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Rezumat: Este cunoscut faptul că transportul ocupă unul din locurile fruntaşe în ceea ce priveşte poluarei chimică 
cauzată de gazele produse de motoarele diesel. În prezent, departamentele de cercetare se concentrează pe reducerea 
poluării mediului, care afectează în mod direct şi indirect sănătatea umană. Acest articol prezintă un studiu experimental 
de reducere a emisiilor de NOx generate de un motorul diesel utilizând un test de variaţie al coeficientului α pe un 
sistemul SCR montat pe motor. Astfel de teste sunt utile în dezvoltarea ulterioară a autoturismelor, prin furnizarea de 
informaţii asupra punctelor critice de emisie şi comportamentul sistemului SCR în aceste puncte. 
Cuvinte cheie: gaze cu efect de seră, mediu înconjurător, poluare, poluanţi, sistem SCR. 

 
Abstract: It is known that the transport occupies one of leading places in terms of chemical pollution caused by 
gases produced by diesel engines. Presently the research departments are focussing on the reducing of 
environmental pollution, which affects directly and indirectly on human health. This paper presents an 
experimental study of reducing NOx emission generated by a diesel engine using α-variation test on SCR system 
mounted on engine. Such tests are useful in the further development of passenger cars by providing information 
above critical emission points and the SCR system behaviour in those points. 
Key words: greenhouse gases, environment, pollution, pollutants, SCR system. 

1. INTRODUCTION  

Environmental pollution has become a modern 
social-economic problem that, particularly in 
countries with high degree of industrialization, has 
risen that much that required legislative measures to 
limit their harmful actions. The public and private 
transport occupies one of leading places in terms of 
chemical pollution caused by gases produced by 
diesel engines 

2. POLLUTION NORMS 

Over time have been a lot of international 
meetings that propose to debate and to find new 
solutions to global environmental problems. Some of 
these are: ”Declaration regarding environment”, 
Stokholm, in 1972; United Nations Conference 
regarding Environment and Development were have 

been formulated” Rio Declaration”, with ”Agenda 
21” being a part of it, Rio de Janeiro, in july 1992; 
Kyoto Protocol, signed by 160 countries in 
December 1997, regarding climate change, adopted 
in order to reduce emissions of greenhouse gases 
considered responsible for climate change. Under 
this agreement, between 2008 and 2012 the 
industrialized nations have committed to reduce 
greenhouse gas emissions by an average of 5% 
compared to 1990 levels. 

European Union emission regulations for new 
light duty vehicles (passenger cars and light com-
mercial vehicles) were once specified in Directive 
70/220/EEC with a number of amendments adopted 
through 2004. In 2007, this Directive has been 
repealed by Regulation 715/2007 (Euro 5/6) 
presented in table 1 [1]. 

 
Table 1 

EU Emission Standards for Passenger Cars [1] 

Compression Ignition (Diesel) 
CO HC HC+NOx NOx PM PN Stage Date 

g/km #/km 
Euro 5a 2009.09b 0.50 - 0.23 0.18 0.005f - 
Euro 5b 2011.09c 0.50 - 0.23 0.18 0.005f 6.0×1011 
Euro 6 2014.09 0.50 - 0.17 0.08 0.005f 6.0×1011 

b - 2011.01 for all models; c - 2013.01 for all models 
f - 0.0045 g/km using the PMP measurement procedure 
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3. NOx PRODUCTION DUE THE 
COMBUSTION OF ENGINES 

The ideal combustion process assume that the 
hydrocarbons in fuel are burned in the presence of 
oxygen resulting in water (H2O) and carbon 
dioxide (CO2) as is described by equation (1) [2]: 

 2 2 2C H O CO H O
4 2x y
y y

x x
æ ö÷ç+ + ⋅  ⋅ + ⋅÷ç ÷çè ø

    (1) 

Simplifying, the burning equation became: 

 Fuel + Oxigen Heat + Water + Carbondioxide  (2) 

This equation is not possible (equation 2) 
because the burning does not occur in the presence 
of pure oxygen, but in the presence of air, whose 
chemical composition is approximately 78% 
nitrogen, 21% oxygen and 1% other components. 
High amount of nitrogen and conditioning that the 
burning proces never realize a 100% conversion, 
makes possible unwanted side effects reaction and 
pollutants as HC, CO, NOx, PM and SO2 are 
emitted. A more accurate composition of the 
exhaust of a diesel engine is shown in Figure 1. 

