11th ETH International Conference on Combustion Generated Nanoparticles

August 12 15 2007 O
Z rich, Switzerland

'NIA Preliminary ASSESSMENT OF
OR DETERMINATION OF DIESEL

PARTICLE EMISSIONS

Alberto Ayala®?, Sherry Zhang?, Jorn Herner2 and

William Robertson?@

a California Air Resources Board

California, USA
b Department of Mechanical and Aerospace Engineering

West Virginia University, USA

@ California Environmental Protection Agency

) — Air Resources Board

The statements and opinions expressed in this presentation are solely the authors and do not represent the official position of the California Air Resources Board. The mention
of trade names, products, and organizations does not constitute endorsement or recommendation for use.



Acknowledgments

CARB Heavy Duty Lab: James
Shears, Keshav Sahay, John
Karim, Ralph Rodas, George Gatt

CARB Light Duty Lab: Bruce
Frodin, Ronald Haste, Wayne
McMahan, Sharon Lemieux

Tom Durbin and colleagues at
Univ. of CA, Riverside/CE-CERT

TSI Inc. for loan of particle | t/]

counters Lo o

Qiang Wei & Horiba for SPCS loan

European Commission,
Directorate-General, el
Joint Research Centre (JRC) @*X

Markus Kasper, Matter
Engineering AG

Jon Andersson, Ricardo UK Ltd
David Kittelson, UMN

Andreas Mayer, TTM



Project Drivers

Clean air for health
protection iIs CARB s
number one mission

Potential health concerns
associated with ultrafine
PM emissions

CARB-JRC
Memorandum of
Understanding for
Research

Key topics: PMP & PEMS

Need to enhance our
understanding of the
European PMP
proposal

Explore PMP utility for
application in California

PMP entering EURO5/6
standards
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Relative Emissions*

Reducing Emissions of a Known Toxic Alr
Contaminant
California s Diesel Risk Reduction Plan

New engine Cleaner diesel Stronger In-use Emission
standards fuel compliance Reductions
2007-2010 engines are To date on- and slreiglretins Clean up existing vehicles
90% cleaner for PM off-road, ship ensure i.n-use Requires Best Available
and NOx auxiliary engines emissions Control Technology (retrofits,

maintained repower, replacement, retire)

100 &

i a————
=0 ——
z 60 \\\A Multiple regulations already adopted
g 28 —— (e.g., transit buses, refuse haulers,
3 30 off-road fleets, OBD for trucks, etc)
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° | | Several future measures (e.g.,

2000 2010 2020 .

Year private on-road fleets, Bond $ for
——w/o Plan —& New Engine Stds Only port trucks and ships etc.)
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Presence of semi-volatile and volatile material

Diesel size distribution measured in the
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Within the ultrafine range, two modes exist in diesel emissions

1.
2.

Semivolatile nucleation mode (nanoparticles)

Solid soot particles in the accumulation mode

Herner, Robertson, and Ayala, AAAR, Sept.2006



Effect of Heavy Duty Diesel Trucks

CARB s Mobile g\/lonltormg
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: Figure 1
NO d|ese| aftertreatment, U LSD On Road Particle Size Distrubution

October 21st, 2006 10:07 am [n = 9]
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Kozawa et al. 2007, CRC, March 2007
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DOC + DPF + SCR Results

Average Particle Size Distribution

A Vanadum 50mph Cruise
e Size distribution similar
1 1‘0 160 1000
A UDDS
/ Vanadium
\ Zeolite Vanadium particle emissions higher due to
\ lower nucleation activation temperatures
1 10 - 160 - ‘i;)OO
/JL ‘ Vanadium Idl
Particle count comparable to particle count
of tunnel blanks
: 10 100 100 Similar for vanadium and zeolite

Particle Size [nm]

Herner, Robertson, Ayala, and Sioutas, ETH, 2007.



California PMP

Heavy Duty Vehicle Testlng
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Herner, Robertson, and Ayala, SAE Tech. Paper 2007-01-1114



PMP implementation @ chassis
dynamometer lab
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Instrumentation

Particle Counters Diluters
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DPF PM reduction effectiveness is confirmed

Average Particle Size Distribution
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Average particle concentration measured with the EEPS pre
and post trap for CBD, NYBC, Cruise and Idle. The trap
effectively reduces total particle concentration by
approximately 100 X. No DR correction.

Ayala and Herner, J. of Lubricants and Fuels, SAE Transactions, 2005 (Also SAE
Technical Paper 2005-01-3800)



Particles/mi
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Particle number measurements are considerably more precise than the
mass measurement in the current study.

Upcoming improvements in gravimetric measurements at CARB labs are

expected to get closer to new US07 1065 Rule.



Post-DPF Measurements
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Partial Flow Sampling
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Gravimetric [g/mile]
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Gravimetric and post trap Partial Flow PMP particle number measurements. The particle number
measurements are averages of total particle count for only three measurements, two with the ET heated
and one with the ET unheated.

Herner, Robertson, and Ayala, SAE Technical Paper 2007-01-1114
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25-75% of apparently solid particle counts can be
below PMP cutpoint

Possible importance of sub 20nm particles dependent
on composition
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One example

Recent Tunnel Blanks - 3025 PMP
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Lubricating coating on rotating disk and diluter head can quickly degrade and ware off
Once the coating starts to break apart, the instrument appears to generate particles

It may be preferable to operate the instrument at 80°C or 120°C to avoid wearing off the
coating which seems to happen when operating at 150°C

j - LT = _’?.f'-.-F: -.F
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TESTS

1) PMP tailpipe + [pre-conditioning (NEDC, FTP), multiple instruments]
2) Evaporative emissions
3) FTIR for NH3, N20, NO2

BT




Golden Vehicle Testing -
Instrumentation

Diluter
Particle Counters

Matter Engineering MD-19

TSI 3790 TSI 3010D Grimm CPC

TSI EEPS EcoChem PAS2000 Matter Engineering
LQ1-DC






























