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I E B ahiRRHER
Mobile emission reduction effectiveness in China _S—‘,i%:

> 2001EFFREFIRSEMESFEHEMGER], 1BFE20E, BEISTEINENTEE, RiEHAEFEIZ,

China has implemented vehicle emission control since 2001. China's automobile standards have grown from scratch and

quickly entered the forefront of the world just within 20 years.
> BEISFFRBE20FmEI1ME, (BISFEXKSHMIHENE E52000FEFIFIE,

The total quantity of vehicles in China is more than 15 times that of 20 years ago, while the air pollutants from vehicles is

basically the same as in year of 2000.
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Current emission standard of diesel engine S‘?MC

> 202157 B1AEREFIRSEMEER S El7 SHERRE.

The Stage VI emission regulations of heavy-duty vehicles implemented on Jul 1, 2021.

> SELHEMELL, IR ESIIHNE T 0L L,

Compared with Stage I, the single-vehicle pollutant emissions have dropped by more than 90%.
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NN EHERGEIREEEIHE /Implementation Schedule
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Emission Control Technology S—‘.i’.:,.‘:
SHNMHEUE AR AR R TIE, EERIEETN. EBURR. BLIBEFIRIE=XE07.

Diesel engine emission control is a systematic engineering, which mainly includes engine, catalytic system and ATS control strategy.
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Emission Failure of diesel engines —
EIEIE/ /TR R R E RATHEEISSENOXHENIES. PNHEUEMN. SESREIEM=SEIT

The most common emission failures in the Stage VI /T4 include increased NOx, PN emission and abnormal increase of back pressure.

o~

NOXHEBIERT

NOXx emission

HER
HEB I8

common issues

PNHER I

PN emissions
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Emission Failure of diesel engines —_

s RERAES, RUFHRS J

L Sulfur poisoning

Fe. PERMIES. BE, EHTE }
L Foreign matter block
( _< AR J

L Poor stability

X [ﬁ%ﬂ(f’éi&lﬁiiﬁéﬁ }

Unqualified urea solution

BERT, RRAEQITASHE, RESRIME

Unreasonable nozzle design, installation, urea crystallization

@ NOXx HEpfEsiE < HEESTASE BARSHASE, THENAEELAIEE:

.. ] . IEA =k
NOx emission failure Unreasonable canning unreasonable mixer

mANhE, TEEVFIRBEAFIER

poor flow distribution, insufficient catalytic reaction area

_ — [ RERE RIS AT IEPTHEIA B Unmatched urea injection strategy ]

EGR EGR damage
\ SERHAE

Other parts failure NOX{ERLBSHRZE NOx sensor damage
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Emission Failure of diesel engines

@ PNHER IS

PN emission issues

{

SP.\"C

HIFA R, BTIEBERRKEEEEX, PNIEERETIE
Unmatched pore size, layer disappeared after regeneration during operation, and the PN filtration efficiency
decreases

1 N

The thermal expansion coefficient difference, and rupture occurs in the long-term high-temp. environment

P ERERFEIKREERK, KERKIRT, LIk ]

CDPFi&EZ.

FEE&ER, poCcEOiE R

DOC outlet over-temperature during active regeneration

CDPFRAEPIRIEEE, 195

excessive uneven soot loading inside CDPF

KERMHCITA

poor HC combustion, massive unburned HC

FeiBIg{tLIGIR

The pipe was corroded by S and water, CDPF ion coverage that led to high temp. during reg.
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Emission Failure of diesel engines s‘iﬂ':
FREERERE ]
Poor HC light off

\[ﬁzxﬁé }

Poor regeneration

® BER. BEEEE
High B.P. and short {
regenerative mileage

LI
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Typical Emission Failure mode and Mechanism

S ARBBIHIR

Typical failure mode

S. Feis#

Sulfur or ion pollution

AAHCES

Unburned HC coverage

A EE

Poor flow distribution

._,._>:l2' NI<CT
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xelcal Emission Failure mode and Mechanism
S. Feig# - HEEE1: BES. SRR

High back pressure and underpowered

- BErEitdiEPhillEEEBRERR,

High back pressure alarm occurs during vehicle operation

HMIL/appearance HSim/inlet HSim/outlet
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xelcal Emission Failure mode and Mechanism S‘i’,\,::

S. Fei5#t — HEHEIRE1: BES. sIHORE

High back pressure and underpowered

ANORAEETAE/Macro view of the inlet face

imEAW: FLEEEZD, L950%mFFRIRRIEES.

