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PARTICLES AND AIRQUALITY



GASSES

Molecular size (approximate < 0.001m)

Random movement in air stream

Filtration by adsorption or absorbtion



AdsorbAdsorb AbsorbAbsorb



PARTICLES

Solid or liquid (approximate > 
0.001m)

Small; random movement, 
similar to gas

Large; air velocities, 
gravitation, shape affects  
movement

Filtration by different 
collecting mechanisms



Particle Particle 
sizessizes



Particle Particle 
SizesSizes

Atmospheric airAtmospheric air



Particle Particle 
SizesSizes

Atmospheric airAtmospheric air

LAS-X, SEM

Photometer

Chemical test rig
SMPS, CPC



Atmospheric air is gases and dust
(dust  0.01-100 µm)

 How particles move in air 

 depend mostly on size

 > 99% of the number of particles 

 in outdoor air are smaller than 1 µm

 70% of the weight 

 is from particles larger than 1 µm

 PM 10 is the weight of particles  10 µm

 PM 2.5 is the weight of particles  2.5 µm

 Ultrafine particles  0.1 µm

Facts Facts 

About About 

AirAir



 Size distribution of weight, area and numbers

> 99% of the number is < 1 m

of the weight is from > 1 m
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ParticlesParticles
Particle size in Particle size in 
atmospheric airatmospheric air



ParticlesParticles
MovementMovement

< 0.1 m

Brownian motion (e.g. tobacco smoke)

0.1 -1.0 m

Settling velocity (e.g. sand, pollen)

1 -10 m > 10 m



ParticlesParticles
MovementMovement

Airflow + _

-
-

Electrostatic charge attraction < 10 m

+



ParticlesParticles
MovementMovement

< 0.1 µm 0.1-1.0 µm 1-10 µm > 10 µm

+
_

-
-

Electrostatic (< 
10 µm) 

Gravity



ParticlesParticles

SettlingSettling
Sedimentation in Sedimentation in 
completely still aircompletely still air

D Particle Time to Do 2.5 m

5.4  s

3.5  min

55   min

3   days

34   days

150    µm

20    µm

5    µm

0.5 µm

0.1 µm

D



HEPA FiltersHEPA Filters
A Diverse WorldA Diverse World



HEPA FiltersHEPA Filters

HistoryHistory

» Manhatten project 1940’ies

» prevent spread of airborne radioactive contaminants

» Commercialized in the 1950’s



HEPA FiltersHEPA Filters

DefinitionDefinition

»High Efficiency Particulate Air filters

» Remove at least 99.97% of airborne particles of 0.3 
µm in diameter

» Composed of a mat of randomly arranged fibers
» Fiber glass 0.5 – 2.0 micron

» Function
» Fiber diameter, filter thickness and face velocity



GLASS GLASS 
MICROFIBER MICROFIBER 
MEDIAMEDIA

» The spaces between fibers are generally much greater 
than the size of the particles being filtered



HEPA / HEPA / 
ULPA FiltersULPA Filters
DefinitionDefinition

ULPA

HEPA

Ultra Low 
Penetration Air

High Efficiency 
Particulate Air



WET LAID WET LAID  
MEDIA MEDIA 
AT 500X  AT 500X  
MAGNIF ICATIONMAGNIF ICATION

65% ASHRAE 95% ASHRAE

HEPA ULPA

* ASHRAE = American Society of Heating and Refrigerating Engineering,
often used for filters in general ventilation



Used Filter MediaNew Filter Media

HEPA FiltersHEPA Filters

Clean & Clean & 
Dirty Dirty 

Filter MediaFilter Media



HEPA FiltersHEPA Filters

Dirty Dirty 

Filter MediaFilter Media



HEPA AND HEPA AND 
ULPA ULPA 
(ABSOLUTE) (ABSOLUTE) 
FILTERSFILTERS

» Pleated filters

» MPPS (most penetrating particle size determine the 
filter class)

» Very high efficiency > 85% at MPPS

» High demands on tests of performance

 Areas of use

 Clean rooms

 Operation rooms

 LAF-units

 BSC

 Laboratories

 Nuclear

Megalam

Sofilair



High Containment Labs

Bio Pharma

Nuclear

Pharmaceutical

Health Care

Homeland Security

Industrial Hazards

HEPA FiltersHEPA Filters

Used in Used in 
Many Many 
IndustriesIndustries



HEPA HEPA 
FiltersFilters

Cleanrooms Cleanrooms 
Air supplyAir supply



HEPA FiltersHEPA Filters

ContainmentContainment

ExhaustExhaust



»Low air velocity through filter media 

»(= large filter surface)

