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Aerosol filtration - particles < 100 nm

Nancy



- Ultrafine particles : dp < 100 nm

Nanoparticle agglomerates: 
- combustion (diesel particles)
- molten metals (welding fumes, thermal spraying)  
- condensation of vapours (oil mists). 

- Nanoparticles : dp < 20 nm 

- manufactured nanoparticles (nanotechnologies)
- nucleation from vapour

50 nm



process

Where filtration  takes place :
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Electrical mobility of (charged) particles 

Vp = Z.E
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Lung deposition – Stahlhofen, JAM 2(3) (1989)
Aerosol deposition inside ventilated volume
– Lai ACK, Indoor Air (2004)
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Filters – neutral fibers 

Minimum 200 – 500 nm



0.01 0.1 1 10
0

1 .10
9

2 .10
9

3 .10
9

dae (µm)
D

is
tr

. N
 (

p.
/c

m
3)

0.01 0.1 1 10
0

2 .10
6

4 .10
6

6 .10
6

dae (µm)

D
is

tr
. N

 (
p.

/c
m

3)

Flame spraying Arc spraying

Aerosol formed by thermal spraying of metals
P.S.D
.



Matter U., J. Aerosol Sci., 30 (Supp.1) (1999)

Particle size distribution of  diesel particles, engine out 
and after filter   
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Evolution of diesel particles emission rates
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Emission £ 1012 N.V. part. dp³ 23 nm/kWh  - (Opair 2008)



Particle emission limits (downstream filter unit)

In France, in recycling air (after filtration), a concentration ££££ TLV/5 is 
recommended (for non carcinogenic or allergenic substances). 

Ex. Fumes of ZnO: TLV = 5 mg.m-3 � limit = 1mg.m-3

� 2.107 p./cm3 >>>>>>>> »»»» 2.105 p./cm3 for diesel fumes !

NMD = 60 nm

Maybe the mass is not the best referential for ultrafine particles  

Emission



Filter eff.
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(Lab. Air filtration Inrs/Cnrs, 2009)

(Nano) aerosol penetration through fibrous filters
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Filtration of fibrous particles (carbon nanotubes)

T.Seto et al. Aerosol Science Technol.
44:734-740 (2010)

E(fibrous) > E (spherical)
(Particles of the same electrical mobility)

Same results in the micronic size range
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Filter clogging
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D309

y = 2.8985x + 9.1421
R2 = 0.9742

y = 10.894x + 4.4822
R2 = 0.9998
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Filter clogging

High specific surface area : 600 m2

1 g - dp = 10 nm

� High filtration efficiency 

� High surface of filtration

� Uf = 0,2 – 0,3 cm/s

(Uf >> 1 cm/s in general)

� High cleanable media filters

Costs



(N.P. Vaughan et al., Ann. Occup. Hyg. 1994)
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Penetration through leaks (PPE)
Leaks



(Hinds et Kraske, AIHAJ  48 1987)
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G. Mouret, D. Thomas et al. AST 40 (2009)

Leaks
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Adhesion

Resuspension

Detachment
(air current 10 m/s)

No resuspension of ultrafine particles from filters during filtration
except for pulse-jet cleaning systems 

Adhesion of particles to surfaces

1000 10-7 1.4.10-9



Conclusions (1)

• filter fibres � high filter efficiency
• leaks into respirators � lower penetration than MPPS
• surfaces of the respiratory tract
• surfaces of ventilated working areas   

� high particle deposition

� High mobility of nanoparticles

High probability of interception with :

� High specific surface area

High filter clogging capacities



Conclusions (2)

� Filtration provides a good protection against aerosols of 
ultrafine particles/nanoparticles  

� Ultrafine particles have high filter clogging capacities 
(problem of filter regeneration)

� Ultrafine particles emission limits from industrial dust collectors 
should be re-examined

Thank you for your attention


