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Rezumat. Motoarele diesel au un rol important în tehnologia modern  deoarece au numeroase aplica ii fiind 
utilizate pe scar  larg  în centrale electrice, autoturisme, vehicule de mare tonaj, nave i în transporturi 
feroviare. Mult timp, emisiile poluante ale motoarelor diesel au fost considerate o problem  foarte serioas  
pentru mediul înconjur tor i pentru calitatea aerului. Principalele emisii poluante ale motoarelor diesel sunt 
oxizii de azot (NOx), particulele materiale (PM), hidrocarburile (HC), monoxidul de carbon (CO), dioxidul de 
carbon (CO2) i fumul negru. Emisiile de NOx i PM provoac  probleme serioase în mediul urban pentru 
s n tatea uman  (poate cauza cancer, insuficien  respiratorie, intoxica ii cu fum). Aceast  lucrare 
inten ioneaz  s  analizeze aspectele referitoare la emisiile de NOx i PM ale noii genera ii de motoare diesel, 
având în vedere c  utilizarea i aplicarea acestui tip de motor cu ardere intern  sunt din ce în ce mai frecvente. 
Cuvinte cheie: motoare diesel, emisii poluante, mediul înconjur tor, calitatea aerului, NOx, PM, HC, CO, CO2, 
fumul negru. 

Abstract. Diesel engines have an important role in the modern technology due to their numerous applications and 
they are extensively used as power sources for power plants, passenger cars, heavy duty vehicles, ships and rail 
transportations. Over the years, the exhaust gas emissions of diesel engines have been considered a very serious 
problem for the environment and air quality. The main pollutants produced by diesel engines are nitrogen oxides 
(NOx), particulate matter (PM), hydrocarbons (HC), carbon monoxide (CO) and carbon dioxide (CO2), and black 
smoke. NOx and PM emissions cause serious issues in urban environment for the human health (may cause cancer, 
respiratory diseases, smoke intoxication). This paper intends to review the main issues regarding NOx and PM 
emissions of the new generation of diesel engines, considering that the use and application of this type of internal 
combustion engine is becoming more prevalent. 
Keywords: diesel engines, emissions, environment, air quality, NOx, PM, HC, CO, CO2, black smoke. 

1. INTRODUCTION 

The main problem areas for diesel engines are 
emissions of nitrogen oxides and particulates, and 
these two pollutants are traded against each other 
in many aspects of engine design [1]. The pollutant 
formation processes are strongly dependent on the 
fuel distribution and how the distribution changes 
with time due to mixing (Fig. 1) [2]; the better 
mixing of the air and fuel is the key to lower 
emissions [1]. 

Very high temperatures in the combustion 
chamber help reduce the emission of soot but 
produce higher levels of nitric oxide (NO) [1].  

Lowering the peak temperatures in the 
combustion chamber reduces the amount of NO 
produced, but increases the likelihood of soot 
formation. PM forms in the rich zone in fuel jet, in 
the absence of flame regions, then oxidizes in the 
contact with unburned oxygen [1, 2]. Fig. 1. Pollutant formation mechanism in a 

direct-injection compression engine [2]. 
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Diesel exhaust emission is also a major health 
problem because of its gaseous content and high 
concentration of particulate matter (PM) less than 
2.5 m, which allows for deeper penetration into 
the human pulmonary system upon inhalation [3]. 

Since of the main pollutants of diesel engines 
have negative effects on the environment and 
human health, this paper presents the formation 
process of NOx and PM emissions in the new 
generation of diesel engines, considering that the 
use and application of this type of internal 
combustion engine is becoming more prevalent. 

2. NOX FORMATION AND 
CHARACTERISTICS 

Nitrogen oxides (NOx) are considered to be a 
major source of air pollution and contribute greatly 
to photochemical smog, acid rain, ozone depletion, 
and the greenhouse effect. NOx in diesel exhaust is 
usually composed of >90% NO [4]. 