»High number of fine fibres

»Electrostatic charge (initial) 

HEPA FiltersHEPA Filters

Filter Media Filter Media 
EfficiencyEfficiency
Fine Particles Fine Particles 

< 1 um< 1 um



Filter Filter 
ClassesClasses

»HEPA

»High Efficiency Particulate Air 

»ULPA

»Ultra Low Particulate Air



Filter Filter 
ClassesClasses

Hi-Flo F7 Fibres Megalam H14 Fibres

»Prefilters versus HEPA filters



Particle Particle 
Filtration Filtration 
MechanismsMechanisms

»Straining

» Inertia

» Interception

»Diffusion

»Electrostatic



Fibres
Particle Particle 
Filtration Filtration 
MechanismsMechanisms



S T R A I N I N G  
>  5  M



I N E R T I A  
>  1M

I N C R E A S E  
W I T H  
I N C R E A S I N G

- V E L O C I T Y
- PA R T I C L E  
S I Z E



I N T E R C E P T I O N
0 . 5 - 3  M

I N C R E A S E  W I T H  
I N C R E A S I N G
- PA R T I C L E  S I Z E

I N C R E A S E  W I T H  
D E C R E A S I N G
- F I LT E R  
D I A M E T E R



DIFFUSION 
<  1M

I N C R E A S E  W I T H  
D E C R E A S I N G

- PA R T I C L E  S I Z E
- F I B R E  
D I A M E T E R
- V E L O C I T Y



E L E C T R O S TAT I C  
M E C H AN I S M  

I N C R E A S E  W I T H  
I N C R E A S I N G
- C H A R G E  O N  F I B R E

- C H A R G E  O N  
P A R T I C L E

I N C R E A S E  W I T H  
D E C R E A S I N G
- P A R T I C L E  S I Z E

- V E L O C I T Y

+

+

+

-



HEPA FiltersHEPA Filters

MechanismsMechanisms
%
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100

Total Efficiency

Electrostatic

MPPS 
Region

Filtration Effect Velocity Particle Size Fiber Diameter Fiber Density

Diffusion - - - +

Interception 0 + - -

Inertia Effect + + - +
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2 cm/s 1.5 cm/s 0.5 cm/sHEPA FiltersHEPA Filters

Penetration Penetration 
Versus Versus 
Particle SizeParticle Size
Air VelocityAir Velocity
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HEPA FiltersHEPA Filters
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HEPA grade mediaHEPA grade media



Front velocity

VF

Air flow
Section

=

Velocity through the media

VM

Air flow
Media area

=

A I R  
V E LO C I T I E S  
I N  A  F I LT E R

Filter
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(%) Efficiency 0.4µm 

Running time (hours)

Filter 1

Filter 2

Filter 1 = fine fibers
Filter 2 = coarse electrostatic fibers

E L E C T R O S TAT I C  
F O R C E S
R E A L  L I F E  
T E S T I N G

+
_

-
-



10

MPPS region

E L E C T R O S TAT I C  
F O R C E S
T O TA L  
C O L L E C T I N G  
E F F I C I E N C Y
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When a new filter loses the charge mechanism, 
it drops down significantly



Depend on:Depend on:

» Velocity through media

» Fibre size

» Packing density of media

» Particle size

» Electrostatic charge

PARTICLE 
F ILTRATION 
MECHANISMS



The bigger the area of the filter media isThe bigger the area of the filter media is
» The slower the air will pass

» The MPPS becomes bigger

» The smallest particles are better retained
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F ILTRATION 
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PRESSURE 
D R O P I N  
SYSTEM  =  
ENERGY 
L O S S

Energy costsEnergy costs from from componentscomponents in in 
a ventilation systema ventilation system

Air intake
Ducts
Heat recovery
Cooling baffles
Sound reduction 

Energy consumption for 
filter with typical average 
pressure drop

30 %

70 %



PRESSURE 
D R O P

Pressure drop on a filter can be divided into:Pressure drop on a filter can be divided into:

» Media pressure drop ( pm)

» Construction pressure drop ( pc)

p

airflow

pm

pc

pfilter = pc+ pm



MEDIA 
PRESSURE 
DROP,

P M

Low pm by:

» High porosity

» Low media velocity

Good efficiency and low 
pressure drop - fine fibres. 
Higher efficiency typically gives 
higher dP therefore it is 
important to optimise media

Media velocity = air flow



Filter pressure drop depends on:Filter pressure drop depends on:

» Air flow

» Media

» Filter construction

PRESSURE 
DROP



BAG 
F ILTERS

» High dust holding capacity

» Filter pockets tapered

» Lofty media

» Area of use:

