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A.Mayer - TTM

Independent Consultant
Emission Reduction of IC-Engines

TTM is responsible on behalf of BAFU&SUVA

- VERT Verification of Particle Filter Systems
- Quality Control of Filter Retrofits in Switzerland

- Research and Development in International Projects
- Implementation of Emission Reduction Measures
(Germany, Austria, Poland, Italy, California, Canada,
Chile, Korea, Japan, Czechia ..),
- Organization of Seminars and Conferences: HDT and ETH-NPC
- 2 books published 2004/5 on “Elimination of
Combustions Generated Particles”
- SAE-fellowship 2004
- Award of Swiss Cancer Ligue 2006
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Aerosol Size Distribution
Zurich Downtown and Zurich Rural
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Konzentration von NO,, NO, und Ozon
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Transit Road Schimmelstrasse Zirich
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Entwicklung der Emissions-Grenzwerte
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Particle-Emissions EURO 3/4/5 bei 1400 u/min
EURO4:. EGR+PM-Kat; EURO5: SCR - no DPF in Europe

[cm-3]

—_—

dN/log(DP

dN/log(DP) [cm-3]

1000

1.0E+7
0 % load
1.0E+6 — Euro 3
Euro 5
1.0E+5 —
Eure 3 DPF Euro 4 PM Kat
1.0E+4 —
1OE+3 T T 1 7T I TT1 T T LI B R B |
10 100
Diameter [nm]
1.0E+8
50 % load
1.0E+7 ———" o Furo 3
1.0E+6 -

Euro 5
1.0E+5 - Euro 3 DPF Euro 4 PM Kat
1.0E+4 —
1.0E+3 T T — T T T T7T°7T T T T r T T rr

10 100

Diameter [nm]

1000

1.0E+8
//—\25 % load
51.0E+7— Euro 3
5
—1.0E+6—
o Euro 3 DPF Euro 5
1.0E+5+ Euro 4 PM Kat
Z
© 1.0E+4—
10E+3 1 I b A AT 8 T T | O T LR
10 100 1000
Diameter [nm]
1.0E+8
100 % load
51.0E+7"'
E
'2'1.0E+6— Euro 3
% Euro 5
51.0E+5— Euro 3 DPF Euro 4 PM Kat
prd
© 1.0E+4—
1.0E+3

100
Diameter [nm]

1000



Gaseous Emissions Euro 4 [ppm]
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US-HDV-Technology 2007 is different:
DPF + EGR

The CGI process through the DPF

o

NOx, H,0, I: I.'.I; IZ;BCH to engine m |
‘f

: ; to exhaust
Diesel Particulate Filter / Muffier

The CGI process filters and cools exhaust before re-routing it to the engine.
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Not all Filters are good Filters
Particle Size matters

Collection efficiency [%]

100 -

90

70 -

Uy =1cmis
| |
!
I
I
Up = 10 cmis :
I
I
\ I |
I
!
I
I
\J I
| I

It f | Diffusion +

: oo |lmpaction+| B,

I" —Diffusion "Itnlerception,Ii interception
I I

B R | T

0.01 0.1 1.0

Particle diameter [um]

Efficiency [%]

(=]
Lo 3

T T | 1T T L
1.0 10 100
Face velocity [cm/s]




Filtration =f (Time, Soot-LoadinQ)

Source: IBIDEN HDT-Seminar 2006
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Filters DPF and Partial Flow Systems PMS

ceramic substrats

ceramic plug

= ceramic substrate (e.g. silicon carbide,
cordierite, alumina titanate) as wall flow
maonalith, possibly coated

= spot is stored inside the channels

« regenaration is necessary in regular
intervals, depending on e.g. exhaust gas
backpressure, exhaust gas temperature,
soot loading of DPF

« particulate reduction: > 90%
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flzees

: -
exhaust /

metal foil

= corrugated, helical metal foils with open
channels, catalytically coated

= should the fleece be plugged with soot, exhaust
flows through open channels (particulate
reduction is then zero)

= thermal regeneration is nol necessary

= typ. average particulate reduction: 30%

= Manufacturers: e.g. Emitec, Cberland Mangold,
Ecocat
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CRT: Passive Regeneration with NO,, > 230°C
JOHNSON MATTHEY / HIS-DES / EMINOX

—

T




CRT-Filter System
Johnson Matthey Patent 1988
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Full Flow- and Standstill — Diesel-Burners
DEUTZ, HUG, ARVIN MERITOR, ATH, HUSS, PHYSITRON

—




PFS in Locomotives, Ships and Gensets
300 Locomotives 200-3000 kW — up to 50000 Bh

Standard Filtermodul

Restsauerstoff im Abgas: > 8%

Heizleistungen: 30 — 400 kW
Druckluft > 5 bar: 20 Nm3/h
Dieselkraftstoff: 3—-401/h
Stromversorgung: 24 VDC

