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Background and Motivations

A rapidly increasing epidemiological and toxicalea) evidence links
cardio-respiratory health effects and exposuresttafine particlegPeters
et al., 1997; Li et al., 2002 and 2003; Xia et 2004)

Emission inventories suggest tmabtor vehicles may be the primary
emission sources of ultrafine partictesthe atmosphere in urban areas
(Hitchins et al., 2000; Zhu et al, 2002)

US EPA 2007 regulation is aimed to reduce theedlie® mass emission
by ten fold from existing 0.1g/bhp-hr PM limit to 0@bhp-hrin 2007
(Merrion et al., 2003)

Newer after treatment technologies, such as S@RVe been proposed to
capturenon-volatile fractiorof exhaust emissions. Howeveoplatile
fractionof PM is less influenced

This is a multiple year project to investigate fiig'sicochemical and
toxicity of the volatile fraction of emissions from neweesk| vehicles

This presentation summarizes htgysical propertieef PM emissions
from diesel trucks operating witlelected catalysts (vanadium and zeolite)
SCRT systencomparing to @aseline vehicle
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Experimental Setup High Volume
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Vehicle and Driving Cycles

* Vehicle
— Make\Year\ Miles\ Curb Weight (Ib)\ GVWR (Ib) \Tested Wt (Ib)
o Kenworth\ 1998\ 374000\ 26,640\ 80,000\ 53,320
— EngineModel \ Size[L]
e Cummins M11, reflashed \ 11
— After Treatments
» Baseline: None

. : : Other Advanced After Treatment
VSCRT: vanadium based SCR|T’ Technologies tested

o ZSCRT: zeolite based SCRT — Hybrid Diesel
» Driving cycles — DPX
— Steady state: cruise at 50 mph - CRT
_ Transient: EPA UDDS — Horizon emission control system
— IDLE

Refer toHerner et al., for more details

e Fuel: ULSD
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Size Distribution
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« CVSmeasurementswith dilution of 2500 cfm

» Significant nucleation mode particle formed for both SCRT systems

* ldentical sizedistribution for both SCRT systemsat cruise cycles 6
 Lower emission factor for Zeolite UDDS cycle
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Size Distribution

 Mass size distribution
measured by
nanoMOUDI In 7 size
channels

e Agrees with number
size distributions
(shown for Zeolite
SCRT).

e Significant mass
reductions (comparing
to baseline)
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Particle Volatility — Number Based R = Nghaus / N1p
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» Relatively larger fraction of particle from V-SCRT isvolatile compared

to Z-SCRT.
*Thisneedsto be further confirmed by the chemical analysisfrom HiVol
and thermodenuded filters.
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Particle Volatility — Mass Based = R = PMy/ PM,
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The Zeolite vehicle particle is compar atively mor e volatile on mass basis
than number at T 150 °C)

At high T,V_SCRT and Z_SCRT iscomparable
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Surface Diameter
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e 30nm for cruise mode of both SCRT systems, indicating nucleation mode
particles

* |Increased particlesize for UDDS mode attributed to accumulation mode 10
particles
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Mass Specific Surface Concentration
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Particle Specific Density
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 Lower value for baseline indicate fractal of the pa  rticles; around
unity density implied more compact structure;

* Future chemical data to be integrated 12
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Conclusions

e The emission factors are remarkably low (<3 mgtkior the newer fleet
compared to the baseline vehicle (~300-400mg)km

« Accumulation mod@articles dominate for baseline vehicle withouptra

* Nucleation mode particleominate for both SCRT equipped vehicles
during transient and cruise running cycles. Howgetrer toxicity of the
nucleation mode particles is under investigation.

* Interm of number, R at 23T is at least an order of magnitude higher than
their counterparts at 130, indicating complete disappearance of large
chunk of particles within this temperature window.

* In term of mass, more th&©% of the particles completedyapor ate at
230°C during cruise mode. number

« The particle density more than unity for both SCRhicles implies that
particles generated downstream of trapsstmecturally compagicontrast
to those emitted from baseline vehicle which mapdgomerate
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Thanks!
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Data Processing

 Reduced variables (Ntziachristos et al., 2006)

- R= NExhaust/ I\ITD 1)

where N.,,.. .~ Total dilution corrected DMS or EEPS number conicion at
the CVS, WD = number concentration measured by CPC after the
thermodenuders. This is a measureanticle volatilityin terms of number

concentration.
— Ds (nm) =[I/ (0.0181*Nt *e*Q)JV/1.13 (2)
— A=S/PM 3)

where S = Active Surface Concentration, EAD signalico-amps (pA), PM =
Total particle mass collected between 10nm and2 Bano-MOUDI stage. It
IS a measure gfarticle agglomeratian

P = (PMyanomoun! Veeepsiomd (4)

Where,PI(\élﬁB oup = Composite mass from 10nm to 2.5um size rangeieon
nano-M 'Ylstages, Meospms = Total volume measured from DMS-EEPS
or DMS size distribution assuming all the partidie®e spherical.
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