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Effects of Different Precious Metal Loads of CDPF on Characterlstlcs of VOCs

Emissions from a Diesel Bus . I ¥ '

LOU Di-ming, ZHANG Zi-jun,LIU Ji-yue, TAN Pi-giang, HU Zhi- -yuan '
(Scho.ol- of Automotrve Studies, Tongji UnlverSlty, Shanghal ;01'804 China) [ ."‘ l s ot & y

Abstract; Based on heayy chassis dynamomeﬂbrs ay"';*xpérlmental study was conduoted in a diesel bu% with proton transfer reacflon
mass” $pectrometry (‘PTR -MS). It investigatéd’ the effects’ of. volatile organic compou d (VOC )z emission characteristics with, thiee
different diesel bxidatidh catalyst (DOC) ¥ catal'}}zed diesel“particulate filter ( CDPE) iafter- tredfiments for a typical Chinese city4bus
driving cyele (CCBC) The results reveal tha} the majo compound% from the diesel Bu@ are OVOCs, aromatic hydrocarbons, alkenes,

alkanes, hitrogenous “rganic compounds, land pdlycyclic dI‘()mdtIC hydrocarbons (PAH) , ‘and that the OVOCs account for more than
50% of the total VOCs. With the same precious metal,.-composmo_n-"'and ratio of the proportion in the CDPF catalyst, the emissions of
VOCs decrease with an increase in precious fetal load. B&mission reduction rates of the VOCs are 36. 2% ,40.1% , and 41. 4% ,
(type B), and 35 g-ft > (type
C). The average emission rates of alkanes for the three kinds of DOC + CDPF after-treatments are all over 59% for the entire CCBC
cycle. The type C after-treatment device can reduce the alkane emissions by 70. 2% , with a slight advantage for the OVOC reduction

respectivély, when the precious metal loads are 15 g-ft > (type A after-treatment device) , 25 g-ft ~°

compared with type A and type B devices. For unsaturated hydrocarbons, including aromatic hydrocarbons, alkenes, and PAHs, the
after-treatment devices have a catalytic effect, but there is no significant difference between them. The emissions of nitrogenous organic
compounds are greatly decreased, by 50.5% , with the type A after-treatment, but the reduction rate decreases with an increase in
precious metal load. In addition, OVOCs, aromatic hydrocarbons, and alkenes are the most important contributors to ozone formation.
The adoption of DOC + CDPF reduces the emissions of VOCs and, therefore, the ozone formation potential. Taking into account the
emission reduction rates and costs of the three different after-treatments and for weighting coefficients of 0. 8 and 0. 2, respectively, the
type B after-treatment is the optimal solution.

Key words: diesel engine; VOCs; diesel oxidation catalyst (DOC) ; catalyzed diesel particulate filter (CDPF) ; precious medal loads
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VOCs {9 e ik Fas 4 AL EFE 1.3 XBIRES
ETT X REE T, B, EPL3I%E VOCs HEk Kl 1R VOoCs MRS s, Mk ARG £ &

SEERPErh BARERE S i, ASCH BT
5‘1? *f? }i ﬁj Fﬁ: Ijaﬁ ( proton transfer reaction mass
spectrometry, PTR-MS) #£4k VOCs 43#14%, W58 T
7 [ B8 35 T 2 22 G 2R (china typical cities
busdﬁﬁngcwﬂe CCBC) FAIE DOC + CDPF J& Ak
PR B X S AZE 4 VOCs 44 HEUR I H 52 ).

1 MBEE5FE
1.1 ﬁ%i%&%ﬂ

F 1 NEGMAT R F B ARSEL IR
KATER V S, K4Skl 50.8, %

(20°C) # 813.6 kg-m ™,

SRR 1.4 x10 78,
1 AXEIEHASH

BES R —22°C, BRI A

Table 1 Specifications of the test bus
I H e
K/ 96/ ¥/ mm 10499 x2 500 x 3 1505
&
R I/ AT kg 10 100/16 000
REHLHER/L e 1 J
WE D)3/ kW A
BRES/N-m [ B2, ) 7Y &
e /remin = S 1200~ 17000 2
“ il ,' - .'-"“ " vy
] u‘*' i i i
1.2 [R5 A ek i
IRt 4 Fhor %%ﬁﬁiﬂ%ﬁ&ﬁ)

Dodl(jnwlgAﬂ%) DOC—FCDHQ(B9WLﬂ]DGC,f

Hmwxcﬂ)Dmﬁmmw$ﬁﬁm AM]B
VR QR G Ab FRE B CDPF 3 4 I8 11 240 3 R
15,25 f135 g-ft 7, HESHIIHIE. %2 - DOC
K CDPF b FIZH 73 S5k, BURSELE 3.
%2 DOC ¥ CDPF EHXFIESSH
Table 2 Catalyst parameters of the DOC and CDPF