Visible on the face: the pore becomes significantly smaller, and about 50% of the volume is covered by soot.
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xglcal Emission Failure mode and Mechanism S—‘,i,g':

S. Feis#k — HEWEIE1: BES. BIAORE

High back pressure and underpowered

600°C, ThiEERIERNIE/ash

S FLiE/air sweeps FLIERVRRIE (MRseEl) /soot
CDPFAERFLIEER DR HTTEIEE, %ﬂ%&%&ﬂi‘%bﬂ?

=
The pores were partially blocked by soot, resulting in a sharp increase in back pressure

iHEZ600°C, 1hiBERBINEFASLIEBIKRS.

£x
After calcination at 600°C for 1h, the soot still retained a large amount of reddish-brown ash
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Typical Emission Failure mode and Mechanism S‘—z,%:

S. Feig# — HIMIE1: BES. SRR

High back pressure and underpowered

Cr203,  MgO, _P205,

®EMgO mP205 mS0O3 mCa0 mFe203 mZnO m(Cr203

AESI2227)503 )

JERleREE & 2518¢g

FKx63g

WIBEES: 24559

- TS EE/SD HFe, S, Zn, ‘

. EiEEE. k39, CDPFEI=L1IkS. KBNFH: KEFe, S. ZnFEARAIRSRDIEZERREL
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ical Emission Failure mode and Mechanism s— "?MC

S. FeiSify _, HEMGAIE2: NOXHEMSAIGNN. iF

Increase of NOx emission

- EHiE1T10002E8, OBDIRE, NOXEBIR.
OBD alarm, NOx exceeds the standard within 1000 km operation

IREMFEIEESMNIL/appearance SCR{E(FIIR B4/ failure part
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xelcal Emission Failure mode and Mechanism ._c_—;;:?“.\,.‘(t
T TR
S. FeiS#: — HERMIMEE2: NOXHEMIS M. BiF
Increase of NOx emission
V& =F (%)
N MgO 4818
100 A a 7
‘ ARO3 10366 | oA
90 - —
. SiO2 64.424 =
§ - P205 0.033
o
2 SO3 8.285 s—s
8 » —=—Invalid SCR 155
C>)< 50 —4&—SCR Product CaO 0.082
=
40 Cr203 0.130
30
Fe203 1.211
0 200 250 300 350 400 450 .
Temp. C CuO 1.053 ,ﬁ)%

[ERENHER, SIEHHERXEECHEETRFEIZ20%,

The NOx conversion dropped by 20% within the low-temperature range.

RASRRR, BANSEARMNS, THMRELTESS,

Catalyst suffered from S and Fe poisoning, resulting in a decline in activity.

FeriE, SHGEMTE.
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ical Emission Failure mode and Mechanism e —
:_: == ° oo —
S. FeiS#t — HERMIE2: NOXHERIEIZI. #BIR L
Increase of NOx emission SO, A 200ppm
S P AL #d
3.5 4
EbRER EIIAE RT=EaE
30 - @ =4 o =
) m2/g B Bcc/g o 5
. 254
g Cu-Re
2 20-
e Cu-F 580.24 0.62 1.199 0
E 1.5
S [\/\_/\A Cu-SA
3 104 Cu-A 378.34 0.56 0.365 0.94
0.5 4
1 Cu-F Cu-Re 575.65 0.36 1.129 0

10

Pore width(nm)

hERIGFLIEDE/pore distribution

HRSERESHIEAHRPEE, FHREAT, SEIGIETIRE,

Sulfur poisoning led to block of support and decrease of total pore volume, resulting in decreased activity.
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xelcal Emission Failure mode and Mechanism | S‘;ﬁf
S. Feig#t — HERMEE2: NOXHEMBEIG. B SO, 1 200ppm
3 Increase of NOx emission
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TGARI
H5:. Cu. AIRRMYER 7RI, SHAEHEE. RIEZN. BIERE, SEIEETRE.

