increase of catalyst loading, and generated amounts of oxidation components were higher than consumed
amounts of passive regeneration. Therefore, regeneration efficiency of CDPF was greatly increased compared with DPF, the
regeneration efficiency for endurance cycle of CDPF1 was 87.5%, and that of the CDPF2 was 93.1%. Because the soot emitted
by diesel engines have 11 kinds of polycyclic aromatic hydrocarbons, and phenanthrene is composed of 3 ring aromatics
accounts for the largest proportion, so the density functional theory (DFT) in quantum chemistry was used to construct the
oxidation reaction model of phenanthrene and NO, to produce CO and CO, on the Pt (111) crystal plane in the paper. DFT
calculation results showed that O; atom in NO, was continuously slipped on the Pt(111) crystal plane, and chemical double
bond of the N=O was gradually elongated and broken, and dissociated produced the active oxygen O;. The C=C double bond
was produced by C; and C, atoms of phenanthrene radical, and the C-C single bond was elongated between C; and C;, atoms.
The C, atom was dissociated from phenanthrene radical after C-C bond was broken. The dissociated C; and active O; atoms
continued to slip on Pt crystal plane and approach each other, gradually producing a C-O single bond and finally generating
CO molecule. The activation energy of C, atom oxidized to CO was 234 kJ/mol, and reaction rate coefficient was 1.34x10"/s.
When the C; atom was completely oxidized to CO,, two NO, molecules were required to dissociate, and produce two active O
atoms which were O; and O,, respectively. These two active O and C; atoms were slipped on Pt crystal plane, and were close
to each other to generate O=C=0 chemical bond. The activation energ of C; atom oxidized to CO, was 218 kJ/mol, and
reaction rate coefficient was 5.63x10'%/s. Based on chemical reaction kinetic parameters calculated by DFT, a one-dimensional
regeneration model of CDPF1 was constructed to calculate the exhaust pressure drop during passive regeneration, and the error
range between simulation value and test value was within 3%. This also verified the accuracy of DFT calculation results. The
study of combining engine bench test with DFT calculation of Soot-NO, reactions, which was not only reveals passive
regeneration characteristics of soot from a macroscopic perspective, but also reflected passive regeneration process of soot
from a microscopic perspective. This study can provide theoretical basis and engineering guidance for improvement of CDPF
regeneration efficiency.

Keywords: diesel engine; catalyst; combustion; regeneration process; regeneration mechanism; CDPF; density functional
theory