From figure 1 can be seen that 99,7% from 
gases consistance are harmless compounds and 
only 0,3% are harmfull compound (pollutants as 
NOx, CO, HC, SO2 and particulates). Despite 
the apparently small content of harmful com-
pounds in exhaust pollutants, their impact on 
global climate is significantly higher. Therefore, 
the emission caused by gases produced by diesel 
engines must be limited by law/norms. The 
amount of emission depends on the condition of 
the engine load or excess air ratio lambda 
(figure 2). 

Considering that λ (excess air ratio) coeficient 
is defined as the ratio of the actual amount of air 
introduced into the combustion and the theoretical 
(stoichiometric) combustion required, λ can have 
values biger than 1 resulting lean mixture (excess 
air) or lower values of 1, resulting rich mixture 
(excess fuel).  

For a given air ratio, the pollutant emissions 
resulted is different, as shown in Figure 2. It can 
be observed that by a λ → 1, means a maximum 
load, almost all pollutants are growing very much. 

 

 
 

Fig. 1. The medium composition of burning gases from a diesel engine with direct injection [3]. 
 

 
 

Fig. 2. The excess air ratio influence regarding pollutants amount from a diesel engine  
with direct injection [4]. 
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The NOx are produced during combustion, 
especially at high temperature, mechanism disco-
vered for the first time by Zeldovich in 1946. The 
mechanism is describe by the folowing elementar 
reactions: 

 2O 2O  (3) 

 2N O NO + N+   (4) 

 2O  + N NO + O  (5) 

 OH + N NO + H  (6) 

The equations (4),(5) and (6) are known as the 
extended Zeldovich mechanism: N2 in the presence 
of elementary oxygen (O) reacts and results NO 
and N. The next step reaction is that  the resulting 
molecular nitrogen (N) reacts with O2 and results 
NO and O, and the chain reaction starts again. 
Nitric oxide from combustion originates from two 
sources: atmospheric nitrogen (N2 – is the most 
important source in diesel engines) and organic 
nitrogen in the fuel (Nfuel)[5, 6].  

The nitrogen atoms released at reaction (4) are 
then oxidized to nitric oxide mainly by a hydroxyl 
radical (OH) reaction (6). Reaction (6) has a very 
high activation energy and is the factor limiting of 
the reaction rate and is also extremely sensitive to 
temperature. For this reason the nitric oxide 
formed according to the Zeldovich mechanism is 
commonly known as thermal NO. 

 The thermal NO formation rate on Otto engines 
is not significant on temperature below 1700 K, 
but became strongly accelerated on temperature 
over 2000 K by λ = 1,1 when the equilibrium 
concetration is reached [5, 6]. 

The proportion of NO2 from total NOx 
emissions to the gasoline engine is 1-10% and 
from diesel engines is 5-15%. Inside the engine, 
NO2 and OH radicals are obtaining from NO by 
reaction with HO2. The most likely equation is: 

 2 2NO + HO NO  + OH   (7) 

At ambient temperature, the chemical equili-
brium is almost completely to NO2. The NO is 
reacting with  ozone in the presence of  light and 
therefore the equilibrium will be establish after a 
few hours or days – depending on the environ-
mental conditions – established [6].  

Fuel NO. From fuel-nitrogen (HCN) the most 
important NO formation route is the reaction (2.6). 
Fuel NO is slightly dependent on temperature, and 
nitric oxide is easily formed from fuel-nitrogen at 
low temperatures too, below 1100 K[5].  

From this NO forming methods, the most 
important is thermal, the others have relatively 
minor importance. 

Nitrous oxide NO. According to the third 
mechanism for reaction of molecular nitrogen to 
nitric oxide, atomic oxygen (O) and N2 form an 
unstable gas (N2O, „laughing gas”) according to 
the following reaction:  

 2 2O N M N O M+ +  +   (8) 

where M represents any gas component.  
Furthure more, the „laughing gas” formed 

reacts again, either back to N2 or to NO, depending 
on conditions. When the air ratio and temperature 
increase, the formation of nitric oxide also increases. 
The main reaction to nitric oxide is then: 

 2N O + O 2NO  (9) 

Prompt NO. In the 1970s Fenimore suggested 
that the nitrogen in the combustion with air reacts 
to NO through another mechanism, which is 
initiated by a reaction between N2 and hydrocarbon 
radicals (CHi):  

 2N  + CH HCN + N   (10) 