Sulfur reacts with ammonia, Cu and Al to form a series of sulfates, which leads to pore block, acidity change, active site and performance degradation.
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TxBicaI Emission Failure mode and Mechanism _S—‘f;‘,\,,’:
S. FeiSie _, HEWAURE3: PNHERERLR

PN emission issues

- PNHERYEB4R, OBDHREE OBD alarms due to PN emission issues

_— R $: 7 WO \-d. 08 [=eY © Qow
TGRSR e

HS s/ /inlet HSim/outlet DPFAEIE/channels

DPFIMRIERA, BHEZFRERIURI.

No apparent cracks on the surface while the channels all cracked.
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xelcal Emission Failure mode and Mechanism vl

S. Feige — HERMPE3: PNHEREEIR

PN emission issues

B REA

B ~— S
i .
: o e o
FLEEZRSL,
 e_ e X
-' - Sl L R ' A N 5 \jﬁjm ’j;\;-\.__, ®
)\IZI E&EE P\JEJ&EEI & e e

DPFimEIfIREREXEMNREEFRE, REERELMAESFH., SEPNKEHE

Massive ablative holes inside in the DPF which lead to PN emission iSSues.
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xelcal Emission Failure mode and Mechanism

S. FeiS# — HEiIE3: PNHEEBIR

PN emission issues

B PR R

Pt1Rd dRst
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: 66
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28.00

- EPEGES, AFIRREISEESF A FREL,

It can be concluded that the carrier erosion was caused by ion from EDS results.

AIK

| SiK 1695 | 13.08
KK |0037 |0021
CaK  |0053 |00.28
CrK 0056 | 00.23
Fek] | 1850 |07.18
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TxBicaI Emission Failure mode and Mechanism e —
S. FeiS# — HEntaRE3: PNHERGER

¥ oo A 44

PN emission issues

&R BRI

-

' . \ I
\ 8
. N\, \
Fe,0;, T>1000°C /fﬁmmxc.
./ l l
®

FiBER, FPRSIREEISEZI00°C, Fe,0;MfFREIRAFESHSIREGIEIT1000°C, SEEIF
BEfEimkE.

During active regeneration, the highest temperature of the bed could exceed 900°C, and the temperature of fine Fe,0; particles
exceeded 1000°C, resulting in melting.
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xelcal Emission Failure mode and Mechanism ._c_—;;:?“.\,.‘(t
S, FeiS# — Fe, S Mmibsk?

where are the ion and sulfur from?

SFRIlR: EERIFTIAR.

FeRil&:

EIWESRK, THEESREKBSRIER, #15
BERKEENRS, &R, B/KKE, BEREMAES, LhkfFe
55,

SO2/CHESOINFE, SRo/KEMRER, MEIEHEE
1B, MMEEmKEZRIFeYIF,

HRS/LFEEMEFehs, {BFerRSRIRMEFTE.

Sulfur poisoning was almost always accompanied by ion, but Fe poisoning can be isolated.
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xelcal Emission Failure mode and Mechanism
S. Feis#t — v summary

S, FerRBRIIMSBE

Influence and regeneration

NOXHERIENN

NOX emission issues

PNHERUIEIN

PN emission issues

B EE

Increase of back pressure

BRAISHE. A, EHEE (>450°C)

Sulfur only: reversible by heat treatment(great than 450 degrees)

BaiFepE . AAE

ion only: irreversible

S. FeE/E:. A

Sulfur and ion: irreversible

A, TEEE

irreversible

AN, TEREGEERALE

Irreversible, heat + and cleaning treatment
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xelcal Emission Failure mode and Mechanism S‘—.iﬂ':
mu*Ei’]’j IEE — &1 NOXHERZS NOx emission issues

- Fo—HEmE, Hh—SHRNOHIRES.

