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Diesel-Nucleation-Particles (NUPs)

NUPs reach large number-concentrations
NUPs have diameters of about 10 nm
NUPs have large total surface-area-concentrations

NUPs have just the perfect size for most efficient intrusion of
the lowest and most vulnerable region of human lung
(alveolae-region)




Diesel-Nucleation-Particles (NUPs)

NUPs have large number-concentrations
NUPs have mean diameters of about 10 nm
NUPs have large total surface-area-concentrations

NUPs have perfect size for most efficient intrusion of the
lowest and most vulnerable region of human lung (alveolae)

Important aspects of NUP formation are not well understood

In particular, nucleating gases and gases involved in early
growth of nascent NUQOs are not well known

NUPs are not regulated by legislation!

Regulation only for particles with D> 20 nm (Europe) and D >
23 nm (USA)




Investigations of Nucleation-Particle (NUP) Formation
In Modern Diesel Vehicle Exhaust

e Lab Experiments

- Test bed (with Heavy Duty Diesel Vehicle Engine)

- different Fuels

- different Fuel sulfur content (FSC)

- different engine loads (EL)

- different exhaust aftertreatment systems (ATS: DOC; DPF)
e Model Simulations

- different nucleation mechanisms

- different organics

- different FSC



Time series of gas-phase sulfuric acid in heavy duty vehicle engine test-run
FSC = 36 ppm ; EL = 25, 50, 75, 100 % ; ATS ( DOC + POC)
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Time series of gas-phase acids in heavy duty vehicle engine test-run
FSC =36 ppm ; EL = 25, 50, 75, 100 % ; ATS ( DOC + POC)
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H2S04/H20 - Nucleation-Particle Formation in
Modern Diesel Vehicle Exhaust
(simplified scheme without soot))

=
L
gll Nucl Cond
& 12504+ H20 > @
Burnt Gas: c 0O
' [<B)
H20 c
A
SO2 +-J
‘ c O
NOXx 2 N
HC =
SOOT = =
25
< =2
— X
20O
<
c
n

Coagulation-

Growth




H2S04/H20 - Nucleation-Particle Formation in
Modern Diesel Vehicle Exhaust
(simplified scheme without soot))
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BHN-modelled and measured NUP size-distributions:
FSC =36 ppm ; ATS ( DOC (ECO) + POC (ECO)
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071128_5_1100 #343-372 RT: 59,90-64,97 AV: 30 NL: 4,96E5
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lon ldentification via

e Mass number

* |sotopic signatures

 CID (Collision-Induced-Dissociation). Energetic
collisions (with He-Atoms) of mass selected ions
stored in a Qudrupole lon Trap, leading to first-
generation fragment ions.




CID-Investigations (negative ions)

e Parent-lon HSO4-H2504 (mass number: 195)
e Fragmentions: HSO4- (97) ; HSO4S03- (177)




Collision-Induced-Dissociation (CID) of mass seleced ion 195 (at two collision-energies)
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from Arnold (review)

LIOMAS HP-Mode

Negative lons
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A. Sorokin, D. Wiedner, and F.Arnold (2006)
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Time series of gas-phase H2SO4 (mole fract. in raw exhaust):
FSC =36 ppm ; ATS ( DOC (ECO) + POC (ECO)
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CID-Investigations (negative ions)

e Parent-lon (mass number: 226) for 2 collision
energies:

* Fragmentions: HSO4- (97) ; HSO4S03- (177)




CID (MS-2) of PARENT-ION 226- (at two collision-energies)
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CID (MS-2) of PARENT-ION 226- (at two collision-energies)
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CID-Investigations (negative ions)

e Parent-lon (mass number: 204-) for 2 collision
energies:

e Fragmentions: 163- ; 141-
* Neutral fragment 63 (probably HNO3)

* Neutral fragment 44 (probably COZ2; if so, indication
that ion 163- is de-protonated carboxylic acid)




CID (MS-2) of PARENT-ION 204- (at two collision-energies)
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CID-Investigations (negative ions)

e Mass selected First-Generation Fragment-lon (mass
number: 141) for 2 collision energies:

e Second-generation fragment ion 97

* Neutral fragment: 44 (probably COZ2; if so, indication
that ion 141- is de-protonated carboxylic acid)




CID (MS-3) of FRAGMENT-ION 141- (at two collision-energies)
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Nucleation-Particle Formation in Diesel Vehicle Exhaust
(simplified scheme without soot)

&
2 Nucl
g uc Cond
L a H2504 + H20 7 N
Burnt Gas: % (R
H20 c
SO2 +=
) G
NOXx &J
HC — -
SOOT o <
EO
I X< -
n O
c:é org. = Cond
P .
|_|>j Amdi