R 53 DOC CDPF1  CDPF2  CDPF3
bt iy Pt/Pd/Rh Pt/Pd/Rh

B4R H 10:1:0 10:2:1

e R B g3 55 15 25 35
BARIR)Z y-Al, 0, AL 04 +TiO,

&3 DOC K CDPF ##kSH
Table 3  Carrier parameters of the DOC and CDPF

HiESH DOC CDPF
FRARFLEE &/ cpsi 400 200
AT IR 2 BE R /mm 0. 06 0.35
BARFLBR/ % / 55
H AL/ mm 1.21 1.45
E LN FeCrAl A

F B R TONICON 723 F] %) PTR-MS 784 VOCs 7t
uﬁMMMAmiﬂfimmm&m PTR-MS i
TR 0 R X 4 BT, e iR T A
wﬁmmgﬁw\ﬁ A BT IRIMEG S, (HOR
EX Al 7 A AR, PTR-MS RE SIS 768 Wil | %y
mz‘ﬁmvmsﬁﬁ%é RGN ppt B
90, W CCBC PRI BR S REERY A ER. e
ﬂﬁimmMLﬁimﬁ%T%Mﬁﬁ TN, ZE
3 p RS A DAL . PTR-MS 4391 SR 42 I 5
L(JEHL) LLRASIE] CDPF J5ill 55, 2 Ab g VOCs 457
RIGHEFR R GB/T19754-2005 #E77 A4 F [ il 750 i
TAZHENER, IEABITHIEIN 314 s, P4
F16.16 km+h ™" FEGRYR XA Fp 5 b B 1
% 4 K CCBC B3, Vﬁ%MI%m$%-ﬁﬁﬂ
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Schematic of the experimental system

Fig. 1
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Table 4  Division of driving conditions

TH W /km-h ! P /m-s 2 HEPIIREE/C
U A V=0 a< -0.1 154 ~163
Bk 0<V<0.5 -0.1<a<0.1 132 ~157
5z 0<V<20 a>-0.1 153 ~171
i 20<V<40 a>-0.1 162 ~188
=32 V=40 a>-0.1 180 ~244

2 HRE5i{g
2.1 VOCs Vg 500t

RIS 33 F VOCs B4y, 5 S CCBC 1F
R IE4 VOCs 5%,

JR% VOCs HERUIR ETE 2.0 ~4.3 mg-m i
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FRl, P FLARHERCE M 29. 42 mg-km ™', FEH 5
) % A A P (oxygenated volatile organic
compounds, OVOCs) | &k, Mke | biks . &AA
P . PAH 25, HEBCE 2510 15,21, 5.97, 2.75
2.10,1.82.,0.74 mg-km~'. VOCs 05 HERCRT 5 L
a2 .
&5 CCBC fEH TIR%E VOCs R 5%
Table 5 Test bus VOCs emissions profiles under CCBC cycle
FEE VOGS UM JFA VOCs HERL - JR4 VOCs HEiK

x1073/mg-m 3 /mg-km !

1 S 74.9 ~384.2 1.60

2 R oR 52.0 ~171.7 0.83

3 C8 5k 52.4 ~126.5 0.90

4 Co HERE 85.4 ~167.9 1.42

5 C10 5 IR 68.9 ~153.7 1.22

6 S 166.3 ~588.9 2.75

7 C,Hy0 274.9 ~732.0 4.45

8 % 15.1~44.8 0.30

9 E[8 24.3~62.7 0.42

10 2H 0.3~4.1 0.02

11 Juke 25.1~74.5 0.45.

12 2% 27.0 ~84.3 0.514

13 bk 18.3 ~60.6 0.37

14 Ak 10.4 ~47.3 0724

15 Tk 13.1~46.6 | | 0.26

16 +—k 6.8~28.2f | , p.aeh) ==
F O Rt N 2.9~17.7 |/ 4 /9/@9‘,,.«’“'
a8 |+ F 1.2~7.04 7 ¥0.05 7
19 | g b 0.3~4.5 | /.02 §
2 fommy = 44.6~97.3 |/ 065 |

[21 PRE ) o La~s2) ¥ doad

A V30p | Foniinsd K=
24 Jrmm 61.4~123.4 0.93
25 1 L2 L 49.4 ~112.2 0.80

26 HE 41.5 ~126.3 0.74

27 C,H;CN 0.2~62.6 0.10

28  CH;NO, 74.0 ~141.2 1.19

29 6.8 ~36.5 0.16

30 THERHER 0.1~75.4 0.10

31 HHERCTR 3.7~56.1 0.12

32 C10 Ry 2.6~24.3 0.15

33 HAl 3.1~14.5 0.09

Hrfr, OvOCs HE it 50% , H OVOCs
PLTE . C,H,0 FINERN E, 205 4 OVOCs By
33.9% . 29.2% f120.9% . iXJ&=F NTE CCBC fEH
T, Seub Al fE AR |, R e R s dT, SLNTR
BRAREE], MSAMAILE AR R4y IX A AR
B s ], Wz X IR N & A m, 1E
FEAK, BRIRBRBEAR TR AT, HRBHE X X IR 5 & 2E 55
A, mAERESTEAIWY.