Product consistency check, one set of NOx emission appears high.
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SLypical Emission Failure mode and Mechanism

mb*EyJ’j IEE — &1 NOxHS

NOXx emission issues

BREE
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izt I IEREMNOXEILAER, JEGRIEAME

Flow distribution significantly mfluenced the NOx conversmn, espeaally the low temperature conversion

efficiency, which could be reduced by more than 10%.
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lllb*Ei']lj I'EE — #iE1 NOXHERS
A CE K2 NOx emission issues

L

HEEIRITASIE/ unreasonable taper design IR E8IRITASIE/unreasonable mixer design

HARANSRT A DS HESMEE, SHENRNERFND, BT,

The air flow could not be evenly distributed in the carrier, resulting in a decrease in the effective reaction area
and activity.
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xelcal Emission Failure mode and Mechanism _S—‘;‘,a':
eI S EE M2 BES. BEEERR

High back pressure and insufficient regeneration mileage

REREFIE{THR, LINBEEEE, PNBENEE(KRRE;
CDPF/MEIPIERAIM, KEPNTFE.
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xelcal Emission Failure mode and Mechanism _S‘—;‘,a::
eI SEE — M ES. BEBERR
2% B B B High back pressure and insufficient regeneration mileage
TR B N=opB AN RA. RN
o ! A - RLSih%IEZE: 40°C-66°C
g A .
e M e + IFRERNESEBEAEK
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xelcal Emission Failure mode and Mechanism _S-‘.i%:
eI SEE — WiE BES. BEEERR

High back pressure and insufficient regeneration mileage
¥ P L4

\

HERITAGE, BEETAE REASHE, JMFEEAKIR
Unreasonable taper design and the Unreasonable heat preservation,

temperature concentrated in the inner ring outer edge heat dissipation too fast
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TxBicaI Emission Failure mode and Mechanism _S—f;‘,f,,':
KREEHCES — MEE PNEBIE. NOXIBIR

PN and NOx emission issue

- BEAEFRILEZFETRIMIEPN. NOXHEIER.
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vivo X60

MR ] W EHE(CHin &R TR A =RIE DOC, CDPF, ASCIIiGEM,

Massive soot loading, CDPF and ASC all erosion.
FREEAFIIEES 7 1000°CLLLAISIR.

All catalysts were subjected to high temperatures of more than 1000°C.
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TxBicaI Emission Failure mode and Mechanism

FRIRHCEBE — & PNIBIE. NOXIBIT
KR # PN and NOXx emission issue

HCESEAEUMRE, SSHRITFEHIRNELE.,
HC coverage is a chain reaction, which will lead to a series of serious emission problems.
RRHCEEESRITRAIZELTIAEE, SESEATIIZZIN.

Unburned HC will deposit into each catalyst with the gas flow, which will affect all catalysts

> BHINCIRE +REBARHC, BEARSEEK, 7 BMAFIRR B, SHiE
Inl =imK
! Befa, WIIPNHEITA. WRREE Outlet

—) —

g :
3 5
» DOCHEIEBARHCIN, EHEIE > FIRIACHRE + PEHCHARE, SEEHIEE

BIZL, ek, HOEIR. Kid, HINOXHERAIRL,
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B4 Summary

SHAIAIEREARRIIE, P—HEEIES R SRRV RSN,

Diesel engine emission reliability is system engineering, and single emission failure involves multiple failure modes

and failure mechanismes.

AEMEHNELERANSHINAISEE, FBBRLN. EE7, BLEEFIRR
B 1 AR RROERE LT

In order to realize the high emission reliability of diesel after-treatment system, it is necessary to emphasize the

collaborative design of engine, catalyst, after-treatment control system and application environment.
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