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PŠenosn® FTIR pro mŐŠen² za provozu

Miniaturn ² a n²zkon§kladov§

pŠenosn§ zaŠ²zen² pro

mŐŠen² emis² za provozu

Mini - PEMS & Poor manõs PEMS

PŠenosnĲ syst®m s plnoprŨtoľnĲm 
Šedic²m tunelem a vysokobjemovĲm 
vzorkov§n²m ľ§stic pro mal® motory

NO, NO 2

CO, CO 2

orientaľn²PM
orientaľn²PN
orientaľn²HC
vĲpoľet toku 
vĲfuk. plynŨ

9 kg
3 hr vĲdrĤ

tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

TU v Liberci & /·§¢& /àĦĂÉ ŎàĊãÜãĄĦĂÉ Ĳċółerzita & ¨7` · /w
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Midac I - series, 30 kg
6 m cell length,
2.5 s resolution

(TU Liberec , 
www.medetox.cz)

Nicolet Antaris IGS, 70 kg
5 m cell length, 1 s resolution

PŠenosn® FTIR pro mŐŠen² za provozu

Mobiln² FTIR analyz§tory
Pro mŐŠen² emis² za provozu
Sklen²kov® plyny CO2, CH 4, N 2O

Reaktivn² slouľeniny dus²ku NO, NO2, NH 3, ...

... a dalĢ² l§tky absorbuj²c² ve stŠedn² oblasti 
infraľerven®ho spektra

Nicolet Antaris IGS

5 m optick§ dr§ha

0.5 cm - 1 / 1 Hz

tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

TU v Liberci & /·§¢& /àĦĂÉ ŎàĊãÜãĄĦĂÉ Ĳċółerzita & ¨7` · /w

Suarez-Bertoa, R., et al. (2017). Atmospheric Environment , 166 , 488-497.

Pechout , M., et al. (2019). Science of the Total Environment, 696, 133748.

Suarez-Bertoa , R., et al. (2020). Atmosphere, 11, 204.

·ĒĀĭõĨàĂ-Lom, et al. (2018), Science of the Total Environment , 616 , 774-784.
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Mobiln² FTIR analyz§tory pro mŐŠen² emis² za provozu
Sklen²kov® plyny CO2, CH 4, N 2O, reaktivn² slouľeniny dus²ku NO, NO2, NH 3,

... a dalĢ² l§tky absorbuj²c² ve stŠedn² oblasti infraľerven®ho spektra

·ĒĀĭõĨàĂ-Lom, et al. (20 20), Atmosphere, 11, 582.

tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

TU v Liberci & /·§¢& /àĦĂÉ ŎàĊãÜãĄĦĂÉ Ĳċółerzita & ¨7` · /w

MŐŠen² emis² dr§Ĥn²ch vozidel za provozu
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tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

3ÉĄĂĒłá ĊãĤàċõ àĊóĦõ łĒŎóÜàĄ(a dalĨõÖð ŎÜĢĒĀŀʬ

·ĒĀĭõĨàĂ-Lom, et al. (2020), Science of the Total Environment , 738, 139753.
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tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

`ãĤàċõ ØÉĦĭóÖ Ŏ ĒĭãĢŀ ĭĤàÖõÖð ÕĢŎÜʮĄÈÕĒĢÈĭĒĤ ·}, ¢§ gĦĭĢÈłÈ

·ĒĀĭõĨàĂ-Lom, et al. (20 21), Science of the Total Environment , 788, 147779 .
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tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

-ðÈĢÈĂĭàĢóŎÈÖà àĊóĦõ Ŏà ĦğÈĄĒłÉċõ ÈĄĭàĢċÈĭółċõÖð ğÈĄół ł ĄÈÕĒĢÈĭĒĤó È ŎÈ ğĢĒłĒŎĲ

Vojtisek -Lom, et al. (2015). SAE Intl. Journal of Engines , 8(5), 2338-2350.