If oxygen is present, the hydrogen cyanide 
(HCN) and the nitrogen atom (N) produced in the 
reaction react further to nitric oxide through several 
reaction phases. The main reaction sequence is:  

 
2

O H H

H O , OH

HCN  NCO  NH 

 N  NO

+ + +

+ + +

¾¾¾ ¾¾¾ ¾¾¾

¾¾¾ ¾¾¾¾
 (11) 

The formation of nitric oxide is usually very 
fast, and the nitric oxide formed is therefore called 
prompt NO. In contrast to thermal NO, fast NO 
depends only slightly on temperature. In diesel 
engines, the contribution of prompt NO to the total 
NO emission is estimated to be minor, below 5% 
[5].  

4.METHODS TO REDUCE NOx EMISSION 

Methods to reduce emission levels are divided 
into active methods, which aimed to combat noxious 
formation at the source (engine), by optimizing 
combustion, and passive methods, aimed at retaining 
and oxidation of particles after they were formed in 
the combustion chamber (aftertreatment). 

As current passive methods can be mentioned: 
- particle control (DPF-diesel particle filter), 

achieved through filters mounted on exhaust 
system, the most common are ceramic filters, 
which retain 80% of the particles in the flue gas; 

- exhaust gas systems re burning, system that 
involves injection of a small amount of fuel in the 
exhaust gas to re burn the gases thus providing the 
necessary catalyst reducing agent;  
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- Exhaust Gas Recirculation (EGR) system;  
- NOx trap filter; 
- Catalytic and Noncatalytic methods for NOx 

reduction (SCR and SNCR systems). 

5. EXPERIMENTAL RESULTS 

Considering that the SCR system is the most 
efficient method of NOx reduction, the 
experimental part has been made on a SCR system.  

SCR tehnology converts nitrogen oxides NOx 
through a catalyst into nitrogen N2 and water H2O. 
To take place the conversion reactions, a reducing 
agent is need, which is usually a solution of urea 
(32.5%) and high purity water (distilled water) 
known as AdBlue, but other solutions such as 
anhydrous ammonia, aqueous ammonia which are 
sprayed into the smoke flow or exhaust gas and are 
absorbed into the catalyst are known. 

The problem of applying the system on vehicles 
appears from the fact that reducing agents are stored 
in a separate tank and system should be injected with 
a powerful injection system into the exhaust. Because 
of constantly changes of load and speed, results 
different compositions of exhaust gas, the system 
must constantly adjust the amount of reducing agent 
injected. For a continuous adjustment in order to ob-
tain a low and constant level of emissions additional 
sensors and control unit is mounted (figure 3). 

The engine from the test bench is a Peugeot 
DW10B, with direct Injection, 2.0 l and 136 HP. 
During the test, the engine was functioning in a 
constant point with the parameters presented in 
table 1. From this point the scope was to reduce the 
NOx amount by variation α coefficient (alpha = 
= NH3/NOx-ratio) from 0.2 up to 1. The results are 
presented in table 2. 

 
Table 1 

Engine working parameters 

N rpm 2000 

MAF kg/h 130,4 

MF_TOT mg/stk 12,1 

NOx ppm 193 

T_SCR_UP °C 257 

 

From table 2 can be observed that the maximum 
reduction point was at α=0.6 with 61.1 % reduction 
of NOx. From this point the reduction is going 
down because of the NOx sensor that is detecting 
the ammonia (NH3) that is breaking through the 
catalyst and convert it as NOx. This problem can be 
resolved by creating a bigger catalyst and higher 
number of channels, mounting a mixing device so 
that the reaction can take place all over the surface 
and no ammonia will break through. 

 

 
 

Fig. 3. Selective Catalytic Reduction (SCR) [7]. 
 
 

Table 2  

α variation on SCR system 

alpha - 0,2 0,3 0,4 0,5 0,55 0,6 0,65 0,7 0,8 1 

MF_UREA mg/s 4,56 6,83 9,11 11,39 12,53 13,67 14,80 15,94 18,22 22,78 

T_SCR_UP_end °C 260,5 260 253,7 252,5 258,7 252,8 258,6 257,2 252 251,5 

NOx_end ppm 157 141 117 88 81 75 83 94 125 154 

ppm 36 52 76 105 112 118 110 99 68 39 
NOx -red. 

% 18,7 26,9 39,4 54,4 58,0 61,1 57,0 51,3 35,2 20,2 
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