NOx are compounds of nitrogen N2 and oxygen 
O2 .Nitrogen oxides are produced by high pressure, 
high temperature and a surplus of oxygen in the 
engine during the combustion cycle [5]. 

There are three mechanisms of NOx formation: 
(i) thermal, (ii) prompt, (iii) fuel. The first 
mechanism “thermal” is also known as Zeldovich 
mechanism, here written in the form of equilibrium 
reaction equations [6]: 

NNOON2            (1) 

ONOON 2            (2) 

HNOOHN            (3) 
This mechanism states that, nitrogen molecule's 

trip lebondis broken by high combustion 
temperature (1800 K). Then the nitrogen molecule 
dissociates into their atomic states and participates 
in series of reaction with oxygen and produces 
thermal NOx [6]. 

Tabel 1 presents the family of NOx compounds 
and their properties [7]. 

Emissions of NOx from combustion are 
primarily in the form of NO. According to the 
Zeldovich equations, NO is generated to the limit 
of available oxygen (about 200000 ppm) in air at 
temperatures above 1300ºC.  

Nitrous oxide (N2O), NO, and NO2 are the most 
abundant nitrogen oxides in the air. N2O has a long 
half-life, estimated at from 100 to 150 years. 

Dinitrogen trioxide (N2O3) and dinitrogen 
tetroxide (N2O4) exist in very small concentrations 
in flue gas. However, they exist in such low 
concentrations in the atmosphere that both their 
presence and their effect are often ignored. 

Dinitrogen pentoxide (N2O5) is the most highly 
ionized form of nitrogen oxide. N2O5 is highly 
reactive, and forms nitric acid (HNO3) when it 
decomposes in water [6, 7]. 

Fuel injection pressure is a significant operating 
parameter affecting the performance and emissions 
in diesel engine [9]. If the first diesel engines used 
injection pressure of 200-300 bar, modern diesel 
engines, depending on their size, operate at 
pressure up to 1500 bar [1]. R. Silambarasan et al. 
[8] have shown how injection pressure affects 
emissions formation (Fig. 2). 

Higher injection pressure generates faster 
combustion rates which lead to increase in NOx 
emission [8]. Thereby, NOx decrease by 11.03% at 
180 bar, increase by 5.30% at 220 bar, 19.86% at 
240 bar and 14.63% at 260 bar.  

Table 1 
Nitrogen Oxides (NOx) [7] 

Formula Name Nitrogen 
Valence 

Properties 

N2O nitrous oxide 1 colorless gas 
water soluble 

NO 
N2O2 

nitric oxide 
dinitrogen dioxide 

2 colorless gas 
slighthly water soluble 

N2O3 dinitrogen trioxide 3 black solid 
water soluble, decomposes in water 

NO2 
N2O4 

nitrogen dioxide 
dinitrogen tetroxide 

4 red-brown gas 
very water soluble, decomposes in water 

N2O5 dinitrogen pentoxide 5 white solid 
very water soluble, decomposes in water 

Fig. 2. Brake power versus NOx  for 
different injection pressure[8]. 
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Specific NOx emissions decreased with 
increasing of the engine speed and with increasing 
load (Fig 3). 

In figure 3, it can be observed how NOx 
emissions increase with as engine speed increases. 
The NOx emissions are very sensitive to engine 
combustion temperature which increases with 
increase in speed and load.  

Human health concerns include effects on 
breathing and the respiratory system, damage to 
lung tissue, and premature death. NOx reacts with 
ammonia, moisture, and other compounds to form 
nitric acid and related particles []. Nitrous oxide, is 
a greenhouse gas, it accumulates in the atmosphere 
with other greenhouse gasses causing a gradual 
rise in the earth's temperature [10]. 