» Offices, industry

» Pre-filters to absolute filters

HI-FLO F7

Cam-Flo F7



BAG  F I LTER 
CONFIGURA
T I O N  -
PRESSURE 
D R O P (P C)

tapered 
shape

parallel 
pockets

Filter media blocked  = high p



PLEATED 
CONFIGURA
TION -
PRESSURE 
DROP (PC)

Pleating must be regularPleating must be regular

Factors affecting pc:

» pleating must be regular 

» pleat shape 

» pleats/dm

» pleat height



TECHNICAL 
L I F E T I M E

Dependent on:Dependent on:
» Initial pressure loss

» Media type

» Effective filter surface

» Dust concentration (environment)

For a long lifetimeFor a long lifetime::
» Lofty material = longer life time 

» Large fibers gives strength and loft

» Large filter surface



M E D I A  -
L I F E T I M E

High Loft, High Loft, 
egeg HIHI--FLOFLO

Flat media, Flat media, 

egeg OpakfilOpakfil



F I LT E R  
S U R FA C E  -
L I F E T I M E

300

200

100

0
2000 10000 h

Pa HI-FLO P7
6.3 m² HI-FLO M7

9.4 m²

0



SUMMARY 
F I LT E R  
T H E O RY

» Several filtration mechanisms work together in a filter

» Efficiency has a minimum dependent on media type and air 

velocity through media

» To capture small particles (< 1m) - fine fibres

» The lifetime is dependent on media type, effective filter area and 

environment

» The construction is important to achieve low p and extended life



OPTIMISED 
F ILTERS
D I F F E R E N T  
S Y S T E M S



C O M F O R T  
V E N T I L AT I
O N  S Y S T E M



A S H R A E  
F I LT E R S  
P L E AT E D

» Filter media is compact = paper like

» More media area in pleated filters compared to 
bag filters

» Separators made of glue, aluminium, thread

» Used where limited space is available

Opakfil



F ILTRA
2000 T M

Applications

» Air conditioning & ventilation of

» Laboratories

» Hospitals

» Computer rooms

» Office complexes

» Auto paint application areas

» Food processing plants

» etc.
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T Y P I C A L  
I N I T I A L  
E F F I C I E N C I E S  
F O R  A S H R A E  
F I LT E R S

The bigger number the better filter



AV E R A G E  
E F F I C I E N C Y

The longer a filter sits, the more active it is, until
pressure decay is so large that no air can get through.



40 Em < 60
60 Em < 80
80 Em < 90
90 Em < 95
95  Em    .......              

F5
F6
F7
F8
F9

450
450
450
450
450

.Am< 65
65 Am < 80
80 Am < 90
90  Am............                   

G1
G2
G3
G4

250
250
250
250

0.4 µm particle 
efficiency

Average Em, %

Weight arrestance
Syntetic dust

Average Am, %

Filter 
class

Final pressure 
drop

Pa

40 Em < 60
60 Em < 80
80 Em < 90
90 Em < 95
95  Em    .......              

F5
F6
F7
F8
F9

450
450
450
450
450

.Am< 65
65 Am < 80
80 Am < 90
90  Am............                   

G1
G2
G3
G4

250
250
250
250

0.4 µm particle 
efficiency

Average Em, %

Weight arrestance
Syntetic dust

Average Am, %

Filter 
class

Final pressure 
drop

Pa

Classification based on average efficiency

F I LT E R  C L A S S
F O R  A S H R A E  
F I LT E R S
E N  7 7 9



E N  7 7 9 :2 0 0 2 . A I R  F IL T E R  T E S T  R E S U L T S

G E N E R A L
Test  no. : D ate of test:   Supervisor : R H o
Test  reques ted  by: D evice receiving date

D e v ice del ivered by:

D E V IC E  T E S T E D
M od e l M anufac ture r Cons t ruc t ion

Type of  m edia N et effective fi l tering area Filter dim ensions (w id th   x  heigth  x  depth)

m ²

T E S T  D A T A
Test  air  f low rate Test  air  tem perature Test  air  relat ive hum id ity Test  aerosol Load ing  dus t

0 .944 m ³/s D E H S A S H R A E

R E S U L T S
In i t ial  pressure drop In it ial  arrestance In it ial  efficiency (0,4 µ m ) Dust  ho ld ing  capac i ty U n treated /  d ischarged

P a e fficiency of f i l ter

Final  pressure  drop Average ar res tance Average eff ic iency (0 ,4  µm ) Fil ter  class  (450 Pa) m a terial  (0.4 µ m )

250  / 3 5 0  / 4 50  Pa 8 0  / 1 0  %
R em arks: -
N O T E : The perform ance  resul t s  cannot  by  themselves be quanti tat ively applied to predict  f i l ter  perform ance in  service .