·ĒĀĭõĨàĂ-Lom, et al. (2018), Science of the Total Environment , 616 , 774-784.
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Expozice ÕĲċãØċŊÖð ĂĲĄĭĲĢ łŊêĲĂĒłŊĊ ğĄŉċŀĊ

(air -liquid interface)

Vojtisek -Lom, M., et al. (2019). SAE International Journal of Advances and Current Practices in Mobility , 2(2019 -24-0050), 520 -534.

Rossner, P., et al. (2019). International journal of molecular sciences , 20(22), 5710. 

Rossner, P., et al. (2021). Chemosphere , 281, 130833. 
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PŠenosn® FTIR pro mŐŠen² za provozu

Outreach & citizen science: 

Nanoparticles in the air & small engine emissions
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Stolcpartova, J., et al. (2015). 

Atmosphere , 6(11), 1714 -1735.
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Dlouhodob§ expozice ļ§stic²m (PM2.5), oxidŢm dus²ku a 

pŚ²zemn²mu ozonu ve venkovn²m ovzduġ² je pŚ²ļinou 

pŚedļasn®ho ¼mrt² Ś§dovŊ jednoho promile populace roļnŊ
(Evropa/EU: PM2.5 - 422/391 tis., NOx ï79/76 tis., O3 ï18/16 tis.; EEA Air Quality Report 2018)

dopravn² nehody v EU v roce 2015 Ăjenñ 26 tis²c(EU Annual Accident Report 2017)

`ĒĭółÈÖàʙ tĢĒØ ĊãĤõĊà È ĦċóŐĲĀàĊà àĊóĦà
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{łãĭĒłÉ ÕÈċĂÈ ĒÜðÈÜĲĀà àĂĒċĒĊóÖĂá ĨĂĒÜŉ ł 7§

ŎğŀĦĒÕàċá ŎċàØóĨĭãċõĊ łàċĂĒłċõðĒ ĒłŎÜĲĨõ ċÈ ȭ ˔ G3tʟ

`ĒĭółÈÖàʙ tĢĒØ ĊãĤõĊà È ĦċóŐĲĀàĊà àĊóĦà

Dlouhodob§ expozice ļ§stic²m (PM2.5), oxidŢm dus²ku a 

pŚ²zemn²mu ozonu ve venkovn²m ovzduġ² byla pŚ²ļinou 

cca 518 tis²c pŚedļasnĨch ¼mrt² v EvropŊ v roce 2015
(Evropa/EU: PM2.5 - 422/391 tis., NOx ï79/76 tis., O3 ï18/16 tis.; EEA Air Quality Report 2018)

dopravn² nehody v EU v roce 2015 Ăjenñ 26 tis²c(EU Annual Accident Report 2017)
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Friction brakes are used to dissipate (convert into heat) excess vehicle kinetic energy.

In disc brakes, rotating cast iron disc is squeezed by brake pads.

In drum brakes, brake shoes are expanded against the inside of a rotating brake drum.

https:// en.wikipedia.org/wiki/Drum_brakehttps://en.wikipedia.org/wiki/Disc_brake

Automotive friction brakes
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Particles produced during braking

https://www.youtube.com/watch?v=QIc -9UuLSmg

Mechanical processes (abrasion):

Coarse particles several 

micrometers in diameter and larger

Thermal processes:

Nucleation of evaporated material or 

of compounds produced during its 

transformation

Ultrafine particles on the order of 

10 nanometers, 

agglomerates on the order of tens or 

even hundreds of nanometers in 

diameter

What is abraded: cast iron (rotors, drums) and friction materials (pads, shoes)

Materials: Binders, fibers, fillers, lubricants, abrasives

Composition: top secret, usually metals, anorganic compounds, resins, carbon
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How much of a problem are they?

Braking during conditions designed to mimic real world driving

(WLTP braking cycles developed within the UN PMP group) 

are on the order of 10 9-10 10 particles/stop

> order of magnitude less than Euro 6 exh aust limit 6Ā1011 #/km

Grigoratos, T. and Martini, G., 2015. 
Brake wear particle emissions: a 
review. Environmental Science and 
Pollution Research, 22(4), pp.2491-2504.