Chemicals include the nitrate radical, 
nitroarenes and nitrosamines may cause biological 
mutations [11,12]. They contribute to the 
acidification and eutrophication of soil and water, 
leading to changes in species diversity. They act as 
a precursor of ozone and PM, with associated 
environmental effects. They can lead to damage to 
buildings [13]. 

Reducing emissions from road transport is seen 
as an important factor in the improvement of air 
quality, particularly because the share of diesel 

vehicles in the overall sales of light duty vehicles 
is increasing [14]. 

The undesirable pollutants produced by diesel 
engines, mainly carbon monoxide (CO), unburnt 
hydrocarbons (HC), nitrogen oxides (NOx) and 
particles (PM) have been limited for passenger cars 
and/or commercial vehicles since the introduction 
of the emissions legislation with emission standard 
Euro 1 in Europe [15]. The development of the 
European emission limits for passenger cars is 
shown in Figure 4. There has been a significant 
reduction by approximately 98% in all emissions 
from Euro 1 to Euro 6. With the Euro 5b standard, 
a limit value for particle number (PN) was 
additionally introduced. 

3. PARTICULATE MATTER (PM). 
FORMATION AND CHARACTERISTICS 
Diesel engines produce up to 100 times more 

particulate matter (PM) compared to petrol engines.  
Particles are distinguished by size: 
- Total Suspended Particles include all 

particles, of whatever size: 
- PM10 are particles less than 10 μm (10 

microns) in diameter 
- PM2.5 are particles less than 2.5 μm in 

diameter. 
- Black Carbon emissions are based on a 

chemical speciation of PM2.5 emissions 
PM1.0 are particles less than 1 μm in 
diameter. 

Particles which are of 2.5 to 10 μm in diameter 
are called coarse particles. Particles less than 2.5 
μm in diameter are called fine particles and include 
ultra-fine particles of less than 0.1 μm (PM0.1) [16]. 

About 0.05-0.5% of the fuel is emitted as 
particulates, PM is a complex mixture of dry 
carbon particles (soot), ash from engine oil and a 
soluble oil fraction, SOF (hydrocarbon condensed 
on carbon particles), as well as sulphates (from 
combustion of the sulphur in the fuel) adsorbed on 
the soot particles [16]. 

The particulate matter formed during 
combustion of atomized fuel droplet and and main 
component elements is illustrated in Figure 5. 

The operation of a diesel engine involves 
compressing air in the cylinder producing heat via 
the Joule-Thomson effect, and then injecting finely 
‘atomised’ fuel under very high pressure (up to 
2000 bar) directly into the hot gas that causes it to 
explosively combustion atomized, fuel droplets 
evaporate and burn in a fuel-rich region limited by 
ingress of oxygen into the burning flame front [18] 

In the fuel-rich zone, carbon forms from 
reactive intermediates [18]. Subsequently, when 
excess oxygen is present, the carbon that has 
formed may be burnt, and if this is not completed 

Fig. 3. Influence of engine speed on NOx emissions. 

Fig. 4. Development of European emission limit 
values for diesel passenger cars and introduction of 
diesel exhaust gas after treatment technologies [15]. 

600 800 1000 1200 1400
0

50
100
150
200
250

Engine speed, rpm

N
O

x 
em

is
si

on
s, 

g/
h



ENVIRONMENTAL POLLUTION BY DIESEL ENGINES. PART I: AN OVERVIEW REGARDING NOX AND PM EMISSIONS 

 
TERMOTEHNICA     Supliment 1/2016  63 

 

when the combusted mixture is discharged from 
the cylinder through the exhaust ports, a residue of 
fine carbon cores remains in the exhaust gas, and 
are released into the atmosphere [17, 18]. 

Most particulate matters are resulted from 
incomplete combustion of the hydrocarbons in the 
fuel and lube oil (Fig. 6) [20]. Diesel particulate 
matters are typically spheres about 15–40 m in 
diameter, and approximately more than 90% of PM 
is smaller than 1 m in diameter [19]. 

