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Particle pollution has long been linked with numerous adverse health and 

environmental concerns [1], [2].

Fine particulate matter or PM2.5 (particles with a diameter less than 2.5 μm) 

are considered the most harmful due to the ability to deposit further inside the 

human respiratory system [3]. 

Particle number and mass emissions from vehicles have been controlled 

through legislation in the EU since 2011, but the measurements prescribed 

by this legislation only consider solid particles >23 nm [4].
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Particle pollution problems

Introduction

Projects to improve the measurement and efficiency of vehicles have been underway over the last few years.

The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.
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Desire to include particles with a diameter of 10 nm or larger in particle number measurements 

DiePer project and <23 nm particle measurement

Why 23 
nm?

Most solid 
particles 

from Diesel 
engines are 

>23 nm

Typically 
volatile 
particles 
are <23 

nm 

Using this limit of 23 nm with a volatile remover gave greater 
stability in measurements [5].

This limit is now applied to both Diesel and Gasoline Direct 
Injection (GDI), but there has been evidence of <23 nm 
particle emissions and thus there is desire to reduce the 
limit to 10 nm which has been proven feasible by a number 
of projects [6]. 

It is expected that EURO 7 will include particles ≥10 nm [7].

The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.
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Findings of the DiePer project

DiePer project and <23 nm particle measurement

The filter testing results of the DiePer project 
showed high filtration efficiency including 10 nm 
solid particles.

However a high-concentration, repeatable and 
potentially volatile particle emission was recorded. 

Filter efficiency is 
high at 10-23 nm

Adapted from Source: [8] 

The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.



The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.
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How was it measured

DiePer project and <23 nm particle measurement

Sample preparation from constant volume 
sampling tunnel with vehicle tested on a 
chassis dynamometer

Particle measurement using legislated 
Condensation particle counter (23 nm) and 
using Cambustion DMS500 fast particle 
analysers.

DMS500 uses  a high 
voltage discharge to charge 
each particle proportional to 

its surface area before 
entering a classifying stage 

with a sheath flow and 
strong radial electrical field 
which carry's particles to 
electrometer detectors

Size is 
determined by 

the 
aerodynamic 
drag/charge 
ratio with 
smaller 
particles 

collected nearer 
the inlet of the 

column and 
larger particles 
near the outlet

DMS500 diagram. Source:[9]
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Vehicle testing, Characterisation and elimination

Work to identify the particle emission

Vehicle Testing
• Testing using catalytic 

volatile particle 
remover.

• Manipulation of drive 
cycle

• Testing from multiple 
sample points

Characterisation
• Collect and analyse 

samples from exhaust 
prior to release event.

• Analyse oil sample

Elimination
• Remove SCR system
• Replace lubrication oil 

for a zero sulphur 
formulation

The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.
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Volatile removal and manipulation of the drive cycle

Vehicle testing

Volatile particle removal

Use of catalytic 
volatile particle 

remover 
identified that 

the sample was 
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The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.



The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.
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Confirming the emission is not an artefact of laboratory testing

Testing from multiple sample points

Particle 
emission 
is present 
at tailpipe

Concentration 
is highest at 
the dilution 

tunnel

Particle 
emission is not 
present after 
the catalysed 

filter



• Lower speed sections of the drive cycle were completed and the system was disassembled with 

SEM and TGA of samples showing sulphur and ammonia storage in the exhaust system.

• Due to the sulphur content observed the fuel and lubrication oils were evaluated to identify a 

source. The fuel was tested by an external company and the lubrication oil was tested at JM.

• The engine lubrication oil was found to have approximately 1500 ppm sulphur which would 

make it a low sulphur blend.
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Scanning Electron Microscopy (SEM) and Thermogravimetric Analysis (TGA)

Characterisation

The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.



The vehicle is equipped with 

selective catalytic reduction 

catalysts including urea 

injection to reduce harmful 

NOX emissions. 

This system and any 

contaminated pipework was 

removed which did not affect 

the particle emission 

eliminating Urea/Ammonia as a 

source.
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Removal of ammonia

Elimination
Removal of NH3 and 

contaminated surfaces did 
not affect the volatile 

particle emission

The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.



Testing was conducted using a 

development blend of “ultra-low sulphur” 

lubricating oil supplied by BP/Castrol for 

this testing program.

The oil was confirmed as containing <25 

ppm sulphur using Inductively coupled 

plasma mass spectrometry.

Testing was repeated and the particle 

emission was not present, confirming 

sulphur as the source of this emission.
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Removal of sulphur from engine lubrication oil

Elimination No volatile 
particle emission 
measured using 
ultra low sulphur 

lubricating oil

The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.



During this study a repeatable volatile nanoparticle emission was detected, this emission was systematically investigated to 

identify the source.

1: The particle emission was shown to require low speed driving to buildup storage of the sulphur compounds released as it 

was not seen during only high speed driving. The particle emission was volatile and <23 nm meaning it would not be 

measured using current legislated testing methods in the European Union.

2: The particle emission was not detected directly after the coated particulate filter suggesting the emission may be in the 

gas phase at this point. The emission was measured at the tailpipe suggesting this volatile particle emission could occur in 

real world conditions. The volatile particle emission was measured at significantly higher concentrations in the sampling 

tunnel than seen at the tailpipe.

3: Deposits of sulphur where found in the exhaust system using scanning electron microscopy with energy dispersive X-ray. 

The particle emission was eliminated by utilizing an ultra-low* sulphur engine lubrication oil. *(<25 ppm sulphur confirmed 

through Inductively Coupled Plasma - Mass Spectrometry ICP-MS).

4: Removing the Selective Catalytic Reduction catalysts (SCR); including the urea injection system and any contaminated 

pipework did not affect the particle emission.

It is theorized that many volatile particle emission events would not be measured during normal testing due to periodic 

regeneration events, in which these stored compounds may be released outside of legislated emissions testing.
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Conclusion and impact

Discussion

The data included herein were collected in a Johnson Matthey laboratory which has not been certified by the relevant authorities/agencies to perform emissions 
testing. These are indicative data and do not represent a guarantee that the tested catalyst or emissions system will pass the relevant emissions legislation.
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