Brake wear particles:

~ 55% of non -exhaust PM emissions

Up to 21% of traffic -related PM 10 emissions

Mathissenet al., Wear 414-415 (2018) 219-226.

Vojtisek-Lom et al., Science of the Total 

Environment 788 (2021) 147779
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How much of a problem are they?

Braking during conditions designed to mimic real world driving

(WLTP braking cycles developed within the UN PMP group) 

are on the order of 10 9-10 10 particles/stop

> order of magnitude less than Euro 6 exh aust limit 6Ā1011 #/km

Grigoratos, T. and Martini, G., 2015. 
Brake wear particle emissions: a 
review. Environmental Science and 
Pollution Research, 22(4), pp.2491-2504.

???

Mathissenet al., Wear 414-415 (2018) 219-226.

Vojtisek-Lom et al., Science of the Total 

Environment 788 (2021) 147779

Brake wear particles:

~ 55% of non -exhaust PM emissions

Up to 21% of traffic -related PM 10 emissions
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Effects of 

braking 

conditions

How to brake to minimize brake wear emissions
uCARe discussion, Feb 2, 2021

ZumIŀƎŜƴ Ŝǘ ŀƭΦΣ 9ƴǾƛǊƻƴΦ {ŎƛΦ ¢ŜŎƘƴƻƭΦ нлмфΣ роΣ рмпоҍрмрлParticle mass - non -linear increase with energy 

dissipated

Particle number - Steady and low until a given threshold 

temperature, then increases expponentially with 

temperature
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Vojtisek-Lom et al., Science of the Total Environment 788 (2021) 147779

Brake wear particles measurement setup (TU Ostrava, CZ)

Enclosed chamber with 
brake disc and caliper assembly
(typical passenger car) coupled 

with asynchronous 
dynamometer

Chamber outlet tunnel, approx. 40 m 3/min flow

PM2.5 samplers
2 x 68 m3/h

Particle size distributions
EEPS 5-560 nm 
electric mobility

ELPI 10 nm ï10 um
& Optical counter 0.5-10 um

aerodynamic diameter

Filtered 
cooling air 

approx. 
40 m3/min

Tunnel and instruments 
analogous to engine 

exhaust measurements



4 November 2022

Schematic of ELPI Schematic of EEPS

Å Rotorandbrakeassemblyenclosedin airtight enclosure.

Å Flowrate of 2400m3/h to providecoolingandremovebrakewearparticles.

Å Part of the outlet duct was replacedby a 30 cm diameter, approximately5 m long pipe,

servingasa dilution tunnel for particulatematter samplingby online particlesizeclassifiers,

EEPSandELPI.
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Sampling points

Brake enclosure outlet

Closest to source, low 

diffusion & settling 

losses, but is mixing 

homogeneous? 

Also, no isokinetic 

ĦÈĊğĄóċëʛ

Matching instruments

Measured & reasonably 

constant flow

Isokinetic sampling

Dilution tunnel

Measured & reasonably 

constant flow

Isokinetic sampling
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Czech Air - liquid interface exposure system ïexposure 
box
Inst Exp Medicine / CTU / CULS prototype

Sampling location effects
Instrument effects

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

1.E+08

8:15:00 8:25:00 8:35:00 8:45:00 8:55:00

p
a
rt

ic
le

s 
p

e
r 

cm
3

-5

-4

-3

-2

-1

0

b
ra

ki
ng

 f
or

ce
 (

a
rb

it
ra

ry
 u

ni
ts

)

EEPS1 >23nm

EEPS2 >23nm

ELPI1 >23 nm

ELPI2 >23nm

Braking force avgSimultaneous 
CPC, EEPS, ELPI, APS at box outlet and 

EEPS, ELPI from tunnel

ñParticle recirculationò
no HEPA filter in the air handling 
system, still, background particle 
count is ~ 1/10 of ambient é

ñGeneral agreementò 
among all instruments é

#/cm 3

in tunnel

4 orders of magnitude
concentration range

Transients