Lihui D. et al. [21] have elaborated a study on 
particle formation in a diesel engine fueled with 
pure diesel (Fig. 7) for different level of load. To 
that, 20 images were taken of each operating 

condition and 7 or 8 primary particles with clear 
boundaries were selected for measurement.  

First, the results indicated that engine types or 
operating conditions may show little influence on 
primary particle formation and that the particulate 
matter emissions should be influenced significantly 
by soot oxidation [21]. 

Second, the mean diameters of primary parti-
cles decrease when the load increases. This can be 
explained by the situation whereby as combustion 
temperature and exhaust temperature increase with 
an increased load, particles are oxidized more 
completely [21, 22]. 

Technological progress and the introduction of 
emissions standard have resulted in drastic 
emission reductions in recent decades (Fig. 8) [23]. 

In Figure 8, a reduction of approximately 94% 
in the particulate mass emitted by commercial 
diesel engine vehicles relative to the maximum 
value is forecasted for the next two decades. 
Further modification such as the particle size 
spectrum, morphology, and composition must be 
also analyzed [23]. 

Many researches are performed to detect the 

impact of PM emissions on environment and 
human health [24]. In these researches, it is 
documented that inhaling of these particles may 
cause to important health problems such as 
premature death, asthma, lung cancer, and other 
cardiovascular issues.  

These emissions contribute to pollution of air, 
water, and soil; soiling of buildings; reductions in 
visibility; impact agriculture productivity; global 
climate change [24]. 

The ultimate goal of any clean air policy is to 
develop strategies to reduce the risk of adverse 
effects on human health and the environment as a 
whole caused by ambient air pollution. Risk 
reduction strategies are and will continue to be 
powerful tools in promoting public health.  

In particular, exposure to pollutants such as 
particulate matter and ozone has been found to be 
associated with increases in hospital admissions for 
cardiovascular and respiratory disease and 

Fig. 5. Schematic representation of diesel particulate 
matter (PM) formed during combustion of 

atomised fuel droplets [18]. 

Fig. 6. Particulate matter observed
under a microscope[20]. 

Fig. 7. Primary particle diameter distribution
when fueled with pure diesel [21]. 

Fig. 8. Development of particulate emission
through car traffic in Germany [23].
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mortality in many cities in Europe and other 
continents [25].  

4. CONCLUSION 
Diesel engines in passenger cars as well as 

commercial vehicles have endured a rapid 
development in the past 30 years toward more 
efficiency, environmental protection and confort. 

Development responsible for the drastic 
emissions reductions include all kinds of aspects 
ranging from the fuel to the engine’s combustion 
system down to the exhaust aftertreament.  

Better mixing of the air and fuel is the key to 
lower emissions. Improved injection systems with 
greatly increased injection pressure and multiple 
injections permit a better mixture formation and 
reduction of the combustion temperature, thus 
reducing NOx and particulate matter.  

There are very many different factors that effect 
the formation of NOx but the single most 
important is the temperature. Another important 
factor is the amount of excess air due to the fact 
that NOx formation is dependent on the 
equivalence ratio and has a maximum in the fuel-
lean region. 

It is theoretically possible to run an engine with 
close to zero emissions of both NOx and 
particulates, but in practice, the way forward is a 
combination of close control of the combustion 
process, coupled with an efficient aftertreatment.  

Since the introduction of exhaust emission 
standars in Europe, all pollutants have been 
reduced already by more than 90%. 

With the introduction of Euro 6 standard for 
passenger cars, it was possible for further reduce 
the permissible emissions for nitrogen oxides and 
particulate matter as well. 

The PM and NOx emission have been reduced 
significantly (about 75 to 80 %) since 1985. 

Diesel engine emissions and other combustion 
products are known sources for hazardous environ-
mental contamination. Even without knowing the 
associated human tumor risk measures to reduce 
the output are necessary to reduce the high 
backgrounds. 
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