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PM10

10 µm

0.6 m²/g

2



PM10, PM1

1 µm

6 m²/g

2 x 103

10 µm

0.6 m²/g

2



PM10, PM1, PM0.1 / ultra-fine

0.1 µm

60 m²/g

2 x 106

1 µm

6 m²/g

2 x 103

10 µm

0.6 m²/g
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Ultra-fine, nano

0.01 µm

600 m²/g

2 x 109

0.1 µm

60 m²/g

2 x 106
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Formation of particulates from diesel engines

diesel fuel

soot precursors

soot embryos

primary particles

chain agglomerates

incomplete
combustion

cylinder

3 - 4 ms

1 s

1 h - 1 d

molecules

particles

soot nucleation

coagulation, 
coalescence, 
surface growth

agglomeration

exhaust pipe      environment

condensation of hydro-
carbons and metals

nucleation of sulfuric
acid

restructuring and 
heterogeneous chemical
reactions
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PM10

Carbon based particles
•Traffic and industrial
•Many ultrafine 
•Transition metals

Sulphates/Nitrates
•Traffic/photochemical
•Mainly ultrafine

Wind blown dust
•Mainly coarse

Biological components
•Spores
•Pollen
•Mainly fine and course ie  Cocktail.  Which component is 

responsible for the health effects?



industrial carbonaceous

anthropogenic secondary

sea salt soil carbonaceous

natural

particle group

C / SO4 aged sea salt sea salt / silicate

soot

organics

sulfates

Al-, Ti-, Fe-oxide

Calcium sulfate

sea salt silicate

quar tz

biologicalsilicate-flyash

nitrates carbonate

organic
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Background  sector

Relative number abundanceof thedifferent par ticlegroups
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Industr ial sector
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0.5 – 1 µm

1 – 2.5 µm

2.5–10 µm

Size-resolved averagepar ticlegroup number abundance

Background  sector Industr ial sector
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Formation route

Gas-to-particle

Conversion

Nucleation mode

Accumulation mode

Liquid
Solid

Gas
A

Gas
B

Coagulation   /   Surface growth

Aerosol material

Reaction Evaporation

Nucleation

Temperature



Aggregates, agglomerates, primary particles, singlets ….

 

100 nm

10-15 nm

Singlet:

single  nano-par ticle

Pr imary particle:

basic entity of a connected group of 
par ticles

Aggregate:

group of pr imary par ticles connected 
by chemical and sinter  bonds

Agglomerate: 

aggregates / pr imary par ticles held 
together  by van der  Waals forces
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0.01

Chain formation

Coalescence

Nucleation

Growth

Burner

C H /air2 4

Soot formation



Silica fume

SiO2 + 2SiO                Si + 2 SiO2

SiO2 + C                      SiO + CO

Si + O2 SiO2

Melting of quartz sand in an induction furnace

Silica fume



Silica fume

0.2  µm



Formation route in alumium smelters

960 °C

Al

Anode

Cryolite
Na AlF3 6

Decomposition, evaporation

Reaction, nucleation, condensation

Fluorides of Al and Na, elemental carbon

Alumina
Al O2 3

Cathode



 

Measur ing techniques
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Par ticle size distr ibution

' <1� � � � � 	



8� � �� � � �! 
 � � 
 � � �� �
 � �
 � �� 	 
 �� 
 � ���� %�� �) 
 �
� �� � � �� � � �
 � �� � � �� � �� � 
 � 
 �! 	 � � � 
 �
 � 
 � � � �
 � �





Peak particle concentrations of each weld
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Morphology: welding fume

300 nm



Morphology: welding fume

300 nm



Ufp scavenging by larger dust particles
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