The results  relate only to the tested i tem .

Untreated / discharged
efficiency of filter
material (0.4 um)

80 / 10 %

E N  7 7 9
R E P O R T  O F  
D I S C H A R G E D  
E F F I C I E N C Y



G A S  P H A S E  
C O N TA M I N A N T S  
O N  T H E  S I Z E  
C O N T I N U U M



M P P S
M O S T  
P E N E T R AT I N G  
PA R T I C L E  S I Z E
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1,5 cm/s
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When air velocity is raised it means that 
more particles will go through the filter



Typical 
Performance 
of a HEPA 
99.97% Filter
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0.01                                          0.1                                              1                             

100
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MOST PENETRATING
PARTICLE SIZE

DESIGN POINT
0.3 MICRONS

BACTERIA ASHRAE 1997VIRUSES ASHRAE 1997



HEPA 
F ILTERS 
FOR CLEAN 
PROCESSES 
ARE USED 
IN  MANY 
INDUSTRIES



STANDARD 
CAPACITY 
HEPA

» 1000 cfm @ 1.0”

» Approx 2.5 pleats per inch

» Media Velocity is approximately 5 fpm

» Pleat leading edges are usually blunt

» Lowest first cost per filter

1 inch



SUMMARY  
F I LT E R S  I N  
S Y S T E M S

» ASHRAE filters for comfort ventilation 
» (bag/pleated) unless …………..

» HEPA/ULPA for high tech areas

» Efficiency and lifetime are depending on
» media & construction

» Testing comfort filters at 0.4 µm (F5-F9)

» Testing HEPA/ULPA at MPPS



Test Test 
MethodsMethods

DOPDOP

Common EN1822 Aerosols

» DEHS (DOS) liquid

» DOP liquid

» Emery 3004        liquid

» Si O2 solid

» Latex solid (plastic)



Test Test 
MethodsMethods
PolyPoly-- and and 
MonodisperseMonodisperse
Aerosol Aerosol 
DistributionDistribution

Poly- and mono-disperse aerosol distribution
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Test Test 
MethodsMethods
Aerosol Aerosol 
GeneratorsGenerators

Achieved using for example

» Laskin nozzles 

» Thermal generators

» Spray nozzles

» Must be reproducible and stable



Laskin Nozzle
DEHS, DOP

Compressed
air

Aerosol out

DEHS, DOP

Spray Nozzle
Latex, Silica (SiO2)

Compressed air

Latex + water

Aerosol
out

Test Test 
MethodsMethods
Aerosol Aerosol 
GeneratorsGenerators



Typical bag filter test 
5 000 particles/L at MPPS

Particle

counter

99.995 % eff gives:
0.25 particle /L

HEPA test 
5 000 000 particles/L
at MPPS

Dilution x 1000

99.995 % eff gives:
2500 particle /L

Test Test 
MethodsMethods
DilutionDilution



0.01 – 1.0 µm range, 
State of the art research instrument for MPPS

Test Test 
MethodsMethods
Condensation Condensation 
Particle CounterParticle Counter



ParticlesParticles
Different size Different size 
and shapeand shape

Droplet Carbon
particle

Fibres Clusters/
agglomeration

Latex sphere
calibration of 
particle counters

Measured as (laser counter):



Test Test 
MethodsMethods
Visual TestVisual Test

» Visual test H12 – H14

» Oil mist at high conc.

» Low velocity

» Used for leak location



Test Test 
MethodsMethods
EN 1822 EN 1822 
Test RigTest Rig



Test Test 
MethodsMethods
EN 1822 EN 1822 
Test RigTest Rig

HEPA
Filter

Laser
Probe

Air Flow



RisksRisks
GasketGasket



RisksRisks

Hole in filterHole in filter



RisksRisks

Hole in filterHole in filter



RisksRisks
Bag outBag out



RisksRisks
Bag outBag out



RisksRisks
Bag outBag out



RisksRisks
Bag outBag out



RisksRisks
Bag outBag out



RisksRisks
Bag outBag out



RisksRisks
Bag outBag out



A C K N O W L E D G E M E N T S
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If you know what agent or particle size you 
are being concerned about, then you can
work your filter outside specified 
conditions, because it might work to your 
benefit.
(Mark Huza, Camfill Farr)

The slower you go - the better retention: 
Single fiber theory

BUT !!
……………………

……….