A A T AR 24 30% , R C8

B OVOCs

O ¥

B

B Lk

m &%A6
B PAH

B s
BN

B2 VOCs A% &tk
Fig. 2 Proportion of VOCs components

RIS CO FFERRA C10 F5 I HE R B K EH 2.
A RHECE B 2 R R 7E L 400 ~ 2 000 K
IR AR A A XL | fadfoe, e I
A R E R LA WA SE Ak A
H A A

S HLTE 5 57 e 24 S MR T e b
i UTE 53 (2.000 ~ 5000 K ) e 42 X B 4 B i
IRE PR AIRAD TR A EA RN, A 2
i CHST RS AR, T CCBE T4
KA T DY FE HLHILE 900 ~ 1100 ' min ' 1200
~500 N-wh i PR, o2 B 0 PG oI 7 1
ﬁFm,ﬁﬁ%%%%%%@%&,a£93%ﬁﬂﬁw
BRFERWIY, B R ShHLHER S, o 4
i VOCs Mol i | 5 7 ke AL (L 5
I o5 L5 5 A f

WA, T EEPLIIR BT TI AR
JERMBEEA | AR R K X VOCs HE 4 A A
SRR B AR | B BRUEAL VOCs B4 i
B EEAE IRIAE.
2.2 kil

RIS ke T ke bk, ke, Uk,
S SN Y S St A Rt I N1 S R B
RTS8 T ek e, Wb, & ToF
3 il Ah R R A R A AR A SR AR, Rk
WY RRRAR, A B, BB C 7L b B R A A
JRHERC A R 3.8 x 1073, 2.9 x 10 ° 1 2.8 x
107 mges ™', AT HREHKL 9. 4 x10 7 mg-s ™' 43
SIFEAR T 59.6% . 69.1% F1 70.2%. 5% H 5 A,
DOC + CDPF X %e k& (A e BA TR EAIG, AR K shdLAE
3 2 PR R R MR A, B
PBCRAD 4 B2 s T, B 7
e, KM E T, R I ] PO PR v B
R BHLEAAIEER (9% 11 25 % 55 A AR e i ] 25 4
WRBEARTESY, DI HCHERCR 1 Th. L[ A T P dL
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Fhin, ARSI, {f DOC + CDPF {4k 5] 1% 1
SN s €SSl g o o 375 1 R A
E, M CCBC MG I e S HE U 47 7E 2 x
107 ~7 x 10 *mg-s ' BRHEBOK . 546, BT P
XA E S YA iﬁ‘frﬂiéﬁﬁmﬁﬁ, CDPF
Peh REE G, RS . U4 IR A FTEC LA
[ IE LT, ﬁé}aﬁﬁgﬁm, Xof Jot At ek 5 SR
e, A5 )R gkl 25 g it R INE 35 g-ft
B, ARG N R BE 550N

30

W%
25+ DAl
= BH
20 | ocH

ekt < 1079 /mg-s™!

AL o

+
=4
=
(=3

B3 AETHEIETREHERE

Fig. 3 Alkane emissions under different driving conditiénis

2.3 AR “
ﬁwimwﬁmrwﬂ%%zgﬁﬁﬁﬁ‘
Immeﬂ@WﬁW%%ﬁﬁ@
FFEWEL €O HNE . C10 FF F kS, PAHVELEE 25
LI 4 % mA*¢KMﬁﬁ1ﬁTﬁé
%%ﬂ% ESﬁTHﬁ%Tﬂ?PMkﬁWE

I’Jﬁr‘ﬂﬁﬁﬁﬁﬁﬁﬁmr‘ 42 T CDPF 1 Pd
(A s, ELA A —E 9 PR Rh, R T HE
KA ERE E’M&ﬂcﬁﬂa AR THT A Bs A
BEE X VOCs T I5 HIRA AL RN 7.8% ~
32.1% , 1 B BUFN C B R MEALICR 4T, AR
SR 15.9% ~40.8% F117.1% ~42. 1% ; 3%
MEA LG HECREFR, FAARIKIK R 21.7% |
32.0% F132.7% , 7] W5t 4 J@ TR 48 A AT 15
g-ft PHEINZE B AU 25 o-fi CHE, LA R —
T, WA e )R B E Ak S n & C M 35
g-ft CHF, XS E R AAEASCRE S B RIS B
5

&S i, ZEARE TR 3 #f DOC + CDPF
¥inenk /> PAHs B9 HERL, HARMLACR AR, 2
PEFRFIEAE A AL B AUFD C AU PAHs HE i 43 1)
F3.3x1077,2.2x107°,2.3x107°f12.2x107°
AL UL 3 b b #HE B X PAHSs Bl HER I 7E

-1
mg-s -,

AN ST
e | B 3 R b e R -

B 38 %
T0

i

_ 60 Aﬂ

& 50l T = b
= Sl
s a0t =
x N=
NE
B o0 T NE
5 NI RE
£ 2 U ol N
& NE NE | RS
GANRTN = NE N=
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o LIRS NE RE

o st 8 e v AEER

4 AETHIRTHEERHNE
Fig. 4 Aromatic hydrocarbon emissions under

different driving conditions
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33% fifi. IEEET GET Py m@%nﬁzfza{t%“‘
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