FS26 spezial



HUSS-Standstill-Burner

for small Engines




2007 14000 PFS bei Baumaschinen
700 Busse, 300 Lokomotiven 500 Gabelstapler, LKW uam

<18 kW
1837 kW
B 38-75 kW
B 76-130 kW
B >130 kw




Share of Active Regeneration
IS growing

B Passive

= Active




In Tunneling every Diesel Engine
must have a VERT- certified PFS




TC (760 pg/m3)
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Partikelfilter
fur Baumaschinen

- Stand der Technik
- Filterauswanhl

- EiInbau und Betrieb
- Vorschriften

- Russpartikel

Interactive CD for Selection of the right
Filter for a given Application



Datenbank
Baumaschinen mit

ll)“'gSE%l Partikelfiltersystemen
PARTIKEL und AKPF-Q-Label

FILTER

Schweiz

© AKPF 2003

Databank with Filter Applications


http://www.akpf.org/

Development-Targets

- Active Regeneration
- no additional NO,-Emissions
- less bulky

- less costly
- Combination with DeNOxXx



Passive Regeneration with FBC > 360°c

EMINOX / AIRMEEX / HUSS / GREENTOP / DAUGBJERG
INTECO / ETB / PIRELLI, PSA

]

. ) T




Peugeot with FAP since Y 2000
2,5 Mio Vehicles successful on the Road !




Active Regeneration:ignition of FE-additized Soot
HJS-DES/ Mann&Hummel

HJS Fahrzeugtechnik GmbH & Co KG

HJS SMF® — System mit autarker Regeneration

24 ppT-Tagung PariikemRertechnoiogie
HIS Fanmzeugtecnnlk GmiH & Co KG
Simon Seeigert, Manchen 23 Juni 2004 R



Active Regeneration by EMINOX

Active Regeneration

to suit
— Older engine technology |
— Off highway applications
— Low temperature
— High sulphur fuel

Robust SiC filters
Compact designs

Small additional parts
may count




Catalytic Combustion
COMELA, EMT, PURITECH, DONALDSON, EBERSPACHER

-

T [P




Heat-Storage and Heat Management
COMELA, MAN, ENWA

]

. B




Paper-Filters (< 300°C)
Endeavour, Ahlstrom — Useful Life 6’000 — 10’000 km




,Octosquare”

« Duratrap », Fa. Corning

Symmetric Asymmetric
{standard)

:iﬁnlil?'l IIII l!

Figure 3: Comparisan of a standard (symmetric} cell configuration and Coming's proprietary
Asymetric Cell Technology (ACT), Note, that the pictures show cells without the plugs.

« Octosquare », Fa.lbiden



GEO 2

Fiber-
Extrusion

Mag:2000 kV:25 WD:15
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DOW

Automotive

Champion 24h Le Mans
2006 AUDI with DPF

Filter DOW half the size
of all competitors




DeNOx-System DINEX

available + effective > 250 °C

Diesel Particulate Filter

Urea nozzle (injection)

Level Sensor

/Suction lance
, Temperature Sensor 1
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AGR — with superclean Gas
Closed Loop Lambda controlled and combined

with PFS and Trottle Regeneration
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- Instruments

for Solid Particle Size and
Number Concentration for

Homologation and Curb Side Control

- Legislation
must include Number

Concentration, Particle Size and
Particle Substance



VERORDNUMNG (BG) MNr. 7152007 DES EUROPAISCHEN PARLAMENTS UND DES RATES
vom M) Juni 2007

iiber die Typgenehmigung wvon Kraftfahrzeugen hinsichtlich der Emissionen won leichten
Personenkrafowagen und Mutzfahrzeugen (Furo 5und Furo &) undiiber den £ugangzu R eparatur- und
Wartungsinformationen fiir Fahrzeuge

(Text von Bedeutung fiir den EWR)

Li'm sicherzustellen, dass Emissionen von ubrafeinen Par-
tikeln (PM 0,1 pm und weniger) kontrolliert werden, sollte
die Kommission so bald wie méglich und spitestens mit
Inkrafttreten der Shfe Euro 6 zusitzlich zur derzeit fest-
pelepten Partikelmasse eine Partikelzahl festlepen, Die
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Volatile Separation, Size Classification
and Particle Counting acc.to ECE-PMP

CVS

smpsfl cre HD

@ | |
Evapo- Dilution only Size Number

ration Ratio solids
> 100




How a Vehicle Tailpipe can look
after 85°'000 km




Further TTM Information

Nanopartikel-Konferenz ETH Zirich
Partikelfilter-Seminar HDT TTM
VERT Filter Liste

Database 4500 DPF in Switzerland

2 Books on DPF published 2004/5 by EXPERT

30 SAE-Papers and other technical Publications


http://www.nanoparticles.ethz.ch/
http://www.hdt.de/
http://www.environment-switzerland.ch/uv-0607-e2
http://www.akpf.org/
http://www.expert.de/
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