Coagulation-

Growth




BHN-modelled and measured NUP size-distributions:
FSC =36 ppm ; ATS ( DOC (ECO) + POC (ECO)
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Nucleation-Particle Formation in Diesel Vehicle Exhaust
(simplified scheme without soot)
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Particle Number Size Distribution : FSC = 36 ppm ; EL = 100 % ; ATS ( DOC + OpenfFilter)
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Nucleation-Particle Formation in Diesel Vehicle Exhaust
(simplified scheme without soot)
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For more Information see:
references (following 2 slides)
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First Online Measurements of Sulfuric Acid Gas in Modem Heavy-
Duty Diesel Engine Exhaust: Implications for Nanoparticle Formation
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ABSTRACT: To the diesel cle pollution problem,
m dnrmm tregment systems [ATS),

which effciently remove enginegenerated primary particles (soot xn.d. azh)

vehicles are fitted

leading to formation of mcleation particles (NUFP). The chemical nature
ic method online messurements of lowvapor- ek
for exhanst of a modemn heavpduty diesel & -

2 nowel mass
ressure gases wers

diesel

R
Sulplinric
Al

with modern ATS and combusting low and ultralow suliur 1

engine
fuels and dso biofuel It was observed that the gaeous sulfuric add (GSA)
mncentrafion varied strongly, shthough engine operation

was stable

Eanpime Load

Hiwever, the exhast G5A was observed to be afected by fuel sulfur
level exhaust after-treatment, and driving conditions. Sigmificant (354 concentrations weere measuned akoo when biofuel was used,
indicating that G5A can be originated ako from lnbriant ail sulfor. Furthermors, acompanying NUP meswrements and NUP

maodel simulations were

d We found that the exhonst GSA promotes NUP formation, but ako organic (acidic)

mwmhﬂiﬂﬁmﬂmmmﬁﬁmﬁhmmkm@w

o grow the particles i the detedted sizes.

B INTRODUCTION

Exhawst asrosol particles emitted by trafiic, especially by diesel
vehicles, t major air pollutants in cities and near
motorways. . In order to minimize thess emissions, modemn
diesel vehicles are fitied with exhanst after-tresdment systems
(ATS) which decreases efficienty the salid soot partide and
gaseous emissions. Typically, the ATS with quasi-ontinuous

tion involve 2 combination of a diesel particle filter
(DPF) * nd a diesel oxidation catdyst (DOC)" The most
efficient DFFs are so-cdled wall-low DPFs, which trap more
than 95% of the soot partides. Fowever, wall-flow DFFs are
subject to nelitively apid dogging by soot; thus, they require
active regeneration and, eg, fuel additives. Nearly ontinuous
500t regensration i aften achisved by NO dinduced soot bumn
up The MO, which acts a5 an oxidant already at typical heavy-
duty diess]l svhaust temperatures, i generated atahytic
conversion of enginegenerated WO using 2 DHOC upstream of
the OFF. Unfortunately, the oxidative exhaust after-treatment
muay alo generate undesired oridation products A striking
emmple & 50, which is formed by oxidaion of engine-
generated S0 and reacts with water vapar, leading to gassous

- ACS Publications  ©2m 2 amercan Chemice Socmey

sulfric add (GSA)" (5A hx 3 very low satwration vapar
pressure, and therefore, it may condense and even nucleate in
the cooling dilntion process of the exhanst. Thus, the existence
of GSA can lead o formation and growth of sulfuric acid—water
particles, 3 prticular form of nudesion particles | NUP). Due
to the small sizes the NUP can intrude the lowest compartment
of the human hing™# Other possible oxidation producs are
partially oxidimed hydrocartbons. These may indude ako
condensable gaes, particularly organic diacids, some of which
possess very bow vapor presmres and therefre would be
poential condensing and evenmally sven nucleating gases In
fat, argamic dizcids have been observed in car evhame'™*
Additionally, oxidation products may include ko cardnogenic
compounds ke oryppenated polpcpclic omganic ompomnds,
particubarly ones bearing 2 NO, group { Mitro-PAFIs |, whose
formation may be promoted by KOy, and some of which may
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Model studies of volatile diesel exhaust particle formation:
are organic vapours involved in nucleation and growth?
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Conclusions

Numerous acidic gases HX with gas-phase acidities GA (HX) >GA (HNO3)
detected in modern Diesel- exhaust

H2S04 has an important role in NUP formation, but does not seem to be
the only relevant nucleating gas

NUP growth promoted by condensing gases (including also carboxylic di-
acids ?)

As NUP grow, the Kelvin-Effect decreases and more gaseous species may
condense on grown NUPs

We look foreward to greatly improved measurements. We have recently
Increased ( by factor up to 120 !) the sensitivity of our trace gas and gas-
phase ion detection instrument
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